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Abstract

Background: Breast cancer (BC) is a disease in which cells in the breast grow out of control. There are different kinds of BC. The kind of 
BC depends on which cells in the breast turn into cancer. BC can begin in different parts of the breast. Objectives: The current study aimed 
to investigate using Kinesin-4A (KIF4A) protein as  a Diagnostic and Prognostic biomarker in Iraqi Women with Breast Cancer. Materials 
and Methods: This study involved 70 Iraqi women with (BC), who had BC diagnosed for the first time. The study also included a control 
group (CG) of 70 participants. The period the study extended from February 2021 to October 2022. The research was carried out in Iraq, 
at the Department of Biochemistry in the College of Medicine at the University of Babylon, as well as at The Oncology Center at Marjan 
Teaching Hospital in Hilla City, Iraq. Determination of kinesin-4A, β-tubulin, and exosomes was done by a fully automated Elisys Uno 
Analyzer before and after mastectomy. Various circulating biomarkers and tumor markers were investigated including liver function test. 
Results: First-time diagnosis show that kinesin-4A and β-tubulin were found to be increased in women with BC (P < 0.01), whereas the 
levels of exosomes were extremely high in BC women compared to the control group (P < 0.001). Two weeks after the mastectomy, the 
results of kinesin-4A, β-tubulin, and exosomes dropped dramatically near normal levels. Conclusion: These results suggest that different 
types of BC can alter several aspects of host immunity causing increased production of specific immune products. And these products can 
use as diagnostic and prognostic markers to reduce invasive procedures such as surgeries or radiation exposure.
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Introduction
Breast cancer (BC) is a disease in which cells in the breast 
grow out of control. There are different kinds of BC. The 
kind of BC depends on which cells in the breast turn into 
cancer. BC can begin in different parts of the breast.[1] 
Within the Middle East Region, cancer is the fourth-ranked 
cause of death after cardiovascular diseases, infectious 
diseases, and injuries. According to the International 
Agency for Cancer Research and GLOBOCAN, the Age 
Standardized Incidence Rate in Iraq was (31.1/100,000).[2]

According to Data from the Iraqi Cancer Registry for 
Cancer, the estimated population of 38 million, the total 
number of new cancer cases reached (31,502) cases. The 
total number of deaths due to cancer was (10,293) deaths 
in 2018. BC incidence is gradually increasing in Iraq, and 
the total number of cases is 6094 (34.06% of all cancer 

types), while the number of deaths has reached 1166 cases 
(23.02% of all cancers). The highest death rate was among 
women in the age group of 70 years and over.[3]

The causes of BC are multifactorial and include a 
combination of genetic predisposition, hormonal factors, 
lifestyle choices (such as alcohol consumption, obesity, 
and lack of physical activity), reproductive history (early 
menstruation or late menopause), and exposure to certain 
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environmental factors and radiation.[4] BC disrupts the 
normal physiology of breast tissue. Abnormal cell growth 
and division occur, leading to the formation of tumors. 
These tumors can interfere with the function of the breast, 
affecting the production and regulation of hormones, 
milk production, and lymphatic drainage. Metastasis 
may occur, spreading cancer cells to other organs.[5] There 
are several types of BC, including ductal carcinoma in 
situ (DCIS), invasive ductal carcinoma (IDC), invasive 
lobular carcinoma (ILC), triple-negative breast cancer 
(TNBC), HER2-positive BC, inflammatory breast cancer 
(IBC), and male BC. DCIS is non-invasive, while IDC 
and ILC involve the invasion of surrounding tissues.[6] 
TNBC lacks estrogen, progesterone, and HER2 receptors. 
HER2-positive BC overexpresses the HER2 protein. IBC 
is characterized by breast redness and swelling. Although 
rare, BC can also occur in men. additional classifications 
consider hormone receptor status, grade, and stage, 
guiding treatment decisions and prognosis for individuals 
with BC.[7]

Several risk factors contribute to the development of BC, 
including advanced age, family history of the disease, 
certain genetic mutations (BRCA1 and BRCA2), early 
onset of menstruation or late menopause, hormone 
replacement therapy, dense breast tissue, previous 
radiation exposure, and lifestyle factors such as obesity 
and alcohol consumption.[8]

The kinesin superfamily proteins (KIFs), classified into 
14 subfamilies, are ATP-dependent motor proteins with 
microtubule-dependent plus-end motion ability. Among the 
KIFs, KIF4A controls spindle organization, chromosome 
alignment, and kinetochore-microtubule dynamics with 
a protein regulator of cytokinesis.[9] Dysregulation of 
KIF4A induces abnormal spindle separation and causes 
aneuploidy of daughter cells. Several studies have suggested 
a potential relationship between KIF4A and cancer.[10] 
Increased expression of KIF4A has been observed in 
various types of cancer, including breast, lung, colorectal, 
ovarian, and gastric cancers. Elevated levels of KIF4A have 
been associated with poor prognosis and advanced tumor 
stage in these cancers.[11]

β-Tubulin, the protein to which all clinical agents that 
disrupt microtubules bind, is encoded by multiple genes 
and represented by several pseudogenes. β-Tubulin is 
the most divergent at the amino acid sequence level.[12] It 
is expressed exclusively in megakaryocytes and platelets 
in humans and appears to play an important role in the 
formation of platelets.[13] When β-tubulin is expressed in 
mammalian cells, it disrupts the microtubule network and 
microtubule fragment formation, and can ultimately cause 
marginal-band-like structures present in megakaryocytes 
and platelets.[14]

Exosomes are extracellular vesicles generated by all 
cells and they carry nucleic acids, proteins, lipids, and 

metabolites. They are mediators of near and long-distance 
intercellular communication in health and disease 
and affect various aspects of cell biology.[15] Exosome 
biogenesis is a mechanism of protein quality control, 
and once released, exosomes have activities as diverse 
as remodeling the extracellular matrix and transmitting 
signals and molecules to other cells.[16] This pathway 
of intercellular vesicle traffic plays important roles in 
many aspects of human health and disease, including 
development, immunity, tissue homeostasis, cancer, and 
neurodegenerative diseases.[17]

Cancer antigen (CA-125) is an antigenic determinant on 
a high-molecular-weight glycoprotein recognized by a 
monoclonal antibody. The highest serum levels of CA-125 
are found in ovarian cancer patients, but elevation of serum 
CA-125 may also be associated with other malignancies 
and benign and physiological states, including pregnancy, 
endometriosis and menstruation.[18] Cancer antigen 15-3 
(CA-15-3) is a tumor-associated antigen used as serum 
marker for BC surveillance in patients and for monitoring 
the response to treatment. CA-15-3 is a protein made by 
a variety of cells, particularly BC cells. The protein moves 
into the blood, where it can be measured.[19]

Serum levels of alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), and alkaline phosphatase (ALP) 
are commonly used biomarkers for liver disease because of 
their abundance in hepatocytes.[20] Besides, because of their 
presence in other tissues, these enzymes may also be potential 
biomarkers for various diseases. Previous studies suggested a 
correlation between serum liver enzymes levels and visceral 
adiposity. A  possible role of liver enzymes as markers of 
all‐cause mortality and mortality from non-liver diseases, 
such as oral and oropharynx squamous cell carcinomas.[21]

Materials and Methods

Date and duration
The period extended from February 2021 to October 2022. 
The study was carried out in Iraq, at the Department of 
Biochemistry in the College of Medicine at the University 
of Babylon, as well as The Oncology Center at Marjan 
Teaching Hospital in Hilla City, Iraq.

Study design
The study design was a case–control study.

Patients and control
In this study, 70 patients with BC were included 
additionally, and 70 apparently healthy participants were 
included as the control group (CG).

Inclusion criteria
All patients with BC first time diagnosed (all stages 
included). All cases of BC were diagnosed by 
Mammography and Histopathological examination.
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Exclusion criteria
BC with recurrence.

BC metastasis from another tissue such as lung or 
esophageal cancer.

Determination of kinesin-4A protein, β-tubulin protein, 
exosomes
Determination of markers levels in patient and control 
group were done 1-plate Fully Automated Elisys Uno 
Analyzer technology for immunoassay analysis.

Determination of liver enzyme and tumor markers
Determination of markers levels in patient and control 
group were done by Abbott architect c4000 and Cobas 
e411.

Ethical issues
The study was conducted in compliance with ethical 
principles based on the Declaration of Helsinki. Patients 
provided both verbal and written consent before the 
sample was taken. The study protocol, as well as the 
subject information and consent form, were reviewed and 
approved by a local Ethics Committee.

Results
First-time diagnosis show that kinesin-4A (KIF4A) was 
found to be increased in women with BC (P < 0.01). β-
Tubulin (TUBB) levels were very high in BC women 
(221.3 ± 17.2) compared to controls (33.4 ± 3.1; P < 0.001) 
while the levels of exosomes were extremely high in BC 
women compared to the control group (P < 0.001). Two 
weeks after the mastectomy, the results of kinesin-4A, 
β-tubulin, and exosomes dropped dramatically near 
normal levels. Also results show that KIF4A, TUBB, and 
EVs were decreased to normal levels two weeks after the 
mastectomy [Table 1].

The results of this study show toward positive correlation 
(strength of the linear relationship) with different 

correlation degree between kinesin-4A, β-tubulin, and 
exosomes [Table 2].

Results at first-time diagnosis show that CA-125 and 
CA-15-3 were found to be increased in women with BC 
with P value (<0.001) and (<0.01), respectively. And 
these levels were significantly decreased two weeks a 
mastectomy with no significant difference when compared 
to control group (P value > 0.05) [Table 3].

Liver enzymes also show elevated levels in patients with 
BC at first-time diagnosis when compared to control 
group. These significant elevated levels decreased in 
the same patients 2 weeks after mastectomy with no 
significant different when compared to control group 
(P value > 0.05) [Table 4].

Discussion
The current study found elevated levels of KIF4A in 
first-time diagnosis with BC may associate with tumor 
progression, metastasis, and poor prognosis. High levels 
of KIF4A correlate with increased cell proliferation and 
migration in BC cells.[22] Inhibition of KIF4A has shown 
potential as a therapeutic strategy to impede BC growth 
and metastasis. Further research is ongoing to understand 
the precise mechanisms and potential targeting of KIF4A 
in BC treatment.[22] These results agreed with previous 
studies that also found high levels of KIF4A in ovarian 
cancer patients[23] and prostate cancer.[24] Low levels of 
KIF4A in the same patients were observed two weeks after 
metastasectomy, and these results agreed with a previous 
study done by Huang et al.[25]

Alterations in β-tubulin expression and mutations can 
impact microtubule dynamics and contribute to cancer 
development and progression.[26] One notable phenomenon 
associated with β-tubulin in gastrointestinal cancer is the 
overexpression of specific β-tubulin isotypes, such as 
βIII-tubulin (TUBB3). Increased expression of TUBB3 
has been linked to resistance to microtubule-targeting 
chemotherapy drugs, such as taxanes.[27] Previous studies 

Table 1: Results of study main markers among study groups

Parameter First diagnosis After mastectomy Control P value 
Kinesin-4A (ng/mL) 25 ± 4.1 12.1 ± 2.7 8.1 ± 2.1 <0.01

β-Tubulin (ng/mL) 221.3 ± 17.2 27.8 ± 7.6 33.4 ± 3.1 <0.001

Exosomes (pg/mL) 4.6 ± 0.3 0.21 ± 0.2 0.11 ± 0.02 <0.001

Table 2: Different correlation degree between kinesin-4A, β-tubulin and exosomes

Correlation P value r-value Correlation degree 
Kinesin-4A and β-tubulin <0.001 0.910 Strong positive correlation

β-tubulin and exosomes <0.001 0.902 Strong positive correlation

Exosomes kinesin-4A <0.05 0.417 Moderate positive 
correlation
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found elevated levels of β-tubulin in different types of 
cancer such as pancreatic cancer,[28] prostate cancer,[29] and 
colorectal cancer.[30] As β-tubulin is normally expressed 
in different types of cells and tissue, recent analysis has 
demonstrated that β-tubulin is part of a complex, pro-
survival, molecular pathway activated by hypoxia and 
poor nutrient supply. Induction of this pathway in cancer 
is associated with an aggressive phenotype in the majority 
of patients.[31] The result of the current study was found 
in agreement with Nami et  al.[32] that also found high 
expression of β-tubulin in different subsets of BC types. 
β-Tubulin overexpression has been observed in a subset 
of BC patients and is associated with a poorer response to 
treatment and overall prognosis.[33]

Previous studies connect elevated exosomes level and 
different types of cancer. Tai et  al.[34] concluded that 
exosomes-mediated cell–cell communication is required 
in remodeling tumor microenvironments and forming 
premetastatic niches during cancer development and 
molecules of exosomes that are produced from cancer cells 
provide the essential signals for reprogramming various 
cells and architectures in tumor microenvironments or 
premetastatic niches.[35]

The result in the current study is consistent with the 
result of a previous study conducted by Shtam et  al.[36] 
which concluded that Plasma exosomes have a potency to 
stimulate the metastasis-promoting properties of BC cells. 
This pro-metastatic property of normal plasma exosomes 
may have an impact on the course of the disease and its 
prognosis. The exosomal contents can promote tumor cell 
proliferation, migration, invasion, and angiogenesis.[37,38] 
Exosomes released by BC cells also can modulate the 
immune response, suppress anti-tumor immune cells, and 
promote immune evasion.[18]

CA-125, also known as carbohydrate antigen 125, is a 
mucinous glycoprotein with a high molecular weight. 
It is found on the surface of ovarian cancer cells. It has 
been crucial in the screening, diagnosis, and treatment of 
ovarian cancer.[18] CA-125 is a tumor-associated antigen 
that is most commonly seen in advanced ovarian cancer. 

It is predominantly derived from coelomic epithelium, 
which explains elevations in benign conditions or other 
malignancies. Although CA-125 production has been 
demonstrated in the normal breast, it has been reported 
most often as a marker of pleural involvement with 
metastatic BC.[39,40] The result of the current study is found 
in agreement with Laffont et al.[41] which concluded that 
CA-125 can be used as a monitoring marker for BC.

CA-15-3 is a mucinous antigen encoded by the MUC1 
gene. The function of MUC1 is not completely 
understood, but it might play a role in cell adhesion 
facilitating the detachment of malignant cells and this will 
lead to cancer invasion and metastasis.[42] Serum levels of 
CA-15-3, the most commonly used tumor marker for BC, 
are rarely elevated in patients with localized BC, whereas 
the majority of patients with metastatic breast carcinoma 
have elevated levels.[43]

Previously published studies have shown also higher levels 
of CA-15-3 when compared to normal healthy subjects.[44] 
The finding of the current study suggests that higher 
levels of CA-15-3 represent BC extent and reflect the cell 
differentiation and aggressiveness of the tumor. Therefore, 
it could be concluded that the determination of CA-15-3 
before the surgical operation may be useful as a prognostic 
factor in BC.

The liver enzyme can be used as an independent factor in 
predicting the incidence of different types of cancer and 
could be used as a good biochemical indicator to predict 
the occurrence of cancer.[45-47] The result of the current 
study was found in agreement with a previously reported 
study that also found high liver enzymes in BC patients.[48]

Conclusions
Numerous factors can operate alone or in concert to cause 
BC, especially in women who are genetically predisposed 
to the disease or who are exposed to high-risk factors. 
Results suggest that different types of BC can alter several 
aspects of host immunity causing increased production 
of specific immune products and different proteins. And 
these products can use as diagnostic and prognostic 

Table 3: Results of tumor markers among study groups

Parameter First diagnosis After mastectomy Control P value 
CA-125 (U/mL) 70.1 ± 12.5 13.2 ± 2.9 10.5 ± 2.1 ***<0.001

CA-15-3 (U/mL) 55.4 ± 7.7 21.2 ± 3.5 18.7 ± 5.1 **<0.01

Table 4: Results of liver enzyme among study groups

Parameter First diagnosis After mastectomy Control P value 
ALT (U/L) 42 ± 5.1 37 ± 4.5 22 ± 2.9 *<0.5

AST (U/L) 38 ± 6.7 28 ± 6.1 17 ± 3.4 *<0.5

ALP (IU/L) 230 ± 18.1 130 ± 10.9 112 ± 8.8 **<0.01
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markers to reduce invasive procedures such as surgeries or 
radiation exposure. As the levels of kinesin-4A, β-tubulin, 
and exosomes dropped dramatically near normal levels. 
Two weeks after the mastectomy, these markers can be 
used for monitoring women with BC after mastectomy. 
The higher levels of study markers (kinesin-4A, β-tubulin, 
and exosomes) among specific individuals in the BC group 
the worse prognosis of the disease suggesting that these 
markers can be used as prediction markers.
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