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Abstract
Objectives: The goal of this study to estimate the correlation between breast cancer and cyclin‑dependent kinase 4 (CDK4)\CDK6 enzyme
concentrations in the occurrence of breast cancer and breast cancer subtypes. Methods: A total of 80 breast cancer patients are subdivided
according to molecular classification into four groups, Luminal A, Luminal B, Her2/neu enriched, and TPN and 80 healthy individuals as control
were enrolled; biochemical tests and body mass index were assayed. Results: No significant differences were found between patients and
control groups and no significant differences were found among breast cancer subtypes in the concentrations of CDK4 (P > 0.05). There were
no significant differences found between patients and control groups and no significant difference in the CDK6 concentration among subtypes
groups (P > 0.05). The correlation between age, CDK4, and CDK6 in cases and control revealed that the correlation was absent between age,
CDK4, and CDK6 concentration, except a weak positive correlation was found between CDK4 and CDK6 concentrations. Conclusion: There
was no significant difference in serum levels of CDK4 and serum level of CDK6 between case and control and among patient subtypes.
Keywords: Breast cancer, cell cycle, cyclin‑dependent kinase 4 and cyclin‑dependent kinase 6, immunohistochemistry classification
immunohistochemistry, retinoblastoma protein

Introduction
Breast cancer begins when cells in the breast start to grow out of
control. The tumor considers cancer when the cells can invade
surrounding tissues and spread to the distant areas of the body.
Breast cancer occurs mostly in women, but rarely men can get
breast cancer. Most breast cancers are (ductal cancers) and begin
in the ducts that carry milk to the nipple. Some breast cancers are
(lobular cancers) and start in the glands that make breast milk.[1]
Breast cancer is the first most common cause of cancer death
in Iraq,[2] in Babylon province the number of patients with
breast cancer that are admitted in Babylon oncology center
exactly in years 2017 and 2018 about 242 and 187, respectively.
breast cancer considers as the main cause of death in women
ages 40–59.[3]
The cell cycle is a complex process that included in the growth,
proliferation of cells, regulation of DNA damage, and repair.
The cell cycle involved a variety of regulatory proteins that
manage the cell through numbers of phases G1, S, G2, and M
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phase leading to mitosis and synthesis of two daughter cells.
Central to this process are cyclin‑dependent kinase (CDKs) and
the cyclin protein that regulates the cell progression through
the stage of the cell cycle.[4] The cyclin‑CDK complexes are
controlling on the progression through cell cycle that leads
to (G0) the resting state, (G1) growth phase, through the (S)
phase of DNA replication, and finally to (M) phase when cell
division will occur.[5]
Cyclin D1 and CDK4 are very important in luminal
epithelial proliferation in normal mammary tissue and for
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sustained proliferation in luminal breast cancers.[6] CyclinD1
binds to CDK4 forming a complex converted to an active
holoenzyme, this active holoenzyme will hyperphosphorylate
of retinoblastoma protein (pRb) and releasing of E2F
transcription factors leading to the expression of a variety
of genes that facilitate the transition from G1 to S phase.[7,8]
Blocking the phosphorylation of pRb and promote G1 cell
cycle arrest and cellular senescence is accomplished by
CDK4/6 inhibitors.[9] The administration of anti‑CDK4/6
agents, therefore, suppresses the bioavailability of the E2F
transcription factor, resulting in decreased transcription and
translation of S phase‑related gene sets, causing breast cancer
cells to undergo G1 arrest and/or death.[10]

Materials and Methods
Patients

The breast cancer patients who participated in this study
about (80), their age between (30 and 80) years old were
divided according to the molecular classification of breast
cancer by immunohistochemistry technique that depends on
the expression of ER, PR, and Her2‑enriched proteins into
four groups:
• Luminal A: 37 female patients with breast cancer
• Luminal B: 19 female patients with breast cancer
• Her2\neu+ enriched: 15 female patients with breast cancer
• Triple‑negative: 9 female patients with breast cancer.
All patients of these groups were not treated with any type of
treatment (hormonal or chemotherapy), that’s mean that the
blood samples were collected predose to exclude the effect of
these drugs on the biochemical result.

Control group

The control group who participated in the study includes (80)
healthy females. They obtained from consult clinics of early
detection of breast cancer in Hilla teaching hospital their age
was ranged between (30 and 80) years.

Ethical consideration

The study was conducted in accordance with the ethical
principles that have their origin in the Declaration of Helsinki.
It was carried out with patients’ verbal and analytical approval
before the sample was taken. The study protocol and the subject
information and consent form were reviewed and approved
by a local ethics committee (College of Medicine/University
of Babylon). The project achieves the permission of research
ethics in Babylon Center of Oncology/Marjan medical city at
the date 15/4/2018.

Determination of CDK4 and CDK6 concentrations

Sandwich‑ELISA kits by Sunlong (China) Company was
used in this study as a method. Known concentrations of
Human CDK‑4 Standard and its corresponding reading OD
are plotted on the log scale (x‑axis) and the log scale (y‑axis),
respectively, Figure 1. The concentration of Human CDK‑4 in
the sample is determined by plotting the sample’s OD on the
Y‑axis. The original concentration is calculated by multiplying
the dilution factor.
Also known concentrations of Human CDK‑6 Standard and its
corresponding reading OD are plotted on the log scale (x‑axis)
and the log scale (y‑axis), respectively, Figure 2. The
concentration of Human CDK‑6 in the sample is determined
by plotting the sample’s O. D. On the Y‑axis. The original
concentration is calculated by multiplying the dilution factor.

Statistical analysis

The general statistical parameters such as mean, standard
deviation, percentage, and descriptive plots were done using
the Microsoft® Excel 2010 software, while phenotypic means
and standard deviation were compared by student t-test and
one way ANOVA by employing SPSS version 21 (SPSS,
IBM Company, Chicago, IL 60606, USA), and P value was
determined to be significant.

Results
The range of age in this study was about (30–80) years, and
the result showed that the control group matches a patient
group in age P > 0.05; also the results showed that there were
no significant differences in the age among different breast
cancer subtypes (P > 0.05).
The results revealed that there were no significant differences
in the body mass index among patients subtypes P > 0.05. No
significant differences in the concentrations of CDK4 between
patients and control groups (P > 0.05), the means, standard
deviation, and statistical parameters are listed in Table 1.
Furthermore, the results displayed that there was no
significant difference in CDK4 concentration between patients
subtypes (P > 0.05), as shown in Table 2 and Figure 3].
Our results showed that there were no significant differences
in the concentrations of CDK6 between patients and control

Collection of the blood samples

Five ml of venous blood were withdrawn from patients and
control by venipuncture pushed slowly into gel tubes. Blood
was allowed to clot at room temperature for 30 min and
centrifuged at 2000 ×g for 5 min, then the serum was divided
into small Eppendorf tube and kept at (−20°C) to be used later
for biochemical estimation of the CDK4 and CDK6 enzymes
concentrations by ELISA technique.
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Figure 1: Human cyclin‑dependent kinase 4 standard curve
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groups (P > 0.05). The means, standard deviation, and
statistical parameters are listed in Table 3.
Table 4 and Figure 4 list the CDK6 concentration of patients’
subtypes. The results revealed that there was no significant
difference in CDK6 concentration among patients subtypes
(P > 0.05).

Discussion
CDK4 has a close relationship with CDK6 and plays pivotal
roles in mammalian cell proliferation. Cyclins are assembling
with CDK4 and CDK6 to form enzymatically active
holoenzyme complexes to drive cells progression into the (S)
phase of DNA synthesis in the cell‑division cycle.[11]

In Table 5, we found that the correlation was absent between
age and CDK4 concentration P = 0.51, r = −‑0.052. There is
no correlation between age and CDK6 concentration P = 0.5,
r = 0.054. Weak positive correlation was found between CDK4
and CDK6 concentrations P = 0.027, r = 0.175*, [Figure 5].

Figure 3: Comparison between Breast cancer groups in mean and
standard deviation ofcyclin‑dependent kinase 4 concentration

Figure 2: Human cyclin‑dependent kinase‑6 standard curve

Table 1: Mean and standard deviation of cyclin‑dependent kinase 4 concentration for patients and control groups
Group
Cyclin‑dependent
kinase 4

Case
Control
*P value of Student’s test. SD: Standard deviation

n

Mean±SD (Pg/ml)

T

P*

80
80

3956.7±5494.08
3133.14±1031.56

1.13

0.19

Table 2: Mean and standard deviation of CDK4 concentration in patients subtypes
n

(I) group

Mean±SD
(Pg/ml)

37

Luminal A

2993.91±1273.46

19

Luminal B

3285.15±1238.0

15

Her2‑enriched

3154.90±986.10

9

TPN

2938.55±1554.0

(J) group
Luminal B
Her2‑enriched
TPN
Luminal A
Her2‑enriched
TPN
Luminal A
Luminal B
TPN
Luminal A
Luminal B
Her2‑enriched

Mean difference (I-J),
mean±SD (Pg/ml)

P

‑291.24‑
‑160.98‑
55.35
291.24
130.25
346.6
160.98
‑130.25‑
216.34
‑55.35‑
‑346.6‑
‑216.34‑

0.420
0.675
0.906
0.420
0.767
0.499
0.675
0.767
0.683
0.906
0. 499
0.683

Total
80
3084.53±1233.42
*
P value of ANOVA test. SD: Standard deviation

Table 3: Cyclin‑dependent kinase 6 concentration for patients and control groups
Group
CDK6

Case
Control
*P value of Student’s test. SD: Standard deviation

n

Mean±SD (Pg/ml)

t

P*

80
80

2700.29±4438.49
1788.46±4094.06

1.35

0.17
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In this study, we measured the actual concentration of CDK4
and CDK6, but the results revealed that there were no significant
differences between patients and control groups (P > 0.05), and
there was no significant difference in CDK4 concentration
among patient groups (P > 0.05). Furthermore, results
revealed that there was no significant difference in the CDK6
concentrations between cases and control (P > 0.05), the
results also revealed that there was no significant difference
in CDK6 concentration among patient groups (P > 0.05).
Some study reported that the enzymatic activity of CDK4 and
CDK6 may be elevated in the breast cancer patient and that
leads to the continuous cell proliferation of breast tissue and
help in occurrence of breast cancer phenotype. Therefore, the
enzymatic activity and enzyme kinetics of both enzymes should
take the preposition considering in future studies in breast
cancer in Iraq. Furthermore, the measurement of both enzymes
by another technique such as gene expression profiling instead
of measuring concentration by Eliza technique perhaps explain
the cell cycle disorders in both breast cancer and its subtypes.

mechanism by which how signal transduction pathways in
various tumor types activate CDK4/6 may pave the way for
producing combinatorial therapies that target both cyclin D
and CDK4/6 to improve therapeutic responses.[11]
Our results showed that the correlation was absent between
age and CDK4, CDK6 concentrations except for a very weak
significant positive correlation between CDK4 and CDK6
concentrations.

Recently, drugs that are inhibiting of CDK4/CDK6 activities
have high significant efficacy in cancer treatment.[12,13] The

In human cancers, the inactivation of p16INK4a is the
most common lesion of this pathway and that leads to
phosphorylation of pRB and related proteins by (CDK4/6)
cyclin D complex that allows the increased synthesis of
genes important for DNA replication and thus progression
through the cell cycle. CDKs activity in cancer cells may
be increase through a variety of mechanisms, and they
presumably promote tumorgenesis by suppressing senescence
in cancer cells.[14] This observation had brought up the idea
that compounds able to enhance the levels of CDK inhibitors
or drugs that inhibit CDKs activities may be used for
pro‑senescence therapy for cancer.[15]

Figure 4: Comparison between breast cancer groups in mean and
standard deviation of cyclin‑dependent kinase 6 concentration

Figure 5: Correlation between cyclin‑dependent kinase 4 and
cyclin‑dependent kinase 6

Table 4: Mean and SD of cyclin‑dependent kinase 6 concentration of breast cancer groups
n

(I) group

Mean±SD (Pg/ml)

37

Luminal A

2141.90±3717.15

19

Luminal B

1529.04±2780.91

15

Her2‑enriched

2838.99±4177.82

9

TPN

3800.47±6355.36

(J) group
Luminal B
Her2‑enriched
TPN
Luminal A
Her2‑enriched
TPN
Luminal A
Luminal B
TPN
Luminal A
Luminal B
Her2‑enriched

Mean difference (I-J) (Pg/ml)

P

612.86
‑697.08‑
1658.56‑‑
612.86‑‑
‑1309.94‑
‑2271.42‑
697.08
1309.94
‑961.48‑
1658.56
2271.42
961.48

0.587
0.569
0.266
0.587
0.344
0.163
0.569
0.344
0.568
0.266
0.163
0.568

80
1481.8903
2313.64±3963.33
*
P value of ANOVA test. SD: Standard deviation
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Table 5: Correlation between age, cyclin‑dependent
kinase 4, and cyclin‑dependent kinase 6 in patients and
control
Correlations

Age

CDK4

Age (years)
1
0.052
r
0.510
P
160
160
n
CDK4 (pg/ml)
0.052
1
r
0.510
P
160
160
n
CDK6 (pg/ml)
0.054
0.175*
r
0.500
0.027
P
160
160
n
*Correlation is significant at the 0.05 level (two‑tailed)

Financial support and sponsorship
Nil.

Conflicts of interest

CDK6

There are no conflicts of interest.

0.054
0.500
160
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