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Aim: Despite the improved diagnosis and treatment methods in recent years, the number of new breast
cancer cases does not reduce and the mortality rates are still so high.
There are several proteins that play signiﬁcant roles in carcinogenesis process and hold a great potential
to be used as a marker of cancer diagnosis. A-Kinase Anchoring Protein 12 (AKAP12) regulates gene
expression in cell cycle and apoptosis while B- cell Lymphoma 2 (BCL2) family proteins and inhibitors of
apoptosis proteins are the major regulators of the apoptotic process. High mobility group box 1 (HMGB1)
has multiple pro-tumor roles in tumor development.
In our study, we aimed to determine the usability and sensitivity of AKAP12, BCL2 and HMGB1 proteins
as a marker of breast cancer diagnosis, and further investigate the relationship among these proteins.
Material and Methods: Between 2014 and 2017, a total number of 82 participants, 60 of them were
diagnosed with early stage breast cancer and 22 healthy age-matched people as control group, were
included in the study. Serum samples obtained from the groups were investigated in terms of AKAP12,
BCL2 and HMGB1 levels by using Enzyme Linked Immuno-Sorbent Assay (ELISA) method.
Results: Comparing the patient group with control groups, AKAP12, BCL2 and HMGB1 levels were found
to be signiﬁcantly higher in the patient group (p ¼ 0.009), (p < 0.001) and (p < 0.001), respectively.
Conclusion: The ﬁndings of our results indicate that these proteins levels may be used as markers in the
diagnosis and follow-up of breast cancer.
© 2019 Turkish Society of Medical Oncology. Production and hosting by Elsevier B.V. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction
Breast cancer is the most common type of cancer among
women. Despite the recent advances in the diagnosis and treatment, breast cancer is still the leading cause of death in women
worldwide.1 Some tumor markers have been previously used to
evaluate the treatment response in breast cancer and to detect
metastases at an early stage. However, there is still unmet need of
identifying tumor markers that can be used in screening the early
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diagnosis. Moreover, with potential markers of determining the
prognosis of the disease, the treatment intensity to the patients
with breast cancer can be speciﬁed before the treatment.
AKAP12 is a regulator of protein kinase A (PKA) and protein
kinase C (PKC) signal. AKAP12, which is also called as gravin, is
ﬁrstly described as an autoantigen in patients with myasthenia
gravis,2 and regulates gene expression in cell cycle and apoptosis.3
Furthermore, AKAP12-induced caspase-3 inhibits the growth of
tumor cells via stimulating apoptosis through up-regulation of Bax
and down-regulation of BCL23. In addition, AKAP12 stimulates to
stop cell cycle by reducing cyclin D1 expression and increasing the
levels of Cip1/p21 and Kipl/p27 proteins that are the control point
of the cell cycle.
Previously, epigenetic suppression of AKAP12 in different cancer
types has been shown and is related to the process of tumor formation.4 The decrease in expression of AKAP12 in various cancers
has been previously shown, including stomach, prostate and
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ovarian cancer.5 Choi et al.6 also reported that AKAP12 reexpression repairs cell growth through inducing apoptosis in
gastric cancer cells.6 In another study, a decrease in AKAP12
expression in patients with acute leukemia has been shown along
with the survival is adversely affected in patients with increased
AKAP12 level.7
BCL2 was ﬁrstly detected in human B cell lymphoma cells and
plays a role in apoptosis process. Based on their biological activities
and the presence of certain areas of BCL2 homology (BH), BCL2
family proteins can generally classiﬁed with three types: antiapoptotic, proapoptotic and effector.8,9 While the proapoptotic
members of this protein family, including Bax, Bad, Bid, Bak and
Bcl-xs stimulate apoptosis, the anti-apoptotic members such as
BCL2 and BCL-xl (BCL2L1) proteins prevent apoptosis.10 Especially,
BCL2 and BCL-xl levels were reported to be high in many different
types of cancer.11e13 Moreover, in the initial stages of breast cancer,
BCL2 has been shown to be an independent and powerful prognostic marker.14 A recent study by Kim et al. has further reported
that BCL2-positive breast cancer patients have a better prognosis in
terms of relapse-free survival and overall survival.15
HMGB1, which is the most important member of the HMGB
protein family, is a non-histone nuclear protein with many different
functions in the cell and is associated with cancer progression,
angiogenesis, invasion and metastasis development.16 HMGB proteins were ﬁrstly discovered in the calf thymus in the 1970s and the
origin of the name was based on their rapid acts in gel electrophoresis.17 Although HMGB2 and HMGB3 expression, the other two
members of HMGB family, is limited, HMGB1 expression is quite
abundant. HMGB1 plays a key role in maintaining the nucleosome
structure in the nucleus as a DNA-binding protein18 and in regulating gene expression as a transcription factor.19,20 HMGB1 acts as
an extracellular signaling molecule during inﬂammation, cell
migration, cell differentiation and metastasis along with its nuclear
role.21
Based on several previous studies, intracellular HMGB1 acts as
an antitumor protein because of its ability to maintain genome
stability and autophagy activity during tumor growth while
extracellular HMGB1 acts as a protector protein because of cytokine, chemokine and growth factor activity.22 Several studies have
also reported that HMGB1 plays a critical role in a variety of malignancies, including breast cancer,23 gastric cancer24 and hepatocellular carcinoma,25 lung cancer.26
For the newly developed diagnostic methods or screening programs, the purpose of methodological studies is to determine how
the methods used to differentiate between healthy and patients are
accurate, reliable and valid in terms of correct diagnosis. Testing
validity and reliability beyond sensitivity and speciﬁcity are also
very important for a newly developed test. Although validity and
reliability look like two similar concepts at a glance, they in fact
have complementary elements because the high validity of a test
does not increase its reliability, but its high reliability may increase
its validity. Therefore, both the validity and reliability of a good test
should be high enough.27
2. Materials and methods
For this study, the approval was obtained from Gaziantep University Medical Faculty Ethics Committee (decision no. 2016/16,
dated January 11, 2016). This study was conducted in accordance
with Helsinki Declaration Rules. All patients in the study were
informed about the study and their written consents were
obtained.
Between 2014 and 2017, 60 patients who were diagnosed as
early stage (stage I, II, III) breast cancer at Medicalpark Gaziantep
Hospital Medical Oncology Clinic were consecutively included in
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the study. Serum samples for AKAP12, BCL2 and HMGB1 were
collected before chemotherapy, radiotherapy, hormonal treatment
and targeted therapy. Research parameters such as AKAP12,
HMGB1 and BCL2 were studied on the ELISA device available in the
Department of Medical Biochemistry, Faculty of Medicine, Gaziantep University. All concentration/absorption graph curves and
results were calculated on Biotek_ELx808 (Winooski, Vermont,
USA). Age, gender, and routine laboratory tests were also recorded.
As a control group, 22 age- and gender-matched healthy people
were included in the study. Our exclusion criteria were included
patients diagnosed with breast cancer at age 18 and below, patients
diagnosed with metastatic and locally advanced breast cancer,
patients with secondary cancer, and patients without adequate
liver and renal reserve. Only one of the breast cancer patients
included in the study was male, the remaining patients and the
control group were all female patients.
Statistical analysis was performed using SPSS 15.0 software.
Normal distribution conformation of the variables was examined
using both visual (histogram and probability graphs) and analytical
methods (Kolmogorov-Smirnov/Shapiro-Wilk tests). In the
Kolmogorov-Smirnov test, the normal distribution was conﬁrmed if
the p value was above 0.05. Because the AKAP12, BCL2 and HMGB1
values measured in the patient and control groups did normally
distributed, the patients and the control group were compared
using the Mann-Whitney U test. The diagnostic features of serum
AKAP12, BCL2 and HMGB1 levels in determining the patients and
control groups were investigated by Receiver Operating Characteristics (ROC) curve analysis. In the evaluation of the area under
the curve, if the Type 1 error level was below 5%, the diagnostic
value of the test was interpreted as statistically signiﬁcant. The
correlations between AKAP12, BCL2 and HMGB1 for the relationships between at least one of the variables not normally distributed
or ordinal were assessed by using the correlation coefﬁcients and
the Spearman’s test.
3. Results
A total number of 82 participants were included in the current
study, 60 of them were patients and 22 were healthy controls. Only
one of the patients was male while the entire control group was
included only women. The mean age of the patients was 53.1 ± 11.3
(Ranging from 28 to 81). The laboratory values of the patients are
reported as mean ± standard deviation as shown in Table 1.
When compared the patient group with control groups, there
was a signiﬁcant relationship between AKAP12 levels (p ¼ 0.009).
While AKAP12 level was 2381.8 ± 1205.5 ng/L (Ranging from 695.3
to 5889.3) in the patient group, it was 1638.1 ± 611.8 ng/L (Ranging
from 718.8 to 3331.2) in the control group.
In ROC analysis, the assessment of AKAP12 in terms of the

Table 1
General characteristics of patients.

Age (year)
BUN (mg/dL)
Creatinin (mg/dL)
AST (U/L)
ALT (U/L)
LDH (U/L)
Albumin (gr/dL)
WBC (103/mm3)
Neutrophil (103/mm3)
Lymphocyte (103/mm3)
Platelet (103/mm3)
Hb (g/dL)

Mean ± Standart Deviation

Median

53.1 ± 11.3
13.2 ± 9.2
0.84 ± 1.1
19.5 ± 9.9
19.6 ± 9.8
171.6 ± 44.2
3.8 ± 0.39
8.4 ± 2.6
5.28 ± 2.01
2.40 ± 0.91
249 ± 83
12.5 ± 1.4

52
11
0.64
18
18
162.5
4
8.5
5.18
2.43
290
13
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Fig. 1. ROC curves of AKAP12, BCL-2 and HMGB1.

diagnosis was statistically signiﬁcant (p ¼ 0.009) (Fig. 1). When
AKAP12 cut-off was accepted as 1100, sensitivity was found as 88%,
speciﬁcity was 18%, positive predictive value was 75%, and negative
predictive value was 36%. When AKAP12 cut-off was accepted as
1200, then, sensitivity was 85%, speciﬁcity was 27%, positive predictive value was 76%, and negative predictive value was 40%.
Finally, when the cut-off value of ACAP12 was 1300, the sensitivity
was 80%, the speciﬁcity was 32%, the positive predictive value was
76% and the negative predictive value was 37% (Table 2).
When the patient group was compared to control group, there
was a signiﬁcant association between BCL2 levels (p < 0.001). The
BCL2 level in the patient group was 478.1 ± 353.6 U/mL (ranging
from 196.7 to 2554.7) while it was 286.4 ± 106.1 U/mL (ranging

from 31.9 to 521.6) in the control group.
Similar to AKAP12, the diagnosis of patients with BCL2 was
statistically signiﬁcant (p < 0.00) in ROC analysis (Fig. 1). When
BCL2 cut-off was considered as 230, sensitivity was 93%, speciﬁcity
was 27%, positive predictive value was 78%, and negative predictive
value was 60%. When BCL2 cut-off was considered 240, then,
sensitivity was 90%, speciﬁcity was 36%, positive predictive value
was 79% and negative predictive value was 57%. Finally when BCL2
cut-off was accepted as 250, sensitivity was 85%, speciﬁcity was
41%, positive predictive value was 80%, and negative predictive
value was 50% (Table 3).
When the patient and control groups were compared in terms of
HMGB1 levels, a signiﬁcant association was found between HMGB1
levels (p < 0.001). In the patient group, the level of HMGB1 was
13.07 ± 4.74 ng/mL (ranging from 5.4 to 29.8) while in the control
group it was 7.92 ± 3.66 ng/mL (ranging from 2.3 to 17.5).
The diagnosis of patients with HMGB1 was statistically signiﬁcant when evaluated by ROC analysis (p < 0.001) (Fig. 1). Based on
different cut-off values such as 7, 8 or 9, sensitivity, speciﬁcity and
other diagnostic variables slightly differed. For example, in HMGB1
cut-off 7, sensitivity was 93%, speciﬁcity was 45%, positive predictive value was 82%, and negative predictive value was 71%. On the
other hand, for HMGB1 cut-off 8, sensitivity was 87%, speciﬁcity
was 59%, positive predictive value was 85%, and negative predictive
value was 60%. Finally, for cut-off 9, sensitivity was 80%, speciﬁcity
was 64%, positive predictive value was 85% and negative predictive
value was 54% (Table 4).
The levels of AKAP12, BCL2 and HMGB1 in the patient and
control groups are shown in the Table 5 (Table 5).
AKAP12 was signiﬁcantly correlated with HMGB1 and BCL2
(p < 0.001) when the association of these markers was analyzed
with Spearman correlation analysis. The AKAP12 correlation coefﬁcient (Rho) with HMGB1 was 0.5, while with BCL2 was 0.445. The
Rho value between HMGB1 and BCL2 was 0.519.
In Fig. 1, the best result was obtained with HMGB1 when
compared to the area under the ROC curve (AUC) of 3 indicators
(Fig. 1).

Table 2
Speciﬁcity, sensitivity, positive and negative predictive values based on AKAP12 limit values.
AKAP12 Cut-off Level

Sensitivity (%)

Speciﬁcity (%)

Positive Predictive Value (%)

Negative Predictive Value (%)

1100
1200
1300

88
85
80

18
27
32

75
76
76

36
40
37

Table 3
Speciﬁcity, sensitivity, positive and negative predictive values based on BCL2 limit values.
Bcl2 Cut-off Level

Sensitivity (%)

Speciﬁcity (%)

Positive Predictive Value (%)

Negative Predictive Value (%)

230
240
250

93
90
85

27
36
41

78
79
80

60
57
50

Table 4
Speciﬁcity, sensitivity, positive and negative predictive values based on HMGB1 limit values.
HMGB1 Cut-off Level

Sensitivity (%)

Speciﬁcity (%)

Positive Predictive Value (%)

Negative Predictive Value (%)

7
8
9

93
87
80

45
59
64

82
85
85

71
60
54
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Table 5
Comparison of patient and control groups in terms of AKAP12, BCL2 and HMGB1.

AKAP12 (ng/L)
BCL2 (U/mL)
HMGB1 (ng/mL)

Patient (60)

Control (22)

p value

2381.8 ± 1205.5 (Range 695.3e5889.3)
478.1 ± 353.6 (Range 196.7e2554.7)
13.07 ± 4.74 (Range 5.4e29.8)

1638.1 ± 611.8 (Range 718.8e3331.2)
286.4 ± 106.1 (Range 31.9e521.6)
7.92 ± 3.66 (Range 2.3e17.5)

p ¼ 0.009
p < 0.001
p < 0.001

4. Discussion
It is very critical that the sensitivity of the diagnostic tests must
be high enough because an optimum treatment can be received, the
progression can be stopped and the complications can be prevented with early-diagnosis of breast cancer. In this context, we
assessed AKAP12, BCL2 and HMGB1 proteins, which all play an
important role in carcinogenesis process, as a potential marker in
the diagnosis of breast cancer, their sensitivity for this purpose as
well as investigated the interrelationships of these proteins.
AKAP12 is a recently described strong scaffold protein and a
decrease in the level of AKAP12 has been shown in many types of
cancers such as prostate cancer,28 gastric cancer6 and colon cancer,29 suggesting that AKAP12 can be a new potential tumor suppressor. Downregulation of AKAP12 expression is due to the gene
deletion or the epigenetic changes such as promoter hypermethylation.30 Previously, loss of AKAP12A and AKAP12B expression in gastric cancer has been shown to be because of promoter
hypermethylation.6 Moreover, oncogenes like Ras and Myc have
been shown to suppress the expression of AKAP12.31
AKAP12 is associated with protein kinases (protein kinases A
and C (PKA and PKC), cyclines and F-actin.30 It has been also shown
that neoplastic formation started in AKAP12 knockout mice with
prostate hyperplasia.32 In addition, MatLyLu (MLL) regression of
AKAP12 in prostate cancer cells signiﬁcantly suppressed lung
metastasis development; however, it did not affect the growth of
the primary tumor.28 Furthermore, AKAP12 re-expression was
found to inhibit the production of vascular endothelial growth
factor (VEGF) in MLL cells.33 Therefore, it can be suggested that
AKAP12 is a tumor suppressor or a metastasis suppressor.30,32,34
Interestingly, AKAP12 expression in some cancer cell lines and
human cancers has been shown to be slightly increased, in contrast
to the majority of the studies reported that AKAP12 is downregulated in cancer. This conﬂict may be because of the different
biology of these types of cancers, or differentiated signaling pathways. Chronic myeloid leukemia, superﬁcial bladder cancer, giant
cell granuloma of the jaw and high grade follicular lymphoma are
among the examples of increased AKAP12.35e38
Unlike in other cancer types, the role of AKAP12 in breast cancer
has not been totally clariﬁed yet. In the study of Soh et al.39 where
the role of AKAP12 on the migration of breast cancer cells was
investigated, they reported that AKAP12 gene expression was
higher in normal breast epithelium compared to breast cancer cell
lines. They further showed that survival was longer in breast cancer
patients with high AKAP12 expression. They ﬁnally concluded that
AKAP12 acted as a tumor suppressor in breast cancer.39
Zhang et al. aimed to identify the differentially expressed genes
in breast carcinoma and ﬁnd the potential biomarkers for predicting the prognosis. In this study they found that AKAP12 is one of the
key breast carcinoma-associated gene. They concluded that this
data is useful tool to predict the progression of breast carcinoma.40
To the best of our knowledge, there is no study investigating
AKAP12 serum levels in breast cancer patients. Based our study, we
suggest that accepting the 1100 as a cut-off value that provides high
sensitivity for AKAP12 in breast cancer patients can be used as a
predictor (Table 2).

BCL2 is an antiapoptotic protein which belongs to the BCL2
family.41,42 The role of BCL2 depends on its association with other
proteins of the BCL2 family.41e43 Improper expression of the BCL2
protein was ﬁrstly shown as a result of chromosomal translocation
in non-Hodgkin lymphoma. Subsequent research has reported that
BCL2 is also expressed in solid tumors such as breast cancer,
prostate cancer, gastric cancer, lung cancer, colorectal cancer and
ovarian cancer.41,42 Although BCL2 overexpression is a poor prognostic factor in non-Hodgkin lymphoma, it is associated with low
grade, slowly proliferating, estrogen receptor (ER) positive subgroup in breast cancer.44,45 This paradoxical favorable prognostic
effect could be associated with non-apoptotic functions of BCL2 in
breast cancer.46,47 In addition, an increased expression for the BCL2
protein could disrupt the balance with other members of the BCL2
family, eventually leading to expression of pro-apoptotic
proteins.48
BCL2 family proteins (BCL2 and BAX) are also expressed in
normal breast tissue.49 BCL2 is upregulated through the effect of
estrogen as a direct result of transcriptional induction.49,50 In the
study by Dawson et al.,14 an increased expression of BCL2 was
found to be a good prognostic factor in all molecular subtypes of
breast cancer. However, Eom et al.51 reported that only Luminal A
subgroup was a good prognostic factor. In both studies, the researchers investigated the relationship between immunohistochemistry and BCL2 expression in tumor tissue in the molecular
subtypes of breast cancer and survival. In the study by Samy et al.,
an increased serum level of BCL2 was found to be associated with
recurrence of breast cancer.52
After analyzing the obtained BCL2 level with ROC analysis, we
suggest that BCL2 can be used as a marker with 93% sensitivity in
the diagnosis of breast cancer patients (Table 3; Fig. 1).
Recently, HMGB1 has been shown as a regulator of tumorigenesis, expansion and invasion of cancer cells.21 HMGB1 protein can
be found in many different cell types as ubiquitous nuclear proteins
and typically located in the nucleus. As a nuclear cofactor, HMGB1
plays a role in the regulation of transcription. However, HMGB1 can
also be found in plasma and can be released into the extracellular
matrix in the cases of carcinogenesis and inﬂammation.21
Following its release, HMGB1 initiates the signal transduction
through the RAGE (receptor for advanced glycation end product)
and TLR (Toll like receptor) receptors. Many recent studies have
clearly shown that HMGB1 and RAGE receptor levels are generally
higher in cancerous tissues compared to that of in normal epithelium. Colorectal, prostate and pancreatic cancers and hepatocellular cancer are among the examples of higher HMGB1 and RAGE
receptor levels.53e58 HMGB1 overexpression in these studies has
been further shown to correlate with tumor invasiveness and poor
prognosis.59e61 Though the oncogenic role of HMGB1 has been well
established in many cancer types,22,62 its role in breast cancer is still
poorly understood. In limited number of studies, HMGB1 has been
shown to increase the growth of breast cancer cells in vitro; however, its role in breast cancer patients has not still been
elucidated.63,64
In the current study, the diagnostic signiﬁcance of HMGB1
serum levels in breast cancer was investigated and we found that
HMGB1 serum levels were signiﬁcantly higher in breast cancer
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patients compared to healthy controls. Our ﬁndings indicate that
serum HMGB1 level may be a new diagnostic marker in breast
cancer. Sun et al.,65 investigated HMGB1 levels in both tissues and
serum in patients with breast cancer, patients with benign breast
disease, as well as in healthy control group. Their results revealed
that both HMGB1 tissue and serum levels of patients diagnosed
with breast cancer were signiﬁcantly higher than those in the
control group and patients with benign breast disease.65
The most important limitation of the current study was the
small sample size (total number of 82 patients). Another important
limitation of our study was that we did not assess the correlation
between clinical parameters such as tumor differentiation, lymph
node metastasis, tumor diameter, grade, and AKAP12, BCL2 and
HMGB1 levels. In addition, it would be more valuable to investigate
the levels of these proteins in tumor tissue with immunohistochemistry or/and similar methods, and to correlate them with the
serum levels.
Our cumulative results suggest that AKAP12, BCL2 and HMGB1
may be a diagnostic marker in breast cancer, but prospective
studies with larger patient numbers are still needed.
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