OncoTargets and Therapy downloaded from https://www.dovepress.com/

For personal use only.

OncoTargets and Therapy Dove

3

ORIGINAL RESEARCH

High mobility group box-I| and its clinical value in

breast cancer

Shanping Sun'?
Wei Zhang?
Zhaogqing Cui?
Qi Chen?
Panpan Xie?
Changxin Zhou?
Baoguo Liu?
Xiangeng Peng?
Yang Zhang?

'Department of Breast Surgery, Qilu
Hospital of Shandong University,
Shandong, People’s Republic of China;
’Department of Breast and Thyroid
Surgery, Liaocheng People’s Hospital,
Liaocheng, Shandong Province,
People’s Republic of China

Correspondence: Yang Zhang
Department of Breast and Thyroid
Surgery, Liaocheng People’s Hospital,
67 Dong Chang Xi Road, Liaocheng,
252000, Shandong Province,

People’s Republic of China

Email zhangyang_zhy@yeah.net

This article was published in the following Dove Press journal:
OncoTargets and Therapy

12 February 2015
Number of times this article has been viewed

Background: High mobility group box-1 (HMGBI1) is a factor regulating malignant
tumorigenesis, proliferation, and metastasis, and is associated with poor clinical pathology in
various human cancers. We investigated the differential concentrations of HMGB1 in tissues
and sera, and their clinical value for diagnosis in patients with breast cancer, benign breast
disease, and healthy individuals.

Methods: HMGBI1 levels in tumor tissues, adjacent normal tissues, and benign breast disease
tissues was detected via immunohistochemistry. Serum HMGB1 was measured using an enzyme-
linked immunosorbent assay in 56 patients with breast cancer, 25 patients with benign breast
disease, and 30 healthy control subjects. The clinicopathological features of the patients were
compared. Tissues were evaluated histopathologically by pathologists.

Results: HMGBI levels in the tissues and sera of patients with breast cancer were significantly
higher than those in patients with benign breast disease or normal individuals. The 56 cancer
patients were classified as having high tissue HMGBI levels (n=41) or low tissue HMGB1
levels (n=15), but the corresponsive serum HMGBI in these two groups was not significantly
different. HMGBI levels in breast cancer tissues significantly correlated with differentiation
grade, lymphatic metastasis, and tumor-node-metastasis stage, but not patient age, tumor size,
or HER-2/neu expression; no association between serum HMGB1 levels and these clinicopatho-
logical parameters was found. The sensitivity and specificity of tissue HMGBI1 levels for the
diagnosis of breast cancer were 73.21% and 84.00%, respectively, while positive and negative
predictive values were 91.11% and 58.33%.

Conclusion: HMGB1 might be involved in the development and progression of breast cancer
and could be a supportive diagnostic marker for breast cancer. Serum HMGBI1 could be a useful
serological biomarker for diagnosis and screening of breast cancer.
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Introduction

Worldwide, breast cancer is the leading cause of death due to cancer in women.! In
the People’s Republic of China, the incidence of breast cancer has risen dramatically
within the last 10 years; for example, rates in Beijing and Shanghai have increased
by 23% and 31%, respectively.? Although current comprehensive treatment for breast
cancer prolongs survival, distant metastasis is still an important risk factor affecting
prognosis.® The majority of deaths associated with the disease are due to metastases in
the advanced stages, making early detection crucial. Recently, cancer biomarkers have
become attractive due to their potential application in the early diagnosis of cancer.**
Several useful and well established biomarkers, such as BRCA1/2, CA15.3, and
CA27.29, are already used in the diagnosis of breast cancer.®” However, the sensitivity
(BRCA1/2) and specificity (CA15.3, CA27.29) of the current tumor markers for breast
cancer are not high enough.®’ The US Food and Drug Administration recommended
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CA15.3 and CA27.29 as markers only for monitoring therapy
or for recurrence of advanced breast cancer.!” Several novel
and potential biomarkers, such as uPA, STAT3, PTEN,
and 1in28, are attractive but still far away from universal
acceptance.® Therefore, new biomarkers for cost-effective
screening of breast cancer are urgently needed, to be used
alone or in combination with an existing modality.

The process that transforms normal breast cells into highly
malignant derivatives is complex, involving many genetic
and epigenetic changes, and the molecular mechanisms for
the initiation, progression, and metastasis of breast cancer are
not fully understood. High mobility group box-1 (HMGB1) is
a regulator of the tumorigenesis, expansion, and invasion of
cancer cells and was identified relatively recently.!! HMGB1
was originally discovered in calf thymus 40 years ago, and
named for its fast electrophoretic mobility in polyacrylamide
gels.'? It is now known to be a non-histone architectural chro-
mosomal protein ubiquitously present in all vertebrate nuclei,
binding double-stranded DNA without sequence specificity.

HMGBI protein is a ubiquitous widespread nuclear pro-
tein present in most cell types. It is typically localized in the
nucleus and functions as a nuclear cofactor in regulation of
transcription. However, HMGBI can also be present in the
cytoplasm and be released into the extracellular matrix, where
it has crucial roles in carcinogenesis and inflammation.!"
Once secreted, HMGB1 induces signal transduction through
the receptor RAGE (receptor for advanced glycation end
products), and perhaps the toll-like receptors (TLR2 and
TLR4). Recent studies have shown that for a large variety of
human neoplasms, levels of HMGBI and its receptor RAGE
are greater in tumors than in the normal surrounding epithe-
lia. Examples include colorectal, prostate, and pancreatic
cancers and hepatocellular carcinoma.'*'® Moreover, these
studies show that overexpression of HMGBI is strongly
correlated with tumor invasiveness and a poor prognosis in
cancer patients.!*?! Although the oncogenic role of HMGBI
in cancer is well recognized, its role in breast cancer remains
poorly documented.?>* Several studies have suggested
that HMGBI1 could promote growth of breast cancer cells
in vitro, but its exact role in patients with breast cancer is still
unclear.?*? Furthermore, there is little information about the
role of HMGBI specifically in breast cancer.

In the present study, we investigated the differential levels
of HMGBI in the tissues and sera of patients with breast can-
cer, patients with benign breast disease, and healthy control
subjects. We also assessed the associations between these
levels and clinicopathological features of breast cancer, and
their diagnostic value.

Materials and methods

The institutional ethics committee of Liaocheng People’s
Hospital approved the study, and all patients provided their
informed consent.

Patient characteristics

Fifty-six patients with breast cancer and 25 patients with
benign breast disease were recruited, and the diagnoses
were pathologically confirmed at the Liaocheng People’s
Hospital, People’s Republic of China, between October
2012 and October 2013. The 56 cancer cases comprised 25
cases of axillary lymph node metastasis and 31 cases of non-
metastasis, and 18, 24, and 14 cases were histological grades
I, I, and III, respectively. Tumor-node-metastasis (TNM)
staging was in accordance with the American Joint Commit-
tee on Cancer TNM classification system: five, ten, 22, 14,
and five cases were in stage 0, I, II, I1I, and IV, respectively.
The age range of the patients was from 24 years to 76 years,
with a median of 46 years. The 25 patients with benign
breast cancer included eight cases of hyperplasia, 14 cases of
fibroadenoma, and three cases of intraductal papilloma.

To detect the expression of HMGBI protein in tissues,
tumor samples and corresponding adjacent normal tissues
were collected from the 56 cancer patients undergoing
modified radical mastectomy or breast conservation surgery,
and tissue samples were obtained from the 25 patients with
benign breast disease. To measure serum HMGBI levels,
blood samples were collected from the 56 cancer patients and
25 patients with benign breast disease, prior to any surgery,
radiotherapy, chemotherapy, or molecular-targeted therapy.
All patients had normal liver, kidney, heart function and
without evidence of malignant cancers from other tissues
except breast. In addition, blood samples were collected from
30 healthy volunteers as the control group.

Immunohistochemistry

HMGBI protein in tissues was detected using a HMGB1
immunohistochemistry kit (Beijing Bioss Biotechnology,
People’s Republic of China). The protocol was performed in
accordance with the manufacturer’s instructions (a strepta-
vidin peroxidase-conjugated method). Briefly, tissues were
formalin-fixed, dehydrated, and paraffin-embedded for sec-
tioning at 4 um. The sections were dewaxed and rehydrated,
treated with 3% hydrogen peroxide to block endogenous
peroxidase activity, sealed with non-specific serum, and
incubated with primary antibodies at 4°C overnight. The
sections were placed at room temperature and incubated with
biotin-labeled secondary antibody for 30 minutes at 37°C,
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then mixed with streptococcus avidin-peroxidase-labeled
solution. After washing with phosphate-buffered saline,
3,3’-diaminobenzidine tetrahydrochloride chromogen was
applied to develop color. The sections were counterstained
with hematoxylin and dehydrated. As a negative control, a
parallel experiment was performed by substituted the primary
antibodies with phosphate-buffered saline.

The sections were examined under a light microscope.
HMGBI exists mainly in the nucleus.!" To assess protein
expression, five visual fields were randomly selected at
high power, and 200 cells per visual field were counted. All
samples were reviewed and diagnosed by two independent
pathologists. If an inconsistency occurred, a third experienced
pathologist was consulted to achieve consensus. Staining
frequency was divided into four classes and scored according
to the proportion of positively-stained cancer cells among
all the tumor cells: 0, <25%; 1, 25%—-50%; 2, 51%-75%;
and 3, >76%. Additionally, staining intensity was divided
into four classes and scored as follows: 0, uncolored; 1, pale
yellow; 2, yellow; 3, brown-yellow. For each subject, scores
for staining intensity and staining frequency were summed.
Total scores of 0 to 2 were considered low for HMGB1, and
scores >2 were considered high.

Enzyme-linked immunosorbent assay

Serum concentrations of HMGB1 were evaluated using an
HMGBI enzyme-linked immunosorbent assay kit (R&D
Systems, Minneapolis, MN, USA). The serum fraction
was obtained by centrifugation within the first 3 hours after
blood sample collection, and stored at —80°C until assayed.
The enzyme-linked immunosorbent assay was performed
in accordance with the manufacturer’s instructions. Briefly,
10 uL of serum sample was mixed with diluent (1:10 dilution)
and added to microtiter plate wells. Standards and controls
were also added to the wells. The microtiter plates were

incubated for 30 minutes at 37°C. After washing, 50 UL of
enzyme reagent was added to each well and incubated for
30 minutes at 37°C. After washing, substrate solution was
added to each well and incubated for 15 minutes at 37°C,
and the reaction was stopped with 50 UL of stop solution.
Absorbance was immediately read at 450 nm. The concentra-
tions of HMGB1 were based on a calibration curve prepared
from standards.

Statistical analysis

All data were analyzed using Statistical Package for the
Social Sciences version 19.0 software (SPSS Inc, Chicago,
IL, USA). A t-test or a £’-test was used to compare the means
of two samples. A chi-squared test (¥?) was used to assess
the difference between the ratios. Calculation of sensitivity,
specificity, positive predictive value, and negative predic-
tive value was based on the following formula: sensitivity
(SEN) = a/(a + c); specificity (SPE) = d/(b + d); positive
predictive value = a/(a + b); and negative predictive value =
d/(c + d), where a is the true positive number, b is the false
positive number, ¢ is the false negative number, and d is the
true negative number. P<<0.05 was considered to indicate a
statistically significant difference.

Results

HMGBI levels in tissues and sera

Immunohistochemistry was used to detect evidence of
HMGBI in tissues, including tumor tissues and correspond-
ing adjacent normal tissues, from 56 patients with breast
cancer and samples from 25 patients with benign breast
disease (Figure 1). In cancer patients, 73% (41/56) were
classified as having high HMGBI levels. However, of the
56 samples of adjacent normal tissue and the 25 samples of
benign breast disease tissue, only nine (16%) and four (16%),
respectively, had high HMGBI levels. Statistical analysis

Figure | Representative high mobility group box-| immunohistochemistry staining in breast cancer tissues (A), patients with benign breast disease (B) and healthy subjects (C).
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revealed that HMGBI1 expression was significantly higher
in breast cancer tissues than in the corresponding adjacent
normal tissues and benign breast disease tissues (P<<0.05).
However, there were no statistically significant differences
in HMGBI levels between normal tissue in breast cancer
patients and benign breast disease tissue (P=0.9935).

We measured serum HMGBI levels in the 56 patients
with breast cancer, 25 patients with benign breast disease,
and 30 healthy subjects who had no evidence of carcinoma
(Figure 2). The mean serum HMGB1 concentration in breast
cancer patients was 4.6412.50 ng/mL, which was significantly
higher than in those with benign breast disease [1.32+0.68 ng/
mL; £=9.2044, £(0.05)=2.0125, P<<0.05] and in healthy
subjects [1.36£0.75 ng/mL; #'=9.0846, #'(0.05)=0.0100,
P<0.05]. Mean serum HMGBI levels in the patients with
benign breast disease and the control subjects were similar
(=0.2054, P=0.8380).

We compared the mean serum HMGB1 concentration in
the 41 breast cancer patients who tested high for HMGB1
levels (4.8412.43 ng/mL) with that of the 15 patients having
low HMGBI tissue levels (4.00+2.69 ng/mL), and found no
statistically significant difference between the two (7=1.1186,
P=0.2683; Figure 2).

Correlation between HMGBI levels and
clinicopathological features in breast

cancer
To assess the clinical value of HMGB1 from our collected
tissues and blood sample sets, we stratified the 56 breast
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Figure 2 Serum HMGBI levels in (A) 56 patients with breast cancer, (B) 25
patients with benign breast disease, (C) 30 healthy subjects, (D) 4| patients with
breast cancer and high levels of HMGBI in tissues, and (E) |5 patients with breast
cancer and low levels of HMGBI in tissues. *P<<0.05.

Notes: The mean serum HMGBI concentration in breast cancer patients was
significantly higher than in those with benign breast disease and in healthy subjects.
Mean serum HMGBI levels in the patients with benign breast disease and the
control subjects were similar. Similarly, no statistically significant difference was
found between 41| breast cancer patients who tested high for HMGBI levels and |5
patients who having low HMGBI tissue levels.

Abbreviation: HMGBI, high mobility group box-1.

cancer cases according to age, tumor size, HER-2/neu levels,
differentiation grade, lymphatic metastasis, and TNM stage
(Table 1). Tissue HMGBI levels correlated significantly with
the differentiation grade (P=0.0008), lymphatic metastasis
(P=0.0248), and TNM stage (P=0.0490), but were not asso-
ciated with patient age (P=0.7938), tumor size (P=0.2346),
or HER-2/neu levels (P=0.4879). No association was found
between serum HMGBI1 levels and any of the clinicopatho-
logical parameters examined.

Correlation between tissue HMGBI levels

and diagnosis in breast cancer

We assessed the diagnostic value of HMGB1 levels in breast
cancer tissues (Table 2). The sensitivity, specificity, positive
predictive value, and negative predictive value of HMGB1
levels in tissues for the diagnosis of breast cancer were
73.21%, 84.00%, 91.11%, and 58.33%, respectively. With
regard to differentiation grade and lymph node metastasis,
the sensitivity and positive and negative predictive values
of HMGBI levels in tissues were high, but specificity was
low, while the sensitivity and negative predictive value were
high but specificity and positive predictive value were low
for TNM stage.

Discussion

In this study, we investigated levels of HMGBI in tissues
and sera in breast cancer, and evaluated the diagnostic
significance of these levels. We found that HMGBI levels
were significantly higher in breast cancer tissue than in either
adjacent normal tissue or benign breast disease tissue. This
finding suggests that HMGB1 may have a role in tumori-
genesis. Our findings are consistent with previous reports
of overexpression of HMGB1 in human breast cancer.?*%
The mechanisms of HMGBI in the initiation and develop-
ment of cancer may involve three aspects. First, overexpres-
sion of HMGB1 may cause certain gene disorders, leading
to certain tumor phenotypes. In addition, HMGB1 may
participate in the regulation of apoptosis, and high levels
may promote tumor growth through antiapoptotic effects.*
Finally, HMGBI and heat shock protein 60 may contribute
to the growth of mammary carcinoma cells, at least in part
through Myd88-dependent signaling, and these damage-
associated molecular pattern molecules are expressed in a
Myd88-dependent manner.*

Our results imply that tissue HMGBI levels are closely
correlated with the differentiation, lymphatic metastasis, and
TNM stage in breast cancer, and HMGB1 might be involved in
invasion and metastasis of breast cancer. The data indicate that
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Table | HMGBI levels and clinicopathological parameters in patients with breast cancer

n Tissue HMGBI, n Serum HMGBI
Low High r P-value ng/mL t-value P-value

Age, years =50 32 9 23 0.0683 0.7938 4.8412.31 0.7160 0.4771
>50 24 18 4.3612.76

Menopause Yes 25 8 17 0.6261 0.4288 4.3242.57 0.8452 0.4017
No 31 7 24 4.89+2.46

HER-2/neu Negative 41 12 29 0.4810 0.4879 4.42+2.40 0.9916 0.3258
Positive 15 3 12 5.12+2.80

Tumor diameter =2 cm 30 10 20 1.4125 0.2346 4.51+2.55 04114 0.6824
>2cm 26 5 21 4.79+2.49

Axillary lymph node metastasis Negative 31 12 19 5.0344 0.0248* 4.34+2.36 0.9878 0.3277
Positive 25 3 22 5.00+2.67

Differentiation grade High 18 10 8 11.1957 0.0008* 4.1712.51 0.9148 0.3644
Intermediate/low 38 5 33 4.83+2.51

TNM stage 0,11 37 13 24 3.8766 0.0490* 4.55+2.41 0.3596 0.7206
1, v 19 2 17 4.81£2.73

Note: *P<0.05.

Abbreviations: TNM, tumor-node-metastasis; HMGBI, high mobility group box-1.

HMGBI might be involved in invasion and metastasis of breast
cancer and could be a new target for molecular therapy. Dolde
et al’! reported that HMGBI1 levels were higher in metastatic
cell lines (Hs5787 and MDA-MB-231) than in less aggressive
MCEF-7 cells. Decreasing HMGBI proteins using an antisense
ribozyme approach inhibited transformation in human breast
cancer cells. In contrast, increased expression of HMGB1 in
normal human breast cells led to transformation. Many studies
have explored the possible mechanisms of HMGB1 in tumor
metastases. For example, HMGB1 may be involved in tumor
metastasis by binding cell surface receptors including RAGE.
The RAGE-HMGBI interaction promotes tumor growth
and metastasis by activation of mitogen-activated protein
kinases,* Racl, nuclear factor kappa B,* extracellular signal
regulated kinase 1/2 (ERK 1/2), and the protein kinase B
pathway.** This in turn results in the expression of matrix
metalloproteinases (MMPs), such as MMP-2 and MMP-9,
to degrade extracellular matrix proteins and induce tumor
invasion and metastasis.’>** HMGB1 may also induce tumor
angiogenesis and metastasis by upregulating the expression
of vascular endothelial growth factor-C via activation of the
phosphatidylinositol-4 5-bisphosphate 3-kinase/Akt signaling

pathway.?” Finally, HMGB1 enhances endothelial growth fac-
tor activity by inducing intracellular Ca?* influx, changing the
actin cytoskeleton and enhancing cell motility by activating
RK, which leads to tumor invasion and metastasis.*®

In the present study, we also found that serum HMGB1
levels were significantly higher in patients with breast cancer
than in patients with benign breast disease and normal healthy
subjects. Since HMGBI is translocated to the cytoplasm and
secreted by cancer cells, we measured serum HMGB1 levels
to evaluate the diagnostic significance of serum HMGB1
in breast cancer. Our findings suggest that serum HMGBI1
levels can be used as a novel diagnostic marker. Previous
studies have shown that serum HMGBI levels are elevated
in patients with various types of cancer, including gastric,
non-small cell lung, and cervical cancers, and hepatocellular
carcinoma.***? However, in contrast with our finding that
tissue HMGBI1 levels closely correlated with the differentia-
tion, lymphatic metastasis, and TNM stage of breast cancer,
there was no correlation between the corresponding serum
HMGBI levels and these clinicopathological parameters.
This may be because very low amounts of HMGBI are
secreted from cancer cells. In addition, the relatively small

Table 2 Tissue HMGBI and diagnostic and clinicopathological features of breast cancer

Statistic Breast cancer Differentiation grade Lymph node metastasis TNM stage
Sensitivity 73.21% (41/56) 86.84% (33/38) 88.00% (22/25) 89.47% (17/19)
Specificity 84.00% (21/25) 55.55% (10/18) 38.71% (12/31) 35.14% (13/37)

Positive predictive value 91.11% (41/45)

Negative predictive value 58.33% (21/36)

80.49% (33/41)
66.67% (10/15)

53.66% (22/41)
80.00% (12/15)

41.46% (17/41)
86.67% (13/15)

Abbreviations: TNM, tumor-node-metastasis; HMGBI, high mobility group box-1.
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number of samples is a limitation of our study. Our pre-
liminary results justify a larger-scale study to confirm the
diagnostic value of HMGBI.

Conclusion

In summary, we found that HMGB1 protein levels were
elevated in human breast cancer tissue over that of normal
adjacent tissues or benign breast disease tissue, and were
closely related to TNM stage, differentiation, and metastasis.
This suggests that HMGBI1 has an important role in the initia-
tion, progression, and metastasis of breast cancer. We also
found that serum HMGBI levels were significantly higher
in patients with breast cancer than in patients with benign
breast disease or normal healthy subjects. This implies that
serum HMGBI1 levels may be useful as a diagnostic marker.
Thus, HMGB1 warrants further study for targeted biological
treatment of breast cancer.

Disclosure
The authors report no conflicts of interest in this work.
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