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Association of HMGB1, BRCA1 and P62 expression
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Abstract. The expression of high mobility group box 1
(HMGB1), breast cancer susceptibility gene 1 (BRCA1)
and P62 in ovarian cancer was investigated to explore its
association with chemotherapy sensitivity in ovarian cancer
patients. Tumor tissues and para-carcinoma normal tissues
of 60 ovarian cancer patients hospitalized in Department
of Surgery in Dongying Hospital from June, 2012 to
June, 2015 were collected. Reverse transcription‑quantitative
polymerase chain reaction (RT-qPCR) was used to detect
the mRNA expression levels of HMGB1, BRCA1 and P62
in tumor and para-carcinoma normal tissues. Moreover,
immunohistochemistry was used to detect the protein
expression of HMGB1, BRCA1 and P62 in tumor tissues and
para-carcinoma normal tissues. The cancer tissue specimens
were divided into the chemotherapy resistance group and
sensitivity group through the in vitro resin droplet experiment
to analyze the association of the expression of HMGB1, BRCA1
and P62 in epithelial ovarian cancer with chemotherapy
resistance of patients. The RT-qPCR results showed that the
expression of HMGB1, BRCA1 and P62 in ovarian cancer
tissues at the mRNA level was significantly higher than that
in para-carcinoma normal tissues. Immunohistochemical
results showed that the positive expression levels of HMGB1,
BRCA1 and P62 in ovarian carcinoma tissue were 61.67%
(37/60), 76.33% (47/60) and 71.67% (43/60), respectively, while
the positive expression levels of HMGB1, BRCA1 and P62
in para-carcinoma normal tissues were 13.33% (8/60), 8.33%
(5/60) and 11.67% (7/60), respectively, and the differences
were statistically significant (P<0.05). In vitro resin droplet
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experiment revealed that 38 out of 60 ovarian cancer patients
were drug resistant and 22 patients were sensitive to the therapy.
The analysis of the association with chemotherapy sensitivity
revealed that the positive expression of HMGB1, BRCA1
and P62 was associated with the drug resistance of ovarian
cancer patients. The positive expression of HMGB1, BRCA1
and P62 was associated with chemotherapy sensitivity of
ovarian cancer patients. Therefore, HMGB1, BRCA1 and P62
may be molecular markers for the prediction of chemotherapy
sensitivity of ovarian cancer patients.
Introduction
Ovarian cancer is a common malignant tumor in women
and its morbidity and mortality are high (1). At present, the
main therapeutic regime is surgical therapy first, followed by
chemotherapy using platinum drugs. Previous findings showed
that chemotherapy can prolong the lifetime of patients (2).
Multi-drug resistance occurs in approximately 25% of ovarian
cancer patients, which leads to the decreased curative effect of
chemotherapy, thus reducing the survival rate and quality of
life of patients (3).
High mobility group box 1 (HMGB1) is a non-histone
nuclear protein that exists in nucleus extensively. At the same
time, a small amount of HMGB1 is present in the cytoplasm
and cytomembrane (4). HMGB1 is known to play a key role
in the occurrence, progression, metastasis and drug resistance
of tumors (5). Breast cancer susceptibility gene 1 (BRCA1) is
a kind of repair gene for DNA damage, and can lead to the
drug resistance of tumor cells by repairing the cell damage
caused by chemotherapy drugs (6,7). Clinical studies found
that the sensitivity to cisplatin chemotherapy and the prognosis
of patients with a specifically high expression of BRCA1
gene are worse than those of patients with a specifically low
expression of BRCA1 gene (8). P62, a multi-functional protein,
is abnormally expressed in most tumors and play a key role
in proliferation, differentiation, anti-apoptosis and induced
autophagy (9).
In order to analyze the expression of HMGB1, BRCA1
and P62 in ovarian carcinoma tissues and the association
with chemotherapy sensitivity of ovarian cancer patients,
reverse transcription‑quantitative polymerase chain reaction
(RT-qPCR) and immunohistochemistry were used to
investigate the expression of HMGB1, BRCA1 and P62 in
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tumor and para-carcinoma normal tissues and analyze the
association with chemotherapy sensitivity of cisplatin in order
to provide a research basis for clinical rational drug use.

Table I. RT-qPCR primer sequence.

Materials and methods

HMGB1

Materials. In the present study, tumor tissues and the
corresponding para-carcinoma normal tissues of 60 ovarian
cancer patients admitted into the Department of Surgery in
Dongying Hospital (Dongying, China) from June, 2012 to
June, 2015, were selected. The patients were definitively
diagnosed with ovarian cancer by clinical pathology and did
not receive chemotherapy and surgical therapy. Patients were
aged 24-78 years, and the median age was 52 years. This study
was approved by the Clinical Ethics Committee of Dongying
People's Hospital. At the same time, all the patients enrolled
signed the informed consent form.
RNA extraction, reverse transcription, and RT-qPCR kit
(all from Invitrogen; Thermo Fisher Scientific, Inc., Waltham,
MA, USA), HMGB1, BRCA1, P62, GAPDH antibodies
(1:800; cat. nos. 10829-1-AP, 22362-1-AP, 18420-1-AP,
10494-1-AP) and HRP‑labeled secondary antibodies (1:1000;
cat. no. SA00001-2) (all from Proteintech Biotechnology Co.,
Ltd.; Wuhan Sanying Biotechnology, Wuhan, China); immunohistochemical staining kit SP-9001 (Beijing Zhongshan
Goldenbridge Biotechnology Co., Ltd.; OriGene Technologies,
Inc., Beijing, China), primer synthesis (Takara Biotechnology
Co., Ltd., Dalian, China) were used in the present study.

BRCA1

Detection of the mRNA expression of HMGB1, BRCA1 and P62
in tissue specimens of patients via RT-qPCR. Approximately
100 mg tumor and para-carcinoma normal tissues of patients
frozen in liquid nitrogen were taken and the total RNA was
extracted according to the instructions of the RNA extraction
kit. An ultraviolet and visible spectrophotometer (Hitachi
Ltd., Tokyo, Japan) was used to detect the absorbance value
of the total RNA extracted at 260 and 280 nm, and the total
RNA samples with the A260/A280 value within 1.8-2.0 were
selected for the follow-up experiment.
The reverse transcription reaction was carried out according
to the instructions of the reverse transcription kit, and the
cDNA obtained served as the template. The mRNA expression of HMGB1, BRCA1 and P62 was detected according to
the instructions of the PCR kit with GAPDH as the control
gene. The primer sequences are shown in Table I. The reaction
conditions were: 95˚C for 10 min, 95˚C for 15 sec, 60˚C for
30 sec, 72˚C for 30 sec, a total of 42 cycles for amplification;
72˚C for 5 min. The Cq value was read, and the 2-ΔCq method
was used to calculate the relative expression level. The formula
used was: ΔCq (target gene) = Cq (target gene) - Cq (control
gene).
Detection of the protein expression of HMGB1, BRCA1 and
P62 in tissue specimens of patients via immunohistochemistry.
After the tissues were obtained during surgery, they were fixed
using 4% formalin, and then embedded in paraffin, followed by
conventional sections. The operation was carried out according
to the instructions of the SP-9001 immuno-histochemical
kit. The paraffin sections were dewaxed and hydrated for
pretreatment, and incubated at 3% H2O2 at room temperature

Genes

P62
GAPDH
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Primer sequence
F
R
F
R
F
R
F
R

5'-TGGACTGCTCAGGAAAC-3'
5'-AGGGGCAAACCGTAAT-3'
5'-CCCATTTTCCTCCCGCA-3'
5'-GGACCTTGGTGGTTTCTTCCA-3'
5'-CCAGCACCAAGAGCACGGACAGCG-3'
5'-TGGGGAGAAGAAGGGGACCACGAA-3'
5'-ATGGCACCGTCAAGGCTGAG-3'
5'-GCAGTGATGGCATGGACTGT-3'

HMGB1, high mobility group box 1; BRCA1, breast cancer susceptibility gene 1; GAPDH, glyceraldehyde 3-phosphate dehydrogenase;
RT-qPCR, reverse transcription‑quantitative polymerase chain reaction; F, forward; R, reverse.

for 10 min. Then they were heated and repaired by citric acid
buffer and sealed using 10% goat serum. The primary antibody
(dilution 1:100) was added for incubation at 4˚C overnight.
After the sections were washed with phosphate‑buffered
saline (PBS), the biotin-labeled secondary antibody was added
for incubation at room temperature for 20 min, followed by
washing using PBS, color development via diaminobenzidine,
hematoxylin staining, dehydration, transparency via xylene,
sealing via neutral resin, and microscopic image (TE2000-U;
Nikon Instruments Europe BV, Amsterdam, The Netherlands).
Five fields (x400) were selected randomly in each section.
The staining results were scored according to the staining
intensity and the percentage of positive cells: The number of
positive cells were scored as: <5%: 0 point; 5-25%: 1 point;
26-50%: 2 points; >50%: 3 points. The staining intensity
was scored as: No staining: 0 point; light yellow: 1 point;
brown yellow: 2 points; dark brown: 3 points. Both scores
above were added: ≤3 points indicated a negative expression,
while >3 points indicated a positive expression, and the statistical results were analyzed.
Detection of patient's drug resistance to cisplatin via in
vitro resin droplet experiment. Tumor tissues of the patients
were obtained during surgery, immediately digested using
the digestive enzyme, filtered and centrifuged to collect
cells. RPMI-1640 culture medium containing 10% fetal calf
serum was added to prepare the cell suspension. Cell-collagen
mixture was prepared in an ice bath, then inoculated onto a
24-well plate and cultured for 24 h. The cells were divided
into the administration group (cisplatin) and blank group (no
drug) and cultured for 24 h. Then neutral red solution was
added and cells were fixed with 10% formaldehyde solution.
The in vitro drug sensitivity was evaluated by calculating the
number of cells in the administration group/the number of
cells in blank group, with <50% indicating drug sensitivity,
and ≥50% indicating cell drug resistance (10).
Association of the expression of HMGB1, BRCA1 and P62
with drug resistance of patients. According to the expression
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Figure 1. Detection of the mRNA expression of HMGB1, BRCA1 and P62 via RT-qPCR. mRNA expression of (A) HMGB1, (B) BRCA1, and (C) P62 in tissue
specimens. Compared with those in para-carcinoma normal tissue, the mRNA expression levels of HMGB1, BRCA1 and P62 are significantly higher in ovarian
carcinoma tissue, **P<0.01. HMGB1, high mobility group box 1; BRCA1, breast cancer susceptibility gene 1; RT-qPCR, reverse transcription‑quantitative
polymerase chain reaction.

Figure 2. Detection of protein expression of HMGB1, BRCA1 and P62 in tissues of clinical patients (x400) via immunohistochemistry. Positive immunohistochemical staining of HMGB1, BRCA1 and P62 are all yellow brown; HMGB1 protein is mainly present in cytoplasm; BRCA1 mainly exists in cell nucleus,
and partially in cytoplasm; and P62 mainly exists in cytoplasm. HMGB1, high mobility group box 1; BRCA1, breast cancer susceptibility gene 1.

status of HMGB1, BRCA1 and P62 in ovarian carcinoma
tissue, 60 ovarian cancer patients were divided into the positive
and negative expression groups. A Chi-square test was used to
analyze the association of the expression of HMGB1, BRCA1
and P62 in ovarian carcinoma tissue with the drug resistance
of patients to cisplatin.
Statistical analysis. SPSS 17.0 software (SPSS, Inc., Chicago,
IL, USA) was used for data processing. Measurement data
were expressed as mean ± standard deviation. A t-test was
used for intergroup comparison, the Chi-square test was used
for intergroup comparisons of enumeration data. P<0.05 was
considered to indicate a statistically significant difference.
Results
Detection of the mRNA expression of HMGB1, BRCA1
and P62 in tissue specimens via RT-qPCR. The RT-qPCR
detection results are shown in Fig. 1. Compared with those
in para-carcinoma normal tissues, the mRNA expression of

HMGB1, BRCA1 and P62 was significantly higher in ovarian
carcinoma tissues, and the differences were statistically
significant (P<0.01).
Detection of the protein expression of HMGB1, BRCA1 and
P62 in tissue specimens by immunohistochemistry. Immuno
histochemistry detection results are shown in Fig. 2. The
positive immunohistochemical staining of HMGB1, BRCA1
and P62 were all yellow brown, with HMGB1 protein mainly
being identified in the cytoplasm, BRCA1 mainly in the cell
nucleus, and partially in the cytoplasm; and P62 mainly being
identified in the cytoplasm.
The scores of statistical staining are shown in Table II.
The positive expression rates of HMGB1 in ovarian carcinoma
and para-carcinoma normal tissues were 61.67% (37/60) and
13.33% (8/60), and the difference was statistically significant
(P<0.01); the positive expression rates of BRCA1 in ovarian
carcinoma and para-carcinoma normal tissues were 78.33%
(47/60) and 8.33% (5/60), and the difference was statistically
significant (P<0.01). The positive expression rates of P62 in
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Table II. Protein expression of HMGB1, BRCA1 and P62 in para-carcinoma normal tissues and ovarian carcinoma tissues.
HMGB1
BRCA1
P62
------------------------------------------------------------ ------------------------------------------------------------ ---------------------------------------------------------			Positive			Positive			Positive
Groups
No. Positive
rate
P-value Positive
rate
P-value Positive
rate
P-value
Ovarian carcinoma
tissue
Para-carcinoma
normal tissue

60

37

61.67%

<0.01

47

78.33%

<0.01

43

71.67%

<0.01

60

8

13.33%

<0.01

5

8.33%

<0.01

7

11.67%

<0.01

HMGB1, high mobility group box 1; BRCA1, breast cancer susceptibility gene 1.

Table III. Drug resistance to cisplatin of 60 ovarian cancer
patients.
Groups

Case (n)

Drug-resistance
Sensitive

Ratio (%)

38
22

63.33
36.67

ovarian carcinoma and para-carcinoma normal tissues were
71.67% (43/60) and 11.67% (7/60), and the difference was
statistically significant (P<0.01).
Drug resistance to cisplatin of 60 ovarian cancer patients.
The results of in vitro resin droplet experiment showed that
38 out of 60 ovarian cancer patients had drug resistance
to cisplatin, while 22 cases were sensitive to cisplatin
(Table III).
Association of protein expression of HMGB1, BRCA1 and
P62 with drug resistance to cisplatin in ovarian cancer.
The results showed that the positive rates of the protein
expression of HMGB1, BRCA1 and P62 in 38 patients in
the drug resistance group were 84.21, 94.74 and 92.11%,
respectively, while those in the sensitive group were 22.73,
50.00 and 36.36%, respectively. The results of the Chi-square
test showed that the positive rates of the protein expression of
HMGB1, BRCA1 and P62 in the drug resistance group were
significantly higher than those in the sensitive group (P<0.01)
(Table IV).

Discussion
Clinical study statistics found that the 5-year survival rate
of patients with advanced ovarian cancer is lower than 20%,
and an important reason leading to poor prognosis is the drug
resistance of patients to chemotherapy drugs (11). Therefore,
identification of the specific indexes to predict the sensitivity
of ovarian cancer patients to chemotherapy drugs are issues to
be solved, which can provide powerful assistance for clinical
doctors in formulating therapeutic regimens and selecting
chemotherapy drugs (12).
Cisplatin, a common chemotherapy drug in clinical
tumor therapy, is the first-line chemotherapy drug in ovarian
cancer treatment, and drug resistance to cisplatin is the main
reason affecting the curative effect of chemotherapy. The
drug resistance to cisplatin of ovarian cancer patients can be
divided into inherent or acquired drug resistance, and the drug
resistance mechanism of tumor is very complex. Currently, the
molecular mechanism of patient's drug resistance to cisplatin
remains unclear (13).
HMBG1 can inhibit cell apoptosis, and when HMBG1
is overexpressed in cells, tumor cell apoptosis is markedly
decreased. When siRNA is used to silence HMGB1 expression,
the sensitivity of tumor cells to chemotherapy drugs can be
elevated (14). BRCA1 gene is located on human chromosome
17q21, and constitutes the susceptibility gene for breast and
ovarian cancer (15). BRCA1 has the effect of inhibiting cell
growth and plays a key role in gene transcription, DNA damage
repair and apoptosis, especially in maintaining the genome
stability (16). P62 is a kind of autophagy-induced protein, and
cells can relieve the endoplasmic reticulum stress by autophagy,

Table IV. Association of protein expression of HMGB1, BRCA1 and P62 with drug-resistance to cisplatin in ovarian cancer.
HMGB1
BRCA1
P62
----------------------------------------------------------- --------------------------------------------------------- -------------------------------------------------------			
Positive			 Positive			
Positive
Groups
No.
Positive rate
P-value
Positive
rate
P-value
Positive
rate
P-value
Drug resistance
Sensitive

38
22

32
5

84.21%
22.73%

<0.01
<0.01

36
11

HMGB1, high mobility group box 1; BRCA1, breast cancer susceptibility gene 1.

94.74%
50.00%

<0.01
<0.01

35
8

92.11%
36.36%

<0.01
<0.01
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thus decreasing the tumor cell sensitivity to cisplatin.
Subsequently, when P62 is highly expressed, intracellular
autophagy activity is activated, eventually reducing the drug
resistance of ovarian carcinoma cells to cisplatin (17,18).
In order to further explore the expression of HMGB1,
BRCA1 and P62 in the tumor tissues of ovarian cancer
patients and its effect on the drug resistance of ovarian cancer
patients to cisplatin, RT-qPCR was performed to detect the
mRNA expression of HMGB1, BRCA1 and P62 in the tumor
tissues of ovarian cancer patients. The results showed that the
mRNA expression levels of HMGB1, BRCA1 and P62 were
significantly higher in ovarian carcinoma tissues compared
with those in para-carcinoma normal tissues. In addition,
immunohistochemical results showed that the positive protein
expression rates of HMGB1, BRCA1 and P62 in ovarian
carcinoma tissues were 61.67% (37/60), 76.33% (47/60) and
71.67% (43/60), respectively, which were significantly higher
than those in para-carcinoma normal tissues. Moreover,
the in vitro resin droplet experiment revealed that 38 out of
60 ovarian cancer patients had drug resistance to cisplatin and
22 cases were sensitive to cisplatin. The positive rates of the
protein expression of HMGB1, BRCA1 and P62 in the drug
resistance group were 84.21, 94.74 and 92.11%, respectively,
while those in the sensitive group were 22.73, 50.00 and
36.36%, respectively. Thus, the positive protein expression
rates of HMGB1, BRCA1 and P62 in drug resistance were
significantly higher than those in the sensitive group.
Wang et al reported that the higher the intracellular
expression level of BRCA is, the lower the cell sensitivity to
cisplatin will be (19). Liu et al confirmed that after HMGB1 is
added into the cell culture fluid, it can induce cells to develop
drug resistance to chemotherapy drugs (14). Yu et al found
that P62 protein is overexpressed in tissues of ovarian cancer
patients who have drug resistance to cisplatin, and it is
involved in the formation mechanism of drug resistance of
cells to cisplatin (20). This experiment further confirmed the
overexpression of HMGB1, BRCA1 and P62 in tumor tissues
of ovarian cancer patients, and it was found that the expression
of HMGB1, BRCA1 and P62 was associated with the drug
resistance of ovarian cancer patients to cisplatin.
In conclusion, the overexpression of HMGB1, BRCA1
and P62 exists in tumor tissues of ovarian cancer patients.
Furthermore, its positive expression is associated with chemotherapy sensitivity of ovarian cancer patients. Thus, HMGB1,
BRCA1 and P62 may be molecular markers for the prediction
of chemotherapy sensitivity of ovarian cancer patients.
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