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and its influence on osteopontin and MMP-9
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Abstract. The present study aimed to investigate the
therapeutic effect of combined hyperbaric oxygen and radiation
therapy for the treatment of single brain metastasis (SBM),
as well as its influence on osteopontin (OPN) and matrix
metalloproteinase-9 (MMP-9). A total of 86 patients with
SBM were admitted to Hongqi Hospital from January 2013
to January 2016 and those included within the study were
randomly divided into two groups. The control group
was only treated with whole brain radiotherapy, while the
observation group was treated with hyperbaric oxygenation
combined with whole brain radiotherapy. OPN and MMP-9
expression was measured in each group by ELISA and the
results prior to and following treatment were compared. The
total effective rate (patients with complete remission, partial
remission or stabilized lesions) in the observation group
(95.3%) was significantly increased compared with the control
group (67.4%). However, the OPN and MMP-9 protein levels
observed in the observation group were significantly reduced
compared with the control group (P<0.05). In addition, the
quality of life and the incidence of adverse reactions in the
observation group were significantly improved compared with
the control group (P<0.05). For patients with SBM, hyperbaric
oxygenation combined with radiotherapy may improve the
efficiency of treatment and should be considered for further
investigation and use within a clinical setting.
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Introduction

Brain metastases are malignant tumors in the brain, which
have been transferred from other organs; the majority are
originally transferred from the lungs and these tumors make
up 20-40% of all brain metastases (1). Patients with brain
metastases typically have a poor prognosis (1-year overall
survival rate of ~60%) (2), however combined modality
therapy may improve their overall survival rate (3). A combi-
nation of hyperbaric oxygen (HBO) and radiation therapy may
improve the therapeutic outcomes of radiotherapy (4). It has
been previously documented that hypoxic cells in malignant
tumors demonstrate low radiosensitivity, which reduces the
effectiveness of traditional radiation therapy and may even
cause radiation-derived brain damage (4). HBO is a type of
therapy using high-concentration oxygen to treat hypoxic
diseases (5). HBO has been widely used to treat brain diseases,
including brain contusion, peripheral nerve injury, brain embo-
lism, cerebral blood supply insufficiency and polyneuritis (6).
Several case reports have suggested that HBO is an important
therapeutic option for the treatment of brain metastasis, which
leads to the improvement of neurologic symptoms, decreased
steroid requirement and reduced lesion size on imaging (5,7).
Radiation therapy for brain metastasis may be more effective
when combined with HBO pre-treatment, which may alter
the microenvironment of the malignant tumor. However,
to the best of our knowledge, there is currently no data that
systematically compares the effect of HBO pre-treatment, or
supports its positive effects on radiotherapy directed against
brain metastases.

Osteopontin (OPN) is an adhesive glycoprotein associated
with adhesion and metastasis in cancer cells (8). Matrix
metalloproteinase (MMP)-9 is a member of the MMP family,
which is involved in the degradation of the extracellular
matrix and metastasis (9,10). MMP-9 has been reported to
promote the metastasis of breast cancer to the brain (11). It has
also been reported that the expression of MMP-9 and OPN
are correlated (11,12) and that OPN may promote metastasis
by influencing MMP-9. It has been previously reported that
OPN may promote gastric cancer metastasis through protein
kinase B-mediated hypoxia-inducible factor-1a upregulation
and MMP-9 activation (13). Rangaswami and Kundu (14)
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revealed that OPN stimulates melanoma growth and lung
metastasis through the activation of nuclear factor (NF)
inducing kinase/mitogen-activated protein kinase kinase
kinase 1-dependent MMP-9 signaling pathways. Another
study revealed that OPN promotes tumor cell invasion of
hepatocellular carcinoma by activating MMP-9 through
the NF-«xB signaling pathway (12). Additionally, OPN and
MMP-9 are considered biomarkers for monitoring cancer
progression (11,15,16). OPN is also a biomarker for microglial
activation and brain injury (17). MMP-9 is increased in the
brain and plasma of neonatal mice as well as in the plasma of
neonatal humans following hypoxia-ischemia (18).

In the present study, a combination of hyperbaric
oxygenation and radiation therapy was used to treat patients
with single brain metastasis (SBM). The method created an
atmosphere of high-concentration oxygen for the hypoxic cells,
which enhanced their radiosensitivity and improved the effect
of radiation therapy. In addition this also protected the patient's
brain tissue. The expression levels of OPN and MMP-9 were
detected as they are associated with tumor infiltration, tumor
metastasis and overall clinical prognosis. The present study
aimed to assess the effectiveness of combination therapy for
the treatment of brain metastasis.

Patients and methods

Patients. Patients with brain metastasis who presented at the
Affiliated Hongqi Hospital of Mudanjiang Medical University
(Mudanjiang, China) from January 2013 to January 2016 were
considered as participants for the present study. If the patient
exhibited hemorrhage, pneumothorax, mediastinal emphy-
sema, or pulmonary bullae, they were excluded from the
current study. Patients were also excluded from the results if
they became unconscious or died during treatment. The inclu-
sion criteria were follows: Patients who were diagnosed with
SBM by magnetic resonance imaging (MRI) or computerized
tomography (CT) and patients who voluntarily accepted the
random grouping of the study. A total of 86 patients were
recruited into the study, including 49 males and 37 females.
Participants were 21-76 years old with an average age of
53.84£7.9 years. The patients were randomly divided into
the control group and the observation group (n=43/group).
During the three courses of HBO treatment, the patients in
observation group received palliative chemotherapy (19,20).
The present study was approved by the Ethics Committee of
Mudanjiang Medical University and informed consent was
obtained from all patients.

Therapeutic regimen. The therapeutic method (Palliative
care) used in the present study was the same as previously
described (21,22). Patients in the control group were treated
using a PRIMUS™ linear accelerator (6MV; Siemens
Healthineers, Erlangen, Germany) for X-ray isocenter irradia-
tion at a dosage of 60 Gy, 2 Gy/total dose (DT), 40 Gy 20 times
followed by local irradiation at 20 Gy/DT, 20 Gy 10 times.
Patients in the observation group were treated with HBO for
90 min prior to each radiation treatment. An HBO chamber
(Shanghai 701 Yang Garden Hyperdaric Oxygen Chamber Co.,
Ltd. (Shanghai, China) was used to increase the atmospheric
pressure for the patients within a range of 0.20-0.25 MPa for
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40-60 min. Simultaneously, oxygen masks were put over the
patient's faces providing oxygen at a purity of 0.22-0.25 MPa.
The patients inhaled oxygen for 60 min. During the period
of oxygen inhalation the patients rested for 10 min every
30 min. Following the oxygen inhalation each patient had a
decompression period of 20-25 min.

During the radiotherapy, patients in each group were
administered dexamethasone (10 mg) and mannitol (20%,
125 ml) to reduce their intracranial pressure. Each therapeutic
course lasted for 10 days. The patients in each group were
evaluated following 3 therapeutic courses to assess the curative
effect. Primary tumors were assessed and graded as previously
described (23), prior to and following treatment. The primary
tumors were analyzed one week prior to the commencement
of treatment and within 2 weeks following the completion of
treatment.

ELISA. The expression levels of OPN and MMP-9 in the
patient's plasma prior to and following treatment were measured
by ELISA. A total of 4 ml peripheral blood was collected from
all patients and human. The blood was then centrifuged for
15 min at 1940.5 x g (Microfuge 20/20R; Beckman Coulter,
Inc., Brea, CA, USA) at 37°C. Human MMP-9 Quantikine
ELISA kit (Type: Solid Phase Sandwich ELISA cat. no.
E-EL-R0624c; R&D Systems, Inc., Minneapolis, MN, USA)
were used to measure the levels of OPN and MMP-9 according
to the manufacturer's protocol (RayBiotech, Inc., Norcross,
GA, USA). The optical density of OPN and MMP-9 were
detected at a wavelength of 450 nm using a microplate reader
(Thermo Fisher Scientific, Inc., Waltham, MA, USA). All
samples were measured as technical duplicates and the protein
levels were calculated from standard curves.

Curative effect evaluation. Following three therapeutic courses,
the curative effects observed in each group were evaluated using
CT images as previously reported (24). The correlation between
radiologic and pathologic response by Response Evaluation
Criteria In Solid Tumors 1.1 (25), Choi criteria (26) and modified
Choi criteria (27) were retrospectively assessed. Patients whose
tumors disappeared completely for >1 month were regarded as
being in complete remission. Patients whose maximum tumor
vertical diameter was reduced to >50% of its original size, and
who remained at their stage for >1 month were diagnosed as
being in partial remission. When the tumor size was reduced
by <50% of its original size, when the tumor size had increased
with a volume that did not exceed 25% of its original size or
when the stage lasted for >1 month, the patients were diagnosed
as stable. When the tumor size increased >25% of its original
size, the patients were regarded as having disease progression.
All measurements were analyzed by two radiologists who were
blinded to all clinical information to avoid bias. The effective
rate was defined as the sum of the complete remission rate,
partial remission rate and stabilized lesion rate.

The Quality of Life Questionnaire of The European
Organization for Research and Treatment of Cancer, together
with the mode of standard grading was employed prior to and
2 weeks following treatment (28). The patients with higher
scores in the limb evaluation demonstrated a better limb func-
tion. Similarly, patients with higher scores on the symptom
evaluation had a better quality of life.
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Figure 1. Comparison of the clinical effects of treatment in each group. In the
observation group, the number of patients diagnosed with complete remis-
sion, partial remission, stabilized lesion and disease progression were 27, 10,
4 and 2, respectively, while they were 20, 5, 4 and 14, respectively in the
control group.

The patients in each group were assessed for the develop-
ment of acute brain injury as an adverse reaction to treatment.
The acute brain injury was assessed by CT or MRI, in which
large edema and other characteristics were observed beyond
the SBM location.

Statistical analysis. SPSS version 19.0 (IBM Corp., Armonk,
NY, USA) was used for statistical analysis. The data are
presented as the mean + standard deviation. An F-test and
chi-square test were used for the comparison of two data
groups (n=3). For the comparison of more than two groups,
one-way analysis of variance with Holm-Sidak's multiple
comparisons test was performed. P<0.05 was considered to
indicate a statistically significant difference.

Results

Comparable characteristics in the two treatment groups. To
test the grouping rational, the general conditions of each group
were determined and analyzed (Table I). There was no statis-
tical difference in the sex and age between the two groups
(Table I). Additionally, no statistical difference was observed
between the two groups in their quality of life and expression
of OPN and MMP-9 prior to the commencement of the experi-
ment. Together, these results indicate that the group division
was reasonable and that the two groups were comparable.

HBO may improve the effect of radiotherapy. To identify
the efficiency of HBO in patients treated with radiotherapy,
the curative effects between the two groups were compared
(Fig. 1). The results revealed that the total effective rate of the
observation group was 95.3% while in the control group it was
67.4%, which was significantly reduced (P<0.05; Table II).
Further analysis revealed that there were no significant
differences between the patient's primary cancer stages prior
to and following treatment in the two groups (Table I), which
suggests that the observed improvements in SBM were due to
the effects of combined HBO and radiotherapy as opposed to
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cancer stage. In conclusion, the results demonstrated that HBO
may improve the effects of radiotherapy.

HBO reduces the repression of OPN and MMP-9. To examine
the molecular mechanism by which HBO may improve radio-
therapy efficiency, the expression of OPN and MMP-9 was
measured in each of the groups following treatment. Prior
to treatment there were no statistical differences between
the expression of OPN and MMP-9 in each group (Table I).
Following treatment the expressions of OPN and MMP-9 in
each group had significantly decreased in comparison to their
levels prior to treatment (P<0.001; Table III). In addition, the
expression of OPN and MMP-9 in the observation group were
significantly reduced in comparison with the control group
following treatment (P<0.001; Table III). These results suggest
that HBO improves the efficiency of radiotherapy by reducing
the expression of OPN and MMP-9.

HBO may improve the quality of life in patients with SBM
receiving radiotherapy. To further characterize the effect of
HBO, the quality of life in each group was compared. The
quality of life assessment of the patients prior to treatment indi-
cated that there were no significant differences in the functions
and symptoms between the two groups (Table I). Following
treatment, the quality of life (functions and symptoms) in the
observation group was significantly improved compared with
the control group (P<0.05; Table IV). These results suggest
that HBO may improve the quality of life in patients with SBM
receiving radiotherapy.

HBO may reduce adverse reactions. To study the development
of adverse reactions, the long-term curative effect was
observed and compared between the two groups. A total of
15 out of 43 patients in the control group suffered from acute
brain injury and the incidence rate of adverse reactions was
34.9% (Table V). In contrast, only 5 out of 43 patients in
the observation group suffered from acute brain injury and the
incidence rate of adverse reactions was 11.6%. The incidence
rate of adverse reactions was significantly reduced in the
observation group compared with the control group (P<0.05;
Table V). These results suggest that HBO may reduce adverse
reactions in patients treated with radiotherapy.

Discussion

Brain metastasis is typically caused by the transfer of primary
tumors, including small cell lung cancer, breast cancer, lung
adenocarcinoma, rectal cancer and colon cancer, to the
brain (29). Although radiotherapy is widely used within clinics
to treat brain metastasis, low radiosensitivity of hypoxic cells
in tumor tissues often leads to unsatisfactory curative rates.
In addition, radiotherapy may induce radiation damage to
the patient's brain and cause other adverse reactions (30). It
has been previously reported that the microenvironment of
tumor tissues changes under hypoxic conditions, which means
that hypoxic stress may prompt the tumor cells to increase
their attacking ability and accelerate their own proliferation
rate (31). In addition, genetic mutations occurred repeatedly in
tumor cells, which may cause enhanced cell metabolism and
accelerate glycolysis and angiogenesis (32). These changes
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Table I. General condition of participants in the two groups prior to treatment.

Statistical test

Characteristic Observation group Control group F test x> P-value
Age 53.75+8.99 51.35+6.79 1.971 - 0.165
Sex 1.253 0.05 0.826
Male 26 25
Female 17 18
Primary cancer type 0.654 0.81 0.990
Gastric 2 3
Lung 31 29
Breast 3 4
Esophageal 1 1
Liver 2 3
Colon 1 1
Other 3 2
Treatment for primary cancer Palliative Palliative
chemotherapy chemotherapy
Primary cancer stage 0.203 1.50 0.240
Prior to treatment III (n=43) III (n=43)
Post treatment III (n=41) IIT (n=38)
IV (n=2) IV (n=5)
Osteopontin expression (mg-1") 5.94+0.52 5.77£0.31 0.872 - 0.072
Matrix metalloproteinase-9 expression (mg-1") 5.61+£0.75 5.39+1.27 0.756 - 0.160
Function
Physical 63.4+17.6 63.9+16.7 5.364 - 0.893
Emotional 39.9+13.7 39.2+14.0 6.231 - 0.815
Social 32.0+26.7 34.3+£29.0 3.138 - 0.703
Cognitive 73.2+£21.7 74.9+19.6 2.348 - 0.704
Holistic health 42.6x17.6 449+18.9 1.568 - 0.561
Symptoms
Nausea and vomiting 94.9+53 96.1+4.7 4712 - 0.265
Fatigue 67.4+£20.9 69.6+£21.2 0.849 - 0.629
Pain 54.3+19.8 5544237 2.122 - 0.816
Insomnia 43.9+26.7 46.7£20.4 1.245 - 0.586
Appetite loss 42.1£149 44 3x15.7 1.967 - 0.507
OPN, osteopontin; MMP, matrix metalloproteinase.
Table II. Comparison of the clinical effects observed in the two groups.
Treatment was effective Observation group Control group ¥ P-value
Yes 41 35 4.07 0.044
No 2 8

often have a negative impact on the effectiveness of radiation
therapy.

Therefore, the present study investigated the method of
combined HBO and radiotherapy to treat patients with brain
metastasis. It has been previously reported that HBO treat-
ment alone has no positive effects for the treatment of brain

metastasis, and may even cause brain damage by developing
oxygen-rich conditions (33). Therefore, in the present study,
the patients took regular breaks as part of the HBO treatment
to minimize the risk of adverse effects; the patients oxygen
pressure was restored to normal for 10 min every 30 min. In
addition, the lowering speed of oxygen partial pressure in
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Table III. Comparison of the OPN and MMP-9 values in the two groups prior to and following treatment (n=43).

Observation group

Control group

Plasma component Prior to treatment

Post treatment

Prior to treatment Post treatment

5.94+0.52
5.66+0.69

OPN (mg-1)
MMP-9 (mg-1")

4.02+0.56*°
4.01+0.66*°

5.77£0.31
5.39+1.28

4.93+0.46¢
4.94+0.81°

OPN, osteopontin; MMP-9, matrix metalloproteinase-9. *P<0.001 vs. the observation group prior to treatment. "P<0.001 vs. the control group

post treatment. P<0.001 vs. the control group prior to treatment.

Table I'V. Comparison of the patient's life quality between the two groups.

Characteristic Control group Observation group F test P-value
Function
Physical 48.9+17.6 69.9+14.3 6.072 <0.001
Emotional 49.7£24 3 71.9+£20.3 4.598 <0.001
Social 35.1£299 55.9+32.7 3.078 0.003
Cognitive 75.9+19.8 86.0+£19.7 2.371 0.020
Holistic health 46.1£12.0 59.5+154 4.501 <0.001
Symptom
Nausea and vomiting 84.9+12.3 68.7£13.1 5912 <0.001
Fatigue 65.4+19.6 51.2+18.5 3455 0.001
Pain 69.9+13.2 57.1£9.7 5.124 <0.001
Insomnia 57.4+18.7 46.3+16 4 2.926 0.004
Appetite loss 62.0£10.7 49.9+8.7 5.754 <0.001
Table V. Comparison of the adverse reactions between the two groups.
Adverse reactions Observation group (%) Control group (%) . P-value
Yes 5(11.6) 15 (34.9) 6.52 0011
No 38 (88.4) 28 (65.1)

tumor cells is reduced compared with normal tissues, so it is
necessary to perform radiotherapy at a higher oxygen content.
It was observe that this method improved the effect of radiation
therapy, as well as protecting the normal tissues. The results
revealed that the effective rate in the observation group was
95.3%, which was significantly increased compared with the
control group (67.4%). In addition, following three therapeutic
courses the patient's quality of life scores were significantly
increased in the observation group compared with the control
group. The number of radiation-induced brain injuries in the
observation group was significantly reduced compared with
the control group, which further supported the positive effect
of combination therapy.

In the present study, the effects of combined radiotherapy
and HBO were investigated. Several other previous studies have
also suggested that a combined approach, if feasible, should be
recommended for the treatment of brain metastasis (34,35).
Surgery followed by radiotherapy may be an effective treatment
option for selected patients with single, large brain metastases

from solid tumors (36-38). Tumor volume, neurological symp-
toms, age and previous whole brain radiation therapy have also
been demonstrated to be prognostic for the outcome of patients
with SBM (39). These results suggest that treatment of SBM is
very complex and proper methods should be carefully selected,
as a number of factors could affect the outcome.

OPN and MMP-9 serve key roles in the development and
metastasis of tumors, and promote the adhesion, chemotaxis and
migration of tumor cells and the degradation of the extracellular
matrix (40). OPN and MMP-9 are closely linked to the infiltra-
tion and metastasis of tumors (41,42). According to a previous
study, OPN and MMP-9 are significantly increased in brain
metastatic tumors compared with normal tissues (43). Therefore,
these two genes may be used as biomarkers for tumor lymphatic
metastasis. The present research indicated that there was no
significant difference in the expression of OPN and MMP-9
between the experimental and control groups prior to treatment.
However, following three therapeutic courses, the expression of
OPN and MMP-9 was significantly reduced compared with prior
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to treatment in each group (P<0.05). It was observed that each
treatment method effectively inhibited the progression of tumor
metastasis and infiltration. However, the expression of OPN
and MMP-9 was significantly reduced in the observation group
compared with the control group (P<0.05). This result supports
the hypothesis that combination therapy is more effective than
radiotherapy alone. The authors considered that it was primarily
due to improved radiosensitivity of the tumor tissues through
HBO, which then reduced tumor proliferation and metastasis.

In conclusion, combining HBO with radiotherapy may
enhance the effectiveness of radiotherapy for brain metastasis,
improve the patient's quality of life and reduce tumor metastasis
and infiltration. In addition it may also decrease the incidence
of radiation-induced brain injury. Based on these findings,
combination therapy is worthy of further investigation and has
potential for implementation within a clinical setting.
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