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Bone morphogenetic protein-7 expression reflects the high
proliferative ability and aggressiveness of thymic epithelial tumors
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Background: Bone morphogenetic protein-7 (BMP-7) is a transforming growth factor-p superfamily
member. We examined whether BMP-7 expression in thymic epithelial tumors is associated with their
clinicopathological features.

Methods: One hundred and thirty-two clinical specimens were analyzed in this study. The expression of
BMP-7 was detected using immunohistochemistry and was scored as 0, 1, 2, or 3 according to its intensity
and was then classified as negative (score 0 and 1) or positive (2 and 3). In addition, Ki-67 staining was
performed in type B3 thymoma and thymic cancer.

Results: The positive ratio of BMP-7 was 80% in thymic cancer and 70% in thymoma type B3. In contrast,
the positive ratios of BMP-7 in type B2 (29.1%), B1 (3.7%), AB (26%), and A (31%) were relatively low. The
mean Ki-67 labeling index of the BMP-7 positive group (10.1%+5.9%) was significantly higher than that
of the BMP-7 negative group (4.9%+5.9%) in type B3 thymoma and thymic cancer (P=0.012). The BMP-
7 positive group showed significantly poorer overall survival (OS) than the BMP-7 negative group across
all patients with thymic epithelial tumors and in all types of thymomas (P=0.006, P=0.018); however, no
difference was observed in thymic cancers.

Conclusions: This study showed that high expression of BMP-7 correlated with a poor prognosis in
patients with thymic epithelial tumors, and the expression of BMP-7 was higher in type B3 thymomas and
thymic cancers than in other types of thymomas. BMP-7 might serve as a novel prognostic biomarker for

thymic epithelial tumors.
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Introduction Health Organization (WHO) classification and Masaoka
staging, which reflect the histological type, clinical findings,

Thymic epithelial tumors are among the most common and prognosis, are used most commonly worldwide for

neoplasms in the anterior mediastinum. At least 24 the classification of thymic epithelial tumors at present (2).
histomorphological classifications and 14 staging systems However, as thymic epithelial tumors show a variety of
have been proposed in the past century (1). The World morphologies and there are many unclear points regarding
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their biological behaviors, the classification of thymic
epithelial tumors remains challenging. Although several
factors, such as podoplanin, p53, Ki-67, and GLUT-1, have
been reported to be associated with the individual biological
behavior of thymic epithelial tumors (3-7), more unique
markers which reflect the biology of thymic epithelial
tumors are required. In order to detect the expression of
molecules that are important for the progression of thymic
epithelial tumors, we compared gene expression profiles
using microarray analysis between the normal thymus and
type B2 thymoma in clinical specimens obtained in our
department. We found that the expression of BMP-7 in
thymoma type B2 increased 11.8 folds higher than that in
the normal thymus.

Bone morphogenetic protein-7 (BMP-7) belongs to the
transforming growth factor B (TGF-p) superfamily. BMP-7
was first identified as a human homolog of the bovine
osteogenic proteins, and designated as osteogenic protein-1
(OP-1) (8). Experiments using knockout mouse models of
the BMP-7 gene have shown that BMP-7 is indispensable
in kidney development, as well as in the morphogenesis of
fingers in the hind limbs, ribs, craniofacial bones, and eyes
(9-11). Subsequent studies have demonstrated that BMP-
7 is expressed in various tissues, such as the kidney, brain,
and skeletal muscle, and is involved in apoptosis, migration,
and cell proliferation during human development (12,13).
In addition, several reports have demonstrated relationships
between the overexpression of BMP-7 and the prognosis of
the patients with various malignancies, such as gastric cancer,
colorectal cancer, hepatocellular carcinoma, and melanoma
(14-17). However, the association between BMP-7
expression and the clinicopathological features of thymic
epithelial tumors has not been elucidated.

The aims of this study were to elucidate whether BMP-7
expression is related to the clinicopathological features of
thymic epithelial tumors, and to explore the utility of BMP-7
as a novel biomarker of thymic epithelial tumors.

Methods
Patient population and study design

The specimens were obtained from 182 patients with
thymic epithelial tumors who underwent surgery at Shinshu
University Hospital from 1998 to 2015. Fifty specimens
from patients who received preoperative chemotherapy,
radiation therapy, or who underwent incomplete resection
were excluded, and 132 specimens were analyzed in this

© Journal of Thoracic Disease. All rights reserved.

449

study.

Using a database, we analyzed the association
between the expression of BMP and clinicopathological
characteristics of the patients, including age, sex, tumor
size, the WHO classification, Masaoka stage, primary
tumor standard uptake value max (SUV-max) on
fluorodeoxyglucose positron emission tomography (FDG-
PET), and the presence or absence of comorbid myasthenia
gravis. This study was approved by our Institutional
Research Ethics Committee (No. 542).

Immunobhistochemical analyses

The specimens of epithelial thymic tumor were paraffin-
embedded and cut into 4 pm sections. They were
deparaffinized using xylene and ethanol. The endogenous
peroxidase activity was blocked using methanol and 30%
H,0, solution for 30 min at room temperature. After
protein blocking using 1% PSA/PBS for 1 h at room
temperature, specimens were incubated overnight at 4 4
with a primary antibody against human BMP-7 (1:100,
R&D Systems Inc., Minneapolis, MN, USA) and human
Ki-67 (MIB-1, 1:100, DAKO, Glostrup, Denmark). The
sections were then washed in PBS 3 times, and probed with
an anti-mouse IgG antibody labelled with Histofine Simple
Stain MAX-PO (Nichirei, Tokyo, Japan) for 1 h at room
temperature. The sections were washed 3 times in PBS for
5 min each time and the immune complex was visualized
using Histofine Simple Stain DAB (Nichirei). After washing
in water, the sections were counterstained with hematoxylin
and then mounted.

The immunoreactivity was scored and reviewed by
1 pathologist (UT) and 1 thoracic surgeon (KM) who were
blinded to the clinical characteristics. A normal renal tubule
was used as a positive control for BVIP-7 staining. Because
almost all specimens were stained homogenously, BMP-7
staining was classified into 4 groups based on intensity
alone; 0, 1 (weak), 2 (moderate), and 3 (strong; equal
to positive control). Scores of 0 and 1 were considered
negative, and 2 and 3 were positive. Ki-67 expression was
evaluated based on the percentage of cells showing nuclear
staining among 500 tumor cells (magnification x400).

Statistical analysis

The categorical variables were analyzed using Chi-square
tests, and continuous variables were analyzed using a
Student’s ¢-test. The results are presented as mean =
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Table 1 Patients’ characteristics

Miura et al. BMP-7 expression in thymic epithelial tumors

Variable Type A, n=16 Type AB, n=23 Type B1, n=27 Type B2,n=26  Type B3,n=20 Cancer, n=20
Age (mean + SD) 63.2+14.6 58.9+11.3 57.5£10.4 60.1+14.5 56.2+15.9 64.2£12.5
Sex (M/F) 10/6 10/13 11/16 11/15 13/7 10/10
Tumor size (mm + SD) 37.4+23.0 56.8+32.5 53.2+45.4 45.4+23.5 53.1+30.5 46.1+22.1
Masaoka stage

I 8 13 13 5 5 2

Il 7 9 9 17 12 7

M 1 1 5 4 1 8

1Y 0 0 0 0 2 3
Myasthenia gravis (yes/no) 3/13 1/22 5/22 10/16 7/13 0/20
SUV-max 3.0+2.2 3.0+1.1 4.6+1.2 4.2+0.78 6.0+0.85 6.2+2.3

SD, standard deviation; SUV-max, standard uptake value max.

standard deviation. Overall survival (OS) was evaluated
using the Kaplan-Meier method, and the differences
between each group were calculated using the log-rank test.
Multivariate analysis was performed using Cox proportional
hazard regression models. All statistical analyses were
performed using SPSS (version 32, Chicago, IL, USA). A P
value <0.05 was considered statistically significant.

Results
Patient selection and characteristics

One hundred and thirty-two patients were classified
according to the WHO classification as follows: type A
(n=16), type AB (n=23), type Bl (n=27), type B2 (n=26),
type B3 (n=20), and thymic cancer (n=20) . Table 1 shows the
clinical characteristics of thymic epithelial tumors according
to the WHO classification. Masaoka stage IV tumors were
observed in the type B3 and thymic cancer group, and
comorbid myasthenia gravis was not observed in the thymic
cancer group.

Immunobistochemical staining of BMP-7

Figure 1 shows the representative immunohistochemical
staining of BMP-7 in the thymic epithelial tumors. Figure 2
shows the expression of BMP-7 in thymic tumors according
to the WHO classification. The positive ratio of BMP-7 was
80% (16/20) in thymic cancer and 70% (14/20) in thymoma
type B3. In contrast, the positive ratios of BMP-7 in type B2,
B1, AB, and A were relatively low (B2: 29.1%, B1: 3.7%,
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AB: 26%, and A: 31%). In particular, type B1 showed a
lower positive ratio of BMP-7 than other types (Figure 2).
Table 2 shows the relationships between BMP-7
expression and the clinicopathological characteristics of
132 patients with thymic epithelial tumors. The number
of patients with BMP-7 positive tumors was 49 and that of
patients with BMP-7 negative tumors was 83. The ratios of
BMP-7 positive tumors were higher in type B3 and thymic
cancer than in other types of thymoma, and the ratios of
BMP-7 positive tumors were significantly associated with
the degree of malignancy stratified according to the WHO
classification (P<0.001). The SUV-max on FDG-PET was
significantly higher in the BMP-7 positive group than in the
BMP-7 negative group (P=0.038). In contrast, there was no
significant difference between the 2 groups with regard to
tumor size and Masaoka stage (P=0.897, P=0.374) (Table 2).

Immunobistochemical staining of Ki-67

As Ki-67 has been demonstrated to be associated with the
aggressiveness of thymic epithelial tumors, we performed
immunohistochemical analysis of Ki-67 to evaluate the
association between the BMP-7 expression in thymoma
type B3 (n=20) and thymic cancer (n=20). We did not
evaluate Ki-67 staining in type A, AB, B1, and B2 thymomas
because there were many Ki-67 positive cells among the
infiltrated lymphocytes in these subsets of thymoma,
which made the identification of Ki-67 positive tumor
cells difficult. The mean Ki-67 labeling index of type B3
thymoma was 4.9%+5.9%, and that of thymic cancer was
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cancer, 3+, x40; (B) thymic cancer, 3+, x400; (C) thymoma B3, 2+, x400; (D) thymoma B3, 2+, x40; (E) thymoma A, 1+, x400; (F) thymoma A,
1+, x40; (G) human kidney tissue (positive control), 3+, x400; (H) thymic cyst, 0, x400.

10.1%+5.9% (Figure 3A). A significant difference between
the 2 groups was observed (P=0.037). Furthermore, the
mean Ki-67 labeling index of the BMP-7 positive group was
10.8%+6.4%, while that of the BMP-7 negative group was
6.5%+5.4%. Thus, the Ki-67 labeling index of the BMP-
7 positive group was significantly higher than that of the
BMP-7 negative group (P=0.026) (Figure 3B).

Survival analysis

Figure 44 shows the OS of all patients with thymic
epithelial tumors. The BMP-7 positive group demonstrated
significantly poorer OS than the BMP-7 negative group
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(P=0.006). Figure 4B shows the Kaplan-Meier survival curve
of all thymoma patients (type A-B3) and Figure 4C shows
Kaplan-Meier survival curve of thymic cancer patients.
A significantly poorer prognosis was observed in BMP-7
positive patients than in BMP-7 negative patients in all
thymoma patients; however, no difference in OS was
observed in the patients with thymic cancer.

Univariate analyses showed that age, Masaoka stage,
WHO classification, and BMP-7 expression were significant
predictors of OS in all patients with thymic epithelial
tumors. However, multivariate analyses using a Cox
hazard model showed that age was the only independent
prognostic factor (P=0.033) and BMP-7 staining was not an
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Figure 2 The expression of bone morphogenetic protein 7 (BMP-7)
in each subgroup of thymic epithelial tumors. The positive rate of
thymic cancer was 80%, thymoma type B3: 70%, B2: 29.1%, B1:
3.7%, AB: 26%, A: 31%.
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independent prognostic factor (Tuble 3).

Discussion

As thymic epithelial tumors have been classified according
to their histopathologic features and staged based on the
presence and extent of invasion, implants, lymph node
involvement, or distant metastases, few biological markers
are used in the differential diagnosis of thymic epithelial
tumors. In the present study, we identified 2 novel findings
regarding BMP-7 expression in thymic epithelial tumors.
Firstly, BMP-7 expression was significantly higher in type
B3 thymoma and thymic cancer than in type A, AB, BI,
and B2 thymomas. Furthermore, patients with BMP-7
positive tumors showed a poorer prognosis than those with
BMP-7 negative tumors. Secondly, BMP-7 expression
was positively correlated with Ki-67 staining in type B3

Table 2 Expression of bone morphogenetic protein 7 (BMP-7) and clinicopathological characteristics of thymic epithelial tumors

Variable BMP-7 positive, n=49 BMP-7 negative, n=83 P value
Age (mean + SD) 61.6+£13.8 58.7+12.8 0.217
Sex (M/F) 29/20 36/47 0.079
Tumor size (mm + SD) 47.3+26.1 50.1+26.5 0.897
Masaoka stage 0.374

I 13 33

Il 24 37

1] 10 10

\Y 2 3
Clinical stage <0.001

A 5 1

AB 6 17

B1 1 26

B2 7 19

B3 14 6

Cancer 16 4
SUV-max 5.1+2.3 4.0£1.5 0.038

SD, standard deviation; SUV-max, standard uptake value max.
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Figure 4 Overall survival curves all patients with thymic epithelial tumors (A), patients with thymoma (B), and thymic cancer (C).

thymoma and thymic cancer, which indicated that thymic
epithelial tumors with high BMP-7 expression might have
an aggressive phenotype, and that the expression of BMP-7
could reflect high tumor malignancy. Thus, this is the first
report that demonstrates the significance of BMP-7 as a
biomarker in distinguishing aggressive types of thymic

© Journal of Thoracic Disease. All rights reserved.

epithelial tumors.

Previous studies indicated that high expression of
BMP-7 correlated with a poor prognosis in gastric cancer,
colorectal cancer, hepatocellular cancer, malignant
melanoma, and esophageal carcinoma (14-18). Recently,
the relationship between the expression of BMP-7 and
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Table 3 Univariate and multivariate Cox hazards regression analyses of the clinicopathological parameters in all thymic epithelial tumor patients

Univariate Multivariate
Variable
HR 95% ClI P value HR 95% ClI P value

Age (<65 vs. =65) 8.784 2.339-32.994 0.001 4.617 1.128-18.9 0.033
Sex (male vs. female) 1.16 0.671-2.007 0.595

Tumor size (<40 vs. 240 mm) 0.567 0.153-2.106 0.396

Masaoka stage (I, Il vs. Il IV) 6.825 2.071-22.49 0.002 2.262 0.505-10.14 0.286
WHO histological grade (thymic cancer vs. thymoma) 777 2.129-24.197 0.001 2.149 0.48-9.62 0.317
BMP-7 staining (positive vs. negative) 5.181 1.397-19.211 0.014 2.115 0.503-8.89 0.307

HR, hazard ratio; Cl, confidence interval; BMP-7, bone morphogenetic protein-7.

epithelial mesenchymal transition (EM'T) was reported.
Lim er al. demonstrated that expression of E-cadherin
was reduced by the addition of BMP-7 in prostate cancer
cells (19). They showed that BMP-induced activation of
PI3K and Erk contributed to EMT morphologic conversion
of the prostate cancer cells. Xu er /. demonstrated that
inhibition of BMP-7 using siRNA lead to up-regulation of
E-cadherin and down-regulation of MMP-9 in esophageal
squamous cell lines (18). Thus, the involvement of BMP-7
in the regulation of cell migration and metastasis through
modulation of EMT has been reported in various malignant
tumors. In the present study, the expression of BMP-7
expression was significantly higher in type B3 thymoma and
thymic cancer than in type A, AB, B1, and B2 thymomas.
Furthermore, patients with BMP-7 positive tumors showed
significantly poorer OS than those with BMP-7 negative
tumors in all patients with thymic epithelial tumors.
These findings indicate that BMP-7 might be a negative
prognostic factor in thymic epithelial tumors, as well as in
the other malignancies reported previously.

Ki-67 is one of the universal markers of cell proliferation,
and the correlation between a high ratio of Ki-67 positive
cells in the tumor and the unfavorable prognosis of
the patients has been reported in various malignancies
(20-25). The relationship between Ki-67 staining and
thymic epithelial tumors has been reported in previous
studies (7,26); however, the usefulness of Ki-67 staining
in the differential diagnosis of thymic epithelial tumors
has not been established. Our study demonstrated that
there was a significant difference in the ratio of Ki-67
expression between type B3 thymoma and thymic cancer.
In addition, tumors with high levels of BMP-7 expression
showed significantly higher ratios of Ki-67 positive cells
in type B3 thymoma and thymic cancer. Thus, our study
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indicated that BMP-7 expression could be correlated with
cell proliferation and might reflect the aggressive phenotype
observed in type B3 thymoma and thymic cancer.

Generally, patients with thymic cancer have a poorer
prognosis than those with thymoma; however, it is often
difficult to distinguish thymic cancer from type B3 thymoma
pathologically. Since the expression of BMP-7 did not differ
between thymic cancer and type B3 thymoma in the present
study, this protein may not be useful in the differential
diagnosis of these thymic epithelial tumors. However, the
expression of BMP-7 in type B3 thymoma was significantly
higher than in other types of thymomas. Type B1, B2, and
B3 thymomas are generally distinguished by the number
of background lymphocytes. A major feature of type B3
thymoma is the overwhelming majority of round epithelial
tumor cells with conspicuous cytological atypia and fewer
lymphocytes. Okumura et 4. reported that the prognosis
of patients with type B3 thymoma was significantly worse
than that of those with type Bl and B2 thymoma (27). In
the present study, the ratio of positive expression of BMP-7
in type B3 thymoma was similar to that in thymic cancer.
These findings indicate the possibility that BMP-7 might
serve as an adjunct marker to distinguish aggressive types of
thymoma.

Previous studies indicated that over-expression of BMP-7
was associated with lymph node metastasis and proliferation
in melanoma (17) and was correlated with the incidence
of liver metastasis in colorectal cancer (15). Thus, the
expression of BMP-7 could be associated with progression
and metastasis in malignant neoplasms. However, in this
study, there was no relationship between the expression
of BMP-7 and Masaoka stage, which classifies thymomas
based on invasiveness of the tumor through the capsule into
the surrounding tissue, organs, and metastases. In contrast,
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a significant correlation between the expression of BMP-7
and the WHO classification, which was based on the
histomorphological findings, was observed in the present
study. These findings suggest that BMP-7 might contribute
to the biological behavior of tumor cells in thymic epithelial
tumors.

In the present study, univariate analyses showed that
Masaoka stage, WHO classification, and BMP-7 expression
were significant predictors of OS in all patients with
thymic epithelial tumors. However, none of these factors
were significant predictors in multivariate analyses. These
findings indicate that each classification alone was not
sufficient for the prediction of the biological behavior of
thymic epithelial tumors.

There are some limitations in this study. Firstly, there
is no available cultured thymoma cell line by which we
could analyze the role of BMP-7 in thymic epithelial cells
in vitro. Secondly, as the prognosis of the patients with
thymic epithelial tumors was relatively favorable and there
were a limited number of patients in this study, we could
not compare the recurrence rate or tumor specific death
rate according to the expression of BMP-7. It is necessary
to increase the number of cases and analyze the relationship
between BMP-7 and other factors to establish the clinical
usefulness of BMP-7 as a diagnostic biomarker in thymic
epithelial tumors.

Conclusions

In conclusion, this study showed that high expression of
BMP-7 correlated with the poor prognosis of patients with
thymic epithelial tumors, and the expression of BMP-7 was
higher in type B3 thymomas and thymic cancers than in
other types of thymomas. Although further experiments,
including in vitro analyses, are required to analyze the
function of BMP-7 in thymic epithelial tumors, our study
indicates that BMP-7 might serve as a novel prognostic
biomarker for thymic epithelial tumors, as its expression
reflects the high proliferative ability and aggressiveness of
thymic epithelial tumors.
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