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Overexpression of malignant brain tumor domain containing
protein 1 predicts a poor prognosis of prostate cancer
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Abstract. Malignant brain tumor domain containing protein
1 (MBTD1) is a member of the polycomb group protein
family that is associated with tumorigenesis. The present
study investigated the role of MBTDI within defined
clinicopathological parameters and the prognosis of patients
with prostate cancer (PCa). A human tissue microarray
containing samples from 71 patients with PCa and seven
healthy donors was employed for immunohistochemistry
(IHC). The clinicopathological characteristics and prog-
nostic value of MBTDI1 were investigated using a dataset of
499 patients from The Cancer Genome Atlas (TCGA). IHC
illustrated that the levels of MBTDI protein were enhanced
and markedly associated with aggressive clinical stage and
advanced tumor invasion, distant metastasis and lymph node
metastasis in patients with PCa. In the TCGA data set, the
level of MBTDI1 was found to positively correlate with the
prostate-specific antigen level, Gleason score and distant
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metastasis. The multivariate analysis of Cox regression
revealed that the levels of MBTDI may act as an independent
prognostic factor for low non-biochemical, recurrence-free
survival. In conclusion, MBTDI1 was overexpressed in PCa
tissues and is associated with aggressive clinicopathological
characteristics. It may therefore act as a novel prognostic
factor and diagnostic marker in PCa.

Introduction

Since the 1990s, the incidence of prostate cancer (PCa) has
increased considerably due to population growth, increased
age expectancy and prevalent prostate-specific antigen (PSA)
screening (1). Active surveillance may effectively manage
patients with low-risk PCa (2,3) while those suffering from
aggressive PCa require efficient intervention to reduce
the development of advanced disease and PCa-associated
mortality (4,5). Therefore, distinguishing low-risk disease
from more aggressive forms of PCa, and subsequently reducing
the rate of overtreatment, is of great clinical relevance. At
present, various combinations of PSA, Gleason score, tumor,
node, metastasis stage, and surgical margin are used as
prognosis predictors (6,7). The use of PSA screening not only
reduces the development of advanced and metastatic PCa and
PCa-associated mortality, but also assists in the detection of
indolent PCa and consequential overtreatment (5). Therefore,
determining the molecular mechanisms of aggressive and
indolent PCa and investigating novel prognostic biomarkers to
predict clinical outcome is crucial.

The polycomb group (PcG) regulates transcription through
nucleosome modification and chromatin remodeling, and
interacts with other transcription factors (8). Malignant brain
tumor domain containing protein 1 (MBTDI), encoded by
the MBTDI gene on chromosome 17q21.33 is one such PcG
protein, consisting of 628 amino acids and four malignant
brain tumor (MBT) repeats (9). The MBT repeat is a structural
motif of 100 amino acids conserved from Caenorhabditis
elegans, and originally discovered in Drosophila as L(3)MBT.
L(3)MBT mutations cause neoplastic translations of optic
neuroblasts (10). The PcG proteins have been recognized for
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their role in tumorigenesis (8). MBTDI has been reported
to be a subunit of the histone acetyltransferase TIP60/ a4
acetyltransferase complex, which promotes the repair of DNA
double-strand breaks through homologous recombination (11).
Mutations in MBTDI1 have been identified in endometrial
stromal sarcoma and leukemia (12-14). Other MBT repeat
proteins have been reported to control the transcriptional state
of chromatin regions (15,16). However, the role of MBTDI1
in PCa is yet to be ascertained. Therefore, the present study
investigated the expression of MBTDI in PCa to determine
the association between expression levels of MBTDI, clinico-
pathological characteristics and PCa prognosis.

Materials and methods

Patients and tissue samples. A total of 71 PCa tissues were
selected, along with three adjacent and four normal prostate
tissues, from a tissue microarray (TMA) (Xi'an Alenabio Co.,
Ltd. Xi'an, China; no. PR803c¢), and the clinical characteristics
were assessed using THC analysis. Patients who had under-
gone radiotherapy or chemotherapy prior to surgery were
excluded. The clinical parameters, from The Cancer Genome
Atlas (TCGA) database, of 499 PCa tissues and 52 normal
prostate tissues were collected to study the expression level
of MBTDI, and to perform survival analysis. The clinical
characteristics of all patients are summarized in Table I.

IHC analysis. The tissue microarray (Xi'an Alenabio Co.,
Ltd.) was used in IHC analysis. Specimens were fixed in
10% neutral-buffered formalin solution overnight at room
temperature and embedded in paraffin. The paraffin-embedded
tissues were then cut into 4 pm-thick slices. The tissue slices
were subsequently deparaffinized by immersing in xylene and
rehydrated using a graded ethanol series at room temperature.
The tissues were washed in PBS and distilled water for further
peroxidase (3'-diaminobenzidine) ITHC staining using the
DAKO EnVision System (Dako; Agilent Technologies, Inc.,
Santa Clara, CA, USA). Following proteolytic digestion with
peroxidase with 0.01 M citrate (catalog no. AR0024; Boster
Biological Technology, Pleasanton, CA, USA) in a microwave
for ~6 min, blocking was performed with goat serum (catalog
no. KIT-0305; MX Biotechnologies, Fuzhou, China) at room
temperature for 30 min. IHC staining was conducted using
the UltraSensitive™ SP (Mouse/Rabbit) THC kit (catalog
no. KIT-0305; MX Biotechnologies), which contained endog-
enous peroxidase blocking solution, serum, secondary antibody,
streptavidin-perosidase and substrate-chromogen. The tissues
sections were incubated overnight at 4°C with a rabbit anti-human
polyclonal antibody against MBTDI (cat. no. ab170848; Abcam,
Cambridge, UK), at a dilution of 1:80. Following washing, the
sections were incubated with an avidin-conjugated secondary
antibody (catalog no. KIT-0305; MX Biotechnologies, Fuzhou)
for 30 min at room temperature. Streptavidin-peroxidase (50 pl
for 15 min at room temperature) and substrate-chromogen
(100 pd for 2 min at room temperature) were used to observe the
staining of the target protein. For negative controls, the primary
antibody was omitted in each IHC run (17).

Evaluation of immunostaining results. The intensity of immu-
nostaining was scored by two experienced pathologists with
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no prior knowledge of the clinical and pathological details of
the patients. The scores were compared, and any conflict was
reevaluated by regrading of the immunostaining by the same
pathologists. A total of five representative fields were micro-
scopically observed (magnification, x400) and the number
of positively-stained cells was enumerated. Cytoplasmic and
nuclear staining was regarded as positive according to the anti-
body specification sheet (18). The expression level of MBTDI1
in each sample was semi quantitatively scored depending
on the staining intensity and percentage of stained cells.
The staining intensity was classified based on the following
criteria: None (0), mild (1), moderate (2) and strong (3). The
percentage of positive cells was stratified as follows: <5% (0),
6-25% (1), 26-50% (2), 51-75% (3) and >75% (4). The final
immunoreactivity scores (IRS) were calculated by adding the
immunostaining percentages and immunostaining intensity
scores. Using the median score as the cutoff point, an IRS
>4 and <4 was defined as high and low expression, respec-
tively (19,20).

Assays of protein expression of MBTDI in cell lines. PCa cells
22RV1, LNCap, DU-145, PC3 and the benign prostatic hyper-
plasia epithelial cell line (BPH1) were obtained from the Center
of Experiment Animal of Sun Yat-sen University (Guangzhou,
China). The cells were cultured in a humidified CO, incubator
at 37°C with RPMI 1640 medium (Gibco; Thermo Fisher
Scientific, Inc., Waltham, MA, USA) supplemented with 10%
fetal bovine serum and 1% penicillin-streptomycin (both from
Invitrogen; Thermo Fisher Scientific, Inc.), The cell lines were
used to assess the protein expression level of MBTDI. A total of
1x107 cells/sample were washed twice using PBS, prior to lysis
using radioimmunoprecipitation buffer (Beyotime Institute of
Biotechnology, Haimen, China) for 30 min, and subsequently
centrifuged at 17,225.6 x g for 30 min at 4°C. A bicinchoninic
acid assay kit was employed to measure the total protein
concentration of each extract. The proteins were transferred
to a PVDF membrane (EMD Millipore, Billerica, MA, USA)
following 10% SDS-PAGE separation with 20 pg protein per
lane. The membranes were blocked using 5% nonfat dry milk
for 1 h in TBS with Tween-20 (TBST) at room temperature
and subsequently probed with rabbit anti-human polyclonal
antibody against MBTDI (cat. no. ab170848; 1:500; Abcam)
and (-actin (cat. no. BM0627; 1:4,000; Boster Biological
Technology) overnight at 4°C. After washing three times
with TBST, the membrane was incubated with horseradish
peroxidase-conjugated secondary antibody (cat. no. BA1054;
1:5,000; Boster Biological Technology) for a further 2 h. Finally,
the protein bands were detected using a Chemiluminescence
imaging analysis system (catalog no. 5200; Tanon Science and
Technology Co., Ltd., Tokyo, Japan). The relative density of
protein expression was quantified using Image J 1.8.0 software
(National Institutes of Health, Bethesda, MD, USA) (21).

Statistical analysis. SPSS 22.0 software (IBM Corp.,
Armonk, NY, USA) was used for statistical analysis. Patient
characteristics are presented as counts and percentages
for categorical data, and mean + standard deviation for
continuous data. Fisher's exact test and Pearson's % tests
were employed to evaluate the correlation between MBTDI1
expression levels and clinicopathological parameters. For
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Table I. Correlation of MBTD1 expression with clinicopathologic characteristics in patients with prostate cancer.

TMA TCGA
Clinical
features Case Low,n (%) High, n (%) P-value Case X+S P-value
Tissue
Cancer 71 32 (45.1) 39 (54.9) 0.006° 499 520.20+8.31 <0.001°
Benign 7 7 (100.0) 0(0.0) 52 448 .3+15.21
Age, years
<60 12 7 (58.3) 541.7) 0.536 201 (<60) 533.67+209.88 0.189
>60 66 32 (48.5) 34 (51.5) 296 (=60) 511.38+166.72
PSA level
<4 - - - - 413 520.59+179.19 0.023?
>4 - - - 27 605.62+289.09
Gleason score
<7 - - - - 291 502.56+178.27 0.011*
>7 - - - 206 545.60+192.93
Pathological grade
<2 23 9(39.1) 14 (60.9) 0.397 - - -
>2 44 22 (50.0) 22 (50.0) - -
Clinical stage
I-11 44 26 (59.1) 21 (40.9) 0.003* - - -
II-1v 26 6(23.1) 20 (76.9) - -
Tumor invasion
T1-T2 46 26 (56.5) 20 (43.5) 0.012* 351 497.24+171.27 0.110
T3-T4 24 6(25.0) 18 (75.0) 55 556.07+260.38
Lymph node metastasis
NO 58 30 (51.7) 28 (48.3) 0.026* 344 520.81x181.97 0.307
N1 12 2(16.7) 10 (83.3) 80 543.69+172.95
Distant metastasis
MO 56 29 (51.8) 27 (48.2) 0.039° 455 517.20+178 44 <0.001°
M1 14 3(21.4) 11 (78.6) 3 1041.11£691.26

‘-’ indicates a lack of the relevant information for patients in the cohort. ‘P<0.05, °P<0.01. x+s, mean + standard deviation; MBTD1, malignant

brain tumor domain-containing protein 1; PSA, prostate-specific antigen; TCGA, The Cancer Genome Atlas database.

independent samples, Student's t-tests for normally distrib-
uted data or the Mann-Whitney U test for non-normally
distributed data were employed to evaluate continuous data.
Analysis of variance was employed in the quantification
analysis of western blots (Fig. 1H). The overall survival was
analyzed using the Kaplan-Meier method and the differences
were evaluated using the log-rank test (22). The Cox propor-
tional hazards regression model was employed for univariate
analysis comparisons and multivariate survival comparisons.
The corresponding 95% confidence interval and the adjusted
hazard ratios (HRs) were used to represent the relative risk
of mortality. P<0.05 was considered to indicate a statistically
significant difference.

Results

Overexpression of MBTDI protein in human PCa tissues
and cell lines and its association with clinicopathological

features. First, the IHC analysis was preformed to evaluate
the expression level of MBTDI in 71 PCa tissues and three
adjacent normal and four normal prostate tissues (Table I).
As presented in Fig. 1A-F, a strong MBTDI immunostaining
signal was present in the cytoplasm of PCa cells, while
normal tissues stained weakly. The expression of MBTDI1
was significantly higher in PCa tissues compared with normal
tissues (Fig. 1B). The expression of MBTDI protein was high
in 39 (54.9%) patients and low in 32 (45.1%) patients out of
the 71 patients with PCa. Analysis of the association between
MBTDI levels and clinicopathological characteristics of PCa
demonstrated that the expression level of MBTDI was signifi-
cantly correlated with aggressive clinical stage, tumor invasion,
lymph node metastasis, and advanced distant metastasis, while
the expression level of MBTDI was not associated with age
and pathological grade (Table I). Furthermore, western blot
analysis indicated that the expression level of MBTDI1 in PCa
cells, 22RV1, LNCap, DU-145 and PC3, was significantly
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Figure 1. Overexpression of MBTDI in PCa tissues and cell lines. (A) IHC staining of MBTDI in the tissue microarray cohort. (B) The differences in immu-
noreactivity scores of MBTDI1 between PCa tissues and normal prostate tissues. “P<0.01. IHC staining of the distribution of MBTDI in the cytoplasm of PCa
and the different intensities of MBTDI designated (C) positive, (D) intermediate and (E) weak. (F) Weak staining of MBTDI in normal prostate tissues. The
magnification in the left and right panels is x40 and x200, respectively. Representative (G) western blots and (H) quantification of the expression of MBTDI1
protein in 22RV1, LNCap, DU-145, PC3 and BPHI cell lines. “P<0.01 vs. BPHI. PCa, prostate cancer; MBTDI, malignant brain tumor domain containing

protein 1; IHC, immunohistochemistry.

higher compared with that in benign prostatic hyperplasia
BPHI cells (Fig. 1G and H).

Correlation between overexpression of MBTDI, enhanced
progression and poor prognosis of PCa in human patients,
as documented in the TCGA database. To further confirm
the results of the TMA, the MBTD1 mRNA expression levels
of 499 PCa tissues and 52 normal prostate tissues deposited
in the TCGA dataset were investigated. In PCa tissues, the
expression levels of MBTD1 mRNA were upregulated and
positively correlated with PSA levels, Gleason score, and
distant metastasis, but not with age, tumor invasion, and lymph
node metastasis (Table I).

The Kaplan-Meier method was used to analyze the asso-
ciation between the expression of MBTDI1 and the survival

time of patients with PCa. Improved biochemical recurrence
(BCR)-free survival and overall survival were presented in
patients with low expression level of MBTDI1 (Fig. 2A and B).
Among non-metastatic patients, low expression of MBTDI1
was associated with longer BCR-free survival (Fig. 2C and D).

MBTDI is an independent prognostic factor for the survival of
patients with PCa. The Cox proportional hazards model was
applied to assess whether MBTDI acted as an independent
prognostic factor for PCa survival in the TCGA dataset. The
expression of MBTDI correlated with BCR-free survival in
patients with PCa with an HR of 1.884. The PSA level, Gleason
score, tumor invasion and lymph node stage exhibited the
same trends, as demonstrated by univariate analysis (Table II).
Multivariate analysis with the Cox proportional hazards model
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Figure 2. Overexpression of malignant brain tumor domain containing protein 1 predicts a poor prognosis of patients with prostate cancer. Differences in
the (A) overall survival and (B) BCR-free survival between high and low expression levels of MBTDI using Kaplan-Meier survival analyses. Kaplan-Meier
survival analyses showing the difference in (C) overall survival and (D) BCR-free survival between high and low expression levels of MBTDI in non-metastatic
patients. MBTDI, malignant brain tumor domain containing protein 1; BCR, biochemical recurrence.

was employed to confirm that the MBTDI level acted as a
significant factor for PCa (Table II).

Discussion

Although the diagnostic and treatment methodologies for PCa
have advanced, and the survival rate has increased, efficient
risk attribution and prognosis prediction of PCa remains a
crucial issue. Discovering novel biomarkers to predict recur-
rence and metastatic potential may aid patient management
and decrease the morbidity associated with PCa. In the
present study, MBTDI1 was overexpressed in PCa tissues
and was significantly associated with the advanced clinico-
pathological characteristics of PCa. Furthermore, MBTDI1
was recognized as an independent prognostic factor in PCa,

and higher expression of MBTDI predicted poorer BCR-free
survival.

The role of PcG as an oncogenic factor has been
confirmed (8), and is consistent with the findings of the present
study, that MBTD1 was overexpressed in PCa tissues. Like
other PcG proteins, MBTDI may regulate the transcription of
developmentally-associated genes through chromatin remod-
eling, nucleosome modification and interaction with other
transcription factors (8,9). It interrupts signaling pathways
that govern cellular behavior, reduces the activity of tumor
suppressors, activates proto-oncogenes and ultimately influ-
ences tumorigenesis. The present study demonstrated that the
overexpression of MBTDI was associated with progressive
disease and consequently, poor prognosis and shorter patient
survival time.
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Table II. Prognostic value of MBTD1 expression for BCR-free survival revealed by Cox proportional hazards model.
A, Univariate analysis

BCR-free survival
Variable HR (95%CI) P-value
Age (=60 vs. <60) 1.319 (0.773-2.250) 0.310
PSA level (>4 vs. <4) 10.426 (5.309-20.474) <0.001°
Gleason score (<7 vs. 7 vs.>7) 3.175 (1.881-5.360) <0.001°
Clinical stage (I vs. II vs. III vs. IV) 1.451 (0.822-2.559) 0.199
Tumor invasion (T1-T2 vs. T3-T4) 3.950 (2.226-7.008) <0.001°
Lymph node metastasis (NO vs. N1) 1.879 (1.049-3.365) 0.034*
Distant metastasis (MO vs. M1) 3.536 (0.488-25.641) 0.212
MBTD1 expression (low vs. high) 1.884 (1.072-3.312) 0.028¢
B, Multivariate analysis

BCR-free survival
Variable HR (95%CI) P-value
Age (=60 vs. <60) 1.193 (0.683-2.085) 0.536
Lymph node metastasis (NO vs. N1) 1.716 (0.951-3.098) 0.073
MBTD1 expression (low vs. high) 1.840 (1.007-3.362) 0.047*

P<0.05,°P<0.01. HR, hazard ratio; CI, confidence interval; MBTD1, malignant brain tumor domain-containing protein 1.

The mechanisms underlying the contribution of MBTDI1
to the progression of PCa are elusive and complex. MBTDI1
acts as a subunit of the NuA4/TIP60 acetyltransferase
complex (9,23) and allows TIP60 to interact with specific
promoters for the activation of homologous recombination
(via histone reader domain H4K20mel/2) (11). In malignant
tumor cells, the DNA damage repair system is usually
upregulated to provide the optimal environment for cell
proliferation and survival. Defects in this system are asso-
ciated with the sensitivity of chemotherapy drugs in tumor
cells and considered as targets for tumor therapy (24,25). The
overexpression of MBTDI in PCa may be associated with
the upregulation of DNA damage repair and consequently,
with poor prognosis (26). Since PcG proteins have been
recognized as candidates for targeted therapy (27), MBTDI1
may also serve as a candidate for PCa therapy following
further investigation. In addition to regulating DNA damage
repair, the MBTDI1-containing TIP60 complex regulates the
transcription/protein expression of the Myc proto-oncogene
protein signaling pathway (11). Studies have suggested that
Myc suppresses tumor invasion and cell migration by inhib-
iting c-Jun N-terminal kinase signaling (28). The present
study demonstrated that the overexpression of MBTDI
positively correlated with distant metastasis and tumor inva-
sion; whether it is associated with Myc pathway regulation
remains to be explored.

In conclusion, the present study revealed that MBTDI1
was overexpressed in PCa tissues and significantly correlated
with advanced clinicopathological characteristics of PCa.

Furthermore, MBTDI1 may act as a novel prognostic factor and
diagnostic marker in PCa.
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