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P-II and FABP5 expression
patterns and implications for medulloblastoma
retinoic acid sensitivity

Song Zhang,†ab Huan Liu,†a Hong Li,a MoLi Wu,a Yang Yu,a FengZhi Lia

and XiaoXin Cheng *a

Medulloblastoma (MB) cells exhibit different responses to retinoid acid (RA) for reasons that are poorly

understood. RA signaling can be transduced by two approaches that are mediated by cellular retinoic

acid-binding protein 2 (CRABP-II) as a tumor-suppressive pathway, and by fatty acid-binding protein 5

(FABP5) as a tumor-promoting pathway. The biological effects of RA on cancer cells are largely

determined by the patterns of CRABP-II and FABP5 expression. This study aims to profile the statuses of

CRABP-II and FABP5 expression in MB and to evaluate their correlation with RA sensitivities using RA-

sensitive (Med-3) and RA-insensitive (UW228-2, UW228-3) MB cells. Our results show that CRABP-II is

distinctly expressed and the level of FABP5 is extremely low in Med-3 cells, while the patterns of CRABP-

II and FABP5 expression are reversed in UW228-2 and UW228-3 cells. RA up-regulates CRABP-II

expression in Med-3 cells, whereas it up-regulates FABP5 expression in the other two cell lines. The

FABP5-specific inhibitor BMS309403 increases the RA sensitivity of UW228-2 cells (p < 0.01). Tissue

microarray-based immunohistochemical staining showed CRABP-II/FABP5 expression patterns in MB

that were variable (CRABP-II�/FABP5�, CRABP-II�/FABP5+, CRABP-II+/FABP5� and CRABP-II+/

FABP5+) and imbalanced (CRABP-II[/FABP5Y and CRABP-IIY/FABP5[). MB cases exhibited patterns

ofCRABP-II�/FABP5� (12.24%, 6/49), CRABP-II�/FABP5+ (30.61%, 15/49) or CRABP-IIY/FABP5[ (12.24%,

6/49), implicating unresponsiveness or insensitivity to RA. In conclusion, the ratios of CRABP-II/FABP5

levels are closely related to the RA sensitivities of MB cells. The differential CRABP-II and FABP5

expression patterns are prospective parameters, and of potential value in personalized RA therapy for MB.
Introduction

Medulloblastoma (MB) accounts for about 20% of all central
nervous system tumors in children and is characterized by
aggressive intracranial growth and high recurrence. Surgery
combined with radiotherapy and chemotherapy is the main
means of clinical treatment of MB.1 Although advances in
radiation oncology and chemotherapy have led to somewhat
improved therapeutic outcomes for MB, patients suffer from
long-term sequelae and have poor prognoses.2 Studies indicate
that MB responds to different drug treatments,3 suggesting that
it is necessary to explore the underlying molecular elements
that determine its chemo-sensitivities.

Retinoic acid (RA), the active metabolite of vitamin A, regu-
lates multiple biological processes including cell proliferation,
differentiation, and apoptosis.4 It has been extensively
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investigated for use in the prevention and treatment of cancer
because of its ability to inhibit proliferation and induce cellular
differentiation. Evidence has shown that RA can induce
apoptosis and suppress growth in several cancers. In clinical
practice, RA is successfully used in the treatment of cutaneous T
cell lymphoma and acute promyelocytic leukemia.5 However, in
some cancers, RA appears to promote, rather than inhibit, cell
survival. For example, RA treatment leads to the survival and
growth of HaCat cells derived from mammary tumors that arise
in MMTV-neu mice.6 Studies in MB cells have reported the
ability of RA to induce cell cycle arrest and apoptosis.7 However,
in some MB cells, RA can promote cell survival and hyper-
plasia.8 Thus, it is of clinical value to evaluate the suitability of
RA in MB management.

The RA signal can be transduced by two pathways that are
mediated by RA receptors (RAR) and peroxisome proliferator-
activated receptors b or d (PPARb/d). Whereas transcriptional
activation of RAR by RA leads to growth arrest and apoptosis,
activation of PPARb/d induces the expression of prosurvival
genes. Partitioning of RA between RAR versus PPARb/d is regu-
lated by the relative levels of two intracellular lipid binding
proteins: cellular RA binding protein 2 (CRABP-II) and fatty acid
This journal is © The Royal Society of Chemistry 2018
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binding protein 5 (FABP5).6 Therefore, the patterns/levels of
CRABP-II and FABP5 expression in MBs may determine, at least
largely, the RA sensitivities of MB. This notion has been partly
proven by our previous ndings: that CRABP-II is expressed in
RA-sensitive Med-3 but methylated in RA-resistant UW228-2 MB
cells.8 However, the statuses of FABP5 expression, as another
critical determinant of RA sensitivity in MB cells in vivo and in
vitro, remain unknown. It would be of translational value to
address this issue because RA can enhance the proliferation of
cancer cells when FABP5 becomes predominant.9 The current
study thus aims to prole FABP5 expression patterns and the
ratios of CRABP-II and FABP5 levels in MB specimens and cell
lines.

Materials and methods
Cell culture and RA treatment

A Med-3 MB cell line was kindly provided by the doctors at the
Department of Neurosurgery, Kobe University School of Medi-
cine.10 Cell lines for UW228-2 and UW228-3 were established
and provided by the Department of Neurological Surgery,
University of Washington at Seattle.11 Med-3 cells were cultured
in MEM (Invitrogen, California, USA) containing 10% fetal
bovine serum (FBS, Gibco Life Science, Grand Island, NY). The
UW228-2 and UW228-3 cells were grown in DMEM (Invitrogen)
supplemented with 10% FBS at 37 �C with 5% CO2. All-trans
retinoic acid (RA; Sigma Aldrich, St. Louis, USA) was dissolved
in dimethylsulfoxide (DMSO, Sigma-Aldrich) to a stock
concentration of 50 mM and diluted with culture medium to an
optimal working concentration of 10 mM. The treatments lasted
for 3 d and the cells were observed at 24 h intervals. Cells
cultured in conventional medium with 0.2& DMSO supple-
mentation were cited as controls. For morphologic evaluation
and immunouorescence (IF) staining, coverslips were put into
the dishes before initial cell seeding and collected regularly
during the experiments.

Cell proliferation assays

Cell viability was evaluated using a 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyl-tetrazolium bromide (MTT) assay. Cells (5 � 103

per well) were plated in 96-well at-bottomed culture plates
(Falcon, Becton–Dickinson Labware, Franklin Lakes, NJ, USA)
and routinely cultured in 200 ml DMEM medium for 24 h. The
cultures were then treated with 10 mM RA for 24, 48 and 72 h.
Aer the treatment, MTT reagent was added to each well and
the plate was incubated for 4 h at 37 �C. The plate was le at
room temperature until completely dry. DMSO was added and
the optical density (OD) of the sample plate was measured at
492 nm in a microplate reader. The result for each experimental
condition was veried a minimum of three times.

FABP5 inhibitor treatment

Cells were treated with FABP5 inhibitor BMS309403 (Santa
Cruz) as described in our previous study.12 Briey, BMS309403
was dissolved in DMSO (25 mM) and diluted to a working
concentration of 25 mM with culture medium. Four
This journal is © The Royal Society of Chemistry 2018
experimental groups were set as follows. Group 1: treatment
with 1.2& DMSO (as a control group); Group 2: 25 mM
BMS309403 treatment for 72 h; Group 3: treatment with 10 mM
RA for 72 h; and Group 4: 25 mM BMS309403 pretreatment for
6 h followed by 10 mM RA treatment for 72 h. The responses of
UW228-2 cells to the treatments were elucidated by MTT cell
viability assay. Results were expressed as percentage cell
survival relative to control cells (representing 100% survival).
Cell counting (Automated Cell Counter, Bio-Rad, Singapore)
was performed to evaluate cell growth aer treatment.

Real-time PCR quantication of CRABP-II and FABP5
expression

Aer 3 d of RA treatment, total RNA samples were isolated
from the cells using Trizol solution (Life Tech, Texas, USA).
Then, 1 mg of total RNA was subjected to reverse transcription
using PrimeScript™ RT Master Mix (Takara, Dalian Branch,
Dalian, China). Real-time quantitative PCR was conducted
following the protocol supplied with the SYBR® Premix Dimer
Eraser™ kit (Takara, Dalian Branch, Dalian, China). Gene
specic primers used in this study for select genes were
described previously,13,14 The sequences of primer were as
follows: CRABP-II forward 50-TGCTGAGGAAGATTGCTGTG-30;
CRABP-II reverse 50-CCCATTTCACCAGGCTCTTA-30; FABP5
forward 50-GAGTGGGATGGGAAGGAAAG-30; FABP5 reverse 50-
GATCCGAGTACAGGTGACATTG-30; b-actin forward 50-
TGGCACCCAGCACAATGAA-30; b-actin reverse 50-CTAAGTCA-
TAGTCCGCCTAGAAGCA-30. The PCR conditions were 95 �C for
30 s, 40 cycles of 95 �C for 5 s, 55 �C for 30 s, and 72 �C for 30 s.
The relative expression of target mRNA was determined using
the comparative threshold (CT) method by normalizing target
mRNA CT values to those for b-actin (DCT). To determine
relative expression levels, the following formula was used:
DDCT ¼ DCT sample �DCT calibrator. This value was used to
plot the gene expression employing the formula: 2�DDCT.

Immunouorescence staining

Cells cultured on 24 well plates were xed with 4% para-
formaldehyde for immunouorescence staining. Rabbit poly-
clonal antibodies against CRABP-II (ProteinTech 10225-1-AP) or
FABP5 (ProteinTech 12348-1-AP), were applied overnight at 4 �C.
Then the appropriate uorophore-conjugated secondary anti-
bodies1 : 200 (ProteinTech SA00006-2) were applied and the
nuclei were counterstained with 4,6 diamidino-2-phenylindole
dihydrochloride (Dapi). Controls were performed with species-
specic IgG or sera and with inappropriate secondary anti-
bodies. Both showed negligible background.

Protein preparation and western blotting

Cells were harvested in ice-cold lysis buffer (Beyotime P0013B).
Equivalent amounts of total protein extracted from each sample
were mixed with sample buffer, boiled, and loaded onto SDS
polyacrylamide gels. Electrophoretic separation of the extracts
was typically performed on 7.5–15% discontinuous acrylamide
gels (depending on the molecular weight of the protein of
interest) under denaturing conditions. Proteins were then
RSC Adv., 2018, 8, 14048–14055 | 14049
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transferred to polyvinylidene uoride membrane (Amersham,
Buckinghamshire, UK) and probed with primary antibodies
raised against RAR (Santa Cruz sc551), PPAR (Santa Cruz
sc7197), CRABP-II (ProteinTech 10225-1-AP) and FABP5 (12348-
1-AP). In addition, an antibody against b-actin (ProteinTech
66009-1) was used as a loading control. Appropriate secondary
HRP-conjugated antibodies were used for detection with
chemiluminescent ECL reagents (Roche GmbH, Mannheim,
Germany).

Tissue microarray-based immunohistochemical staining

The protocol of this study was reviewed by the Ethics
Committee of Dalian Medical University before experiments
commenced. Some 49 paraffin-embedded MB specimens were
collected from the Clinical Pathology Departments, the First
Affiliated Hospital of Dalian Medical University and Shen-Jing
Hospital of China Medical University at Shenyang. Written
informed consent was obtained from all patients. This study
was approved by the hospital institutional review board (IRB),
and was performed in accordance with the ethical guidelines of
the Declaration of Helsinki.

The expression levels and patterns of CRABP-II and FABP5 in
the three subtypes of MB (classical, large cell and nodular) were
proled immunohistochemically, using paraffin-mounted
sections of the constructed MB microarrays. The antibodies
used were rabbit anti-human CRABP-II (ProteinTech 10225-1-
AP) and FABP5 (12348-1-AP) at dilutions of 1 : 100 and 1 : 80,
respectively. Color reaction was developed using 3, 39-dia-
minobenzidine tetrahydrochloride (DAB). The sections without
the rst antibody incubation were used as the background
control. Based on the labeling intensity, two independent
researchers evaluated the staining results and scored them as
negative (�), weakly positive (+), moderately positive (++) and
strongly positive (+++).

Statistical analysis

Data were analyzed for statistical signicance using one-way
analysis of variance (ANOVA) and independent-samples t-tests.
Data are presented as the mean � standard error of the mean
(SEM). Values of p < 0.05 were considered statistically
signicant.

Results
Differential responses of MB cells to RA

Hematoxylin-Eosin (HE) staining revealed no morphologic
changes in RA-treated UW228-2 and UW228-3 cells, while Med-3
cells showed neuronal-like morphologies with elongated
processes (Fig. 1A). In order to assess the effects of RA on cell
proliferation, an MTT assay was conducted to test the inhibitory
effect at three time points. The results revealed that RA-treated
UW228-2 and UW228-3 cells displayed a 1–5% increase in cell
viability compared with their control cells at the 24, 48 and 72 h
time points (Fig. 1C and D). No statistical signicance was
identied for UW228-2 or UW228-3 cells (p > 0.05). In contrast,
RA-treated Med-3 cells showed distinct growth arrest and
14050 | RSC Adv., 2018, 8, 14048–14055
decreased fractions of viable cells (p < 0.05). The above results
suggest that Med-3 is RA-sensitive while UW228-2 and UW228-3
are RA-resistant or -insensitive medulloblastoma cells.

Variable RARs and PPARb/d levels in MB cells

Because RARs and PPAR transmit CRABP-II- and FABP-5-
mediated RA signals, respectively, and lead to different biolog-
ical consequences,6 the statuses of their expressions in the three
MB cell lines were examined. Both RAR-a and PPARb/d were
expressed in those cell lines but their levels were related to RA-
sensitivity (Fig. 1B). RA-sensitive Med-3 cells showed higher
RAR-a and lower PPARb/d levels, while RA-insensitive UW228-2
and UW228-3 cells expressed higher PPARb/d and lower RAR-
a levels. Aer RA treatment, PPARb/d was further upregulated
and RAR-a decreased in UW228-2 and UW228-3 cells. In
contrast, RAR-a was increased and PPARb/d was decreased in
RA-treated Med-3 cells.

Differential response of FABP5 and CRABP-II to RA treatment

The FABP5 and CRABP-II expression patterns in Med-3 and
UW228-2 cells were evaluated before and aer RA treatment by
real-time RT-PCR, western blotting and immunouorescent
staining. As shown in Fig. 2A, increased CRABP-II (19.02 � 2.18-
fold change; p < 0.01) and decreased FABP5 transcription (0.51
� 0.17-fold change; p < 0.01) were found in RA-treated Med-3
cells compared to control cells. Relative CRABP-II transcrip-
tion was higher than that of FABP5 in Med-3 cells aer RA
treatment because the ratio of the 2�DDCT values of CRABP-II
and FABP5 was greater than 1 (40.13 � 14.28). Increased
CRABP-II and FABP5 transcription was also found in RA-treated
UW228-2 cells (1.58 � 0.25- and 3.33 � 0.30-fold changes,
respectively) but the ratio of the 2�DDCT values of CRABP-II and
FABP5 was less than 1 (0.48 � 0.11). Thus, relative FABP5
transcription was higher than that of CRABP-II in UW228-2 cells
aer RA treatment. The real-time PCR results of UW228-3 cells
were similar to those of UW228-2 cells (data not shown). The
results of immunouorescent staining and immunoblotting are
in accordance with the above ndings in terms of imbalanced
CRABP-II and FABP5 expression patterns in MB cells (Fig. 2B
and C).

FABP5 inhibitor improved RA resistance of UW228-2 cells

Because a predominance of FABP5-PPARb/d-mediated RA
signaling conferred RA resistance on cancer cells,15 the rele-
vance of FABP5 upregulation to the RA-insensitivity of UW228-2
cells was investigated using a specic FABP5 inhibitor,
BMS309403. Staining with HE revealed similar morphologies in
normally-cultured cells and cells treated by BMS309403, RA,
and their combination (Fig. 3A). The MTT assay showed that
treatment with RA or BMS309403 had no inhibitory effect on
cell viability for 72 h (101.39% and 100.68%, respectively), while
their combination decreased cell viability by 28.23% compared
with that of normally-cultured cells (p < 0.01, Fig. 3B). The
results of cell counting showed that the number of BMS309403
+ RA-treated cells decreased by 26.46% compared to control
cells (p < 0.01; Fig. 3C).
This journal is © The Royal Society of Chemistry 2018
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Fig. 1 Expression of RA receptors in MB cells and in vitro responsiveness to RA. (A) HE morphological staining was performed on UW228-2 and
Med-3 cells that were either untreated (control) or treated with 10 mM RA for 72 h. (B) Western blotting profiling of RARa and PPARb/d expression
in UW228-2, UW228-3 andMed-3 before and after RA treatment. Grayscale quantitative analysis was performed on the western blot results. *p <
0.05, compared with untreated UW228-2 cells;*p < 0.05, comparedwith untreated UW228-3 cells; #p < 0.05, compared with untreatedMed-3
cells. (C, D and E) Evaluation of the responses of UW228-2, UW228-3 and Med-3 to 10 mM RA for 72 h using an MTT assay. *p < 0.05, compared
with control.
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Variety of FABP5 and CRABP-II expression patterns in MB
tissues

The tissue microarrays constructed with 49 MB specimens were
used in immunohistochemical proling of CRABP-II and FABP5
expression (Fig. 4; Table 1). According to theWHO classication
criterion,16 21 MB cases were diagnosed as classic, 20 as large
cell and 8 as the nodular subtype. As shown in Table 1, CRABP-II
and FABP5 were expressed in 61.9% (13/21) and 95.2% (20/21)
of the classic MBs, 70% (14/21) and 80% (16/20) of the large-
cell MBs, and 12.5% (1/8) of nodular MBs, respectively. The
expression levels of CRABP-II and FABP5 in both classic and
large-cell MBs were signicantly higher than that in nodular
MBs (p ¼ 0.0147 and p ¼ 0.0028, respectively). No signicant
difference in CRABP-II and FABP5 expression was established
between classic and large-cell MBs. According to the presence
(+) or absence (�) of their immuno-labeling, the diversity of
CRABP-II and FABP5 expression patterns in each group were
summarized as the four patterns CRABP-II�/FABP5�, CRABP-
II�/FABP5+, CRABP-II+/FABP5�, and CRABP-II+/FABP5+. As
shown in Fig. 4B, the CRABP-II+/FABP5+ pattern was distrib-
uted in 57% (12/21) of the classic, 50% (10/20) of the large-cell
and 0% (0/8) of the nodular MBs.
Imbalanced CRABP-II and FABP5 levels in medulloblastomas

To identify MB subsets that might be predicted to be sensitive to
RA, the expression patterns of CRABP-II and FABP5 were further
analyzed according to the labeling intensity of these two
This journal is © The Royal Society of Chemistry 2018
proteins in individual cases (Fig. 4B). Because CRABP-II medi-
ates tumor inhibition and FABP5 mediates tumor proliferation
in RA signaling pathways, the CRABP-II+/FABP5+ cases were
further grouped into CRABP-II[/FABP5Y (imbalanced due to
FABP5 down-regulation) as RA-sensitive, CRABP-IIY/FABP5[
(imbalanced due to FABP5 up-regulation) as RA-resistant, and
CRABP-II z FABP5 (balanced) as sensitivity uncertain. The
results showed that 43% of the classic and 40% of the large-cell
MBs displayed imbalanced CRABP-II and FABP5 patterns of
which 29% and 25% belonged to CRABP-II[/FABP5Y, and 14%
and 15% belonged to CRABP-IIY/FABP5[, respectively (Fig. 4B).
Furthermore, the relative expressions of CRABP-II and FABP5
were summarized in all cases. As shown in Table 2, 65.3% of the
MB cases were presented as FABP5 up-regulated (including
CRABP-II�/FABP5+ and CRABP-IIY/FABP5[ cases) or CRABP-II
z FABP5 patterns, which were supposed to be RA-resistant or
RA-insensitive. Alternatively, 34.7% of MB cases presented as
CRABP-II up-regulated and RA-sensitive patterns (Table 2).
Discussion

Medulloblastomas are a group of primitive neuroectodermal
malignancies that originate from immature or embryonic cells
at the earliest stage of development.17 It is, therefore, possible to
promote MB cells to a more differentiated state using suitable
differentiation inducers.18–20 Retinoic acid is able to inhibit
cancer growth by promoting cell differentiation and apoptosis.21

However, its effects are not identical and may even be reversed.
RSC Adv., 2018, 8, 14048–14055 | 14051
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Fig. 2 CRABP-II and FABP5 expression patterns in MB cells with and without RA treatment. (A) CRABP-II and FABP5 mRNA expressions were
measured using real-time RT-PCR. **p < 0.01. (B) Immunofluorescence staining for CRABP-II and FABP5 in RA-treated MB cells. Magnified
regions of each image are shown in the insets. (C) Western blot analysis of UW228-2 and Med-3 cells treated with and without RA. Grayscale
quantitative analysis was performed on the Western blot results. *p < 0.05. Scale bar ¼ 100 mm.
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For instance, RA enhances mammary cancer growth in the
MMTV-neu mouse model of breast cancer and exerts little
inhibitory effect on human glioblastoma growth.22 The
Fig. 3 Effect of FABP5 inhibitor BMS309403 on the growth and survival o
UW228-2 cells under the following conditions: normal culture (ctrl); 25
pretreatment for 6 h followed by 10 mM RA treatment (RA + BMS309403
0.01.

14052 | RSC Adv., 2018, 8, 14048–14055
responses of MB cells to RA are highly variable.8,20 As demon-
strated in the current study, Med-3 cells are sensitive to RA in
terms of neuronal-like differentiation and growth suppression
f MB cells treated with RA. (A) HE morphological staining performed on
mM BMS309403 treatment; 10 mM RA treatment; 25 mM BMS309403

). (B and C) Evaluation of RA responses by MTT and cell counting. **p <

This journal is © The Royal Society of Chemistry 2018
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Fig. 4 Expression patterns of CRABP-II and FABP5 in MB tissues. Immunohistochemical profiling of CRABP-II and FABP5 expression patterns in
classic and large-cell MBs. The staining patterns were scored as CRABP-II[/FABP5Y (FABP5 down-regulated) and CRABP-IIY/FABP5[ (FABP5
up-regulated) based on the labeling intensity of these two proteins in individual cases. The insets illustrate regions at higher magnification. Scale
bar ¼ 50 mm.
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upon treatment; in contrast, RA exerts little inuence in UW228-
3 and especially UW228-2 cells. These ndings suggest that RA
should be selectively used in the clinical treatment of MB. To
reach that goal, it is necessary to investigate the underlying
reasons leading to the differential responses of MB cells to RA.

There are two well-characterized RA signal transduction
pathways that are mediated by CRABP-II and FABP5. RA func-
tions through RAR and is a proapoptotic agent in cell with high
CRABP-II/FABP5 ratio, but it signals through PPAR and
promotes survival in cells that highly express FABP5.6,15 Thus,
the expression levels of CRABP-II and FABP5 may determine the
RA sensitivities and outcome of cancer cells treated with RA.
Table 1 Tissue microarray-based immunohistochemical staining of CRA

Histology n

CRABP-II

Positive rate (%) � +

Medulloblastomas 49 57.1 21 3
Classic 21 61.9 8 2
Large cell 20 70 6 0
Nodular 8 12.5a 7 1

a *p < 0.05 compared with classic and anaplastic MBs.

This journal is © The Royal Society of Chemistry 2018
Because imbalanced CRABP-II and FABP5 expression patterns
may lead to different fates of RA-treated cells, the levels of
CRABP-II and FABP5, as well as their corresponding effectors
RAR-a and PPARb/d, in RA-sensitive Med-3 and RA-resistant
UW228-2 and -3 cells, without and with RA treatment, were
elucidated concurrently. The results clearly reveal predominant
CRABP-II/RAR-a expression in Med-3, and FABP5/PPARb/d in
the other two MB cell lines. It therefore suggests the importance
of the CRABP-II- and FABP5-mediated RA signaling trans-
duction pathways in determining the RA sensitivities in MB cell
systems.
BP-II and FABP5 in human medulloblastomas

FABP5

++ +++ Positive rate (%) � + ++ +++

12 13 75.5 12 7 15 15
4 7 95.2 1 5 6 9
8 6 80 4 2 8 6
0 0 12.5a 7 0 1 0

RSC Adv., 2018, 8, 14048–14055 | 14053
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Table 2 Summary of CRABP-II/FABP5 patterns in the cases analyzed and possible predicted outcomes of RA treatment

Expression pattern n (%) Predicted outcome

CRABP-II+/FABP5� and CRABP-II[/FABP5Y 17 (34.7) Sensitive
CRABP-II�/FABP5+ and CRABP-IIY/FABP5[ 21 (42.9) Resistant
CRABP-II�/FABP5� and CRABP-II z FABP5 11 (22.4) Uncertain
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Our previous ndings demonstrate that the presence of
CRABP-II would be critical in determining RA sensitivities of
MB cells.8 Evidence supporting a role for FABP5 in MB is
limited. The results of this study show that relative FABP5
expression is higher than that of CRABP-II in RA-resistant
UW228-2 cells with RA treatment. That the FABP5 inhibitor
BMS309403 partly overcomes the RA resistance of UW228-2
cells further supports the above notions and conrms the
active role of FABP5 in promoting cell growth and/or preventing
cell death. However, our previous studies indicate that CRABP-II
and FABP5 levels or ratios are not associated with the respon-
siveness of human glioblastoma cells and squamous carci-
nomas cells to RA. Moreover, neither inhibition of FABP5 nor
restoration of CRABP-II can overcome RA resistance of these two
types of cancer cells.12,23 These ndings contradict the results
from this study, suggesting that various expression patterns of
RA signalingmolecules are found in different cells. The above in
vitro ndings also suggest that there is a necessity to prole
CRABP-II and FABP5 expression patterns in MB specimens for
more reliable treatment, because RA may not be suitable for
cases with predominant FABP5 and/or absent CRABP-II
expressions.

Medulloblastomas are classied into the nodular, classic
and large cell histological subtypes. Patients with the latter two
subtypes usually have poorer prognoses due to more aggressive
cell growth and more frequent MB recurrence.3 Therefore, post-
operative adjuvant therapies should be employed to prevent
tumor relapse. Although MB cells possess differentiation
potential,24,25 and RA is a potent differentiation inducer,26,27 RA-
based chemotherapy has not yet been widely used in clinical
management of MB due to the uncertainty of its efficacy and the
lesser-known mechanisms related to RA sensitivities.28,29 Given
the evidence of a close correlation between CRABP-II and FABP5
expression patterns inMed-3 and UW228 cell responses to RA,
the expression of these two genes in the three MB subtypes was
proled by tissue microarray-based immunohistochemical
staining. Our results show highly variable expression of CRABP-
II and FABP5 in tumor tissues in the forms of CRABP-II+/
FABP5�, CRABP-II�/FABP5+, CRABP-II�/FABP5� and CRABP-
II+/FABP5+which, according to the biological functions of
CRABP-II and FABP5, are presumably considered to be sensi-
tive, resistant, lack of, and case-by-case/uncertain responses to
RA, respectively. Because CRABP-II and FABP5 levels are
expressed but may not be identical, the CRABP-II+/FABP5+
pattern was further classied to CRABP-II[/FABP5Y as poten-
tially RA-sensitive, CRABP-IIY/FABP5[ as RA insensitive and
CRABP-II z FABP5 as uncertain subgroups. It has been re-
ported that the binding affinity of CRABP-II-RAR for RA exceeds
14054 | RSC Adv., 2018, 8, 14048–14055
that of FABP5-PPAR.30,31 Therefore, high CRABP-II levels result
in cytoplasmic sequestration of FABP5 and preferential activa-
tion of the RA/CRABP-II/RAR tumor suppression pathway. In
this context, it may be predicted that 34.7% of MB cases with
up-regulated CRABP-II expression in the forms of CRABP-II+/
FABP5� or CRABP-II[/FABP5Y would be suitable for RA
therapy, whereas the remaining cases (65.3%) should be treated
by alternative regimens.

It has been proposed that CRABP-II and FABP5 are signi-
cant prognostic factors associated with poor survival in certain
cancers such as glioblastoma and breast cancer.32,33 Our results
show that the expression levels of CRABP-II and FABP5, in both
classic and large-cell MBs, were signicantly higher than those
in nodular MBs. Due to the classic and large-cell histological
subtypes presenting worse clinical outcomes than the nodular
subtype, up-regulated CRABP-II and FABP5 may be related to
prognosis in MB patients. Moreover, in this study, a variety of
CRABP-II/FABP5 expression patterns were observed within the
classic and large-cell groups, suggesting the necessity of
personalized RA therapy for MB cases, even those with the same
histology. Although there was no distinct difference in imbal-
anced CRABP-II/FABP5 expression between the classic and
large-cell groups, these results provide further evidence that MB
is a heterogeneous disease with different phenotypes and
therapeutic outcomes.
Conclusions

In conclusion, this study demonstrates, for the rst time, the
highly variable expression patterns of CRABP-II and FABP5 in
the three histologic subtypes of MBs and their correlation with
RA sensitivities. Our results thus explain, at least in part, the
reason for different responses of MB cells to RA, and suggest
that CRABP-II and FABP5 are valuable as paired biomarkers in
personalized RA therapy for MB patients.
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