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a  b  s  t  r  a  c  t

N-myc  downstream-regulated  gene  2 (NDRG2)  has  been  implicated  in  the  development  of central  ner-
vous system  and  brain  diseases  such  as brain  tumors,  ischemic  stroke  and  neurodegenerative  disorders.
However,  it  remains  unclear  that the spatiotemporal  distribution  of  NDRG2  in the  human  fetal  brain.
In  this  study,  we examined  the  expression  pattern  of  NDRG2  in different  regions  of  human  fetal  brain
at  16–28  gestational  weeks  (GWs)  by  using  RT-PCR,  western  blot  and  immunohistochemistry.  Firstly,
RT-PCR  revealed  that mRNA  of  NDRG2  was  detected  in the  human  brain  regions  of  fetuses  at  16–28  GWs
such  as medulla  oblongata  (MdO),  mesencephalon  (MeE),  cerebellum  (Cbl),  frontal  lobe  (Fr),  ventricular
(VZ)/subventricular  zone  (SVZ)  and  hippocampus  (hip),  and  the  expressions  of NDRG2  mRNA  in  these
human  fetal  brain  regions  were increased  with  gestational  maturation.  Furthermore,  western  blot  and
immunohistochemistry  results  revealed  that  at 28  GWs,  the expression  of  NDRG2  protein  was  restricted
to  the  MdO’s  olivary  nucleus,  MeE’s  aqueduct,  cerebellar  internal  granular  layers,  cerebral  cortex  of the
Fr, VZ/SVZ  of lateral  ventricle,  and  hippocampal  dentate  gyrus,  and  highest  expression  in the VZ/SVZ,

and  lowest  in  the  MeE.  Finally,  double  immunohistochemistry  results  showed  that  NDRG2  in the  MdO,
Cbl  and  VZ/SV  at 28  GWS  was  mainly  expressed  in  neurons  (NeuN  positive  cells),  and  in some  astrocytes
(GFAP  positive  cells).  Taken  together,  these  results  suggest  that NDRG2  is mainly  expressed  in  human
fetal  neurons  of  various  brain regions  during  development,  which  may  be involved  in  neuronal  growth
and  maturation.

© 2018  Elsevier  GmbH.  All  rights  reserved.
. Introduction

The N-myc downstream-regulated gene (NDRG) family of pro-
eins consists of 4 members, NDRG1-4 (Pourquie, 2011). NDRG
roteins are characterized by NDR- and �/� hydrolase-fold regions,

how high homology among the 4 proteins and share 57–65% amino
cid identity. Human NDRG2 was first cloned from a cDNA library
f normal human brain by subtractive hybridization in our lab-

Abbreviations: NDRG2, N-myc downstream-regulated gene 2; GWs, gestational
eeks; RT-PCR, reverse transcriptase-polymerase chain reaction; MdO, medulla

blongata; MeE, mesencephalon; Cbl, cerebellum; Fr, frontal lobe; VZ, ventric-
lar; SVZ, subventricular zone; AD, Alzheimer’s disease; CNS, central nervous
ystem; GAPDH, d-glyceraldehyde-3-phosphate dehydrogenase; IGL, internal gran-
lar layer; PCL, purkinje cell layer.
∗ Corresponding author.

E-mail address: housx021@163.com (S.-X. Hou).
1 These authors contributed equally to this work.

ttps://doi.org/10.1016/j.aanat.2018.09.010
940-9602/© 2018 Elsevier GmbH. All rights reserved.
oratory (GenBank, Accession No. AF159092). The NDRG2 gene is
located at chromosome 14q11.2, and encodes six types of isoforms,
and the full-length of human NDRG2 protein consists of 371 amino
acid residues (about 40 kDa) (Boulkroun et al., 2002). The bioinfor-
matic analysis reveals that NDRG2 protein contains an acyl carrier
protein-like domain, and several phosphorylation sites (Thr330,
Ser332, Thr348, T330, T334 etc.), which can be phosphorylated
by certain kinases such as Akt, serum- and glucocorticoid-induced
kinase 1 (Burchfield et al., 2004; Chen et al., 2007; Murray et al.,
2004).

NDRG2 is widely and highly expressed in the most embryonic
and adult tissues, especially in highly differentiated tissues, such
as brain, heart and muscles (Choi et al., 2008; Hou et al., 2009; Hu
et al., 2006a, 2006b; Lin et al., 2015; Mitchelmore et al., 2004). In

the most mammalian nervous system, NDRG2 is widely and highly
expressed in brain regions (Hu et al., 2006a; Lin et al., 2015; Liu
et al., 2012). In the embryonic mouse brain, mRNA of NDRG2 is
gradually increased during the development of brain regions such

https://doi.org/10.1016/j.aanat.2018.09.010
http://www.sciencedirect.com/science/journal/09409602
http://www.elsevier.com/locate/aanat
http://crossmark.crossref.org/dialog/?doi=10.1016/j.aanat.2018.09.010&domain=pdf
mailto:housx021@163.com
https://doi.org/10.1016/j.aanat.2018.09.010
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s telencephalon, diencephalon, mesencephalon, cortical ventric-
lar zone (Hu et al., 2006a; Liu et al., 2012). In the adult human
rain, northern blots show that NDRG2 mRNA is detected in the
erebral cortex, striatum, cerebellum, brainstem and spinal cord
Mitchelmore et al., 2004). NDRG2 protein is found to be predomi-
ately and selectively expressed in glial cells, especially astrocytes,
ut not in the neurons or microglia (Okuda et al., 2008). The stud-

es of NDRG2 expression pattern in several mammalian brains,
ncluding human, marmoset, rat, mouse and tree shrew have shown
hat NDRG2 is a new extensive and specific maker of mature and
on-reactive astrocytes (Flugge et al., 2014). Nowadays, accumu-

ating studies have shown that NDRG2 has the diverse functions
ssociated with cell proliferation, differentiation, transmembrane
ransport and stress responses (Lin et al., 2015; Melotte et al., 2010;
ao et al., 2008). In the central nervous systems, NDRG2 is involved

n neuronal differentiation, neurogenesis, and astrocytic prolifer-
tion and activation under physiological conditions (Deng et al.,
018; Lin et al., 2015; Ma  et al., 2017; Matschke et al., 2015). Recent
tudies also have shown that NDRG2 is associated with nervous
ystem diseases (Ichikawa et al., 2015; Li et al., 2017), such as brain
umors (Hu et al., 2016; Li et al., 2012, 2011), ischemic stroke (Gao
t al., 2018; Ma  et al., 2017; Sun et al., 2011; Takarada-Iemata et al.,
018; Wang et al., 2013) and neurodegenerative disorders (Le et al.,
018; Rong et al., 2017).

Although the expression patterns and functions of NDRG2 in the
entral nervous system have been extensively studied, it remains
nclear that the spatiotemporal distribution of NDRG2 in the
uman fetal brain. Therefore, the aim of the present study was
o provide a more comprehensive and detailed analysis of NDRG2
xpression in cells and tissues of human fetal brain during devel-
pment.

. Materials and methods

.1. Embryo collection and tissue preparation

The experimental protocols were approved by the Ethics Com-
ittee of the Fourth Military Medical University (NO. 20040310).
ll procedures performed in studies involving human participants
ere in accordance with the ethical standards of the institu-

ional and national research committee and with the 1964 Helsinki
eclaration and its later amendments or comparable ethical stan-
ards. Institutional review board approval and informed consent
rom all parents/guardians were obtained. We  prospectively col-
ected aborted fetuses at gestational ages of 16–28 weeks (n = 10
n each group, 16, 20, 24, 28 weeks group), from January 2013 to
anuary 2015. Misoprostol was used to induce labor and termi-
ate pregnancy in the second or third trimester in women  who
ished to have an abortion. The brain of each fetus was  removed
ithin one hour after labor induction and divided into two parts.

mmediately after excision, half of the brain was  stored in liquid
itrogen for 10 min  and transferred to a −70◦ C freezer for RNA
nd DNA extraction. The remaining brain tissues were dissected
ccording to various anatomical locations and fixed in fresh 4%
araformaldehyde-phosphate-buffered saline (PBS) (pH 7.4) before
ehydration through graded ethanol. The samples were then paraf-
n embedded and serially sectioned into 4 �m thick slices.

.2. RT-PCR

Total RNA was extracted from whole embryo and tissue samples

sing TRIzol Reagent (GIBCO BRL) according to the manufacturer’s

nstructions. Briefly, 100 mg  of brain tissue were suspended in 1 ml
RIzol and homogenized. To determine the purity of RNA, the UV
pectrophotometer was used to detect the light density at 260 nm
my 221 (2019) 148–155 149

and 280 nm wavelengths, and the ratio of A260/A280 was calcu-
lated and the RNA sample between the ratio 1.8–2.0 was selected.
To identify the integrity of the RNA, the total RNA was subjected to
1.2% agarose gel electrophoresis. It has been selected good integrity
RNA samples that the electrophoretic results showed clear 28 s and
18 s RNA bands, the ratio of their brightness was about 2:1, and
there were no trailing and heterogeneity bands.

Total RNA was reverse-transcribed by using a ThemoScriptTM

RT-PCR system (Invitrogen Life Technologies). Primers were
designed and synthesized by Sangon Biotech Co., Ltd.
(Shanghai, China). NDRG2 primers were: 5′-CCTTGACCTTTA
ACCCGTGATT-3′ (forward) and 5′-CCGATTCCTCTACAGTTTATTG-3′

(reverse), the product fragment was  670 bp. GAPDH primers
were: 5′-AGGTCCACCACTGAC ACGTT-3′ (forward) and 5′-
GCCTCAAGATCATCAGCAAT-3′ (reverse), the product fragment
was 310 bp. Primers were designed with Primer Express Soft-
ware. The reverse transcription reaction was set up according to
Promega’s reverse transcription system protocol. A total of 1 �l
total RNA was added to a 25 �l reaction system and denatured at
94 ◦C for 5 min. Then, 0.5 �l Taq DNA polymerase was  added to the
mixture, which was  submitted to PCR. A standard thermal cycle
profile was used as follows: 94 ◦C for 30 s, 55 ◦C for 30 s, and 72 ◦C
for 60 s. The number of cycles was  determined for each amplicon
as required to reach the mid-logarithmic phase of amplification.
A total of 30 cycles were used for RT-PCR. The final cycle was
extended for 7 min  at 72 ◦C.

In order to confirm that the product of PCR was our target gene
(NDRG2), we verified the PCR amplification DNA sequence by 1.15%
agarose gel electrophoresis (Supplementary Fig. 1), stained with
ethidium bromide, and photographed on a Kodak Digital Science1D
imaging system (Akribis Scientific Ltd, USA). GAPDH was used for
normalization. According to analyze the gray level of electrophore-
sis band, the ratio of NDRG2 band gray value to GAPDH band gray
value was  used to represent NDRG2 mRNA abundance value. The
difference analysis was made by one-way ANOVA, and statistical
analysis was  conducted to compare the difference.

2.3. Western blot analysis

Total tissue specimen proteins were extracted using a Tissue
Protein Extraction kit (Thermo Scientific, USA). Total proteins in the
lysate were quantified by the pierce BCA Protein Assay Kit (Pierce,
Rockford, Illinois, USA). Equal amounts of proteins were resolved by
10% SDS-polyacrylamide gel electrophoresis and transferred onto
Hybond enhanced chemiluminescence nitrocellulose membranes
(Amersham Bio-sciences, Little Chalfont, Buckinghamshire, UK).
The membranes were blocked with 5% non-fat dry milk in TBST
for 1 h at room temperature, washed three times with TBST and
then incubated at 4 ◦C overnight with Anti-NDRG2 rabbit mono-
clonal (1:1000; ab174850, abcam) or anti-GADPH rabbit polyclonal
(1:2000, ab37168, abcam). After being washed three times with
TBST, the membranes were incubated with the appropriate sec-
ondary antibodies (Cell Signaling Technology, USA) for 1 h at room
temperature and immuno-reactive protein bands were visualized
using ECL. FluorChem Software was used to analysis the gray image
of immunoblots. The ratio of NDRG2 band gray value to GAPDH
band gray value was used to statistical analysis. The difference
analysis was  made by one-way ANOVA, and statistical analysis was
conducted to compare the difference to MeE  group.

2.4. Immunohistochemistry
Immunohistochemical staining was performed on paraffin-
embedded brain slices using the Streptavidin-Biotin peroxidase
complex (SABC) method (SABC kit, Boster Ltd, China) with
DAB hydrogen peroxide as the chromogen. Tissue sections were
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Fig. 1. RT-PCR analysis of spatiotemporal expression of NDRG2 mRNA in human fetal brain regions at 16–28 GWs. (a–f) Semi-quantitative RT-PCR analysis of NDRG2 mRNA
expression in the MdO  (a), MeE  (b), Cbl (c), Fr (d), VZ/SVZ (e), and Hip (f) of 16–28-week-old embryos, respectively. d-Glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
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as  used as an internal control. MdO, medulla oblongata; MeE, mesencephalon; Cbl,
ata  were mean ± SEM (n = 3). *P < 0.05, **P < 0.01, compared to 16 w group; #P < 0.05,
NOVA and Bonferroni multiple comparisons test.

eparaffinized in xylene and dehydrated with a series of decreas-
ng ethanol concentrations before blocking endogenous peroxidase
ctivity with 0.5% H2O2 in methanol for 10 min. Nonspecific bind-
ng was blocked with 10% normal goat serum in PBS for 1 h at
oom temperature. Subsequently, the sections were incubated with
he anti-NDRG2 antibody (1:100, ab174850, abcam) in PBS at 4 ◦C
or overnight in a moist box. This was followed by incubation
ith biotinylated goat anti-rabbit immunoglobin G (IgG; 1:400;

igma-Aldrich Biotechnology, St Louis, Missouri, USA) for 1 h at
oom temperature, and detection using a streptavidin–peroxidase
omplex. Brown color indicative of peroxidase activity was devel-
ped by using 0.1% 3,3-diaminobenzidine (Sigma) in PBS containing
.05% H2O2 for 5 min  at room temperature. Sections were then
ounterstained with hematoxylin, dehydrated in a graded series
f ethanol, cleared in xylene, and mounted with Neutral Balsam
PTS11773891, sinopharm).

.5. Immunofluorescence assay

For double immunofluorescence, paraffin embedded embryo
rain tissue sections (4 �m)  were deparaffinized in xylene and
thanol. The endogenous peroxidase activity was blocked by incu-
ating 3% hydrogen peroxide diluted in methanol for 20 min
t room temperature. Slides were treated with proteinase K
t room temperature for 15 min. Nonspecific antibody-binding

ites were first blocked with 1% bovine serum albumin (BSA) in
BS (1% BSA-PBS); then, slides were incubated with anti-NDRG2
ouse monoclonal (1:150, Abnova Corporation, Taipei, Taiwan)

nd anti-GFAP rabbit polyclonal (1:100, Sigma) or anti-NeuN rab-
ellum; Fr, frontal lobe; VZ, ventricular; SVZ, subventricular zone; Hip, Hippocampus.
.01 compared to 20 w group; &P < 0.05, &&P < 0.01 compared to 24 w group. One-way

bit monoclonal (1:300, ab177487, abcam) primary antibodies in
1% BSA-PBS. Antibody binding was  detected with the follow-
ing secondary antibodies: fluorescein isothiocyanate-conjugated
goat anti-mouse IgG (1:160; Santa Cruz Biotechnology) and tetra-
methyl rhodamine isothiocyanate-conjugated goat anti-rabbit IgG
(1:300; Santa Cruz Biotechnology). The sections were mounted in
glycerol and analyzed on a fluorescence microscope and an FV3000
laser-scanning microscope, respectively (Olympus, Tokyo, Japan).
All experimental slides were assessed by a histopathologist before
scoring.

2.6. Statistical analysis

Data were expressed as the means ± sd, Statistical analysis was
conducted with GraphPad Prism software 5.0 software. One-way
ANOVA followed by the Bonferroni multiple comparisons test was
used for statistical comparisons among experimental groups, with
a value of P < 0.05 being considered statistically significant.

3. Results

3.1. NDRG2 mRNA was detected in the human fetal brain regions
and increased with gestational maturation
To examine the spatial-temporal expression of NDRG2 mRNA in
human fetal brain, total RNA of various human fetal brain regions
at 16–28 GWs  were collected including medulla oblongata (MdO),
mesencephalon (MeE), cerebellum (Cbl), frontal lobe (Fr), ven-
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Fig. 2. Western blot analysis of NDRG2 protein in human fetal brain regions at 28 GWs. (a) Representative Western blot showing NDRG2 immunoreactive bands in the
MdO/Pon, MeE, Cbl, Fr, VZ/SVZ, and Hip tissues, respectively. The GAPDH protein was used as a loading control. (b) Quantitative analysis of the relative amounts of the NDRG2
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rotein as shown in (a). MdO, medulla oblongata; MeE, mesencephalon; Cbl, cerebe
ere  mean ± SEM (n = 3). ∗P < 0.05, ∗∗P < 0.01, compared to MeE group. The original 

ultiple comparisons test.

ricular (VZ)/subventricular zone (SVZ) and hippocampus (hipp),
nd RT-PCR was performed as described above. The product of
CR was verified by 1.15% agarose gel electrophoresis. The result-
ng bands had the expected sizes for NDRG2 (670 bp) and GAPDH
310 bp) (Supplementary Fig. 1). NDRG2 mRNA expression levels
as represented by NDRG2 mRNA abundance value (NDRG2 band

ray value/GAPDH band gray value). As shown in Fig. 1, NDRG2
RNA was detected human fetal brain regions of MdO, MeE, Cbl, Fr,
Z/SVZ and Hip at 16–28 GWs  embryos brain. Interestingly, NDRG2
RNA expression levels in the above regions were increased with

ge (Fig. 1a–f). The relative expression levels of NDRG2 mRNA in
he MdO  of different ages were 1.08 ± 0.07, 1.13 ± 0.04, 1.24 ± 0.02
nd 1.36 ± 0.05, respectively (Fig. 1a); in the MeE, expression levels
f 0.28 ± 0.02, 0.35 ± 0.02, 0.33 ± 0.04 and 0.43 ± 0.05, respectively
Fig. 1b) were obtained. The relative expression levels of NDRG2

RNA in the Cbl of different ages were 0.89 ± 0.02, 1.05 ± 0.03,
.12 ± 0.01 and 1.17 ± 0.02, respectively (Fig. 1c); in the Fr expres-
ion levels of 0.38 ± 0.01, 0.45 ± 0.02, 0.58 ± 0.04 and 0.62 ± 0.02,
espectively (Fig. 1d) were obtained. The relative expression lev-
ls of NDRG2 mRNA in the VZ/SVZ of 16–28-week-old embryos
ere 1.25 ± 0.02, 1.35 ± 0.04, 1.43 ± 0.02, and 1.63 ± 0.03, respec-

ively (Fig. 1e). The relative expression levels of NDRG2 mRNA in
he Hip of different ages were 1.22 ± 0.01, 1.33 ± 0.01, 1.41 ± 0.01,

nd 1.58 ± 0.08, respectively (Fig. 1f). The relative expression lev-
ls of NDRG2 mRNA of 28 week-old were 1.36 ± 0.05, 0.43 ± 0.05,
.17 ± 0.02, 0.62 ± 0.02, 1.63 ± 0.03 and 1.58 ± 0.08 in the MdO,
eE, Cbl, Fr, VZ/SVZ and Hip, respectively (Fig. 1a–f). The highest
 Fr, frontal lobe; VZ, ventricular; SVZ, subventricular zone; Hip, Hippocampus. Data
or panel were presented in Supplementary Fig. 1. One-way ANOVA and Bonferroni

NDRG2 mRNA expression was highest in the VZ/SVZ and weakest
in the MeE. These results suggest that NDRG2 mRNA was  expressed
in the human fetal brain regions and increased with gestational
maturation.

3.2. Spatial-temporal expression patterns of NDRG2 protein in
the human fetal brain regions

To further examine the spatial expression of NDRG2 pro-
tein level in human fetal brain regions, total proteins of various
human fetal brain regions were collected at 28 GWs  and west-
ern blot was performed. As shown in Fig. 2, immunoblot showed a
band corresponding to the predicted molecular weight of NDRG2
(approximately 40 kDa) in lysates from whole human fetal brain as
well as in the brain regions, including MdO, MeE, Cbl, Fr, VZ/SVZ
and Hip (Fig. 2a, Supplementary Fig. 2). Consistent with RT-PCR
results, the expression level of NDRG2 protein in the VZ/SVZ was
higher, and slightly lower in the MeE, compared with the remaining
regions (Fig. 2b). These results strongly suggest that NDRG2 protein
was highly expressed in the human fetal brain regions.

To further examine the spatial NDRG2 localization in the cen-
tral nervous system (CNS) of human embryos brain at different
gestational ages, immunohistochemistry was  performed with an

anti-NDRG2 antibody. As shown in Fig. 3, NDRG2 displayed the dif-
ferent expression level in the human fetal brain regions of 16–28
weeks. At 16 weeks, the immuno-positive signals of NDRG2 was
only in the MdO, Cbl, VZ/SVZ (Supplementary Fig. 3). In the human
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Fig. 3. Immunohistochemical analysis of NDRG2 expression in human fetal brain regions at 28 GWs. Images of selected regions in (a, c, e, g, i, k, m,  o), were shown at higher
magnification as (b, d, f, h, j, l, n, p), respectively. NDRG2 immunostaining signals were mostly detected in the olivary nucleus (arrowheads) of the MdO  (a and b), pontine
raphe  nucleus (arrowheads) (c and d), MeE  aqueduct (arrows) (e and f), external (arrows) and internal (arrowheads) granular layers of the Cbl (g and h), cerebellar cortex
( and de
o phalon
H Bars =
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arrowheads) of the Fr (i and j), VZ/SVZ (k and l, arrows) of the lateral ventricle, 

mitting the primary antibody (o and p). MdO, medulla oblongata; MeE, mesence
ippocampus. (a, c) Bars = 400 �m.  (e, g i, k, m, o) Bars = 200 �m.  (b, d, f, h, j, l, n, p) 

etal brain at 20–24 week, the immuno-positive signals of NDRG2 in
he positive brain region was gradually enhanced (Supplementary
ig. 4). At 28 weeks, NDRG2 immunostaining signals were detected
n the MdO  (Fig. 3a and b), Pon (Fig. 3c and d), MeE  (Fig. 3e and
), the external and internal granular layers of the Cbl (Fig. 3g and
), Fr (Fig. 3i and j), VZ/SVZ (Fig. 3k and l) and Hip (Fig. 3m and n;
ompare to the Hip, Fig. 3o and p), respectively. It was stronger in
he Cbl, VZ/SVZ, Hip and MdO, mainly located in the cytoplasmic.
n the early stage of fetal cerebellum at 16 week, there was a little
DRG2 protein positive product expression. With the increase of
estational age from 20 to 24 weeks, the cerebellar granular layer
as stratified, enhanced brown positive product expression from

he outer granular layer to the inner granular layer. In the olivary
ucleus of the medulla oblongata of a human fetal brain, the expres-
ion level of NDRG2 was increased with gestational age from 16
o 24 weeks, which was similar to the expression pattern of the
erebellar granular layer (Supplementary Fig. 3). Taken together,
hese results suggest that the expression level of NDRG2 protein
s increased with age in the human fetal brain regions, which is
onsistent with the expression level of NDRG2 mRNA.
ntate gyrus (arrowheads) of the Hip (m and n). A negative control was setup by
; Cbl, cerebellum; Fr, frontal lobe; VZ, ventricular; SVZ, subventricular zone; Hip,

 50 �m.

3.3. NDRG2 was mainly expressed in neurons and astrocytes in
the human fetal brain regions

To further examine the cellular localization of NDRG2 in the CNS
of human embryos, double immunofluorescence was  performed
for NDRG2 and NeuN (a marker of neurons) or GFAP (a marker of
astrocytes) of 28-week-old human embryonic brains. As shown in
Fig. 4, NDRG2 was  expressed in neurons (NeuN positive cells) and
astrocytes (GFAP positive cells) of the MdO, Cbl and VZ/SVZ. The
co-expressed areas of NDRG2 and NeuN were mainly in the oli-
vary nucleus of the medulla oblongata (Fig. 4a–c); the PCL (Purkinje
cell layer) and ICL (internal granular layer) region of the cerebel-
lum, a few in the EGL- external germinal layer of the cerebellum
(Fig. 4d–f); and the VZ/SVZ region of the ventricles (Fig. 4g–i). The
co-expressed areas of NDRG2 and GFAP were mainly in the oli-
vary nucleus of the medulla oblongata (Fig. 4j–l); the PCL (Purkinje
cell layer) and ICL (internal granular layer) region of the cerebel-
lum (Fig. 4m–o); and a few in the VZ/SVZ region of the ventricles
(Fig. 4p–r). These results suggest that NDRG2 is mainly expressed
in neurons and astrocytes in the human fetal brain regions.
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Fig. 4. Double immunofluorescence analysis of NDRG2 and NeuN or GFAP in the indicated human fetal brain regions at 28 GWs. Tissue sections were stained with anti-NDRG2
(green)  and anti-NeuN or GFAP (red) antibodies. (a–i) NDRG2 expression was detected in neurons of the MdO, Cbl and VZ/SVZ. (a–c) NDRG2 expression was  detected in
larger  neurons of the olivary nucleus (arrows) of the MdO. (d–f) NDRG2 expression was detected in neurons of the IGL (arrows) and PCL (arrowheads) of the Cbl, A few was
detected in the EGL-external germinal layer. (g–i) NDRG2 expression was  detected in neurons (arrowheads) of the VZ/SVZ. (j–r) NDRG2 expression was detected in astrocytes
(arrows)  of the MdO  (j–l), Cbl (m–o) and VZ/SVZ (p–r). MdO, medulla oblongata; MeE, mesencephalon; Cbl, cerebellum; Fr, frontal lobe; VZ, ventricular; SVZ, subventricular
zone;  IGL, internal granular layer; PCL, Purkinje cell layer. Bars = 50 �m.
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. Discussion

The NDRG family of proteins consists of 4 members, NDRG1-
, which all appear to play the fundamental roles in diverse
ell processes such as proliferation, differentiation, and stress
esponse (Lin et al., 2015). The NDRG proteins are well con-
erved through evolution, and recent studies have shown that they
re not only involved in development, immunity, and endocrine
ignaling, but also associated with neurological and electrophysi-
logical diseases (Kokame et al., 1996; Lin et al., 2015). However,
heir exact function remains unclear and requires further explo-
ation.

A recent study has explored NDRG2 is expressed in nor-
al  human tissues (Deng et al., 2003; Okuda et al., 2004)

y immunohistochemistry, and found that the protein may  be
nvolved in maintaining a variety of cell types (Deng et al.,
001). Mitchelmore et al. (2004) demonstrated that the NDRG2
ene is associated with disease pathogenesis of several diseases
nvolving the human brain, including glioblastoma, depression,
nd Alzheimer’s disease. Further, Choi et al. assessed NDRG2
xpression and regulation during dendritic cell differentiation
Malette et al., 2003). The latter study showed that NDRG2
s expressed in human monocyte-derived dendritic cells, with
xpression differentially regulated by maturation-inducing stim-
li. Recent studies also suggested that the NDRG2 protein is
idely expressed throughout the adult mouse brain, particularly

n the midbrain, cerebellum, and bridge. Okuda et al. showed
hat NDRG2 mRNA is expressed in the VZ throughout the CNS
uring mouse brain embryonic development (Choi et al., 2003;
alette et al., 2003); however, gene expression in the brain at

ifferent gestational ages was not explored. A few studies have
valuated NDRG2 protein expression in human embryonic brain
issues.

This study assessed NDRG2 protein expression in the embry-
nic human tissues. To the best of our knowledge, this is the
rst study to describe the localization of the NDRG2 protein in
mbryonic brain tissues. We  detected the expression of NDRG2
n human fetal brain at different time points by RT-PCR, west-
rn blot at mRNA and protein levels. Our results showed that
he expression of NDRG2 was spatially diverse. The expression
f NDRG2 is widespread in the functional areas of human fetal
rain, especially in the VZ/SVZ where the neurogenesis occurs.
DRG2 may  be expressed in neural precursor cells and astro-
ytes in humans at embryonic stages. We  found that NDRG2
xpression was dynamic during human embryo development, and
enerally low in early stages of development, while markedly
ncreasing in later stages. NDRG2 expression was increased with
estational age; it was higher in the VZ/SVZ. These data suggest
hat this protein may  be involved in the developmental processes
elated to cell proliferation and differentiation. The immunohis-
ochemical and immunofluorescence results still showed that the
xpression of NDRG2 was located in the Purkinje cell layer and
he inner granular layer of cerebellum, and the olivary nucleus
f medulla oblongata. Granulosa cells in cerebellum are mainly
xcitatory neurons of glutamate (Llinas et al., 2004), and there
re many motor neurons in the anterior horn of the medulla
blongata (Fitzpatrick, 2001). These findings suggest that NDRG2
ay  be associated with motor neuron development and neuronal

rowth.
The current data contribute to the understanding of possible

unctional roles of NDRG2 and how its expression may  be regu-
ated in human brain development. However, additional studies

re required to clarify the specific function of NDRG 2 in neurode-
elopment.
my 221 (2019) 148–155

5. Conclusion

Overall, we assessed NDRG2 expression levels in brain sam-
ple slices human embryos at different gestational ages by RT-PCR,
western blot and immunohistochemical methods. NDRG2 was
expressed in various brain regions, including the VZ, SVZ, mes-
encephalon, frontal lobe, cerebellum, medulla oblongata and
hippocampus. Importantly, this study described the spatiotempo-
ral expression of the NDRG2 protein in human embryonic brain
tissues for the first time. These results suggest that NDRG2 expres-
sion is dynamic during human embryogenesis. These findings
suggest that NDRG2 may  play important roles in growth and mat-
uration of the CNS.

Acknowledgments

The authors thank Ms.  Dong-Yun Feng and Mr.  Yi-Ling Zhao for
technical assistance. The study was supported by grants from the
Outstanding Leaders Training Program of Pudong Health Bureau of
Shanghai (No. PWR12015-06), the Program of Pudong Hospital (No.
2015YJ-04) and the Social Development Plan Foundation of Shan Xi
(No. 2011K12-33).

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at https://doi.org/10.1016/j.aanat.2018.09.010.

References

Boulkroun, S., Fay, M.,  Zennaro, M.C., Escoubet, B., Jaisser, F., Blot-Chabaud, M.,
Farman, N., Courtois-Coutry, N., 2002. Characterization of rat NDRG2 (N-Myc
downstream regulated gene 2), a novel early mineralocorticoid-specific induced
gene. J. Biol. Chem. 277, 31506–31515.

Burchfield, J.G., Lennard, A.J., Narasimhan, S., Hughes, W.E., Wasinger, V.C., Corthals,
G.L., Okuda, T., Kondoh, H., Biden, T.J., Schmitz-Peiffer, C., 2004. Akt mediates
insulin-stimulated phosphorylation of Ndrg2: evidence for cross-talk with pro-
tein kinase C theta. J. Biol. Chem. 279, 18623–18632.

Chen, W.Q., Hoeger, H., Diao, W.F., Pollak, A., Lubec, G., 2007. Mass spectrometrical
characterization of NDRG2 protein (N-myc-downstream regulated gene 2) and
description of two novel phosphorylation sites. Neurochem. Res. 32, 1969–1977.

Choi, S.C., Kim, K.D., Kim, J.T., Kim, J.W., Lee, H.G., Kim, J.M., Jang, Y.S., Yoon, D.Y., Kim,
K.I., Yang, Y., Cho, D.H., Lim, J.S., 2008. Expression of human NDRG2 by myeloid
dendritic cells inhibits down-regulation of activated leukocyte cell adhesion
molecule (ALCAM) and contributes to maintenance of T cell stimulatory activity.
J.  Leukocyte Biol. 83, 89–98.

Choi, S.C., Kim, K.D., Kim, J.T., Kim, J.W., Yoon, D.Y., Choe, Y.K., Chang, Y.S., Paik,
S.G., Lim, J.S., 2003. Expression and regulation of NDRG2 (N-myc downstream
regulated gene 2) during the differentiation of dendritic cells. FEBS Lett. 553,
413–418.

Deng, Y., Yao, L., Chau, L., Ng, S.S., Peng, Y., Liu, X., Au, W.S., Wang, J., Li, F., Ji, S., Han,
H.,  Nie, X., Li, Q., Kung, H.F., Leung, S.Y., Lin, M.C., 2003. N-Myc downstream-
regulated gene 2 (NDRG2) inhibits glioblastoma cell proliferation. Int. J. Cancer
106, 342–347.

Deng, Y.C., Yao, L.B., Liu, X.P., Nie, X.Y., Wang, J.C., Zhang, X.G., Su, C.Z., 2001. Exploring
a  new gene containing ACP like domain in human brain and expression it in
E.  coli. Prog. Biochem. Biophys. 28, 72–76.

Deng, Y.L., Ma, Y.L., Zhang, Z.L., Zhang, L.X., Guo, H., Qin, P., Hou, Y.S., Gao, Z.J.,
Hou, W.G., 2018. Astrocytic N-Myc downstream-regulated gene-2 is involved in
nuclear transcription factor kappaB-mediated inflammation induced by global
cerebral ischemia. Anesthesiology 128, 574–586.

Fitzpatrick, D., et al., 2001. Lower motor neuron circuits and motor control: overview.
In: Purves, D., Augustine, G.J., Fitzpatrick, D. (Eds.), Neuroscience. , Retrieved
from https://www.ncbi.nlm.nih.gov/books/NBK10979/.

Flugge, G., Araya-Callis, C., Garea-Rodriguez, E., Stadelmann-Nessler, C., Fuchs, E.,
2014. NDRG2 as a marker protein for brain astrocytes. Cell Tissue Res. 357,
31–41.

Gao, L., Li, X., Li, H., Li, X., Li, J., Shen, H., Chen, G., 2018. Spatial-temporal expression
of  NDRG2 in brain tissues in a rat model of intracerebral hemorrhage: a pilot
study. Neurosci. Lett. 662, 356–360.

Hou, W.G., Zhao, Y., Shen, L., Zhao, J., Liu, X.W., Li, Z., Liu, X.P., Yao, L.B., Zhang, Y.Q.,

2009. Differential expression of N-Myc downstream regulated gene 2 (NDRG2)
in the rat testis during postnatal development. Cell Tissue Res. 337, 257–267.

Hu, W.,  Yang, Y., Fan, C., Ma,  Z., Deng, C., Li, T., Lv, J., Yao, W.,  Gao, J., 2016. Clinical
and pathological significance of N-Myc downstream-regulated gene 2 (NDRG2)
in  diverse human cancers. Apoptosis 21, 675–682.

https://doi.org/10.1016/j.aanat.2018.09.010
https://doi.org/10.1016/j.aanat.2018.09.010
https://doi.org/10.1016/j.aanat.2018.09.010
https://doi.org/10.1016/j.aanat.2018.09.010
https://doi.org/10.1016/j.aanat.2018.09.010
https://doi.org/10.1016/j.aanat.2018.09.010
https://doi.org/10.1016/j.aanat.2018.09.010
https://doi.org/10.1016/j.aanat.2018.09.010
https://doi.org/10.1016/j.aanat.2018.09.010
https://doi.org/10.1016/j.aanat.2018.09.010
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0005
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0005
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0005
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0005
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0005
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0005
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0005
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0005
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0005
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0005
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0005
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0005
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0005
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0005
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0005
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0005
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0005
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0005
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0005
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0005
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0005
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0005
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0010
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0010
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0010
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0010
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0010
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0010
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0010
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0010
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0010
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0010
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0010
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0010
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0010
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0010
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0010
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0010
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0010
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0010
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0010
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0010
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0010
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0010
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0015
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0015
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0015
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0015
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0015
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0015
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0015
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0015
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0015
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0015
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0015
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0015
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0015
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0015
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0015
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0015
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0015
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0015
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0015
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0015
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0015
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0015
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0015
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0020
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0020
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0020
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0020
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0020
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0020
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0020
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0020
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0020
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0020
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0020
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0020
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0020
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0020
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0020
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0020
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0020
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0020
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0020
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0020
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0020
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0020
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0020
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0020
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0020
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0020
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0020
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0020
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0020
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0020
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0020
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0020
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0020
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0030
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0030
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0030
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0030
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0030
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0030
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0030
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0030
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0030
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0030
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0030
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0030
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0030
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0030
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0030
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0030
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0030
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0040
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0040
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0040
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0040
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0040
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0040
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0040
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0040
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0040
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0040
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0040
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0040
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0040
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0040
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0040
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0040
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0040
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0040
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0040
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0040
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0040
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0040
https://www.ncbi.nlm.nih.gov/books/NBK10979/
https://www.ncbi.nlm.nih.gov/books/NBK10979/
https://www.ncbi.nlm.nih.gov/books/NBK10979/
https://www.ncbi.nlm.nih.gov/books/NBK10979/
https://www.ncbi.nlm.nih.gov/books/NBK10979/
https://www.ncbi.nlm.nih.gov/books/NBK10979/
https://www.ncbi.nlm.nih.gov/books/NBK10979/
https://www.ncbi.nlm.nih.gov/books/NBK10979/
https://www.ncbi.nlm.nih.gov/books/NBK10979/
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0050
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0050
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0050
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0050
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0050
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0050
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0050
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0050
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0050
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0050
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0050
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0050
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0050
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0050
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0050
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0055
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0055
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0055
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0055
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0055
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0055
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0055
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0055
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0055
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0055
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0055
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0055
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0055
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0055
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0055
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0055
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0055
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0055
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0055
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0055
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0055
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0055
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0055
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0060
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0060
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0060
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0060
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0060
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0060
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0060
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0060
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0060
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0060
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0060
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0060
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0060
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0060
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0060
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0060
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0060
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0060
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0060
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0060
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0060
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0060
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0060
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0065


Anato

H

H

I

K

L

L

L

L

L

L

L

M

M

M

Wang, F., Gao, Z., Li, X., Li, Y., Li, X., Zhong, H., Xu, N., Cao, F., Wang, Q., Xiong,
L., 2013. NDRG2 is involved in anti-apoptosis induced by electroacupuncture
pretreatment after focal cerebral ischemia in rats. Neurol. Res. 35, 406–414.

Yao, L., Zhang, J., Liu, X., 2008. NDRG2: a Myc-repressed gene involved in cancer and
cell stress. Acta Biochim. Biophys. Sin. 40, 625–635.
P.-P. Jin et al. / Annals of 

u, X.L., Liu, X.P., Deng, Y.C., Lin, S.X., Wu,  L., Zhang, J., Wang, L.F., Wang, X.B., Li, X.,
Shen, L., Zhang, Y.Q., Yao, L.B., 2006a. Expression analysis of the NDRG2 gene in
mouse embryonic and adult tissues. Cell Tissue Res. 325, 67–76.

u, X.L., Yao, L.B., Zhang, Y.Q., Deng, Y.C., Liu, X.P., 2006b. Distribution characteristic
of  NDRG2 expression in human fetal tissues. Sheng Li Xue Bao 58, 331–336.

chikawa, T., Nakahata, S., Tamura, T., Manachai, N., Morishita, K., 2015. The loss of
NDRG2 expression improves depressive behavior through increased phospho-
rylation of GSK3beta. Cell. Signal. 27, 2087–2098.

okame, K., Kato, H., Miyata, T., 1996. Homocysteine-respondent genes in vascular
endothelial cells identified by differential display analysis. GRP78/BiP and novel
genes. J. Biol. Chem. 271, 29659–29665.

e, T.M., Takarada-Iemata, M.,  Ta, H.M., Roboon, J., Ishii, H., Tamatani, T., Kitao, Y.,
Hattori, T., Hori, O., 2018. Ndrg2 deficiency ameliorates neurodegeneration in
experimental autoimmune encephalomyelitis. J. Neurochem. 145, 139–153.

i, L., Qin, X., Shi, M.,  Miao, R., Wang, L., Liu, X., Yao, L., Deng, Y., 2012. Regulation of
histone acetylation by NDRG2 in glioma cells. J. Neuro Oncol. 106, 485–492.

i, L., Wang, J., Shen, X., Wang, L., Li, X., Liu, Y., Shi, M.,  Zhao, G., Deng, Y., 2011.
Expression and prognostic value of NDRG2 in human astrocytomas. J. Neurol.
Sci. 308, 77–82.

i, Y., Yin, A., Sun, X., Zhang, M.,  Zhang, J., Wang, P., Xie, R., Li, W.,  Fan, Z., Zhu, Y., Wang,
H.,  Dong, H., Wu,  S., Xiong, L., 2017. Deficiency of tumor suppressor NDRG2 leads
to  attention deficit and hyperactive behavior. J. Clin. Investig. 127, 4270–4284.

in, K., Yin, A., Yao, L., Li, Y., 2015. N-myc downstream-regulated gene 2 in the ner-
vous system: from expression pattern to function. Acta Biochim. Biophys. Sin.
47,  761–766.

iu, L., Shi, M.,  Wang, L., Hou, S., Wu,  Z., Zhao, G., Deng, Y., 2012. Ndrg2 expression
in  neurogenic germinal zones of embryonic and postnatal mouse brain. J. Mol.
Histol. 43, 27–35.

linas, R.R., Walton, K.D., Lang, E.J., 2004. Ch. 7 cerebellum. In: Shepherd, G.M. (Ed.),
The  Synaptic Organization of the Brain. Oxford University Press, New York, ISBN
0-19-515955-1.

a,  Y.L., Zhang, L.X., Liu, G.L., Fan, Y., Peng, Y., Hou, W.G., 2017. N-Myc downstream-
regulated Gene 2 (Ndrg2) is involved in ischemia-hypoxia-induced astrocyte
apoptosis: a novel target for stroke therapy. Mol. Neurobiol. 54, 3286–3299.

alette, B., Cherry, E., Lagace, M.,  Bernard, M.,  Gosselin, D., Hugo, P., Shazand,
K.,  2003. Large scale validation of human N-myc downstream-regulated gene
(NDRG)-1 expression in endometrium during the menstrual cycle. Mol. Hum.

Reprod. 9, 671–679.

atschke, V., Theiss, C., Hollmann, M.,  Schulze-Bahr, E., Lang, F., Seebohm, G., Strutz-
Seebohm, N., 2015. NDRG2 phosphorylation provides negative feedback for
SGK1-dependent regulation of a kainate receptor in astrocytes. Front. Cell. Neu-
rosci. 9, 387.
my 221 (2019) 148–155 155

Melotte, V., Qu, X., Ongenaert, M.,  van Criekinge, W.,  de Bruine, A.P., Baldwin, H.S.,
van Engeland, M.,  2010. The N-myc downstream regulated gene (NDRG) family:
diverse functions, multiple applications. FASEB J. 24, 4153–4166.

Mitchelmore, C., Buchmann-Moller, S., Rask, L., West, M.J., Troncoso, J.C., Jensen,
N.A.,  2004. NDRG2: a novel Alzheimer’s disease associated protein. Neurobiol.
Dis. 16, 48–58.

Murray, J.T., Campbell, D.G., Morrice, N., Auld, G.C., Shpiro, N., Marquez, R., Peggie,
M.,  Bain, J., Bloomberg, G.B., Grahammer, F., Lang, F., Wulff, P., Kuhl, D., Cohen, P.,
2004. Exploitation of KESTREL to identify NDRG family members as physiological
substrates for SGK1 and GSK3. Biochem. J. 384, 477–488.

Okuda, T., Higashi, Y., Kokame, K., Tanaka, C., Kondoh, H., Miyata, T., 2004. Ndrg1-
deficient mice exhibit a progressive demyelinating disorder of peripheral nerves.
Mol. Cell. Biol. 24, 3949–3956.

Okuda, T., Kokame, K., Miyata, T., 2008. Differential expression patterns of NDRG
family proteins in the central nervous system. J. Histochem. Cytochem. 56,
175–182.

Pourquie, O., 2011. Vertebrate segmentation: from cyclic gene networks to scoliosis.
Cell 145, 650–663.

Rong, X.F., Sun, Y.N., Liu, D.M., Yin, H.J., Peng, Y., Xu, S.F., Wang, L., Wang, X.L., 2017.
The pathological roles of NDRG2 in Alzheimer’s disease, a study using animal
models and APPwt-overexpressed cells. CNS Neurosci. Ther. 23, 667–679.

Sun, Z., Shen, L., Sun, X., Tong, G., Sun, D., Han, T., Yang, G., Zhang, J., Cao, F., Yao, L.,
Wang, H., 2011. Variation of NDRG2 and c-Myc expression in rat heart during
the acute stage of ischemia/reperfusion injury. Histochem. Cell Biol. 135, 27–35.

Takarada-Iemata, M.,  Yoshikawa, A., Ta, H.M., Okitani, N., Nishiuchi, T., Aida, Y.,
Kamide, T., Hattori, T., Ishii, H., Tamatani, T., Le, T.M., Roboon, J., Kitao, Y.,
Matsuyama, T., Nakada, M.,  Hori, O., 2018. N-myc downstream-regulated gene
2  protects blood-brain barrier integrity following cerebral ischemia. Glia 66,
1432–1446.

http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0070
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0070
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0070
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0070
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0070
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0070
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0070
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0070
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0070
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0070
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0070
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0070
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0070
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0070
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0070
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0070
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0070
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0070
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0070
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0075
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0075
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0075
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0075
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0075
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0075
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0075
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0075
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0075
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0075
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0075
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0075
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0075
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0075
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0075
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0075
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0075
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0080
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0080
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0080
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0080
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0080
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0080
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0080
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0080
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0080
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0080
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0080
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0080
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0080
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0080
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0080
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0080
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0080
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0080
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0080
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0080
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0085
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0085
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0085
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0085
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0085
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0085
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0085
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0085
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0085
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0085
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0085
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0085
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0085
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0085
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0085
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0085
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0085
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0085
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0085
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0085
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0085
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0085
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0090
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0090
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0090
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0090
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0090
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0090
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0090
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0090
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0090
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0090
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0090
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0090
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0090
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0090
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0095
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0095
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0095
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0095
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0095
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0095
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0095
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0095
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0095
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0095
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0095
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0095
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0095
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0095
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0095
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0095
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0100
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0100
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0100
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0100
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0100
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0100
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0100
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0100
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0100
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0100
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0100
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0100
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0100
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0100
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0100
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0100
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0105
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0105
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0105
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0105
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0105
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0105
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0105
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0105
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0105
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0105
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0105
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0105
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0105
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0105
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0105
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0105
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0105
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0105
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0105
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0110
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0110
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0110
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0110
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0110
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0110
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0110
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0110
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0110
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0110
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0110
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0110
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0110
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0110
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0110
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0110
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0110
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0110
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0110
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0110
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0110
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0110
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0115
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0115
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0115
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0115
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0115
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0115
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0115
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0115
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0115
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0115
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0115
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0115
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0115
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0115
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0115
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0115
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0115
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0115
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0115
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0130
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0130
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0130
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0130
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0130
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0130
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0130
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0130
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0130
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0130
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0130
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0130
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0130
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0130
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0130
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0130
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0130
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0130
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0130
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0130
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0130
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0130
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0130
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0135
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0135
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0135
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0135
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0135
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0135
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0135
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0135
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0135
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0135
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0135
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0135
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0135
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0135
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0135
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0135
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0135
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0135
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0135
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0135
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0140
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0140
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0140
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0140
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0140
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0140
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0140
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0140
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0140
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0140
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0140
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0140
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0140
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0140
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0140
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0140
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0140
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0145
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0145
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0145
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0145
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0145
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0145
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0145
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0145
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0145
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0145
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0145
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0145
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0145
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0150
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0150
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0150
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0150
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0150
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0150
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0150
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0150
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0150
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0150
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0150
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0150
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0150
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0150
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0150
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0150
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0150
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0150
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0150
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0150
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0150
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0155
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0155
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0155
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0155
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0155
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0155
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0155
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0155
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0155
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0155
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0155
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0155
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0155
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0155
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0155
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0155
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0155
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0155
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0160
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0160
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0160
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0160
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0160
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0160
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0160
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0160
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0160
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0160
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0160
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0160
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0160
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0160
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0160
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0160
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0160
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0160
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0160
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0165
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0165
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0165
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0165
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0165
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0165
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0165
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0165
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0165
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0165
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0165
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0165
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0165
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0170
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0170
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0170
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0170
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0170
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0170
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0170
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0170
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0170
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0170
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0170
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0170
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0170
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0170
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0170
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0170
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0170
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0170
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0170
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0170
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0170
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0170
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0170
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0175
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0175
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0175
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0175
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0175
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0175
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0175
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0175
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0175
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0175
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0175
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0175
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0175
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0175
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0175
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0175
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0175
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0175
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0175
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0175
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0175
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0175
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0175
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0180
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0180
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0180
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0180
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0180
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0180
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0180
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0180
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0180
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0180
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0180
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0180
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0180
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0180
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0180
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0180
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0185
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0185
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0185
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0185
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0185
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0185
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0185
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0185
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0185
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0185
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0185
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0185
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0185
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0185
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0185
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0185
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0185
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0185
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0185
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0185
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0185
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0190
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0190
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0190
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0190
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0190
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0190
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0190
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0190
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0190
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0190
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0190
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0190
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0190
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0190
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0190
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0190
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0190
http://refhub.elsevier.com/S0940-9602(18)30130-4/sbref0190

	Spatiotemporal expression of NDRG2 in the human fetal brain
	1 Introduction
	2 Materials and methods
	2.1 Embryo collection and tissue preparation
	2.2 RT-PCR
	2.3 Western blot analysis
	2.4 Immunohistochemistry
	2.5 Immunofluorescence assay
	2.6 Statistical analysis

	3 Results
	3.1 NDRG2 mRNA was detected in the human fetal brain regions and increased with gestational maturation
	3.2 Spatial-temporal expression patterns of NDRG2 protein in the human fetal brain regions
	3.3 NDRG2 was mainly expressed in neurons and astrocytes in the human fetal brain regions

	4 Discussion
	5 Conclusion
	Acknowledgments
	Appendix A Supplementary data
	References


