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Abstract

AIM: To determine the role for the intermediate fila-
ment protein nestin in glioma invasion.

METHODS: We examined the expression and function
of nestin in gliomas (Grades II-IV as defined by the
World Health Organization). We determined nestin
expression using Immunohistochemical methods. To
elucidate nestin’s biological function(s), we reduced
mRNA levels by 61% and 87% in two glioblastoma-
derived neurosphere lines using short hairpin RNAs and
determined the effect of reduced nestin expression on
glioma cell proliferation and invasion using MTS and
matrigel migration assays, respectively. We also utilized
quantitative real time polymerase chain reaction assays
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to determine the effect of reduced nestin expression on
the expression of other markers associated with glioma
stem cells and their differentiated progenies.

RESULTS: We found a significant correlation between
nestin immunoreactivity and astrocytoma tumor grade,
with 36% of grade II, 75% of grade III, and 100% of
grade IV tumors expressing significant levels of the
protein when assessed using immunohistochemistry.
Reduction in nestin expression had no effect on cell
growth in culture, but did retard the capacity of one
line to migrate /n-vitro on matrigel. Interestingly, in the
line whose migration was not affected, mRNA levels of
a second intermediate filament, synemin (also knowns
as desmuslin), were elevated following introduction of
shRNA targeting nestin. As synemin was not induced
in the line which required nestin for migration, it is a
possibility that synemin may compensate for the loss of
nestin in this process.

CONCLUSION: Nestin expression is prominent in
high-grade astrocytomas. Nestin is not required for cell
growth but it may, however, be required for cell motility.

Key words: Nestin; Stem cells; Migration; Glioma; Neuro-
sphere

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Despite its common use as a marker of poorly
differentiated stem and progenitor cells, the functional
role of nestin in hormal and neoplastic cells is poorly
understood. Here we show that in gliomas, there is a
significant positive correlation between nestin protein
expression and increasing pathological grade. However,
when nestin expression was inhibited, we found no
significant effects on cell growth, expression of stem-
cell markers, and the ability to initiate intracranial
xenografts. Our data suggest that the functional role of
nestin is limited, even though the migratory potential of
some glioblastoma neurospheres is reduced by nestin
knockdown.

Lin A, Marchionni L, Sosnowski J, Berman D, Eberhart CG,
Bar EE. Role of nestin in glioma invasion. World J Transl
Med 2015; 4(3): 78-87 Available from: URL: http://www.
wjgnet.com/2220-6132/full/v4/i3/78.htm DOI: http://dx.doi.
org/10.5528/wjtm.v4.i3.78

INTRODUCTION

Glioblastoma is the most common malignant primary
brain tumor in adults. Despite some therapeutic ad-
vances in recent years, the prognosis for patients with
glioblastoma remains dismal, and most patients die
within 2 years of diagnosis. Several reports have sug-
gested that the inability to cure glioblastoma is due
to persistence of cancer stem cells, which have been

JBaishideng® W]TM I WWWW] gnet.COm

79

Lin A et a/. Role of nestin in glioblastoma

shown to sustain the growth of many human tumors
(reviewed in'). Cancer stem cells in brain tumors
are thought to share many characteristics with other
neural stem cells. For example, they contain proteins
preferentially expressed in neural stem and progenitor
cells such as CD133", OLIG2™ and nestin™’!. The
origin of stem-like cells in glioblastoma and other brain
tumors is not yet clear, but they may arise from non-
neoplastic adult stem cells, or from better-differentiated
cells which reacquire stem-like properties via mutations
and/or epigenetic modifications..

Nestin is a class VI intermediate filament protein'®,
normally expressed in neuroepithelial stem and
progenitor cells of the developing mammalian central
nervous system (CNS). It is also expressed in adult
neural stem cells lining the ventricular system of the
subventricular zone and the dentate gyrus of the
hippocampus, but in differentiated adult cells nestin
is replaced by other intermediate filaments such as
neurofilaments and glial-fibrillary-acidic-protein (GFAP)™.
Re-expression of nestin in the adult CNS usually accom-
panies pathological conditions such as brain injury,
ischemia, inflammation, or neoplastic transformation,
and its presence in these processes may indicate a role
in reactive and/or regenerative processes!”.

Nestin expression has been found in many types
of brain tumors®®*, However, its functional role in
tumor formation, proliferation, and migration is still not
well understood. Recently, nestin has been shown to
be required for prostate cancer cell migration in-vitro
and in-vivo™™. In the present study, we investigate
the expression of nestin in astrocytic tumors and its
functional role in glioblastoma. The latter experiments
were performed in glioblastoma neurosphere lines
containing stem-like cancer cells. Our results suggest
that nestin is not required for proliferation in-vitro or
engraftment in-vivo, but that it may be required for in-
vitro migration in some glioblastoma cell lines.

MATERIALS AND METHODS

Clinical specimens and neurosphere lines

The tissue microarray, containing four 0.6mm cores
per tumor from a number of grade II fibrillary astro-
cytomas, grade IIl anaplastic astrocytomas, and
grade IV glioblastoma multiforme, was created as
previously described using samples obtained from the
Department of Pathology, Johns Hopkins University
School of Medicine, with Institutional Review Board
approval™. A minimum of two of the four tissue cores
had to be evaluable, and contain at least 10% nestin-
immunopositive tumor cells, for a case to be scored as
a positive. The glioblastoma neurosphere lines HSR-
GBM1 and HSR040622, were a kind gift from Dr. Angelo
Vescovi and were maintained as previously described™.

Immunostaining
Slides were deparaffinized and endogenous peroxidase
activity was blocked by incubation in a hydrogen pero-
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xide/methanol buffer. Unless stated otherwise, all of
the following incubation steps were carried out at room
temperature. First, antigen retrieval was performed by
incubation of the slides in 10 mmol/L citrate buffer (pH
6.0) at 90 C for 20 min. Incubation with the primary
mouse anti-nestin antibody (1:5000; Chemicon,
Billerica, MA) for 60 min was preceded by blocking with
serum-free Protein Block (Dako Cytomation, Carpinteria,
CA) for 20 min. Negative controls were performed
by substitution of PBS for the primary antibody. After
washing in PBS, HRP-conjugated anti-mouse IgG
(1:500; Dako Cytomation) was applied to the slides
for 30 min. For tyramide-based signal amplification
the slides were subsequently treated using the TSA
Biotin System according to the manufacturer’s protocol
(PerkinElmer Life Sciences, Waltham, MA). Finally, slides
were incubated for 8 min with a DAB solution (Sigma,
St. Louis, MO), counterstained with hematoxylin,
dehydrated, cleared, and mounted.

For immunocytochemistry, neurospheres were spun
onto Superfrost plus slides (Fisher Scientific, Pittsburgh,
PA) using a Shandon Cytospin3 (Thermo Shandon,
Waltham, MA) for 5 min at 1500 rpm. Cells were then
washed once for 5 min with PBS and then fixed in
freshly prepared 4% para-formaldehyde (in PBS, pH 7.4)
at room temperature for 30 min. After three washes
with PBS for 5 min each, cells were permeabilized using
PBST (PBS + 0.2% Triton x 100) for 5 min. Blocking
was performed for 45 min at room temperature with
PBST containing 5% normal horse or goat serum.
The primary antibodies used were rabbit anti-Ki67
1:1000 (Novocastra Laboratories, United Kingdom),
and mouse anti-nestin MAB5326 1:2500 (Chemicon,
Temecula, CA). Nuclei were stained with DAPI (Pierce,
Rockford, IL) for 3 min in PBS. Quantitation of Ki-67
immunostaining was made by counting separately
the positively and negatively stained nuclei. At least
ten high-power fields containing a minimum of one
hundred cells each were counted per slide using a 63X
objective. Only moderate to strong staining intensity
was scored as positive. Ki-67 index was expressed as
the percentage of positively stained nuclei to all nuclei.

Lentivirus preparation and infection

Lentiviruses were generated essentially as previously
described™". Briefly, 5 ug of lentiviral vector (either
pSicoR or pSicoR/shNestin) and 2.5 ug of each
packaging vector were cotransfected in 293T cells
using the FUGENE 6 reagent (Roche Diagnostics,
Indianapolis, IN). Oligos targeting the human nestin
RNA sequence: 5" TGCTGTTGACAGTGAGCGCGG-
CTAGTCCCTGCCTGAATAATAGTGAAGCCACAGATGTA-
TTATTCAGGCAGGGACTAGCCATGCCTACTGCCTCG
GA-3’ (human nestin shRNA1). Twenty four hours after
transfection, growth medium was replaced with DMEM
containing 2% FBS. Supernatants were collected 48
h and 72 h post medium change, filtered through a
0.45-um filter, and used directly to infect neurospheres.
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One round of infection was usually sufficient to infect
enough cells for subsequent drug selection. Virus was
allowed to infect cells for 4 h and then the cells were
washed once with PBS and plated back into Neurocult
medium. Seventy-two hours later, positive cells were
selected in puromycin (5 pg/mL). Puromycin resistant
neurospheres were expanded for 3 wk before assayed
for nestin expression.

RNA extraction and quantitative real time poly-
merase chain reaction (RT-PCR). For RNA extraction
from cultured cells, 3.75 x 10’ cells were plated in
75 cm? tissue culture flasks each containing 10 mL of
NeuroCult medium (Stem Cell Technologies, Canada)
supplemented with hEGF and hFGF-b (Peprotech,
Rocky Hill, NJ). Cultures were grown in the presence
of 10 ng/mL puromycin (Sigma, St. Louis, MO) and
incubated for 5 d in a humidified incubator. Cells were
spun at 276 x g for 10 min followed by a rinse with ice-
cold PBS. Cell pellets were processed for RNA extraction
using the Qiagen RNeasy kits. Reverse transcription was
performed as previously described™*.

mMRNA levels were analyzed by RT-PCR analysis
performed in triplicate with SYBR Green reagents
(Applied Biosystems, Foster City, CA) according to
the manufacturer’s instructions on an I-Cycler IQ
real-time detection system (BioRad, Hercules, CA).
To minimize contaminating genomic DNA, a thirty
minutes on-column DNase step was included during
RNA extraction. The standard curve method was used
to determine expression levels, and all values were
normalized to actin. Oligo sequences were as follows:
Nestin forward: 5'CCAGGAGCCACTGAAGACTC;
nestin reverse: 5" CCTTTCCCAGGTTCTCTTCC; actin
beta forward: 5" CCCAGCACAATGAAGATCAAT; actin
beta reverse: 5" GATCCACACGGAGTACTTG. CD133
forward: 5° CATCCACAGATGCTCCTAAGG; CD133
reverse: 5" AAGAGAATGCCAATGGGTCCA; OLIG2
forward: 5 GGACAAGCTAGGAGGCAGTG; OLIG2
reverse: 5" ATGGCGATGTTGAGGTCGTG; GFAP forward:
5" AACTGAGGCACGAGCAAAGT,; GFAP reverse: 5’
GCAGTGCCCTGAAGATTAGC; MAP2 forward: 5’
CCATCTTGGTGCCGAGTGAG; MAP2 reverse: 5’
TGGGAGTCGCAGGAGATTTTG; vimentin forward: 5’
TACCGGAGACAGGTGCAGTCCCTCA; vimentin reverse:
5" TCACGAAGGTGACGAGCCATTTCCT; Synemin
transcript variants M/H (AJ310521.1, AJ310522.1,
respectively) forward: 5" ACAGGTGCTGGAGGATGTG;
Synemin transcript variants M/H reverse: 5" CGGATC-
GCCTCTACGTTACT; Synemin transcript variants M/H/L
(AJ310521.1, AJ310522.1, AJ697971.1, respectively)
forward: 5° GGCCTCAGTCTGGAGGTGG; Synemin
transcript variants M/H/L reverse: 5° CCCAGATCA-
CTATCTGTGGATTACT; To ensure that measurements
of gene expression changes reflected a direct effect
of nestin mRNA levels, we considered a significant
expression level change only in cases where un-infected
and scrambled control (shC) infected cells each showed
significant level change as compared with shNestin (shN)
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Nestin, 400 x

Figure 1 Nestin expression in gliomas. Diffuse astrocytomas (A) were generally either negative for nestin or contained rare positive cells (B). Endothelial cells
were also often nestin positive (C, arrow). Anaplastic astrocytomas (D) generally contained moderate to frequent numbers of strongly nestin positive cells (E, F).

Glioblastomas (G) were uniformly nestin positive (H, I).

infected cells.

MTS growth assays

Cells were plated in triplicates at 2500 cells in 96-well
culture plates and incubated in a humidified incubator
for a total period of seven days. MTS (Promega,
Madison, WI) reagent was added to selected wells on
the first, second, and seventh days before absorbance
was read at 490 nm. Fold change in cell mass was
calculated as the absorbance on day seven divided by
the absorbance on day one.

Spreading/migration assays on matrigel

Forty eight hours before plating neurospheres, single
cells were plated at a density of 3.75 x 10° cells/mL. To
prepare the matrigel substrate, 10 cm?® culture dishes
were coated with low growth factor containing matrigel
(BD biosciences, San Jose, CA) at a 1:100 dilution with
Neurocult medium and placed in a humidified incubator
over-night. The next day, plates were rinsed once with
PBS before neurosphere plating. Neurospheres were
plated at a very low density in which, on average, a
single neurosphere could be visualized per field. Most
neurospheres attached to the matrix one hour post
plating at which point the medium was replaced to
minimize continuous adhesion of any remaining floating
neurospheres. The position of 20-25 spheres was
noted on the bottom of the plate to allow monitoring of
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cell spreading over time. Sphere area was calculated
by multiplying the two longest perpendicular axes
extending from the two furthest cells in a sphere. Each
experiment was performed at least three times.

Statistical analysis

VassarStats software (http://faculty.vassar.edu/lowry/
VassarStats.html) was used for statistical analyses.
The significance of differences in nestin expression in
astrocytomas of varying grades was analyzed using
the Freeman-Halton extension of the Fisher exact
probability test for contingency tables.

Statement from biostatistician

Statistical analyses in this study were reviewed by Dr.
Luigi Marchionne, who is a trained biostatistician and a
co-author.

In-vivo xenografts

The animal protocol was designed to minimize pain
or discomfort to the animals. The animals were accli-
matized to laboratory conditions (23 °C, 12 h/12 h
light/dark, 50% humidity, at libitum access to food and
water) for at least two weeks before experimentation.
For xenograft studies, 1 x 10° viable cells were diluted
with fresh medium and injected over 10 min into
the right striatum of athymic (nu/nu) mice (Harlan,
Indianapolis, IN, http://www.harlan.com). Mice were
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Figure 2 Nestin expression knockdown has no effect on glioblastoma cell proliferation. Quantitative real time PCR and Western Blot analyses of Nestin mRNA
(A) and protein (B) expression in HSR-GBM1 and HSR040622 neurospheres confirming stable knockdown of nestin expression by short hairpin RNA. HSR-GBM1 (C1,
C2) and HSR040622 (C3, C4) immuno-staining confirms nestin protein reduction in shNestin (shN) infected cells (C2, C4). Quantification of Ki67 immunoreactivity

shown in D (°P < 0.01, two-sided ¢ tests). shC: Scrambled control.

monitored daily and sacrificed at the first indication
of tumor development (ataxia, seizure, lethargy,
or cachexia). Brains were surgically removed and
fixed immediately in formalin before submission for
histological analysis, as previously described™.

Animal care and use statement: Discomfort was
be minimized by the use of anesthesia during poten-
tially painful procedures (intracranial injections). The
anesthetic used was Ketamine-Xylazine in sterile
saline injected intraperitoneally in accordance with the
Institutional Animal Care and Use Committee.

RESULTS

Nestin expression correlates with astrocytoma grade

We assessed a total of 41 astrocytic tumors for nestin
immunoreactivity in tissue arrays containing evaluable
cores from 11 grade II fibrillary astrocytomas, 16
grade III anaplastic astrocytomas, and 14 grade IV glio-
blastoma (Figure 1). Immunoreactivity for nestin was
identified in all tumor types, with a positive correlation
between nestin immunoreactivity and increasing grade
of these infiltrating astrocytic tumors. A significant level
of nestin immunoreactivity, defined as 10% or more
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of tumor cells, was identified in 4/11 (36%) grade
II fibrillary astrocytoma (Figure 1A-C), 12/16 (75%)
grade III anaplastic astrocytoma (Figure 1D-F), and
14/14 (100%) grade 1V glioblastoma, (Figure 1G-I).
These differences were statistically significant (P <
0.001, Fisher exact test). Nestin immunoreactivity
was not exclusively observed in tumor cells, and was
also detected in reactive astrocytes, in microglial cells
adjacent to neoplastic elements, and in endothelial cells
(Figure 1C). We did not quantitate the percentage of
nestin-positive cells in each tumor, but there appeared
to be an increase in the extent of nestin immuno-
reactivity with increasing grade.

Nestin is not required for cell growth in-vitro

Proliferation and migration are important characteristics
of stem and progenitor cells in the developing brain, as
well as stem-like brain tumor cells™*®!, Both processes
may be influenced by cytoskeleton dynamics. To test
if nestin has a role in cellular proliferation, we stably
transduced two human glioblastoma neurosphere lines
with lentiviruses encoding short hairpin RNAs (shRNAs)
targeting either the nestin transcript (shNestin/shN)
or a nonspecific scrambled sequence (shC). Utilizing
this system, we achieved 87% and 61% reduction in
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Figure 3 Effect of nestin knockdown on proliferation and the expression
of stem cell and differentiation markers. A: HSR-GBM1 and HSR040622
cells stably expressing the lentivirus driven nestin shRNA show no significant
difference in cellular proliferation over a period of 6 d as compared with shC
(scrambled control) infected cells; B: In HSR-GBM1, lowered nestin levels has
no significant effect on mRNA levels of the neural stem-cell markers CD133
and OLIG2, while statistical significant reduction of mRNA levels of GFAP
(glial differentiation), MAP2 (neuronal differentiation), and the intermediate
filament Vimentin was observed. The expression of the L-transcript variant
of the intermediate filament synemin (syn) was significantly increased; C: In
HSR040622, reduced nestin levels had no effect on expression of any of the
tested genes mentioned above. It is important to note that the expression of the
intermediate filament Synemin was barely detected. (NS = not significant, °P <
0.05, °P < 0.01, °P < 0.001; all two sided ¢ test ). shC: Scrambled control; shN:
ShNestin.

nestin mMRNA levels in HSR-GBM1 and HSR040622,
respectively, as compared to shC expressing cells (Figure
2A and B). To further evaluate the effect of reduced
nestin mRNA, we examined the expression of nestin
protein on a single cell level. Immunocytochemistry
analysis confirmed that nestin protein was present
in the majority of cells of shC infected lines (Figure
2C1, C3) and in uninfected cells (data not shown).
Transduction with shN almost completely eliminated
detectable nestin staining in HSR-GBM1 (Figure 2C2).
In HSR040622, sporadic residual nestin positive cells
could be found (arrow in Figure 2C4). Despite the
dramatic reduction in nestin expression, we found no
reduction in proliferation of HSR-GBM1 cells, with 56%
and 80% Ki67 positive nuclei for shC and shN infected
cells, respectively (Figure 2D, top panel). Similar results
were observed for HSR040622 with 79% Ki67 positive
nuclei for both shC and shN infected cells, respectively
(Figure 2D, lower panel). To more directly test the
effect of nestin reduction on proliferation, we next
performed MTS assays which allow sensitive evaluation
of changes in viable cell mass over time. We found no
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significant differences between the growth rates of HSR-
GBM1 with high and low nestin levels, with 4.8 and
3.7 fold increases in cell mass for shC and shN infected
cells, respectively. Similar results were observed for
HSR040622, with 3.40 and 3.7 fold increases in total
cell mass for shC and shNestin infected cells (Figure
3A).

Nestin knockdown does not significantly alter
expression of stem cell markers

Nestin has been widely used as a marker of neural
stem cells. We therefore investigated the possibility that
nestin reduction may alter expression of other stem/
progenitor or differentiation markers within glioblastoma
derived neurospheres. We compared mRNA levels of the
neural stem/progenitor cell markers CD133 and OLIG2,
as well markers of glial (GFAP) and neuronal (MAP2)
differentiation. Levels of the intermediate filaments
vimentin and synemin were also measured, as changes
in their expression could potentially compensate at least
in part for nestin loss. The expression level of synemin
was analyzed using two different primer pairs. The first
(M/H) amplifies a product which corresponds to the M
and H synemin transcript variants, while the second
pair (“all”) amplifies a product which represents the M,
H, and L transcript variants. We found no significant
differences in the mRNA level of CD133, OLIG2, MAP2,
and vimentin in HSR040622 (Figure 3C). Interestingly,
HSR-GBM1 cells with reduced nestin also express
significantly lower levels of GFAP (56%, P < 0.01, two-
tailed t-test) and MAP2 (60%, P < 0.01, two tailed t-test)
(Figure 3B). In contrast, we observed an 80% increase
in the level of synemin when analyzed using primers
which anneal to its three transcript variants (M, H, and L;
P < 0.05, two-tailed t test), but no significant change in
level of the M and H transcript variants alone. We infer
from these observations that the increased levels of
synemin result from a significant increase in the level of
synemin L in HSR-GBM1 (Figure 3B).

Nestin is required for in-vitro motility of some
glioblastoma lines

Glioma cell motility plays a key role in tumor spread,
and in the current inability to cure patients with these
malignancies. It has been previously shown that nestin
is required for metastasis of the AT6.3 prostate cancer
line, suggesting it may be directly involved in cancer
cell migration**!. We therefore explored the possibility
that nestin may play a role in glioma cell migration
as well. Migration of HSR-GBM1 and HSR040622 was
examined in a two-dimensional neurosphere outgrowth
assay, which allowed migration from a small, defined
number of cells to be assessed over time (Figure 4A).
Glioma neurospheres were allowed to form over two
days in suspension and then plated onto matrigel-
coated plates. One hour after plating, neurospheres had
tightly bound, forming small colonies with an average
cross-sectional area of 196 ym?* for HSR-GBM1 and 236
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Figure 4 Effect of nestin knockdown on cell migration. A: Top, cartoon illustrating the experimental design (described in details in materials and methods). Bottom,
the two-dimensional area spread of a selected HSR-GBM1 sphere is shown; B: Two dimensional area spread analysis shown no significant difference in cell migration
for HSR-GBM1 (left) uninfected, shC, and shN infected cells. In contrast, a significant reduction in cell migration was observed for shN infected HSR040622 cells (right)
as compared with uninfected and shC infected cells (NS: Not significant, "P < 0.001; two sided ¢ test). shC: Scrambled control.

pm’ for HSR040622. The growth in cross-sectional area
of individual colonies was then measured over time.
Only limited cellular proliferation occurred over the
time course of the assay, and, as we found no change
in proliferation with reduced nestin levels, we believe
any differences in area are due to effects on migration.
Nestin knockdown dramatically reduced cell spreading
in HSR040622 cells (Figure 4B, right panel) from an
average area of 1.66 x 10’ um? for shC infected to
2.2 x 10° x 10° um” for shN infected cells (two tailed t
test; P < 0.0001). In contrast, we found no significant
decrease in migration for HSR-GBM1, with an average
area of 7.24 x 10° um’ for shC infected and 9.12 x 10°
um? for shNestin infected cells (Figure 4B, left panel).

Nestin is not required for intracranial xenograft growth
or in-vivo migration of tumor cells

An intracranial xenograft model was employed to
compare the tumorigenicity and migratory capacity of
HSR-GBM1 shC and shN infected cells. We injected 1 x
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10’ viable tumor cells into the right striatum of athymic
nude mice and monitored tumor formation for a period
of 16 wk. Xenografts formed in all animals injected
with either shC or shN infected HSR-GBM1 cells, but we
found no significant difference between these two lines
in terms of their in-vivo growth. Both forming large,
infiltrative tumors, resulting in death as early as 63 d
following injection. Immunostaining of these xenografts
confirmed that tumor cells maintained reduced nestin
expression over the relatively prolonged period of in-
vivo growth (Figure 5).

DISCUSSION

We examined nestin immunoreactivity in astrocytomas
of grades 1II to IV, and found a significant positive
correlation between protein expression and increasing
pathological grade. These results are similar to those
previously reported in gliomas by several other groups'.
Dahlstrand et al”!, showed higher nestin expression in
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Figure 5 Nestin is not required for xenograft engraftment in HSR-GBM1. Nestin immunostaining analysis of shC (A) and shN (B) infected HSR-GBM1 cells
engrafted into the striatum of athymic nude mice. No significant differences in cellular morphology or migration of tumor cells were apparent at the time the mice were
sacrificed. Similar phenotype was observed when uninfected cells were injected (not shown). In all experiments, mice survived for about 63 d post injection. shC:

Scrambled control.

malignant tumors such as glioblastoma when compared
to lower grade glial tumors. Ehrmann et al”’ reported
that in astrocytomas and malignant melanomas, nestin
expression could be used as an auxiliary indicator of
dedifferentiation and progression. Nestin expression
has also been detected in non-glial malignancies,
including hemangioblastomas', melanoma™®'?, basal
epithelial breast tumors®™”, prostate cancer™, and in
gastrointestinal stromal tumors®®". In many of these,
immunoreactivity correlated with increasing pathological
grade as well™*®'7?%] The fact that higher grade
tumors show increased nestin immunoreactivity
suggests that the percentage of cells with a stem/
progenitor phenotype may increase during tumor
progression. In addition, the fact that nestin expression
is associated with increasing grade in a very wide
variety of malignancies indicates that a better functional
understanding of this protein may lead to insights into
how tumors progress.

Despite its common use as a marker of poorly
differentiated stem and progenitor cells, the functional
role of nestin in normal and neoplastic cells is poorly
understood. It has recently been shown that nestin can
serve as a scaffold for a number of signal transduction
proteins, such as cdk5 and p35/45, thereby regulating
their function®®?®. Intermediate filaments function as
cytoskeletal scaffolds in the nucleus and cytoplasm™”
and may be involved in cellular migration and meta-
static potential®® . In addition, it has been shown
that nestin is required for migration and metastasis
of prostate cancer cells!". Such studies highlight the
need to examine potential functional roles of nestin, in
addition to using it as a marker of differentiation status.

We examined the requirement for ongoing nestin
expression in growth and migration of two glioblastoma-
derived neurosphere lines. Growth was not significantly
affected in either line when nestin levels were reduced
by 60% or more using shRNA. These findings indicate
that as in prostate cancer™, glial cells appear to grow
nicely with severely reduced nestin levels. It has been
suggested that nestin may be only one of several
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intermediate filaments involved in proliferation, and
therefore its loss may be compensated for by other
members of this large family of proteins™". Indeed, we
detected about a two fold-increase in synemin mRNA
levels following knockdown of nestin in HSR-GBM1,
although it appears that only the L transcript variant is
induced (Figure 3B).

We also examined the expression of several
mRNA expressed in either stem/progenitor or better
differentiated cells in lines with varying nestin levels.
Loss of nestin did not seem to alter expression of
CD133 or Olig2, although the glial marker GFAP and
the neuronal marker MAP2 were decreased somewhat
following nestin knockdown. The significance of this
latter observation is not clear, but the fact that CD133
and Olig2 levels were unchanged, and that cultures
could be passaged for over six months with low nestin
levels, strongly suggest that it is not required for the
maintenance of tumor-propagating stem-like cells.

Understanding the migration of glial tumor cells is
of fundamental importance if we are to eventually cure
malignant brain tumors. Our results suggest that nestin
may be required for such migration in-vitro in a subset
of tumors, as the spread of HSR040622 cells was almost
completely abolished in-vitro by nestin knockdown.
In contrast, the in-vitro spread of the second line
examined was unaffected by shRNA targeting nestin,
and these cells could still form invasive intracranial
xenografts despite prolonged reduction of nestin.
The molecular basis for the varying requirements of
glioblastoma neurosphere lines for nestin is not clear. It
is possible that the increase in synemin levels observed
in the HSR-GBM1 cells with nestin-targeting shRNA may
compensate for the reduced nestin levels, allowing cells
to migrate normally. Indeed, the intermediate filament
synemin has previously been shown to contribute to the
migratory properties of astrocytoma cells by influencing
the dynamics of the actin cytoskeleton®,

In summary, our studies support the concept that
nestin expression is a common feature of astrocytic
brain tumors, and that protein levels correlate with
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tumor grade. However, the functional role of nestin
appears to be limited, although the migratory potential
of some glioblastoma neurospheres is reduced by
nestin knockdown. Further studies will be needed to
fully understand the role of nestin in migration, and the
heterogeneity between different glioblastoma lines.

COMMENTS

Background

The challenges in curing glioblastoma have been partially attributed to the
persistence of cancer stem cells following treatment. This subpopulation of cells
have been shown to express proteins preferentially expressed in neural stem
and progenitor cells such as CD133, OLIG2, and nestin. Nestin is a class VI
intermediate filament protein, normally expressed in neuroepithelial stem and
progenitor cells of the developing mammalian central nervous system (CNS).
In this study, the authors focus on determining if nestin plays a functional role in
tumor formation, proliferation, and migration as this is still not well understood.

Research frontiers

Previous work has established that nestin is required for prostate cancer cell
migration in-vitro and in-vivo. In the present study, the authors investigate the
expression of nestin in astrocytic tumors and its functional role in glioblastoma.

Innovations and breakthroughs
This is the first study evaluating nestin’s role in tumor formation, proliferation,
and migration utilizing glioma stem cells.

Applications

The findings suggest that nestin may be involved in glioblastoma cell invasion
in some tumors. Inhibition of nestin expression and/or function may represent a
potential therapeutic approach to reduce or inhibit glioblastoma cell spreading
throughout the CNS.

Terminology
All terms used in this paper are described in the main text.

Peer-review
The relationship of nestin and glioma was well discussed in the paper.
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