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Introduction

SUMMARY

Background: Glioblastoma multiforme (GBM) is the most common and aggressive pri-
mary brain tumor with a dismal prognosis. Despite intensive study on tumor biology, the
underlying mechanisms of the unlimited proliferation and progressive local invasion are
still poorly understood, and no effective treatment has been developed for GBM patients.
Aims: We determine the role of TRPM7 channels in the growth, migration, and infiltration
of malignant glioma cells. Methods: Using a combination of RT-PCR, Western blot, and
patch-clamp techniques, we demonstrated the expression of functional TRPM7 channels of
A172 cells, a human glioma cell line, as well as in human glioma tissues. Furthermore, we
evaluated the role of TRPM7 in growth, migration, and infiltration of A172 cells with MTT
and transwell migration and invasion assays. Results: We showed the expression of func-
tional TRPM7 channels in both A172 cells and human glioma tissues. Suppression of
TRPM?7 expression with TRPM7-siRNA dramatically reduced the proliferation, migration,
and invasion of A172 cells. Pharmacological inhibition of TRPM7 channel with 2-amin-
oethoxydiphenyl borate (2-APB) showed a similar effect as TRPM7-siRNA. Conclusion:
We demonstrate that human glioma cells express functional TRPM7 channel and that acti-
vation of this channel plays an important role in the proliferation, migration, and invasion
of malignant glioma cells. TRPM7 channel may represent a novel and promising target for
therapeutic intervention of malignant glioma.

physiological and pathological processes [3-7]. TRPM7 has been
demonstrated to be implicated in important physiological pro-

Gliomas are the most common primary brain tumors of adults,
with an estimated 2.5% of all cancer deaths in the United States.
The most common and aggressive form of glioma is the glioblas-
toma multiforme (GBM). Despite decades of research on tumor
biology and treatment, GBMs continue to have a poor prognosis,
with a median survival of around 1 year after surgery followed by
adjuvant therapy. Therefore, it remains a high priority for
researchers and clinicians to discover new targets and therapeutic
strategies to increase the survival rate and improve the clinical
outcomes of GBMs [1]. Lines of evidence have suggested that ion
channels, the specialized membrane proteins that conduct ion
fluxes, are involved in the development of many diseases includ-
ing cancers [2].

TRP, a superfamily of cation-permeable channels, are widely
expressed in mammalian tissues. TRPM (Melestatin) subfamily,
including TRPM1-TRPMS, have profound influence on various
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cesses such as cellular magnesium homeostasis [8], neurotrans-
mitter release [9], and in pathological conditions such as cerebral
ischemia [7,10] and atrial fibrillation [11]. In addition, we demon-
strated in our previous studies that TRPM7 channels play an
important role in the growth and proliferation of human head and
neck tumor cells [12]. Later on, others have demonstrated that
TRPM7 channels also play an important role in breast tumor,
bladder and prostate cancer proliferation [13-15], as well as breast
cancer metastasis and pancreatic cancer cell migration [14,16-19].
However, whether TRPM7 channels are expressed in human gli-
oma cells and whether they play a role in glioma proliferation,
migration, and invasion remain unclear.

In this study, we determined the expression of functional
TRPM?7 channel in A172 cells, a human glioblastoma cell line, as
well as in human glioma tissues. We present, for the first time,
that TRPM7 channels regulate the proliferation of human glioma
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cells. More importantly, TRPM?7 is a critical determinant of migra-
tion and invasion of glioma cells. Together, our findings establish
TRPM?7 as a novel target to interdict proliferation, migration, and
invasion of human malignant glioma.

Materials and Methods
Cell Culture

A human glioblastoma cell line, A172, was obtained from Ameri-
can Type Culture Collection (ATCC, Manassas, VA, USA). Cells
were cultured in Dulbecco’s modified Eagle’s medium (DMEM,
Sigma, St. Louis, MO, USA) plus 10% fetal bovine serum, 50
units/mL penicillin, and 50 pg/mL streptomycin at 37°C with 5%
CO,. 2 x 10’ cells were plated in 35-mm dishes for 2-3 days for
electrophysiological recording, Western blotting, and reverse tran-
scription—polymerase chain reaction (RT-PCR) assays.

Isolation and Culture of Adult Glioma Cells from
Human Glioma Samples

The protocol for obtaining and using human brain tissues was
approved by IRB committee of Legacy Clinical Research Center.
Brain tissue samples were obtained with consent from three
patients undergoing craniotomies to remove brain tumors (glio-
blastoma multiforme). Brain tissues were digested enzymatically
and isolated as described previously [20]. Briefly, the tissues were
cut into small pieces, then digested with papain at 3.5 mg/mL and
further mechanically dissociated into a single-cell suspension as
described [20]. Cells were plated in 35-mm-diameter dish coated
with poly-L-ornithine at a density of 1 x 10° cells per dish and
cultured in Neurobasal A medium (Life Technologies, Grand
Island, NY, USA) supplemented with 2% of B27, 5 ng/mL FGF2
(Life Technologies), and 0.5 mM glutamine at 37°C with 5% CO,.
In general, cells were grown for 2-3 days before experimental
use.

Electrophysiology

Whole-cell patch-clamp recordings were performed as described
previously [21]. Data were acquired using an AXOPATCH 200B
amplifier with pCLAMP 8.1 software and were filtered at 2 kHz
and digitized at 5 kHz using Digidata 1322A (Axon Instruments,
Foster City, CA, USA). Unless otherwise specified, cells were volt-
age-clamped at —60 mV. Patch electrodes were constructed from
thin-walled borosilicate glass (1.5 mm diameter; WPI, Sarasota,
FL, USA) on a two-stage puller (PP83, Narishige, Tokyo, Japan).
Pipettes had a resistance of 2-4 M2 when filled with the intracel-
lular solution. Membrane capacitance was recorded for each cell
as a measure of cell size. For rapid changes of extracellular solu-
tions, a multibarrel perfusion system (SF-77, Warner Instruments,
Hamden, CT, USA) was used. All experiments were performed at
room temperature.

Western Blotting

Cells were lysed with lysis butfer containing 20 mM Tris-HCl, pH
8.0, 140 mM NacCl, 1% Triton X-100, 10% glycerol, I mM EGTA,
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1.5 mM MgCl,, 1 mM dithiothreitol, I mM phenylmethylsulfonyl
fluoride, and 5 pg/mL each of leupeptin, pepstatin A, and aproti-
nin. After centrifugation at 12,000 x g for 30 min (4°C), the super-
natant was collected for protein determination using Bradford
reagent (Bio-Rad Laboratories, Hercules, CA, USA). The samples
were resolved by 8% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis, and separated proteins were transferred to polyv-
inylidene difluoride membranes (Bio-Rad Laboratories) and identi-
fied by immunoblotting. Primary antibodies were diluted according
to manufacturer’s instruction, while secondary antibodies including
horseradish peroxidase (HRP)-conjugated anti-rabbit and anti-
mouse antibodies were obtained from cell signaling. Blots were
developed by an enhanced luminescence kit (Amersham, Piscat-
away, NJ, USA).

RT-PCR

Total RNAs were isolated from cells using RNeasy Mini kit
(Qiagen, Germantown, MD, USA). cDNA were synthesized from
isolated RNA using Oligo(dT)15 primer and SuperScript II cDNA
Synthesis kit (Invitrogen, Grand Island, NY, USA). The forward
and reverse primers were designed according to the human
TRPM7 gene sequence (GenBank accession number NM017672)
and the human glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) gene sequence (GenBank accession number M33197),
which was used as the internal control. TRPM7 primers were
5'-CCATACCATATTCTCCAAGGTTCC-3, and 5-CATTCCTCTTCA
GATCTGGAAGTT-3' and amplify a 399-bp fragment; GAPDH
primers were 5'-ATGCTGGTGCTGAGTATGTCGTG-3' and 5'-
TTACTCCTTGGAGGCCATGTAGG-3' and amplify a 743-bp frag-
ment. Negative control for PCR was performed by replacing cDNA
with ultra-pure water. RT-PCR amplification was performed using
a thermal cycler (MJ Mini, Bio-Rad laboratories). PCR was con-
ducted in a three-step 29-cycle reaction of 94°C for 30 second,
57°C for 15 second, and 72°C for 30 second using Advantage
cDNA polymerase mix (Clontech, Mountain View, CA, USA). PCR
products were separated by 1.5% agarose gel, visualized by stain-
ing with ethidium bromide.

RNA Interference

TRPM7 knockdown experiments were performed as described
previously [22,23]. Briefly, special siRNA-targeting nucleotides
406-426 of human TRPM7 (NM_017672) were synthesized from
Invitrogen. Cells were treated with 30 nM siRNA using transfec-
tion reagent LipofectamineTM RNAIMAX (Invitrogen) according
to the manufacturer’s instructions. Nontargeting siRNA (Invitro-
gen) was used as a negative control.

MTT Assay

Cell growth and viability was determined by 3-[4,5-dimethylthia-
zol-2-yl]-2,5-diphenyltetrazolium bromide (MTT) incorporation.
Cells were seeded in 96-well culture plates and treated with or
without siRNA or 2-APB for 48 h. MTT assay was performed
thereafter. Briefly, aseptically add MTT SOLUTION in an amount
equal to 10% of the culture volume, then return cultures to incu-
bator and incubate for 3-4 h at 37°C. After incubation period,
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remove the culture fluid. Add MTT SOLVENT in an amount equal
to the original culture volume. Plates should be read within 1 h
after adding MTT SOLVENT. Spectrophotometrically measure
absorbance at a wavelength of 570 nm. Subtract background
absorbance measured at 690 nm.

Migration and Invasion Assay

Transwell inserts with 8-pum pores in 12-well plates (Corning,
USA) were used for the migration and invasion assays as described
previously [24]. In the migration assay, control and treated cells at
5 x 10%/well were seeded into the upper chambers containing
DMEM with 1% FBS. The upper chambers were soaked in the
bottom chamber filled with 0.6 mL DMEM with 10% FBS. 24 h
after culture, cells on the upper side of the upper chambers were
removed with a cotton swap. The migrating cells on the lower side
of the upper chambers were fixed with 4% paraformaldehyde,
stained with 0.5% crystal violet in methanol, photographed, and
counted. The experiments were repeated at least three times. For
invasion assay, the upper chamber filters were precoated with
50 uL of Matrigel (1.25 mg/mL). Control and treated cells at
5 x 10°/well were seeded into the upper chambers containing
DMEM with 1% FBS. The bottom chambers were filled with
DMEM with 10% FBS. 24 h after culture, cells on the upper side
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of the upper chamber filters were removed. The invasion cells on
the lower side of the filters were fixed, stained, photographed, and
counted as described above. The experiments were repeated at
least three times.

To determine the role of TRPM7 in migration and invasion,
A172 cells were treated with 30 nM of TRPM7-siRNA or
100 uM of 2-APB as well as corresponding control or vehicle
for 48 h followed by serum-starvation for another 24 h. There-
after, the migration and invasion assays were conducted as
described above.

Solutions and Chemicals

Standard extracellular solution contained (in mM): 140 NaCl, 5.4
KCl, 2 CaCl, 1 MgCl,, 20 HEPES, 10 glucose (pH 7.4,
320-335 mOsm). For Ca?™ external solutions, CaCl, was
removed, and the osmolarity was adjusted with sucrose. Patch
electrodes contained (in mM): 140 Cs-methanesulphonate, 35
CsOH, 10 HEPES, 1 CaCl,, 11 EGTA, 2 TEA, (pH 7.25 adjusted
with CsOH, 290-300 mOsm). 2-Aminoethoxydiphenyl borate
(2-APB) was purchased from Calbiochem (San Diego, CA, USA).
Gadolinium chloride was purchased from Sigma. Monoclonal
antibody TRPM7 was purchased from Abcam (Cambridge, MA,
USA; cat:ab85016).

0 mM Ca?*

Figure 1 Activation of TRPM7-like currents in
A172 glioma cells. (A) Representative current
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showing the current-voltage relationship (I-V
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Holding potential was —60 mV. Summary data
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2-APB Wash

absence and presence of 100 pM 2-APB. The
current amplitude was inhibited by ~60% by
100 UM 2-APB (n = 7, **P < 0.01).
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Statistical Analysis

Data are expressed as mean £+ SE Student’s t-test and ANOVA
were performed for data analysis, and significant difference was
defined as P < 0.05.

Results
TRPM7-Like Currents in A172 Glioma Cells

We asked whether A172 human glioma cells express TRPM7
channels. A nondesensitized inward current was induced when
lowering extracellular Ca®* from 2 mM to various lower concen-
trations as indicated in A172 glioma cells (Figure 1A). The ampli-
tude of Ca?"-sensing inward currents correlated with decreases of
extracellular Ca®* concentration (Figure 1A). A detail dose—
response analysis showed that the inward currents were inhibited
by extracellular calcium with a half-maximal inhibitory concen-
tration (ICsg) of 0.18 + 0.05 mM (Figure 1A, n = 5). The cur-
rent-voltage (I-V) relationship of the TRPM7-like currents was
then generated by plotting the peak amplitude of the currents
against the holding potentials (Figure 1B). TRPM7 currents show
outward rectification in whole-cell recordings with a reversal
potential close to 0 mV, and this rectification is largely diminished
and became approximately linear when the extracellular divalent
cations were removed [10,25]. As shown in Figure 1B, the

TRPM7 in Glioma

Ca?*-sensing currents in A172 cells has a near linear I-V relation-
ship with a reversal potential at ~0 mV (n = 6). Together, these
electrophysiological studies provide strong evidence that A172
human glioma cells express functional TRPM7-like channels.

We further determined whether the Ca®*-sensing currents in
A172 glioma cells are mediated by TRPM7 channels. First, we
examined the effect of GACl; (Gd*>*), a nonspecific blocker for
TRPM7 channel [26-28] on the Ca”*-sensing currents in A172
cells. As shown in Figure 1C, the currents were significantly
inhibited by Gd>* and the inhibition was dose dependent with an
1Csp of 5.53 + 0.06 uM (n = 5, Figure 1C). This finding suggests
that Ca?*-sensing currents in A172 glioma cells might be mediated
by TRPM7 channels. To provide additional evidence, we exam-
ined the effect of 2-APB, another nonspecific blocker for TRPM7
channel [29-31], on the Ca”’*-sensing inward currents. In the
presence of 100 pM 2-APB, the currents in A172 cells were inhib-
ited by ~60% (Figure 1D, n = 7, **P < 0.01). This finding further
confirms that the Ca?*-sensing currents in A172 cells are likely
mediated by TRPM7 channels.

TRPM7-Like Currents in Cells Dissociated from
Human Glioma Tissues

Similar to A172 cells, a rapid drop of [Ca?*], from 2 mM to 0 mM
evoked slow nondesensitizing currents that rapidly recovered
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upon restoration of [Ca®*], in cells dissociated from human glioma
tissue (Figure 2A). Extracellular Ca** dose dependently inhibits
the inward currents with an ICso of 0.21 4+ 0.03 mM (n = 4) (Fig-
ure 2B). Similarly to the currents in A172 cells, the Ca®*-sensing
currents in cells dissociated from human glioma tissues were sen-
sitive to Gd>* and 2-APB (Figure 2C and E). Addition of 100 pM
Gd** inhibited the currents by 66. 7 4 3.3% (n = 8, **P < 0.01)
(Figure 2D), while addition of 100 pM 2-APB inhibited the cur-
rents by 54.5 £+ 12.8% (n = 4, *P < 0.05, Figure 2F).

Detection of TRPM7 Protein and mRNA
Expression in A172 Cells and Human Glioma
Tissues

To further confirm the existence of TRPM7 channels in human
glioma cells, we next examined TRPM7 protein expression in
human glioma tissues. HEK-293 cells with inducible expression of
TRPM7 were used as positive control. HEK-293 cells were treated
with 1 pg/mL tetracycline for 2 days for the induction of TRPM7
expression. TRPM7 protein levels were examined by immunoblot-
ting using mouse monoclonal antibody against TRPM7. A single
band of ~220kD, which is identical to that of TRPM7 over
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expressed in HEK293 cells induced by tetracycline (Figure 3A, B),
was detected in human glioma tissues by Western blotting (Fig-
ure 3A, C), suggesting that TRPM?7 protein is expressed in human
glioma. In addition, TRPM7 mRNA levels were analyzed by
reverse transcription—polymerase chain reaction (RT-PCR). As
shown in Figure 3B, TRPM7 mRNA (~ 399 bp) was detected in
both human glioma tissues (Figure 3B, b & d) and in A172 cells
(Figure 3B, f). TRPM7 mRNA levels correlate well with TRPM7
protein expressions.

TRPM7? Silencing Decreases TRPM7 Expression
and TRPM7-Like Currents in A172 Cells

Small interference RNA (siRNA) was employed to provide addi-
tional evidence that TRPM7 channels are indeed involved in
mediating the Ca?*-sensing currents in human glioma cells.
RNA interference, is a process of posttranscriptional gene
silencing that inhibits the expression of native genes with high
specificity [32,33]. As shown in Figure 3C and D, after siRNA
treatment for 48 h, a significant reduction in TRPM7 mRNA
level was detected in cells treated with TRPM7-siRNA when
compared with cells transfected with control-siRNA (n =3,
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Figure 3 TRPM7 expression in A172 cells and
(€) ,Qg\“ ,gs‘v' (D) 1.0, human glioma tissues. (A) Detection of TRPM7
k@"\ q\xi\% < 08 protein in human glioma tissue by Western
ol <& € 06 blotting (A, c). HEK293 cells with inducible
1000 bp S o4 fiid expression of TRPM7 by tetracycline were
—GAPDH & 0.2 FT—‘ served as a positive control (A, b), and alpha
300 bp — TREMT = 0.0 tubulin was used as an internal control. (B) RT-
' Control sRNA - TRPM7 siRNA PCR shows the detection of TRPM7 mRNA in
mouse brain tissue (B, a), human glioma tissue
(E) (l_:) 12 (B, b&d), and A172 cells (B, f). GAPDH was used
% 1.0 as an internal control. (C and D) Representative
SR - - -  TRPM7 E 0.8 RT-PCR and summary data show the reductign
TP uRa eSS  Bcta-actin g 0.6 of TRPM7 mRNA in A172 cells transfected with
0\‘0\ ,@\h .;::\"‘ 5 0.4 TRPM7-siRNA (n = 3, **P < 0.01). (Eand F)
@ @ Ry & N 0.2 *k Western blotting shows the decreased TRPM7
oo = |_I_| protein level in A172 cells transfected with
? USRI TRPM7-siRNA (n =3, **p <.0.01). G) .
O af° Representative traces showing the reduction of
o < Ca’*-sensing currents in TRPM7-siRNA-
transfected A172 cells. Currents were induced
(G) 0\5—\@\*‘ " 5—@-“‘“ (H) ;‘-; -5 by a drop of [Ca®*], from 2 mM to 0 mM at
Qo“\(\ < o —4 —60 mV. Electrophysiological recordings were
0Ca® _ 2 -3 performed 48 h after TRPM7-siRNA
U § _2 * transfection. (H) Summary data showing the
; 1 reduction of the Ca®*-sensing current density in
20pA] £ ’_]_‘ A172 cells by TRRM7-SiRNA (n = 10-13,
#secands 3 ool SRNA TRPM7 SRNA *P < 0.05).
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**p < 0.01). Similarly, there is a significant reduction of
TRPM7 protein level in cells treated with TRPM7-siRNA com-
pared to cells treated with control-siRNA (Figure 3E and F,
n =3, *pP<0.01). As expected, TRPM7 currents were largely
decreased in A172 cells after TRPM7-siRNA treatment for 48 h,
compared with that of the control-siRNA-treated cells (Fig-
ure 3G). The current density is —3.5 = 0.7 pA/pF in control
cells, while it is reduced to —1.1 £ 0.3 pA/pF in cells treated
with TRPM7-siRNA (Figure 3H, n = 10-13 cells, *P < 0.05).

2-APB and Silencing TRPM7 Inhibits the
Proliferation of A172 Glioma Cells

We next determined whether TRPM7 influences the growth and
proliferation of A172 cells. First, we tested the effect of 2-APB on

(A)

Control

2-APB (50 uM)’ .~

2-APB (100 yv)

Control-siRNA

Figure 4 TRPM7 is critical for A172 cell
growth and proliferation. (A and B)
Concentration-dependent inhibition of the
growth and proliferation of A172 cells by 2-
APB, measured by MTT assay (**P < 0.01,

n = 4). (C and D) Inhibition of the proliferation
of A172 cells by TRPM7-siRNA, evaluated by
MTT assay (**P < 0.01, n = 4). Data were
collected from four independent experiments.

© 2014 John Wiley & Sons Ltd
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the growth/proliferation of A172 cells. The number of A172 cells
was significantly reduced after treatment with 2-APB for 48 h
(Figure 4A). MTT assay shows addition of 50 and 100 uM 2-APB
inhibited the growth of A172 cells by 40.33 £ 4.92 and
81.43 4+ 5.23%, respectively (Figure 4B, n =4, **P < 0.01). To
further confirm that TRPM7 channels are involved in the growth
and proliferation of glioma cells, TRPM7-siRNA was employed to
selectively suppress the expression of TRPM7 channels. As
shown in Figure 4C, silencing TRPM7 with 30 nM TRPM7-siR-
NA for 48 h significantly inhibited A172 cells growth/prolifera-
tion. The cell growth was decreased to 20.93 £+ 0.83% by
TRPM7-siRNA (Figure 4D, **P < 0.01, n = 4). Taken together,
our data suggest that activation of TRPM7 channels plays an
important role in the growth and proliferation of human glioma
cells.

120,

—
o
-

100

80
*%
60 4 T

MTT absorbance (%)

40 |

20 4 I

120

Cl

100 |

80 -

60 -

40 |

MTT absorbance (%)

20 |

CNS Neuroscience & Therapeutics 21 (2015) 252-261 257



TRPM7 in Glioma

2-APB and Silencing TRPM7 Inhibits the
Migration of A172 Glioma Cells

To examine the potential role of TRPM7 in migration of glioma
cells, we inhibited the activation and expression of TRPM7 in
A172 cells using 2-APB and TRPM7-siRNA, respectively. A172
cells were treated with 100 pM 2-APB or 30 nM TRPM7-siRNA
for 48 h, followed by serum-starved for another 24 h. After plat-
ing in the transwell chambers for 24 h, some cells migrated from
the upper surface of the transwell chambers to the lower surface.
As shown in Figure 5A-B, treatment with 2-APB (100 pM) effec-
tively reduced the number of migrated cells to 35.09% =+ 8.49 of
control (0.1% DMSO) (**P < 0.01, n = 4). Consistently, treat-
ment with TRPM7-siRNA greatly decreased the number of
migrated cells to 16.31% =+ 2.03 of the control-siRNA-treated
cells (Figure 5C-D, **P < 0.01, n = 3). These data clearly demon-
strate that TRPM7 is critical in regulating the migration of human
glioma cells.

2-APB and Knockdown of TRPM7? Inhibits the
Invasion of A172 Cells

We next examined of the role of TRPM7 channels in the invasion
of glioma cells. Transwell matrigel invasion assay was used for the
invasion study as described previously [24,34]. As shown in Fig-
ure 6A, 2-APB significantly suppresses the invasion of A172 cells.
The number of invaded cells was effectively reduced to
19.30% =+ 4.22 of the control (0.1% DMSO) by 100 uM 2-APB

Con

(A)

2-APB (100 pM)

—_
o
~
=y
N
o

-
(]
o
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(Figure 6B, **P < 0.01, n = 4). TRPM7 knockdown produces a
similar result, which decreases the invaded cell number to
13.21% =+ 5.11 of the control-siRNA-treated cells (Figure 6C-D,
**P < 0.01, n = 4). These results further support a critical role of
TRPM?7 channel in the invasiveness of human glioma cells.

Discussion

In this study, we provided evidence that functional TRPM7 chan-
nels are present in human glioma cells including A172 human gli-
oma cell line as well as in dissociated primary glioma cells from
human glioma tissues. TRPM7 current has several characteristics
including (a) potentiation by decreasing extracellular divalent
cations including Ca?* and Mg?* [26,35]; (b) reverses at ~0 mV
and has a strong outward rectification in the presence of divalent
cations and the outward rectification is largely abolished in the
absence of divalent cations [35]; (c) inhibited by 2-APB and Gd**,
two nonspecific inhibitors of TRPM7 channels [26]; (d) reduction
of intracellular Mg?* potentiates TRPM7 current [35]. All these
properties are observed in TRPM7-like currents recorded in A172
glioma cells and glioma cells from human glioma tissues. Addi-
tionally, TRPM7-like current is decreased when TRPM7 is knock-
down by siRNA, further confirming that the low calcium induced
currents in A172 cells and human glioma tissues are carried lar-
gely by TRPM?7 channels.

In the central nervous system, reactive nitrogen species under
ischemic conditions activate TRPM7 current and produce neuro-
nal death via calcium overload [26] and zinc entry [36]. Knock-
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Figure 5 Effect of 2-APB and TRPM7 silencing
on A172 cell migration. (A) Representative
images showing the migration of A172 cells in
the absence or presence of 100 pM 2-APB. The
upper images showing the whole wells. (B)
Summary data showing the percentage of
migrated cells (**P < 0.01, n = 4).(C)

*% Representative images showing the migration
of A172 cells in the presence of control siRNA
or TRPM7-siRNA. The upper images showing
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Con-siRNA TRPM7-siRNA

the whole wells. (D) Summary data showing the
percentage of migrated cells (**P < 0.01,

n = 3). Data were collected from 3 to 4
independent experiments.
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(A) Con

(C) Con-siRNA

Figure 6 Effect of 2-APB and TRPM7 silencing
on A172 cell invasion. (A) Representative
images of the cell invasion. The upper images
showing the whole wells. (B) Summary data
showing the percentage of invaded cells

(**P < 0.01, n = 4). (C) Representative imaging
showing the invasion of A172 cells. The upper
images showing the whole wells. (D) Summary
data showing the percentage of invaded cells
(**P < 0.01, n = 4). Data were collected from
four independent experiments.

down of TRPM7 protects hypoxia or cerebral ischemia induced
neuronal injury in vitro and in vivo [10,26]. Interestingly, knock-
down of TRPM7 has no observable toxicity on cortical neurons or
significant influence on series of behavioral tests including learn-
ing and memory [10], implying that suppression of TRPM7 would
be tolerable. In this regard, TRPM7 may function as a promising
therapeutic target for neurological disorders. In the present study,
we demonstrated that TRPM7 knockdown significantly inhibits
the proliferation of A172 cells as well as primary glioma cells from
human glioma tissues. 2-APB, the nonspecific TRPM7 inhibitor
has a similar effect, which further confirms the role of TRPM7 in
the proliferation of human glioma cells. Although inhibition of
TRPM?7 is tolerable and causes no significant side effects in the
CNS [10], the side effect may occur in the peripheral system. For
example, loss of TRPM7 function was found to induce growth
arrest in DT-40 B-lymphocytes and osteoblastic cells [37,38],
because the coordination between cellular energy metabolism and
Ca** and Mg** homeostasis was disrupted. In addition, under
physiological conditions, TRPM7 is closely associated with cellular
growth and development. Global deletion of TRPM7 in mice dis-
rupts embryonic development and thymopoiesis [39]. However, it
is less likely that TRPM7 disruption causes severe problems in
adults. Nevertheless, tumor-targeted drug delivery may help to
avoid the potential side effects.

Malignant gliomas are one of the leading causes of death from
central nervous system cancers. They are characterized by unlim-

© 2014 John Wiley & Sons Ltd
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ited proliferation and progressive local invasion [40,41]. Invasion
is a paramount problem that prevents the cure of malignant brain
tumors. However, the underlying mechanisms resulting in local
invasion of malignant gliomas remain largely unknown, which
accounts for the major obstruction in finding effective therapeutic
strategies [42]. In addition to a critical role of TRPM?7 in the prolif-
eration of head and neck cancer cell, TRPM7 is also required for
breast tumor cell metastatis and pancreatic cancer cell migration
[18,19]. In the present study, we demonstrated that downregula-
tion of TRPM7 expression by TRPM7-siRNA or suppressing the
activity of TRPM7 channel by pharmacological agent impairs the
migration and invasion of A172 glioma cells. These data imply
that TRPM7 may represent a potential therapeutic target for com-
bating the highly aggressive and refractory malignant glioma.
Although the detailed mechanism of TRPM7 contributing to
oncogenesis is largely unknown at present, several potential
mechanisms have been proposed. For instance, the downstream
activation of Akt/ERK and calpain pathways are important for the
proliferation and migration of prostate cancer [14]. In addition,
annexin-1 and myosin || heavy chain as the substrates of TRPM7
kinase have been shown be related to cell adhesion and migration
[43,44]. A recent study showed that TRPM7 regulates migration
and invasion of metastatic breast cancer cells via MAPK pathway
[17]. In addition, it has been shown that TRPM7 knockdown by
siRNA transfection significantly reduces Ca”* influx and retards
cell proliferation by delaying G1/S cell cycle progression [45].
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Some of the above signaling pathways may be common mecha-
nisms for proliferation, migration, and invasion shared by glioma.
Matrix metalloproteinases (MMPs) are a family of zinc-dependent
endopeptidases that are capable of degrading components of the
basement membrane and extracellular matrix. Matrix metallopro-
teinases (MMPs) have been regarded as major critical molecules
assisting tumor cells to invade and migrate [46]. As TRPM?7 is
highly permeable to zinc, we speculate that the decreased TRPM7-
mediated zinc entry may cause a decreased function of MMPs,
which may account for the decreased migration and invasion abil-
ity by TRPM7 knockdown or inhibition. TRPM7 is a strong and
independent prognostic marker for breast cancer progression and
metastasis, which was found enriched in high-grade primary
tumors. Moreover, Overexpression of TRPM7 is significantly asso-
ciated with poor prognosis in patients with ovarian cancer [47].
However, whether there is any correlation between TRPM7
expression and glioma grade remains to be elucidated.

In conclusion, this study reveals the presence of functional
TRPM?7 channel in human glioma cell line and human glioma tis-
sue. More importantly, we provide evidence that TRPM7 is

T.-D. Leng et al.

required for the proliferation, migration, and invasion of these
cells. In summary, this study suggests that TRPM7 may represent
a promising therapeutic target for the intervention of malignant
gliomas. The future study would be aimed to (1) identify the
downstream signaling pathways of TRPM7 that mediate the pro-
gression of glioma; (2) identify a highly selective TRPM7 inhibitor
with high permeability across the blood-brain barrier or selec-
tively concentrated in the brain for future therapeutic use; (3)
investigate the correlation between TRPM?7 expression and glioma
grades; (4) conduct in vivo study to determine TRPM7 as a novel
target for glioma therapy.
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