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Abstract. – BACKGROUND AND OBJECTIVE:
Calcium signaling is important for both normal
physiologic processes and pathology of various
diseases. Transient receptor potential melastatin 7
(TRPM7) gene has been reported to be a potential
candidate for calcium influx. The present study
aimed to investigate the possible role of TRPM7
channels in apoptosis in rat basophilic leukemia
mast cell line (RBL-2H3), which is widely used in
mast cell-associated studies.

MATERIALS AND METHODS: A recombinant
retrovirus vector siRNA targeting rat TRPM7 gene
was constructed and identified. Cellular survival
was assessed by MTT. Cell apoptosis was evalu-
ated by flow cytometry and TUNEL-FITC/Hoechst
33258 staining.

RESULTS: The transfection efficiency by retro-
virus vector was about 60%-70%. Transfection
with TRPM7 siRNA significantly reduced TRPM7
expression both at mRNA and protein levels.
Suppression of TRPM7 expression by siRNA led
to significantly decreased cellular survival rates
and increased apoptosis rates in RBL-2H3 cells.

CONCLUSIONS: This study indicates that
TRPM7 is involved in the apoptosis process in
RBL-2H3 cells.

Key Words:
RBL-2H3 cells,Transient receptor potential melas-

tatin 7, RNA interference, Retrovirus, Apoptosis.

Introduction

Mast cells are bone marrow-derived hematopoi-
etic cells and played important roles in both im-
mediate allergic reactions and late-phase
reactions1. They are not only central players in al-
lergic diseases such as asthma through the high-
affinity IgE receptors, but also exert fundamental
effects on the pathogenesis of many autoimmune
diseases including multiple sclerosis, rheumatoid
arthritis and Crohn’s diseases2,3.
Ca2+ plays a critical role in many cellular

processes of mast cells, such as proliferation,
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apoptosis, differentiation, mediator release, and
cell death4. Unlike excitable cells where voltage-
gated Ca2+ channels play a critical role in Ca2+

entry, mast cells, which are nonexcitable cells,
are lack of voltage-gated Ca2+ channels. The
main routes of Ca2+ entry are store-operated
channels or Ca2+-permeable non-selective cation
channels1. Although significant progress has been
made in the molecular and functional characteri-
zation of Ca2+ influx pathways on mast cells dur-
ing the past few years, still the precise function
of individual channels is largely unknown.
Transient receptor potential (TRP) channels

are important candidates mediating Ca2+ influx in
nonexcitable cells. They are nonselective cation
channels and can be divided into seven different
subfamilies according to their sequence homolo-
gy5,6. Among the TRP members, three main sub-
families including TRPM, TRPV and TRPC have
been implicated in Ca2+ signaling. Transient re-
ceptor potential melastatin 7 (TRPM7) is an im-
portant member of TRPM group. It is endoge-
nously expressed in a wide variety of tissues in-
cluding brain, heart, lung, hematopoietic tissues
and kidney5. The basal activity of TRPM7 is reg-
ulated by intracellular levels of Mg2+ and
Mg·ATP, and evidence has shown that it is in-
volved in cellular Mg2+ homeostasis5, anoxic
neuronal death7, atrial fibrogenesis8, cell adhe-
sion9 and so on. Recently, research has shown
that TRPM7 is expressed in human mast cells
and plays a critical role for its survival10. There-
fore, TRPM7 may play an important role mediat-
ing Ca2+ influx in mast cells.
Rat basophilic leukemia cell line (RBL-2H3)

is widely used in the research focused on com-
prehensive events of mast cells, because it has
similar characteristics of mucosal mast cells11-13.
In this study, we investigated the possible func-
tion of TRPM7 in cellular survival and apoptosis
process on RBL-2H3 cells by the application of a
retroviral siRNA delivery system.

2012; 16: 1172-1178



Materials and Methods

Cell Culture
RBL-2H3 cells were obtained from the Ameri-

can Type Culture Collection (ATCC). Cells were
routinely maintained in Dulbecco’s Modified Ea-
gle Medium (DMEM) (HyClone, Logan, UT,
USA) containing 10% of (v/v) fetal bovine serum
(HyClone). Cultures were maintained at 37°C in
a 5% CO2 incubator. Cells were detached with
trypsin-EDTA solution (Invitrogen, Carlsbad,
CA, USA). After washing, the cells were resus-
pended in fresh medium and used for subsequent
experiments.

Construction of a Retroviral Vector for
Delivery of siRNA
Two oligonucleotides with a sequence predict-

ed to induce efficient RNAi of TRPM7 were syn-
thesized: F: 5‘GATCCCC GTCGTTTCTTCCA-
GAGGTG TTCAAGAGA CACCTCTGGAA-
GAAACGAC TTTTT A3‘, R: 5’AGCTT
AAAAAGTCGTTTCTTCCAGAGGT-
GTCTCTTGAA CACCTCTGGAAGAAAC
GAC GGG 3’. Both oligonucleotides were an-
nealed at 95 for 5 min. The double-stranded prod-
uct was inserted into pSuper-retro-neo-GFP
(Bochuan Bio, Guangzhou, China) digested with
Bgl (Takara Bio Inc., Otsu, Shiga, Japan) and
Hind III (Takara Bio Inc.) restriction enzymes.
Clones containing the oligonucleotide insertion
were verified by DNA sequencing. A negative
control siRNA carrying by retrovirus vector (NC)
(Bochuan Bio) was used to verify that the effect
seen with TRPM7-siRNA was not due to the trans-
fection process.

Generation of Recombinant Retrovirus
and Transduction of RBL-2H3cells
To generate the recombinant, 5 × 106 packaging

293FT cells (Invitrogen) were plated in 10 cm
dishes and then transfected by calcium phosphate
precipitation with 20 µg PIK packing plasmids
(Bochuan Bio) and 20 g of pSuper-retro-neo-
GFP-siTRMP7 recombinant vectors. After incuba-
tion for 5-6 hours at 37°C, the medium was dis-
posed and washed with phosphate buffered saline
(PBS) for 3 times, and then replaced with fresh
medium at 37 overnight. The supernatant was col-
lected every 3 hours, and then filtered through a
0.45 µm syringe filter and stored at –80°C until
used. 2 ml virus supernatant (containing 2 µg/ml
polybren) was used to infect RBL-2H3 cells
(5×105 cells/6 cm dish). The intensity of the green

fluorescence was examined at 48 h after infection,
the RNA and protein was collected for Western
blot analysis at 48~72 h after infection. and the
study of cell survival as well as apoptosis were
performed 72h after transfection.

Real-time PCR
Total RNA was extracted from RBL-2H3 cells

using a Trizol reagent (Invitrogen). RNA samples
were resuspended in diethyl pyrocarbonate (DE-
PC)-treated water, quantified, and then stored at -
80°C until used. First-strand cDNA was synthe-
sized using 0.5 µg of total RNA and oligo-d(T)
primer using SYBR PrimeScript RT-PCR poly-
merase chain reaction Kit (Takara Bio Inc). Re-
verse transcription was carried out at 37°C 15
min 85°C 5 sec. Synthesized cDNAs were stored
at −20°C until required. Quantitative real-time
PCR was performed using SYBR Green I dye us-
ing the Thermal Cycler Dice Real Time System.
The reaction mixture contained 0.4 µM of forward
and reverse primers, 50 ng of total cDNA, and 1 ×
SYBR Premix Ex TaqII in a final volume of 25 µl.
The thermal cycle was 95°C for 30 s, and 40 cy-
cles of 95°C for 5s 60 for 30s. To verify the spe-
cific amplification of target mRNA, dissociation
curve was plotted at the end of each PCR reaction
by melting its amplicon. Amplicons were analyzed
using one thermal cycle of 95°C for 5 s and 65°C
for 15 s, and the temperature was increased at
0.1°C/s to 95°C. The oligonucleotide primers were
as follows: for rat TRPM7, 5’-ATGTTTCTGTG-
GTCGTTTGGTC-3’ (forward) and 5’-CTGCTC-
CGTGTGCTTTTCC-3’ (reverse). The amount of
amplified DNA fragments encoding TRPM7 was
normalized to that of fragments encoding
GAPDH. Results are presented as the “relative ex-
pression” in gene expression.

Western Blot Analysis
Total protein was extracted and protein concen-

tration was measured using BCA Protein Assay kit
(Beyotime Biotechnology, Shanghai, China). The
protein sample (30 µg) was resolved in a 10%
sodium dodecyl sulphate-polycrylamide gel (SDS-
PAGE) and electrotransferred onto a polyvinyli-
denefluoride (PVDF) membrane (BIO-Rad, Her-
cules, CA, USA). The membrane was blocked
with 5% (wt/vol) bovine serum albumin (BSA) in
PBS containing 0.1% Tween 20 for 2 h at room
temperature, followed by incubation at 4°C
overnight with the specific antibody polyclonal
goat anti-TRPM7 (1:250; Abcam, Cambridge,
MA, USA). The PVDF membrane was then
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washed with PBS containing 0.1% Tween 20. Af-
ter being washed, the membrane was incubated
with horseradish peroxidase-conjugated rabbit-an-
ti-goat secondary antibody (1:5000; Abcam) at
room temperature for 2 h. Excess secondary anti-
body was again washed, and the bound secondary
antibody was detected with ECL plus (Applygen,
Beijing, China). Protein loading was checked by
examining glyceraldheyde-3-3-phosphate dehy-
drogenase (GAPDH) levels.

MTT Assay
The initial number of RBL-2H3 cells was

adjusted to 104 per well of 96-well plates. Sev-
enty-two hours after plating, 20 µl of 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide (MTT) solution (5 mg/mL in PBS;
Beyotime Biotechnology, Shanghai, China)
was added to each well, and the plates were
then incubated for 4 h at 37°C. After that the
formazan formed was dissolved in 150 l of di-
methylsulfoxide (DMSO) (Sigma: St Louis,
MO, USA) for 30 min, and cell viability was
determined by a microplate reader at 492 nm
(BioRad 680 microplate reader, Hercules, CA,
USA). All experiments were repeated at least
three times.

Apoptosis assay by Flow Cytometric
Analysis
Cell apoptosis was evaluated by flow cytome-

try utilizing Annexin V-FTIC apoptosis Kit (Key-
gen Biotech, Nanjing, China). Briefly, 2 4 ×
105/mL cells were seeded per well of 24-well
plates. Seventy-two hours later, cells were col-
lected and then washed twice with phosphate bu-
Vered saline (PBS, 137 mM NaCl, 2.7 mM KCl,
4.3 mM Na2HPO4, 1.4 mM KH2PO4). Collected
cells were suspended and labeled with annexin
V-FTIC and propidium iodide (PI) for 15 min at
25°C in the dark. Cells were then analyzed by
flow cytometry.

Apoptosis Assay by TUNEL-FITC/
Hoechst 33258 staining
Apoptotic cells were also demonstrated using

the terminal deoxynucleotidyl transferase medi-
ated dNTP nick end-labelling (TUNEL) tech-
nique (Keygen, Nanjing, China) according to the
manufacturer’s instructions14. Cells were grown
on cover slips and fixed with 4% paraformalde-
hyde in PBS for 20 min and permeabilized using
0.1% Triton X-100 in 0.1% sodium citrate for 10
min at room temperature. Then cells were incu-

bated with 3% H2O2 for 10 min to deactivate en-
dogenous peroxidase. After that cells were incu-
bated in TUNEL reaction mixture for 90 min at
37°C, then stained with Hoechst 33258 for 20
min at room temperature. Coverslips were
mounted on microscope glass slide and analyzed
using a fluorescent microscope.

Statistical Analysis
All data are demonstrated as mean±standard

error of mean (SEM). Differences between
groups of data were explored using one-way
ANOVA or Student’s paired or unpaired t test
(two-tailed) as appropriate. Data were analysed
with the statistical package SPSS 13.0 (SPSS
Inc., Chicago, IL, USA). p < 0.05 was regarded
as statistically significant.

Results

Retrovirus-Mediated Knocked Down of
TRPM7 by siRNA
The retroviral constructs used are shown in

Figure 1A. Two oligonucleotides with a sequence
predicted to induce efficient RNAi of TRPM7
were synthesized, annealed and inserted into
pSuper-retro-neo-GFP vector predigested with
Bgl and Hind III. The recombinant vectors were
transfected into 293FT cells to generate infec-
tious retroviral particles that were subsequently
used to infect RBL-2H3 cells. Green fluores-
cence protein (GFP) was used as a target reporter
gene to test the efficiency of retrovirus-mediated
transduction. The transfection efficiency was es-
timated by calculation of green fluorescent cells
accounted for the proportion of the total cells. As
shown in Figure 1B, the transfection efficiency
was about 60% 70%, which was higher than that
of lipofectamine transfection (about 20%~30%,
data unshown). We then used Real-time PCR and
Western blot to verify the knock-down efficiency
of pSuper-retro-neo-siTRPM7. As shown in Fig-
ure 1C and 1D, a dramatic downregulation of
TRPM7 in RBL-2H3 cells were detected after
transfection both at mRNA and protein levels.

Effects of TRPM7-siRNA Silencing on
Cell Survival
TRPM7 has been reported to play an impor-

tant role for cell survival and proliferation15,16. In
order to investigate whether TRPM7 takes part in
the survival process in RBL-2H3 cell, we use
both cell count and MTT assay to examine the
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changes before and after TRPM7-siRNA trans-
fection. As shown in Figure 2, there was signifi-
cant difference in cell number as well as optical
density (OD) value between TRPM7-siRNA
transfected group and normal control group or
negative control group) (p < 0.05).

Effects of TRPM7-siRNA Silencing on
Cell Apoptosis
To observe whether apoptosis occurred 72

hours after TRPM7-siRNA transfection in RBL-

2H3 cells, we use both flow cytometric analysis
and TUNEL assay to detect apoptosis. Flow cyto-
metric analysis showed that compared to normal
control, RBL-2H3 cells transfected with TRPM7-
siRNA had higher early apoptotic rates and total
apoptotic rates (29.8±1.5)% vs (4.0±1.1)% and
(38.6±2.3)% vs (6.8±1.5)%, respectively (p <
0.05), see Figure 3A. And Figure 3B was one of
the flow cytometric results. For the TUNEL-
FITC/Hoechst 33258 staining assay, whereby ter-
minal deoxynucleotidyl transferase was used to in-

Figure 1. Retrovirus-mediated siRNA targeting TRPM7 in RBL-2H3 cells. A, Schematic structure of pSuper-retro-neo-GFP
vector. B, Transfection of pSuper-retro-neo-GFP vector into RBL-2H3 cells. Transfection efficiency was estimated by intensity
of green fluorescence. C, Knock-down efficiency of pSuper-retro-neo-siTRPM7 confirmed by Real-time PCR, *p < 0.05 in
comparison with control group or negative control group. D, Knock-down efficiency of pSuper-retro-neo-siTRPM7 confirmed
by Western blot. TRPM7 levels were dramatic reduced compared with nontransfected or control siRNA-transfected cells.
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corporate fluorescin-deoxyuridine at sites of DNA
cleavage, a significant increase in DNA fragmen-
tation was observed after TRPM7-siRNA transfec-
tion, along with other characteristic apoptotic fea-
tures such as condensed nuclear chromatin and
apoptotic bodies (Figure 3C).

Discussion

In this study we investigated the possible
function of TRPM7 in survival and apoptosis on
RBL-2H3 cells. A retroviral vector for delivery
of siRNA targeting TRPM7 gene was success-
fully constructed. And decreased survival rates
and increased apoptosis rates of RBL-2H3 cells
were found after down-regulation of TRPM7.
The above results suggest a possible role of
TRPM7 in the survival and apoptosis process in
RBL-2H3 cells.
The TRPM7 channel belongs to the TRPM

subfamily and is ubiquitously expressed in many
cells and tissues of the body. It is a nonselective
cation channel and permeable for many divalent
cations which includes Zn2+, Mg2+, Ca2+, Mn2+,
etc5,17. A series of studies have demonstrated that
TRPM7 is involved in fundamental cellular
processes including death, survival, prolifera-
tion, apoptosis, magnesium homeostasis, synap-
tic vesicle fusion, thymopoiesis, and cell adhe-
sion7,18,19. Sahni and Scharenberg20 reported that
TRPM7-deficient cells rapidly downregulate
their rate of growth, leading to a secondary ar-
rest in proliferation. Abed and Moreau21,22 re-
ported that TRPM7 knockdown by siRNA inhib-

ited cell proliferation both under basal condi-
tions and under stimulation with platelet-derived
growth factor in osteoblasts. Kim et al15 reported
that suppression of TRPM7 expression inhibited
growth and increased apoptosis in gastric adeno-
carcinoma cells. However, the effect of TRPM7
on cell survival and growth seems to depend on
different cell types, because for some cell types,
such as human umbilical vein endothelial cells,
silencing TRPM7 leads to enhanced growth and
proliferation23. Our study had similar results
with most of previous research, showing that
downregulation of TRPM7 resulted in decreased
survival as well as increased apoptosis rates in
RBL-2H3 cells, which indicates a possible role
of TRPM7 in survival and apoptosis process in
RBL-2H3 cells.
Routine methods to study an ion channel in-

clude the application of ion channel blockers and
RNAi technique. Although La3+, Gd3+, 2-APB
have been used extensively in the research on
TRPM7 function7,15,18, none of them are specific
TRPM7 blockers. RNAi is a good means to study
TRPM7 function, yet the RNAi strategies used
should be thought over before application. In our
previous study24, chemically synthesized small
RNAs or the DNA-based plasmid vectors were
used to transfect RBL-2H3 cells, but neither of
them could achieve satisfactory results. The
transfection efficiency was very low, varying
from 20%~30% (data unshown), and the knock-
down effects were transient. In this study we de-
velop a retroviral siRNA delivery system which
was more efficient and may lead to stable down-
regulation of gene expression. RBL-2H3 cells in-

Figure 2. TRPM7 silencing inhibites cell viability of RBL-2H3 cells. A, Cell number in siTRPM7 transfected group was sig-
nificantly decreased 72h after transfection. B, OD value in siTRPM7 transfected group was significantly decreased 72h after
transfection in MTT assay. *p < 0.05 in comparison with control group or negative control group.
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fected with the TRPM7-siRNA viruses displayed
a marked downregulation of TRPM7 expression
both at mRNA and protein levels, while infection
with control viruses had no effect on TRPM7
levels. This retroviral siRNA delivery system we
used here would be a useful and efficient tool in
study of cell lines which had low transfection ef-
ficiency by commonly used RNAi techniques
such as chemically synthesized small RNAs or
with the DNA-based plasmid vectors.
In conclusion, our results clearly indicate that

down-regulation of TRPM7 can lead to de-
creased survival rates and increased apoptosis
rates of RBL-2H3 cells, which indicate that
TRPM7 is an important cation channel and may
act as a hopeful target for immunotherapy in
mast cell associated disorders.
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