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Hematopoietic stem cells (HSCs) are used therapeutically 
for hematological diseases and may also serve as a source 
for nonhematopoietic tissue engineering in the future. In 
other cell types, ion channels have been investigated as 
potential targets for the regulation of proliferation and dif-
ferentiation. However, the ion channels of HSCs remain 
elusive. Here, we functionally characterized the ion chan-
nels of CD34+ cells from human peripheral blood. Using 
fluorescence-activated cell sorting, we confirmed that the 
CD34+ cells also express CD45 and CD133. In the CD34+/ 
CD45+/CD133high HSCs, RT-PCR of 58 ion channel mRNAs 
revealed the coexpression of Kv1.3, Kv7.1, Nav1.7, TASK2, 
TALK2, TWIK2, TRPC4, TRPC6, TRPM2, TRPM7, and TRPV2. 
Whole-cell patch clamp recordings identified voltage-gated 
K+ currents (putatively Kv1.3), pH-sensitive TASK2-like back- 
ground K+ currents, ADP-ribose-activated TRPM2 currents, 
temperature-sensitive TRPV2-like currents, and diacyl-
glycerol-analogue-activated TRPC6-like currents. Our re-
sults lend new insight into the physiological role of ion 
channels in HSCs, the specific implications of which re-
quire further investigation. 
 
 
INTRODUCTION 
 
Hematopoiesis is characterized by the finely regulated self-
renewal, differentiation, and migration of pluripotent CD34+ 
hematopoietic stem cells (HSCs). CD34 originally was identified 
from the immature human myeloblast line, KG-1a, and was 
suggested to be a cell surface marker of hematopoietic cells 
(Civin et al., 1984). CD34+ HSCs maintain a lifelong supply of 
multilineage hematopoietic cells that can be reconstituted in the 
blood as needed. During steady-state hematopoiesis, CD34+ 
HSCs circulate at low numbers in the peripheral blood, sug-
gesting continuous migration of these cells between the bone 
marrow and organs (Kronenwett et al., 2000). Despite the well-

recognized molecular phenotype of CD34+ HSCs, the regula-
tory mechanisms for proliferation and the molecular signals 
mediating mobilization, migration, and differentiation are only 
partially understood (Awong et al., 2009; Han et al., 2003; Niel-
sen and MaNagny, 2009; Steidl et al., 2002). Previous studies 
suggest that HSCs also are able to differentiate into nonhema-
topoietic cell types such as hepatocytes and cardiomyocytes 
(Lagasse et al., 2000; Orlic et al., 2001). Since CD34+ HSCs 
can be isolated from human peripheral blood, they have the 
potential to serve as therapeutic sources for a variety of degen-
erative diseases. Therefore, it is crucial that the physiological 
characteristics of CD34+ HSCs in primary culture are under-
stood.  

Ion channels are key players in the physiology of excitable 
cells composing neural tissue and muscle. However, a wide 
variety of ion channels also are expressed from nonexcitable 
cells and function in critical signaling pathways including elec-
trolyte transport, cell volume regulation, differentiation, prolifera-
tion, and apoptosis. For example, the activity of K+ channels 
determines the negative membrane potential of the cell and is 
critical to the maintenance of cell volume and the electrical 
driving force facilitating the Ca2+ influx. Both membrane poten-
tial and cell volume change dynamically according to the cell 
cycle stage; oscillations of membrane voltage (Vm) in phase 
with cell cycle transitions have been observed in various cell 
types, particularly at the G1/S boundary (Shieh et al., 2007). 
Ca2+-permeable cation channels such as those from the mam-
malian homologues of transient receptor potential (TRP) protein 
family provide a direct pathway for the Ca2+ influx that is crucial 
for the initiation of an enormous variety of cellular signaling 
cascades (Nilius et al., 2007). For these reasons, the identifica-
tion and characterization of ion channels expressed by CD34+ 
HSCs are essential prerequisites for biotechnological manipula-
tion or physiological understanding of this cell type. However, 
direct investigations of ion channel function in CD34+ HSCs are 
rare and primarily focus on cancer cell lines (Korper et al.,  
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2003; Pillozzi et al., 2002; Shirihai et al., 1998). One study us-
ing primary CD34+ HSCs demonstrated the inwardly rectifying 
K+ currents but did not systemically examine the other ion 
channels (Shirihai et al., 1998). 

Our group has demonstrated that functional ion channels are 
heterogeneously expressed in various types of stem cells, and 
we have presented experimental evidence elucidating the roles 
of specific ion channels in cell signaling (Park et al., 2007; 
2008; 2010). In the present study, using RT-PCR and patch 
clamp recording, we analyzed the expression and function of 
ion channels in CD34+ HSCs from human peripheral blood. We 
found that primary human CD34+ HSCs express voltage-gated 
K+ channels, two-pore domain background K+ channels, and 
TRP family nonselective cation channels.  
 
MATERIALS AND METHODS 

 
Purification and culture of human CD34+ cells 
This study was performed according to the Declaration of Hel-
sinki guidelines for biomedical research and was approved by 
the Seoul National University Hospital Institutional Review 
Board. Blood was collected from a voluntary donor from whom 
written informed consent was obtained. Peripheral blood mono-
nuclear cells (PBMCs) were isolated by leukapheresis using a 
Cobe Spectra apheresis device (USA). The PBMCs were 
separated by density-gradient centrifugation using separation 
medium. CD34+ cells were positively selected from the PBMCs 
using a CD34+ cell isolation kit and a magnetic-activated cell 
sorting (MACS) column (Miltenyi Biotec, Germany) according to 
the manufacturer’s instructions. CD34+ cells then were cultured 
in StemSpan serum-free medium (STEMCELL Technologies, 
Canada) supplemented with cytokine cocktails consisting of 
stem cell factor, Flt-3 ligand, and thrombopoietin (100 ng/ml, 
respectively). For electrophysiological study, we used CD34+ 
cells cultured between 3-5 days which shows no significant 
morphological differences. Expression of other surface markers 
(CD133 and CD45) was investigated separately (Fig. 1). 
 
Fluorescence-activated cell sorting  
Cells were analyzed by fluorescence-activated cell sorting 
(FACS) using the FACSCalibur A platform (BD Biosciences, 
USA). The instrument was calibrated with phycoerythrin (PE), 
and data were analyzed with appropriate negative (isotypic) 
controls using CellQuest and Paint-a-Gate research software 
(BD Biosciences). At least 10,000 cells were analyzed for each 
analysis. The following cell-surface epitopes were detected with 
anti-human antibodies: CD34-PE, CD45-PE, CD73-PE (Sero-
tec Ltd., UK), and CD133-PE (Miltenyi Biotechnologies, USA). 
 
Patch clamp recordings 
Ionic current studies of CD34+ HSC populations were perfor-
med using a whole-cell patch clamp technique. Normal Ty-
rode’s (NT) solution was used as a bath and contained (in mM): 
143 NaCl, 5.4 KCl, 0.5 MgCl2, 1.8 CaCl2, 10 HEPES [4-(2-
hydroxyethyl)-1-piperazine ethanesulfonic acid], 0.5 NaH2PO4, 
and 10 glucose. Its pH was adjusted to 7.4 with NaOH. A care 
was taken to titrate the pH again to 7.4 when using 4-amino-
pyridine to block voltage-gated K+ current (Fig. 3). In the ex-
periment shown in Fig. 4B, a K+-rich solution (Na+ replaced with 
K+) was used as a bath to maximize single channel recordings 
of pH-sensitive TASK-like K+ currents. To test the effects of 
acidic and alkaline pH, 5 mM of HEPES in NT solution was 
replaced with MES (2-N-morpholino ethanesulfonic acid, 5 mM) 
and THAM [tris(hydroxymethyl)aminomethane, 5 Mm], respec-
tively. The standard K+-rich pipette solution contained (in mM): 

140 K-aspartate, 5 NaCl, 1.0 MgCl2, 10 HEPES, 5.0 EGTA [2-
bis(2-aminophenoxy)ethane-N,N,N′,N′-tetraacetic acid], and 
3.0 Mg-ATP. Its pH was adjusted to 7.2 with KOH. The Cs+-rich 
pipette solution for TRPV and TRPC recordings contained (in 
mM): 140 Cs-aspartate, 5 KCl, 1.0 MgCl2, 10 HEPES, 5.0 
EGTA, and 3.0 Mg-ATP. Its pH was adjusted to 7.2 with CsOH. 
The pipette solution for TRPM2 recordings contained (in mM): 
87 Cs-gluconate, 38 CsCl, 10 NaCl, 1 MgSO4, 0.9 CaCl2, 1 
EGTA, 10 HEPES, and 0.1 ADP-ribose (ADPR). Its pH was 
adjusted to 7.2 with CsOH. The external solution was replaced 
with equimolar N-methyl-D-glucamine (NMDG+) to induce cation- 
free conditions, which allowed for the examination of nonselec-
tive cation currents. Experiments were conducted at room tem-
perature (22-24°C) except for the activation of temperature-
sensitive current recordings. Solutions containing 1-Oleoyl-2-
acetyl-glycerol (OAG) were sonicated for 10 min before use. All 
chemicals used for the patch clamp study were obtained from 
Sigma-Aldrich (USA). 
 
RT-PCR 
Total RNA was isolated from CD34+ cells using TRIzol reagent 
(Invitrogen, USA) according to the manufacturer’s instructions. 
First-strand cDNAs were synthesized with SuperScriptII (Invi-
trogen), and the cDNA template was diluted 1:10 in preparation 
for PCR. Primer sequences used in the amplification reaction 
are given in Table 1. Primer sequences encompassing the 
intron segments were selected to exclude the contamination 
from genomic DNA. Also, negative results from PCR without 
RT were confirmed (data not shown). 
 
Data presentation and analysis 
Representative ionic current traces are shown after confirming 
the consistent activity of corresponding ion channels. Summa-
ries of the results are presented as mean ± SEM. Paired Stu-
dent’s t-tests were used to evaluate the significance of differ-
ences between the means of two groups (Fig. 3A). P-values < 
0.05 were considered statistically significant. 
 
RESULTS 

 
To further characterize the surface markers expressed by he-
matopoietic cells, we submitted the primary-cultured cells to 
FACS analysis before conducting an electrophysiological study. 
Cell purity ranged from 93 to 98% as determined using a 
CD34-specific antibody (Figs. 1B and 1F). CD34+ cells also 
were positive (> 99%) for another hematopoietic marker, CD45 
(Figs. 1C and 1F). CD133 was recently identified as a marker 
for stem cells and progenitor cells (Guo et al., 2003; Lanza et 
al., 2001). FACS analysis of CD34+ HSCs revealed that the 
majority of cells were CD133+ (63.9 ± 8.2 %, Figs. 1D and 1F). 
These CD34+/CD45+/CD133high HSCs were negative (< 5%) for 
CD73, a marker for mesenchymal stem cells (Figs. 1E and 1F). 
The mean values of the percentage of marker-positive cells are 
represented as a bar graph (Fig. 1F; n = 3). Although HSCs 
were cultured with essential cytokines, the total number of cells 
was significantly reduced after 7 days in culture (Supplemen-
tary Fig. 1). Therefore, for the electrophysiological study and 
RT-PCR analysis, we used only the CD34+ HSCs cultured for 
3-5 days after thawing. 

The expression of transcripts corresponding to 24 voltage-
gated ion channels, 14 two-pore domain background K+ chan-
nels, and 20 TRP family channels were investigated in HSCs 
using RT-PCR with specific primers (Supplementary Figs. 2-4). 
Our pilot experiments confirmed consistent expression of 10 
types of mRNAs for cation channels: Kv1.3, Kv7.1, Nav1.7, 
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Table 1. Nucleotide sequences of the primers used for RT-PCR 

Protein (GeneBank#) Primer Product size Sequence (5′ to 3′) 

Human kv7.1 

(nm_000218.2) 

Forward 

Reverse 
500 bp 

CAGCCTGCACTTGGGGGCTC   

CCCACGCACAGTGGGCTCAG 

Human Nav1.7 

(Nm_002977.3) 

Forward 

Reverse 
446 bp 

GCTCCGAGTCTTCAAGTTGG  

GGTTGTTTGCATCAGGGTCT 

Human TASK2 

(Nm_003740.3) 

Forward 

Reverse 
567 bp 

CTGCTCACCTCGGCCATCATCTTC 

GTAGAGGCCCTCGATGTAGTTCCA 

Human TASK4 

(Nm_031460.3) 

Forward 

Reverse 
169 bp 

ATAGCTGCACCCAGCCTCTA 

GCATCTGGAACCTTCTGCTC 

Human TRPC4 

(Nm_016179.2) 

Forward 

Reverse 
317 bp 

GCTGCTGGCATCTCGCTGGT  

TGAAGCCCAGGACCCACGGT 

Human TRPC6 

(Nm_004621.5) 

Forward 

Reverse 
654 bp 

CCGGCGGCAGACAGTTCTCC  

GCCGGACTTGCCAGGCCTTT 

Human TRPM2 

(Nm_003307.3) 

Forward 

Reverse 
624 bp 

CCCGGCACCTCCTCTACCCC      

GGAAGTGGACGCTGACGGCC 

Human TRPV2 

(Nm_016113.4) 

Forward 

Reverse 
573 bp 

GAGAACCCACACCAGCCCGC      

GGCGGCCTGCTTCTTCAGGG 

Human Kv1.3 

(Nm_00232.3) 

Forward 

Reverse 
626 bp 

CAGAGCATCGCGGCTTTGGCT 

GCGGCCCCCGGACTGATAGT 

Human GAPDH 

(Nm_002046.3) 

Forward 

Reverse 
323 bp 

TCTTTTGCGTCGCCAGCCGAG       

ACGTACTCAGCGCCAGCATCG 

 

 

A                              B 
 
 
 

 
 
 
 
C                              D 
 
 
 
 
 
 
 
E                              F 
 
 
 
 
 
 
 
 
 
TASK2, TASK4 (TALK2), TRPC4, TRPC6, TRPM2, TRPM7, 
and TRPV2. Because TRPM7 is ubiquitously expressed in the 
mammalian cells, we focused on the other nine members; 
Kv1.3, Kv7.1, Nav1.7, TASK2, TASK4, TRPC4, TRPC6, 
TRPM2, and TRPV2. The representative results of RT-PCR 
analysis for the eight members are shown in Fig. 2 (see Table 1 
for their primer sets). 

In the whole-cell patch clamp experiment using a KCl pipette 
solution, voltage-gated K+ channel (Kv) currents were investi-
gated (Fig. 3). Membrane currents were elicited using 300 ms 
voltage steps ranging from -120 to +100 mV from a holding 
potential of -80 mV. Outwardly rectifying currents were ob-

served in concordance with the activity of Kv. The results of 
outward current measurements were divided into two groups 
depending on the sensitivity to 4-aminopyridine (4-AP; 5 mM). 
In 8 out of 15 cells, the outward currents were virtually abol-
ished by 4-AP (Fig. 3A), whereas the other cells were relatively 
insensitive to 4-AP (Fig. 3B). Notably, the 4-AP-sensitive out-
ward current showed time-dependent inactivation at a strong 
level of depolarization. 

Next, the functional activity of TASK-type K+ currents was in-
vestigated. Within the two-pore domain background K+ channel 
KCNK family, TASK and TALK subfamilies are characterized 
by sensitivity to extracellular pH (pHe) (Kim, 2005). Because

Fig. 1. Phenotype of surface markers in

CD34
+

 HSCs. FACS analysis depicting

the immunophenotype of CD34
+

cells

that were obtained by magnetic column

separation of human peripheral blood.

(A) IgG1 isotype control staining. Cells

were stained with anti-CD34-PE (B);

anti-CD133-PE (C); anti-CD45-PE (D);

or anti-CD73-PE (E) human antibodies.

(F) Summary of the FACS analysis.

Each column gives the mean ± SD (n =

3) of the percentage of the marker-

positive cells of the total number of cells

analyzed. 



184 Ion Channels in Hematopoietic Stem Cells 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A 
 
 
 
 
 
 
 
 
 
 
 
 
B 
 
 
 
 
 
 
 
 
 
 
mRNA for TASK2 and TASK4 were observed in CD34+ HSCs, 
we investigated the pH-sensitive background K+ current. Ramp-
like pulses from 60 mV to -100 mV were applied under different 
pH conditions (pHe 6.4, 7.4, and 8.4, Fig. 4A). The acidic pHe-
inhibited current also was observed at -60 mV of holding volt-
age when extracellular Na+ was replaced with K+. This is con-
sistent with voltage-independent background K+ channel activity, 
which also was inhibited by acidic pHe (Fig. 4B). The pHe-
sensitive background K+ current was observed in 19 of 50 cells 
tested. For cases in which the channel numbers were relatively 
low, it was possible to discriminate the pHe-sensitive single 
channel current under the whole-cell configuration. The unitary 
slope conductance obtained in the test with various voltages 
was 63 pS (Fig. 4C, n = 1). 

And then, we investigated the functional expression of 
TRPM2, TRPV2, and TRPC6 with suitable activating conditions 
for each type. To record the nonselective cation channel cur-
rents, a Cs+-rich pipette solution was used. TRPM2 is known to 
be primarily activated by cytosolic ADP-ribose (ADPR), and this 
activation is facilitated by Ca2+ (Kühn et al., 2005). Under the 
whole-cell configuration with 100 µM ADPR in the Cs+-rich pi-
pette solution, step-like increases of inward current were ob-
served (n = 6). The unitary current amplitude (4.78 ± 0.11 pA) 

and the pattern of step-like increases are consistent with the 
single channel conductance (~80 pS) and slow kinetics of 
TRPM2 (Kühn et al., 2005). The inward current was completely 
abolished by exchanging extracellular Na+ with NMDG+, a non-
permeable large cation (Fig. 5A).  

TRPV2 is expressed in mast cells, macrophages, sensory 
neurons, and many other cell types that can be activated by 
diverse stimuli such as noxious heat and arachidonic acid 
(Stokes et al., 2004; Vennekens et al., 2008). Temperatures 
above 50°C elicit the activation of TRPV2. However, owing to 
the instability of whole-cell recording for CD34+ HSCs at such 
extreme temperatures, we could not test the effect above 42°C. 
Despite the limitation of applying higher temperature condition, 
a 42°C-activated current was consistently observed in CD34+ 
HSCs (n = 32, Fig. 5B). The heat-activated inward current was 
largely inhibited by replacing extracellular Na+ with NMDG+, 
indicating cationic permeability (Fig. 5B). Next, we tested the 
activity of TRPC6, which is known to be activated by diacyl-
glycerol (DAG), a product of phospholipase C that acts on the 
plasma membrane (Hofmann et al., 1999). Bath application of 
CD34+ HSCs in OAG (100 µM), a membrane permeable DAG 
analogue, increased the membrane conductance with weakly 
outward rectifying voltage-dependence (n = 3, Fig. 5C). 

Fig. 2. Expression of ion channel transcripts. Re-

sults of RT-PCR analysis for TASK2, Kv7.1,

Nav1.7, TRPC4, TRPC6, TRPM2, and TRPV2 (left

panel), Kv1.3 (right upper panel), and TASK4 (right

lower panel). GAPDH was used as the control. 

Fig. 3. Two types of voltage-gated K
+

channel (Kv) currents in CD34
+

HSCs. Membrane current responses

to step-like depolarization (300 ms of

voltage steps between -120 and 100

mV; 20 mV interval) from -80 mV of

holding voltage (see inset). Repre-

sentative traces of Kv current dem-

onstrate time-dependent inactivation

(A) and sustained activity (B). The

inactivating type of Kv currents were

sensitive to 4-AP (5 mM, A) whereas

the non-inactivating types were in-

sensitive to 4-AP (B). The amplitudes

of peak currents were normalized to

the membrane capacitance (pA/pF),

and the mean values are summa-

rized as current:voltage relations [I/V

curves, right panels, n = 8 and 7 for

(A) and (B), respectively]. *, P < 0.05.
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DISCUSSION 

 
In the present study, we provide evidence for the functional 
expression of three subfamilies of cation channels (Kv, K2P, 
and TRP) in CD34+ HSCs. CD34, a cell-surface sialomucin 
commonly used for HSC purification, is suggested to play a role 
in cellular trafficking and migration (Kronenwett et al., 2000). 
However, CD34 may not be essential for the physiology of 
HSCs because normal hematopoietic profiles were found in 
CD34-null mice (Cheng et al., 1996; Guo et al., 2003). Nielsen 
et al. reported recently that CD34 is abundantly expressed in 
mature mast cells (Nielsen and MaNagny, 2009). These stud-
ies suggest that CD34 might not be an appropriate marker for 
complete and specific isolation of HSCs. For this reason, we 
confirmed the coexpression of alternative markers such as 
CD45 and CD133 (Fig. 1). The positive results for all three 
markers indicate that we have investigated the ion channels of 
genuine HSCs from human peripheral blood. Albeit the rela-
tively homogenous property of surface marker expression, the 
CD34+ HSCs showed heterogeneous properties with regard to 
functional expression of ion channels (see below). HSCs give 
rise to all types of blood cells from the myeloid (monocytes, 
neutrophils, erythrocytes, dendritic cells etc.), and lymphoid 

lineages (T cells, B cells, NK cells). Regarding to this potential, 
the heterogeneity of ion channels might reflect that a differentia-
tion process might have started in vitro.  

In the present study, RT-PCR analysis showed expression of 
Kv1.3 and Kv7.1 in CD34+ HSCs. The voltage-dependent K+ 
currents was inhibited by 4-AP in about half of the tested cells 
and showed time-dependent inactivation, that are consistent 
with the properties of Kv1.3. Based on the RT-PCR data, Kv7.1 
might be suggested as a molecular candidate for the 4-AP-
insensitive outward current. However, the transient kinetic 
property (fast activation and inactivation, Fig. 3B), is not consis-
tent with the well-known slow kinetics of Kv7.1 (Jespersen et al., 
2005). Because the primers for K+ channels used in the present 
study did not cover all the members of Kv superfamily, the 4-
AP-insensitive current might be encoded by one of the other Kv 
channels not analyzed yet.  

A previous electrophysiological study of CD34+ cells from 
umbilical cord blood demonstrated inwardly rectifying K+ (Kir) 
channels (Shirihai et al., 1998). We did not detect the Kir-type 
current but successfully recorded voltage-gated K+ currents and 
background-type K+ currents. The differential expression of Kir 
might result from different sources of HSCs (cord blood and 
peripheral blood).  

Fig. 4. Characteristics of TASK2-like K
+

currents in

CD34
+

 HSCs. (A) Representative traces of pHe-

sensitive currents recorded by the ramp-like voltage

change from -40 to 100 mV (see inset) in different pH

solutions (pH 6.4; 7.4; and 8.4). Similar results were

observed in 19 of 50 cells. (B) At -80 mV, inward

currents were detected when extracellular Na
+

was

replaced with K
+

, which was inhibited by an acidic pHe

of 6.4. (C) Representative traces of single-channel

activity of the pHe-sensitive K
+

 current at negative

voltages in symmetrical K
+

 conditions. The unitary

amplitudes were plotted against the clamp voltages,

and the slope conductance was 63 pS (n = 1). 
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Unlike Kv channels that require depolarization above a 
threshold voltage for activation, Kir and K2P channels are ac-
tive at negative Vm. Therefore, Kir and K2P exhibit the essential 
function of establishing the strongly hyperpolarized membrane 
potential of cells close to the K+ equilibrium potential. Although 
we did not observe Kir currents in CD34+ HSCs, the presence 
of TASK2, a member of K2P, would exhibit a similar function 
regarding the maintenance of negative membrane voltage. 
TASK2 activity might explain putative K+ channel-dependent 
cell cycle regulation (Wang et al., 1997). 

In addition to background activity, some types of K2P chan-
nels exhibit sensitivity to various physicochemical stimuli. 
Therefore, these channels are attractive targets for regulating 
cellular functions (Kim, 2005). The pHe-sensitive TASK and 
TALK subfamilies of K2P channels potentially are important in 
establishing the resting membrane potential and modulating 
neuronal excitability. In the present study, we report the expres-
sion of TASK2 in HSCs. TASK2 is defined as TWIK-related 
acid sensitive K+ channel 2 and is also called K2P5.1 or 
KCNK5. As its name suggests, TASK2 is activated by alkaline 
pH and shows the largest single channel conductance (~65 pS) 
among the TASK and TALK subfamilies. The physiological role 
of TASK2 has been described in kidney proximal tubular epi-
thelium in terms of HCO3

- reabsorption and osmotic cell volume 
regulation. Recently, Meuth et al. (2008) suggested that TASK2 
channels have essential roles in human T-cell functions. It is 
important to determine whether the functional expression of 

TASK2 dynamically changes during the process of lymphocytic 
differentiation from human HSCs. 

The mammalian transient receptor potential (TRP) cation 
channel family is composed of five subfamilies (TRPC, TRPV, 
TRPM, TRPA, and TRPML), and almost 30 members have 
been identified. Most TRP channels are permeable to Ca2+ and 
monovalent cations and contribute to changes in the cytosolic 
Ca2+ concentration. TRP channels act by providing direct Ca2+ 
entry pathways or by membrane depolarization (Nilius et al., 
2007). Here we report that TRPM2, TRPC6, and TRPV2-like 
currents are functionally expressed in CD34+ HSCs. Although 
previous reports using CD34+ cells have discussed the expres-
sion of various TRP mRNAs and have conducted Ca2+ influx 
experiments (den Dekker et al., 2001; Hirschler-Laszkiewicz et 
al., 2009; Tong et al., 2008; Zhang et al., 2006), our direct 
demonstration of ion channel currents is unprecedented. 

Many members of the TRPC subfamily can be activated by 
receptor-operated mechanisms and are regulated through 
phospholipase C-mediated pathways. In CD34+ erythroid cells, 
the erythropoietin-dependent activation of TRPC3 and the 
modulatory role of TRPC6 have been discussed (den Dekker et 
al., 2001; Hirschler-Laszkiewicz et al., 2009). It also has been 
reported that TRPC4 and TRPC6 proteins are upregulated in 
differentiated megakaryocytes compared with CD34+ stem cells 
and immature monocytes obtained from umbilical cord blood 
(den Dekker et al., 2001). In our present study, the OAG-
activated cationic current and mRNAs for TRPC subtypes are 

Fig. 5. Functional activities of TRP fam-

ily currents in CD34
+

 HSCs. (A) Repre-

sentative trace of TRPM2 current in

CD34
+

 HSCs internally dialyzed with

100 µM ADPR. Similar results were ob-

served in 6 out of 30 cells tested. Step-

like inward currents increased sponta-

neously after establishing the whole cell

configuration (holding voltage, -60 mV)

and were completely abolished by re-

placing extracellular Na
+

 with NMDG
+

.

(B) An original chart trace of membrane

currents demonstrating the high tem-

perature (HT, 42°C) activated current in

CD34
+

 HSCs (left panel). The heat-

activated inward current was largely

inhibited by replacing extracellular Na
+

with NMDG
+

. Representative currents

were obtained with a ramp pulse (from

-120 to 60 mV, held at -40 mV) shown

in the left panel with the I-V relationship

shown in the right panel. RT; room tem-

perature (23°C). Similar results were

observed in 32 out of 46 cells tested.

(C) Bath application of OAG (100 µM)

increased whole-cell currents of CD34
+

HSCs (left panel). Representative I/V

curves were obtained with a ramp pulse

(from -100 to 60 mV, held at -60 mV)

shown in the left panel with the I-V rela-

tionship shown in the right panel. Similar

results were observed in 3 out of 6 cells

tested. 
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partly consistent with these reports. 
TRPM2 is expressed in a wide variety of cells and is involved 

in oxidant stress-induced cell death and inflammation (Nilius et 
al., 2007; Zhang et al., 2006). ADPR, the potent cytosolic acti-
vator of TRPM2, behaves as a novel hematopoietic cytokine 
stimulating the in vitro proliferation of HSCs (Podesta et al., 
2003). This finding implies that the activation of TRPM2 might 
play a role in the expansion of CD34+ HSCs. In hematopoietic 
cells, however, the TRPM2-mediated Ca2+ signal is believed to 
mediate TNF-α-induced cell death (Zhang et al., 2006). It is 
possible that Ca2+ signaling via TRPM2 exhibits opposite roles 
depending on the differentiation state. 

TRPV2 was initially identified as a noxious heat-activated 
cation channel (Stokes et al., 2004). However, recent studies 
suggest that TRPV2 is activated by insulin-like growth factor 
(Kanzaki et al., 1999). Link et al. (2010) reported that TRPV2-
deficient macrophages are defective in chemoattractant-elicited 
motility and phagocytosis. Further investigation is required to 
elucidate the role of TRPV2 in terms of the proliferation of 
HSCs stimulated by various growth factors. As a whole, the 
CD34+ HSCs demonstrate variety of cationic conductances that 
are consistent with TRP family channels suggested from RT-
PCR analysis. However, not all the tested cells showed the 
corresponding currents when tested by the specific conditions 
(e.g. ADPR and OAG), the heterogeneity of TRP channel ex-
pression is suggested.  

In summary, we provide a comprehensive depiction of func-
tional cation channels in CD34+/CD45+/CD133high HSCs. It must 
be noted that not all types of ion channels were examined in the 
present study. For example, the anion channels, such as the 
ClC family, were not investigated here. Despite the limitations of 
molecular biological and functional assays, our results suggest 
a novel insight into hematopoietic regulation, differentiation, and 
the clinical application of CD34+ HSCs because Kv, TRP, and 
K2P channels are recognized to play roles in HSC-derived 
blood cells. 
 

Note: Supplementary information is available on the Molecules 
and Cells website (www.molcells.org). 
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