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TRPM7 is mechanosensitive volume-regulatory cation

channel in human epithelial cells
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TRPM7 is mechanosensitive volume-regulatory cation channel in human
epithelial cells

Stretch-activated cation (SAC) channels play an essential role in sensing and
transducing external mechanical stresses and in cell volume regulation in living cel Is.
However, the molecular identity of the mechanosensing channel which is involved in
cell volume regulation in mammalian cells has not yet been firmly established. Since
members of the transient receptor potential (TRP) channel family are known to be
involved in sensory signal transduction for a large variety of stimuli, some member of
the TRP family might also be a good candidate for the SAC channel in vertebrates. In
the present study, in human embryonic kidney (HEK293T) epithelial cells transfected
with the member 7 of human transient receptor potential cation channel subfamily M
(TRPM?7), constitutively active outward-rectified whole-cell cation currents were first
studied by ramp-clamp and step-pulse clamp. The whole -cell currents were augmented,
and their outwardly rectifying current-voltage relationship was converted to more
ohmic one not only by mechanical stress caused by perfusion of bath solution (flow
rate: 15 wpl/s or 35 ul/s), but also by osmotic swelling induced by intracellular
hypertonicity (by 50 mosmol kg-HzO’l). The mechano-stress-activated whole-cell
current was sensitive to extracellular or intracellular Mg **, or to extracellular Gd**,
SKF 96365 or ruthenium red (RR). The sequence of relative cation conductance
estimated from the slope co nductance at ~100 mV was Cs* > Na* > Li* > Mg** > Ca®.
The same sequence of cation permeability was obtained from the reversal potential,
when step pulses were applied from a pre-potential of ~100 mV; the relative cation
permeability coefficients were estimated to be Cs*: Na*: Li*: Mg? : Ca** =1 :0.58 :
0.52 : 0.45 : 0.29. Single -channel recordings revealed expression of the non -selective
cation channel activity which is exquisitely sensitive to membrane stretch, requiring a
negative pressure of only 4 cm-H,O for half-maximum activation and also is sensitive
to voltage with a half-maximum activation voltage of 14.7 mV. The SAC channel in
HEK293T/TRPM7 cells showed a linear current-voltage relationship with a slope
conductance of 26 pS.

Next, he studied the SAC channel expressed endogenously in human epithelial
HeLa cells. He detected similar single SAC channel activity with a half-maximum
activation pressure of 3 cm-H,O and a half-maximum activation voltage of -2.7 mV.
The SAC channel showed a linear current-voltage relationship with a slope
conductance of 23 pS. The amplitude of single SAC channel current was suppressed by
extracellular or intracellular Mg?* or by extracellular Gd?*, SKF 96365 or RR.
Whole-cell recordings revealed cation currents exhibiting an outward-rectified
current-voltage relationship in normal conditions. However, osmotic swelling was
found to augment and convert the current -voltage relationship to more ohmic one. The
swelling-activated ohmic whole-cell current was sensitive to extracellular or
intracellular Mg®* or to extracellular Gd**, SKF 96365 or RR. Both whole -cell cation
currents activated by cell swelling and single SAC currents in Hela cells were
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sensitive to extracellular or intracellular Mg **_ From the concentration-inhibition
curves for blocking of single-channel current by Mg®*, the half-maximum inhibition
concentrations were 3.2 uM at —40 mV and 0.11 mM at +80 mV for extracellular Mg **
and 0.65 mM at —40 mV and 0.66 mM at +80 mV for intracellular Mg **.

He then conducted reverse transcriptase polymerase chain reaction (RT-PCR)
studies to examine expression of TRP family members in HeLa cells. The members
tested were TRPC1-7, TRPM1-8, TRPV1-6, TRPP1 and TRPA1. Robust amplification
of PCR products of expected size from reverse-transcribed RNA was seen only with
two separate sets of TRPM7-specific primers, but no PCR products for other members
were detected. To confirm the expression of the TRPM7 protein in HeLa cells, Western
blotting of cell membrane proteins prepared fro m Hela cells was performed using a
polyclonal anti-TRPM7 antibody. The major immunoreactive band detected had a
molecular mass of around 160 kDa. Since robust expression of TRPM7 in HelLa cells
was confirmed by RT-PCR and Western blotting, gene silencing experiments were
performed by using small interfering RNA (siRNA) to clarify whether the molecular
identity of endogenously expressed SAC channel is TRPM7 or not. Treatment with
siRNA targeted against TRPM?7 led to abolition of mRNA, TRPM7 protein, single SAC
channel events and swelling-induced activation of whole -cell cation currents in HelLa
cells.

Since a SAC-channel activated by osmotic swelling is reported to serve as the
volume-regulatory Ca®* influx pathway during the regulatory volume decrease (RVD)
in epithelial cells, he tested a possible involvement of the TRPM7 channel in RVD by
measuring the cell volume in HeLa cells. Removal of extracellular Ca?** or
extracellular application of Gd**, SKF 96365 or RR suppressed the rate of cell volume
recovery after osmotic swelling in HeLa cells. Similar suppression of the RVD was
also observed, when the silencing of TRPM7 by siRNA was made in HeLa cells. He
thus conclude that TRPM7 is the stretch-activated cation channel endogenously
expressed in human epithelial HeLa cells and, by serving as a swelling-induced Ca**
influx pathway, plays an important role in cell volume regulation.

Although endogenously expressed TRPM7 in HeLa cells were activated by
mechanical stimuli, he also found that the TRPM7 channel current was sensitive to
extracellular osmolarity. The outward, but not inward, TRPM7 single -channel currents
were augmented by extracellular, but not intracellular, hypertonicity. Similar
sensitivity to extracellular osmolarity was observed in single SAC channel currents in
HEK293T/TRPM7 cells, but not in HEK293T cells transfected with TRPV4. Thus, it is
concluded that TRPM7 represents not only a membrane stretch-activated cation
channel but also an osmosensitive cation channel.
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M2 AT v 2 VIO #ERIEIGE CMEEBORSHICERZTH I, W
AEMEOAERAG ZHIOMMZEF YA NVODFERIICNE THET RIS
o MBI OFEHHEME L U T, (KIEMLEZICHIAARD A LERICHD T
%. regulatory volume decrease (RVD) L BEIENAH|EBH SN THB D, Mg
PoDCaAf AV HADPBIESEIINDIEHPEELRZERTH DD, ZDHTEK
WOWTIERERHARBDZ D oz KIFFETIES < O EYFE CHBIRIESZ A BE
DBHBEZZEDRINTEETRR Fy 2D S5H TPRMT ICFEBE L. F 9 RIARMIE
DXV F 752 7RIS D EHRIEZARE ZDOEARANREAEHERNME ZH
BIZ U= TRPMT 2RI B MIETIE. B 2 EMRRIE O MG I L
THNE SR SBEANDBEMREEORHEEI 2B PEZ S L2 R LE,
F-COBRIMIEN Mg A A ICHUTHRWEZMEZ D DI L ZHLNICT S
ELHIZ, B—F vy XINVEBREGHZIT>THN2pS (BEaY—ALR) Dary D
2% OBWHRIEBRZEF vy RNV THDHILBREHHL PIT L. IRIZ Hela #l
FalZ EZERIIC R IR T 2 TPRMT F ¥ R I)VIZ DWW T & F v 2 )VEME 2 4 L. HEK #
JANDBEIFRBEATORR EEMKIC, BEEICLD2AHERICK D ERELFHR
DEREDPRELIEBLTEZIE MEANE AT IEEWRSHEZRTIERESE
BB D2 U7zo RT-PCR I & D Hela HifE T O BEBESZMETF v R )V O & TRPMT
WIREEND Z DB RBI N ESIRNA IZ X2 8EF/ v 7 50 LB T TRPMT
DEHDREZFWDLIE 2 EHEMABZETF vy 2 I)VOEME L MBOEEIC K 27
MAEDHEXNE Z & 2R L. & 51 regulatory volume decrease (RVD) 2
BlF 5 TRPMT O BE 2 @A L., Mok Ca ZWAD X BE=EDH R oA F D%
&z L b TRPMT F v R IViEMEZ ]9 2 & RVD Dl vz. BEIZ TRPMT O
siRNA Az L b TRPM7T EH 2R/ X B2 &, RVD IXERICIEI X v, TRPMT % 4r
THEEDP R OFEAHSIICEERHEZ2HEHIZ L ZRHB L.

AR RIE. EREEEZNFR LS TFEYFRNFEZRFEL T, WX TH
HETRDPOEBEERZEF Yy RINVE2HEZCHEHET S &b ICHIREEOHIME L W
SHEHEEHEICBITBREAREIREENEWETH L. WXEEAREC S
BT s EpRrahiz,
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