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10 Abstract—Membrane potential shift driven by electrical

activity is critical in determining the cell fate of proliferation

or differentiation. As such, the ion channels that underlie

the membrane electrical activity play an important role in cell

proliferation/differentiation. KV7/KCNQ potassium channels

are critical in determining the resting membrane potentials

in many neuronal cells. However, the role of these channels

in cell differentiation is not well studied. In the present study,

we used PC12 cells as well as primary cultured rat cortical

neurons to study the role and mechanism of KV7/KCNQ in

neuronal differentiation. NGF induced PC12 cell differentia-

tion into neuron-like cells with growth of neurites showing

typical growth cone-like extensions. The Kv7/KCNQ blocker

XE991 promoted NGF-induced neurite outgrowth, whereas

Kv7/KCNQ opener retigabine (RTG) inhibited outgrowth. M-

type Kv7 channels are likely involved in regulating neurite

growth because overexpression of KCNQ2/Q3 inhibited neu-

rite growth whereas suppression of KCNQ2/Q3 with shRNA

promoted neurite growth. Membrane depolarization possibly

underpins enhanced neurite growth induced by the suppres-

sion of Kv7/KCNQ. Additionally, high extracellular K+ likely

induced membrane depolarization and also promoted neu-

rite growth. Finally, T-type Ca2+ channels may be involved

in membrane-depolarization-induced neurite growth. This

study provides a new perspective for understanding neu-

ronal differentiation as well as KV7/KCNQ channel function.

� 2016 Published by Elsevier Ltd on behalf of IBRO.
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12 INTRODUCTION

13 Selective gene expression and gradients of signaling

14 molecules are important for promoting cell differentiation,

15but ion channels involved in membrane potential control

16are also critical for promoting proliferation or

17differentiation of a cell. Generally speaking, immature

18cells (such as glia progenitor cells or immature neurons)

19that rarely enter mitosis often have a positive resting

20membrane potential (RMP) compared to differentiated

21cells (such as oligodendrocytes, astrocytes or

22differentiated neurons). In contrast, dividing cells often

23have a negative RMP (Cone, 1970; Sontheimer et al.,

241989; Bordey and Sontheimer, 1997; Root et al., 2008).

25Furthermore, the RMP can be a factor in the differentiation

26process. For example, the RMP of mouse embryonic stem

27cells (mESCs) becomes more depolarized during the ini-

28tial phase of differentiation but gradually repolarizes at

29the mid and later stages of differentiation. The differenti-

30ated cells are also more hyperpolarized than undifferenti-

31ated mESCs (Ng et al., 2010).

32Voltage-gated K channels (KV channels) reportedly

33play a key role in determining the fate of mESCs through

34regulation of RMP (Ng et al., 2010). In these mESCs,

35blocking the KV channels leads to the loss of pluripotency

36and to differentiation. KV7/KCNQ is a family of KV channels

37with 5 members. KV7.2–KV7.5 are expressed in the ner-

38vous system and are M-type K channels (Wang et al.,

391998; Lerche et al., 2000; Brown and Yu, 2000; Jentsch,

402000; Delmas and Brown, 2005; Brown and Passmore,

412009). M channels are activated at sub-threshold poten-

42tials and provide a profound dampening effect on repetitive

43or burst firing as well as the general excitability of neurons

44(Gutman et al., 2003; Spitzer, 2006). M channels are the

45key component in determining the RMP of neurons

46(Delmas and Brown, 2005; Du et al., 2014).

47PC12 is a cell model widely used to study neuronal

48differentiation (Greene, 1978). PC12 cells express KV7/

49M currents (Villarroel et al., 1989; Villarroel, 1996; Dai

50et al., 2013) and high and low threshold type Ca2+ cur-

51rents (L, T and N type Ca2+ currents) (Takahashi et al.,

521985; Kongsamut and Miller, 1986; Plummer et al.,

531989). Nerve Growth Factor (NGF) induces neuronal dif-

54ferentiation (Colombo et al., 2014) and modulates KV7/M

55currents (Jia et al., 2008) and T type Ca2+ currents

56(Garber et al., 1989). In light of these findings, we inves-

57tigated the role of the KV7/KCNQ channel in cell differen-

58tiation in this study using both the neurons differentiated

59from PC12 cells induced with NGF and primary cultured

60cortical neurons.
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61 EXPERIMENTAL PROCEDURES

62 PC12 cell culture and differentiation

63 The pheochromocytoma cell line PC12 was maintained in

64 Ham’s F12K medium with 1.5 g/l L-glutamine, 10% horse

65 serum, and 2.5% fetal bovine serum at 37 �C. Neuronal
66 differentiation was induced based on a protocol reported

67 previously (Greene and Tischler, 1976). Briefly, PC12

68 cells were inoculated on collagen-coated cover slips at a

69 density of 1 � 105 cells/ml and differentiation was induced

70 by adding 50 ng/ml NGF in Ham’s F12K medium with

71 1.5 g/l L-glutamine, 2.5% fetal bovine serum at 37.0 �C.
72 After 48 h, the cells were examined.

73 Primary culture of cortical neurons

74 The meninges were removed from the cortical of newborn

75 24-h and 7-day-old Sprague Dawley rats (provided by the

76 Experimental Animal Center of Hebei Province), washed

77 with serum-free medium, cut into pieces and digested

78 with collagenase and dispase for 30 min. The dispersed

79 cells were seeded at a density of 1 � 106/ml, 100 ll/slip
80 on a collagen-coated cover slip. The cells were cultured

81 with Ham’s F12K medium with B27, 2.5% fetal bovine

82 serum at 37.0 �C. The medium was changed 4 h later

83 and then changed every 3 days.

84 Measurement of neurite growth

85 For measuring neurite length, digital images of cells from

86 a random selection of 10� fields were captured and

87 analyzed with an Olympus X71 microscope and

88 Olympus Excellence System (Olympus, Tokyo, Japan).

89 The neurite was counted when it was longer than the

90 diameter of the cell body. The average length of

91 neurites was calculated from 500 cells randomly

92 selected from each experimental group. Length was

93 defined as the maximum possible distance along a

94 neurite, i.e., the distance from the soma to the end of

95 the longest neurite (if more than one neurite was

96 present) and to the end of the longest branch at each

97 branch point for neurites with branches. The average

98 length of the neurite in each group was calculated by

99 dividing total length by the total number of the cells. The

100 average neurite number of each cell was calculated by

101 the total neurite number divided by the total cell number

102 of each group. The average number of cells with

103 neurites was calculated by dividing the total number of

104 cells with neurites by the total number of cells counted

105 in each group.

106 Measurement of mRNA levels of KCNQ2 and KCNQ3
107 in PC12 cells

108 mRNA levels of KCNQ2 and KCNQ3 were analyzed by

109 Quantitative Real-Time PCR (qPCR). qPCR analysis

110 was performed in a Bio-Rad iCycler Thermal Cycler

111 (BioRad, Cal, USA). The primer sequences used were

112 as follows:

113114 KCNQ2, sense 50-GCTACGGTGTGGACAAGAAG-30

115116 antisense 50-TGGAAGCAGGGAAGAAATCAG-30;117

118 KCNQ3, sense 50-GCTACGGTGTGGACAAGAAG-30

119antisense 50-TGGAAGCAGGGAAGAAATCAG-3,

120

121

122The PCR conditions were the following: 95 �C, 15 s;

12395 �C, 5 s, and 60 �C, 30 s for 45 cycles; 94 �C, 22 s;

12462 �C, 30 s; and 72 �C, 5 min for 1 cycle. Melt curves

125were obtained by increasing the temperature from 55 to

12695 �C in 0.5 �C steps for 30 s. Expression levels were

127normalized to the housekeeping gene glyceraldehyde 3-

128phosphate dehydrogenase (GAPDH). The relative

129expression of mRNA was calculated with the 2�DDCT

130method.

131Overexpression of KCNQ2 and KCNQ3

132KCNQ2 and KCNQ3 cDNA were subcloned in

133pCDNA3.1, and the plasmids were transfected into

134PC12 cells using the Amaxa� Cell Line Nucleofector�
135Kit V (Lonza, Basel, Switzerland) by electroporation with

136a Nucleofector� Device (Lonza, Basel, Switzerland).

137Briefly, 2 lg DNA was added to 100 ll of cell

138suspension, and the cell/DNA suspension was

139transferred into a certified cuvette and electroporated

140with an appropriate Nucleofector� Program (U-029).

141Then, the suspension was immediately added to 500 ll
142of pre-equilibrated culture medium and gently

143transferred into a 12-well plate and incubated in a

144humidified incubator in 37 �C with 5% CO2 until analysis.

145Lentivirus-mediated KCNQ2 and KCNQ3 suppression

146Lentiviral vectors (GV112) encoding three distinct shRNA

147targeting KCNQ2 or KCNQ3 genes were designed to

148depress the expression of KCNQ2 or KCNQ3 in PC12

149cells. For KCNQ2 (Accession: NM_133322), three

150distinct shRNA target sequences were as follows:

151GGAAGCCATTCTGTGTGAT, GCTCACAAACTCAAAC

152CTA, and GCAAATCTGGACTCACCTT. For KCNQ3

153(Accession: NM_031597), three distinct shRNA target

154sequences were as follows: GGATGTGCCAGA

155GATGGAT, GCTGTCAGAATTCTACAAT, and

156GCAGTATTCTGCTGGACAT. PC12 cells were plated in

157a 96-well plate and exposed to the lentivirus shRNA for

15812 h at 37 �C. At 5 days post-transfection, the efficiency

159of shRNA was determined with the qPCR method.

160Immunofluorescence

161After three washes with PBS for 5 min, PC12 cells were

162fixed in 4% paraformaldehyde for 15 min, permeabilized

163with 0.1% Triton X100 for 30 min at room temperature

164and subsequently blocked with 5% BSA in TPBS

165(Tween 20 in PBS) for 1 h at room temperature. Cells

166were incubated at 4 �C overnight in the presence of

167mouse anti-rat b III Tub (1:400) primary antibodies. In

168the following day, after three washes with TPBS, goat

169anti-mouse FITC-IgG (1:500) secondary antibodies were

170added at room temperature for 1 h. Photomicrographs

171were taken with a Olympus X71 fluorescence

172microscope (Olympus, Tokyo, Japan). For primary

173cultured cortical neuron, cells were also labeled with

174DAPI to distinguish individual neurons. For this 1 lg/ll
175DAPI working solution was added to the neurons and

176stained for 10 min. The neurons were inspected after

2 N. Zhou et al. / Neuroscience xxx (2016) xxx–xxx

NSC 17228 No. of Pages 12

23 July 2016

Please cite this article in press as: Zhou N et al. Suppression of KV7/KCNQ potassium channel enhances neuronal differentiation of PC12 cells. Neu-

roscience (2016), http://dx.doi.org/10.1016/j.neuroscience.2016.07.024

http://dx.doi.org/10.1016/j.neuroscience.2016.07.024


Download English Version:

https://daneshyari.com/en/article/6270866

Download Persian Version:

https://daneshyari.com/article/6270866

Daneshyari.com

https://daneshyari.com/en/article/6270866
https://daneshyari.com/article/6270866
https://daneshyari.com

