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ABSTRACT: Hyperpolarization-activated cyclic nucleotide-gated channels are hyperpolarization-activated ion channels which can
be regulated directly by cAMP and penetrated by Na*, Ka" and Ca*. The distribution of the HCN channels in human body shows certain
specificities in tissues and cells. They are not only in close relevance with nerve system diseases, but also in connection with
gastrointestinal motility diseases. A deepgoing understanding of the physiological functions of HCN channels . the role in the formation of
pacemaker current and relation with diseases will undoubtedly have practical significance for the researches and clinical treatments in the
future.

Key words: Hyperpolarization-activated cyclic nucleotide-gated channels; Gastrointestinal tract; Pacemaker current; Interstitial cel-
Is of Cajal

Chinese Library Classification: Q593, R333  Document code: A

Article ID: 1673-6273 2012 10-1992-03

( ) HCN 4
HCN1 HCN2 HCN3 HCN4, 4 HCN
HCN Th 1976  Noma . . (cyclic
adenosine monomphsopate cAMP)
If, Brown  Di.Francesco . cAMP
Cs+ , HCN SI-S6
CAl S1.82
Iq. Th S4 Bl
N N S5  S6 P
U, HCN GYG o N
C
& cAMP If
. HCN cAMP 5 cAMP
HCN o HCN
I HCN cAMP =
1.2 HCN
1.1 HCN HCN 4 (HCN1~4)
(1985.) HCN3 HCN2 . .
18729057889 E-mail xuchunl985@163.com HCNI HCN4
A E-mail jingjie@fmmu.edu.cn " HCN1 NN

2011-09-15 2011-10-12 v



www.shengwuyixue.com Progressin Modern Biomedicine Vol.12

NO.10 APR.2012 - 1993 .«

mRNA A% Th . HCN4
HCN3 , HCN1  HCN2
., HCN4
N LHB(lateral habenular complex)
HCN mRNA
HCN1 HCN2
HCN4mRNA L
HCN 3 HCNI1 . HCN2
HCN4,
HCN4 HCN1 HCN4 Th
cAMP , hHCN4
o)
HCN2 HCN4 o)
HCN2
i, Th
HCN4  HCN2, HCN
) 12
] HCN1 3 o
HCN 4
HCN
HCN HCN
(dorsal root ganglion DRG)
HCN1 HCN2 HCN3  HCN4,
( ) sl
uel (7 HCN Th
1.3 HCN
1.3.1 HCN HCN
-50~-60 mV , .
S Bohzmann 5
HCN
0.6% NN
08 If
PNa/PK/PCa 0.2~0.4,
-25 mV (-65~-75 mV) HCN
Na
Ca* Ca*
Cs
1)
1.3.2 HCN HCN
(cAMP) , CAMP HCN

cAMP If
Th Th
., HCN
cAMP HCN3 4 HCN2
HCNI cAMP - cGMP
cAMP |
LPS
HCN2
Ih 20
cAMP HCN
(NA).5- (5-HT). (ACh), (PGE2).P
(substance P) (opioid) .
2
(basic electric thythm) SW
SW SW
SW
ICC ey ICcC
@i1cc @ICcC ICC,
® ICC
Ca? 21
@1cc c-kit 2
® ICC N
ICC
. @®ICC
&, ICC ICC
ea
1CC ICC-MY
Is [Ca™]
5~10s
Is
@ ICC ICC
(1) [Ca*] . (@
[Ca”]
3 HCN
HCN1~4 HCN1-~2
HCN3~4 HCNI



- 1994 .

www.shengwuyixue.com Progressin Modern Biomedicine VolL12 NO.10 APR.2012

ICC c-kit
ICcC ICC-MY . HCN1 ICC
ICC
«“ [Cab]
HCN2
- HCN2
PGP9.5 Protein gene product 9.5,
PGP9.5 HCN2
26
(ChAT) ICCs (c-kit ) HCN2
HCN2
HCN2 ICCs ICCs HCN2
o HCN2
ICC e,
4
HCN o HCN
( .CAMP )
70
o HCN
Cajal (ICCs) ICCs
ICC
- Hy-
perpolarization-activated cyclic nucleotide-gated cation nonselec-
tive channel 1, HCN1 HCNI1 If
ICC  HCNI ICC
HCN1  ICCs ICCs
(References)

[1] Robinson RB Siegelbaum SA. Hyperpolarization-activated cation
currents from molecules to physiological function [J]. Annu Rev
Physiol 2003, 65:453-480

[2] Noam Y, Bernard C, Baram TZ. Towards an integrated view of HCN
channel role in epilepsy [J]. Curr Opin Neurobiol, 2011, 20 [Epub
ahead of print]

[3] Page HC, Munsch T. Modulation of the hyperpolarization-activated
cation current of rat thalamie relay neurons by intracellular pH [J]. J
Physiol, 1999, 519: 493-504

[4] Beaumont V, Zucker RS. Enhancement of Synaptic Transmission by
Cyclic AMP Modulation of Presynaptic lh Channels [J]. INat
Neurosci, 2000, 3(2): 133-141

[5] Poolos NP Migliore M Johnston D. Pharmacological Upregulation
of H-channels Reduces the Excitability of Pyramidal Neuron Dendr-
ites[J]. Nat Neurosci, 2002, 5(8): 767-774

[6] Stevens DR, Seifert R, Bufe B, et al. Hyperpolarization-activated
Channels HCN1 and HCN4 Mediate Responses to Sour Stimuli [J].
Nature, 2001, 413: 631-635

[7] Ying S-W, Jia F, Abbas SY, et al. Dendritic HCN2 channels constrain
glutamate-driven excitability in reticular thalamic neurons [J]. J
Neurosci, 2007,27: 8719-8732

[8] Poller WC, Bernard R, Derst C, et al. Lateral habenular neurons
projecting to reward-processing monoaminergic nuclei express
hyperpolarization-activated cyclic nucleotid-gated cation channels[J].
Neuroscience, 2011, 1 24 [Epub ahead of print]

[9] Xiao Yong-Fu, Natalie Chandler Halina Dobrzynski et al. Hysteresis
in human HCN4 channels A crucial feature potentially affecting
sinoatrial node pacemaking [J]. Acta Physiologica Sinica, 2010 62
(1):1-13

[10] Accili EA Proenza C Baruscottil M et al. From funny current to
HCN channels 20 years of excitation [J]. News physiol Sci, 2002m
17:32

[11] Milanesi R. Familial sinus bradycardia associated with a mutation in
the cardic pacemaker channel[J]. N Engl J Med, 2006, 354: 151-157

[12] Kawai F. Horiguchi M Suzuki H et al. Modulation by Hyperpola-
rization- activated Cationic Currents of Voltage Responses in Human
Rods [J]. Brain Res 2002 943(1): 48-55

[13] Moosmang S Stieber J. Zong X et al. Cellular Expression and
Functional Characterization of Four Hyperpolarization-activated
Pacemaker Channels in Cardiac and Neuronal Tissues [J]. Eur J
Biochem, 2001 268(6): 1646-1652

[14] Muller F. Scholten A, Ivanova E, et al. HCN Channels Are
Expressed Differentially in Retinal Bipolar Cells and Concentrated at
Synoptic Terminals[J]. Eur J Neurosci, 2003, 17(10): 2084-2096

[15] Stevens DR, Seifert R., Bufe B., et al. Hyperpolarization-activated
Channels HCN1 and HCN4 Mediate Responses to Sour Stimuli [J].
Nature, 2001, 413(6856): 631-635

[16] Vargas G Luckro M T. Dopamine Modulates Inwardly Rectifying
Hyperpolarization-activated Current (Ih) in Cultured Rat Olfactory
Receptor Neurons[J]. J Neurophysiol 1999 81(1): 149-158

[17] Pal B Por A Szucs G et al. HCN Channels Contribute to the
Intrinsic Activity of Cochlear Pyramidal Cells [J]. Cell Mol Life Sci,
2003 60(10) 2189-2199

[18] Yu X, Duan KL, Shang CF, et al. Calcium influx through hyperpola-
rization-activated cation channels (I (h) channels) contributes to
activity-evoked neuronal secretion[J]. Proc Natl Acad Sci USA, 2004,
101(4): 1051-1056

[19] Chen J Piper DR Sanguinetti MC. Voltage sensing and activation
gating of HCN pacemaker channels [J]. Trends Cadiovasc Med
2002 12(2): 42-45

[20] KlOckner U, Rueckschloss U, Grossmann C, et al. Differential
reduction of HCN channel activity by various types of lipopolysacc-
haride[J]. J Mol Cell Cardiol, 2011, 51(2): 226-235 Epub 2011 May
14

[21] Huizinga JD, et al. W/kit gene required for interstitial cells of Cajal
and for intestinal pacemaker activity[J]. Nature, 1995, 373: 347-349

[22] Sanders KM, et al. Interstitial cells of Cajal as pacemakers in the
gastrointestinal tract. Annu[J]. Rev. Physiol, 2006, 68: 307-343

1961



www.shengwuyixue.com Progressin Modern Biomedicine Vol12 NO.10 APR.2012

- 1961 -

[3] . 80
[3]. 2010 25 4 323-324

Bao Hong-wei, Yan Li-sheng, Niu Xin-gang, et al. Deal with the
perioperative patients of hip fracture over the age of 80 [J]. Chinese
Journal of Bone and Joint Injury, 2010, 25 4 :323-324

[4] . L[]

2003 5 1 59-62

Li Shi-he, Li Ye, Wang Bing, et al. Factors affecting the effects of
acetabular fracture treatment [J]. Chinese Journal of Orthopaedic
Trauma, 2003 5(1):59-62

[5] .80

[J]. 2004 19 7

451-453
Mou Yong-zhong, Chen Tian-guo, Zhao Zheng-xu, et al. Safety of
total hip joint replacement for treatment of the femoral neck fracture
in advanced age [J]. The Journal of Bone and Joint Injury, 2004, 19(7
): 451-453

(6]
[J]. ,2010, 42(6): 708-712
Zhang Yun-jian, Zhao Ning, Xia Guo-guang, et al. Prognostic factors
for patients with pulmonary thromboembolism after orthopaedic
surgery [J]. Journal of Peking University: Health Sciences, 2010, 42
(6): 708-712

(7] , . [J1.
13(8): 615-61
Wang Yu, Wang Ai-min. Pulmonary embolism associated with bone

cement[J]. The Orthopedic Journal of China, 2005, 13(8): 615-616
(8] , ,

, 2005,

Guan Ji-kui, Zhang Ying, Sun Yuan-xin, et al. The clinic study of the
pulmonary embolism by the fracture [J]. Hei Long Jiang Medical
Journal, 2008, 32 11 : 846-847
[10] Ollendorf DA,Vera-Llonch M, Oster G. Cost of venous thrombo-
embolism following major orthopedic surgery in hospitalized patients
[J]. Am J Health Syst Pham, 2002, 59(18): 1750-1754
(11] . [].
11

,1993,2

Guo Shi-fu. Several serious complications of orthopedic[J]. Journal of
prevention of forthopaedic complications,1993,2 1 :1
[12] . 52 (.
, 1998, 37 (4) 227-230
Lu Wei-xuan, Li Fang, Zhu Yuan-jue, et al. A retrospective study of
52 cases of pulmonary thromboembolism [J]. Chinese journal of
internal medicine, 1998, 37 (4): 227-230
[13] , . [J].
2009, 17(18): 1375-1377
Zhang Jian-zheng, Sun Tian-sheng, Liu Zhi, et al. Characteristics of
fatal pulmonary embolism due to peri-operative orthopedic surgery
[J]. The Orthopedic Journal of China, 2009, 17(18): 1375-1377
[14] R s . MR
,2003, 11(1): 30-33
Yao Chang-hai, Hou Shu-xun, Wen Zhong-guang, et al. The
Diagnosis and Treatment of Pulmonary Embolism following orthopa-
edic Surgery[J]. The Orthopedic Journal of China, 2003, 11(1): 30-33
[15] . NN
2006, 13 6 991-992
Lin De-ping, Cai Zhao-lin. The importance of early treatment of

[J1. ,2007, 15(3): 183-186 pelvic fracture combine with hemorrhagic shock [J]. Chinese Journal
Hao Dong-sheng, Yin Yun-sheng, Wang Dong, et al. Diagnosis and of Primary Medicine and Pharmacy, 2006, 13 6 :991-992
treatment of acute fatal pulmonary thromboembolism in orthopeadic [16]
perioperation [J]. The Orthopedic Journal of China, 2007, 15 (3): NUE 2004,6 2 97-99
183-186 Tan Zong-kui, Chen Zhuang-hong, Cai Xian-hua. Characteristic
[9] . [J]. analysis of bone injuries following traffic accident and fall from high
2008 32 11 846-847 places [J]. Journal of Traumatic Surgery, 2004, 6 2 :97-99
1994 [J]. ,2009,40 11 :961-963
[23] Sanders KM, et al. A case for interstitial cells of Cajal as pacemakers Yan Hui Wang Jing-jie Huang Yu-xin et al. Experimental study on
and mediators of neurotransmission in the gastrointestinal tract [J]. distribution of HCN2 in stomach and its co-localization with some
Gastroenterol, 1996, 111: 492-515 neurotransmitters[J]. Shanxi Med Univ, 2009,40 11 961-963
[24] Ward SM, et al. Involvement of intramuscular interstial cells of Cajal [27] .HCN2
in neuroeffector transmission in the gastrointestinal tract[J]. J Physiol, [J1. ,2010, 32(5): 409-413

2006, 576(3):675-682

[25] Park SJ, et al. Volume-activated chloride currents in interstitial cells
of Cajal [J]. Am J Physiol Gastrointest Liver Physiol, 2005, 289:
791-797

[26] . HCN2

Xiong Cheng-jie, Mei Feng, Han Juan et al. Distribution of HCN2-i-
mmunoreactive cells in myenteric nerve plexus of mouse digestive
tract [J]. Acta Academiae Medicine ae Militaris Tertiae, 2010, 32(5):
409-413



