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AT-1 Ï¸°ûÓë¶¯ÎïÐÄ·¿¼¡Ï¸°û£¨ÓÈÆäÊÇÐ¡ÊóÅßÌ¥

ÐÄÔà£©Ïà±È£¬ÎÞÂÛÊÇÔÚÐÎÌ¬Ñ§£¬»¹ÊÇÔÚ×éÖ¯»¯Ñ§ºÍÉú

Îï»¯Ñ§µÈ·½Ãæ¾ù¼«ÎªÏàËÆ . ÕâÖÖÏ¸°ûÒ²¿É²úÉú×Ô·¢
ÐÔ¶¯×÷µçÎ»£Û1£Ý. ×÷ÕßÓÚ 1994 ÄêÆð£¬ÔÚÃÀ¹ú Vanderbilt
´óÑ§¶Ô AT-1 Ï¸°û½øÐÐÁËÏµÁÐÑÐ¾¿£¬¼ì²â³öÓëÆäËû¶¯
ÎïÐÄÔàÏ¸°ûÉÏÏàÍ¬µÄÐí¶àÀë×ÓÍ¨µÀµçÁ÷£¬Îª AT-1 Ï¸

°ûÔÚµçÉúÀíÑ§£¬Ò©ÀíÑ§£¬·Ö×ÓÉúÎïÑ§ºÍÒ©ÎïÑÐ¾¿ÉÏµÄ

Ó¦ÓÃÌá¹©ÁË³ä·ÖµÄ¿ÆÑ§ÒÀ¾Ý£Û2 ～ 7£Ý. ÔÚ±¾ÎÄÖÐ£¬×÷Õß

½áºÏ×Ô¼º½üÄêÀ´µÄ¹¤×÷×÷Ò»¼ò½é .

1 AT-1 Ï¸°ûÉÏ´æÔÚ×Å¶àÖÖÐÄÔàÏ¸°ûÑùµÄ¶¯
×÷µçÎ»ºÍÀë×ÓÍ¨µÀµçÁ÷

×÷Õß·¢ÏÖ£¬AT-1 Ï¸°ûÔÚÎÂÏä·õ»¯µÄ¹ý³ÌÖÐ£¬³ý

ÁË¿É²úÉú×ÔÂÉÐÔ¶¯×÷µçÎ»Íâ£¬Æä¶¯×÷µçÎ»µÄÐÎ×´Óë

Ï¸°û·õ»¯µÄÊ±¼äÓÐ¹Ø . Í¼ 1 ÖÐÁÐ¾Ù³ö 4 ÖÖ²»Í¬ÐÎÌ¬

µÄ AT-1 Ï¸°û¶¯×÷µçÎ» .
ÑÐ¾¿·¢ÏÖ£¬AT-1 Ï¸°ûµÄ¶¯×÷µçÎ»Ê±³ÌºÍµÚ 2 Ïà

Æ½Ì¨ÆÚ·ù¶ÈÓë L ÐÍ¸ÆÍ¨µÀµçÁ÷£¨ÏÂÊö£©́óÐ¡ÓÐÃ÷ÏÔ¹Ø

Ïµ . Ëæ×ÅÏ¸°û·õ»¯µÄÊ±¼äÑÓ³¤£¬Ï¸°ûÌå»ýÖð½¥Ôö´ó£¬
Ï¸°ûÄ¤ÉÏ¸ÆÍ¨µÀµÄÃÜ¶ÈÒ²Ôö¼Ó£¬Ê¹µÃÓë¶¯×÷µçÎ»Æ½

Ì¨ÆÚÐÎ³ÉÓÐ¹ØµÄ L ÐÍ¸ÆµçÁ÷·ù¶ÈÔö´ó . ÔÚ AT-1 Ï¸

°ûÉÏ£¬́æÔÚ×Å¶àÖÖÄÚÍâÏòÀë×ÓÍ¨µÀµçÁ÷ . ÆäÖÐ×îÖ÷

ÒªµÄÀë×ÓµçÁ÷³É·ÖÊÇÄÚÏòÄÆµçÁ÷£¬Á½ÖÖ¸ÆµçÁ÷¼°Ò»

ÖÖÍâÏò¼ØµçÁ÷ . ÏÖ·ÖÊöÈçÏÂ .
1 .1 ÄÆÀë×ÓÍ¨µÀµçÁ÷£¨ INa£©

²ÉÓÃÄ¤Æ¬Ç¯È«Ï¸°û¼ÇÂ¼¼¼Êõ£¬ÔÚ AT-1 Ï¸°ûÉÏ¿É
Çå³þµØ¼ÇÂ¼µ½Ò»ÖÖÄÚÏòÀë×ÓµçÁ÷£Û5£Ý. ÕâÖÖµçÁ÷¶Ô¾

µäµÄÄÆÍ¨µÀ×èÖÍ¼ÁºÓëà¶¾£¨TTX£©¼«ÎªÃô¸Ð£¬ËµÃ÷Êô
ÓÚÄÆµçÁ÷³É·Ö£¨Í¼ 2£©. ½øÒ»²½ÑÐ¾¿·¢ÏÖ£¬AT-1 Ï¸°û

ÉÏµÄÕâÖÖÄÆµçÁ÷¾ßÓÐÁ½ÖÖÓëÆäËû¶¯ÎïÐÄÔàÏ¸°ûÄÆµç
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Fig 1 . Cardiac action potentials in cultured AT-1
cells . A. rat-like action potential£¨d 2£©£»B. guinea pig-like action
potential£¨d 4£©£»C. canine-like action potential£¨d 10£©£»D. canine
midmyocardial-like action potential . In AT-1 cells£¬the action po-
tential duration and the plateau magnitude are associated with the
size of L-type calcium current . The dashed line indicates zero poten-
tial .

Á÷²»Í¬µÄÏÖÏó£º£¨1£©AT-1 Ï¸°ûµÄÄÆµçÁ÷¶¯Á¦Ñ§£¨Èç¼¤

»îºÍÊ§»î£©¿ÉËæÏ¸°û·õ»¯Ê±¼ä³¤¶Ì¶ø²»Í¬ . µ±Ï¸°û

·õ»¯Ê±¼äÎª 3 d ÒÔÄÚÊ±£¬ÕâÖÖÄÆµçÁ÷·ù¶ÈºÜÐ¡£¬¶øÇÒ
Æä¼¤»îÓëÊ§»î¹ý³Ì¾ùºÜÂý£¬³ÊÏÖÒ»ÖÖÎ´³ÉÊìÐÍ£¨im-
mature£©ÄÆµçÁ÷ . Ëæ×Å·õ»¯Ê±¼äÑÓ³¤£¬AT-1 Ï¸°ûµÄÄÆ

µçÁ÷·ù¶ÈÔö´ó£¬Æä¶¯Á¦Ñ§³ÊÏÖÎª³ÉÊìÐÍ£¨mature£©£¬¼´
µçÁ÷µÄ¼¤»îÓëÊ§»î¾ùºÜ¿ì£¬ÓëÆäËû¶¯ÎïÐÄÔàÏ¸°ûÄÆ

µçÁ÷ÏàËÆ . ËµÃ÷ AT-1 Ï¸°ûÄÆµçÁ÷µÄ±ä»¯ÓëÆäÀë×Ó

Í¨µÀµ°°×ÖÊÔÚÏ¸°ûÄ¤ÉÏµÄ·¢Éú¼°±í´ïÓÐ¹Ø£¬Ò²¿ÉÄÜ

ÓëÏ¸°ûÔÚ·¢ÓýÉú³¤¹ý³ÌÖÐÄ³Ð©ÆäËûÒòËØ£¨ÈçβÑÇµ¥

Î»£©µÄ²ÎÓëÓ°ÏìÓÐ¹Ø£Û8£Ý.£¨2£©AT-1 Ï¸°ûµÄÄÆµçÁ÷£¬ÎÞ

ÂÛÊÇÎ´³ÉÊìÐÍ»¹ÊÇ³ÉÊìÐÍ£¬¾ù¶Ô TTX µÄ×èÖÍ×÷ÓÃ¼«

ÎªÃô¸Ð .×èÖÍ AT-1 ÄÆµçÁ÷ËùÐèµÄ TTX °ëÊýÓÐÐ§Å¨¶È

½öÎª 100 ～ 200 nmol¡¤L- 1 . ÕâÖÖÅ¨¶È±È TTX ×èÖÍÉñ¾

Ï¸°ûÉÏÄÆµçÁ÷ËùÐèµÄÅ¨¶È¸ß 50 ～ 100 ±¶£¬µ«Ö»ÊÇ×è

ÖÍÆäËû¶¯ÎïÐÄÔàÏ¸°ûÄÆµçÁ÷ËùÐèÅ¨¶ÈµÄÔ¼ 1% . Ìá

Ê¾ AT-1 Ï¸°ûÄÆÍ¨µÀµ°°×ÖÊ·Ö×Ó½á¹¹ÖÐ¶Ô TTX Ãô¸Ð

µÄ²¿·ÖÓëÆäËû×éÖ¯Ï¸°ûÓÐËù²»Í¬£¬ÓÐ´ý½øÒ»²½ÑÐ¾¿ .
1 .2 ¸ÆÀë×ÓÍ¨µÀµçÁ÷£¨ ICa£©

ÔÚ AT-1 Ï¸°ûÉÏ£¬×÷ÕßÒ²¼ÇÂ¼µ½Á½ÖÖ¼¤»îÓëÊ§»î
¶¯Á¦Ñ§¹ý³Ì²»Í¬µÄ¸ÆÍ¨µÀµçÁ÷£Û4£Ý£¨Í¼ 3£©. Ò»ÖÖ¸Æµç

Á÷¼¤»îÓëÊ§»î¹ý³Ì½ÏÎª»ºÂý£¬³ÆÎª³¤Ê±¼ä¼¤»îÐÍ¸Æ

µçÁ÷£¨L ÐÍ£¬ICa-L£©. ÕâÖÖ¸ÆµçÁ÷ÓëÆäËû¶¯ÎïÏ¸°ûÉÏµÄ

ICa-LÒ» Ñù£¬¿É ±» ¾ µä ¸Æ Í¨ µÀ ×è ÖÍ ¼Á£¬Èç Ïõ ±½ µØ Æ½
£¨nifedipine£©ºÍÎ¬ÀÅÁÃ×£¨verapamil£©µÈËù×èÖÍ . ÁíÒ»

ÖÖ¸ÆµçÁ÷ÊÇË²Ê±¼¤»îÐÍ£¨TÐÍ£¬ICa-T£©£¬Æä¼¤»îÓëÊ§»î

Fig 2 . Sodium currents with different kinetics of activation and inactivation. Left panel shows the inward sodium current
recorded in an AT-1 cell at d 3 in culture. The current activates and inactivates slowly. Right panel is the current recorded in a cell at d 14 in
culture . The current shows fast activation and inactivation with an increased density. The activation threshold for sodium currents with different
kinetics is around - 60 mV. The currents reach to the maximal level during depolarization to - 30 mV. The inward sodium currents are
blocked by low concentrations of tetrodotoxin. The whole-cell voltage clamp protocol is shown also.
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Fig 3 . Two types of calcium currents in cultured
AT-1 cells . To record calcium currents£¬sodium current in AT-1
cells was blocked by tetrodotoxin. Two holding potentials£¨Vh£©were
used. At Vh of - 70 mV£¬a large inward current was recorded at
various testing potentials£¨ Vt£©£»At Vh of - 40 mV£¨ to inactivate
sodium and T-type calcium currents£©£¬ L-type calcium current

£¨ ICa-L£©was recorded. T-type calcium current£¨ ICa-T£©is the differ-
ence between the current recorded at Vh of - 70 mV and ICa-L at Vh

of - 40 mV.

±È ICa-L¿ì£¬¿É±» T ÐÍ¸ÆÍ¨µÀ×èÖÍ¼Á¡²ÈçÄøÀë×Ó£¨Ni2 + £©
ºÍÃ×±´µØ¶û£¨mibefradil£©¡³Ëù×èÖÍ . AT-1 Ï¸°ûµÄ ICa-L
ÔÚÏ¸°û·õ»¯¹ý³ÌÖÐ£¬ÆäµçÁ÷·ù¶È¿ÉÖð½¥Ôö´ó£¬Óë¶¯×÷

µçÎ»Ê±³ÌºÍÆ½Ì¨ÆÚ·ù¶ÈÓÐ¹Ø£¨ÉÏÊö£©. ÓëÄÆµçÁ÷Ïà

±È£¬AT-1 Ï¸°ûÉÏµÄ¸ÆµçÁ÷³ý·ù¶ÈÒÔÍâ£¬ÔÚµçÁ÷¶¯Á¦
Ñ§ÉÏÓëÏ¸°û·õ»¯µÄÊ±¼ä³¤¶ÌÎÞÃ÷ÏÔ¹ØÏµ . ÌáÊ¾ AT-1

Ï¸°ûµÄ¸ÆÀë×ÓÍ¨µÀµçÁ÷µÄ¼¤»îÓëÊ§»î¹ý³ÌºÜÉÙÓÐ·¢

ÉúÑ§ÉÏµÄ±ä»¯ . ÓÐÈË·¢ÏÖ£¬AT-1 Ï¸°ûµÄ L ÐÍ¸ÆÍ¨µÀ

ÓëÏÖÒÑ¿ËÂ¡³öÀ´µÄ L ÐÍ¸ÆÍ¨µÀαÑÇµ¥Î»¼¸ºõÏàÍ¬£¬

¶ø AT-1 Ï¸°ûµÄ T ÐÍ¸ÆÍ¨µÀÔòÓëÏÖÒÑ¿ËÂ¡³öÀ´µÄα1G

ÑÇµ¥Î»ÏàËÆ£¬Æä¶¯Á¦Ñ§²ÎÊý±ÈÁíÒ»¿ËÂ¡α1H ÂÔ¿ì£Û9£Ý.
1 .3 ¿ìËÙ¼¤»îÐÍ³Ù»ºÕûÁ÷ÍâÏò¼ØÀë×ÓÍ¨µÀµçÁ÷

£¨ IKr£©

IKrÊÇ AT-1 Ï¸°ûÉÏÖ÷ÒªµÄÊ±¼äÒÀÀµÐÔÍâÏò¼Øµç

Á÷£¬ËüÊÇÒ»ÖÖÖØÒªµÄ¶¯×÷µçÎ»¸´¼«»¯µçÁ÷£¨Í¼ 4£©£Û2£Ý.
ÔÚ AT-1 Ï¸°ûÉÏ£¬µ± INaºÍ ICa-TÍ¨¹ý²ÉÓÃ - 40 mV µÄ

Ä¤Ö¸ÁîµçÎ»£¨Vh£©±»Ê§»îºó£¬»òÕß·Ö±ðÓÃ TTX ºÍ Ni2 +

×èÖÍºó£¬¿É¼ÇÂ¼µ½Ã÷ÏÔµÄ IKr . Óë¶àÖÖ¶¯ÎïÐÄÔàÏ¸°û
µÄ IKrÒ»Ñù£¬AT-1 Ï¸°ûµÄ IKrÒ²¾ßÓÐÄÚÏòÕûÁ÷ÏÖÏó£¬¿É
±»Ç¿Ð§ IKr×èÖÍÒ©£¬Èç¶à·ÇÀûÌØ£¨dofetilide£©ºÍ E-4031
ËùÏû³ý . ÔÚ AT-1 Ï¸°ûÉÏ£¬Ã»ÓÐ¼ÇÂ¼µ½³Ù»ºÐÍÍâÏò¼Ø
µçÁ÷µÄÂý³É·Ö£¨ IKs£©. ÏÖÒÑÖª£¬ÓëÈËÌåÐÄÔàÏ¸°û IKrÍ¨
µÀÐÎ³ÉÓÐ¹ØµÄ»ùÒòÎ»ÓÚÏ¸°ûµÄµÚ 7 ¶ÔÈ¾É«ÌåÉÏ£¬³Æ

Îª HERG »ùÒò£Û10£Ý. µ± HERG »ùÒò·¢ÉúÒÅ´«Ñ§Í»±ä

Ê±£¬±ã¿ÉÒýÆðµÚ 2 ÐÍÏÈÌìÐÔÐÄÔà³¤ Q-T ¼äÆÚ×ÛºÏÕ÷

£¨LQT2£©£¬¼´Ò»ÖÖÐÄÔà¸´¼«»¯¹ý³ÌÒì³£ÑÓ³¤ÏÖÏó£¬¿É
ÒÔÖÂËÀ . Èô½« HERG ¿ËÂ¡½øÐÐÌåÍâÏ¸°û±í´ï£¬¿ÉÒÔ

²úÉúÒ»ÖÖÀàËÆ IKrµÄÍâÏò¼ØµçÁ÷£¨ÈçÍ¼ 4 ËùÊ¾£©£¬Ò²¿É

±» IKr×èÖÍ¼ÁËù×èÖÍ . ³ýÁË HERG »ùÒòÍ»±äÓëÏÈÌì

ÐÔÐÄÔà³¤ Q-T ¼äÆÚ×ÛºÏÕ÷ÓÐ¹ØÍâ£¬ÐÄÔàµÄÒ»ÖÖÄÆÍ¨

µÀ»ù Òò SCN5AÍ» ±ä Óë µÚ 3 ÐÍ ³¤Q- T¼ä ÆÚ ×Û ºÏ Õ÷

Fig 4 . IKr And HERG currents . Left panel is IKr current recorded in an AT-1 cell at d 8 in culture. IKr Activates around - 30 mV
and reaches to its maximal level during depolarization to + 10 to + 20 mV. As depolarizing potentials increase£¬the current magnitudes gradu-
ally decline£¬showing an inward rectification phenomenon. Right panel represents HERG current recorded in a Chinese hamster ovary£¨CHO£©
cell which is transiently transfected with HERG cDNA. Both IKr and HERG currents share similar features£¬except different kinetics.
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£¨LQT3£©ÓÐ¹Ø£Û11£Ý£¬ÐÄÔàµÄÁíÒ»ÖÖ¼ØÍ¨µÀ»ùÒò£¨LQT1£©
Í»±äÒ²Óë³¤ Q-T ¼äÆÚ×ÛºÏÕ÷ÓÐ¹Ø£Û12£Ý. ÆäÖÐ£¬HERG
ºÍ LQT1 »ùÒòÍ»±ä£¬Ôì³ÉÐÄÔàÏ¸°û¸´¼«»¯¹ý³ÌÖÐµÄ
ÍâÏò¼ØµçÁ÷ IKrºÍ IKs·ù¶È¼õÐ¡£¬¶ø SCN5A »ùÒòÍ»±ä

ÔòÊ¹ÄÆÍ¨µÀÊ§»îÑÓ»º£¬ÕâÐ©Ó°ÏìµÄ×îÖÕ½á¹û¾ùÊÇÑÓ

³¤ÐÄÔà¸´¼«ºÍ¶¯×÷µçÎ»Ê±³Ì£¬ÁÙ´²ÐÄµçÍ¼ÉÏ±íÏÖÎª

Ã÷ÏÔµÄ Q-T ¼äÆÚÑÓ³¤£¬ÉõÖÁ³öÏÖÒ»ÖÖ³ÆÎª¼â¶ËÅ¤×ª

ÐÍÊÒÐÔÐÄ¶¯¹ýËÙ£¨torsade de pointes£©.
1 .4 ÆäËû¼ØÍ¨µÀµçÁ÷³É·Ö

ÔÚ AT-1Ï¸ °û ÉÏ ³ý ÁË ÒÔ IKr Îª Ö÷ ÒÔ Íâ £¬ÉÐ ¿É ÔÚ

5% ～ 10%Ï¸°ûÉÏ¼ÇÂ¼µ½ÆäËûÁ½ÖÖÍâÏò¼ØµçÁ÷£Û2£Ý£ºÒ»

ÖÖÀàËÆÓÚ´óÊóÐÄÔàµÄ KV 1. 5 µçÁ÷£¬±íÏÖÎª¿ìËÙ¼¤»î

ºÍ»ºÂýÊ§»îÏÖÏó£¬¿É±»¿üÄá¶¡£¨quinidine£©Ëù×èÖÍ£»Áí
Ò»ÖÖÀàËÆÓÚ KV 2.1 µçÁ÷£¬±íÏÖÎª¿ìËÙ¼¤»îºÍÖÐËÙÊ§
»î£¬¿É±» 4-°±»ùßÁà¤£¨4-aminopyridine£©×èÖÍ . ÁíÍâ£¬ÔÚ
AT-1 Ï¸°ûÉÏ£¬¿ÉÒÔ¼ì²âµ½Ä³Ð©¼ØÍ¨µÀµÄ mRNA£¨Èç
KV 1.4 ºÍ minK£©. µ«ÊÇ£¬²¢Ã»ÓÐ¼ÇÂ¼µ½ÓÐ¹ØµÄµçÁ÷³É
·Ö£Û2£Ý. ÖµµÃÒ»ÌáµÄÊÇ£¬AT-1 Ï¸°ûÉÏÃ»ÓÐ²âµ½Óë LQT1
ÓÐ¹ØµÄ mRNA£¬½öÓÐ minK mRNA. Òò´Ë£¬²»´æÔÚ IKsµç
Á÷³É·Ö . IKsµÄ±í´ï±ØÐë¾ßÓÐ LQT1 ºÍ minK Í¬Ê±´æ

ÔÚ£Û12£Ý. ÁíÍâ£¬ËäÈ» AT-1 Ï¸°ûÊÇÒ»ÖÖÐ¡ÊóÑùÐÄÔàÏ¸

°û£¬µ«²¢ÎÞË²Ê±ÍâÏò¼ØµçÁ÷£¨ I to£©³É·ÖµÄ´æÔÚ£¬Ò²ÎÞ±³
¾°ÍâÏò¼ØµçÁ÷£¨ IK1£©.

2 IKr×èÖÍÒ©µÄÑÐ¾¿ÓëÓ¦ÓÃ

ÓÉÓÚ AT-1 Ï¸°ûÉÏÃ»ÓÐÆäËû¼ØµçÁ÷£¨Èç I to£¬IKsºÍ
IK1µÈ£©µÄ¡°ÎÛÈ¾¡±£¬IKrÊÇÖ÷ÒªµÄÊ±¼äÒÀÀµÐÔÍâÏò¼Øµç
Á÷£¬¶øÇÒµçÁ÷·ù¶È½Ï´ó£¨¿É´ï 2000 pA£©£¬Ê¹µÃ AT-1
Ï¸°û³ÉÎªÒ»ÖÖ½ÏÎªÀíÏëµÄ IKrÒ©ÎïÑÐ¾¿Ä£ÐÍ . ËäÈ»

HERG ¿ËÂ¡Ëù±í´ïµÄ¼ØµçÁ÷Ò²±»¹ã·ºÊ¹ÓÃ£¬µ«ÊÇ£¬

AT-1 Ï¸°ûµÄ IKr¶¯Á¦Ñ§¸ü½Ó½üÓÚÈËÌå»ò¶¯ÎïÐÄÔàÏ¸
°ûµÄÄÚÔ´ÐÔ IKr³É·Ö . Òò´Ë£¬¶àÄêÀ´£¬×÷ÕßËùÔÚµÄÊµ

ÑéÊÒÒ»Ö±ÓëÃÀ¹ú£¬Ó¢¹ú£¬µÂ¹ú£¬ÈðÊ¿ºÍÈÕ±¾µÄ¶à¼ÒÖÆ

Ò©¹«Ë¾ºÏ×÷£¬ÑÐ¾¿ÐÂÒ©¶Ô AT-1 Ï¸°û IKrµÄÓ°Ïì .
¼øÓÚ IKrÊÇÐÄÔàÏ¸°ûµÄÒ»ÖÖ¼«ÎªÖØÒªµÄ¸´¼«µç

Á÷³É·Ö£¬·²ÊÇÄÜ²¿·Ö»òÈ«²¿×èÖÍ¸ÃµçÁ÷µÄÒ©Îï£¬¾ù¿É

Ê¹ÐÄÔà¸´¼«¹ý³Ì¼õÂý¶øÒýÆð¶¯×÷µçÎ»ÑÓ³¤ . ´ÓÖÎÁÆ
Ñ§½Ç¶ÈÀ´¿´£¬ÊÊµ±ÑÓ³¤ÐÄÔà¸´¼«ºÍ¶¯×÷µçÎ»Ê±³Ì£¬¿É

ÒÔ²úÉúµÚÈýÀà¿¹ÐÄÂÉÊ§³£×÷ÓÃ£¬́ïµ½ÖÎÁÆÄ³Ð©ÀàÐÍ

ÐÄÂÉÊ§³£µÄÄ¿µÄ . ¶¯ÎïÑÐ¾¿ºÍÁÙ´²ÊÔÑé³õ²½Ö¤Ã÷£¬

IKr×èÖÍÒ©¶ÔÈ±ÑªÐÔÐÄÊÒ²ü¶¯ºÍÄ³Ð©·¿ÐÔºÍÊÒÐÔÐÄ
ÂÉÊ§³£¿ÉÆðµ½ÖÎÁÆ×÷ÓÃ . ¿ÉÊÇ£¬Èô×èÖÍ IKrµÄ×÷ÓÃ¹ý

Ç¿£¬Ê¹ÐÄÔà¸´¼«ºÍ¶¯×÷µçÎ»Ê±³Ì¹ý¶ÈÑÓ³¤£¬Ôò¿ÉÓÕ·¢

Ò»ÖÖ³ÆÎªÔçºó³ý¼«µÄÒì³£µç»î¶¯£¬ÒýÆð´¥·¢ÐÔµç±ä

»¯¶ø·¢Éú¼â¶ËÅ¤×ªÐÍÊÒÐÔÐÄ¶¯¹ýËÙ . ÏÖÒÑ·¢ÏÖ£¬²»

½öÐí¶à×÷ÓÃÓÚÐÄÔàµÄÒ©Îï£¨Èç¿¹ÐÄÂÉÊ§³£Ò©ºÍ¸ÆÍ¨

µÀ×èÖÍÒ©µÈ£©£¬¶øÇÒÐí¶à·ÇÐÄÔà»îÐÔÒ©£¨Èç¿¹¾«Éñ²¡

Ò©£¬¿¹¹ýÃôÒ©£¬¿¹ÉúËØ£¬¿¹Õæ¾úÒ©£¬½â¾·Ò©ºÍ½µÑ¹Ò©

µÈ£©Ò²ÓÐ½ÏÇ¿µÄÐÄÔà IKr×èÖÍ×÷ÓÃ£Û13£Ý. ÔÚÁÙ´²ÉÏ£¬Íù

ÍùÓÐÐ©ÔÒò²»Ã÷µÄÐÄÂÉÊ§³£ÉõÖÁËÀÍö£¬¿ÉÄÜ¾ÍÊÇÓÉ

ÓÚÒ©Îï×èÖÍÐÄÔà IKrËùÖÂ . Òò´Ë£¬ÃÀ¹úÊ³Æ·ºÍÒ©Æ·¹Ü
Àí¾Ö£¨FDA£©¼°Å·ÖÞÒ©Îï¹ÜÀí¾Ö¾ùÒÑÃ÷ÎÄ¹æ¶¨£¬×Ô
1998 ÄêÆð£¬·²ÊÇÑÐ¾¿¿ª·¢ÓÃÓÚÈËÌåµÄÈÎºÎÀàÐÍÐÂ
Ò©£¬ÔÚÉÏ±¨ÉóÅúÊ±¾ù±ØÐëÌá¹©¸ÃÒ©ÊÇ·ñ×èÖÍÐÄÔàÏ¸

°û IKr£¬ÑÓ³¤¶¯×÷µçÎ»ÓëÐÄµçÍ¼ Q-T ¼äÆÚµÄÊµÑéÊý

¾Ý£¬ÒÔÈ·±£ÐÂÒ©ÔÚÈËÌåÉÏÓ¦ÓÃµÄ°²È«ÐÔ . ÔÚ´Ë£¬×÷Õß
½áºÏ×Ô¼º½üÐ©ÄêÔÚ AT-1 Ï¸°ûÉÏ¶ÔÒ©Îï×èÖÍ IKrµÄÑÐ
¾¿½á¹û£¬ÁÐÓÚ±í 1£¬¹©¶ÁÕß²Î¿¼ .

Ä¿Ç°£¬ÔÚÃÀ¹ú½öÓÐµÄÁ½¸ö IKrµÄÑ¡ÔñÐÔ×èÖÍÒ©£¬
¶à·ÇÀûÌØºÍÒÁ²¼ÀûÌØ£¨ ibutilide£©ÒÑ±»Åú×¼ÓÃÓÚÁÙ´²
ÖÎÁÆ£¬¶øÇÒÖ»ÏÞÓÚÖÎÁÆ·¿ÐÔ»òÊÒÐÔ²ü¶¯²¡ÈË£¬µ«ÈÔÒª

ÖØÊÓÕâÁ½¸öÒ©Îï¿ÉÄÜÒýÆðµÄ¼â¶ËÅ¤×ªÐÍÊÒÐÔÐÄ¶¯¹ý

ËÙÎ£ÏÕÐÔ . ¶ÔÓÚÎ´À´¿¹ÐÄÂÉÊ§³£Ò©ÎïµÄÑÐ¾¿Óë¿ª

·¢£¬Ê×ÏÈÊÇÒªÅªÇåÐÄÔà¸´¼«»¯¹ý³ÌÖÐµÄ¸´ÔÓ·Ö×ÓÉú

ÎïÑ§£¬ÉúÀíÑ§ºÍÒ©ÀíÑ§£¬Õâ²»½öÉæ¼°ÐÄÔàÀë×ÓÍ¨µÀµ°

°×ÖÊ±¾Éí£¬¶øÇÒÉæ¼°µ÷½ÚÀë×ÓÍ¨µÀÔÚÕý³£»ò²¡±äÐÄ

ÔàÉÏ±í´ïµÄ·Ö×ÓºÍÏ¸°û»úÀí . Ö»ÓÐÕâÑù£¬²ÅÓÐ¿ÉÄÜ

ÑÐÖÆ³ö¼ÈÑÓ³¤ÐÄÔà¸´¼«£¬ÓÖ²»ÒýÆð¼â¶ËÅ¤×ªÐÍÊÒÐÔ

ÐÄ¶¯¹ýËÙµÄÐÂÐÍ°²È«¿¹ÐÄÂÉÊ§³£Ò© .
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Tab 1. IC50 values for drug block of IKr or HERG in mouse atrial tumor myocytes AT-1 and mammalian transfected cells

Drug category
IC50 for IKr block

/µmol¡¤L
- 1 Cell type

IC50 for HERG block
/µmol¡¤L

- 1 Cell type

Antiarrhythmic drug

Quinidine 1.0 ± 0.3 AT-1 cells 0 .27 ± 0.06 L-cells

Disopyramide 58 ± 12 AT-1 cells 92 ± 24 L-cells

Procainamide 380 ± 218 AT-1 cells 298 ± 13 L-cells

N-Acetyl procainamide 92 ± 6 AT-1 cells 47 ± 16 L-cells

Amiodarone 0.7 ± 0.2 AT-1 cells 0 .95 ± 0.08 L-cells

Dofetilide 0.011 ± 0.002 AT-1 cells 0 .015 ± 0.003 L-cells

Ibutilide 0.020 ± 0.001 AT-1 cells

d-Sotalol > 50 AT-1 cells

Antipsychotic drug

Risperidone ～ 1.0 AT-1 cells

Ziprasidone ～ 5 AT-1 cells

Olanzapine > 50 AT-1 cells

Antihistamine drug

Terfenadine 0.097 ± 0.012 AT-1 cells 0 .085 ± 0.020 HEK-293

Prokinetic drug

Cisapride 0.004 ± 0.002 AT-1 cells

Antipasmodi drug

Terodiline 0.0037 ± 0.0018 AT-1 cells

Antiepileptic drug

Valproic acid 20 AT-1 cells

Antibiotic drug

Erythromycin 52.4 ± 6.7 AT-1 cells 70.2 ± 9.5 CHO cells

Moxafloxacin 0.75 ± 0.31 AT-1 cells

Sparfloxacin 0.23 ± 0.07 AT-1 cells

Grepafloxacin 27.2 ± 11.6 AT-1 cells

Gatifloxacin 26.5 ± 13.4 AT-1 cells

Antifungal drug

Ketoconazole 0.05 ± 0.01 AT-1 cells 0 .07 ± 0.02 CHO cells

Hypotensive drug

Trimethaphan ～ 10 AT-1 cells

Ca2+ Blocker
Amoldipine 3.0 ± 0.4 AT-1 cells

Miberfradil 0 .75 ± 0.14 AT-1 cells 0 .82 ± 0.20 CHO cells

Verapamil 1 .3 ± 0.2 AT-1 cells 0 .78 ± 0.23 HEK-293

Other

OPC-18790 0.96 ± 0.12 AT-1 cells
Leuvangladin E2 2.7 ± 1.1 AT-1 cells

L-cells£ºmouse fibroblast cells£»CHO£ºChinese hamster ovary cells£»HEK£ºhuman embryonic kidney cells. The tail current of IKr or HERG
was measured upon repolarization to - 40 mV following depolarization to + 20 mV from a holding potential of - 40 mV or - 80 mV. n = 7 -
12 for each drug tested.-x ± SE .
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Mouse atrial tumor myocytes AT-1 in cardiac electrophysiologic
and pharmacologic studies

YANG Tao
£¨Department of Pharmacology£¬School of Medicine£¬Vanderbilt University£¬Nashville£¬TN 37232-6602£¬USA£©

Abstract£ºAtrial tumor myocytes£¨AT-1 cells£©
were derived from tumor-bearing mice in which
SV40 T large antigen drives atrial natriuretic pro-
moter . AT-1 cells possess many features typically
seen in cardiac cells from other species£¬such as
spontaneous beating£¬multiple ion channels and
responses to drugs£¬etc . Major ion channels are
present in AT-1 cells£º sodium£¬ calcium and
potassium channels . Sodium channel in AT-1
cells is highly sensitive to blocker tetrodotoxin. L-
and T-type calcium channels respond to classical
blockers. An important outward potassium current
in AT-1 cells is the rapidly-activating delayed rec-

tifier£¨ IKr£©. IKr Is the sole time-dependently re-
polarizing potassium current in AT-1 cells . AT-1
cells are a very useful tool for studies in cardiac
electrophysiology and pharmacology . As yet£¬a
great number of cardiac and non-cardiac drugs
have been tested for their IKr blocking actions in
AT-1 cells . The polymorphic ventricular arrhyth-
mia£¨torsade de pointes£©is a severe side effect of
IKr blockers.
Key words£º myocardium£» cells£¬ AT-1£» ion
channels£»action potentials£»drug studies
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