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(57) ABSTRACT 

The present invention relates to a novel human K' ion 
channel, to nucleic acid molecules encoding the same and to 
vectors comprising said nucleic acid molecules. The inven 
tion additionally relates to antibodies specifically directed to 
the novel K" ion channel and to pharmaceutical composi 
tions and diagnostic kits containing at least one of the 
above-mentioned components. Furthermore, the present 
invention relates to methods of treating a disease caused by 
malfunction of the polypeptide of the present invention or by 
the (over)expression of the nucleic acid molecule of the 
invention comprising administering an inhibitor of said 
(over)expression or of ion channel function or an inhibitor 
abolishing said malfunction to a patient in need thereof. 
Methods of devising drugs for treating or preventing the 
above-mentioned disease, methods of inhibiting cell prolif 
eration and methods of prognosing cancer are additional 
embodiments comprised by the present invention. The 
invention also envisages specific antisense or gene therapies 
on the basis of the nucleic acid molecule of the invention for 
inhibiting undesired cellular proliferation, for example, in 
connection with cancer or in neurodegenerative diseases. 
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heag1 G D Y E I F D E D T K T I R N N S W L Y 393 
heag2 G D Y E I F D E D T K T I R N N S W L Y 420 
beag1 G D Y E I F D E D T K T I R N N S W L Y 393 
beag2 G D Y E I F D E D T K T I R N N S W L Y 420 
meag G D Y E I F D E D T K T I R N N S W L Y 420 
reag G D Y E I F D E D T K T I R N N S W L Y 393 

heag1 Q L A M D I G T P Y Q F N G SG SG K W 413 
heag2 Q L A M D I G T P Y Q F N G SG SG K W 440 
beagl Q L A M D I G T P Y Q F N G SG SG K W 413 
beag2 Q L A M D I G T P Y Q F N G SG SG K W 440 

Ineag 3: EEEE SENSE: 440 reag Q L. ALD L G T P Y Q F N G SG SG K W 413 

heag1 E G G P S K N S V Y I S S L Y F T M T S 433 
heag2 E G G P S K N S V Y I S S L Y F T M T S 460 
beag1 E G G P S K N S V Y I S S L Y F T M T S 433 
beag2 E G G P S K N S V Y I S S L Y F T M T S 460 
meag E G G P S K N S V Y T S S L Y F T M T S 460 
reag E G G P S K N S V Y I S S L Y FT M T S 433 

heag1 L T S W G F G. N. I. A P S T D I E K I F A 453 
heag2 L T S W G F G N. I. A P S T D I E K I F A 480 
beag1 L T S W G F G N I A P S T D I E K I F A 453 
beag2 L T S W G F G N I A P S T D I E K I F A 480 
meag L T S W G F GN I A P S T DI E K I F A 480 
reag L T S W G F G N I A P S T D I E K I F A 453 

heag1 V AI M M I G S L L Y AT I F G N V TT 473 
heag2 V AI M M I G S L L Y AT I F G N V TT 500 
beag1 V AI M M I G S L L Y AT I F G N V TT 473 
beag2 V AI M M I G S L L Y AT I F G N V TT 500 
meag V AI M M I G S L L Y AT I F G N V TT 500 
reag V AI M M I G S L L Y AT I F G N V TT 473 
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heag1 I F O O MY A N T N R Y H E M L N S W R 493 
heag2 I F Q Q MY A N T N R Y H E M L N S v R 520 
beag1 I F Q Q MY A N T N R Y H E M L N S V R 493 
beag2 I F Q Q M. Y. A N T N R Y H E M L N S W R 520 
meag I F Q Q MY A N T N R Y H E M L N S V R 520 
reag I F Q Q M. Y. A N T N R Y H E M L N S W R 493 

heag1. D F L K L Y Q V P K G L S E R V M D Y I 513 
heag2 D F L K L Y Q V P K G L S E R V M D Y I 540 
beag1. D F L K L Y Q V P K G L S E R V M D Y I 513 
beag2 D F L K L Y Q V P K G L S E R V M D Y I 540 
meag D F L K L Y Q V P K G L S E R V M D Y I 540 
reag D F L K L Y Q V P K G L S E R V M D Y I 513 

heag1 V S T W S M S R G I D T E K V L Q I C P 533 
heag2 V S T W S M S R G I DT E K V L Q I C P 560 
beag1 V S T W S M S R G I DT E K V L Q I C P 533 
beag2 V S T W S M S R G I DT E K V L Q I C P 560 
meag V S T W S M S R G I DT E K V L Q I C P 560 
reag V S T W S M S R G I DT E K V L Q I C P 533 

heag1 K D M R A D I C V H L N R K V F K E H P 553 
heag2 K D M R A D I C V H L N R K V F K E H P 580 
beag1 K D M R A D I C V H L N R K V F K E H P 553 
beag2 K D M R A D I C V H L N R K V F K E H P 580 
meag K D M R A D I C V H L N R K V F K E H P 580 
reag K D M R A D I C V H L N R K V F K E H P 553 

heag1 A. F. R L A S D G C L R A L A M E F O T V 573 
heag2 A. F. R L. A S D G C L R A L A M E F O T V 600 
beagll A F R L A S D G C L R A L A M E F O T V 573 
beag2 A F R L A S D G C L R A L. A. M. E. F. Q T V 600 
meag A F R L A S D G C L R A L A M EF Q T V 600 
reag A F R L A S D G C L R A L A M EF Q T V 573 

Fig. 11 cont. 
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heag1 H C A P G D L I Y H A G E S W D S L C F 593 
heag2 H C A P G D L I Y H A G E S v D S L C F 620 
beag1 H C A P G D L I Y H A G E S W D S L C F 593 
beag2 H C A P G D L I Y H A G E S W D S L C F 620 
meag H C A P G D L I Y H A G E S W D S L C F 620 
reag H C A P G D L I. Y H. A. G E S W D S L C F 593 

heag1 V V S G S L E V I Q D D, E V V A. I. L. G. K. 613 
heag2 V V S G S L E V I O D D, E V V AI L G K 640 
beag1 V V S G S L E V I Q D D, E V V AI L G K 613 
beag2 V V S G S L E V I Q D D, E V V AI L G K 640 
meag V V S G S L E V I Q D D, E V V AI L. G. K. 640 
reag V V S G S L E V I Q D D, E V V A T L G K. 613 

heag1 G D V. F G D V F W K E A T L A Q S C A N 633 
heag2 G D V. F G D V F W K E A T L A Q S C A N 660 
beag1 G D V. F G D V F W K E A T L A Q S C A N 633 

meag G D V F. G D V F W K E A T L A Q S C A N 660 

F 
F 

beag2 G D V. F G D V. F W K E A T L A Q S C A N 660 
F 

reag G D V F. G D V F W K E A T L A Q S C A N 633 

heag1 V. R. A. L T Y C D L H V I K R D A L Q K V 653 
heag2 V. R. A. L T Y C D L H V I K R D A L Q K V 680 
beag1 V R A L T Y CD L H V I K R D A L Q K V 653 
beag2 V R A L T Y C D L H VI K R D A L Q K V 680 
meag V. R. A. L T Y C D L H V I K R D A L Q K V 680 
reag V. R. A. L T Y C D L H V I K R D A L Q K V 653 

heag1 L E F Y T A F S H S F S R N L I L T Y N 673 
heag2 L E FY T A F S H S F S R N L I L T Y N 700 
beag1 L E FY T A F S H S F S R N L I L T Y N 673 
beag2 L E FY T A F S H S F S R N L I L T Y N 700 
meag L E FY T A F S H S F S R N L I L T Y N 700 
reag L E FY T A F S H S F S R N L I L T Y N 673 

Fig. 11 cont. 



Patent Application Publication Jan. 24, 2008 Sheet 28 of 37 US 2008/0020406 A1 

heag1 L R K R I, V F R K I S D V K R E E E E R 693 
heag2 L R K R I, V F R K I S D V K R E E E E R 720 
beagl L R K R I V F R K I S D V K R E E E E R 693 
beag2 L R K R I, V F R K I S D V K R E E E E R 720 
meag L R K R IV F R K I S D V K R E E E E R 720 
reag L R K R IV F R K I S D V K R E E E E R 693 

heag1 M K R K N E A P L I L PP D H P V R R L 713 
heag2 M K R K N E A P L I L P P D H P V R R L 740 
beag1 M K R K N E A P L I L PP D H P V R. R L 713 
beag2 M K R K N E A P L I L P P D H P V R R L 740 
meag M K R K N E A P L I L P P D H P V R R L 740 
reag M K R K N E A P L I L P P D H P V R. R L 713 

heag1 F O R F R O Q K E A R L. A. A E R G G R D 733 
heag2 F O R F R O Q K E A R L. A. A E R G G R D 760 
beag1 F Q R F R Q Q K E A R L. A. A E R G G R D 733 
beag2 F Q R F R Q Q K E A R L. A. A E R G G R D 760 
meag F O R F R Q Q K E A R L. A. A E R G G R D 760 
reag F O R F R O Q K E A R L. A. A E R G G R D 733 

heag1 L D D L D V E K G N V L T E H A S A N H 753 
heag2 L D D L D V E K G N V L T E H A S A N H 780 
beag1 L D D L D V E K G SV L T E H H. 751. 
beag2 L D D L D V E K G SV L T E H H 778 
meag L. D. D L D V E K G N EEE S A N H 78O 
reag L. D. D. L. D. V. E. K. G. NAL TD HT S A N H 753 

heag1 S L V K AS V V T V R E S P A T P V S F 773 
heag2 S L V K AS V V T V R E S P A T P V S F 800 

E: YY YEEER A. Y. I beag2 GLA K AS V V T V R E S P A T P V AF 798 
meag S L V K AS V V T V R E S P A T P V S F 800 
reag S L V K AS V V T V R E S P A T P V S F 773 
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heag1 Q A A S T S G V P D H A K L Q A P G S E 793 
D H A K L Q A P G SE 820 

E: RE: EA CE, D H A R L Q A P G A E 818 

E.E.E.S. 5 D H A K L H A P G S E 793 

heag1 EEEEEEEEEEEE 813 heag2 C L G P K G G G G D C A K R K S W A R F 840 

EEEER D C A K R K G W A R F 811 beag2 G L G P K A G G A D C A K R K G W A R F 838 
Ineag C 

C reag I G P K A G G G D 
L. G. P K A D. P. A K R K G W A R F 840 

A K R K G W A R F 813 

heag1 K D A C G K S E D W N K V S K A E S M E 833 
heag2 K D A C G K S E D W N K V S K A E S M E 860 
beag1 K D A C GQ A E D W S K V S K A E S M E 831 
beag2 K D A C GQ A E D WS K V S K A E S M E 858 
meag K D A C G K G E D W N K V S K A E S M E 860 
reag K D A C G K G E D W N K V S K A E S M E 833 

heag1 T L P E R T K AS G E A T L K K T D S C 853 
heag2 T L P E R T K AS G E A T L K K T D S C 880 
beag1 T L P E R T K A A G E A T L K K T D S C 851 
beag2 T L P E R T K AA G E A T L K K T D S C 878 
meag T L P E R T K AP G E A T L K K TD SC 880 
reag T L P E R T K. A. S. G E A T L K K T D S C 853 

heag1 D S G. I. T. K S D L R L D N V G E A R S P 873 
heag2 D S G | T K S D L R L D N V G E A R S P 900 
beag1 D S G IT K S D L R L D N V G E A R S P 871 
beag2 D S G IT K S D L R L D N V G E A R S P 898 
meag D S GIT K S D L R L D N V GET R S P 900 
reag D S G IT K S D L R L D N V G E A R S P 873 

Fig. 11 cont. 
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heag1 Q D R S P I L A E V K H S F Y P T P E Q. 893 
heag2, Q D R S P I L A E V K H S FY P I P E Q 920 
beag1 Q D R S P T L A E V K H S F Y P I P E Q 891 
beag2 Q D R S P I L A E V K H S F Y P I P E Q 918 
meag O D R S P I L A E V K H S F Y P T P E Q 920 
reag Q D R S P I L A E V K H S F Y P I P E Q 893 

heag1. A3 YEYEEEEEEEER: 913 heag2 T L Q A T W L E V RH E L K E D I K A. L. 940 

beag1. AESAY EYEEEEEEEEEE 911 beag2 T L Q AAW L E V K H E L K E D I K A. L. 938 
meag T L Q ATV L E V KY E L K E D I K. A. L. 940 
reag T L Q A T V L E V K H E L K E D I K A. L. 913 

heag1 N A K M T N T E K Q L S E L L R T L T S 933 
heag2 N A K M TNI E K Q L S E I L R I L T S 960 

E. : ::::::::::A; 931 beag2 S T K M T S I E K Q L S E I L R I, L T S 958 

meag N. :::::::::::: 96.O reag N A K M T S I E K Q L S E I L R T L MS 933 

heag1 R R S S Q S P Q E L F E I S R P Q S P E 953 
heag2 R R S S Q S P Q E L F E I S R P Q S P E 980 
beag1 R R S S Q S P Q E L F E I S R P Q S P E 951 
beag2 R R S S Q S P Q E. L. F E I S R P Q S P E 978 

meag ESSESS.E.E.S.E 98O reag RGS S Q S P Q Ev S R P O S P E 953 

heag1 S E R D I F. G A S 962 
heag2 S E R D IF G A S 989 
beag1 S E R D IF G A S 96.O 
beag2 S E R D I F G A S 987 

meag EEER 989 reag SD R D I F G A S 962 

Fig. 11 cont. 
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ANTIBODIES TO A HUMAN KON CHANNEL 
AND THERAPEUTIC APPLICATIONS THEREOF 

0001. The present invention relates to a novel human K' 
ion channel, to nucleic acid molecules encoding the same 
and to vectors comprising said nucleic acid molecules. The 
invention additionally relates to antibodies specifically 
directed to the novel K" ion channel and to pharmaceutical 
compositions and diagnostic kits containing at least one of 
the above-mentioned components. Furthermore, the present 
invention relates to methods of treating a disease caused by 
malfunction of the polypeptide of the present invention or by 
the (over)expression of the nucleic acid molecule of the 
invention comprising administering an inhibitor of said 
(over)expression or of ion channel function or an inhibitor 
abolishing said malfunction to a patient in need thereof. 
Methods of devising drugs for treating or preventing the 
above-mentioned disease, methods of inhibiting cell prolif 
eration and methods of prognosing cancer are additional 
embodiments comprised by the present invention. The 
invention also envisages specific antisense or gene therapies 
on the basis of the nucleic acid molecule of the invention for 
inhibiting undesired cellular proliferation, for example, in 
connection with cancer or in neurodegenerative diseases. 

0002 Potassium channels are a relevant factor in the 
regulation of the resting potential of cells, and this has been 
regarded as their major role in excitable and non-excitable 
tissues. On the other hand, the explanation for their ubiq 
uitous presence and the impressive variability in their prop 
erties remains elusive. A reasonable hypothesis is that potas 
sium channels are present in all cell types because they have 
in addition some “housekeeping role, for example in cell 
proliferation'. Their implication in the regulation of the cell 
division cycle has been tested repeatedly, and some experi 
mental evidence has been presented. However, especially 
since both depolarization and hyperpolarization of the mem 
brane potential during cell cycle have been reported as 
depending on cell type', there is no general model to 
explain the function of potassium channels in cell cycle. 
Two mechanisms have been proposed to explain the role of 
K" channels: they either influence the intracellular Ca" 
concentration, or control cell volume (17, 18). Both mecha 
nisms would indirectly influence cell proliferation. A mem 
ber of the eag family has also been proposed to be prefer 
entially expressed in cancer cells (19) Several potassium 
channel blockers have been tested for their capability to 
block cancer cell proliferation, and some of them have even 
been used as coadjuvants for tumor chemotherapy, specially 
in multidrug-resistant tumors. Nevertheless, the lack of 
identification of a particular potassium channel directly 
involved in the control of cell proliferation has, up to date, 
precluded the description of more specific and effective 
treatment protocols. 

0003 Thus, the technical problem underlying the present 
invention was to identify a biological component within the 
conglomerate of potassium channels with their various 
effects on cell cycle division that allows an unambiguous 
assignment to cellular proliferation, with a specific view to 
human cellular proliferation. The solution to said technical 
problem is achieved by providing the embodiments charac 
terized in the claims. 
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0004. Accordingly, the present invention relates to a 
nucleic acid molecule comprising a nucleic acid molecule 
encoding a (poly)peptide having a function of the human K' 
ion eag channel which is 
0005 (a) a nucleic acid molecule comprising a nucleic 
acid molecule encoding the polypeptide having the amino 
acid sequence of SEQ ID: No 3 or 4: 
0006 (b) a nucleic acid molecule comprising the nucleic 
acid molecule having the DNA sequence of SEQ ID: No 13 
or 14, 

0007 (c) a nucleic acid molecule hybridizing to the 
complementary Strand of a nucleic acid molecule of (a) or 
(b); or 
0008 (d) a nucleic acid molecule being degenerate to the 
sequence of the nucleic acid molecule of (c). 
0009. The nucleic acid molecule of the invention encodes 
a (poly)peptide which is or comprises the human homo 
logues of the rat eag channel. In this regard the term “a 
nucleic acid molecule comprising a nucleic acid molecule 
encoding a (poly)peptide having a function of the human K' 
ion eag channel” may mean that said first mentioned nucleic 
acid molecule solely encodes said (poly)peptide. Thus, it 
may be identical to said second mentioned nucleic acid 
molecule. Alternatively, it may comprise regulatory regions 
or other untranslated regions. In a further embodiment, said 
first mentioned nucleic acid may comprise heterologous 
nucleic acid which may encode heterologous proteinaceous 
material thus giving rise, e.g., to fusion proteins. It is further 
to be noted that the DNA sequences of SEQID NO: 13 and 
14 are splice variants of the nucleic acid sequence encoding 
the (poly)peptide of the invention. The corresponding amino 
acid sequences are depicted in SEQ ID NO: 3 and 4. 
0010. The term “having a function of a human K' ion eag 
channel', as used in connection with the present invention, 
has the following meaning: The channel has a single channel 
conductance in asymmetrical potassium, at 0 mV of about 6 
pS. This value clearly distinguishes the human channel from 
the rat channel for which a value of about 7 pS was 
measured. In addition or in the alternative, the above term 
may have the following meaning: The channel has a IC50 of 
about 1 mM to quinidine when expressed in Xenopus laevis 
oocytes, as compared to 400 uM for reag. Further, when 
measuring Voltage-dependence of activation in high extra 
cellular potassium using a two-electrode Voltage-clamp it 
was found that in a conductance-Voltage plot, the Voltage for 
half-activation is shifted by about 40 mV or more to the right 
in the heag channel with respect to the reag channel (see 
FIG. 13). On the basis of the above features, either alone or 
in combination, a differentiation based on function between 
the human ion channel of the invention and the prior art 
channels, in particular of the ration channel, is possible for 
the person skilled in the art without further ado. Preferably, 
the channel has all recited functions. The above values refer 
to values that are obtainable with the experimental set-up 
described in this specification. Alterations of experimental 
parameters such as the employment of a different expression 
system may, as is well known to the person skilled in the art, 
also change the above values. Yet, these embodiments are 
also comprized by the scope of the present invention. 
0011. The term “hybridizing” as used in accordance with 
the present invention relates to stringent or non-stringent 
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hybridization conditions. Preferably, it relates to stringent 
conditions. Said hybridization conditions may be established 
according to conventional protocols described, for example, 
in Sambrook, “Molecular Cloning, A Laboratory Manual', 
Cold Spring Harbor Laboratory (1989) N.Y., Ausubel, “Cur 
rent Protocols in Molecular Biology”. Green Publishing 
Associates and Wiley Interscience, N.Y. (1989), or Higgins 
and Hames (eds) “Nucleic acid hybridization, a practical 
approach” IRL Press Oxford, Washington D.C., (1985). 
Hybridizing molecules or molecules falling under alterna 
tive (d), Supra, also comprise fragments of the molecules 
identified in (a) or (b) wherein the nucleotide sequence need 
not be identical to its counterpart in SEQ ID 13 or 14, said 
fragments having a function as indicated above. 
0012. An example of one such stringent hybridization 
condition is hybridization at 4xSSC at 65° C., followed by 
a washing in 0.1 xSSC at 65° C. for one hour. Alternatively, 
an exemplary stringent hybridization condition is in 50% 
formamide, 4xSSC at 42° C. Examples of such non-strin 
gent hybridization conditions are 4xSSC at 50° C. or hybrid 
ization with 30-40% formamide at 42° C. Complementary 
Strands of hybridizing molecules comprise those which 
encode fragments, analogues or derivatives of the polypep 
tide of the invention and differ, for example, by way of 
amino acid and/or nucleotide deletion(s), insertion(s), Sub 
stitution(s), addition(s) and/or recombination(s) or any other 
modification(s) known in the art either alone or in combi 
nation from the above-described amino acid sequences or 
their underlying nucleotide sequence(s). Using the PEST 
FIND program (Rogers, Science 234 (1986), 364-368), 
PEST sequences (rich in proline, glutamic acid, serine, and 
threonine) can be identified, which are characteristically 
present in unstable proteins. Such sequences may be 
removed from the polypeptide of the invention in order to 
increase the stability and optionally the activity of the 
proteins. Methods for introducing Such modifications in the 
nucleic acid molecules according to the invention are well 
known to the person skilled in the art. The invention also 
relates to nucleic acid molecules the sequence of which 
differs from the nucleotide sequence of any of the above 
described nucleic acid molecules due to the degeneracy of 
the genetic code. All Such fragments, analogues and deriva 
tives encoding the protein of the invention are included 
within the scope of the present invention, as long as the 
essential characteristic immunological and/or biological 
properties as defined above remain unaffected in kind, that 
is the novel nucleic acid molecules of the invention include 
all nucleotide sequences encoding proteins or peptides 
which have at least a part of the primary structural confor 
mation for one or more epitopes capable of reacting with 
antibodies to said polypeptide which are encoded by a 
nucleic acid molecule as set forth above and which have 
comparable or identical characteristics in terms of biological 
activity. Part of the invention is therefore also concerned 
with nucleic acid molecules encoding a polypeptide com 
prising at least a functional part of the above identified 
polypeptide encoded by a nucleic acid sequence comprised 
in a nucleic acid molecule according to the invention. 
0013 The present inventors have recently described a 
potassium channel (reag) which is strongly downregulated 
immediately after the activation of cyclindependent kinases 
(key molecules in the cell cycle regulation), in both G1-S 
and G2-M transitions. The K" current is inhibited following 
activation of cyclin-dependent kinases due to a Voltage 
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dependent sodium block, which is not apparent in all phases 
of the cell cycle. The experiments presented here are aimed 
to determine whether eag, in addition to being regulated by 
the cell cycle, is also able to directly influence cell prolif 
eration and growth (20). In accordance with the present 
invention and with a view to the development of a suitable 
system for assessing (disease-related) proliferation in human 
cells, it was further attempted to study whether the impli 
cation of the channel in the cell cycle goes in both directions, 
such that it is not only regulated by but also regulator of the 
progression of the cell cycle. 

0014. The results obtained in this rat derived ion channel 
system show that in three different cell lines obtained from 
different species (Chinese hamster —CHO human 
—HEK293—, and mouse —NIH3T3- ), the rate of prolif 
eration is faster when the channel is overexpressed after 
transfection of the cells with a plasmid containing the 
channel DNA under the control of the cytomegalovirus 
promoter. FIG. 1 and FIG. 18a show the increase in meta 
bolic activity in cultures of CHO cells in the presence of 
normal concentrations of fetal calf serum (10% FCS). Under 
these normal conditions, reag transfected cells grow several 
folds faster than untransfected cells (WT). 
0015 FIG. 2 shows a comparable experiment at very low 
concentrations of fetal calf serum (0.5% FCS). These low 
serum concentrations do not allow wild-type cells to grow; 
after a few hours, the cells start to die. However, reag 
transfected cells are able to proliferate under the same 
conditions. The ability to overcome the growth arrest 
induced by the absence of growth factors is one of the 
typical properties of malignant transformation (cf FIG. 18). 

0016 Not only the metabolic activity can be used to trace 
the proliferation in culture. The measurement of DNA 
synthesis is a more direct estimation of the rate of cell 
growth, since only cells entering S phase (committed to 
divide) synthesize DNA. Also DNA synthesis becomes 
serum-independent in reag transfected cells, i.e., the growth 
is maintained in the absence of growth factors (while it 
induces the programmed death of non-transfected cells). 
This is depicted in FIG 3, were the incorporation of 
5-Bromo-2'-deoxyuridine (BrdU) was used to monitor 
DNA synthesis in the presence of 10 or 0.5% FCS in CHO 
cells. As opposed to wild-type or cells transfected with an 
inactivating Voltage-dependent potassium channel from rat 
brain (Kv1.4), there are no significant differences in the 
amount of DNA synthesized in the presence of normal or 
low FCS concentrations in reag-expressing cells. Similar 
experiments were done using epidermal growth factor 
(EGF) in HEK-293 cells or platelet-derived growth factor 
(PDGF) in CHO cells, with essentially the same result. The 
pure growth factors were used to avoid the complexity 
introduced by the use of whole serum. 
0017. To test the effects of eag on cell proliferation more 
directly, DNA synthesis was measured through incorpora 
tion of 5-Bromo-deoxyuridine (BrdU) in cells synchronized 
in the S-phase of the cell cycle by means of thymidine arrest 
(23). Consistent with the above mentioned findings, when 
the S-phase of the cell cycle was allowed to proceed, reag 
expressing CHO cells (CHOrEAG) showed higher meta 
bolic activity (FIG. 18B) and increased BrdU incorporation 
(FIG. 18C). These results suggest that more eag-transfected 
cells entered the S-phase during the arrested period and/or 
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DNA synthesis was elevated, in any case indicating a faster 
proliferation rate in CHOrEAG cells. In the presence of low 
serum, BrdU incorporation was significantly higher in CHO 
rEAG than in wild type cells (FIG. 18C). 

0018 Yet another cell line, NIH3T3, has been frequently 
used for tumor transformation assays, since these cells are 
very strongly contact-inhibited, (i.e., their growth is stopped 
when the culture reaches confluency). This results in a 
homogeneous monolayer in wild-type cells. The malignant 
transformation of the line (through oncogene expression) 
usually induces the loss of this property, and NIH3T3 cells 
start forming colonies composed of several layers of cells. 
This can be seen after the transfection with reag DNA, 
which induced the formation of such foci in several inde 
pendent clones (FIGS. 4A and B). Another standard test for 
transforming activity is the ability of NIH3T3 cells to grow 
in colonies when no substrate for attachment is available. To 
test this, cells are plated in an agar-containing medium, 
where the agar will prevent contacts between the cells and 
the surface of the plate. Under these conditions, wild-type 
NIH3T3 cells were unable to grow, while cells expressing 
reag formed large colonies even detectable by simple visual 
inspection of the plate. Table I shows that reag (but not 
rKv1.4-) transfected cells formed colonies in a semisolid 
medium containing 0.3% agar (24.25), regardless of the 
vector used for transfection (FIG. 14). All of the above 
results indicate a transforming potential of eag. 

0019. Altogether, the results obtained from transfected 
cells indicate that reag can, at least under certain conditions, 
display oncogenic properties. 

0020. Once the transforming ability of reag was deter 
mined in accordance with the invention, the expression of 
the respective channel in human cancer cells was investi 
gated. For this investigation, the cell line MCF-7 was used, 
which was initially obtained from a pleural effusion of a 
breast aderiocarcinoma. The line is estrogen receptor posi 
tive as well as estrogen-sensitive and relatively well differ 
entiated. The strategy followed was first to test electrophysi 
ologically and pharmacologically for the presence of a 
functional current similar to eag, and then to try an identi 
fication of the corresponding channel at the molecular level. 
However, conventional approaches for Such an identification 
failed. 

0021 Namely, in most cells, the current density was too 
low to allow reliable measurements of the whole cell cur 
rent. Low current density precluded an accurate measure 
ment of channel properties using a whole cell configuration 
for the patch champ. Therefore, due to said low current 
densities encountered, another approach was resorted to. 
Due to such a low number of channels per cell, it is only 
possible to characterize the functional properties of a chan 
nel by a special patch champ method, excising patches of 
membranes containing one (or a few) channels and allowing 
characterization on a single molecule level. This approach 
relied on single-channel measurements in order to also 
compare properties at the single-molecule level Such as 
single channel conductance, pharmacological properties, 
Voltage dependence, and mean open times. Indeed, a chan 
nel with several properties compatible with reag in terms of 
kinetics, Voltage-dependence, and pharmacology in most 
membrane patches could thus be identified. FIG. 5 shows 
whole-cell currents obtained from a MCF7 cell under nys 
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tatin patch conditions and single channel currents, together 
with their current-voltage relationship. Despite differences 
in kinetics at very depolarized Voltages, the Voltage depen 
dence of the channel in human cells is highly reminiscent to 
the Voltage-dependence of the reag channel. Moreover, the 
single channel properties of the putative human-eag are also 
very similar to those of reag. 
0022. Furthermore, standard approaches to isolate the 
said channel on a molecular level also were not successful. 
Several other groups have attempted and/or are still attempt 
ing to isolate the gene coding for a human eag without 
Success and this in spite of the fact that the rat eag channel 
has already been published in 1994. For example, Warmke 
and Ganetzky (Proc. Natl. Acad. Sci. USA 91 (1994), 
3428-3442) specifically set out to clone the human eag gene 
using conventional technology. They were, however, unsuc 
cessful and cloned a novel, eag related gene which they 
termed h-erg (also referred to as HERG). Further, Wymore 
et al., Circulation Res. 80 (1997), 261-268, reported that no 
eag specific clones could be detected in a cDNA library from 
human heart in spite of the fact that primers for amplification 
were used that were conserved across the entire eag/erg 
Superfamily. Thus, the standard approach with degenerated 
oligonucleotides based on the sequence of members of the 
family revealed itself unsuccessful, although HERG was 
systematically detected by other researchers in the field. 
Significantly, most of these approaches to clone the human 
eag gene were made with brain libraries. The conclusion 
from these combined prior art data was that the human eag 
gene could not be cloned by conventional technology using 
the most obvious source, namely brain tissue. The repeated 
isolation of HERG clones instead is most probably due to the 
relative abundance of HERG transcripts in brain libraries, 
and also to the high homology between the two channels. 
Consequently, a different strategy had to be devised to direct 
the screening more specifically to eag channels. First, as 
described herein above, a cell line expressing a channel 
functionally similar to reag was identified. Then degenerated 
oligonucleotides based on conserved sequences between rat, 
bovine and mouse eag, but divergent from HERG were 
designed. Using these primers, the cDNA obtained from 
MCF7 cells by PCR was amplified, and a band of the 
expected size was cloned in a suitable vector and sequenced. 
The amplified fragment corresponded to approximately 400 
bp within the core region of the channel protein, and shared 
90% identity to the reag sequence at the DNA level, and 99% 
at the amino acid level. However, at this stage it was still 
quite unclear what the thus identified clone corresponded to. 
For example, it was quite possible that a further member of 
the eag family had been identified. This is in particular true 
in view of the fact that despite of a number of attempts with 
brain libraries, nobody had been able to clone the human eag 
gene and that the MCF7 line is a breast cancer derived line. 
0023. Since MCF7 cells are immortal cells, it is assumed 
that a number of genes is mutated. Ab initio, it could have 
been expected that the human eag channel, if at all expressed 
in this cell line, was mutated. Under this assumption, it was 
quite uncertain whether this cell line could at all be used for 
the isolation of the desired gene. 
0024. Due to the prior art failures to clone human eag 
gene from brain libraries and the above recited uncertainties 
with immortalized cell lines, another source for a library was 
in need. The 400 bp fragment was therefore used to screen 
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a normal human breast clNA library. Due to the presence of 
eag in breast cancer cells. Such a library was expected to 
comprise heag clones. Surprisingly, however, after Screening 
2x10° phages, no human-eag clones could be identified in 
said library. This rises the possibility that the channel is 
expressed only in tumor cells, and not in normal tissue. 
Specific oligonucleotides, namely 5'-CCAAACACACA 
CACCAGC, 5'-CGTGGATGTTATCTTTTTGG to check 
for heag fragments by PCR amplification directly from the 
above library were designed, but no evidence for the pres 
ence of any eag clones in this library was found. In view of 
the above discussed prior art results, it came as a further 
Surprise that the same primers detected heag in a normal 
human brain cDNA library, that was therefore screened. 
First, the probe obtained from MCF7 cells was used to check 
10° phages. This procedure allowed to isolate a 1.6 kbp 
fragment from human eag. This fragment was then used as 
a probe for the screening of 2x10° phages from the same 
library. Several independent clones were isolated, but none 
of them was a full-length clone. Furthermore, only one clone 
contained the 5' end of the sequence, while two of them 
contained the 3' end and part of the 3' non-coding region. It 
is likely that the abundance of restriction sites in the nucleic 
acid sequence encoding the channel has induced this exten 
sive fragmentation of the cDNA. For example, when EcoRI 
was used to extract the inserts of the library that was cloned 
in W-gt10 phage at the EcoRI site, this conventional 
approach systematically failed to find the 5' end of the 
molecule (there is an EcoRI site at position 400 of the clone). 
The pooled positive clones were therefore screened again by 
PCR, trying to amplify the start condon, and only by this 
means it was possible to isolate one phage that contained this 
ATG. Two splice variants of heag were cloned, both 
expressed in brain tissue. The sequence obtained for heag 1 
and heag 2 and their deduced amino acid sequence are 
shown in FIGS. 10 and 11, and compared to other members 
of the family. 
0.025 The deduced amino acid sequence is identical to 
the sequence published after the priority date of the present 
invention by Occhidoro (27) and is 97.7% identical to reag. 
As mentioned, a second (81 bp longer) splice variant (heag 
2) was also isolated analogous to that reported for bovine 
and mouse eag channels (28), the splice insertion being 
identical in all three species. The chromosomal localization 
of heag was determined by FISH detection (29) to map to 
chromosome 1 q32.1-32.3 (see also ref. 26). 
0026. To further check the possibility that heag is not 
expressed in normal mammary gland, as opposed to MCF-7 
cancer cells, we performed single-tube RT-PCR experiments 
using total RNA from human brain, human mammary gland, 
and MCF-7 cells (FIG. 12), using as primers two oligo 
nucleotides designed to discriminate between the two splice 
variants of heag. In human brain, two splice variants were 
detected, while only the short one was expressed in MCF-7 
cells (this, together with the lack of amplification in the 
absence of reverse transcriptase, rules out a possible con 
tamination by genomic DNA of the RNA preparation). No 
heag signal was detected in normal mammary gland RNA 
with this highly sensitive technique. This result was totally 
unexpected, because preliminary results had suggested that 
expression was present in tumor cells from the same organ. 
Further, after Southern blot analysis of the RT-PCR products 
a faint band hybridizing with a heag probe in mammary 
gland was identified. Accordingly, it is quite difficult to make 
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a strong statement on the total absence of heag message in 
breast in view of these contradictory experimental data. 

0027) Furthermore, electrophyiological properties (21. 
30) of heag were tested in Xenopus oocytes. As described 
above, they did not differ significantly from those or reag 
with the above mentioned exceptions, e.g. a shift in activa 
tion of 40 mV to more depolarized potentials when both 
channels were measured under identical conditions. The 
electrophysiological observations of heag channels 
expressed in Xenopus oocytes correlate well to hose reported 
by Bijlenga et al. (31). 

0028. The present invention also relates to a nucleic acid 
molecule specifically hybridizing to the nucleic acid mol 
ecule of the invention which comprises the sequence 5'-GG 
GAGGATGACCATGGCT. 

0029. This embodiment of the present invention is par 
ticularly useful for specific antisense therapies for inhibiting 
cell proliferation as will be discussed in more detail herein 
below (e.g. in Example 5). In addition, this embodiment of 
the nucleic acid molecule of the invention can, naturally, 
also be used as a probe for specifically detecting heag 
mRNA in tissues, for example, by employing the Northern 
Blot technology. The analysis of heag mRNA expression in 
various tissues by Northern blot revealed a strong hybrid 
ization signal of approximately 9.2 kb in brain and a weak 
signal of similar size in placenta. Heart, lung, liver, skeletal 
muscle, kidney and pancreas were negative even following 
long exposures. In addition, total RNA from human brain, 
heart, trachea, adrenal gland, liver, kidney, skeletal muscle 
and mammary gland, and spinal cord poly(A)" RNA, as well 
as total RNA from the adenovirus-transformed line 293 (a 
human non-tumoral cell line) were assayed by single-tube 
RT-PCR and Southern blot. Under these experimental con 
ditions, heag was detected in brain only, where both splice 
variants were identified (FIG. 15: Example 3). 
0030 The preferential expression of heag in brain was 
intriguing since the first cDNA had been isolated from an 
epithelial tumor cell line (MCF-7) and not from brain tissue 
(see above). To elucidate the presence of heag in other 
tumoral cell lines, total RNA was prepared from HeLa 
(cervix carcinoma), SHSY-5Y (neuroblastoma), and lines 
from mammary gland tumors: COLO-824 (carcinoma), 
EFM-19 (carcinoma), and BT-474 (ductal carcinoma). Total 
RNA from brain, MCF-7 cells, 293 cells and RNA from 
cultures of mammary gland epithelial cells (included to 
circumvent the mixed cell populations in whole mammary 
gland) served as controls. All cell lines were obtained from 
DSMZ (Deutsche Sammlung von Mikroorganismen und 
Zellkulturen) and maintained following the DSMZ catalog 
guidelines. Normal human mammary epithelial cells were 
purchased from BioWhittaker. The primers were designed to 
amplify different bands for heag 1 and heag 2, thus allowing 
us to rule out false positives due to genomic DNA contami 
nation (controls in the absence of reverse transcriptase were 
also performed). HeLa, SHSY-5Y, EFM-19 and MCF-7 
RNA exhibited an heag band, whereas COLO-824 and 
BT-474 signals were indistinguishable from background 
(FIG. 15B). Cultured epithelial cells and 293 cells (FIG. 
15A) were negative. As discussed above, it could be shown 
in accordance with the present invention that reag trans 
fected cells can display oncogenic properties. Thus, to 
determine whether the expression of heag is advantageous 
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for tumor cells in vivo, subcutaneous implants of CHO cells 
expressing the channel (CHOhEAG cells) into the flank of 
female scid (severe combined immunodeficiency, 32) mice 
were performed and it could be shown that expression of 
heag represents an advantage for the proliferation of tumor 
cells in vivo, since CHOhEAG tumors grow faster and are 
more aggressive than CHOKV tumors. 
0031. Thus, the embodiment of the nucleic acid molecule 
of the present invention may be employed in the quantitative 
and qualitative analysis of the expression level of human eag 
in various disease states detectable in a tissue that may be 
indicative of for example, cancer (in particular mamma 
carcinoma, neuroblastoma), psoriasis, neurodegenerative 
diseases such as Alzheimer's disease, Parkinson's disease, 
lateral amyotrophic Sclerosis or multiple Sclerosis. 
0032. In a preferred embodiment of the nucleic acid 
molecule of the invention, said nucleic acid molecule is 
DNA, such as genomic DNA. Whereas the present invention 
also comprises synthetic or semi-synthetic DNA molecules 
or derivatives thereof. Such as peptide nucleic acid, the most 
preferred DNA molecule of the invention is cDNA. 
0033. In a further preferred embodiment of the present 
invention, said nucleic acid molecule is RNA, preferably 
mRNA. 

0034. Another preferred embodiment of the nucleic acid 
molecule of the invention encodes a fusion protein. For 
example, the nucleic acid molecule of the invention can be 
fused in frame to a detectable marker such as FLAG or GFP. 

0035. The invention further relates to a vector, particu 
larly plasmid, cosmids, viruses and bacteriophages compris 
ing the nucleic acid molecule of the invention. Such vectors 
may comprise further genes such as marker genes which 
allow for the selection of said vector in a suitable host cell 
and under suitable conditions. Thus the polynucleotide of 
the invention can be operatively linked in said vector to 
expression control sequences allowing expression in 
prokaryotic or eukaryotic cells. Expression of said poly 
nucleotide comprises transcription of the polynucleotide 
into a translatable mRNA. Regulatory elements ensuring 
expression in eukaryotic cells, preferably mammalian cells, 
are well known to those skilled in the art. They usually 
comprise regulatory sequences ensuring initiation of tran 
Scription and optionally poly-A signals ensuring termination 
of transcription and stabilization of the transcript. Additional 
regulatory elements may include transcriptional as well as 
translational enhancers. Possible regulatory elements per 
mitting expression in prokaryotic host cells comprise, e.g., 
the lac, trp or tac promoter in E. coli, and examples for 
regulatory elements permitting expression in eukaryotic host 
cells are the AOX1 or GAL1 promoter in yeast or the CMV-, 
SV40- , RSV-promoter (Rous sarcoma virus), CMV-en 
hancer, SV40-enhancer or a globin intron in mammalian and 
other animal cells. Beside elements which are responsible 
for the initiation of transcription Such regulatory elements 
may also comprise transcription termination signals, such as 
the SV40-poly-A site or the tk-poly-A site, downstream of 
the polynucleotide. In this context, Suitable expression vec 
tors are known in the art such as Okayama-Berg cDNA 
expression vector pcDV1 (Pharmacia), pCDM8, pRc/CMV, 
pcDNA1, pcDNA3 (In-vitrogene), pSPORT1 (GIBCO 
BRL). 
0.036 Preferably, said vector is an expression vector 
and/or a gene transfer or targeting vector. Expression vectors 

Jan. 24, 2008 

and gene targeting or transfer vectors are well-known in the 
art and can be adapted for specific purposes of the invention 
by the person skilled in the art. Thus, expression vectors 
derived from viruses such as retroviruses, vaccinia virus, 
adeno-associated virus, herpes viruses, or bovine papilloma 
virus, may be used for delivery of the polynucleotides or 
vectors of the invention into targeted cell populations. 
Methods which are well known to those skilled in the art can 
be used to construct recombinant viral vectors; see, for 
example, the techniques described in Sambrook, Molecular 
Cloning, A Laboratory Manual, Cold Spring Harbor Labo 
ratory (1989) N.Y. and Ausubel, Current Protocols in 
Molecular Biology, Green Publishing Associates and Wiley 
Interscience, N.Y. (1989). Alternatively, the polynucleotides 
and vectors of the invention can be reconstituted into 
liposomes for delivery to target cells. 

0037. The invention furthermore relates to a host trans 
formed with the vector of the invention. Said host may be a 
prokaryotic or eukaryotic cell; see Supra. The polynucleotide 
or vector of the invention which is present in the host cell 
may either be integrated into the genome of the host cell or 
it may be maintained extrachromosomally. In this respect, it 
is also to be understood that the recombinant DNA molecule 
of the invention can be used for “gene targeting and/or 
'gene replacement’, for restoring a mutant gene or for 
creating a mutant gene via homologous recombination; see 
for example Mouellic, Proc. Natl. Acad. Sci. USA, 87 
(1990), 4712-4716; Joyner, Gene Targeting, A Practical 
Approach, Oxford University Press. Preferably, the host is a 
mammalian cell, a fungal cell, a plant cell, an insect cell or 
a bacterial cell. Preferred fungal cells are, for example, those 
of the genus Saccharomyces, in particular those of the 
species S. cerevisiae. The term “prokaryotic' is meant to 
include all bacteria which can be transformed or transfected 
with a polynucleotide for the expression of the protein of the 
present invention. Prokaryotic hosts may include gram nega 
tive as well as gram positive bacteria Such as, for example, 
E. coli, S. typhimurium, Serratia marcescens and Bacillus 
subtilis. Methods for preparing fused, operably linked genes 
and expressing them in bacteria or animal cells are well 
known in the art (Maniatis, et al., Molecular Cloning: A 
Laboratory Manual, Cold Spring Harbor Laboratory, Cold 
Spring Harbor, N.Y., 1989). The genetic constructs and 
methods described therein can be utilized for expression the 
protein of the present invention in prokaryotic hosts. In 
general, expression vectors containing promoter sequences 
which facilitate the efficient transcription of the inserted 
polynucleotide are used in connection with the host. The 
expression vector typically contains an origin of replication, 
a promoter, and a terminator, as well as specific genes which 
are capable of providing phenotypic selection of the trans 
formed cells. The transformed prokaryotic hosts can be 
grown in fermentors and cultured according to techniques 
known in the art to achieve optimal cell growth. The 
polypeptides of the invention can then be isolated from the 
grown medium, cellular lysates, or cellular membrane frac 
tions. The isolation and purification of the microbially or 
otherwise expressed polypeptides of the invention may be 
by any conventional means Such as, for example, preparative 
chromatographic separations and immunological separa 
tions such as those involving the use of monoclonal or 
polyclonal antibodies. As regards mammalian cells, HEK 
293, CHO, HeLa and NIH 3T3 are preferred. As regards 
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insect cells, it is most preferred to use Spodoptera frugiperda 
cells, whereas the most preferred bacterial cells are E. coli 
cells. 

0038. The invention also relates to a method of producing 
the (poly)peptide encoded by the nucleic acid molecule of 
the invention comprising culturing the host of the invention 
and isolating the produced (poly)peptide. 

0039) Depending on the vector constructing employed, 
the (poly)peptide of the invention may be exported to the 
culture medium or maintained within the host. Suitable 
protocols for obtaining the (poly)peptide produced are well 
known in the art for both ways of (poly)peptide production. 

0040. The present invention furthermore relates to a 
(poly)peptide encoded by the nucleic acid molecule of the 
invention or produced by the method of the invention. The 
new channel is envisaged to show a structure having a short 
amino-terminal region, probably intracellular, five mem 
brane-spanning segments, a hydrophobic hairpin entering 
the membrane, a sixth transmembrane segment, and a long 
C-terminal cytoplasmic part comprising a cyclic-nucleotide 
binding consensus sequence, a nuclear localization consen 
Sus sequence, and a hydrophobic domain probably forming 
a coiled-coil structure. The polypeptide of the invention may 
also be a functional fragment of the human K' ion channel. 
By “functional fragment' polypeptides are meant that 
exhibit any of the activity of heag as described above. Using 
recombinant DNA technology, fragments of the (poly)pep 
tide of the invention can be produced. These fragments can 
be tested for the desired function, for example, as indicated 
above, using a variety of assay systems such as those 
described in the present invention. Preferably, said frag 
ments comprise the C-terminal portion of the novel ion 
channel. 

0041. The present invention also relates to an antibody 
specifically directed to the (poly)peptide of the invention. 
The antibody of the invention specifically discriminates 
between the human eag channel and the prior art channels 
Such as mouse and rat eag and preferably binds to epitopes 
in the C-terminal part of the ion channel. The term “anti 
body', as used in accordance with the invention, also relates 
to antibody fragments or derivatives such as F(ab), Fab'. Fv 
or Schv fragments; see, for example, Harlow and Lane, 
“Antibodies, A Laboratory Manual, CSH Press 1988, Cold 
Spring Harbor, N.Y. Preferably, the antibody of the inven 
tion is a monoclonal antibody. 
0042. The invention also relates to a pharmaceutical 
composition comprising the nucleic acid molecule of the 
invention, the vector of the invention, the polypeptide of the 
invention and/or the antibody of the invention and a phar 
maceutically acceptable carrier and/or diluent and/or excipi 
ent. 

0043. Examples of suitable pharmaceutical carriers and 
diluents as well as of excipients are well known in the art and 
include phosphate buffered saline Solutions, water, emul 
sions, such as oil/water emulsions, various types of wetting 
agents, sterile solutions etc. Compositions comprising Such 
carriers can be formulated by well known conventional 
methods. These pharmaceutical compositions can be admin 
istered to the patient in need thereof at a suitable dose. 
Administration of the suitable compositions may be effected 
by different ways, e.g., by oral, intravenous, intraperitoneal, 
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Subcutaneous, intramuscular, topical or intradermal admin 
istration. The dosage regimen will be determined by the 
attending physician and clinical factors. As is well known in 
the medical arts, dosages for any one patient depend upon 
many factors, including the patients size, body Surface area, 
age, the particular compound to be administered, sex, time 
and route of administration, general health, and other drugs 
being administered concurrently. Generally, the regimen as 
a regular administration of the pharmaceutical composition 
should be in the range of 1 Jug to 10 mg units per day. If the 
regimen is a continuous infusion, it should also be in the 
range of 1 Jug to 10 mg units per kilogram of body weight per 
minute, respectively. Progress can be monitored by periodic 
assessment. Dosages will vary but a preferred dosage for 
intravenous administration of DNA is from approximately 
10 to 10' copies of the DNA molecule. The compositions 
of the invention may be administered locally or systemically. 
Administration will generally be parenterally, e.g., intrave 
nously; DNA may also be administered directly to the target 
site, e.g., by biolistic delivery to an internal or external target 
site or by catheter to a site in an artery. 
0044) It is envisaged by the present invention that the 
various polynucleotides and vectors of the invention are 
administered either alone or in any combination using 
standard vectors and/or gene delivery systems, and option 
ally together with a pharmaceutically acceptable carrier or 
excipient. Subsequent to administration, said polynucle 
otides or vectors may be stably integrated into the genome 
of the subject. On the other hand, viral vectors may be used 
which are specific for certain cells or tissues and persist in 
said cells or tissues. Suitable pharmaceutical carriers and 
excipients are, as has been stated above, well known in the 
art. The pharmaceutical compositions prepared according to 
the invention can be used for the prevention or treatment or 
delaying of different kinds of diseases, which are related to 
the undesired (over)expression of the above identified 
nucleic acid molecule of the invention. In a preferred 
embodiment the pharmaceutical composition comprises 
antisense oligodesoxynucleotides, as for example described 
in example 5, capable of regulating, preferably decreasing 
heavy expression. 
0045. Furthermore, it is possible to use a pharmaceutical 
composition of the invention which comprises the poly 
nucleotide or vector of the invention in gene therapy. Suit 
able gene delivery systems may include liposomes, receptor 
mediated delivery systems, naked DNA, and viral vectors 
Such as herpes viruses, retroviruses, adenoviruses, and 
adeno-associated viruses, among others. Gene therapy, 
which is based on introducing therapeutic genes, for 
example for vaccination into cells by ex-vivo or in-vivo 
techniques is one of the most important applications of gene 
transfer. Suitable vectors, methods or gene-delivery systems 
for in-vitro or in-vivo gene therapy are described in the 
literature and are known to the person skilled in the art; see, 
e.g., Giordano, Nature Medicine 2 (1996), 534-539: 
Schaper, Circ. Res. 7981996), 911-919; Anderson, Science 
256 (1992), 808–813; Isner, Lancet 348 (1996), 370-374; 
Muhlhauser, Circ. Res. 77 (1995), 1077-1086: Onodera, 
Blood 91 (1998), 30-36; Verzeletti, Hum. Gene Ther. 9 
(1998), 2243-2251; Verma, Nature 389 (1997), 239-242: 
Anderson, Nature 392 (Supp. 1998), 25-30; Wang, Gene 
Therapy 4 (1997), 393-400; Wang, Nature Medicine 2 
(1996), 714-716; WO 94/29469; WO 97/00957; U.S. Pat. 
No. 5,580,859; U.S. Pat. No. 5,589,466; U.S. Pat. No. 
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4.394,448 or Schaper, Current Opinion in Biotechnology 7 
(1996), 635-640, and references cited therein. The nucleic 
acid molecules and vectors of the invention may be designed 
for direct introduction or for introduction via liposomes, or 
viral vectors (e.g. adenoviral, retroviral) into the cell. Addi 
tionally, a baculoviral system can be used as eukaryotic 
expression system for the nucleic acid molecules of the 
invention. Delivery of nucleic acids to a specific site in the 
body for gene therapy may also be accomplished using a 
biolistic delivery system, such as that described by Williams 
(Proc. Natl. Acad. Sci. USA 88 (1991), 2726-2729). 
0046 Standard methods for transfecting cells with 
recombinant DNA are well known to those skilled in the art 
of molecular biology, see, e.g., WO 94/29469. Gene therapy 
may be carried out by directly administering the recombi 
nant DNA molecule or vector of the invention to a patient or 
by transfecting cells with the polynucleotide or vector of the 
invention ex vivo and infusing the transfected cells into the 
patient. Furthermore, research pertaining to gene transfer 
into cells of the germ line is one of the fastest growing fields 
in reproductive biology. Gene therapy, which is based on 
introducing therapeutic genes into cells by ex vivo or in vivo 
techniques is one of the most important applications of gene 
transfer. Suitable vectors and methods for in vitro or in vivo 
gene therapy are described in the literature and are known to 
the person skilled in the art; see, e.g., WO94/29469, WO 
97/00957 or Schaper (Current Opinion in Biotechnology 7 
(1996), 635-640) and references cited above. The polynucle 
otides and vectors comprised in the pharmaceutical com 
position of the invention may be designed for direct intro 
duction or for introduction via liposomes, or viral vectors 
(e.g. adenoviral, retroviral) containing said recombinant 
DNA molecule into the cell. Preferably, said cell is a germ 
line cell, embryonic cell, stem cell or egg cell or derived 
therefrom. An embryonic cell can be for example an embry 
onic stem cell as described in, e.g., Nagy, Proc. Natl. Acad. 
Sci. USA 90 (1993) 8424-8428. 
0047. It is to be understood that the introduced polynucle 
otides and vectors of the invention express the (poly)peptide 
of the invention after introduction into said cell and prefer 
ably remain in this status during the lifetime of said cell. For 
example, cell lines which stably express the polynucleotide 
under the control of appropriate regulatory sequences may 
be engineered according to methods well known to those 
skilled in the art. Rather than using expression vectors which 
contain viral origins of replication, host cells can be trans 
formed with the polynucleotide or vector of the invention 
and a selectable marker, either on the same or separate 
vectors. Following the introduction of foreign DNA, engi 
neered cells may be allowed to grow for 1-2 days in an 
enriched media, and then are switched to a selective 
medium. The selectable marker in the recombinant plasmid 
confers resistance to the selection and allows for the selec 
tion of cells having stably integrated the plasmid into their 
chromosomes and grow to form foci which in turn can be 
cloned and expanded into cell lines. Such engineered cell 
lines are particularly useful in screening methods or methods 
for identifying an inhibitor of the polypeptide of the present 
invention as described below. 

0.048. A number of selection systems may be used, 
including but not limited to the herpes simplex virus thy 
midine kinase (Wigler, Cell 11 (1977), 223), hypoxanthine 
guanine phosphoribosyltransferase (Szybalska, Proc. Natl. 
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Acad. Sci. USA 48 (1962), 2026), and adenine phosphori 
bosyltransferase (Lowy, Cell 22 (1980), 817) in tk, hgprt or 
aprt cells, respectively. Also, antimetabolite resistance can 
be used as the basis of selection for dhfr, which confers 
resistance to methotrexate (Wigler, Proc. Natl. Acad. Sci. 
USA 77 (1980), 3567: O'Hare, Proc. Natl. Acad. Sci. USA 
78 (1981), 1527), gpt, which confers resistance to myco 
phenolic acid (Mulligan, Proc. Natl. Acad. Sci. USA 78 
(1981), 2072), neo, which confers resistance to the ami 
noglycoside G-418 (Colberre-Garapin, J. Mol. Biol. 150 
(1981), 1), hygro, which confers resistance to hygromycin 
(Santerre, Gene 30 (1984), 147), Shble, which confers 
resistance to Zeocin R (Mulsant, Somat. Cell. Mol. Genet. 14 
(1988), 243-252 or puromycin (pat, puromycin N-acetyl 
transferase). Additional selectable genes have been 
described, for example, trpB, which allows cells to utilize 
indole in place of tryptophan; hisD, which allows cells to 
utilize histinol in place of histidine (Hartman, Proc. Natl. 
Acad. Sci. USA 85 (1988), 8047); and ODC (ornithine 
decarboxylase) which confers resistance to the ornithine 
decarboxylase inhibitor, 2-(difluoromethyl)-DL-ornithine, 
DFMO (McConlogue, 1987. In: Current Communications in 
Molecular Biology, Cold Spring Harbor Laboratory ed.). 
Cells to be used for ex vivo gene therapy are well known to 
those skilled in the art. For example, such cells include for 
example cancer cells present in blood or in a tissue or 
preferably the corresponding stem cells. 

0049 Furthermore, the invention relates to a diagnostic 
composition comprising the nucleic acid molecule of the 
invention, the vector of the invention, the polypeptide of the 
invention and/or the antibody of the invention. 
0050. The diagnostic composition of the invention is 
useful in detecting the onset or progress of diseases related 
to the undesired expression or overexpression of the nucleic 
acid molecule of the invention. As has been pointed out 
herein above, Such diseases are interrelated or caused by an 
increased or ongoing cellular proliferation. Accordingly, the 
diagnostic composition of the invention may be used for 
assessing the onset or the disease status of cancer. Having 
thus an early criterium for tumor activity, Suitable counter 
measures can immediately be applied. Such an immediate 
action will, of course, significantly improve the prognosis of 
the patient. These considerations equally apply to the diag 
nosis of metastases and recurrent tumors. 

0051. On the other hand, not all types of tumors may be 
characterized by an undesired expression or overexpression 
of the nucleic acid molecule of the invention. Alternatively, 
said (over)expression may occur only in certain stages, such 
as early stages, of tumor development. Therefore, the diag 
nostic composition of the invention may also or alternatively 
be employed as a means for the classification of tumors or 
of the developmental status of a tumor. Naturally, the or 
most of the applications of the composition of the invention 
described here for tumors also apply to other diseases 
interrelated with or caused by the undesired (over)expres 
sion of the nucleic acid molecule of the invention. 

0052 Furthermore, a disease as recited throughout this 
specification also could be caused by a malfunction of the 
polypeptide of the present invention. Said disease could be 
interrelated or caused by, for example, an increased or 
reduced gene dosis of the polypeptide of the present inven 
tion, an increased or reduced activity of said polypeptide e.g. 
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due to a modification in the primary amino acid sequence as 
compared to the corresponding wild-type polypeptide in a 
cell or tissue or a loss of the regulation of the activity of said 
polypeptide. Said disease might further be caused by an 
incorrect expression of the polypeptide during cell cycle 
progression or cell development. For example, mutated 
binding sites to intracellular or extracellular compounds, e.g. 
ions or second messengers or regulatory proteins, might 
result in a malfunction of the polypeptide of the present 
invention as it changes the binding characteristics for said 
compounds regulating the activity of said polypeptide. Mal 
function could also be caused by defective modifications 
sites, for example, phosphorylation or glycosylation sites. It 
also might be caused by incorrect splicing events and 
therefore by expression of a truncated or extended polypep 
tides, for example, if heag 1 is expressed instead of heagh 2 
or vice versa. 

0053 Thus, in a further embodiment the diagnostic com 
position described above could also be used to detect a 
malfunction of the polypeptide of the present invention. 

0054. In a further embodiment, the invention relates to a 
method for preventing or treating a disease which is caused 
by the malfunction of the polypeptide of the invention, 
comprising introducing an inhibitor of the expression of the 
nucleic acid molecule of the present invention oran inhibitor 
or a modifying agent of the malfunction of the (poly)peptide 
of the present invention or a nucleic acid molecule coding 
heag or a polypeptide having heag activity into a mammal 
affected by said disease or being Suspected of being Suscep 
tible to said disease. Methods for introduction of a nucleic 
acid molecule of the present invention encoding heag into a 
cell or Subject, i.e. gene therapy, are described within this 
specification as well as methods for the identification of 
inhibitors of the expression of a nucleic acid molecule of the 
present invention. Furthermore, inhibitors or modifying 
agents of the malfunction of the polypeptide of the present 
invention can be identified according to methods for the 
identification of inhibitors inhibitors of the polypeptide of 
the present invention known to a person skilled in the art 
(see below). For example, Some genetic changes causing a 
malfunction of the polypeptide of the present invention lead 
to altered protein conformational states. Mutant proteins 
could possess a tertiary structure that renders them far less 
capable of fascilitating ion transport. Restoring the normal 
or regulated conformation of mutated proteins is the most 
elegant and specific means to correct these molecular 
defects. Pharmacological manipulations thus may aim at 
restoration of wild-type conformation of the protein. Thus, 
the polynucleotides and encoded proteins of the present 
invention may also be used to design and/or identify mol 
ecules which are capable of activating the wild-type function 
of a derivative of the polypeptide of the present invention 
displaying said malfunction. 

0.055 The doses and routes for the administration for the 
treatment of a patient in need thereof have already been 
discussed herein above in connection with the pharmaceu 
tical composition of the invention. Diseases that may be 
treated using the method of the present invention comprise 
any diseases that are correlated with cellular proliferation. 
Preferred diseases that fall into this category are tumor 
diseases such as cancer (breast cancer, neuroblastoma etc.), 
psoriasis, and degenerative diseases, especially those of the 
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nervous system such as Alzheimer's disease, multiple scle 
rosis, lateral amyotrophic sclerosis, and Parkinson's disease. 
0056 Preferably, said inhibitor of the expression or over 
expression of said nucleic acid molecule is the nucleic acid 
molecule of the invention that hybridizes to the nucleic acid 
molecule encoding the ion channel of the invention or 
fragment thereof. For example, this nucleic acid molecule 
can be an antisense oligodesoxynucleotide (ODN). The 
inventors could show that antisense ODNs treatment sig 
nificantly reduces DNA synthesis of several tumor cells, e.g. 
EFM cells, SHSY-5Y cells and HeLa cells (Example 5). 
Thus, in a preferred embodiment the nucleic acid molecule 
comprises antisense ODNs. 
0057. In a further preferred embodiment, said inhibitor of 
polypeptide function is the antibody of the invention or a 
drug. Said drug can be histamine receptor H1 inhibitor. 
Preferably, said drug inhibits active heag, for example, acts 
as use-dependent, probably open-channel blocker, prefer 
ably said drug is astemizole or terfenadine. Further suitable 
drugs can be identified or designed by the person skilled in 
the art on the basis of the teachings of the present invention. 
Preferably, the drug will have an affinity to heag channel in 
the mM range, more preferable in the nM range or lower. 
Preferably, the drug has no effect on other channels, for 
example on cardiac channels. 
0058. In a further preferred embodiment of the invention, 
said method further comprises prior to the introduction step, 
0059 (a) obtaining cells from the mammal infected by 
said disease and, after said introduction step, wherein said 
introduction is effected into said cells, 
0060 (b) reintroducing said cells into said mammal or 
into a mammal of the same species. 
0061 This embodiment of the present invention is par 
ticularly useful for gene therapy purposes which will reduce 
the treatment duration largely and increase the effectivity 
and reduce (even eliminate) side effects. In addition, this 
embodiment of the method of the invention can also be 
employed in the context or in combination with conven 
tional medical therapy. The removal from and the reintro 
duction into said mammal may be carried out according to 
standard procedures. 
0062 Preferably, the above referenced cell is a germ cell, 
an embryonic cell or an egg cell or a cell derived from any 
of these cells. 

0063. The invention further relates to a method of design 
ing a drug for the treatment of a disease which is caused by 
the undesired expression or overexpression of the nucleic 
acid molecule of the invention comprising: 

0064 (a) identification of a specific and potent drug; 
0065 (b) identification of the binding site of said drug 
by site-directed mutagenesis and chimeric protein stud 
ies; 

0.066 (c) molecular modeling of both the binding site 
in the (poly)peptide and the structure of said drug; and 

0067 (d) modifications of the drug to improve its 
binding specificity for the (poly)peptide. 

0068 The term “specific and potent drug as used herein 
refers to a drug that potently and specifically blocks heag 
function. 
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0069 All techniques employed in the various steps of the 
method of the invention are conventional or can be derived 
by the person skilled in the art from conventional techniques 
without further ado. Thus, biological assays based on the 
herein identified features of the ion channel of the invention 
may be employed to assess the specificity or potency of the 
drugs wherein the decrease of one or more activities of the 
ion channel may be used to monitor said specificity or 
potency. Steps (b) and (d) can be carried out according to 
conventional protocols described, for example, in K. L. 
Choi. C. Mossman, J. Aubé & G. Yellen. The International 
Quaternary Ammonium Receptor Site of Shaker Potassium 
Channels. Neuron 10, 533-541 (1993), C.-C. Shieh & G. E. 
Kirsch: Mutational Analysis of Ion Conduction and Drug 
Binding Sites in the Inner Mouth of Voltage-Gated K' 
-Channels. Biophys.J. 67, 23.16-2325 (1994), or C. Miller: 
The Charybdotoxin Family of K-Channel-Blocking Pep 
tide. Neuron 15, 5-10 (1995). 
0070 For example, identification of the binding site of 
said drug by site-directed mutagenesis and chimerical pro 
tein studies can be achieved by modifications in the 
(poly)peptide primary sequence that affect the drug affinity; 
this usually allows to precisely map the binding pocket for 
the drug. 
0071. As regards step (c), the following protocols may be 
envisaged: Once the effector site for drugs has been mapped, 
the precise residues interacting with different parts of the 
drug can be identified by combination of the information 
obtained from mutagenesis studies (step (b)) and computer 
simulations of the structure of the binding site (since a 
potassium channel has recently been crystallized in the art, 
this can now be done by the person skilled in the art without 
further ado) provided that the precise three-dimensional 
structure of the drug is known (if not, it can be predicted by 
computational simulation). If said drug is itself a peptide, it 
can be also mutated to determine which residues interact 
with other in the heag molecule. 
0072 Finally, in step (d) the drug can be modified to 
improve its binding affinity or its potency and specificity. If 
for instance, there are electrostatic interactions between a 
particular residue of heag and some region of the drug 
molecule, the overall charge in that region can be modified 
to increase that particular interaction; additionally, if those 
interactions occur with a region of heag that is not conserved 
with other channel proteins, it is conceivable that an 
improvement of that interaction while other binding factors 
are weakened will improve the specificity of the drug. 

0.073 Identification of binding sites may be assisted by 
computer programs. Thus, appropriate computer programs 
can be used for the identification of interactive sites of a 
putative inhibitor and the polypeptide of the invention by 
computer assisted searches for complementary structural 
motifs (Fassina, Immunomethods 5 (1994), 114-120). Fur 
ther appropriate computer systems for the computer aided 
design of protein and peptides are described in the prior art, 
for example, in Berry, Biochem. Soc. Trans. 22 (1994), 
1033-1036; Wodak, Ann. N. Y. Acad. Sci. 501 (1987), 1-13; 
Pabo, Biochemistry 25 (1986), 5987-5991. Modifications of 
the drug can be produced, for example, by peptidomimetics 
and other inhibitors can also be identified by the synthesis of 
peptidomimetic combinatorial libraries through Successive 
chemical modification and testing the resulting compounds. 
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Methods for the generation and use of peptidomimetic 
combinatorial libraries are described in the prior art, for 
example in Ostresh, Methods in Enzymology 267 (1996), 
220-234 and Dorner, Bioorg. Med. Chem. 4 (1996), 709 
715. Furthermore, the three-dimensional and/or crystallo 
graphic structure of inhibitors of the polypeptide of the 
invention can be used for the design of peptidomimetic 
inhibitors, e.g., in combination with the (poly)peptide of the 
invention (Rose, Biochemistry 35 (1996), 12933-12944; 
Rutenber, Bioorg. Med. Chem. 4 (1996), 1545-1558). 
0074 An exemplary strategy for identifying a specific 
inhibitor that may be used in accordance with the present 
invention is provided in the appended examples. 

0075. The invention also relates to a method of identify 
ing an inhibitor of the expression of the nucleic acid of the 
invention or of a function of the (poly)peptide of the 
invention comprising: 
0076 (a) testing a compound for the inhibition or reduc 
tion of translation wherein said compound is selected from 
antisense oligonucleotides and ribozymes; or 

0077 (b) testing a compound for the inhibition of tran 
Scription wherein said compound binds to the promoter 
region of the gene encoding the (poly)peptide of the inven 
tion and preferably with transcription factor responsive 
elements thereof, or 

0078 (c) testing peptides or antibodies suspected to block 
the proliferative activity of the (poly)peptide of the inven 
tion for said blocking activity. 

0079. As regards alternative (b) referred to above, it may 
be advantageous to first characterize the promoter region 
and locate transcription factor responsive sequences in it. 
Then it would be possible to genetically manipulate the 
promoter to render it more sensitive to repressors or less 
sensitive to enhancers. Turning now to alternative (c), it may 
be advantageous to first locate the part or parts of the ion 
channel of the invention implicated in the generation of 
proliferation disorders. Compounds that have been positive 
in one of the test systems are, prima facie, useful as 
inhibitors. 

0080 Peptidomimetics, phage display and combinatorial 
library techniques are well-known in the art and can be 
applied by the person skilled in the art without further ado 
to the improvement of the drug or inhibitor that is identified 
by the basic method referred to herein above. 

0081. In a further embodiment, the present invention 
relates to a method of inhibiting cell proliferation compris 
ing applying an inhibitor to expression of the nucleic acid of 
the invention or the (poly)peptide of the invention. The 
method of the invention may be carried out in vitro, ex vivo 
or when application is to a Subject, in vivo. 

0082 The present invention also relates to a method of 
prognosing cancer and/or neurodegenerative diseases and/or 
psoriasis comprising assessing the expression of the nucleic 
acid molecule of the invention or assessing the quantitative 
presence of the (poly)peptide of the invention. In a preferred 
embodiment said cancer is a mamma carcinoma or neuro 
blastoma, in a more preferred embodiment said cancer is 
breast adenocarcinoma, breast carcinoma ductal type, or 
cervix carcinoma. In a further embodiment said neurode 
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generative diseases is Alzheimer's disease, Parkinson's dis 
ease, lateral amytrophic sclerosis or multiple Sclerosis. 
0083. The method of the invention may be carried out in 
vitro, in vivo, or ex vivo. Suitable protocols for carrying out 
the method of the invention are well-known in the art and 
include, as regards in vitro techniques, Northern blotting for 
the assessment of the level of mRNA or the analysis of tissue 
by microscopic techniques using, for example, antibodies 
that specifically recognize the (poly)peptide of the inven 
tion. One or more these techniques may be combined with 
PCR based techniques which may also or in combination 
with further (conventional) techniques be used for the above 
recited assessment. 

0084. In a preferred embodiment of the above-mentioned 
methods of the invention, said mammal is a human, rat or 
OUS. 

0085. The present invention further relates to the use of 
the nucleic acid molecules of the invention in gene therapy. 
AS has been pointed out here above, gene therapy may be 
designed to inhibit cell proliferation and thus treat any 
disease affected thereby such as cancer or psoriasis in a 
specific way. The invention particularly envisages two inde 
pendent lines carrying out Such gene therapy protocols: 
0.086 (a) Mutagenesis of the channel together with 
chemical engineering of H1 antagonists (preferably of 
astemizole) in order to obtain a drug specific for human eag; 
0087 (b) Quantitative and qualitative analysis of the 
expression levels of eag in cancer tissue, in order to design 
a diagnostic and/or prognostic method. This would also 
allow the design of genetic therapies against specific tumors. 

0088 For example, the nucleic acid molecule may be 
introduced in vivo into cells using a retroviral vector (Nal 
dini et al., Science 272 (1996), 263-267; Mulligan, Science 
260 (1993), 926-932) or another appropriate vector. Like 
wise, in accordance with the present invention cells from a 
patient can be isolated, modified in vitro using standard 
tissue culture techniques and reintroduced into the patient. 
Such methods comprise gene therapy or gene transfer meth 
ods which have been referred to herein above. 

0089 Finally, the present invention relates to a kit com 
prising the nucleic acid molecule specifically hybridizing to 
the nucleic acid molecule encoding the (poly)peptide of the 
invention, the vector of the invention, the polypeptide of the 
invention and/or the antibody of the invention. 
0090 The kit of the invention can, interalia, be employed 
in a number of diagnostic methods referred to above. The kit 
of the invention may contain further ingredients such as 
selection markers and components for selective media Suit 
able for the generation of transformed host cells and trans 
genic plant cells, plant tissue or plants. Furthermore, the kit 
may include buffers and substrates for reporter genes that 
may be present in the recombinant gene or vector of the 
invention. The kit of the invention may advantageously be 
used for carrying out the method of the invention and could 
be, interalia, employed in a variety of applications referred 
to herein, e.g., in the diagnostic field or as research tool. The 
parts of the kit of the invention can be packaged individually 
in vials or in combination in containers or multicontainer 
units. Manufacture of the kit follows preferably standard 
procedures which are known to the person skilled in the art. 
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0091. Several documents are cited throughout the text of 
this specification. Each of the documents cited herein 
(including any manufacturer's specifications, instructions, 
etc.) are hereby incorporated herein by reference; however, 
there is no admission that any document cited is indeed prior 
art as to the present invention. 
0092. The figures show: 
0093 FIG. 1. Proliferation of wild-type (circles) and 
reag-expressing CHO cells as a function of time. Cells were 
plated in 96-well dishes and at the indicated times the 
tetrazolium salt MTT' (50 ug/ml) was added to the plates. 
After four hours incubation in humidified atmosphere (37° 
C., 5% CO), the reaction was stopped by addition of 2 
volumes of 10% SDS in 1M HC1. The blue formazan 
crystals produced in living cells were solubilized overnight, 
and the resulting color was measured as optical density at the 
indicated wavelength. Possible non-specific effects of the 
transfection on the cell proliferation can be neglected, since 
a) the results were comparable in three independent cell 
lines from different species (rat, hamster and human); b) 
transfection with different independent clones gave the same 
results, and c) transfection with a different potassium chan 
nel (Kv1.4) in the same vector (thus with a tendency to 
recombine at the same site) gave results comparable to WT 
and did not reproduce the effects of the reag transfection. 
0094 FIG. 2. Proliferation of wild type (circles) and reag 
expressing (triangles) CHO cells, in the presence of 0.5% 
FCS. This serum concentration is not able to sustain growth 
of normal cells, but transfected cells complete almost three 
cycles. Methods as for FIG. 1. 
0.095 FIG. 3. DNA synthesis in CHO cells expressing 
different potassium channels, in the presence of normal 
(10%) or low (0.5%) concentrations of FCS. In control cells, 
WT or cells transfected with Kv1.4, the levels of DNA 
synthesis drop significantly in the presence of low serum 
concentration, whereas reag expressing cells maintain the 
same replication levels as in high serum concentrations. 
0096 FIG. 4. (A) Photographs of plates with wild type, 
Kv1.4 transfected or reag transfected NIH3T3 cells. The 
cells were seeded at low density, and allowed to grow under 
standard conditions until wild-type cells reached confluence. 
The cells were then fixed with methanol and stained with 
Giemsa blue. Under those conditions, both wild type and 
Kv1.4-expressing cells grow in a monolayer, whereas reag 
expressing cells form foci. (B) Foci formation of reag 
transfected NIH-3T3 cells compared to cells transfected 
with rKv1.4 and to wild type cells. The vector control 
(pcDNA3 transfected cells) yielded a similar phenotype as 
wild type cells (not shown). Transient transfection was 
carried out using calcium phosphate (33). Cells were main 
tained in rich medium until control cells reached confluence, 
then fixed with methanol and stained with Giemsa blue. 

0097 FIG. 5. Currents elicited by depolarizations in 
MCF7 cells under voltage clamp conditions. Left traces are 
whole cell currents, right traces have been obtained in an 
excised outside-out patch. Both the macroscopic currents 
and the I-V relationships (C and D) are reminiscent of reag 
CurrentS. 

0098 FIG. 6. Single channel activity in an outside-out 
membrane patch Voltage-clamped at 0 mV, in the presence 
or the absence of 5 uMastemizole. The pipette solution 
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contained 140 mM KC1, 10 mM BAPTA, 10 mM HEPES 
pH 7.2: the bath solution contained 140 mM NaCl, 2 mM 
CaCl, 2 mM MgCl, 2.5 mM KC1, 10 HEPES pH 7.2. 
0099 FIG. 7. A. DNA synthesis in MCF7 cells under 
different eag blockers. B. HEK293 DNA synthesis levels in 
the presence of astemizole, glibenclamide and terfenadine. 
0100 FIG.8. Dose-response curve for the effects of two 
H1 antagonists on DNA synthesis in MCF7 cells (IC507 and 
10 mM for LY 91241 and astemizole respectively). 
0101 FIG. 9. Fluorescence images of control (untreated, 
A) and astemizole-treated (B) MCF7 cells, stained with 
Hoechst 33342. Notice in B the smaller surface of the nuclei, 
and a much lower cell density (due to cell death). 
0102 FIG. 10. Nucleotide sequence of human-eag cDNA 
from human brain compared to the rat sequence and bovine 
sequences. Those positions showing a different nucleotide in 
any of the sequences are shaded. 
0103 FIG. 11. Amino acid sequences of both splice 
variants obtained from human eag cDNA translation, com 
pared to the corresponding bovine, mouse and rat sequences. 
The black boxes indicate a different residue in any of the 
Sequences. 

0104 FIG. 12. RT-PCR from human brain, human mam 
mary gland and MCF-7 cells total RNA. The amplification 
produced two specific fragments corresponding to the 
expected sizes for heag 1 and 2 in brain, and the band 
corresponding to heag 1 in MCF-7 cells, while no amplifi 
cation was detected in normal breast RNA. 

0105 FIG. 13. Voltage-dependence of activation in high 
extracellular potassium, two-electrode Voltage-clamp: In the 
conductance-Voltage plot, the Voltage for half-activation is 
shifted by 40 mV to the right in the heag channel with 
respect to the reag channel. 
0106 FIG. 14. Colony formation in semisolid medium of 
NIH-3T3 cells transfected with the indicated DNAS. Cells 
were plated in regular medium containing 0.3% agar onto a 
layer of 0.55% agar medium. Colonies larger than 0.1 mm 
in diameter were scored 14 days after transfection. The 
average number of colonies in at least ten counted micro 
Scope fields is expressed perug DNA used in the transfection 
(except for the lanes “Transfection buffer and “No treat 
ment’, where the numbers are absolute values). reag and 
Kv1.4 were transfected using either pcDNA3 or pTracer 
CMV vectors. 

0107 FIG. 15. (A) Southern blot of RT-PCR products of 
RNAs from different human tissues and 293 cells. Trans 
ferrin receptor (TFR) signals are shown at the bottom. (B) 
Southern blot analysis of RT-PCR products of total RNAs 
from different human cell lines and mammary epithelial 
cells in primary culture (Epith. cells). TRF signals are shown 
at the bottom. 

0108 FIG. 16. (A) Treatment of heag expressing tumor 
cell lines with antisense ODNs. (B) heag current in SHSY 
5Y neuroblastoma cells (C) Current density in SHSY-5Y 
cells treated with antisense ODNs (D) Inhibition of DNA 
synthesis in human cancer cells (EFM-19, HeLa and SHSY 
5Y) by antisense ODNs directed against heag. 
0109 FIG. 17. (A) Subcutaneous implantation of 
CHOhEAG cells induced aggressive tumors that grew rap 
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idly and soon broke the skin of the carrier mice. The 
photograph was taken in the third week post-implantation of 
2x10 cells. (B.C) The average mass of CHOhEAG tumors 
was significantly greater than that of the CHOKV tumors 
both two weeks (B; meant S.E.M.; p=0.002) or three weeks 
post-implantation (C; meant S.E.M.; p=0.03) (D) 
CHOhEAG and (E) CHOKV tumors photographed in situ. 
The main macroscopic differences are the darker color and 
the fixation to the skin of the CHOhEAG tumor. (F, G) 
CHOhEAG (F) and CHOKv (G) tumors were cut open to 
show the great extent of necrosis (arrowheads) in the former. 
(H, I) The greater degree of necrosis and the fixation to the 
skin are also evident microscopically after paraffin embed 
ding and hematoxylin-eosin staining. The histology is com 
parable in both micrographs, but in (H) a much bigger 
necrotic area is observed (arrowheads), and there is no 
border between the subcutaneous fat and the tumor. (Scale 
bars, 100 um) (J) As a quantitative measurement of these 
images, the average width of the vital area in CHOKV 
tumors was significantly larger than that of CHOhEAG 
tumors (meantS.E.M.; p <0.0005). 
0110 FIG. 18: Proliferation assays of rEAG-transfected 
CHO cells (A-C). Growth curves of CHO cells transfected 
with rEAG (circles) as compared to naive cells (triangles) in 
10% (filled symbols) or 0.5% (open symbols) fetal calf 
serum. The values are referred to the ones measured after 12 
h in culture (time 0 in the plot), and represent meantS.E.M. 
of eight wells in the same plate. Cell lines were established 
by selection through the G-418 resistance encoded in the 
pcDNA3 vector. MTT hydrolysis (22) was used to measure 
metabolic activity of viable cells. Serum was carefully 
diluted 12 hours after plating. (B) Increase in metabolic 
activity during the first 12 hours after removal of S-phase 
block. For cell synchronization, 2 mM thymidine was added 
to the culture medium for 12 h. Thymidine was removed 
from the medium for additional 12 h, and then a second 
arresting pulse was applied for 12 h. Cells were then 
trypsinized and plated for metabolic activity and DNA 
synthesis determination. (C) BrdU incorporation during the 
first 12 hours after removal of S-phase block for 12 h 
incubation in 10% FCS, or in the presence of 0.5% FCS (24 
h incubation). BrdU incorporation was measured using the 
Boehringer-Mannheim “BrdU labeling and detection kit'. 
following the indications of the manufacturer. The bars 
represent mean+S.D. for wild-type CHO cells (open bars), 
Kv1.4-transfected (shaded bars) and eag-transfected (solid 
bars). The incorporation of BrdU is quantified as optical 
density at 405 nm (reference 490 nm) produced on ABTSTM 
substrate by peroxidase coupled to the anti BrdU antibody. 
0111. The examples illustrate the invention. 

EXAMPLE 1. 

Cloning of the K Ion Channel 
0112 mRNA was purified from total RNA obtained from 
MCF-7 cells following standard procedures. Then, cDNA 
was prepared by reverse transcription with Superscript II 
reverse transcriptase; this cDNA was used as a template for 
PCR amplification using degenerate oligonucleotides 
designed to match highly conserved eag sequences. After 
amplification, a SacII/SacII fragment from rat eag was used 
as a probe for Southern blot analysis of the results. Those 
bands showing positive hybridization were Subsequently 
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cloned in pGEM-T vector (Promega) and sequenced. All of 
them gave sequences corresponding to HERG. 
0113 Specific oligonucleotides engineered to avoid 
HERG cINA amplification were then designed, taking into 
account rat, mouse and bovine eag. We looked for sequences 
having high homology between the various eag clones but 
with maximal divergence to the HERG sequence. 
0114. The sequences of the oligonucleotides were the 
following: 

5'-CAGAA (T. C.)AA (T. C.) GTGGC (A, C T G )TGGCT 

5'-TCACT (GA) AAGATCTATA (A, G)TC 

0115. After PCR amplification, the band of the expected 
size was cloned into pGEMT and sequenced. The sequence 
obtained showed high homology to rat eag (nucleotides 
942-1108). 
0116. This band was labeled and used as a probe to screen 
a mammary gland cDNA library. After screening of 2x10' 
phages, no positive clones were found. 
0117 We then used specific oligonucleotides to analyze 
cDNA using PCR from human heart and human brain 
(obtained from total RNA purchased from Clontech). Two 
PCR products from brain were sequenced, and the sequence 
corresponded to two alternatively spliced variants of eag. To 
further test the possibility of cloning the full length molecule 
from the human brain, we performed PCR analysis of a 
human cDNA library, and compared this result to the same 
experiment in the human mammary gland library (both from 
Clontech). Only the brain library gave positive results. 
0118. Subsequently, the amplified fragment was 
employed to screen the human brain library (2 rounds, 10° 
phages) and several clones that were cloned into the pBSK 
vector were found and sequenced. All of them corresponded 
to the central part of the molecule, but were missing the 5' 
and 3' ends. The longest of these positive clones was used to 
prepare a probe and re-screen the library (again two rounds, 
2x10 clones). 
0119) The sequences obtained in this case corresponded 
to part of the coding sequence (approximately 400 bp 5" were 
missing until the initiation codon) and a long 3' untranslated 
sequence. Since the fragment close to the 5' end of the 
molecule started in all cases with an EcoRI site, it was 
Suspected that the site was actually present in the heag 
sequence, and that is was lost in the Subcloning of the 
fragments into vectors for sequencing. 
0120) To obtain the full length sequence, we pooled those 
phages that carried fragments close to the 5' end and 
analyzed them by PCR amplification, using the sequence 3' 
to the mentioned EcoRI site and a sequence from lambda 
gt10 as primers for the PCR. After successive fractionation 
of the pools, two phages that carried the 5' end of the coding 
sequence were obtained, and one of them contained part of 
the 5' untranslated region. 
0121 Once we knew the complete sequence, we 
assembled the whole clone starting from two phages, one of 
them containing the 3' UTR and most of the coding 
sequence, and the other containing the 5' end. The first 
fragment was extracted from the phage by SphI/HindIII 
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digestion, and subcloned into pEBKS- to produce pBKSheag 
1. In this was, a 1.2 kbp SphI-SphI fragment was also 
removed from the clone, and it was necessary to reintroduce 
it afterwards. The fragment containing the 5' end was 
extracted by HindIII/Muni digestion. This fragment was 
ligated with a HindIII/MunI digest of pBKSheag 1. Only 
using this procedure were we able to obtain the full length 
clone in a single plasmid. We then needed to reintroduce the 
SphI-Sphi fragment since we had deleted one of the SphI 
sites. Subsequently, an Eagl/Not fragment was subcloned 
into the NotI site of pCDNA3 vector, to eliminate the 
contaminating phage sequences and to obtain a vector 
suitable for functional expression of the channel. Finally 
obtained sequences are depicted in sequence listing as SEQ 
ID No. 1 and SEQ ID No. 2. 

EXAMPLE 2 

Identification of Inhibitors that Specifically Bloc 
the Action of Human Eag 

0122) Another member of the eag family, HERG''', has 
been related to a familiar form of long QT syndrome (LQT). 
This has allowed to identify several blockers of HERG 
based on their ability to induce LQT-type arrythmias. Thus, 
certain histamine H1 receptor blockers. Such as astemizole 
and terfenadine, as well as class III antiarrythmic drugs 
(dofetilide, E-4031) are potent and specific blockers of 
HERG'''. However, for eag channels, specific blockers 
have not yet been described. Due to the sequence similarity 
between HERG and eag channels, both groups of drugs on 
reag were tested in accordance with the present invention. 
The H1 blockers also affect reag, whereas the channel is 
rather insensitive to class III antiarrythmics (dofetilide). 
This provides a useful tool to selectively block eag-type 
channels and to discard possible effects of HERG channels 
(which are also present in MCF7 cells). The effect of one of 
these drugs (astemizole 5 uM) is shown on single putative 
human eag channels in FIG. 6. 

0123. It was further tested whether several reag and other 
potassium channel blockers are able to inhibit growth of 
MCF7 cells. As a “positive' control glibenclamide, a 
blocker of the ATP-sensitive potassium channel was also 
included, since it has been described to inhibit the prolif 
eration of this cell line. To determine the rate of DNA 
synthesis, cells were plated on 96-well microtiter plates at a 
density of s10 cells/ml and in the absence of growth 
factors. After 24 hours starvation, cells were stimulated by 
addition of 10% FCS in the presence of BrdU. The amount 
of BrdU incorporated into the newly synthesized DNA was 
determined using a commercial antibody (Boehringer Man 
nheim). The drugs tested were added either at the same time 
or 12 hours prior to the stimulation. In a different human cell 
line, HEK293, the addition of 10 uMastemizole or 100 uM 
glibenclamide did not reduce significantly the DNA synthe 
sis, while terfenadine (10 uM) produced a strong inhibition. 
For this reason, only effects of astemizole (and its closely 
related analog LY91241) were considered, and those pro 
duced by terfenadine (although MCF7 cells are significantly 
more sensitive to growth inhibition by terfenadine than the 
control cells) discarded. In MCF7 cells, 5 uMastemizole 
reduced the DNA synthesis by 40%, while the same con 
centration of the HERG-specific blocker dofetilide produced 
no significant effects. Ten times higher concentrations (50 
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uM) of other potassium channel blockers (quinidine or 
glibenclamide) where required to induce a similar effect. A 
dose-response curve for astemizole effects on DNA synthe 
sis in MCF7 cells is depicted in FIG. 8. The half-maximal 
effect was obtained for 10 uMastemizole. 
0.124. In an attempt to clarify the mechanism underlying 
the proliferation inhibition in MCF7 cells, the nuclear mor 
phology of cells treated with 5 Mastemizole were checked, 
using the supravital nuclear stain Hoechst 33342. After 24 
hours of treatment, most cells showed nuclear condensation 
and fragmentation, typical features of apoptotic cell death 
(FIG. 9). 
0125. In conclusion, a human counterpart of the reag 
channels are present in human cancer cells, and they have 
the ability to induce malignant transformation in several 
different cell types. 

EXAMPLE 3 

Expression of Heag in Different Human Tissues 

0126 500 ng total RNA from different human tissues (or 
5 ng polyA" RNA, for spinal chord) were reverse tran 
scribed and amplified using a pair of oligonucleotides of the 
sequences 5'-CGCATGAACTACCTGAAGACG (forward) 
and 5'-TCTGTGGATGGGGCGATGTTC (reverse). The 
amplified DNA was analyzed by Southern blot using a 
specific human eag probes (a 1.5 Kb EcoRI fragment from 
the core of the channel). Among the RNAs tested, only brain 
total RNA gave positive signals. RNAs from spinal chord, 
adrenal gland, skeletal muscle, heart, trachea, liver, kidney 
and mammary gland were negative. The integrity of the 
RNA was checked using transferrin amplification. Using the 
same approach, the expression of heag in several tumoral 
human cell lines was checked, in: MCF-7 (breast adenocar 
cinoma), BT-474 (breast ductal carcinoma, from a solid 
tumor), EFM-19 (breast carcinoma, ductal type, from pleu 
ral fluid), COLO-824 (breast carcinoma, from pleural fluid), 
SHSY5Y (neuroblastoma). 
0127. In contrast to normal tissues, all the cancer cell 
lines tested were found positive for heag expression. 
0128. Further, Southern blot of RT-PCR products of 
RNAs from different human tissues and 293 cells show that 
only in RNA from brain the two bands corresponding to 
heag A and B could be amplified and identified. Transferrin 
receptor (TFR) signals are shown at the bottom (FIG. 15A). 
Furthermore, a Southern blot analysis of RT-PCR products 
of total RNAs from different human cell lines and mammary 
epithelial cells in primary culture (Epith. cells). TRF signals 
are shown at the bottom. RNAs from the different cell lines 
(34) and commercial RNAs from human tissues (Clontech) 
were subjected to single-tube RT-PCR (35). Total RNA was 
used with the exception of spinal cord, where poly(A)" RNA 
was used (Primer sequences were: forward: 5'-CGCAT 
GAACTACTGAAGACG, and reverse: 5'-TCTGTG 
GATGGGGCGATGTTC. 5-TCAGCCCAGCAGAAG 
CATTAT and reverse: 5'-CTGGCAGCGTGTGAGAGC 
were used to control RNA and PCR performance.). Specific 
primers for TFR were used to control RNA and PCR 
performance. These ODNs were designed according to the 
published TFR sequence (36), starting at exon 11 and 
spanning to exon 19 (37). This, together with the amplifi 
cation of two heag splice fragments and controls in the 
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absence of reverse transcriptase, excludes a false positive 
due to genomic DNA contamination. 50 ul (heag) or 15 ul 
(TFR) of PCR reactions were analyzed in 2% agarose gels. 
DNA was transferred to membranes and consecutively 
hybridized at high stringency with 'P-dCTP labeled ran 
dom primed probes consisting of a 980 bp heag fragment 
and the TFR fragment amplified from brain RNA. 

EXAMPLE 4 

Expression of Heag In Vivo 

0129. To determine whether the expression of heag is 
advantageous for tumor cells in Vivo, the inventors pre 
formed subcutaneous implants of CHO cells expressing the 
channel (CHOhEAG cells) into the flank of female scid 
(severe combined immunodeficiency, 33) mice. CHOKV 
cells were used as a control. Therefore, 2x10 CHOhEAG or 
CHO-Kv1.4 cells suspended in 100 ul PBS were implanted 
subcutaneously on the flank of 6-8 week old female Fox 
Chase scid mice (C.B-17/Icr sicd/scid) obtained from Bom 
holtgard, Ry, Denmark. The presence of tumors was checked 
every second day by tactile inspection of every mouse. After 
two or three weeks, the animals were sacrificed by cervical 
dislocation and the tumors dissected and fixed in paraform 
aldehyde for Subsequent paraffin inclusion and staining. The 
identity of the CHOhEAG cells was established by UV 
illumination of the tumors to evoke fluorescence from the 
green fluorescence protein encoded in the pTracer vector 
(Invitrogen). One week after the implantation, all 
CHOhEAG-injected mice carried tumors detectable by pal 
pation, while no mass greater than 1 mm was observed in the 
controls. During the second week post-implantation, the 
heag-expressing tumors reached in excess of 5 mm in 
diameter and visibly emerged through the skin in most cases 
(FIG. 17A); the mice were sacrificed after two (N=6) or 
three weeks (N=7). Only one of the 11 control animals used 
was free of visible tumors; all 13 CHOhEAG-injected 
animals showed tumors. The average mass (FIG. 17B, C) of 
the heag-expressing tumors was significantly larger than that 
of controls, especially two weeks following implantation 
(FIG. 17B). From macroscopic observation, the tumors 
appeared friable and hemorragic; the CHOhEAG tumors 
were darker than the controls and were adhered to the skin 
(FIG. 17D, E) in all CHOhEAG-injected mice at two weeks. 
Six of seven mice exhibited similar characteristics at three 
weeks. In contrast, the tumor could be easily dissected from 
the skin in all of the control mice after two weeks, and in five 
out of six mice at three weeks. The tissue below the tumor 
appeared unaffected in all cases. The dark color was due to 
great extent of intratumoral necrosis (FIG. 17F, G, arrows), 
confirmed by histology (FIG. 17 H, I, arrowheads), indicat 
ing a faster growth of CHOhEAG tumors. The thickness of 
the vital area in the EAG-expressing tumors was signifi 
cantly smaller than in the controls (FIG. 17J). The rapid 
growth of the tumor can account for the massive intratu 
moral necrosis in the CHOhEAG group. This could also 
explain the enhanced difference found in the mass of the 
tumors two weeks after implantation, since CHOhEAG 
tumors would cease growth due to massive necrosis. These 
data strongly suggest that expression of heag tumors grow 
faster and are more aggressive than CHOKV tumors. 
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EXAMPLE 5 

Inhibition of Heag 
0130. It is assumed that expression of heag in some tumor 
cells is not the consequence of their abnormal growth, but 
that this K' channel is necessary for their proliferation. 
Therefore, inhibition of heag expression with antisense 
oligodeoxynucleotides (ODNs) should decrease the prolif 
eration rate in these tumor cells. Therefore, a 19-mer <anti 
sense phosphorothioate ODN> (5'-CAGCCATGGTCATC 
CTCCC) spanning the putative initiation codon of heag was 
used to test inhibition of proliferation. The sense ODN and 
a scrambled sequence (gtcggtaccagtaggaggg) were used as 
controls. Data shown in FIG. 16A confirms the efficiency of 
the antisense ODN treatment in reducing the heag mRNA 
content in EFM cells. A reduction in heag mediated K' 
currents in SHSY-5Y cells by treatment with antisense ODN 
is shown in FIGS. 16B and C. 

0131 Treatment of heag expressing tumor cell lines with 
antisense ODNs significantly reduced the yield of amplified 
PCR products. EFM-19 cells were treated with 10 g/ml 
DAC30 (lanes “C”) or 10 g/ml DAC30 (Eurogentec) plus 
1 uMantisense ODN (lanes “AS”) overnight, total RNA was 
extracted and assayed under the same conditions as 
described in Example 3, with ODNs designed to either 
amplify heag or the transferrin receptor. The arrows in FIG. 
16A mark the expected sizes of the amplified fragments. 
Further, to dissect the heag current in SHSY-5Y neuroblas 
toma cells, the inventors utilized the voltage-dependence of 
the activation of eag (30) in the presence of extracellular 
Mg". The current was measured after a depolarization to 
+60 mV from -120 mV (FIG. 16B, gray lines). The first part 
of the subtracted trace (FIG. 16B, black line) corresponds to 
eag current that has not yet activated when the holding 
potential is very negative (-120 mV), but becomes evident 
if the holding potential is -60 mV. The average current 
between 19 and 21 ms was chosen to determine the current 
density. The current density in SHSY-5Y cells treated with 
antisense ODNS was significantly reduced as compared to 
control cells (The electrophysiological determinations were 
performed using standard protocols in the whole cell con 
figuration of the patch-clamp technique (Hamill, O. P. 
Marty, A., Neher, E., Sakmann, B., Sigworth, F. J. Pflügers 
Arch- Eur. J. Physiol 391, 85 (1981)), with an extracellular 
solution containing (mM) 140 NaCl, 2.5 KC1, 2 CaCl2, 2 
MgCl2, 10 Hepes/NaOH pH 7.2, 10 glucose. The pipette 
solution was (mM) 140 KC1, 10 BAPTA, 10 Hepes/KOH pH 
7.2.). The cells were treated overnight with antisense ODN 
1 uM containing fluorescein-labeled ODN. The currents 
were determined 1 to 3 days later in cells showing fluores 
cence in their nuclei. The bars in FIG. 16C represent 
meantS.E.M. for 9 cells (control) or 25 cells (antisense). 
Only the outward currents were evaluated in the analysis. 
Furthermore, the inhibition of DNA synthesis in human 
cancer cells (EFM-19, HeLa and SHSY-5Y) by antisense 
ODNs directed against heag was investigated. DNA synthe 
sis is expressed relative to BrdU incorporation in the 
absence of ODNs. The uptake conditions into cells using 
fluorescein labeled antisense ODN was optimized. Cells 
were seeded in 96-well plates at a density of 105 cells/ml. 
One day after plating, the cells were washed with culture 
medium and the ODN was added (final concentration 10 
uM). The ODN had previously been mixed with 20 ug/ml of 
the transfection ragement DAC-30 (Eurogentec) in serum 
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free medium and allowed to incubate at room temperature 
for 20-30 min. The mixture was then added as a 1:1 dilution 
in culture medium and maintained in contact with cells 
overnight. After this incubation, the cells were washed and 
labeled with BrdU (100 uM) for 2 h. Incorporation was 
detected using the kit from Boehringer Mannheim and 
measured as OD units at 405 nm (reference 490 nm) after 
Subtraction of the non-specific background incorporation. 
(FIG.16D). The bars indicate meantS.D. for eight wells per 
condition in a representative experiment. 
Glossary and List of Abbreviations 
0132) Cell Lines: 

CHO CHO-K1 

(ATCC CCL 61) 
HEK293 293 

(ATCC CRL 1573) 

Chinese hamster Cricetulus 
grisetts ovary 
Transformed primary human 
embryonal kidney 

NIH3T3 (ATCC CRL 1658) Embryo Swiss mouse 
fibroblasts 

MCF7 (ATCC HTB 22) Human breast adenocarcinoma 
WT Wild-type cells 

0.133 Genes and Gene Products 

eag ether-a-go-go potassium channel 
HERG Human-Eag-Related Gene. Codes for an inwardly 

rectifying potassium channel mainly expressed 
in heart. 

Kv1.4 Inactivating voltage-dependent potassium 
channel. Initially cloned from rat brain, it is 
present in many other tissues. 

0134) Others 

EGF Epidermal growth factor 
PDGF Platelet-derived growth factor 
FCS Fetal calf serum 
I-V relation Current-Voltage relation 
LQT Long Q-T (interval between Q and T waves in the 

electrocardiogram). Induces severe arrythmias 
due to repolarizarion defects. 

BrU 5-Bromo-2'-deoxyuridine. Structure analog 
of thymidine. 

IC50 Concentration that produces 50% inhibition 
RT-PCR Polymerase Chain Reaction of cDNA produced by 

reverse transcription in the same tube. 
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-continued 

agct gagagg totatttalaa aaaaaagttca gagacagata cct coaa.ccc toccg to acc 3060 

accaccccta coaccoggaa titc 3O83 

<210> SEQ ID NO 3 
&2 11s LENGTH 962 
&212> TYPE PRT 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 3 

Met Thr Met Ala Gly Gly Arg Arg Gly Leu Val Ala Pro Glin Asn Thr 
1 5 10 15 

Phe Leu Glu Asn. Ile Val Arg Arg Ser Asn Asp Thr Asn. Phe Val Lieu 
2O 25 3O 

Gly Asn Ala Glin Ile Val Asp Trp Pro Ile Val Tyr Ser Asn Asp Gly 
35 40 45 

Phe Cys Lys Lieu Ser Gly Tyr His Arg Ala Glu Val Met Glin Lys Ser 
5 O 55 60 

Ser Thr Cys Ser Phe Met Tyr Gly Glu Leu Thr Asp Lys Asp Thr Ile 
65 70 75 8O 

Glu Lys Val Arg Gln Thr Phe Glu Asn Tyr Glu Met Asn Ser Phe Glu 
85 90 95 

Ile Leu Met Tyr Lys Lys Asn Arg Thr Pro Val Trp Phe Phe Val Lys 
100 105 110 

Ile Ala Pro Ile Arg Asn. Glu Glin Asp Llys Val Val Lieu Phe Lieu. Cys 
115 120 125 

Thr Phe Ser Asp Ile Thr Ala Phe Lys Glin Pro Ile Glu Asp Asp Ser 
130 135 1 4 0 

Cys Lys Gly Trp Gly Lys Phe Ala Arg Lieu. Thr Arg Ala Lieu. Thir Ser 
145 15 O 155 160 

Ser Arg Gly Val Lieu Glin Glin Leu Ala Pro Ser Val Glin Lys Gly Glu 
1.65 170 175 

Asn. Wal His Lys His Ser Arg Lieu Ala Glu Val Lieu Gln Leu Gly Ser 
18O 185 19 O 

Asp Ile Leu Pro Gln Tyr Lys Glin Glu Ala Pro Lys Thr Pro Pro His 
195 200 2O5 

Ile Ile Leu. His Tyr Cys Val Phe Lys Thr Thr Trp Asp Trp Ile Ile 
210 215 220 

Leu Ile Leu Thr Phe Tyr Thr Ala Ile Leu Val Pro Tyr Asn Val Ser 
225 230 235 240 
Phe Lys Thr Arg Glin Asn. Asn Val Ala Trp Lieu Val Val Asp Ser Ile 

245 250 255 

Val Asp Val Ile Phe Leu Val Asp Ile Val Leu Asn Phe His Thr Thr 
260 265 27 O 

Phe Val Gly Pro Ala Gly Glu Val Ile Ser Asp Pro Lys Lieu. Ile Arg 
275 280 285 

Met Asn Tyr Lieu Lys Thir Trp Phe Val Ile Asp Leu Lleu Ser Cys Lieu 
29 O 295 3OO 

Pro Tyr Asp Val Ile Asn Ala Phe Glu Asn Val Asp Glu Gly Ile Ser 
305 310 315 320 
Ser Lieu Phe Ser Ser Lieu Lys Val Val Arg Lieu Lleu Arg Lieu Gly Arg 

325 330 335 
Val Ala Arg Lys Lieu. Asp His Tyr Ile Glu Tyr Gly Ala Ala Val Lieu 

340 345 35 O 
Val Leu Leu Val Cys Val Phe Gly Leu Ala Ala His Trp Met Ala Cys 

355 360 365 
Ile Trp Tyr Ser Ile Gly Asp Tyr Glu Ile Phe Asp Glu Asp Thr Lys 

370 375 38O 
Thir Ile Arg Asn. Asn. Ser Trp Leu Tyr Glin Leu Ala Met Asp Ile Gly 
385 390 395 400 
Thr Pro Tyr Glin Phe Asn Gly Ser Gly Ser Gly Lys Trp Glu G Gly 

405 410 4 

Pro Ser Lys Asn Ser Val Tyr Ile Ser Ser Leu Tyr Phe Thr Met Thr 
420 425 43 O 

Ser Leu Thir Ser Val Gly Phe Gly Asn Ile Ala Pro Ser Thr Asp Ile 
435 4 40 4 45 

Glu Lys Ile Phe Ala Val Ala Ile Met Met Ile Gly Ser Leu Leu Tyr 
450 455 460 

Ala Thr Ile Phe Gly Asn Val Thr Thr Ile Phe Glin Gln Met Tyr Ala 
465 470 475 480 

Asn Thr Asn Arg Tyr His Glu Met Lieu. Asn. Ser Val Arg Asp Phe Lieu 
485 490 495 

Lys Lieu. Tyr Glin Val Pro Lys Gly Lieu Ser Glu Arg Val Met Asp Tyr 
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-continued 

5 OO 505 51O. 
Ile Val Ser Thr Trp Ser Met Ser Arg Gly Ile Asp Thr Glu Lys Val 

515 52O 525 
Leu Glin Ile Cys Pro Lys Asp Met Arg Ala Asp Ile Cys Val His Lieu 

530 535 540 
Asn Arg Lys Val Phe Lys Glu His Pro Ala Phe Arg Lieu Ala Ser Asp 
545 550 555 560 
Gly Cys Lieu Arg Ala Lieu Ala Met Glu Phe Glin Thr Val His Cys Ala 

565 570 575 
Pro Gly Asp Lieu. Ile Tyr His Ala Gly Glu Ser Val Asp Ser Lieu. Cys 

58O 585 59 O 

Phe Val Val Ser Gly Ser Leu Glu Val Ile Glin Asp Asp Glu Val Val 
595 600 605 

Ala Ile Leu Gly Lys Gly Asp Val Phe Gly Asp Val Phe Trp Lys Glu 
610 615 62O 

Ala Thr Lieu Ala Glin Ser Cys Ala Asn Val Arg Ala Lieu. Thir Tyr Cys 
625 630 635 640 
Asp Lieu. His Val Ile Lys Arg Asp Ala Leu Gln Lys Wall Leu Glu Phe 

645 650 655 

Tyr Thr Ala Phe Ser His Ser Phe Ser Arg Asn Leu Ile Leu Thr Tyr 
660 665 67 O 

Asn Lieu Arg Lys Arg Ile Val Phe Arg Lys Ile Ser Asp Wall Lys Arg 
675 680 685 

Glu Glu Glu Glu Arg Met Lys Arg Lys Asn. Glu Ala Pro Lieu. Ile Leu 
69 O. 695 7 OO 

Pro Pro Asp His Pro Val Arg Arg Lieu Phe Glin Arg Phe Arg Glin Glin 
705 710 715 720 
Lys Glu Ala Arg Lieu Ala Ala Glu Arg Gly Gly Arg Asp Lieu. Asp Asp 

725 730 735 

Leu Asp Val Glu Lys Gly Asn Val Lieu. Thr Glu His Ala Ser Ala Asn 
740 745 750 

His Ser Leu Val Lys Ala Ser Val Val Thr Val Arg Glu Ser Pro Ala 
755 760 765 

Thr Pro Val Ser Phe Glin Ala Ala Ser Thr Ser Gly Val Pro Asp His 
770 775 78O 

Ala Lys Lieu Glin Ala Pro Gly Ser Glu Cys Lieu Gly Pro Lys Gly Gly 
785 790 795 8OO 
Gly Gly Asp Cys Ala Lys Arg Lys Ser Trp Ala Arg Phe Lys Asp Ala 

805 810 815 
Cys Gly Lys Ser Glu Asp Trp Asn Lys Val Ser Lys Ala Glu Ser Met 

820 825 83O 
Glu Thir Lieu Pro Glu Arg Thr Lys Ala Ser Gly Glu Ala Thr Lieu Lys 

835 840 845 
Lys Thr Asp Ser Cys Asp Ser Gly Ile Thr Lys Ser Asp Leu Arg Lieu 

85 O 855 860 
Asp Asn Val Gly Glu Ala Arg Ser Pro Glin Asp Arg Ser Pro Ile Leu 
865 870 875 88O 

Ala Glu Val Lys His Ser Phe Tyr Pro Ile Pro Glu Gln Thr Leu Gln 
885 890 895 

Ala Thr Val Lieu Glu Val Arg His Glu Lieu Lys Glu Asp Ile Lys Ala 
9 OO 905 910 

Lieu. Asn Ala Lys Met Thr Asn. Ile Glu Lys Glin Leu Ser Glu Ile Leu 
915 920 925 

Arg Ile Leu Thir Ser Arg Arg Ser Ser Glin Ser Pro Gln Glu Leu Phe 
930 935 940 

Glu Ile Ser Arg Pro Glin Ser Pro Glu Ser Glu Arg Asp Ile Phe Gly 
945 950 955 96.O 
Ala Ser 

<210> SEQ ID NO 4 
&2 11s LENGTH 989 
&212> TYPE PRT 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 4 

Met Thr Met Ala Gly Gly Arg Arg Gly Leu Val Ala Pro Glin Asn Thr 
1 5 10 15 

Phe Leu Glu Asn. Ile Val Arg Arg Ser Asn Asp Thr Asn. Phe Val Lieu 
2O 25 3O 

Gly Asn Ala Glin Ile Val Asp Trp Pro Ile Val Tyr Ser Asn Asp Gly 
35 40 45 

Phe Cys Lys Lieu Ser Gly Tyr His Arg Ala Glu Val Met Glin Lys Ser 
5 O 55 60 

Ser Thr Cys Ser Phe Met Tyr Gly Glu Leu Thr Asp Lys Asp Thr Ile 
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65 
Glu 

Ile 

Ile 

Thr 

Cys 
145 
Ser 

Asn 

Asp 

Ile 

Lel 

225 
Phe 

Wall 

Phe 

Met 

Pro 
305 
Phe 

Lel 

Asp 

Wall 
385 
Gly 

Ser 

Asn 

Wall 

Gly 
465 
Wall 

Asn 

His 

Pro 

Ser 
625 
Gly 

Ser 

Telu 

Ala 

Phe 
130 

Arg 

Wall 

Ile 

Ile 
210 
Ile 

Asp 

Wall 

Asn 
29 O 

Met 

Telu 

His 
370 
Phe 

Asp 

Trp 

Gly 

Tyr 
450 
Phe 

Ala 

Wall 

Glu 

Lys 
530 
Met 

Asp 

Glu 

Ala 

His 
610 
Telu 

Asp 

Arg 

Wall 

Met 

Pro 
115 
Ser 

Gly 

Gly 

His 

Telu 
195 
Telu 

Telu 

Thr 

Wall 

Gly 
275 
Tyr 

Asp 

Gly 

Glu 

Wall 
355 

Gly 

Tyr 

Telu 

Ser 
435 
Ile 

Gly 

Ile 

Thr 

Met 
515 
Gly 

Ser 

Met 

His 

Met 
595 
Ala 

Glu 

Wall 

Ala 

Asp 

Arg 

Tyr 
100 
Ile 

Asp 

Trp 

Wall 

Lys 
18O 
Pro 

His 

Thr 

Arg 

Ile 
260 
Pro 

Telu 

Wall 

Asp 

Gly 
340 
Wall 

Ile 

Telu 

Glu 

Tyr 
420 
Gly 

Ser 

Asn 

Met 

Thr 
5 OO 
Telu 

Telu 

Arg 

Arg 

Pro 
58O 
Glu 

Gly 

Wall 

Phe 

Asn 
660 
Ala 

Glin 
85 

Lys 

Arg 

Ile 

Gly 

Teu 
1.65 
His 

Glin 

Tyr 

Phe 

Glin 
245 
Phe 

Ala 

Lys 

Ile 

Pro 
325 
Arg 

Arg 

Glu 

Ala 

Ile 
405 
Glin 

Ser 

Ser 

Ile 

Met 
485 
Ile 

Asn 

Ser 

Gly 

Ala 
565 
Ala 

Phe 

Glu 

Ile 

Gly 
645 
Wall 

Teu 

70 
Thr 

Asn 

Thr 

Lys 
15 O 
Glin 

Ser 

Tyr 

Cys 

Tyr 
230 
Asn 

Teu 

Gly 

Thr 

Asn 
310 
Gly 

Glu 

Teu 

Tyr 

Ala 
390 
Phe 

Teu 

Gly 

Teu 

Ala 
470 
Ile 

Phe 

Ser 

Glu 

Ile 
550 
Asp 

Phe 

Glin 

Ser 

Glin 
630 
Asp 

Arg 

Glin 

Phe 

Asn 

Glu 

Ala 
135 
Phe 

Glin 

Arg 

Wall 
215 
Thr 

Asn 

Wall 

Glu 

Trp 
295 
Ala 

Lys 

Ser 

Teu 

Gly 
375 
His 

Asp 

Ala 

Lys 

Tyr 
455 
Pro 

Gly 

Glin 

Wall 

Arg 
535 
Asp 

Ile 

Arg 

Thr 

Wall 
615 
Asp 

Wall 

Ala 

Lys 

Glu 

Arg 

Glin 
120 
Phe 

Ala 

Telu 

Telu 

Glin 
200 
Phe 

Ala 

Wall 

Asp 

Wall 
280 
Phe 

Phe 

Ile 

Glin 

Arg 
360 
Ala 

Trp 

Glu 

Met 

Trp 
4 40 
Phe 

Ser 

Ser 

Glin 

Arg 
52O 
Wall 

Thr 

Telu 

Wall 
600 
Asp 

Asp 

Phe 

Telu 

Wall 

Asn 

Thr 
105 

Met 

Asp 

Asp 
425 
Glu 

Thr 

Thr 

Telu 

Met 
505 
Asp 

Met 

Glu 

Wall 

Ala 
585 
His 

Ser 

Glu 

Trp 

Thr 
665 
Telu 

Tyr 
90 

Pro 

Glin 

Telu 

Pro 
170 
Glu 

Ala 

Thr 

Telu 

Trp 
250 
Wall 

Ser 

Ile 

Asn 

Phe 
330 
Ile 

Gly 

Wall 

Ala 

Thr 
410 
Ile 

Gly 

Met 

Asp 

Telu 
490 

Phe 

Asp 

Lys 

His 
570 
Ser 

Cys 

Telu 

Wall 

Lys 
650 
Tyr 

Glu 

75 
Glu 

Wall 

Wall 

Pro 

Thr 
155 
Ser 

Wall 

Pro 

Thr 

Wall 
235 
Teu 

Teu 

Asp 

Asp 

Wall 
315 
Ala 

Ser 

Arg 

Teu 

Cys 
395 

Gly 

Gly 

Thr 

Ile 
475 

Ala 

Teu 

Wall 
555 
Teu 

Asp 

Ala 

Wall 
635 
Glu 

Phe 

21 

-continued 

Met 

Trp 

Wall 

Ile 
1 4 0 
Arg 

Wall 

Teu 

Trp 
220 
Pro 

Wall 

Asn 

Pro 

Teu 
3OO 
Asp 

Asp 

Ser 

Wall 

Wall 
38O 
Ile 

Thr 

Thr 

Pro 

Ser 
460 
Glu 

Ala 

Asn 

Ile 
540 
Teu 

Asn 

Gly 

Pro 

Phe 
62O 
Ala 

Ala 

Asp 

Asn 

Phe 

Teu 
125 
Glu 

Ala 

Glin 

Glin 

Thr 
2O5 
Asp 

Wall 

Phe 

Lys 
285 
Teu 

Glu 

Glin 

Teu 

Ala 
365 
Teu 

Trp 

Ile 

Pro 

Ser 
4 45 
Teu 

Thr 

Thr 

Teu 
525 
Wall 

Glin 

Arg 

Cys 

Gly 
605 
Wall 

Ile 

Thr 

Teu 

Thr 

Ser 

Phe 
110 
Phe 

Asp 

Telu 

Telu 
19 O 
Pro 

Trp 

Asn 

Asp 

His 
27 O 
Telu 

Ser 

Wall 

Ile 

Phe 
35 O 
Arg 

Telu 

Arg 

Tyr 
43 O 

Thr 

Ile 

Ile 

Asn 
51O. 

Ser 

Ile 

Telu 
59 O 
Asp 

Wall 

Telu 

Telu 

His 
67 O 
Ala 

Phe 
95 

Wall 

Telu 

Asp 

Thr 

Gly 
175 
Gly 

Pro 

Ile 

Wall 

Ser 
255 
Thr 

Ile 

Ser 

Pro 
335 
Ser 

Wall 

Ser 

Asn 
415 
Glin 

Asn 

Ser 

Phe 

Phe 
495 
Arg 

Glin 

Thr 

Wall 
575 
Arg 

Telu 

Ser 

Gly 

Ala 
655 
Wall 

Phe 

Ser 

Ser 
160 
Glu 

Ser 

His 

Ile 

Ser 
240 
Ile 

Thr 

Arg 

Telu 

Ala 
320 
Pro 

Ser 

Telu 

Ile 
400 
Asn 

Phe 

Ser 

Wall 

Ala 
480 
Gly 

Wall 

Trp 

Pro 
560 
Phe 

Ala 

Ile 

Gly 

Lys 
640 
Glin 

Ile 

Ser 

Jan. 24, 2008 
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His 

Ile 
705 
Met 

Wall 

Ala 

Gly 

Ala 
785 
Glin 

Pro 

Asp 

Arg 
865 
Asp 

Ala 

Ser 

Wall 

Thr 
945 
Arg 

Glin 

<400 

Ser 
69 O. 
Wall 

Arg 

Ala 

Asn 
770 
Ser 

Ala 

Gly 

Arg 

Trp 
85 O 
Thr 

Ser 

Arg 

Phe 

Arg 
930 
Asn 

Arg 

Ser 

675 
Phe 

Phe 

Arg 

Arg 

Glu 
755 
Wall 

Wall 

Ala 

Ser 

Lys 
835 
Asn 

Gly 

Ser 

Tyr 
915 
His 

Ile 

Ser 

Pro 

DNA 

Ser 

Arg 

Telu 
740 
Arg 

Telu 

Wall 

Ser 

Glu 
820 
Ser 

Ala 

Ile 

Pro 
9 OO 
Pro 

Glu 

Glu 

Ser 

Glu 
98O 

DNA 

SEQUENCE: 

Lys 

Asn 
725 
Phe 

Gly 

Thr 

Thr 

Thr 
805 
Cys 

Trp 

Wall 

Ser 

Thr 
885 
Glin 

Ile 

Teu 

Lys 

Glin 
965 
Ser 

SEQ ID NO 5 
LENGTH 18 
TYPE 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

5 

ccaaac acac acaccago 

<400 

DNA 

DNA 

SEQUENCE: 

SEQ ID NO 6 
LENGTH 2.0 
TYPE 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

6 

Asn 

Ile 
710 
Glu 

Glin 

Gly 

Glu 

Wall 
790 
Ser 

Teu 

Ala 

Ser 

Gly 
870 
Lys 

Asp 

Pro 

Lys 

Glin 
950 
Ser 

Glu 

cgtggatgtt atctttittgg 

<400 

DNA 

DNA 

SEQUENCE: 

SEQ ID NO 7 
LENGTH 18 
TYPE 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

7 

680 
Lieu. Ile 
695 
Ser Asp 

Ala Pro 

Arg Phe 

760 
His Ala 
775 
Arg Glu 

Gly Val 

Gly Pro 

840 
Lys Ala 
855 
Glu Ala 

Ser Asp 

Arg Ser 

Glu Glin 
920 

Glu Asp 
935 
Teu Ser 

Pro Glin 

Telu 

Wall 

Telu 

Arg 
745 
Telu 

Ser 

Ser 

Pro 

Lys 
825 

Glu 

Thr 

Telu 

Pro 
905 
Thr 

Ile 

Glu 

Glu 

Ile 
985 

Thr 

Lys 

Ile 
730 
Glin 

Asp 

Ala 

Pro 

Asp 
810 
Gly 

Asp 

Ser 

Telu 

Arg 
890 
Ile 

Telu 

Lys 

Ile 

Telu 
970 
Phe 

Arg 
715 
Teu 

Glin 

Asp 

Asn 

Ala 
795 
His 

Gly 

Ala 

Met 

Lys 
875 
Teu 

Teu 

Glin 

Ala 

Teu 
955 
Phe 

Gly 

22 

-continued 

Asn 
7 OO 
Glu 

Pro 

Teu 

His 
78O 
Thr 

Ala 

Gly 

Glu 
860 

Asp 

Ala 

Ala 

Teu 
940 
Arg 

Glu 

Ala 

685 
Teu 

Glu 

Pro 

Glu 

Asp 
765 
Ser 

Pro 

Gly 

Gly 
845 
Thr 

Thr 

Asn 

Glu 

Thr 
925 
Asn 

Ile 

Ile 

Ser 

Arg 

Glu 

Asp 

Ala 
750 
Wall 

Telu 

Wall 

Telu 

Asp 
83O 
Lys 

Telu 

Asp 

Wall 

Wall 
910 
Wall 

Ala 

Telu 

Ser 

Lys 

Glu 

His 
735 
Arg 

Glu 

Wall 

Ser 

Glin 
815 

Ser 

Pro 

Ser 

Thr 

Arg 
975 

Arg 
720 
Pro 

Telu 

Lys 

Lys 

Phe 
8OO 
Ala 

Ala 

Glu 

Glu 

Cys 
88O 
Glu 

His 

Glu 

Met 

Ser 
96.O 
Pro 

Jan. 24, 2008 
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-continued 

gggaggatga C catggct 18 

<210 SEQ ID NO 8 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

DNA 
&220s FEATURE 
<221 NAME/KEY: modified base 
<222> LOCATION: (15) 
<223> OTHER INFORMATION: a t c or g 

<400 SEQUENCE: 8 

cagaayaayg toggcntggct 20 

<210 SEQ ID NO 9 
&2 11s LENGTH 19 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

DNA 

<400 SEQUENCE: 9 

toactraaga totatartic 19 

<210> SEQ ID NO 10 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

DNA 

<400 SEQUENCE: 10 

cgcatgaact acctgaagac g 21 

<210> SEQ ID NO 11 
<211& LENGTH 21 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

DNA 

<400 SEQUENCE: 11 

totgtggatg g g g c gatgtt c 21 

<210> SEQ ID NO 12 
&2 11s LENGTH 18 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

DNA 

<400 SEQUENCE: 12 

gggaggatga C catggct 18 

<210> SEQ ID NO 13 
&2 11s LENGTH 2886 
&212> TYPE DNA 

Jan. 24, 2008 
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<400 SEQUENCE: 15 

cago catggit catccitcc.c 

<210> SEQ ID NO 16 
&2 11s LENGTH 19 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

scrambled sequence 

<400 SEQUENCE: 16 

gtoggtacca gtaggaggg 

<210 SEQ ID NO 17 
<211& LENGTH 21 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 

<400 SEQUENCE: 17 

totagoccago agaag catta t 

EQ ID NO 18 
ENGTH 18 

DNA 

EATURE 

THER INFORMATION: Description of Artificial Sequence: Primer 

<400 SEQUENCE: 18 

citgg cagogt 

YPE 

gtgaga gC 

EQ ID NO 19 
ENGTH 3O41 

DNA 

<400 SEQUENCE: 19 

gtgc.cgggac 

agggactggit 

ctaactttgt 

gattittgcaa 

gttittatgta 

agaactatoga 

ggttctttgt 

gcactittcag 

gggggaagtt 

tggctoccag 

tgcagotggg 

acatcatctt 

ccittctacac 

gcc ccc.ca.ga 

ggc.ccc.gcaa 

tittggggaat 

gctgtctggc 

tggggagctg 

gatgaatticc 

gaaaattgct 

tgacatalacc 

cgctoggctg 

cgtgcagaaa 

citcagacatc 

acactactg.c 

agc catcc to 

RGANISM: Bovine sp. 

cc.ccgagctg 

aacacgtttc 

gcc cagatag 

tat cacaggg 

accgataaag 

tittgaaattic 

cca attcgaa 

gctttcaaac 

accagagcac 

ggC gagaacg. 

cittcc.ccagt 

gtttittaaga 

gttccittaca 

S 

T 

<213> ORGANISM: Artificial Sequence 

O 

CCgggaggat 

tggagaatat 

tgg actdgcc 

Cggaagtgat 

ataccattga 

tgatgtacaa 

acgalacagga 

agc.cgattga 

tgacgag cag 

to cacaa.gca 

acaa.gcaaga 

C Cacgtggga 

acgtotcctt 

27 

-contin 

gac catggct 

tgtc.cgg.cgg 

tatcgtgitac 

gcaaaaaag.c 

aaaagtgcgg 

gaagaac agg 

taaagtggitt 

agatgatto a 

CCggggtgtc. 

citccc.gtotg 

ggCaccalaag 

citggatcatc 

taaaaccagg 

ued 

ggggg Cagga 

to caatgata 

agcaatgatg 

agtacatgca 

caaacctittg 

acaccitgttgt 

titattitotitt 

tgtaaaggct 

citgcago agc 

gcc gaggttc 

acticcccdgc 

citgatcctaa 

cagaacaacg 

19 

21 

18 

19 

60 

120 

18O 

240 

360 

420 

480 

540 

600 

660 

720 

Jan. 24, 2008 
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-continued 

totc.ccggaa cct gattcto accitacaatc tdaggaagag gattgttgttc cqgaagatca 2100 

gCgacgtgaa acgagaagaa gaggagagga taaacggala galacgaggcc CCCCttatcC 216 O 

tgccitcct ga ccaccctgtc. aggaggctct tccaaaggitt cogcc agcag aaagaa.gc.ca 2220 

ggctgg cago C gagagaggt gg.ccgggacc tdgatgacct ggatgtagag alagggcaatg 228O 

cc ct cacgga ccatacctica gcc aaccaca gcc tdgtgaa goccagtgt g g to acggtoc 234. O 

gtgaga.gtcc cqccacgcct gtgtc.ctitcc agg cago citc. caccitccaca gtgtcag acc 24 OO 

acgc.caagct gcatgcaccg g gatctgagt gcc taggtoc caagg caggc ggtgg.cg acc 2460 

CtgcCaag.cg Caaaggctgg gcc.cggttca aagatgCCtg toggga agggit gaggattgga 252O 

acaaggtgtc. caaggcagag to catggaga C gottcc.cga gaggacaaag goatcggg.cg 258O 

aggccacgct gaagaagaca gactic ctdtg acagtggaat caccalagagt gacct gcgct 264 O 

tggacaatgt gggtgaggcc aggagtcc cc agg accggag ccc catcttg gcc gaggtoa 27 OO 

agcattctitt citaccc catc ccc.gagcaga cactgcaggc cacagtgct g gaggtgaagc 276 O. 

atgagctgaa goaaga catc aaggccttga atgccaaaat gacct coatt gagaa.gcago 282O 

tgtctgagat cotcaggata citcatgtcca gagggtocto coagt citcc g caggacacgt. 2880 

gtgaggtotc caggc.cccag tocccagagt cagacagaga catttittggg gcaa.gct gag 2.940 

aggatcattt caaaacaaac aaacaaaaaa atcaaagaca aaag.cct gcc ccctg.ccc.ct 3OOO 

gacactitcct accqcaccaa acacatgacc aacaacttitc a 3O41 

<210> SEQ ID NO 21 
&2 11s LENGTH 960 
&212> TYPE PRT 

<213> ORGANISM: Bovine sp. 

<400 SEQUENCE: 21 

Met Thr Met Ala Gly Gly Arg Lys Gly Leu Val Ala Pro Glin Asn Thr 
1 5 10 15 

Phe Leu Glu Asn. Ile Val Arg Arg Ser Asn Asp Thr Asn. Phe Val Lieu 
2O 25 3O 

Gly Asn Ala Glin Ile Val Asp Trp Pro Ile Val Tyr Ser Asn Asp Gly 
35 40 45 

Phe Cys Lys Lieu Ser Gly Tyr His Arg Ala Glu Val Met Glin Lys Ser 
5 O 55 60 

Ser Thr Cys Ser Phe Met Tyr Gly Glu Leu Thr Asp Lys Asp Thr Ile 
65 70 75 8O 

Glu Lys Val Arg Gln Thr Phe Glu Asn Tyr Glu Met Asn Ser Phe Glu 
85 90 95 

Ile Leu Met Tyr Lys Lys Asn Arg Thr Pro Val Trp Phe Phe Val Lys 
100 105 110 

Ile Ala Pro Ile Arg Asn. Glu Glin Asp Llys Val Val Lieu Phe Lieu. Cys 
115 120 125 

Thr Phe Ser Asp Ile Thr Ala Phe Lys Glin Pro Ile Glu Asp Asp Ser 
130 135 1 4 0 

Cys Lys Gly Trp Gly Lys Phe Ala Arg Lieu. Thr Arg Ala Lieu. Thir Ser 
145 15 O 155 160 

Ser Arg Gly Val Lieu Glin Glin Leu Ala Pro Ser Val Glin Lys Gly Glu 
1.65 170 175 

Asn. Wal His Lys His Ser Arg Lieu Ala Glu Val Lieu Gln Leu Gly Ser 
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18O 185 19 O 

Asp Ile Leu Pro Gln Tyr Lys Glin Glu Ala Pro Lys Thr Pro Pro His 
195 200 2O5 

Ile Ile Leu. His Tyr Cys Val Phe Lys Thr Thr Trp Asp Trp Ile Ile 
210 215 220 

Leu Ile Leu Thr Phe Tyr Thr Ala Ile Leu Val Pro Tyr Asn Val Ser 
225 230 235 240 

Phe Lys Thr Arg Glin Asn. Asn Val Ala Trp Lieu Val Val Asp Ser Ile 
245 250 255 

Val Asp Val Ile Phe Leu Val Asp Ile Val Leu Asn Phe His Thr Thr 
260 265 27 O 

Phe Val Gly Pro Ala Gly Glu Val Ile Ser Asp Pro Lys Lieu. Ile Arg 
275 280 285 

Met Asn Tyr Lieu Lys Thir Trp Phe Val Ile Asp Leu Lleu Ser Cys Lieu 
29 O 295 3OO 

Pro Tyr Asp Val Ile Asn Ala Phe Glu Asn Val Asp Glu Gly Ile Ser 
305 310 315 320 

Ser Lieu Phe Ser Ser Lieu Lys Val Val Arg Lieu Lleu Arg Lieu Gly Arg 
325 330 335 

Val Ala Arg Lys Lieu. Asp His Tyr Ile Glu Tyr Gly Ala Ala Val Lieu 
340 345 35 O 

Val Leu Leu Val Cys Val Phe Gly Leu Ala Ala His Trp Met Ala Cys 
355 360 365 

Ile Trp Tyr Ser Ile Gly Asp Tyr Glu Ile Phe Asp Glu Asp Thr Lys 
370 375 38O 

Thir Ile Arg Asn. Asn. Ser Trp Leu Tyr Glin Leu Ala Met Asp Ile Gly 
385 390 395 400 

Thr Pro Tyr Glin Phe Asn Gly Ser Gly Ser Gly Lys Trp Glu Gly Gly 
405 410 415 

Pro Ser Lys Asn Ser Val Tyr Ile Ser Ser Leu Tyr Phe Thr Met Thr 
420 425 43 O 

Ser Leu Thir Ser Val Gly Phe Gly Asn Ile Ala Pro Ser Thr Asp Ile 
435 4 40 4 45 

Glu Lys Ile Phe Ala Val Ala Ile Met Met Ile Gly Ser Leu Leu Tyr 
450 455 460 

Ala Thr Ile Phe Gly Asn Val Thr Thr Ile Phe Glin Gln Met Tyr Ala 
465 470 475 480 

Asn Thr Asn Arg Tyr His Glu Met Lieu. Asn. Ser Val Arg Asp Phe Lieu 
485 490 495 

Lys Lieu. Tyr Glin Val Pro Lys Gly Lieu Ser Glu Arg Val Met Asp Tyr 
5 OO 505 51O. 

Ile Val Ser Thr Trp Ser Met Ser Arg Gly Ile Asp Thr Glu Lys Val 
515 52O 525 

Leu Glin Ile Cys Pro Lys Asp Met Arg Ala Asp Ile Cys Val His Lieu 
530 535 540 

Asn Arg Lys Val Phe Lys Glu His Pro Ala Phe Arg Lieu Ala Ser Asp 
545 550 555 560 

Gly Cys Lieu Arg Ala Lieu Ala Met Glu Phe Glin Thr Val His Cys Ala 
565 570 575 

Pro Gly Asp Lieu. Ile Tyr His Ala Gly Glu Ser Val Asp Ser Lieu. Cys 
58O 585 59 O 
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Phe Val Val Ser Gly Ser Leu Glu Val Ile Glin Asp Asp Glu Val Val 
595 600 605 

Ala Ile Leu Gly Lys Gly Asp Val Phe Gly Asp Val Phe Trp Lys Glu 
610 615 62O 

Ala Thr Lieu Ala Glin Ser Cys Ala Asn Val Arg Ala Lieu. Thir Tyr Cys 
625 630 635 640 

Asp Lieu. His Val Ile Lys Arg Asp Ala Leu Gln Lys Wall Leu Glu Phe 
645 650 655 

Tyr Thr Ala Phe Ser His Ser Phe Ser Arg Asn Leu Ile Leu Thr Tyr 
660 665 67 O 

Asn Lieu Arg Lys Arg Ile Val Phe Arg Lys Ile Ser Asp Wall Lys Arg 
675 680 685 

Glu Glu Glu Glu Arg Met Lys Arg Lys Asn. Glu Ala Pro Lieu. Ile Leu 
69 O. 695 7 OO 

Pro Pro Asp His Pro Val Arg Arg Leu Phe G 
705 710 7 

Arg Phe Arg Glin Glin 
720 5 

Lys Glu Ala Arg Lieu Ala Ala Glu Arg Gly Gly Arg Asp Lieu. Asp Asp 
725 730 735 

Leu Asp Val Glu Lys Gly Ser Val Lieu. Thr Glu His Ser His His Gly 
740 745 750 

Leu Ala Lys Ala Ser Val Val Thr Val Arg Glu Ser Pro Ala Thr Pro 
755 760 765 

Val Ala Phe Pro Ala Ala Ala Ala Pro Ala Gly Lieu. Asp His Ala Arg 
770 775 78O 

Leu Glin Ala Pro Gly Ala Glu Gly Lieu Gly Pro Lys Ala Gly Gly Ala 
785 790 795 8OO 

Asp Cys Ala Lys Arg Lys Gly Trp Ala Arg Phe Lys Asp Ala Cys Gly 
805 810 815 

Glin Ala Glu Asp Trp Ser Lys Val Ser Lys Ala Glu Ser Met Glu Thr 
820 825 83O 

Leu Pro Glu Arg Thr Lys Ala Ala Gly Glu Ala Thr Lieu Lys Lys Thr 
835 840 845 

Asp Ser Cys Asp Ser Gly Ile Thr Lys Ser Asp Leu Arg Lieu. Asp Asn 
85 O 855 860 

Val Gly Glu Ala Arg Ser Pro Glin Asp Arg Ser Pro Ile Leu Ala Glu 
865 870 875 88O 

Val Lys His Ser Phe Tyr Pro Ile Pro Glu Gln Thr Leu Glin Ala Ala 
885 890 895 

Val Lieu Glu Val Lys His Glu Lieu Lys Glu Asp Ile Lys Ala Lieu Ser 
9 OO 905 910 

Thr Lys Met Thr Ser Ile Glu Lys Glin Leu Ser Glu Ile Leu Arg Ile 
915 920 925 

Leu Thir Ser Arg Arg Ser Ser Glin Ser Pro Gln Glu Leu Phe Glu Ile 
930 935 940 

Ser Arg Pro Glin Ser Pro Glu Ser Glu Arg Asp Ile Phe Gly Ala Ser 
945 950 955 96.O 

<210> SEQ ID NO 22 
&2 11s LENGTH 987 
&212> TYPE PRT 

<213> ORGANISM: Bovine sp. 
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<400 SEQUENCE: 22 

Met Thr Met Ala Gly Gly Arg Lys Gly Leu Val Ala Pro Glin Asn Thr 
1 5 10 15 

Phe Leu Glu Asn. Ile Val Arg Arg Ser Asn Asp Thr Asn. Phe Val Lieu 
2O 25 3O 

Gly Asn Ala Glin Ile Val Asp Trp Pro Ile Val Tyr Ser Asn Asp Gly 
35 40 45 

Phe Cys Lys Lieu Ser Gly Tyr His Arg Ala Glu Val Met Glin Lys Ser 
5 O 55 60 

Ser Thr Cys Ser Phe Met Tyr Gly Glu Leu Thr Asp Lys Asp Thr Ile 
65 70 75 8O 

Glu Lys Val Arg Gln Thr Phe Glu Asn Tyr Glu Met Asn Ser Phe Glu 
85 90 95 

Ile Leu Met Tyr Lys Lys Asn Arg Thr Pro Val Trp Phe Phe Val Lys 
100 105 110 

Ile Ala Pro Ile Arg Asn. Glu Glin Asp Llys Val Val Lieu Phe Lieu. Cys 
115 120 125 

Thr Phe Ser Asp Ile Thr Ala Phe Lys Glin Pro Ile Glu Asp Asp Ser 
130 135 1 4 0 

Cys Lys Gly Trp Gly Lys Phe Ala Arg Lieu. Thr Arg Ala Lieu. Thir Ser 
145 15 O 155 160 

Ser Arg Gly Val Leu Gln Gln Leu Ala Pro Ser Val Gln Lys Gly Glu 
1.65 170 175 

Asn. Wal His Lys His Ser Arg Lieu Ala Glu Val Lieu Gln Leu Gly Ser 
18O 185 19 O 

Asp Ile Leu Pro Gln Tyr Lys Glin Glu Ala Pro Lys Thr Pro Pro His 
195 200 2O5 

Ile Ile Leu. His Tyr Cys Val Phe Lys Thr Thr Trp Asp Trp Ile Ile 
210 215 220 

Leu Ile Leu Thr Phe Tyr Thr Ala Ile Leu Val Pro Tyr Asn Val Ser 
225 230 235 240 

Phe Lys Thr Arg Glin Asn. Asn Val Ala Trp Lieu Val Val Asp Ser Ile 
245 250 255 

Val Asp Val Ile Phe Leu Val Asp Ile Val Leu Asn Phe His Thr Thr 
260 265 27 O 

Phe Val Gly Pro Ala Gly Glu Val Ile Ser Asp Pro Lys Lieu. Ile Arg 
275 280 285 

Met Asn Tyr Lieu Lys Thir Trp Phe Val Ile Asp Leu Lleu Ser Cys Lieu 
29 O 295 3OO 

Pro Tyr Asp Val Ile Asn Ala Phe Glu Asn Val Asp Glu Val Ser Ala 
305 310 315 320 

Phe Met Gly Asp Pro Gly Lys Ile Gly Phe Ala Asp Glin Ile Pro Pro 
325 330 335 

Pro Leu Glu Gly Arg Glu Ser Glin Gly Ile Ser Ser Leu Phe Ser Ser 
340 345 35 O 

Leu Lys Val Val Arg Lieu Lleu Arg Lieu Gly Arg Val Ala Arg Lys Lieu 
355 360 365 

Asp His Tyr Ile Glu Tyr Gly Ala Ala Val Lieu Val Lieu Lieu Val Cys 
370 375 38O 

Val Phe Gly Leu Ala Ala His Trp Met Ala Cys Ile Trp Tyr Ser Ile 
385 390 395 400 
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Gly Asp Tyr Glu Ile Phe Asp Glu Asp Thir Lys Thr Ile Arg Asn. Asn 
405 410 415 

Ser Trp Leu Tyr Gln Leu Ala Met Asp Ile Gly Thr Pro Tyr Glin Phe 
420 425 43 O 

Asn Gly Ser Gly Ser Gly Lys Trp Glu Gly Gly Pro Ser Lys Asn. Ser 
435 4 40 4 45 

Val Tyr Ile Ser Ser Leu Tyr Phe Thr Met Thr Ser Leu Thir Ser Val 
450 455 460 

Gly Phe Gly Asn. Ile Ala Pro Ser Thr Asp Ile Glu Lys Ile Phe Ala 
465 470 475 480 

Val Ala Ile Met Met Ile Gly Ser Leu Leu Tyr Ala Thr Ile Phe Gly 
485 490 495 

Asn Val Thr Thr Ile Phe Glin Gln Met Tyr Ala Asn Thr Asn Arg Tyr 
5 OO 505 51O. 

His Glu Met Lieu. Asn. Ser Val Arg Asp Phe Lieu Lys Lieu. Tyr Glin Val 
515 52O 525 

Pro Lys Gly Leu Ser Glu Arg Val Met Asp Tyr Ile Val Ser Thr Trp 
530 535 540 

Ser Met Ser Arg Gly Ile Asp Thr Glu Lys Val Lieu Glin Ile Cys Pro 
545 550 555 560 

Lys Asp Met Arg Ala Asp Ile Cys Wal His Lieu. Asn Arg Lys Val Phe 
565 570 575 

Lys Glu His Pro Ala Phe Arg Lieu Ala Ser Asp Gly Cys Lieu Arg Ala 
58O 585 59 O 

Leu Ala Met Glu Phe Glin Thr Val His Cys Ala Pro Gly Asp Leu Ile 
595 600 605 

Tyr His Ala Gly Glu Ser Val Asp Ser Leu Cys Phe Val Val Ser Gly 
610 615 62O 

Ser Lieu Glu Val Ile Glin Asp Asp Glu Val Val Ala Ile Leu Gly Lys 
625 630 635 640 

Gly Asp Val Phe Gly Asp Val Phe Trp Lys Glu Ala Thr Lieu Ala Glin 
645 650 655 

Ser Cys Ala Asn Val Arg Ala Lieu. Thir Tyr Cys Asp Lieu. His Val Ile 
660 665 67 O 

Lys Arg Asp Ala Leu Gln Lys Val Lieu Glu Phe Tyr Thr Ala Phe Ser 
675 680 685 

His Ser Phe Ser Arg Asn Lieu. Ile Lieu. Thir Tyr Asn Lieu Arg Lys Arg 
69 O. 695 7 OO 

e Ile Val Phe Arg Lys I 
705 7 

Ser Asp Wall Lys Arg Glu Glu Glu Glu Arg 
715 720 O 

Met Lys Arg Lys Asn. Glu Ala Pro Lieu. Ile Leu Pro Pro Asp His Pro 
725 730 735 

Val Arg Arg Lieu Phe Glin Arg Phe Arg Glin Glin Lys Glu Ala Arg Lieu 
740 745 750 

Ala Ala Glu Arg Gly Gly Arg Asp Lieu. Asp Asp Lieu. Asp Val Glu Lys 
755 760 765 

Gly Ser Val Lieu. Thr Glu His Ser His His Gly Lieu Ala Lys Ala Ser 
770 775 78O 

Val Val Thr Val Arg Glu Ser Pro Ala Thr Pro Val Ala Phe Pro Ala 
785 790 795 8OO 
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Ala Ala Ala Pro Ala Gly Lieu. Asp His Ala Arg Lieu Glin Ala Pro Gly 
805 810 815 

Ala Glu Gly Lieu Gly Pro Lys Ala Gly Gly Ala Asp Cys Ala Lys Arg 
820 825 83O 

Lys Gly Trp Ala Arg Phe Lys Asp Ala Cys Gly Glin Ala Glu Asp Trp 
835 840 845 

Ser Lys Val Ser Lys Ala Glu Ser Met Glu Thir Leu Pro Glu Arg Thr 
85 O 855 860 

Lys Ala Ala Gly Glu Ala Thr Lieu Lys Lys Thr Asp Ser Cys Asp Ser 
865 870 875 88O 

Gly Ile Thr Lys Ser Asp Leu Arg Lieu. Asp Asn Val Gly Glu Ala Arg 
885 890 895 

Ser Pro Glin Asp Arg Ser Pro Ile Leu Ala Glu Val Lys His Ser Phe 
9 OO 905 910 

Tyr Pro Ile Pro Glu Glin Thr Leu Glin Ala Ala Val Leu Glu Val Lys 
915 920 925 

His Glu Lieu Lys Glu Asp Ile Lys Ala Leu Ser Thr Lys Met Thr Ser 
930 935 940 

Ile Glu Lys Glin Leu Ser Glu Ile Leu Arg Ile Leu Thir Ser Arg Arg 
945 950 955 96.O 

Ser Ser Glin Ser Pro Gln Glu Leu Phe Glu Ile Ser Arg Pro Glin Ser 
965 970 975 

Pro Glu Ser Glu Arg Asp Ile Phe Gly Ala Ser 
98O 985 

<210> SEQ ID NO 23 
&2 11s LENGTH 989 
&212> TYPE PRT 

<213> ORGANISM: Mus sp. 

<400 SEQUENCE: 23 

Met Thr Met Ala Gly Gly Arg Lys Gly Leu Val Ala Pro Glin Asn Thr 
1 5 10 15 

Phe Leu Glu Asn. Ile Val Arg Arg Ser Asn Asp Thr Asn. Phe Val Lieu 
2O 25 3O 

Gly Asn Ala Glin Ile Val Asp Trp Pro Ile Val Tyr Ser Asn Asp Gly 
35 40 45 

Phe Cys Lys Lieu Ser Gly Tyr His Arg Ala Glu Val Met Glin Lys Ser 
5 O 55 60 

Ser Ala Cys Ser Phe Met Tyr Gly Glu Leu Thr Asp Lys Asp Thr Val 
65 70 75 8O 

Glu Lys Val Arg Gln Thr Phe Glu Asn Tyr Glu Met Asn Ser Phe Glu 
85 90 95 

Ile Leu Met Tyr Lys Lys Asn Arg Thr Pro Val Trp Phe Phe Val Lys 
100 105 110 

Ile Ala Pro Ile Arg Asn. Glu Glin Asp Llys Val Val Lieu Phe Lieu. Cys 
115 120 125 

Thr Phe Ser Asp Ile Thr Ala Phe Lys Glin Pro Ile Glu Asp Asp Ser 
130 135 1 4 0 

Cys Lys Gly Trp Gly Lys Phe Ala Arg Lieu. Thr Arg Ala Lieu. Thir Ser 
145 15 O 155 160 

Ser Arg Gly Val Lieu Glin Glin Leu Ala Pro Ser Val Glin Lys Gly Glu 
1.65 170 175 
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Asn. Wal His Lys His Ser Arg Lieu Ala Glu Val Lieu Gln Leu Gly Ser 
18O 185 19 O 

Asp Ile Leu Pro Gln Tyr Lys Glin Glu Ala Pro Lys Thr Pro Pro His 
195 200 2O5 

Ile Ile Leu. His Tyr Cys Val Phe Lys Thr Thr Trp Asp Trp Ile Ile 
210 215 220 

Leu Ile Leu Thr Phe Tyr Thr Ala Ile Leu Val Pro Tyr Asn Val Ser 
225 230 235 240 

Phe Lys Thr Arg Glin Asn. Asn Val Ala Trp Lieu Val Val Asp Ser Ile 
245 250 255 

Val Asp Val Ile Phe Leu Val Asp Ile Val Leu Asn Phe His Thr Thr 
260 265 27 O 

Phe Val Gly Pro Ala Gly Glu Val Ile Ser Asp Pro Lys Lieu. Ile Arg 
275 280 285 

Met Asn Tyr Lieu Lys Thir Trp Phe Val Ile Asp Leu Lleu Ser Cys Lieu 
29 O 295 3OO 

Pro Tyr Asp Val Ile Asn Ala Phe Glu Asn Val Asp Glu Val Ser Ala 
305 310 315 320 

Phe Met Gly Asp Pro Gly Lys Ile Gly Phe Ala Asp Glin Ile Pro Pro 
325 330 335 

Pro Leu Glu Gly Arg Glu Ser Glin Gly Ile Ser Ser Leu Phe Ser Ser 
340 345 35 O 

Leu Lys Val Val Arg Lieu Lleu Arg Lieu Gly Arg Val Ala Arg Lys Lieu 
355 360 365 

Asp His Tyr Ile Glu Tyr Gly Ala Ala Val Lieu Val Lieu Lieu Val Cys 
370 375 38O 

Val Phe Gly Leu Ala Ala His Trp Met Ala Cys Ile Trp Tyr Ser Ile 
385 390 395 400 

Gly Asp Tyr Glu Ile Phe Asp Glu Asp Thir Lys Thr Ile Arg Asn. Asn 
405 410 415 

Ser Trp Leu Tyr Gln Leu Ala Leu Asp Ile Gly Thr Pro Tyr Glin Phe 
420 425 43 O 

Asn Gly Ser Gly Ser Gly Lys Trp Glu Gly Gly Pro Ser Lys Asn. Ser 
435 4 40 4 45 

Val Tyr Ile Ser Ser Leu Tyr Phe Thr Met Thr Ser Leu Thir Ser Val 
450 455 460 

Gly Phe Gly Asn. Ile Ala Pro Ser Thr Asp Ile Glu Lys Ile Phe Ala 
465 470 475 480 

Val Ala Ile Met Met Ile Gly Ser Leu Leu Tyr Ala Thr Ile Phe Gly 
485 490 495 

Asn Val Thr Thr Ile Phe Glin Gln Met Tyr Ala Asn Thr Asn Arg Tyr 
5 OO 505 51O. 

His Glu Met Lieu. Asn. Ser Val Arg Asp Phe Lieu Lys Lieu. Tyr Glin Val 
515 52O 525 

Pro Lys Gly Leu Ser Glu Arg Val Met Asp Tyr Ile Val Ser Thr Trp 
530 535 540 

Ser Met Ser Arg Gly Ile Asp Thr Glu Lys Val Lieu Glin Ile Cys Pro 
545 550 555 560 

Lys Asp Met Arg Ala Asp Ile Cys Wal His Lieu. Asn Arg Lys Val Phe 
565 570 575 
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Lys Glu His Pro Ala Phe Arg Lieu Ala Ser Asp Gly Cys Lieu Arg Ala 
58O 585 59 O 

Leu Ala Met Glu Phe Glin Thr Val His Cys Ala Pro Gly Asp Leu Ile 
595 600 605 

Tyr His Ala Gly Glu Ser Val Asp Ser Leu Cys Phe Val Val Ser Gly 
610 615 62O 

Ser Lieu Glu Val Ile Glin Asp Asp Glu Val Val Ala Ile Leu Gly Lys 
625 630 635 640 

Gly Asp Val Phe Gly Asp Val Phe Trp Lys Glu Ala Thr Lieu Ala Glin 
645 650 655 

Ser Cys Ala Asn Val Arg Ala Lieu. Thir Tyr Cys Asp Lieu. His Val Ile 
660 665 67 O 

Lys Arg Asp Ala Leu Gln Lys Val Lieu Glu Phe Tyr Thr Ala Phe Ser 
675 680 685 

His Ser Phe Ser Arg Asn Lieu. Ile Lieu. Thir Tyr Asn Lieu Arg Lys Arg 
69 O. 695 7 OO 

Ile Val Phe Arg Lys Ile Ser Asp Wall Lys Arg Glu Glu Glu Glu Arg 
705 710 715 720 

Met Lys Arg Lys Asn. Glu Ala Pro Lieu. Ile Leu Pro Pro Asp His Pro 
725 730 735 

Val Arg Arg Lieu Phe Glin Arg Phe Arg Glin Glin Lys Glu Ala Arg Lieu 
740 745 750 

Ala Ala Glu Arg Gly Gly Arg Asp Lieu. Asp Asp Lieu. Asp Val Glu Lys 
755 760 765 

Gly Asn Ala Lieu. Thr Asp His Thr Ser Ala Asn His Gly Lieu Ala Lys 
770 775 78O 

Ala Ser Val Val Thr Val Arg Glu Ser Pro Ala Thr Pro Val Ala Phe 
785 790 795 8OO 

Glin Ala Ala Thr Thr Ser Thr Met Ser Asp His Ala Lys Leu. His Ala 
805 810 815 

Pro Gly Ser Glu Cys Lieu Gly Pro Lys Ala Val Ser Cys Asp Pro Ala 
820 825 83O 

Lys Arg Lys Gly Trp Ala Arg Phe Lys Asp Ala Cys Gly Glin Ala Glu 
835 840 845 

Asp Trp Ser Lys Val Ser Lys Ala Glu Ser Met Glu Thir Lieu Pro Glu 
85 O 855 860 

Arg Thr Lys Ala Pro Gly Glu Ala Thr Lieu Lys Lys Thr Asp Ser Cys 
865 870 875 88O 

Asp Ser Gly Ile Thr Lys Ser Asp Leu Arg Lieu. Asp Asn Val Gly Glu 
885 890 895 

Thr Arg Ser Pro Glin Asp Arg Ser Pro Ile Leu Ala Glu Wall Lys His 
9 OO 905 910 

Ser Phe Tyr Pro Ile Pro Glu Gln Thr Leu Glin Ala Ala Val Leu Glu 
915 920 925 

Wall Lys Tyr Glu Lieu Lys Glu Asp Ile Lys Ala Lieu. Asn Ala Lys Met 
930 935 940 

Thir Ser Ile Glu Lys Glin Leu Ser Glu Ile Leu Arg Ile Leu Met Ser 
945 950 955 96.O 

Arg Gly Ser Ala Glin Ser Pro Glin Glu Thr Gly Glu Ile Ser Arg Pro 
965 970 975 

Glin Ser Pro Glu Ser Asp Arg Asp Ile Phe Gly Ala Ser 
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<400 

Met 
1 

Phe 

Gly 

Phe 

Ser 
65 

Glu 

Ile 

Ile 

Thr 

Cys 
145 

Ser 

Asn 

Asp 

Ile 

Teu 
225 

Phe 

Wall 

Phe 

Met 

Pro 
305 

Ser 

Wall 

98O 

SEQ ID NO 24 
LENGTH 962 
TYPE 

ORGANISM: Rattus sp. 
PRT 

SEQUENCE: 24 

Thr Met Ala Gly 

Telu 

Asn 

Cys 
5 O 

Ala 

Telu 

Ala 

Phe 
130 

Arg 

Wall 

Ile 

Ile 
210 

Ile 

Asp 

Wall 

Asn 
29 O 

Telu 

Ala 

Glu 

Ala 
35 

Wall 

Met 

Pro 
115 

Ser 

Gly 

Gly 

His 

Telu 
195 

Telu 

Telu 

Thr 

Wall 

Gly 
275 

Asp 

Phe 

Arg 

5 

Asn. Ile 
2O 

Glin Ile 

Teu Ser 

Ser Phe 

Arg Glin 
85 

Tyr Lys 
100 

Ile Arg 

Asp Ile 

Trp Gly 

Wall Leu 
1.65 

Lys His 
18O 

Pro Glin 

His Tyr 

Thr Phe 

Arg Glin 
245 

Ile Phe 
260 

Pro Ala 

Lieu Lys 

Wall Ile 

Ser Ser 
325 

Lys Lieu 
340 

Gly 

Wall 

Wall 

Gly 

Met 
70 

Thr 

Lys 

Asn 

Thr 

Lys 
15 O 

Glin 

Ser 

Tyr 

Cys 

Tyr 
230 

Asn 

Teu 

Gly 

Thr 

Asn 
310 

Teu 

Asp 

Arg 

Asp 

Tyr 
55 

Tyr 

Phe 

Asn 

Glu 

Ala 
135 

Phe 

Glin 

Arg 

Wall 
215 

Thr 

Asn 

Wall 

Glu 

Trp 
295 

Ala 

His 

985 

Lys Gly 

25 

Trp Pro 
40 

His Arg 

Gly Glu 

Glu Asn 

Arg Thr 
105 

Glin Asp 
120 

Phe Lys 

Ala Arg 

Leu Ala 

Leu Ala 
185 

Glin Glu 
200 

Phe Lys 

Ala Ile 

Wall Ala 

Asp Ile 
265 

Wall Ile 
280 

Phe Wall 

Phe Glu 

Wal Wall 

Tyr Ile 
345 

Telu 
10 

Asn 

Ile 

Ala 

Telu 

Tyr 
90 

Pro 

Lys 

Glin 

Telu 

Pro 
170 

Glu 

Ala 

Thr 

Telu 

Trp 
250 

Wall 

Ser 

Ile 

Asn 

Arg 
330 

Glu 

Wall 

Asp 

Wall 

Glu 

Thr 
75 

Glu 

Wall 

Wall 

Pro 

Thr 
155 

Ser 

Wall 

Pro 

Thr 

Wall 
235 

Teu 

Teu 

Asp 

Asp 

Wall 
315 

Teu 

Tyr 

38 

-continued 

Ala 

Thr 

Wall 
60 

Asp 

Met 

Trp 

Wall 

Ile 
1 4 0 

Arg 

Wall 

Teu 

Trp 
220 

Pro 

Wall 

Asn 

Pro 

Teu 

Asp 

Teu 

Gly 

Pro 

Asn 

Ser 
45 

Met 

Asn 

Phe 

Teu 
125 

Glu 

Ala 

Glin 

Glin 

Thr 
2O5 

Asp 

Wall 

Phe 

Lys 
285 

Teu 

Glu 

Arg 

Ala 

Glin 

Phe 

Asn 

Glin 

Asp 

Ser 

Phe 
110 

Phe 

Asp 

Telu 

Telu 
19 O 

Pro 

Trp 

Asn 

Asp 

His 
27 O 

Telu 

Ser 

Gly 

Telu 

Ala 
35 O 

Asn 
15 

Wall 

Asp 

Thr 

Phe 
95 

Wall 

Telu 

Asp 

Thr 

Gly 
175 

Gly 

Pro 

Ile 

Wall 

Ser 
255 

Thr 

Ile 

Ile 

Gly 
335 

Wall 

Thr 

Telu 

Gly 

Ser 

Wall 

Glu 

Ser 

Ser 
160 

Glu 

Ser 

His 

Ile 

Ser 
240 

Ile 

Thr 

Arg 

Telu 

Ser 
320 

Arg 

Telu 

Jan. 24, 2008 
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Val Leu Leu Val Cys Val Phe Gly Leu Ala Ala His Trp Met Ala Cys 
355 360 365 

Ile Trp Tyr Ser Ile Gly Asp Tyr Glu Ile Phe Asp Glu Asp Thr Lys 
370 375 38O 

Thir Ile Arg Asn. Asn. Ser Trp Leu Tyr Glin Leu Ala Lieu. Asp Ile Gly 
385 390 395 400 

Thr Pro Tyr Glin Phe Asn Gly Ser Gly Ser Gly Lys Trp Glu Gly Gly 
405 410 415 

Pro Ser Lys Asn Ser Val Tyr Ile Ser Ser Leu Tyr Phe Thr Met Thr 
420 425 43 O 

Ser Leu Thir Ser Val Gly Phe Gly Asn Ile Ala Pro Ser Thr Asp Ile 
435 4 40 4 45 

Glu Lys Ile Phe Ala Val Ala Ile Met Met Ile Gly Ser Leu Leu Tyr 
450 455 460 

Ala Thr Ile Phe Gly Asn Val Thr Thr Ile Phe Glin Gln Met Tyr Ala 
465 470 475 480 

Asn Thr Asn Arg Tyr His Glu Met Lieu. Asn. Ser Val Arg Asp Phe Lieu 
485 490 495 

Lys Lieu. Tyr Glin Val Pro Lys Gly Lieu Ser Glu Arg Val Met Asp Tyr 
5 OO 505 51O. 

Ile Val Ser Thr Trp Ser Met Ser Arg Gly Ile Asp Thr Glu Lys Val 
515 52O 525 

Leu Glin Ile Cys Pro Lys Asp Met Arg Ala Asp Ile Cys Val His Lieu 
530 535 540 

Asn Arg Lys Val Phe Lys Glu His Pro Ala Phe Arg Lieu Ala Ser Asp 
545 550 555 560 

Gly Cys Lieu Arg Ala Lieu Ala Met Glu Phe Glin Thr Val His Cys Ala 
565 570 575 

Pro Gly Asp Lieu. Ile Tyr His Ala Gly Glu Ser Val Asp Ser Lieu. Cys 
58O 585 59 O 

Phe Val Val Ser Gly Ser Leu Glu Val Ile Glin Asp Asp Glu Val Val 
595 600 605 

Ala Ile Leu Gly Lys Gly Asp Val Phe Gly Asp Val Phe Trp Lys Glu 
610 615 62O 

Ala Thr Lieu Ala Glin Ser Cys Ala Asn Val Arg Ala Lieu. Thir Tyr Cys 
625 630 635 640 

Asp Lieu. His Val Ile Lys Arg Asp Ala Leu Gln Lys Wall Leu Glu Phe 
645 650 655 

Tyr Thr Ala Phe Ser His Ser Phe Ser Arg Asn Leu Ile Leu Thr Tyr 
660 665 67 O 

Asn Lieu Arg Lys Arg Ile Val Phe Arg Lys Ile Ser Asp Wall Lys Arg 
675 680 685 

Glu Glu Glu Glu Arg Met Lys Arg Lys Asn. Glu Ala Pro Lieu. Ile Leu 
69 O. 695 7 OO 

Pro Pro Asp His Pro Val Arg Arg Lieu Phe Glin Arg Phe Arg Glin Glin 
705 710 715 720 

Lys Glu Ala Arg Lieu Ala Ala Glu Arg Gly Gly Arg Asp Lieu. Asp Asp 
725 730 735 

Leu Asp Val Glu Lys Gly Asn Ala Lieu. Thir Asp His Thr Ser Ala Asn 
740 745 750 

His Gly Leu Ala Lys Ala Ser Val Val Thr Val Arg Glu Ser Pro Ala 
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-continued 

755 760 765 

Thr Wall Ala Phe Glin Ala 
775 

Ala Thr Thir Wall Pro Ser Ser 
770 

Ala Glu Teu Pro 
795 

Pro Ser 
790 

Ala His 
785 

Telu Gly Gly 

Ala 
805 

Gly Gly Asp Pro Lys Arg Lys Gly Trp Ala Phe 
810 

Arg 

Glin Ala 
820 

Gly Glu Trp Ser Lys Val Ser Ala 
825 

Thr Glu Thr Ala Ala Glu Ala 
845 

Leu Pro 
835 

Lys 
840 

Gly 

Thr 
85 O 

Ile Thr Ser 
860 

Ser 
855 

Asp Ser Gly Lys Asp 

Wall Glu Ala 
870 

Asp Asn Ser Pro Glin Ser 
865 

Gly Arg Asp 
875 

Arg 

Phe Ile 
890 

His Ser Pro Pro Glu Glin 
885 

Ala Glu Wall Tyr 

Ala Thr Wall Glu Wall Glu 
905 

Telu Telu Glu 
9 OO 

Tyr Lys 

Ala 
915 

Met Thr Ile 
920 

Glu Glin Ser 
925 

Teu Asn Ser Teu 

Ile 
930 

Met Glin Pro Glin 
940 

Arg Telu Ser Arg Gly Ser Ser Ser 
935 

Glu 
945 

Wall Glin 
950 

Ser Arg Pro Ser Pro Glu Ser Asp 
955 

Arg Asp 

Ala Ser 

1-11. (canceled) 
12. An isolated antibody specifically directed against a 

polypeptide having a function of human Keag ion channel 
and encoded by a nucleic acid sequence selected from the 
group consisting of 

(a) a nucleic acid sequence encoding the polypeptide 
having the amino acid sequence of SEQ ID NO:3: 

(b) a nucleic acid sequence that hybridizes to the comple 
mentary Strand of the nucleic acid sequence of (a) at 
4xSSC at 65° C. or at 4XSSC at 42° C. in 50% 
formamide followed by washing in 0.1xSSC at 65° C. 
for one hour, and 

(c) a nucleic acid sequence that is degenerate to the 
nucleic acid sequence of (b). 

13. The antibody of claim 12 wherein the antibody is a 
monoclonal antibody. 

14. (canceled) 
15. A diagnostic composition comprising the antibody of 

claim 12 or 13, the composition being capable of detecting 
the presence of a human eag in an analyte. 

Ser 

Lys 

Lys 

Glu 

Thr 

Telu 

Pro 

Thr 

Ile 
910 

Glu 

Asp 

Ile 

Asp His 

Ala Gly 

Asp Ala 
815 

Ser Met 

Telu 

Telu 

Ile Leu 

Leu Glin 
895 

Ala 

Ile Leu 

Thr 

Phe Gly 
96.O 

16-31. (canceled) 
32. A kit comprising the antibody of claim 12 or 13. 
33. The antibody according to claim 12, wherein the 

nucleic acid sequence is the nucleic acid sequence of part 
(a). 

34. The antibody according to claim 12, wherein the 
nucleic acid sequence is the nucleic acid sequence of part 
(b). 

35. The antibody according to claim 12 wherein the 
antibody binds to an epitope in the C-terminus of the 
polypeptide. 

36. The antibody according to claim 12 wherein the 
antibody is an antibody derivative selected from the group 
consisting of F(ab), Fab'. Fv and scFv. 

37. A composition comprising the antibody according to 
claim 12 and a pharmaceutically acceptable carrier. 

38. A diagnostic composition comprising the antibody 
according to claim 12. 

39. A kit comprising the antibody according to claim 12. 


