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TANDEM CARDIAC PACEMAKER SYSTEM

The invention disclosed herein was made with United States Government
support under NIH Grant Nos. HL-28958, HL-20558, and HL-67101 from the National
Institutes of Health. Accordingly, the United States Government has certain rights in
this invention.

This application claims the benefit of U.S. Provisional Application Nos.
60/701,312, filed July 21, 2005; 60/781,723, filed March 14, 2006; and 60/715,934,
filed September 9, 2005, the contents of which are incorporated herein by reference in
their entirety.

Throughout this application, various publications are referenced in parentheses
by author name and date, patent number, or patent publication number. Full citations
for these publications may be found at the end of the specification immediately
preceding the claims. The disclosures of these publications in their entireties are
hereby incorporated by reference into this application. However, the citation of a
reference herein should not be construed as an acknowledgement that such reference is

prior art to the present invention.

FIELD OF THE INVENTION
The present invention relates to the generation and use of tandem cardiac
pacemaker system comprising biological pacemakers based on expression of HCN
channels and mutants and chimeras thereof, and their use in tandem with electronic

pacemakers.

BACKGROUND OF THE INVENTION

The mammalian heart generates a rhythm that is myogenic in origin. All the
channels and transporters that are necessary to generate the rhythm of the heart reside
in the myocytes. Regional variations in the abundance or characteristics of these
elements are such that the rhythm originates in a specific anatomic location, the
sinoatrial node. The sinoatrial node consists of only a few thousand electrically active
pacemaker cells that generate spontaneous rhythmic action potentials that subsequently
propagate to induce coordinated muscle contractions of the atria and ventricles. The

rhythm is modulated, but not initiated, by the autonomic nervous system.
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Malfunction or loss of pacemaker cells can occur due to disease or aging. For
example, acute myocardial infarction kills millions of people each year and generally
induces in survivors marked reductions in myocyte number and cardiac pump function.
Adult cardiac myocytes divide only rarely, and the usual responses to myocyte cell loss
include compensatory hypertrophy and/or congestive heart failure, a disease with a
significant annual mortality.

Electronic pacemakers are lifesaving devices that provide a regular heartbeat in
settings where the sinoatrial node, atrioventricular conduction, or both, have failed.
They also have been adapted to the therapy of congestive heart failure. One of the
major indications for electronic pacemaker therapy is high degree heart block, such that
a normally functioning sinus node impulse cannot propagate to the ventricle. The result
is ventricular arrest and/or fibrillation, and death. Another major indication for
electronic pacemaker therapy is sinoatrial node dysfunction, in which the sinus node
fails to initiate a normal heartbeat, thereby compromising cardiac output.

Despite their utility in treating heart block and/or sinoatrial node dysfunction,
electronic pacemakers have certain disadvantages (Rosen et al., 2004; Rosen, 2005;
Cohen et al., 2005). For example, they require regular monitoring and maintenance,
including periodic pulse generator changes and the replacement of batteries and leads;
they do not readily respond to the demands of exercise or emotion (although software
has been developed to facilitate variations in heart rate while exercising); recent
evidence suggests that long-term pacing could increase the risk of heart failure
(Freudenberger et al., 2005); power pack and lead selection need to be adapted to the
demands of growth and development in pediatric patients; there are limitations in sites
where leads can be stably implanted which may compromise cardiac output to variable
extents; problems can occur with infection which, while infrequent, can be
catastrophic; they are expensive; and there is the potential for interference from other
devices. So, although electronic pacemakers represent superb medical palliation, they
are not a cure (Rosen et al., 2004). There is therefore a need for the development of
alternatives that more completely reproduce normal function, e.g., by exhibiting

autonomic responsiveness, and ultimately provide a cure (Rosen et al., 2004).
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SUMMARY OF THE INVENTION

The present invention provides a tandem pacemaker system comprising (1) an
electronic pacemaker, and (2) a biological pacemaker, wherein the biological
pacemaker comprises an implantable cell that functionally expresses a
hyperpolarization-activated, cyclic nucleotide-gated (HCN) ion channel, and wherein
the expressed HCN channel generates an effective pacemaker current when the cell is
implanted into a subjects heart. The cell is preferably capable of gap junction mediated
communication with cardiomyocytes, and is selected from the group consisting of a
stem cell, a cardiomyocyte, a fibroblast or skeletal muscle cell engineered to express
cardiac connexins, and an endothelial cell. In preferred embodiments, the stem cell is
an embryonic or adult stem cell and wherein said stem cell is substantially incapable of
differentiation.

In certain embodiments, the biological pacemaker comprises at least about
200,000 human adult mesenchymal stem cells, and preferably comprises at least about
700,000 human adult mesenchymal stem cells.

The HCN channel is HCN1, HCN2, HCN3 or HCN4, preferably human, or is
an HCN channel has at least about 75% sequence identity with mHCN1, mHCN?2,
mHCN3, or mHCN4, The implantable cell may further functionally expresses a
MiRP1 beta subunit.

The HCN may be a mutant HCN. Preferably the mutant HCN provides an
improved characteristic, as compared to a wild-type HCN channel, selected from the
group consisting of faster kinetics, more positive activation, increased expression,
increased stability, enhanced cAMP responsiveness, and enhanced neurohumoral
response.

The present invention also provides a tandem pacemaker system comprising (1)
an electronic pacemaker, and (2) a bypass bridge comprising a strip of gap junction-
coupled cells having a first end and a second end, both ends capable of being attached
to two selected sites in a heart, so as to allow the transmission of an electrical signal
across the tract between the two sites in the heart. Preferably the bypass bridge is an
atrioventricular bypass bridge. In preferred embodiments, the cells are as described
with respect to implantable cells of biological pacemakers of the present invention.

In certain embodiments, the cells of the bypass bridge functionally express at

least one protein selected from the group consisting of: a cardiac connexin; an alpha
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subunit and accessory subunits of a L-type calcium channel; an alpha subunit with or
without the accessory subunits of a sodium channel; and a L-type calcium and/or
sodium channel in combination with the alpha subunit of a potassium channel, with or
without the accessory subunits of the potassium channel.

The present invention further provides a tandem pacemaker system comprising
(1) an electronic pacemaker, and (2) a vector comprising a nucleic acid encoding an
HCN channel or a mutant HCN channel, wherein said vector is administered to a cell in
the heart of a subject and wherein said HCN channel or mutant HCN channel is
expressed in the cells in the heart to generate an effective pacemaker current.

The present invention also provides methods of treating a subject afflicted with
a cardiac rhythm disorder, which method comprises administering tandem pacemaker
systems of the present invention.

The present invention also provides a tandem pacemaker system for treating a
subject afflicted with ventricular dyssynchrony comprising (1) a biological pacemaker
of the present invention to be administered to a site in one ventricle of the subject’s
heart, and (2) an electronic pacemaker to be administered to a site in the other ventricle
of the subject’s heart, wherein the electronic pacemaker is programmable to detect a
signal from the biological pacemaker and to produce a electronic pacemaker signal at a
reference time interval after the biological pacemaker signal is detected, so as to
thereby provide biventricular pacemaker function, and wherein the electronic

pacemaker is provided either prior or simultaneously with the biological pacemaker

BRIEF DESCRIPTION OF THE FIGURES

Figure 1. Inijtiation of spontaneous rhythms by wild-type or genetically

engineered pacemaker cells as well as by genetically engineered stem cell pacemakers.

Top, In a native pacemaker cell or in a myocyte engineered to incorporate pacemaker
current via gene transfer, action potentials (inset) are initiated via inward current
flowing through transmembrane HCN channels. These open when the membrane
repolarizes to its maximum diastolic potential and close when the membrane has
depolarized during the action potential. Current flowing via gap junctions to adjacent
myocytes results in their excitation and the propagation of impulses through the
conducting system. Botfom, A stem cell has been engineered to incorporate HCN

channels in its membrane. These channels can only open, and current can only flow
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through them (inset) when the membrane is hyperpolarized; such hyperpolarization can
only be delivered if an adjacent myocyte is tightly coupled to the stem cell via gap
junctions. In the presence of such coupling and the opening of the HCN channels to
induce local current flow, the adjacent myocyte will be excited and initiate an action
potential that then propagates through the conducting system. The depolarization of the
action potential will result in the closing of the HCN channels until the next
repolarization restores a high negative membrane potential. Thus, wild-type and
genetically engineered pacemaker cells incorporate in each cell all the machinery
needed to initiate and propagate action potentials. In contrast, in the stem cell-myocyte
pairing, two cells together work as a single functional unit whose operation is critically
dependent on the gap junctions that form between the two disparate cell types.

Figure 2. The role of I;in generation of pacemaker potentials in the sinoatrial
node (SAN). 4, Pacemaker potentials in the SAN under control conditions, and after p3-

adrenergic stimulation with norepinephrine (NE). The four major currents that control

the generation of the pacemaker potential are indicated: /r current (produced by
hyperpolarization-activated cyclic nucleotide-gated [HCN] channels), T-type (Icar) and
L-type (Ica) calcium currents, and repolarizing K currents (Ix). B, Scheme of an SAN
cell showing the regulation of the HCN channel by up- or downregulation of cellular
cyclic adenosine monophosphate (cAMP). M2, type-2 muscarinic receptor; ACh,
acetylcholine; AC, adenylyl cyclase; Gai, G-protein o subunit (inhibits AC); Gy, G-
protein By subunit; B1-AR, type-1 B-adrenergic receptor; Gos, G-protein o subunit
(stimulates AC); AV, shift of the voltage dependence of HCN channel activation
induced by increase or decrease of cAMP. (See Biel et al., 2002)

Ficure 3. Schematic representation of possible chimeric HCN channels.

Ilustrated are examples of channels constructed from elements of HCN2 (shown in
light lines) and HCN1 (shown in dark lines), and designed to combine the rapid
activation kinetics of HCN1 with the strong cAMP response of HCN2. The approach
derives from the fact that the C-terminal cytoplasmic domain of the HCN channel
contains the cyclic nucleotide binding domain and contributes significantly to cAMP
responsiveness, whereas the transmembrane domain contributes significantly to the
gating characteristics such as activation kinetics. Shown from top to bottom are:
HCN2, HCN212 (in which the middle, transmembrane portion of HCN2 is replaced by
the corresponding portion of HCN1), HCN112 (in which the C-terminal cytoplasmic
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portion of HCN1 is replaced by the corresponding portion of HCNZ2), and HCNI.

Figure 4. Functional expression of mHCN2 and mE324A in newborn

ventricular myocytes. Representative whole-cell current traces of ventricular myocytes

infected with AdmHCN?2 (4) or AdmE324A (B). Currents were evoked by stepping

from a holding potential of -10 mV to different hyperpolarizing voltage steps ranging
from -25 to -125 mV with increments of -10 mV. Insets at right shown the current
traces recorded at -35, -45 and -55 mV at an expanded scale for both mHCN2 and
mE324A. C, For illustrative purposes the mean activation data of mHCN2 (squares)
and mE324A (circles) currents were fitted to the Boltzmann equation (lines). D,
Voltage-dependente of activation (filled symbols) and deactivation (unfilled symbols) .
time constants of mHCN2 (squares) and mE324A (circles). Mean activation values
were obtained from 14 cells for both mHCN2 and mE324A; mean deactivation time
constants values were obtained from 8 and 7 cells for mHCN2 and mE324A
respectively.

Ficure 5. Modulation of mHCN?2 and mE324A by cAMP. Mean fractional

activation curves of mHCN? (squares) and mE324A (circles) obtained in the absence
(unfilled symbols) and in the presence (filled symbols) of 10 pM cAMP in the pipette
solution. The average data were fit to the Boltzmann equation for experiments in the
absence (solid lines) and in the presence (dashed lines) of cAMP. Calculated values for
mHCN2 were Vi = -69.6 mV and -59.9 (9.7 mV shift) and s = 10.8 and 11.0 mV in
the absence and in the presence of cAMP respectively. Calculated values for mE324A
were Vi =-46.3 mV and -40.7 mV (5.6 mV) and s =9.1 mV and 8.7 mV in the
absence and in the presence of cAMP respectively.

Figure 6. Activation of expressed wild-type mHCN2 or mutant mE324A in

oocytes. 4 and B, Activation of the expressed mHCN2 (4) or mE324A (B). Upper
panels: Typical recordings of the activation of expressed mHCN2 and mE324A. The
inset shows the pulse protocol used. For mHCN2, currents were elicited by 2-s long
hyperpolarizing pulses between -30 mV and -160 mV with 10 mV increments,
followed by a 1-s depolarizing pulse to +15 mV. The holding potential was -30 mV.
For mE324A, currents were elicited by 3-s long hyperpolarizing pulses between +20
mV and -130 mV with 10 mV increments, followed by a 1-s depolarizing pulse to +50
mV. The holding potential was +20 mV. Middle panels: The corresponding tail

currents used for the construction of steady state activation curves. Lower panels: The
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activation curves for mHCN?2 or mE324A. The data were fit to the Boltzmann equation
(1/[1+exp((Vipp-Vies)/s)])). The half maximal activation (V3) for mHCN2 was -92.7 mV
+ 1.1 mV (n= 9 cells), and currents saturated around -130 mV. A more positive
activation threshold was noticed for mE324A (around -30 mV) and the V}; was -57.3
mV =+ 1.6 mV (n=9 cells). C and D, Activation time constants of mHCN2 and
mE324A. Note both a positive shift in voltage dependence and faster activation
kinetics for mE324A.

Figure 7. ¢cAMP modulation of Jycenz in oocytes injected with mHCN?2 or

mE324A. The Boltzmann fit of normalized ionic conductance showed that
extracellular application of 8-Br-cAMP (cAMP, 1 mM) positively shifted the potential
of half-maximal activation (¥3) of Jucnaz for both mHCN2 (left panel) and mE324A
(right panel) by 7-8 mV.

Figure 8. The pharmacological evaluation and the reversal potential of Jycny for

mHCN? and mE324A. 4 and B, The current/voltage relationships of Jycnz for mHCN2

(4) and mE324A (B). Upper panels: The voltage protocols for the recording of the
current/voltage relationship of /. For mHCN?2, the cell was held at -30 mV, current
was elicited by a 2-s hyperpolarizing voltage step to -140 mV to saturate activation, and
followed by 2-s depolarizing voltage steps between -80 mV and +50 mV in 10 mV
increments. For mE324A, the cell was held at +20 mV, current was elicited by a 1.5-s
hyperpolarizing voltage step to -110 mV to saturate activation, and then followed by
1.5-s depolarizing voltage steps between -80 mV and +50 mV in 10 mV increments for
the recording of tail currenf& Lower panels: The representative traces used to construct
the fully activated current/voltage relationship of Incn in the presence of control, Cs"
(5 mM) and washout conditions, respectively. Note a large inhibition of the J; by Cs"
for both mHCN? and mE324A. C and D, The fully activated current/voltage curves of
for mHCN2 (C) and mE324A (D) in the presence of control, Cs" and washout
conditions. The fully activated current/voltage relations were constructed by dividing
the tail current magnitudes by the change in gating variable which occurred between
the two test voltages (obtained from Figs. 14A and B). The calculated reversal
potential of Jycny is -41 mV for mHCN2 and -40 mV for mE324A.

Figure 9. Comparison of current magnitude of Jcnz in oocytes injected with
mHCN?2 or mE324A. The Jycn, was measured at -120 mV for mHCN2 (n = 10 cells)
and mE324A (n= 10 cells). Note the smaller current magnitude for the expressed
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current was evoked by applying a 3-s hyperpolarizing voltage pulse to -120 mV from a
holding potential of -30 mV. For mE324A, the current was evoked by applying a 3-s
hyperpolarizing voltage pulse to -120 mV from a holding potential of +20 mV.

Figure 10. Identification of connexins in gap junctions of human mesenchymal
stem cells (hMSCs). Immunostaining of Cx43 (4), Cx40 (B) and Cx45 (C). D,

Immunoblot analysis of Cx43 in canine ventricle myocytes and hMSCs. Whole cell

lysates (120 pg) from ventricle cells or hMSCs were resolved by SDS, transferred to
membranes, and blotted with Cx43 antibodies. Molecular weight markers are
indicated.

Figure 11. Macroscopic and single channel properties of gap junctions between

hMSC pairs. Gap junction currents (f)) elicited from hMSCs using a symmetrical
bipolar pulse protocol (10 s, from = 10mV to = 110mV, V1= 0 mV) showed two types
of voltage-dependent current deactivation: symmetrical (A) and asymmetrical (B). C,
summary plots of normalized instantaneous (©) and steady-state (®) gj versus V. Left
panel, quasi-symetrical relationship from 5 pairs; continuous line, Boltzmann fit: Vjo= -
70/65 mV, gjmin= 0.29/0.34, gj max = 0.99/1.00, z = 2.2/2.3 for negative/positive V;.
Right panel, asymmetrical relationship from 6 pairs; Boltzmann fit for negative Vj: Vi
=-72mV, gimin = 0.25, gjmax = 0.99, z=1.5. D and E, single channel recordings from
pairs of hMSCs. Pulse protocol (V1 and V) and associated multichannel currents ([2)
recorded from a cell pair during maintained ¥ of + 80 mV. The discrete current steps
indicate the opening and closing of single channels. Dashed line: zero current level.
The all points current histograms on the right-hand side reveal a conductance of ~50
pS.

Fioure 12, Macroscopic properties of junctions in cell pairs between a hMSC

and HeLa cell expressing only Cx40, Cx43 or Cx45. In all cases hMSC to Hela cell

coupling was tested 6 to 12 after hours initiating co-culture. A4, Jj elicited in response to
a series of 5-s voltage steps (V) in h(MSC-HeLaCx43 pairs. Top, symmetrical current
deactivation; bottom, asymmetrical current voltage dependence. B, Macroscopic [j
recordings from hMSC-HelaCx40 pairs exhibit symmetrical (top panel) and
asymmetrical (bottom panel) voltage dependent deactivation. C, Asymmetric Jj from
hMSC-HeLaCx43 pair exhibits voltage dependent gating when Cx45 side is relatively
negative. [j recorded from hMSC. D, gjss plots versus V; from pairs between hMSC
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and transfected HeLa cells. Left panel, h(MSC-HeLaCx43 pairs, quasi-symmetrical
relationship (@) and asymmetrical relationship (©); continuous and dashed lines are
Boltzmann fits (see text for details). Middle panel, symmetrical (@) and asymmetrical
(o) relationships from hMSC-HeLaCx40 pairs; the continuous and dashed lines
correspond to Boltzmann fits (see text for details). Right panel, asymmetrical
relationship from hMSC-HeLaCx45 cell pairs; continuous line, Boltzmann fit for
positive ¥ (see text for details). E, Cell-to-cell Lucifer Yellow (LY) spread in cell
pairs: from an hMSC to an hMSC (upper panel), from a HeLaCx43 to an hMSC
(middle panel), and from an hMSC to a HeLaCx43 (bottom panel). In all cases a
pipette containing 2 mM LY was attached to the left-hand cell in the whole-cell
configuration. Epifluorescent micrographs taken at 12 min after dye injection show LY
spread to the adjacent (right-hand) cell. The simultaneously measured junctional
conductance revealed gj of ~13 nS, ~16 nS, and ~18 nS of the pairs, respectively. Cell
Tracker green was used to distinguish hMSCs from HeLa cells or vice versa in all
experiments.

Figure 13. Macroscopic and single channel properties of gap junctions between

hMSC-canine ventricle cell pairs. Myocytes were plated between 12 and 72 h and co-

cultured with hMSCs for 6 to 12 h before measuring coupling. 4, Localization of Cx43
for h(MSC-canine ventricle cell pairs. Most of Cx43 was localized to the ventricular cell
ends and a small amount of Cx43 was present along the lateral borders. The intensive
Cx43 staining was detected between the end of the rod-shaped ventricular cell (middle
cell) and the hMSC (right cell). There is no detectable Cx43 staining between the
ventricular cell and the hMSC on the left side. B, Top, phase-contrast micrograph of a
hMSC-canine ventricular myocyte pair. Bottom, monopolar pulse protocol (V; and 77)
and associated macroscopic junctional currents (5) exhibiting asymmetrical voltage
dependence. C, Top, multichanne] current elicited by symmetrical biphasic 60 mV
pulse. Dashed line, zero current level; dotted lines, represent discrete current steps
indicative of opening and closing of channels. The current histograms yielded a
conductance of ~40-50 pS. Bottom, multichannel recording during maintained ¥; of 60
mV. The current histograms revealed several conductances of 48-64 pS with several
events with conductance of 84 pS to 99 pS (arrows) which resemble operation of Cx43,

heterotypic Cx40-Cx43 and/or homotypic Cx40 channels.
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Fioure 14. Comparison of gating kinetics of mHCN2 and chimeric mHCN212

channels when expressed in neonatal rat ventricular myocytes. Results using mHCN2

(solid squares) and a chimeric mHCN212 channel (solid circles) are shown. Left,
Activation kinetics, determined by fitting the early portion of the current traces (after
omitting the initial delay) to a single exponential, for hyperpolarizing test potentials to
the voltages indicated on the X-axis. Right, Deactivation kinetics, determined by
fitting the current trace from depolarizing test potentials to the indicated voltages
following a pre-pulse to a negative potential to fully activate the channels. The time
constant of the single exponential fit is plotted on the y-axis in each case, illustrating
faster kinetics at all voltages for mHCN212 compared to mHCN2.

Figure 15. Comparison of expression efficiency of mHCN? and chimeric

mHCN212 channels in neonatal rat ventricular myocytes. Leff, Mean current density

of expressed current for a step to a negative voltage that maximally activates the
channels. Right, Plot of voltage dependence of activation.

Figure 16. Comparison of mHCN212 characteristics expressed in myocytes

and stem cells. The current generated from expression of murine HCN212 in neonatal
rat ventricular myocytes and human adult mesenchymal stem cells was measured.
Left, voltage dependence of activation; Right, kinetics of activation.

Figure 17. Properties of wildtype mHCN2 and mHCN112 expressed in

oocytes. The steady state activation curve (4), activation kinetics (B) and cAMP
modulation (C) are depicted.

Figure 18. Comparison of gating characteristics of HCN2 and chimeric

HCN212 channels when expressed in adult human mesenchymal stem cells. Left,
Voltage dependence of activation is shifted significantly positive for mHCN212 (solid
circles) compared to HCN2 (solid squares). Right, Kinetics of activation at any
measured voltage are significantly faster for mHCN212 compared to HCNZ2.

Ficure 19. Comparison of performance of biological-electronic tandem

pacemaker versus electronic-only pacemaker. 4, Percent of electronically paced beats

occutring in hearts injected with saline and implanted with an electronic pacemaker or
injected with mHCN2 in tandem with an electronic pacemaker. In both groups the
electronic pacemaker was set at VVI 45 bpm. Throughout the 14 day period the
number of beats initiated electronically was higher in the saline-injected group than in

the HCN2-injected group (P < 0.05) for comparisons at each time point). B, Mean
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basal heart rate over days 1-7 and 8-14 of groups injected with saline, mHCN2 or
mE324A. Rate in the latter two groups was significantly faster than in the saline group

(P <0.05).

Figure 20. Representative trace of interaction between biological and electronic

pacemaker components of tandem unit. This animal had been administered mHCN?2.

There is a smooth transition from biological to electronic pacemaker activity and from
electronic back to biological.

Fioure 21. Effects of epinephrine infusion on biological-electronic tandem

pacemaker versus electronic-only pacemaker. IV infusions of 1.0, 1.5 and 2.0

ug/kg/min were given on day 14 until there was either a 50% increase in non-
electrically driven pacemaker rate, an arrhythmia occurred, or a maximal dose of 2
ng/kg/min was administered for 10 min. 4, Effects of epinephrine, 1 pg/kg/min, on
ECGs in three representative animals. Note the greatest rate increase in the mE324A-
administered animal. B, A 50% increase in heart rate resulting from idioventricular
pacemaker function is indicated in grey. In the saline group, the protocol terminated
with all animals having either <50% increase at the highest dose (75% of animals) or an
arrhythmia (25% of animals). In the mHCN2 group, 50% of animals had less than a
50% increase in rate: in one animal infusion was terminated because the highest dose
was achieved whereas two animals developed ventricular arrhythmias. Of the other
50%, one achieved the 50% rate increase at the lowest epinephrine dose and the other
two required 1.5 or 2 pg/kg/min. In contrast, in the mE324A group, 100% achieved a
50% increase in rate at the lowest epinephrine dose and no arrhythmias were seen.

Ficure 22. Comparison of mHCN2 and chimeric mHCN212 provided to rat

myocytes in an adenoviral vector. mHCN212 demonstrated a higher basal signal

frequency than HCN2, and a less negative maximum diastolic potential.

Figure 23. Autonomic responsiveness of mHCN?2 and HCN212 in newborn rat

myocytes. mHCN212 exhibits autonomic responsiveness, demonstrated by an
increased signal frequency after exposure to isoproterenol (a beta adrenergic receptor
agonist).

Fioure 24. Expression of mHCN212 in human mesencymal stem cells. Panel A

shows that hMSCs are expressing GFP, which was co-expressed with mHCN212. GFP

is seen in the slides. An electrical potential was applied to the cells following the
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voltage protocol shown in Panel B. Panel C shows that the current response was
blocked, as expected, by cesium.
Figure 25. Activation of expressed mHCN212 in human mesenchymal stem

cells (MSCs). Panel A shows that the amount of current varies with the amount of

electrical potential applied. Panel B shows the relationship between the voltage applied

and the current generated.

Figure 26. cAMP modulation of expressed mHCN212 in human mesenchymal

stem cells. For a given electrical potential, cAMP will increase the current response. A
positive shift for voltage dependence is seen in the presence of cAMP, which indicates
a good autonomic responsiveness.

Figure 27. Expression of mHCN212 in human mesenchymal stem cells

provides a higher current density than mHCN2. “n” equals the number of cells tested.

Figure 28. Characteristics of a biological pacemaker. mHCN2 and mHCN212

express current density(Panel A and B, respectively). Panel C shows that mHCN212
has a more positive current response to an applied electrical potential than mHCN2.
Panels D and E show kinetics and demonstrate that HCN212 has faster kinetics than
HCN2.

Figure 29. hMSCs expressing' HCN2 provide pacemaker current to generate a

stable heart beating rate by day 12-14 after implant. As the number of hMSCs loaded

with HCN? increases, so does the rate. A steady state is reached above roughly
500,000 hMSCs

Fioure 30. Percent of beats triggered by a electronic pacemaker decreased as a

function of biological pacemaking by hMSCs on days 12-42 after implant. Dogs were

implanted with hMSCs expressing mHCN2. The electronic pacemaker was set to fire
when the heart rate fell below 35 beats per minute. As demonstrated in the figure, the
number of beats triggered by the electronic pacemaker decreased with implantation of
a biological pacemaker comprising about 700,000 hMSCs engineered to express
mHCN2.

DETAILED DESCRIPTION OF THE INVENTION
The present invention relates to the generation of biological pacemakers with
desirable clinical characteristics based on expression of wild-type, mutant and chimeric

HCN genes (with or without MiRP1 genes or mutants thereof), and the generation of a
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bypass tract of cells and the use of these biological pacemakers and/or bypass tracts in
tandem with electronic pacemakers to create a more effective treatment for cardiac

conditions as compared to treatment with biological or electronic pacemakers used

alone.

Biological pacemakers

A “biological pacemaker” shall mean a biological material such as cell that
expresses ot is capable of causing the expression of a gene such as an HCN ion channel
gene, wherein introduction of this biological material into a heart generated an effective
biological pacemaker activity in the heart. “Biological pacemaker activity” shall mean
the rhythmic generation of an action potential originating from the introduction of
biological material in a cell or a syncytial structure comprising the cell. A “syncytium”
or “syncytial structure” shall mean a tissue in which there is gap junction-mediated
continuity between the constituent cells. “Inducing or generating a current in a cell”
shall mean causing a cell to produce an electric current. An “ion channel” shall mean a
channel in a cell membrane created by polypeptide or a combination of polypeptides
that localizes to a cell membrane and facilitates the movement of ions across the
membrane, thereby generating a transmembrane electric current. An “ion channel
gene” shall mean a polynucleotide that encodes a subunit of an ion channel, or more
than one subunits thereof or an entire ion channel. A “pacemaker current” shall mean a
rhythmic electric current generated by a biological material or electronic device.

As a therapeutic solution, a biological pacemaker can be used to generate a
spontaneous beating rate within a physiologically acceptable range that originates
from its site of implantation in the heart. “Beating rate” shall mean (1) the contraction
rate of heart/myocardium, a portion thereof, or an individual myocyte contraction or
contractions over a given time period by a cell (e.g., number of contractions or beats
per minute), or (2) the rate of production of an electrical pulse or electrical pulses over
a given time period by a cell. This can be achieved by either increasing the rate of a
normally spontaneous, but too slowly firing, locus of cardiac cells or by initiating
spontaneous activity in a normally quiescent region. Since impulse initiation by a
native biological pacemaker relies on the balance between a number of ion channels
and transporters, many of which are hormonally modulated, there are several possible

approaches to creating a biological pacemaker.
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These approaches include, but are not limited to, over-expression of beta-2
adrenergic receptors to increase endogenous atrial rates (Edelberg et al., 1998; 2001),
expression of dominant negative Kir2.1AAA constructs together with the wild-type
Kir2.1 gene to suppress the inward rectifier current, Ix; (Miake et al., 2002; 2003), over
expression of HCN2 channels to increase hyperpolarization-activated, inward
pacemaker current (/) and hence the rate of impulse initiation (Qu et al., 2003;
Plotnikov et al., 2004; Potapova et al., 2004), and creating new pacemaker cells from
embryonic or mesenchymal stem cells (Kehat et al., 2004; Xue et al., 2005). These
approaches seek to manipulate the basic determinants of native pacemaker function in
normal hearts; that is, any intervention that increases sympathetic input, decreases
repolarizing current, and/or increases depolarizing current during diastole should
increase the rate of impulse initiation (Biel et al., 2002). Methods used to achieve these
ends have involved gene transfer via viral infection or naked plasmid transfection
(Edelberg et al., 1998; 2001), use of embryonic stem cells incorporating a complement
of native genes (Kehat et al., 2004), or adult mesenchymal stem cells (MSCs)
engineered as platforms to carry pacemaker genes (Potapova et al., 2004). The
philosophy behind the latter approach is illustrated in Fig. 1 (a human adult
mesenchymal stem cell was engineered to express HCN channels in its cell membrane
and was thus able to initiate and propagate an action potential to coupled myocytes
through gap junctions). The reproduction of pacemaker action potentials in non-cardiac
cells, and/or inducing fusion of non-cardiac and cardiac cells, have also been recently
attempted (Cho et al., 2005).

When choosing a strategy for biological pacemakers, the potential for
arrthythmogenesis must be considered. The ideal approach would create or enhance
spontaneous activity without undesired side effects. In this regard, enhancing
autonomic responsiveness by the upregulation of B-adrenergic receptors poses the
problem of specificity, since an increase in sympathetic tone is not specific to a single
ion current. The targeting of specific ion currents, either by reducing the
hyperpolarizing inward rectifier current Jx; or enhancing the inward pacemaker current
Irboth result in increased net inward current in the pacemaker range of potentials.
However, Ik also contributes to terminal repolarization, and its down-regulation results
in a prolonged action potential (Miake et al., 2002), which has attendant arrhythmic

possibilities. By contrast, /r flows only at diastolic potentials and should not affect
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action-potential duration. Consequently, It is an attractive molecular target and is
preferred for developing biological pacemakers.

Previous studies have focused on the hyperpolarization-activated, cyclic
nucleotide-gated (HCN) isoforms responsible for the pacemaker current (“I; “)(Biel et
al., 2002) for two reasons: first, the HCN ion current channels initiate pacemaker
activity in the mammalian heart; and second, activation of these channels is increased
by catecholamines and slowed by acetylcholine, making them autonomically
responsive. Autonomic responsiveness should clearly be a cornerstone of pacemaker
activity in the heart; yet, lack of this is a key shortcoming of electronic pacemakers.

Hyperpolarization-activated cation currents, termed I, I, or I;, were initially
discovered in heart and nerve cells over 20 years ago (for review, see DiFrancesco,
1993; Pape, 1996). These currents, carried by Na* and K" ions, contribute to a wide
range of physiological functions, including cardiac and neuronal pacemaker activity,
the setting of resting potentials, input conductance and length constants, and dendritic
integration (see Robinson and Siegelbaum, 2003; Biel et al., 2002). The HCN gene
family encodes the channels that underlie the current, and the molecular components of
the channels present a natural target for modulating heart rate. The HCN family of ion
channel subunits has been identified by molecular cloning (for review, see Clapham,
1998; Santoro and Tibbs, 1999; Biel et al., 2002), and when heterologously expressed,
each of the four different HCN isoforms (HCN1-4) generates channels with the
principal properties of native I, confirming that HCN channels are the molecular
correlate of this current.

The different HCN isoforms show distinct biophysical properties. For example,
in cell-free patches from Xenopus oocytes, the steady-state activation curve of HCN2
channels is 20 mV more hyperpolarized that that of HCN1. Also, whereas the binding
of cAMP to a carboxy-terminal cyclic nucleotide binding domain (CNBD) markedly
shifts the activation curve of HCN2 by 17 mV to more positive potentials, the response
of HCN1 is much less pronounced (4 mV shift).

As such, the present invention provides a tandem pacemaker system
comprising (1) an electronic pacemaker, and (2) a biological pacemaker, wherein the
biological pacemaker comprises an implantable cell that functionally expresses a
hyperpolarization-activated, gyélic nucleotide-gated (HCN) ion channel at a level

effective to induce pacemaker current in the cell, when the cell is implanted into a

15



10

15

20

25

30

WO 2007/014134 PCT/US2006/028625

subject’s heart. To “functionally express” a nucleic acid shall mean to introduce the
nucleic acid into a cell in such a manner as to permit the production of a functional
polypeptide encoded by the nucleic acid, so as to thereby produce the functional
polypeptide. The encoded polypeptide itself may also be said to be functionally
expressed.

A “HCN channel” shall mean a hyperpolarization-activated, cyclic nucleotide-
gated ion channel responsible for the hyperpolarization-activated cation currents that
are directly regulated by cAMP and contribute to pacemaker activity in heart and brain.
There are four HCN isoforms: HCN1, HCN2, HCN3 and HCN4. All four isoforms
are expressed in brain; HCN1, HCN2 and HCN4 are also prominently expressed in
heart, with HCN4 and HCN1 predominating in sinoatrial node and HCN2 in the
ventricular specialized conducting system. “mHCN” designates murine or mouse
HCN; “hHCN” designates human HCN. The HCN channel may be any HCN channel
that is capable of inducing biological pacemaker activity. “Inducing biological
pacemaker activity” in a heart or selected site therein shall mean causing the heart or
site therein to rhythmically generate an action potential.

The HCN channel may include, but is not limited to, a naturally occurring HCN
channel (from humans and other species), a chimeric HCN channel, a mutant HCN

channel, and a chimeric-mutant HCN channel, which are described below.

Biological pacemakers with HCN channels

U.S. Patent No. 6,849,611 teaches an HCN ion channel-containing composition
administered to a subject that functions as a site of impulse initiation where sinus node
activity is abnormal, thus acting as a biological pacemaker to account for the deficit in
the sinus node. U.S. Patent No. 6,783,979 teaches vectors comprising nucleic acids
encoding HCN ion channels that can be applied to a heart tissue so as to provide an ion
current in the heart biological tissue. Appropriate administration of such vector can
provide expression of the HCN channels to thus in turn generate currents to act as
biological pacemakers. The entire contents of the above patents are incorporated herein
by reference in their entireties. Also described in U.S. Patent No. 6,783,979 are
biological pacemakers based on expression of HCN genes in combination with MiRP1.

Experiments to generate biological pacemaker activity have been focused on HCN2
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because its kinetics are more favorable than those of HCN4, and its cAMP
responsiveness is greater than that of HCN1.

Figure 2 provides a starting point for understanding the role of HCN channels
and the I current they carry in initiating the pacemaker potential. In brief, phase 4
depolarization is initiated by inward sodium current activated on hyperpolarization of
the cell membrane and is continued and sustained by other four major currents (Biel et
al., 2002). The major currents provide a balance between inward currents carried by
the calcium channel and the sodium/calcium exchanger and outward currents carried by
potassium. Activation of the pacemaker potential is increased by B-adrenergic
catecholamines and reduced by acetylcholine through their respective G protein-
coupled receptors and the adenylyl cyclase-cAMP second messenger system.

Full-length cDNAs encoding HCN1-4 isoforms have been cloned from different
species and have been functionally characterized following expression in mammalian
cell lines. See, for example, Santoro et al. (1998) and Ludwig et al. (1998) reporting
the cloning and functional characterization of HCN1-3 from mouse brain; Ludwig et al.
(1999) reporting the cloning and functional characterization of HCN2 and HCN4 from
human heart; Ishii et al. (1999) reporting the cloning and functional characterization of
HCN4 from rabbit heart; Monteggia et al. (2000) reporting the cloning of HCN1-4 in
rat brain; and Steiber et al. (2005) reporting the cloning and functional characterization
of HCN3 from human brain.

The amino acid identity between different HCN isoforms in a species varies
from about 45-60%, with differences primarily due to low sequence identity in the N-
and C-terminal regions. For example, the primary sequences of mHCN1-3 have an
overall amino acid identity of about 60% (Ludwig et al., 1999), and hHCN3 has 46-
56% homology with the other hHCNs (Stieber et al., 2005). By comparison,
significantly higher degrees of homology have been observed between cognate
isoforms in different species. For example, Ludwig et al. (1999) report that the hRHCN2
cDNA clone has 94% overall sequence identity with a mHCN2 clone; Stieber et al.
(2005) report that hHCN3 has 94.5% amino acid homology with mHCN3; and in a
review on HCN channels, Biel et al. (2002) disclose that the primary sequences of
individual HCN channel types exhibit over 90% sequence identity in mammals.

Table 1, adapted from Stieber et al. (2005), Supplement Table S2, shows the
amino acid homology of hHCN3 with the other hHHCNs and with mHCNS3. Particularly
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striking is the near-100% homology of the hHCN3 and mHCN3 sequences in the core
transmembrane domains and the cyclic nucleotide binding domain. The N-terminal and
C-terminal regions of hHCN3 and mHCN3 are 81 and 91% homologous, respectively,
which are lower than the degree of homology in the transmembrane and CNDB
regions, but still considerable higher than the 22-35% homology between the N-
terminus of hHHCN3 and the N-terminal regions of other hHCN isoforms, 17-27%
homology in the C-terminal regions, and 46-56% overall homology between hHCN3
and other hHCN isoforms.

These homology data suggest that cognate HCN isoforms from different species
can be effectively substituted in the present invention; for example, hHHCN2 or portions
thereof can be substituted for mHCN?2 or corresponding portions thereof. Accordingly,
in the present invention, a biological pacemaker or method comprising the use of
HCN2 or portions thereof from one species, for example mouse, encompasses the use
of HCN2 or corresponding portions thereof from other species, preferably mammalian
species, including, but not limited to, a human, rat, dog, rabbit, or guinea pig. See
Figure 29 and 30 and Examples 3 and 5 where mHCN2 was used in a canine to
generate a pacemaker signal, thus showing the interchangeability of the isoforms
between species. Similarly, a biological pacemaker or method comprising the use of
mouse HCN1, HCN3 or HCN4 or portions thereof encompasses the use of HCNT,
HCN3, or HCN4, or corresponding portions thereof, respectively, from other species,
preferably other mammalian species.

More generally, a biological pacemaker or method comprising the use of a
particular HCN isoform encompasses the use of an HCN channel exhibiting at least
75%, preferably at least 85%, more preferably at least 90%, and most preferably at least
95% overall homology with that isoform. In embodiments of the invention comprising
portions of an HCN isoform, the use of a N-terminal portion of a particular HCN
isoform encompasses the use of a N-terminal portion of a HCN channel exhibiting at
least 60%, preferably at least 70%, more preferably at least 80% homology with the N-
terminus of that isoform. In addition, the use of a C-terminal portion of a particular
HCN isoform encompasses the use of a C-terminal portion of a HCN channel
exhibiting at least 60%, preferably at least 70%, more preferably at least 80%, and most
preferably at least 90% homology with the C-terminus of that isoform.
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Table 1. Amino Acid Homology between hHCN3 and hHCNI, 2 and 4 and mHCN3

Amino acid homology’ hHCN1 hHCN?2 hHCN4 mHCN3
compared to hHCN3 (%) (%) (%) (%)
Overall 53.0 55.8 45.7 94.5
N-terminus 34.6 28.4 222 80.7
S1 78.3 78.3 87.0 100
S1-S2 linker 64.3 71.4 78.6 100
S2 77.3 90.9 90.9 100
S2-S3 linker 41.7 54.2 50.0 100
S3 84.2 79.0 84.2 100
S3-S4 linker 36.4 36.4 45.5 100
S4 100 100 100 100
S4-S5 linker 100 94.4 100 100
S5 96.0 92.0 96.0 100
S5 linker-Pore-S6 linker 82.0 77.6 85.7 93.9
S6 89.7 96.6 100 100
S6-CNBD linker 82.9 85.4 91.5 100
CNBD? 78.3 80.0 80.8 99.2
C-terminus 17.4 26.5 19.1 90.7
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Percentage “homology” between peptide sequences shall mean the degree,
expressed as a percentage, to which the amino acid residues at equivalent positions in
the peptides, when aligned for maximum correspondence, are identical or functionally
similar. Examples of functionally similar amino acids include glutamine and
asparagine; serine and threonine; and valine, leucine and isoleucine. Percentage
“amino acid identity” or percentage “sequence identity” between peptide sequences
shall mean the degree, expressed as a percentage, to which the amino acid residues at
equivalent positions in the peptides, when aligned for maximum correspondence, are
identical. For peptides, the percentage homology is usually greater than the percentage
sequence identity. For nucleic acids, percentage “homology” shall mean the same as
percentage “sequence identity”, which is the degree, expressed as a percentage, to
which the nucleotides at equivalent positions in the nucleic acids, when aligned for
maximum correspondence, are identical.

For the purpose of the invention, two sequences that share homology, i.e., a
desired polynucleotide and a target sequence, may hybridize when they form a double-
stranded complex in a hybridization solution of 6x SSC, 0.5% SDS, 5x Denhardt's
solution and 100 g of non-specific carrier DNA. See Ausubel et al., section 2.9,
supplement 27 (1994). Such sequence may hybridize at “moderate stringency,” which
is defined as a temperature of 60°C in a hybridization solution of 6x SSC, 0.5% SDS,
5x Denhardt's solution and 100 pg of non-specific carrier DNA. For “high stringency”
hybridization, the temperature is increased to 68°C. Following the moderate
stringency hybridization reaction, the nucleotides are washed in a solution of 2x SSC
plus 0.05% SDS for five times at room temperature, with subsequent washes with 0.1x
SSC plus 0.1% SDS at 60°C for 1 h. For high stringency, the wash temperature is
increased to typically a temperature that is about 68°C. Hybridized nucleotides may be
those that are detected using 1 ng of a radiolabeled probe having a specific
radioactivity of 10,000 cpm/ng, where the hybridized nucleotides are clearly visible
following exposure to X-ray film at -70 °C for no more than 72 hours.

Methods of alignment of sequences for comparison are well-known in the art.
Optimal alignment of sequences for comparison may be conducted by the local
homology algorithm of Smith and Waterman, Adv. Appl. Math. 2: 482 (1981); by the
homology alignment algorithm of Needleman and Wunsch, J. Mol. Biol. 48: 443
(1970); by the search for similarity method of Pearson and Lipman, Proc. Natl. Acad.
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Sci. 85: 2444 (1988); by computerized implementations of these algorithms, including,
but not limited to: CLUSTAL in the PC/Gene program by Intelligenetics, Mountain
View, Calif.; GAP, BESTFIT, BLAST, FASTA, and TFASTA in the Wisconsin
Genetics Software Package, Genetics Computer Group (GCG), 575 Science Dr.,
Madison, Wis., USA; the CLUSTAL program is well described by Higgins and Sharp,
Gene 73: 237-244 (1988); Higgins and Sharp, CABIOS 5: 151-153 (1989); Corpet, et
al., Nucleic Acids Research 16: 10881-90 (1988); Huang, et al., Computer
Applications in the Biosciences 8: 155-65 (1992), and Pearson, et al., Methods in
Molecular Biology 24: 307-331 (1994).

The BLAST family of programs which can be used for database similarity
searches includes: BLASTN for nucleotide query sequences against nucleotide
database sequences; BLASTX for nucleotide query sequences against protein database
sequences; BLASTP for protein query sequences against protein database sequences;
TBLASTN for protein query sequences against nucleotide database sequences; and
TBLASTX for nucleotide query sequences against nucleotide database sequences.
See, Current Protocols in Molecular Biology, Chapter 19, Ausubel, et al., Eds., Greene
Publishing and Wiley-Interscience, New York (1995); Altschul et al., J. Mol. Biol.,
215:403-410 (1990); and, Altschul et al., Nucleic Acids Res. 25:3389-3402 (1997).

Software for performing BLAST analyses is publicly available, e.g., through
the National Center for Biotechnology Information (http://www.ncbi.nlm.nih. gov/).
This algorithm involves first identifying high scoring sequence pairs (HSPs) by
identifying short words of length W in the query sequence, which either match or
satisfy some positive-valued threshold score T when aligned with a word of the same
length in a database sequence. T is referred to as the neighborhood word score
threshold. These initial neighborhood word hits act as seeds for initiating searches to
find longer HSPs containing them. The word hits are then extended in both directions
along each sequence for as far as the cumulative alignment score can be increased.
Cumulative scores are calculated using, for nucleotide sequences, the parameters M
(reward score for a pair of matching residues; always >0) and N (penalty score for
mismatching residues; always <0). For amino acid sequences, a scoring matrix is used
to calculate the cumulative score. Extension of the word hits in each direction are
halted when: the cumulative alignment score falls off by the quantity X from its

maximum achieved value; the cumulative score goes to zero or below, due to the
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accumulation of one or more negative-scoring residue alignments; or the end of either
sequence is reached, The BLAST algorithm parameters W, T, and X determine the
sensitivity and speed of the alignment. The BLASTN program (for nucleotide
sequences) uses as defaults a wordlength (W) of 11, an expectation (E) of 10, a cutoff
of 100, M=5, N=-4, and a comparison of both strands. For amino acid sequences, the
BLASTP program uses as defaults a wordlength (W) of 3, an expectation (E) of 10,
and the BLOSUMS62 scoring matrix (see Henikoff & Henikoff (1989) Proc. Natl.
Acad. Sci. USA §9:10915).

In addition to calculating percent sequence identity, the BLAST algorithm also
performs a statistical analysis of the similarity between two sequences (see, €.g.,
Karlin & Altschul, Proc. Nat'l. Acad Sci. USA 90:5873-5877 (1993)). One measure of
similarity provided by the BLAST algorithm is the smallest sum probability (P(N)),
which provides an indication of the probability by which a match between two
nucleotide or amino acid sequences would occur by chance.

BLAST searches assume that proteins can be modeled as random sequences.
However, many real proteins comprise regions of nonrandom sequences that may be
homopolymeric tracts, short-period repeats, or regions enriched in one or more amino
acids. Such low-complexity regions may be aligned between unrelated proteins even
though other regions of the protein are entirely dissimilar. A number of low-
complexity filter programs can be employed to reduce such low-complexity
alignments. For example, the SEG (Wooten and Federhen, Comput. Chem., 17:149-
163 (1993)) and XNU (Claverie and States, Comput. Chem., 17:191-201 (1993)) low-
complexity filters can be employed alone or in combination.

Multiple alignment of the sequences can be performed using the CLUSTAL
method of alignment (Higgins and Sharp (1989) CABIOS. 5:151-153) with the default
parameters (GAP PENALTY=10, GAP LENGTH PENALTY=10). Default
parameters for pairwise alignments using the CLUSTAL method are KTUPLE 1, GAP
PENALTY=3, WINDOW=5 and DIAGONALS SAVED=5.

Biological pacemakers with chimeric HCNs

The present invention also provides biological pacemakers comprising an

implantable cell that functionally expresses a chimeric HCN at level effective to
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generate an effective pacemaker current in the cell, when the cell is implanted into a
subject’s heart, and the use thereof in a tandem pacemaker system.

A “HCN chimera” shall mean an HCN ion channel comprising portions of
more than one type of HCN channel. For example, a chimera may comprise portions
of HCN1 and HCN2 or HCN3 or HCN4, and so forth. In addition, an ion channel
chimera shall mean an ion channel comprising portions of an HCN channel derived
from different species. For example, one portion of the channel may be derived from a
human and another portion may be derived from a non-human.

The term “HCNXYZ” (wherein X, Y and Z are any one of the integers 1, 2, 3
or 4, with the proviso that at least one of X, Y and Z is a different number from at least
one of the other numbers) shall mean a chimeric HCN channel polypeptide comprising
three contiguous portions in the order XYZ, wherein X is an N-terminal portion, Y is
an intramembrane portion, and Z is a C-terminal portion, and wherein the number X, Y
or Z designates the HCN channel from which that portion is derived. For example,
HCN112 is an HCN chimera with a N-terminal portion and intramembrane portion
from HCN1 and a C-terminal portion from HCN2.

Wang et al. (2001b) used chimeras between HCN1 and HCN2 to investigate the
molecular bases for the modulatory action of cAMP and for the differences in the
functional properties of the two channels. The present invention discloses manipulation
of the properties of HCN channels by in vitro recombination of nucleotide sequences
encoding portions of all four HCN isoforms to produce HCN chimeras. As detailed in
the example 4, certain of these chimeras, such as HCN212, exhibit characteristics
which are advantageous for generating pacemaker currents in treating heart disorders.

In general terms, HCN polypeptides can be divided into three major domains:
(1) a cytoplasmic amino terminal domain; (2) the membrane spanning domains and
their linking regions; and (3) a cytoplasmic carboxy-terminal domain. To date, there is
no evidence that the N-terminal domain plays a major role in channel activation (Biel
et al., 2002). As described herein, the membrane spanning domains with their linking
regions play an important role in determining the kinetics of gating, whereas the
CNBD in the C-terminal domain is in large part responsible for the ability of the
channel to respond to the sympathetic and parasympathetic nervous systems that
respectively raise and lower cellular cAMP levels. One skilled in the art would be able

to determine which amino acids of an HCN polypeptide comprise the amino terminal
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domain, the membrane spanning domains, their linking regions and the cytoplasmic
carboxy-terminal domain.

Preferred embodiments of the present invention provide pacemaker systems
comprising cells expressing chimeric HCN channels that provide fast kinetics and good
responsiveness to cAMP. HCN1 has the fastest kinetics but poor cAMP
responsiveness. HCN2 has slower kinetics and good cAMP responsiveness.
Accordingly, chimeras of HCN1 and HCN2 were studied experimentally and the
invention provides pacemaker systems comprising cells expressing these and other
chimeras. A schematic representation of HCN1/HCN2 chimeras is shown in Fig. 3.

In some embodiments of the biological pacemakers of the present invention, the
HCN chimera comprises an amino terminal portion contiguous with an intramembrane
portion contiguous with a carboxy terminal portion, wherein each portion is a portion of
an HCN channel or a portion of a mutant thereof, and wherein one portion derives from
an HCN channel or a mutant thereof which is different from the HCN channel or
mutant thereof from which at least one of the other two portions derive. In a further
embodiment, at least one portion of the HCN chimera is derived from an animal species
which is different from the animal species from which at least one of the other two
portions derive. For example, one portion of the channel may be derived from a human
and another portion from a non-human. In one embodiment, the intramembrane portion
is D129-1L.389 of mHCN1. In other embodiments, the chimeric polypeptide comprises
mHCN112, mHCN212, mHCN312, mHCN412, mHCN114, mHCN214, mHCN314,
mHCN414, hHCN112, hHCN212, hHCN312, hHCN412, hHCN114, hHCN214,
hHCN314, or hHCN414.

In different embodiments, the HCN chimera is mHCN112, mHCN212,
mHCN312, mHCN412, mHCN114, mHCN214, mHCN314, mHCN414, hHCN112,
hHCN212, hHCN312, hHCN412, hHCN114, hHCN214, hHCN314, or hHCN414. Ina
preferred embodiment, the HCN chimera is hHHCN112 or hHCN212.

The HCN112 chimera (containing the N-terminal domain of HCN1, membrane
spanning domains of HCN1, and C-terminal domain of HCN2) is a preferred candidate
channel for biological pacemaking because it contains the relevant membrane
spanning domains of HCN1 (exhibiting fast kinetics) and the C-terminal domain of
HCN2 (exhibiting good cAMP responsiveness). See Fig. 3. HCN212 is also a
preferred candidate. See Fig. 3. Other preferred chimeras are HCN312 and HCN412.
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HCN4 also exhibits slow kinetics and good cAMP responsiveness; thus, HCN114,
HCN214, HCN314 and HCN414 are desirable chimeras.

Whereas the HCN channels are defined above in terms of three broad functional
domains, there are multiple locations at which the borders between these domains in a
chimeric channel could be set. The present invention also encompasses variants of
HCN chimeras created using aomains with differently defined boundaries which also
serve to recombine the desirable biochemical and biophysical characteristics of
individual HCN channels.

In preferred embodiments the chimeric HCN channel provides an improved
characteristic, as compared to a wild-type HCN channel, including, but not limited to,
faster kinetics, more positive activation, increased expression levels, increased stability,

enhanced cAMP responsiveness, and enhanced neurohumoral response.

Biological pacemakers with mutant HCNs

The present invention also provides biological pacemakers comprising an
implantable cell that functionally expresses a mutant HCN when implanted into a
subject a level effective to induce an effective pacemaker current in the cell, and the use
of thereof in a tandem pacemaker system.

Most of what is known about voltage activation of ion channels comes from
studies of voltage-gated K (Kv) channels. Although HCN channels open in response
to membrane hyperpolarization instead of depolarization as in Kv channels, HCN
channels have a transmembrane topology that is highly similar to Kv channels. All of
these ion channels have four subunits, each of which has six transmembrane segments,
S1-S6: the positively charged S4 domain forms the major voltage sensor, whereas S5
and S6, together with the S5-S6 linker connecting the two, form the pore domain
containing the ion permeation pathway and the gates that control the flow of ions
(Larsson, 2002). The activation gate is formed by the crossing of the C-terminal end of
the S6 helices (Decher et al., 2004). Much progress has been made, based on
biophysical experiments and the recently described structures of bacterial K channels,
in understanding the physical basis for the activation and inactivation of gates, selective
ion permeability, and voltage sensing mechanisms of ion channels. However, the
molecular mechanisms whereby changes in voltage open and close these channels, and

the coupling mechanisms between the voltage sensors and the gates, are still largely not

25



10

15

20

25

30

WO 2007/014134 PCT/US2006/028625

understood. In particular, it remains unclear how the coupling mechanism results in
opposite voltage dependence of activation for Kv and HCN channels.

Coupling of the movement of the voltage sensor to the opening and closing of
the HCN channel pore could involve global rearrangements of the S4, S5 and S6
transmembrane domains without the need for specific amino acid interactions.
However, recent studies suggest that physical coupling may include specific
interactions between amino acids in the S4-S5 linker and the S6 domain (Chen et al.,
2001a; Decher et al., 2004). These studies suggest that the S4—S5 linker is an important
component of the coupling mechanism that mediates the hyperpolarization-activated
opening of HCN channels.

Voltage sensing and activation of HCN channels can be altered by mutation.
For example, alanine-scanning mutagenesis of the S4-S5 linker in HCN2 revealed that
three amino acids were especially critical for normal gating (Chen et al., 2001a).
Mutation of Y331 or R339, and to a lesser extent, E324, disrupted channel closure.
Mutation of a basic residue in the S4 domain (R318Q) prevented channel opening,.
Conversely, channels with R318Q and Y3318 double mutations were constitutively
open. Using alanine-scanning mutagenesis of the C-terminal end of S6 and the C-
linker that connects S6 to the CNBD, Decher et al. (2004) identified five residues that
were important for normal gating as mutations disrupted channel closure. Further
mutation analyses suggested that a specific electrostatic interaction between R339 of
the S4-S5 linker and D443 of the C-linker stabilizes the closed state and thus
participates in the coupling of voltage sensing and activation gating in HCN channels.
Interactions between residues in the S4-S5 linker and the C-terminal end of the S6
domain have also been shown to be critical for stabilizing hERG and ether-4-go-go
channels in a closed state (Ferrer et al., 2006). These mutation studies indicate that
mutations in the S4 voltage sensor, the S4-S5 linker implicated in the coupling of
voltage sensing to pore opening and closing, the S5, S6 and S5-56 linker which form
the pore, the C-linker, and the CNBD, may be particularly important in affecting HCN
channel activity.

Accordingly, the present invention provides a biological pacemaker, wherein
the biological pacemaker comprises an implantable cell that functionally expresses a
mutant HCN ion channel when implanted in a subject at a level effective to induce

effective pacemaker current in the cell. In preferred embodiments the mutant HCN
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channel provides an improvea characteristic, as compared to a wild-type HCN channel,
including, but not limited to, faster kinetics, more positive activation, increased
expression levels, increased stability, enhancéd cAMP responsiveness, and enhanced
neurohumoral response. In certain embodiments of the present invention, the mutant
HCN channel carries at least one mutation in S4 voltage sensor, the S4-S5 linker, S5,
36, the S5-S6 linker, and/or the C-linker, and the CNBD, which mutations result in one
or more of the above discussed characteristics. In other embodiments, the HCN mutant
is E324A-HCN2, Y331A-HCN2, R339A-HCN2, or Y331A,E324A-HCN2. Ina
preferred embodiment, the mutant HCN channel is E324A-HCN2.

In addition to the mutations noted above, many mutations in different HCN
isoforms have been reported. These include R318Q, W323A, E324A, E324D, E324K,
E324Q, F327A, T330A and Y331A, Y331D, Y331F, Y331K, D332A, M338A, R339A,
R339C, R339D, R339E and R339Q in HCN2 made by Chen et al. (2001a) to
investigate in greater detail the role of the E324, Y331 and R339 residues in voltage
sensing and activation. Chen et al. (2001b) have also reported the RS38E and R591E
mutations in mHCNT1; Tsang et al. (2004) have reported G231A and M232A in
mHCNT1; Vemana et al (2004) have reported R247C, T249C, K250C, 1251C, L252C,
S253C, L.254C, L.258C, R259C, 1.260C, S261C, C318S, S338C in mHCN2; Macri and
Accili (2004) have reported S306Q, Y331D AND G404S in mHCN2; and Decher et al.
(2004) have reported Y3314, Y331D, Y331S, R331FD, R339E, R339Q, 14394,
S441A, S441T, D443 A, D443C, D443E, D443K, D443N, D443R, R447A, R447D,
R447E, R447Y, Y449A, Y449D, Y449F, Y449G, Y449W, Y453A, Y453D, YA53F,
Y4531, Y453W, P466Q, P466V, Y476A, YATTA and Y481A in mHCN2. The entire
contents of all of the above publications are incorporated herein by reference. Certain
of the reported mutations listed above may confer, singly or in combination, beneficial
characteristics on the HCN channel with regard to creating a biological pacemaker.
The invention disclosed herein encompasses all mutations in HCN channels, singly or
in combinations, which improve pacemaker activity of the channel such as by
providing faster kinetics, more positive activation, increased expression and/or stability,
enhanced cAMP responsiveness, and/or enhanced neurohumoral response.

Mutations are identified herein by a designation with provides the single letter
abbreviation of the amino acid residue that underwent mutation, the position of that

residue within a polypeptide, and the single letter abbreviation of the amino acid
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resique to which the residue was mutated. Thus, for example, E324A identifies a
mutant polypeptide in which the glutamate residue (E) at position 324 was mutated to
alanine (A). Y331A, E324A-HCN2 indicates a mouse HCN2 having a double
mutation, one in which tyrosine (Y) at position 331 was mutated to alanine (A), and the
other in which the glutamate residue at position 324 was mutated to alanine.
Experiments disclosed herein have explored the E324A mutation in mHCN?2
that has been reported to exhibit both faster kinetics and a more positive activation
relation (Chen et al., 2001a). Both these characteristics should enhance pacemaking.
Details of the pacemaker activity of E324A compared to HCN2 when expressed in

myocytes, Xenopus oocytes, and in situ in dog hearts are provided in the Examples.

Biological pacemakér with HCN channels (including mutants or chimeras)
with MiRP1

Another approach to enhancing biological pacemaker activity of a HCN channel
by increasing the magnitude of the current expressed and/or speeding its kinetics of
activation is to co-express HCN2 with its beta subunit, MiRP1. Qu et al. (2004)
infected myocyte cultures with a HCN2 adenovirus and a second adenovirus that was a
vehicle for either GFP or an HA-tagged form of MiRP1. The result was a significant
increase in current magnitude and acceleration of activation and deactivation kinetics.
See also U.S. Patent 6,783,979, the entire contents of which are incorporated herein by
reference.

Many MiRP1 mutations have been reported (see, e.g., Mitcheson et al., 2000;
Lu et al., 2003; Piper et al., 2005), and certain of these mutations, or combinations
thereof, may be beneficial in increasing the magnitude and kinetics of activation of the
current expressed by a HCN channel used to create a biological pacemaker. The
invention disclosed herein encompasses all such mutations, or combinations thereof, in
MiRP1.

Cells of the biological pacemaker

“Implantable cell” means a cell that can be implanted or administered into a
subject. A “cell” shall include a biological cell, e.g., a HeLa cell, a stem cell, or a
myocyte, and a non-biological cell, e.g., a phospholipid vesicle (liposome) or virion.

Preferably biological pacemakers of the present invention comprise an implantable
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vlotogical cell capable of gap junction-mediated communication with cardiomyocytes.
Exemplary cells include, but are not limited to, a stem cell, a cardiomyocyte, a
fibroblast or skeletal cell engineered to express connexins, or an endothelial cell. The
stem cell may be an embryonic or adult stem cell substantially incapable of
differentiation. In a preferred embodiment the cell is an adult mesenchymal stem cell,
and more preferred embodiments, the cell is an adult human mesenchymal stem cell.
Experiments described below indicate that hMSCs provide an attractive platform for
delivery HCN ion channels into the heart.

In a preferred embodiment, the adult human mesenchymal stem cell has been
passaged at least nine times, or in a more preferred embodiment nine to 12 times,
expresses CD29, CD44, CD54 and HLA class I surface markers and fails to express
CD14, CD45, CD34 and HLA class II surface markers. Such adult human
mesenchymal stem cell seem to be substantially incapable of differentiation but yet
maintain the markers identifying them as stem cells. See co-pending provisonal
application 60/ (awaited) entitled “Use of late passage mesenchymal (MSCs) for
treatment of cardiac disorders” filed on July 21, 2006, concurrently herewith, which is
herein incorporated by reference in its entirety.

There have been recent reports of the delivery of bone marrow-derived and/or
circulating hMSCs to the hearts of post-myocardial infarct patients resulting in some
improvement of mechanical performance (Strauer et al., 2002; Perin et al., 2003) in the
absence of overt toxicity. The presumption in these and other animal studies (Orlic et
al., 2001) is that the hMSCs integrate into the cardiac syncytium and then differentiate
into new heart cells restoring mechanical function. However, no differentiation of
hMSCs was seen over a 42-day period following injection of mHCN2-transfected
hMSCs into LV subepicardium of 6 non-immunosuppressed adult dogs (Plotnikov et
al., 2005b). Moreover, it has been shown that passaging hMSCs 9 times or more, and
preferably 9-12 times, prevents differentiation (unpublished data). See co-pending
provisional 60/ (awaited) entitled “Use of late passage mesenchymal (MSCs)
for treatment of cardiac disorders™, filed concurrently herewith on July 21, 2006.

In preferred biological pacemakers of the present invention and preferred
tandem systems comprising the biological pacemaker, the amount of cells to be
implanted is an amount that is required to generate an effective pacemaker current. An

“effective pacemaker current” means that cells expressing an HCN channel, a chimeric
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HCN channel or a mutant HCN channel as described above, generate a pacemaker
current that is effective to cause the subject’s heart to beat. The strength of the
pacemaker current or the heart beating rate generated by the pacemaker current need
not be at the level of a normal healthy heart, however, in preferred embodiments, the -
biological pacemaker functions as well as a normal healthy naturally occurring
pacemaker.

In certain embodiments, the biological pacemaker comprises between 5,000 to
1.5 million human adult mesenchymal stem cells. In other embodiments the biological
pacemaker comprises between about 700,000 to 1.0 million human adult mesenchymal
stem cells. In one embodiment, the biological pacemaker comprises at least about
5,000 cells. In a preferred embodiment, the biological pacemaker comprises at least
about 200,000 human adult mesenchymal stem cells. In another preferred embodiment
the biological pacemaker comprises at least about 500,000 cells. In a more preferred
embodiment, the biological pacemaker comprises at least about 700,000 human adult

mesenchymal stem cells. See figures 29 and 30.

Delivery of HCN channels to an implantable cell to create a biological
pacemaker

To create certain biological pacemakers of the present invention, a nucleic acid
encoding an HCN channel as described above, must be delivered to an implantable cell
(as described above). Electroporation is a preferred in vitro method for genetically
engineering cells such as hMSCs to overexpress It (HCN channels) for in vivo delivery
to a subject’s heart. Electroporation is a technique in which exposure of cells to a brief
pulse of high voltage transiently opens pores in the cell membranes that allow
macromolecules, such as DNA and proteins, to enter the cell. It has been demonstrated
that electroporation can also be applied in vivo to deliver nucleic acids and proteins into
muscle cells of live animals including rats, mice and rabbits (see U.S. Patent No.
6,110,161), and the method has been used to deliver DNA directly into embryonic
chick heart (Harrison et al., 1998) and into mammalian myocardium prior to
transplantation (Wang et al., 2001c).

Other methods of introducing genes into an implantable cell for implantation
into the heart include viral transfection using, for example, adenovirus, adeno-

associated virus (AAV), and lentivirus, liposome-mediated transfection (lipofection),
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transfection using a chemical transfection reagent, heat shock transfection, or
microinjection. AAV, a small parvovirus associated with adenovirus, cannot replicate
on its own and requires co-infection with adenovirus or herpesvirus in order to
replicate. In the absence of helper virus, AAV enters a latent phase during which it
stably integrates into the host cell genome. This latent phase makes AAYV attractive for
certain gene therapy applications involving transfer of genes of up to about 4.4kb, as
the gene inserted into AAV can persist in the host cell genome for a long period
(Pfeifer and Verma, 2001). Lentivirus, a member of the retroviral family, provides a
potentially interesting alternative (Amado and Chen, 1999; Trono, 2002). Unlike
adenoviruses, electroporation and the use of lentiviral vectors allow persistent
transgene expression without eliciting host immune responses.

Safety is a factor to be demonstrated especially with viral vectors. The absence
of arrhythmias and neoplasia generated by viral vectors or cells should be demonstrated
along with an absence of infection or engraftment at distant locations. Once safety and
efficacy have been demonstrated, cost-effectiveness should also be considered. Even if
the problems of expression and delivery are surmounted, long-term persistence of a
cell-based pacemaker requires the absence of rej ection if nonautologous cells are
employed. In this regard, hMSCs could be obtained from an autologous source.
However, evidence suggesting that these cells are immunoprivileged (Liechty et al.,
2000) may reduce the need for autologous sources. The long-term extent of this
privilege has not been tested, but no cellular or humoral rejection was evident six
weeks following injection of hMSCs into canine hearts (Plotnikov et al., 2005b).
Rejection remains a consideration for embryonic stem cells. Allogeneic solutions
based on the immunoprivileged status of hMSCs would provide a more favorable

model since off-the-shelf cells could be ready for implantation.

Delivery of implantable cells into a subject’s heart

A cell-based biological pacemaker of the present invention is preferably
administered to a selected site in the heart of a subject. Several methods to achieve
focal delivery are feasible; for example, the use of catheters and needles, and/or growth
on a matrix and a “glue.” Whatever approach is selected, the delivered cells should not
disperse to far from the target site. Such dispersion could introduce unwanted electrical

offects within the heart or in other organs. It is noteworthy that in a preliminary study
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involving injection of up to ~1 0° HCN2-transfected hMSCs into the LV subepicardium

of six adult dogs, nests of hMSCs were consistently found adjacent to the injection site

but not at a distance (Plotnikov et al., 2005b).

In various embodiments of the instant pacemaker systems and methods,
implantable cells are administered onto or into the heart by injection, catheterization,
surgical insertion, or surgical attachment. The delivery site is determined at the time of
administration, based on the patient’s pathology, to give the optimal activation and
hemodynamic response. Thus, the chosen site could be the sinoatrial (SA) node,
Bachmann’s bundle, the atrioventricular junctional region, His branch, left or right
bundle branch, Purkinje fibers, right or left atrial muscle or ventricular muscle, the
appropriate site being well known to one of ordinary skill in the art. The isoform or
type of HCN ion channel expressed in the heart may also be changed depending on the
delivery site. In addition, different levels of expression of the ion channel gene may be
desirable in different delivery sites. Such different levels of expression may be
obtained by using different promoters to drive expression at a desired level.

In another embodiment, implantable cells are locally administered by injection
or catheterization directly onto or into the heart. In further embodiments, the cell is
systemically administered by injection or catheterization into a coronary blood vessel
or a blood vessel proximate to the heart. In still further embodiments, the cell is
injected onto or into an area of an atrium or ventricle of the heart. In other
embodiments, the cell is injected onto or into the left atrium, a wall of a ventricle, a

bundle branch of a ventricle, or the proximal LV conducting system of the heart.

Biological pacemaker formed by administering expression vector with
HCN channel into a subject’s heart

In certain embodiments of the present invention, the biological pacemaker is
formed directly in a subject’s heart. In such embodiments, a vector(s) comprising a
nucleic acid encoding an HCN channel (including chimeras and mutants) and/or
MiRP1 as described above is administered to a cell in the heart of a subject. The vector
functionally expresses the HCN channel to generate an effective pacemaker current in
the heart as described above.

Vectors comprising the desired nucleic acids (i.e. HCN channel, and MiRP1,

etc.) may be any suitable expression vector, including necessary regulatory elements
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such as promoters, which would provide expression of the nucleic acid. One skilled in
the art would appreciate and choose a suitable vector and any other regulatory elements
necessary to provide expression of the nucleic acid when administered to a cell in the
heart. For example, the vector may be as described above. One skilled in the art would
understand and appreciate different methods of administering vectors to cells in a
subject. For example, a vector may be administered onto or into the heart by injection
or catheterization. In certain embodiments, a vector is administered onto or into the
area/region of the heart best situated to treat a subject. One skilled in the art would
understand an appropriate administration cite. For examﬁle, if the subject to be treated
had a normal functioning heart, but a defective sinoatrial node, one might contemplate
administering a vector as described above to the subject’s sinoatrial node. Exemplary
cites for administration include, but are not limited to, the Bachmann’s bundle,
sinoatrial node, atrioventricular junctional region, His branch, left or right bundle
branch, Purkinje fibers, right or left atrial muscle, a wall of a ventricle, or the proximal

left ventricular (LV) or right ventricular (RV) conducting system of the heart.

Tandem system with bypass bridge

The present invention also provides a tandem pacemaker system comprising
(1) an electronic pacemaker, and (2) a bypass bridge comprising a strip of gap
junction-coupled cells having a first end and a second end, both ends capable of being
attached to two selected sites in a heart, so as to allow transmission of a pacemaker
and/or electrical signal/current across the bridge between the two sites in the heart. In
certain embodiments, the bypass bridge is an atrioventricular bridge, where the first
end of the bypass bridge is capable of being attached to the atrium and the second end
is capable of being attached to the ventricle, so as to allow transmission of an electrical
signal from the atrium to travel across the tract to excite the ventricle.

Bypass bridges and atrioventricular bridges have been described PCT
International Publication No. WO 2005/062857, U.S. Provisional Application No.
60/704,210 (filed July 29, 2005), and U.S. Application No. 10/745,943 (filed
December 24, 2003), and U.S. Application 11/ (awaited) entitled “A
Biological Bypass Bridge with Sodium Channels, Calcium Channels and/or Potassium

Channels to Compensate for Conduction Block in the Heart” filed concurrently
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herewith on July 21, 2006, the entire contents of which are all incorporated herein by
reference.

The tract of gap junction-coupled cells, may be any implantable cell as
described above with respect to implantable cells of the biological pacemakers (i.e.
stem cells, cardiomyocytes, fibroblast or skeletal muscle cells engineered to express
cardiac connexins or endothelial cells). In certain embodiments, the cells functionally
express a protein which is a cardiac connexin, an alpha subunit and accessory subunits
of a L-type calcium channel, an alpha subunit with or without the accessory subunits of
a sodium channel, or a L-type calcium and/or sodium channel in combination with the
alpha subunit of a potassium channel, with or without the accessory subunits of the
potassium channel. In a further embodiment, the connexin is Cx43, Cx40, or Cx45.

In certain embodiments, the cell is an adult human mesenchymal stem cell
(MSC). MSCs may be prepared in several ways including, but not limited to, the
following:

1: In culture without incorporation of additional molecular determinants of
conduction. Here the cells’ own characteristic to generate gap junctions that
communicate electrical signals are used as a means to propagate an electronic wave
from cell to cell.

2: In culture following electroporation to introduce the gene for connexins
43, 40 and/or 45, to enhance formation of gap junctions and thereby facilitate cell-to-
cell propagation of electric signals.

3: In culture following electroporation to infroduce genes encoding
different types of ion channels, including the alpha and the accessory subunits of a L~
type calcium channel, the alpha subunit with or without the accessory subunits of a
sodium channel, or the L-type calcium and/or sodium channel in combination with the
alpha subunit of a potassium channel, with or without the accessory subunits of the
potassium channel. The expression of these ion channels increases the likelihood of not
just electrotonic propagation of a wavefront, but its active propagation by an action
potential.

4: A combination of methods 2 and 3. These hMSCs thus produced are
grown in culture on a non-bioreactive material. The hMSCs will couple together via

gap junctions, as described herein.
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In certain embodiments, when the bypass bridge is an atrioventricular bridge,
once growth is complete, one end of the bridge is sutured to the atrium, and the other to
the ventricle. Electrical signals generated by the sinus node to activate the atria will
propagate across the artificially constructed tract to excite the ventricle as well. In this
way the normal sequence of atrioventricular activation will be maintained.

The preparation of an atrioventricular bypass in this fashion not only facilitates
propagation from atrium to ventricle, but also provides sufficient delay from atrial to
ventricular contraction to maximize ventricular filling and emptying and mimic the
normal activation and contractile sequence of the heart.

In certain embodiments, the present invention provides a tandem pacemaker
system comprising an electronic pacemaker and a bypass bridge and further comprises
a biological pacemaker, preferably the biological pacemakers of the present invention.
In preferred embodiments, the bypass bridge is an atrioventricular bridge.

As described above, the tandem system comprises an electronic pacemaker.
Electronic pacemakers are known in the art. Exemplary electronic pacemakers are
described in U.S. Patent Nos. 5,983,138, 5,318,597 and 5,376,106; Hayes (2000); and
Moses et al. (2000), the entire contents of all of which are incorporated herein by
reference. The subject may have already been fitted with an electronic pacemaker or
may be fitted with one simultaneously or after placement of the biological pacemaker.
The appropriate site for the electronic pacemaker would be well known to a skilled
practitioner, depending on the subject’s condition and the placement of the biological
pacemaker of the present invention. For example, if the subject had a functional
sinoatrial node, but had a block between the sinoatrial node and the atrioventricular
node, the biological pacemaker might preferably be administered to the atrioventricular
node. Preferred insertion cites include, but are not limited to, the Bachmann’s bundle,
sinoatrial node, atrioventricular junctional region, His branch, left or right bundle
branch, Purkinje fibers, left or right atrial muscle or ventricular muscle of the subject’s
heart.

In preferred embodiments of the present invention, the electronic pacemaker is
programmed to produce its pacemaker signal on an “as-needed” basis, i.e., to sense the
biologically generated beats and to discharge electrically when there has been failure of
the biological pacemaker to fire and/or bypass bridge to conduct current for more than a

preset time interval. At this point the electronic pacemaker will take over the

35



10

15

20

25

30

WO 2007/014134 PCT/US2006/028625

pacemaker function until the biological pacemaker resumes activity. Accordingly, a
determination should be made as to when the electronic pacemaker will produce its
pacemaker signal. State of the art pacemakers have the ability to detect when the heart
rate falls below a threshold level in response to which an electronic pacemaker signal
should be produced. The threshold level may be a fixed number, but preferably it
varies depending on patient activity such as physical activity or emotional status.
When the patient is at rest or pursuing light activity the patient’s baseline heart rate
may be at 60-80 beats per minute (bpm) (individualized for each patient), for example.
This baseline heart rate varies depending on the age and physical condition of the
patient, with athletic patients typically having lower baseline heart rates. The electronic
pacemaker can be programmed to produce a pacemaker signal when the patient’s actual
heart rate (including that induced by any biological pacemaker) falls below a certain
threshold baseline heart rate, a certain differential, or other ways known to those skilled
in the art. When the patient is at rest the baseline heart rate will be the resting heart
rate. The baseline heart rate will likely change depending on the physical activity level
or emotional state of the patient. For example, if the baseline heart rate is 80 bpm, the
electronic pacemaker may be set to produce a pacemaker signal when the actual heart
rate is detected to be about 64 bpm (i.e., 80% of 80 bpm).

The electronic component can also be programmed to intervene at times of
exercise if the biological component fails, by intervening at a higher heart rate and then
gradually slowing to a baseline rate. For example, if the heart rate increases to 120
bpm due to physical activity or emotional state, the threshold may increase to 96 bpm
(80% of 120 bpm). The biological portion of this therapy brings into play the
autonomic responsiveness and range of heart rates that characterize biological
pacemakers and the baseline rates that function as a safety-net, characterizing the
electronic pacemaker. The electronic pacemaker may be arranged to output pacemaker
signals whenever there is a pause of an interval of X% (e.g., 20%) greater than the
previous interval, as long as the previous interval was not due to an electronic
pacemaker signal and was of a rate greater than some minimum rate (e.g., 50 bpm).

Accordingly, in an embodiment of the present pacemaker systems, the
electronic pacemaker senses the heart beating rate and produces a pacemaker signal
when the heart beating rate falls below a specified level. In a further embodiment, the

specified level is a specified proportion of the beating rate experienced by the heartina
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reference time interval. In a still further emb.odiment, the reference time interval is an
immediately preceding time period of specified duration.

As described herein, implanted biological pacemakers were tested in tandem
with electronic pacemakers in canine studies. The electronic-demand pacemaker was
set at a predesignated escape rate and the frequency of electronically versus
biologically initiated heartbeats was monitored. In this way, the electronic.component
measures the efficacy of the biological component of a tandem pacemaker ﬁnit. It is
expected that such tandem biological-electronic pacemakers will not only meet the
patient protection standards required in Phase 1 and 2 clinical trials bu;c will also offer
therapeutic advantages over purely electronic pacemakers. That is, the biological
component of the tandem system will function to vary heart rate over the range
demanded by a patient’s changing exercise and emotional status, while the electronic
component will provide a safety net if the biological component were to fail either
partially or totally. In addition, by reducing the frequency of electronic beats that
would normally be delivered over time by an electronic-only pacemaker, the tandem
unit will extend the battery life of the electronic component. This could profoundly
increase the interval between which power packs require replacement. Hence, the
components of the tandem pacemaker system operate synergistically in maximizing the

opportunity for safe and physiologic cardiac rhythm control.

Methods of Treatment

The tandem pacemaker concept raises several issues with respect to clinical
applications. First, the system is redundant by design and would have two completely
unrelated failure modes. Two independent implant sites and independent energy
sources would provide a safety mechanism in the event of a loss of capture (e.g., due to
myocardial infarction). Second, the electronic pacemaker would provide not only a
baseline safety net, but an ongoing log of all heartbeats for review by clinicians, thus
providing insight into a patient’s evolving physiology and the performance of their
tandem pacemaker system. Third, since the biologic pacemaker will be designed to
perform the majority of cardiac pacing, the longevity of the electronic pacemaker could
be dramatically improved. Alternatively longevity could be maintained while the

electronic pacemaker could be further reduced in size. Finally, the biological
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component of a tandem system would provide true autonomic responsiveness, a goal
that has eluded more than 50 years of electronic pacemaker research and development.

The present invention also provides methods of treating various cardiac
disorders by providing/administering a tandem system of the present invention to a
subject. “Administering” shall mean delivering in a manner which is effected or
performed using any of the various methods and delivery systems known to those
skilled in the art. Administering can be performed, for example, pericardially,
intracardially, subepicardially, transendocardially, via implant, via catheter,
intracoronarily, endocardially, intravenously, intramuscularly, via thoracoscopy,
subcutaneously, parenterally, topically, orally, intraperitoneally, intralymphatically,
intralesionally, epidurally, or by in vivo electroporation. Administering can also be
performed, for example, once, a plurality of times, and/or over one or more extended
periods.

“Treating” a subject afflicted with a disorder shall mean causing the subject to
experience a reduction, remission or regression of the disorder and/or its symptoms. In
one embodiment, recurrence of the disorder and/or its symptoms is prevented. Ina
preferred embodiment, the subject is cured of the disorder and/or its symptoms.

“Inhibit” shall mean either lessening the likelihood of, or delaying, the
disorder’s onset, or preventing the onset of the disorder entirely. In a preferred
embodiment, inhibiting the onset of a disorder means preventing its onset entirely.

A “subject” shall mean any animal or artificially modified animal. Animals
include, but are not limited to, humans, non-human primates, dogs, cats, cows, horses,
sheep, pigs, rabbits, ferrets, rodents such as mice, rats and guinea pigs, and birds such
as chickens and turkeys. Artificially modified animals include, but are not limited to,
SCID mice with human immune systems. In the preferred embodiment, the subject is a
human.

The present invention also provides a method of treating a subject afflicted with
a cardiac rthythm disorder, which method comprises administering to a subject a tandem
pacemaker system of the present invention. A biological pacemaker is provided to the
subject’s heart to generate an effective biological pacemaker current. An electronic
pacemaker is also provided to the subject’s heart to work in tandem with the biological
pacemaker to treat the cardiac rhythm disorder. The electronic pacemaker may be

provided before, simultaneously with, or after the biological pacemaker. The electronic
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and the biological pacemaker are provided to the area of the heart best situated to
compensate/treat the cardiac rhythm disorder. For example the biological pacemaker
may be administered to, but not limited to, the Bachmann’s bundle, sinoatrial node,
atrioventricular junctional region, His branch, left or right atrial or ventricular muscle,
left or right bundle branch, or Purkinje fibers of the subject’s heart. The biological
pacemaker is as described above and preferably enhances beta-adrenergic
responsiveness of the heart, decreases outward potassium current I, and/or increases
inward current .

The electronic pacemaker works in tandem with the biological pacemaker as
described above. For example, the electronic pacemaker is programmed to sense the
subject’s heart beating rate and to produce a pacemaker signal when the heart beating
rate falls below a selected heart beating rate. In other embodirnents, the selected
beating rate is a selected proportion of the beating rate experienced by the heart in a
reference time interval. In other embodiments, the reference time interval is an
immediately preceding time period of selected duration. As such, the battery life of the
electronic pacemaker is preserved or lasts longer as it does not need to “fire” or send
pacemaking signals as often since in the tandem system the biological pacemaker
preferably generates an effective pacemaking signal. See figures 29 and 30.

A cardiac thythm disorder is any disorder that affects the heart beat rate and
causes the heart rate to vary from a normal healthy heart rate. For example, the
disorder may be, but is not limited to, a sinus node dysfunction, sinus bradycardia,
marginal pacemaker activity, sick sinus syndrome, cardiac failure, tachyarrhythmia,
sinus node reentry tachycardia, atrial tachycardia from an ectopic focus, atrial flutter,
atrial fibrillation, or a bradyarthythmia. In such situations, the biological pacemaker is
preferably administered to the left or right atrial muscle, sinoatrial node or
atrioventricular junctional region of the subject’s heart.

This invention further provides a method of treating a subject afflicted with a
cardiac rhythm disorder, wherein the disorder is a conduction block, complete
atrioventricular block, incomplete atrioventricular block, bundle branch block, cardiac
failure, or a bradyarrhythmia, comprising administering to the subject’s heart any of the
pacemaker systems described herein as comprising an atrioventricular bridge, such that

the atrioventricular bridge spans the region exhibiting defective conductance, wherein
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propagation by the atrioventricular bridge of pacemaker activity induced by the
electronic pacemaker is effective to treat the subject.

In certain embodiment of the present methods for treating cardiac thythm
disorders, a pre-existing source of pacemaker activity in the heart is ablated, so as not
to conflict with the biological pacemaker and/or the electronic pacemaker.

In addition, the invention disclosed herein provides a method of treating a
subject afflicted with a cardiac rhythm disorder comprising (a) providing a bypass
bridge or in certain embodiments, an atrioventricular bridge in the heart, and (b)
implanting an electronic pacemaker in the heart, so as to thereby treat the subject.

This invention further provides a method of inhibiting the onset of a cardiac
rthythm disorder in a subject prone to such disorder comprising (a) inducing biological
pacemaker activity in the subject’s heart by functionally expressing in the heart at least
one of (1) a nucleic acid encoding a HCN ion channel or a mutant or chimera thereof,
(2) a nucleic acid encoding a MiRP1 beta subunit or a mutant thereof, and (3) a nucleic
acid encoding both (i) a HCN ion channel or a mutant or chimera thereof and (ii) a
MiRP1 beta subunit or a mutant thereof, at a level effective to induce a pacemaker
activity in the heart; and (b) implanting an electronic pacemaker in the heart, so as to
thereby inhibit the onset of the disorder in the subject. In certain embodiments, a
biological pacemaker of the present invention is provided to a subject.

The present invention also provides a method of inducing in a cell a current
capable of inducing biological pacemaker activity comprising administering to the heart
any of the biological pacemakers described herein and thereby and functionally
expressing in the heart a HCN ion channel or a mutant or chimera thereof, and/or a
MiRP1 beta subunit or a mutant thereof, at a level effective to induce in the cell a
current capable of inducing biological pacemaker activity, so as to thereby induce such
current in the cell.

The invention disclosed herein also provides a method of increasing heart rate
in a subject which comprises administering to the heart any of the biological
pacemakers described herein and thereby expressing in the subject’s heart a HCN ion
channel or a mutant or chimera thereof, and/or a MiRP1 beta subunit or a mutant
thereof, at a level effective to decrease the time constant of activation of the cell, so as

to thereby increase heart rate in the subject.
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The above-identified steps in the preceding method may also be used in
methods of causing a contraction of a cell, shortening the time required to activate a

cell, and changing the membrane potential of a cell.

Other methods

The steps of the preceding method may also be used to preserve battery life of
an electronic pacemaker implanted in a subject’s heart, and to enhance the cardiac
pacing function of an electronic pacemaker implanted in a subject’s heart.

This invention further provides a method of monitoring cardiac signals with an
electronic pacemaker having sensing capabilities implanted in a subject’s heart
comprising (2) selecting a site in or on the heart, (b) inducing biological pacemaker
activity at the selected site by any of the methods described herein so as to enhance the
natural pacemaker activity in the heart, (c) monitoring heart signals with the electronic
pacemaker, and (d) storing the heart signals.

This invention also provides a method of enhancing the cardiac pacing function
of an electronic pacemaker having sensing and demand pacing capabilities implanted in
a subject’s heart comprising (a) selecting a site in or on the heart, (b) inducing
biological pacemaker activity at the selected site by any of the methods described
herein so as to enhance the natural pacemaker activity in the heart, (c) monitoring heart
signals with the electronic pacemaker, (d) determining when the heart should be paced
based on the heart signals, and (¢) selectively stimulating the heart with the electronic
pacemaker when the natural pacemaker activity in tandem with the biological

pacemaker activity fails to capture the heart.

Biventricular pacing

A biological pacemaker, implanted at a site in a ventricle to optimize
contraction, may also be used in a biventricular pacing mode in tandem with an
electronic pacemaker. See Example 6. Thus, the invention provides a pacemaker
system for treating a subject afflicted with ventricular dyssynchrony comprising (a
biological pacemaker of the present invention to be administered to a site in one
ventricle of the subject’s heart, and (2) an electronic pacemaker to be administered to a
site in the other ventricle of the subject’s heart, wherein the electronic pacemaker is

programmable to detect a signal from the biological pacemaker and to produce a
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pacemaker signal at a reference time interval after the biological pacemaker signal is
detected, so as to thereby provide biventricular function. In one embodiment, the
electronic pacemaker is also programmable to produce a pacemaker signal when it fails
to detect a signal from the biological pacemaker after a time period of specified
duration.

This invention also provides a pacemaker system for treating a subject afflicted
with ventricular dyssynchrony comprising (1) a biological pacemaker of the present
invention to be administered to a first ventricle of the subject’s heart, (2) a first
electronic pacemaker to be administered to a second ventricle of the subject’s heart, and
(3) a second electronic pacemaker to be administered to a coronary vein, wherein the
second electronic pacemaker is programmable to detect a signal from the biological
pacemaker and to produce a pacemaker signal in tandem with the first electronic
pacemaker if said second electronic pacemaker fails to detect a signal from the
biological pacemaker after a time period of specified duration, the first and second
electronic pacemakers thereby providing biventricular function.

The present invention also provides a method of treating a subject afflicted with
ventricular dyssynchrony comprising (a) selecting a site in a first ventricle of the
subject’s heart, (b) administering a biological pacemaker of the present invention at a
selected site so as to induce pacemaker activity and stimulate contraction of the first
ventricle, and (c¢) pacing a second ventricle of the heart with a first electronic
pacemaker which is programmed to detect a signal from the biological pacemaker and
to produce a pacemaker signal at a reference time interval after the biological
pacemaker signal is detected, thereby providing biventricular function. Indifferent
embodiments of this method, the biological pacemaker is introduced to the selected site
via an endocardial approach, via the cardiac veins, or via thoracoscopy. In a preferred
embodiment, biological pacemaker activity is induced on the lateral free wall with a
bias towards the apex of the ventricle rather than the base. In another embodiment, the
electronic pacemaker is also programmed to fire in an escape mode in the event the
biological unit fires late, that is, the electronic pacemaker is programmed to produce a
pacemaker signal when it fails to detect a signal from the biological pacemaker activity
after a time period of specified duration.

In yet another embodiment, as an adjunct to the tandem system, a second

electronic unit is placed in a coronary vein to function as a backup biventricular unit.
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In this arrangement, the second electronic pacemaker is programmed to detect a signal
from the biological pacemaker and to produce a pacemaker signal in tandem with the
first electronic pacemaker if it fails to detect a signal from the biological pacemaker
after a time period of specified duration, the first and second electronic pacemakers

thereby providing biventricular function.

Pharmaceutical compositions comprising biological pacemakers

This invention also provides a pharmaceutical composition comprising any one
of the biological pacemakers, nucleic acids, recombinant vectors, cells, stem cells,
HCN chimeric polypeptides or cardiomyocytes disclosed herein and a pharmaceutically
acceptable carrier. Pharmaceutically acceptable carriers are well known to those skilled
in the art and include, but are not limited to, 0.01-0.1M and preferably 0.05M
phosphate buffer, phosphate-buffered saline (PBS), or 0.9% saline. Such carriers also
include aqueous or non-aqueous solutions, suspensions, and emulsions. Aqueous
carriers include water, alcoholic/aqueous solutions, emulsions or suspensions, saline
and buffered media. Examples of non-aqueous solvents are propylene glycol,
polyethylene glycol, vegetable oils such as olive oil, and injectable organic esters such
as ethyl oleate. Preservatives and other additives, such as, for example, antimicrobials,

antioxidants and chelating agents may also be included with all the above carriers.

Polynucleotides, polypeptides, vectors and cells

The present invention also provides a nucleic acid encoding a HCN ion channel
or a mutant or chimera thereof, (2) a nucleic acid encoding a MiRP1 beta subunit or a
mutant thereof, or (3) a nucleic acid encoding both (i) a HCN ion channel or a mutant
or chimera thereof and (ii) a MiRP1 beta subunit or a mutant thereof, as described
above, as well as the polypetides per se. The invention also provides a nucleic acid
encoding a HCN channel that has at least about 75% sequence identity with mHCN]1
(SEQID NO: _ ), mHCN2 (SEQ ID NO:_ ), mHCN3 (SEQ ID NO:_ ), or mHCN4
(SEQID NO:_ ), as well as the polypeptides per se and which are capable of inducing
a biological pacemaker current and preferably have improved characteristics as
compared to wild type HCN channels, such as faster kinetics, more positive activation,
increased expression levels, increased stability, enhanced cAMP responsiveness, and

enhanced neurohumoral response.
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The invention also provides a recombinant vector comprising an expression
vector and inserted therein any of the nucleic acids disclosed in this application (i.e.
HCN channels, mutant HCN channels, chimeric HCN channels and MiRP1. A
“yector” shall mean any nucleic acid vector known in the art. Such vectors include, but
are not limited to, plasmid vectors, cosmid vectors and viral vectors. Several
eukaryotic expression plasmids, including pCI, pCMS-EGFP, pHygEGFP, pEGFP-CI,
and shuttle plasmids for Cre-lox Ad vector construction, pDC515 and pDC516, are
used in constructs described herein. However, the invention is not limited to these
plasmid vectors or their derivatives, and may include other vectors known to those
skilled in the art. Thus, the invention provides a recombinant vector comprising an
expression vector and inserted therein (1) a nucleic acid encoding a HCN ion channel
or a mutant or chimera thereof, (2) a nucleic acid encoding a MiRP1 beta subunit or a
mutant thereof, or (3) a nucleic acid encoding both (i) a HCN ion channel or a mutant
or chimera thereof and (ii) a MiRP1 beta subunit or a mutant thereof. In various
embodiments, the expression vector is a viral vector, a plasmid vector, or a cosmid
vector. In further embodiments, the viral vector is an adenoviral, AAV, or retroviral
vector.

This invention also provides a cell comprising any of the recombinant vectors
described herein, wherein the cell expresses the nucleic acid inserted in the expression
vector. This cell is as described above with respect to cells useful in biological

pacemakers.

The following Examples are presented to aid in understanding the invention,
and are not intended, and should not be construed, to limit in any way the invention set
forth in the claims which follow thereafter. These Examples do not include detailed
descriptions of experimental methods that are well known to those of ordinary skill in
the art, such as methods used in the construction of recombinant nucleic acid vectors,
transfection of host cells with such recombinant vectors, and the functional expression
of genes in transfected cells. Detailed descriptions of such conventional methods are
provided in numerous publications, including Sambrook et al. (1989), the contents of

which are hereby incorporated herein in their entirety.
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EXAMPLE 1
Expression and Electrophysiological Characterization of
HCN Channels in Cultured Cells

Isolation and culture of cardiomyocytes and Xenopus laevis oocytes

Adult rats were anesthetized with ketamine-xylazine before cardiectomy, and
neonatal rats decapitated. Newborn rat ventricular myocyte cultures were prepared as
previously described (Protas and Robinson, 1999). Briefly, 1-2-day-old Wistar rats
were euthanized, hearts were quickly removed and ventricles were dissociated using a
standard trypsinization procedure. Myocytes were harvested, preplated to reduce
fibroblast proliferation, cultured initially in serum-containing medium (except when
being transfected with plasmids as described below), and then incubated in serum free
medium (SFM) at 37°C, 5% CO, after 24 h. Action potential studies were conducted
on 4-day-old monolayer cultures plated directly onto fibronectin-coated 9 x 22 mm
glass coverslips. For voltage clamp experiments, 4-6 day old monolayer cultures were
resuspended by brief (2-3 min) exposure to 0.25% trypsin, then replated onto
fibronectin-coated coverslips and studied within 2-8 h.

Freshly isolated adult ventricular myocytes were prepared using the procedure
described by Kuznetsov et al. (1995). This entailed a Langendorff perfusion of
collagenase, followed by trimming away of the atria. The remaining tissue was
minced and dissociated in additional collagenase solution. The isolated myocytes
were suspended in a SFM then plated on 9 x 22 mm glass coverslips at 0.5-1 x 10°
cells/mm?®. Two to three hours later, after the myocytes had adhered to the coverslips,
the adenoviral infection procedure was begun (see below).

For preparation of canine myocytes, adult dogs of either sex were killed using
an approved protocol by an injection of sodium pentobarbital (80 mg kg body
weight). Cardiomyocytes were isolated from the canine ventricle as previously
described (Yu et al., 2000). A method of primary culture of canine cardiomyocytes
was adapted from the procedure described for mouse cardiomyocytes (Zhou et al.,
2000). The cardiomyocytes were plated at 0.5-1 (10* cells cm™ in minimal essential
medium (MEM) containing 2.5% fetal bovine serum (FBS) and 1%
penicillin/streptomycin (PS) onto mouse laminin (10 pg mi™!) precoated coverslips.

After 1 h of culture in a 5% CO, incubator at 37°C, the medium was changed to FBS-
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free MEM. Stem cells were added after 24h and coculture was maintained in
Dulbecco’s modified Eagle’s medium (DMEM) with 5% FBS. Cell Tracker Green
(Molecular Probes, Eugene, OR) was used to distinguish hMSCs from HeLa cells in
coculture in all experiments (Valiunas et al., 2000).

Oocytes were prepared from mature female Xenopus laevis in accordance with
an approved protocol as previously described (Yu et al., 2004).

Expression of wild-type and mutant HCN channels in cardiomyocytes and
oocytes

cDNAs encoding mouse HCN2 (mHCN2, GenBank AJ225122) or HCN4
(mHCN4, GenBank deposit in progress) were subcloned into the pCI mammalian
expression vector (Promega, Madison, WI). The resulting plasmids (pCI-mHCN2 or
pCI-mHCN4) were used for neonatal rat ventricular myocyte transfection, as indicated.
A separate plasmid (pEGFP-CI; Clontech, Palo Alto, CA) expressing the gene of
enhanced green fluorescent protein (EGFP) as a visual marker for successful DNA
transfer was included in all transfection experiments. For transfection, 2 pg of pCI-
mHCN and 1 pg of pEGFP-CI were first incubated in 200 ul of SFM containing 10 pl
of lipofectin (Gibco Life Technologies, Rockville, MD) at room temperature for 45
min. The mixture was then added to a 35-mm petri dish containing 106 cells suspended
in 0.8 ml of SFM. After overnight incubation at 37°C in a CO2 incubator, the medium
containing the plasmids and lipofectin was discarded and the dish was refilled with 2
ml of fresh SFM. Patch clamp experiments were carried out on resuspended cells
exhibiting detectable levels of GFP by fluorescence microscopy 3-5 days after
transfection.

For increased expression efficiency, an adenoviral construct for mHCN2 was
prepared. Gene delivery and transfer procedures followed previously published
methods (Ng et al., 2000; He et al., 1998). A DNA fragment (between EcoRI and Xbal
restriction sites) that included mHCN2 DNA downstream of the CMV promoter was
obtained from plasmid pTR-mHCN2 (Santoro and Tibbs, 1999) and subcloned into the
shuttle vector pDC516 (AdMaxTM; Microbix Biosystems, Toronto, Canada). The
resulting pDC516-mHCN2 shuttle plasmid was co-transfected with a 35.5 kb El-
deleted Ad genomic plasmid pBHGAE1,3FLP (AdMaxTM) into El-complementing
HEK?293 cells. Successful recombination of the two vectors resulted in production of

the adenovirus mHCN2 (AdmHCN?2), which was subsequently plaque-purified,
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amplified in HEK293 cells, and harvested after CsCl-banding to achieve a titer of at
least 10" ffu/ml.

An adenoviral construct of mouse mHCN2 (AdmHCN?2) was also prepared as
previously described (Qu et al., 2001). The mE324A point mutation was introduced
into the mHCN2 sequence with the QuikChange® XL Site-Directed Mutagenesis Kit
(Stratagene, La Jolla, CA) and packaged in the pDC515 shuttle vector (AdMax™,
Microbix Biosystems) to create pDC515mE324A. PDC515mE324A then was co-
transfected with pBHGfrtAE1,3FLP into El1-complimenting HEK293 cells. The
adenoviral construct AdmE324A was subsequently harvested and CsCl purified. For
consistency with earlier studies (Qu et al., 2003), when preparing samples for in vivo
injection, 3x10'? ffu of each adenovirus was mixed with an equal amount of a GFP-
expressing adenovirus (AdGFP) in a total volume of 700 pul.

AdHCN2 infection of rat ventricular myocytes was carried out 2-3 h after the
isolated cells were plated onto coverslips. The culture medium was removed from the
dishes (35-mm) and the inoculum of 0.2-0.3 ml/dish was added containing AJHCN2.
The value of m.o.i. (multiplicity of infection — the ratio of viral units to cells) was 15-
100. The inoculum was dispersed over the cells every 20 min by gently tilting the
dishes so that the cells were evenly exposed to the viral particles. The dishes were kept
at 37°C in a CO; incubator during the adsorption period of 2 h, then the inoculum was
discarded and the dishes were washed and refilled with the appropriate culture medium.
The dishes remained in the incubator for 24-48 h before electrophysiological
experiments were conducted.

Adenoviral infection of the newborn ventricular myocytes was performed on
cell monolayer cultures 4 days after initial plating. Cells were exposed to a virus-
containing mix (m.o.i. 20, in 250 pl of culture medium) for 2 h, rinsed twice and
incubated in SFM at 37°C, 5% CO, for 24-48 hours prior to the cells being
resuspended as described above for electrophysiological study. In early experiments,
AdGFP was employed but since >90% of cells exposed to AdmHCN? in vitro were
found to express the current (Qu et al., 2001), in later experiments cells were not co-
infected with AAGFP to aid in the selection of infected cells.

For expression of HCN in Xenopus oocytes, oocytes were injected with 5 ng of

cRNA made from mouse wild-type mHCN2 and mutant mHCN2 (E324A) plasmids.
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Injected oocytes were incubated at 18°C for 24-48 h prior to electrophysiological
analysis.

Electrophysiological measurements in cultured cardiomyocytes and oocytes

Voltage and current signals were recorded using patch clamp amplifiers
(Axopatch 200). The current signals were digitized with a 16 bit A/D-converter
(Digidata 1322A, Axon Instruments, Union City, CA) and stored with a personal
computer. Data acquisition and analysis were performed with pCLAMP 8 software
(Axon Instruments). Curve fitting and statistical analyses were performed using
SigmaPlot and SigmaStat, respectively (SPSS, Chicago, IL).

The whole-cell patch clamp technique was employed to record mHCN2 current
from cultured myocytes. Experiments were carried out on cells superfused at 35°C.
The external solution contained (mM): NaCl, 140; NaOH, 2.3; MgCl,, 1; KCI, 10;
CaCl,, 1; HEPES, 5; glucose, 10; pH 7.4. MnCl, (2 mM) and BaCl, (4 mM) were
added to block other currents. The pipette solution contained (mM): aspartic acid, 130;
KOH, 146; NaCl, 10; CaCl,, 2; EGTA-KOH, 5; Mg-ATP, 2; HEPES-KOH, 10; pH 7.2.

To measure the HCN activation curve, a standard two-step protocol was
employed. Hyperpolarizing steps from -25 to -135 mV for mHCN?2 and from -5 or -15
to -135 mV for mE324A were applied from a holding potential of -10 mV, followed by
a tail current step (to -125 or -135 mV). The duration of test steps was longer at less
hyperpolarized potential for mHCN2 channels, to more closely approach steady-state
activation at all voltages. The normalized plot of tail current versus test voltage was fit
with a Boltzmann function and then the voltage of half maximum activation (V1) and
slope factor(s) were defined from the fitting. Activation kinetics were determined from
the same traces, while deactivation kinetics were determined from traces recorded at
each test potential after achieving full activation by a prepulse to -135 mV. Time
constants were then obtained by fitting the early time course of activation or
deactivation current traces with a monoexponential function; the initial delay and any
late slow activation or deactivation phase were ignored (Qu et al., 2001; Altomare et
al., 2001). Current densities are expressed as the value of the time-dependent
component of current amplitude, measured at the end of the test potential and
normalized to cell membrane capacitance. Records were not corrected for liquid
junction potential, which was previously determined to be 9.8 mV under these
conditions (Qu et al., 2001).
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For measurements in Xernopus oocytes, oocytes were voltage-clamped using a
two-microelectrode voltage clamp technique. The extracellular recording solution
(OR2) contained (in mM): NacCl, 80; KCl, 2; MgCl,, 1; and Na-HEPES, 5 (pH 7.6).
For the recording of steady state activation of expressed Wt mHCN2, currents were
elicited by 2-s long hyperpolarizing pulses between -30 mV and -160 mV with 10 mV
increments, followed by a 1-s depolarizing pulse to +15 mV. The holding potential
was -30 mV. As to the mHCN2 (E324A), currents were elicited by 3-s-long
hyperpolarizing pulses between +20mV and -130 mV with 10 mV increments,
followed by a 1 second depolarizing pulse to +50 mV. The holding potential was +20
mV. To construct the current/voltage relationship for wildtype (Wt) mHCN2, the cell
was held at -30 mV, the current was elicited by a 2-s hyperpolarizing voltage step to -
140 mV to saturate activation, and followed by 2-s depolarizing voltage steps between -
80 mV and +50 mV in 10 mV increments. For mHCN2 (E324A), the cell was held at
+20 mV, current was elicited by a 1.5-s hyperpolarizing voltage step to -110 mV to
saturate activation, and then followed by 1.5-s depolarizing voltage steps between -80
mV and +50 mV in 10mV increments for the recording of tail currents. To record the
current amplitudes for Wt mHCNZ2, the current was evoked by applying a 3-s
hyperpolarizing voltage pulse to -120 mV from a holding potential of -30 mV. For
mHCN2 (E324A), the current was evoked by applying a 3-s hyperpolarizing voltage
pulse to -120 mV from a holding potential of +20 mV.

Data are presented as means + SEM. Experimental data were compared using a
Student’s #-test or Chi-square test with Yates’ correction, as appropriate. When making
comparisons, matched cells from the same cultures were used, and data from at least 3
separate cultures were pooled for each comparison.

Pacemaker currents induced by mHCN2 and mE324A in cardiomyocytes

Previous experiments have shown that overexpression of HCN2 in neonatal rat
myocytes in culture induced a pacemaker current which increased beating rate, and that
mutations in the HCN2 pacemaker gene and/or the addition of appropriate accessory
channel subunits altered the characteristics of the expressed current in ways that would
be expected to further enhance the beating rate (U.S. Patent No. 6,849,611; Qu et al.,
2001; Quet al., 2004). Infection with an Ad expressing HCN2 also significantly
increased the spontaneous beating rate of monolayer cultures of synchronously beating

(U.S. Patent No. 6,849,611; Qu et al. 2001). Myocyte cultures were also infected with
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the HCN?2 adenovirus and a second virus carrying either GFP or an HA-tagged form of
MiRP1 which is the beta subunit for HCN2. The result was a significant increase in
current magnitude and acceleration of activation and deactivation kinetics (Qu et al.,
2004).

In the whole-cell voltage clamp experiments described herein, mHCN2- and
mE324A-expressing myocytes both gave rise to an inward current in response to
hyperpolarizing voltages. Representative normalized current traces obtained at test
potentials ranging from -25 to -125 mV, from a holding potential of -10 mV, are shown
in Figs. 4A and B. It is apparent from the expanded currents in the insets that the
activation threshold of mE324A channels is less negative than that of mHCN2
channels.

The difference in voltage dependence of activation between mHCN2 and
mE324A is more evident from the mean current-voltage relationships shown in Fig. 4C.
The curves were obtained from tail currents, as described above. The individual
activation curves were each fit to the Boltzmann equation and the calculated midpoint
(V112) and slope factor (s) from all cells averaged and statistically compared. Mean
parameters for mHCN2 (n = 14) and mE324A (n = 16) expressing cells, respectively,
were: Vip=-66.1+1.5mV and -46.9+ 1.2 mV (P <0.05) and s = 10.7 £ 0.5 mV and
9.6 £ 0.4 mV (p > 0.05). Thus, in agreement with data previously obtained in oocytes
(Chen et al., 2001) and confirmed herein (see Figs. 6-9), the mE324A mutation resulted
in a positive shift of the activation curve relative to that of mHCN2 when both
constructs were expressed in newborn myocytes.

The activation kinetics of mE324A channels appeared faster than those of
mHCN2 (Figs. 4A, B insets). To demonstrate this difference, time constants of
activation and deactivation were measured at different voltages as described above, and
averaged (Fig. 4D). These data show that the faster activation kinetics observed for
mE324A channels were due to a positive shift of the voltage-dependence of gating
kinetics. Both activation and deactivation voltage dependence shifted positively, so
that at the positive voltages at which deactivation was measured, the deactivation was
slower for mE324A than for mHCN2. Moreover, this shift is comparable to that in the
current-voltage relationship. Indeed the relative peaks of the kinetic-voltage relations

were consistent with the previously determined V5, values.
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The positive shift in the activation relation and kinetics would be expected to
result in more current being passed earlier in the cardiac cycle with mE324A in
comparison to mHCN2. However, to be beneficial as a biological pacemaker, it also is
necessary to preserve autonomic responsiveness. To assess this, mHCN2 and mE324A
activation curves were compared in the absence and in the presence of cAMP in the
pipette solution (Fig. 5). Both channels responded to the presence of saturating
intracellular cAMP as detailed in the brief description of Fig. 5.

Whether the mutant channel expressed current as well as the wild-type was also
investigated. The percentage of myocytes expressing mE324A current was
significantly smaller than the percentage expressing mMCN2 (36.6% of 93 cells vs.
74.5% of 47 cells respectively, P < 0.05) in 6 matched cell cultures. Moreover, in the
cells that did express current the mE324A current density (measured at -135 mV) was
about 2.5 times smaller than that of mHCN?2 (21.0 + 3.5 pA/pF, n =12, vs. 53.5+ 8.7
pA/pF, n= 10, respectively, P <0.05).

Currents induced by mHCN2 and mE3244 in Xenopus oocytes

Figure 6 shows activation properties and kinetics of the heterologously
expressed current. In oocytes, the mHCN?2 activates 35 mV more negatively than
mE324A. This more positive activation is accompanied by both a shift in the voltage
dependence of the kinetics of activation as well as more rapid kinetics at the midpoint
of activation for mE324A. Both mHCN2 and mE324A responded to application of 8-
Br-cAMP (1 mM) with a positive shift in activation (Fig. 7). For mHCN2, cAMP
shifted the V}, by approximately 8 mV (V} values were -92.7 mV % 1.1 mV for control
and -84.9 mV % 0.7 mV for cAMP (n= 6, P <0.01), and the corresponding slope (s)
values were 13.9 mV + 1.0 mV and 9.5 mV £ 0.6 mV (=6, p> 0.05). For mE324A,
cAMP positively shifted the V;, by approximately 7 mV (7}, values were -57.3 mV £ 1.6
mV for control and -48.9 mV £ 1.8 mV for cAMP (n=09, P <0.01), and the
corresponding slope (s) values were 15.2 mV £ 1.3 mV and 19.7 mV £ 0.1 mV (n=9,
p > 0.05).

Both mHCN2 and mE324A generated inward currents blocked by 5 mM Cs*
with reversal potentials near -40 mV (Fig. 8). Finally, a single voltage pulse was
applied near saturation (-120 mV) to compare the levels of expression of mHCN2 and
mE324A. The HCNZ2 induced current was 912.7 + 63.7 nA, n =9, while the E324A
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induced current was 579.8 & 18.2 nA, n=9 (P <0.01). Thus, there was significantly

reduced expression for those oocytes expressing mE324A (see Fig. 9).

EXAMPLE 2
Induction of Pacemaker Activity by Overexpression of HCN Channels in Heart Jr Situ

HCN?2 induces pacemaker current in heart in situ

It was hypothesized that overexpression of I in either secondary pacemaker
tissues of the cardiac specialized conducting system or in non-pacemaker cells of the
myocardium could provide a nidus of pacemaker activity to drive the heart in a
“demand” mode in the absence of dominant pacemaker function of the sinus node or
failure of impulse propagation via the atrioventricular node. Attention was focused on
HCN2 because its kinetics are more favorable than those of HCN4 and its cAMP
responsiveness is greater than that of HCN1. Initial experiments were performed in
neonatal rat myocytes in culture. These experiments indicated that not only could an
overexpressed pacemaker current increase beating rate, but that mutations in the HCN2
pacemaker gene and/or the addition of appropriate accessory channel subunits could
modify the characteristics of the expressed current in a manner that might be expected
to further enhance the beating rate (U.S. Patent No. 6,849,611; Qu et al., 2001; Qu et
al., 2004; Chen et al., 2001b; Plotnikov et al., 2005a). These neonatal ventricular
myocytes manifest a small endogenous pacemaker current and, when infected with an
adenovirus carrying HCN2, express a markedly larger pacemaker current. When the
spontaneous beating rate of monolayer cultures infected with an Ad expressing HCN2
and the green fluorescent protein (GFP) was compared with a virus incorporating GFP
as a control and marker, the HCN2/GFP-expressing cultures beat significantly faster
(Quet al. 2001).

Based on the encouraging results and implications of the cell culture work,
proof of concept was tested by injecting a small quantity of HCN2 and GFP genes in an
adenoviral vector into canine left atrium (Qu et al., 2003). After recovery of the
animals, the right vagus nerve was stimulated to induce sinoatrial slowing and/or block.
In this setting, pacemaker activity originated in the left atrium and was pace-mapped to
the site of adenoviral injection. Increasing the intensity of the vagal stimulation and

adding left vagal stimulation as well caused cessation of biological pacemaker activity,
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implying parasympathetic responsiveness. The atrial myocytes were disaggregated
from the site of injection, and overexpressed pacemaker current was demonstrated. In
sum, the results indicate that such overexpressed pacemaker current could provide
escape beats under circumstances of sinus slowing (Qu et al. 2003).

The next steps involved catheter injection of the same adenoviral HCN2/GFP
construct into the canine proximal L'V conducting system, under fluoroscopic control
(Plotnikov et al., 2004). Animals so injected demonstrated idioventricular rhythms
having rates of 50-60 bpm when sinus rhythm was suppressed by vagal stimulation.
For the HCN2 group, the rhythms mapped to the site of injection. When bundle branch
tissues were removed from the heart and studied with microelectrodes, automaticity in
those injected with HCN2 was found to exceed that in control preparations, i.e., there
was a significantly greater spontaneous rate generated by the HCN2 injected bundle
branches than by those injected with either saline or virus carrying GFP alone
(Plotnikov et al., 2004).

Biophysical properties of ion currents as predictors of biological pacemaker
Junction

The studies in neonatal rat myocytes (Figs. 4 and 5) and in Xenopus oocytes
(Figs. 6-9) gave concordant results with regard to the function of mHCN?2 and
mE324A. That the mE324A mutation induced faster, more positive pacemaker current
activation in these in vitro settings than did mHCN2 might be interpreted as suggesting
the mutant channel would result in a faster pacemaker rate and/or a shorter escape
interval after overdrive pacing than occurred in saline-injected or mHCN? injected
hearts. However, in situ both the saline- and mHCN2-injected hearts showed escape
times equivalent to the mE324A-injected hearts. As for automatic rates per se, these
were equivalent for mHCN2- and mE324A-injected hearts, and both were significantly
faster than those injected with saline. In other words, for two important descriptors,
rate attained and overdrive suppression, there was no clear discrimination between the
effects of mHCN2 and mE324A in situ.

One explanation for this may be that the percent of myocytes expressing
mE324A current was significantly less than that expressing mHCN2. Moreover there
was a lesser current density in the E324A group. Thus, while a greater fraction of

channels activate faster at a given voltage with mE324A compared to mHCN2, the total
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number of channels available or net current may be approximately equivalent at
physiologically relevant voltages such as -55 mV (see insets in Fig. 4).

The extent to which biophysical results were predictive of those in situ is seen
in the following: the biophysical data indicating that mE324A density is less than that
of mHCN2, and that mE324A activation is positive to and faster than that of mHCN2,
would suggest that for pacemaker rate there may be no advantage to either construct.
The finding that the mE324A ¢cAMP response is positive to that of mHCN2 would
suggest that the magnitude or sensitivity of the mE324A response to epinephrine in situ
might be greater than that for mHCN2, In fact, the studies in sifu showed no rate
advantage to either construct with a greater response to epinephrine of the mE324A
mutant. Not only does this show concordance between biophysical finding and clinical
implication, but it leads to the following hypotheses: first, as long as there is sufficient
current density, a positive position of the activation curve and/or faster kinetics are
more important than absolute current density in biological pacemaker functionality; and
second, adrenergic responsiveness depends on the final position of the activation curve

in the presence of cAMP more than the magnitude of the voltage shift.

EXAMPLE 3
Cell Therapy with Human Mesenchymal Stem Cells

Cell cultures

Human mesenchymal stem cells (hMSCs; mesenchymal stem cells, human bone
marrow; Poietics™) were purchased from Clonetics/BioWhittaker (Walkersville, MD,
USA), cultured in mesenchymal stem cell (MCS) growth medium and used from
passages 2-4. Isolated and purified hMSCs can be cultured for many passages (12)
without losing their unique properties, i.e., normal karyotype and telomerase activity
(van den Bos et al., 1997; Pittenger et al., 1999).

HelLa cells transfected with rat Cx40, rat Cx43 or mouse Cx45 were cocultured
with hMSCs. Production, characterization and culture conditions of transfected HeLa
cells have been previously described (Valiunas et al., 2000; 2002).

Anti-connexin antibodies, immunofluorescent labeling, and immunoblot

analysis
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Commercially available mouse anticonnexin monoclonal and polyclonal
antibodies (Chemicon International, Temecula, CA) of Cx40, Cx43 and Cx45 were
used for immunostaining and immunoblots as described earlier (Laing and Beyer,
1995). Fluorescein-conjugated goat antimouse or antirabbit IgG (ICN Biomedicals,
Inc., Costa Mesa, CA) was used as secondary antibody.

Electrophysiological measurements across gap junctions

Glass coverslips with adherent cells were transferred to an experimental
chamber perfused at room temperature (~22°C) with bath solution containing (mM):
NaCl, 150; KCl, 10; CaCly, 2; Hepes, 5 (pH 7.4); glucose, 5. The patch pipettes were
filled with solution containing (mM): potassium aspartate, 120; NaCl, 10; MgATP, 3;
Hepes, 5 (pH 7.2); EGTA, 10 (pCa ~8); filtered through 0.22 um pores. When filled,
the resistance of the pipettes measured 1-2 MQ. Experiments were carried out on cell
pairs using a double voltage-clamp. This method permitted control of the membrane
potential (V) and measurement of the associated junctional currents (f;).

Dye flux studies

Dye transfer through gap junction channels was investigated using cell pairs.
Lucifer Yellow (LY; Molecular Probes) was dissolved in the pipette solution to reach a
concentration of 2 mM. Fluorescent dye cell-to-cell spread was imaged using a 16 bit
64 000 pixel grey scale digital CCD-camera (LYNXX 2000T, SpectraSource
Instruments, Westlake Village, CA) (Valiunas et al., 2002). In experiments with
heterologous pairs, LY was always injected into the cells which were tagged with Cell
Tracker Green. The injected cell fluorescence intensity derived from LY is 10-15
times higher than the initial fluorescence from Cell Tracker Green.

Human MSCs express connexins

The connexins, Cx43 and Cx40, were immunolocalized, as evidenced by typical
punctate staining, along regions of intimate cell-to-cell contact and within regions of
the cytoplasm of the hMSCs grown in culture as monolayers (Figs. 10A, B). Cx45
staining was also detected, but unlike that of Cx43 or Cx40, was not typical of
connexin distribution in cells. Rather, it was characterized by fine granular cytoplasmic
and reticular-like staining with no readily observed membrane-associated plaques (Fig.
10C). This does not exclude the possibility that Cx45 channels exist but does imply
that their number relative to Cx43 and Cx40 homotypic, heterotypic and heteromeric

channels is low. Figure 10D illustrates Western blot analysis for canine ventricle
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myocytes and hMSCs with a Cx43 polyclonal antibody which adds further proof of
Cx43 presence in hMSCs.

Gap junctional coupling between hMSCs and various cell lines

Gap junctional coupling among hMSCs is demonstrated in Fig. 11. Junctional
currents recorded between hMSC pairs show quasi-symmetrical (Fig. 11A) and
asymmetrical (Fig. 11B) voltage dependency arising in response to symmetrical 10-s
transjunctional voltage steps (V7) of equal amplitude but opposite sign starting from =+
10 mV to 110 mV using increments of 20 mV. These behaviors are typically
observed in cells which co-express Cx43 and Cx40 (Valiunas et al., 2001).

Figure 11C summarizes the data obtained from hMSC pairs. The values of
normalized instantaneous (gj inst, ©) and steady state conductances (s, ®) (determined
at the beginning and at the end of each V] step, respectively) were plotted versus Vj.
The left panel shows a quasi-symmetrical relationship from five hMSC pairs. The
continuous curves represent the best fit of data to the Boltzmann equation with the
following parameters: half-deactivation voltage, Vo =-70/65 mV; minimum gj, &jmin =
0.29/0.34; maximum gj, gjmax = 0.99/1.00; gating charge, z = 2.2/2.3 for
negative/positive ¥, respectively. Summarized plots from six asymmetrical cases are
shown in the right panel. The gjss declined in sigmoidal fashion at negative Vj and
showed a reduced voltage sensitivity to positive V. Boltzman fitting for negative V;
revealed the following values: ¥j0= -72 mV, gjmin = 0.2, gjmax = 0.99,z=1.5.

Figures 11D and E illustrate typical multichannel recordings from a hMSC pair.
Using 120 mM K aspartate as a pipette solution, channels were observed with unitary
conductances of 28-80 pS range. Operation of channels with ~50 pS conductance (see
Fig. 11D) is consistent with previously published values (Valiunas et al., 1997; 2002)
for Cx43 homotypic channels. This does not preclude the presence of other channel
types, it merely suggests that Cx43 forms functional channels in hMSCs.

To further define the nature of the coupling, hMSCs were co-cultured with
human HeLa cells stably transfected with Cx43, Cx40, and Cx45 (Elfgang et al., 1995)
and it was found that h(MSCs were able to couple to all these transfectants. Figure 12A
shows an example of junctional currents recorded between an hMSC and HeLaCx43
cell pairs that manifested symmetrically and asymmetrically voltage dependent currents
in response to a series (from & 10 mV to & 110 mV) of symmetrical transjunctional

voltage steps (7;). The quasi-symmetric record suggests that the dominant functional
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channel is homotypic Cx43 while the asymmetric record suggests the activity of
another connexin in the hMSC (presumably Cx40 as shown by immunohistochemistry,
see Fig. 10) that could be either a heterotypic or heteromeric form or both. These
records are similar to those published for transfected cells: heterotypic and mixed
(heteromeric) forms of Cx40 and Cx43 (Valiunas et al., 2000; 2001). Co-culture of
hMSCs with HeLa cells transfected with Cx40 (Fig. 12B) also revealed symmetric and
asymmetric voltage dependent junctional currents consistent with the co-expression of
Cx43 and Cx40 in the hMSCs similar to the data for Cx43 HeLa-hMSC pairs. HelLa
cells transfected with Cx45 coupled to hMSCs always produced asymmetric junctional
currents with pronounced voltage gating when Cx45 (HeLa) side was negative (Fig.
12C). This is consistent with the dominant channel forms in the hMSC being Cx43 and
Cx40 as both produce asymmetric currents when they form heterotypic channels with
Cx45 (Valiunas et al., 2000; 2001). This does not exclude Cx45 as a functioning
channel in hMSCs but it does indicate that Cx45 is a minor contributor to cell to cell
coupling in hMSCs. The lack of visualized plaques in the immunostaining for Cx45
(Fig. 10) further supports this interpretation.

The summarized plots of gj versus V; from pairs between hMSC and
transfected HeLa cells are shown in Fig. 12D. The left panel shows the results from
hMSC-HeLaCx43 pairs. For symmetrical data (e, four preparations), Boltzmann fits
(continuous lines) yielded the following parameters: Vo= -61/65 mV, gjmin= 0.24/0.33,
gjmax= 0.99/0.99, z =2.4/3.8 for negative/positive V;. For asymmetrical data (o, three
preparations), the Boltzmann fit (dashed line) at negative ¥; values revealed the
following parameter values: Vjo=-70 mV, gjmin = 0.31, gjmax=1.00,z=2.2. The
middle panel shows data from hMSC-HeLaCx40 pairs including three symmetrical (o)
and two asymmetrical (©) gj sV relationships. The continuous lines correspond to a
Boltzmann fit to symmetrical data (V0= -57/76 mV, gjmin= 0.22/0.29, g max = 1.1/1.0,
z = 1.4/2.3; negative/positive ¥;) and the dashed line is a fit to the asymmetrical data
(Vi0=-57/85 mV, gjmin = 0.22/0.65, gjmax = 1.1/1.0, z = 1.3/2.2; negative/positive V).
The data from the six complete experiments from hMSC-HeLaCx45 cell pairs are
shown on the right panel. The gj s plot versus V; was strongly asymmetrical and the
best fit of the data to the Boltzmann equation at positive V] values revealed following

parameter values: Vo= 31 mV, gjmin=0.07, gjmax=1.2,2z=1.8.
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Figure 12E shows Lucifer Yellow transfer from an hMSC to an hMSC (upper
panel), from a HeLaCx43 to an hMSC (middle panel), and from an hMSC to a
HeLaCx43 (bottom panel). The junctional conductance of the cell pairs was
simultaneously measured by methods described earlier (Valiunas et al., 2002) and
revealed conductances of ~13, ~16 and ~18 nS, respectively. The transfer of Lucifer
Yellow was similar to that previously reported for homotypic Cx43 or co-expressed
Cx43 and Cx40 in HeLa cells (Valiunas et al., 2002). Cell Tracker Green (Molecular
Probes) was always used in one of the two populations of cells to allow heterologous
pairs to be identified (Valiunas et al., 2000). Lucifer Yellow was always delivered to
the cell containing cell tracker. The fluorescence intensity generated by the Cell
Tracker Green was 10-15 times less than fluorescence intensity produced by the
concentration of Lucifer Yellow delivered to the source cell.

Human MSCs were also co-cultured with adult canine ventricular myocytes as
shown in Fig. 13. Immunostaining for Cx43 was detected between the rod-shaped
ventricular myocytes and hMSCs as shown in Fig. 13A. The hMSCs couple
electrically with cardiac myocytes. Both macroscopic (Fig. 13B) and multichannel
(Fig. 13C) records were obtained. Junctional currents in Fig. 13B are asymmetrical
while those in Fig. 13C show unitary events of the size range typically resulting from
the operation of homotypic Cx43 or heterotypic Cx43-Cx40 or homotypic Cx40
channels (Valiunas et al., 2000; 2001). Heteromeric forms are also possible whose
conductances are the same or similar to homotypic or heterotypic forms.

The studies of cell pairs have demonstrated effective coupling of hMSC to other
hMSC (13.8 £2.4 nS, n=14), to HeLaCx43 (7.9 £ 2.1 nS, n=7), to HeLaCx40 (4.6 +
2.6 nS, n=15), to HeLaCx45 (11 £ 2.6 nS, n=15.), and to ventricular myocytes (1.5 +
1.3nS, n=4). '

Use of hMSCs as a Delivery Platform for Biological Pacemaking

Human MSCs are viewed as a favorable platform candidate for delivering
biological pacemakers into the heart partly on the basis, suggested by Liechty et al.
(2000), that they might be immunoprivileged and as such would hopefully not give rise
to a rejection response. This is important because in the tradeoff between biological
and electronic pacemakers, any need for immunosuppression using the former approach

would be a detriment to cell therapy approaches and clinically undesirable.
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Human MSCs are obtained readily commercially or from the bone marrow, and
are identified by the presence of CD44 and CD29 surface markers, as well as by the
absence of other markers that are specific for hematopoietic progenitor cells. Using a
gene chip analysis, it was determined that the hMSCs do not carry message for HCN
isoforms. Importantly, they also do have a significant message level for the gap
junctional protein, connexin43. The latter observation is critical because the theory
behind platform therapy is that the hMSC would be loaded with the gene of interest,
e.g., HCN2, and implanted into myocardium (Rosen et al., 2004). However, having a
cell loaded with a signal would not work unless the cell formed functional connections
with its neighbors. The philosophy underlying the use of hMSCs as a delivery platform
is summarized in Fig. 1. In brief, in the normal sinus node, hyperpolarization of the
membrane initiates inward () current which generates phase 4 depolarization and an
automatic thythm. The changes in membrane potential result in current flow via the
low resistance gap junctions such that the action potential propagates from one cell to
the next. Use of the hMSC as a platform involves loading it with the gene of interest,
e.g., HCN2, preferably via electroporation, thereby avoiding any viral component of the
process (Rosen et al., 2004; Rosen, 2005; Cohen et al., 2005; Potapova et al., 2004).
The hMSC would have to be coupled effectively to the adjacent myocyte. If this
occurred, then the high negative membrane potential of coupled myocytes would
hyperpolarize the hMSC, opening the HCN channel and permitting inward current to
flow. This current, in turn, would propagate though the low resistance gap junctions,
depolarize a coupled myocyte and bring it to threshold potential, resulting in an action
potential that would then propagate further in the conducting system. In other words,
the hMSC and the myocyte each would have to carry an essential piece of machinery:
the myocyte would bring the ionic components that generate an action potential, the
hMSC would carry the pacemaker current, and — if gap junctions were present — the
two separate structural entities would function as a single, seamless physiologic unit.

The key question then is whether gap junctions are formed between hMSCs and
myocytes. The answer is affirmative, as the experimental data disclosed above show.
Figure 10 shows that connexins43 and 40 are clearly demonstrable in hMSCs. In
addition, hbMSCs form functional gap junction channels with cell lines expressing
Cx43, Cx40 or Cx45 as well as with canine ventricular cardiomyocytes (see also

Valiunas et al., 2004, the entire contents of which are hereby incorporated by
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reference). Lucifer Yellow passage between an hMSC and another hMSC or a
HeLaCx43 cell (see Fig. 12E) is yet another indicator of robust gap junction-mediated
coupling. The transfer of Lucifer Yellow between hMSCs and Hela cells transfected
with Cx43 is similar to that of homotypic Cx43 or coexpressed Cx43 and Cx40. It
excludes homotypic Cx40 as a dominating channel type as Cx40 is some 5 times less
permeable to Lucifer Yellow than Cx43 (Valiunas et al., 2002). Moreover, injection of
current into an hMSC in close proximity to a myocyte results in current flow to the
myocyte (Fig. 13), further indicative of the establishment of functional gap junctions.

These data suggest that MSCs should readily integrate into electrical syncytia of
many tissues, promoting repair or serving as the substrate for a therapeutic delivery
system. In particular, the data support the possibility of using hMSCs as a therapeutic
substrate for repair of cardiac tissue. Other syncytia such as vascular smooth muscle or
endothelial cells should also be able to couple to the hMSCs because of the ubiquity of
Cx43 and Cx40 (Wang et al., 2001a). Thus, they may also be amenable to hMSCs-
based therapeutics. For example, hMSCs can be transfected to express ion channels
which then can influence the surrounding synctial tissue. Alternatively, the hMSCs can
be transfected to express genes that produce small therapeutic molecules capable of
permeating gap junctions and influencing recipient cells. Further, for short term
therapy, small molecules can be directly loaded into hMSCs for delivery to recipient
cells. The success of such approaches is dependent on gap junction channels as the
final conduit for delivery of the therapeutic agent to the recipient cells. The feasibility
of the first approach has been demonstrated herein by delivering HCN2-transfected
hMSCs to the canine heart where they generate a spontaneous rhythm.

Another question concerned the autonomic responsiveness of the hMSCs. As
shown by Potapova et al. (2004), the addition of isoproterenol to hMSCs loaded with
HCN?2 resulted in a shift in activation such that increased current flowed at more
positive potentials. The result, as would be expected for native HCN2, should be an
increased pacemaker rate. Potapova et al. (2004) also investigated the response of It
expressed by hMSCs to acetylcholine. Acetylcholine alone had no effect on current,
but in the presence of isoproterenol antagonized the beta-adrenergic effect of the latter.
This is entirely consistent with the physiologic phenomenon of accentuated

antagonism.

60



10

15

20

25

30

WO 2007/014134 PCT/US2006/028625

Human MSCs loaded with HCN2 were also injected into the hearts of dogs in
which vagal stimulation was used to terminate sinoatrial pacemaker function and/or
atrioventricular conduction (Potapova et al., 2004). This resulted in spontaneous
pacemaker function that was pace-mapped to the site of injection. Moreover, tissues
removed from the site showed gap junctional formation between myocyte and hMSC
elements. Finally, the stem cells stained positively for vimentin, indicating that they
were mesenchymal, and positively for human CD44 antigen, indicating that they were
hMSCs of human origin (Potapova et al. 2004).

In a preliminary study, Plotnikov et al. (2005b) followed the function of hMSC-
based biological pacemaking through six weeks post-implantation and found that the
rate generated is stable. Equally importantly, staining for immune globulin and for
canine lymphocytes was used to determine if rejection of the hMSCs was occurring.
Using 2-week and 6-week time points, there was no evidence for humoral or cellular
rejection. This is consistent with the earlier work of Liechty et al (2000) suggesting
that hMSCs may be immunoprivileged. If more detailed investigation demonstrates
this to be the case, then it would abrogate any need for immunosuppression.

Overall, therefore, hMSCs appear to provide a very attractive platform for
delivering pacemaker ion channels to the heart for several reasons: they can be obtained
in relatively large numbers through standard clinical interventions; they are easily
expanded in culture; preliminary evidence suggests they are capable of long-term
transgene expression; and their administration can be autologous or via banked stores
(as they are immunoprivileged). Whereas hMSCs might in theory be differentiated in
vitro into cardiac-like cells capable of spontaneous activity, the genetic engineering
approach described herein does not depend on differentiation along a specific lineage.
Moreover, this ex vivo transfection method allows evaluation of DNA integration and
engineering of the cell carriers with fail-safe death mechanisms. Accordingly, adult
hMSCs are a preferred ion channel delivery platform to be employed in methods for
treating subjects afflicted with cardiac rhythm disorders comprising the induction of
biological pacemaker activity in the subject’s heart, and in making kits for use in such
methods.

It is important to emphasize the conceptual and practical differences between
the design of (1) gene therapy, and (2) stem cell therapy as described herein. Whereas

both have one endpoint in common — the delivery of a biological pacemaker — gene
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therapy uses specific HCN isoforms to engineer a cardiac myocyte into a pacemaker
cell, whereas hMSC therapy uses stem cells as a platform to carry specific HCN and/or
MiRP1 isoforms to a heart whose myocytes retain their original function. Gene therapy
makes use of preexisting homeotypic cell-cell coupling among myocytes to facilitate
propagation of the pacemaker impulses from those myocytes in which pacemaker
current is overexpressed to those that retain their original function. In contrast, stem
cells depend on heterotypic coupling of cells with somewhat dissimilar populations of
connexins to deliver pacemaker current alone from a stem cell to a myocyte whose
function is left unchanged. Importantly, and unlike sinus node cells, HCN2-transfected
hMSCs are not excitable, because they lack the other currents necessary to generate an
action potential. However, when transfected, these cells generate a depolarizing
current, which spreads to coupled myocytes, driving myocytes to threshold. In effect,
the myocyte acts like a trip wire whose hyperpolarization turns on pacemaker current in
the stem cell and whose depolarization turns off the current. The data presented herein
suggest that as long as the hMSCs contain the pacemaker gene and couple to cardiac
myocytes via gap junctions, they will function as a cardiac pacemaker in an analogous
manner to the normal primary pacemaker the sinoatrial node.

Mass of biological pacemaker required for normal pacemaker function

A biological pacemaker needs an optimal size (in terms of cell mass) and an
optimal cell-to-cell coupling for long-term normal function. It was fortuitous in the
early studies that the HCN constructs used, and the number of transfected hbMSCs
administered to the canine heart in situ, coupled to surrounding myocytes and
functioned as well as they did to generate significant, easily measurable pacemaker
activity. A mathematical model has subsequently been used to identify the appropriate
hMSC numbers and coupling ratios needed to optimize function.

The mathematical model was used to reconstruct an in vivo stem cell injection
using quantum dot nanoparticles (QD). Approximately 120,000 QD-containing hMSCs
were injected into rat LV free wall (at z= 4.9 mm), and the animal was terminated 1 h
after injection. Transverse 10-um sections were cut and visualized for QD fluorescence
at 655 nm with phase contrast overlay to show tissue borders. QD were found within
the delivered hMSCs and single QD*-cells were visualized in the myocardium at higher
resolutions. QD" -regions from 230 serial 10-um transverse sections were identified

and used to reconstruct the 3D distribution of QD clusters in the heart. A biological
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pacemaker was then mathematically modeled taking into account the properties of J; in
a stem cell, the effects of cell geometry on the propagation of an action potential, the
number of stem cells, the resting-voltage-induced reductions of I, and the requirements
for propagation of an action potential. The radius of a hMSC was assumed to be 7um,
which meant that the radius of a cluster of 10° stem cells is 0.03 cm, and 0.07 cm for
10° stem cells.

The model indicated that: 10° or more stem cells would generate a muscle
action potential; the characteristic input resistance of muscle saturates at about 0.03 cm;
because of voltage-dependent reductions in J;, current leaving the stem cell cluster
saturates at about 0.03 cm and thus the pacemaker potential in muscle saturates at about
0.03 cm. It was concluded that self sustaining propagation of an action potential in
muscle is essentially guaranteed if a shell of cells of radius of about 0.03 c¢m or larger
reaches threshold. This implies that if 1,000,000 stem cells are injected, only 10% need
to survive to create a biological pacemaker. These conclusions are consistent with the
experimental results on the induction of pacemaker activity in heart tissue in situ

disclosed herein.

EXAMPLE 4
Use of Chimeric HCN Channels for Biological Pacemaking

Chimeric HCN channel constructs

For constructing HCN chimeras, the HCN genes are first subcloned into
expression vectors. For example, mammalian genes encoding HCN1-4 (Santoro et al.,
1998; Ludwig et al., 1998; 1999; Ishii et al., 1999) are subcloned into vectors such as
pGHI19 (Santoro et al., 2000) and pGHE (Chen et al., 2001b). Deletion and chimeric
mutants are then made by a PCR/subcloning strategy, and the sequences of the resulting
mutant HCN constructs are verified by DNA sequencing.

HCN channels can be characterized as having three main portions, a
hydrophilic, cytoplasmic N-terminal portion (region 1), a six-membered, S1-S6 core
membrane-spanning (intramembrane) portion (region 2) comprising mainly
hydrophobic amino acids, and a hydrophilic, cytoplasmic C-terminal portion (region 3).
The boundaries of these portions can readily be determined by one of ordinary skill in

the art based on the primary structure of the protein and the known hydrophilicity or
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hydrophobicity of the constituent amino acids. For example, in mHCN]1, the C-
terminal portion is D390-L910. The C-terminal portion of mHCN?2 is D443-1.863.
Polynucleotide sequences encoding thg entire N-terminal domain, the core
transmembrane domain, or the C-terminal domain from any of HCN1, HCN2, HCN3
and HCN4, can be interchanged. The different chimeras so constructed are identified
using the nomenclature HCNXYZ, where X, Y, or Z is a number (either 1, 2, 3 or 4)
that refers to the identity of the N-terminal domain, core transmembrane domains, or C-
terminal domain, respectively.

Thus, for example, in the mHCN112 chimera (see Fig. 3), the N-terminal and
the intramembrane portions are from mHCN1 whereas the C-terminal amino acids
D390-L910 of mHCNI are substituted by the carboxy-terminal amino acids D443-
L863 of mHCN2. Conversely, in mHCN221, the carboxy-terminal amino acids D443-
L863 of mHCN?2 are substituted by the carboxy-terminal amino acids D390-L910 of
mHCNI1. In mHCN211, the amino terminal amino acids MI-S128 of mHCN]1 are
substituted the amino terminal amino acids M1-S181 of mHCN2. Conversely, in
mHCN122, amino acids MI-S181 of mHCN?2 are substituted by MI-S128 of mHCNI.
In mHCN121, the SI-S6 transmembrane domain amino acids D129-1.389 of mHCN1
are substituted by the transmembrane domain amino acids D182-1.442 of mHCN2.
Conversely, in mHCN212 (Fig. 3), amino acids D182-1.442 of HCN2 (i.e., the
intramembrane portion) are substituted by D129-L389 of mHCN1 (see Wang et al.,
2001b). For preparing human chimeric HCN channels, the same principles are applied
mutatis mutandis, employing domains from human HCN channels. For example,
hHCN112 has an amino terminal domain and an intramembrane domain from hHCN]1,
and a carboxy terminal domain from hHCN?2.

Expression of these HCN chimeras is readily observable in Xenopus oocytes.
For example, cRNA can be transcribed from Nhel-linearized DNA (for HCN1 and
mutants based on the HCN1 background) or Sphl-linearized DNA (for HCN2 and
mutants based on the HCN2 background) using a T7 RNA polymerase (Message
Machine; Ambion, Austin, TX). 50 ng of cRNA is injected into Xenopus oocytes as
described previously (Goulding et al., 1992).

Chimeric HCN channels enhances biological pacemaking

Experiments were performed to compare the gating kinetics of HCN2 and

chimeric HCN212 channels when expressed in neonatal rat ventricular myocytes.
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Figure 14 shows the results obtained using mHCN2 and a chimeric channel
(mHCN212) created by substituting D182-1442 of murine HCN2 with D129-1.389 of
murine HCN1. Analysis of the activation and deactivation kinetics reveals that
mHCN212 exhibits faster kinetics at all voltages compared to mHCN?2.

A comparison of expression efficiency of HCN2 and chimeric HCN212
channels in neonatal rat ventricular myocytes is shown in Fig. 15. The results indicate
that the expression of the chimeric channel is at least as good as that of the wild-type
channel. Moreover, analysis of the voltage dependence of activation indicates no
difference in voltage dependence of HCN2 and HCN212 channels when expressed in
myocytes.

Murine HCN212 was expressed in neonatal rat ventricular myocytes and
human adult mesenchymal stem cells and the expressed current subsequently studied
in culture. There is no significant difference in the voltage dependence of activation or
the kinetics of activation when the chimeric mHCN212 channel is expressed in the two
different cell types (see Fig. 16).

Figure 17 shows the steady state activation curve, activation kinetics and
cAMP modulation of wildtype mHCN2 and mHCN112 in oocytes. The data illustrate
that the chimeric HCN112 channel achieves significantly faster kinetics than HCN2
while preserving a strong cAMP response.

A comparison of the gating characteristics of mHCN2 and chimeric mHCN212
channels expressed in adult hMSCs (Fig. 18) shows that the voltage dependence of
activation is shifted significantly positive, and the kinetics of activation at any
measured voltage are significantly faster, for mHCN212 compared to HCN2.

These data suggest that the HCN212 chimera has significant advantages over
the wild-type HCN2 channel in inducing pacemaker activity for therapeutic
applications. Importantly, the positive shift and faster kinetics would be expected to
result in more current at shorter times for any specific voltage, and in particular, for
voltages in the diastolic potential range of cardiac cells (-50 to -90 mV).

Thus, manipulations can be employed to create chimeric HCN channels that
have suppressed or enhanced activities compared to the native HCN channels from
which they were derived, which allows selection of channels with different
characteristics optimized for treating cardiac conditions. For example, the activation

curves of the HCN channel current may be shifted to more positive or more negative
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potentials; the hyperpolarization gating may be enhanced or suppressed; the sensitivity
of the channel to cyclic nucleotides may be increased or decreased; and differences in
basal gating may be introduced. More particularly, the data provide evidence that a
pacemaker channe] with fast kinetics and good responsiveness to cAMP (and hence
altered responsiveness to autonomic stimulation) can be obtained by, for example,
selection of HCN1 components. Slower kinetics may also be obtained by, for example,
selection of HCN4 components in the chimera. The creation of HCN chimeras
exhibiting characteristics that are beneficial for treating heart disorders has not

previously been reported.

EXAMPLE 5

Pacemaking by Tandem Biological and Electronic Pacemakers 1 Situ

Implantation of tandem biological and electronic pacemakers in dogs

Experiments involving animals were performed using protocols approved by the
Columbia University Institutional Animal Care and Use Committee and conform to the
Guide for the Care and Use of Laboratory Animals (NTH Publication No. 85-23,
revised 1996).

Adult mongrel dogs weighing 22-25 kg were anesthetized with propofol 6
mg/kg I'V and inhalational isoflurane (1.5%-2.5%). Using a steerable catheter, saline (n
=5), AdmHCN2 (n = 6) or AdmE324A (n = 4) were injected into the left bundle
branch (LBB) as described previously (Plotnikov et al., 2004). In 2 additional dogs
AdmE324A was injected into the LV septal myocardium as an internal control.
Complete AV block was induced via radiofrequency ablation and each site of injection
was paced via catheter electrode to distinguish electrocardiographically the origin of
the idioventricular rhythm during the follow up period.

An electronic pacemaker (Discovery II, Flextend lead; Guidant, Indianapolis,
IN) was implanted and set at VVI 45 bpm. ECG, 24 hour Holter monitoring,
pacemaker log record check, and overdrive pacing at 80 bpm were performed daily for
14 days. To evaluate beta~-adrenergic responsiveness, on day 14, epinephrine (1.0, 1.5
and 2.0 pg/kg/min for up to 10 min each) was infused to an endpoint of a 50% increase
in idioventricular rate or ventricular arrhythmia (single ventricular premature beats

having a morphology other than that of the dominant idioventricular thythm or
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ventricular tachycardia), whichever occurred first. If none of the above responses was
observed within 10 min after onset of the maximal dose of 2 pg/kg/min, the infusion
was terminated.

Data are presented as means = SEM. In the in sifu experiments, the 5 saline-
injected dogs and the 2 injected into the myocardium (rather than the LBB) with
AdmE324A showed no electrophysiologic differences and were combined into one
control group for subsequent analysis. One-way ANOVA was used to evaluate the
effect of an implanted construct on electrophysiological parameters. Subsequent
analysis was performed using Bonferroni’s test where equal variances were assumed
and the Games-Howell test where variances were unequal. A two-way contingency
table analysis was conducted to evaluate whether epinephrine had different effects
across three groups. Data were analyzed using SPSS for Windows software (SPSS,
Inc.). P <0.05 was considered to be significant.

Operation of Tandem Biological and electronic pacemakers in situ

In a preliminary experiment, the possibility that injecting an adenovirus
carrying the E324A mutant might provide an effective alternative to HCN2 was tested
in vivo. It was found that E324A-infected dogs manifested basal rates that did not
differ significantly from those of HCN2-infected animals, while their catecholamine-
responsiveness was greater (Plotnikov et al., 2005a).

In the present experiments, adenoviral vectors carrying the HCN2 and E234A-
HCN2 genes, respectively, were then used to generate pacemaking activity in vivo in
tandem with implanted electronic pacemakers, and the performance of the tandem
pacemakers was compared with that of an electronic pacemaker used alone. Six dogs
received injections of an adenoviral vector incorporating the HCN2 gene in 0.6 ml of
saline into the left bundle branch (LBB) via a steerable catheter. The HCN?2 virus had
been characterized in neonatal rat myocytes as follows: midpoint of activation = -69.3
mV (n=15); at -65 mV activation T= 639 + 72 ms (n = 5); expressed current at -135
mV = 53.5 + 8.3 pA/pF (n=10). Four dogs were injected with an adenoviral vector
incorporating the mutant E324A gene in the LBB, and two additional dogs were
injected into the LV septal myocardium as an internal control. As another control, five
dogs received 0.6 ml of saline injected into the LBB.

Complete AV block was induced via radiofrequency ablation, and electronic

pacemakers were implanted into the right ventricular apical endocardium and seta VV1
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45 bpm. ECG and 24-h monitoring were performed daily for 14 days. Beta-adrenergic
responsiveness was also evaluated as described above.

The electronic pacemaker triggered 83 + 5% of all beats in controls, contrasting
(P <0.05) with 26 + 6% in the mHCN2 and 36 £ 7% in the mE324A groups (for the
latter two, P > 0.05). A temporal analysis of the electronically paced beats for the
tandem HCN2-electronic versus the electronic-only pacemaker is shown in Fig. 19A. It
is noteworthy that a significantly lower number of beats was initiated electronically in
the HCN2 group throughout the study period. Results for E324A (not shown) did not
differ significantly from HCN2.

Escape time was evaluated daily by performing three 30-s periods of ventricular
overdrive pacing at 80 bpm followed by an abrupt cessation of pacing. The average
time between the final electronically paced beat and the first intrinsic beat was then
determined. Escape times ranged from 1-5 s across all three groups and incorporated a
wide variability, such that no significant differences were seen. Hence no advantage
accrued to any group with regard to escape intervals. There was a different result with
regard to basal heart rates throughout the 14-day period, however. As shown in Fig.
19B, average heart rate in saline controls was that determined by the rate of the
electronic pacemaker (45 bpm). This was significantly slower throughout the study
than that of mHCN2 or mE324A-injected dogs, which groups did not differ from one
another.

An example of the interrelationship between the biological and the electronic
components of the tandem pacemaker is shown in Fig. 20. It is evident that as the
biological component slows, the electronic takes over, and that as the biological
component speeds in rate, the electronic ceases to fire.

Figure 21 demonstrates the response to epinephrine in terminal experiments.
Panel A shows representative ECGs for all three groups prior to and during infusion of
epinephrine, 1 pg/kg/min. Control rates were 42, 44 and 52 bpm for the saline,
mHCN2 and mE324A groups, respectively. With epinephrine, rates increased to 44, 60
and 81 bpm. Panel B summarizes the rate changes occurring at all doses of
epinephrine. As can be seen, in the saline group all dogs showed less than a 50%
increase in rate and/or ventricular premature depolarizations throughout the range of
epinephrine concentrations administered. One-half of the mHCN2 group generated a

50% or more increase in heart rate, of which 33% required the highest dose of
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epinephrine to achieve this increase. The remainder had less than a 50% increase in
heart rate or the occurrence of ventricular premature depolarizations. Finally, the
mE324A group manifested greater than a 50% increase in heart rate at the lowest dose
of epinephrine given. Hence there was far greater epinephrine sensitivity in the
mE324A group than in either of the others.

Tandem therapy as an alternative to either electronic or biological pacemaking

The experimental data presented above demonstrate, infer alia, that biological
pacemakers based on expression of mHCN2 and mE234A genes operate seanﬂessly in
tandem with electronic pacemakers to prevent heart rate from falling below a selected
minimum beating rate (Fig. 19); there is conservation of total number of electronic
beats delivered (Fig. 20); and there is provision of a higher, more physiologic and
catecholamine-responsive heart rate than is the case with an electronic pacemaker alone
(Fig. 21). Although an adenoviral vector was used to introduce the pacemaker genes
into canine hearts, data presented herein also indicate that hMSCs can provide an
effective platform for delivery of ion channel currents into the heart. Factors favoring
the use of hMSCs include their demonstrated ability to form gap junctions with a
variety of cell types, including cardiomyocytes (Figs. 10-13); their ability to generate in
heart tissue pacemaker activity that appears to be stable, at least over a 6-week period
(Plotnikov et al., 2005b); and evidence of no humoral or cellular rejection after six
weeks (Plotnikov et al., 2005b), which if confirmed over the longer term, would
abrogate any need for immunosuppression in hMSC-mediated therapy. Data were also
provided indicating that HCN channel domains can be recombined to produce chimeric
HCN channels that exhibit desirable gating characteristics for use in treating cardiac
conditions.

The data provided herein confirm the feasibility of engineering a biologic
pacemaker to meet the demands placed on modern day electronic pacemakers,
specifically to provide a physiologic basal heart rate and a means to elevate heart rate
during times of increased demand. mHCN2, mE324A and chimeric HCN channels
provide biologic pacemakers with different characteristics; yet they demonstrate the
principle that biologic pacemakers, like their electronic counterparts, can be tuned for
basal heart rate and catecholamine responsiveness.

The strengths and weaknesses of electronic pacemakers have been previously

considered (Rosen et al., 2004; Rosen, 2005; Cohen et al., 2005): clearly they are the
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state of the art as life-saving devices for treating a number of cardiac arrhythmias and
are being used increasingly for cardiac failure. These advantages more than outweigh
their disadvantages (see Background). Because electronic pacemakers represent a
highly successful form of medical palliation, they will not easily be replaced, but the
fact that they are not completely physiologic does make them a target for improvement
and ultimately replacement. However, the therapy that replaces them should be more
long-lasting, have less potential for inflicting damage, and be more physiologic. It is
with this in mind that biological pacemakers are being developed. It has been
suggested that biological pacemakers should have the potential to (1) create a lifelong,
stable physiologic rhythm without need of replacement; (2) compete effectively with
electronic pacemakers in satisfying the demand for a safe baseline rhythm, coupled
with autonomic responsiveness to facilitate responsiveness to the demands of exercise
and emotion; (3) be implanted at sites adjusted from one patient to another such that
propagation through an optimal pathway of activation occurs and efficiency of
contraction is optimized; (4) confer no risk of inflammation, neoplasia or rejection; (5)
have no arrhythmogenic potential. In other words, they should represent not palliation,
but cure (Rosen et al., 2004; Rosen, 2005).

There are two reasons to consider the use of tandem therapy as opposed to
therapy based on bic;logical or electronic pacemakers alone: one associated with
clinical trials, and the other associated with more widespread clinical use. After the
appropriate safety and efficacy preclinical testing is completed, a study of tandem
pacemaking in patients in complete heart block and atrial fibrillation would be a
reasonable starting point for a combined phase 1/phase 2 trial. Such a population has
need of pacemaker therapy and is not a candidate for AV sequential electronic pacing.
The state of the art therapy for such patients — a demand form of electronic ventricular
pacing — would be indicated and a biological implant could be made as well.
Moreover, the electronic component set at a sufficiently low rate would ensure a
“safety net” in case the biological component failed. However, even if phase 1 and
phase 2 trials provide evidence of safety and efficacy of the biological pacemaker there
is a need to understand how long a biological pacemaker will last. And in the first
generation of patients to receive them, this should likely be a lifelong question, during

which there must be continued electronic backup.
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With respect to broader clinical application of the tandem pacemaker concept
there are several issues to consider. First, the system is redundant by design and would
have two completely unrelated failure modes. Two independent implant sites and
independent energy sources would provide a safety mechanism in the event of a loss of
capture (e.g., due to myocardial infarction). Second, the electronic pacemaker would
provide not only a baseline safety net, but an ongoing log of all heartbeats for review
by clinicians, thus providing insight into a patient’s evolving physiology and the
performance of their tandem pacemaker system. Third, since the biologic pacemaker
will be designed to perform the majority of cardiac pacing, the longevity of the
electronic pacemaker could be dramatically improved. Alternatively longevity could
be maintained while the electronic pacemaker could be further reduced in size. Finally,
the biological component of a tandem system would provide true autonomic
responsiveness, a goal that has eluded more than 40 years of electronic pacemaker

research and development.

EXAMPLE 6

Biological-electronic biventricular pacemakers

Up to about 50% of patients with advanced cardiac failure exhibit
interventricular conduction delay (ventricular dyssynchrony) that may worsen LV
systolic dysfunction through asynchronous ventricular contraction. Furthermore,
prolonged QRS duration in these patients causes abnormal septal wall motion, reduced
cardiac contractility, decreased diastolic filling time and extended mitral regurgitation.
These abnormalities have been reported to be associated with increased morbidity and
mortality. Biventricular pacing (cardiac resynchronization therapy;, CRT) has been
shown to be successful in coordinating the contraction of the ventricles and improving
the hemodynamic status of the patient, thereby enhancing quality of life and reducing
the risk of death of patients (see, e.g., Abraham and Hayes, 2003; Cleland et al., 2005).

To date, use of biventricular pacing to treat cardiac failure involves placing two
leads in the ventricles in positions to optimize contraction. However, a problem that
arises with this arrangement is that the leads cannot always be placed at sites where
contraction can be optimized. The leads are inserted via the coronary veins (through

catheterization of the coronary sinus) and distribution is limited to the sites of venous
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circulation. In contrast, a biological pacemaker can be implanted at any site in the
ventricle via an endocardial approach, via the cardiac veins, or via thoracoscopy. Once
it is located at an appropriate site in the ventricle to optimize contraction, the biological
pacemaker may be used in a biventricular pacing mode in tandem with an electronic
pacemaker. For an optimal biventricular pacing effect, the biological pacemaker is
preferably implanted on the lateral free wall with a bias towards the apex rather than
base. The electronic unit is programmed to sense and fire at a certain interval after the
biological lead fires to provide biventricular function. In addition, the electronic
pacemaker is also programmed to fire in an escape mode in the event the biological unit
fires late.

In one embodiment, as an adjunct to the tandem system, a second electronic unit
1s placed in a coronary vein to function as a backup biventricular unit, and programmed
to fire with the primary electronic unit in the event the biological component does not
function. In another embodiment, nanoparticles are inserted in the stem cells, enabling
the stem cells function as a capacitor to charge up and then fire in response to a signal
emitted by the electronic unit. In yet another embodiment, nanoparticle-containing
stem cells are used in tandem with an electronic pacemaker (that is, an electronic unit
with a stem cell-nanoparticle unit working as a slave to it) to constitute a biventricular
pacemaker. All of the above components, tpgether with packaging material and a label
providing instructions for use, may be combined in a kit for using the biological
pacemaker in tandem with the electronic pacemaker in biventricular pacing mode to
treat a subject afflicted with advanced cardiac failure and ventricular dyssynchrony.

In the development of a biological pacemaker, it seems likely that the use of an
electronic pacemaker in tandem with a biologic cure will provide an essential bridge to
the future of biologic therapeutics. While the bridge may lead to a future of pure
biologic therapies, it may itself be an interesting destination providing greater benefit to
patients and clinicians. The use of tandem biological and electronic pacemakers for

biventricular pacing may be a particularly attractive destination.
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What is claimed is:

1. A tandem pacemaker system comprising (1) an electronic pacemaker, and (2) a
biological pacemaker, wherein the biological pacemaker comprises an implantable cell
that functionally expresses a hyperpolarization-activated, cyclic nucleotide-gated
(HCN) ion channel, and wherein the expressed HCN channel generates an effective

pacemaker current when the cell is implanted into a subjects heart.

2. The tandem pacemaker system of claim 1, wherein the cell is capable of gap

junction mediated communication with cardiomyocytes.

3. The tandem pacemaker system of claim 2 wherein the cell is selected from the
group consisting of a stem cell, a cardiomyocyte, a fibroblast or skeletal muscle cell

engineered to express cardiac connexins, and an endothelial cell.

4. The tandem pacemaker system of claim 2 wherein the stem cell is an embryonic

or adult stem cell.

S. The tandem pacemaker system of claim 4 wherein the stem cell is a human

adult mesenchymal stem cell.

6. The tandem pacemaker system of claim 5 wherein the biological pacemaker

comprises at least about 200,000 human adult mesenchymal stem cells.

7. The tandem pacemaker system of claim 5 wherein the biological pacemaker

comprises at least about 700,000 human adult mesenchymal stem cells.

8. The tandem pacemaker system of claim 1 wherein the HCN channel is HCNI,
HCN2, HCN3 or HCN4.

0. The tandem pacemaker system of claim 5 wherein the HCN channel is a human
HCN1, HCN2, HCN3 or HCN4.

10.  The tandem pacemaker system of claim 1 wherein the HCN channel has at least
about 75% sequence identity with mHCN1 (SEQ ID NO: ), mHCN2 (SEQ ID
NO:_ ), mHCN3 (SEQ ID NO:_ ), or mHCN4 (SEQ ID NO:_ ).
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11.  The tandem pacemaker system of claim 9 wherein the HCN channel is a
hHCN2 having SEQ ID NO: __ .

12. The tandem pacemaker system of claim 1 wherein the HCN channel is at least
about 75% homologous to SEQ IDNO: ___.

13.  The tandem pacemaker system of claim 1 wherein the cell further functionally

expresses a MiRP1 beta subunit.

14. A tandem pacemaker system comprising (1) an electronic pacemaker, and (2) a
biological pacemaker, wherein the biological pacemaker comprises an implantable cell
that functionally expresses a mutant HCN ion channel, wherein the expressed mutant
HCN channel generates an effective pacemaker current when implanted into a subject’s

heart.

15.  The tandem pacemaker system of claim 14, wherein the cell functionally
expresses a mutant HCN1, HCN2, HCN3, or HCN4.

16.  The tandem pacemaker system of claim 15, wherein the cell functionally
expresses a mutant human HCN1, HCN2, HCN3, or HCN4.,

17.  The tandem pacemaker system of claim 16, wherein the cell functionally

expresses a mutant human HCN2.

18.  The tandem pacemaker system of claim 14 wherein the mutant HCN channel
provides an improved characteristic, as compared to a wild-type HCN channel, selected
from the group consisting of faster kinetics, more positive activation, increased levels
of expression, increased stability, enhanced cAMP responsiveness, and enhanced

neurohumoral response.

19.  The tandem pacemaker system of claim 14, wherein the mutant HCN channel
contains a mutation in a region of the channel selected from the group consisting of the
S4 voltage sensor, the S4-S5 linker, S5, S6 and S5-S6 linker, the C-linker, and the
CNBD regions.
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20.  The tandem pacemaker system of claim 14 wherein the mutant HCN channel is
derived from HCN2 and comprises E324A-HCN2, Y331A-HCN2, R339A-HCN2, or
Y331A,E324A-HCN2,

21.  The pacemaker system of claim 20, wherein the mutant HCN channel comprises
E324A-HCN2.

22.  The tandem pacemaker system of claim 14, wherein the cell is selected from the
group consisting of a stem cell, a cardiomyocyte, a fibroblast or skeletal muscle cell

engineered to express cardiac connexins, and an endothelial cell.

23.  The tandem pacemaker system of claim 22 wherein the stem cell is an
embryonic or adult stem cell and wherein said stem cell is substantially incapable of

differentiation.

24,  The tandem pacemaker system of claim 23 wherein the stem cell is a human

adult mesenchymal stem cell.

25.  The tandem pacemaker system of claim 24 wherein the biological pacemaker

comprises at least about 200,000 human adult mesenchymal stem cells.

26.  The tandem pacemaker system of claim 25 wherein the biological pacemaker

comprises at least about 700,000 human adult mesenchymal stem cells.

27. A tandem pacemaker system comprising (1) an electronic pacemaker, and (2) a
bypass bridge comprising a strip of gap junction-coupled cells having a first end and a
second end, both ends capable of being attached to two selected sites in a heart, so as to
allow the transmission of an electrical signal across the tract between the two sites in

the heart.

28.  The tandem pacemaker system of claim 27, wherein the first end of the bypass
bridge is capable of being attached to the atrium and the second end capable of being
attached to the ventricle, so as to allow transmission of an electrical signal from the

atrium to travel across the tract to excite the ventricle.
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29.  The tandem pacemaker system of claim 27, wherein the cells are stem cells,
cardiomyocytes, fibroblasts or skeletal muscle cells engineered to express cardiac

connexins, or endothelial cells.

30.  The tandem pacemaker system of claim 29 wherein the stem cell is an

embryonic or adult stem cell.

31.  The tandem pacemaker system of claim 30 wherein the stem cell is a human

adult mesenchymal stem cell.

32.  The tandem pacemaker system of claim 27, wherein the cells of the bypass
bridge functionally express at least one protein selected from the group consisting of: a
cardiac connexin; an alpha subunit and accessory subunits of a L-type calcium channel;
an alpha subunit with or without the accessory subunits of a sodium channel; and a L-
type calcium and/or sodium channel in combination with the alpha subunit of a

potassium channel, with or without the accessory subunits of the potassium channel.

33.  The tandem pacemaker system of claim 27, wherein the cardiac connexin is

selected from the group consisting of Cx43, Cx40, and Cx45.

34.  The tandem pacemaker system of claim 27 further comprising a biological
pacemaker comprising comprises an implantable cell that functionally expresses a
(a) an HCN ion channel, or
(b) a mutant HCN channel
wherein the expressed HCN, chimeric HCN or mutant HCN channel generates an

effective pacemaker current when said cell is implanted into a subject’s heart.

35.  The tandem system of claim 34 wherein the implantable cell is a human adult

mesenchymal stem cell.
36.  The tandem system of claim 35 wherein the HCN channel is HCNZ.

37.  The tandem system of claim 35 wherein the biological pacemaker comprises at

least about 200,000 human adult mesenchymal stem cells.

38.  The tandem pacemaker system of claim 37 wherein the biological pacemaker

comprises at least about 700,000 human adult mesenchymal stem cells.
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39. A tandem pacemaker system comprising (1) an electronic pacemaker, and (2) a
vector comprising a nucleic acid encoding an HCN channe or a mutant HCN channel,
wherein said vector is administered to a cell in the heart of a subject and wherein said
HCN channel or mutant HCN channel is expressed in the cells in the heart to generate

an effective pacemaker current.
40.  The tandem pacemaker system of claim 39 wherein the HCN channel is HCN2.

41. A method of treating a subject afflicted with a cardiac rhythm disorder, which
method comprises administering the tandem pacemaker system of any of claims 1 or 14
to the subject, wherein the biological pacemaker of the system is provided to the
subjects heart to generate an effective biological pacemaker current and further
providing the electronic pacemaker to the subject’s heart to work in tandem with the

biological pacemaker to treat the cardiac rhythm disorder.

42.  The method of claim 41 wherein the electronic pacemaker is provided before

the biological pacemaker.

43,  The method of claim 41 wherein the electronic pacemaker is provided

simultaneously with the biological pacemaker.

44.  The method of claim 41 wherein the electronic pacemaker is provided after the

biological pacemaker.

45.  The method of claim 41 wherein the biological pacemaker is provided to the
Bachman’s bundle, sinoatrial node, atrioventricular junctional region, His branch, left
or right bundle branch, Purkinke fibers, right or left atrial muscle or ventricular muscle

of the subject’s heart.

46.  The method of claim 41 wherein the biological pacemaker enhances beta-
adrenergic responsiveness of the heart, decreases outward potassium current Ix;, and/or

increases inward current Ir.

47.  The method of claim 41 wherein the cardiac rthythm disorder is a sinus node
dysfunction, sinus bradycardia, marginal pacemaker activity, sick sinus syndrome,
tachyarrhythmia, sinus node reentry tachycardia, atrial tachycardia from an ectopic

focus, atrial flutter, atrial fibrillation, bradyarrhythmia, or cardiac failure and wherein
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the biological pacemaker is administered to the left or right atrial muscle, sinoatrial

node, or atrioventricular junctional region of the subject’s heart.

48.  The method of claim 41 wherein the electronic pacemaker is programmed to
sense the subject’s heart beating rate and to produce a pacemaker signal when the heart

beating rate falls below a selected heart beating rate.

49,  The method of claim 48 wherein the selected beating rate is a selected

proportion of the beating rate experienced by the heart in a reference time interval.

50. The method of claim 49 wherein the reference time interval is an immediately

preceding time period of selected duration.

51.  The method of claim 50, wherein battery life of the electronic pacemaker is

preserved.

52. A method of treating a cardiac rhythm disorder, wherein the disorder is a
conduction block, complete atrioventricular block, incomplete atrioventricular block,
bundle branch block, cardiac failure, or a bradyarrhythmia, the method comprising
administering the pacemaker system of claim 27 to the subject’s heart such that the
bypass tract spans the region exhibiting defective conductance, wherein transmission
by the bypass tract of an electronic pacemaker current induced by the electronic
pacemaker is effective to treat the subject, and wherein the electronic pacemaker is

provided either prior to, simultaneously with or after the bypass tract is provided.

53. A method of treating a cardiac rhythm disorder in a subject, wherein the
disorder is a conduction block, complete atrioventricular block, incomplete
atrioventricular block, bundle branch block, cardiac failure, or a bradyarrhythmia, the
method comprising administering the pacemaker system of claim 1 or 14 to a region of

the subject’s heart to compensate for the conduction block.

54,  The method of claim 52, wherein the electronic pacemaker is further
programmed to sense the subject’s heart beating rate and to produce a pacemaker signal

when the heart beating rate falls below a selected heart beating rate.

55. A method of treating a subject afflicted with a sinus node dysfunction, sinus

bradycardia, marginal pacemaker activity, sick sinus syndrome, cardiac failure,
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tachyarrhythmia, sinus node reentry tachycardia, atrial tachycardia from an ectopic
focus, atrial flutter, atrial fibrillation, or a bradyarrhythmia and a conduction block
disorder, which method comprises administering the tandem pacemaker system of
claim 34, wherein the electronic pacemaker is provided either prior to, simultaneously
with, or after the biological pacemaker is provided, and wherein the biological
pacemaker is administered to the subject to generate an effective biological pacemaker
current in the subject’s heart, and wherein the bypass tract spans the region exhibiting
defective conductance, wherein transmission by the bypass tract of an electronic

pacemaker and/or biological pacemaker current is effective to treat the subject.

56.  The method of claim 55, wherein the electronic pacemaker is further
programmed to sense the subject’s heart beating rate and to produce a pacemaker signal

when the heart beating rate falls below a selected heart beating rate.

57. A method of monitoring cardiac signals in a subject the method comprising
providing a tandem pacemaker system of claims 1 or 14 to a site in the subject’s heart,
wherein the electronic pacemaker is provided either prior to, simultaneously with, or
after the biological pacemaker is provided, and monitoring the subject’s heart rate with

the electronic pacemaker.,

58.  The method of claim 57, wherein the electronic pacemaker is further
programmed to sense the subject’s heart beating rate and to produce a pacemaker signal

when the heart beating rate falls below a selected heart beating rate.

59. A method of enhancing cardiac pacing function of an electronic pacemaker, the
method comprising providing the tandem electronic pacemaker system of claims 1 or
14, and selectively stimulating the heart with the electronic pacemaker wherein the
electronic pacemaker is programmed to sense the subject’s heart beating rate and to
produce a pacemaker signal when the heart beating rate falls below a selected heart

beating rate.

60. A method of treating a subject afflicted with ventricular dyssynchrony
comprising (a) selecting a site in a first ventricle of the subject’s heart, (b)
administering a biological pacemaker of claim 1 or 14 to the selected site so as to

initiate pacemaker activity and stimulate contraction of the first ventricle, and (c)
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pacing a second ventricle of the heart with a first electronic pacemaker which is
programmed to detect a signal from the biological pacemaker and to produce a
pacemaker signal at a reference time interval after the biological pacemaker signal is

detected, thereby providing biventricular pacemaker function to treat the subject.

61.  The pacemaker system of claim 60 wherein the electronic pacemaker is further
programmable to produce a pacemaker signal when it fails to detect a signal from the

biological pacemaker after a time period of specified duration.

62.  The pacemaker system of claim 60 further comprising a second electronic
pacemaker to be administered to a coronary vein, wherein the second electronic
pacemaker is programmable to detect a signal from the biological pacemaker and to
produce a pacemaker signal in tandem with the first electronic pacemaker if said
second electronic pacemaker fails to detect a signal from the biological pacemaker after
a time period of specified duration, the first and second electronic pacemakers thereby

providing biventricular function.

63. A tandem pacemaker system for treating a subject afflicted with ventricular
dyssynchrony comprising (1) a biological pacemaker of claim 1 or 14 to be
administered to a first ventricle of the subject’s heart, and (2) an electronic pacemaker
to be administered to a second ventricle of the subject’s heart, wherein the electronic
pacemaker is programmable to detect a signal from the biological pacemaker and to
produce a electronic pacemaker signal at a reference time interval after the biological
pacemaker signal is detected, so as to thereby provide biventricular pacemaker
function, and wherein the electronic pacemaker is provided either prior or

simultaneously with the biological pacemaker

64.  The pacemaker system of claim 63 wherein the electronic pacemaker is further
programmable to produce a pacemaker signal when it fails to detect a signal from the

biological pacemaker after a time period of specified duration.

65.  The pacemaker system of claim 63 further comprising a second electronic
pacemaker to be administered to a coronary vein, wherein the second electronic
pacemaker is programmable to detect a signal from the biological pacemaker and to

produce a pacemaker signal in tandem with the first electronic pacemaker if said
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second electronic pacemaker fails to detect a signal from the biological pacemaker after
a time period of specified duration, the first and second electronic pacemakers thereby

providing biventricular function.
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| !{Properties of expressed Wt HCN2 and mHCN2 (E324A)in oocytes
A Wt mHCN2 B mHCN2 (E324A)
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Fighré™13 -

Current magnitude of expressed Wt mHCN2
and mHCN?2 (E324A) in Oocytes
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Newborn Myocytes monolayer ] AdmHCN2
40 % vz AdCh212
% rate ﬁ
increase
(lso 1uM)
20 n=11 n=8
.\\N..
0
p<.05
5. P<.05
) T
7
4 n.-.. T T . , ..\\
rate 3d ;L
(Hz) A
2~ . /e
1+ o s
] / / \
0
cont iso 1M cont iso 1uM

P<.05



PCT/US2006/028625

24/30

WO 2007/014134

\

~C @@r
jonuo’) o1 —W |
[0.11 0023y 5T

AMPsT-

Amwpp-
0

AWQS
. U 19301013 93ejjop

SOSINY Ul ZIZNOHW Jo uoissaadxyy



PCT/US2006/028625

WO 2007/014134

25/30

ot 09~ 08- 001~ 0TI~ OF1- 091-

(A I
[ 20 =z
(A [T8'z1=103083 adorg m
AW GIFE9L="A | 1y =
{L=1) SOSINY U1 ZTIN D &
g

L -

[ 90 m..
5
g0 &

L o'

ST

AwWpy

|_ Ao

ANSI+

0

\'4

SOSTAY Ul ZIZNDHW possardxy Jo uoneinoy

S

—

e ,@, Hrr



PCT/US2006/028625

WO 2007/014134

26/30

cAMP Modulation of Expressed mHCN212 in hMSCs

Normalized current
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SEQUENCE LISTING
<110> COLUMBIA UNIVERSITY
<120> TANDEM CARDIAC PACEMAKER SYSTEM
<130> 13533/48776

<140>
<141>

<150>
<1l51>

60/70%1,312
2005-07-21

<150>
<151>

60/781,723
2006-03-14

<150>
<151>

60/715,934
2005-09-09

<l60> 28

<170>

<210> 1

<21l> 2670
<212> DNA
<213> Homo

<400> 1

atggacgcgce
gggccgecge
ceccocgegecece
ttgccecececgg
tegtgeggee
gagtgeggge
ccecaaggtgt
gcggaggagy
agcttcatge
cggatgtteg
goctggatca
atgatggttg
acaacaccat
atgaatttta
gtgatcaaga
gtggattata
agggcactte
tcaaggttaa
gececagtgeag
gatggttgtc
tctttaaatg
gctatgagte
ctectggatta
catgccaccg
aagcaggtgg
cacgactact
gagctcaacg
tcecatgeege

PatentIn Ver. 3

sapiens

gcegggggcgy
cgoegecgeca
ccecgggecce
aggcggcgga
gcceoaoggeac
gcggegagec
cgttctegtyg
cgggcagcga
agcgcecagtt
gcagccagaa
tccacccegta
gaaatctagt
ggattatttt
ggactgggac
tgaattattt
tctttettat
gcattgtgag
ttagatacat
tggtgagaat
ttecagttett
aaatggttaa
acatgctgtg
ccatgetgag
ctttaatceca
agcagtacat
atgagcaccyg
ggeccctgeg
tgttcgecaa

.3

cgggceggecce
gccegegeac
cgggeccegeyg
tgagggcggc
ccegggegeg
gcagtgcoage
cecgeggggcy
ggaggcgggce
cggegegetce
ggcegtggag
cagcgacttc
catcatacca
caatgtggca
tgtcaatgaa
aaaaagcetgg
tgtagaaaaa
gtttacaaaa
acatcaatgg
ttttaatcte
agtaccacta
tgattcttgg
cattgggtat
catgatcgtce
gtctctggac
gtcecttecac
ttaccagggce
ggaggagatc
cgecgaccac

ggggagagcece
ccccaacage
ccaccccage
cecgeggggec
gcgagcacgg
cecegeggggce
gcetegggge
cegygcgyggy
ctgcagcegg
cgegagcagg
aggttttact
gttggaatca
tcagatacag
gacagttetg
tetgtggttyg
ggaatggatt
attctcagte
gaagagatat
atcggecatga
ctgcaggact
ggaaagcagt
ggagceccaaqg
ggggceacct
tcctegegge
aagctgccag
aagatgtttg
gtcaacttcea
aacttcgtea

cgggegegag
agcacgeogec
acccgecceyg
ggcteccegeayg
ccaagggeag
ccgagggeac
cegegeeggg
agcegcgegyg
gcgtcaacaa
agcgcgtcaa
gggatttaat
cattctttac
ttttectatt
aaatcatcet
acttcatctc
ctgaagttta
tcttgegttit
tccacatgac
tgetgeteet
tcccaccaga
attcatacgc
cccecagteag
gctatgececat
gccagtacca
ctgactteeg
acgaggacag
actgccggaa
cggecatget

ccacacgace
gcaegecgacy
ggccgaggcyg
cegegacage
cceogaacggce
ggcgcggggy
gecggggceceg
cagccaggcce
gttctegetg
gteggegggg
aatgcttata
agagcaaaca
ggacctgatc
ggaccccaaa
atcecatccca
caagacagcc
attacgactt
atatgatctc
gtgeccactgy
ttgctgggty
actcttcaaa
catgtctgac
gtttgtecggce
ggagaagtac
ccagaadgatc
catcctggge
gctggtggec
gaccaagcete

50
120
180
240
300
360
420
480
540
600
660
720
780
840
200
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
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aagttcgagg
atgtacttca
ctgtccgatg
agcgtgcggyg
gtgctggagg
gaccgeatecg
ggcgtattca
atggtgecage
ccgcaggtcea
caggtggege
ccgecceogy
ccgggegegce
gcecccecttg
tcegectege
gccagecagcet
ccggaccgcea
gecgegetege

<210> 2
<211l> 889
<212> PRT
<213> Homo

<400> 2

Met Asp Ala

1

Ser Pro

Gln Gln

Ala
50

Pro

Ala
65

Ala

Ser Cys

Ser Pro

Gly Pro

Gly Ala

130

Gly
145

Ser

Ser Phe

Thr

Pro

Asp

Gly

Asn

Glu

115

Ala

Glu

Met

tcttecageco
tcecagcacgg
getectactt
ctgacaccta
agtaccccat
gcaagaagaa
acaaccagga
aggccgagct
ccteggecat
ggccgetegt
ggcccgeacce
cecgeocagece
ctgggceege
agcecteget
ccacaccgcg

gggactcggce
gcctetegte

sapiens
Arg Gly
5

Thr
20

Gly
Pro Pro
Pro Gln
Glu Gly

Pro
85

Arg

Gly Glu

100

Gly Pro

Ser

Gly

Glu Ala

Gly

Pro

Pro

His

Gly

Gly

Cys

Ala

Pro

Gly

gggtgactac
cgtggtcage
cggggagatc
ctgeegectce
gatgcggcegc
ttccatccte
gaacgccatc
gggtcagcge
cgccacgetg
ggggecgetyg
tgocageegec
ccgggeaceg
cctgcecegeg
gccteacgge
cttggggecc
ctcaccegge
caacttgtga

Gly Gly

Pro

Pro

Pro
40

Pro

Pro Pro

55
Pro Arg
70

Thr Pro

Gly Arg

Arg Gly

120

Ala
135

Pro

Pro Ala

150

Gln Arg

165

Gln

Phe Gly

Arg

2/58

atcatccgeg
gtgctcacta
tgcectgetea
tattcgctga
geettegaga
ctgcacaagg
atccaggaga
gtgggecctcet
cagcaggegg
gegetegget
tcacccggge
cggacctege
cgcegectga
gcceeceggece
acgcccgetg
gcecgeceggeg

Pro
10

Gly

Pro Pro Pro

25
Ala

Pro Pro

Arg Ala Glu

Leu
75

Gly Arg

Ala
90

Gly Ala

Gly Glu Pro

105
val

Pro Lys

Gly Pro Gly

Glu Pro

155

Gly

Ala Leu Leu

170

aaggcaccat
agggcaacaa
cceggggecyg
gcgtggacaa
cggtggceccat
tgcagcatga
tcgtcaagta
tccegeegece
cggccatgag
cgecgegecet
cceegeccce
cctacggegyg
gececgegegte
ccgeggectce
cccgggecge
gcctggaccce

Glu Ser

Ala

Pro

Pro
45

Pro

Ala
60

Leu
Arg Ser
Thr

Ser

Gln Cys

Pro

Pro

30

Gly

Pro

Arg

Ala

Ser

PCT/US2006/028625

cgggaagaag
ggagatgaag
ccgeacggeyg
cttecaacgag
cgacegectg
cctcaactceg
cgaccgegag
gccgecgecg
cttctgeecyg
cgtgecgeegce
cgccageeoce
cctgcceogece
gcgeccactyg
cacacgcceg
cgcgeccagce
ccaggactcc

Gly Ala

15

Pro Gln

Pro Gly
Glu

Pro

Ser
80

Asp

Lys
95

Gly

Pro Ala

110

Phe
125

Ser

Pro Ala

140

Arg Gly

Gln Pro

Ser

Glu

Ser

Gly

Cys Arg

Glu Ala

Gln Ala

160

val
175

Asn

1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2670
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Lys Phe Ser Leu Arg Met Phe Gly Ser Gln Lys Ala Val Glu Arg Glu
180 185 180

Gln Glu Arg Val Lys Ser Ala Gly Ala Trp Ile Ile His Pro Tyr Ser
195 200 205

Asp Phe Arg Phe Tyr Trp Asp Leu Ile Met Leu Ile Met Met Val Gly
210 215 220

Asn Leu Val Ile Ile Pro Val Gly Ile Thr Phe Phe Thr Glu Gln Thr
225 230 235 240

Thr Thr Pro Trp Ile Ile Phe Agn Val Ala Ser Asp Thr Val Phe Leu
245 250 255

Leu Asp Leu Ile Met Asn Phe Arg Thr Gly Thr Val Asn Glu Asp Ser
260 265 270

Ser Glu Ile Ile Leu Asp Pro Lys Val Ile Lys Met Asn Tyr Leu Lys
275 280 285

Ser Trp Ser Val Val Asp Phe Ile Ser Ser Ile Pro Val Asp Tyr Ile
250 295 300

Phe Leu Ile Val Glu Lys Gly Met Asp Ser Glu Val Tyr Lys Thr Ala
305 310 315 320

Arg Ala Leu Arg Ile Val Arg Phe Thr Lys Ile Leu Ser Leu Leu Arg
325 330 335

Leu Leu Arg Leu Ser Arg Leu Ile Arg Tyr Ile His Gln Trp Glu Glu
340 345 350

Ile Phe His Met Thr Tyr Asp Leu Ala Ser Ala Val Val Arg Ile Phe
355 360 365

Asn Leu Ile Gly Met Met Leu Leu Lieu Cys His Trp Asp Gly Cys Leu
370 375 380

Gln Phe Leu Val Pro Leu Leu Gln Asp Phe Pro Pro Asp Cys Trp Val
385 390 395 400

Ser Leu Asn Glu Met Val Asn Asp Ser Trp Gly Lys Gln Tyr Ser Tyr
405 410 415

Ala Leu Phe Lys Ala Met Ser His Met Leu Cys Ile Gly Tyr Gly Ala
420 ‘ 425 430

Gln Ala Pro Val Sexr Met Ser Asp Leu Trp Ile Thr Met Leu Ser Met
435 440 445

Ile val Gly Ala Thr Cys Tyr Ala Met Phe Val Gly His Ala Thr Ala
4590 455 460

Leu Ile Gln Ser Leu Asp Ser Ser Arg Arg Gln Tyr Gln Glu Lys Tyr
465 . 470 475 480
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Lys Gln Val Glu Gln Tyr Met Ser Phe His Lys Leu Pro Ala Asp Phe
485 490 495

Arg Gln Lys Ile His Asp Tyr Tyr Glu His Arg Tyr Gln Gly Lys Met
500 505 510

Phe Asp Glu Asp Ser Ile Leu Gly Glu Leu Asn Gly Pro Leu Arg Glu
515 520 525

Glu Ile Val Asn Phe Asn Cys Arg Lys Leu Val Ala Ser Met Pro Leu
530 535 540

Phe Ala Asn Ala Asp Pro Asn Phe Val Thr Ala Met Leu Thr Lys Leu
545 550 555 560

Lys Phe Glu Val Phe Gln Pro Gly Asp Tyr Ile Ile Arg Glu Gly Thr
565 570 575

Ile Gly Lys Lys Met Tyr Phe Ile Gln His Gly Val Val Ser Val Leu
580 585 590

Thr Lys Gly Asn Lys Glu Met Lys Leu Ser Asp Gly Ser Tyr Phe Gly
595 600 605

Glu Ile Cys Leu Leu Thr Arg Gly Arg Arg Thr Ala Ser Val Arg Ala
610 615 620

Asp Thr Tyr Cys Arg Leu Tyr Ser Leu Ser Val Asp Asn Phe Asn Glu
625 630 635 640

Val Leu Glu Glu Tyr Pro Met Met Arg Arg Ala Phe Glu Thr Val Ala
645 650 655

Ile Asp Arg Leu Asp Arg Ile Gly Lys Lys Asn Ser Ile Leu Leu His
660 665 670

Lys Val Gln His Asp Leu Asn Ser Gly Val Phe Asn Asn Gln Glu Asn
675 680 685

Ala Ile Ile Gln Glu Ile Val Lys Tyr Asp Arg Glu Met Val Gln Gln
690 695 700

Ala Glu Leu Gly Gln Arg Val Gly Leu Phe Pro Pro Pro Pro Pro Pro
705 710 715 720

Pro Gln Val Thr Ser Ala Ile Ala Thr Leu Gln Gln Ala Ala Ala Met
725 730 735

Ser Phe Cys Pro Gln Val Ala Arg Pro Leu Val Gly Pro Leu Ala Leu
740 745 750

Gly Ser Pro Arg Leu Val Arg Arg Pro Pro Pro Gly Pro Ala Pro Ala
755 760 765

Ala Ala Ser Pro Gly Pro Pro Pro Pro Ala Ser Pro Pro Gly Ala Pro
770 775 780
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Ala
785

Ser Pro

Ala Pro

Ser Arg Pro

Ala
835

Gly Pro

Gly Pro Thr

850
Ala

Asp Ser

865
Ala

Arg Ser

<210> 3

<211> 2325
<212> DNA
<213> Homo

<400> 3

atggaggcag
gcggtgecte
gggcctgage
tceetteggg
gcgggggect
ctgctgetga
gagaactcco
ctggtgetca
ccgcgggcoca
atccctgtgg
tacaaaacgg
ctgcteegec
acctatgacc
ctatgtcact
gactgctggg
gccetgttcea
ggcatgececcg
atgttcateg
caggagaagt
cggcagogca
agcatcetgg
ggcctggtgy
ctcaccaagc
gtggggagga
cgggacacac
cggcgeacag
catttcaatg
atggatcgge
ccaagtecag
atggctceggg

Leu

Arg Ala

Pro

Arg Thr

790

Ala Gly

805
Leu Ser
820

Ala Ser

Ala

Pro

Ser Pro

Pro

Ala

Thr

Ala

Gly

Ala Leu

Gln

Ser

Pro
840

Arg

Arg BAla

855

Ala Ala

870

Leu
885

Arg

sapiens

agcagcggec
cegttgetec
ctaagaggag
tgttcggcag
ggatcatcca
tggtggggaa
cgccecttggat
acttccgaac
tecegeacgeg
attacatctt
cacgggcect
tetecegeet
tggccagtge
gggatggctg
tetccatcaa
aggccatgag
acgtctgget
gccatgccac
acaagcaggt
tcecacgagta
gcgagetgag
cccacatgcc
tgecgcetttga
agatgtactt
gectecaccga
ccagtgtteg
ctgtgecttga
tgctecgeat
gcagcagtgg
gtgttcgggg

Ser

Ser Asn

ggcggcegggg
ccegeetgeg
gcaccttggg
ccacaaagca
ccectacage
ccteatcgte
cgtcttecaac
gggcatcgtg
ctacctgege
cctagtggtg
acgcatcgtt
catccgcectac
tgtggttege
tetgecagtte
ccacatggtg
ccacatgctg
caccatgetc
ggcactcatc
ggagcagtac
ctatgagcac
cgageccgett
gctgtttgec
ggtcttececag
catccagecat
tggatcctac
ggctgacacc
ggagttcccoc
cggcaagaag
tggcatcatg
tecgggcececg

Pro Ala
Pro Ser
825

Ala Ser

Ala Ala

Gly Gly

5/58

Ser Pro Tyr

7895

Arg

810

Leu

Ser

Pro

Leu
875

Leu

gcecagegaag
accgeggect
acgctgetec
gtggaaatcg
gactteceggt
ctgecetgtgg
gtattgtctg
gtggaggagyg
acctggttce
gagctggage
cgcttecacca
atacaccagt
atcttcaacc
ctggtgceca
aaccactcgt
tgcattggct
agcatgatcg
cagtecectgg
atgtccttcee
cgctaccagg
cgcgaggaga
catgcegacc
ccgggggate
gggctgetca
tttggggaga
tactgcecgec
atgatgcgee
aattcecatac
gagcagcact
agcacaggag

Gly Gly

Arg Leu

Pro

Thr
845

Ser

Ser Pro

860

Asp Pro

gggcgaccece
caggtccgat
agcctacggt
agcaggagceg
tttactggga
gecatcacctt
atactttett
gtgctgagat
tggttgacct
cacggttgga
agatcctaag
gggaggagat
tcattgggat
tgetgecagga
ggggcecgccea
atgggcagca
taggtgccac
actctteeceg
acaagctgec
gcaagatgtt
tcattaactt
ccagettegt
tegtggtgeg
gtgtgctgge
tctgectget
tttactcact
gggcctttga
tgcagcggaa
tggtgcaaca
ctcagcttag

Leu Pro

Ser Arg

Gly Ala

830

Pro Arg

Asp Arg

Gln Asp

PCT/US2006/028625

Ala
800

Ala
815

Pro

Leu

Arg

Ser
880

tggactggag
cceeaaatcet
caacaagttc
ggtgaagtca
cctgatcatg
cttecaaggag
cctactggat
cctgetggea
catctcttet
cgetgaggtce
cetgetgagg
ctttcacatg
gatgctgetg
ctteccteee
gtattecccat
ggcacctgta
atgctacgee
gcgtcagtac
agcagacacg
cgatgaggaa
cacctgtcgy
cactgecagtt
tgagggctec
ccgeggegec
aactaggggc
cagcgtggac
gactgtggcc
gcgctcecegag
tgacagagac
tggaaagcca

60
120
180
240
300
360
420
480
540
600
660
720
780
840
500
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
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gtactgtggg
gccattgececc
ctcettgetce
cgagetggeco
gccagectat
ggtggacggce
cagcgggcaa
cececteaggge
gagccagecea

agccactggt
tgactcatca
gctctgettg
catgggeatc
cececgggeagyg
ggctaggacc
caggcgatgg
tcctggcecaa
caccccgggy

acatgecgecc
gcggggccot
gegeteagea
cacctcecege
gegeteccag
teggggeege
ctetectggg
accteccaagy
tctcecagett

6/58

cttcaggecag
ctgeccetet
ggctctecag
ctgeecgeece
gtctecectge
ccactctcag
cgtaagggat
acageccagce
tctgccaaca

ctgctgtgac
ccectgacte
cttececeget
cacctgeeeg
tgggtccccc
ccteccaace
caggaagtga
cceecaggece
tgtaa

PCT/US2006/028625

cteccaatgtyg
tcecageoccace
ggtgeccegtce
aaccctgecac
tccaggagga
ctectetgect
gcggetgect
accagtgect

1860
1920
1980
2040
2100
2160
2220
2280
2325

<210> 4

<211> 774

<212> PRT

<213> Homo sapiens

<400> 4

Met Glu Ala Glu Gln
1 5

Arg Pro Ala ala Ala Glu Ala

15

Gly Ser Thr

10

Gly

Glu
20

Gly Leu Ala Val Pro Pro Val

25

Ala Ala

30

Pro Pro Pro Thr Ala

Ala Ser Gly Pro Ile

35

Ser Pro Glu Pro His

40

Pro Lys Gly Lys

45

Arg Arg

Leu Gly

50

Thr Gln Thr Val Phe

60

Pro Asn

55

Leu Leu Lys Ser Leu Arg Val

Phe
65

Ala Val

70

Glu Gln

75

Ser His Ile Glu Glu Val Serx

80

Gly Lys Arg Lys

Ala Gly Ala Ile

85

Ile Ser Phe Phe

90

Trp His Pro Tyr Asp Arg Tyr

95

Trp

Ile Met

100

Asp Met Vval

105

Ile Val

110

Leu Leu Leu Leu Gly Asn Leu Leu Pro

Val Ile

115

Gly Thr Phe Phe Glu

120

Lys Glu Asn Ser Pro Ile val

125

Pro Trp

Phe val Thr

135

Asn Leu Ser Phe Leu

130

Asp Phe Leu Asp Leu Val Leu Asn

140

Phe
145

Thr Ile Val

150

val Glu Ala

155

Arg Gly Glu Gly Glu Ile Ala

160

Leu Leu

Pro Arg Ala Ile Arg Thr Thr

165

Phe Val

175

Arg Tyr Leu Arg

170

Trp Leu Asp

Leu Ile Ser Ile vVal Ile

180

Ser Pro Phe Val val

190

Asp Tyr Leu Glu Leu

185

Glu Pro Arg Leu Glu

195

Ala Val

200

Asp Tyr Lys Thr Ala Arg Ala Leu

205

Arg

Ile Ile

215

Val Lys Leu Ser Leu Leu

210

Arg Phe Thr Arg Leu Leu Leu

220

Arg
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Ser Arg Leu Ile Arg Tyr Ile His Gln Trp Glu Glu Ile Phe His Met
225 230 235 240

Thr Tyr Asp Leu Ala Ser Ala Val Val Arg Ile Phe Asn Leu Ile Gly
245 250 255

Met Met Leu Leu Leu Cys His Trp Asp Gly Cys Leu Gln Phe Leu Val
260 265 270

Pro Met Leu Gln Asp Phe Pro Pro Asp Cys Trp Val Ser Ile Asn His
275 280 285

Met Val Asn His Ser Trp Gly Arg Gln Tyr Ser His Ala Leu Phe Lys
290 295 300

Ala Met Ser His Met Leu Cys Ile Gly Tyr Gly Gln Gln Ala Pro Val
305 310 315 320

Gly Met Pro Asp Val Trp Leu Thr Met Leu Ser Met Ile Val Gly Ala
325 330 335

Thr Cys Tyr Ala Met Phe Ile Gly His Ala Thr Ala Leu Ile Gln Ser
340 345 350

Leu Asp Ser Ser Arg Arg Gln Tyr Gln Glu Lys Tyr Lys Gln Val Glu
355 360 365

Gln Tyr Met Ser Phe His Lys Leu Pro Ala Asp Thr Arg Gln Arg Ile
370 375 380

His Glu Tyr Tyr Glu His Arg Tyr Gln Gly Lys Met Phe Asp Glu Glu
385 390 395 400

Ser Ile Leu Gly Glu Leu Ser Glu Pro Leu Arg Glu Glu Ile Ile Asn
405 410 415

Phe Thr Cys Arg Gly Leu Val Ala His Met Pro Leu Phe Ala His Ala
420 425 430

Asp Pro Ser Phe Val Thr Ala Val Leu Thr Lys Leu Arg Phe Glu Val
435 440 445

Phe Gln Pro Gly Asp Leu Val Val Arg Glu Gly Ser Val Gly Arg Lys
450 455 460

Met Tyr Phe Ile Gln His Gly Leu Leu Ser Val Leu Ala Arg Gly Ala
465 470 475 480

Arg Asp Thr Arg Leu Thr Asp Gly Ser Tyr Phe Gly Glu Ile Cys Leu
485 490 495

Leu Thr Arg Gly Arg Arg Thr Ala Ser Val Arg Ala Asp Thr Tyr Cys
500 505 510

Arg Leu Tyr Ser Leu Ser Val Asp His Phe Asn Ala Val Leu Glu Glu
515 520 . 525
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Phe

Leu

545

Pro

His

Gly

Ala

Thr

625

Leu

Leu

Ala

Ser

Leu

705

Gln

Glu

Gln

Gln

Pro

530

Arg

Ser

Asp

Ala

Pro

610

His

Leu

vVal

Pro

Gln

690

Gly

Arg

Arg

Pro

Leu
770

<210> 5
<211> 2592
<212> DNA
<213> Musg musculus

<400> 5
atggatgcge gcgggggegg cgggeggcecg ggegatagte cgggcacgac ccctgegecg 60
gggccgecge caccgecgac geoogococgeg cccccteage cteagccacc acccgcegeca 120
cccocgaace ccacgaccec ctcecgcacceg gagtcggegg acgagcccgg cccgegeged 180

Met

Ile

Pro

Arg

Gln

595

Leu

Gln

Ala

Pro

Pro

675

vVal

Pro

Ala

Leu

Pro

755

Ser

Met

Gly

Gly

Asp

580

Leu

Gln

Arg

Arg

vVal

660

Ala

Ser

Arg

Thr

Pro

740

Axrg

Ala

Arg

Lys

Ser

565

Met

Ser

Ala

Gly

Ser

645

Arg

Arg

Leu

Gly

Gly

725

Pro

Pro

Asn

Arg

Lys

550

Ser

Ala

Gly

Ala

Pro

630

Ala

Ala

Thr

Leu

Arg

710

Asp

Ser

Pro

Met

Ala

535

Asn

Gly

Arg

Lys

Ala

615

Leu

Trp

Gly

Leu

Gly

695

Pro

Gly

Gly

vVal

Phe

sSer

Gly

Gly

Pro

600

Val

Pro

Arg

Pro

His

680

Pro

Leu

Ser

Leu

Pro
760

Glu

Ile

Ile

Val

585

Val

Thr

Leu

Ser

Trp

665

Ala

Pro

Ser

Pro

Leu

745

Glu

8/58

Thr

Leu

Met

570

Arg

Leu

Ser

Ser

Ala

650

Ala

Ser

Ala
Gly
730

Ala

Pro

Val

Gln

555

Glu

Gly

Trp

Asn

Pro

635

Gly

Ser

Leu

Gly

Ser

715

Arg

Lys

Ala

Ala

540

Arg

Gln

Arg

Glu

vVal

620

ASp

Ser

Thr

Ser

Gly

700

Gln

Lys

Pro

Thr

Met

Lys

Ala

Pro

605

Ala

Ser

Pro

Ser

Arg

685

Gly

Pro

Gly

Pro

Pro
765

Asp

Arg

Leu

Pro

590

Leu

Ile

bPro

Ala

Arg

670

Ala

Gly

Ser

Ser

Arg

750

Arg

Arg

Ser

Val

575

Ser

Val

Ala

Ala

Ser

655

Leu

Gly

Arg

Leu

Gly

735

Thr

Gly

PCT/US2006/028625

Leu
Glu
560

Gln

Thr

Leu

Thr

640

Pro

Pro

Arg

Arg

Pro

720

Ser

Ala

Leu
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cggetetgea
gagtgeggge
tcgtteteat
gaggcegggec
ggggcgcotte
gcegtggage
agcgacttca
atcataccag
aacgtggeat
gtcaatgaag
aaaagctggt
gtagagaaag
tttacaaaaa
caccagtggyg
ttcaacctca
gttceoectge
gattcctggg
attggttatg
atgattgtgg
tectttggatt
tcecttecaca
taccaaggga
gaggagattg
gcagacccca
ggagattaca
gtggtgagecyg
ggggagatct
tgtcgectet
atgcggegtg
tccatettge
aatgccatca
ggacagcgtyg
accctacagce
ccectggege
gcagecectege
ccgeggacct
ccecgeacgte
catggegtge
cgectgggac
gcctegecgy
tccaacttgt

gcogegacag
gcggggageo
gcegeggggce
cggcgggtga
tgcageccegg
gcgageagga
ggttttattg
ttggaatcac
ccgatactgt
acagctcgga
ttgtggtgga
ggatggactc
ttcteagtet
aagagatatt
ttggcatgat
tgcaggactt
gaaaacaata
gcgcceaage
gcgecaccty
cgtecacggeyg
aactgeccgce
agatgtttga
tgaacttcaa
acttecgtcac
tcatccgaga
tgctcaccaa
gcttgetcac
actcactgayg
cctttgagac
tgcacaaggt
tccaggagat
tggggetett
aggctgtgge
taggctccec
cagggccacce
caccctacgyg
gcctgagecyg
ccgcgeecayg
cocgcaccecac
gcgetgecag
ga

<210> 6

<211> 863

<212> PRT

<213> Mus musculus

<400> 6

Met Asp Ala Arg Gly Gly Gly Gly Arg Pro

1 5

Thr Pro Ala
20

Gln Pro Gln
35

cgcctgeacc
gcagtgcage
ggccteoggy
googegegge
cgtcaacaag
acgcgtgaag
gggattaatc
gttctteaca
tttcctgttyg
aatcatcctg
cttcatcteca
agaagtttac
cttgeggtta
ccacatgacc
getgettetg
ccecaccagat
ttectacgea
ceetgteage
ctacgcaatg
ccaataccag
tgacttecge
tgaggacagc
ctgecggaag
agccatgetyg
ggggaccatc
gggcaacaag
gaggggcecygg
tgtggacaat
tgtggctatt
tcagcatgat
tgtcaaatat
cccoaccaceg
catgagctte
acgectagtg
cgcageaagce
tgtgectgge
cgeetegege
cocececgeggec
cgeccggace
tggecctegac

Pro Gly Pro Pro Pro Pro

Pro Pro Pro Ala Pro Pro

40

9/58

cetggegegg
caccgagggec
ceecteggegg
agccaggcta
ttctecctge
tcggegggag
atgcttataa
gagcagacga
gacttaatca
gaccctaaag
tcgatcecegy
aagacagcca
ttacgccttt
tatgacctcg
tgccactggg
tgctgggttt
ctcttceaaayg
atgtetgacc
tttgttggce
gagaagtaca
cagaagatcce
atccttgggy
ctggtggett
acaaagctcea
gggaagaaga
gagatgaagce
cgtacggeca
ttcaacgaag
gaccggcetag
ctcagetcag
gaccgtgaga
ccaccaccge
tgccegeagg
cgecgegege
cccecggety
tctecggecaa
ccactgtceg
tectgecgegec
gcogegecca
ccactggact

10

Pro
25

Pro

ccaagggcegy
ccgogegegg
ccgaggaggce
gcttectgea
ggatgttegg
cectggatcat
tgatggttgy
caacaccgtg
tgaattttag
tgatcaagat
tggattatat
gagcactteg
caaggttaat
ccagtgetgt
atggctgtet
ctctgaatga
ctatgagtca
tectggattac
atgccacage
agcaagtaga
acgattacta
aactcaacgg
ccatgeceget
aatttgaggt
tgtacttceat
tgtcggatgy
gcgtgegage
tactggagga
atcgecatagg
gtgtgttcaa
tggtgcagca
aggtcacatc
tggecegece
ccceagggec
caccctegag
tgcgtgtggg
cctegeagece
cggccagcag
gtecggaceg
ctgecgegete

Gly Asp Ser Pro

Pro Pro Pro Ala

30

Asn Pro Thr Thr

45

PCT/US2006/028625

cgecgaatggce
cccecaaggtt
gggcagcgag
gcgccecaatte
cagccagaag
ccacccectac
aaatttggtc
gattatttte
gactgggact
gaattattta
ctttecteatt
tatcgtgagg
cagatacata
ggtgaggatc
tcagtteoctyg
aatggttaat
catgctgtgce
catgctgage
tttgatccag
gcaatacatg
tgaacaccgg
gccactgegt
gtttgccaat
cttccagect
ccagecatgygyg
ctcctattte
tgacacctac
ataccccatg
caagaagaac
caaccaggag
ggcagagctt
ggccattgeco
gctegtgggyg
tetgectect
cectegggcea
gceccegeattg
ctcgetgece
ctcecacgecg
cagggactca
gcgectetet

Gly Thr
15

Pro Pro

Pro Ser

240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2592
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His Pro Glu Ser Ala Asp Glu Pro Gly Pro Arg Ala Arg Leu Cys Ser
50 55 60

Arg Asp Ser Ala Cys Thr Pro Gly Ala Ala Lys Gly Gly Ala Asn Gly
Glu Cys Gly Arg Gly Glu Pro Gln Cys Ser Pro Glu Gly Pro Ala Arg
85 90 95

Gly Pro Lys Val Ser Phe Ser Cys Arg Gly Ala Ala Ser Gly Pro Ser
100 105 110

Ala Ala Glu Glu Ala Gly Ser Glu Glu Ala Gly Pro Ala Gly Glu Pro
115 120 125

Arg Gly Ser Gln Ala Ser Phe Leu Gln Arg Gln Phe Gly Ala Leu Leu
130 135 140

Gln Pro Gly Val Asn Lys Phe Ser Leu Arg Met Phe Gly Ser Gln Lys
145 150 155 160

Ala Val Glu Arg Glu Gln Glu Arg Val Lys Ser Ala Gly Ala Trp Ile
165 170 175

Ile His Pro Tyr Ser Asp Phe Arg Phe Tyr Trp Gly Leu Ile Met Leu
180 185 190

Ile Met Met Val Gly Asn Leu Val Ile Ile Pro Val Gly Ile Thr Phe
195 200 205

Phe Thr Glu Gln Thr Thr Thr Pro Trp Ile Ile Phe Asn Val Ala Ser
210 215 220

Asp Thr Val Phe Leu Leu Asp Leu Ile Met Asn Phe Arg Thr Gly Thr
225 230 235 240

Val Asn Glu Asp Ser Ser Glu Ile Ile Leu Asp Pro Lys Val Ile Lys
245 250 255

Met Asn Tyr Leu Lys Ser Trp Phe Val Val Asp Phe Ile Ser Ser Ile
260 265 270

Pro Val Asp Tyr Ile Phe Leu Ile Val Glu Lys Gly Met Asp Ser Glu
275 280 285

Val Tyr Lys Thr Ala Arg Ala Leu Arg Ile Val Arg Phe Thr Lys Ile
290 295 300

Leu Ser Leu Leu Arg Leu Leu Arg Leu Ser Arg Leu Ile Arg Tyr Ile
305 310 315 320

His Gln Trp Glu Glu Ile Phe His Met Thr Tyr Asp Leu Ala Ser Ala
325 330 335

Val Val Arg Ile Phe Asn Leu Ile Gly Met Met Leu Leu Leu Cys His
340 345 350



WO 2007/014134 PCT/US2006/028625

11/58

Trp Asp Gly Cys Leu Gln Phe Leu Val Pro Leu Leu Gln Asp Phe Pro
355 360 365

Pro Asp Cys Trp Val Ser Leu Asn Glu Met Val Asn Asp Ser Trp Gly
370 375 380

Lys Gln Tyr Ser Tyr Ala Leu Phe Lys Ala Met Ser His Met Leu Cys
385 390 395 400

Ile Gly Tyr Gly Ala Gln Ala Pro Val Ser Met Ser Asp Leu Trp Ile
405 410 415

Thr Met Leu Ser Met Ile Val Gly Ala Thr Cys Tyr Ala Met Phe Val
420 425 430

Gly His Ala Thr Ala Leu Ile Gln Ser Leu Asp Ser Ser Arg Arg Gln
435 440 445

Tyr Gln Glu Lys Tyr Lys Gln Val Glu Gln Tyr Met Ser Phe His Lys
450 455 460

Leu Pro Ala Asp Phe Arg Gln Lys Ile His Asp Tyr Tyr Glu His Arg
465 470 475 480

Tyr Gln Gly Lys Met Phe Asp Glu Asp Ser Ile Leu Gly Glu Leu Asn
485 490 495

Gly Pro Leu Arg Glu Glu Ile Val Asn Phe Asn Cys Arg Lys Leu Val
500 505 510

Ala Ser Met Pro Leu Phe Ala Asn Ala Asp Pro Asn Phe Val Thr Ala
515 520 525

Met Leu Thr Lys Leu Lys Phe Glu Val Phe Gln Pro Gly Asp Tyr Ile
530 535 540

Ile Arg Glu Gly Thr Ile Gly Lys Lys Met Tyr Phe Ile Gln His Gly
545 550 555 560

Val Val Ser Val Leu Thr Lys Gly Asn Lys Glu Met Lys Leu Ser Asp
565 570 575

Gly Ser Tyr Phe Gly Glu Ile Cys Leu Leu Thr Arg Gly Arg Arg Thr
580 585 590

Ala Ser Val Arg Ala Asp Thr Tyr Cys Arg Leu Tyr Ser Leu Ser Val
595 600 605

Agsp Asn Phe Asn Glu Val Leu Glu Glu Tyr Pro Met Met Arg Arg Ala
610 615 620

Phe Glu Thr Val Ala Ile Asp Arg Leu Asp Arg Ile Gly Lys Lys Asn
625 630 635 640

Ser Ile Leu Leu His Lys Val Gln His Asp Leu Ser Ser Gly Val Phe
645 650 655
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Asn Asn

Glu Met

Pro
690

Pro

Ala
705

Val

Pro Leu

Pro Leu

Ala Ala

Pro Gly

770
Leu Ser
785

His Gly

Ser Ser

Pro Ser

Leu Asp

850

<210> 7
<211> 2340
<212> DNA

Gln

val

675

Pro

Ala

Ala

Pro

Pro

755

Ser

Arg

val

Thr

Pro

835

Pro

Glu
660

Asn
Gln Gln
Pro

Pro

Met Ser

Ala

Ala

Gln

Phe

Ile Ile

Glu Leu

680

Val
695

Thr

Cys Pro

710

Leu Gly

725
Pro Ala
740

Ser Ser

Ala

Pro

Ala Ser

Ser

Ala

Pro

Thr

Arg

Pro Arg

Pro

Ser

Ala
760

Arg

Arg Val

775

Pro Leu

790

Ala
805

Pro

Pro
820

Arg
Asp Arg

Leu Asp

<213> Mus musculus

<400> 7

atggaggagg
acgcctcctyg
cccgagocga
ctcegggtet
ggggcctgga
ctgctgatgg
aactctccac
gtgctcaact
agggccatcc
cctgtggatt
aaaacggcac
ctccocgectet

aggcgcggec
cggetccgge
agaggcggca
tcggcagccea
tcatccaccc
tggggaacct
cctggatcgt
tcegaactgg
gaacgcgtta
atatcttccet
gggccctgeg
cecegecteat

Pro

Leu

Arg

Ser

Ser Pro

Pro

Gly

Ser
840

Asp

Ala
855

Arg

ggcggegyggyg
ccaggcececge
gctcgggacyg
caaagcagta
ctacagcgac
catagttctg
cttecaatgtc
catcgtggtg
cctgecgeacc
agtggtggag
catcgttaga
ccgctacata
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Gln Glu
665

Ile

Gly Gln Arg

Ser Ala Ile

Gln Val Ala

715

Val
730

Leu Arg

Gly Proc Pro

745

Pro Arg Thr

Gly Pro Ala

Ala Ser

795

Ser

Ala Ala

810

Ser

Ala
825

Pro Thr

Ala Ser Pro

Ser Arg Leu

gcecggegaag
gcggectcag
ctgctgcage
gaaatcgagc
tteccggtttt
cctgtgggta
ctctctgaca
gaggaaggtg
tggttcctagg
ctggagecac
ttcaccaaga

caccagtggyg

Val Lys Tyr

670
val Gly
685

Leu

Ala
700

Thr Leu

Arg Pro Leu

Arg Ala Pro

Ala Ala Serx

750

Pro
765

Ser Tyr

Leu Pro Ala

780
Gln

Pro Serxr

Ala Arg Pro

Ala Arg

830

Ala
845

Gly

Ser Ser

860

cggcgaccce
gtggggtgce
cgacggtcaa
aggagagggt
actgggatct
tcactttett
ctttettect
ccgagatcct
ttgatctgat
gactagatgce
tccttagect
aggagatctt

Thr

Ala

Asn

PCT/US2006/028625

Asp Arg

Phe Pro

Gln Gln

val Gly

720

Pro
735

Gly
Pro Pro
Gly val
Arg Arg

Pro
800

Leu

Ala
815

Ser

Ala Ala

Sexr Gly

Leu

tgcacgcgag
ggagtctgcg
caagttctct
gaagtccgee
catcatgcty
caaggaggag
gctggatctg
getggegcca
ctcctecatce
tgaggtctac
gctgeggetg
tcacatgacc

60

120
180
240
300
360
420
480
540
600
660
720
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tacgacctgg
tgtecactggg
tgctgggtct
ctgttcaagg
atgectgacg
ttecatcggtce
gagaagtaca
cagcgcatcc
atcctggggg
ctggtggcece
accaagctce
ggcaggaaga
gacacccgec
agaacagcca
ttcaatgegyg
gaccggctte
agtccaggca
getcgtggtyg
ctgtgggaac
atagccttga
ctagctcgat
gcaggtectc
gccocgaaccc
cctcceccag
caaccctcte
agtgagcgcc
aggtcatcag

<210> 8
<211> 779
<212> PRT

ccagtgecagt
acggctgtet
ccatgaaccyg
ccatgagtca
tctggetcac
acgccaccgce
agcaggtgga
acgagtacta
agctgagcga
acatgccgcet
gttttgaggt
tgtacttecat
tcactgatgg
gtgtaagggc
tgcttgagga
ggcgeategg
gcageggtgg
ttcggggect
cactggtgca
ctecaccageg
ctgctagacyg
tgectggeceg
tecatgecag
gaggaggtge
tgectcageg
tgeccceeete
tgcectgagee

<213> Mus musculus

<400> 8

ggttecgecatc
gcagtttctg
catggtgaac
catgctatgce
catgctcagt
ccteatcecag
gcagtacatg
cgagcatcge
gccacttegyg
gtttgcteat
cttccaacca
ccagcacggg
atcctacttt
tgacacctat
gttcccaatg
caaaaagaat
cgtcatggag
ggctectggt
cgeceectetg
aggccctetg
ctcagcagge
gggaccctgg
cctateccegyg
tcggaggcta
agcaacaggg
tgggctettg
agttacccce

13/58

ttcaacctea
gtccctatge
cactcgtggy
attggctatg
atgattgtgg
teecctggact
tccttccaca
taccagggca
gaggagatta
gctgacccca
ggggacctgg
ctgctgagtg
ggggagatct
tgtcgectct
atgcgcaggg
tcgatactge
cagcatttgg
acaggagctc
caggcagctyg
ccecctetece
tccccagecet
gcgtecactt
acagggcgtt
ggacctegag
gatggctcte
gccaaaccte
agaggtcccce

ttggaatgat
tgcaggactt
gcecgecagta
ggcagcaggce
gcgccacgtg
cttceceggeg
agctgeecge
agatgtttga
ttaacttcac
gcttegteac
tggtgcgtga
tgctggcacy
gecetgetgac
actcgctcag
cttttgagac
agcggaaacyg
tacaacacga
gactcagtgyg
ctgtgacctc
ctgattectcc
cccecactggt
ctegcectgec
cccaggtatc
gcegeecact
ctaggcgtaa
cagggacagt
aaatttctgce
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gttgctgctyg
cceegtecgac
ttcececacgec
accggtagge
ttatgccatg
acagtaccag
tgacacccgyg
tgaagagagc
ctgccggggc
cgcagtgcte
gggctcegtg
tggcgccege
tcgaggtegg
cgtggaccac
ggtggceatg
ctctgagecyg
cagagacatg
aaagccagtyg
caacgtggcece
agccaceete
gcctgtecga
tgctecacct
tctgttggge
ttctgecteg
aggctctgga
ccagccaccce
caacatgtga

780

840

900

960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340

Met Glu Glu Glu Ala
1 5

Ala Ala Ala Glu Ala Ala

15

Arg Pro Gly Thr

10

Gly

Ala Glu

20

Thr Ala Ala

25

Pro Arg Pro Pro Pro Ala Gln Ala Arg Ala Ala

30
val

Glu Ala

40

Ser Gly Gly Pro Ser Pro Glu Pro Gln Leu

35

Lys Arg

45

Arg

Thr
50

Gly Gln Thr

55

Leu Leu Pro Val Phe Ser Leu Val Phe

60

Asn Lys Arg

Gly
65

Ala Val

70

Glu Ile Glu Gln Glu

75

Ser His Lys Val Ala

80

Arg Lys Ser

Gly Ala Ile Ile

85

Trp His Pro Tyr Ser Asp Phe Phe

S0

Arg Tyr Trp

95

Asp

Leu Ile Met Leu Leu Leu Met Val Leu Ile Val

100

Gly Asn
105

Leu Pro Val

110
Gly

Ile Thr

115

Phe Phe Glu Glu

120

Lys Asn Ser Pro Pro Trp Ile Val Phe

125
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Asn Val Leu Ser Asp Thr Phe Phe Leu Leu Asp Leu Val Leu Asn Phe
130 135 140

Arg Thr Gly Ile Val Val Glu Glu Gly Ala Glu Ile Leu Leu Ala Pro
145 150 155 160

Arg Ala Ile Arg Thr Arg Tyr Leu Arg Thr Trp Phe Leu Val Asp Leu
165 170 175

Ile Ser Ser Ile Pro Val Asp Tyr Ile Phe Leu Val Val Glu Leu Glu
180 185 190

Pro Arg Leu Asp Ala Glu Val Tyr Lys Thr Ala Arg Ala Leu Arg Ile
195 200 205

Val Arg Phe Thr Lys Ile Leu Ser Leu Leu Arg Leu Leu Arg Leu Ser
210 215 220

Arg Leu Ile Arg Tyr Ile His Gln Trp Glu Glu Ile Phe His Met Thr
225 230 235 240

Tyr Asp Leu Ala Ser Ala Val Val Arg Ile Phe Asn Leu Ile Gly Met
245 250 255

Met Leu Leu Leu Cys His Trp Asp Gly Cys Leu Gln Phe Leu Val Pro
260 265 270

Met Leu Gln Asp Phe Pro Ser Asp Cys Trp Val Ser Met Asn Arg Met
275 280 285

Val Asn His Ser Trp Gly Arg Gln Tyr Ser His Ala Leu Phe Lys Ala
290 295 300

Met Ser His Met Leu Cys Ile Gly Tyr Gly Gln Gln Ala Pro Val Gly
305 310 315 320

Met Pro Asp Val Trp Leu Thr Met Leu Ser Met Ile Val Gly Ala Thr
325 330 335

Cys Tyr Ala Met Phe Ile Gly His Ala Thr Ala Leu Ile Gln Ser Leu
340 345 350

Agp Ser Ser Arg Arg Gln Tyr Gln Glu Lys Tyr Lys Gln Val Glu Gln
355 360 365

Tyr Met Ser Phe His Lys Leu Pro Ala Asp Thr Arg Gln Arg Ile His
370 375 380

Glu Tyr Tyr Glu His Arg Tyr Gln Gly Lys Met Phe Asp Glu Glu Ser
385 390 395 400

Ile Leu Gly Glu Leu Ser Glu Pro Leu Arg Glu Glu Ile Ile Asn Phe
405 410 415

Thr Cys Arg Gly Leu Val Ala His Met Pro Leu Phe Ala His Ala Asp
420 425 430
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Pro

Gln

Tyxr

465

Asp

Thr

Leu

Pro

Arg

545

Ser

Asp

Ala

Pro

His

625

Leu

Val

Thr

Ser

Gly

705

Gln

Ser

Pro

450

Phe

Thr

Arg

Tyx

Met

530

Ile

Pro

Arg

Arg

Leu

610

Gln

Ala

Pro

Ser

Arg

690

Gly

Pro

Phe

435

Gly

Ile

Arg

Gly

Ser

515

Met

Gly

Gly

Asp

Leu

595

Gln

Arg

Arg

Val

Arg

675

Thx

Ala

Ser

val

Asp

Gln

Leu

Arg

500

Leu

Arg

Lys

Ser

Met

580

Ser

Ala

Gly

Ser

Arg

660

Leu

Gly

Arg

Leu

Thr

Leu

His

Thr

485

Arg

Ser

Arg

Lys

Ser

565

Ala

Gly

Ala

Pro

Ala

645

Ala

Pro

Arg

Arg

Pro
725

Ala

val

Gly

470

Asp

Thr

Val

Ala

Agn

550

Gly

Arg

Lys

Ala

Leu

630

Arg

Gly

Ala

Ser

Leu

710

Gln

Val

Val

455

Leu

Gly

Ala

Asp

Phe

535

Ser

Gly

Gly

Pro

val

615

Pro

Arg

Pro

Pro

Gln

695

Gly

Arg

Leu

440

Arg

Leu

Ser

Ser

His

520

Glu

Ile

val

Val

Val

600

Thr

Leu

Ser

Leu

Pro

680

Val

Pro

Ala
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Thr Lys Leu

Glu

Ser

Tyr

vVal

505

Phe

Thr

Leu

Met

Arg

585

Leu

Ser

Ser

Ala

Leu

665

Ala

Ser

Arg

Thr

Gly

val

Phe

490

Arg

Asn

val

Gln

Glu

570

Gly

Trp

Asn

Pro

Gly

650

Ala

Arg

Leu

Gly

Gly
730

Ser

Leu

475

Gly

Ala

Ala

Ala

Arg

555

Gln

Leu

Glu

Val

Asp

635

Ser

Arg

Thr

Leu

Arg

715

Asp

Arg

Val

460

Ala

Glu

AsSp

val

Met

540

Lys

His

Ala

Pro

Ala

620

Ser

Pro

Gly

Leu

Gly

700

Pro

Gly

Phe

445

Gly

Arg

Ile

Thr

Leu

525

AsSp

Arg

Leu

Pro

Leu

605

Ile

Pro

Ala

Pro

His

685

Pro

Leu

Sex

Glu
Arg
Gly
Cys
Tyr
510
Glu
Arg
Ser
Val
Gly
5380
val
Ala
Ala
Ser
Tri::
670
Ala
Pro

Sex

Pro

Val

Lys

Ala

Leu

495

Cys

Glu

Leu

Glu

Gln

575

Thr

His

Leu

Thr

Pro

655

Ala

Ser

Pro

Ala

Arg
735
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Phe

Met

Arg

480

Leu

Arg

Phe

Arg

Pro

560

His

Gly

Ala

Thr

Leu

640

Leu

Ser

Leu

Gly

Ser

720

Arg
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Lys Gly Ser Gly Ser Glu Arg Leu Pro Pro Ser Gly Leu Leu Ala Lys
740 745 750

Pro Pro Gly Thr Val Gln Pro Pro Arg Ser Ser Val Pro Glu Pro Val
755 760 765

Thr Pro Arg Gly Pro Gln Ile Ser Ala Asn Met
770 775

<210> 9

<211> 910

<212> PRT

<213> Mus musculus

<400> 9
Met Glu Gly Gly Gly Lys Pro Asn Ser Ala Ser Asn Ser Arg Asp Asp
1 5 10 15

Gly Asn Ser Val Phe Pro Ser Lys Ala Pro Ala Thr Gly Pro Val Ala
20 25 30

Ala Asp Lys Arg Leu Gly Thr Pro Pro Arg Gly Gly Ala Ala Gly Lys
35 40 45

Glu His Gly Asn Ser Val Cys Phe Lys Val Asp Gly Gly Gly Gly Glu
50 55 60

Glu Pro Ala Gly Ser Phe Glu Asp Ala Glu Gly Pro Arg Arg Gln Tyr
65 70 75 80

Gly Phe Met Gln Arg Gln Phe Thr Ser Met Leu Gln Pro Gly Val Asn
85 90 S5

Lys Phe Ser Leu Arg Met Phe Gly Ser Gln Lys Ala Val Glu Lys Glu
100 105 110

Gln Glu Arg Val Lys Thr Ala Gly Phe Trp Ile Ile His Pro Tyr Ser
115 120 125

Asp Phe Arg Phe Tyr Trp Asp Leu Ile Met Leu Ile Met Met Val Gly
130 135 140

Asn Leu Val Ile Ile Pro Val Gly Ile Thr Phe Phe Thr Glu Gln Thr
145 150 155 160

Thr Thr Pro Trp Ile Ile Phe Asn Val Ala Ser Asp Thr Val Phe Leu
165 170 175

Leu Asp Leu Ile Met Asn Phe Arg Thr Gly Thr Val Asn Glu Asp Ser
180 185 190

Ser Glu Ile Ile Leu Asp Pro Lys Val Ile Lys Met Asn Tyr Leu Lys
195 200 205

Ser Trp Phe Val Val Asp Phe Ile Ser Ser Ile Pro Val Asp Tyr Ile
210 215 220
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Phe Leu Ile Val Glu Lys Gly Met Asp Ser Glu Val Tyr Lys Thr Ala
225 230 235 240

Arg Ala Leu Arg Ile Val Arg Phe Thr Lys Ile Leu Ser Leu Leu Arg
245 250 255

Leu Leu Arg Leu Ser Arg Leu Ile Arg Tyr Ile His Gln Trp Glu Glu
260 265 270

Ile Phe His Met Thr Tyr Asp Leu Ala Ser Ala Val Val Arg Ile Phe
275 280 285

Asn Leu Ile Gly Met Met Leu Leu Leu Cys His Trp Asp Gly Cys Leu
290 295 300

Gln Phe Leu Val Pro Leu Leu Gln Asp Phe Pro Pro Asp Cys Trp Val
305 310 315 320

Ser Leu Asn Glu Met Val Asn Asp Ser Trp Gly Lys Gln Tyr Ser Tyr
325 330 335

Ala Leu Phe Lys Ala Met Ser His Met Leu Cys Ile Gly Tyr Gly Ala
3490 345 350

Gln Ala Pro Val Ser Met Ser Asp Leu Trp Ile Thr Met Leu Ser Met
355 360 365

Ile Vval Gly Ala Thr Cys Tyr Ala Met Phe Val Gly His Ala Thr Ala
370 375 380

Leu Ile Gln Ser Leu Asp Ser Ser Arg Arg Gln Tyr Gln Glu Lys Tyr
385 390 395 400

Lys Gln Val Glu Gln Tyr Met Ser Phe His Lys Leu Pro Ala Asp Met
405 410 415

Arg Gln Lys Ile His Asp Tyr Tyr Glu His Arg Tyr Gln Gly Lys Ile
420 425 430

Phe Asp Glu Glu Asn Ile Leu Ser Glu Leu Asn Asp Pro Leu Arg Glu
435 440 445

Glu Ile Val Asn Phe Asn Cys Arg Lys Leu Val Ala Thr Met Pro Leu
450 455 460

Phe Ala Asn Ala Asp Pro Asn Phe Val Thr Ala Met Leu Ser Lys Leu
465 470 475 480

Arg Phe Glu Val Phe Gln Pro Gly Asp Tyr Ile Ile Arg Glu Gly Ala
485 490 495

Val Gly Lys Lys Met Tyr Phe Ile Gln His Gly Val Ala Gly Val Ile
500 505 510

Thr Lys Ser Ser Lys Glu Met Lys Leu Thr Asp Gly Ser Tyr Phe Gly
515 520 525
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Glu Ile Cys Leu Leu Thr Lys Gly Arg Arg Thr Ala Ser Val Arg Ala
530 535 540

Asp Thr Tyr Cys Arg Leu Tyr Ser Leu Ser Val Asp Asn Phe Asn Glu
545 550 555 560

vVal Leu Glu Glu Tyr Pro Met Met Arg Arg Ala Phe Glu Thr val Ala
565 570 575

Ile Asp Arg Leu Asp Arg Ile Gly Lys Lys Asn Ser Ile Leu Leu Gln
580 585 590

Lys Phe Gln Lys Asp Leu Asn Thr Gly Val Phe Asn Asn Gln Glu Asn
595 600 605

Glu Ile Leu Lys Gln Ile Val Lys His Asp Arg Glu Met val Gln Ala
610 615 620

Ile Pro Pro Ile Asn Tyr Pro Gln Met Thr Ala Leu Asn Cys Thr Ser
625 630 635 640

Ser Thr Thr Thr Pro Thr Ser Arg Met Arg Thr Gln Ser Pro Pro val
645 650 655

Tyr Thr Ala Thr Ser Leu Ser His Ser Asn Leu His Ser Pro Ser Pro
660 665 670

Ser Thr Gln Thr Pro Gln Pro Ser Ala Ile Leu Ser Pro Cys Ser Tyr
675 680 685

Thr Thr Ala Val Cys Ser Pro Pro Ile Gln Ser Pro Leu Ala Thr Arg
690 695 700

Thr Phe His Tyr Ala Ser Pro Thr Ala Ser Gln Leu Ser Leu Met Gln
705 710 715 720

@ln Pro Gln Gln Gln Leu Pro Gln Ser Gln Val Gln Gln Thr Gln Thr
725 730 735

¢ln Thr Gln Gln Gln Gln Gln Gln Gln Gln Gln Gln Gln Gln Gln Gln
740 745 750

Gln Gln Gln Gln Gln Gln Gln Gln Gln Gln Gln Gln Gln Gln Gln Gln
755 760 765

Gln Gln Gln Gln Gln Gln @Gln Pro Gln Thr Pro Gly Ser Ser Thr Pro
770 775 780

Lys Asn Glu Val His Lys Ser Thr Gln Ala Leu His Asn Thr Asn Leu
785 790 795 800

Thr Lys Glu Val Arg Pro Leu Ser Ala Ser @ln Pro Ser Leu Pro His
805 810 815

Glu Val Ser Thr Leu Ile Ser Arg Pro His Pro Thr Val Gly Glu Ser
820 825 830
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Leu Ala Ser Ile Pro Gln Pro Val Ala Ala Val His Ser Thr Gly Leu
835 840 845

Gln Ala Gly Ser Arg Ser Thr Val Pro Gln Arg Val Thr Leu Phe Arg
850 855 860

Gln Met Ser Ser Gly Ala Ile Pro Pro Asn Arg Gly Val Pro Pro Ala
865 870 875 880

Pro Pro Pro Pro Ala Ala Val Gln Arg Glu Ser Pro Ser Val Leu Asn
885 890 895

Thr Asp Pro Asp Ala Glu Lys Pro Arg Phe Ala Ser Asn Leu
900 905 910

<210> 10
<211> 910
<212> PRT
<213> Rattus norvegicus

<400> 10
Met Glu Gly Gly Gly Lys Pro Asn Ser Ala Ser Asn Ser Arg Asp Asp
1 5 10 15

Gly Asn Ser Val Tyr Pro Ser Lys Ala Pro Ala Thr Gly Pro Ala Ala
20 25 30

Ala Asp Lys Arg Leu Gly Thr Pro Pro Gly Gly Gly Ala Ala Gly Lys
35 40 45

Glu His Gly Asn Ser Val Cys Phe Lys Val Asp Gly Gly Gly Gly Glu
50 55 60

Glu Pro Ala Gly Ser Phe Glu Asp Ala Glu Gly Pro Arg Arg Gln Tyr
65 70 75 80

Gly Phe Met Gln Arg Gln Phe Thr Ser Met Leu Gln Pro Gly Val Asn
85 90 95

Lys Phe Ser Leu Arg Met Phe Gly Ser Gln Lys Ala Val Glu Lys Glu
100 105 110

Gln Glu Arg Val Lys Thr Ala Gly Phe Trp Ile Ile His Pro Tyr Ser
115 120 125

Asp Phe Arg Phe Tyr Trp Asp Leu Ile Met Leu Ile Met Met Val Gly
130 135 140

Asn Leu Val Ile Ile Pro Val Gly Ile Thr Phe Phe Thr Glu Gln Thr
145 150 155 160

Thr Thr Pro Trp Ile Ile Phe Asn Val Ala Ser Asp Thr Val Phe Leu
165 170 175

Leu Asp Leu Ile Met Asn Phe Arg Thr Gly Thr Val Asn Glu Asp Ser
180 185 190
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Ser Glu Ile Ile Leu Asp Pro Lys Val Ile Lys Met Asn Tyr Leu Lys
195 200 205

Ser Trp Phe Val Val Asp Phe Ile Ser Ser Ile Pro Val Asp Tyr Ile
210 215 220

Phe Leu Ile Val Glu Lys Gly Met Asp Ser Glu Val Tyr Lys Thr Ala
225 230 235 240

Arg Ala Leu Arg Ile Val Arg Phe Thr Lys Ile Leu Ser Leu Leu Arg
245 250 255

Leu Leu Arg Leu Ser Arg Leu Ile Arg Tyr Ile His Gln Trp Glu Glu
260 265 270

Ile Phe His Met Thr Tyr Asp Leu Ala Ser Ala Val Val Arg Ile Phe
275 280 285

Asn Leu Tle Gly Met Met Leu Leu Leu Cys His Trp Asp Gly Cys Leu
290 295 300

Gln Phe Leu Val Pro Leu Leu Gln Asp Phe Pro Pro Asp Cys Trp Val
305 310 315 320

Ser Leu Asn Glu Met Val Asn Asp Ser Trp Gly Lys Gln Tyr Ser Tyr
325 330 335

Ala Leu Phe Lys Ala Met Ser His Met Leu Cys Ile Gly Tyr Gly Ala
340 345 350

Gln Ala Pro Val Ser Met Ser Asp Leu Trp Ile Thr Met Leu Ser Met
355 360 365

Ile Val Gly Ala Thr Cys Tyr Ala Met Phe Val Gly His Ala Thr Ala
370 375 380

Leu Ile Gln Ser Leu Asp Ser Ser Arg Arg Gln Tyr Gln Glu Lys Tyr
385 390 395 400

Lys Gln Val Glu Gln Tyr Met Ser Phe His Lys Leu Pro Ala Asp Met
405 410 415

Arg Gln Lys Ile His Asp Tyr Tyr Glu His Arg Tyr Gln Gly Lys Ile
420 425 430

Phe Asp Glu Glu Asn Ile Leu Ser Glu Leu Asn Asp Pro Leu Arg Glu
435 440 445

Glu Ile Val Asn Phe Asn Cys Arg Lys Leu Val Ala Thr Met Pro Leu
450 455 460

Phe Ala Asn Ala Asp Pro Asn Phe Val Thr Ala Met Leu Ser Lys Leu
465 470 475 480

Arg Phe Glu Val Phe Gln Pro Gly Asp Tyr Ile Ile Arg Glu Gly Ala
485 490 495
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770
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Ser
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His

Gln

Gln

Gln

755

Gln

Glu

Lys

500

Ser

Leu

Cys

Glu

Leu

580

Lys

Lys

Ile

Thr

Thr

660

Thr

val

Tyr

Pro

Gln

740

Gln

Gln

Val

Met

Lys

Leu

Arg

Tyr

565

Asp

Asp

Gln

Asn

Pro

645

Ser

Pro

Cys

Ala

Gln

725

Gln

Gln

Gln

His

Tyr

Glu

Thr

Leu

550

Pro

Arg

Leu

Ile

Tyxr

630

Thr

Leu

Gln

Ser

Ser

710

Leu

Gln

Gln

Gln

Lys
790

Phe

Met

Lys

535

Tyxr

Met

Ile

Asn

Val

615

Pro

Ser

Ser

Pro

Pro

695

Pro

Gln

Gln

Gln

Gln

775

Ser

Ile

Lys

520

Gly

Ser

Met

Gly

Thry

600

Lys

Gln

Arg

His

Ser

680

Pro

Thr

Gln

Gln

Gln

760

Pro

Thr

Gln

505

Leu

Arg

Leu

Arg

Lys

585

Gly

His

Met

Met

Ser

665

Ala

Ile

Ala

Ser

Gln

745

Gln

Gln

Gln
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His

Thr

Arg

Ser

Arg

570

Lys

Val

Asp

Thr

Arg

650

Asn

Ile

Gln

Ser

Gln

730

Gln

Gln

Thr

Ala

Gly

Asp

Thr

Val

555

Ala

Asn

Phe

Arg

Ala

635

Thr

Leu

Leu

Ser

Gln

715

Val

Pro

Gln

Pro

Leu
795

Val

Gly

Ala

540

Asp

Phe

Ser

Asn

Glu

620

Leu

Gln

His

Ser

Pro

700

Leu

Gln

Gln

Gln

Gly

780

His

Ala

Ser

525

Ser

Asn

Glu

Ile

Asn

605

Met

Asn

Ser

Ser

Pro

685

Leu

Serx

Gln

Pro

Gln

765

Ser

Asn

Gly

510

Tyx

val

Phe

Thx

Leu

590

Gln

Val

Cys

Pro

Pro

670

Cys

Ala

Leu

Thr

Gln

750

Gln

Serx

Thx

Val

Phe

Arg

Asn

Val

575

Leu

Glu

Gln

Thr

Pro

655

Ser

Ser

Thr

Met

Gln

735

Pro

Gln
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His
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Ile

Gly

Ala

Glu

560

Ala

Gln

Asn

Ala

Ser

640

val

Pro

Tyr

Arg

Gln

720

Thr

Gln

Gln

Pro

Leau
800
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Thr Arg Glu Val Arg Pro Leu Ser Ala Ser Gln Pro Ser Leu Pro His
805 810 815

Glu Val Ser Thr Met Ile Ser Arg Pro His Pro Thr Val Gly Glu Ser
820 825 830

Leu Ala Ser Ile Pro Gln Pro Val Ala Thr Val His Ser Thr Gly Leu
835 840 845

Gln Ala Gly Ser Arg Ser Thr Val Pro Gln Arg Val Thr Leu Phe Arg
850 855 860

Gln Met Ser Ser Gly Ala Ile Pro Pro Asn Arg Gly Val Pro Pro Ala
865 870 875 880

Pro Pro Pro Pro Ala Ala Val Gln Arg Glu Ser Pro Ser Val Leu Asn
885 890 895

Lys Asp Pro Asp Ala Glu Lys Pro Arg Phe Ala Ser Asn Leu
200 905 910

<210> 11
<211l> 890
<212> PRT
<213> Homo sapiens

<400> 11
Met Glu Gly Gly Gly Lys Pro Asn Ser Ser Ser Asn Ser Arg Asp Asp
1 5 10 15

Gly Asn Ser Val Phe Pro Ala Lys Ala Ser Ala Thr Gly Ala Gly Pro
20 25 30

Ala Ala Ala Glu Lys Arg Leu Gly Thr Pro Pro Gly Gly Gly Gly Ala
35 40 45

Gly Ala Lys Glu His Gly Asn Ser Val Cys Phe Lys Val Asp Gly Gly
50 55 60

Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Glu Glu Pro Ala Gly Gly
65 70 75 80

Phe Glu Asp Ala Glu Gly Pro Arg Arg Gln Tyr Gly Phe Met Gln Arg
85 20 95

Gln Phe Thr Ser Met Leu Gln Pro Gly Val Asn Lys Phe Ser Leu Arg
100 105 110

Met Phe Gly Ser Gln Lys Ala Val Glu Lys Glu Gln Glu Arg Val Lys
115 120 125

Thr Ala Gly Phe Trp Ile Ile His Pro Tyr Ser Asp Phe Arg Phe Tyr
130 135 140

Trp Asp Leu Ile Met Leu Ile Met Met Val Gly Asn Leu Val Ile Ile
145 150 155 160
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Pro Val Gly Ile Thr Phe Phe Thr Glu Gln Thr Thr Thr Pro Trp Ile
165 170 175

Ile Phe Asn Val Ala Ser Asp Thr Val Phe Leu Leu Asp Leu Ile Met
180 185 190

Asn Phe Arg Thr Gly Thr Val Asn Glu Asp Ser Ser Glu Ile Ile Leu
195 200 205

Asp Pro Lys Val Ile Lys Met Asn Tyxr Leu Lys Ser Trp Ser val val
210 215 220

Asp Phe Ile Ser Ser Ile Pro Val Asp Tyr Ile Phe Leu Ile Val Glu
225 230 235 240

Lys Gly Met Asp Ser Glu Val Tyr Lys Thr Ala Arg Ala Leu Arg Ile
245 250 255

Val Arg Phe Thr Lys Ile Leu Ser Leu Leu Arg Leu Leu Arg Leu Ser
260 265 270

Arg Leu Ile Arg Tyr Ile His Gln Trp Glu Glu Ile Phe His Met Thr
275 280 285

Tyr Asp Leu Ala Ser Ala Val Val Arg Ile Phe Asn Leu Ile Gly Met
290 295 300

Met Leu Leu Leu Cys His Trp Asp Gly Cys Leu Gln Phe Leu Val Pro
305 310 315 320

TLeu Leu Gln Asp Phe Pro Pro Asp Cys Trp Val Ser Leu Asn Glu Met
325 330 335

Val Asn Asp Ser Trp Gly Lys Gln Tyr Ser Tyr Ala Leu Phe Lys Ala
340 345 350

Met Ser His Met Leu Cys Ile Gly Tyr Gly Ala Gln Ala Pro Val Ser
355 360 365

Met Ser Asp Leu Trp Ile Thr Met Leu Ser Met Ile Val Gly Ala Thr
370 375 380

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

Asp Ser Ser Arg Arg Gln Tyr Gln Glu Lys Tyr Lys Gln Val Glu Gln
405 410 415

Tyr Met Ser Phe His Lys Leu Pro Ala Asp Met Arg Gln Lys Ile His
420 425 430

Asp Tyr Tyr Glu His Arg Tyr Gln Gly Lys Ile Phe Asp Glu Glu Asn
435 440 445

Tle Leu Asn Glu Leu Asn Asp Pro Leu Arg Gly Glu Ile Val Asn Phe
450 455 460
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Gln

Leu

Arg

Leu

Arg

580

Lys

Gly

His

Met

Met

660

Ser

Ala

Val

Ala

Gln

740

Gln

Leu
Thr
485

Tyr

Thr

Arg

Ser

565

Arg

Lys

Val

Asp

Thr

645

Arg

Asn

Ile

Glon

Ser

725

Ser

Thr

Val

470

Ala

Ile

Gly

Asp

Thr

550

Val

Ala

Asn

Phe

Arg

630

Thr

Thr

Leu

Leu

Ser

710

Gln

Gln

Pro

Ala

Met

Val

Val

Gly

535

Ala

Asp

Phe

Ser

Asn

615

Glu

Leu

Gln

His

Ser

695

Pro

Leu

Pro

Gly

Thr

Leu

Arg

Ala

520

Ser

Ser

Asn

Glu

Ile

600

Agn

Met

Asn

Ser

Ser

680

Pro

Leu

Ser

Pro

Ser
760
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Met Pro Leu

Glu

505

Gly

Tyx

Val

Phe

Thr

585

Leu

Gln

Val

ser

Pro

665

Pro

Cys

Ala

Leu

Gln

745

Ser

Lys

490

Gly

Val

Phe

Arg

Asn

570

Val

Leu

Glu

Gln

Ala

650

Pro

Ser

Ser

Ala

Met

730

Thr

Thr

475

Leu

Ala

Ile

Gly

Ala

555

Glu

Ala

Gln

Asn

Ala

635

Ser

Val

Pro

Tyr

Arg

715

Gln

Gln

Pro

Phe
Arg
Valy
Thr
Glu
540
Asp
Val
Ile
Lys
Glu
620
Ile
Ser
Tyr
Ser
Thr
700
Thr
Gln

Pro

Lys

Ala
Phe
Gly
Lys
525
Ile
Thr
Pro
Asp
Phe
605
Ile
Ala
Thy
Thr
Thr
685
Thr
Phe
Gln

Gln

Agn
765

Asn

Glu

Lys

510

Ser

Cys

Tyy

Glu

Arg

520

Gln

Leu

Pro

Thx

Ala

670

Gln

Ala

His

Pro

Gln

750

Glu

Ala

Val

495

Lys

Ser

Leu

Cys

Glu

575

Leu

Lys

Lys

Ile

Thr

655

Thr

Thr

vVal

Tyxr

Gln

735

Pro

Val
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Asp

480

Phe

Met

Lys

Leu

Arg

560

Tyr

Asp

Asp

Gln

Asn

640

Pro

Ser

Pro

Cys

Ala

720

Gln

Ser

His
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Lys Ser Thr Gln Ala Leu His Asn Thr Asn Leu Thr Arg Glu Val Arg
770 775 780

Pro Leu Ser Ala Ser Gln Pro Ser Leu Pro His Glu Val Pro Thr Leu

785 790 795 800

Ile Ser Arg Pro His Pro Thr Val Gly Glu Ser Leu Ala Ser Ile Pro
805 810 815

Gln Pro Val Thr Ala Val Pro Gly Thr Gly Leu Gln Ala Gly Gly Arg
820 825 830

Ser Thr Val Pro Gln Arg Val Thr Leu Phe Arg Gln Met Ser Ser Gly
835 840 845

Ala Ile Pro Pro Asn Arg Gly Val Pro Pro Ala Pro Pro Pro Pro Ala
850 855 860

Ala Ala Leu Pro Arg Glu Ser Ser Ser Val Leu Asn Thr Asp Pro Asp
865 870 875 880

Ala Glu Lys Pro Arg Phe Ala Ser Asn Leu
885 890

<210> 12

<211> 822

<212> PRT

<213> Oryctolagus cuniculus

<400> 12
Met Ala Thr Ala Ser Ser Pro Pro Arg Arg Pro Arg Arg Ala Arg Gly
1 5 10 15

Leu Glu Asp Ala Glu Gly Pro Arg Arg Gln Tyr Gly Phe Met Gln Arg
20 25 30

Gln Phe Thr Ser Met Leu Gln Pro Gly Val Asn Lys Phe Ser Leu Arg
35 40 45

Met Phe Gly Ser Gln Lys Ala Val Glu Lys Glu Gln Glu Arg Val Lys
50 55 60

Thr Ala Gly Phe Trp Ile Ile His Pro Tyr Ser Asp Phe Arg Phe Tyr
65 70 75 80

Trp Asp Leu Ile Met Leu Ile Met Met Val Gly Asn Leu Val Ile Ile
85 20 e85

Pro Val Gly Ile Thr Phe Phe Thr Glu Gln Thr Thr Thr Pro Trp Ile
100 105 110

Ile Phe Asn Val Ala Ser Asp Thr Val Phe Leu Leu Asp Leu Ile Met
115 120 125

Asn Phe Arg Thr Gly Thr Val Asn Glu Asp Ser Ser Glu Ile Ile Leu
130 135 140
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Asp

145

Asp

Lys

Val

Arg

Tyr

225

Met

Leu

val

Met

Met

305

Cys

Asp

Tyr

Asp

Ile

385

Asn

Pro

Gln

Pro

Phe

Gly

Arg

Leu

210

Asp

Leu

Leu

Asn

Ser

290

Ser

Tyxr

Ser

Met

Tyr

370

Leu

Cys

Asn

Pro

Lys

Ile

Met

Phe

195

Ile

Leu

Leu

Gln

Asp

275

His

Asp

Ala

Ser

Ser

355

Tyr

Asn

Arg

Phe

Gly
435

val

Ser

Asp

180

Thr

Arg

Ala

Leu

Asp

260

Ser

Met

Leu

Met

Arg

340

Phe

Glu

Glu

Lys

val

420

Asp

Ile

Ser

165

Ser

Lys

Tyr

Ser

Cys

245

Phe

Trp

Leu

Trp

Phe

325

Arg

Hisg

His

Leu

Leu

405

Thr

TYyTr

Lys

150

Ile

Glu

Ile

Ile

Ala

230

His

Pro

Gly

Cys

Ile

310

val

Gln

Lys

Arg

Asn

390

val

Ala

Ile

Met

Pro

Val

Leu

His

215

vVal

Trp

Pro

Lys

Ile

295

Thxr

Gly

Tyx

Leu

Tyx

375

Asp

Ala

Met

Ile

Asn

Val

Tyr

Ser

200

Gln

val

Asp

Asp

Gln

280

Gly

Met

His

Gln

Pro

360

Gln

Pro

Thr

Leu

Arg
440
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Tyr Leu Lys

Asp

Lys

185

Leu

Trp

Arg

Gly

Cys

265

Tyr

Tyr

Leu

Ala

Glu

345

Ala

Gly

Leu

Met

Ser

425

Glu

Tyr

170

Thr

Leu

Glu

Ile

Cys

250

Trp

Ser

Gly

Ser

Thr

330

Lys

Asp

Lys

Arg

Pro

410

Lys

Gly

155

Ile

Ala

Arg

Glu

Phe

235

Leu

Val

Tyx

Ala

Met

315

Ala

Tyr

Met

Ile

Glu

395

Leu

Leu

Ala

Ser

Phe

Arg

Leu

Ile

220

Asn

Gln

Ser

Ala

Gln

300

Ile

Leu

Lys

Arg

Phe

380

Glu

Phe

Arg

val

Txp

Leu

Ala

Lieu

205

Phe

Leu

Phe

Leu

Leu

285

Ala

Val

Ile

Gln

Gln

365

Asp

Ile

Ala

Phe

Gly
445

Phe

Ile

Leu

190

Arg

His

Ile

Leu

Asn

270

Phe

Pro

Gly

Gln

Val

350

Lys

Glu

Val

Asn

Glu

430

Lys

Val

Val

175

Arg

Leu

Met

Gly

val

255

Glu

Lys

Val

Ala

Ser

335

Glu

Ile

Glu

Asn

Ala

415

Val

Lys
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Vval

160

Glu

Ile

Ser

Thr

Met

240

Pro

Met

Ala

Ser

Thr

320

Leu

Gln

His

Asn

Phe

400

Asp

Phe

Met
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Tyr Phe Ile Gln His Gly Val Ala Gly Val Ile Thr Lys Ser Ser Lys
450 455 460

Glu Met Lys Leu Thr Asp Gly Ser Tyr Phe Gly Glu Ile Cys Leu Leu
465 470 475 480

Thr Lys Gly Arg Arg Thr Ala Ser Val Arg Ala Asp Thr Tyr Cys Arg
485 490 495

Leu Tyr Ser Leu Ser Val Asp Asn Phe Asn Glu Val Leu Glu Glu Tyr
500 505 510

Pro Met Met Arg Arg Ala Phe Glu Thr Val Ala Ile Asp Arg Leu Asp
515 520 525

Arg Ile Gly Lys Lys Asn Ser Ile Leu Leu Gln Lys Phe Gln Lys Asp
530 535 540

Leu Asn Thr Gly Val Phe Asn Asn Gln Glu Asn Glu Ile Leu Lys Gln
545 550 555 560

Ile Val Lys His Asp Arg Glu Met Val Gln Ala Ile Ala Pro Ile Ser
565 570 575

Tyr Pro Gln Met Thr Ala Leu Asn Ser Thr Ser Ser Thr Ala Thr Pro
580 585 590

Thr Ser Arg Met Arg Thr Gln Ser Pro Pro Val Tyr Thr Ala Thr Ser
585 600 605

Leu Ser His Ser Asn Leu His Ser Pro Ser Pro Ser Thr Gln Thr Pro
610 , 615 620

Gln Pro Ser Ala Ile Leu Ser Pro Cys Ser Tyr Thr Thr Ala Val Cys
625 630 635 640

Ser Pro Pro Val Gln Ser Pro Leu Ala Thr Arg Thr Phe His Tyr Ala
645 650 655

Ser Pro Thr Ala Ser Gln Leu Ser Leu Met Pro Gln Gln Gln Gln Gln
660 665 670

Pro Gln Ala Pro Gln Thr Gln Pro Gln Gln Pro Pro Gln Gln Pro Gln
675 680 685

Thr Pro Gly Ser Ala Thr Pro Lys Asn Glu Val His Arg Ser Thr Gln
690 695 700

Ala Leu Pro Asn Thr Ser Leu Thr Arg Glu Val Arg Pro Leu Ser Ala
705 710 715 720

Ser Gln Pro Ser Leu Pro His Glu Val Ser Thr Leu Ile Ser Arg Pro
725 730 735

His Pro Thr Val Gly Glu Ser Leu Ala Ser Ile Pro Gln Pro Val Ala
740 745 750
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Ala Val His Ser Ala Gly Leu Gln Ala Ala Gly Arg Ser Thr Vval Pro
755 760 765

Gln Arg Val Thr Leu Phe Arg Gln Met Ser Ser Gly Ala Ile Pro Pro
770 775 780

Asn Arg Gly Val Pro Pro Ala Pro Pro Pro Pro Ala Ala Pro Leu Gln
785 790 795 800

Arg G}u Ala Ser Ser Val Leu Asn Thr Asp Pro Glu Ala Glu Lys Pro
805 810 815

Arg Phe Ala Ser Asn Leu
820

<210> 13

<211> 202

<212> PRT

<213> Cavia porcellus

<400> 13
Ile Met Met Val Gly Asn Leu Val Ile Ile Pro Val Gly Ile Thr Phe
1 5 10 15

Phe Thr Glu Gln Thr Thr Thr Pro Trp Ile Ile Phe Asn Val Ala Ser
20 25 30

Asp Thr Val Phe Leu Leu Asp Leu Ile Met Asn Phe Arg Thr Gly Thr
35 40 45

Val Asn Glu Asp Ser Ser Glu Ile Ile Leu Asp Pro Lys Val Ile Lys
50 55 60

Met Asn Tyr Leu Lys Ser Trp Phe Val Val Asp Phe Ile Ser Ser Ile
65 70 75 80

Pro Val Asp Tyr Ile Phe Leu Ile Val Glu Lys Gly Met Asp Ser Glu
85 90 95

Val Tyr Lys Thr Ala Arg Ala Leu Arg Ile Val Arg Phe Thr Lys Ile
100 105 110

Leu Ser Leu Leu Arg Leu Leu Arg Leu Ser Arg Leu Ile Arg Tyr Ile
115 120 125

His Gln Trp Glu Glu Ile Phe His Met Thr Tyr Asp Leu Ala Ser Ala
130 135 140

Val Val Arg Ile Phe Asn Leu Ile Gly Met Met Leu Leu Leu Cys His
145 150 155 160

Trp Asp Gly Cys Leu Gln Phe Leu Val Pro Leu Leu Gln Asp Phe Pro
165 170 175

Pro Asp Cys Trp Val Ser Leu Asn Lys Met Val Asn vVal Ser Trp Gly
180 185 190
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Gln Gln Tyr Ser Tyr Ala Leu Phe Lys Ala
195 200
<210> 14
<211l> B63
<212> PRT

<213> Mus musculus

<400> 14
Met Asp Ala Arg Gly Gly Gly Gly Arg Pro Gly Asp Ser Pro Gly Thr
1 5 10 15

Thr Pro Ala Pro Gly Pro Pro Pro Pro Pro Pro Pro Pro Ala Pro Pro
20 25 30

Gln Pro Gln Pro Pro Pro Ala Pro Pro Pro Agn Pro Thr Thr Pro Ser
35 40 45

His Pro Glu Ser Ala Asp Glu Pro Gly Pro Arg Ala Arg Leu Cys Ser
50 55 60

Arg Asp Ser Ala Cys Thr Pro Gly Ala Ala Lys Gly Gly Ala Asn Gly
65 70 75 80

Glu Cys Gly Arg Gly Glu Pro Gln Cys Ser Pro Glu Gly Pro Ala Arg
85 90 95

Gly Pro Lys Val Ser Phe Ser Cys Arg Gly Ala Ala Ser Gly Pro Ser
100 105 110

Ala Ala Glu Glu Ala Gly Ser Glu Glu Ala Gly Pro Ala Gly Glu Pro
115 120 125

Arg Gly Ser Gln Ala Ser Phe Leu Gln Arg Gln Phe Gly Ala Leu Leu
130 135 140

Gln Pro Gly Val Asn Lys Phe Ser Leu Arg Met Phe Gly Ser Gln Lys
145 150 155 160

Ala Val Glu Arg Glu Gln Glu Arg Val Lys Ser Ala Gly Ala Trp Ile
165 170 175

Ile His Pro Tyr Ser Asp Phe Arg Phe Tyr Trp Asp Phe Thr Met Leu
180 185 190

Leu Phe Met Val Gly Asn Leu Ile Ile Ile Pro Val Gly Ile Thr Phe
195 200 205

Phe Lys Asp Glu Thr Thr Ala Pro Trp Ile Val Phe Asn Val Val Ser
210 215 220

Asp Thr Phe Phe Leu Met Asp Leu Val Leu Asn Phe Arg Thr Gly Ile
225 230 235 240

Val Ile Glu Asp Asn Thr Glu Ile Ile Leu Asp Pro Glu Lys Ile Lys
245 250 255
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Lys Lys Tyr Leu Arg Thr Trp Phe Val Val Asp Phe Val Ser Ser Ile
260 265 270

Pro Val Asp Tyr Ile Phe Leu Ile Val Glu Lys Gly Ile Asp Ser Glu
275 280 285

Val Tyr Lys Thr Ala Arg Ala Leu Arg Ile Val Arxrg Phe Thr Lys Ile
290 295 300

Leu Ser Leu Leu Arg Leu Leu Arg Leu Ser Arg Leu Ile Arg Tyr Ile
305 310 315 320

His Gln Trp Glu Glu Ile Phe His Met Thr Tyr Asp Leu Ala Ser Ala
325 330 335

Val Met Arg Ile Cys Asn Leu Ile Ser Met Met Leu Leu Leu Cys His
340 345 350

Trp Asp Gly Cys Leu Gln Phe Leu Val Pro Met Leu Gln Asp Phe Pro
355 360 365

Ser Asp Cys Trp Val Ser Ile Asn Asn Met Val Asn His Ser Trp Ser
370 375 380

Glu Lieu Tyr Ser Phe Ala Leu Phe Lys Ala Met Ser His Met Leu Cys
385 350 395 400

Ile Gly Tyr Gly Arg Gln Ala Pro Glu Ser Met Thr Asp Ile Trp Leu
405 410 415

Thr Met Leu Ser Met Ile Val Gly Ala Thr Cys Tyr Ala Met Phe Ile
420 425 430

Gly His Ala Thr Ala Leu Ile Gln Ser Leu Asp Ser Ser Arg Arg Gln
435 440 445

Tyr Gln Glu Lys Tyr Lys Gln Val Glu Gln Tyr Met Ser Phe His Lys
450 455 460

Leu Pro Ala Asp Phe Arg Gln Lys Ile His Asp Tyr Tyr Glu His Arg
465 470 475 480

Tyr Gln Gly Lys Met Phe Asp Glu Asp Ser Ile Leu Gly Glu Leu Asn
485 4590 495

Gly Pro Leu Arg Glu Glu Ile Val Asn Phe Asn Cys Arg Lys Leu Val
500 505 510

Ala Ser Met Pro Leu Phe Ala Asn Ala Asp Pro Asn Phe Val Thr Ala
515 520 525

Met Leu Thr Lys Leu Lys Phe Glu Val Phe Gln Pro Gly Asp Tyr Ile
530 535 540

Ile Arg Glu Gly Thr Tle Gly Lys Lys Met Tyr Phe Ile Gln His Gly
545 550 555 560
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Val Val Ser Val Leu Thr Lys Gly Asn Lys Glu Met Lys Leu Ser Asp
565 570 575

Gly Ser Tyr Phe Gly Glu Ile Cys Leu Leu Thr Arg Gly Arg Arg Thr
580 585 590

Ala Ser Val Arg Ala Asp Thr Tyr Cys Arg Leu Tyr Ser Leu Ser Vval
595 600 605

Asp Asn Phe Asn Glu Val Leu Glu Glu Tyr Pro Met Met Arg Arg Ala
610 615 620

Phe Glu Thr Val Ala Ile Asp Arg Leu Asp Arg Ile Gly Lys Lys Asn
625 630 635 640

Ser Ile Leu Leu His Lys Val Gln His Asp Leu Ser Ser Gly Val Phe
645 650 655

Asn Asn Gln Glu Asn Ala Ile Ile Gln Glu Ile Val Lys Tyr Asp Arg
660 665 670

Glu Met Vval Gln Gln Ala Glu Leu Gly Gln Arg val Gly Leu Phe Pro
675 680 685

Pro Pro Pro Pro Pro Gln Val Thr Ser Ala Ile Ala Thr Leu Glu Gln
690 695 700

Ala Val Ala Met Ser Phe Cys Pro Gln Val Ala Arg Pro Leu Val Gly
705 710 715 720

Pro Leu Ala Leu Gly Ser Pro Arg Leu Val Arg Arg Ala Pro -Pro Gly
725 730 735

Pro Leu Pro Pro Ala Ala Ser Pro Gly Pro Pro Ala Ala Ser Pro Pro
740 745 750

Ala Ala Pro Ser Ser Pro Arg Ala Pro Arg Thr Ser Pro Tyr Gly Val
755 760 765

Pro Gly Ser Pro Ala Thr Arg Val Gly Pro BAla Leu Pro Ala Arg Arg
770 775 780

Leu Ser Arg Ala Ser Arg Pro Leu Ser Ala Ser Gln Pro Ser Leu Pro
785 790 795 800

His Gly Val Pro Ala Pro Ser Pro Ala Ala Ser Ala Arg Pro Ala Ser
805 810 815

Ser Ser Thr Pro Arg Leu Gly Pro Ala Pro Thr Ala Arg Thr Ala Ala
820 825 830

Pro Ser Pro Asp Arg Arg Asp Ser Ala Ser Pro Gly Ala Ala Ser Gly
835 840 845

Leu Asp Pro Leu Asp Ser Ala Arg Ser Arg Leu Ser Ser Asn DLeu
850 855 860
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<210> 15

<211> 863

<212> PRT

<213> Rattus norvegicus

<400> 15
Met Asp Ala Arg Gly Gly Gly Gly Arg Pro Gly Asp Ser Pro Gly Ala
1 5 10 15

Thr Pro Ala Pro Gly Pro Pro Pro Pro Pro Pro Pro Pro Ala Pro Pro
20 25 30

@ln Pro Gln Pro Pro Pro Ala Pro Pro Pro Asn Pro Thr Thxr Pro Ser
35 40 45

His Pro Glu Ser Ala Asp Glu Pro Gly Pro Arg Ser Arg Leu Cys Ser
50 55 60

Arg Asp Ser Ser Cys Thr Pro Gly Ala Ala Lys Gly Gly Ala Asn Gly
65 70 75 80

@Glu Cys Gly Arg Gly Glu Pro Gln Cys Ser Pro Glu Gly Pro Ala Arg
85 90 95

Gly Pro Lys Val Ser Phe Ser Cys Arg Gly Ala Ala Ser Gly Pro Ala
100 105 110

Ala Ala Glu Glu Ala Gly Ser Glu Glu Ala Gly Pro Ala Gly Glu Pro
115 120 125

Arg Gly Ser Gln Ala Ser Phe Leu Gln Arg Gln Phe Gly Ala Leu Leu
130 135 140

@ln Pro Gly Val Asn Lys Phe Ser Leu Arg Met Phe Gly Ser Gln Lys
145 150 155 160

Ala Val Glu Arg Glu Gln Glu Arg Val Lys Ser Ala Gly Ala Trp Ile
165 170 175

Tle His Pro Tyr Ser Asp Phe Arg Phe Tyr Trp Asp Phe Thr Met Leu
180 185 190

Leu Phe Met Val Gly Asn Leu Ile Ile Ile Pro Val Gly Ile Thr Phe
195 200 205

Phe Lys Asp Glu Thr Thr Ala Pro Trp Ile Val Phe Asn Val Val Ser
210 215 220

Asp Thr Phe Phe Leu Met Asp Leu Val Leu Asn Phe Arg Thr Gly Ile
225 230 235 240

Val Ile Glu Asp Asn Thr Glu Ile Ile Leu Asp Pro Glu Lys Ile Lys
245 250 255

Lys Lys Tyr Leu Arg Thr Trp Phe Val Val Asp Phe Val Ser Ser Ile
260 265 270
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Pro

Val

Leu

305

His

Val

Trp

Ser

Glu

385

Ile

Thr

Gly

Tyr

Leu

465

Tyxr

Gly

Ala

Met

Ile

545

val

Val

Tyr

290

Ser

Gln

Met

Asp

Asp

370

Leu

Gly

Met

His

Gln

450

Pro

Gln

Pro

Ser

Leu

530

Arg

vVal

Asp

275

Lys

Leu

Trp

Arg

Gly

355

Cys

Tyr

Tyx

Lieu

Ala

435

Glu

Ala

Gly

Leu

Met

515

Thx

Glu

Ser

Tyr

Thr

Leu

Glu

Ile

340

Cys

Trp

Ser

Gly

Ser

420

Thr

Lys

Asp

Lys

Arg

500

Pro

Lys

Gly

Val

Ile

Ala

Arg

Glu

325

Cys

Leu

val

Fhe

Arg

405

Met

Ala

Tyr

Phe

Met

485

Glu

Leu

Leu

Thr

Leu
565

Phe

Arg

Leu

310

Ile

Asn

Gln

Ser

Ala

390

Gin

Ile

Leu

Lys

Arg

470

Phe

Glu

Phe

Lys

Ile

550

Thr

Leu

Ala

295

Leu

Phe

Leu

Phe

Ile

375

Leu

Ala

Val

Ile

Gln

455

Gln

Asp

Ile

Ala

Phe

535

Gly

Lys

Ile
280
Leu
Arg
Hisg
Ile
Leu
360

Asn

Phe

Gly

Gln

440

val

Lys

Glu

val

Asn

520

Glu

Lys

Gly

33/58

Val Glu Lys

Arg

Leu

Met

Ser

345

Val

Asn

Lys

Glu

Ala

425

Ser

Glu

Ile

Asp

Asn

505

Ala

Val

Lys

Asn

Ile

Ser

Thr

330

Met

Pro

Met

Ala

Ser

410

Thx

Leu

Gln

His

Sex

4390

Phe

Asp

Phe

Met

Lys
570

val

Arg

315

Tyr

Met

Met

val

Met

395

Met

Cys

Asp

Tyx

Asp

475

Ile

Asn

Pro

Gln

Tyr

555

Glu

Gly

Arg

300

Leu

Asp

Leu

Leu

Asn

380

Ser

Thyr

Tyr

Ser

Met

460

Tyxr

Leu

Cys

Asn

Pro

540

Phe

Met

Ile

285

Phe

Ile

Leu

Leu

Gln

365

His

His

Asp

Ala

Ser

445

ser

Tyx

Gly

Arg

Phe

525

Gly

Ile

Lys

Asp

Thr

Arg

Ala

Leu

350

Asp

Ser

Met

Ile

Met

430

Arg

Phe

Glu

Glu

Lys

510

val

Agp

Gln

Leu

Serx

Lys

Tyx

Ser

335

Cys

Phe

Trp

Leu

Trp

415

Phe

Arg

His

His

Leu

495

Leu

Thr

Tyr

His

Ser
575
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Glu
Ile
Tle
320
Ala
His
Pro
Sex
Cys
400
Leu
Ile
Gin
Lys
Arg
480
Asn
Val
aAla
Ile
Gly

560

ASp
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Gly Ser Tyr Phe Gly Glu Ile Cys Leu Leu Thr Arg Gly Arg Arg Thr
580 585 590

Ala Ser Val Arg Ala Asp Thr Tyr Cys Arg Leu Tyr Ser Leu Ser Val
595 600 605

Asp Asn Phe Asn Glu Val Leu Glu Glu Tyr Pro Met Met Arg Arg Ala
610 615 620

Phe Glu Thr Val Ala Ile Asp Arg Leu Asp Arg Ile Gly Lys Lys Asn
625 630 635 640

Ser Ile Leu Leu His Lys Val Gln His Asp Leu Ser Ser Gly Val Phe
645 650 655

Asn Asn Gln Glu Asn Ala Ile Ile Gln Glu Ile Val Lys Tyr Asp Arg
660 665 670

Glu Met Val Gln Gln Ala Glu Leu Gly Gln Arg Val Gly Leu Phe Pro
675 680 685

Pro Pro Pro Pro Pro Gln Val Thr Ser Ala Ile Ala Thr Leu Gln Gln
690 695 700

Ala val Ala Met Ser Phe Cys Pro Gln Val Ala Arg Pro Leu Val Gly
705 710 715 720

Pro Leu Ala Leu Gly Ser Pro Arg Leu Val Arg Arg Ala Pro Pro Gly
725 730 735

Pro Leu Pro Pro Ala Ala Ser Pro Gly Pro Pro Ala Ala Ser Pro Pro
740 745 750

Ala Ala Pro Ser Ser Pro Arg Ala Pro Arg Thr Ser Proc Tyr Gly Val
755 760 765

Pro Gly Ser Pro Ala Thr Arg Val Gly Pro Ala Leu Pro Ala Arg Arg
770 775 780

Leu Ser Arg Ala Ser Arg Pro Leu Ser Ala Ser Gln Pro Ser Leu Pro
785 790 795 800

His Gly Ala Pro Ala Pro Ser Pro Ala Ala Ser Ala Arg Pro Ala Ser
805 810 815

Ser Ser Thr Pro Arg Leu Gly Pro Ala Pro Thr Thr Arg Thr Ala Ala
820 825 830

Pro Ser Pro Asp Arg Arg Asp Ser Ala Ser Pro Gly Ala Ala Ser Gly
835 840 845

Leu Asp Pro Leu Asp Ser Ala Arg Ser Arg Leu Ser Ser Asn Leu
850 855 860
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<210> 16

<211> 889

<212> PRT

<213> Homo sapiens

<400> 16
Met Asp Ala Arg Gly Gly Gly Gly Arg Pro Gly Glu Ser Pro Gly Ala
1 5 10 15

Thr Pro Ala Pro Gly Pro Pxo Pro Pro Pro Pro Pro Ala Pro Pro Gln
20 25 30

Gln Gln Pro Pro Pro Pro Pro Pro Pro Ala Pro Pro Pro Gly Pro Gly
35 40 45

Pro Ala Pro Pro Gln His Pro Pro Arg Ala Glu Ala Leu Pro Pro Glu
50 55 60

Ala Ala Asp Glu Gly Gly Pro Arg Gly Arg Leu Arg Ser Arg Asp Ser
65 70 75 80

Ser Cys Gly Arg Pro Gly Thr Pro Gly Ala Ala Ser Thr Ala Lys Gly
85 20 95

Ser Pro Asn Gly Glu Cys Gly Arg Gly Glu Pro Gln Cys Ser Pro Ala
100 105 110

Gly Pro Glu Gly Pro Ala Arg Gly Pro Lys Val Ser Phe Sexr Cys Arg
115 120 125

Gly Ala Ala Ser Gly Pro Ala Pro Gly Pro Gly Pro Ala Glu Glu Ala
130 135 140

Gly Ser Glu Glu Ala Gly Pro Ala Gly Glu Pro Arg Gly Ser Gln Ala
145 150 155 160

Ser Phe Met Gln Arg Gln Phe Gly Ala Leu Leu Gln Pro Gly Val Asn
165 170 175

Lys Phe Ser Leu Arg Met Phe Gly Ser Gln Lys Ala Val Glu Arg Glu
180 185 190

Gln Glu Arg Val Lys Ser Ala Gly Ala Trp Ile Ile His Pro Tyr Ser
195 200 205

Asp Phe Arg Phe Tyr Trp Asp Phe Thr Met Leu Leu Phe Met Val Gly
210 215 220

Asn Leu Ile Ile Xle Pro Val Gly Ile Thr Phe Phe Lys Asp Glu Thr
225 230 235 240

Thr Ala Pro Trp Ile Val Phe Asn Val Val Ser Asp Thr Phe Phe Leu
245 250 255

Met Asp Leu Val Leu Asn Phe Arg Thr Gly Ile Val Ile Glu Asp Asn
260 265 270
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Thr Glu Ile Ile Leu Asp Pro Glu Lys Ile Lys Lys Lys Tyr Leu Arg
2758 280 285

Thr Trp Phe Val Val Asp Phe Val Ser Ser Ile Pro Val aAsp Tyr Ile
290 295 300

Phe Leu Ile Val Glu Lys Gly Ile Asp Ser Glu Val Tyr Lys Thr Ala
305 310 315 320

Arg Ala Leu Arg Ile Val Arg Phe Thr Lys Ile Leu Ser Leu Leu Arg
325 330 335

Leu Leu Arg Leu Ser Arg Leu Ile Arg Tyr Ile Hig Gln Trp Glu Glu
340 345 350

Ile Phe His Met Thr Tyr Asp Leu Ala Ser Ala Val Met Arg Ile Cys
355 360 365

Asn Leu Ile Ser Met Met Leu Leu Leu Cys His Trp Asp Gly Cys Leu
370 375 380

Gln Phe Dheu Val Pro Met Leu Gln Asp Phe Pro Arg Asn Cys Trp Val
385 390 395 400

Ser Ile Asn Gly Met Val Asn His Ser Trp Ser Glu Leu Tyr Ser Phe
405 410 415

Ala Leu Phe Lys Ala Met Ser His Met Leu Cys Ile Gly Tyr Gly Arg
420 425 430

Gln Ala Pro Glu Ser Met Thr Asp Ile Trp Leu Thr Met Leu Ser Met
435 440 445

Ile val Gly Ala Thr Cys Tyr Ala Met Phe Ile Gly His Ala Thr Ala
450 455 460

Leu Ile Gln Ser Leu Asp Ser Ser Arg Arg Gln Tyr Gln Glu Lys Tyr
465 470 475 480

Lys Gln Val Glu Gln Tyr Met Ser Phe His Lys Leu Pro Ala Asp Phe
485 490 495

Arg Gln Lys Ile His Asp Tyr Tyr Glu His Arg Tyr Gln Gly Lys Met
500 505 510

Phe Asp Glu Asp Ser Ile Leu Gly Glu Leu Asn Gly Pro Leu Arg Glu
515 520 525

Glu Ile Val Asn Phe Asn Cys Arg Lys Leu Val Ala Ser Met Pro Leu
530 ; 535 540

Phe Ala Asn Ala Asp Pro Asn Phe Val Thr Ala Met Leu Thr Lys Leu
545 550 555 560

Lys Phe Glu Val Phe Gln Pro Gly Asp Tyr Ile Ile Arg Glu Gly Thr
565 570 575
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Ile Gly Lys Lys Met Tyr Phe Ile Gln His Gly Val Val Ser Val Leu
580 585 590

Thr Lys Gly Asn Lys Glu Met Lys Leu Ser Asp Gly Ser Tyr Phe Gly
585 600 605

Glu Ile Cys Leu Leu Thr Arg Gly Arg Arg Thr Ala Ser Val Arg Ala
610 615 620

Asp Thr Tyr Cys Arg Leu Tyr Ser Leu Ser Val Asp Asn Phe Asn Glu
625 630 635 640

Val Leu Glu Glu Tyr Pro Met Met Arg Arg Ala Phe Glu Thr Val Ala
645 650 655

Ile Asp Arg Leu Asp Arg Ile Gly Lys Lys Asn Ser Ile Leu Leu His
660 665 67Q

Lys Val Gln His Asp Leu Asn Ser Gly Val Phe Asn Asn Gln Glu Asn
675 680 685

Ala Ile Ile Gln Glu Ile Val Lys Tyr Asp Arg Glu Met Val Gln Gln
690 695 700

Ala Glu Leu Gly Gln Arg Val Gly Leu Phe Pro Pro Pro Pro Pro Pro
705 710 715 720

Pro Gln Val Thr Ser Ala Ile Ald Thr Leu Glun Gln Ala Ala Ala Met
725 730 735

Ser Phe Cys Pro Gln Val Ala Arg Pro Leu Val Gly Pro Leu Ala Leu
740 745 750

Gly Ser Pro Arg Leu Val Arg Arg Pro Pro Pro Gly Pro Ala Pro Ala
755 760 765

Ala Ala Ser Pro Gly Pro Pro Pro Pro Ala Ser Pro Pro Gly Ala Pro
770 775 780

Ala Ser Pro Arg Ala Pro Arg Thr Ser Pro Tyr Gly Gly Leu Pro Ala
785 790 795 800

Ala Pro Leu Ala Gly Pro Ala Leu Pro Ala Arg Arg Leu Ser Arg Ala
805 810 815

Ser Arg Pro DLeu Ser Ala Ser Gln Pro Ser Leu Pro His Gly Ala Pro
820 825 830

@ly Pro Ala Ala Ser Thr Arg Pro Ala Ser Ser Ser Thr Pro Arg Leu
835 840 845

Arg Pro Thy Pro ala Ala Arg Ala Ala Ala Pro Ser Pro Asp Arg Arg
B850 855 860

Asp Ser Ala Ser Pro Gly Ala aAla Gly Gly Leu Asp Pro Gln Asp Ser
865 870 875 880



WO 2007/014134 PCT/US2006/028625

38/58

Ala Arg Ser Arg Leu Ser Ser Asn Leu
885

<210> 17

<21l> 97

<212> PRT

<213> Canis familiaris

<400> 17
Ala Met Ser His Met Leu Cys Ile Gly Tyr Gly Arg Gln Ala Pro Glu
1 5 10 15

Ser Met Thr Asp Ile Trp Leu Thr Met Leu Ser Met Ile Val Gly Ala
20 25 30

Thr Cys Tyr Ala Met Phe Ile Gly His Ala Thr Ala Leu Ile Gln Ser
35 40 45

Leu Asp Ser Ser Arg Arg Gln Tyr Gln Glu Lys Tyr Lys Gln Val Glu
50 55 60

Gln Tyr Met Ser Phe His Lys Leu Pro Ala Asp Phe Arg Gln Lys Ile
65 70 75 80

His Asp Tyr Tyr Glu His Arg Tyr Gln Gly Lys Met Phe Asp Glu Glu
85 90 95

Ser

<210> 18

<211> 1186

<212> PRT

<213> Mus musculus

<400> 18
Met Asp Lys Leu Pro Pro Ser Met Arg Lys Arg Leu Tyr Ser Leu Pro
1 5 10 15

Gln Gln val Gly Ala Lys Ala Trp Ile Met Asp Glu Glu Glu Asp Gly
20 25 30

Glu Glu Glu Gly Ala Gly Gly Arg Gln Asp Pro Ser Arg Arg Ser Ile
35 40 45

Arg Leu Arg Pro Leu Pro Ser Pro Ser Pro Ser Val Ala Ala Gly Cys
50 55 60

Ser Glu Ser Arg Gly Ala Ala Leu Gly Ala Thr Glu Ser Glu Gly Pro
65 70 75 80

Gly Arg Ser Ala Gly Lys Ser Ser Thr Asn Gly Asp Cys Arg Arg Phe
85 S0 95

Arg Gly Ser Leu Ala Ser Leu Gly Ser Arg Gly Gly Gly Ser Gly Gly
100 105 110
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Ala Gly Gly Gly Ser Ser Leu Gly His Leu His Asp Ser Ala Glu Glu
115 120 125

Arg Arg Leu Ile Ala Ala Glu Gly Asp Ala Ser Pro Gly Glu Asp Arg
130 135 140

Thr Pro Pro Gly Leu Ala Thr Glu Pro Glu Axrg Pro Ala Thr Ala Ala
145 150 155 160

@Gln Pro Ala Ala Ser Pro Pro Pro Gln Gln Pro Pro Gln Pro Ala Ser
165 170 175

Ala Ser Cys Glu Gln Pro Ser Ala Asp Thr Ala Ile Lys Val Glu Gly
180 185 190

@ly Ala Ala Ala Ile Asp His Ile Leu Pro Glu Ala Glu Val Arg Leu
195 200 205

@ly Gln Ser Gly Phe Met Gln Arg Gln Phe Gly Ala Met Leu Gln Pro
210 215 220

Gly val Asn Lys Phe Ser Leu Arg Met Phe Gly Ser Gln Lys Ala Val
225 230 235 240

Glu Arg Glu Gln Glu Arg Val Lys Ser Ala Gly Phe Trp Ile Ile His
245 250 255

Pro Tyr Ser Asp Phe Arg Phe Tyr Trp Asp Leu Thr Met Leu Leu Leu
260 265 270

Met Val Gly Asn Leu Ile Ile Ile Pro Val Gly. Ile Thr Phe Phe Lys
275 280 285

Asp Glu Asn Thr Thr Pro Trp Ile Val Phe Asn Val val Ser Asp Thr
290 295 300

Phe Phe Leu Ile Asp Leu Val Leu Asn Phe Arg Thr Gly Ile Val Val
305 310 315 320

@Glu Asp Asn Thr Glu Ile Ile Leu Asp Pro Gln Arg Ile Lys Met Lys
325 330 335

Tyr Leu Lys Ser Trp Phe Val Val Asp Phe Ile Ser Ser Ile Pro Val
340 345 350

@lu Tyr Ile Phe Leu Ile Val Glu Thr Arg Ile Asp Ser Glu Vval Tyr
355 360 365

Lys Thr Ala Arg Ala Val Arg Ile Val Arg Phe Thr Lys Ile Leu Ser
370 375 380

Leu Leu Arg Leu Leu Arg Leu Ser Arg Leu Ile Arg Tyr Ile His Gln
385 390 395 400

Trp Glu Glu Ile Phe His Met Thr Tyr Asp Leu Ala Ser Ala Vval val
405 410 415
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Arg Ile Val Asn Leu Ile Gly Met Met Leu Leu Leu Cys His Trp Asp
420 425 430

@ly Cys Leu Gln Phe Leu Val Pro Met Leu Gln Asp Phe Pro His Asp
435 440 445

Cys Trp Val Ser Ile Asn Gly Met Val Asn Asn Ser Trp Gly Lys Gln
450 455 460

Tyr Ser Tyr Ala Leu Phe Lys Ala Met Ser His Met Leu Cys Ile Gly
465 470 475 480

Tyr Gly Arg Gln Ala Pro Val Gly Met Ser Asp Val Trp Leu Thr Met
485 490 495

Leu Ser Met Ile Val Gly Ala Thr Cys Tyr Ala Met Phe Ile Gly His
500 505 510

Ala Thr Ala Leu Ile Gln Ser Leu Asp Ser Ser Arg Arg Gln Tyr Gln
515 520 525

Glu Lys Tyr Lys Gln Val Glu Gln Tyr Met Ser Phe His Lys Leu Pro
530 535 540

Pro Asp Thr Arg Gln Arg Ile His Asp Tyr Tyr Glu His Arg Tyr Gln
545 550 555 560

Gly Lys Met Phe Asp Glu Glu Ser Ile Leu Gly Glu Leu Ser Glu Pro
565 570 575

Leu Arg Glu Glu Ile Ile Asn Phe Asn Cys Arg Lys Leu Val Ala Ser
580 585 590

Met Pro Leu Phe Ala Asn Ala Asp Pro Asn Phe Val Thr Ser Met Leu
595 600 605

Thr Lys Leu Arg Phe Glu Val Phe Gln Pro Gly Asp Tyr Ile Ile Arg
610 615 620

Glu Gly Thr Ile Gly Lys Lys Met Tyr Phe Ile Gln His Gly vVal Vval
625 630 635 640

Ser Val Leu Thr Lys Gly Asn Lys Glu Thr Arg Leu Ala Asp Gly Sex
645 650 655

Tyr Phe Gly Glu Ile Cys Leu Leu Thr Arg Gly Arg Arg Thr Ala Ser
660 665 670

Val Arg Ala Asp Thr Tyr Cys Arg Leu Tyr Ser Leu Ser Val Asp Asn
675 680 685

Phe Asn Glu Val Leu Glu Glu Tyr Pro Met Met Arg Lys Lys Asn Ser
690 695 700

Ile Leu Leu His Lys Val Gln His Asp Leu Asn Ser Gly Val Phe Asn
705 710 715 720
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Tyr Gln Glu Asn Glu Ile Ile Gln Gln Ile Val Arg His Asp Arg Glu
725 730 735

Met Ala His Cys Ala His Arg Val Gln Ala Ala Ala Ser Ala Thr Pro
740 745 750

Thr Pro Thr Pro Val Ile Trp Thr Pro Leu Ile Gln Ala Pro Leu Gln
755 760 765

Ala Ala Ala Ala Thr Thr Ser Val Ala Ile Ala Leu Thr His His Pro
770 775 780

Arg Leu Pro Ala Ala Ile Phe Arg Pro Pro Pro Gly Pro Gly Leu Gly
785 790 795 800

Asn Leu Gly Ala Gly Gln Thr Pro Arg His Pro Arg Arg Leu Gln Ser
805 810 815

Leu Ile Pro Ser Ala Leu Gly Ser Ala Ser Pro Ala Ser Ser Pro Ser
820 825 830

Gln Val Asp Thr Pro Ser Ser Ser Ser Phe His Ile Gln Gln Leu Ala
835 840 845

Gly Phe Ser Ala Pro Pro Gly Leu Ser Pro Leu Leu Pro Ser Ser Ser
850 855 860

Ser Ser Pro Pro Pro Gly Ala Cys Gly Ser Pro Pro Ala Pro Thr Pro
865 870 875 880

Ser Thr Ser Thr Ala Ala Ala Ala Ser Thr Thr Gly Phe Gly His Phe
885 890 895

His Lys Ala Leu Gly Gly Ser Leu Ser Ser Ser Asp Ser Pro Leu Leu
S00 905 210

Thr Pro Leu Gln Pro Gly Ala Arg Ser Pro Gln Ala Ala Gln Pro Pro
915 920 925

Pro Pro Leu Pro Gly Ala Arg Gly Gly Leu Gly Leu Leu Glu His Phe
930 935 940

Leu Pro Pro Pro Pro Ser Ser Arg Ser Pro Ser Ser Ser Pro Gly Gln
945 950 955 960

Leu Gly Gln Pro Pro Gly Glu Leu Ser Leu Gly Leu Ala Ala Gly Pro
965 970 975

Ser Ser Thr Pro Glu Thr Pro Pro Arg Pro Glu Arg Pro Ser Phe Met
980 985 990

Ala Gly Ala Ser Gly Gly Ala Ser Pro Val Ala Phe Thr Pro Arg Gly
995 1000 1005

Gly Leu Ser Pro Pro Gly His Ser Pro Gly Pro Pro Arg Thr Phe Pro
1010 1015 1020
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Ser Ala Pro Pro Arg Ala Ser Gly Ser His Gly Ser Leu Leu Leu Pro
1025 1030 1035 1040

Pro Ala Ser Ser Pro Pro Pro Pro Gln Val Pro Gln Arg Arg Gly Thr
1045 1050 1055

Pro Pro Leu Thr Pro Gly Arg Leu Thr Gln Asp Leu Lys Leu Ile Ser
1060 1065 1070

Ala Ser Gln Pro Ala Leu Pro Gln Asp Gly Ala Gln Thr Leu Arg Arg
1075 1080 1085

Ala Ser Pro His Ser Ser Gly Glu Ser Val Ala Ala Phe Ser Leu Tyr
1090 1095 1100

Pro Arg Ala Gly Gly Gly Ser Gly Ser Ser Gly Gly Leu Gly Pro Pro
1105 1110 1115 1120

Gly Arg Pro Tyr Gly Ala Ile Pro Gly Gln His Val Thr Leu Pro Arg
1125 1130 1135

Lys Thr Ser Ser Gly Ser Leu Pro Pro Pro Leu Ser Leu Phe Gly Ala
1140 1145 1150

Arg Ala Ala Ser Ser Gly Gly Pro Pro Leu Thr Thr Ala Ala Pro Gln
1155 1160 1165

Arg Glu Pro Gly Ala Arg Ser Glu Pro Val Arg Ser Lys Leu Pro Ser
1170 1175 1180

Asn Leu
1185

<210> 19

<211> 1198

<212> PRT

<213> Rattus norvegicus

<400> 12
Met Asp Lys Leu Pro Pro Ser Met Arg Lys Arg Leu Tyr Ser Leu Pro
1 5 10 15 '

Gln Gln Val Gly Ala Lys Ala Trp Ile Met Asp Glu Glu Glu Asp Gly
20 25 30

@lu Glu Glu Gly Ala Gly Gly Leu Gln Asp Pro Ser Arg Arg Ser Ile
35 40 45

Arg Leu Arg Pro Leu Pro Ser Pro Ser Pro Ser Val Ala Ala Gly Cys
50 55 60

Ser Glu Ser Arg Gly Ala Ala Leu Gly Ala Ala Asp Ser Glu Gly Pro
65 70 75 80

Gly Arg Ser Ala Gly Lys Ser Ser Thr Asn Gly Asp Cys Arg Arg Phe
85 90 95
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Arg Gly Ser Leu Ala Ser Leu Gly Ser Arg Gly Gly Gly Ser Gly Gly
100 105 110

ala Gly Gly Gly Ser Ser Leu Gly His Leu His Asp Ser Ala Glu Glu
115 120 125

Arg Arg Leu Ile Ala Ala Glu Gly Asp Ala Ser Pro Gly Glu Asp Arg
130 135 140

Thr Pro Pro Gly Leu Ala Thr Glu Pro Glu Arg Pro Gly Ala Ala Ala
145 150 155 160

Gln Pro Ala Ala Ser Pro Pro Pro Gln Gln Pro Pro Gln Pro Ala Ser
165 170 175

Ala Ser Cys Glu Gln Pro Ser Ala Asp Thr Ala Ile Lys Val Glu Gly
180 185 190

@Gly Ala Ala Ala Ser Asp Gln Ile Leu Pro Glu Ala Glu Val Arg Leu
195 200 205

Gly Gln Ser Gly Phe Met Gln Arg Gln Phe Gly Ala Met Leu Gln Pro
210 215 220

Gly Val Asn Lys Phe Ser Leu Arg Met Phe Gly Ser Gln Lys Ala Val
225 230 235 240

@Glu Arg @lu Gln Glu Arg Val Lys Ser Ala Gly Phe Trp Ile Ile His
245 250 255

Pro Tyr Ser Asp Phe Arg Phe Tyr Trp Asp Leu Thr Met Leu Leu Leu
260 265 270

Met Val Gly Asn Leu Ile Ile Ile Pro Vval Gly Ile Thr Phe Phe Lys
275 280 285

Asp Glu Asn Thr Thr Pro Trp Ile Val Phe Asn Val Val Ser Asp Thr
290 295 300

Phe Phe Leu Ile Asp Leu Val Leu Asn Phe Arg Thr Gly Ile Val val
305 310 315 320

Glu Asp Asn Thr Glu Ile Ile Leu Asp Pro Gln Arg Ile Lys Met Lys
325 330 335

Tyr Leu Lys Ser Trp Phe Val Val Asp Phe Ile Ser Ser Ile Pro Val
340 345 350

Asp Tyr Ile Phe Leu Ile Val Glu Thr Arg Ile Asp Ser Glu Val Tyr
355 360 365

Lys Thr Ala Arg Ala Leu Arg Ile Val Arg Phe Thr Lys Ile Leu Ser
370 375 380

Leu Leu Arg Leu Leu Arg Leu Ser Arg Leu Ile Arg Tyr Ile His Gln
385 390 395 400
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Trp Glu Glu Ile Phe His Met Thr Tyr Asp Leu Ala Ser Ala Val Val
405 410 415

Arg Ile Val Asn Leu Ile Gly Met Met Leu Leu Leu Cys His Trp Asp
420 425 430

Gly Cys Leu Gln Phe Leu Val Pro Met Leu Gln Asp Phe Pro His Asp
435 440 445

Cys Trp Val Ser Ile Asn Gly Met Val Asn Asn Ser Trp Gly Lys Gln
450 455 460

Tyr Ser Tyr Ala Leu Phe Lys Ala Met Ser His Met Leu Cys Ile Gly
465 470 475 480

Tyr Gly Arg Gln Ala Pro Val Gly Met Ser Asp Val Trp Leu Thr Met
485 490 495

Leu Ser Met Ile Val Gly Ala Thr Cys Tyr Ala Met Phe Ile Gly His
500 505 510

Ala Thr Ala Leu Ile Gln Ser Leu Asp Ser Ser Arg Arg Gln Tyr Gln
515 520 525

Glu Lys Tyr Lys Gln Val Glu Gln Tyr Met Ser Phe His Lys Leu Pro
530 535 540

Pro Asp Thr Arg Gln Arg Ile His Asp Tyr Tyr Glu His Arg Tyr Gln
545 550 555 560

Gly Lys Met Phe Asp Glu Glu Ser Ile Leu Gly Glu Leu Ser Glu Pro
565 570 575

Leu Arg Glu Glu Ile Ile Asn Phe Asn Cys Arg Lys Leu Val Ala Ser
580 585 590

Met Pro Leu Phe Ala Asn Ala Asp Pro Asn Phe Val Thr Ser Met Leu
595 600 605

Thr Lys Leu Afg Phe Glu Val Phe Gln Pro Gly Asp Tyr Ile Ile Arg
610 615 620

Glu Gly Thr Ile Gly Lys Lys Met Tyr Phe Ile Gln His Gly Val Val
625 630 635 640

Ser Val Leu Thr Lys Gly Asn Lys Glu Thr Lys Leu Ala Asp Gly Ser
645 650 655

Tyr Phe Gly Glu Ile Cys Leu Leu Thr Arg Gly Arg Arg Thr Ala Ser
660 665 670

Val Arg Ala Asp Thr Tyr Cys Arg Leu Tyr Ser Leu Ser Val Asp Asn
675 680 685

Phe Asn Glu Val Leu Glu Glu Tyr Pro Met Met Arg Arg Ala Phe Glu
690 695 700
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Thr Val Ala Leu Asp Arg Leu Asp Arg Ile Gly Lys Lys Asn Ser Ile
705 710 715 720

Leu Leu His Lys Val Gln His Asp Leu Asn Ser Gly Val Phe Asn Tyr
725 730 735

Gln Glu Asn Glu Ile Ile Gln Gln Ile Val Arg His Asp Arg Glu Met
740 745 750

Ala His Cys Ala His Arg Val Gln Ala Ala Ala Ser Ala Thr Pro Thr
755 760 765

Pro Thr Pro Val Ile Trp Thr Pro Leu Ile Gln Ala Pro Leu Gln Ala
770 775 780

Ala Ala Ala Thr Thr Ser Val Ala Ile Ala Leu Thr His His Pro Arg
785 790 795 800

Leu Pro Ala Ala Ile Phe Arg Pro Pro Pro Gly Pro Gly Leu Gly Asn
805 810 815

Leu Gly Ala Gly Gln Thr Pro Arg His Pro Arg Arg Leu Gln Ser Leu
820 825 830

Ile Pro Ser Ala Leu Gly Ser Ala Ser Pro Ala Ser Ser Pro Ser Gln
835 840 845

Val Asp Thr Pro Ser Ser Ser Ser Phe His Ile Gln Gln Leu Ala Gly
850 855 860

Phe Ser Ala Pro Pro Gly Leu Ser Pro Leu Leu Pro Ser Ser Ser Ser
865 870 875 880

Ser Pro Pro Pro Gly Ala Cys Ser Ser Pro Pro Ala Pro Thr Pro Ser
885 890 895

Thr Ser Thr Ala Ala Thr Thr Thr Gly Phe Gly His Phe His Lys Ala
900 905 210

Leu Gly Gly Ser Leu Ser Ser Ser Asp Ser Pro Leu Leu Thr Pro Leu
915 920 925

Gln Pro Gly Ala Arg Ser Pro Gln Ala Ala Gln Pro Pro Pro Pro Leu
930 935 940

Pro Gly Ala Arg Gly Gly Leu Gly Leu Leu Glu His Phe Leu Pro Pro
945 950 955 960

Pro Pro Ser Ser Arg Ser Pro Ser Ser Ser Pro Gly Gln Leu Gly Gln
965 970 975

Pro Pro Gly Glu Leu Ser Pro Gly Leu Ala Ala Gly Pro Pro Ser Thr
280 985 890

Pro Glu Thr Pro Pro Arg Pro Glu Arg Pro Ser Phe Met Ala Gly Ala
995 1000 1005
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Ser Gly Gly Ala Ser Pro Val Ala Phe Thr Pro Arg Gly
1010 1015 1020

Pro Pro Gly His Ser Pro Gly Pro Pro Arg Thr Phe Pro
1025 1030 1035

Pro Arg Ala Ser Gly Ser His Gly Ser Leu Leu Leu Pro
1045 1050

Sexr Pro Pro Pro Pro Gln Val Pro Gln Arg Arg Gly Thr
1060 1065

Thr Pro Gly Arg Leu Thr Gln Asp Leu Lys Leu Ile Ser
1075 1080 1085

Pro Ala Leu Pro Gln Asp Gly Ala Gln Thr Leu Arg Arg
1090 1095 1100

His Ser Ser Gly Glu Ser Met Ala Ala Phe Ser Leu Tyr
1105 1110 1118

Gly Gly Gly Ser Gly Ser Ser Gly Gly Leu Gly Pro Pro
1125 1130

Tyr Gly Ala Ile Pro Gly Gln His Val Thr Leu Pro Axrg
1140 1145

Ser Gly Ser Leu Pro Pro Pro Leu Ser Leu Phe Gly Ala
1155 1160 1165

Ser Ser Gly Gly Pro Pro Leu Thr Ala Ala Pro Gln Arg
1170 1175 1180

Ala Arg Ser Glu Pro Val Arg Ser Lys Leu Pro Ser Asn
1185 1190 1195

<210> 20

<211l> 1203

<212> PRT

<213> Homo sapiens

<400> 20
Met Asp Lys Leu Pro Pro Ser Met Arg Lys Arg Leu Tyr
1 5 10

Gln Gln Val Gly Ala Lys Ala Trp Ile Met Asp Glu Glu
20 25

Glu Glu Glu Gly Ala Gly Gly Arg Gln Asp Pro Ser Arg
35 40 45

Arg Leu Arg Pro Leu Pro Ser Pro Ser Pro Ser Ala Ala
50 55 60

Thr Glu Ser Arg Ser Ser Ala Leu Gly Ala Ala Asp Ser
65 70 75

PCT/US2006/028625

Gly Leu Ser
Ser Ala Pro
1040

Pro Ala Ser
1055

Pro Pro Leu
1070

Ala Ser Gln
Ala Ser Pro
Pro Arg Ala

1120

Gly Arg Pro
1135

Lys Thr Ser
1150

Arg Ala Ala

Glu Pro Gly

Leu

Ser Leu Pro
15

Glu Asp Ala
30

Arg Ser TIle

Ala Gly Gly

Glu Gly Pro
80
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Ala Arg Gly Ala Gly Lys Ser Ser Thr Asn Gly Asp Cys Arg Arg Phe
85 90 95

Arg Gly Ser Leu Ala Ser Leu Gly Ser Arg Gly Gly Gly Sexr Gly Gly
100 105 110

Thr Gly Ser Gly Ser Ser His Gly His Leu His Asp Ser Ala Glu Glu
115 120 125

Arg Arg Leu Ile Ala Glu Gly Asp Ala Ser Pro Gly Glu Asp Arg Thr
130 135 140

Pro Pro Gly Leu Ala Ala Glu Pro Glu Arg Prc Gly Ala Ser Ala Gln
145 150 155 160

Pro Ala Ala Ser Pro Pro Pro Pro Gln Gln Pro Pro Gln Pro Ala Ser
165 170 175

Ala Ser Cys Glu Gln Pro Ser Val Asp Thr Ala Ile Lys Val Glu Gly
180 185 190

Gly Ala Ala Ala Gly Asp Gln Ile Leu Pro Glu Ala Glu Val Arg Leu
195 200 205

Gly Gln Ala Gly Phe Met Gln Arg Gln Phe Gly Ala Met Leu Gln Pro
210 215 220

@Gly Val Asn Lys Phe Ser Leu Arg Met Phe Gly Ser Gln Lys Ala Val
225 230 235 240

@lu Arg Glu Gln Glu Arg Val Lys Ser Ala Gly Phe Trp Ile Ile His
245 250 255

Pro Tyr Ser Asp Phe Arg Phe Tyr Trp Asp Leu Thr Met Leu Leu Leu
260 265 270

Met Val Gly Asn Leu Ile Ile Ile Pro Val Gly Ile Thr Phe Phe Lys
275 280 285

Asp Glu Asn Thr Thr Pro Trp Ile Val Phe Asn Val Val Ser Asp Thr
290 295 300

Phe Phe Leu Ile Asp Leu Val Leu Asn Phe Arg Thr Gly Ile Val Val
305 310 315 320

Glu Asp Asn Thr Glu Ile Ile Leu Asp Pro Gln Arg Ile Lys Met Lys
325 330 335

Tyr Leu Lys Ser Trp Phe Met Val Asp Phe Ile Ser Ser Ile Pro Val
340 345 350

Asp Tyr Ile Phe Leu Ile Val Glu Thr Arg Ile Asp Ser Glu val Tyr
355 360 365

Lys Thr Ala Arg Ala Leu Arg Ile Val Arg Phe Thr Lys Ile Leu Ser
370 375 380
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Leu Leu Arg Leu Leu Arg Leu Ser Arg Leu Ile Arg Tyr Ile His Gln
385 390 395 400

Trp Glu Glu Ile Phe His Met Thr Tyr Asp Leu Ala Ser Ala Val Vval
405 410 415

Arg Ile Val Asn Leu Ile Gly Met Met Leu Leu Leu Cys His Txp Asp
420 425 430

Gly Cys Leu Gln Phe Leu Val Pro Met Leu Gln Asp Phe Pro Asp Asp
435 440 445

Cys Trp Val Ser Ile Asn Asn Met Val Asn Asn Ser Trp Gly Lys Gln
450 455 460

Tyr Ser Tyr Ala Leu Phe Lys Ala Met Ser His Met Leu Cys Ile Gly
465 470 475 480

Tyr Gly Arg Gln Ala Pro Val Gly Met Ser Asp Val Trp Leu Thr Met
485 490 495

Leu Ser Met Ile Val Gly Ala Thr Cys Tyr Ala Met Phe Ile Gly His
500 505 510

Ala Thr Ala Leu Ile Gln Ser Leu Asp Ser Ser Arg Arg Gln Tyr Gln
515 520 525

Glu Lys Tyr Lys Gln Val Glu Gln Tyr Met Ser Phe His Lys Leu Pro
530 535 540

Pro Asp Thr Arg Gln Arg Ile His Asp Tyr Tyr Glu His Arg Tyr Gln
545 550 555 560

Gly Lys Met Phe Asp Glu Glu Ser Ile Leu Gly Glu Leu Ser Glu Pro
565 570 575

Leu Arg Glu Glu Ile Ile Asn Phe Asn Cys Arg Lys Leu Val Ala Ser
580 585 590

Met Pro Leu Phe Ala Asn Ala Asp Pro Asn Phe Val Thr Ser Met Leu
585 600 605

Thr Lys Leu Arg Phe Glu Val Phe Gln Pro Gly Asp Tyr Ile Ile Arg
610 615 620

Glu Gly Thr Ile Gly Lys Lys Met Tyr Phe Ile Gln His Gly Val Val
625 630 635 640

Ser Val Leu Thr Lys Gly Asn Lys Glu Thr Lys Leu Ala Asp Gly Ser
645 650 655

Tyr Phe Gly Glu Ile Cys Leu Leu Thr Arg Gly Arg Arg Thr Ala Ser
660 665 670

Val Arg Ala Asp Thr Tyr Cys Arg Leu Tyr Ser Leu Ser Val Asp Asn
675 680 685
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Phe Asn Glu Val Leu Glu Glu Tyr Pro Met Met Arg Arg Ala Phe Glu
690 695 700

Thr Val Ala Leu Asp Arg Leu Asp Arg Ile Gly Lys Lys Asn Ser Ile
705 710 715 720

Leu Leu His Lys Val Gln His Asp Leu Asn Ser Gly Val Phe Asn Tyr
725 730 735

Gln Glu Asn Glu Ile Ile Gln Gln Ile Val Gln His Asp Arg Glu Met
740 745 750

Ala His Cys Ala His Arg Val Gln Ala Ala Ala Ser Ala Thr Pro Thr
755 760 765

Pro Thr Pro Val Ile Trp Thr Pro Leu Ile Gln Ala Pro Leu Gln Ala
770 775 780

Ala Ala Ala Thr Thr Ser Val Ala Ile Ala Leu Thr His His Pro Arg
785 790 795 800

Leu Pro Ala Ala Ile Phe Arg Pro Pro Pro Gly Ser Gly Leu Gly Asn
805 810 815

Leu Gly Ala Gly Gln Thr Pro Arg His Leu Lys Arg Leu Gln Ser Leu
820 825 830

Ile Pro Ser Ala Leu Gly Ser Ala Ser Pro Ala Ser Ser Pro Ser Gln
835 840 845

Val Asp Thr Pro Ser Ser Ser Ser Phe His Ile Gln Gln Leu Ala Gly
850 855 860

Phe Ser Ala Pro Ala Gly Leu Ser Pro Leu Leu Pro Ser Ser Ser Ser
865 870 875 880

Ser Pro Pro Pro Gly Ala Cys Gly Ser Pro Ser Ala Pro Thr Pro Ser
885 890 895

Ala Gly Val Ala Ala Thr Thr Ile Ala Gly Phe Gly His Phe His Lys
900 905 910

Ala Leu Gly Gly Ser Leu Ser Ser Ser Asp Ser Pro Leu Leu Thr Pro
915 920 925

Leu Gln Pro Gly Ala Arg Ser Pro Gln Ala Ala Gln Pro Ser Pro Ala
930 935 940

Pro Pro Gly Ala Arg Gly Gly Leu Gly Leu Pro Glu His Phe Leu Pro
945 950 955 960

Pro Pro Pro Ser Ser Arg Ser Pro Ser Ser Ser Pro Gly Gln Leu Gly
865 970 975

Gln Pro Pro Gly Glu Leu Ser Leu Gly Leu Ala Thr Gly Pro Leu Ser
280 985 990
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Thr Pro Glu Thr Pro Pro Arg Gln Pro Glu Pro Pro Ser Leu Val Ala
995 1000 1005

Gly Ala Ser Gly Gly Ala Ser Pro Val Gly Phe Thr Pro Arg Gly Gly
1010 1015 1020

Leu Ser Pro Pro Gly His Ser Pro Gly Pro Pro Arg Thr Phe Pro Ser
1025 1030 1035 1040

Ala Pro Pro Arg Ala Ser Gly Ser His Gly Ser Leu Leu Leu Pro Pro
1045 1050 1055

Ala Ser Ser Pro Pro Pro Pro Gln Val Pro Gln Arg Arg Gly Thr Pro
1060 1065 1070

Pro Lieu Thr Pro Gly Arg Leu Thr Gln Asp Leu Lys Leu Ile Ser Ala
1075 1080 1085

Ser Gln Pro Ala Leu Pro Gln Asp Gly Ala Gln Thr Leu Arg Arg Ala
1090 1095 1100

Ser Pro His Ser Ser Gly Glu Ser Met Ala Ala Phe Pro Leu Phe Pro
1105 1110 1115 1120

Arg Ala Gly Gly Gly Ser Gly Gly Ser Gly Ser Ser Gly Gly Leu Gly
1125 1130 1135

Pro Pro Gly Arg Pro Tyr Gly Ala Ile Pro Gly Gln His Val Thr Leu
1140 1145 1150

Pro Arg Lys Thr Ser Ser Gly Ser Leu Pro Pro Pro Leu Ser Leu Phe
1155 1160 1165

Gly Ala Arg Ala Thr Ser Ser Gly Gly Pro Pro Leu Thr Ala Gly Pro
1170 1175 1180

Gln Arg Glu Pro Gly Ala Arg Pro Glu Pro Val Arg Ser Lys Leu Pro
1185 1190 1195 1200

Ser Asn Leu

<210> 21

<211l> 1175

<212> PRT

<213> Oryctolagus cuniculus

<400> 21 .
Met Asp Lys Leu Pro Pro Ser Met Arg Lys Arg Leu Tyr Ser Leu Pro
1 5 10 15

Gln Gln Val Gly Ala Lys Ala Trp Ile Met Asp Glu Glu Glu Asp Ala
20 25 30

Glu Glu Glu @Gly Ala Gly Gly Arg Gln Asp Pro Arg Arg Arg Ser Ile
35 40 45



WO 2007/014134 PCT/US2006/028625

51/58

Arg Leu Arg Pro Leu Pro Ser Pro Ser Pro Ser Pro Ser Ala Ala Ala
50 55 60

Ala Ala Ala Gly Gly Ala Glu Ser Arg Gly Ala Ala Leu Gly Gly Ala
65 70 75 80

Ala Asp Gly Glu Gly Pro Ala Arg Gly Ala Ala Lys Ser Ser Thr Asn
85 90 95

Gly Asp Cys Arg Arg Phe Arg Gly Ser Leu Ala Ser Leu Gly Ser Arg
100 105 110

Gly Gly Gly Gly Gly Gly Gly Ser Thr Gly Gly Gly Ser His Gly His
115 120 125

Leu His Asp Ser Ala Glu Glu Arg Arg Leu Ile Ala Glu Gly Asp Ala
130 135 140

Ser Pro Gly Glu Asp Arg Thr Pro Pro Gly Leu Ala Ala Glu Pro Glu
145 150 155 160

Arg Pro Gly Ala Pro Ala Pro Pro Ala Ala Ser Pro Pro Gln Val Pro
165 170 175

Ser Ser Cys Gly Glu Gln Arg Pro Ala Asp Ala Ala Val Lys Val Glu
180 185 190

Gly Gly Ala Ala Ala Gly Asp Gln Ile Leu Pro Glu Ala Glu Ala Arg
195 200 205

Leu Gly Gln Ala Gly Phe Met Gln Arg Gln Phe Gly Ala Met Leu Gln
210 215 220

Pro Gly Val Asn Lys Phe Ser Leu Arg Met Phe Gly Ser Gln Lys Ala
225 230 235 240

Val Glu Arg Glu Gln Glu Arg Val Lys Ser Ala Gly Phe Trp Ile Ile
245 250 255

His Pro Tyr Ser Asp Phe Arg Phe Tyr Trp Asp Leu Thr Met Leu Leu
260 265 270

Leu Met Val Gly Asn Leu Ile Ile Ile Pro Val Gly Ile Thr Phe Phe
275 280 285 :

Lys Asp Glu Asn Thr Thr Pro Trp Ile Val Phe Asn Val Val Ser Asp
290 295 300

Thr Phe Phe Leu Ile Asp Leu Val Leu Asn Phe Arg Thr Gly Ile Val
305 310 315 320

Val Glu Asp Asn Thr Asp Ile Ile Leu Asp Pro Arg Arg Ile Lys Met
325 330 335

Lys Tyr Leu Lys Ser Trp Phe Val Val Asp Phe Val Ser Ser Ile Pro
340 345 350
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Val Asp Tyr Ile Phe Leu Ile Val Glu Thr Arg Ile Asp Ser Glu Val
355 360 365

Tyr Lys Thr Ala Arg Ala Leu Arg Ile Val Arg Phe Thr Lys Ile Leu
370 375 380

Ser Leu Leu Arg Leu Leu Arg Leu Ser Arg Leu Ile Arg Tyr Ile His
385 390 395 400

Gln Trp Glu Glu Ile Phe His Met Thr Tyr Asp Leu Ala Ser Ala Val
405 410 415

Val Arg Ile Val Asn Leu Ile Gly Met Met Leu Leu Leu Cys His Trp
420 425 430

Asp Gly Cys Leu Gln Phe Leu Val Pro Met Leu Gln Asp Phe Pro Asp
435 440 445

Asp Cys Trp Val Ser Leu Asn Asn Met Val Asn Asn Ser Trp Gly Lys
450 455 460

@ln Tyr Ser Tyr Ala Leu Phe Lys Ala Met Ser His Met Leu Cys Ile
465 470 475 480

Gly Tyr Gly Arg Gln Ala Pro Met Gly Met Ser Asp Val Trp Leu Thr
485 490 495

Met Leu Ser Met Ile Val Gly Ala Thr Cys Tyr Ala Met Phe Ile Gly
500 505 510

His Ala Thr Ala Leu Ile Gln Ser Leu Asp Ser Ser Arg Arg Gln Tyr
515 520 525

@ln Glu Lys Tyr Lys Gln Val Glu Gln Tyr Met Ser Phe His Lys Leu
530 535 540

Pro Pro Asp Thr Arg Gln Arg Ile His Asp Tyr Tyr Glu His Arg Tyr
545 550 555 560

Gln Gly Lys Met Phe Asp Glu Glu Ser Ile Leu Gly Glu Leu Ser Glu
565 570 575

Pro Leu Arg Glu Glu Ile Ile Asn Phe Asn Cys Arg Lys Leu Val Ala
580 585 590

Ser Met Pro Leu Phe Ala Asn Ala Asp Pro Asn Phe Val Thr Ser Met
595 600 605

Leu Thr Lys Leu Arg Phe Glu Val Phe Gln Pro Gly Asp Tyr Ile Ile
610 615 620

Arg Glu Gly Thr Ile Gly Lys Lys Met Tyr Phe Ile Gln His Gly Val
625 630 635 640

Val Ser Val Leu Thr Lys Gly Asn Lys Glu Thr Lys Leu Ala Asp Gly
645 650 655
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Ser Tyr Phe Gly Glu Ile Cys Leu Leu Thr Arg Gly Arg Arg Thr Ala
660 665 670

Ser Val Arg Ala Asp Thr Tyr Cys Arg Leu Tyr Ser Leu Ser Val Asp
675 680 685

Asn Phe Asn Glu Val Leu Glu Glu Tyr Pro Met Met Arg Arg Ala Phe
690 695 700

Glu Thr val Ala Leu Asp Arg Leu Asp Arg Ile Gly Lys Lys Asn Ser
705 710 715 720

Ile Leu Leu His Lys Val Gln His Asp Leu Ser Ser Gly Val Ser Asn
725 730 735

Tyr Gln Glu Asn Ala Ile Val Gln Arg Ile Val Gln His Asp Arg Glu
740 745 750

Met Ala His Cys Ala Arg Arg Ala Gln Ala Thr Thr Pro Val Ala Pro
755 760 765

Ala Ile Trp Thr Pro Leu Ile Gln Ala Pro Leu Gln Ala Ala Ala Ala
770 775 780

Thr Thr Ser Val Ala Ile Ala Leu Thr His His Pro Arg Leu Pro Ala
785 790 795 800

Ala Ile Phe Arg Pro Pro Pro Gly Pro Thr Thr Leu Gly Ser Leu Gly
805 810 815

Ala Gly Gln Thr Pro Arg His Leu Arg Arg Leu Gln Ser Leu Ala Pro
820 825 830

Ser Ala Pro Ser Pro Ala Ser Pro Ala Ser Ser Pro Ser Gln Pro Asp
835 840 845

Thr Pro Ser Ser Ala Ser Leu His Val Gln Pro Leu Pro Gly Cys Ser
850 855 860

Thr Pro Ala Gly Leu Gly Ser Leu Leu Pro Thr Ala Gly Ser Pro Pro
865 870 875 880

Ala Pro Thr Pro Pro Thr Thr Ala Gly Ala Ala Gly Phe Ser His Phe
885 890 895

His Arg Ala Leu Gly Gly Ser Leu Ser Ser Ser Asp Ser Pro Leu Leu
900 905 910

Thr Pro Met Gln Ser Ala Ala Arg Ser Pro Gln Gln Pro Pro Pro Pro
915 920 925

Pro Gly Ala Pro Ala Gly Leu Gly Leu Leu Glu His Phe Leu Pro Pro
930 935 940

Pro Ala Arg Ser Pro Thr Ser Ser Pro Gly Gln Leu Gly Gln Pro Pro
945 950 955 960
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Gly Glu Leu

Thr Pro Pro

Ala Gly Ala

995
Pro Gly His
1010

Arg Ala
1025

Ser

Pro Pro Pro

Pro Leu-

Ser

Arg

980

Ser

Ser

Gly

Pro

Pro Gly Leu
965

Gln Pro Glu
Pro Val Ala
Pro Gly Thr

1015

Ser His Gly
1030

Pro Pro Pro
1045

Ala Pro Gly Arg Leu
1060

Gly

Arg

Phe

1000

Pro

Ser

Pro

Ser Gln Asp Leu

Ser Gln Pro Ala Leu Pro Gln Asp

1075

Ser Pro His Ser Ser Ser Gly

1090

Pro Arg Ala Pro Gly Arg

1105

Thr Leu Thr Leu Pro

Leu Ser Leu Phe Gly
1140

Thr Ala Ala Pro Gln

1155

Ser Lys Leu
1170

22
124
PRT
Canis

<210>
<211>
<212>
<213>

<400> 22

Asp Glu Asp
1

Ile Ile Asn

Ala Asn Ala
35

Pro

1095

Pro
1110

Arg Lys

1125

Pro Arg
Arg

Asn Leu
1175

Ser

familiaris

Ser Ile Leu Gly Glu Leu

5

1080

Glu

Pro

Ala

Ser

Leu

985

Ser

Axrg

Leu

Ala Pro Gln

1065

Gly Ala Gln

Ser Val Ala Ala

Gly Ala Gly Pro

Ser

54/5

Gly
970
Pro
Pro

Thr

Leu

1050

Ser
1130

Ala Ala Pro

1160

1145

Phe Asn Cys Arg Lys Leu

20

25

Agp Pro Asn Phe Val Thr

40

Glu Pro Gly Ala

Ser
10

Val

Ser

8

Pro Pro Gly

Phe Ala Ala

Arg Gly Gly
1005

Phe Pro
1020

Ser

Leu Pro

1035

Pro

Arg Arg

Lys Leu

Thr Leu
1085

Leu
1100

1115

Gly Ser

Ala Gly

Lys Ser Glu Pro Val

1165

Glu Pro Leu Arg Glu

Ala Ser Met Pro Leu

Gly

Leu

Thr

Gly

890

Pro

Ala

Ala

Ala

Ile

1070

Arg

Pro

Gln

Pro

Gly Pro Arg

1150

30
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Pro Glu

975

Ala Ser

Ser Pro

Pro Pro

Ser Ser
1040

Thr
1055

Pro

Ser Ala

Arg Ala

Pro Phe

His Val
1120

Pro Pro

1135

Leu

Arg

Glu
15

Phe

Met Leu Thr Lys Leu Arg

45
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Phe Glu Val Phe Gln Pro Gly Asp Tyr Ile Ile Arg Glu Gly Thr Ile
50 55 60

Gly Lys Lys Met Tyr Phe Ile Gln His Gly Val Val Ser Val Leu Thr
65 70 75 80

Lys Gly Asn Lys Glu Thr Lys Leu Ala Asp Gly Ser Tyr Phe Gly Glu
85 90 95

Ile Cys Leu Leu Thr Arg Gly Arg Arg Thr Ala Ser Val Arg Ala Asp
100 105 110

Thr Tyr Cys Arg Leu Tyr Ser Leu Ser Val Asp Asn
115 120

<210> 23

<211l> 1528

<212> DNA

<213> Homo sapiens

<400> 23

gaggcagttce acctccatge tgecagecccgg ggtcaacaaa ttetcectec geatgtttgg 60
gagccagaag gcggtggaaa aggagcagga aagggttaaa actgcaggct tctggattat 120
ccacccettac agtgatttca ggttttactg ggatttaata atgettataa tgatggttgg 180
aaatctagtc atcataccag ttggaatcac attctttaca gagcaaacaa caacaccatg 240
gattattttc aatgtggcat cagatacagt tttcctattg gacctgatca tgaattttag 300
gactgggact gtcaatgaag acagttctga aatcatcctg gaccccaaag tgatcaagat 360
gaattattta aaaagctggt ctgtggttga cttcatctca tcecatcecag tggattatat 420
ctttettatt gtagaaaaag gaatggattc tgaagtttac aagacagcca gggcactteg 480
cattgtgagg tttacaaaaa ttctcagtct cttgegttta ttacgacttt caaggttaat 540
tagatacata catcaatggg aagagatatt ccacatgaca tatgatctcg ccagtgcagt 600
ggtgagaatt tttaatctca tcggcatgat gctgctectyg tgecactggg atggttgtet 660
tcagttctta gtaccactac tgcaggactt cccaccagat tgctgggtgt ctttaaatga 720
aatggttaat gattcttggg gaaagcagta ttcatacgca ctcttcaaag ctatgagtca 780
catgctgtge attgggtatg gagcccaagce cccagtcage atgtctgacc tcetggattac 840
catgctgagc atgatcgteg gggccacctg ctatgecatg tttgteggece atgccaccge 900
tttaatccag tctctggatt cttcgaggecg gcagtatcaa gagaagtata agcaagtgga 960
acaatacatg tcattccata agttaccagc tgatatgegt cagaagatac atgattacta 1020
tgaacacaga taccaaggca aaatctttga tgaggaaaat attctcaatg aactcaatga 1080
tcctectgaga ggggagatag tcaacttcaa ctgtcggaaa ctggtggeta caatgecttt 1140
atttgctaat gcggatccta attttgtgac tgccatgetg agcaagttga gatttgaggt 1200
gtttcaacct ggagattata tcgtacgaga aggagccgtg ggtaaaaaaa tgtatttcat 1260
tcaacacggt gttgctggtg tcattacaaa atccagtaaa gaaatgaagc tgacagatgg 1320
ctcttacttt ggagagattt gcctgctgac caaaggacgt cgtactgcca gtgttcgage 1380
tgatacatat tgtcgtcttt actcactttce cgtggacaat ttcaacgagg tccocggagga 1440
atatccaatg atgaggagag cctttgagac agttgccatt gaccgactag atcgaatagg 1500
aaagaaaaat tcaattcttc tgcaaaag 1528

<210> 24

<211l> 1528

<212> DNA

<213> Homo sapiens

<400> 24
gcgecagtte ggcgegetec tgcagceggg cgtcaacaag ttcetegetge ggatgttegg 60
cagccagaag gccgtggagce gocgagcagga gcgcegtcaag tcggcggggg cctggatcat 120



ccaccegtac

" aaacctcatc

gatcegtgttce
caccggeatt
gaagtatctg
cttecettatt
catcgtgege
ccgetacatc
gatgaggatc
gcagttectg
catggtgaac
catgctgtgc
catgctcage
cctecatceccag
gcagtacatg
tgagcaccgt
gcceetgegg
gttcgecaac
cttccageceyg
ccagcacggc
ctecctactte
cgacacctac
gtaccccecatg
caagaagaat

<210> 25

<211l> 1520
<212> DNA
<213> Homo

<400> 25

gcgeccagtte
cagccagaaa
ccacccctac
aaacctgatt
gattgtcttc
cacagggatc
gaagtacctg
cttectcatt
cattgtccge
tcgatatatt
ggtgcgecatce
gcagttecctyg
catggtgaac
catgctgtge
catgctcagce
ccteatcecag
gcagtacatg
cgagcaccgc
gccectgegyg
gtttgccaat
ctteccagecet
ccagcatggce
ctcctacttt
cgacacctac
gtaccccatg
caagaagaac

WO 2007/014134

agcgacttceca
atcatcccag
aacgtggtet
gtgatcgagg
cgcacgtggt
gtggagaagg
ttcaccaaga
catcagtggg
tgcaatctca
gtgcctatge
cactcgtgga
atcgggtacg
atgattgtgg
tecgetggact
tccttccaca
taccagggca
gaggagatcg
gccgacceca
ggtgactaca
gtggtcagcg
ggggagatct
tgccgeetet
atgecggecgeg
tccatecctec

sapilens

ggggccatge
gcegtggage
agtgacttca
atcattecctg
aatgtggtgt
gtggtggagg
aaaagctggt
gtggagacac
ttecacgaaga
caccagtggyg
gtgaacctca
gtacccatgce
aactcctggg
atcggctacg
atgatcgtgg
tcectggact
tcecttteaca
taccagggca
gaggagatca
gcggaccceca
ggggactaca
gtggtcagcg
ggagagatct
tgcecgectet
atgcgaaggg
tccatccectece

ggttctactg
tgggcatcac
cggacacctt
acaacacgga
tcgtggtgga
gcattgactc
tcctcagect
aggagatctt
tcagcatgat
tgcaggactt
gtgaactgta
gccggceagge
gtgccacctg
cetegeggeg
agctgceage
agatgtttga
tcaacttcaa
acttcgtcac
tcatcegega
tgctcactaa
gcctgetcac
attcgctgag
ccttegagac
tgcacaag

tccaaceccgg
gcgaacagga
gattttactg
tgggcatcac
cagacacatt
acaacacaga
tcatggtaga
gcatcgactc
tcecteagect
aagagatctt
tcggcatgat
tacaggactt
ggaagcagta
ggcggeagge
gtgccacctg
cctececeggeg
agctccegece
agatgttcga
tcaactttaa
acttcgtgac
tcatccggga
tgctcaccaa
gcctgetgac
actcgctgag
ccttecgagac

56/58

ggacttcacc
cttcttcaag
cttectcatg
gatcatcctg
cttegtgtcec
cgaggtctac
cctgcggetg
ccacatgacc
gctgetgete
ccogcegeaac
ctecttcegea
gcccgagage
ctacgccatg
ccagtaccag
tgacttcege
cgaggacagc
ctgccggaag
ggcecatgetg
aggcaccatc
gggcaacaag
ccggdggecge
cgtggacaac
ggtggcecatc

ggtcaacaaa
gagggtcaag
ggacctgacc
cttcttcecaag
cttecteatce
gatcatcctg
tttecatttce
ggaggtctac
cttacgectg
ccacatgacc
gcteoctgete
ccctgacgac
ctcctacgeg
gccegtggge
ctacgccatg
ccagtaccag
cgacacccgyg
cgaggagagce
ctgtcggaag
gtccatgetg
aggcaccatt
gggcaacaag
ccggggecgg
cgtggacaac
cgtggcgetyg

atgctgetgt
gatgagacca
gacctggtgt
gaccccgaga
tcecatccceg
aagacggcac
ctgecgectcet
tatgacctgg
tgccactggg
tgctgggtgt
ctcttecaagg
atgacggaca
ttcatecggec
gagaagtaca
cagaagatcc
atcctgggeg
ctggtggect
accaagctca
gggaagaaga
gagatgaagc
cgcacggcga
ttcaacgagg
gaccgectgg

ttctccctaa
tcggceggat
atgctgectge
gatgagaaca
gacttggtce
gacccgcagce
tcecatcececcyg
aagactgccc
ttacgceetcet
tacgacctgg
tgccactggyg
tgctgggtgt
ctcttecaagg
atgtccgacg
ttcattggec
gaaaagtaca
cagcgcatcce
atcctgggeg
ctggtggect
accaagctgce
ggcaagaaga
gagaccaagc
cgcacagcca
ttcaatgagg

gaccgectgg
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teatggtggg
ctgececcgtg
tgaacttceg
agatcaagaa
tggactacat
gcgecectgeg
cacgcctgat
ccagcgeggt
acggctgcecet
ccatcaatgg
ccatgagccea
tctggetgac
acgccactge
agcaggtgga
acgactacta
agctcaacgyg
ccatgcecget
agttcgaggt
tgtacttcat
tgteccecgatgg
gcgtgcggge
tgctggagga
accgcategg

ggatgttcgg
tttggattat
tgatggtggg
ccacaccctg
tcaacttccg
ggattaaaat
tggactacat
gggcecctgeg
ccegecteat
ccagecgeegt
acggctgecect
ccatcaacaa
ccatgagcca
tctggctcac
acgccactgce
agcaggtgga
acgactacta
agctaagcga
ccatgccact
gtttcgaggt
tgtacttcat
tggccgacgg
gcgtgagggce
tgctggagga
accgecattgg

180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1528

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1520



<210> 26
<211l> 1527
<212> DNA

WO 2007/014134

<213> Mus musculus

<400> 26

gaggcagttc
gagccagaag
ccatccgtac
aaatttggtc
gattatttte
gactgggact
gaattattta
ctttecteatt
tatcgtgagg
cagatacata
ggtgaggatc
tcagttcctg
aatggttaat
catgctgtge
catgctgagc
tttgatccag
gcaatacatg
tgagcaccga
tcectectgaga
ttttgctaac
gttccagecce
ccagcacggt
ctcttacttce
tgatacctac
atatccaatg
caagaaaaac

<210>
<211l>
<212>
<213>

27
1527
DNA

<400> 27

gcgccaattc
cagccagaag
ccacccctac
aaatctcatt
gatcgtcttc
caccggeatt
gaagtacttg
cttccteata
categtgcge
ccgatatatc
gatgcgcatc
gcagttcctyg
catggtgaac
catgectgtge
catgctcage
gctcatccag

acctcecatge
gcggtggaga
agtgacttca
atcataccag
aacgtggcat
gtcaatgaag
aaaagctggt
gtagagaaag
tttacaaaaa
caccagtggg
ttcaaccteca
gttcecectge
gattecctggg
attggttatg
atgattgtgg
tctttggact
tcattccaca
taccaaggcea
gaggaaatag
gccgatcceca
ggagactata
gttgctggeg
ggagagatat
tgtcgtettt
atgagaagag
tctattceteco

Mus musculus

ggggcgette
gcecgtggage
agcgacttca
atcattcccg
aacgtggtcet
gttattgagg
cgtacgtggt
gtggagaagg
ttcaccaaga
caccagtggg
tgtaacctga
gtgcccatge
cactcgtgga
atcggctacg
atgatcgtag
tccetggatt

tgcagectgg
aggagcagga
ggttttattg
ttggaatcac
ccgatactgt
acagctcgga
ttgtggtgga
ggatggactc
ttetcagtcet
aagagatatt
ttggcatgat
tgcaggactt
gaaaacaata
gcgcccaage
gcgccacctyg
cttcaaggag
agttaccage
agatcttcga
tcaacttcaa
atttegtgac
tcattcgaga
ttatcaccaa
gcectgetgac
actececetttce
cctttgagac
tgcagaa

tgcagccegyg
gcgagcagga
ggttctactyg
tgggcatcac
cggacacttt
acaacacgga
tcgtggtgga
gaatcgactc
tcetecagtet
aagagatttt
tcagcatgat
tgcaagactt
gcgagctceta
ggcggceaggce
gcgcecacctyg
cgtecacggeg

57/58

ggtcaacaaa
aagggttaaa
ggatttaatc
gttcttcaca
tttcectgttg
aatcatcctg
cttcatctca
agaagtttac
cttgcggtta
ccacatgacc
gctgettetg
cccaccagat
ttcctacgea
ccectgteage
ctacgcaatg
gcagtatcaa
tgacatgcgce
tgaagaaaat
ctgccggaaa
ggecatgctg
aggagctgtg
gtcecagtaaa
caagggecgg
ggtggacaat
agttgctatt

cgtcaacaag
acgcgtgaag
ggacttcacc
tttcttecaag
cttccteatg
gatcatcctg
cttegtgtcea
cgaggtctac
gctgcggetg
ccacatgacc
gctactgcectc
ceccecagegac
ctcgttegeg
gccecgagadc
ctatgccatg
ccaataccag

ttcteectee
actgcaggcet
atgcttataa
gagcagacga
gacttaatca
gaccctaaag
tcgatcccegg
aagacagcca
ttacgcecttt
tatgacctcg
tgcecactggg
tgctgggttt
ctcttcaaag
atgtctgacc
tttgttggce
gagaagtata
cagaagatac
attctcagtg
ctggtggcta
agcaagctga
gggaagaaaa
gaaatgaagc
cgcactgcca
ttcaatgagg
gaccgactcg

ttcteecectge
tcggeggggy
atgectgttgt
gacgagacca
gacttggtgt
gaccccgagdga
tccatcecegg
aagacagcgc
ctgecggetat
tacgacctgg
tgccactggg
tgctgggtgt
ctcttcaagg
atgacagaca
ttcattgggce
gagaagtaca
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gcatgtttgg
tctggattat
tgatggttgg
caacaccgtg
tgaattttag
tgatcaagat
tggattatat
gagcactteg
caaggttaat
ccagtgetgt
atggctgtct
ctctgaatga
ctatgagtca
tctggattac
atgccacagce
agcaagtaga
atgattacta
agcttaatga
ctatgcctct
gatttgaggt
tgtatttcat
tgacagatgg
gtgtccgage
tcttggagga
atcggatagg

ggatgttcgg
cctggatcat
tcatggtggg
ccgageectg
tgaacttcecg
agataaagaa
tggactacat
gtgctctgeg
cacggctcat
caagtgcagt
acggttgect
ccatcaacaa
ccatgagcca
tctggetgac
acgccactge
agcaagtaga

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1527

60

120
180
240
300
360
420
480
540
600
660
720
780
840
500
960
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gcaatacatg
tgaacaccgg
gccactgegt
gtttgcecaat
cttccagect
ccagcatggyg
ctecctatttce
tgacacctac
atacccceatg
caagaagaac

<210>
<21l>
<212>
<213>

28
1547
DNA

<400> 28

gcgecetggge
caacaaattc
ggttaagtca
cctgacgatg
cttcaaggat
cctcattgac
catccttgac
catctectee
ggtctacaaa
gcgectettyg
catgacctat
tctgetgtgt
ccatgactge
ctacgcecte
cgtaggcatyg
tgccatgtte
gtaccaggag
cacccgacag
ggaaagcatc
ccgaaagctg
catgctgacc
caccatcggce
caacaaagag
gggtcggege
ggacaacttc
tgcgctggac

tccttccaca
taccaaggga
gaggagattg
gcagacccca
ggagattaca
gtggtgagcg
ggggagatct
tgtcgectcet
atgeggegtg
tccatcttge

Mus musculus

cagagcggcet
tcecctaagga
gcagggtttt
ctgttgctga
gagaacacca
ttggtcctea
ccgcagagga
atccetgteg
accgctaggg
aggctttccc
gacctggcca
cactgggatg
tgggtgtcca
ttcaaggcca
tctgacgtct
atcggccacg
aagtataaac
cgcatccatg
ctgggtgagce
gtggcatcca
aagttgcgtt
aagaagatgt
accaagctgg
acagccagcg
aatgaggtgc
cgectggace

aactgaccge
agatgtttga
tgaacttcaa
acttcgtcac
tcatccgaga
tgctcaccaa
gcttgctcac
actcactgag
cctttgagac
tgcacaa

tcatgcagcg
tgttecggcag
ggattatcca
tggtggggaa
caccctggat
acttccgcac
tcaagatgaa
actacatctt
ctctgegeat
gccteatteg
gecgeegtggt
gctgectgea
tcaatggcat
tgagccacat
ggctcaccat
ccactgecect
aggtggagca
actactatga
tgagtgagcc
tgccactgtt
tecgaggtett
actttatcca
ctgatggctc
tcagagcgga
tggaggagta
gcataggcaa
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tgacttcecge
tgaggacagc
ctgccggaag
agccatgcetyg
ggggaccatc
gggcaacaag
gaggggccegyg
tgtggacaat
tgtggetatt

ccagttcggt
ccagaaagcg
cccectacagt
tctgatcatc
cgtcttcaat
ggggatcgtg
gtacctgaaa
ccttatagtg
tgteccgttte
atacattcat
acgcatcgtyg
gttcctagtg
ggtgaataac
gctgtgeatt
gctcagecatyg
catccagtcg
gtacatgtcc
acaccgctac
acttcgagag
tgccaacgca
ccagcctggg
geacggcgtyg
ctattttgga
tacttattgc
tccecatgatg
gaagaactce

cagaagatcc
atcettgggg
ctggtggett
acaaagctca
gggaagaaga
gagatgaagc
cgtacggcca
ttcaacgagg
gaccggctag

gccatgectge
gtggagcgeg
gacttcagat
atacccgtgg
gtggtgtcag
gtggaggaca
agctggtttg
gagactcgca
actaagatcc
cagtgggaag
aacctcattg
cccatgetge
tcetggggga
gggtatggac

atcgtggggg
ctagactcct

Ltccacaagc
caaggcaada
gagatcatca
gatcccaact
gattacatca
gtcagcgtgce
gagatctgcet
cgcctctact

cggagggcect
atcctec

PCT/US2006/028625

acgattacta
aactcaacgg
ccatgeceget
aatttgaggt
tgtacttcat
tgtcggatgg
gcgtgcgagce
tgctggagga
atcgcatagg

aacctggggt
agcaggagag
tttactggga
gcatcacctt
acacattctt
acacagaaat
tggtagattt
ttgactcgga
tcagcctect
agatcttcca
gcatgatgct
aggacttcce
agcagtattc
ggcaggcacc
ccacctgcta
ccecggegeca
tccegectga
tgtttgatga
actttaactg
ttgtgacatc
tcecgecgaagyg
tcactaaggg
tgctgaccceyg
cactgagcgt
tcgagacggt

1020
1080
1140
1200
1260
1320
1380
1440
1500
1527

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1547
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