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KV1.3 CHANNEL BLOCKING SUBSTANCES
FOR THE TREATMENT OF DISEASES
ASSOCIATED WITH INTIMAL
HYPERPLASIA

pharmacological methods, gene therapy or the application of
synthetic coatings is an alternative that has been attempted to
be used to prevent vascular graft failure (Mann M J, Whitter

FIELD OF THE INVENTION

Ther 2008; 6:641 -52) and Which in some cases has proven to

more A D, Donaldson M C, et al., Lancet 1999; 354: 1493-8;

BhardWaj S, Roy H, Yla Herttuala, Expert Rev Cardiovasc
[0001] The present invention is comprised in the ?eld of
cardiovascular pathologies, particularly in the ?eld of dis
eases derived from the hyperplasia of the tunica intima.

be effective in experimental animals.

Post-Transplant Coronary Vasculopathy:
[0007]

Post-transplant coronary vasculopathy is the main

BACKGROUND OF THE INVENTION

factor limiting long-term survival after a heart transplant. It

[0002] The Wall of blood vessels is made up of three con
centric strata or tunicae (the tunica intima, media and adven

manifests as an especially aggressive form of coronary artery
disease that is different from conventional arteriosclerosis,

titia) With Well distinguished structure and composition. The
tunica intima is made up of a single layer of endothelial cells
supported on a basement membrane rich in collagen and

Which is caused by the combination of physical, chemical and
immunological factors causing an endothelial lesion Which in
turn triggers the proliferation of vascular smooth muscle cells

proteoglycans and separated from the media by the internal

and intimal hyperplasia The pathological analysis of the

elastic lamina. The tunica media is formed by vascular
smooth muscle cells (VSMCs) and extracellular matrix, and
the adventitia, the outermost layer, is essentially made up of
connective tissue and ?broblasts.
[0003] The VSMCs are physiologically located in the

tiated cells of the smooth muscle and macrophages and lym
phocytes participate. This thickening of the intima leads to the
obstruction of the coronary arteries, Which ultimately leads to

tunica media. HoWever, VSMCs can be found in the intimal
layer as a result of a lack of organiZation of the structure of the
vascular Wall due to vascular pathologies or lesions such as

atherosclerosis, hyperplasia of the tunica intima.
[0004]

Intimal hyperplasia is a change in the vascular struc

lesions shoWs a thickening of the intima in Which undifferen

graft failure (Aranda and Hill, Chest 2000, 118(6): 1792
1800; Schmauss and Weis, Circulation (2008) 117(16):2131
41M: Weiss et al., Front Biosci. (2008) 13:2980-8).
[0008] An important aspect of the pathogenesis of vascul
opathy is the interaction of immunological and non-immuno
logical factors. In fact, for many years it Was believed that

ture Which occurs as a result of the biological repair mecha

intimal hyperplasia Was due exclusively to immunological

nisms after a vascular lesion, either mechanical, surgical,
in?ammatory or immunological. The most characteristic
?nding of this structural change is the thickening of the inti

been proven to be capable of reducing its incidence. On the
contrary, an increase of hyperplasia after the introduction of

mal layer, due both to an increase in the number of cells and
to an increase in the synthesis of extracellular matrix in Which

these cells are found (Davies M G, Hagen P O. Pathobiology

of intimal hyperplasia. British Journal of Surgery 1994;
81 : 1254-1269). Ultimately, this process results in narroWing
or stenosis of the vascular lumen.

[0005] There are various pathological situations associated
With intimal hyperplasia and the triggering factors can gen

erally be grouped together as physical lesions (in many cases
iatrogenic lesions due to vascular surgery), in?ammatory
lesions (as in atherosclerotic lesions) or due to an increase of

the tension of the Wall (as in the case of pulmonary hyperten
sion or the use of vein grafts in by-pass surgery). Some of the
diseases associated With intimal hyperplasia include:

Late By-Pass Occlusion:
[0006]

RevasculariZation With vein grafts is the standard

treatment for occlusive arterial diseases When the occluded

segment is large and an endarterectomy cannot be performed.
The most used technique is the autogenic transplant of a
segment of the saphenous vein, and it is used both in coronary
surgery and in peripheral vascular surgery (intermittent clau

dication, thromboangiitis obliterans of the tibial artery, etc.).
Although the procedure has a very good immediate result, in
the long term, the vein graft suffers chronic maladaptive
response to an arterial environment in Which the primary

component is the uncontrolled proliferation of vascular
smooth muscle cells, giving rise to intimal hyperplasia Which
can later become complicated due to the development of
atherosclerosis and thrombosis (Murphy G J, Angelini G D.
Cardiovasc Ultrasound 2004; 21 :2-8). The possibility of han
dling ex vivo vein transplants prior to their implantation using

factors. HoWever, immunosuppressant therapies have not
treatments based on the use of immunosuppressants, such as

cyclosporine, has been observed. In studies conducted With

experimental animal models, promising results have been
obtained When these immunosuppressant agents are com

bined With drugs such as MMF (mycophenolate mofetil)
Which inhibits DNA synthesis and therefore has a generaliZed
antiproliferative effect that extends beyond the immune cells.
Although revasculariZation procedures (percutaneous coro
nary angioplasty, coronary atherectomy, coronary bypass sur
gery or stent implantation) can be used in patients presenting

localiZed stenoses, the diffuse character of arteriopathy
makes the use of these therapies limited; therefore the devel

opment of neW pharmacological therapies targeted at control
ling the factors Which determine intimal hyperplasia in this
vasculopathy is necessary.

Post-Transplant Chronic Nephropathy:
[0009] The factors triggering coronary vasculopathy are
also present in other post-transplant vasculopathies, as is the

case of post-transplant nephropathy, Which again represents
the most frequent cause of renal transplant failure.
[0010] In addition to those mentioned, there are other dis
eases resulting from intimal hyperplasia. In order to identify
When a disease is due to intimal hyperplasia, the person
skilled in the art Will use imaging techniques. Speci?cally,

coronary angiography is used in the coronary tree, injecting
contrasting ?uid into the ostium of said arteries. LikeWise, the
64-slice multislice CT and cardiac resonance angiography are

also able to display atherosclerotic lesions in the coronary
circulation.

[0011] Angiographic techniques are complemented With
ultrasound techniques, such as intravascular ultrasound,
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Which allow displaying the thickness of the arterial intimal
layer, and determining if there is an atherosclerotic lesion and
its characteristics. In normal conditions, the thickness of the
intima cannot be measured microscopically because it is a
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tile proteins, ion channels and signaling molecules aimed at
maintaining vascular tone. At least four types of K” channels
have been identi?ed in VSMCs: voltage-dependent K” chan
nels (Kv), such as Kv1.2, Kv1.3, Kv1.5, Kv1.6 and Kv2.1,

single layer of cells. However, any measurable thickness
(Which is greater than a single cell layer) is pathological (FIG.

calcium-activated K” channels (such as the maxiK or BK

1).

channels and KATP channels) and tWo-pore K” channels,
Which are responsible for the background currents and the
TASK and TWIK channels (revieWed in Jackson W F, Micro

[0012]

There are other techniques, such as virtual histol

ogy, Which alloWs determining the presence of lipids, cal
cium, a clot, ?brous tissue and hyperplasia, and OCT (optical
coherence tomography), Which uses laser technology to
determine the entire thickness of the vascular Wall and thus

identifying the areas of intimal hyperplasia (see FIG. 2). Both
in human arterial specimens and in experimental samples of
animal models, morphometry is used for the histological
analysis of the thickness of the various layers of the arterial

channels), of inWard-rectifying K” channels (such as the KIR

circulalion 12, 113-127, 2005). Furthermore, the existence of
regulating subunits of these channels together With the varia
tion in their expression depending on the vascular bed, con
tributes to the ?ne regulation of the smooth muscle physiol
ogy. Thus, the pathological processes can be associated With

the deregulation of multiple control mechanisms acting in
parallel or in combination. Determining Which mechanism

Wall. After the suitable treatment period, the animal Will be
euthanized and the studied vessels extracted and ?xed for

leads to a speci?c vascular disease is an arduous scienti?c

their subsequent analysis. Histological slices Will be obtained

[0018] According to the foregoing, and due to the diffuse
and distal location of hyperplastic lesions, the ?eld of the art
cannot provide effective therapies for the treatment of intimal
hyperplasia. It Would therefore be convenient to develop a

and stained With hematoxylin-eosin. The internal elastic
lamina Will be identi?ed and the areas of the various vascular

layers evaluated (Gallo et al., 1998 Circulation 97:581-588)
[0013] Given the incidence and severity of these patholo
gies, there is a need to develop a tool Which limits or prevents

intimal hyperplasia and the pathological situations resulting
from it, especially after surgical interventions or transplant

experiment task.

therapeutic tool aimed at controlling the factors determining
hyperplasia of the tunica intima and Which is able to stop the
migration and proliferation of the VSMCs therein, as Well as
the secretion of components of the cell matrix.

surgery.

[0014]
[0015]

BRIEF DESCRIPTION OF THE DRAWINGS

The inventors have surprisingly found that the 1.3

voltage-activated potassium channel (Kv1.3) blockers sig
ni?cantly limit intimal hyperplasia.
Traditionally, inhibitors of Kvl .3 have been used in

therapies against immunological diseases, such as encepha
lomyelitis or multiple sclerosis (Wulff, H. et al., 2003. Curr
Opin. Drug Discov. Devel. 6: 640-647. Cahalan, M. D., et al.,
2001. J. Clin. Immunol. 21:235-252). Kv1.3 Was ?rst identi

?ed in T-cells (Hu et al., The Journal oflmmunology, 2007,
179: 4563-4570. Grissmer et al., Proc. Nat. Acad. Sci. 87:

9411-9415, 1990). In these cells, the Kv1.3 channel is tetra
homomeric, Whereas in other types of cells, Kv1.3 is associ
ated With subunits of other voltage-activated channels of the
Kvl family to form heteromeric potassium channels (Hu et
al., The Journal oflmmunology, 2007, 179: 4563-4570).As a
consequence, the regulation of K” ?oWs through the mem
brane of the cells is often the combinatorial result of multiple

molecular signaling pathWays. The importance of Kv1.3 in
immune system-related diseases has been proven in several
studies.
[0016] Document WO2008088422 discloses the use of
peptide inhibitors of Kv1.3 for the treatment of autoimmune

diseases, allergies, diabetes and obesity and describes the
manufacture and puri?cation of derivatives of the toxins ShK,
MgTxl, MTX 1, HsTxl, WGVIA, HaTxl, etc.According to the
data shoWn, the peptide derivatives of ShK are able to inhibit
the human Kv1.3 current With an IC of —150 pM. ShK is,
furthermore, a potent inhibitor of the proliferation of T-cells
so their use in therapies for the treatment of immunological

diseases such as multiple sclerosis, rheumatoid arthritis, der

matitis, diabetes type I, etc., is proposed.
K” Channels in the Vascular Smooth Muscle

[0017] Potassium channels also play a very relevant role in
the immediate and long-term regulation of the function of the
vascular smooth muscle cells. The VSMCs of the Walls of the
vessels are cells Which express a unique repertoire of contrac

[0019]

FIG. 1. Representative microphotographs of sec

tions of a normal artery (left panel) and of an artery With

intimal hyperplasia (right panel), in Which the greater density
of smooth muscle cells in the arterial Wall can be seen.

[0020] FIG. 2. OCT (optical coherence tomography)
micrograph identifying areas of intimal hyperplasia by means
of laser technology
[0021] FIG. 3. Example of the assay for determining if a
substance is a Kv1.3 channel blocker. Panel A shoWs strokes

representing the currents evoked by the different depolarizing
pulses (from —60 to +80 mV) in a HEK cell transfected With

the Kv1.3 channel, in control recording conditions, in the
presence of 10 nM of PAP-1 in the solution of the bath and

after Washing the drug. The loWer diagram shoWs the pulse
protocol scheme applied. The amplitude of the maximum
current evoked by each voltage pulse is depicted in panel B
depending on the value of the membrane potential, With
Which the current (I) voltage (V) curve is constructed for the
three situations.
[0022] FIG. 4. mRNA levels of the Kv1.3 channel in cells in

contractile phenotype and in the tWo proliferative phenotype
models studied. It shoWs the quanti?cation of the mRNA
levels of the Kv1.3 channel obtained in the different prepara
tions With the methods described in the example. The values
have been normalized in relation to the expression levels
obtained in cells in contractile phenotype. The data shoW the
mean of 3-4 experiments in each situation. (** p<0.01; ***

p<0.001).
[0023] FIG. 5. Expression of the protein of the Kv1.3 chan
nel determined by Immunocytochemistry in isolated cells
(panel A) or immunohistochemistry in sections of control and
damaged arteries at different times (panel B). Part
[0024] A shoWs the labeling of the antibody combined With
the labeling of the nuclei With DAPI to estimate the number of
cells in the ?eld. Part B shoWs an example of labeling With

anti Kv1.3 antibody as dotting (With a higher intensity of

US 2011/0275571A1
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grays-blacks) in an undamaged artery and in an artery dam

invention is the use of Kvl .3 blockers in the manufacture of a

aged at tWo different times. The bars are the average labeled
area (percentage-Wise) observed in 15-30 slices in each con
dition. * p<0.05; ** p<0.0l.

pharmacological tool for the treatment of vascular diseases
Which cause restenosis and comprise post-transplant chronic
nephropathy, late by-pass occlusion and po st-transplant coro

[0025] FIG. 6. Characterization of the functional expres
sion of the Kv1.3 channels. The upper part shoWs records

nary vasculopathy, and the equivalents and combinations
thereof. In particular, the present invention comprises the use
of Shk-L5, PAP-1 or both, in the manufacture of a pharma
cological tool for the treatment of said vascular diseases. An
advantageous embodiment of the present invention is the use
of said blocking substances in the manufacture of a pharma
cological tool for the treatment and/or prevention of resteno

representing currents induced by the application of a depo
lariZing pulse from a resting potential of —80 mV up to a
potential of +40 mV in control conditions and in the presence
of a Kvl .3 channel blocker, Margatoxin, at a concentration of

10 nM. Representative strokes obtained in a VSMC freshly
dissociated from the Wall of the artery (contractile) and in a
VSMC in culture are shoWn. The loWer panel shoWs the
means (:standard error of the mean) obtained in 10-12 cells in
each group in Which selective Kv1.3 channel blockers and 10

s1s.

[0031] Clinical practice Would bene?t from the application
of a preventive and/ or therapeutic protocol against hyperpla
sia of the tunica intima.

nM margatoxin or 10 nM PAP-1 Were applied as Well as

[0032]

blockers of all Kvl channels (such as correolide).
[0026] FIG. 7. Effect of the Kv1.3 channel blockers on the
migration of VSMCs of the human uterine artery. The left

invention consists of a method for the prevention or treatment

Accordingly, a possible embodiment of the present

panels shoW photographs representing the migration

of intimal hyperplasia, comprising the administration of a
Kv1.3 blocking sub stance. Advantageously, this method is
used for the selective blocking of the Kv1.3 channels of the

observed in control cultures and cultures treated With the

VSMCs by means of the use of pharmacological tools manu

indicated drugs. The irregular surface created by the dotted

factured With blocking substances belonging to the group of

line has been draWn surrounding the cell-free area at time 0,
and this same surface has been transposed to the culture after

margatoxin, ShK toxin, psoralen, kaliotoxin, correolide,

24 hours to offer a visual estimate of the invaded area in each

ably Shk-L5, PAP-1 or both. In particular, this method can be
applied in the treatment of diseases Which cause restenosis,

of the three examples. The results obtained in 8-10 similar
experiments have been expressed as a percentage of the area
at time 0 Which is covered With cells at 24 hours and are shoWn

in the right part of the draWing (* p<0.05; **p<0.01).
[0027]

FIG. 8. Effect of the Kv1.3 channel blockers on the

proliferation of the VSMCs of the human uterine artery. The

draWing shoWs a representative example in Which photos
taken With the DAPI labeling (to count the number of cells)
and the same ?eld With the BrdU labeling (to determine the
number of proliferating cells) are shoWn. Again, these experi
ments Were conducted in cells in control medium and cells in
Which the margatoxin or PAP Was added to the medium. As is
seen in the example, in these last tWo cases a loWer number of

labeled nuclei is observed. The quanti?cation of 8-12 ?elds in
6 different experiments indicated that these variations Were
statistically signi?cant. The bar chart on the right shoWs the

means of these experiments (* *p<0.01)
[0028]

FIG. 9. Example of a micrograph of a section of a

stained coronary vessel in Which the different vascular layers

can be distinguished to perform morphometric analyses,
measuring the degree of endothelialiZation of the area of the
stent, the VSMC content in the intima and its thickness in
relation to the thickness of the vessel and the area of the
lumen.

SUMMARY OF THE INVENTION

[0029]

According to the need to develop a tool for an effec

1123, and the derivatives and combinations thereof, prefer
such as post-transplant chronic nephropathy, late by-pass
occlusion and post-transplant coronary vasculopathy, and the
equivalents and combinations thereof.
[0033] Cardiovascular pharmacology lacks effective tools
designed for the treatment of diseases resulting from hyper
plasia of the tunica intima. For the purpose of solving this
lack, a possible embodiment of the present invention consists
of a metering apparatus for implanting in an arterial vessel of
an animal, Which can be a human, comprising a containing
system for containing a Kvl .3 blocking substance. An advan
tage of this apparatus is that the active ingredient it meters is
a selective Kvl .3 channel blocker of the VSMCs belonging to

the group of margatoxin, ShK toxin, psoralen, kaliotoxin,
correolide, 1123, and the derivatives and combinations
thereof. The present invention preferably comprises the sub
stances Shk-L5, PAP-1 or both. In particular, this apparatus
can be applied in the treatment of diseases Which cause rest

enosis, such as post-transplant chronic nephropathy, late by
pass occlusion and post-transplant coronary vasculopathy.
DETAILED DESCRIPTION OF THE INVENTION

[0034] The inventors propose the use of Kv1.3 blocking
substances, as described beloW, for the treatment of the dis
eases resulting from the thickening of the intima.
[0035] The invention is based on the discovery that the

tive therapy against hyperplasia of the vascular tunica intima,

smooth muscle cells located in the intimal hyperplasia pref

the inventors propose the use of Kv1.3 channel blocking
substances in the manufacture of a pharmacological tool for

erably express Kv1.3 (FIGS. 3, 4, 5 and 6) and that by using

the treatment of diseases relating to intimal hyperplasia.
[0030] An advantage of the present invention is the selec
tive blocking of the Kv1.3 channels of the VSMCs by means
of the use of blocking substances belonging to the group of

margatoxin, ShK toxin, psoralen, kaliotoxin, correolide,

blocking substances speci?c for the Kv1.3 channels, the rate
of cell division and migration of the VSMCs (FIGS. 7 and 8)
and the subsequent thickening of the intima after a vascular
lesion are reduced.

[0036]

According to the present invention, the Kv1.3 chan

J 123, and the derivatives and combinations thereof, for the

nel blocking substances can be used as pharmacological tools
for the treatment of vascular diseases. In the context of the

manufacture of a pharmacological tool for the treatment of

present invention, a pharmacological tool is any substance,

diseases relating to hyperplasia of the vascular tunica intima.
According to this, a possible embodiment of the present

composition, utensil, device, mechanism, contrivance, con
traption, instrument, machine or apparatus adapted, studied

US 2011/0275571A1

or designed to be used in the treatment, cure, prevention or
diagnosis of a disease, or to prevent the onset of an unwanted

physiological process.
[0037]

Vascular diseases can be a consequence of the lack

of organiZation of the normal structure of the vascular Wall.
The three concentric layers of the vascular Wall or tunicae can
become unorganiZed during pathological processes or as the

Nov. 10, 2011

from the ATCC cell collection, such as for example HEK293

cells (Human Embryonic Kidney, catalogue no. ATCC CRC
1573), CHO-K1 cells (Chinese Hamster Ovary, catalogue no.
ATCC CCL-61) or COS-7 cells (monkey kidney ?broblasts
catalogue no. ATCC CRC-1651) marketed in Europe through
LGC Standards, UK. By Way of example, the Kv1.3 channel
can be expressed in HEK293 cells by means of transfection

consequence of physical lesions, causing the vascular lumen
to narroW (FIG. 1). In particular, in many diseases, including
post-transplant chronic nephropathy, late by-pass occlusion
and post-transplant coronary vasculopathy, the lack of orga

With Lipofectamine of a suitable plasmid for expression in
mammals, Which contains the cDNA of the encoding
sequence of the Kvl .3 channel. Optionally, the person skilled

niZation of the structure of the vascular Wall manifests by
means of hyperplasia of the tunica intima (FIG. 1). In the
context of the present invention, hyperplasia relates to any

to identify the cells Which effectively express the transfected
channel.

assessable thickening of the intimal layer (beyond a single
layer of cells). An increase of components of the connective

Example 1 has alloWed in the ?eld of the art the identi?cation
of a large number of compounds described as Kv1.3 channel

in the art can perform co-transfection With marker molecules

[0041]

The use of experiments such as the one described in

tissue, speci?cally of the cell matrix, including collagen,

blockers. Some of these compounds and their respective

proteoglycans and elastic ?bers, as Well as the increase in the
number of mesodermal cells, are ob served ultrastructurally in
hyperplastic intima. The cells Which can be found in the

a?inities for the Kv1.3 channel are speci?ed in Table 1:
TABLE 1

hyperplastic intima include, besides the single layer of endot
helial cells, cells from the immune system and cardiovascular
smooth muscle cells. The latter, Which are absent in the tunica

intima in physiological situations, have experienced cell
migration and proliferation processes in the tunica intima.
Due to this cell activity, Which entails the secretion of cell

matrix, the mentioned thickening and, accordingly, the reduc
tion of the vascular lumen occur. In the context of the present
invention, the term restenosis relates to this reduction in
diameter of the vascular lumen. Restenosis is a consequence

of the lack of organiZation of the vascular Wall and is therefore
common in many vascular diseases, including post-transplant
chronic nephropathy, late by-pass occlusion and post-trans
plant coronary vasculopathy. In the context of the present

invention, therefore, diseases equivalent to post-transplant
chronic nephropathy, late by-pass occlusion and post-trans
plant coronary vasculopathy are those Which present a lack of
organiZation of the structure of the vascular Wall Which mani
fests by means of intimal hyperplasia and causes the vascular
lumen to narroW, or restenosis. In the context of the present
invention, it is also considered that stenosis and restenosis are
equivalent terms and relate to an obstruction 250% of the
vascular lumen in a given segment.

[0038] The guidelines and procedures for the suitable use
of Kv1.3 blocking substances in therapies against diseases
relating to intimal hyperplasia are explained beloW. This
document includes in its different sections the teachings so
that the person skilled in the art can identify this type of
disease and the substances acting as Kv1.3 channel blockers.

Kd values for Kvl.3 channel blocker peptides and small molecules.

Blocking substance

Af?nity (Kd)

Stichodactyla helianthus toxin (ShK)

11 pM

Heterometrus spinifer toxin 1
ShK-F6CA
Pandinus imperator toxin 2

12 pM
48 pM
50 pM

ShK-Dap22
Hongotoxin
Margatoxin
Agiotoxin-2

52
86
110
200

Pandinus imperator toxin 3
Kaliotoxin
Buthus martensii Karsch toxin (I123 peptide)

500 pM
650 pM
790 pM

Noxiustoxin

pM
pM
pM
pM

1 nM

Pap-1

2 nM

Psora-4

3 nM

Charybdotoxin
Titystoxin-Kot
Odonthobthus doriae toxin 2 (OdKZ)
Pandinus imperator toxin 1
Bunodosoma granulifera toxin
trans—N—propyl—carba1noyloxy-PAC
Correolide
Sulfamidbenzamidoindane
Maurotoxin
CP339818
WIN173173
UK78282
Dendrotoxin
PAC
Parabuthus toxin 3
Parabuthus toxin 1

3
4
7
11
39
50

nM
nM
nM
nM
nM
nM

90
100
150
150
200
200
250
270
492
800

nM
nM
nM
11M
11M
11M
nM
11M
nM
nM

Resiniferatoxin

3 [1M

Nifedipine
Nitrendipine

5 [1M
5 [1M

Ibu8

5 [1M

application describes one of these knoWn methods in

Phencyclidine
Veraparnil

5 [1M
6 [1M

Example 1.

H37

10 [1M

Hg2+

10 [1M

[0039] In order to prove that a substance acts as a Kv1.3
channel blocker, the person skilled in the art uses a heterolo

Cicutotoxin

18 [1M

La3+
Tri?uoperazine
Capsaicin

20 [1M
20 [1M
26 [1M

Diltiazem

27 [1M

The Kv1.3 channel blockers must be able to decrease in a

dose-dependent manner the How of current through these

channels evoked by a depolarizing voltage pulse. The present

gous expression system. Some stable cell lanes expressing the
Kv1.3 channel have been described and are available in the

?eld of the art, for example those described in Grissmer et al.,
Mol. Pharmacol 44, 1227-34, 1994. These or other equivalent
cells can be requested from their inventors.
[0040] Alternatively, the person skilled in the art knoWs the

suitable techniques for developing a heterologous expression
system in mammals. To that end, a cell line can be purchased

Quinine

Progesterone
K-H??utOXlH
Luteolin
Flecainide
4-AP

14 [1M

30 [1M
40
50
60
190

[1M
[1M
[1M
[1M
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recording pipettes were made from borosilicate glass (2.0 mm

OD, WPI) with a pipette puller (Narishige PP-83) so that they

TABLE l-continued

have resistances between 2 and 5 M9 upon ?lling them with
Kd values for Kv1.3 channel blocker peptides and small molecules.

Blocking substance

Af?nity (Kd)

an internal solution containing (in mM) 125 KCl, 4 MgCl2, 10
HEPES, 10 EGTA, 5 MgATP; (pH 7.2 with KOH). The
whole-cell currents were recorded with an Axopatch 200

z112*,co2+

200 11M

B112: Q9

2 rnM

TEA

10 rnM

Mn2+

20 rnM

interface executed by the CLAMPEX 8 software (Axon
Instruments) or an equivalent similar system, in a computer.
The cells were maintained at a resting potential of —80 mV

Abbreviations:

4-AP, 4-arninopyridine;
ShK-Dap22, Stichodactyla helianthus toxin with diaminopropionic acid in position 22
substituting a native Lys;

ShK-F6CA, Stichodactyla helianthus toxini?uorescein-6-carboxylic acid;
TEA, tetraethylarnrnoniurn chloride.
(Data taken from Schirntz et al., MolPharmacol 2005, 68: 1254-1270; Chandy et al., TIPS
2004, 25: 280-288; Abdel-Mottaleb et al., Toxicon 2008, 51: 1424-1430; Shijin Yet al.,

Peptides 2008,29: 1514-1520).

[0042] The blockers described above can be used according
to the present invention in the manufacture of a pharmaco
logical tool which can commonly be a medicament contain

ing any pharmacologically acceptable excipient and the
Kv1.3 blocker as the active ingredient, alone or in combina

tion with other active ingredients. The present invention com
prises all the effective doses in any of the comprised diseases
as well as any of the possible methods of administration

independently of the race, sex, biotype, weight or age of the
individual to be treated.

[0043]

ampli?er or the like, ?ltering at 2 kHz and sampling at 10
kHz. The records were digitalized with a Digidata 1200 A/D

A direct application of the present invention is the

development of a new method for the prevention and treat
ment of vascular diseases which are a consequence of the lack
of organization of the normal structure of the vascular wall.
This method consists of the administration or the implanta
tion of a pharmacological tool comprising at least one active
ingredient having a blocking effect on Kv1.3 channels. Pref

erably, the method of the present invention consists of the
administration of a Kv1.3 channel blocker from the group of

margatoxin, ShK toxin, psoralen, kaliotoxin, correolide,
J 123, and the derivatives and combinations thereof. Very pref
erably, the blocking substances comprise the ShK-LS or
PAP-1 toxins. Example 4, FIGS. 6, 7 and 8, illustrate the
effect of these toxins on the VSMCs and Example 5 describes

the administration protocol.
[0044] Another important application of the present inven
tion consists of the design and preparation of a system which
allows the controlled release of the Kv1.3 blocking substance,
such as a stent coated with a biopolymer in which the blocker

resides for its gradual release. Example 5 describes the details
of this application.
EXAMPLES

and from here depolarizing pulses of 200 ms in duration from
—60 mV up to +80 mV in intervals of 10 mV every 15 seconds
were applied. Thus the person skilled ion the art can construct
a current-voltage curve for the Kv1.3 channel.

[0046]

FIG. 3 shows an example of this type of experiment.

As can be observed, the application of PAP-1 at a concentra
tion of 10 nM caused a reduction of the current of about
80-85% for potentials from +10 up to +80 mV. The effect of

repeated depolarizing pulses from —80 mV up to +40 mV
applied every second was evaluated for the purpose of char

acterizing the characteristic cumulative inactivation of the
Kv1.3 currents. The potential blocking substances are applied
dissolved in the external solution to study the effect of their

application with the protocols previously described and
known in the ?eld of the art, such that the possible effects of
these substances on the amplitude of the current, the time
course and the voltage dependence of their activation and
inactivation, can be characterized.
[0047] Upon observing modi?cations in some of these
parameters due to the application of a putative blocker, the
dose-response curve of the blocking effect, as well as the
reversibility of the effect after washing the blocker have to be
analyzed. The careful analysis of the rate of the establishment
and the washout of the effects allows obtaining an estimate of
the al?nity constant of the substance to the canal.
[0048] By taking the value of the amplitude of the current at
a determined voltage (for example +40 mV) in the absence of
blocker as the total current (100%), the percent reduction of
the amplitude of the current in the presence of the blocker as
a value between 0 and 1 (current with sub stance under analy
sis in the control medium/ current) can be de?ned. If there is a
reduction of the current in the presence of the substance under
analysis, a dose-response curve is constructed to de?ne the

1C5O (or Kd) of the blocking of the Kv1.3 current by the
substance under analysis.
[0049]

To determine the speci?city of the substances which

are de?ned, as well as Kv1.3 blockers, the same type of

experimental strategy is used.

Example 1
Assay to Determine if a Substance is a Kv1.3 Chan

nel Blocker

Example 2
[0050]

Modi?cation of the Expression of the Kv1.3 Chan

nels in VSMCs of Mouse Femoral Arteries with Proliferative

[0045] To evaluate if a substance is capable of dose-depen
dently reducing the ?ow of current through Kv1.3 (i.e., if it is

Phenotype.

a Kv1.3 blocker). The currents through the Kv1.3 channels
expressed in the heterologous system were studied by means

were studied by comparingVSMCs of mouse femoral arteries

of the patch-clamp technique in the whole-cell con?guration.
The currents were recorded at room temperature (21 -250 C.).
The cells, placed in a recording chamber located in an

inverted microscope, were perfused with a physiological
saline solution (in mM: 141 NaCl, 4.7 KCl, 1.2 MgCl2, 1.8

CaCl2, 10 glucose and 10 HEPES (pH 7.4 with NaOH). The

[0051]

The changes in the expression of the Kv1.3 channels

in contractile and proliferative phenotype. The contractile
phenotype are the cells isolated directly from the medial layer
of the femoral artery, and the effect of the phenotypic change
was studied in two different proliferation models: an in vivo

model in which intimal hyperplasia is induced by endolumi
nal lesion with the previously described procedure (Roqué et
al., Arlerioscler Thromb Vasc Biol 20, 335-342, 2000) and an

US 2011/0275571A1
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in vitro model in Which VSMCs are obtained in culture from

the secondary antibody (Alexa 488 goat anti-mouse from

explants of mouse femoral artery (Miguel-Velado et al., Circ

Molecular Probes) at a dilution of 1 : 1000 in blocking solution

Res 97, 1280-1287, 2005).

for 30 minutes. After three other Washings With PBSTx the
coverslips Were assembled With VectaShield H100-DAPI
(vector Labs) and the cells Were examined in a Nikon ?uo

[0052] BPN mice Were obtained from Jackson Laboratories
and maintained by means of inbreeding in the animal house of
the School of Medicine or the animal house of the lDlBAPS,

in temperature-controlled conditions (210 C.) With 12 hour
light/dark cycles and With free access to food and Water.

[0053] To isolate the VSMCs (model of cells in contractile
phenotype), the animals Were sacri?ced by decapitation after
anesthesia With iso?urane (5% at 2.5 I O2 min_l). The femoral
arteries Were dissected and the connective and endothelial
tissue Was removed and the cells Were obtained by means of

enZyme dispersion With the previously described protocol
(Miguel-Velado et al., Circ Res 97, 1280-1287, 2005).
[0054]

To obtain the VSMCs in culture (in vitro model of

proliferative phenotype), small fragments (0.5 mm) of femo

rescence microscope With a Wavelength ?lter of 488 nm.

[0058]

For the immunohistochemistry studies, the eutha

niZed animals Were ?xed With 4% paraformaldehyde intrave
nous perfusion in PBS for 5 minutes at 100 mmHg to obtain
paraf?n sections of the femoral arteries as described (Roque

et al., Arlerioscler Thromb Vasc Biol 20, 335-342, 2000). The
sections Were subsequently deparaf?niZed, rehydrated and
treated With 1% citric acid and blocked With 3% hydrogen

peroxide (DakoCytomatation) before incubation With the pri
mary antibody for 12 hours at 4° C. Then, the sections Were
Washed With PBS and incubated With an anti-mouse IgG

antibody conjugated With peroxidase (DakoCytomatation)

ral arteries free of endothelium and connective tissue Were

for 30 minutes at room temperature and the signal Was

placed in 35 mm Petri culture dishes covered With 2% gelatin
(Type B, Sigma) in a DMEM culture medium With 20% of
fetal bovine serum, 100 U/ml penicillin, 100 U/ml strepto
mycin and 2 mM L-glutamine at 37° C. in a 5% CO2 atmo

detected using 3,3-diaminobenZidine (DakoCytomatation).

sphere. The migration and proliferation of the VSMCs of
these explants Was clear at 6-10 days, but the explants Were
maintained until the single layer of VSMC Was con?uent. At
this time, by means of mechanical scraping With a rubber
spatula the cells Were shed and seeded in a neW culture dish at

1/3 of their original density. The VSMCs Were thus subjected

to several passes (3-4) Without showing apparent morpho

logical changes.
[0055]

Finally, for the in vivo proliferation model, the BPN

mice Were subjected to unilateral transluminal lesion of the
femoral artery at the age of 12-16 Weeks by means of the
repeated pass of an angioplasty catheter 0.25 mm in diameter

folloWing the previously described protocol (Roqué et al.,
Arlerioscler Thromb Vasc Biol 20, 335-342, 2000). The mice
Were sacri?ced after 48 hours, 1 Week or 4 Weeks by means of

pentobarbital overdose to extract the control and damaged
femoral arteries.
[0056] The study of the expression of the Kv1.3 channels in
these three experimental preparations Was carried out by
determining the mRNA levels of the Kv1.3 by means of real
time PCR (FIG. 4) and the expression of the protein of Kvl .3
by means of immunohistochemistry in VSMCs in contractile
phenotype and VSMCs in culture or immunocytochemistry in
femoral artery sections ?xed for the in vivo proliferation
model With an anti-Kv1.3 antibody (clone L23/27 of Neuro
mab UC Davis NIH and Antibodies Inc.) and labeled With a

After Washing the sections in distilled Water, they Were coun

terstained With hematoxylin (Roqué et al., Arlerioscler
Thromb Vasc Biol 20, 335-342, 2000) and observed under a

microscope.
[0059]

Finally, both in the VSMCs in contractile phenotype

and in the VSMCs in culture the functional contribution of the
Kv1.3 channels to the membrane currents Was studied by
means of the patch-clamp technique in the Whole-cell con

?guration With the previously described protocols (see
Example 1 and also Miguel-Velado et al., Circ Res 97, 1280
1287, 2005). The blockers used Were correolide at a concen

tration of 10 [1M (kindly supplied by Merck laboratories), 10
nM Margatoxin (obtained from Alomone labs) (FIG. 6) and
PAP-1 10 nM (obtained from Sigma). The drugs Were pre
pared at the ?nal concentrations indicated in the saline solu
tion of the bath folloWing the supplier’s instructions and Were
applied to the cells for a period of 1-2 minutes. The currents
Were recorded before applying the drug (control) and in the
presence of the drug, and the percentage of reduction in the
amplitude of the currents induced by different blockers Was
calculated.
Results:

[0060]

The analysis of the expression of the mRNA of the

Kv1.3 channel shoWs a very signi?cant increase of the

expression levels in the tWo proliferation conditions (culture
and endoluminal lesion) With respect to the contractile cells
as illustrated in FIG. 4.

?uorescent secondary antibody (FIG. 5). The sample process

[0061]

ing and the RNA extraction Were performed With the previ

shoWed that Whereas only a small fraction of the VSMCs in

The study of the expression of the Kv1.3 protein

ously described protocols (Miguel-Velado et al., Circ Res 97,

contractile phenotype Were labeled With the antibody against

1280-1287, 2005) and the mRNA levels Were determined
using Taqman probes for Kv1.3 Which Were obtained from

Kv1.3, almost all the VSMCs in culture shoWed intense label

Applied Biosystems.
[0057]

For the immunocytochemistry With the anti-Kv1.3

ing (FIG. 5, panel A). Similar results Were obtained With the
immunohistochemistry With the anti-Kv1.3 antibody in
femoral artery sections (FIG. 5, panel B). The labeling in the

antibody, the VSMCs freshly dissociated or in culture Were

control arteries, Without lesion and therefore With VSMCs in

seeded in glass coverslips 12 mm in diameter, ?xed With 4%
paraformaldehyde in phosphate buffer at pH 7.5 for 15 min
utes at 20° C., Washed With PBSTx (0.1% PBS Triton X-100)
and blocked With PBSTx containing 10 mg/ml of bovine

contractile phenotype Was scarce and limited to the medial

albumin and 2% non-immune goat serum for 10 minutes. The
anti-Kv1.3 antibody Was diluted in the blocking solution at a
concentration of 1:100 for 40-60 min at 21° C. After three
5-minute Washings in PBSTx the cells Were incubated With

layer, Whereas an increase of proliferation (intimal hyperpla
sia) and an increase of the number of immunopositive cells
both in the neointima and in the muscle layer are observed
after the endoluminal lesion. The quanti?cation of several

experiments performed in different animals con?rmed a sig
ni?cant increase of the labeled area in the damaged arteries

(FIG. 5, panel B).
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Finally, the study of the functional expression of the
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hours in glass coverslips 12 mm in diameter in DMEM

Kv1.3 channels recorded With electrophysiological tech

medium supplemented With serum and antibiotics as has been

niques alloWed con?rming that this increase of the expression

previously described, until reaching a con?uence close to
50%. At this time, the coverslips are maintained for 24 hours
at 370 C. and in 5% CO2 atmosphere in culture medium With

of the mRNA and the protein of Kv1.3 in VSMCs in prolif
erative phenotype re?ects an increase of the functional
expression of the channels, since the currents mediated by
Kv1.3 Were signi?cantly greater in VSMCs in culture than in

5% fetal bovine serum (control), medium With 5% serum and
10 nM of PAP-1 and medium With 5% serum and 10 nM of

freshly dissociated, contractile VSMCs (FIG. 6).

Margatoxin, after Which the BrdU incorporation assay is per

[0063] As can be seen in panel B of FIG. 6, the effect of
these blockers (and therefore the fraction of the current Which

pany. To quantify the results, the number of cells positive for

represent the Kv1.3 channels) Was signi?cantly greater in the

BrdU With respect to the total number of cells in the ?eld

VSMCs in culture in all the cases. For example, in the case of

(Which is determined by labeling the nuclei With the DAPI
?uorescent dye) is counted in 10-20 ?elds in each experiment.
Results: The migration of the VSMCs of the uterine artery

Margatoxin, the current blocked by this drug Was 10.612.03
of the Kv current in the contractileVSMCs and 58.151454 of
the Kv current in the VSMCs in culture, and in the case of
PAP-1 (i.e., the Kv1.3 channels contribute With 10% of the
total current in the differentiated cells and almost 60% of the
total current in the cells in culture.
[0064] All these data as a Whole point to an increase of the
contribution of these channels to the currents of proliferating

VSMCs, and clearly shoW that these channels could represent
valuable therapeutic tools for blocking proliferation since the
increase in their expression participates in the changes lead
ing the VSMCs to proliferate.

Example 4
[0065]

Effect of the Speci?c blocking of Kv1.3 Channel

formed folloWing the instructions of the commercial com

Was reduced signi?cantly in the presence of these Kv1.3

channel blockers. The left panels of FIG. 7 shoW the images
taken in a representative culture in Which the effect of these
tWo drugs on the migration of the VSMCs at 24 hours Was
studied, as Well as average results (right panel).
[0068] In relation to the proliferation experiments, a reduc
tion in the fraction of cells labeled With BrdU in the groups
treated With the Kv1.3 channel blockers is also observed,

indicating that blocking the channel inhibits proliferation (see
FIG. 8).
[0069] These results indicate again that the increase of the
expression of Kvl .3 is associated With the proliferation and
migration of the cells in this preparation, in Which the previ

With Margatoxin and With PAP-1 on the Rate of Migration
and Proliferation of the VSMCs in Culture.
[0066] Methods: The migration studies have been per
formed in cultures of smooth muscle cells obtained from
explants of con?uent human uterine arteries, maintained in
DMEM culture medium supplemented With 20% fetal bovine
serum, 100 U/ml of penicillin and streptomycin and 2 mM of

ous results shoWed that, like in the VSMCs of the mouse

L-glutamine at 370 C. in a humidi?ed incubator With a 5%

SWine Animal Model for the Treatment of Restenosis

CO2 atmosphere. In these cultures, a small surface of the
single layer is scraped by means of the tip of a sterile P10
pipette creating a space Without cells and they are left for
24-48 hours in the same culture medium but Without supple
menting With fetal bovine serum to block proliferation. The
area of the surface Without cells created by the tip of the
pipette Was quanti?ed by means of the image analysis soft
Ware of the Image I program, measuring it at 0, 24 and 48
hours. The cell-free area at 0 hours Was taken as control and
the area at 24 or 48 hours is expressed as a fraction of the

control area, Which alloWs determining the degree of migra

femoral artery, the proliferation induces an increase in the
expression of Kv1.3 both in terms of mRNA and protein

(Miguel-Velado et al., Circ Res 97, 1280-1287, 2005).

Example 5 (Prophetical)
[0070]

Methods: Expandable stainless steel stents (Cordis

Co) 18 mm in length covered With a thin layer of a poly-n

butyl methacrylate and polyethylene-vinyl acetate copolymer
containing 200 ug of PAP-1 or 200 ug of ShK-L5 are used.

The total Weight of the polymer With the drug is about 500 ug
and the drug:polymer ratio is 30%. The stents are packed
individually, coded With a bar code (to do a double blind

experiment) and steriliZed With ethylene oxide.
[0071] 36 stents (12 With the polymer alone, 12 With PAP
and 12 With ShK) are implanted in 12 young pigs (25-35 kg)

respect to the cell-free area at 0 hours (100%). The migration
in these cultures in control situation and in the presence of

in the anterior descending or circum?ex branches of the left
coronary artery or in the right coronary artery (at a proportion
of 3 stents per animal). The animals recover from the opera
tion and are sent back to the animal house Where they receive

margatoxin (10 nM) or PAP-1 (10 nM) Was studied. The drugs

a normal diet supplemented With aspirin (325 mg/d). Blood

are prepared in sterile saline solution at a concentration of 10

samples of the animals are obtained at 6, 12, 24, 48 and 96
hours to determine the plasma levels of PAP and ShK. At 7
(n:4) or 28 days (n:8) the animals are euthaniZed after per

tion as the percentage of cell-free area at 24 or 48 hours With

[1M and added to the culture medium Without serum (1 ul/ml
to obtain the ?nal concentration of 10 nM.

[0067] For the proliferation studies, the fraction of cells
incorporating 5-bromo-2'-deoxyuridine (BrdU) Was deter
mined. BrdU is a thymidine analog Which canbe incorporated
in its place for the synthesis phase of the cell cycle. The cells

forming a coronary arteriography for the quantitative analy
sis. In one animal of each group (7 and 28 days), after eutha
nasia the coronary arteries are dissected, the stent is removed

and Detection Kit I; Roche Applied Science, Germany). The

and the samples are froZen in liquid nitrogen in order to
determine different markers by means of Western blot of the
tissues and to determine the levels of PAP and ShK in the
arterial Wall. In the rest of the animals, immediately after
euthanasia the hearts are collected and the coronary arteries
are ?xed by perfusion of formalin at 10% for 30 minutes.
Then the coronary vessels are dissected and processed for

human uterine artery smooth muscle cells Were groWn for 48

their immunohistological and morphometric analysis per

incorporating BrdU can be detected by means of observation
under a ?uorescence microscope upon using a monoclonal

antibody against this molecule and a secondary antibody
conjugated With a ?uorochrome. The assay Was performed

With a commercial kit (5-Bromo-2'-deoxy-uridine labeling
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forming sections of the area Where the stent and the superior
and inferior margins are located.

[0072] A morphometric analysis is performed measuring
the degree of endothelialiZation of the stent area, the content
of VSMCs in the intima and its thickness in relation to the
thickness of the vessel and the lumen area (see FIG. 9).

[0073]

The pharmacokinetics studies shoW that the blood

levels of PAP-1 and ShK are maximal in the initial measure at

6 hours after implanting the stent (about 3 ng/ml) and
decrease and are maintained beloW the limit of detection at 4

days (<0.2 ng/ml). The content of PAP and ShK in the arterial
tissue is 97 and 83 ng/artery at 7 days and 30 and 25 ng/artery
at 28 days.
[0074] The morphometric studies indicate that differences
in the level of endothelialiZation betWeen the control stents
and the stents With the blockers are not observed. HoWever,
the number ofVSMCs in the intima signi?cantly decreased in
the arteries With the stents treated With PAP and ShK, as did
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ShK toxin, psoralen, kaliotoxin, correolide, J123, derivatives
thereof and combinations thereof.
8. The method of claim 6, Wherein the blocking substance
is chosen from the group consisting of ShK-L5, PAP-1 or a
combination thereof.
9. The method of claim 6 Wherein said intimal hyperplasia

is associated With restenosis, post-transplant chronic nephr
opathy, late by-pass occlusion, post-transplant coronary vas
culopathy, equivalents thereof and combinations thereof.
10.A supplying device for implantation in an arterial vessel
of an animal, comprising a containing system for containing
a Kv1.3 blocking substance.

11. The supplying device of claim 10, Wherein the contain
ing system further comprises an active ingredient Which is a
selective Kv1.3 channel blocker selected from the group con

sisting of margatoxin, ShK toxin, psoralen, kaliotoxin, corre

the degree of stenosis (45% in control against 27% in the

olide, J 123, derivatives thereof and combinations thereof.
12. The supplying device of claim 10, Wherein the blocking
substance is chosen from the group consisting of ShK-L5,

presence of PAP-1 and 26.2% With ShK) and the intimal area

PAP-1 or a combination thereof.

(5.07 mm2 in control against 2.23 mm2 With PAP-1 and 2.06

mm2 With ShK).
[0075]

The determinations of the expression of marker pro

teins for the formation of the intima such as PCNa and pRb
and for in?ammation such as 1L6 are quanti?ed by means of

Westem-blot and quanti?ed by densitometry. The results
again shoW a signi?cant reduction of the presence of all these
markers in the arterial segments Where the stents With the
Kv1.3 blockers are placed, in Which the levels of these pro
teins represent betWeen 30 and 50% of the levels observed in
the areas Where the control stents are placed.

[0076]

The results indicate that the method is e?icient for

reducing the proliferation of the intima and the in?ammatory
response Without causing local immunological or allergic
reactions. Similarly, the system for releasing the blockers has
its effects locally but the circulating levels are undetectable,
reducing the possibility of side effects. This type of approach
could be considered for used in humans.

1-5. (canceled)

13. The supplying device of claim 10 for the treatment of

restenosis, post-transplant chronic nephropathy, late by-pass
occlusion, post-transplant coronary vasculopathy, equiva
lents thereof and combinations thereof.
14. A method of treatment of intimal hyperplasia compris
ing implanting a supplying device in an arterial vessel of an

animal in need thereof, said supplying device comprising a
Kv1.3 blocking substance.
15. The method of claim 14, Wherein said supplying device
is a stent.

16. The method of claim 14, Wherein said Kv1.3 channel
blocker is selected from the group consisting of margatoxin,

ShK toxin, psoralen, kaliotoxin, correolide, J123, derivatives
thereof and combinations thereof.
17. The method of claim 16, Wherein said blocking sub
stance is selected from the group consisting of ShK-L5,
PAP-1 or a combination thereof.

18. The method of claim 14, Wherein said intimal hyper

hyperplasia comprising the administration of a Kv1.3 block

plasia is associated With restenosis, post-transplant chronic
nephropathy, late by-pass occlusion, post-transplant coro
nary vasculopathy, equivalents thereof and combinations

ing substance.

thereof.

6. A method for the prevention or treatment of intimal

7. The method of claim 6, Wherein the blocking substance
is a toxin selected from the group consisting of margatoxin,

