10

15

20

25

-30

35

IMMUNOMODULATOR POLYPEPTIDES DERIVED FROM IL-2 AND THEIR USE
THEREOF IN THE THERAPEUTIC OF CANCER AND CHRONIC INFECTIONS.

SCOPE OF THE INVENTION.
The present invention is related to the field of biotechnology and phrticularly
immunalegy. The invention is related to technical solutions with therapeutigZapplications
for human health. It particularly relates to the therapeutic modulation 4f the immune
system using analogs of natural molecules.

PRIOR STATE OF THE ART:
Interleukin 2 (IL-2) was the first growth factor described for T cgfls. Since its discovery it
showed a strong capacity to promote proliferation and survivél of T cells in vifro (Smith,
KA {1988) Science. 240, 1169-76) and to enhance T cellg' immune response in vivo, in
the context of viral infections (Blattman, JN, et al. (20034 Nat Med 9, 540-7) or vaccines
(Fishman, M., et al. (2008) J Immunother. 31, 72-80, Kudo-Saito, C, et al. (2007) Cancer
Immunol Immunother. 56, 1897-910; Lin, CT, et . (2007) immunol Lett. 114, 86-93).
However, this classical role of IL-2 as a promféter of T immune response has been
questioned recently by numerous experimeptal data (Almeida, A.R., ef al (2002) J
Immunol. 169, 4850-60; de la Rasa, M., ef 4. (2004) Eur J Immunol. 34, 2480-8; Malek,
T.R., et al. (2004) Nat Rev Immunol. A, 665-74) showing that this cytokine is a
homeostatic growth factor for natura)/regulatory T cells T CD4 + CD25 + FoxP3 +
(Tregs).
Interleukin-2 is a major player in e mechanism by which regulatory T cells suppress the
activity and expansion of other £ffector cells such as CD4 helpers T cells, CD8 cytotoxic
T cells and NK cells. Specif)€ally,it has been recently proposed that regulatory T cells
suppress other T cells, inddcing the local decrease in the levels of IL-2 (Pandiyan, P., et
al. (2007) Nat Immunol. B, 1353-62). This suppressive effect is based in: a) their ability to
inhibit directly the ppbduction of Il.-2 by the effector T cells that they suppresses:
(Almeida, A.R,, et Al. (2002) J Immunol. 169, 485060; Takahashi, T., ef al. (1998) Int
Immunol. 10, 19§2-80; Thornton, A.M., ef al. (1998} J Exp Med. 188, 287-96; Wolf, M., ef
al. (2001) Eurd immunol. 31, 1637-45); b) The ability to consume fast and efficiently the
icroenvironment (Pandiyan, P., ef al. (2007) Nat Immunol. 8, 1353-62); and

congéntrations are low.
Smmarizing, IL-2 is a highly pleiotropic cytokine which is very significant for the
iological activity of different cell populations. This property makes IL-2 an important
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node in the regulation of the immune response, making it an attractive and complex
target for immune modulation therapies. In particular, the pleiotropic nature of the action
of this cytokine, makes it very significant for the design of therapeutic strategies thét
modulate in a selective / preferential way the activity of this cytokine in differeni/cell
populations.
The IL-2 has been used for several years in cancer therapy. In particular, its uge in high
doses is an approved therapy in several countries for the treatment of melnoma and
renal cell carcinoma. However, the direct use of IL-2 in patients is severel limited by Is
toxic effects. So much so that only 20% of eligible patients received fugher therapy and
only 17% of patients show relevant objective response. One possible £xplanation for this
dramatic failure in the clinical stage is that therapy with native/IL-2 also stimulates
regulatory T cell populations (Ahmadzadeh, M., et al. {2006) Bjbod. 107, 2408-14) that
hamper the immunestimulation pursued with it.
Several strategies have been developed to mitigate the jéxic effects of IL-2 therapy.
Some of these strategies are based on the use of mutat#d variants of IL-2, designed to
increase the capacity of signaling of this molecule mginly by means of the high affinity
receptor (alpha, beta and gamma chains) and not b means of the intermediate affinity
receptor ( beta and gamma chains). The basic igéa is to promote preferential signaling
on T cell versus signaling in NK cells which arg the cells believed to be responsible for
the observed toxic effects. The following inyéntions are in the same line of work; U.S.
Pat. 7,186,804, U.S, Pat. 7,105,653, U.S. Jat. 6,955,807, U.S. Pat. No. 5,229,109, U.S.
Patent aplication 20050142106. It isAmportant to note anyway that none of these
inventions is related to IL-2 mutan{® with the capacity to differentially modulate the
activity of regulatory T cells. Moregver, the mutants in these inventions are agonists of
the 1L.-2 and not antagonist/inhibjfors such as those described in this application.

Other mutated variants of thg/IL-2 have been created with the aim of increasing their
pharmacological activity. Fof example, improving its folding or increasing their lifetime in
blood. Among others, th¢ffollowing inventions are related to this line of work: U.S. Pat.
No. 4,959,314, U.S. PAL No. 5,116,943, U.S. Pat. No. 4,853,332, Again, none of these
mutants has demonétrated ability to differentially modulate the activity of regulatory T
cells.
Other existing fnventions relate to inhibitors of the activity of IL-2, primarily for the
treatrment of Zutoimmune diseases or to prevent organ transplant rejection. Among these
inventions/re: U.S, Pat. 5,876,717, U.S. Pat 5,635,597, U.S, Pat 6,906,170, U.S. Pat

., Curiel, T.J., Grosenbach, D.W., Schlom, J. and Palena, C. (2007) Blood. 110, 3192-
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201; Morse, M.A_, Hobeika, A.C., Osada, T., Serra, D., Niedzwiecki, D., Lyerly, H.K, and
Clay, T.M. (2008) Blood. 112, 610-8; Onizuka, S., Tawara, i., Shimizu, J., Sakaguchi, 8.,
Fujita, T. and Nakayama, E. (1999) Cancer Res. 59, 312833; Quezada, S.A., Peg
K.S., Curran, M.A. and Allison, J.P. (2006) J Clin Invest. 118, 1935-45) that propogé to
modulate or reduce the activity of regulatory T cells in vivo. These therapsutic Agents
have been tested in animal models and even in patients for direct cancer thepépy or to
enhance the effect of vaccines. There are also some reports that propose j6 modulate
the activity of IL-2, particularly with monoclonal antibodies (Boyman, @&, Kovar, M.,
Rubinstein, M.P., Surh, C.D. and Sprent, J. (2006) Science. 311, 1924£1927; Boyman,
0., et al. (2006) Expert Opin Biol Ther. 6, 1323-31; Kamimura, ., et al (2006) J
Immunol. 177, 306-14; Murakami, M., Sakamoto, A., Bender /J., Kappler, J. and
Marrack, P. {2002) Proc Natl Acad Sci USA. 99, 8832-7; Topfala, J., Chmelova, H,,
Mrkvan, T., Rihova, B. and Kovar, M. {2009) J Immunol. 18# 4204-4812), to promote
better or more effective immune responses. However, to thg/best of our knowledge there
is no report in the literature, on mutated variants of the IL/2, which support the possibility
of their use to modulate, selectively or preferentially th€ activity of regulatory T cells. In
particular IL2 muteins capables of selectively/preferghtially antagonize the activity of IL2
on regulatory T cells, thus affecting its functipgh and promoting in consequence a
therapeutic potentistion of immune responses.

BRIEF DESCRIPTION OF THE INVENTI
The present invention Is based on the gCientific finding that proves that mutant variants
of IL-2 can exert a preferential inhibitjdn on regulatory T cells. Inventors found out for the
first time in in vitro experiments that mutated variants of [L-2 ¢an substantially inhibit the
activity of regulatory T cells (JYCD4 + CD25 + FoxP3+), while hardly affecting the
activation and /or proliferationy’of other lymphocytes with effector functions This finding
provides the basis for a néw strategy of immunomodulation of regulatory T cells in
diseases such as cancerAr chronic infections where these cells are relevant.

The present inventionfelates to polypeptides which share their primary sequence with
human 1L-2, excep? in the fact that several amino acids have been mutated by
eliminating or subpgtantially reducing their capacity to signal through the different forms of

These mutapf variants of IL-2 maintain their ability to bind to one or more components of
IL-2 recepfor, and have an inhibitory activity preferentially seen on regulatory T cell
populatigns, where they negatively modulate their function. Several specific variants of
IL-2 Autants with preferential inhibitory property on regulatory T cells are protected. The
invgntion also includes the therapeutic uses of these mutated variants, used alone or in
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combination with vaccines for the therapy of diseases such as cancer or chronic
infections where the activity of regulatory T cells (Tregs) is relevant.

The present invention proposes a new strategy to modulate the activity of regulatory,
cells in diseases in which suppression by means of these cells reduces the protegfive
immune response, induced naturally or by vaccination. The advantages of thjé new
therapeutic strategy over other proposals to modulate the activity of Tyegs are
numerous. For instance:

o -2 mutant are virfually self proteins {except for a few mutgfions). This fact
reduces the risk of unexpected toxicities (which are conyhon in small size
inhibitor-based strategies) or thr risk of rising an immune fesponse against the
injected drugs (as would happen in strategies such as/Ontak, in which IL-2 is
coupled to a foreign and toxic molecule as the diphthega toxin).

s These mutant variants of IL-2 would maintain bindipfg affinities to the receptor of
IL-2 at least of the order of the affinity of the pative IL-2 (10 pM for the high
affinity receptor). This affinity is difficult to achjéve with strategies of inhibition of
the receptor or ligand, with monoclonal antibdies or other drugs.

* The small size of these mutants (15 k) might enable them to have a high
mobility and easily penetrate the turmgbr microenvironment, Something that is
known to be complex for larger molgCules such as antibodies and others.

DETAILED DESGCRIPTION OF THE INVENTICN.
Obtaining analog polypeptides of
The present invention is related t¢/polypeptides from 100 to 500 amino acids, preferably
those whose size is 140 aming’acids and whose apparent molecular weight is at least
15 kD. These polypeptides phaintain a high level of sequence identity with native IL2,
mare than 90% identity, in/an area of their sequence, they include 2 to 6 mutations with
respect to native IL-2.
In these positions, th€se polypeptides are mutated by inserting amino acid residues
different to those aglinoacids placed in the same position in the native IL-2. The residues
that replace the/original residues are selecled because they have physicochemical
properties vepf different from those in the original amino acid, residues changed from
polar to apdlar, from charged to uncharged, from large to small, from acid to base,
among offiers,

lypeptides of the present invention can also be called indistinctly
nomaodulator polypeptides, analogs of IL-2 or muteins of I1L-2, among others. These
pefypeptides are designed from the 3D structure of the IL-2 (deposited in the PDB
atabase), introducing mutations only in the positions of the IL2 that correspond io

4




10

i5

20

25

30

35

amino acids significantly exposed o the solvent, which are identified using bioinformatics
programs of the public domain such as RASMOL, SwissPDBviewer and others.

The polypeptides of this invention can be obtained in several ways, among others
profein synthesis. They could aiso be obtained by genetic engineering techniques,

the polymerase chain reaction.

Selection of analog polypeptides of IL-2 by its biological activity:
The polypeptides of the present invention are selected by performi
experiments to simultaneously have the following properties
1} These mutant variants of IL-2 loose or substantially reduce théir signaling capacity to
the different forms of the IL-2 receptor. This property can be gsessed directly in in-vitro
proliferation assays with cell lines, which are IL-2 dependght like CTLL2 or Kitt225, or
with T lymphocytes or NK cells of murine and/or humarn/origen. These mutants should
have a stimulatory activity in these assays at least 100Aimes lower than that of native [L-
2.
2) These mutated variants of IL-2 (muteins) mainfain their ability to bind to one or more
molecular components of the IL-2 receptor. Fhis binding capacity can be assessed
directly by ELISA against chains of the recgbtor commercially available such as alpha
and beta chains of the receptor or indireci# on cell populations positive to the receptor.
The recognition rates of IL-2 muteins ghould be comparable to those of native 1L-2 in
these assays
3) The mutated variants of IL-2 hg&e an inhibitory activity of the native IL-2 activity on
lymphocytes, which is preferentjél on regulatory T cell populations (af least in T CD4 +
CD25 + FoxP3 + cells). The piuteins of IL-2 included in this invention are capable in a
certain range of concenirgfions to preferentially or selectively inhibit the activity or
cells, without affecting or only minimally affecting the activity
and/or expansion of gffier lymphocytes with effector functions such as T helper cells,
cytotoxic T cells orNK cells. The preferential or selective inhibitory activity of these
muteins can be eyfdenced in several in vifro tests, which examine the response to stimuli
of mixtures of gftector and regulatory populations in the presence of increasing amounts
of the muteiffs. In the appropriate range of concentration muteins should be able to
inhibit at [fast three times more the growth or activity of regulatory T cells than they
inhibit t€ activity or expansion of the effector populations used in the experiment, e.g. T
helpgrcells, cytotoxic T cells or NK cells.

j¢ invention also includes several specific variants of |L-2 muteins (specific mutations
sclosed in Table 1), which have been selected to have the properties mentioned

in vitro or in vivo

expansion of regulatory
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above. These muteins include multiple aminoacids substitutions that significantly reduce
their ahility {o stimulate murine and human lymphocytes. However, their ability to bind to
alpha and beta chains of the receptor remains intact, and they gain inhibito
(antagonist) capacities of [L-2 native activity. The most significant aspect of thése
muteins, is that they display a marked ability for, in a certain range of concentratighs, to
inhibit preferentially regulatory T cells (CD4 + CD25 + FoxP3+), in a cflture of
lymphocytes containing these cells and other effector T cells. '

Mutations Reference name /
Q22V, Q126A, 1128D, $130G M1 /
L18N, Q126Y, S130R M2 /

Q13Y, Q1286Y, 129D, S130R M3 ' /

L18N, Q22Vv, T123A, 128D, S130R | M4 /

Table 1: Constructed mutants, referring o the mutation according to the
numbering of the human IL2.

The present invention also includes addjdonal modifications of the fype of IL-2 mutants
referred to above and in particular thgte disclosed in Table 1. Either to increase their
affinity to specific components of AL-2, but without affecting or even enhancing its
preferential inhibitor properiies, oo improve their in-vivo pharmacodynamics: increased
life span or reduce its interngfization by T cells.These additional mutations may be
obtained by rational design with bioinformatics tools, or by using combinatorial molecular
libraries of different naturg/phage display libraries, libraries of gene expression in yeast
or bacteria).

Therapeutic applicAtion of IL-2 analcg polypeptides;
This invention gso includes pharmaceutical compositions comprising as active
ingredient IL-2 Muteins and its analogs, disclosed in the present invention, as well as its
potential thefapeutic applications with the aim of selectively modulate the activity of IL-2
on regulgibry T cells. Particularly, this invention protect the use of these muteins to
promot¢’ the immune response induced naturailly or by vaccines in diseases such as
cancgt or chronic infections where regulatory T cells are particularly relevant.
therapeutic use, the polypeptide of the present invention should be administered to a
bject carrier of the disease independently or in combination with other polypeptides or
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other substances that facilitate or enhance its therapeutic action. The route of
administration may be any of the routes of administration described by the prior art for
parenteral administration of drugs. It can be preferably administered by intravenou
intramuscular, subcutaneous or intratumoral routes.

The polypeptides or fusion proteins described by the present invention can
administered as part of a pharmaceutical composition useful in the treatment gf cancer
and chronic infectious diseases.

node or in the relevant peripheral site for the disease under study, # should be in the
adequate range of concentrations for the mutein to show a preferghtial inhibitory effect
on regulatory T cells. The dose referred must therefore be adjustgd according to disease
type and route of administration in the study. For instance in e case of tumor therapy,
the dose should be adjusted until the concentrations of the Anutant within the tumor and
for loco-regional lymph node are adequate to ensure a greferential inhibitory effect on
regulatory T cells. The dose ranges fo be explopgd can range from dozens of
micrograms to a few milligrams per dose.
The number of administrations fo be applied shdll also be adjusted according to the
biodistribution of the mutein in question. In/general, the aforementioned effective
concentrations should be maintained for a pefiod ranging from 2 days to 30 consecutive
days. Note, for example, that if the mutein/is coupled {o a carrier pfotein, the frequency
of administration should be adjusted acgbrdingly. Therapeutic action is meant by total or
partial remission of the disease symploms, For cancer, a decrease in tumor volume or
e considered, among others, as remission criteria.
benefits of this new therapeutic strategy as compared
he activity of Tregs would be multiple. For example:

an increased time to relapse will
Finally, it should be noted that t
to other proposals to modulat

e [L-2 mutant are Mrtually seif proteins (except for a few mutations), This fact
reduces the rigk of unexpected toxicities (which are common in small size
inhibitor-basgll strategies) or thr risk of rising an immune response against the
injected dplgs {as would happen in strategies such as Ontak, in which IL-2 is
coupledAo a foreign and toxic molecule as the diphtheria toxin).

» ThghSe mutant variants of IL-2 would maintain binding affinities to the receptor of
-2 at least of the order of the affinity of the native IL-2 (10 pM for the high
affinity receptor). This affinity is difficult to achieve with strategies of inhibition of
the receptor or ligand, with monoclonal antibodies or other drugs.
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» The small size of these mutants (15 kD) might enable them fo have a high
mobility and easily penetrate the tumor microenvironment. Something that is
known to be complex for farger molecules such as antibodies and others.

EXAMPLES

Example 1. The mufants were designed computationally, fropf bioinfarmatics
techniques, using as basis the reported structure of the quaternary cofmplex of human IL-
2 coupled to the receptor in line the report by Wang, X., Rickert, M. and Garcia, K.C. in
Structure of the quaternary complex of interleukin-2 with its gloha, beta, and gamma
recepfors. Science, 2008. 310(5751): p. 1159-63 and energy’calculation algorithms for
the protein-ligand interaction in the public domain. Differght variants of muteins were
initially predicted to not affect the binding capacity of th¢ alpha and beta chains of the
receptor. These muteins were expressed in E.cofi frgfn a genetical construction in the
pET28a vector including an ideniifying sequence ¢of 6 histidines at the amino terminal.
The muteins were purified using reverse phase (f)§ 1) obtaining with high purity (> 95%).
The muteins obtained were selected accordingAo their properties in in-vifro experimental
trials. Among the muteins constructed in Takle 1 a set of specific mutations is described
that has the property of preferentially inhib# the activity of Tregs.

Example 2. The selected muteins retzin the ability to bind to different components of the
IL2 receptor, especially to the alphg/and beta chains of the receptor. Figure 2 shows that
using ELISA tests several of the Mmutants specified in Table 1 maintain virtually intact its
ability to bind fo the alpha chain (Fig.2) and the beta chain (Fig.2b) of the IL-2 human
receptor. Figure 3 shows fugther confirmation that these mutants bind to the receptor on
the cell surface (fig 3a) apfl that this union can be displaced gradually by the addition of
native 1L-2 (fig 3b).

Example 3. The s¢lected muteins significantly reduce their ability to signal by the IL-2
receptor. Figure Zillustrates this fact by measuring their capacity to stimulate the growth
of the CTLL2 g&li line (fig. 4a) or stimulate the differentiation of NK cells from total spleen
lymphocyteg/{Fig. 4b). These muteins in high concentrations inhibit the activity of native

e mutants in table 1, particularly it is shown that in a lymphocyte cell culture where
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there is a mixture of effector and reguiatory T cells stimulated with anti-CD3 antibodies,
the addition of intermediate doses of muteins substantially inhibits CD4+FoxP3+
proliferation without significantly affecting the expansion of CD4+FoxP3- effecidr
populations.

Example 5. The selected mufeins are sequestered preferentially by the regyfatory T
cells in a culture, reducing thelr ability to affect the activity of effector T c¢lls. These
muteins inhibit the signaling {stimulation) mediated by the IL-2 produced efidogenously
by CD4+CD25-FoxP3- helper T cell populations purified and stimulateg” with anti-CD3
antibodies. However, the addition of increasing amounts of CD44CD25+ FoxP3 +
regulatory T cells o these cultures, paradoxicaily reduces the inhibjfon mediated by the
mutant on T effector populations (Fig. 7). This effect is explaingfl by the ability of the
muteins described to preferentially inhibit the activity of IL-2 onA" reguiatory populations.
The presence of regulatory T cells even in small quantitief directs the activity of the
mutants to these cells, thus reducing the suppressive actiyity of the mutein in the effector

population,

BRIEF DESCRIPTION OF THE FIGURES

Figure 1. Production and purification of mugated variants of human [L-2. a: Western biot
showing the expression of some mutajéd variants and control native IL-2 in E. colf
strains transfected with the performgd gene construction; b: Example of a typical
purification profile obtained using reyerse phase purification.

Figure 2. Evaluation by ELISA gf the recognition of the alpha (a) and beta (b} chains of
IL-2 receptor by severai of tffe muteins mentioned in table 1, Native IL-2 is used as
positive control.  As cary’be seen, all tested muteins mantain recognition rates
comparable to those of

try assessment of the ability of several of the muteins mentioned
IL-2 receptor on the surface of the celis. Specially to murine CTLL2
muteins and the control of the native IL-2 on the surface of the cells

Figure 3. Flow cyto
in Table 1 to bind

ad and does not interfere with the staining).
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Figure 4. Evaluation of the signaling capacity of several of the muteins mentioned in
Table 1. a): The activity of the muteins was evaluated in a proliferation assay of CTLL2
cell line measured by a colorimetric assay using MTT. b): The mufeins were al
evaluated in a differentiation test of NK1.1+ cells from fotal mouse splenocytes. in Joth
cases we compare the ability to stimulate of the muteins against a control of natiye I1L.-2
that is produced in exacily the same experimental system (the same/ genetic

ifferentiation of NK1.1+
of native IL-2, by adding

by increasing concentrations of muteins. b. Inhibition of the
cells from total mouse splenocytes stimulated with 500 1U/)
increasing amounts of muteins in the culture.

Figure 6. Evaluation of the ability of muteins to freferentially inhibit CD4+Foxp3+
lymphocytes. The mouse lymph node lymphocytes/were stimulated in vifro with an anti-
CD3 monoclonal antibody (clone 2C11 at 10 pd/mL} in the presence of the indicated
amounts of the M1 mutein (as referenced in/Table 1). After 72 hours of culture it was
determined by flow cytometry, using referece beads, the number of living CD4+Foxp3+
regulatory and CD4+ Foxp3 effector Iynphocytes. The graph in a shows the basic
staining in flow cytometry used to différentiate regulatory and effector cell populations.
The graph in b shows the levels gf inhibition of the proliferation induced by different
amounts of the mutein added. Tis inhibition is calculated based on the number of live
cells recovered in the absencg of the mutein. As shown in b there is an intermediate
range of concentrations of mutein in which the inhibition of CD4+FoxP3+ regulatory
population is much more significant than for CD4 + FoxP3- helper or effector T celis.

Figure 7. Evaluation ¢f the ability of regulatory T cells to preferentially sequester the IL-2
muteins designed, pleasing effector T cells with an inhibitory effect on them. Effector T
cells Cb4+ CD2F-FoxP3- were purified using magnetic beads labeled with CFSE and
coupled some in the presence and some in the absence of muteins (M1
mutein grapjf, two different concentrations 10 pg / mL and 5 ng / mL) and stimulated with
anti-CD3 Antibodies (clone 2C11, 10 pg / mL) and anti-CD28 (clone 37.51, 10 pg/mL.).
Differegt amounts of purified regulatory T cells (CD4+CD25+FoxP3 +), were added to
thesg cultures. The graph 6a shows high levels of purity (92% Tregs and 97% for
efféctor T cells) achieved with magnetic beads separation. Figure 6b shows the levels of
roliferation in effector cell measured by CFSE dilution, for different amounts of

10




regulatory cefls in culture. As can be seen in the absence of Tregs, the presence of
muteins substantially affect the proliferation of effector cells (inhibitory effect), but as
Tregs are added, the proliferation of effector T cells recovers, since Tregs preferentia
sequester the mutein releasing effector cells of its inhibitory effect.
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CLAIMS

1. An immunomodulatory polypeptide derived from the IL-2, which comprises se¥eral
punctual mutations in respect to the sequence of the native 1L-2 and has the progerty of
inhibiting the activity of IL-2 jn vifro preferentially on the regulatory T cells. -

2. The polypeptide of claim 1, which comprises several mutations within thg/ sequence of
the native IL-2 and which allow it to selectively and preferentially inhibit
2 on natural regulatory T cells (CD4 +CD25 +FoxP3 +).

3. The polypeptide of claim 1 characterized by its ability to preferegtially inhibit regulatory
T cells in vivo.

4, The polypeptide of claim 1 that comprises mutations 22V, Q126A, and S130G

1129D.

5. The polypeptide of claim 1 characterized by compfising mutations L18N, Q128Y and

S130R.

6. The polypeptide of claim 1 characterized by/comprising the mutations Q13Y, Q1286Y,
129D and S130R.

The polypeptide of claim 1 characterized by comprising the mutations of L18N, Q22V,
T123A, and S130R 1128D.

A fusion protein comprising th# immunomodulatory polypeptide of any of the claims
from 1 to 7 coupled to a carrier frotein.

im 8 characterized in that the carrier protein is albumin.
9 characterized in that the carrler protein is the Fc region of

The fusion protein of
The fusion protein of claj
human immunoglobuliy,

11. The polypeptigé of any of claims from 1 to 7 for the manufacture of a medicament
useful for the tredtment of chronic diseases.

The polygeptide of any of claims from 1 to 7 for the manufacture of a medicament
useful for £ancer therapy.

The polypeptide of any of the claims from 1 to 7 for the manufacture of a medicament
1 for the therapy of chronic infectious diseases.

12
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14. A pharmaceutical composition useful in the treatment of cancer and chronic
infectious diseases, which comprises as active ingredient the polypeptide of any of the
claims from 1 to 7,

15. The pharmaceutical composition of claim 14, characterized by comprising as #ctive
ingredient the polypeptide of claim 4.

The pharmaceutical compaosition of claim 14, characterized by comprisiAg as active
ingredient the polypeptide of ¢laim 5.

The pharmaceutical composition of claim 14, characterized by cgfprising as active

ingredient the polypeptide of ¢laim 6.

The pharmaceutical composition of claim 14, characterized/by comprising as active

ingredient the polypeptide of ¢laim 7.

19. A phamaceutical composition useful in the freg#fnent of cancer and chronic
infectious diseases, characterized by comprising as/an active ingredient the fusion
protein of any one of claims from 8 to 10.

20. Use of the polypeptide of any of claims fidm 1 to 7 for the treatment of chronic
diseases.

21. Use of the polypeptide of any of the clgfms from 1 to 7 for cancer therapy.

22. The use of the polypeptide of any of claims from 1 fo 7 for the therapy of chronic

infectious diseases.

23. Use of the fusion protein of any one of the claims from 8 to 10 for the therapy of

chronic diseases.

Use of the fusion protgif of any one of the claims from 8 o 10 for cancer therapy.

Use of the fusion pfotein of any one of claims from 8 to 10 for the therapy of chronic

diseases.

28. The polypgbtide of any of claims from 1 to 7 for the manufacture of a medicament
that modulajés the immune system.

27. The folypeptide of any of the claims from 1 to 7 and the applications thereof when
new pAutations that increase their binding affinity to the different components of IL-2
recgptor are introduced.

13




28. The polypeptide of claims 4, 5, 6, 7, and the applications thereof when new
mutations that increase their binding affinity to the different components of IL-2 receptor
are introduced.




10

15

20

25

30

35

IMMUNOMODULATOR POLYPEPTIDES DERIVED FROM IL-2 AND THEIR USE
THEREOF IN THE THERAPEUTIC OF CANCER AND CHRONIC INFECTIONS.

SCOPE OF THE INVENTION.

The present invention is related to the field of biotechnology and particularly
immunology. The invention is related to technical solutions with therapeutic applications
for human health. It particularly relates to the therapeutic modulation of the immune
system using analogs of natural molecules.

PRIOR STATE OF THE ART:

Interleukin 2 (IL.-2) was the first growth factor described for T cells. Since its discovery it
showed a strong capacity to promote proliferation and survival of T cells in vitro {Smith,
KA (1988) Science. 240, 1169-76) and to enhance T cells immune response in vivo, in
the context of viral infections (Blattman, JN, et al. (2003) Nat Med 9, 540-7) or vaccines
(Fishman, M., et al. (2008) J Immunocther. 31, 72-80, Kudo-Saito, C ., et al. (2007)
Cancer Immunol Immunother. 56, 1897-910; Lin, CT, et al. (2007) Immunol Lett. 114,
86-93). However, this classical role of 1L.-2 as a promoter of T immune response has
been questioned recently by numerous experimental data (Aimeida, A.R., ef al. (2002) J
Immunol. 169, 4850-60; de la Rosa, M., ef al. (2004) Eur J Immunol. 34, 2480-8; Malek,
T.R., et al. (2004) Nat Rev Immunol. 4, 665-74) showing that this cytokine is a
homeostatic growth factor for natural regulatory T cells T CD4 + CD25 + FoxP3 +
{Tregs).

Interleukin-2 is a major player in the mechanism by which regulatory T cells suppress the
activity and expansion of other effector cells such as CD4 helpers T cells, CD8 cytotoxic
T cells and NK cells. Specifically,it has been recently proposed that regulatory T cells
suppress other T celis, inducing the local decrease in the levels of IL-2 (Pandiyan, P., et
al. (2007) Nat immunol. 8, 1353-62). This suppressive effect is based in: a) their ability to
inhibit directly the production of IL-2 by the effector T cells that they suppresses:
(Almeida, A.R., ef al. (2002} J Immunol. 169, 485060; Takahashi, T., ef al. (1998) Int
Immunol. 10, 1869-80; Thornton, A.M., et al. (1998) J Exp Med. 188, 287-96; Wolf, M., ef
al. (2001) Eur J Immunol. 31, 1637-45); b) The ability to consume fast and efficiently the
IL-2 in their microenvironment (Pandiyan, P., et al. (2007) Nat Immunol. 8, 1353-62); and
c) its capacity to over-express |L-2 alpha chain receptor {(Kuniyasu, Y., et al. (2000) Int
Immunol. 12, 1145-55), which enables them to use the IL-2 more efficiently when its
concentrations are low.

Summarizing, IL-2 is a highly pleiotropic cytokine which is very significant for the
biological activity of different cell populations. This property makes IL-2 an important
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node in the regulation of the immune response, making it an attractive and complex
target for immune modulation therapies. In particular, the pleiotropic nature of the action
of this cytokine, makes it very significant for the design of therapeutic strategies that
modulate in a selective / preferential way the activity of this cytokine in different cell
populations.

The IL-2 has been used for several years in cancer therapy. In particular, its use in high
doses is an approved therapy in several countries for the treatment of melanoma and
renal cell carcinoma. However, the direct use of IL-2 in patients is severely limited by is
toxic effects. So much so that only 20% of eligible patients received further therapy and
only 17% of patients show relevant objective response. One possible explanation for this
dramatic failure in the clinical stage is that therapy with native IL-2 also stimulates
regulatory T cell populations (Ahmadzadeh, M., ef al. (2006) Blood. 107, 2409-14) that
hamper the immunestimulation pursued with it.

Several strategies have been developed to mitigate the toxic effects of IL-2 therapy.
Some of these strategies are based on the use of mutated variants of IL-2, designed to
increase the capacity of signaling of this molecule mainly by means of the high affinity
receptor (alpha, beta and gamma chains) and not by means of the intermediate affinity
receptor ( beta and gamma chains). The basic idea is to promote preferential signaling
on T cell versus signaling in NK cells which are the cells believed to be responsible for
the observed toxic effects. The following inventions are in the same line of work: U.S.
Pat. 7,186,804, U.S. Pat. 7,105,653, U.S. Pat. 6,955,807, U.S. Pat. No. 5,229,109, U.S.
Patent aplication 20050142106. It is important to note anyway that none of these
inventions is related to IL-2 mutants with the capacity to differentially modulate the
activity of regulatory T cells. Moreover, the mutants in these inventions are agonists of
the IL-2 and not antagonist/inhibitors such as those described in this application.

Other mutated variants of the IL-2 have been created with the aim of increasing their
pharmacological activity. For example, improving its folding or increasing their lifetime in
blood. Among others, the following inventions are related to this line of work: U.S. Pat.
No. 4,859,314, U.S. Pat. No. 5,116,943, U.S. Pat. No. 4,853,332. Again, none of these
mutants has demonstrated ability to differentially modulate the activity of regulatory T
cells.

Other existing inventions relate to inhibitors of the activity of IL-2, primarily for the
treatment of autoimmune diseases or to prevent organ transplant rejection. Among these
inventions are: U.S. Pat. 5,876,717, U.S. Pat 5,635,597, U.S. Pat 6,906,170, U.S. Pat
6,168,785.

Finally, it should be referred that in the literature there are many proposals of therapeutic
agents (Kreitman, R.J. (2009} Curr Pharm Des. 15, 2652-64; Litzinger, M.T., Fernando,
R., Curiel, T.J., Grosenbach, D.W., Schlom, J. and Palena, C. (2007) Blood. 110, 3192-
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201; Morse, M.A., Hobeika, A.C., Osada, T., Serra, D., Niedzwiecki, D., Lyerly, H.K. and
Clay, T.M. (2008) Biood. 112, 610-8; Onizuka, S., Tawara, l., Shimizu, J., Sakaguchi, S.,
Fujita, T. and Nakayama, E. {1998) Cancer Res. 59, 312833; Quezada, S.A., Peggs,
K.8., Curran, M.A. and Allison, J.P. (2006} J Clin Invest. 116, 1935-45) that propose to
modulate or reduce the activity of regulatory T cells in vivo. These therapeutic agents
have been tested in animal models and even in patients for direct cancer therapy or to
enhance the effect of vaccines. There are also some reports that propose to modulate
the activity of IL-2, particularly with monoclonal antibodies (Boyman, O., Kovar, M.,
Rubinstein, M.P., Surh, C.D. and Sprent, J. (2006) Science. 311, 1924-1927; Boyman,
0., et al. (2006) Expert Opin Biol Ther. 6, 1323-31; Kamimura, D., et al. (2006) J
Immunol. 177, 3086-14; Murakami, M., Sakamoto, A., Bender, J., Kappler, J. and
Marrack, P. (2002) Proc Natl Acad Sci USA. 89, 8832-7; Tomala, J., Chmelova, H.,
Mrkvan, T., Rihova, B. and Kovar, M. (2009) J Immunol. 183, 4904-4912), to promote
better or more effective immune responses. However, to the best of our knowledge there
is no report in the literature, on mutated variants of the IL-2, which support the possibility
of their use to moduilate, selectively or preferentially the activity of regulatory T cells. In
particular IL2 muteins capables of selectively/preferentially antagonize the activity of IL2
on regulatory T cells, thus affecting its function and promoting in consequence a
therapeutic potentiation of immune responses.

BRIEF DESCRIPTION OF THE INVENTION

The present invention is based on the scientific finding that proves that mutant variants
of IL-2 can exert a preferential inhibition on regulatory T cells. Inventors found out for the
first time in in vitro experiments that mutated variants of IL-2 can substantially inhibit the
activity of regulatory T cells (T CD4 + CD25 + FoxP3+), while hardly affecting the
activation and /or proliferation of other lymphocytes with effector functions This finding
provides the basis for a new strategy of immunomodulation of regulatory T ceils in
diseases such as cancer or chronic infections where these cells are relevant.

The present invention relates to polypeptides which share their primary sequence with
human [L-2, except in the fact that several amino acids have been mutated by
eliminating or substantially reducing their capacity to signal through the different forms of
the IL-2 receptor

These mutant variants of IL-2 maintain their ability to bind to one or more components of
IL-2 receptor, and have an inhibitory activity preferentially seen on regulatory T cell
populations, where they negatively modulate their function. Several specific variants of
IL-2 mutants with preferentiai inhibitory property on regulatory T cells are protected. The
invention also includes the therapeutic uses of these mutated variants, used alone orin
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combination with vaccines for the therapy of diseases such as cancer or chronic
infections where the activity of regulatory T cells (Tregs) is relevant.

The present invention proposes a new strategy to modulate the activity of regulatory T
cells in diseases in which suppression by means of these cells reduces the protective
immune response, induced naturally or by vaccination. The advantages of this new
therapeutic strategy over other proposals to modulate the activity of Tregs are
numercus. For instance:

¢ |L-2 mutant are virtually self proteins (except for a few mutations). This fact
reduces the risk of unexpected toxicities (which are common in small size
inhibitor-based strategies) or thr risk of rising an immune response against the
injected drugs {as would happen in strategies such as Ontak, in which IL-2 is
coupled to a foreign and toxic molecule as the diphtheria toxin).

e These mutant variants of IL-2 would maintain binding affinities to the receptor of
IL-2 at least of the order of the affinity of the native [L-2 (10 pM for the high
affinity receptor). This affinity is difficult to achieve with strategies of inhibition of
the receptor or ligand, with monocional antibodies or other drugs.

e The small size of these mutants (15 kD) might enable them to have a high
mobility and easily penetrate the tumor microenvironment. Something that is
known to be complex for larger molecules such as antibodies and others.

DETAILED DESCRIPTION OF THE INVENTION.
Obtaining analog polypeptides of IL-2.
The present invention is related to polypeptides from 100 to 500 amino acids, preferably
those whose size is 140 amino acids and whose apparent molecular weight is at least
15 kD. These polypeptides maintain a high level of sequence identity with native [L2,
more than 90% identity, in an area of their sequence, they include 2 to 6 mutations with
respect to native |L-2.
In these positions, these polypeptides are mutated by inserting amine acid residues
different to those aminoacids placed in the same position in the native |L-2. The residues
that replace the original residues are selected because they have physicochemical
properties very different from those in the original amino acid, residues changed from
polar to apolar, from charged to uncharged, from large to small, from acid to base,
among others.
The polypeptides of the present invention can also be called indistinctly
immunomodulator polypeptides, analogs of 1L-2 or muteins of IL-2, among others. These
polypeptides are designed from the 3D structure of the IL-2 {deposited in the PDB
database), introducing mutations only in the positions of the IL2 that correspond to
4
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amino acids significantly exposed to the solvent, which are identified using bicinformatics
programs of the public domain such as RASMOL, SwissPDBviewer and others.

The polypeptides of this invention can be obtained in several ways, among others by
protein synthesis. They could also be obtained by genetic engineering technigues, such
as expressing them in inclusion bodies in bacteria such as E. coli. Punctual mutations at
the specific positions may also be obtained by directed mutagenesis techniques by using
the polymerase chain reaction.

Selection of analog polypeptides of IL-2 by its biological activity:

The polypeptides of the present invention are selected by performing in vitro or in vivo
experiments to simultaneously have the following properties

1) These mutant variants of |.-2 loose or substantially reduce their signaling capacity to
the different forms of the iL-2 receptor. This property can be assessed directly in in-vitro
proliferation assays with cell lines, which are IL-2 dependent like CTLL2 or Kitt225, or
with T lymphocytes or NK cells of murine and/or human origen. These mutants should
have a stimulatory activity in these assays at least 100 times lower than that of native IL-
2.

2) These mutated variants of IL-2 (muteins) maintain their ability to bind to one or more
molecular compenents of the IL-2 receptor. This binding capacity can be assessed
directly by ELISA against chains of the receptor commercially available such as alpha
and beta chains of the receptor or indirectly on cell populations positive to the receptor.
The recognition rates of IL-2 muteins should be comparable to those of native IL-2 in
these assays

3) The mutated variants of IL-2 have an inhibitory activity of the native [L-2 activity on
lymphocytes, which is preferential on regulatory T cell populations (at least in T CD4 +
CD25 + FoxP3 + cells). The muteins of IL-2 included in this invention are capable in a
certain range of concentrations to preferentially or selectively inhibit the activity or
expansion of regulatory T cells, without affecting or only minimally affecting the activity
and/or expansion of other lymphocytes with effector functions such as T helper cells,
cytotoxic T cells or NK cells. The preferential or selective inhibitory activity of these
muteins can be evidenced in several in vifro tests, which examine the response to stimuli
of mixtures of effector and regulatory populations in the presence of increasing amounts
of the muteins. in the appropriate range of concentration muteins should be able to
inhibit at least three times more the growth or activity of regulatory T cells than they
inhibit the activity or expansion of the effector populations used in the experiment, e.g. T
helper cells, cytotoxic T cells or NK cells.

This invention also includes several specific variants of IL-2 muteins (specific mutations
disclosed in Table 1), which have been selected to have the properties mentioned
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above. These muteins include multiple aminoacids substitutions that significantly reduce
their ability to stimulate murine and human lymphocytes. However, their ability to bind to
alpha and beta chains of the receptor remains intact, and they gain inhibitory
(antagonist) capacities of IL-2 native activity. The most significant aspect of these
muteins, is that they display a marked ability for, in a certain range of concentrations, to
inhibit preferentially regulatory T cells (CD4 + CD25 + FoxP3+), in a culture of
lymphocytes containing these cells and other effector T cells.

Mutations l Reference name
Q22v, Q126A, 1129D, 5130G M1
L18N, Q126Y, S130R M2
Q13Y, Q126Y, 1129D, S130R M3
L18N, Q22V, T123A, 1128D, S130R | M4

Table 1: Constructed mutants, referring fo the mutation according to the
numbering of the human IL2.

The present invention also includes additional modifications of the type of IL-2 mutants
referred to above and in particular those disclosed in Table 1. Either to increase their
affinity to specific components of IL-2, but without affecting or even enhancing its
preferential inhibitor properties, or to improve their in-vivo pharmacodynamics: increased
life span or reduce its internalization by T cells.These additional mutations may be
obtained by rational design with bicinformatics tools, or by using combinatorial molecular
libraries of different nature (phage display libraries, libraries of gene expression in yeast
or bacteria).

Therapeutic application of I1.-2 analog polypeptides;

This invention also includes pharmaceutical compositions comprising as active
ingredient |L-2 muteins and its analogs, disclosed in the present invention, as well as its
potential therapeutic applications with the aim of selectively modulate the activity of IL-2
on regulatory T cells. Particularly, this invention protects the use of these muteins to
promote the immune response induced naturallly or by vaccines in diseases such as
cancer or chronic infections where regulatory T cells are particularly relevant.

For therapeutic use, the polypeptide of the present invention should be administered to a
subject carrier of the disease independently or in combination with other polypeptides or
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other substances that facilitate or enhance its therapeutic action. The route of
administration may be any of the routes of administration described by the prior art for
parenteral administration of drugs. It can be preferably administered by intravenous,
intramuscular, subcutaneous or intratumoral routes.

The polypeptides or fusion proteins described by the present invention can also be
administered as part of @ pharmaceutical composition useful in the treatment of cancer
and chronic infectious diseases.

To obtain the desired therapeutic effect, the polypeptide of the present invention shouid
be administered at doses high encugh to ensure an adequate concentration in the lymph
node or in the relevant peripheral site for the disease under study, it should be in the
adequate range of concentrations for the mutein to show a preferential inhibitory effect
on regulatory T cells. The dose referred must therefore be adjusted according to disease
type and route of administration in the study. For instance in the case of tumor therapy,
the dose should be adjusted until the concentrations of the mutant within the tumor and
for loco-regional lymph node are adequate to ensure a preferential inhibitory effect on
regulatory T cells. The dose ranges to be explored can range from dozens of
micrograms to a few milligrams per dose.

The number of administrations to be applied shall also be adjusted according io the
biodistribution of the mutein in question. In general, the aforementioned effective
concentrations should be maintained for a period ranging from 2 days to 30 consecutive
days. Note, for example, that if the mutein is coupled to a carrier protein, the frequency
of administration should be adjusted accordingly. Therapeutic action is meant by total or
partial remission of the disease symptoms. For cancer, a decrease in tumor volume or
an increased time to relapse will be considered, among others, as remission criteria,
Finally, it should be noted that the benefits of this new therapeutic strategy as compared
to other proposals to modulate the activity of Tregs would be multiple. For example:

o |L-2 mutant are virtually self proteins (except for a few mutations). This fact
reduces the risk of unexpected toxicities (which are common in small size
inhibitor-based strategies) or thr risk of rising an immune response against the
injected drugs (as would happen in strategies such as Ontak, in which IL-2 is
coupled to a foreign and toxic molecule as the diphtheria toxin).

e These mutant variants of IL-2 would maintain binding affinities to the receptor of
IL-2 at least of the order of the affinity of the native IL-2 (10 pM for the high
affinity receptor). This affinity is difficult to achieve with strategies of inhibition of
the receptor or ligand, with monoclonal antibodies or other drugs.
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e The small size of these mutants (15 kD) might enable them to have a high
mobility and easily penetrate the tumor microenvironment. Something that is
known to be complex for larger molecules such as antibodies and others.

EXAMPLES

Example 1. The mutants were designed computationally, from bioinformatics
techniques, using as basis the reported structure of the quaternary complex of human IL-
2 coupled to the receptor in line the report by Wang, X., Rickert, M. and Garcia, K.C. in
Structure of the quaternary complex of interleukin-2 with its alpha, beta, and gamma
receptors. Science, 2005. 310(5751): p. 1159-83 and energy calculation algorithms for
the protein-ligand interaction in the public domain. Different variants of muteins were
initially predicted to not affect the binding capacity of the alpha and beta chains of the
receptor. These muteins were expressed in E.coli from a genetical construction in the
pET28a vector including an identifying sequence of 6 histidines at the amino terminal.
The muteins were purified using reverse phase (fig 1) obtaining with high purity (> 95%).
The muteins obtained were selected according to their properties in in-vitro experimental
trials. Among the muteins constructed in Table 1 a set of specific mutations is described
that has the property of preferentially inhibit the activity of Tregs.

Example 2. The selected muteins retain the ability to bind to different components of the
IL2 receptor, especially to the alpha and beta chains of the receptor. Figure 2 shows that
using ELISA tests several of the mutants specified in Table 1 maintain virtually intact its
ability to bind to the alpha chain (Fig.2) and the beta chain (Fig.2b) of the IL-2 human
receptor. Figure 3 shows further confirmation that these mutants bind to the receptor on
the cell surface (fig 3a) and that this union can be displaced gradually by the addition of
native 1L.-2 (fig 3b).

Example 3. The selected muteins significantly reduce their ability to signal by the 1L-2
receptor. Figure 3 illustrates this fact by measuring their capacity to stimulate the growth
of the CTLL2 cell line (fig. 4a) or stimulate the differentiation of NK cells from total spleen
lymphocytes (Fig. 4b). These muteins in high concentrations inhibit the activity of native
iL-2, both on T lymphocytes (fig. 5a) and on NK cells (fig. 5b).

Example 4. The muteins selected preferentially inhibit the in vitro expansion of
regulatory T cells (CD4 + CD25 + FoxP3 +). Figure 6 illustrates this property for one of
the mutants in table 1, particularly it is shown that in a iymphocyte cell culture where
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there is a mixture of effector and regulatory T cells stimulated with anti-CD3 antibodies,
the addition of intermediate doses of muieins substantially inhibits CD4+FoxP3+
proliferation without significantly affecting the expansion of CD4+FoxP3- effector

populations.

Example 5. The selected muteins are sequestered preferentially by the regulatory T
cells in a cuiture, reducing their ability to affect the activity of effector T cells. These
muteins inhibit the signaling (stimulation) mediated by the IL-2 produced endogenously
by CD4+CD25-FoxP3- helper T cell populations purified and stimulated with anti-CD3
antibodies. However, the addition of increasing amounts of CD4+CD25+ FoxP3 +
regulatory T cells to these cultures, paradoxically reduces the inhibition mediated by the
mutant on T effector populations (Fig. 7). This effect is explained by the ability of the
muteins described to preferentially inhibit the activity of IL-2 on T regulatory populations.
The presence of regulatory T cells even in small quantities directs the activity of the
mutants to these cells, thus reducing the suppressive activity of the mutein in the effector

population.

Example 6. The selected muteins show antitumoral activity on a murine model of
transplantable tumor. Figure 8 shows the described property for one of the mutein from
table 1. The mutein was evaluated on a primary tumor model with melanoma MB16F10
cell line, implanted subcutaneously on the right flank. Figure 8 shows the reduction of
tumoral volume on mice treated with the mutein compared with control group treated
with PBS. Besides, a control group, treated with the anti CD25 monoclonal antibody
(MADb) was included, showing that the experimental system is sensible to Tregs cell
depletion.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1. Production and purification of mutated variants of human iL-2. a: Western blot
showing the expression of some mutated variants and contral native IL-2 in E. coff
strains transfected with the performed gene construction; b: Example of a typical
purification profile obtained using reverse phase purification.

Figure 2. Evaluation by ELISA of the recognition of the alpha (a) and beta (b) chains of
IL-2 receptor by several of the muteins mentioned in table 1. Native IL-2 is used as
positive control.  As can be seen, all tested muteins mantain recognition rates
comparable to those of native IL-2.
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Figure 3. Flow cytometry assessment of the ability of several of the muteins mentioned
in Table 1 to bind to IL-2 receptor on the surface of the cells. Specially to murine CTLL2
cell line. Both the muteins and the control of the native IL-2 on the surface of the cells
were detected with an anti-6-His-PE antibody that recognizes the head of the histidine
which is included in the genetic construction of these molecules. a): Histograms showing
the levels of direct binding detected. b) Reduction of the muteins binding to the cells,
measured by the reduction in mean intensity of the fluorescence detected, caused by the
addition of increasing amounts of native {L-2 (a variant of this molecule has no histidine
head and does not interfere with the staining).

Figure 4. Evaluation of the signaling capacity of several of the muteins mentioned in
Table 1. a): The activity of the muteins was evaluated in a proliferation assay of CTLL2
cell line measured by a colorimetric assay using MTT. b): The muteins were also
evaluated in a differentiation test of NK1.1+ cells from total mouse splenocytes. In both
cases we compare the ability to stimulate of the muteins against a control of native IL-2
that is produced in exactly the same experimental system (the same genetic
construction, E.cofi producing strain, purification system). Similar resulis to those shown
in Fig.3a are obtained with Kitt225 cell line, where the system of receptors is human.

Figure 5. Evaluation of the ability of several of the muteins mentioned in Table 1 to
inhibit the in vitro activity of native IL-2. a: Inhibition of total ganglia lymphocyte
proliferation stimulated with an anti-CD3 monoclonal antibody (clone 2C11 at 10 pg/mL)
by increasing concentrations of muteins. b. Inhibition of the differentiation of NK1.1+
cells from total mouse splenocytes stimulated with 500 IW/mL of native IL-2, by adding
increasing amounts of muteins in the culture.

Figure 6. Evaluation of the ability of muteins to preferentially inhibit CD4+Foxp3+
lymphocytes. The mouse fymph node lymphocytes were stimulated in vitro with an anti-
CD3 monoclonal antibody (clone 2C11 at 10 pg/mL) in the presence of the indicated
amounts of the M1 mutein (as referenced in Table 1). After 72 hours of cuilture it was
determined by flow cytometry, using reference beads, the number of living CD4+Foxp3+
regulatory and CD4+ Foxp3 effector lymphocytes. The graph in a shows the basic
staining in flow cytometry used to differentiate regulatory and effector cell populations.
The graph in b shows the levels of inhibition of the proliferation induced by different
amounts of the mutein added. This inhibition is calculated based on the number of live
cells recovered in the absence of the mutein. As shown in b there is an intermediate
range of concentrations of M1 mutein in which the inhibition of CD4+FoxP3+ regulatory
population is much more significant than for CD4 + FoxP3- helper or effector T cells.
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Figure 7. Evaluation of the ability of regulatory T cells to preferentially sequester the IL-2
muteins designed, releasing effector T cells with an inhibitory effect on them. Effector T
cells CD4+ CD25-FoxP3- were purified using magnetic beads labeled with CFSE and
placed in culture coupled some in the presence and some in the absence of muteins (M1
mutein graph, two different concentrations 10 ug/ mL and 5 ng / mL) and stimulated with
anti-CD3 antibodies (clone 2C11, 10 ug / mL) and anti-CD28 (clone 37.51, 10 ug/mL).
Different amounts of purified regulatory T cells (CD4+CD25+FoxP3 +), were added to
these cultures. The graph 6a shows high levels of purity (92% Tregs and 97% for
effector T cells) achieved with magnetic beads separation. Figure 6b shows the levels of
proliferation in effector cell measured by CFSE dilution, for different amounts of
regulatory cells in culture. As can be seen in the absence of Tregs, the presence of
muteins substantially affect the proliferation of effector cells (inhibitory effect), but as
Tregs are added, the proliferation of effector T cells recovers, since Tregs preferentially
sequester the mutein releasing effector cells of its inhibitory effect.

Figure 8. Evaluation of direct antitumoral effect of IL-2 muteins using the primary tumor
mode! with melanoma MB16F10 tumoral cell line. 12 C57BL6 mice were used,
distributed in three groups of four mice each. All treatments were given subcutaneously
from day -5 to day 0. Group 1 received 200ul of PBS, group 2 received 100 ug of anti
CD25 MAb and group 3 received 200 ug of IL-2 mutein. On day cero, all mice received
250 000 cells on the right flank. Tumor volume was measured every two days until day
30. Data was analyzed using ANOVA test and multiple comparison Bonferroni's test. IL-
2 mutein as anti CD25 MAb caused a significant delay on tumor growth (p<0.001).
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10.

CLAIMS

An immunomodulatory polypeptide derived from the IL-2, which comprises several
point mutations in respect to the sequence of the native IL-2 and has the property of
inhibiting the activity of IL-2 in vitro preferentially on the regulatory T cells, wherein
the polypeptide is selecting from the group consisting of (i) said polypeptide
comprising mutations Q22V, Q126A, and S130G I129D; (ii) said polypeptide
comprising mutations LI8N, Q126Y and S130R; (iii) said polypeptide comprising
mutations Q13Y, Q126Y, I1129D and SI130R; (iv) said polypeptide comprising
mutations L18N, Q22V, T123A, and S130R 1129D.

A fusion protein comprising any of the immunomodulatory polypeptides of claim 1

coupled to a carrier protein.
The fusion protein of claim 2 characterized in that the carrier protein is albumin.

The fusion protein of claim 2 characterized in that the carrier protein is the Fc region

of human immunoglobulin.

Use of the polypeptide of claim 1 for the manufacture of a medicament for the

treatment of cancer.

Use of the fusion proteins of any of the claims from 2 to 4 for the manufacture of a

medicament for the treatment of cancer.

A pharmaceutical composition which comprises as active ingredient any of the

polypeptides of claim 1.

A pharmaceutical composition which comprises as active ingredient the fusion protein

of any one of claims from 2 to 4.

Any of the polypeptide of claim 1 in combination with a vaccine to modulate its

therapeutic activity.

The fusion protein of any of claims 2 to 4 in combination with a vaccine to modulate

its therapeutic activity.

12
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<120> Polipéptidos inmunomoduladores derivados de la 1I1-2 y su uso
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<130> 382009cCu00
<160> 4

<170> PatentIn version 3.5
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<220>

<223> By DNA recombinant technology

<400> 1
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1 5 10 15

Leu Leu Leu égp Leu val Met Ile Leu Asn Gly ITe Asn Asn Tyr Lys
25 30

Asn Pro Lys Leu Thr Lys Met Leu Thr Ile Lys Phe Asn Met Pro Lys
35 40 45

Lys A&a Thr Glu Leu Lys ?15 Leu Gln Cys Leu ggu Glu Leu Leu Lys
5 5

Pro Leu Glu val val Leu Asn Leu Ala G1n Ser Lys Asn Phe His Leu
65 70 75 80

Arg Pro Arg Asp Leu Ile Ser Asn Ile Asn val Ile val Leu Glu Leu
85 90 a5
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1
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Phe

Asn

<213> Artificial Sequence

<220>
<223>

<400> 3
Ala Pro Thr Ser
1

Leu Leu Leu Asp
Asn Pro Lys Leu
35
Lys Ala Thr Glu
50
Pro Leu Glu val

65

Arg Pro Arg Asp

1ista de secuencias_S$T25

Lys Lys Thr GIn Leu GIn Leu
10

Ile

Leu

40

Leu

Leu

Asn

Met

Leu

25

Thr

Gin

Ala

Ile

Cys

Trp

Ser Ser Thr Lys Lys

5

Leu

Thr

Leu

val

Leu

Gln

LysS

Lys

LLeu

70

Ile

Met

Met

His

55

Asn

ser

Ile

Leu
40

Leu

Leu Ala

Asn

Leu
25
Thr

Gln

Ile

Asn Gly

Ile Lys

Cys Leu

GIn Ser

75

Asn val
90

Glu Tyr

Ile Thr

By DNA recombinant technology

Thr G1n
10

Asn Gly

Ile Lys

Cys Leu

GIn Ser

75

Asn val
Page 2

ITe

Phe

Glu

60

Lys

Ile

Ala

Phe

Leu

Ile

Phe

Glu

60

Lys

ile

Asn

Asn

45

Giu

ASn

val

Asp

ser
125

Tyr

Asn

Asn

45

Glu

Asn

val

Asn

30

Met

Leu

Phe

Leu

Glu

110

Tyr

Leu

Asn

30

Met

Leu

Phe

Leu

Glu

15

Tyr

Pro

Leu

His

Glu

g5

Thr

Ser

Glu

15

TYr

Pro

Leu

His

Glu

His

Lys

Lys

Lys

Leu

80

Leu

Ala

Ile

His

Lys

Lys

Lys

Leu

80

Leu




Tista de secuencias_ST25

85

110

a5

Lys Gly Ser Ggg Thr Thr Phe Met Cys Glu Tyr Ala Asp Glu Thr Ala
1

105

Thr Ile val Glu Phe Leu Asn Arg Trp Ile Thr Phe Ser Tyr Ser Ile
120 125

115

Asp Arg Thr Leu Thr
130

<210>
<Z211>
<212>
<213>

<220>
<223>

<400

4
133
PRT
artificial Sequence

By DNA recombinant technology
4

Ala Pro Thr Ser Ser Ser Thr Lys Lys
1

Leu Asn
Asn Pro
Lys Ala
50

Pro Leu
65

Arg Pro
Lys Gly

Thr Ile

AsSp Arg
130

Leu

LYS

Thr

Glu

Arg

ser

val

115

Thr

ASp

20

Leu

Glu

val

Asp

Glu

100

Glu

Leu

Leu

Thr

Leu

val

Leu

85

Thr

Phe

Thr

val

Lys

Lys

Leu

70

Ile

Thr

Leu

Met

Met

His

55

Asn

ser

Phe

Asn

Ile

Leu

40

Leu

Leu

Asn

Met

Arg

Leu

25

Thr

Gln

Ala

Ile

Cys

105

Trp

Thr Gln
10

Asn Gly

Ile Lys

Cys Leu

Gln Ser

75

Asn val
90

Glu Tyr

ITe Ala

Page 3

Leu

Ile

Phe

Gglu

60

LysS

Ile

Ala

Phe

Gln

Asn

Asn

45

Glu

Asn

val

Asp

ser
125

Leu

Asn

30

Met

Leu

Phe

Leu

Glu

110

Gin

Glu

15

Tyr

Pro

Leu

His

Glu

95

Thr

Ser

His

Lys

LYS

Lys

Leu

80

Leu

Ala

Ile




