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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 preferential inhibitory property on regulatory T cells are protected. The
35 invention also includes the therapeutic uses of these mutated variants, used alone or in
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
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30 among others.
The polypeptides of the present invention can also be called indistinctly
immunomodulator polypeptides, analogs of IL-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
35  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 aiso be obtained by genetic engineering techniques, such
as expressing them in inclusion bodies in bacteria such as E. coli. Punctual mutations at
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mul tigl e HBdIRAT s DHINI ki ITORSprfRAdntisl &néélé&ﬁétlhmblfoﬁdﬁﬁtﬁ|t¥%5 thdd@i 1
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i ntact, ShEHWey Obaffﬁ*?tqrrﬁ'?ﬂ 6?%?19W(P&ﬁtﬂa%m ig the prapensptof gsregsing anpunts
native acfithe muteifihen s tapprogriatei reagd ohspeehtrafont Memnsnziorldnse abk to
that theynfihisal RYsXhAER HREs ARdrd eV gloRth of BotRit 8F F&ulitédN98e1R than they
COHC%Iat ' %hllt())lpt%é acpwty 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
above. These muteins include multiple aminoacids substitutions that significantly reduce
35  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
cul ture of |ynphocytes containing these cells and other effector T
cells. Mutations Reference name QR2V, QL26A, 1129D, S130G ML L18N,
QL26Y, 3130R M2 QL3Y, 0126Y, 1129D, 3130R MB L18N, Q2V, T123A,

| 129D, 3130R M4 5 Table 1: Constructed nutants, referring to the

mut ati on according to the nunmbering of the human IL2. The present

I nvention al so includes additional nodifications of the type of IL-2
mut ant s rieffikit r dieferentigliyvieoulatery M gelis (S ar GOXGse TPEBHdsiedai avltiigbble
1. Ei t herlyrhphdcpies @astinirdhése cells and other effector T cells.

Mutations Reference name
Q22V, Q126A, 1129D, $130G M1
L18N, Q126Y, S130R M2
Q13Y, Q126Y, 1129D, S130R M3
L18N, Q22V, T123A, I129D, S130R | M4

5 Table 1: Constructed mutants, referring tfo 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

10  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 biginformatics tools, or by using combinatorial molecular
libraries of different nature (phage display libraries, libraries of gene expression in yeast
or bacteria).

15 Therapeutic application of IL-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 protect the use of these muteins to
20 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
other substances that facilitate or enhance its therapeutic action. The route of
25  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.



affinity to specific conponents of IL-2, but wthout affecting or
even enhancing its 10 preferential inhibitor properties, or to

i nprove their in-vivo pharmacodynam cs: increased |life span or reduce
its internalization by T cells. These additional mnutations may be
obt ai ned by rational design with bioinformatics tools, or by using
conmbi natorial nolecular libraries of different nature (phage display
libraries, libraries of gene expression in yeast or bacteria).
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IL-2 nutant are virtually self proteins (except for a few nutations).
This fact 25 reduces the risk of unexpected toxicities (which are
comon in small size inhibitor-based strategies) or thr risk of
rising an i nmune response against the injected drugs (as woul d happen
in strategies such as Ontak, in which IL-2 is coupled to a foreign
and toxic nolecule as the diphtheria toxin). These nutant variants
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Example 4. The muteins selected preferentially inhibit the in vifro 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 lymphocyte cell culture where

30 there is a mixture of effector and regulatory 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- effector
populations.

Example 5. The selected muteins are sequestered preferentially by the regulatory T
35 cells in a culture, reducing their ability to affect the activity of effector T cells. These
muteins inhibit the signaling (stimulation) mediated by the IL-2 produced endogenously



native IL-2 (fig 3b). Exanple 3. The selected nuteins significantly
reduce their ability to signal by the IL-2 receptor. Figure 3
illustrates this fact by nmeasuring their capacity to stinulate the
grow h of the CTLL2 cell line (fig. 4a) or stinulate the
differentiation of NK cells fromtotal spleen 25| ynphocytes (Fig.
4b). These nmuteins in high concentrations inhibit the activity of
native |IL-2, both on T Iynphocytes (fig. 5a) and on NK cells (fig.
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BRIEF DESCRIPTION OF THE FIGURES

Figure 1. Production and purification of mutated variants of human IL-2. a: Western blot
20 showing the expression of some mutated variants and control native IL-2 in E. coli

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

25 positive control. As can be seen, all tested muleins mantain recognition rates
comparable to those of native IL-2.

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
30 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 IL-2 (a variant of this molecuie has no histidine
35 head and does not interfere with the staining).



10 transpl antable tunor. Figure 8 shows the described property for
one of the nmutein fromtable 1. The nutein was evaluated on a primary
tunor nodel with nelanona MB16F10 cell line, inplanted subcutaneously
on the right flank. Figure 8 shows the reduction of tunoral volunme on
mce treated with the nutein conpared with control group treated with
PBS. Besides, a control group, treated with the anti CD25 nonocl onal
anti body 15(MAb) was included, show ng that the experinental system
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and does lytophocpeer Ther movget Iimph@ode himphagytes 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 culture it was

determined by flow cytometry, using reference beads, ihe number of living CD4+Foxp3+

20 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

25 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.

Figure 7. Evaluation of the ability of regulatory T cells to preferentially sequester the 1L-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
30 placed in culture coupled some in the presence and some in the absence of muteins (M1
mutein graph, two different concentrations 10 pg / mL and 5 pg / 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
35 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



Figure 4. Evaluation of the signaling capacity of several of the
muteins nmentioned in Table 1. a): The activity of the muteins was
evaluated in a proliferation assay of CILL2 cell |ine neasured by a
colorinmetric assay using MIT. b): The nuteins were al so evaluated in
a differentiation test of NK1.1+ cells fromtotal nouse spl enocytes.
In both 5 cases we conpare the ability to stinmulate of the nuteins
against a control of native IL-2 that is produced in exactly the sane
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in Table 1). After 72 hours of culture it was determ ned by flow
cytonetry, using reference beads, the nunmber of |iving CD4+Foxp3+ 20
regul atory and CD4+ Foxp3 effector |ynphocytes. The graph in a shows
the basic staining in flow cytonetry used to differentiate regul atory
and effector cell populations. The graph in b shows the |evels of
inhibition of the proliferation induced by different anmounts of the
mutei n added. This inhibition is cal cul ated based on the nunber of
live cells recovered in the absence of the nutein. As shown in b
there is an internedi ate 25range of concentrations of ML nutein in
whi ch the inhibition of CD4+FoxP3+ regul atory population is much nore
significant than for CD4 + FoxP3- hel per or effector T cells. Figure
7. Evaluation of the ability of regulatory T cells to preferentially
sequester the IL-2 nmuteins designed, releasing effector T cells with
an inhibitory effect on them Effector T cells CD4+ CD25- FoxP3- were
purified using magnetic beads |abeled with CFSE and 30 pl aced in
culture coupled some in the presence and sone in the absence of
muteins (ML nutein graph, two different concentrations 10 pg / nL and
5pg/ nm) and stimulated with anti-CD3 anti bodies (clone 2011, 10 pg
/ mL) and anti-CD28 (clone 37.51, 10 pg/niL). Different amounts of
purified regulatory T cells (0D4+CD25+FoxP3 +), were added to these
cultures. The graph 6a shows high levels of purity (92% Tregs and 97%
for 35 effector T cells) achieved with nagnetic beads separation.

Fi gure 6b shows the levels of proliferation in effector cell neasured
by CFSE dilution, for different amounts of regulatory cells in
culture. As can be seen in the absence of Tregs, the presence of
nmut ei ns 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 antitunoral effect of IL-2 nuteins
using the primary tunor 5 nodel with nelanoma MB16F10 tunoral cell
line. 12 C57BL6 m ce were used, distributed in three groups of four

m ce each. Al treatnents were given subcutaneously fromday -5 to
day 0. Group 1 received 200pL of PBS, group 2 received 100 g of anti
CD25 MAb and group 3 received 200 g of IL-2 nmnutein. On day cero, all
m ce received 250 000 cells on the right flank. Tunor vol unme was
nmeasured every two days until day 1030. Data was anal yzed usi ng ANOVA
test and nultiple conparison Bonferroni's test. IL- 2 nutein as anti
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and S130 cells in vivo.

4. The polypeptide of claim 1 that comprises mutations Q22V, Q126A, and S130G
[129D.

15 5. The polypeptide of claim 1 characterized by comprising mutations L18N, Q126Y and
S130R.

6. The polypeptide of claim 1 characterized by comprising the mutations Q13Y, Q126Y,
1129D and S130R.

7. The polypeptide of claim 1 characterized by comprising the mutations of L18N, Q22V,
20 T123A, and S130R [128D.

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

9. The fusion protein of claim 8 characterized in that the carrier protein is albumin.
10. The fusion protein of claim 9 characterized in that the carrier protein is the F¢ region
25  of human immunoglobulin.

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

12. The polypeptide of any of claims from1 to 7 for the manufaciure of a medicament
useful for cancer therapy.

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



7. The polypeptide of claim 1l characterized by conprising the

mut ati ons of L1 8N, @2V, 20 T123A, and S130R 1129D. 8. A fusion
protein conprising the i munonodul atory pol ypepti de of any of the
claims froml to 7 coupled to a carrier protein. 9. The fusion
protein of claim8 characterized in that the carrier protein is

al bum n. 10. The fusion protein of claim9 characterized in
that the carrier protein is the Fc region 250f human i mmunogl obul i n.
11. The (dt ypaphearmrecegticahgpmposidipai yasful rionthe treatmenioof tchacaraand abtonice

of a nediisracmit dueasds, whith doffprisé£as aBive .@ére@bﬁﬂﬁé@o@béﬁm@any b2the
The pol yg;ga%gﬂgmolf any of claims fronl to 7 for the manufacture of a
nmedi canent use tTpor cancer therapy. 14. A pharmaceuti cal
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of the cl'%ﬁrﬁ%e'?trt%ﬁ’rp‘lyﬂ%t'qe S ciaim 45. The phar maceut | cal conposi tion of
claim 14, characterized by conprising as active 5ingredient the
pol ypept i'@e 1B¢ PERrEIaspUtical qu%ﬁ@nﬁﬁagmdéwhwer@s ¥ SPEPHSING AS @Ftiem
14, char angrediemtebe polymaptighe ofsdlangy @as active ingredi ent the pol ypeptide
of claim5. 17. The pharnmaceutical conposition of claim 14,

char act erli7zehle bjaroaoputical cwn@Esitian tof ¢iin N4y ediratdrizet &y pomppsing ad ecthle

claim 6. 10d8entthepMHIBE Stidima, conposition of claim 14,
characterized by corrprl sing as active ingredient the pol ypeptide of
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cancer eases, characterize y conpri sing

as an acu%d'?'ﬁg eeﬂ?'%?ﬁp% Cﬁﬂg‘l on protein of any one of clains from

8 to 10.
19. A pharmaceutical composition useful in the treatment 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.

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

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

22. The use of the polypeptide of any of claims from 1 to 7 for the therapy of chronic
infectious diseases.

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

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

25. Use of the fusion protein of any one of claims from 8 to 10 for the therapy of chronic
diseases.

25  26. The polypeptide of any of claims from 1 to 7 for the manufacture of a medicament
that modulates the immune system.

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



1520. Use of the polypeptide of any of clainms from1l to 7 for the
treatnment of chronic diseases. 21. Use of the pol ypeptide of any of
the clains fromlto 7 for cancer therapy. 22. The use of the

pol ypeptide of any of clainms from1l to 7 for the therapy of chronic
i nfectious di seases. 2023. Use of the fusion protein of any one of
the clains from8 to 10 for the therapy of chronic diseases. 24. Use
of the fusion protein of any one of the clains from8 to 10 for
cancer t %8 diwg. polgmptide @f gflaimped.f BsPor, @notibe repplicaiings dnereeff wbéminew
from 8 t onidt@tidnerthathecrédrerthdlly biafing RFPRY G B FFRSEH coRpafentsTBEIL-2 receptor
pol ypeptige:, ahqqy of clainms from1l to 7 for the manufacture of a
medi cament - { hat - modul ates the i nmune system 27. The pol ypepti de of
any of the claims from1l to 7 and the applications thereof when new
nmut ati ons that increase their binding affinity to the different
conmponents of |L-2 receptor are introduced. 28. The pol ypeptide of
clains 4, 5, 6, 7, and the applications thereof when new nutations
that increase their binding affinity to the different conponents of
IL-2 receptor are introduced.



