[ 1 MMUNOTHERAPEUTI C FORMULATI ONS TO GENERATE AUTOANTI BODI ES CAPABLE TO
AVO D THE BI NDI NG OF I NTERLEUKIN-2 TO I TS RECEPTOR. THEIR USE IN THE
TREATMENT OF CANCER. 5 Field of the Invention. The present invention is
related to pharmaceutical fornulations able to increase the inmune
response against the Interleukin-2 (1{-2) and rising autoanti bodies,

whi ch bl ockade the binding to the receptor, and which are useful in the
treatment of tunors. 10 Description of the Prior Art. The discovery of
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40 (2004) Proc Natl Acad SCI USA. 101 Suppl 2, 14639-45).
The rational design of all this therapeutic strategies is based on the use of the
Interleukin-2 as an essential molecule in the cellular activation of the anti-tumor immune
response (US 6,060,068 and US 5,830,452).
The background for IL-2 function in immunity is based on experiments performed in vitro.
45  From its discovery, IL-2 was recognized by the capacity to stimulate T cell proliferation
(so, the IL-2 acronym is T Cells Growth Factor). Further demonstration of T cell
proliferation and function in vitro could be inhibited using an anti-iL-2 or an anti-IL-2
receptor confirmed this notion (Smith, KA. Immunol Rev 51:337-357, 1980).
Recently, it has been experimentally demonstrated that human tumors can reduce the
50 response of the Immune System through the generation of T cells with a suppressor
capacity of the anti-tumor immunity. These cells have been characterized in animals
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eff n comprises IL-2 or peptides thereof conjugated to a carrler protein;
addltlonally it contains an appropriate adjuvant. Particularly the therapeutic formulation
of the present invention includes the carrier protein P64k derived from Neisseria
meningitidis and the adjuvant is selected from the group comprising aluminum hydroxide
45  and Montanide ISA 51.
In an embodiment of the invention the therapeutic formulation comprises the IL-2
conjugated to P64k by chemical conjugation. In another embodiment of the invention the
formulation comprises the IL-2 or peptides thereof and P64k in a fusion protein.
Also a therapeutic formulation comprises of the present invention that inhibits the binding
50 of the IL-2 to its receptor, useful in the treatment of individuals with cancer and that
includes a specific monoclonal antibody against the human IL-2 (hIL-2).
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The gene that codifies for the human 1L-2 (447 pb) is amplified by polymerase chain
reaction (PCR) using specific primers. The resulting DNA fragment is digested and
attached in a specific binding site of an expression vector in which is cloned the gene
45 that codifies for the carrier protein, so that the resulting protein includes a copy or more
of both molecules. It can be used any expression vector from of mammalian cells as well
as from bacteria or yeast. The vector also may include six histidines in the N-terminal
end of the carrier protein. The resulting plasmid is verified by restriction analysis in
agarose gel electrophoresis, analysis of the DNA sequence using the enzyme
50 Sequenace 2,0 (Amersham-USB), and finally, analysis of the production of the fusion
protein in any expression strain of Eschericia coli, through the "Western Blotting"



The conjugation between hlL-2r and the carrier protein can be by chem cal
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- Schedule A, four doses of 4-ug equivalents of hiL-2r conjugated in the hiL-2r-
PB64k/Montanide ISA 51 vaccine in 0.1 mL are administered by intramuscular route every
40  two weeks, alternating the immunization sites in the limbs.

- Schedule B four doses of 10-pug equivalents of hiL-2r conjugated in the hiL-2r-

P84k/Montanide ISA 51 vaccine in 0.1 mL are administered by intramuscular route. The

first two doses are administered simultaneously in independent immunization sites in two
45  limbs and two weeks later, two doses are administered in the other two limbs.

- Evaluation of the antibody response against hiL-2r induced by the hiL-2r-

P64k/Montanide ISA 51 vaccine.

Autoantibodies titers can be detected in serum by one of the methods available in the
50 state-of-the-art for measuring blocking antibodies or evaluating the specific immune

response in peripheral blood, measuring specific antibodies or B cells.
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di et handhamfaye tiggefwith @% ﬂqsdfpnor 6 wellsdlat bottom culture plates (Costar,

High Binding, USA), 5x10 cells are seeded These cells are treated with sera dilutions
from immunized animal with the hiL-2-P64k/Montanide ISA 51 vaccine with an ELISA

40  titer to IL-2 of 1:10000 or with an anti-IL-2 specific mAb and 1U/mL of hilL-2r is added.
Culture is performed for 24 hours in a humid atmosphere at 37 °C in a 5 % CO;
incubator. Proliferation was determined by pulsing with [*H]thymidine (1 pCi/well) for the
final 18 to 24 hours of culture. Thymidine incorporation is measured in a liquid
scintillation counter. All the manipulation is made in sterile conditions.

45

3- Anti-tumor effect of the hiL-2-P64k/Montanide ISA 51 vaccine. Pre-clinical

studies.

In order to study in animals the anti-tumor effect of the vaccine preparation of the
50 present invention, female BALB/c mice aged 8 - 12 weeks of age and 18 - 20 g of weight



I ncubating the plates 30 m nutes at roomtenperature (RT), the absorbance
of the product of the reaction is neasured in an ELI SA reader (O ganon
Tekni ka, Austria) at 405 nm 20 - Evaluation of the anti-hEG- anti body
response i nduced by a EG- based vaccine Autoantibodies titers can be
detected in serum by one of the nethagls available in the
state-of-the-art for neasuring blocking antibodies or evaluating the
specific inmmune response in peripheral blood, neasuring specific
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with the hlL-2-P64k/ Montani'de. | SA 51 vaccine according to the schedul es
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cell Iingccme.the breast carcinoma F311 at 5x104 cells/animal by the
subcut angosrder ot groMmbte died néinbyeniddyC agdiear theghpmbpabtepleUkin & aae -
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mal i gnamholecuiarmweighdr It isgpossibjedo tverify titiat a conjugated was obtained due to existence
of a continuous in the lane where the hiL-2r-P64k was applied (Figure 1).
40 In order to evaluate the antibody response to hiL-2r induced by the hlIL-2r-
P64k/Montanide ISA 51 vaccine, BALB/c mice were immunized with the schedules A
and B. A hyperimmune serum from an animal that respond to the hiL-2r-P64k/Montanide
ISA 51 vaccine was used as a positive control, and a pre-immune serum as a negative
control. It was defined as the antibody title of the immunized animals, the dilution to
45  which the optical density of serums was higher than the average value of the optical
density of the pre-immune serum plus five times the standard deviation. In order to
define the titers in the control animals the previous criterion was applied but 1% PBS-
BSA was used as negative control instead of a pre-immune serum. Antibody response
was induced reaching titles from 1:100 to 1:50000. This protocol of immunization last
50 about 52 days, reason why was necessary to modify it to obtain a similar or better



10 i mune response agai nst this tunor is enhanced, inducing a reduction
of the tunor size. The state of the previous technique indicated that
such action would cause an inhibition of the response of the inmune
system of the individual to the tunor. The authors have found that this
effect on the tunor growmh is obtained when the circulating IL-2 |evels
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the previous criterion was applied but 1% PBS- BSA was used as negative
con3sol E)MmPIcE 5OAnE-tiMer ffERL T thE hHIFIL-AMAR 8AY ah&MHicOD25 mSATTY.C ed
r eachi ngpaety. FsH dxipeimbnidl nddel 1bre@906arcihbima).pr ot ocol of i nmuni zation | ast
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40  subcutaneous orthotropic injection. The longest surface length (a) and its perpendicular
width (b) were measured periodically. The tumor size in the control group (treated with
PBS) was higher than in the group treated with the anti-IL-2 mAb (Figure 6). The tumor
size between the two experimental groups was statistically different. However, the tumor
size in the anti-CD25 mAb (ATCC - PC61) treated animals was similar to the control
45  group. This result shows that [L-2 neutralizing antibodies have a potent anti-tumor effect
even in tumors where removal of CD25 regulatory cells has no effect.

EXAMPLE 6: Anti-tumor effect of the anti-IL-2 mAb and an anti-CD25 mAb (ATCC -
PC61). EL4 experimental model (lymphoma).

50 C57BL/6 animals were challenged subcutaneously 5x10* cells/mouse of the EL4
lymphoma. Animals were treated intravenously with one dose of 1mg of an anti-CD25



EXAMPLE 2: Proliferation test of CILL-2 cell line treated with sera from
5 immuni zed animals with the hlL-2-P64k/ Montani de | SA 51 vaccine. The in
vitro I'L-2 binding capacity of serum anti bodi es generated in ani mals

i mmuni zed w th the hlL-2r-P64k/ Montani de | SA 51 vacci ne was eval uated by
culturing themwith the |IL-2-dependent T-cell line CTLL-2. CTLL-2 cells
were seeded in culture plates in theg8 presence of IL-2 to let themgrowth
and different sera dilutions fromaniml wth about 10 1: 10000 anti body
titres were added. It was observed a direct correlation between the
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(1 ynphoffajk. Tumor diameters measure pericdically. Three weeks later these mice were
40 immunized s.c. on day O with 1 mg of OVA with 100 pg/mouse of
Polyinosinic:polycytidylic acid [poly I:C] (PIC) (Sigma, St. Louis, MO) and the
subsecuents 2 days only PIC was administered. Simultaneously, animals were treated
with the specific monoclonal antibody to hiL-2r (alL-2) o PBS five consecutives days. In
vivo cytolytic activity was determined using spleen cells from naive mice differentially
45 labelled with the fluorescent dye CFSE (Molecular Probes, Paisley, UK). The celis
labelled with CFSEhigh were used as targets and pulsed with SIINFEKL (1 uM; 90 min
at 37°C, 5 % CO,), whereas the cells labelled with CFSElow were leaved unpulsed to
serve as the internal control. Peptide-pulsed target cells were extensively washed to
remove free peptide and then co-injected intravenously in a 1:1 ratio to previously
50 immunized mice. Sixteen hours later, lymph nodes and spleens were removed and the
total events corresponding to both fluorescent intensities (CFSElow and CFSEhigh) were
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50 C57BU6 ani mal s were chal | enged subcut aneously 5x104 cel |l s/ nouse of the
EL4 |ynphoma. Aninals were treated intravenously with one dose of 1ng of
an anti-CD25 8 mAb (PC61) two days before the tunor challenge or with a
daily dose of 1 ng of an anti- IL-2 mAb (S4B6) during five consecutives
days starting six days before the tumpr inoculation. O her groups were
co-adm nistered with the anti-CD25 and anti-1L-2 mAbs based on a simlar
schedul e previously described. 5 Tunmor grow h of each group of mce was
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40 i mmuni zed s.c. on day O with 1 ng of OVA with 100 | ag/ nouse of

Figure 2- T'ers of antibodies against hiL-2r induced by the vaccination hlL-2r-

40  P64k/Montanide ISA 51 using explained schedules of immunization both previously. The
y axis represents the geometric average of the titer of antibodies against IL-2. The x axis
the groups that correspond to animals immunized with:
Control: P64k/Montanide ISA 51.
Sch A IL-2: hiL-2r-P64k/Montanide ISA 51 according to schedule A

45  Sch B IL-2: hiL-2r-P64k/Montanide ISA 51 according to schedule B.

Figure 3- Proliferation of the CTLL-2 line in the presence of hiL-2r and different dilutions
from animal serum immunized with the vaccine hiL-2r-P64k/Montanide ISA 51 and that
had titles of the order of 1:1000 up to 1:50 000.
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Figure 10 — Induced antibodies to Interleukin-2 restore the cytolytic activity evaluated in
spleen cells of tumor-bearing hosts.
All mice were immunized subcutaneously on day 0 with 1 mg of OVA plus 100 ug per
45 mouse of PIC and the subsecuents 2 days only PIC was administered. In vivo cytolytic
activity was determined using spleen cells from naive mice differentially labelled with the
fluorescent dye CFSE. The cells labelled with CFSEhigh were used as targets and
puised with SIINFEKL, whereas the cells labelled with CFSElow were leaved unpulsed
to serve as the internal control, then co-injected intravenously in a 1:1 ratio to previously
50 immunized mice. Cytolytic activity was evaluated in spleen cells.



35 Figure 1- Electrophoresis of chem cal conjugated hlL-2r-P64k. The
bands fromleft to right correspond to the P64k, hlL-2r, hlL-2r-P64k and
a standard pattern for nolecular weight, respectively. Figure 2- Titers
of anti bodi es agai nst hlL-2r induced by the vaccination hlL-2r- 40

P64k/ Mont ani de | SA 51 using expl ai ned schedul es of imunization both
previously. The y axis represents the geonetric average of the titer of
anti bodi es against IL-2. The x axis the groups that correspond to

ani mal sContmirianiaalsvttebtedGaith RS, dP52k+dviimalartredéed Gith Sh. ILSZ medtrdlizing:

hl L- 2r - Pedagidviaht antibddy, | BIB16E 1@ ceanirdalagsimilas dbechntrel Aut 4&haiehgdd with2:

hl L- 2r - MB4BF N\ rd a2+ B 16514 -ENAB taftid@rtdmogbéaning aiieel tré ate@ withrillg@ meutBalizing

Prol i f emahodonabantibody CTLL-2 |ine in the presence of hlL-2r and different
diluiions fromaninmal seruminmunized with the vaccine

hl L- 2r - Piglikeé N0 Binoddeell Saubtl (leukdcytesiwhiteablood celiss, efythrbeytesr (fed bivod1: 1000
up to 1c€B) @glplate@tslio abinkilgimreurizediwititthe hiLe2nPE4diMentamidé ESA/Stedasiaeed wit h
t he vaccompareto akcontl (PGakMomiamidel§AIB1)I SA 51 or with P64k/ Mont ani de | SA
51 (control group) and later challenged with F311 tunor. The y axis and
reptesents the tunor area defined as diameter greater x smaller dianeter
sel ected perpendicularly. Figure 5- Proliferation of the CTLL-2 line in
the presence of hlL-2r and different dilutions from antibodi es agai nst
IL-2. Figure 6- Tunmor growh of animals treated with the anti-IL-2 mAb,
with the anti-CD25 10 mAb or PBS (control group) and challenged with the
F311 tunor cell line. The y axis represents the tunor area defined as

di aneter greater x smaller dianeter selected perpendicularly. Figure 7-
Tunmor growm h of animals treated with the aCbD25 mAb, with the anti-CD25
15 mAb or PBS (control group) and later challenged with | ynphoma EL4. The
y axis represents the tunor area defined as dianeter greater x smaller

di aneter selected perpendicularly. Figure 8- Antibody titers to EGF

i nduced by the vaccination with hlL-2r-P64k/ Montanide 20 ISA 51 and
hEG-- P64k/ Mont ani de | SA 51. They axis represents the geonetric nmean of
the titers of antibodies to EG-. The x axis represents the groups

i muni zed with: hlL-2r: hlL-2r-P64k/ Montani de | SA 51. hEG-:

hEGF/ Mont ani de | SA 51 hl L-2r +hEG-: hl L- 2r - P64k/ Mont ani de +

hEG-/ Mont ani de. 25 hEGF/ P64k: hl L- 2r-P64k/ Mont ani de + hEGF/ Mont ani de.

hl L- 2r +hEGF/ P64k: hl L- 2r - P64k/ Mont ani de + hEGF/ P64k/ Mont ani de. Figure 9 -
| nduced antibodies to Interleukin-2 restore the cytolytic activity
evaluated in |ynph node cells of tunor-bearing hosts. 30 All mice were

i mmuni zed subcut aneously on day O with 1 ng of OVA plus 100 g per nouse
of PIC and the subsecuents 2 days only PIC was adm nistered. In vivo
cytolytic
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claim 6, wherein the adjuvant is Montanide ISA 51.

35 8. A therapeutic formulation to elicit an immune response against IL-2, according to
claim 1, comprising a chemical conjugated between IL-2 and P64k.

9. A therapeutic formulation to elicit an immune response against IL-2, according to
claim 1, comprising a fusion protein between iL-2 and P64k.

40
10. A therapeutic formulation to elicit an immune response against IL-2, according to
claim 1, comprising a fusion protein between peptides derived from IL-2 and P64k.
11. A therapeutic formulation to elicit an immune response against IL-2, according to
45 claim 1, comprising a specific monoclonal antibody against human IL-2.

12. A therapeutic formulation to elicit an immune response against IL-2, according to
claim 2 comprising administering to a subject IL-2 or any derivative thereof coupled
to a carrier protein and an adjuvant in combination with a cancer vaccine based on

50 specific tumour antigens or growth factors.



A+ Dor B+ Cor B+ D 3. Atherapeutic fornulation to elicit an immune
response against IL-2, according to claim2l conprising IL-2 or any
derivate thereof coupled to a carrier protein and an 20 appropriate
adjuvant. 4. A therapeutic fornmulation to elicit an i mune response
against IL-2, according to claim3 ¢pnprising IL-2 coupled to a carrier
protein and an appropriate adjuvant. 25 5. A therapeutic fornmulation to
elicit an i Mmune response against IL-2, according to claim4, wherein

t he carbeh therapaitin fomeulation toeelikit darimpinef resparsei against d-deatoordind 9 s. 6.
A t her apewgidim 12 wharein thersaneeropeeng campriseb@F . r esponse agai nst | L-2,
accordin% to claim5, wherein the adjuvant is selected fromthe group
conpr i silhg” dherapetia fermydatiopde slicl @ndrinungniespanse agsinst IL-2,7accardingtoapeut i ¢
f or mdl at i o¥Haimo2 epmpiigingadmimpleTagrte apuhisst hahphany derivativestheencfireiplado
claim6, viRe? &@HIer HEolgH) a0 adjuyashdim foawinatien svith asspecifin, merackopalut i ¢

f or mul at i ANMtLENEAMCEP2%n i mune response against 1L-2, according to
claim1, conprising a chem cal conjugated between IL-2 and P64k. 40 9. A
t her apedPi® thespprutiafpmpHiationaho) flick aammungEesPASE Againsh fafnatcordingto
accdPdi ng ¢8M 3 @amMRrsingLtRsCIfismeposiopg antibedy @i P het ween 1L-2 and P64k,
10. A therapeutic fognulation to elicit an jnmune response, a aiqgt I L-2,
accor di 1§ 2 dherapeiitic, fermulaiign Assrding te (aimd Aol far Péﬁ \%@Hfﬁg}ﬁi é?
derived f rBgfiFamentdn glighan immyne Fesprase,prainst dL2 ARIICIPNER the,giomth Pt an
inngge r esHBIYE B§ANGREPAYENS  according to 45 claim 1, conprising a
spe

For mul at7 Qg %8??*&qr?é‘%ia@?%ﬁéi%bgéta%?ﬁaéﬂSiat?f%ta(ﬁhéﬂ‘éé%%ﬁé* B

claim2 coMfPFSt ng adninistering to a subject IL-2 or any derivative
thereof coupled to a carrier protein and an adjuvant in conbination with
a cancer vaccine based on 50 specific tunour antigens or growh factors.
13 13. A therapeutic fornulation to elicit an i mmune response agai nst

I L-2, according to claim12, wherein the cancer vaccine conprises EG-.
14. A therapeutic formulation to elicit an i nmune response against |L-2,
according to 5 claim2 conprising admnistering to a subject IL-2 or any
derivative thereof coupled to a carrier protein and an adjuvant in

conmbi nation with a specific nmonoclonal antibody anti-CD25. 15. A

t herapeutic fornulation to elicit an inmmune response against |L-2,
according to 10 claim 13 conprising a specific nonocl onal antibody
anti-CD25. 16. A therapeutic fornulation according to clains 1 a 15, for
the manufacture of a nedicanent to elicit an i mune response agai nst
IL-2 able to inhibit the growh of tunours in cancer patients. 15 17.
Use of the therapeutic fornmulations of clains 1 a la 15, able to inhibit
the grom h of tunours.





