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Methods and compositions to generate and control the effector profile of T Cells by
simultaneous loading and activation of selected subsets of antigen presenting cells

Related Cases
The present application claims priority to U.S. patent application serial number

60/708,980 filed August 17, 2005, all of which are hereby incorporated by reference.

Field of luvention

The present invention is generally directed to methods and compositions to generate an
immune response. More specifically, the present invention is directed to methods and
compositions of loading an antigen presenting celi to display a delivered epitope on a
MHC class [ molecule in a context appropriate for the generation of desired T cell

responses.

Backeround of the Invention

No direct evidence has been shown that delivery of antigen via Fc gamma receptors
(“FeyR”) triggers an effective antitumoral or antiinfectious response. For example, it was
previously shown that delivery of a viral NP (nucleoprotein) derived epitope within
immunoglobulin or IgG backbone did not result in detectable induction of cytotoxic
immunity (Zaghouani ET AL., Eur J. Immunol. 1993; 23(11):2746-50). In contrast,
delivery of the same epitope in context of NP expressing cells (transfectomas) resulted in
significant cytolytic activity. It was therefore concluded at that time that “APC (antigen
presenting cells) are unable to present an influenza nucleoprotein (NP) peptide from the
same context (I microM Ig-NP) to an MHC class [-restricted T cell " and thus, “the
endocytic compartment, when offered MHC class I-and ll-restricted peptides within the
same carrier protein context, favors presenting by class II by at least 1000-fold”.

Acess of the NP epitope to MHC class | presentation pathway is dependent on
delivery strategy and was thus believed to be severely limited subsequent to FeyR

internalization. More recently, it has been proposed that cross-linking or simultaneous
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cengagement of FcyR on antigen presenting cells ("APC") may greatly optimize signal

transduction and result in stimulation of cross-priming and APC stimulation, resulting in
effective loading of MHC class I molecules ( Regnault et al., J Exp Med. 1999, Jan
18;189(2):371-80). This could be achieved using immune complexes (multivalent
antigen-antibody non-covalent complexes); however, due to the potential of C
("complement") mediated disease, the complexes could only be administered to the APC
ex vivo (Naama et al., J Clin Lab Immunol. 1985 Jun;l?(?):59—67; Rafig et al., J Clin
Invest. 2002 Jul;110(1):71-9). Alternatively, (Fab)2-antigen recombinant fusion
constructs directed to receptors onto APC, can result in receptor cross-linking
internalization, and presentation in context of MHC class Il molecules (Lunde et al.,
Biochem Soc Trans 2002;30(4):500-6). The insertion of antigen, however, modifies the
Fc portion of the constant domains (CH2 and CH3) of the immunoglobulin ("Ig") that can
result in serious and unpredictable effects on the half life and pharmacokinetics, two
parameters that are tightly associated with the integrity of this segment (Spiegelberg HL,
I Clin Invest 1975 Sep;56(3):588-94). Finally, there is no conclusive evidence to date that
either one of the strategies described above, when applied in vivo, induce protective or
therapeutic anti-tumoral or anti-microbial immunity that would be associated with the
generation of optimal MHC class I and II-restricted T cells that produce specific
cytokines such as IFN-y. Even when applied ex vivo, the immune complex strategy has
displayed limited efficacy due to the balance in the activity of ITAM+ and ITIM+ FcyR
(Kalergis and Ravetch, J Exp Med 2002 Jun 17;195(12):1653-9). Thus, it has yet to be
determined whether in vivo delivery of antigen to APC via the monovalent ligation of Fey
receptors can be used to induce effective anti-tumoral or antiviral immunity.

PCT Application Serial Number PCT/US03/07995 filed March 14, 2002 and U.S.
patent application serial number 60/364,490 filed April 30, 2002 are hereby incorporated
by reference. Swiss-Protein/Trembl Protein Knowledgebase ™ on CD-ROM, available

from Geneva BioInformatics, is hereby incorporated by reference in its entirety.

Summary of the Invention

The present invention demonstrates, contrary to expectations, that in vivo and ex

vivo loading of APC via monovalent engagement of FcyR, using peptide epitopes
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covalently attached to the IgG backbone without modification of the Fc portion, results in
access of the epitope to the MHC I processing and presentation pathway, with effective
loading of MHC class I molecules. Unexpectedly, this results in generation of robust Tc2
responses characterized by IL-4, but not IL-2 or IFN-y-producing, MHC class I restricted
T cells that recognize the epitope within IgG backbone. ‘

In addition, the generation of this “deviated” response was not effective in
controlling a pathologic process associated with tumor growth, nor was it associated with
significant priming of cytolytic T cells. This explains largely the previous failure to detect
induction of immunity in similar context previously and demonstrates, unexpectedly, that
cross-linking or multivalent engagement of FcyR on APC (such as in context of immune
complexes or Fab2-antigen compounds) is not a prerequisite for effective loading of the
peptide onto MHC class I molecules. This is important since the concept could be applied
in vivo (in contrast to immune complexes) and the integrity of Fc portion and thus PK
profile could be retained (in contrast to Fab2-antigen recombinant molecules). Despite
effective loading of MHC class I molecules, the APC were not able to trigger protective
anti-tumoral and anti-microbial immunity when loaded in vivo by peptide epitope within
IgG backbone.

Further, the present application discloses novel compositions that result in
effective redirection of class [-immunity to Tcl effectors that take advantage of the
unexpected loading of MHC I by peptide within IgG backbone. Such compositions are
able to transform seemingly ineffective MHC class II and class I-restricted peptides into
highly effective ones. FcyR-mediated loading of APC associated with stimulation of APC
by novel synthetic polynucleotides, result in generation of class I-restricted cytolytic cells
and IFN-y, IL-2 producing T cells, further associated with protection against a highly
virulent microbe or recovery from malignant tumoral process. It is also shown that
variants of the technology, applied incorrectly or as previously proposed, are not optimal
in generation of immunity protective against viruses or tumors, in particular of MHC
class Irestricted nature. The present application demonstrates the reason for past failures
and teaches how to obtain and apply the different components of the technology in order

to obtain optimal effect.



10

15

20

25

30

WO 2007/022477 PCT/US2006/032512

Various embodiments of the invention include:

1. A method of loading an antigen presenting cell and generating a T cell response
against an antigen or peptide epitope by use of at least one peptide epitope attached to
an Ig, Ig backbone backbone or portion thereof thereby forming an Ig—peptide
molecule/complex or portion thereof wherein when administered to a patient in vivo
or ex vivo, the epitope is effectively processed and presented by the MHC I pathway
of the antigen presenting cell resulting in effective loading of MHC class I molecules

on the antigen presenting cell thereby resulting in an MHC class I — peptide complex.

2. The method of paragraph 1 wherein the Ig-peptide molecule/complex or portion

thereof is administered with RNA strands.

3. The method of paragraph 2 wherein the RNA is dsRNA strand and is pA:pU.

4, The method of paragraph 3 wherein the dsSRNA is pA:pU and the dsRNA is between

approximately 20 - 100 base pairs in size.

5.The method of paragraphs 1, 2, 3 or 4 wherein the Ig backbone is derived from human

Ig.

6. The method of paragraphs 1, 2, 3 or 4 wherein the Ig backbone is derived from human
IgG.

7. The method of paragraph 1, 2, 3, or 4 wherein the Ig backbone is humanized Ig.

8. The method of paragraph 1 wherein the antigen presenting cell is loaded via

monovalent engagement of FcyR.

9. The method of paragraph 1 wherein the antigen presenting cell may be loaded in vivo

or ex vivo.
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10. The method of paragraph 1 wherein the peptide epitopes are covalently attached to
the Ig backbone.

11. The method of paragraph 1 wherein the peptide epitope is attached to the Ig backbone
without modification of the Fc portion of the Ig.

12. The method of paragraph 1 wherein the peptide epitope is inserted within a CDR

region of the immunoglobulin molecule.

13.  The method of paragraphs 1, 2, 3 or 4 wherein the peptide epitope is inserted

within a CDR region of the immunoglobulin molecule by insertion or deletion.

14. The method of paragraphs 1, 2, 3 or 4 wherein the MHC class I —peptide complex
results in generation of robust Tc2 responses characterized by IL-4 but not IL-2 or IFN-y-

production.

15.  The method of paragraph 1 wherein the peptide epitope is selected from the group
consisting of: influenza virus M1 or M2; hepatitis C virus NS3; hepatitis B virus core
antigen; human papilloma virus HPV 18-E7, HPV 16 — E7, HPV 18 E6, HPV 16 E6;
melanoma —gp100; MART-1; TRP-2; carcinoembryonic antigen precursor; Her —2;
tetanus toxin universal T helper epitope; HIV-1: reverse transcriptase; HIV1: gag; insulin
precursor — human; human Gad 65; prostate tumor antigens; mucin 1; herpes simplex

antigens; and, respiratory syncytial virus antigens.

16.  The method of paragraph 1 wherein the negative effects of sera are avoided.

17. The method of paragraphs 1, 2, 3 or 4 wherein the Ig peptide molecule and

dsRNA are administered by subcutaneous or intraperitoneal injection.
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18. The method of paragraph 1 wherein the antigen presenting cell is selected from

the group consiéting of dendritic cells, monocytes, macrophages and B cells.

19.  The method of paragraph 1 wherein the antigen presenting cell is selected from
the group consisting of CD11c+ and CD11b+ APC.

20.  The method of paragraph 1 wherein the resulting MHC—peptide complexes

formed by in vivo delivery are expressed for up to 1 to 2 weeks.

21.  The method of paragraphs 1, 2, 3 or 4 wherein the MHC-peptide complex results

in activation of T cells.

22.  The method of paragraph 21 wherein the T cell response is determined by ITAM-+
and ITIM+ Fcgamma receptors on APC.

23. The method of paragraph 21 wherein expression of the gamma chain of ITAM+ FcyR

isoforms induces the T cell response wherein ITIM+ FcyRII limits the T cell response.

24.  The method of paragraphs 18 or 19 wherein monocytes induce Th2 and Tr1 cells,
both dendritic cells and monocytes induce Th3 cells, and wherein CD11b+ monocytes are
more potent than dendritic cells in triggering a regulatory response following IgG-

mediated delivery of T cell epitope.

25.  The method of paragraphs 1, 2, 3 or 4 wherein the loading of APC with a peptide

delivered within an Ig backbone in vivo results in induction of Th2 immunity.

26.  The method of paragraphs 1, 2, 3 or 4 wherein the loading of APC with a peptide

delivered within an Ig backbone in vivo results in induction of Th3 and Trl immunity.
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27. The method of paragraph 1 wherein the T cell response is enhanced by co-
stimulation with one of the following selected from the group consisting of anti-

CD40mAb, recombinant IL~12 or synthetic dsSRNA.

28.  The method of paragraphs 1, 2, 3 or 4 wherein IL-2, IFN-y and IL-4 are down-
regulated in a dose dependent manner and IL-10 and TGF-beta are upregulated in a

dose-dependent manner.

29.  The method of paragraphs 1, 2, 3, or 4 wherein the peptide epitope is recNP and
induces NP-specific MHC class I-restricted T cell immunity consisting of IL-4 producing
Tc2 cells.

30.  The method of paragraph 1 further comprising the use of RNA motifs thereby

. resulting in a modified immune response.

31.  The method of paragraph 30 wherein the RNA motifs are dsRNA.

32.  The method of paragraph 27 wherein the IgG1 and IgG2a antibody responses

wete increased and associated with an enhanced Thl and Th2 response.

33.  The method of paragraph 2, 27 or 30 wherein the dsSRNA was selected from the
group consisting of pA:pU, pl:pC and pC:pG.

34. The method of paragraphs 27 or 30 wherein the dsRNA is pA:pU and induced MHC
class I-restricted Tcl cells thereby producing IFN-y.

35. The method of paragraphs 33 or 34 wherein the dsSRNA are from 10 - 50Kd.

36.  The method of paragraphs 2 or 30 wherein the RNA motifs are ssRNA selected
from the group consisting of p(A), p(C), p(G), p(I) and p(U).
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37.  The method of paragraph 1 wherein the peptide-epitope is NP and further
comprising the coadministration of dSRNA motifs thereby resulting in effective induction
of IL-2 and IFN-gamma.

38.  The method of paragraph 1 wherein the APC are loaded ex vivo resulting in the

formation of MHC class I-peptide complexes and generation of a Tc response.

39.  The method of paragraph 38 wherein the APC are administered to the patient by

adoptive transfer.

40.  The method of paragraph 38 wherein the formation of MHC class I-peptide

complexes results in differentiation of Tc2 cells producing IL-4 but not IFN-gamma.

41. The method of paragraph 38 wherein further comprising the step of administering
RNA motifs thereby resulting in a broadening of the T cell profile to include IFN-gamma

producing Tcl cells.

42. A method of immunization of a patient comprised of loading an antigen presenting
cell by use of at least one peptide epitope of an antigen attached to an Ig backbone or
portion thereof thereby forming an Ig —peptide molecule and administering to the patient
in vivo the Ig-peptide molecule in conjunction with a dSRNA motif wherein the epitope
is effectively processed and presented by the MHC I pathway resulting in effective
loading of MHC class I molecules and thereby resulting in an effective secondary

expansion of MHC class I-restricted T cells subsequent to in vivo exposure to the antigen.

43. The method of paragraph 42 wherein the antigen is a virus.

44. The method of paragraph 43 wherein the virus is the influenza virus.
45. The method of paragraph 42 wherein the peptide-epitope is recIgG-NP(Kd).

46. The method of paragraph 42 wherein the dsRNA is pA:pU.
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47. The method of paragraph 42 wherein the T cells are cytotoxic T lymphocytes.

48. The method of paragraph 42 wherein the secondary expansion of MHC class I-
restricted T cells subsequent to in vivo exposure to the antigen is greater than

administration of the recombinant antigen in sterile saline only.

49. A method of controlling and treatment of a tumor after clinical diagnosis, by loading
an antigen presenting cell by use of at least one tumor associated T cell epitope attached
to an IgG backbone or portion thereof thereby forming an IgG —peptide molecule and

administering the Ig-peptide molecule in vivo in conjunction with dsRNA.

50. The method of paragraph 49 wherein the tumor associated T cell epitope is
effectively processed and presented by the MHC I pathway resulting in effective loading
of MHC class I molecules on the antigen presenting cell thereby resulting in an MHC

class I - peptide complex.

51. The method of paragraph 49 wherein the method results in an immune response to the

tumor associated T cell epitope and tumor rejection.
52. The method of paragraphs 49, 50 or 51 wherein the dsSRNA. is pA:pU.

53. The method of paragraph 49 wherein the Ig-G peptide complex and dsRNA are

administered repeatedly as an anti-tumor therapy.

54. The method of paragraph 49 wherein upon tumor rejection, Tcl immunity is

developed against the tumor associated epitope.

55. The method of paragraph 49 where upon administration of IgG-peptide and dsRNA,

Tc2 immunity is developed against the tumor associated epitope.
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56. The method of paragraph 49 wherein the method further induces an effective memory

response to the same tumor associated epitope.

57. The method of paragraph 49 wherein the method results in confinued immunity to

tumor cell variants.

58. The method of paragraphs 49, 50, 51, 52, 53, 54, 55, 56, or 57 wherein the tumor
associated T cell epitope is selected from the group consisting of melanoma —gp100,
MART-1, TRP-2, carcinoembryonic antigen precursor XP 064845/NCB1, Her -2,

prostate tumor antigens, and MUC 1.

59. A recombinant human Ig molecule or portion thereof capable of binding to an FeyR
of an APC, comprising of a CHj region adjacent to a CH, region whereby a hinge region
attaches an antigen to the CH, region wherein the antigen has an oligo-glycine linker

attached to the hinge region.

60. The recombinant human Ig molecule of paragraph 59 whereby the antigen has a

flanking sequence extending therefrom followed by a leader.

61. The recombinant human Ig molecule of paragraph 59 wherein the human Ig molecule

is an IgG molecule.

62. The recombinant human Ig molecule of paragraph 59 wherein the antigen is a viral or

tumor antigen.

63.The recombinant human Ig molecule of paragraph 59 wherein the amino acid
sequence of the CHj region is:
GQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNY
KTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSP
GK and conservatively modified variants thereof.[Seq. I.D. No. 1].

10
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64. The recombinant human Ig molecule of paragraph 59 wherein the amino acid
sequence of the CH, region is: APELLGGPSVFLFPPKPKDTLMISRTPEVTCV
VVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWL
NGKEYKCKVFNKALPAPIEKTISKAK and conservatively modified variants thereof.
[Seq. I.D. No. 2].

65. The recombinant human Ig molecule of paragraph 59 wherein the amino acid
sequence of the hinge region is: EPKSCDKTHTCPPCP and conservatively modified
variants thereof. [Seq. I.D. No. 3].

66. The recombinant human Ig molecule of paragraph 53 wherein the amino acid
sequence of the flanking sequence is: QVQLQ and conservatively modified variants
thereof. [Seq. I.D. No. 4].

67. A composition for enhancing an immune response to an antigen wherein the
composition is a polynucleotide wherein the polynucleotide is made up of compounds
selected from the group consisting of adenine, uracil, guanine, cytosine and inosine.

68. The composition of paragraph 67 wherein the polynucleotide is dsSRNA.

69. The composition of paragraph 68 wherein the dsRNA is selected from the group
consisting of pA:pU and pIl:pC.

70. The composition of paragraph 69 wherein the dsSRNA is pA:pU and wherein some of
the adenine and uracil is occasionally replaced by guanine, cytosine or inosine along the
polynucleotide chain.

71. The composition of paragraph 69 wherein the antigen is a virus.

72. The composition of paragraph 69 wherein the antigen is attached to an

immunoglobulin or portion thereof and administered in vivo.

11
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73. The composition of paragraph 72 wherein the antigen is protein or a peptide.

74. The composition of paragraphs 67, 68, 69 or 70 wherein the antigen is a tumor

associated epitope.
75. The composition of paragraph 74 wherein the antigen is a T cell epitope.

76. The composition of paragraphs 67, 68, 69 or 70 wherein the dsSRNA is administered

together with said antigen.

77. The composition of paragraph 67 wherein the polynucleotide is dsSRNA and is

coadministererd with the antigen.
78. The composition of paragraph 67 wherein the antigen is already present in the body.

79. The composition of paragraph 67 wherein the antigen is administered in a

pharmaceutically acceptable carrier.
80. Use of dsRNA in the manufacture of a medicament for enhancing an immune
response to an antigen in a patient, comprising administering said dsRNA to a patient in

conjunction with said antigen.

81. The use of paragraph 80 wherein an epitope of said antigen is delivered to the patient

in an immunoglobulin or portion thereof.
82. The use of paragraphs 80 or 81 wherein the dsRNA is comprised of pA:pU.

83. The use of paragraphs 80 or 81 wherein the dsRNA is comprised of pI:pC.

12
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84. The use of paragraph 81 wherein the dSRNA consists of bases selected from the

group consisting of adenine, cytosine, uracil, guanine and inosine.

85. The use of paragraphs 81, 82 or 83 wherein the use enhances the Thl and/or Tel

response to the antigen.

86. The use of paragraphs 81, 82 or 83 wherein the use induces a Tc1 cell response to the

antigen.

87. The use of paragraphs 81, 82 or 83 wherein the immune response includes an

enhanced B cell response.

88. The use of paragraphs 81, 82 or 83 wherein the antigen is administered with

additional antigen.

89. The use of paragraphs 81, 82 or 83 wherein the use induces expression of CXC and

CC chemokines.

90. The use of paragraphs 81, 82 or 83 wherein the administering of dsSRNA enhances T
or B cell responses or both T and B cell responses by recruitment and activation of

CD11b+ monocytes.
91. The use of paragraphs 81, 82 or 83 wherein the administering of dSRNA enhances T
or B cell responses or both T and B cell responses by recruitment and activation of

dendritic cells.

92. The use of paragraphs 81, 82 or 83 wherein the dsSRNA compositions enthance an

immune response by recruiting antigen presenting cells.

93. The use of paragraph 92 wherein the antigen presenting cell is a professional antigen

presenting cell.

13



10

15

20

25

30

WO 2007/022477 PCT/US2006/032512

94, The use of paragraph 92 wherein the antigen presenting cell is a naive antigen

presenting cell.

95. The use of paragraphs 81, 82 or 83 wherein the antigen is a non-infectious antigen

and wherein the MHC Class 1 restricted T cells are cross-primed by the dsRINA.

96. The use of paragraphs 81, 82 or 83 wherein the composition and antigens are
administered by one of the following selected from the group consisting of mucosal
administration, respiratory administration, intravenous administration, subcutaneous

administration, and intramuscular administration.

97. The use of paragraph 81 wherein the antigen is administered in an immunoglobulin or

portion thereof or in an immunoglobulin backbone.

98. The use of paragraph 97 wherein the wherein the antigen is a peptide epitope.

99. A method of preventing high zone tolerance in a patient to an antigen comprising
administering said antigen together with a dSRNA composition wherein the dsRNA
composition comprises at least one compound selected from the group consisting of poly-
adenine, poly-uracil, poly-guanine, poly-cytosine, poly-inosine.

100. The method of paragraph 99 wherein the antigen is non-infectious.

101. The method of paragraph 99 wherein the antigen is administered in high doses or

already present in the body.

102. The method of paragraphs 99, 100 or 101 wherein the dsRNA is selected from the
group consisting of pA:pU and pI:pC.

14
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103. The method of paragraphs 99, 100, 101 or 102 wherein the method prevents B cell

unresponsiveness.

104. A method of enhancing the immune system in a patient exposed to a pathogen

comprising the administration of dsRNA to the patient.

105. The method of paragraph 104 wherein the dsRNA is selected from the group
consisting of pA:pU and pI:pC.

106. The method of paragraphs 104 or 105 wherein the dsSRNA is administered to a

patient in concentrations ranging from 100 ug/ml to 1 mg/ml.
107. The method of paragraphs 104, 105 or 106 wherein the pathogen is unknown.

108. The method of paragraphs 104, 105, 106 or 107 wherein the dsSRNA is administered

in a pharmaceutically acceptable carrier.

109. The method of paragraph 104 wherein a T cell response to the pathogen is

enhanced.

110. A method of enhancing an immune response in a patient in need thereof
comprising loading an antigen presenting cell by use of at least one peptide epitope of an
anﬁgen attached to an Ig backbone thereby forming an Ig-peptide complex or molecule
and administering the Ig-peptide complex or molecule in vivo in conjunction with a
dsRNA motif wherein the epitope is effectively processed and presented by the MHC
pathway of the antigen presenting cell resulting in effective loading of MHC molecules
and thereby resulting in an effective secondary expansion of MHC molecules subsequent

to in vivo exposure to the antigen.

111. The method of paragraph 110 wherein the MHC pathway is the MHC I pathway.

15
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112. The method of paragraph 110 wherein the MHC pathway is the MHC II pathway.

113. The method of paragraph 111 wherein the method results in effective loading of

MHC Class I molecules on the antigen presenting cell.

114. The method of paragraph 112 wherein the method results in effective loading of

MHC Class II molecules on the antigen presenting cell.
115, The method paragraphs 110, 111 or 112 wherein the dsRNA is pA:pU.

116.  The method of paragraphs 110, 111 or 113 wherein the method results in
secondary expansion of MHC Class I restricted T cells.

117.  The method of paragraph 115 wherein the antigen is a virus.

.1 18.  The method of paragraph 117 wherein the virus is an influenza virus.

119.  The method of paragraph 115 wherein the antigen is a tumor associated epitope.
120.  The method of paragraph 115 wherein the T cell is a cytotoxic T lymphocyte.

121. A method of generating an immune response to an antigen in a patient
comprising:

administering to the patient an immunoglobulin or portion thereof wherein said

immunoglobulin has at least one peptide epitope of said antigen attached to said

immunoglobulin or portion thereof and administering said immunoglobulin or portion

thereof in conjunction with a dsRNA segment.

122, The method of paragraph 121 wherein the immunoglobulin or portion thereof

and said dsRNA segment are administered together.

16
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123.  The method of paragraph 121 wherein the immunoglobulin or portion thereof

and said dsRNA segment are administered separately.

124.  The method of paragraph 121 wherein said patient is human.

125. The method of paragraph 121 wherein upon administration of said
immunoglobulin or portion thereof to said patient the immunoglobulin or portion
thereof loads the antigen presenting cell by engagement with the antigen presenting
cell's FeyR said peptide epitope is effectively processed and presented by the MHC I
pathway of the antigen presenting cell resulting in effective loading of the MHC class

I molecules.

126. The method of paragraph 121 wherein the peptide epitope is attached within the

CDR region of the immunoglobulin or portion thereof.

127. The method of paragraph 121 wherein the immune response generates an

effective T cell response to the antigen.

128. The method of paragraph 121 wherein the T cells are cytotoxic T lymphocytes.

129. The method of paragraph 121 wherein the dsRNA segment is selected from the
group consisting of pA:pU and pI:pC.

130. The method of paragraph 121 wherein the peptide epitope is a T cell epitope.

131. The method of paragraph 121 wherein the peptide epitope is selected from the
group consisting of influenza virus M1 or M2; hepatitis C virus NS3; hepatitis B virus
core antigen; human papilloma virus HPV 18-E7, HPV 16 — E7, HPV 18 E6, HPV 16
E6; melanoma —gp100; MART-1; TRP-2; carcinoembryonic antigen precursor; Her —
2: tetanus toxin universal T helper epitope; HIV-1: reverse transcriptase; HIV1: gag;
insulin precursor — human; human Gad 65; prostate tumor antigens; mucin 1; ilerpes

simplex antigens; and, respiratory syncytial virus antigens.
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132.  The method of paragraph 121 wherein the immunoglobulin or portion and
dsRNA segment thereof is administered by one of the methods selected from the

group consisting of intravenous administration and bolus injection.

133, The method of paragraph 121 wherein the immunoglobulin or portion thereof

and the dsRNA are administered in a pharmaceutically acceptable carrier.

134.  The method of paragraph 121 wherein the method induces an effective memory

response to the peptide epitope.

Brief Description of the Drawings:

Fig. 1A shows (a) representation of natural IgG (light chain — heavy chain
heterodimer); (B) antigen (Ag) derived peptide inserted within CDR (complementarity
determining region) 3, 2, 1 or framework region; (C) VH (heavy chain, variable region)
segment replaced with an antigen or fragment; (D) VH and CH1 segments replaced with
antigen or antigen fragment;

Fig. 1B illustrates diagramatically the IgG-peptide and Fc peptide;

Fig. 1C shows properties of selected human IgG backbone;

Fig. 1D shows the sequence of the constant region of the heavy chain as well as

schematic depiction of a prospective construct;

Figs. 1E - 1M show the sequences of various antigens and epitopes discussed in
the present application and which can be inserted into an immunocglobulin [sequences can
be accessed on the internet at ncbi.nlm.nih.gov (add the proper address prefix: http://
www.) by searching the "proteins" section by use of the provided accession number. The
content of this database is hereby incorporated by reference in its entirety.] ;

Fig. IN — 10 shows the heavy and light chain of human IgG1;

Fig. 1P shows the strategy of engineering of an immunoglobulin cassette for
insertion of two peptides;

Fig. 1Q shows a strategy for engineering of multiple peptides into a human

immunoglobulin construct;
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Fig. 1R shows strategies of expression of human immunoglobulins with various

cell lines;

Fig. 1S shows a diagram of double or multiple peptides in a human
immunoglobulin;

Fig. 1T shows human constructs with various combinations of B and or T cell
epitopes;

Fig. 1U shows some additional examples of B or T cell epitopes:

Fig. 1V shows various other peptides that can be delivered;

Fig. 1W —1Z3 s a table of various T cell epitopes/autoimmune peptides which
may be inserted into the human IgG to form an IgG-peptide;

Figs. 2A - 2B show that while the injection of the peptide epitope in saline was
not immunogenic, a similar dose of peptide used for ex vivo loading of APC effectively
triggered a substantial immune response upon adoptive transfer;

Fig. 3 shows that delivery of epitope within Ig backbone considerably favored its
stability in the systemic circulation;

Figs. 4A - 4B show that pre-incubation of peptide with serum resulted in
decreased TcH activation;

Figs. SA - 5B show that the relative efficiency of MHC-peptide complex
formation greatly varied depending on the nature of antigen and APC;

Figs. 6A - 6B show that the peptide epitope within IgG backbone was more
effective on a molar basis (1 order of magnitude) than the peptide alone in inducing TcH
activation when handled by blood-derived APC;

Figs. 7A - 7B show that the use of oil-in-water adjuvant (incomplete Freund’s
adjuvant, IFA) only modestly enhanced the in vivo formation of MHC-peptide complexes
on APC of lymph n(‘)des but not the spleen or thymus;

Figs. 8A - 8D show that use of FcyR mediated delivery of peptides results in
preferential formation of immunogenic MHC 11 - peptide complexes on CD11c+ and
CD11b+ APC;

Figs. 9A - 9C show long lasting expression of peptide onto endogenous MHC I,

on both DC (dendritic cells) and monocytes;
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Fig. 10 shows that formation of MHC II - peptide complexes on dendritic cells
and monocytes, subsequent to IgG mediated delivery of peptide epitope, is critically
dependent on ITAM+ FcyR that éncompass the gamma chain;

Fig. 11 shows that results show that the expression of the gamma chain of ITAM+
FcyR isoforms is necessary for the induction of T cell response to APC leaded with
peptide within the IgG backbone;

Figs. 12A - 12D show that unexpectedly and in contrast with the potency / cell
basis (Example 8), at the organism level, the CD11b" monocytes have the highest impact
on the immune response to a peptide epitope delivered within the IgG backbone;

Figs. 13A - 13B shows that FcyR-mediated delivery of a T cell epitope within the
recombinant Ig backbone results in Th2 rather than Th1 response;

Fig. 14 shows that FeyR-mediated delivery of T cell epitope within recombinant
Ig backbone results in Th2 rather than Thl response;

Fig. 15 shows that a peptide epitope within the IgG backbone triggers a cellular
response of Th2 profile that is enhanced but not switched by a conventional adjuvant
(CFA);

Fig. 16 shows that peptide presentation by APC, subsequent to loading with
antigen by using recombinant IgG as delivery platform, occurs in context of limited co-
stimulation; c |

Figs. 17A-17B show that the activity of HA (110-120 hemagglutinin peptide)
specific IL-4 producing T cells triggered by administration of recHA(I-Ed)-IgG is
dependent on CD4 rather than CD8;

Fig. 18 shows that the IgG mediated delivery of T cell epitope has a profound and
differential effect on the expansion and cytokine production by activated T cells: IL-2,
IFN-y and surprisingly IL-4, were down-regulated in a dose-related manner;

Figs. 19A — 19B show that in contrast to viral immunization with an influenza
virus strain bearing the cognate peptide, Ig-mediated peptide delivery was ineffective in
triggering cytotoxic response;

Figs. 20A — 20D show that co-administration of MBP and PLP epitopes by using

recombinant IgG curbed the chronic progression of disease;
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Fig. 21 summarizes the impact of IgG / FcyR-mediated delivery of epitopes on the
T cell response, based on data provided in Examples 2-20;

Fig. 22 shows that shows that natural, non-infectious double stranded RNA
produced during infection with influenza virus, has substantial effects on the specific
immune response to a protein antigen;

Fig. 23 A shows an extensive library of synthetic RNA motifs;

Figs. 23B — 23D show that different synthetic RNAs have an enhancing effect on
the B and T cell response to a prototype protein antigen;

Figs. 24A - 24B show effects of selected RNA motifs on the innate immune
response;

Fig. 25 shows that distinct RNA motifs bind to different receptors on antigen
presenting cells;

Fig. 26 shows that distinct RNA motifs induce differential upregulation of
chemokines;

Fig. 27 shows that the control of replication of influenza virus can be achieved by

- using selected synthetic RNA motifs;

Fig. 28 shows that selected synthetic RNA motifs pl:pC and pA:pU largely
prevent high zone tolerance that is usually associated with administration of large
amounts of purified protein;

Fig. 29 shows that selected synthetic RNA motifs effect on human monocytic
cells;

Figs. 30A — 30B show that non-tagged pA:pU, but not non-tagged pl:pC, was able
to compete out the binding of tagged pA:pU to human THP-1 monocytic cells;

Fig. 31 shows the purification and fractionation steps of dsSRNA;

Fig. 32 shows that lower molecular weight fractions of a selected synthetic RNA
compounds are endowed with different biological activity;

Fig. 33 shows that pI:pC but not pA:pU induced antibody response against itself,
with a cross-reactive component against another RNA motif;

Figs. 34A — 34B show that co-use of selected synthetic RNAs promote effective
induction of IL-2 and IFN-gamma subsequent to IgG mediated delivery of an MHC class

I-restricted epitope;
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Fig 35 shows that ex vivo APC loading by recombinant IgG is more effective in
formation of MHC class I-peptide complexes and generation of Tc response, compared to

use of free peptide itself;

Fig. 36 show that IgG mediated delivery of a class I restricted epitope is most
effective in priming class I restricted Tc1 responses when co-administration of selected
synthetic RNA was carried out;

Fig. 37 shows that effective priming of anti-viral cytotoxic T cells requires both
effective in vivo loading of APC with class I restricted epitope delivered via IgG, together
with appropriate instruction by selected synthetic RNA motif;

Fig. 38 shows that immunization with a recombinant IgG bearing a viral class I
restricted epitope together with selected synthetic dsRNA, resulted in priming of an
immune response capable of limiting the replication of a virus subsequent to infectious
challenge;

Fig. 39 describes the tumor models used for testing the efficiency of Ig-peptide-
based molecules;

Fig. 40 shows that both effective in vivo loading of APC with tumor associated
antigen, together with simultaneous activation by selected synthetic RNA motifs, are
necessary and sufficient for effectivé control of tumor growth and induction of tumor
rejection;

Fig. 41 shows that both effective in vivo loading of APC with tumor associated
antigen, together with simultaneous activation by selected synthetic RNA, can trigger an
effective immune response to tumor-associated antigens;

Fig. 42 shows that tumor infiltrating lymphocytes displaying the T cell receptor
marker TCRP acquired expression of the activation marker CD25 upon treatment with
recombinant immunoglobulin bearing tumor associated epitope, together with selected
synthetic dsSRNA motif;

Fig. 43 shows that the treated mice that successfully rejected the tumor developed
Tcl responses against the tumor-associated epitope on the therapeutic Ig, along with Tc2

immunity;
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Fig. 44 shows that successful rejection of tumor induced by indicated treatment is
followed by effective protection against subsequent challenge with the same tumor,
indicating development of effective immune memory;

Figs. 45A - 45B show that the emerging immunity, subsequent to the indicated

5  treatment that results in tumor rejection, protects against challenge with loss of antigen
variants and is associated with overall expansion of cytokine producing cells;

Figs. 46 A — 46B shows GAD stimulated cytokine production;

Fig. 47 shows the effect of mitomycin C on T cell activation demonstrating
loading of APCs by the Ig-P constructs;

10 Fig. 48 shows that blockade of the APC Fcy receptor eliminated the ability of the
APCs to activate T cells;

Figs. 49A — 49B shows that in a fully human system (i.e. both stimulator and
responder cells are of human origin), IgGIN is able to deliver the GAD epitope to the
DR4 MHC and produce an expansion of the responder T cell population;

15 Figs. S0A-50B show that in a fully human system (i.e. both stimulator and
responder cells are of human origin), IgGIN is able to deliver the Ins9-23 epitope to the
DR4 MHC and produce an expansion of the responder T cell population; and,

Fig. 51shows that IgGIN treatment was effective in lowering the development of

diabetes in these mice by 70%.
20
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Detailed Description of the Invention
Definitions:

The following definitions are intended to act as a guide and are not to be considered

limiting of terms found throughout the specification:

adjuvant - a substance that enhances the adaptive arm of the immune response to an

antigen;

adoptive transfer - transfer of a cell population from one animal to another of the same

haplotype;

antigen - a molecule that can be specifically recognized by the adaptive elements of the

immune system (B cells, T cells or both);

antigen presenting cell - heterogeneous population of leukocytes with very efficient

immunostimulatory capacity;

BALB/C mouse - Widely distributed and among the most widely used inbred mouse
strains;

B cell - a type of lymphocyte developed in the bone marrow. Each B cell encodes a
surface receptor specific for a particular antigen. Upon recognition of a specific antigen,
B cells multiply and produce large amounts of antibodies which in turn bind to the

~

antigen which activated the B celi;

B cell unresponsiveness - antigen-specific lack of response by B cell;

CDR - Complementarity Determining Region; hypervariable regions in an
immunoglobulin which create the antigen binding site. There are three CDR regions:
CDR1, CDR2 and CDR3;

24



10

15

20

25

30

WO 2007/022477 PCT/US2006/032512

chemokines - a group of at least 25 small cytokines, all of which bind to heparin;

complete Freund's adjuvant - an oil-in-water emulsion containing mycobacterial cell wall
components;

cross primed - antigen presenting cells that have acquired antigens from infected tissues
and then present them to cognate T cells;

dendritic cells - A subtype of antigen presenting cells (i.e. CD11c+);

downregulation - decreasing the expression or activity of a particular compound or

effect;

epitope - parts of an antigen which contact the antigen binding site of the antibody or T

cell receptor;

FcyR - Ig receptors on cell surfaces of which there are three recognized groups: FcyRI
(CD64), FcyRII (CD32) and FeyRIII (CD16);

heterodimer - dimeric protein consisting of 2 different protein sequences;

high zone tolerance - a state of unresponsiveness specific to a particular antigen that is

induced upon challenge with a high concentration of said antigen;
IL-2 - refers to interleukin - 2;

IL-4 - refers to interleukin - 4;

immunoglobulin - a group of glycoproteins present in the serum and tissue fluids of all
mammals and are located on the surface of B cells and serve as antibodies free in the

blood or lymph. There are five classes of immunoglobulins: IgG (70 75 %), [gM (10%),
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IgA (15 - 20%), IgD (>1%) and IgE (found on basophils and mast cells in all
individuals). IgG has four human subclasses (IgG1, IgG2, IgG3 and 1gG4);

immunoglobulin backbone - refers to an immunoglobulin molecule or portion thereof

wherein at least one CDR region is able to receive an inserted peptide epitope;

immunoglobulin isotype switching - stimulation of B cells to switch production from one

immunoglobulin isotype to another;

incomplete Freund's adjuvant - an oil-in-water emulsion not containing mycobacterial

cell wall components;

innate immunity - The innate immune system provides broad relatively nonspecific host
defenses that lack antigenic specificity but have the ability to guide acquired immunity.
Among the cells types involved are dendritic cells and macrophages;

intraperitoneally- within peritoneal cavity;

intravenously - within vasculature;

isoforms - different glycosylation, phosphorylation, deamidation and other

posttranslational modifications of proteins;

ITAM - immunoreceptor tyrosine-based activation motifs;
ITIM - immunoreceptor tyrosine-based inhibitory motifs;

macrephages - Any mononuclear, actively phagocytic cell arising from monocytic stem

cells in the bone marrow;
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MHC - refers to the Major Histocompatibility Complex;

modified immune response - enhanced or diminished immune response;

monocytes - Mononuclear leukocytes found in lymph nodes, spleen, bone marrow and

loose connective tissue;

murine — Of or related to a member of the rodent family Muridae, including rats and

mice.

naive - non-differentiated, non-activated cell;

peptide - a compound consisting of two or more amino acids joined together by a peptide
bond;

polynucleotide - a polymer of nucleotides;

professional antigen presenting cell - mature, able to present antigenic epitope;

recruitment - attraction of a cell population to inflammatory site;

secondary expansion - immune response which follows a second or subsequent encounter

with a particular antigen;

self-antigens - antigens that are derived from the host;

subcutaneously - beneath the skin;

Tcl immunity - Cytotoxic T cell type 1, CD 8+;
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Th1 cells - T helper 1 cells which are involved in cell mediated inflammatory reactions,

identified by production of IFNy, TNFB and IL-2;

Th2 cells - T helper 2 cells which encourage production of antibodies and are identified
by production of IL-4 and IL-5;

Th3 cells - T helper regulatory cell, known to produce transforming growth factor (TGF)-
beta;

TR1 cells - T regulatory cell, known to produce interleukin 10; and,
upregulation - enhancement of expression or activity of a particular compound or effect;

Materials and Methods

For selective in vivo loading of antigen presenting cell subsets and use in
treatment of autoimmune disorders, the use of compounds described schematically in the
Figure 1A are used: (A) representation of natural IgG (light chain — heavy chain
heterodimer); (B) antigen (Ag) derived peptide inserted within CDR 3, 2, 1 or framework
region; (C) VH segment replaced with an antigen or fragment; and, (D) VH and CH1
segments replaced with antigen or antigen fragment. This type of molecules are

engineered using methods known in the art and as stated as follows:

A. Construction of model recombinant IgG (murine).

Polymerase chain reaction (PCR) mutagenesis was used to replace the CDR3
region of VH chain with the stated epitopes. Briefly, a pUC19 plasmid harboring the 5.5-
kb EcoRI fragment carrying the VH gene of the murine anti-arsonate antibody, 91A3,
was used as template DNA in two PCRs to delete the diversity segment (D) of the
complementarity-determining region 3' (CDR3) loop and inserted DNA fragments
encoding various antigen epitopes. These chimeric VH and as well as wild type VH
genes were then ligated with Ig gamma 1 heavy chain constant region within the plasmid
pSV2AHgptDNSVH-hCgammal from which the EcoRI dansyl (dns)-conjugated VH

gene was cut out. The sequences of VH and inserted epitopes were confirmed by DNA
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sequencing. To express these chimeric IgGs with murine 91A3 VH-human C gammal
heavy chain genes and a mouse-human chimeric k light chain gene, an 8-kb BamHI
fragment encoding the entire murine 91A3 kappa light chain gene was subcloned into the
BamHI site of pUC19 plasmid. Subsequently, a HindIlI fragment with the kappa light
chain promoter and the V kappa region coding sequences was cut out from this plasmid
and subcloned into the HindIII site of pSV184AHneoDNSVk-hCk upstream of the gene
encoding a human k light chain C region (Ck) from which the dns-conjugated Vk
(dnsVKk) had been excised. This plasmid, which will encode a murine 91A3 Vk-human

Ck light chain, is designated pSV184Ahneo91 A3 Vk-hCk.

1. Production of recombinant murine IgG

The SP2/0 cell line (American Type Culture Collection) is used for the production
of all the recombinant IgGs (rIgG) discussed in this section of the patent application.
Stable expressing cell lines (i.e. transfectomas) were produced using a double
transfection protocol with plasmids encoding the heavy and light chains of an anti-
arsenate mouse IgG. Each transfectoma differs only in the sequence of the CDR3 region
of the heavy chain. Methods for growing the cell lines as well as producing the different
purified rIgG used in the experiments reported in this application are identical in all
cases.

The SP2/0 transfectomas were initially grown in Quantum Yield media (BD
Biosciences) supplemented with 5 % (v/v) heat-inactivated fetal bovine serum, 0.5
mg/mM gentamicin and 2.5 pg/mL Fugizone. Cultures were maintained at 37°C in a
humidified CO2 incubator. Efforts were made to adapt each of the cell lines to growth in
different commercially available serum-free medias (Lymphocyte Growth Media 2,
Clonetics; Cell MAb Growth Media Serum Free, BD Biosciences; Animal Component
Free Cell Media, BD Biosciences). Each of the serum-free medias was supplemented
with antibiotics as above. Culture media containing secreted IgG was produced from each

media noted above. No difference in the IgGs produced in the different medias was
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observed over the course of this work (molecular weight analysis by SDS PAGE [see
below], ELISPOT assays, and immune responses in mice).

The amount of secreted rIgG was quantitated using an ELISA: capture antibody
was a goat anti-mouse IgG (Sigma) and secondary antibody was an anti-mouse IgG HRP
conjugate (Sigma). Purified mouse IgG (Sigma) was used as a standard.

Four different methods have been used to produce media containing the different
rIgGs (i.e. conditioned media, "CM"): flasks, stirred vessels, packed bed bioreactors
(New Brunswick Cellagen), CELLine flasks (BD Biosciences). In the case of CM
produced in flasks, the cells were fed and/or harvested twice a week and maintained at
least 50% viability, but viability was generally greater than 70%. Collected media was
filtered and held at 4 C. Stirred vessels (1 L) were seeded at 108 cells per mL in 200 mL
starting volume. Media was added weekly to keep the cell number between 107 and 108
per mL until 800 mL of total volume was reached. At this point cell viability was
determined (typically greater than 80%), and the run was continued until such time that
the viability fell below 50%. Media was then collected and sterile filtered to remove cells
and held at 4°C. For the packed bed bioreactors: each unit was seeded with
approximately 108 cells in 400 mL of media; maintained in a CO, incubator at 37°C with
constant stirring; media was changed every 3-4 days and CM was filtered as above;
production of rIgGs in the CM was monitored with ELISA. Bioreactor runs were
continued until production of rIgGs began to decline or the vessel became contaminated.
The 1 L CELLine flasks were used according to manufacturer's instructions: each flask
was seeded with 107 to 10 cells in a total volume 40 mL in the cell compartment; 1 L of
media was added to the feed compartment; CM was harvested from the cell chamber after

2 to 3 weeks, or when viability of the cells fell below 20%.

2. Purification of murine rIgG
The rIgGs produced by the above methods were purified by one of two methods.
For CM that contained FBS, an anti-mouse IgG immunoaffinity resin was used. The

immunoaffinity resin was synthesized using the following protocol: 10 mL of cyanogen
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bromide-activated Sepharose 4B (Sigma) was washed with 1 mM HCI as per
manufacturer's instructions; 10-20 mg of goat anti-mouse IgG (Sigma) was dissolved in
coupling buffer (0.1 M sodium carbonate [pH 8.4]/0.5 M NaCl) at a concentration of 2
mg/mL; the IgG solution was added to the washed resin, and the slurry was mixed end-
over-end at room temperature; the extent of coupling was monitored using the Bradford
assay to determine the amount of remaining soluble IgG; the coupling was quenched by
addition of ethanolamine to a final concentration of 10 mM when the amount of soluble
IgG was less than 10% of the starting concentration (approximately 45 minutes). The
immunoaffinity resin was then washed with the following buffers: PBS, 10 mM glycine
(pH 2.4), 20 mM Tris/ 1 M NaCl (pH 8.0), PBS. The resin was stored at 4°C in PBS. The
protocol for purifying rIgG with this resin was initiated by passing CM through the
column at 1 to 2 mL/min. The resin was then washed free of nonbound protein using the
following protocol: 100 mL PBS/0.5M NaCl followed by 50 mL 1 mM Tris (pH 8).
Fractions were monitored for protein using the Bradford assay. Speciﬁcaﬂy bound rlgG
was eluted with a low pH buffer (5 mM glycine (pH 2.4)/0.5 M NaCl). The eluted protein
was collected and held at 4°C for further processing (see below).

The 1IgG produced in serum-free culture media was purified using Protein A
affinity chromatography. Typically, a 5 mL rProtein A column (HiTrap rProtein A FF
from Amersham Pharmacia Biotech) was equilibrated with PBS and the sample was run
through the column at 2 mL/min using a FPLC unit (Pharmacia). The resin was washed
free of nonspecifically bound protein with PBS, followed by 20 mM Tris (pH 8.0)/1 M
NaCl, then water. The specifically bound rIgG was eluted with 1 mM glycine (pH 2.4).
The eluted peak was collected and held at 4 C for further processing.

Generally, the 1IgG fractions were pooled and concentrated using Centricon
ultrafiltration units (Amicon) to a final concentration of 1 to 4 mg/mL (Bradford assay
with IgG as standard). The concentrated fraction was then dialyzed into 1 mM glycine
(pH 2.4), the final concentration determined by Axgp using an extinction coefficient of 1.4
for a 1 mg/mL IgG solution, and aliquoted into 100 pl fractions that were stored in the -
80°C freezer. The purified rIgGs were analyzed for structural integrity and purity by SDS
gel electrophoresis. The gels were stained with Coomassie blue (Pierce Chemical). In all

cases the rIgGs used in the reported experiments displayed their expected molecular
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weight (reduced and nonreduced) as compared to protein standards and control IgG.
Generally, the purified rIgG was greater than 95% pure as determined by visual
inspection of the stained bands relative to the bands of known amounts of control IgG run

on the same gel.

B. Construction of human recombinant IgG.

The human IgG backbone was obtained from IgGA1 myeloma cell line by RT-
PCR. The recombinant human IgG was cloned by inserting the stated epitopes to replace
the CDR2 or CDR3 regions of the human IgG1 backbone. Briefly, T cell epitopes were
created by PCR mutagenesis and subcloned into the CDR2/CDR3 region. The
recombinant heavy chains were then subcloned into pMG vector (Invivogen, San Diego,
CA) by BamHI and Xbal sites. The heavy chain expression was controlled by the h\CMV
promoter. In parallel, the human kappa light chain was subcloned into the pMG vector
by Stul and Nhel sites. The expression of the light chain was controlled by an EF-1
alpha and HTLV-1 LTR hybrid promoter. The double expression vector carrying both the
recombinant heavy chain and light chain were then transfected into expression cell lines.

The Fe-peptides were constructed by cutting off the VH and CH1 fragment and
replacing it with stated viral or tumor antigens (8-150 Aas). Briefly, the human IgG1
heavy chain was subcloned into pCDNAB vector by EcoRI and Xhol sites. Then the
stated antigens are inserted between the leader sequence and hinge region of IgG1 by
PCR mutagenesis. To increase the flexibility of the fused antigens, an oligo-glycine
linker (5 glycines) was added after the antigen. The expression of human IgG
recombinant molecules can be performed by using either one of the strategies displayed
in Figure 1B.

The human IgG backbone has been selected rationally, based on the ability to
bind to FcyR, complement and cytokine activation in various states. Properties of selected
human IgG backbone are shown in the Figure 1C and the sequence of the constant region
of the heavy chain as well as the schematic depiction of a prospective construct, is shown
in Figure 1D (“human fusion protein”).

Epitopes used for model recombinant IgG are shown in Figure 1E (mouse MHC

class I-restricted HA epitope and mouse MHC class I restricted NP épitope). The
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nomenclature of recombinant constructs is recIgG-epitope (HA or NP)- restriction
element (I-Ed or Kd, respectively). In short, they may be referred to as IgHA or IgNP.
Model molecules comprising defined mouse self epitopes (MBP or PLP derived) were
similarly constructed. The sequence of the variable region of the heavy chain of anti-
arsonate antibody used as the backbone has been depicted in Figure 1E and the
technology is well known in the art (Zaghouani et al., Science 1993 Jan 8;259(5092):224-
7) the contents of which is hereby incorporated by reference.

In Figures 1E-1M, examples of antigens and epitopes (in bold) are provided that
could be inserted (larger parts up to 150 AA spanning one or multiple epitopes) or
attached to the backbone. Such constructs comprising the shown antigens / epitopes may
be used as drugs against infectious or tumoral diseases. In Figure 11 there is the HLA-A2
anchor motif displayed, that allows the prediction of location of potentially therapeutic
cytotoxic epitopes in any protein, facilitating the selection of the antigen fragment to be
used in the recombinant immunoglobulin.

In Figure 1J, examples of “universal” T helper epitopes (Kumar et al. ] Immunol
1992 Mar 1;148(5):1499-505) are provided, both dominant and promiscuous from the
point of view of MHC restriction, that could be used for construction of composite
molecules for the purpose of inducing or enhancing immunity to MHC class I-restricted
epitopes, using compounds such as:

[antigen fragment]-[universal Th epitope]-Fc(IgQ).

Examples of such constructs are schematically represented in Figure 1K (bottom).

In Figure 1K top, examples of human self antigens with epitopes bolded are
shown, that could be used to generate recombinant IgG molecules against autoimmune /
inflammatory disorders.

In Figure 1L and 1M other antigen sequences that could be used for the
construction of above mentioned immunoglobulin constructs are shown. The antigen
fragments of interest could be defined by using methods to predict MHC class I epitopes
(Lim et al., Mol Immunol. 1996 Feb;33[2]:221-30).

C. Complete human IgG
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The use of complete human IgG as a delivery vehicle for autoimmune disease-
related epitopes has been shown to possess a number of distinct advantages over other
methods of epitope peptide delivery. One advantage is the stealthy nature of the
circulating IgG with peptide combined into the CDR (“IgG-peptide”). The use of a self-
protein renders the IgG-peptide blind to the immune system of the recipient. The fact that
the disease-related epitopes are inserted into the IgG CDR region(s) should in fact
increase the stealth of the IgG-peptide since this region naturally carries enormous
variability. Thus, the half-life of the IgG-peptide should mirror that of the endogenous
circulating IgG (i.e., hours to days). The greatly extended half-life of the IgG-peptide
relative to free epitope peptide alone has been shown to significantly enhance the efficacy
of the delivered therapeutic.

The heavy chain human fusion protein (Fig. 1D) carrying a large piece of the
targeted self-protein may not be as stealthy as IgG-peptide because it is not a protein that
is normally found circulating in the blood stream. The unknown final structure of the
fusion protein may be detected as foreign and stimulate an immune response. If this were
to happen, the efficacy of the therapeutic would be lowered and further dosing could
produce untoward side-effects due to allergic responses. Also, the undefined nature of the
protein fragment could lead to further immune responses against self-epitopes that are not
desired.

It has been shown that an important component of the efficacy of IgG-peptide
constructs to positively impact autoimmune disease is the binding and uptake of the IgG-
peptide into APCs through the Fey receptor interactions. Obviously, this requires that the
Fc region of the Ig heavy chain of the IgG possess the appropriate conformation to be
recognized by the receptor. For the IgG-peptide constructs this has been shown to be true,
i.e. epitope peptides can be engineered into the CDR regions and the resulting chimeric
IgG can still be processed by APC. The fusion protein may have greater difficulties, the
final conformation of the human fusion protein will be greatly influenced by the antigen-
containing protein fragment since it will be a significant percentage of the overall
structure. Thus, it is possible that the final structural conformation of a human fusion
protein will not contain an Fc region that maintains a structure that will be as readily

recognized by the Fcy receptor of APCs. Were this is the case, the human fusion protein
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would not be as effective in delivering the epitope petide(s) to the MHC II complex.
However, these problems are avoided with complete naturally occurring human IgG.

Human IgG is exemplary of the basic components of antibody structure as shown
in Figure IN. As shown in Figure IN, Human IgG is comprised of a protein of 150
kilodaltons consisting of two identical heavy (“H”) chains and two identical light (“L”)
chains. Each heavy chain is comprised of VH, CHI, hinge, CH2 and CH3 regions. Each
light chain is comprised of CL and VL regions. Two heavy chains are coupled through
two disulfide bonds on hinge regions while each light chain is coupled with a heavy chain
through one disulfide bond between its CL chain and CH1 region of heavy chain to form
a Y-shaped antibody complex. In solution, human immunoglobulin takes on a more
globular shape.

As stated previously, the structure of human immunoglobulin is determined by its
primary, secondary, tertiary and quaternary protein structure. The antigen binding sites
are primarily located at the VH/VL regions. The specificity between an antigen and an
immunoglobulin are determined by hypervariable regions, or complementarity-
determining regions (CDRs), of the VH/VL regions. Both the heavy chain and light chain
consists of three CDRs: CDR1, CDR2 and CDR3. The CDR regions are exposed on the
surface of immunoglobulins and form the binding sites for the antigens (Silverton, EW et
al, 1977, Kabat, EA et al, 1977). The CH2 and CH3 region of heavy chain form the Fc
portion of immunoglobulin which confers the immunoglobulin biological activity
including opsonization, antibody effector cell-mediated cytotoxicity (ADCC) and
stability in serum. It has been shown that several types of immune cells including
monocytes, neutrophils, natural killer cells and dendritic cells possess Fc receptors on
their cell surface and can bind to the Fc portion on immunoglobulin to mediate its
biological activities.

Three dimensional pairing of the VL and VH regions constitute the antigen-
recognition portion of the "antigen combining site" ("ACS") of the IgG molecule.
Because of the tetrameric nature of immunoglobulins, there are two identical antigen
combining sites per molecule. The variable domains of these chains are highly
heterogenous in sequence and provide the diversity for antigen combining sites to be

highly specific for a large variety of antigenic structures. The heterogeneity of the
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variable domains is not evenly distributed throughout the variable regions, but are located
in three segments, the complementarity determining regions.

Each of the heavy chains includes three or four constant regions (designated CHj,
CH,, CH; and, when appropriate, CH;) depending on antibody class, which do not vary
significantly among antibodies of a single class. The constant regions are not involved
with antigen binding but are involved in "effector functions” such as binding to Fc
receptors on cell surfaces such as with antigen presenting cells ("APCs").

The light chains have a single constant region (Cp). The first constant domain, C,
is formed by the pairing of the Cy, and Cyy;, The second constant domain, C, is formed
from the pairing of the Cyp regions and the third constant domain, Cs , is formed from the
pairing of the Cyj; regions.

As stated in the present application, it has been found that Ig-peptides are much
more efficient in presenting antigens than free peptides and induce potent T or B cell
response. This targeting to FcRs on APCs can markedly reduce the concentration of
antigens required for a significant immune response. The present section is focused on
the engineering strategies to manipulate human immunoglobulin for peptide delivery and
their application for treatment of various diseases.

To clone the full-length heavy chain cDNA from myeloma, the mRNA was
isolated from the myeloma cell line CRL 1621 (ATCC). RLM-RACE (Ambion, Austin,
TX) was carried out using the primers derived from IgG1 hinge regions. 5'-RACE was
done using the 5' adaptor primer and 3' Thinge-specific  primer
(GGGCATGTGTGAGTTTTG). 3-RACE was done using 5' hinge-specific primer
(TTGTGACAAAACTCACACA) and 3' oligo-T primer. The resulted 5'-RACE PCR
product and 3'-RACE PCR product were then ligated using unique restriction site. The
light chain (kappa chain) was also cloned using RLM-RACE using mRNA from the same
source. The complete amino acid sequences of heavy chain and light chain of the human
IgG and its domains are shown in Figure IN — 10. The heavy chain immunoglobulin
serves as the backbone for the incorporation of peptides. The CDR2 and CDR3 regions of
stated IgG1 are 16 amino acid residues and 18 amino acid residues in length respectively.

The peptides can be used to replace the CDR regions.
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Figure 1P shows the universal DNA cassette of immunoglobulin used for
insertion of two peptides and a bridge DNA construct for manipulating of these peptides.
The strategy of cloning will be to delete the DNA fragment covering CDR2 and CDR3
and the spacer regions in between using PCR mutagenesis. Specifically The N-terminal
fragment between leader sequence and upstream of CDR2 is PCR amplified using primer
1: (GATCACCGGTGATGAAACACCTGTGGT) and primer 2:
(TCCAATCCACTCCAGCCCCTT) and another fragment from downstream of CDR3 to
the end of CH3 region is PCR amplified using primer 3: (TGGGGCCAAGGGACC) and
primer 4: (GATGCTAGCTCATTTACCC GGAGA). The two DNA fragments are then
ligated. This DNA cassette is subcloned into pBudCE4.1 vector from Invitrogen
(Carlsbad, CA). The resulted DNA cassette lacking CDR2 and CDR3 regions serves as
the universal DNA cassette for insertion of peptides into immunoglobulin. The peptides
to be iﬁserted are assembled on a different DNA vector PCR-Script (bridge vector,
Stratagene, CA) in a way that two peptides are separated by the original spacer.
Specifically, nucleotide sequences of peptides are used to PCR amplifying the spacer
region between two CDR regions. The resulted PCR product consists of the spacer region
flanked by two peptide sequences. The PCR product is then inserted into universal
cassette to make the recombinant immunoglobulin with CDR2 and CDR3 replaced by
peptides.

Figure 1Q shows a strategy of engineering multiple peptides. The individual
peptides are linked together by PCR mutagenesis through the peptide linker. The
tandemly linked peptides are then fused to the CHI region of the heavy chain. Here
peptide 1 to 4 (Pep1-4) can be the same or different peptides. The aner is oligo-glycines
(up to 10 glycine residues). Speoiﬁcally a DNA sequence corresponding to amino acid

sequence from CH1 to CH3 is PCR amplified using primer 5 (carries the leader sequence

and following CH1 sequence,
(GATGCGGCCGCGTCATGAAACACCTGTGGTTCTTCCTCCTCCTGGTGGCAGC
TCCAGATGGGTCCTGTCCCAG) and primer 6

(GATAGATCTTCATTTACCCGGAGA) and heavy chain ¢cDNA as template. The
resulted PCR product is subcloned into pBudCE4.1 and this construct serves as the

universal cassette for inserting tandemly linked peptides. The peptide DNA is synthesized
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with oligo-glycine linkers and subcloned into this universal cassette. The resulting
construct carries multiple peptides which are preceded by original leader sequence for
antibody secretion. This tandem linkage of peptides can enhance the binding avidity of
peptide ligands to its partners if the peptides used are peptide ligands. This can also
enhance the immune response if the peptides used are T or B cell epitopes.

Figure 1R shows the expression strategy for engineered immunoglobulins. The
pBudCE4.1 vector contains a CMV promoter and EF-1a promoter. Both promoters are
good for efficient expression of two proteins in variety of cell lines including but not
limited to the NSO, SP2/0, 293, CHO and PER.C6 cell lines. The advantage of expressing
heavy chain and light chain on the same vector facilitate the 1:1 ratio of these two chains
and subsequential assembly of immunoglobulin.

Figure 1S shows engineering of peptide ligands to bind receptors or bind to
ligands which can be either agonists or antagonists. Two strategies can be used. One
strategy is to replace the CDR2 and CDR3 regions with two peptides. Another is to fuse
tandemly linked peptide ligands to the CHI region of heavy chain. Since the CDR2 or
CDR3 regions are the regions exposed on the surface of immunoglobulin, the peptides
engineered into CDR2/3 are expected to expose on the Ig surface and keep their binding
properties to the receptors on cell surface or soluble factors. Likewise, recombinant
immunoglobulin with multiple peptides engineered to fuse with CHI also keep the
property to bind to the partners of peptides. One example is the cytokine (e.g. IL-1, TNF-
o) inhibitors. IL-1 and TNF-¢, and important mediators of inflammatory diseases such as
Rheumatoid Arthritis (RA). The blocking of IL-1 and TNF-a provide a therapy for RA.
The recombinant immunoglobulins incorporated with inhibitory peptides for IL-1 and
TNF-a are expected to bind these two cytokines and inhibit their activities. FIt3 ligand
plays an important role in the hematopoiesis by binding to Flt3 receptors on the target
cells, which leads to the expansion of variety of cell lineages such as dendritic cells.

Fig. 1T shows engineering of T cell or B cell epitopes into immunoglobulin to
develop T cell or B cell vaccines. The T cell epitopes can be either MHC-I restricted or
MHC-II restricted epitopes. These disease-associated epitopes can be derived from
autoimmune, cancer or infectious disease. Figure 1T shows: 1) the construct with one T

cell epitope and one B cell epitope to replace the CDR2 and CDR3 regions; 2) two T cell
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epitopes can be engineered to replace CDR2 and CDR3 regions; 3) two B cell epitopes
can be used to replace CDR 2 and CDR3 regions; and 4) mixed epitopes (B or T or both
B and T cell epitopes) can be engineered to fuse with CH1 region of heavy chain. As
shown throughout the application, the epitopes engineered into immunoglobulin are
expected to be internalized into APCs through the interaction between Fc portion of Ig
and Fc receptors. The peptides will be released through the processing of recombinant
immunoglobulin by proteases within the APCs. These processed peptides will then be
presented by MHC molecules to the cell surface. Some examples of T cell epitope for
autoimmune disorders are listed in Figs. 1U and 1V. The T cell epitopes can be inserted
into the immunoglobulins according to the teachings of this application.

Figures 1W — 1Z3 is a chart of T cell epitopes/autoimmune peptides which may
be inserted into the human IgG to form an IgG-peptide as taught in the present
application. The chart is divided into autoimmune peptides for type I diabetes, multiple
sclerosis, good pasture syndrome, primary billary cirrhosis, pemphigus vulgaris and
celiac disease. Other autoimmune peptides are within the teaching of the present
invention. The table lists various ‘T cell epitopes which can be inserted into the human
IgG according to the teachings herein. The table in Figures 1W — 173 also states the
relationship between HLA allele type of the human patient and T cell epitope.

RNA segments

The double stranded RNA (dsRNA) or single stranded RNA (ssRNA) segments
of the present invention can be made according to the following method (and are
available commercially): 1) ssRNA: The polynucleotides (polyA, polyU) are
enzymatically prepared, using nucleotides and polynucleotide-phosphorylase, with no
animal-sourced material entering into its preparation process. 2) dsRNA: Annealing of
polyadenylic acid (polyA or pA) with polyuridylic acid (polyU or pU).

In general, the dsSRNA and ssRNA of the present invention are homopolymers
with, in the case of dsRNA, a single base or nucleotide (e.g., adenine) consistently
forming one strand with its complement consistently forming the other strand. In the case
of ssRNA, the single strand is consistently made of the same nucleotide. However, it is

within the scope of the invention to use dsSRNA or ssRNA compositions that are made up
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of mixed nucleotides (and without or without their complements in the case of dsSRNA).
For example, a polyA:polyU dsRNA segment with occasional substitution by an a non-
complementary nucleotide (e.g., guanine, cytosine or inosine). The dsSRNA and ssRNA
compositions of the present invention are comprised of the bases/nucleotides adenine (A),

guanine (G), cytosine (C), uracil (U) and inosine (I) and could also be comprised of a

small percentage of the DNA base thymine (T). The RNA compositions in Table I and

Figure 8A is descriptive of various RNA compositions used in the Examples. The RNA
compositions of the present invention were prepared and purified according to Example
30.

The various RNA strands used in the present invention are generally between 100
- 2000 base pairs in length but may be between 1 - 20, 20 - 40, 40 - 60, 60 - 80, 80 - 100,
1-100, 100 - 200, 200 - 300, 300 - 400, 400 - 500, 500 - 600, 600 - 700, 800 - 900, 1000
- 1100, 1100 - 1200, 1200 - 1300, 1300 - 1400, 1400 - 1500, 1500 - 1600, 1600 - 1700,
1700 - 1800, 1800 - 1900, 1900 - 2000, 2000 - 2100, 2100 - 2200, 2300 - 2400, 2400 -
2500, 2500 - 3000, 3000 - 4000, 4000 - 5000, 5000 - 10,000 base pairs and greater than

10,000 base pairs in length and/or mixtures thereof.

Example 1 shows that a significant factor limiting the activity of peptides that
encompass T cell epitopes is the poor pharmacekinetics resulting in reduced in vivo
loading of APC.

Antigen presenting cells ("APCs") from 1 naive BALB/c mouse were obtained
from splenic tissue. Following washing, three million APC were incubated with 13.5nM
HA 110-120 peptide for 3 hours at 37°C, in 1 ml of HL-1 medium. The cells were
washed, divided into three equal inoculi and injected (1/2 subcutaneously + 1/2
intraperitoneally) into 3 naive BALB/c mice. The mice were sacrificed 2 weeks later and
the immune response measured against HA 110-120 peptide, by ELISPOT analysis as
follows: the ELISPOT plates (Millipore, Molsheim, France) were incubated with purified
anti-cytokine Abs (4ug/ml for anti-IL2 and anti-IL4, and 8 pg/ml for anti-IFN gamma,
from BD Pharmingen) in sterile PBS (50 pl/well) at 4° C overnight. The next day, the
plates were washed 2 times with DMEM media and blocked with 200pl/well of DMEM

complete containing FBS, for an hour at 37°C, Single cell suspension was made from the
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spleens, red blood cells were lysed, cells washed, counted and incubated at 5x 10° /well
together with 20 pig /ml HA 110-120 peptide or just with media, to assess the
background.

Plates were incubated 72 hours at 37 ° C, 5% CO2. After 3 days, plates were
washed 5 times with PBS-tween20 0.05% (washing buffer), and incubated with 100 pl
/well of biotinylated anti-cytokine Abs, 2 pg /ml in PBS- tween20 0.05% - FBS
0.1%(ELISPOT buffer) overnight at 4 ° C. The next day, the plates were washed five
times with washing buffer, and incubated for an hour with 1:1000 Streptavidin-HRP
diluted in ELISPOT buffer. The reaction was developed with 3-amino-9-ethylcarbazole
substrate (Sigma, St. Luis, MO) and stopped by washing the plate twice with tap water.
Plates were then allowed to dry at room temperature for 24 hours. The data were acquired
using an automated system (Navitar, Rochester, NY) with ImagePro-Plus) software
(Media Cybernetics, Silver Spring, MD). In parallel, 3 naive BALB/c mice were each
injected with 4.50M of HA peptide in sterile PBS, half of it administered subcutaneously
and half of it intraperitoneally. The mice were sacrificed 2 weeks later and the T cell
response characterized as above, by ELISPOT analysis. '

In Figure 2(A), the experimental protocol is described. In Figure 2(B), the results
of the experiment are shown: they were expresséd as number of IFN-y, IL-2 and IL-4
spot forming colonies / spleen, after the subtraction of the background (mean + SEM).
"HA-APC" corresponds to antigen presenting cells (dendritic cells) loaded ex vivo prior
to adoptive transfer. "HA" corresponds to peptide directly injected into animals.

The results described in the Figs. 2A - 2B show that while the injection of the
peptide epitope in saline was not immunogenic, a similar dose of peptide used for ex vivo
loading of APC effectively triggered a substantial immune response upon adoptive
transfer. This shows that if directly injected, the peptide does not effectively reach APC,

a prerequisite for effective induction of an immune response.

Example 2 demonstrates that incorporation of a peptide epitope within the IgG
ameliorated its pharmacokinetics profile.

BALB/c Scid mice (3/group) were injected intravenously with 60nM of
SFERFEIFPKE ("HA") [Seq. 1D. No. 5] peptide or 2.4nM of recHA (I-Ed)-IgG ("Ig-
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HA™) and blood was harvested at various intervals. Serum was immediately separated
and promptly frozen at -70°C. Later, the serum samples were incubated with 2x10*
cells/well/50ul HA-specific T cell hybridoma (TcH) and 1x10* cells/well/50ul M12 B
cell lymphoma APC, in serum free HL-1 medium at 37°C and 5% CO, for 24 hours. The
next day the plate was centrifuged for 15min/4°C/1500RPM, then the supernatant was
flicked, the cells were fixed with cold freshly made fixing solution (2% Formaldehyde,
0.2% Glutaraldehyde in 1X PBS) and the plate was again centrifuged for
3min/4°C/1500RPM. Fixing solution was flicked off the plate, cells washed once with
PBS 200 ul/well, centrifuging the plate for 3min/4° C/1500RPM. PBS was flicked off the
plate and cells were incubated overnight at 37° C with 200ul/well of the X-gal substrate
freshly prepared as follows: 200ul of the X-gal stock solution, (40 mg/ml in DMSO) in
10m! of substrate buffer (5SmM Potassium Ferrocyanide, SmM Potassium Ferricyanide,
2mM MgCl 2 in 1X PBS). The blue activated TcH were scored visually using the
microscope. | |

The activation of TcH was represenied as function of time post-injection. The
epitope could be detected in the blood only in the case of mice injected with recHA(I-
Ed)-IgG, for an interval of about one day. In contrast, the HA peptide injected as is, was
not detected in the periphery despite being used in large molar excess (25 fold).

Thus, the results described in Fig. 3 show that delivery of epitope within Ig

backbone considerably favored its stability in the systemic circulation.

Example 3 shows that a peptide encompassing a T cell epitope is ineffectively
presented by APC to specific T cells in the presence of serum and this is corrected
by incorporation of the peptide epitope within the IgG backbone.

Figure 4(A) shows the detrimental effect of serum on the presentation of a T cell
epitope peptide: M12 B cell lymphoma APC were incubated with TcH in the presence of
various amounts of SFERFEIFPKE (HA) peptide in serum-free HL-1 medium
("HA+HL-1") or HL-1 medium supplemented with 20% mouse serum from BALB/c scid
mice ("HA+serum"). The number of cells incubated was 2x10*M12 and 1x10* TcH /
100pt of HL-1 medium supplemented or not with serum. The next day the plate was

centrifuged for 15min/4°C/1500RPM, then the supernatant was flicked, the cells were
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fixed with cold freshly made fixing solution (2% Formaldehyde, 0.2% Glutaraldehyde in
1X PBS) and the plate was again centrifuged for 3min/4° C/1500RPM. Fixing solution
was flicked off the plate, cells washed once with PBS 200 pl /well, centrifuging the plate
for 3min/4° C/1500RPM. PBS was flicked off the plate and cells were incubated
overnight at 37 ® C with 200pul/well of the X-gal substrate freshly prepared as follows:
200ul of the X-gal stock solution, (40 mg/ml in DMSO) in 10ml of substrate buffer
(5mM Potassium Ferrocyanide, 5mM Potassium Ferricyanide, 2mM MgCl 2 in 1X PBS).
The blue activated TcH were scored visually using the microscope.

The serum negatively interfered with the formation and / or presentation of

immunogenic MHC-peptide complexes.

Figure 4B: the serum negatively interfered with the formation and / or presentation of
immunogenic MHC-peptide complexes.

This phenomenon was further studied by sequential incubation of peptide ("HA
peptide") or recHA (I-Ed)-IgG ("IgHA") first with APC or serum, followed by addition
after 1 hour of TcH and serum, or APC and TcH, respectively. Control corresponds to
cells incubated with antigens in the absence of added serum ("Cirl"). The number of cells
incubated was 2x10*M12 and 1x10* TcH / 1001 of HL-1 medium supplemented or not
with serum. The next day the plate was centrifuged for 15min/4°C/1500RPM, then the
supernatant was flicked, the cells were fixed with cold freshly made fixing sclution (2%
Formaldehyde, 0.2% Glutaraldehyde in 1X PBS) and the plate was again centrifuged for
3min/4°C/1500RPM. Fixing solution was flicked off the plate, cells washed once with
PBS 200 pl /well, centrifuging the plate for 3min/4°C/1500RPM. PBS was flicked off the
plate and cells were incubated overnight at 37° C with 200p/well of the X-gal substrate
freshly prepared as follows: 200l of the X-gal stock solution, (40 mg/ml in DMSO) in
10ml of substrate buffer (SmM Potassium Ferrocyanide, SmM Potassium Ferricyanide,
2mM MgCl 2 in 1X PBS). The blue activated TcH were scored visually using the
microscope.

The results are represented as percentage of activated T cells (beta-gal” TcH) /
well at concentrations of 2ptg/ml of recHA (-BY-1gG ("IgHA") or 40pg/ ml of HA

peptide (1,000 molar excess relative to the recombinant Ig). The results described in the

43



10

15

20

25

30

WO 2007/022477 PCT/US2006/032512

Fig. 4 show that pre-incubation of peptide with serum resulted in decreased TcH
activation. Addition of serum after APC pulsing did not have an effect on TcH activation.
In contrast, the formation of MHC-peptide complexes was not impaired by serum when
the recombinant immunoglobulin carrying the peptide was used instead of the peptide

alone.

Example 4 shows that incorporation of a T cell peptide epitope within an IgG
backbone improves its presentation to specific T cells by APC, with a rate
depending on the nature of APC.

As shown in Figure 5A, ex vive formation of MHC-peptide complexes on antigen
presenting cells (APCs) from spleen was‘ measured as follows: splenic APC were isolated
by magnetic sorting using anti-MHC II antibodies. Separation by using magnetic beads
coupled with anti-MHC II was carried out using magnetic cell separators and reagents
from Miltenyi Biotec, Germany as follows: spleens were processed to single cell
suspension, red blood cells lysed, then cells washed, counted and resﬁspended in MACS
buffer (PBS supplemented with 2 mM EDTA and 0.5% BSA). Magnetically labeled cells
were passed through a separation column which is placed in the magnetic field of a
MACS separator. The magnetically labeled positive fraction is retained in the column
while the negative fraction runs through. After removal of the column from the magnetic
field, the magnetically retained positive cells are eluted from the column, cells are
washed, counted, resuspended in HL1 complete media and they were incubated with
specific T cell hybridoma recognizing I-E+SFERFEIFPKE overnight, in the presence of
various amounts of SFERFEIFPKE (“HA”) peptide or recHA(I-Ed)-IgG (“IgHA”). Per
well, 2x10* APC were incubated with 1x10* TcH. The next day the plate was centrifuged
for 15min/4°C/1500RPM, then the supernatant was flicked, the cells were fixed with cold
freshly made fixing solution (2% Formaldehyde, 0.2% Glutaraldehyde in 1X PBS) and
the plate was again centrifuged for 3min/4°C/1500RPM. Fixing solution was flicked off
the plate, cells washed once with PBS 200 pl /well, centrifuging the plate for
3min/4°C/1500RPM. PBS was flicked off the plate and cells were incubated overnight at
37° C with 200pl/well of the X-gal substrate freshly prepared as follows: 200ul of the X-
gal stock solution, (40 mg/ml in DMSO) in 10ml of substrate buffer (5mM Potassium
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Ferrocyanide, SmM Potassium Ferricyanide, 2mM MgCl 2 in 1X PBS). The blue
activated TcH were scored visually using the microscope. The number of activated TcH

was quantified and the results expressed as activation versus molar amount of epitope.

(B) A protocol similar to that described above has been applied to M12 B cell lymphoma
APC.

Thus, the results described in the Figure 5B show that the relative efficiency of
MHC-peptide complex formation greatly varied depending on the nature of antigen and
APC. On a molar basis, the peptide epitope within the IgG backbone was 10 times more
effectively handled by MHC II+ APC from lymphoid organs and 1000 times more
effectively handled by transformed B cell lymphoma cells, as compared to the free
peptide itself, Thus, the cellular handling of the epitope and formation of MHC-peptide

complexes subsequent to delivery within IgG, greatly varies with the nature of APC.

Example 5 shows that FeyR-mediated delivery of a peptide encompassing a T cell
epitope results in more effective cellular handling and presentation by cell

populations (peripheral blood white cell) containing reduced numbers of
professional APC.

(A) To quantify the APC, peripheral blood mononuclear cells (PBMC) were separated by
Ficoll gradient centrifugation from BALB/c mice and FACS analysis for expression of
CD11¢, CD11b and B220 was carried out. The results are represented in Figure 6A as
percentage of APC and T cells in blood versus a prototype secondary lymphoid organ
(spleen). The number of professional APC such as CD11e+ cells is tremendously (2 logs)
decreased in blood as compared to spleen. B220+ and CD11b+ cells were decreased as

well (1 order of magnitude). The following materials and methods were used.

Materials:
Ficoll: Ficoll-hypaque (1.077, Amersham, cat# 17-1440-02)
Antibodies: CD11b cat#01715A, CD11c cat# 557401, B220 cat#01125A, all PE
conjugated (BD PharMingen)
Flow Cytometer: FACSCalibur, Becton Dickinson
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FACS Buffer: PBS, 1% FCS, 0.1% sodium azide.

Methods:
1. Animal blood was harvested and mononuclear cells were separated by Ficoll
gradient separation.
2. Cells were suspended and labeled with fluorescently-tagged anti-mouse CD-11c,
CD11b or B220 at 2 ug/ml for 20 minutes on ice
3. Cells were washed once and resuspended in 300 ul of FACS buffer
4. Flow cytometric analysis was carried out to determine fractions of total cell

population which labeled with each specific antibody

(B) PBMC were used as APC with SFERFEIFPKE (HA)-specific TcH, in the presence of
cognate peptide or recHA (I-Ed)-IgG. The cells were co-incubated for 24 hours (2x10*
APC + 1x10* TcH). The next day the plate was centrifuged for 15min/4C/1500RPM, then
the supernatant was flicked, the cells were fixed with cold freshly made fixing solution
(2% Formaldehyde, 0.2% Glutaraldehyde in 1X PBS) and the plate was again centrifuged
for 3min/4°C/1500RPM. F ixing solution was flicked off the plate, cells washed once with
PBS 200 pl /well, centrifuging the plate for 3min/4°C/1500RPM. PBS was flicked off the
plate and cells were incubated overnight at 37°C with 200 pl/well of the X-gal substrate
freshly prepared as follows: 200p! of the X-gal stock solution, (40 mg/m! in DMSO) in
10ml of substrate buffer (SmM Potassium Ferrocyanide, 5mM Potassium Ferricyanide,
2mM MgCl 2 in 1X PBS). The blue activated TcH were scored visually using the
microscope. The results are expressed as number of activated TcH / well, at different
molar concentrations of epitope.

The results described in the Figures 6A - 6B show that the peptide epitope within
IgG backbone was more effective on a molar basis (1 order of magnitude) than the
peptide alone in inducing TcH activation when handled by blood-derived APC,
suggesting that in suboptimal conditions associated with limiting numbers of professional

APC, the Ig backbone greatly facilitates the creation of MHC-peptide complexes.
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Example 6 shows that delivery of a T cell epitope within IgG backbone dramatically
improves the loading and presentation of epitope by APC in the secondary (draining
lymph nodes + spleen) but not central lymphoid organs. The emulsification of the
peptide epitope in IFA or increase of dose 100 fold could net reproduce the same
degree of loading. Thus, epitope insertion within the IgG backbone removes limiting
factors associated with peptide-based strategy, that cannot be otherwise
compensated by dose escalation or depot effect.

Assessment of in vivo formation of MHC-peptide complexes and a comparison
with peptide in saline or standard oil-in-water emulsion were carried out in I-Ed*
BALB/c mice. BALB/c mice were treated with recHA (I-Ed)-IgG, peptide in saline or
peptide emulsified in incomplete Freund’s adjuvant (IFA), by subcutaneous and
intraperitoneal injection (doses depicted in Figure 7B). At 24 hours, the local
(mesenteric) lymphoid nodes (LN), spleen and thymus were harvested, single cell
suspensions were made, red blood cells lysed from the spleens, LN and thymus were
collagenase digested. All cells were washed, counted and incubated with TcH
recognizing [-Ed+SFERFEIFPKE (MHC class [[-HA) complexes. The number of TcH
was 1x10* / well. The formation of such MHC — peptide complexes was evaluated by

titrating the number of APC with constant number of TcH and measuring TcH activation

after overnight incubation. The next day the plate was centrifuged for

15min/4°C/1500RPM, then the supernatant was flicked, the cells were fixed with cold
freshly made fixing solution (2% Formaldehyde, 0.2% Glutaraldehyde in 1X PBS) and
the plate was again centrifuged for 3min/4°C/1500RPM. Fixing solution was flicked off
the plate, cells washed once with PBS 200 pl /well, centrifuging the plate for
3min/4°C/1500RPM. PBS was flicked off the plate and cells were incubated overnight at
37° C with 200ul/well of the X-gal substrate freshly prepared as follows: 200p1 of the X-
gal stock solution, (40 mg/ml in DMSO) in 10ml of substrate buffer (SmM Potassium
Ferrocyanide, 5mM Potassium Ferricyanide, 2mM MgCl 2 in 1X PBS). The blue
activated TcH were scored visually using the microscope.

The data are expressed as TcH activation versus APC number (Figure 7A) and as
estimated percentage of APC expressing MHC-peptide complexes (Figure 7B), based on

in vitro standard curve obtained as depicted in the previcus Examples, 5 and 6.
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The data presented in the Figures 7A - 7B show that the use of oil-in-water
adjuvant (IFA) modestly enhanced the in vivo formation of MHC-peptide complexes on
APC of lymph nodes but not spleen or thymus. Substantial dose escalation of peptide in
saline or in emulsion is not paralleled by proportional enhancement in the generation of
loaded APC and/or MHC — peptide complexes on APC in vivo. In contrast, use of peptide
within Ig backbone enhances the formation of MHC peptide complexes considerably, on
APC from secondary lymphoid organs such as lymph nodes and spleen. The formation of
MHC II- peptide complexes on APC from thymus remained limited, similar to that
conferred by peptide alone. The enhancement factor conferred by incorporation of
peptide within the IgG was unexpectedly high (approximately 2-3 orders of magnitude),
indicating that other factors, in addition to cellular handling (e.g. the above described
pharmacokinetics and protective effects), were involved. Even 100 fold dose escalation
of peptide alone, in saline or IFA, could not restore the iz vivo loading of APC noted with

peptide within IgG backbone.

Example 7 shows that among the three major APC subsets (DC,
monocytes/macrophages and B cells) that express FeyR, the CDilc+ (DC) and
CD11b+ (mostly monocytes) rather than B cells are the most potent on a per cell
basis in presenting the peptide epitope subsequent to in vivo delivery via IgG
backbone. The efficiency of APC loading and resulting presentation is substantially
higher than that resulting from delivery of free peptide.

In vivo formation of MHC - peptide complexes on APC has been assessed subsequent
to the administration of peptide epitope within IgG backbone followed by separation of

various subsets of APC.

(A)  Separation by using magnetic beads coupled with anti-MHC II or anti-CD11c
mAb is carried out using magnetic cell separators and reagents from Miltenyi Biotec,
Germany as follows: spleens were processed to single cell suspension, red blood cells
lysed, then cells washed, counted and resuspended in MACS buffer (PBS supplemented
with 2 mM EDTA and 0.5% BSA). Magnetically labeled cells were passed through a
separation column which is placed in the magnetic field of a MACS separator. The

magnetically labeled positive fraction is retained in the column while the negative
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fraction runs through. After removal of the column from the magnetic field, the
magnetically retained positive cells are eluted from the column, cells are washed,
counted, resuspended in HL1 complete media and incubated in ELISPOT plates. Usually,
from the total number of approximately 90 million splenocytes separated / 1 BALB/c
mouse approximately 20 millions bind to magnetic beads coupled to anti-MHC II
antibody and 3 millions interact with anti~-CD11¢ mAb. Thus, less than 20 percent of
splenocytes are able to present MHC class Il restricted epitopes and approximately 2-3
percent are dendritic cells (see Figure 8A). These figures were confirmed by FACS
analysis using specific antibodies. 4
(B)  The in vivo loading of APC and formation of MHC II - peptide complexes on
MHC II+ splenocytes has been assessed comparatively in Balb/c mice injected
intravenously with 0.72 uM of recHA (I-Ed)-IgG ("IgHA") or 18 uM of HA peptide. At
24 hours, MHC class II+ APC were isolated from spleen by MACS as above, and
incubated with peptide specific TcH (1x1 0 /well), in dose response manner. The next day
the plate was centrifuged for 15min/4°C/1500RPM, then the supernatant was flicked, the
cells were fixed with cold freshly made fixing solution (2% Formaldehyde, 0.2%
Glutaraldehyde in 1X PBS) and the plate was again centrifuged for 3min/4°C/1500RPM.
Fixing solution was flicked off the plate, cells washed once with PBS 200 pl /well,
centrifuging the plate for 3min/4°C/1500RPM. PBS was flicked off the plate and cells
were incubated overnight at 37° C with 200ul of the X-gal substrate freshly prepared as
follows: 200ul of the X-gal stock solution, (40 mg/ml in DMSO) in 10ml of substrate
buffer (SmM Potassium Ferrocyanide, 5SmM Potassium Ferricyanide, 2mM MgCl 2 in 1X
PBS). The blue activated TcH were scored visually using the microscope.

The results are expressed in Figure 8B as number of activated TcH / well. As a
control, MHC II+ APC from naive BALB/c mice were incubated in vitro, overnight, with
an optimal concentration of HA peptide (50ug/ml), extensively washed and incubated in
different numbers with TcH as above. The results show that the formation of MHC II-
peptide complexes on splenic APC is at least 2 orders of magnitude more effective when

the epitope is delivered within IgG backbone.
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(C) A comparative assessment of the in vivo loading of various APC subsets after
administration of recHA (I-Ed)-IgG has been carried out by magnetic separatipn of
CDl1c+, CD11b+ and CD19+ APC using the same protocol as above, using CD11c,
CD11b and CD19 microbeads from Miltenyi Biotec. At 24 hours after intravenous
injection with 0.72 uM of recombinant immunoglobulin, the APC were isolated and
incubated in a dose effect manner with a constant number of peptide specific TcH. After
additional 24 hours, the assay was developed as above and results expressed as number of
activated TcH / well. The results in Figure 8C show that on a per cell basis, use of peptide
within IgG backbone led to predominant formation of immunogenic MHC II - peptide
complexes on CD11ct+ APC (dendritic cells), followed by CD11b+ monocytes and very
ineffectively on CD19+ B cells.

(D) A comparison between the efficiency of in vivo formation of MHC II - peptide
complexes on CD11c+ APC subsequent to peptide versus recombinant Ig delivery has
been carried out following treatment of mice as described in the section B above. The
CD11c+ splenic DC were isolated by MACS using CD 11c microbeads and incubated in
different numbers with 1x10* TcH / well. Activated TcH were quantified as above and
the results expressed as number of X-gal+ T cells / well. As a control, CD11c+ APC from
naive mice loaded ex vivo with peptide were used as described in section B. The results in
Figure 8D show that formation of MHC II peptide complexes was at least three orders of
magnitude more effective when the peptide epitope was delivered within IgG backbone.
In conclusion, delivery of a peptide epitope within an IgG backbone resulted in
more effective formation of MHC II - peptide complexes on CD11c+ DC. In addition, the
efficiency of APC loading and formation of MHC II - peptide complexes was
substantially higher when the peptide was delivered within IgG backbone. The results in
Figs. 8A - 8D show that use of FcgR mediated delivery of peptides results in preferential
formation of immunogenic MHC II - peptide complexes on CD11c+ and CD11b+ APC.

Example 8 shows a prolonged persistence in vivo of MHC-peptide complexes on
APC (DC and monocytes) following administration via an IgG backbone.
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The persistence of MHC II - peptide complexes on specific APC subsets was
measured by magnetic separation of CD11c+ DC and CD11b+ monocytes at various
intervals subsequent to intravenous injection of 2uM of recHA (I-Ed)-IgG. In brief,
magnetic separation was carried out using magnetic cell separators and reagents from
Miltenyi Biotec, Germany as follows: spleens were processed to single cell suspension,
red blood cells lysed, then cells washed, counted and resuspended in MACS buffer (PBS
supplemented with 2 mM EDTA and 0.5% BSA). Magnetically labeled cells were passed
through a separation column which is placed in the magnetic field of a MACS separator.
The magnetically labeled positive fraction is retained in the column while the negative
fraction runs through. After removal of the column from the magnetic field, the
magnetically retained positive cells are eluted from the column, cells are washed,
counted, resuspended in HL1 complete media and incubated. Different numbers of
separated APC (A - CD11b+ monocytes, B - CD11c+ dendritic cells, C - whole
splenocyte population) were incubated overnight with 1x104 TcH specific for the HA
peptide.

As a control, APC from naive mice were used that were in vitro loaded with
optimal amounts of HA peptide (50 pg /ml), overnight and washed prior to incubation
("ctr]"). The next day the plate was centrifuged for 15min/4°C/1500RPM, then the
supernatant was flicked, the cells were fixed with cold freshly made fixing solution (2%
Formaldehyde, 0.2% Glutaraldehyde in 1X PBS) and the plate was again centrifuged for
3min/4°C/1500RPM. Fixing solution was flicked off the plate, cells washed once with
PBS 200 pl /well, centrifuging the plate for 3min/4°C/1500RPM. PBS was flicked off the
plate and cells were incubated overnight at 37° C with 200pl/well of the X-gal substrate
freshly prepared as follows: 200pl of the X-gal stock solution, (40 mg/ml in DMSO) in
10ml of substrate buffer (SmM Potassium Ferrocyanide, SmM Potassium Ferricyanide,
2mM MgCl 2 in 1X PBS). The blue activated TcH were scored visually using the
microscope and the number of activated TcH / well was plotted against the number of
APC harvested at various intervals after treatment.

The results show long lasting expression of peptide onto endogenous MHC II, on
both DC and monocytes. The complexes persisted between 1 and 2 weeks on these two

APC subsets, in the conditions employed in this assay (strategy of APC separation and
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detection of MHC II - peptides). Thus, the results in Figs. 9A - 9C show that the MHC—
peptide complexes on selected APC formed subsequent to in vivo delivery of epitope via

Ig are long-lived.

Example 9 shows that the y chain of the Fc receptors (I and III) is essential for
effective in vivo loading and presentation of a T cell epitope delivered within IgG
backbone, by DC and monocytes.

The dependency of APC loading on the interaction with FcyR was studied by
administration of 2 uM of recHA(I-Ed)-IgG to BALB/c mice that lack a functional FcR
gamma gene. One day after intravenous treatment, the CD11¢+ and CD11b+ APC from
spleen were separated by MACS. Separation by using magnetic beads coupled with anti-
CD11c and anti-CD11b antibodies was carried out using magnetic cell separators and
reagents from Miltenyi Biotec, Germany as follows: spleens were processed to single cell
suspension, red blood cells lysed, then cells washed, counted and resuspended in MACS
buffer (PBS supplemented with 2 mM EDTA and 0.5% BSA). Magnetically labeled cells
were passed through a separation column which is placed in the magnetic field of a
MACS separator. The magnetically labeled positive fraction is retained in the column
while the negative fraction runs through. After removal of the column from the magnetic
field, the magnetically retained positive cells are eluted from the column, cells are
washed, counted, resuspended in HL1 complete media and they were incubated in
different numbers with 1x10* TcH specific for the HA peptide, overnight. As a control,
APC from FcR gamma competent BALB/c mice were used. The next day the plate was
centrifuged for 15min/4°C/1 500RPM, then the supernatant was flicked, the cells were
fixed with cold freshly made fixing solution (2% Formaldehyde, 0.2% Glutaraldehyde in
1X PBS) and the plate was again centrifuged for 3min/4°C/1500RPM. Fixing solution
was flicked off the plate, cells washed once with PBS 200 pl /well, centrifuging the plate
for 3min/4°C/1500RPM. PBS was flicked off the plate and cells were incubated
overnight at 37° C with 200pl/well of the X-gal substrate freshly prepared as follows:
200y of the X-gal stock solution, (40 mg/ml in DMSO) in 10ml of substrate buffer
(5mM Potassium Ferrocyanide, SmM Potassium Ferricyanide, 2mM MgCl 2 in 1X PBS).

The blue activated TcH were scored visually using the microscope. The results are
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expressed as number of activated TcH / well for different APC subsets: CD11c+ DC (A)
and CD11b+ monocytes (B), or as control, whole splenic population (C).

The results (Fig. 10) clearly show that the formation of MHC II - peptide
complexes on DC and monocytes, subsequent to IgG mediated delivery of peptide
epitope, is critically dependent on ITAM+ FegR that encompass the gamma chain. In
addition, gamma chain negative FcR isoforms cannot compensate for the absence of

gamma chain+ FcR isoforms, in that regard.

Example 10 shows that the efficiency of T cell activation by a peptide delivered
within the IgG backbone is dependent on the expression of Y chain+ FeyR (that
promote activity) and FcyRIIB (that limit the activity) on APC. In addition, this
experiment shows that ITIM-bearing FcyRIIB keeps in check the immune response
to a peptide delivered within IgG backbone.

The differential role of FcR gamma+ versus gamma- isoforms to the immune
response triggered by peptide epitope within IgG backbone, was studied by ex vivo
loading of APC followed by adoptive transfer. Splenocytes from wild type, FcR gamma-
or FcRIIB- BALB/c mice were incubated for 3 hours at 37°C as follows: 10 million cells
/1 ml of serum free HL-1 medium were admixed with 50ug/ml of HA 110-120 peptide or
10ug/ml of recHA(I-Ed)-IgG. Subsequently, the cells were washed and adoptively
transferred into naive BALB/c mice (1 million cells suspended in 200ul serum free HI -1
and divided into 2 equal inoculi administered subcutaneously and intraperitoneally).
After 2 weeks, the recipient mice were sacrificed, spleens harvested and the T cell
response to the HA 110-120 peptide measured by ELISPOT analysis as follows: the
ELISPOT plates (Millipore, Molsheim, France) were incubated with purified anti-
cytokine Abs (4ug/ml for anti-IL.2 and anti-IL4, and 8 pg/ml for anti-IFN gamma, from
BD Pharmingen) in sterile PBS (50 pl/well) at 4° C overnight. The next day, the plates
were washed 2 times with DMEM media and blocked with 200 pl/well of DMEM
complete containing FBS, for an hour at 37°C, Single cell suspension was made from the

spleens, red blood cells were lysed, cells washed, counted and incubated at 5x 10° /well
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together with 50 pg /ml HA 110-120 peptide or just with media, to assess the
background. ‘

Plates were incubated 72 hours at 37 ° C, 5% CO2. After 3 days, the plates were
washed 5 times with PBS-tween20 0.05% (washing .buffer), and incubated with 100 pl
/well of biotinylated anti-cytokine Abs, 2 pg /ml in PBS- tween20 0.05% - FBS
0.1%(ELISPOT buffer) overnight at 4 ° C.

The next day plates were washed five times with washing buffer, and incubated
for an hour with 1:1000 Streptavidin-HRP diluted in ELISPOT buffer. The reaction was
developed with 3-amino-9-ethiylcarbazole substrate (Sigma, St. Luis, MO) and stopped
by washing the plate twice with tap water. Plates were then allowed to dry at room
temperature for 24 hours. The data were acquired using an automated system (Navitar,
Rochester, NY) with ImagePro-Plus) software (Media Cybernetics, Silver Spring, MD).
The results are expressed in Figure 11 as frequency of cytokine producing (A: IL-2, B:
IL-4, and C: IFN-gamma) spot forming colonies obtained by incubation with medium
only, or medium supplemented with HA 110-120 peptide (10ug/ml) (mean -+ SEM of
triplicates, corresponding to 3 mice / group).

The results (Fig. 11) show that the expression of the gamma chain of ITAM+
FcgR isoforms is necessary for the induction of T cell response to APC loaded with
peptide within IgG backbone. This was not necessary for the immunogenic effect of APC
pulsed with peptide. Conversely, absence of ITIM+ FcgRII results in profound increase
of the T cell response to APC pulsed with recombinant IgG but not HA peptide.
Together, these data show that the T cell response to recombinant IgG bearing a peptide
epitope is determined by a complex interplay between ITAM+ and ITIM+ Fegamma
receptors on APC.

Example 11 shows that unexpectedly, various subsets of APC in vivo loaded with
epitope inserted within IgG backbone, differentially induce distinct regulatory
subsets: while monocytes induce Th2 and Tr1 cells more effectively, both dendritic
cells and monocytes induce Th3 cells. In addition, on a cell population level, the
CD11b+ moenocytes are more potent than the dendritic cells in triggering a
regulatory response following IgG-mediated delivery of T cell epitope.
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Four BALB/c mice were injected intravenously with 2uM of recHA (I-Ed)-IgG.
One day later, the spleens were harvested and APC were isolated by MACS using anti-
CDl1c, anti-CD11b or anti-CD19 monoclonal antibodies coupled with magnetic beads.
Separation by using magnetic beads coupled with anti-CD11b, anti-CD11c and anti-
CD19 mAb is carried out using magnetic cell separators and reagents from Miltenyi
Biotec, Germany as follows: spleens were processed to single cell suspension, red blood
cells lysed, then cells washed, counted and resuspended in MACS buffer (PBS
supplemented with 2 mM EDTA and 0.5% BSA). Magnetically labeled cells were passed
through a separation column which is placed in the magnetic field of a MACS separator.
The magnetically labeled positive fraction is retained in the column while the negative
fraction runs through. After removal of the column from the magnetic field, the
magnetically retained positive cells are eluted from the column, cells are washed,
counted, resuspended in serum free HL-1 medium as follows: 3x10%ml CD11¢" DC,
28x10%/ml CD11b" or 84x10°%/ml of CD19* B' cells. This numerical distribution respects
the proportion of the APC subsets isolated from the splenic tissue. Celils were transferred
into naive BALB/c mice by subcutaneous and intraperitoneal injection (100+100ul /
mouse, n=2 mice / group). At 2 weeks after the adoptive transfer, mice were sacrificed
and T cell response measured by ELISPOT (IL-4 and IFN-y) or measurement of cytokine
production in cell culture supernatants, by ELISA TGF-1 kit (R&D Systems, cat #
DY?240) and IL-10 kit (Biosource international, cat#KMC0104).

The results are expressed in Figure 12 as number of spot forming colonies / spleen
(average of duplicates; panels A, B) or amount of cytokine measured in supernatants
(pg/ml, average of duplicates; panels C, D) at various concentrations of HA peptide used
for restimulation. The results (Fig. 12, panels A - D) clearly show that unexpectedly, and
in contrast with the potency / cell basis (Example 8), at the organism level, the CD1 1b*
monocytes have the highest impact on the immune response to a peptide epitope
delivered within the IgG backbone. Thus, the CD1 1b* APC subset induced both Th2, Trl
and Th3 cells. In contrast, the CD1 1¢" DC induced Th3 cells and more reduced Th2
response. Finally, despite their substantial number, the CD19" B cells were poor inducers
of T cell immunity to the peptide epitope within the IgG backbone. No significant Thl

responses were induced by either of the APC subsets tested.
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Example 12 shows that the loading of APC in vivo with a peptide delivered within
IgG backbone results in induction of Th2 but net Thl immunity.

BALB/c mice were immunized with 100 pg of recHA (I-Ed)-IgG ("IgHA"), or a
molar equivalent amount of HA peptide epitope (21g), by subcutaneous injection and
sacrificed 2 weeks later. The immune response was measured by ELISPOT analysis
using splenocytes from treated mice as responders, and mitomycin-treated splenocytes
from naive mice as stimulators, as follows: the ELISPOT plates (Millipore, Molsheim,
France) were incubated with purified anti-cytokine Abs (4ug/ml for anti-IL2 and anti-
IL4, and 8 pg/ml for anti-IFN gamma, from BD Pharmingen) in sterile PBS (50 pl/well)
at4°C overnight. The next day, the plates were washed 2 times with DMEM media and
blocked with 200pl/well of DMEM complete containing FBS, for an hour at 37° C.
Single cell suspension was made from the spleens, red blood cells were lysed, cells
washed, counted and incubated at 5x 10° /well together with 20 pg /ml HA 110-120
peptide or just with media, to assess the background.

Stimulator cells were prepared from naive mice as follows: single cell suspension
was prepared from spleens, red blood cells were lysed, cells were washed, resuspended in
HL1 complete and mitomycin treated for 30 minutes. Afterwards, cells were washed 3
times, counted and resuspended in serum free HLl media. The plates were incubated 72
hours at 37 °C, 5% CO2. After 3 days, the plates were washed 5 times with PBS-tween20
0.05% (washing buffer), and incubated with 100 pul /well of biotinylated anti-cytokine
Abs, 2 pg /ml in PBS- tween20 0.05% - FBS 0.1%(ELISPOT buffer) overnight at 4 ° C.

The next day, the plates were washed five times with washing buffer and
incubated for an hour with 1:1000 Streptavidin-HRP diluted in ELISPOT buffer. The
reaction was developed with 3-amino-9-ethylcarbazole substrate (Sigma, St. Luis, MO)
and stopped by washing the plate twice with tap water. The plates were then allowed to
dry at room temperature for 24 hours. The data were acquired using an automated system
(Navitar, Rochester, NY) with ImagePro-Plus) software (Media Cybernetics, Silver
Spring, MD).

The results are expressed in Figure 13 as number of IL-4-producing (A) or IFN-y

producing (B) T cell colonies / spleen (mean + SEM of triplicates) when splenocytes
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were restimulated with 10pg/ml of HA peptide or cell culture medium alone. Thus, this
Example shows that FcgR-mediated delivery of T-cell epitope within recombinant Ig
backbone results in Th2 rather than Thl response.

Example 13 shows that the repeated loading of APC in vivo with a peptide delivered
within IgG backbone results in induction of Th3 and Trl immunity.

BALB/c mice were immunized with 40ug of heat aggregated (15 mins at 63°C) of
recHA (I-Ed)-IgG ("IgHA") administered by intranasal instillation boosted 2 weeks later
by subcutaneous injection with 100ug of recombinant immunoglobulin in saline. As
controls, mice primed with heat aggregated IgG2b isotype control were used. After an
additional 2 weeks, the mice were sacrificed and T cell response assessed by in vifro
restimulation of splenocytes with HA peptide by ELISPOT analysis as follows: the
ELISPOT plates (Millipore, Molsheim, France) were incubated with purified anti-
cytokine Abs (4ug/ml for anti-IL2 and anti-IL4, and 8 pg/ml for anti-IFN gamma, from |
BD Pharmingen) in sterile PBS (50 pl/well) at 4°C gvernight. The next day, the plates
were washed 2 times with DMEM media and blocked with 200pl/well of DMEM
complete, containing FBS, for an hour at 37°C.

Single cell suspension was made from the spleens, red blood cells were lysed,
cells washed, counted and incubated at 5x 10° /well together with 20 pg /mi HA 110-120
peptide or just with media, to assess the background. Plates were incubated 72 hours at
37°C, 5% CO2. After 3 days, plates were washed 5 times with PBS-tween20 0.05%
(washing buffer), and incubated with 100 pl /well of biotinylated anti-cytokine Abs, 2 g
/ml in PBS- tween20 0.05% - FBS 0.1%(ELISPOT buffer) overnight at 4 oc.

The next day, plates were washed five times with washing buffer and incubated
for an hour with 1:1000 Streptavidin-HRP diluted in ELISPOT buffer. The reaction was
developed with 3-amino-9-ethylcarbazole substrate (Sigma, St. Luis, MO) and stopped
by washing the plate twice with tap water. Plates were then allowed to dry at room
temperature for 24 hours.

The data were acquired using an automated system (Navitar, Rochester, NY) with
TmagePro-Plus) software (Media Cybernetics, Silver Spring, MD). The TGF-beta and IL-
10 production were measured by ELISA TGF-1 kit (R&D Systems, cat # DY240) and
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IL-10 kit (Biosource international, cat¥KMC0104). The results are expressed as cytokine
concentration (average of triplicates) after subtraction of background.

The data, as shown in Figure 14, show that mucosal priming with epitope bearing
recombinant immunoglobulin resulted in differentiation of Th3 and Tr1 cells that were

expanded subsequently by systemic boosting.

Example 14 shows that only a virus, but not the conventional adjuvant CFA, was

able to trigger significant Thl response to a peptide epitope inserted within the IgG
backbone.

BALB/c mice were immunized intraperitoneally with 100ug of recHA (I-Ed)-IgG
in saline, emulsified in Complete Freund's Adjuvant ("CFA") or with 105 TCID50 of
influenza virus strain WSN, that bears the HA epitope. At 2 weeks after immunization,
the mice (n=3/group) were sacrificed and the T cell response to HA peptide measured by
ELISPOT analysis as follows: the ELISPOT plates (Millipore, Mblsheim, France) were
incubated with purified anti-cytokine Abs (4ug/ml for anti-IL2 and anti-IL4, and 8 pg/ml
for anti-IFN gamma, from BD Pharmingen) in sterile PBS (50 ul/well) at 4°C overnight.
The next day, the plates were washed 2 times with DMEM media and blocked with
200pl/well of DMEM complete containing FBS, for an hour at 37° C.

Single cell suspension was made from the spleens, red blood cells were lysed, cells
washed, counted and incubated at 5x 10° /well together with 20 pg /ml HA 110-120
peptide or just with media, to assess the background.

Plates were incubated 72 hours at 37 ° C, 5% CO2. After 3 days, the plates were
washed 5 times with PBS-tween20 0.05% (washing buffer), and incubated with 100 pl
/well of biotinylated anti-cytokine Abs, 2 pg /ml in PBS- tween20 0.05% - FBS
0.1%(ELISPOT buffer) overnight at 4 ° C. The next day, plates were washed five times
with washing buffer, and incubated for an hour with 1:1000 Streptavidin-HRP diluted in
ELISPOT buffer. The reaction was developed with 3-amino-9-ethylcarbazole substrate
(Sigma, St. Luis, MO) and stopped by washing the plate twice with tap water. The plates
were then allowed to dry at room temperature for 24 hours.

The data were acquired using an automated system (Navitar, ':?Rochester, NY) with

ImagePro-Plus) software (Media Cybemetics, Silver Spring, MD). The résults are
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represented as mean+SEM of frequency of cytokine producing colonies in the spleen.
The results in Fig. 15 show that a peptide epitope within the IgG backbone triggers a
cellular response of Th2 profile that is enhanced but not switched by a conventional

adjuvant (CFA). In contrast, the profile afforded by live virus immunization was Th1

biased.

Example 15 shows that the presentation of peptide epitope subsequent to IgG
mediated delivery results in a T cell response that could be further manipulated by
increasing co-stimulation with anti-CD40mAb, recombinant IL-12 or synthetic
dsRNA.

Dendritic cells from naive BALB/c mice were harvested by MACS from splenic
cell suspensions as follows: separation by using magnetic beads coupled with anti-CD11c
was carried out using magnetic cell separators and reagents from Miltenyi Biotec,
Germany as follows: spleens were processed to single cell suspension, red blood cells
lysed, the cells washed, counted and resuspended in MACS buffer (PBS supplemented
with 2 mM EDTA and 0.5% BSA). Magnetically labeled cells were passed through a
separation column which is placed in the magnetic field of a MACS separator. The
magnetically labeled positive fraction is retained in the column while.the negative
fraction runs through. After removal of the column from the magnetic field, the
magnetically retained positive cells are eluted from the column, cells are washed,
counted, resuspended in HL1 complete media and were pulsed ex vivo in serum free HL-
1 medium for 2 hours, at a concentration of 3 million / ml, with 50ug/ml of recHA(I-Ed)-
IgG alone or supplemented with Sng/ml of recIL-12, 50ug/ml of double stranded RNAs
(pA:pU or pL:pC). Alternatively, the cells were incubated with recombinant Ig and wells
precoated with 10ug/ml of anti-CD40 mAb. The cells were harvested, washed and
adoptively transferred to naive BALB/c mice (300,000 delivered half subcutaneously and
half intraperitoneally) in serum free HL-1 medium.

At 2 weeks, the mice were sacrificed and T cell responses measured against HA
by ELISPOT analysis as follows: the ELISPOT plates (Millipore, Molsheim, France)
were incubated with purified anti-cytokine Abs (4ug/ml for anti-IL2 and anti-IL4, and 8

ug/ml for anti-IFN gamma, from BD Pharmingen) in sterile PBS (SOliJ.l/WCH) at4°C
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overnight. The next day, the plates were washed 2 times with DMEM media and blocked
with 200ul/well of DMEM complete containing FBS, for an hour at 37°C.

Single cell suspension was made from the spleens, red blood cells were lysed,
cells washed, coun{ed and incubated at 5x 10° /well together with 50 pg /ml HA 110-120
peptide or just with media, to assess the background. Plates were incubated 72 hours at
37°C, 5% CO2. After 3 days, plates were washed 5 times with PBS-tween20 0.05%
(washing buffer) and incubated with 100 pul /well of biotinylated anti-cytokine Abs, 2 ng
/ml in PBS- tween20 0.05% - FBS 0.1%(ELISPOT buffer) overnight at 4 O C. The next
day plates were washed five times with washing buffer and incubated for an hour with
1:1000 Streptavidin-HRP diluted in ELISPOT buffer. The reaction was developed with 3-
amino-9-ethylcarbazole substrate (Sigma, St. Luis, MO) and stopped by washing the
plate twice with tap water. The plates were then allowed to dry at room temperature for
24 hours.

The data were acquired using an automated system (Navitar, Rochester, NY) with
ImagePro-Plus) software (Media Cybernetics, Silver Spring, MD). The results are shown
as mean + SEM (n=3) of the frequency of spot forming colonies associated with IL-2 or
IL-4 production, after subtraction of the background, for each ex vivo stimulatory
combination.

The results in Fig. 16 show that peptide presentation by APC, subsequent to
loading with antigen by using recombinant IgG as delivery platform, occurs in context of
limited co-stimulation. IL-12, anti-CDA40 or synthetic dsSRNA can all enable APC loaded
with antigen via FcgR, to prime IL-2 and enhanced IL-4 producing T cell immunity
against the cognate (HA) peptide.

Example 16: The activity of the long-lived IL-4 producing Th2 cells triggered by in
vivo loading of APC with IgG-peptide is dependent on the continusus interaction
with endogenous APC and requires competent CD4.

BALB/c mice were immunized with 100 ug of recHA (I-Ed)-IgG or HA peptide
subcutaneously, sacrificed at 2 weeks and the T cell response measured by ELISPOT
analysis as follows: the ELISPOT plates (Millipore, Molsheim, France) were incubated
with purified anti-cytokine Abs (4ug/ml anti-IL4, from BD Pharmingen) in sterile PBS
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(50 pl/well) at 4° C overnight. The next day, the plate was washed 2 times with DMEM
media and blocked with 200pl/well of DMEM complete containing FBS, for an hour at
37°C.

Single cell suspension was made from the spleens, red blood cells were lysed,
cells washed, counted and incubated at 5x 10° /well together with 20 pug /ml HA 110-120
peptide or just with media, to assess the background. The plate was incubated 72 hours at
37°C, 5% CO2. After 3 days, the plate was washed 5 times with PBS-tween20 0.05%
(washing buffer) and incubated with 100 pl /well of biotinylated anti-cytokine Abs, 2 g
/ml in PBS- tween20 0.05% - FBS 0.1%(ELISPOT buffer) overnight at 4 °c.

The next day, the plate was washed five times with washing buffer and incubated
for an hour with 1:1000 Streptavidin-HRP diluted in ELISPOT buffer. The reaction was
developed with 3-amino-9-ethylcarbazole substrate (Sigma, St. Luis, MO) and stopped
by washing the plate twice with tap water. The plate was then allowed to dry at room
temperature for 24 hours. The data were acquired using an automated system (Navitar,

Rochester, NY) with ImagePro-Plus) software (Media Cybernetics, Silver Spring, MD).

- (A)  During the HA stimulation phase, blocking anti-CD4 or anti-CD8 mAb was added

at 10ug/ml in selected wells. The results are expressed in Fig. 17A as mean+SEM of
number of HA-stimulated IL-4 producing colonies per spleen, after subtraction of
background (n=3 mice / group).

(B)  Splenocytes from mice immunized with recombinant Ig as above, were incubated
in elispot plate as is or after magnetic depletion of endogenous MHC II+ APC with
MHC II+ from naive BALB/c mice, with medium alone or in the presence of 10ug / ml of
HA peptide. Separation by using magnetic beads coupled with anti-MHC II was carried
out using magnetic cell separators and reagents from Miltenyi Biotec, Germany as
follows: spleens were processed to single cell suspension, red blood cells lysed, then cells
washed, counted and resuspended in MACS buffer (PBS supplemented with 2 mM
EDTA and 0.5% BSA). Magnetically labeled cells were passed through a separation
column which is placed in the magnetic field of a MACS separator. The magnetically
labeled positive fraction is retained in the column while the negative fraction runs
through. After removal of the column from the magnetic field, the magnetically retained

positive cells are eluted from the column, cells are washed, counted, reéuspended in HL1
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complete media and were incubated in the ELISPOT assay, protocol to follow. The
ELISPOT plates (Millipore, Molsheim, France) were incubated with purified anti-
cytokine Abs (4ug/ml for anti-IL2 and anti-IL4, and 8 pg/ml for anti-IFN gamma, from
BD Pharmingen) in sterile PBS (50 ul/well) at 4% C overnight. The next ddy, the plates
were washed 2 times with DMEM media and blocked with 200ul/well of DMEM
complete containing FBS, for an hour at 37°C. Single cell suspension was made from the
spleens, red blood cells were lysed, cells washed, counted and incubated at 5x 10° fwell
together with 50 pg /ml HA 110-120 peptide or just with media, to assess the
background.

The plates were incubated 72 hours at 37 0C, 5% CO2. After 3 days, the plates
were washed 5 times with PBS-tween20 0.05% (washing buffer) and incubated with 100
pl /well of biotinylated anti-cytokine Abs, 2 pg /ml in PBS- tween20 0.05% - FBS
0.1%(ELISPOT buffer) overnight at 4 ° C.

The next day, the plates were washed five times with washing buffer and
incubated for an hour with 1:1000 Streptavidin-HRP diluted in ELISPOT buffer. The
reaction was developed with 3-amino-9-ethylcarbazole substrate (Sigma, St. Luis, MO)
and stopped by washing the plate twice with tap water. Plates were then allowed to dry at
room temperature for 24 hours.

The data were acquired using an automated system (Navitar, Rochester, NY) with
ImagePro-Plus) software (Media Cybernetics, Silver Spring, MD) and the results
expressed as mean + SEM of the frequency of IL-4 producing T cells. The results in Figs.
17A - 17B show that the activity of HA specific IL-4 producing T cells triggered by
administration of recHA(I-Ed)-IgG is dependent on CD4 rather CD8. In addition, the
long lived IL-4 production by primed T cells depends on stable interaction with

endogenous APC.

Example 17 shows that FeyR-mediated delivery of a T cell epitope is more effective
than the peptide in differentially affecting the phenotype of activated, specific T
cells: dose-dependent down regulation of IL-2, IFN-y, and 114, with up-regulation
of YL-10 and TGF-B.
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Activated SFERFEIFPKE-specific T cells were separated from BALB/c mice
immunized 2 weeks previously with 100pg peptide in CFA. They were incubated with
mitomycin treated splenocytes in the presence of various amounts of recHA(I-Ed)-IgG or
corresponding peptide. The expansion and cytokine production (IFN-y, IL-4, IL-2) was
estimated by ELISPOT analysis as follows: the ELISPOT plates (Millipore, Molsheim,
France) were incubated with purified anti-cytokine Abs (4ug/ml for anti-IL2 and anti-
IL4, and 8 pg/ml for anti-IFN gamma, from BD Pharmingen) in sterile PBS (50 pl/well)
at4°C overnight. The next day, the plates were washed 2 times with DMEM media and
blocked with 200ul/well of DMEM complete containing FBS, for an hour, at 37° C.
Single cell suspension was made from the spleens, red blood cells were lysed, cells
washed, counted and incubated at 5x 10° /well together with 20 ug /ml HA 110-120
peptide or just with media, to assess the background.

The plates were incubated 72 hours at 37 °C, 5% CO2. After 3 days, the plates
were washed 5 times with PBS-tween20 0.05% (washing buffer) and incubated with 100
ul /well of biotinylated anti-cytokine Abs, 2 ug /ml in PBS- tween20 0.05% - FBS
0.1%(ELISPOT buffer) overnight at 4 OC. The next day, the plates were washed five
times with washing buffer, and incubated for an hour with 1:1000 Streptavidin-HRP
diluted in ELISPOT buffer. The reaction was developed with 3-amino-9-ethylcarbazole
substrate (Sigma, St. Luis, MO) and stopped by washing the plate twice with tap water.
The plates were then allowed to dry at room temperature for 24 hours.

The data were acquired using an automated system (Navitar, Rochester, NY) with
ImagePro-Plus) software (Media Cybernetics, Silver Spring, MD). In addition, TGF-f
and IL-10 production were measured by ELISA at 48 hours after incubation using TGF-
B1 kit (R&D Systems, cat # DY240) and IL-10 kit (Biosource international,
cat#KMC0104).The results are expressed as frequency of spot forming cells (SFC) or
concentration of cytokine versus amount of antigen added in vitro.

The results in Fig. 18 show that the IgG mediated delivery of a T cell epitope has
a profound and differential effect on the expansion and cytokine production by activated
T cells: IL-2, IFN-y and surprisingly IL-4, were down-regulated in a dose-related manner.
The Ig-peptide was substantially more effective in modulating the cytokine production, as

compared to the peptide itself. In contrast, only the Ig-peptide turned on'effectively the
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production of IL-10 and TGF-beta in a dose-dependent manner. Thus, the T cell epitope
in context of Ig backbone, but not separately, differentially modulated the function of

activated cells.

Example 18 shows that surprisingly, a peptide delivered within the IgG backbone,
that is not an immune complex nor is a receptor cross-linking antibody, results in
induction of a class I restricted immune response. This response had a different
profile from that triggered by live virus (Tc2 type consisting in IL-4 but not IFN-
v production).

BALB/c mice were injected with 50pg of recNP(Kd)-IgG encompassing the
MHC class I-restricted peptide TYTQTRALV (Seq. LD. No. 6) by subcutaneous
injection. The mice were sacrificed 2 weeks later and peptide-specific cytokine
production was measured by ELISPOT analysis as follows: the ELISPOT plates
(Millipore, Molsheim, France) were incubated with purified anti-cytokine Abs (4ug/ml
for anti-IL2 and anti-IL4, and 8 pg/ml for anti-IFN gamma, from BD Pharmingen) in
sterile PBS (50 pl/well) at 4% C overnight. The next day, the plates were washed 2 times
witﬁ DMEM media and blocked with 200pl/well of DMEM complete containing FBS,
for an hour at 37° C. ‘

Single cell suspension was made from the spleens, red blood cells were lysed,
cells washed, counted and incubated at 5x 10° /well together with various concentrations
of NP peptide. The plates were incubated 72 hours at 37 0C, 5% CO2. After 3 days, the
plates were washed 5 times with PBS-tween20 0.05% (washing buffer) and incubated
with 100 pl /well of biotinylated anti-cytokine Abs, 2 pg /ml in PBS- tween20 0.05% -
FBS 0.1%(ELISPOT buffer) overnight at 4 % C. The next day the plates were washed five
times with washing buffer and incubated for an hour with 1:1000 Streptavidin-HRP
diluted in ELISPOT buffer. The reaction was developed with 3-amino-9-ethylcarbazole
substrate (Sigma, St. Luis, MO) and stopped by washing the plate twice with tap water.
The plates were then allowed to dry at room temperature for 24 hours.

The data were acquired using an automated system (Navitar, Rochester, NY) with
ImagePro-Plus) software (Media Cybernetics, Silver Spring, MD). The results are

expressed in Figure 19A as total number of spot forming colonies (SFC) / spleen (mean
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of n=3). As controls, naive mice or mice injected intraperitoneally with 10° TCIDsg of
live WSN influenza virus were used.

The results in Fig. 19A - 19B show that in contrast to viral immunization with an
influenza virus strain bearing the cognate peptide, Ig-mediated peptide delivery was
ineffective in triggering IFN-y producing Tcl cells. However, Ig-peptide administration
still resulted in formation of MHC class I-peptide complexes and induced significant NP-

specific MHC class I-restricted T cell immunity consisting in IL-4 producing Tc2 cells.

Example 19 shows that in vivo leading of selected APC with disease associated
epitopes suppressed an aggravated form of autoimmunity by expanding rather than
ablating, epitope-specific autoreactive T.

SJL mice were injected subcutaneously with 200l of rat brain homogenate
emulsified in Complete Freund’s Adjuvant and boosted with 50ng of pertussis toxin at 6
hours and 2 days. The mice developed an aggravated, progressive form of paralytic
disease. Half of the mice received via subcutaneous injection a combination of
recombinant immunoglobulins bearing the MBP and the PLP epitopes (recMBP(I-As)-
IgG; recPLP(I-As)-1gG), respectively (150ug/molecule, on day 8, 12, 18 after induction
of disease). In Fig. 20(a), the mean clinical score for treated and non-treated mice is
represented, respectively (n=8).

After a period of observation of 70 days, the mice were sacrificed, spleens
harvested and elispot analysis carried out as follows: the ELISPOT plates (Millipore,
Molsheim, France) were incubated with purified anti-cytokine Abs (4ug/mi for and anti-
IL4, and 8 pg/ml for anti-IFN gamma, from BD Pharmingen) in sterile PBS (50 pl/well)
at4°C overnight. The next day, the plates were washed 2 times with DMEM media and
blocked with 200p1/well of DMEM complete containing FBS for an hour at 37° C.
Single cell suspension was made from the spleens, red blood cells were lysed, cells
washed, counted and incubated at 1x 10° /well together with 20 pg /ml of peptides (PLP
or MBP) or just with media, to assess the background.

The plates were incubated 72 hours at 37 °C, 5% CO2. After 3 days, the plates
were washed 5 times with PBS-tween20 0.05% (washing buffer) and incubated with 100

ul /well of biotinylated anti-cytokine Abs, 2 pg /ml in PBS- tween20 0.05% - FBS 0.1%
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(ELISPOT buffer) overnight at 4 0 C. The next day, the plates were washed five times
with washing buffer, and incubated for an hour with 1:1000 Streptavidin-HRP diluted in
ELISPOT buffer. The reaction was developed with 3-amino-9-ethylcarbazole substrate
(Sigma, St. Luis, MO) and stopped by washing the plate twice with tap water. Plates were
then allowed to dry at room temperature for 24 hours.

The data were acquired using an automated system (Navitar, Rochester, NY) with

. ImagePro-Plus) software (Media Cybernetics, Silver Spring, MD). The results (Figure 20

B) were expressed as frequency of IL-4 producing T cell colonies in the absence of added
PLP peptide plotted against the frequency of IFN-y-producing T cells in condition of
peptide stimulation. Mice progressing to full-blown limb paralysis (score equal to or
higher than 1.5) were represented with closed symbols. Mice that did not progress to limb
paralysis were represented with open symbols. In Figure 20C, the total number of IL-4
spot forming colonies / spleen (mean+SEM) in condition of in vitro stimulation was
represented with nil, MBP or PLP peptide. An additional control, consisting of
splenocytes from mice treated with IgG2b isotype control, has been included. In parallel,
in vitro culture was carried out in the presence of neutralizing anti-IL-4 mAb (40pg/ml)
and the number of IFN-y-producing T cells was represented in the panel D.

The results in Figs. 20A - D show that co-administration of MBP and PLP
epitopes by using recombinant IgG significantly curbed the chronic progression of
disease. The mice protected from paralysis developed unexpectedly, an enhanced
reactivity to self-epitopes MBP and PLP, manifested by increased basal and peptide-
stimulated IL-4 or IFN-y production, respectively. Finally, the reactivity of IFN-y-
producing T cells is kept in check by IL-4 suggesting a complex immunomodulatory

mechanism triggered by lgG-mediated delivery of epitopes.

Example 20 summarizes the impact of IgG / FeyR-mediated delivery of epitopes on
the T cell response, based on data provided in the Examples 1-19.

First, the loading of APC T cell response to IgG-mediated delivery of T cell
epitopes is controlled by two functionally opposing receptors: ITIM and ITAM Fc
(gamma')-bearing receptors on APCs. ITIM" FeyRIIB limits the degree of activation of T
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cells and gamma" FcRs are required for effective formation of MHC-peptide complexes
when epitopes are delivered via the IgG backbone. Such in vivo delivery of epitope
results in effective formation of MHC — peptide complexes on peripheral CD1 1c" and
CD11b" APCs, but not thymic APCs. However, the interplay between ITIM™ and ITAM"
FcyRs makes the nature and magnitude of resulting T cell response difficult to predict
without experimentation.

The data in Fig. 21 show that IgG-delivery of peptide epitope results in exposure
of T cells to peptide-loaded APC in context of limited co-stimulation, having a
differential effect on naive versus activated T cells: 1) de novo induction of Th2, Tc2,
Th3, Trl cells; and, 2) downregulation of activated Th1, Th2 cells with stimulation of
activated Tr1 and Th3 cells. The overall effect is immunomodulatory, rather than pro-

inflammatory (associated with Thl and Tcl immunity).

Example 21. Naturally occurring dsRNA bridges the innate with adaptive immune
response. Example 21 shows that natural, non-infectious double stranded RNA
produced during infection with influenza virus, has substantial effects on the
specific immune response to a protein antigen.

Permissive MDCK cells were infected with WSN influenza virus (10% TCIDsp /
1x10° cells) and after 24 hours, the cells were harvested, washed and the total RNA
extracted using an RNA separation kit (Qiagen, Valencia, CA). The RNA was further
purified by treatment with RNAse-free DNAsel (Stratagene, San Diego, CA). The single
stranded RNA in the samples was then removed by 30 minutes incubation at 37°C with
5U of S1 nuclease (Ambion, Inc., Austin-TX) / pg of RNA. The RNA was analyzed prior
to and subsequent to the digestion by gel electrophoresis. The absence of infectious
properties of the purified dsSRNA was confirmed by standard influenza virus titration. As
a control, material purified and treated similarly, from 10° non-infected MDCK cells was
used. The concentration of nucleic acid was measured by spectrophotometry (Az6onm) and
the absence of endotoxin confirmed by Limulus assay. The purified dsRNA and control
RNA were used individually, or as a mixture with gp140 recombinant antigen (25pg of

RNA and 2 pg of antigen in 25ml of sterile PBS).
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After demonstrating lack of infectivity, 40pg of dsSRNA or control RNA were
admixed with 40ug of recombinant truncated antigen (gp140 of HIV envelope) and were
administered to BALB/c mice by intranasal instillation (n=3/group). Additional controls
were animals immunized with 40pg of gp140 protein in saline (n=3 / group). The mice
were boosted once, at 2 weeks after priming. Blood was harvested 2 weeks after the
boost, sera prepared and the antibody response against gp140 measured by ELISA. In
brief, wells were coated with antigen (2ppg/ml of gp140) and blocked with SeaBlock
(Pierce, Rockford-IL, catalog # 37527). Serial dilutions of serum and bronchoalveolar
lavage fluid were incubated for at least 2 hours at room temperature. After washing, the
assay was developed with anti-mouse IgG antibody coupled with alkaline phosphatase
(Sigma, cat# A7434) followed by addition of substrate (pNPP, Sigma, cat# N2765) and
measurement by using an automatic microtiter plate reader (Molecular Devices,
ThermoMax) equipped with SoftMax software. .

In Fig. 22A, the general principle of the experiment is illustrated. In Fig. 22B,
the absorption after assay development is represented, corresponding to various serum
dilutions, in case of whole IgG. In Fig. 22B, the absorption at 1/50 serum dilution, in case
of IgG2a and IgG1 antibody isotypes, is represented.

Overall, the data in Figs. 22A - B show that natural, non-infectious dsRNA from
influenza virus-infected MDCK cells, has an unexpected enhancing effect on the adaptive
response to a prototype antigen. Both IgG1 and IgG2a antibody responses were increased

showing that a strong T helperl and T helper 2 response was induced.

Example 22. Effects of selected RNA motifs on the innate immune response:
heterogeneous motifs. This Example shows, unexpectedly, that different synthetic
RNA motifs have a distinct effect on the adaptive specific immune response to a
protein antigen.

Figure 23 A shows an extensive library of synthetic RNA motifs that were
grouped in pools and used for a two-tier screening process as follows:
(A)  The mice were immunized intratracheally with RNA pools, followed by 2 boosts
two weeks apart, carried out by intranasal instillation. The antibody response measured
(Fig. 23 B) by ELISA was expressed as mean + SEM of IgG endpoint titers (n=4/group).
As controls, dose-matched OVA in sterile PBS was used, OVA with cholera toxin
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subunit B (CTB) and PBS alone, respectively. In brief, wells were coated with antigen
(10pg/ml of OVA) and blocked with SeaBlock (Pierce, Rockford-IL, catalog # 37527).
Serial dilutions of serum and bronchoalveolar lavage fluid were incubated for at least 2
hours at room temperature. After washing, the assay was developed with anti-mouse IgG
antibody coupled with alkaline phosphatase (Sigma, cat# A7434) followed by addition of
substrate (pNPP, Sigma, cat# N2765) and measurement by using an automatic microtiter

plate reader (Molecular Devices, ThermoMax) equipped with SoftMax software.

(B)  The effect of various dsRNA motifs on the inductioﬁ of antibody response to
OVA: the results are expressed as in Fig. 23 C. The data are representative for two
independent experiments. INSET: the ratio between mean IgG2a and IgG1 titers to OVA.
For this pﬁrpose, biotin-conjugated anti-mouse IgG1 and IgG2a antibodies were used
followed by incubation with streptavidin-AKP conjugate. The order from left to right is
similar as in the main panel in Fig. 23C: PBS OVA, CTB OVA, pC:pG OVA, pL:pC
OVA and pA:pU OVA.

(C)  The magnitude and profile of T cell response induced by OVA together with
various dsSRNA motifs, in female C57BL/6 mice. For the measurement of cellular
response, splenic cell suspensions were obtained by passing the organ through 70 micron
nylon Falcon strainers (Becton Dickinson, cat# 352350) followed by lysis of red blood
cells with red blood cell lysis buffer (Sigma, cat# R7757). The lymphocytes from the
pulmonary associated lymphoid tissue were isolated by collagenase (Sigma, cat# C9891)
digestion of lung tissue followed by Ficoll-Paque (Amersham Pharmacia, cat# 17-1440-
02) gradient centrifugation. The T cell response was measured by ELISPOT analysis as
follows: 96-well 45 micron mixed cellulose ester plates (Millipore, catiMAHA S4510)
were coated with 4pg/ml of rat anti-mouse anti-IFNy, IL-2 or IL-4 monoclonal antibodies
(BD-PharMingen, cat#554430, cat#18161D, cat# 554387 respectively). After blocking
with 10% FCS in sterile saline for 1 hour at 37°C, spleen cell suspensions were added at
5x10° cells / well, with or without antigens / peptides. For stimulation, graded amounts of
antigen (OVA) were used. At 72 hours after stimulation, the assay was developed with

biotinylated rat anti-mouse cytokine antibodies (BD-PharMingen) followed by
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streptavidin-HRP (BioSource Int., Camarillo, CA) and insoluble AEC substrate. The
results were measured using an automatic imaging system (Navitar/Micromate) equipped
with multiparametric-analysis software (Image Pro, Media Cybernetics). The results are
expressed in Figure 23 D as mean + SEM of the number of IFN-y and IL-4 spot-forming-
colonies (SFC) per spleen (n=4/group). The results are representative for two independent
experiments.

The results in Figs. 23B - D show that different synthetic RINAs have an
enhancing effect on the B and T cell response to a prototype protein antigen. In addition,
different motifs, comprising specific nucleotide combinations, have specific effects in

terms of T1 versus T2 induction and subsequently, immunoglobulin isotype switching.

Example 23. Use of selected synthetic RNA motifs facilitates the induction of MHC
class I-restricted Tel cells, producing IFN-y.

(A)  Cross-priming stimulated by dsRNA motifs was studied in BALB/c mice treated
(priming plus 2 boosts) with 10pg of recombinant-engineered ILIIV gpl40 antigen
together with pA:pU. The response was measured by ELISPOT analysis as described in
Example 22, using in vitro stimulation with the MHC class I-restricted cognate peptide
R10K derived from the V3 domain. As a control, dose-matched gp140 antigen was used.
The results are expressed in Figure 24A as mean + SEM of the number of IFN-y and 11L.-4
SFC / spleen (n=4/group).

(B)  Cross-priming stimulated by dsRNA motifs was studied in C57BL/6 mice treated
with 100ug of whole OVA together with pA:pU by ELISPOT analysis as described in
Example 22, using in vitro stimulation with the MHC class I-restricted peptide
SIINFEKL (Seq. LD. No. 43). As a control, dose-matched OVA antigen in saline or
sterile PBS was used. The results are expressed in Figure 24B as mean + SEM of the
number of [FN-y and IL-4 SFC / spleen (n=4/group).

The results in Figures 24A - B show that a selected synthetic RNA motif was
able to promote increased T cell immunity to different MHC class I-restricted peptides
encompassed within larger antigens (polypeptides). This immune response comprised a

Tel component, consisting in IFN-y-producing MHC class I-restricted T cells.
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Example 24 shows that unexpectedly, different synthetic RNA motifs bind to
different receptors; in other words, there are multiple receptors that discriminate
among RNA motifs.

In vitro binding of CD11b* APC by fluorescently-tagged pA:pU was measured by
FACS analysis. The MACS-separated APC were incubated at 4°C for 30 minutes with
10pg/ml of tagged pA:pU ([pA:pU]-F), washed and analyzed. Alternatively, APC were
preincubated for 10 minutes with 20 or 100pg/ml of non-tagged pA:pU, pA or pl:pC
respectively, before staining with tagged pA:pU and FACS analysis. The profiles of
stained (open area), non-stained (filled area) cells and the percentage of highly stained
APC were represented in each panel, with logarithmic x axis. The data are representative

of two independent measurements with 10,000 events acquired for each sample.

Materials:

1. Mouse CD11b, CD11c Magnetic Separation Beads: Miltenyi Biotec, cat#130-049-
601, cat#130-052-001 respectively;

2. ULYSIS Nucleic Acid Labeling Kit: Alexa 488, Molecular Probes cat#U21650;

3. RNA Motifs:

e pA:pU, (Sigma, Lot #22K4068);

e plpC, (Sigma, Lot# 52K4047);

* pA, (Sigma, Lot#22K4022);

FACS Buffer: PBS, 1% FCS, 0.1% sodium azide;

MACs buffer: PBS, 2mM EDTA, 0.5% BSA;

Collagenase Buffer: 0.225mg BSA, 0.0062mg collagenase in 50ml RPMI; and,

70um cell strainer: (Falcon /Becton Dickinson, cat#352350.

R

Methods:

I. Labeling of RNA Motifs:

1. Inthe following protocol, each RIVA motif was tagged with the ULYSIS Alexa 488
label.
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II. Splenocyte preparation:
1. Isolate splenocytes and lung cells from 4 female C57 BL/6 mice;
* Lung cells, in contrast to splenocytes, must be minced and incubated in
collagenase buffer for 30 minutes at 370C prior to the following step;
e Pass through 70um falcon cell strainer;
e Wash and resuspend in MACS buffer:
2. Label with either CD11b or CD11c specific MACS beads following suggested
protocol;
3. Cells were then treated with:
* Non-tagged pA, pA:pU, or pI:pC (20 or 100ug/ml) for 10 minutes at room
temperature;
o ULYSIS tagged pA or pA:pU was added at 1.5ug/tube and 10ug/tube,
respectively, to match dye:dsRNA ratio of each motif,
4. Mix and incubate 30 minutes on ice.

5. Wash once and resuspend in FACS buffer

IIL. Flow Cytometry:
Run flow cytometric analysis to determine / compare competitive inhibition of tagged

versus non-tagged RNA motifs and cell receptor binding.

The results in Figure 25 show that pA:pU and pl:pC bind to different cellular
receptors. Since pl:pC binds to TLR3, it results that additional receptors distinct from

TLR3 are involved in RNA recognition immune function.

Example 25 shows that selected synthetic RNA motifs trigger in vivo expression of
chemokine genes, of importance for immunological activity.

Local up-regulation of chemokine gene-expression by dsRNA motifs was
measured by DNA array technique usiné RNA from the pulmonary tissue, extracted one
day after the administration via the respiratory tract. Total RNA was isolated from lungs
using an RNeasy kit (Qiagen, Valencia, CA). The RNAs were further purified by
treatment with RNase-free DNase I (Stratagene, San Diego, CA). DNA array was
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performed by using the Nonrad-GEArray kit from SuperArray Inc. (Bethesda, MD).
Briefly, cDNA probes were synthesized using MMLYV reverse transcriptase with dNTP
mix containing biotin-16-dUTP. The GEArray membranes were prehybridized at 68°C
for 1-2 hours. The hybridization was carried out by incubation of the membranes with
biotin-labeled cDNA. The hybridized membranes were washed in 2xSSC - 1% SDS
twice and 0.1xSSC - 0.5% SDS twice. The membranes were further incubated with
alkaline phosphatase-conjugated streptavidin (BioSource Int., Camarillo, CA) and finally
developed with CDP-Star chemiluminescent substrate. The intensity of signal was
measured with Image-Pro analysis system equipped with Gel-Pro software (Media
Cybernetics, Silver Springs, MD).

The results are expressed as fold-increase of gene expression, over expression
levels measured in the pulmonary tissue of non-treated mice. The pattern of chemokine
expression triggered by dsRNAs (50 ug of pA:pU and pI:pC, respectively) was compared
to that induced by 1 pg of LPS. The chemokines that selectively bind to receptors on Thl
and Th2 cells were indicated with continuous and interrupted contouts, respectively.

The results in Figure 26 show that pA:pU and pl:pC trigger expression of a wide
range of chemokines and that the expression pattern is motif-dependent and different

from that elicited by LPS (endotoxin).

Example 26 shows that selected synthetic RNA motifs mobilize an immune defense
that is capable to control infection with a pulmonary virus.

dsRNA motifs display differential ability to mobilize immune defense against
influenza virus infection.C3H/HeJ mice were treated via the respiratory route with 50pg
of pL:pC, pA:pU or 50ul of saline one day before and after pulmonary infection with a
sublethal dose of influenza virus. For virus challenge, C57BL/6 and TLR4-/- C3H/HelJ
mice under Metofane anesthesia were infected with sublethal doses (10° tissue culture
infective doses 50% - TCIDsp) of live WSN virus, via the nasal route. On day 5 after
infection, the mice were sacrificed, lungs retrieved, homogenized and stored at —70°C.
The virus titers were measured by 48-hour incubation of serial dilutions of samples with
permissive MDCK cells, followed by standard hemagglutination with chicken red blood

cells (From Animal Technologies). The endpoint titers were estimated in triplicate
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measurements by interpolation and expressed as TCIDs, / organ (means + SEM;
n=6/group; results are representative of two independent studies in C3H/HeJ TLR-4-/-
and competent mice). Similar results were obtained in TLR4 competent, C57BL/6 mice.

Thus, the results depicted in Figure 27 show that the control of replication of
influenza virus can be achieved by using selected synthetic RNA motifs (dsRNA1 is
pA:pU and dsRNA2 is pI:pC).

Example 27 shows that co-administration of selected synthetic RNA motifs breaks
tolerance to high dose standard antigen.

dsRNA motifs prevent high-zone tolerance in mice injected with human IgG. The
mice (C57BL/6) were initially injected intravenously with a toleragenic dose of 200 pg of
hlgG alone (closed symbols) or together with 100pug of pL:pC or pA:pU (open symbols)
and subsequently boosted subcutaneously with an immunogenic dose of 100pg of higG
emulsified in CFA. The titer of antibodies against hIgG was measured by ELISA (as
detailed in Example 23, with the difference consisting in use of 10pg/ml of hlgG for
coating) at various intervals after the first injection. As a control, mice immunized with
100pg of hlgG emulsified in CFA were included and represented the maximal titer on the
graph (interrupted line).

The results are represented in Figure 28 as means + SEM of endpoint titers
(n=5/group). Similar results were obtained in TLR4 deficient (C3H/Hel) and LPS-
responsive C3H/SnJ mice. Thus, the results in Figure 28 show that selected synthetic
RNA motifs pl:pC and pA:pU largely prevent high zone tolerance that is usually

associated with administration of large amounts of purified protein.

Example 28 shows that selected RNA motifs induce differential cytokine production
by human APC.

Human THP-1 monocytic cells, following differentiation, were incubated with
different concentrations of synthetic RNA (pA:pU, pl:pC or pA) for 24 hours, and the

cell supernatants collected. The concentration of IL-12 and TNF-o, were measured by
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ELISA. The results are expressed in Figure 29 as pg/ml (concentration) for each

cytokine and culture condition.

Materials:
1. THP-1 Human monocytic cell line: ATCC, cat # TIB-202;
2. IL-12 Cytokine: Human ELISA, IL-12 ultra sensitive (US) cat# KHCO0123;
3. TNF alpha Cytokine: Human ELISA, TNF alpha cat# KHC3012;
4. RNA Motifs:
s pA:pU, (Sigma, Lot #22K4068);
¢ pI:pC, (Sigma, Lot # 52K4047); and,
e DA, (Sigma, Lot #22K4022).

Method:

1. The THP-1 cells were allowed to differentiate following addition of 10ng/ml PMA in
media containing 10% FCS.

2. After gently washing cells and adding non-FCS containing media (HL-1), treatments
(RNA motifs and controls) were added at concentrations of from 3 to 100 Og/ml on
top of adherent THP-1 cells.

3. After 24 hours incubation, cell supernatants were harvested and IL-12 and TNF alpha

concentrations were measured by ELISA.

The results in Fig. 29 show selected synthetic RNA motifs effect on human
monocytic cells; in addition, this effect is heterogeneous, depending on the chemical
structure of the motifs (nucleotide composition). Selected but not all synthetic RNA
motifs are able to trigger IL-12 production, an important T1 regulatory cytokine, by

human monocytic cells.

Example 29 shows that two distinct synthetic RNA maotifs bind to haman THP-1
monocytic cells in a manner demonstrating interaction with different receptors.
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THP-1 cells were incubated at for 15 minutes at room temperature with different
amounts of non-labeled synthetic RNA. Subsequently, tagged pA:pU was added for 30
minutes at 4°C, cells washed and the fluorescence quantified by FACS analysis.

The results are expressed in Figs. 30A - 30B as histograms corresponding to the large cell
subset (A) and total cell population (B). Percentages of stained cells were represented on

each Figure.

Materials:
1. ULYSIS: Nucleic acid fluorescent label (Molecular Probes, cat# U-21650).
2. RNA Motifs:
e pA:pU, (Sigma, Lot #22K4068);
» plpC, (Sigma, Lot # 52K4047);
3. Detoxi-Gel column: (Pierce, cat#20344).

Method:

Labeling of Polyadenylic-Polyuridylic Acid (pA:pU):

1. Following removal of endotoxin using a Detoxi-Gel column, pA:pU was labeled with
the Alexa Fluor 488 fluorescent dye using the ULYSIS nucleic acid labeling system.

2. Briefly:

* The pA:pU was precipitated using sodium acetate and ethanol at “70°C;

* The pA:pU was heat denatured and labeled with the Alexa Fluor 488 reagent at 90°C;

and,

* The reaction was stopped and the labeled pA:pU was ethanol precipitated.

Cell treatment:

1. THP-1 cells were suspended at 23X10° cells /ml;

2. 5001 of above suspension (5X10* cells) were placed in 12X75 mm tubes;

3. Non-tagged pA:pU or pl:pC were added to the THP-1 cells at a concentration of
either 20 or 1000 g/ml and incubated 15 minutes;

ULYSIS labeled pA:pU was added at a concentration of 100 ug/m! for 30 minutes on ice.
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4. The THP-1 cells were washed once and suspended in FACS buffer followed by
flowcytometric analysis to determine relative fluorescent differences between
different treatment populations.

The results in Figures 30A - 30B show that non-tagged pA:pU but not non-tagged
pL:pC was able to compete out the binding of tagged pA:pU to human THP-1 monocytic

cells, both at the level of large cell subset and whole population.

Example 30 shows how the adjuvant synthetic RNA should be prepared and
purified prior to use in its most effective format.

The bulk synthetic RNA material is obtained by standard methods of organic
synthesis. Afterwards, the material is dissolved in sterile endotoxin-free saline, passed
through endotoxin removal columns until the concentration of LPS is below 0.005EU/ ug.
The measurement of LPS is carried out by standard Limulus assay. Subsequently, the
material is fractionated by a series of centrifugation steps through filters of defined
porosity (see Fig. 31).

A useful fraction comprises synthetic RNA of Iess than 20 to maximum 100bp
size, however, larger RNA fragments may be used. After purification, the material is
measured and validated on standard assays: spectrophotometry (OD260nm); gel
electrophoresis; endotoxin quantitation by Limulus assay; bioactivity on human THP-1

cells (as in Example 28).

Example 31 shows that unexpectedly, different fractions of a selected synthetic RNA
compound are endowed with different biological activity, based on size.

Differentiated human THP-1 monocytic cells were incubated with different
concentrations of synthetic RNA (pA:pU, fractionated as described in the Example 30)
for 24 hours, and the supernatants collected. The concentration of TNF-a. was measured
by ELISA using BioSource International kits (Camarillo, CA). The results are expressed

in Figure 32 as pg/ml (concentration) for each culture condition.
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The results depicted in Fig. 32 show that lower molecular weight fractions of a
selected synthetic RNA compound are endowed with higher biological activity, in terms

of cytokine production, by human monocytic THP-1 cells.

Example 32. Selected synthetic RNA motifs have, unexpectedly, a different immune
profile in regard to generation of anti-RNA antibodies.

BALB/c mice were immunized intraperitoneally and subcutaneously with 50ug +
50ug of hIgG and synthetic RNA (pI:pC or pA:pU) and serum samples were prepared 1
week later. As a control, mice injected with higG in saline were used. The anti-hIgG, and
dsRNA IgG antibody titers against pA:pU, pI:pC, pA and hIgG were measured by
ELISA. In brief, wells were coated with antigen (10pg/ml of hIgG or synthetic RNAs)
and blocked with SeaBlock (Rierce, Rockford, IL, catalog # 37527). Serial dilutions of

serum and bronchoalveolar lavage fluid were incubated for at least 2 hours at room

temperature. After washing, the assay was developed with anti-mouse IgG antibody

- coupled with alkaline phosphatase (Sigma, cat# A7434) followed by éddition of substrate

(pNPP, Sigma, cat# N2765) and measurement by using an automatic microtiter plate
reader (Molecular Devices, ThermoMax) equipped with SoftMax software.

The results are expressed in Figure 33 as mean + SEM of endpoint titers (n=3 /
group). The results in Fig. 33 show that pI:pC but not pA:pU induced antibody response

against itself, with a cross-reactive component against another RNA motif.

Example 33. In vivo loading of APC by recombinant IgG results in generation of Tel
type of MHC class I responses only when additional conditions are satisfied.

BALB/c mice were immunized with 50ug of recIgG-NP(Xd) subcutaneously,
admixed with 50ug of selected synthetic RNA (pA:pU or pl:pC). As a contrel, naive mice
or mice immunized with recombinant IgG only were used. At 3 weeks after
immunization, the T cell response was measured by ELISPOT analysis as follows: the
ELISPOT plaies (Millipore, Molsheim, France) were incubated with purified anti-
cytokine Abs (4ug/ml for anti-IL4, and 8 pg/ml for anti-IFN gamma, from BD
Pharmingen) in sterile PBS (50 pl/well) at 4" C overnight. The next da‘y the plates were
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washed 2 times with DMEM media and blocked with 200pl/well of DMEM complete
containing FBS, for an hour at 37° C. Single cell suspension was made from the spleens,
red blood cells were lysed, cells washed, counted and incubated at 5x 10° /well together
with NP 147-155 peptide or just with media, to assess the background. Plates were
incubated 72 hours at 37 °C, 5% CO2. After 3 days, the plates were washed 5 times with
PBS-tween20 0.05% (washing buffer) and incubated with 100 pl /well of biotinylated
anti-cytokine Abs, 2 pg /ml in PBS- tween20 0.05% - FBS 0.1%(ELISPOT buffer)
overnight at 4 oc.

The next day, the plates were washed five times with washing buffer and
incubated for an hour with 1:1000 Streptavidin-HRP diluted in ELISPOT buffer. The
‘reaction was developed with 3-amino-9-ethylcarbazole substrate (Sigma, St. Luis, MO)
and stopped by washing the plate twice with tap water. The plates were then allowed to
dry at room temperature for 24 hours.

The data were acquired using an automated system (Navitar, Rochester, NY) with
ImagePro-Plus) software (Media Cybernetics, Silver Spring, MD). The frequency of
cytokine producing T cells reacting to NP peptide was measured and expressed against
the amount of peptide used for stimulation. The results are expressed as means + SEM of
triplicates (n=3 mice / group).

As shown previously in Figure 19, the administration of recombinant IgG bearing
the NP MHC class I-restricted epitope resulted in generation of Tc2 immunity but not
Tecl response, implying in vivo formation of class I-peptide complexes with a specific co-
stimulation profile. The results in Figures 34A and 34B show that co-use of selected
synthetic RNAs promoted effective induction of IL-2 and IFN-gamma subsequent to IgG
mediated delivery of an MHC class I-restricted epitope (dsRNA; is pA:pU and dsRNA;
is pL:pC).

Example 34: Effective formation of MHC class I-peptides and instruction of the
resulting T cell response by simultancous manipulation of APC loading via
Fegamma R and activation via RNA receptors.

Splenic APC were isolated from naive BALBc mice and pulsed ex vivo overnight

with 1 ug NP peptide, or 50 pg reclgG-NP (Kd) with or without 50 pg/ml selected
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synthetic dSRNA (pA: pU). The cells were washed and 5x10° cells were administered by
subcutaneous. and intraperitoneal. injection equal amount, to naive BALB/c mice. The
response was measured 3 weeks later by ELISPOT analysis as follows: the ELISPOT
plates (Millipore, Molsheim, France) were incubated with purified anti-cytokine Abs
(4pg/ml for anti-IL4, and 8 pg/ml for anti-IFN gamma, from BD Pharmingen) in sterile
PBS (50 pl/well) at 4° C overnight. The next day, the plates were washed 2 times with
DMEM media and blocked with 200ul/well of DMEM complete containing FBS, for an
hour at 37° C. Single cell suspension was made from the spleens, red blood cells were
lysed, cells washed, counted and incubated at 5x 10° fwell together with 30 pug/ml, 10 pg
/ml, or 3 pg /ml NP peptide or just with media, to assess the background. Plates were
incubated 72 hours at 37 ° C, 5% CO2. After 3 days the plates were washed 5 times with
PBS-tween20 0.05% (washing buffer) and incubated with 100 pl /well of biotinylated
anti-cytokine Abs, 2 ng /ml in PBS- tween20 0.05% - FBS 0.1%(ELISPOT buffer)
overnight at 4 ° C. The next day the plates were washed five times with washing buffer
and incubated for an hour with 1:1000 Streptavidin-HRP diluted in ELISPOT buffer. The
reaction was developed with 3-amino-9-ethylcarbazole substrate (Sigma, St. Luis, MO)
and stopped by washing the plate twice with tap water. The plates were then allowed to
dry at room temperature for 24 hours.

The data were acquired using an automated system (Navitar, Rochester, NY) with
ImagePro-Plus) software (Media Cybernetics, Silver Spring, MD). The results are
expressed in Figure 35 as frequency of cytokine producing spot forming colonies against
the concentration of peptide used for ex vivo stimulation (mean + SEM, n=3 mice
/group). In addition, the mean area /colony versus the concentration of peptide used for
stimulation is plotted, for both IFN-gamma and IL-4 (arbitrary units).

The results in Fig 35 show that ex vivo APC loading by recombinant IgG is
significantly more effective in formation of MHC class I-peptide complexes and
generation of Tc response, compared to use of peptide itself. In addition, the mere
formation of MHC class I-peptide complexes subsequent to epitope delivery via IgG /
FcgammaR results in differentiation of Tc2 cells producing IL-4 but not IFN-gamma.
Simultaneous treatment of APC with selected synthetic RNA results.in broadening of the

T cell profile, to IFN-gamma producing Tel cells.
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Example 35 shows that co-priming with IgG-peptide together with a selected co-
stimulatory motif resulted in more effective secondary expansion of MHC class I-
restricted T cells subsequent of virus infection.

BALB/c mice were injected with reclgG-NP(Kd), pA:pU separately, or in
combination (50 ug / injection). As a control, naive mice were used. Three weeks after
treatment, the mice were infected with 104 TCID50 of A/WSN/32 HIN1 influenza virus,
via the respiratory tract. Four days after infection, the T cell profile in the spleen was
measured by ELISPOT analysis subsequent to ex vivo stimulation with NP peptide as
follows: the ELISPOT plates (Millipore, Molsheim, France) were incubated with purified
anti-cytokine Abs (4ug/ml for anti-IL2 and anti-IL4, and 8 pg/ml for anti-IFN gamma,
from BD Pharmingen) in sterile PBS (50 pl/well) at 4°C overnight. The next day, the
plates were washed 2 times with DMEM media and blocked with 200pl/well of DMEM
complete containing FBS, for an hour at 37° C. Single cell suspension was made from the
spleens, red blood cells were lysed, cells washed, counted and incubated at 5x 10° /well
together with 20 pg /ml NP peptide or just with media, to assess the background.

Plates were incubated 72 hours at 37 ° C, 5% CO2. After 3 days, the plates were washed
5 times with PBS-tween20 0.05% (washing buffer) and incubated with 100 pl /well of
biotinylated anti-cytokine Abs, 2 pg /ml in PBS- tween20 0.05% - FBS 0.1% (ELISPOT
buffer) overnight at 4 ° C. The next day the plates were washed five times with washing
buffer and incubated for an hour with 1:1000 Streptavidin-HRP diluted in ELISPOT
buffer. The reaction was developed with 3-amino-9-ethylcarbazole substrate (Sigma, St.
Luis, MO) and stopped by washing the plate twice with tap water. The plates were then
allowed to dry at room temperature for 24 hours.

The data were acquired using an automated system (Navitar, Rochester, NY) with
ImagePro-Plus) software (Media Cybernetics, Silver Spring, MD). The results are
expressed in Figure 36 as frequency of NP-specific MHC class I-restricted T cells
forming cytokine producing colonies (means + SEM, n=4 mice / group).

The results in Fig. 36 show that IgG mediated delivery of a class I restricted

epitope is most effective in priming class I restricted Tcl responses when co-
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administration of selected synthetic RNA was carried out. Such primed precursors were

rapidly expanded subsequent to infection with influenza virus.

Example 36 shows that the most effective priming of cytotoxic lymphocytes
recognizing an MHC class I-restricted epitope occurs by co-administration of
selected RNA motif together with peptide epitope inserted within the IgG backbone.

BALBc mice were immunized and challenged with recIgG-NP (Kd) as in the
previous Example and sacrificed 4 days after influenza virus infection. The splenocytes
were prepared, suspended in HL-1 medium at 5 million / ml and co-incubated for 5 days
with 10pg/ml of NP 147-155 peptide and in presence of 5U/ml of recombinant I1.-2.
Splenocytes from 4 mice / group were pooled and incubated in flasks.

After expansion, viable cells were recovered by Ficoll gradient centrifugation,
washed and incubated for 5 hours in V-bottom plates, in various numbers, with a fixed
number of sp20 target cells with or without NP peptide (20pg/ml). The supernatants were
harvested after plate centrifugation, and the concentration of LDH mizasured by using a
Promega kit {cat # G1780). The results are expressed as percent specific lysis at different
E: T ratios (Effector to Target ratio).

The results in F1g 37 show that effective priming of anti-viral cytotoxic T cells
requires both effective in vivo loading of APC with class I restricted epitope delivered via

IgG, together with appropriate instruction by selected synthetic RNA motif, namely
pA:pU.

Example 37 shows that vaccination with an IgG bearing a viral MHC class I-
restricted epitope, together with selected synthetic RNA motif, provided protection
against infectious challenge with a prototype virus.

BALB/c mice were immunized with 50ug of recIgG-NP (Kd) together with 50ug
of selected synthetic RNA (pA: pU), by subcutaneous injection. Three weeks after
immunization, the mice were challenged with 10* TCID 50 of infectious WSN influenza
virus and sacrificed 5 days later. The pulmonary virus was titrated in long homogenates
by standard MDCK hemagglutination assay as follows: on day one MDCK cells were
plated in 96 well plates at 2x10% / well/ 200ul and incubated for 24 hours at 370C, 5%
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COas. The next day, 25 pl of thel0 fold dilutions in DMEM media of the lung
homogenates were incubates in briefly tripsinized MDCK plates (1 minute) in triplicates
and incubated at 37° C. After one hour, 175 ul of the DMEM complete media was added
and plates were incubated for 48 hours at 37° C, 5% CO,. After two days, the
hemagglutination-inhibition was done with chicken red blood cells incubated with the
cell culture supernatants from the MDCK plate for 30 minutes at room temperature and
the results were expressed as means + SEM of total pulmonary virus (n=4 mice / group).
As a control, non-immunized mice were used.

The results in Fig. 38 show that immunization with a recombinant IgG bearing a
viral class I restricted epitope together with selected synthetic dsSRNA (pA:pU) resulted in
priming of an immune response capable to limit the replication of a virus subsequent to

infectious challenge.

Example 38. Figure 39 describes the tumor models used for testing the efficiency of
a Ig-peptide-based molecules.

Balb-c¢ mice (K¢ restri cted) have been used to establish a tumor model. Tumor
cells (1 to 15 million in 100 pL) were typically injected in the flank to the mouse (see
arrow in upper photo in Figure 39). Primary tumors (i.e. those at the sight of injection)
were first detected by palpating the area and then quantitated by measuring the tumor size
with a caliper (see Figure 39). In one series of experiments, the mouse myeloma cell line
(SP2/0), either untransfected cells or cells stable transfected expressing heterologous
protein (recombinant IgG expressing different epitope peptides in the CDR3 region of the
heavy chain or the complete NP protein), was used to induce tumors in the mice.
Expression of heterologous proteins in the SP2/0 cells provided specific tumor associated
antigens (TAA) for testing various anti-tumor strategies in the immunocompetent mice.
Typically, untreated mice developed palpable solid primary tumors 1 week post injection
that led to morbidity and death over the next 4 weeks. Postmortem examination of the
injected mice revealed metastatic lesions (see Figure 39). Sp2/0 cells were cultured from
primary tumor tissue as well as spleen taken from tumor-bearing mice (data not shown).
SP2/0 cells were stably transfected with a recombinant IgG-expressing plasmids that

were all identical except for the specific epitope sequence introduced into the CDR3
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region of the heavy chain, for example, the MHC I restricted NP epitope (amino acids
147-155, see Figure 39). SP2/0 cells were also stably transfected with a plasmid
containing the coding sequence for the entire NP protein of WSN virus under control of
the CMV promoter. All transfected cell lines produced primary tumors over the same
frame as wild type SP2/0 cells.

This tumor model was extended to include an adenocarcinoma cell line (471,
ATCC CRL-2539, K¢ restricted), previously shown to induce metastatic tumors in Balb-c
mice. The 4T-1 cell line was similar to that described above for the SP/0 line. Injection of
1 to 15 million 4T-1 cells into the flank of Balb-c mice produced a palpable primary
tumor over a time frame similar to injections of SP2/0 cells eventually leading to death.
Postmortem collection of tissue from various organs showed that 4T-1 could be
recovered from spleen, lungs as well as the primary tumor (not shown). 47T-1 cells were
stably transfected with a NP-expressing plasmid described above. As with SP2/0 cells,
transfection of the 4T-1 cell did not affect the course of tumor growth and lethality of

disease.

Example 39 demonstrates successful control and treatment of a tumor after clinical
diagnosis, by using a tumor associate T cell epitope within a recombinant IgG
together with a selected co-stimulatory RNA motif.

Balb/c mice were injected with SP2/0 cells (15 million in 100 uL) stably
expressing recombinant IgG carrying the MHC I (Kd) NP epitope peptide in the CDR3
region of the heavy chain (IgNP). At day 7 post injection all mice had palpable tumors
and the mice were randomized into 3 groups: co-stimulatory motif (i.e. dSRNA
comprised of polymeric pApU) alone; purified IgTAA protein (IgNP); and both dsRNA
pA:pU and purified IgTAA protein. The time of treatment is indicated by the arrows in
Figure 40, and each injection contained 50 g of the indicated compound. The mice that
developed metastatic disease and died are represented with a "D" in the figure.

The data show that the combination of dsRNA (co-stimulatory motif) and IgTAA
(IgNP) produced a dramatic protective response in mice that all had primary tumors at the
start of therapy. While all mice treated with either the dsRNA or IgTAA compound alone

succumbed to disease, 100% of the mice treated with both were still alive 3 weeks after
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initiation of treatment and were in good clinical condition at the time of sacrifice for
measurement of T cell response. These data show that iz vivo loading of APC with TAA
(accomplished by uptake of IgNP via the Fc receptor of APC) is not sufficient for a
potent anti-tumor response. The tumor rejection and survival displayed by mice treated
with IgNP in combination with pApU dsRNA highlights the important role co-
stimulation plays in treatment of tumors with tumor-associated antigens.

In conclusion, the results in Figure 40 show that both effective in vivo loading of
APC with tumor associated antigen, together with simultaneous activation by selected
synthetic RNA motifs, are necessary and sufficient for effective control of tumor growth

and induction of tumor rejection.

Example 40. This Example, in context of sublethal inoculation of tumor cells, shows
that the suboptimal response to tumor antigens could be corrected by therapy with
peptide epitope within an IgG backbone, together with co-stimulatory motif.

Balb/c mice were injected with SP2/0 cells stably expressing recombinant IgG
(IgNP) that contains the MHC I (K%epitope (amino acids 147-155) of WSN virus
nucleoprotein in the CDR3 of the heavy chain. The cell inoculum was 1 million cells (in
100 pL) per mouse. The mice were observed until such time as palpable tumors were
detected at the site of injection. At this point the tumors were measured and 8 mice were
left untreated (control) while 6 were injected intratumorally with purified IgTAA (i.e.
purified IgNP, 2 mg/kg) and dsRNA (pApU, 4 mg/kg) weekly. Weekly measurements of
the tumors were taken.

Panel A of Figure 41 shows that in 6 of 8 of the control mice the induced tumor
was progressive and ultimately lethal whereas 2 of the mice completely rejected the
tumor spontaneously. Panel B of Figure 41 shows that the 3 weekly treatments with
IgNP/dsRNA (indicated by the arrows) stimulated complete tumor rejection in 4 of the 6
mice and significant remission in another.

The results in Figure 41 shows that both effective in vivo loading of APC with
tumor associated antigen, together with simultaneous activation by selected syhthetic

RNA, can trigger an effective immune response to tumor-associated antigens.
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Example 41 shows that therapy of tumor-bearing mice with a tumor epitope within
an IgG backbone together with ce-stimulatory synthetic dsRINA results in the
restoration of the activatory status of tumor infiltrating lymphocytes.

Two BALB/c mice were injected with 10 million sp20 transfectoma expressing
the NP-K¢ epitope. After tumors developed, one mouse was injected intratumorally with
50 Og of selected dsSRNA motif (pApU) plus 500g of “IgNP” - recIgG-NP(K?) in
saline. The mice were sacrificed 24 hours later, tumors excised, digested with .
collagenase, filtered through 70um filter and viable cells isolated on Ficoll gradient. Cells
were stained with mAbs against TCRS), CD25 or isotype control and assessed by FACS
analysis. The results were expressed as histograms, with percentage stained cells

indicated.

Materials:

1. SP20 cell line (ATCC);

2 BALB/c mice (Harland Sﬁrague Dawley);

2. Falcon 70 micron filter(Becton Dickinson, cat# 352350);,
3. Collagenase (Sigma, cat# C-9891);

4, BSA, fraction V (Sigma, cat# A-4503);

5. Collagenase buffer: 0.225gm BSA + 0.00625gm in 50 ml RPMI;
6. Ficoll-hypaque (1.077, Amersham, cat# 17-1440-02);

7. FACS Buffer:1% fetal calf serum + 0.1% azide in PBS;
8. Antibodies: All from BD Pharmingen; and,

9. Flow Cytometer: FACSCalibur (Becton Dickinson).

Method: Tumor cell isolation and FACS analysis:

1. Tumor was induced as stated above 6 weeks prior;
Tumor was isolated from BALB/c mouse;
Tumor was minced with sterile scissors and 10ml of collagenase buffer added;

Incubate 40 minutes, 37°C;

A

Force tumor through a 700m Falcon filter with a 3ml syringe plunger into a 50ml
tube while washing with RPMI;
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6. Wash 1X and resuspend in 4 mls warm RPMI buffer;
7. With equal volume of cell suspension layered over Ficoll, centrifuge at RT, 2000
RPM, for 15 minutes;
8. Isolate layer and wash once in HL-1 buffer and resuspend in FACS buffer to
2X10%ml and run flow cytometry analysis;
9. Remaining cells were used for ELISPOT analysis;
10. Cells were placed in 12X75mm tubes, 50QV/tube and stained with FITC labeled anti-
mouse antibody, 2Qg/ tube plus 1 Ql/tube mouse serum:
e Isotypic Control;
e Anti -CD40;

o Anti -CDS;
e Anti-CD4;
e Anti -CD25;

e Anti -TCR gamma delta;
e Anti -TCR Beta,
11. Incubate 30 minutes on ice; and,

12. Wash once with FACS buffer and resuspend in 30001 FACS buffer.

The results in Figure 42 show that tumor infiltrating lymphocytes displaying the T
cell receptor marker TCRJ acquired expression of the activation marker CD25 upon
treatment with recombinant immunoglobulin bearing tumor associated epitope, together

with selected synthetic dSRNA motif.

Example 42 shows that successful therapy of tumor bearing mice with a peptide
epitope within the IgG backbone together with a selected co-stimulatory molecule is
associated with a specific differentiation pattern of T¢, comprising Tcl in addition
to Te2.

Mice that successfully rejected the tumor following treatment with recombinant Ig
carrying a tumor associated epitope together with selected synthetic dSRNA motif as

explained in Example 40, were sacrificed and the T cell response against tumor

associated epitope measured by ELISPOT analysis. The ELISPOT plates (Millipore,
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Molsheim, France) were incubated with purified anti-cytokine Abs (4ug/ml for anti-IL2
and anti-IL4, and 8 pg/ml for anti-IFN gamma, from BD Pharmingen) in sterile PBS (50
ul/well) at 4° C overnight. The next day, the plates were washed 2 times with DMEM
media and blocked with 200pl/well of DMEM complete containing FBS, for an hour at
37°C.

Single cell suspension was made from the spleens, red blood cells were lysed,
cells washed, counted and incubated at 5x 10° /well together with various concentrations
of NP peptide. Plates were incubated 72 hours at 37 ¢, 5% CO2. After 3 days, plates
were washed 5 times with PBS-tween20 0.05% (washing buffer), and incubated with 100
ul /well of biotinylated anti-cytokine Abs, 2 pg /ml in PBS- tween20 0.05% - FBS
0.1%(ELISPOT buffer) overnight at 4 ° C. The next day the plates were washed five
times with washing buffer, and incubated for an hour with 1:1000 Streptavidin-HRP
diluted in ELISPOT buffer. The reaction was developed with 3-amino-9-ethylcarbazole
substrate (Sigma, St. Luis, MO) and stopped by washing the plate twice with tap water.
Plates were then allowed to dry at room temperature for 24 hours..

The data were acquired using an automated system (Navitar, Rochester, NY) with
ImagePro-Plus) software (Media Cybernetics, Silver Spring, MD). The results were
expressed as number (mean + SEM) of spot forming colonies corresponding to 1L-4, IL-2
and TFN-y. As a control, non-treated mice were used, which failed to reject tumor
(n=4/group).

The results in Fig. 43 show that the treated mice that successfully rejected the
tumor, developed Tcl responses against the tumor associated epitope on the therapeutic
Ig, along with Tc2 immunity. In contrast, the mice that failed to reject the tumor

developed only Tc2 immunity.

Example 43 shows induction of effective memory response subsequent to specific
treatment of tumor bearing mice with a T cell epitope within the IgG backbone,
together with a selected co-stimulatory motif.

Mice bearing sp2/0 tumors expressing the NP-K? TAA were treated as described
in the Example 40, by injection with recombinant Ig bearing TAA together with selected

synthetic RNA. motifs. After tumor rejection, the mice were challenged by subcutaneous
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injection administered contralaterally, with 15 million SP2/0 cells expressing NP-Kd
epitope. In parallel, 4 control naive mice were similarly injected with a tumorigenic /
lethal dose of same type of cells. The development and size of the tumors was monitored
and represented as diameter (mm) versus time since challenge.

The results in Figure 44 show that successful rejection of the tumor induced by
indicated treatment is followed by effective protection against subsequent challenge with

the same tumor, indicating development of effective immune memory.

Example 44 shows that surprisingly, the induction of tumor rejection by an IgG
bearing a TAA together with a costimulator dsRNA motif, results in cross-

protection against a range of tumor cell variants lacking the TAA or displaying
variants of TAA.

The mice protected against homologous challenge as described in Example 43,
were subjected to sequential challenge with 15 million tumor cells representing the same
tumor cells devoid of TAA (loss of antigen mutants) or bearing variants of TAA lacking
the NP-K¢ epitope. In addition, mice were challenged with a different type of tumor cell
line (4T-1 adenocarcinoma) as a control, displayed in the table attached to Fig. 45A. In
every case, naive controls were included.

The status of T cell immunity of mice protected against multiple challenges with
tumor variants, has been assessed by ELISPOT analysis using splenic cell suspensions
stimulated with TAA (NP-Kd peptide), HA (MHC class Il-restricted peptide), or protein
extracts from cell lysates. The ELISPOT plates (Millipore, Molsheim, France) were
incubated with purified anti-cytokine Abs (4ug/ml for anti-IL2 and anti-IL4, and 8§ pg/ml
for anti-IFN gamma, from BD Pharmingen) in sterile PBS (50 pl/well) at 49 C overnight.
The next day, the plates were washed 2 times with DMEM media and blocked with
200pl/well of DMEM complete containing FBS, for an hour at 37° C.

Single cell suspension was made from the spleens, red blood cells were lysed,
cells washed, counted and incubated at 5x 10° /well together with various concentrations
of antigen. Plates were incubated 72 hours at 37 °C, 5% CO2. After 3 days, the plates
were washed 5 times with PBS-tween20 0.05% (washing buffer) and incubated with 100
wl /well of biotinylated anti-cytokine Abs, 2 ng /ml in PBS- tween20 0.05% - FBS
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0.1%(ELISPOT buffer) overnight at 4 %C. The next day the plates were washed five
times with washing buffer, and incubated for an hour with 1:1000 Streptavidin-HRP
diluted in ELISPOT buffer. The reaction was developed with 3-amino-9-ethylcarbazole
substrate (Sigma, St. Luis, MO) and stopped by washing the plate twice with tap water.
The plates were then allowed to dry at room temperature for 24 hours.

The data were acquired using an automated system (Navitar, Rochester, NY) with
ImagePro-Plus) software (Media Cybernetics, Silver Spring, MD). The results were
expressed as number (mean + SEM) of spot forming colonies corresponding to IL-4, TL-2
and IFN-y. As a control, non-treated mice that failed to reject tumor (n=4/group) were
used. As a control, naive mice were included. The data are expressed as number
(mean+SEM) of cytokine producing cells / organ (n=3/group).

The results in Fig. 45A - 45B (including the table in Fig. 45 A) show that the
emerging immunity, subsequent to the indicated treatment that results in tumor rejection,
protects against challenge with loss of antigen variants and is associated with overall
expansion of cytokine producing cells. This indicates a broadening of the repertoire of
anti-tumor lymphocytes, promoted by the proposed regimen, to tumor associated antigens

that are not borne by the immunotherapeutic molecule.
Autoimmune Disorders

Example 45. Use of the HLA-DR4 Transgenic mouse in T cell activation assays

The basic concept underlying the use of engineered IgGIN in autoimmune
diabetes is the ability of IgGIN to bind to and be processed by APCs such that the
incorporated epitopes are liberated and bound to their respective MHC II molecules.
Thus, it is essential to show that delivery of IgGIN to APC results in the activation of
relevant T cells. The following set of experiments will address this issue.

The HLA-DR4 mouse strain (Taconic Farms Inc., Germantown, NY) was
developed as means for studying HLA-DR-associated autoimmune diseases. The HLA-
DR4 mouse strain is negative for the endogenous mouse MHC II and contains a mouse
human MHC II chimera (HLA-DRA-IE alpha and an HLA-DRB1*0401 beta). Further,

the beta chain itself is chimeric in that the antigen binding domain is from DRB1*0401
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while the remaining domains are from mouse ID(d)-beta chain. The GAD271-286

epitope has been shown to bind to the DR4 MHC II.

The following protocol can be used to determine if APC from the HLA-DR4 mice

when challenged with human IgGIN (made according to the procedures of making a
human immunoglobulin as described on pages 32 — 38):
1) Isolation of APCs. Spleens from naive HLA-DR4 mice are harvested and
processed into a single cell suspension. Briefly, spleens are minced, treated with
collagenase and the red blood cells lysed in hypotonic buffer. The remaining cells are
washed in HL-1 media and held for isolation of APC. A Miltenyi magnetic bead protocol
is used to isolate APC. Specifically the cells are subjected to a selection of a CD11c"
population. The resulting cell population, primarily dendritic cells, are used as the
stimulator cells in the T cell activation assay.

2) Responder cell fraction: HLLA-DR4 mice will be immunized with either vehicle
(PBS), IgGIN or hIgG1 (100 pg per mouse subcutaneously injected) or a molar equivalent
of the GAD 271-285 epitope peptide (2 png). Four mice per group will be immunized. Two
weeks later the mice will be sacrificed. Spleens will be harvested and a single cell
suspension will be prepared in the other Examples. |

3) T cell activation assay. 5 X 10° cells of both stimulator and responder fractions

are incubated with either media alone or media supplemented with 20 pg/mL GAD271-

285 peptide. The cultures are then incubated for 72 hours. Media is then collected from

the cultures and cytokine levels measured by ELISA. The cytokines tested are IFN-a, IL-

4 and IL-2. Data is expressed as the mean of 4 mice +/- SD. Negative controls will be

minus either responder or stimulator cell fractions with and without added peptide.

This assay detects the presence of T cell subsets that specifically respond to
GAD271-285. Enhanced GAD271-285-dependent cytokine secretion by responder cells
derived from human IgGIN immunized mice suggested that immunization of the HLA-
DR4 mice with human IgGIN result in the liberation of the incorporated epitope and
presentation to T cells in vivo. A negative result in these experiments could have a
number of causes. For one, IgGIN is a human Ig so there is expected to be an overall
immune response to the backbone protein. This may obscure or interfere with the more

specific response to the GAD271-285 epitope. Secondly, the processing of the human
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IgGIN by mouse APC may not precisely liberate the incorporated epitope such that it can
bind effectively to DR4. All work to date with Ig chimeras has examined mouse various

mouse constructs processed by mouse APC.

Example 46. The following experiment addresses the issue of intracellular
processing of IgGIN as it relates to T cell activation.

Spleens from the HLA DR4 trangenic mouse strain are harvested and a CD11c¢"-
enriched population is isolated and is used as naive APCs. The responder cell population
is isolated from DR4 mouse spleens that are immunized 2 weeks prior with either PBS,
hIgG1l, GAD271-285 peptide or IgGIN. For the activation assay, 5 x 10° of both the APC
population and the responder fraction are mixed in tissue culture wells. The wells are
supplemented with GAD271-285 peptide as the T cell activator. The cultures are incubated
for 72 hours and the media collected. ELISA is performed on the samples for the specific
cytokines shown in Figures 46A - 46B. The data, as shown in Figures 46 A-46B,
rebresents the expected results of the average of 4 mice per group with a standard error of
less than 10% for all groups. Background (i.e., no GAD peptide) produced an OD405 of
less than 0.05 in all cases (not shown).

The data clearly shows that the spleen cells isolated from mice immunized with
IgGIN contained a significant population of T cells that were activated by the GAD271-285
epitope peptide as shown by the robust release of both IL2 and IL4. The other
immunogens produced no such response (media, hIgG1, GAD Pep). None of the
immunogens resulted in a population of splenic T cells that responded by releasing IFNy.
Overall, the results support the conclusions that: 1) IgGIN immunization can result in the
development of a GAD-specific T cell population; and 2) the T cells that expanded upon

this stimulation were of the Th2 variety (robust IL4 response, lack of IFNy secretion).

Ex. 48. Effect of Mitomycin C on T Cell Activation

Spleen cells are harvested from HLA DR4 mice and CD11¢" cells are prepared as
previously described. The isolated cells are then plated at 5 x 10* per well and treated
with one of the following immunogens: control media, hIgG1 (10 ué/well), GAD peptide
(0.2 ug/well), GAD peptide (20 ug/well) or IgGIN (10 ug/well). In one set of wells, the
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cells were pretreated with mitomycin C for 30 min prior to immunogen addition
(mitomyecin (+) in figure). The cells are incubated with their respective immunogens for
24 hours. Mitomyecin is then added to the second set of treated cells and incubated for 30
min (mitomycin (-) in Figure 47). Responder CD4*-enriched T cells are isolated from
IgGIN-immunized HLA DR4 mice and added at 1 x 10° cells/well. In Figure 47, panel A,
in one set of wells, ["H]thymidine is added at 1 uCi/well and the plate is incubated for 3
days. Cells are collected on filter paper and the amount of [’H] incorporated into the cells
is quantitated. In Figure 47, panel B, in a second set of wells, culture media is collected
after 3 days of incubation and the amount of IL2 in the media was quantitated by ELISA.

In both cases the data shows that the ability of IgGIN to stimulate T cell
expansion in a splenic cell population isolated from IgGIN-immunized mice is dependent
on the intracellular processing of the IgGIN by APC. This is shown clearly by the ability
of mitomycin C to block T cell activation (see IgGIN Mitomycin (+) bars in both panels
in Figure 47 when the CD11c" cells are treated with mitomycin C prior to addition of '
IgGIN). It is also interesting that the minimal ability of the GAD peptide (20 ug/well) to
activate T cells is not affected by mitomycin C treatment showing that its ability to bind
the DR4 MHC is not dependent on an intracellular mechanism, but rather a direct binding
on the extra cellular surface of the APC. Thus, the GAD epitope incorporated into the
CDR3 region of the IgGIN primary structure must be proteolytically liberated and loaded
onto the DR4 MHC before it can function as a T cell activator.

Example 49 - Effect of Fcy Receptor Blockade on IgGIN-stimulated T Cell
Activation

Spleen cells harvested from HLA DR4 mice and CD1 1c* cells are prepared. The
isolated cells are then plated at 5 x 10* per well and treated with either control IgG or
anti-Fey Receptor IgG for 30 min. The cells are then treated with one of the following
immunogens: control media, hIgG1 (10 ug/well), GAD peptide (0.2 ug/well), GAD
peptide (20 ug/well) or IgGIN (10 ug/well). The cells are incubated for 24 hours and
then treated with mitomycin C for 30 min. Responder CD4 -enriched T cells (isolated

from IgGIN-immunized HLA DR4 mice) are then added at 1 x 10°'cells/well. The plate is
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incubated for 3 days and the media collected. The IL2 content of the media samples was
quantitated by ELISA. '

The data in Figure 48 shows that blockade of the APC Fcy receptor eliminated the
ability of the APCs to activate T cells. This data supports the conclusion that the loading
of the DR4 MHC occurs by intracellular processing IgGIN (see Figure 48) and the mode
of entry of IgGIN into the APC is via Fcy receptor interaction.

Ex. 50. Use of human APC and human T cell clones to demonstrate IgGIN-mediated
delivery of the GAD271-285 epitope.

Human (DR4/DQ8 haplotype donors) blood is used to isolate an enriched
dendritic cell population (> 90% pure). Cells from this stimulator group are plated at a
density of 5 x 10* cells/well and treated with either: media, hIgG1 (10 ug/ml); GAD
peptide (0.2 ug/ml or 20 ug/ml); or IgGIN (10 ug/ml). Equivalent wells are set-up that
lack the stimulator cells ((-) APC). The plate is incubated for 24 hours. T cell responder
qe]ls (human T cell clone isolated based on its ability to respond to the GAD271-285
epitope) are then added to the wells (2.5 x 10* cells/well). The plate is incubated for 24
hours and the culture media is then collected and held for analysis (data shown in panels
A-C for the hIL2, IL4 and IFNy ELISAs). Fresh culture media is added that is
supplemented with 1 uCi/well of [°H]thymidine. The plate is incubated for 48 hours and
the cells harvested onto filters and the amount of incorporated [PH]thymidine was
determined (as shown in Figure 49B, panel D).

The data shows that in a fully human system (i.e. both stimulator and responder
cells are of human origin), IgGIN is able to deliver the GAD epitope to the DR4 MHC
and produce an expansion of the responder T cell population. This conclusion is
supported by the stimulated secretion of both hIL.2 and hIL4 and the incorporation of
[*H]thymidine in the isolated cells. The lack of stimulation of hIFNg secretion coupled
with the robust hIL4 response shows that the T cell expansion was of the Th2 variety as
has been previously shown in the murine models. The relatively weak stimulation of T
cell expansion by the free GAD peptide shows the superior nature of delivering the
epitope to the intracellular compartment as compared to the bindii‘fg of free epitope

peptide to the extracellularly displayed DR4 MHC complex.
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Ex. 51. Use of human APC and human T cell clones to demonstrate IgGIN-mediated
delivery of the Ins9-23 epitope.

Human (DR4/DQ8 haplotype donors) blood is used to isolate an enriched
dendritic cell population (> 90% pure). Cells from this stimulator group are plated at a
density of 5 x 10* cells/well and treated with either: media, hIgG1 (10 ug/ml); GAD
peptide (0.2 ug/ml or 20 ug/ml); or IgGIN (10 ug/ml). Equivalent wells are set-up that
lack the stimulator cells ((-) APC). The plate is incubated for 24 hours. T cell responder
cells (human T cell clone isolated based on its ability to respond to the Ins9-23 epitope)
are then added to the wells (2.5 x 10* cells/well). The plate is incubated for 24 hours and
the culture media is then collected and held for analysis (data shown in panels A-C for
the hIL.2, IL4 and IFNy ELISAs). Fresh culture media is added that is supplemented with
1 uCi/well of [3H]thymidine. The plate is incubated for 48 hours and the cells are then
harvested onto filters and the amount of incorporated [*H]thymidine was determined
(shown in Figure 50, panel D).

The data in Figures S0A — 50B show that in a fully human system (i.e. both
stimulator and responder cells are of human origin), IgGIN is able to deliver the Ins9-23
epitope to the DR4 MHC and produce an expansion of the responder T cell population.
This conclusion is supported-by the stimulated secretion of both hIL2 and hiL4 and the
incorporation of [° H]thymidine in the isolated cells. The lack of stimulation of hIFNg
secretion coupled with the robust hIL4 response shows that the T cell expansion was of
the Th2 variety as has been previously shown in the murine models. The relatively weak
stimulation of T cell expansion by the free Ins9-23 peptide shows the superior nature of
delivering the epitope to the intracellular compartment as compared to the binding of free

epitope peptide to the extracellularly displayed DQ8 MHC complex.
Ex. 52. Effect of IgGIN on the progression to diabetes in DR4/RIP-B7/B6 transgenic
mice

The transgenic mouse strain DR4/RIP-B7/B6 carries the human DR4 MHC II
transgene and this particular strain develops diabetes in conjunction with losing tolerance

to GAD 65. To test the ability of IgGIN to restore tolerance to GAD 65 the following
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experiment was designed. Two groups of 20 mice (DR4/RIP-B7/B6) are treated with
etther control human IgGlor the experimental therapeutic IgGIN. Injections are IP and
each dose was 5 ug/injection in sterile PBS. Injections are to begin at the point tolerance
to GAD 65 is lost (insulitis, auto antibodies to GAD 65, data not shown). The mice are
injected weekly for 3 weeks. The mice are then followed for a six month period while
monitoring blood glucose as an indicator of diabetes (blood glucose > 150 g/dL). As
shown in Figure 51, the data show that IgGIN treatment was effective in lowering the
development of diabetes in these mice by 70%. The data had a standard error of not
greater than 10% (not shown).

This data is important because it strongly supports the idea that IgGIN can
effectively deliver the incorporated DR4-specific GAD6S5 epitope to the transgenic mouse
and delivery of this epitope restores a significant number of mice to GAD 65 tolerance.
The overall therapeutic effect is protection from the progression to a diabetic condition.

This data and series of experiments confirm that the human IgG1 chimera, IgGIN,
can function to deliver the incorporated epitope to APC and that the APC can then load
the liberated epitope onto the appropriate MHC II. This data can be used to support the
argument that the extensive murine data so far accumulated may be applicable to human
disease thus strongly supporting the desire to move this approach into the clinic for

testing on human disease.
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Claims:

1. A method of tolerizing a patient to an antigen suffering from an autoimunne
disease comprising:

administering to the patient a human immunoglobulin or portion thereof wherein said
immunoglobulin has at least one peptide epitope of said antigen attached to said
immunoglobulin or portion thereof and administering said immunoglobulin or portion

thereof to said patient.
2. The method of claim 1 wherein said patient is human.
3. The method of claim 1 wherein the immunoglobulin or portion thereof is human IgG.

4. The method of claim 1 wherein the patient is human, the autoimmune disease is type
1 diabetes, the human immunoglobulin is human IgG and the peptide epitope is derived
from GAD 65, GAD 67 or INS.

5. The method of claim 1 wherein the patient is human, the autoimmune disease is type
1 diabetes, the human immunoglobulin is human IgG and the peptide epitope is
LPRLIAFTSEHSHF.

6. The method of claim 5 wherein the peptide epitope is inserted within the CDR3

region of the human IgG.

7. The method of claim 1 wherein the patient is human, the autoimmune disease is type
1 diabetes, the human immunoglobulin is human IgG and the peptide epitope is selected
from the group consisting of VMNILLQYVV, MNILLQYV VKSFD,
IAFTSEHSHFSLK, PRLIAFTSEHSHFSLK, LPRLIAFTSEHSHF,
FFRMVISNPAATHQDIDFLI, VNFFRMVISNPAATHQD, and NFFRMVISNPAAT.
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8. The method of claim 1 wherein the patient is human, the autoimmune disease is type
1 diabetes, the human immunoglobulin is human IgG and at least two peptide epitope are
inserted in the IgG and are selected from the group consisting of VMNILLQYVYV,
MNILLQYVVKSFD, IAFTSEHSHFSLK, PRLIAFTSEHSHFSLK,
LPRLIAFTSEHSHEF, FFRMVISNPAATHQDIDFLI, VNFFRMVISNPAATHQD, and
NFFRMVISNPAAT.

9. The method of claims 5, 6, 7 and 8, wherein the human IgG is administered before

onset of type 1 diabetes.

10. The method of claims 5, 6, 7 and 8, wherein the human IgG is administered during

the pre-insulitis stage of type 1 diabetes.

11. The method of claims 5, 6, 7 and 8, wherein the human IgG is administered after the

onset of type 1 diabetes.

12. The method of claims 5, 6, 7 and 8, wherein the human IgG is administered after the

patient has undergone IAA seroconversion.

13. The method of claim 1 wherein the patient is human, the autoimmune disease is type
1 diabetes, the human immunoglobulin is human IgG and the epitope is inserted into the
IgG and is selected from the group consisting of VSSQFSDAAQASPSS,
SVSSQFSDAAQASPS, SSVSSQFSDAAQASP, SVSSQFSDAAQASPSSHSS,
SRVSSVSSQFSDAAQASPSSHSST, SVSSQFSDAAQASPSSHSSTPSWC,
VSSQFSDAAQASPSSHSSTPSWCE, SVSSQFSDAAQASPSSHSS,
SRVSSVSSQFSDAAQASPSSHSST, SVSSQFSDAAQASPSSHSSTPSWC,
VSSQFSDAAQASPSSHSSTPSWCE, SVSSQFSDAAQASPSSHSS,
SRVSSVSSQFSDAAQASPSSHSST, SVSSQFSDAAQASPSSHSSTPSWC,
AYQAEPNTCATAQ, LCAYQAEPNTCATAQG, LAKEWQALCAYQAEPNT,
AYQAEPNTCATAQGEGNIK, WQALCAYQAEPNTCATAQ, KVESSPSRSDYT,
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LKVESSPSRSDY, KLKVESSPSRSDYINAS, KVESSPSRSDYINASPIIEHDP, and
CTVIVMLTPLVEDG.

14. A method of tolerizing a patient to an antigen suffering from multiple sclerosis
comprising:

administering to the patient a human immunoglobulin or portion thereof wherein said
immunoglobulin has at least one peptide epitope of an antigen attached to said
immunoglobulin or portion thereof wherein said peptide epitope is selected from a T cell
epitope derived from myelin basic protein, myelin proteolipid protein and myelin

associated glycoprotein.

15. The method of tolerizing a patient to an antigen of claim 14 wherein the T cell
epitope is selected from the group consisting of AVRQIFGDYKTTICGKGLSATYV,
FLYGALLLA, GVDAQGTLSKIFKLGGRDSRSGSPMA, SLSRFSWGA,
LSRFSWGAEGQRPGFGYGG, PVVHFFKNIVT, VHFFKNIVTPRTP,
KGFKGVDAQGTLSKI, LSKIFKLGGRDSRSGSPMAR,
VVHFFKNIVTPRTPPPSQGK, ASDYKSAHKGFKGVD, VLESSDFRI, LMWAKIGPV
and SLLLELEEV.

16. The method of claim 15 wherein the patient is human and the immunoglobulin is

human IgG.

17. The method of claim 15 wherein the peptide epitope is inserted within the CDR3
region of the human IgG.

18. A method of tolerizing a patient to an antigen suffering from goodpasture’s
syndrome, comprising:

administering to the patient a human immunoglobulin or portion thereof wherein said
immunoglobulin has at least one peptide epitope of an antigen attached to said
immunoglobulin or portion thereof wherein said peptide epitope is selected from a T cell

epitope derived from Collagen alpha 3(IV) Chain Precursor.
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19. The method of claim 18 wherein the T cell epitope is selected from the group
consisting of GSPATWTTR, TGQALASPGSCLEEFRASPF,
GQALASPGSCLEEFRASPFLECH, ALASPGSCLEEFRASPF,
ALASPGSCLEEFRASPFLE, LEEFRASPFLECHGRGTCN,
RFTTMPFLFCNVNDVCNEF, PELFCNVNDVCNFASR, LEFCNVNDVCNFASRND,
SCPEGTVPLYSGFSFLFVQ, PSCPEGTVPLYSGFSFLFVQG and
GTVPLYSGFSFLFVQGNQRAHG.

20. The method of claim 19 wherein the patient is human and the immunoglobulin is

human IgG.

21. The method of claim 19 wherein the peptide epitope is inserted within the CDR3
region of the human IgG.

22. A method of tolerizing a patient to an antigen suffering from primary biliary cirrhosis,
comprising:

administering to the patient a human immunoglobulin or portion thereof wherein said
immunoglobulin has at least one peptide epitope of an antigen attached to said
immunoglobulin or portion thereof wherein said peptide epitope is selected from a T cell
epitope derived from dihydrolipoamide acetyltransferase component of pyruvate

dehydrogenase complex precursor.
23. The method of claim 22 wherein the T cell epitope is GDLLAEIETDKATI.

24. The method of claim 22 wherein the patient is human and the immunoglobulin is

human IgG.

25. The method of claim 22 wherein the peptide epitope is inserted within the CDR3

region of the human IgG.
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26. A method of tolerizing a patient to an antigen suffering from pemphigus vulgaris,
comprising:

administering to the patient a human immunoglobulin or portion thereof wherein said
immunoglobulin has at least one peptide epitope of an antigen attached to said
immunoglobulin or portion thereof wherein said peptide epitope is selected from a T cell

epitope derived from desmoglein 3 precursor.

27. The method of claim 26 wherein the T cell epitope is LNSKIAFKIVSQEPA.

28. The method of claim 27 wherein the peptide epitope is inserted within the CDR3

region of the human IgG.

29. The method of claim 27 wherein the patient is human and the immunoglobulin is

human IgG.

30. The method of claim 29 wherein the peptide epitope is inserted by insertion and
deletion into the CDR3 region of the human IgG.

31. A method of tolerizing a patient to an antigen suffering from celiac disease,
comprising:

administering to the patient a human immunoglobulin or portion thereof wherein said
immunoglobulin has at least one peptide epitope of an antigen attached to said
immunoglobulin or portion thereof wherein said peptide epitope is selected from a T cell

epitope derived from A-gliadin-partially deamidated peptide.

32. The method of claim 31 wherein the T cell epitope is QLQPFPQPELPYPQPQS.

33. The method of claim 31 wherein the patient is human and the immunoglobulin is

human IgG.
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34. The method of claim 33 wherein the peptide epitope is inserted within the CDR3
region of the human IgG. '

35. A method of treatment for a patient suffering from an autoimunne disease
comprising:

administering to the patient a human immunoglobulin or portion thereof wherein said
immunoglobulin has at least one peptide epitope of said antigen attached to said
immunoglobulin or portion thereof and administering said immunoglobulin or portion

thereof to said patient.
36.  The method of claim 35 wherein said patient is human.

37.  The method of claim 35 wherein the immunoglobulin or portion thereof is human
IgG.

38.  The method of claim 35 wherein the patient is human, the autoimmune disease is
type 1 diabetes, the human immunoglobulin is human IgG and the peptide epitope is
derived from GAD 65, GAD 67 or INSB.

39.  The method of claim 35 wherein the patient is human, the autoimmune disease is

type 1 diabetes, the human immunoglobulin is human IgG and the peptide epitope is
LPRLIAFTSEHSHEF.

40.  The method of claim 35 wherein the peptide epitope is inserted within the CDR3

region of the human IgG.

41, The method of claim 35 wherein the patient is human, the autoimmune disease is
type 1 diabetes, the human immunoglobulin is human IgG and the peptide epitope is
selected from the group consisting of VMNILLQYVV, MNILLQYVVKSFD,
IAFTSEHSHFSLK, PRLIAFTSEHSHFSLK, LPRLIAFTSEHSHF,
FFRMVISNPAATHQDIDFLI, VNFFRMVISNPAATHQD, and NFFRMVISNPAAT.
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42.  The method of claim 35 wherein the patient is human, the autoimmune disease is
type 1 diabetes, the human immunoglobulin is human IgG at least two peptide epitope are
inserted in the IgG and are selected from the group consisting of VMNILLQYVYV,
MNILLQYVVKSFD, IAFTSEHSHFSLK, PRLIAFTSEHSHFSLK,
LPRLIAFTSEHSHF, FFRMVISNPAATHQDIDFLI, VNFFRMVISNPAATHQD, and
NFFRMVISNPAAT.

43.  The method of claims 39, 40, 41 and 42, wherein the human IgG is administered

before cuset of type 1 diabetes.

44, The method of claims 39, 40, 41 and 42, wherein the human IgG is administered
during the pre-insulitis stage of type 1 diabetes.

45. The method of claims 39, 40, 41 and 42, wherein the human IgG is administered
after the onset of type 1 diabetes.

46. The method of claims 39, 40, 41 and 42, wherein the human IgG is administered

after the patient has undergone IAA seroconversion. before onset of type 1 diabetes.

47. The method of claim 35 wherein the patient is human, the autoimmune disease is
type 1 diabetes, the human immunoglobulin is human IgG at least two peptide epitope are
inserted in the IgG and are selected from the group consisting of VSSQFSDAAQASPSS,
SVSSQFSDAAQASPS, SSVSSQFSDAAQASP, SVSSQFSDAAQASPSSHSS,
SRVSSVSSQFSDAAQASPSSHSST, SVSSQFSDAAQASPSSHSSTPSWC,
VSSQFSDAAQASPSSHSSTPSWCE, SVSSQFSDAAQASPSSHSS,
SRVSSVSSQFSDAAQASPSSHSST, SVSSQFSDAAQASPSSHSSTPSWC,
VSSQFSDAAQASPSSHSSTPSWCE, SVSSQFSDAAQASPSSHSS,
SRVSSVSSQFSDAAQASPSSHSST, SVSSQFSDAAQASPSSHSSTPSWC,
AYQAEPNTCATAQ, LCAYQAEPNTCATAQG, LAKEWQALCAYQAEPNT,
AYQAEPNTCATAQGEGNIK, WQALCAYQAEPNTCATAQ, KVESSPSRSDY]I,
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LKVESSPSRSDY, KLKVESSPSRSDYINAS, KVESSPSRSDYINASPIIEHDP, and
CTVIVMLTPLVEDG.

48. A method of treating a patient suffering from multiple sclerosis comprising:
administering to the patient a human immunoglobulin or portion thereof wherein said
immunoglobulin has at least one peptide epitope of an antigen attached to said
immunoglobulin or portion thereof wherein said peptide epitope is selected from a T cell
epitope derived from myelin basic protein, myelin proteolipid protein and myelin

associated glycoprotein.

49. The method of treatment of a patient claim 48 wherein the T cell epitope is selected
from the group consisting of AVRQIFGDYKTTICGKGLSATV, FLYGALLLA,
GVDAQGTLSKIFKLGGRDSRSGSPMA, SLSRFSWGA,
LSRFSWGAEGQRPGFGYGG, PVVHFFKNIVT, VHFFKNIVTPRTP,
KGFKGVDAQGTLSKI, LSKIFKLGGRDSRSGSPMAR,
VVHFFKNIVTPRTPPPSQGK, ASDYKSAHKGFKGVD, VLFSSDFRI, LMWAKIGPV
and SLLLELEEV.

50. The method of claim 49 wherein the patient is human and the immunoglobulin is

human IgG.

51. The method of claim 49 wherein the peptide epitope is inserted within the CDR3
region of the human IgG.

52. A method of treatment of a patient suffering from goodpasture’s syndrome,
comprising:

administering to the patient a human immunoglobulin or portion thereof wherein said
immunoglobulin has at least one peptide epitope of an antigen attached to said
immunoglobulin or portion thereof wherein said peptide epitope is selected from a T cell

epitope derived from Collagen alpha 3(IV) Chain Precursor.
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53. The method of claim 52 wherein the T cell epitope is selected from the group
consisting of GSPATWTTR, TGQALASPGSCLEEFRASPF,
GQALASPGSCLEEFRASPFLECH, ALASPGSCLEEFRASPF,
ALASPGSCLEEFRASPFLE, LEEFRASPFLECHGRGTCN,
RFTTMPFLFCNVNDVCNEF, PFLFCNVNDVCNFASR, LEFCNVNDVCNFASRND,
SCPEGTVPLYSGFSFLFVQ, PSCPEGTVPLYSGFSFLFVQG and
GTVPLYSGFSFLFVQGNQRAHG.

54. The method of claim 53 wherein the patient is human and the immunoglobulin is

human IgG.

55. The method of claim 53 wherein the peptide epitope is inserted within the CDR3

region of the human IgG.

56. A method of treating a patient suffering from primary biliary cirrhosis, comprising:
administering to the patient a human immunoglobulin or portion thereof wherein said
immunoglobulin has at least one peptide epitope of an antigen attached to said
immunoglobulin or portion thereof wherein said peptide epitope is selected from a T cell

epitope derived from dihydrolipoamide acetyltransferase component of pyruvate

dehydrogenase complex precursor.

57.  The method of claim 56 wherein the T cell epitope is GDLLAEIETDKATIL.

58. The method of claim 57 wherein the patient is human and the immunoglobulin is

human I1gG.

59. The method of claim 58 wherein the peptide epitope is inserted within the CDR3

region of the human IgG.

60. A method of treatment for patient suffering from pemphigus vulgaris, comprising:
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administering to the patient a human immunoglobulin or portion thereof wherein said
immunoglobulin has at least one peptide epitope of an antigen attached to said
immunoglobulin or portion thereof wherein said peptide epitope is selected froma T cell

epitope derived from desmoglein 3 precursor.
61. The method of claim 60 wherein the T cell epitope is LNSKIAFKIVSQEPA.

62. The method of claim 61 wherein the peptide epitope is inserted within the CDR3

region of the human IgG.

63. The method of claim 62 wherein the patient is human and the immunoglobulin is

human IgG.

64. The method of claim 63 wherein the peptide epitope is inserted within the CDR3
region of the human IgG |

65. A method of treating a patient suffering from celiac disease, comprising:
administering to the patient a human immunoglobulin or portion thereof wherein said
immunoglobulin has at least one peptide épitope of an antigen attached to said
immunoglobulin or portion thereof wherein said peptide epitope is selected from a T cell

epitope derived from A-gliadin-partially deamidated peptide.
66. The method of claim 65 wherein the T cell epitope is QLQPFPQPELPYPQPQS.

67. The method of claim 66 wherein the patient is human and the immunoglobulin is

human IgG.

68. The method of claim 67 wherein the peptide epitope is inserted within the CDR3

region of the human IgG.
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69. A composition for tolérizing a patient to an antigen suffering from an autoimunne
disease comprising:

administering to the patient a human immunoglobulin or portion thereof wherein said
immunoglobulin has at least one peptide epitope of said antigen attached to said
immunoglobulin or portion thereof and administering said immunoglobulin or portion

thereof to said patient.

68. The composition of claim 67 wherein the patient is human, the autoimmune disease is
type 1 diabetes, the human immunoglobulin is human IgG and the peptide epitope is
derived from GAD 65, GAD 67 or INS.

69. The composition of claim 68 wherein the peptide epitope is LPRLIAFTSEHSHF.

70. The composition of claim 68 wherein the peptide epitope is selected from the group
consisting of VMNILLQYVV, MNILLQYVVKSFD, IAFTSEHSHFSLK,
PRLIAFTSEHSHFSLK, LPRLIAFTSEHSHF, FFRMVISNPAATHQDIDFLI,
VNFFRMVISNPAATHQD, and NFFRMVISNPAAT.

71. A composition for tolerizing a patient to an antigen suffering from multiple sclerosis
comprising:

administering to the patient a human immunoglobulin or portion thereof wherein said
immunoglobulin has at least one peptide epitope of an antigen attached to said
immunoglobulin or portion thereof wherein said peptide epitope is selected from a T cell
epitope derived from myelin basic protein, myelin proteolipid protein and myelin

associated glycoprotein.

72. The composition of claim 71 wherein the T cell eptitope is selected from the group
consisting of AVRQIFGDYKTTICGKGLSATV, FLYGALLLA,
GVDAQGTLSKIFKLGGRDSRSGSPMA, SLSRFSWGA,
LSRFSWGAEGQRPGFGYGG, PVVHFFKNIVT, VHFFKNIVTPRTP,
KGFKGVDAQGTLSKI, LSKIFKLGGRDSRSGSPMAR,
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VVHFFKNIVTPRTPPPSQGK, ASDYKSAHKGFKGVD, VLFSSDFRI, LMWAKIGPV
and SLLLELEEV.

73. A composition for tolerizing a patient to an antigen suffering from primary biliary
cirrhosis, comprising:

administering to the patient a human immunoglobulin or portion thereof wherein said
immunoglobulin has at least one peptide epitope of an antigen attached to said
immunoglobulin or portion thereof wherein said peptide epitope is selected from a T cell
epitope derived from dihydrolipoamide acetyltransferase component of pyruvate

dehydrogenase complex precursor.
74. The composition of claim 73 wherein the T cell epitope is GDLLAEIETDKATIL.

75. A composition for tolerizing a patient to an antigen suffering from pemphigus
vulgaris, comprising:

administering to the patient a human immunoglobulin or portion thereof wherein said
immunoglobulin has at least one peptide epitope of an antigen attached to said
immunoglobulin or portion thereof wherein said peptide epitope is selected from a T cell

epitope derived from desmoglein 3 precursor.
76. The composition of claim 75 wherein the T cell epitope is LNSKIAFKIVSQEPA.

77. A composition for tolerizing a patient to an antigen suffering from goodpasture’s
syndrome, comprising:

administering to the patient a human immunoglobulin or portion thereof wherein said
immunoglobulin has at least one peptide epitope of an antigen attached to said
immunoglobulin or portion thereof wherein said peptide epitope is selected from a T cell

epitope derived from Collagen alpha 3(IV) Chain Precursor.

78. The composition of claim 77 wherein the T cell epitope is selected from the group

consisting of GSPATWTTR, TGQALASPGSCLEEFRASPF,
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GQALASPGSCLEEFRASPFLECH, ALASPGSCLEEFRASPF,
ALASPGSCLEEFRASPFLE, LEEFRASPFLECHGRGTCN,
RFTTMPFLFCNVNDVCNF, PELFCNVNDVCNFASR, LEFCNVNDVCNFASRND,
SCPEGTVPLYSGFSFLFVQ, PSCPEGTVPLYSGFSFLFVQG and
GTVPLYSGFSFLFVQGNQRAHG.

79. A composition for tolerizing a patient to an antigen suffering from primary biliary
cirrhosis, comprising:

administering to the patient a human immunoglobulin or portibn thereof wherein said
immunoglobulin has at least one peptide epitope of an antigen attached to said
immunoglobulin or portion thereof wherein said peptide epitope is selected from a T cell
epitope derived from dihydrolipoamide acetyltransferase component of pyruvate

dehydrogenase complex precursor.

80. The composition of claim 79 wherein the T cell epitope is GDLLAEIETDKATT.
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Figure 1C:
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Figure 1D:
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Fig. 1E: Epitopes and antigens (model) _

Hemagglutinin of A/PR/8 influenza virus (precursor; HMIV / NCBI) : I-EFd

mkanlivlic alaaadadti cigyhannst dtvdtviekn vitvthsvnll edshngkler lkgiaplglg keniagwllg npecdpllpv rswsyivetp nsengicypg dfidyeelre glssvssfer
feifpkessw pnhnttkgvt aacshagkss fyrnliwlte kegsypklkn syvnkkgkev Iviwgihhps nskdqqniyq nenayvsvvt snynrrftpe iaerpkvrdg agrmnyywtl
lkpgdtiife angnliapry afalsrgfgs giitsnasmh ecntkeqtpl gainsslpfq nihpvtigec pkyvrsaklr mvtglmips iqsrglfgai agfieggwig midgwygyhh qneqgsgyac
dgkstgnain gitnkvnsvi ekmniqftav gkefnklekr menlnkkvdd gfldiwtyna ellvllener tldfhdsnvk nlyekvksql knnakeigng cfefyhkcdn ecmesvrngt
ydypkysees klnrekvdgv klesmgiyqi laiystvass lvllvslgai sfwmcsngsl qerici {Seq. 1D. No. 8]

Nucleoprotein of A/PR/8 influenza virus (precursor; HMIV / NCBI)

Kd
masqgtkrsy eqmetggerq nateirasvg rmvggigrfy igmetelgls dyegrligns itiermvlsa fderrnkyle ehpsagkdpk ktggpiykkr dgkwmrelil ydkdeirriw
rqanngedat aglthlmiwh snindatyqr tralvrtgmd prmeslmaqgs tiprrsgaag aavkgigtmv melirmikrg indmfwrge ngrririaye rmenilkgkf qtaagrammd
qvresmpgn aeiedlifla rsalilrgsv ahksclpaci yglvvasgyd feregyslvg idpfrligns qvislirpne npvhksqliw machsaafed Irvssfirgt kvvprgqltt rgvgiasnen

metmdsitle Irskywairt rsggntnqqr asagqisvqp tfsvqrnlpf eratimaaft gnnegrtsdm rteiirmmes arpddvsfqg rgvfelsdek atnpivpsfd msnegsyffg dnaeeydn
[Seq. 1.D. No. 9]

VH segment of murine anti-arsonate antibody (G1MSAA / NCBI)

evqlggsgae lvkagssvkm sckatgytfs syelywvrqa pgqgledlgy issssaypny agkfqgrvti tadestntay melssirsed tavyfcavrv isryfdgwgq gtlv
[Seq. L.D. No. 10]
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Fig. 1F: Epitopes and antigens

Influenza virus

M1 (PN0086/NCBI) HLA-AZ

mslitevety visiipsgpl kaeiagrled vfagkntdle vimewlktrp ilspltkgvl gfvftltvps erglqrriv qnalngngdp nnmdkavkly rkikreitfy gakevalsys
tealascmg] iynrmgtvit evafglveat cegiadsqhr shrgmvtttn plirhenrmv lasttakame qmagsseqaa eamevasqar qmvqamrtvg thpsssaglk

ddllenlqay qkrmgvqlqr fk [Seq. LD. No. 11]

M2 (PN00S7/NCBI) .
mslltevetp trngweeses dssdplviaa siigithfil wildrlffke iyrrikygtk Hmﬁﬂoméw smreeyrqeq qnavdvddgh fvniele
Hepatitis C virus

NS3 (AAK54587/NCBI)

apitayaqqt rgllgciits ltgrdrmqve gevqvvstat gsflatcing vewtvihgag sktlagpkep itqmytavdq dlvgwpappg arsltpcteg ssdlylvirh
advvpvrrrs dsrgsllspr pisylkgssg gpllcpsgha vgifraavet rgvakavdfv pvesmetimr [Seq. LD. No. 13]

Hepatitis B virus

Core antigen (AAM 18211/NCBI)

mdidpykefg asvellsflp sdffpsirdl Idtasalyre alespehcsp hhtalrgail cwgelmnlat wvgsnledpa srelvvsyvn vnmglkirgl Irfhiscltf
gretvleylv sfgvwirtpp ayrppnapi [Seq. LD. No. 14]
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Fig. 1G: Epitopes and antigens (human system)

Human Papilloma Virus

HPV 18-E7 (P06788/NCI)
HI.A-A2

mhgpkatlqd ivihlepgne ipvdlicheq lsdseeende idgvnhqhlp arraepqrht mlemeckeea riklvvessa ddlrafqglf Intlsfvepw casqq
[Seq. LD. No. 15]

HPV 16-E7 (AAL96657/NCI)
HLA-A2 HLA-A2

mhgdtptlhe ymldigpett dlycyeqgind sseeedeidg pagqaepdra hynivifeck cdstlrlevq sthvdirtle dilmgtlgiv epicsqkp [Seq. 1D. No. 16]

HPV 18-E6 (CAB53096/NCI)

HLA-A2 HILA-A2

marfedptrr pyklpdlete Intslqdiei tevycktvle Itevfefafk difvvyrdsi phaachkcid fysrirelrh ysdsvygdtl ekltntglyn llirclrcgk
plnpaeklrh Inekrrfhki aghyrgqchs cenrargerl qrrretqv [Seq. ID. No. 17]

HPV 16-E6 (AAL96630/NCI)
HLA-B18

mhqkrtamfq dpgerprklp hlctelqtti hdiilecvyc kqqllrrevy dfafrdlciv yrdgnpyave dkelkfyski seyryyeysv ygttleqqyn kpledilire
Incqkplcpe ekqrhldkkq rfhnirgrwt gremscerss rtrretgl {Seq. 1.D. No. 18]
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Fig. 1H: Epitopes and Antigens (human system)

Melanoma — gp100 (P40967/NCBI)

HLA-A2 HLA-A2

mdlvlkrell hlavigalla vgatkvprnq dwlgvsrglr tkawnrglyp ewteaqrldc wrggqvslkv sndgptliga nasfsialnf pgsgkvlpdg qviwvnntii ngsqvwggqp
vypqetddac ifpdggpeps gswsqkrsfv yvwkiwggyw qviggpvsgl sigtgramlg thtmevtvyh rrgsrsyvpl ahsssaftit dqvpfsvsvs glraldggnk hflrngpltf
alqlhdpsgy laeadlsytw dfgdssgtli sralvvthty lepgpvtaqv viqaaiplts cgsspvpgtt dghrptaeap nttagqvptt evvgttpgqga ptaepsgtts vqvpttevis
tapvqmptae stgmtpekvp vsevmgttla emstpeatgm tpaevsivvl sgttaaqvtt tewvettare Ipipepegpd assimstesi tgslgplldg tatlrlvkrq vpldevlyry

gsfsvtldiv qgiesaeilq avpsgegdaf eltvscqggl pkeacmeiss pgcqppagrl cqpvlpspac glvihgilkg gsgtyclnvs ladinslavy stqlimpgqe aglgqvpliv
gillvimavv lasliyrrr]l mkqdfsvpql phssshwlrl prifcscpig enspllsgqq v [Seq. LD. No. 19]

[substitute the following sequences in place of the second epitope for agonists: {1 dqvafsv ; fl dqrvivy ; fl fiwifev]

MART-1 (Q16655/NCI)
HILA-A2

mpredahfiy gypkkghghs yttaceaagi giltvilgvl lligewycrr mgyralmdk slhvgtqcal trrepqegfd hrdskvslge kncepvvpna ppayeklsae qspppysp
[Seq. LD. No. 20]

TRP-2 (CAA0437/NCI)

msplwwgfll sclgekilpg aqgqfprvem tvdslvnkec cprlgaesan vegsqqgrgq ctevradtrp wsgpyilmq ddrelwprkf fhrtcketgn fagyncgdck

fgwtgpncer kkppvirgni hslspqereq flgaldlakk rvhpdyvitt ghwvgllgpn gtqpgfancs vydffvwihy ysvrdtllgg Hpwlkvyyy rfviglrvwg
weviscklik rattrqp [Seq. LD. No. 21]

[alternate epitopes: Hpggrpy r : svydffvw ]
1
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Fig. 11: Epitopes and antigens (human system)

Carcinoma Embryonic Antigen Precursor ( XP 064845/NCBI)

mdlsrprws! wrrvilmasl lacgicqasg qifitqtlgi kgyrtvvald kvpedvqeys wywgandsag nmiishkpps aqqpgpmytg rervnregsl lirptalndt gnytvrvvag
netqratgwl evlelgsnlg isvnasslve nmdsvaadcl tnvtnitwyv ndvptsssdr mtispdgktl vilrvsrydr tigemiesfp eifgrseris ltvaygpdyv lirsnpddfn
givtaeigsq vemecicysf ldikyhwihn gslinfsdak mnlsslaweq mgryrctven pvtqlimymd vriqaphecs ssppgscfah Ipasmpc [Seg. 1.D. No. 22]

Her-2 (CAD28392 human Her-2/neu p/NCBI)

melaalcrwg lllallppga astqvetgtd mklirlpaspe thldmlrhly qgeqvvqgnl eltylptnas Isflgdigev qgyvliahng vrqvplgrlr ivrgtglfed
nyalavldng dplonttpvt gaspgglrel glrslteilk ggvliqrnpq lcyqdtilwk dithknnqla ltlidtnrsr achpespmck gsrewgesse degslirtve aggcarckgp
Iptdccheqe aagetgpkhs delaclhfnh sgicelhepa Ivtyntdtfe smpnpegryt fgascvtacp ynylstdvgs ctlveplhng evtaedgtqr cekeskpear
veyglgmehl revravtsan iqefagekki fgslaflpes fdgdpasnta plgpeqlqvf etleeitgyl yisawpdslp disvfqnlqv irgrilhnga ysltlqglgi swlglrslre
lgsglalibh nthlcfvhtv pwdglfrnph qallhtanrp edecvgegla chglcarghe wgpgptqevn csqflrggec veecrviggl preyvnarhe Ipchpecgpg
ngsvtcfgpe adqevacahy kdppfevare psgvkpdlsy mpiwkfpdee gacgpepinc thscvdlddk gepaeqgrasp ltsiisavvg illvwvlgvv fgilikirqq
kirkytmrrl 1qetelvepl tpsgampnqa qmurilketel rkvkvlgsga fgtvykgiwi pdgenvkipv aikvirents pkankeilde ayvmagvgsp yvsrligicl
tstvqlviql mpygclidhv renrgrlgsq dllnwemgqia kgmsyledvr Ivhrdlaarn vivksprhvk itdfglarl] dideteyhad ggkvpikwma lesilrrrit
hgsdvwsygv tvwelmtfga kpydgipare ipdllekger lpgppictid vymimvkcwm idsecrprfr elvsefsrma rdpqrfvviq nedlgpaspl dstfyrslle
dddmgdlvda eeylvpqqgf fcpdpapgag gmvhhrhrss strsgggdlt lglepseeea prsplapseg agsdvidgdl gmgaakglgs Ipthdpsplq rysedptvpl
psetdgyvap licspgpeyv ngpdvrpgpp spregplpaa rpagatlerp ktlspgkngv vkdvfafgga venpeyltpq ggaapqphpp pafspafdnl yywdqdpper
gappstfkgt ptaenpeylg ldvpv [Seq. LD. No. 23]

HLA-A2 anchor motif
FLXXXXXXV (X any aminoacid except C) [Seq. L.D. No. 24]
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Fig. 1J: Epitopes and antigens (human system)

Tetanus toxin (AAMS57257/NCBI)

kiipptnire nlynrtaslt dlggelciki knedltfiac knsfseepfq deivsyntkn kplnfnysld kiivdynlgs kitlpndrtt pvikgipyap eyksnaasti eihniddnti yqylyagksp
ttlgritmtn svddalinst kiysyfpsvi skvnqgaqgi Iflqwvrdii ddfinessgk ttidkisdvs tivpyigpal nivkqgyegn figalettgv vllleyipei tlpviaalsi aesstqkeki
iktidnflek ryekwievyk Ivkakwlgtv ntqfgkrsyq myrsleyqvd aikkiidyey kiysgpdkeq iadeinnlkn kleekankam ininifmres srsflvngmi neakkgllef
dtqsknilmq yikanskfig itelkklesk inkv{stpip fsysknldew vdneedidvi lkkstilnld inndiisdis gfnssvityp daqlvpging kaihlvnnes sevivhkamd ieyndmfnn
tvsfwlrvpk vsashleqyg tneysiissm kkhslsigsg wsvslkgnnl iwtlkdsage vrqitfrdlp dkfnaylank wvfititndr lssanlying vimgsaeitg lgairednni tlkldrennn
nqyvsidkfr ifckalnpke ieklytsyls itflrdfwgn plrydteyyl ipvassskdv qlknitdymy ltnapsytng kiniyyrrly nglkfiikry tpnneidsfv ksgdfiklyv synnnehivg
ypkdgnafnn ldrilrvgyn apgiplykkm eavklrdlkt ysvqlklydd knaslglvgt hngqgigndpn rdiliasnwy fohlkdkilg cdwyfvptde gwind

[Seq. 1.D. No. 25]

Universal T helper epitope
QYIKANSKFIGITEL [Seq. LD. No. 26]

HIV-1: reverse transcriptase (AAN02999/NCBI)
eictemekeg kiskigpenp yntpvfaikk kdstkwrklv dfrelnkrtq dfwevglgip hpaglkkkks vtvldvgday fsvpldkdfr kytaftipst nnetpgiryq ynvlpggwkg
spaifgssmt kilepfrkqn peiviyqymd dlyigsdlei gqhrikieel rqhltkwglt tpdkkhqkep [Seq. LD. No. 27]

Universal T helper epitope
FRKQNPDIVIYQYMDDLY VG [Seq. LD. No. 28]

HIV-1: gag (AAM98735/NCBI)

wdrlhpaqag piapggirep rgsdiagtts tlqeqgitwmt nnppipvgei ykrwiilgln kivrmyspvs ildikqgpke pfrdyvdrif kalraeqatq dvknwmtdtl lvgnanpdck
silrglgpga sleemmtacq gvggpshkar vlaeamsgan svnmmarsnf kgpkrtvkef ncgkeghiar ncraprkkge wkeggeghqm kdeterganf Igkiwpshkg rpgnfl
[Seq. LD. No. 29]
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Fig. 1K: Self antigen / Epitopes

Insulin precarsor — human (P01308/NCBI)
DQs

malwmrlipl lallalwgpd paaafvnghleg shlvealy Ivegergffy tpktireaed lqvgqvelgg gpgagslqpl alegslgkrg iveqectsic slyglenyen
[Seq. L.D. No. 30]

Glutamic acid decarboxylase — human GAD 65 (Q05329/NCBI) DRA

maspgsgfws fgsedgsgds enpgtarawe qvagkftggi gnkicallyg daekpaesgg sqppraaark aacacdgkpe scskvdvnya flhatdllpa cdgerptlaf Igdvmnillq
yvvksfdrst kvidfhypne llgeynwela dgpgnleeil mhegttlkya iktghpryfn qlstgldmvg laadwltsta ntnmftyeia pvfvileyvt Ikkmreiigw pggsgdgifs
pggaisnmya mmiarfkmfp evkekgmaal priiaftseh shfslkkgaa algigtdsvi likcdergkm ipsdlerril eakqkgfvpf Ivsatagttv ygafdpllav adickkykiw
mhvdaawggg mstkhkwk lsgveransv twnphkmmgv plqcsalive eeglmqnenq mhasylfgqd khydlsydtg dkalgegrhv dviklwlmwr akgttgfeah vdkclelaey
lyniiknreg yemvfdgkpg htnvcfwyip psirtledne ermsr 1skva pvikarmmey gttmvsyqpl gdkvnffrmyv isnpaathqd idflieeier Igqdl

[Seq. 1.D. No. 31}

DR4*
DR4**(3 epitopes) DR4

DR4* (2 epitopes)

Example of composite self epitope Insulin-GAD (used for construction of anti-diabetes drug):

insert-cg shivealy Ivegerg-XXXX- prliaftseh shfsl-XXXX-lyniiknreg yemvf -XXXX- psirtledne ermsr-insert
[Seq. 1.D. No. 32]

Example of composite non-self epitope Tetanus-gp100,MART-1, TRP-2
(used for construction of anti-melanoma drug):

insert-qyikanskfigitel- XXXX- fldqvafsv-XXXX- aagigiltv -XXXX-svrdtllgg-insert [Seq. LD. No. 33]
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Fig. 1L. Additional antigens

Prosicte associated PAGE -] (Homo soplens) AAC25990 /NCl
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Fig. IM. Additional antigens

MAJOR SURFA CE GLYCOPROTEIN G (ATTACHMENT GLYCOPROTEIN G) of O. RSV. ACCESSION ©86695

rsrihies kikdaes kyfivglsd ykrisharrdsdantt hatitdl vistrikek gttt cefrtisippieTiTsth segitsph facted mytikagidkaiphdiriepiss
dereendsdaloy viriceges atsias et tddpqt étidsth isimidy Ikditech distddrk nopveorphla

Altachment glycoprotein (Human respirctory syncylid virus). ACCESSION AAMS2049
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Fig. IN - Heavy Chain of IgG1:

MEHLWFFLLVAAPRWVLSQVQLGQWGAGLVKPSETLSLTCAVEGGSFSGYYIWSWIRQPPGK

Leader sequence CDR1
GLEWIGEINHSGSTNYKTSLESRVTISLDTSKNLFSLKLSSVTAADNAVYYCARGLLRGGWNDY
CDR2 (16 AAs) CDR3 (18 AAs)

DYYYGMDVYWGQGTTDTVSSASTKGPSVEPLAPSSKSTSGGTAALGCLYKDYFPEPVTVSWNS
GALTSGVHTFPAVLQSSGLYLSSVVTVPSSSLGTOTYICNVNHKPSNTKVDKRVEPKSCDKTH

CHI1 Hinge
TCPPCPAPELLGGPSVELFPPKPKDTLMISRTPEVICVVVDVSHEDPEVEKFNWYVDGVEVHNAKT

KPREEQYNSTYRVVSVLIVLHODWLNGKEYKCKVFNKALPAPIEKTISKAKGQPREPQVYTLFPS
CH2
REEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSR
' CH3
WQQGNVFSCSYMHEALHNHYTQKSLSLSPGK

Fig. 10 - Light chain sequence of IgG1:

MDMRVPAQLLGLLLLWLRGARCDPIHMTQSPSSLSASVGDRVTITCRASQSTGSLLNWYQQK
PGKAPKLLIYAASSLQNGVPSRFESGSGSGTDFTLTISSLQPEDFATYFCQQSYSTPLTFGGGTK
VEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQ
DSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSENRGEC
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Fig. 1P

Strategy for engineering of immunoglobulin casettee for insertion of two
peptides

CDR2 Spacer CH1 CH2 CH3
[— i I I I ]
CDR3 Hinge Immunoglobulin CDNA backbone
1——-———
— < —
Primer 1 Primer 2 " Primer 3 , Primer 4

PCR (pair 1and 2, pair 3 and 4) and ligation
l Jead to deletion of CDR2 and CDR3 regions

CHI CH2 CH3
[ I T ] 1

Hinge
& Universal Immunoglobulin cDNA
cassette without CDR2 and CDR3 regions

and the spacer

Insertion of two peptides into
immunoglobulin cDNA using

PR unique restriction enzymes

Engineered peptides with
the spacer assembled on the
bridge vector Y

-

CH1 CH2 CH3
[ RN I TN I 1

Hinge

Construct with two inserted peptides to replace CDR2 and CDR3 regions

Pair with light chain

CH1
Light chain

CH2 Assembled engineered
immunoglobulin
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FIG. 1Q Strategy for engineering of multiple peptides
R2 CD
€D CDR3 CH1 CH2 CH3
C T 7 il I 1
, Hinge ¢
Primer 5 Primer 6
PCR with primer 5 and 6
Universal cassette for CHI CH2 CH3
Insertion of multiple I I I 3
tid
peptides Hinge
Pepl Pep2 pep3 Pep4
[N == N ~ A = N~
Multiple peptides
Insertion of multiple peptides by
subcloning into universal cassette
\
Pepl Pep2 3 Pepd
°Pl TepZ peps Fep CHI CH2 CH3
N = U ~ AN = S~ ) I 1

Mutltiple peptides
(arrow represents
oligo-Glycine linker)

Hinge
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Fig. 1R

Fig. 4. Expression of engineered immunoglobulins in various cells with
double expression vector pBudCE4.1

Engineered
rnerer abate PEF-1a

Light chain

pCM

Expression in CHO,
— 5 | SP2/0, NS0, 293, and
PER.C6 cell lines

- PBudCE4.1
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Fig. 1S

Engineered immunoglobulin to deliver peptide ligands

R i} I R T I ]
Two peptide ligands Multipl

Peptides inserted still
bind to receptors or

\
I

CHI
Light chain CHl
Light chain
- CH
2
Engineered Ig with Engineered Ig with
double peptides multiple peptides
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Fig. 1T Engineered immunoglobulin to deliver peptide ligands

A construct with both T and B cell epitopes:

PCT/US2006/032512

T epitope CHI CH2 CH3
; [ il ]
B epitope Hinge
A construct with two T cell epitopes:
T epitope 1
epttope CHI CH2 CH3
| | [T ]
T epitope 2 Hinge
A construct with two B cell epitopes:
B epitope 1 CHI CH2 CH3
SRR L NN I T ]
B epitope 2 Hinge

A construct with mixed multiple epitopes: Peptide 1 to 4 are either T cell
epitopes only or B cell epitopes only, or both B and T cell epitopes:

Pepl Pep2 pep3 Pepd
epl Pep2 pep3  Pep CHI CH2

CcH3

[ = | jun | | me = N

Multiple peptides Hinge
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FIG. IU
Examples of T or B cell epitopes can be used for vaccine development:
1. Diabetes I ( MHC-II restricted T cell epitopes)
GADG65 (AA 271-285): PRLIAFTSEHSHFSL
Prepro-insulin (AA 32-46): CGSHLVEALYLVCGERG
IA-2 (AA 805-820)

2. Solid tumors (MHC-] restricted T cell epitopes)

Breast Cancer Her-2 GVGSPYVSRLLGICL
PAREIPDLLEKGERI
Melanoma gpl00 ITDQVPFSV
MART-1 AAGIGILTV
TRP-2 YMDGTMSQ

Melan-A26-35 ELAGIGILTV

3. Leukemia (MHC-I restricted T cell epitopes)

hTERT VYAETKHFL
VYGFVRACL
BCL-ABL (CML) KQSSKALQR
TEL-AML (ALL) RIAECLGM
AML-ETO (MTGS8) (AML) PFLKANLPLL
Survivin LMLGEFLKL (surl)
ELTLGEFKL (sur2)

4. Other diseases including infectious and inflammatory diseases

HIV envelope protein V3 peptides containing PND domain

Chlamydia MOMP peptides containing exposed VDI-IV domains (Cheng,
1992)

IgE mediated asthma: IgE CH4 peptides including KTKGSGFFVF(Seq ID
No: 79)
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Fig. 1V

Inhibitory peptides for human cytokine IL-1:

1) VITFFSL; and,

2) NENRENH

Inhibitory peptides for human cytokine TNF-o:

1) QVYFGIIA; and,

~2) PFYKQWL

Human growth factor FLT3 ligand: amino acid residues 1-235.

GPCR receptor ligands such as amylin:. KCNTATCATQRLANFLVHS
SNNFGAIL SSTNVGSNTY
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FIG. 1W Autoimmune Peptides -
Diabetes
Name/Descriptions | position Peptide HLA Disease Misc.
T cell Epitopes
GAD 65 114 VMNILLQYVV A*020101 Diabetes [ J Exp Med 1995
181(5):1923-7
GAD 85 115 MNILLQYVVKSFD DRB1*040101 | Diabetes | J Clin Invest 1296
98(11):2597-603
GAD 85 274 IAFTSEHSHFSLK DRB4*040101 | Diabetes | J Clin invest 1996
98(11):2597-603
GAD 85 271 PRLIAFTSEHSHFSLK DRB1*040101 || Diabetes || J. Exp. Med. 1994
180:173-181.
GAD 85 270 LPRLIAFTSEHSHF DRB1*040101 | Diabetes | J Clin Invest 1997
99(10):2405-15
GAD 85 556 FFRMVISNPAATHQDIDFLI DRB1*040101 [ Dizbetes | ; gjin invest
1997;99(10):2405
15
GAD 85 554 VNEFRMVISNPAATHQD DRB1+010101 || Diabetes | proc Nati Acad
DRB1*040101 SciU S A, 2009
:98(4):1763-8.
GAD 67 564 NFFRMVISNPAAT DRB1*010101 | Piabetes | pros Nati Acad
DRB1*040101 SciU S A. 2001
:98(4):1763-8.
Insulin 9 SHLVEALYLVCGERG DRB1*0401 Diabetes | proc. Nati, Acad,
. Scl. USA Vol, 93,
DQB170302 956-960, 1996
Naturally Processed
Protein-tyrosine 657 VSSQFSDAAQASPSS DRB1*040101 | Diabetes | J Clin Invest.
phosphatase-like N 1999
precursor 104(10):1448-57.
Protein-tyrosine 656 SVSSQFSDAAQASPS DRB1*040101 | Diabetes || J Clin Invest,
phosphatase-like N ) 1999
_precursor 104(10):1449-57.
Protein-tyrosiqe 655 SSVSSQFSDAAQASP DRB1*040101 | Diabetes | J Clin Invest.
phosphatase-like N 1999
precursor 104(10):.1449-57.
Protein-tyrosine 656 SVSSQFSDAAQASPSSHSS DRB1*040101 | Diabetes | J Clin Invest.
phosphatase-like N 1998
precursor 104(10):1449-57.
Protein-tyrosine 652 SRVSSVSSQFSDAAQASPSSHsST || DRB1*040101 || Diabetes | J Clin Invest.
phosphatase-like N 1999

precursor

104(10):1449-57.
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Protein-tyrosine .
phosphatase-iike N 656 SVSSQFSDAAQASPSSHSSTPSWC DRB1*040101 | Diabetes | J Clin Invest.
precursor 1999
Protein-tyrosine = 104(10):1449-57.
phosphatase-like N 657 VSSQFSDAAQASPSSHSSTPSWCE DRB1*040101 | Diabetes || J Clin Invest.
precursor 1999
Protein-tyrosine = 104(10):1449-57.
phosphatase-iike N 656 SVSSQFSDAAQASPSSHSS DRB1*040101 || Diabetes || J Clin Invest.
precursor 1999
Protein-tyrosine = 104(10):1448-57.
phosphatase-like N 652 SRVSSVSSQFSDAAQASPSSHSST DRB1*040101 Diabetes | J Clin invest.
precursor 1999
Protein-tyrosine 104(10):1449-57.
phosphatase-like N 656 SVSSQFSDAAQASPSSHSSTPSWC DRB1*040101 | Diabetes [| J Clin Invest.
precursor 1999
Protein-tyrosine 104(10):1449-57.
phospha‘{ase_“ke N 718 AYQAEPNTCATAQ DRB17040101 || Diabetes | J Clin Invest.
precursor 1999
Protein-tyrosine 104(10):1449-57.
phosphatase-fike N 716 LCAYQAEPNTCATAQG DRB1*040101 | Diabetes | J Clin invest,
precursor 1999
Protein-tyrosine = 104(10):1449-57.
phosphatase-like N 709 LAKEWQALCAYQAEPNT DRB1*040101 || Diabetes || J Clin Invest.
precursor 1099
Protein-tyrosine 104(10):1449-57.
phosphatase-like N 718 AYQAEPNTCATAQGEGNIK DRB1*040101 | Diabetes |j J Clin Invest.
precursor 1999
Protein-tyrosine = 104(10):1449-57.
phosphatase-fike N 713 WQALCAYQAEPNTCATAQ DRB1*040101 Diabetes | J Clin invest.
precursor 1999
Protein-tyrosine 104(10):1449-567.
phospha¥ase-like N 754 KVESSPSRSDY! DRB1*040101 | Diabetes | J Clin Invest.
precursor 1999
Protein-tyrosine 104(10):1449
phospha{ase_“k N 753 LKVESSPSRSDY DRB1*040101 | Diabetes | J Clin Invest.
precursor 1999
Protein-tyrosine 104(10):1449
phospha{ase_"ke N 752 KLKVESSPSRSDYINAS DRB1°040101 || Diabstes | J Clin Invest.
precursor 1999
Protein-tyrosine 104(10):14489
phospha¥ase-|ike N 754 KVESSPSRSDYINASPIIEHDP DRB1*040101 || Diabetes || J Ciin Invest.
precursor 1999
Protein-tyrosine 104(10):1448
phosphgase-lik aN 802 GCTVIVMLTPLVED DRB1*040101 Diabetes || J Clin Invest.
precursor 1 gg?
Protein-tyrosine 4(10):1449
Phospha¥ase-like N 803 CTVIVMLTPLVEDG DRB1*040101 Diabetes || J Clin Invest.
precursor 18391
Protein-tyrosine (10):1449
phosph a¥as o-like N 800 ESGCTVIVMLTPLVEDG DRB1*040101 Diabetes | J Clin Invest.
precursor 1999
104(10):1449

23/87




WO 2007/022477

PCT/US2006/032512
Protein-tyrosine =
phosphatase-like N 797 MVWESGCTVIVMLTPL DRB1*040101 Diabetes | J Clin Invest.
precursor 1999
Protein-tyrosine 104{10):1449
phosphatase-like N 800 ESGCTVIVMLTPLVEDGV DRB1*040101 | Diabetes | J Clin Invest,
precursor 1999
Protein-tyrosine = 104(10):1449
phosphatase-like N 795 WOMVWESGCTVIVMLT DRB1*040101 | Diabetes || J Glin Invest,
precursor 1998
Protein-tyrosine 104(10):1449
phosphatase-like N 793 DFWQMVWESGCTVIVMLT DRB1*040101 | Diabetes || J Clin Invest.
_precursor 1999
Protein-tyrosine 104(10):1449
phosphatase-like N 794 FWQMVWESGCTVIVMLTPLY DRB1*040101 Diabetes | J Clin Invest.
precursor 1999
Protein-tyrosine v 104(10):1449
phOSpha¥ase—like N 861 TQETRTLTQFHF DRB1*040101 [ Diabetes [ J Clin Invest.
_precursor 1999
Protein-tyrosine 104(10):1449
phosphatase-like N 8535 YLKNVQTQETRTL DRB1*040101 | Diabetes | J Clin Invest,
_precursor 1999
Protein-tyrosine * 104(10):1448
phosphatase-like N 858 VQTQETRTLTQFHF DRB1*040101 | Diabetes || J Glin invest,
precursor 1999
Protein-tyrosine 104(10):1449
phosphatase-like N 855 YLKNVQTQETRTLTQ DRB1*040101 | Diabetes | J Clin Invest,
precursor 1999
Protein-tyrosine 104{10):1449
phospha¥ase~like N 857 KNVQTQETRTLTQFH DRB1*040101 | Diabetes | J Clin Invest.
_precursor 1999
Protein-tyrosine * 104(10):1449
phosphatase-like N 853 SFYLNKNVQTQETRTLTQFH DRB1*040101 | Diabetes | J Clin Invest.
precursor 1999
Protein-tyrosine 104(10):1448
phospha¥ase_,ike N 957 DQFEFALTAVAEE DRB1*040101 | Diabetes | J Clin Invest.
_precursor 1969
Protein-tyrosine 104(10):1449
phosphatase-ike N 957 DQFEFALTAVAEEVNAI DRB1*040101 Diabetes | J Clin Invest.
_precursor 1899
Protein-tyrosine 104(10):1448
Phospha¥ase-like N 958 FEFALTAVAEEVNAILKA DRB1°040107 } Diabetes | J Clin Invest.
precursor 1899
Protein-tyrosine 4(10):1448
Phospha¥ase-like N 955 SKDQFEFALTAVAEEVNA DRB1*040101 | Diabetes || J Clin Invest.
precursor 1999
Protein-tyrosine 104(10):1449
phospha¥ase-like N 955 SKDQFEFALTAVAEEVNAILK DRB1*040101 || Diabetes | J Clin Invest.
precursor 1999
Protein-tyrosine 104(10):1449
phosphatase-like N 854 FYLNKNVQTQETRTLTQFHF DRB1*040101 | Diabetes {| J Clin Invest.
precursor 1998
104{10):1449
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Protein-tyrosine 797 MVWESGCTVIVMLTPLVEDGY DRB1*040101 1} Diabetes | J Clin lnvest.
phosphatase-like N 1999
_precursor 104(10):1449
Protein-tyrosine 709 LAKEWQALCAYQAEPNTCATAQGE DRB1*040101 | Diabetes | J Clin Invest.
phosphatase-iike N 1999
_precursor 104(10):1448
Protein-tyrosine 654 VSSVSSQFESDAAQASPSSHSS DRB1*040101 §i Diabetes | J Clin invest.
phosphatase-like N 1999
_precursor 104(10):1449
FIG. 1X Autoimmune Peptides
Multiple Sclerosis
Name/Descriptions || Position || Peptide HLA Disease || Misc,
T cell Epitopes
Myelin Proteolipid 95 AVRQIFGDYKTTICGKGLSATV DRB1*150201 || MS J.Neuroimmunol.
Protein (PLP) 1998,
84(2):172-8.
Myelin Proteolipid 79 FLYGALLLA A*020101 Ms Proc Natl Acad
Protein (PLP) : Sci USA 1994
91(23):10859-63
T cell Epitopes
Myelin Basic Protein | 169 GVDAQGTLSKIFKLGGRDSRSGSPMA || DRB1*150101 || MS Cell, 1995
(MBP) 80(5):695-705.
Myelin Basic Protein || 136 SLSRFSWGA A*020101 MS Proc Nat! Acad
Sci USA 1994
91(23):10859-63
Myelin Basic Protein || 137 LSRFSWGAEGQRPGFGYGG DRB1*040101 || MS J Clin Invest
1997
100(2):339-49
Myelin Basic Protein || 111 PVVHFFKNIVT DRB1*150101 | MS J Exp Med 1994
179(1):279-90
Myelin Basic Protein || 113 VHFFKNIVTPRTP DRB5*010101 | MS J Exp Med 1891
173(1):19-24
Myelin Basic Protein | 165 KGFKGVDAQGTLSKI DRB5*010101 | MS J Immunol 1994
153(4).1665-73
Naturally Processed
Myelin Basic Protein | 176 LSKIFKLGGRDSRSGSPMAR DRB1*010101 || MS Eur J Immunol
1997 (4):941-51
Myelin Basic Protein || 112 VVHFFKNIVTPRTPPPSQGK DRB1*0404 MS J Immunol 1992
148(5):1359-66
Myelin Basic Protein || 157 ASDYKSAHKGFKGVD DRB5*010101 | MS J Immunol 1994
153(4):1665-73
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Name/Descriptions || Position || Peptide ~ | HLA Disease || Misc.
T-Cell Epitopes .
Myelin-associated 556 VLFSSDFRI A*020101 MS Proc Nat! Acad
Glycoprotein (MAG) Sci USA 1994
91(23):10859-63
Myelin-associated 508 LMWAKIGPV A*020101 MS Proc Natl Acad
Glycoprotein (MAG) Sci USA 1994
91(23).10859-63
Myelin-associated 287 SLLLELEEV A*020101 MS Proc Natl Acad
Glycoprotein (MAG) Sci USA 1994
91(23):10859-63
FIG. 1Y Autoimmune Peptides
Goodpasture Syndrome
Name/Descriptions | Position | Peptide HLA Disease || Misc.
T cell Epitopes
Collagen alpha 1436 GSPATWTTR A*110101 GS Kidney Int 1996
3(1V) Chain 49(4.1127-33
Precursor
Naturally Processed
Collagen alpha 1594 TGQALASPGSCLEEFRASPF DRB1*150101 || GS J Biof Chem. 1998
3(IV) Chain 273(19):11440-7.
Precursor
Coliagen alpha 1695 GQALASPGSCLEEFRASPFLECH DRB1*160101 || GS J Biol Chem. 1998
3(V) Chain 273(19):11440
Precursor
Collagen alpha 1597 ALASPGSCLEEFRASPF DRB1*150101 | GS J Bio} Chem. 1998
3(1V) Chain 273(19):11440
Precursor
Collagen alpha 1697 ALASPGSCLEEFRASPFLE DRB1*150101 || GS J Biol Chem. 1998
3(1V) Chain 273(19):11440
Precursor
Collagen alpha 1605 LEEFRASPFLECHGRGTCN DRB1*150101 | GS J Biol Chem. 1998
3(1V) Chain 273(19):11440
Precursor
Collagen alpha 1496 RFTTMPFLFCNVNDVCNF DRB1*150101 || GS J Biol Chem. 1998
3(IV) Chaln 273(19):11440
Precursor
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Collagen alpha 1501 PFLFCNVNDVCNFASR DRB1*150101 || GS J Biol Chem. 1998
3(IV) Chain ’ 273(19):11440
Precursor
Collagen alpha 1503 LFCNVNDVCNFASRND DRB1*150101 | GS J Biol Chem. 1998
3(1V) Chain 273(19):11440
Precursor
Collagen alpha 1459 SCPEGTVPLYSGFSFLFVQ DRB1*150101 || GS J Biol Chem. 1998
3(IV) Chain 273(19):11440
Precursor
Collagen alpha 1458 PSCPEGTVPLYSGFSFLFVQG DRB1*150101 || GS J Biol Chem, 1998
3(lV) Chain 273(19):11440
Precursor
Collagen alpha 1463 GTVPLYSGFSFLFVQGNQRAHG DRB1*150101 || GS J Biol Chem. 1998
3(IV) Chain 273(19):11440
Precursor

FIG. 1Z, Autoimmune Peptides

Primary Biliary Cirrhosis
Name/Descriptions Position | Peptide HLA Disease Misc.
T Cell Epitopes

Dinydrolipoamide 216 GDLLAEIETDKATI DRB4*010101 1} ppc J Exp Med 1995

acetyliransferase 181(5):1835-45

component of pyruvate

dehydrogenase

complex precursor
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FIG. 1Z, Autoimmune Peptides
Pemphigus Vulgaris

Name/Descriptions

Position Peptide HLA Disease Misc.
T Cell Epitopes
Desmoglein 3 precursor | 190 LNSKIAFKIVSQEPA gfIiAB-‘l 0402 Pemphigus i Proc Natl Acad
(human) Sci USA

5;,92(25):11935-9

FIG. 1Z, Autoimmune Peptides

Celiac Disease

Name/Descriptions Position | Peptide HLA Disease Misc.
T cell Epitopes
i : QLQPFPQPELPYPQPQS DQAT*0501 :
Qégliagjln partaal!y 57 DQB1*0201 Celiac NatMed. 2000
amidated peptide Disease 6(3):337-42.
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Figure 3:
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Figures 4A-4B:

A.

Detrimental effect of serum to the peptide
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Figures 5A-5B:

A.

1log  In vitro Ig mediated delivery of HA to spleen APC
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Figures 6A-6B:

A.

Percentage of main APC and T cell subsets in spleen and blood
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Figure 7A:

—0—HA-IFA —®—HA-sal
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Figure 7B:

Superior in vivo loading of APC by Ig-peptide technology

Spleen Local lymph nodes Thymus
HA -saline (4.50M) 0.12-0.4* <0.04 0.12
HA-saline (450nM) 0.4-1.2 0.12-0.4 1.1-3.5
HA-IFA (4.5nM) 0.12-0.4 0.04-0.12 0.04-0.12
HA-IFA (450nM) 0.4-1.2 3.5-10.0 1.1-3.5
IgHA (0.45nM) 1.2-3.5 0.4-1.2 1.1-3.5
IgsHA (4.5nM) 10.0 10.0-33.3 1.1-3.5

% of APC that are able to present peptide in given condition
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Figures 8A-8D:
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MACS separation
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Figure 11:
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Figures 12A-12D:

B. Th1 C.Tr D. Th3
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Figures 13A-13B:

A. Antigen-stimulated IL-4 production byT
cells+naive APC
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Figure 14:
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Figure 16:
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Figures 17A-17B:

A. Ongoing IL-4 production is CD4 dependent
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Fig. 19B.
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Figures 20C-20D:
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Figure 21:

Maturing FeyRIIB Ig-peptides
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Figure 22:
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H_Jumﬂu.m Nw>u Nucleotide composition of synthetic RNA

immunomodulatory motifs.

compounds used for screening of

Category
of RNA®

Nucleotide composition

Single-stranded RNA  Group 1 (Pool 1)

Group 2 (Pool 2)

Group 3 (Pool 3)

Group 4 (Pool 4)

p°(A); p(C); p(G); p(D; p(U)
p(G,U); p(C,U); p(A,C), p@ILU)
p(CD; p(AU); p(A,G)

p(A,C.G); p(A.C.U); p(A,G,U)

Double-stranded RNA  Group 5 (Pool 5)

pC :pG; pA:pU; pl:ipC
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Figures 23B-23D:

lgG endpoint titers
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Figure 25:
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. Potent Anti-Viral Activity
Fig. 27 of Selected dsRNA Motifs
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Figure 28:

IgG endpoint titers
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Figure 29:

TNF-alpha (differentiated THP-1)
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Figure 30A: Binding (FACS) to human cells
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Figure 30B: Binding (FACS) to human cells
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Figure 31: Fractionation of adjuvant dsRNA
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Figure 32: Activity of different fractions
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Fig. 33: Lack of Inmunogenicity of Synthetic dsRNA
Comprising Naturally Occurring Nucleotides

Antibody Response to Components

65/87



PCT/US2006/032512

WO 2007/022477

Figures 34A-34B:

Frequency of NP-specific T cells
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Figure 36:
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Figure 37:
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Figure 40:

Co-Stimulatory Motif
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Figure 42:
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Figure 43:
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Figure 44:
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Figure 38:
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Figure 39:
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Figure 45A:

Tumor Status of Rate of tumoral disease
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Fig. 46A
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Fig. 46 B.
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FIG. 47
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Fig. 48

Effect of Fcy R Blockade on IgGIN-stimulated T Cell Activation
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Fig. 49A

APC-dependent hil.2 Secretion
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FIG. 49B

C APC-dependent hIFNg Secretion
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FIG. 50B

C APC-dependent hIFNg Secretion
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Fig. 51
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