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(57) ABSTRACT 
Methods for treating mammals With cancer using molecules 
that have an lL-21 functional activity are described. The 
molecules having lL-21 functional activities include 
polypeptides that have homology to the human lL-21 
polypeptide sequence and proteins fused to a polypeptide 
with IL-21 functional activity. The molecules can be used as 
a monotherapy or in combination With other known cancer 
therapeutics. 
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METHODS OF TREATING CANCER USING IL-21 

REFERENCE TO RELATED APPLICATIONS 

[0001] This patent application is a continuation of US. 
patent application Ser. No. 10/456,780, ?led on Jun. 6, 2003, 
and is a continuation-in-part Which claims bene?t of US. 
Provisional Application Ser. No. 60/ 387,127, ?led on Jun. 7, 
2002, and all of Which are incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

[0002] Cytokines generally stimulate proliferation or dif 
ferentiation of cells of the hematopoietic lineage or partici 
pate in the immune and in?ammatory response mechanisms 
of the body. Examples of cytokines Which affect hemato 
poiesis are erythropoietin (EPO), Which stimulates the 
development of red blood cells; thrombopoietin (TPO), 
Which stimulates development of cells of the megakaryocyte 
lineage; and granulocyte-colony stimulating factor (G-CSF), 
Which stimulates development of neutrophils. These cytok 
ines are useful in restoring normal blood cell levels in 
patients suffering from anemia, thrombocytopenia, and neu 
tropenia or receiving chemotherapy for cancer. 

[0003] The interleukins are a family of cytokines that 
mediate immunological responses. Central to an immune 
response is the T cell, Which produce many cytokines and 
adaptive immunity to antigens. Cytokines produced by the T 
cell have been classi?ed as type 1 and type 2 (Kelso, A. 
lmmun. Cell Biol. 76:300-317, 1998). Type 1 cytokines 
include IL-2, IFN-y, LT-ot, and are involved in in?ammatory 
responses, viral immunity, intracellular parasite immunity 
and allograft rejection. Type 2 cytokines include IL-4, IL-5, 
IL-6, IL-10 and IL-13, and are involved in humoral 
responses, helminth immunity and allergic response. Shared 
cytokines betWeen Type 1 and 2 include IL-3, GM-CSF and 
TNF-ot. There is some evidence to suggest that Type 1 and 
Type 2 producing T cell populations preferentially migrate 
into different types of in?amed tissue. 

[0004] Mature T cells can activated, i.e., by an antigen or 
other stimulus, to produce, for example, cytokines, bio 
chemical signaling molecules, or receptors that further in?u 
ence the fate of the T cell population. 

[0005] B cells can be activated via receptors on their cell 
surface including B cell receptor and other accessory mol 
ecules to perform accessory cell functions, such as produc 
tion of cytokines. 

[0006] Natural killer (NK) cells have a common progeni 
tor cell With T cells and B cells, and play a role in immune 
surveillance. NK cells, Which comprise up to 15% of blood 
lymphocytes, do not express antigen receptors, and therefore 
do not use MHC recognition as requirement for binding to 
a target cell. NK cells are involved in the recognition and 
killing of certain tumor cells and virally infected cells. In 
vivo, NK cells are believed to require activation, hoWever, 
in vitro, NK cells have been shoWn to kill some types of 
tumor cells Without activation. 

[0007] Lymphomas are malignancies of the lymphatic 
system, that are heterogenous in etiology, morphology, and 
clinical course. Lymphomas are generally classi?ed as either 
Hodgkins disease or Non-Hodgkins lymphomas. Hodgkins 
disease is characterized by giant histocytes, Whereas absence 
of the cells encompasses all non-Hodgkins lymphomas. 
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Lymphocytes, Which are the primary component of lymph, 
can be B cell lymphocytes or T cell lymphocytes. Generally, 
When a lymphoma arises early in cell maturation, the malig 
nancy is more aggressive than malignancies arising from 
mature cells. Chemotherapy is usually more effective in 
treating aggressive lymphoma, Whereas indolent lympho 
mas cannot be treated as easily and therefore are likely never 
to be cured as long as the disease remains indolent. For a 
survey of information relating to lymphoma, see, eg Lym 
phoma Treatments and Managing Their Side E??ecls, Lym 
phoma Res. Found. Of Amer, Los Angeles, 2001. 

[0008] In other aspects, the present invention provides 
such methods for treating solid tumors and lymphomas by 
administrating IL-21 compositions that may used as a mono 
therapy or in combination With chemotherapy, radiation 
therapy, or other biologics. These and other uses should be 
apparent to those skilled in the art from the teachings herein. 

SUMMARY OF THE INVENTION 

[0009] Within one aspect, the present invention provides a 
method of treating Non-Hodgskins lymphoma comprising 
administering to a subject in need thereof a therapeutically 
effective amount of a polypeptide having a functional activ 
ity of IL-21. In certain embodiments, the polypeptide has 
been shoWn to not cause proliferation of isolated cancer cells 
prior to administration to the subject. 

[0010] In another aspect, the present invention provides a 
method of treating cancer comprising administering to sub 
ject a therapeutically effective amount of a polypeptide 
having a functional activity of IL-21, Wherein the cancer is 
selected from the group of renal cell carcinoma, epithelial 
carcinoma, breast cancer, prostate cancer, ovarian cancer 
and colon cancer. In one embodiment, there is a tumor 
response. In another embodiment, the tumor response is 
measured as complete response, partial response or reduc 
tion in time to progression. 

[0011] In another aspect, the present invention provides a 
method of treating Non-Hodgskins lymphoma comprising 
administering to a subject in need thereof a therapeutically 
effective amount of a fusion protein comprising a ?rst 
polypeptide having a functional activity of IL-21 and a 
second polypeptide. In other embodiments, the methods 
provide the cancer is selected from the group of renal cell 
carcinoma, epithelial carcinoma, breast cancer, prostate can 
cer, ovarian cancer and colon cancer. In one embodiment, 
there is a tumor response. In another embodiment, the tumor 
response is measured as complete response, partial response 
or reduction in time to progression. 

DESCRIPTION OF THE INVENTION 

[0012] Prior to setting forth the invention in detail, it may 
be helpful to the understanding thereof to de?ne the folloW 
ing terms: 

[0013] The term “a?inity tag” is used herein to denote a 
polypeptide segment that can be attached to a second 
polypeptide to provide for puri?cation or detection of the 
second polypeptide or provide sites for attachment of the 
second polypeptide to a substrate. In principal, any peptide 
or protein for Which an antibody or other speci?c binding 
agent is available can be used as an a?inity tag. A?inity tags 
include a poly-histidine tract, protein A (Nilsson et al., 
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EMBO J. 411075, 1985; Nilsson et al., Methods Enzymol. 
198:3, 1991), glutathione S transferase (Smith and Johnson, 
Gene 67:31, 1988), Glu-Glu affinity tag (Grussenmeyer et 
al., Proc. Natl. Acad. Sci. USA 82:7952-4, 1985), substance 
P, FlagTM peptide (Hopp et al., Biotechnology 6:1204-10, 
1988), streptavidin binding peptide, or other antigenic 
epitope or binding domain. See, in general, Ford et al., 
Protein Expression and Purification 2: 95-107, 1991. DNAs 
encoding a?inity tags are available from commercial sup 
pliers (e.g., Pharmacia Biotech, PiscataWay, N1.) 
[0014] The term “allelic variant” is used herein to denote 
any of tWo or more alternative forms of a gene occupying the 
same chromosomal locus. Allelic variation arises naturally 
through mutation, and may result in phenotypic polymor 
phism Within populations. Gene mutations can be silent (no 
change in the encoded polypeptide) or may encode polypep 
tides having altered amino acid sequence. The term allelic 
variant is also used herein to denote a protein encoded by an 
allelic variant of a gene. 

[0015] The terms “amino-terminal” and “carboxyl-termi 
nal” are used herein to denote positions Within polypeptides. 
Where the context alloWs, these terms are used With refer 
ence to a particular sequence or portion of a polypeptide to 
denote proximity or relative position. For example, a certain 
sequence positioned carboxyl-terminal to a reference 
sequence Within a polypeptide is located proximal to the 
carboxyl terminus of the reference sequence, but is not 
necessarily at the carboxyl terminus of the complete 
polypeptide. 
[0016] The term “cancer” or “cancer cell” is used herein to 
denote a tissue or cell found in a neoplasm Which possesses 
characteristics Which differentiate it from normal tissue or 
tissue cells. Among such characteristics include but are not 
limited to: degree of anaplasia, irregularity in shape, indis 
tinctness of cell outline, nuclear siZe, changes in structure of 
nucleus or cytoplasm, other phenotypic changes, presence of 
cellular proteins indicative of a cancerous or pre-cancerous 
state, increased number of mitoses, and ability to metasta 
siZe. Words pertaining to “cancer” include carcinoma, sar 
coma, tumor, epithelioma, leukemia, lymphoma, polyp, and 
scirrus, transformation, neoplasm, and the like. 
[0017] The term “complement/anti-complement pair” 
denotes non-identical moieties that form a non-covalently 
associated, stable pair under appropriate conditions. For 
instance, biotin and avidin (or streptavidin) are prototypical 
members of a complement/anti-complement pair. Other 
exemplary complement/anti-complement pairs include 
receptor/ligand pairs, antibody/antigen (or hapten or 
epitope) pairs, sense/antisense polynucleotide pairs, and the 
like. Where subsequent dissociation of the complement/anti 
complement pair is desirable, the complement/anti-comple 
ment pair preferably has a binding af?nity of <109 M_l. 
[0018] The term “complements of a polynucleotide mol 
ecule” denotes a polynucleotide molecule having a comple 
mentary base sequence and reverse orientation as compared 
to a reference sequence. 

[0019] The term “degenerate nucleotide sequence” 
denotes a sequence of nucleotides that includes one or more 
degenerate codons (as compared to a reference polynucle 
otide molecule that encodes a polypeptide). Degenerate 
codons contain different triplets of nucleotides, but encode 
the same amino acid residue (i.e., GAU and GAC triplets 
each encode Asp). 
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[0020] The term “expression vector” is used to denote a 
DNA molecule, linear or circular, that comprises a segment 
encoding a polypeptide of interest operably linked to addi 
tional segments that provide for its transcription. Such 
additional segments include promoter and terminator 
sequences, and may also include one or more origins of 

replication, one or more selectable markers, an enhancer, a 
polyadenylation signal, etc. Expression vectors are generally 
derived from plasmid or viral DNA, or may contain ele 
ments of both. 

[0021] The term “isolated”, When applied to a polynucle 
otide, denotes that the polynucleotide has been removed 
from its natural genetic milieu and is thus free of other 
extraneous or unWanted coding sequences, and is in a form 
suitable for use Within genetically engineered protein pro 
duction systems. Such isolated molecules are those that are 
separated from their natural environment and include cDNA 
and genomic clones. Isolated DNA molecules of the present 
invention are free of other genes With Which they are 
ordinarily associated, but may include naturally occurring 5' 
and 3' untranslated regions such as promoters and termina 
tors. The identi?cation of associated regions Will be evident 
to one of ordinary skill in the art (see for example, Dynan 
and Tijan, Nature 316:774-78, 1985). 

[0022] An “isolated” polypeptide or protein is a polypep 
tide or protein that is found in a condition other than its 
native environment, such as apart from blood and animal 
tissue. In a preferred form, the isolated polypeptide is 
substantially free of other polypeptides, particularly other 
polypeptides of animal origin. It is preferred to provide the 
polypeptides in a highly puri?ed form, i.e. greater than 95% 
pure, more preferably greater than 99% pure. When used in 
this context, the term “isolated” does not exclude the pres 
ence of the same polypeptide in alternative physical forms, 
such as dimers or alternatively glycosylated or derivatiZed 
forms. 

[0023] The term “level” When referring to immune cells, 
such as NK cells, T cells, in particular cytotoxic T cells, B 
cells and the like, an increased level is either increased 
number of cells or enhanced activity of cell function. 

[0024] The term “level” When referring to viral infections 
refers to a change in the level of viral infection and includes, 
but is not limited to, a change in the level of CTLs or NK 
cells (as described above), a decrease in viral load, an 
increase antiviral antibody titer, decrease in serological 
levels of alanine aminotransferase, or improvement as deter 
mined by histological examination of a target tissue or 
organ. Determination of Whether these changes in level are 
signi?cant differences or changes is Well Within the skill of 
one in the art. 

[0025] The term “neoplastic”, When referring to cells, 
indicates cells undergoing neW and abnormal proliferation, 
particularly in a tissue Where in the proliferation is uncon 
trolled and progressive, resulting in a neoplasm. The neo 
plastic cells can be either malignant, i.e. invasive and 
metastatic, or benign. 

[0026] The term “operably linked”, When referring to 
DNA segments, indicates that the segments are arranged so 
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that they function in concert for their intended purposes, 
e.g., transcription initiates in the promoter and proceeds 
through the coding segment to the terminator. 

[0027] A “polynucleotide” is a single- or double-stranded 
polymer of deoxyribonucleotide or ribonucleotide bases 
read from the 5' to the 3' end. Polynucleotides include RNA 
and DNA, and may be isolated from natural sources, syn 
thesized in vitro, or prepared from a combination of natural 
and synthetic molecules. Sizes of polynucleotides are 
expressed as base pairs (abbreviated “bp”), nucleotides 
(“nt”), or kilobases (“kb”). Where the context alloWs, the 
latter tWo terms may describe polynucleotides that are 
single-stranded or double-stranded. When the term is 
applied to double-stranded molecules it is used to denote 
overall length and Will be understood to be equivalent to the 
term “base pairs”. It Will be recognized by those skilled in 
the art that the tWo strands of a double-stranded polynucle 
otide may differ slightly in length and that the ends thereof 
may be staggered as a result of enzymatic cleavage; thus all 
nucleotides Within a double-stranded polynucleotide mol 
ecule may not be paired. 

[0028] A “polypeptide” is a polymer of amino acid resi 
dues joined by peptide bonds, Whether produced naturally or 
synthetically. Polypeptides of less than about 10 amino acid 
residues are commonly referred to as “peptides”. 

[0029] The term “promoter” is used herein for its art 
recognized meaning to denote a portion of a gene containing 
DNA sequences that provide for the binding of RNA poly 
merase and initiation of transcription. Promoter sequences 
are commonly, but not alWays, found in the 5' non-coding 
regions of genes. 

[0030] A “protein” is a macromolecule comprising one or 
more polypeptide chains. A protein may also comprise 
non-peptidic components, such as carbohydrate groups. Car 
bohydrates and other non-peptidic substituents may be 
added to a protein by the cell in Which the protein is 
produced, and Will vary With the type of cell. Proteins are 
de?ned herein in terms of their amino acid backbone struc 
tures; substituents such as carbohydrate groups are generally 
not speci?ed, but may be present nonetheless. 

[0031] The term “receptor” denotes a cell-associated pro 
tein that binds to a bioactive molecule (i.e., a ligand) and 
mediates the effect of the ligand on the cell. Membrane 
bound receptors are characterized by a multi-peptide struc 
ture comprising an extracellular ligand-binding domain and 
an intracellular effector domain that is typically involved in 
signal transduction. Binding of ligand to receptor results in 
a conformational change in the receptor that causes an 
interaction betWeen the effector domain and other mol 
ecule(s) in the cell. This interaction in turn leads to an 
alteration in the metabolism of the cell. Metabolic events 
that are linked to receptor-ligand interactions include gene 
transcription, phosphorylation, dephosphorylation, 
increases in cyclic AMP production, mobilization of cellular 
calcium, mobilization of membrane lipids, cell adhesion, 
hydrolysis of inositol lipids and hydrolysis of phospholipids. 
In general, receptors can be membrane bound, cytosolic or 
nuclear; monomeric (e.g., thyroid stimulating hormone 
receptor, beta-adrenergic receptor) or multimeric (e.g., 
PDGF receptor, groWth hormone receptor, IL-3 receptor, 
GM-CSF receptor, G-CSF receptor, erythropoietin receptor 
and IL-6 receptor). 

Mar. 1, 2007 

[0032] The term “secretory signal sequence” denotes a 
DNA sequence that encodes a polypeptide (a “secretory 
peptide”) that, as a component of a larger polypeptide, 
directs the larger polypeptide through a secretory pathWay of 
a cell in Which it is synthesized. The larger polypeptide is 
commonly cleaved to remove the secretory peptide during 
transit through the secretory pathWay. 

[0033] Molecular Weights and lengths of polymers deter 
mined by imprecise analytical methods (e.g., gel electro 
phoresis) Will be understood to be approximate values. 
When such a value is expressed as “about” X or “approxi 
mately” X, the stated value of X Will be understood to be 
accurate to 10%. 

[0034] All references cited herein are incorporated by 
reference in their entirety. 

[0035] The present invention is based in part upon the 
discovery that administration of IL-21 results in inhibiting 
proliferation of certain neoplastic cells, either directly or 
indirectly, thereby limiting the pathological effects caused 
by speci?c cancers. In the examples Which folloW, animal 
models and in vitro assays demonstrate the activity of IL-21 
on biological samples. 

A. Description of IL-21 and Its Receptor. 

[0036] Human IL-21 (SEQ ID N011 and SEQ ID NO12) 
Was designated IL-21, and is described in commonly-oWned 
US. Pat. No. 6,307,024, Which is incorporated herein by 
reference. The IL-21 receptor, (previously designated zal 
pha11) noW designated IL-21R (SEQ ID N015 and SEQ ID 
N016), and heterodimeric receptor IL-21R/IL-2Ry are 
described in commonly-owned WIPO Publication Nos. WO 
0/ 17235 and WO 01/77171, Which are incorporated herein 
by reference. As described in these publications, IL-21 Was 
isolated from a cDNA library generated from activated 
human peripheral blood cells (hPBCs), Which Were selected 
for CD3. CD3 is a cell surface marker unique to cells of 
lymphoid origin, particularly T cells. 

[0037] The amino acid sequence for the IL-21R indicated 
that the encoded receptor belonged to the Class I cytokine 
receptor subfamily that includes, but is not limited to, the 
receptors for IL-2, IL-4, IL-7, IL-15, EPO, TPO, GM-CSF 
and G-CSF (for a revieW see, Cosman, “The Hematopoietin 
Receptor Superfamily” in Cylokine 5(2): 95-106, 1993). The 
tissue distribution of the receptor suggests that a target for 
IL-21 is hematopoietic lineage cells, in particular lymphoid 
progenitor cells and lymphoid cells. Other knoWn four 
helical-bundle cytokines that act on lymphoid cells include 
IL-2, IL-4, IL-7, and IL-15. For a revieW of four-helical 
bundle cytokines, see, Nicola et al., Advances in Protein 
Chemistry 5211-65, 1999 and Kelso, A., Immunol. Cell Biol. 
761300-317, 1998. 

[0038] For IL-21, the secretory signal sequence is com 
prised of amino acid residues 1 (Met) to 31 (Gly), and the 
mature polypeptide is comprised of amino acid residues 32 
(Gln) to 162 (Ser) (as shoWn in SEQ ID NO: 2). In general, 
cytokines are predicted to have a four-alpha helix structure, 
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With helices A, C and D being most important in ligand 
receptor interactions, and are more highly conserved among 
members of the family. Referring to the human IL-21 amino 
acid sequence shoWn in SEQ ID N012, an alignment of 
human IL-21, human IL-15, human IL-4, and human GM 
CSF amino acid sequences predicted that IL-21 helix A is 
de?ned by amino acid residues 41-56; helix B by amino acid 
residues 69-84; helix C by amino acid residues 92-105; and 
helix D by amino acid residues 135-148; as shoWn in SEQ 
ID N01 2. Structural analysis suggests that the A/B loop is 
long, the B/C loop is short and the C/ D loop is parallel long. 
This loop structure results in an up-up-doWn-doWn helical 
organization. The cysteine residues are absolutely conserved 
betWeen IL-21 and IL-15. The cysteine residues that are 
conserved betWeen IL-15 and IL-21 correspond to amino 
acid residues 71, 78, 122 and 125 of SEQ ID N01 2. 
Conservation of some of the cysteine residues is also found 
in IL-2, IL-4, GM-CSF and IL-21 corresponding to amino 
acid residues 78 and 125 of SEQ ID N01 2. Consistent 
cysteine placement is further con?rmation of the four 
helical-bundle structure. Also highly conserved in the family 
comprising IL-15, IL-2, IL-4, GM-CSF and IL-21 is the 
Glu-Phe-Leu sequence as shoWn in SEQ ID N01 2 at 
residues 136-138. Further analysis of IL-21 based on mul 
tiple alignments predicts that amino acid residues 44, 47 and 
135 (as shoWn in SEQ ID N01 2) play an important role in 
IL-21 binding to its cognate receptor. Moreover, the pre 
dicted amino acid sequence of murine IL-21 (SEQ ID N014) 
shoWs 57% identity to the predicted human protein. Based 
on comparison betWeen sequences of human and murine 
IL-21 Well-conserved residues Were found in the regions 
predicted to encode alpha helices A and D. 

[0039] The corresponding polynucleotides encoding the 
IL-21 polypeptide regions, domains, motifs, residues and 
sequences described herein are as shoWn in SEQ ID N011. 
The amino acid residues comprising helices A, B, C, and D, 
and loops A/B, B/C and C/D for IL-21, IL-2, IL-4, IL-15 and 
GM-CSF are shoWn in Table 1. 
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changes, are Within the scope of the present invention, as are 

proteins Which are allelic variants of SEQ ID N012. cDNAs 

generated from alternatively spliced mRNAs, Which retain 
the properties of the IL-21 polypeptide, are included Within 

the scope of the present invention, as are polypeptides 
encoded by such cDNAs and mRNAs. Allelic variants and 

splice variants of these sequences can be cloned by probing 
cDNA or genomic libraries from different individuals or 

tissues according to standard procedures knoWn in the art. 

[0041] The present invention also provides isolated IL-21 
polypeptides that have a substantially similar sequence 
identity to the polypeptides of SEQ ID N012, or their 
orthologs. The term “substantially similar sequence iden 
tity” is used herein to denote polypeptides comprising at 
least 70%, at least 80%, at least 90%, at least 95%, or greater 
than 95% sequence identity to the sequences shoWn in SEQ 
ID N012, or their orthologs. The present invention also 
includes polypeptides that comprise an amino acid sequence 

having at least 70%, at least 80%, at least 90%, at least 95% 
or greater than 95% sequence identity to the sequence of 

amino acid residues 1 to 162 or 33 to 162 of SEQ ID N012. 

The present invention further includes nucleic acid mol 

ecules that encode such polypeptides. Methods for deter 

mining percent identity are described beloW. 

[0042] Percent sequence identity is determined by con 
ventional methods. See, for example, Altschul et al., Bull. 
Math. Bio. 481603 (1986), and Henikolf and Henikolf, Proc. 
Natl. Acad. Sci. USA 89110915 (1992). Brie?y, tWo amino 
acid sequences are aligned to optimiZe the alignment scores 

using a gap opening penalty of 10, a gap extension penalty 
of 1, and the “BLOSUM62” scoring matrix of Henikolf and 

TABLE 1 

NB B/C C/D 
Helix A Loop Helix B Loop Helix C Loop Helix D 

IL- 41-56 57-68 69-84 85-91 92-105 106-134 135-148 SEQ ID 
21residues N0: 2 
IL-2 3646 47-52 53-75 76-86 87-99 100-102 103-121 SEQ ID 
residues N0: 5 
IL-4 2943 44-64 65-83 84-94 95-118 119-133 134-151 SEQ ID 
residues N0: 6 
IL-15 45-68 69-83 84-101 102-106 107-119 120-133 134-160 SEQ ID 
residues N0: 7 
GM-CSF 3044 45-71 72-81 82-90 91-102 103-119 120-131 SEQ ID 
residues N0: 8 

[0040] Those skilled in the art Will recogniZe that the 
sequence disclosed in SEQ ID N011 represents a single 
allele of human IL-21 and that allelic variation and alterna 
tive splicing are expected to occur. Allelic variants of this 

sequence can be cloned by probing cDNA or genomic 
libraries from different individuals according to standard 
procedures. Allelic variants of the DNA sequence shoWn in 
SEQ ID N011, including those containing silent mutations 
and those in Which mutations result in amino acid sequence 

Henikolf (ibid.) as shoWn in Table 2 (amino acids are 
indicated by the standard one-letter codes). 

Total number of identical matches 
X 100 

length of the longer sequence plus the 

number of gaps introduced into the longer 

sequence in order to align the tWo sequences 
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TABLE 2 
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ARNDCQEGHI LKMFP STWYV 

4 
—1 5 
—2 0 6 
—2 —2 1 6 

—1 1 0 0 —3 5 
—1 0 0 2 —4 2 5 
0 —2 0 —1 —3 —2 —2 6 

—2 0 1 —1 —3 0 0 —2 8 

4 
1 5 

—3 —2 11 
—2 —2 2 7 

[0043] Those skilled in the art appreciate that there are 
many established algorithms available to align tWo amino 
acid sequences. The “FASTA” similarity search algorithm of 
Pearson and Lipman is a suitable protein alignment method 
for examining the level of identity shared by an amino acid 
sequence disclosed herein and the amino acid sequence of a 
putative variant lL-21 . The FASTA algorithm is described by 
Pearson and Lipman, Proc. Nat’! Acad. Sci. USA 8512444 
(1988), and by Pearson, Melh. Enzymol. 183163 (1990). 

[0044] Variant lL-21 polypeptides or polypeptides With 
substantially similar sequence identity are characterized as 
having one or more amino acid substitutions, deletions or 
additions. These changes are preferably of a minor nature, 
that is conservative amino acid substitutions (see Table 3) 
and other substitutions that do not signi?cantly affect the 
folding or activity of the polypeptide; small deletions, typi 
cally of one to about 30 amino acids; and amino- or 
carboxyl-terminal extensions, such as an amino-terminal 
methionine residue, a small linker peptide of up to about 
20-25 residues, or an af?nity tag. The present invention thus 
includes polypeptides of from about 108 to 216 amino acid 
residues that comprise a sequence that is at least 80%, 
preferably at least 90%, and more preferably 95%, 96%, 
97%, 98%, 99% or more identical to the corresponding 
region of SEQ ID N012. Polypeptides comprising a?inity 
tags can further comprise a proteolytic cleavage site betWeen 
the lL-21 polypeptide and the af?nity tag. Preferred such 
sites include thrombin cleavage sites and factor Xa cleavage 
sites. 

TABLE 3 

Conservative amino acid substitutions 

Basic: arginine 
lysine 
hi stidine 
glutalnic acid 
aspartic acid 
glutalnine 
asp aragine 

Acidic: 

Polar: 

TABLE 3-continued 

Conservative amino acid substitutions 

leucine 
iso leucine 
valine 
phenylalanine 
tryptophan 
tyro sine 
glycine 
alanine 
serine 
threonine 
methionine 

Hydrophobic: 

Aromatic: 

Small: 

[0045] Determination of amino acid residues that com 
prise regions or domains that are critical to maintaining 
structural integrity can be determined. Within these regions 
one can determine speci?c residues that Will be more or less 
tolerant of change and maintain the overall tertiary structure 
of the molecule. Methods for analyZing sequence structure 
include, but are not limited to alignment of multiple 
sequences With high amino acid or nucleotide identity, 
secondary structure propensities, binary patterns, comple 
mentary packing and buried polar interactions (Barton, 
Current Opin. Slrucl. Biol. 51372-376, 1995 and Cordes et 
al., Current Opin. Slrucl. Biol. 613-10, 1996). In general, 
When designing modi?cations to molecules or identifying 
speci?c fragments determination of structure Will be accom 
panied by evaluating activity of modi?ed molecules. 

[0046] Amino acid sequence changes are made in lL-21 
polypeptides so as to minimize disruption of higher order 
structure essential to biological activity. For example, Where 
the lL-21 polypeptide comprises one or more helices, 
changes in amino acid residues Will be made so as not to 
disrupt the helix geometry and other components of the 
molecule Where changes in conformation abate some critical 
function, for example, binding of the molecule to its binding 
partners, e.g., A and D helices, residues 44, 47 and 135 of 
SEQ ID NO: 2. The effects of amino acid sequence changes 
can be predicted by, for example, computer modeling as 
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disclosed above or determined by analysis of crystal struc 
ture (see, e.g., Lapthom et al., Nat. Struct. Biol. 21266-268, 
1995). Other techniques that are Well known in the art 
compare folding of a variant protein to a standard molecule 
(e.g., the native protein). For example, comparison of the 
cysteine pattern in a variant and standard molecules can be 
made. Mass spectrometry and chemical modi?cation using 
reduction and alkylation provide methods for determining 
cysteine residues Which are associated With disul?de bonds 
or are free of such associations (Bean et al., Anal. Biochem. 
2011216-226, 1992; Gray, Protein Sci. 211732-1748, 1993; 
and Patterson et al., Anal. Chem. 6613727-3732, 1994). It is 
generally believed that if a modi?ed molecule does not have 
the same cysteine pattern as the standard molecule folding 
Would be affected. Another Well knoWn and accepted 
method for measuring folding is circular dichrosism (CD). 
Measuring and comparing the CD spectra generated by a 
modi?ed molecule and standard molecule is routine 
(Johnson, Proteins 71205-214, 1990). Crystallography is 
another Well knoWn method for analyzing folding and 
structure. Nuclear magnetic resonance (NMR), digestive 
peptide mapping and epitope mapping are also knoWn 
methods for analyzing folding and structurally similarities 
betWeen proteins and polypeptides (Schaanan et al., Science 
2571961-964, 1992). 

[0047] A Hopp/Woods hydrophilicity pro?le of the IL-21 
protein sequence as shoWn in SEQ ID NO12 can be gener 
ated (Hopp et al., Proc. Natl. Acad. Sci. 7813824-3828, 1981; 
Hopp, J. Immun. Meth. 8811-18, 1986 and Triquier et al., 
Protein Engineering 111153-169, 1998). The pro?le is based 
on a sliding six-residue WindoW. Buried G, S, and T residues 
and exposed H, Y, and W residues Were ignored. For 
example, in IL-21, hydrophilic regions include amino acid 
residues 114-119 of SEQ ID NO: 2, amino acid residues 
101-105 of SEQ ID NO: 2, amino acid residues 126-131 of 
SEQ ID NO: 2, amino acid residues 113-118 of SEQ ID NO: 
2, and amino acid residues 158-162 of SEQ ID NO: 2. 

[0048] Those skilled in the art Will recognize that hydro 
philicity or hydrophobicity Will be taken into account When 
designing modi?cations in the amino acid sequence of a 
IL-21 polypeptide, so as not to disrupt the overall structural 
and biological pro?le. Of particular interest for replacement 
are hydrophobic residues selected from the group consisting 
of Val, Leu and He or the group consisting of Met, Gly, Ser, 
Ala, Tyr and Trp. For example, residues tolerant of substi 
tution could include residues 100 and 103 as shoWn in SEQ 
ID NO: 2. Cysteine residues at positions 71, 78, 122 and 125 
of SEQ ID NO: 2, Will be relatively intolerant of substitu 
tion. 

[0049] The identities of essential amino acids can also be 
inferred from analysis of sequence similarity betWeen IL-15, 
IL-2, IL-4 and GM-CSF With IL-21. Using methods such as 
“PASTA” analysis described previously, regions of high 
similarity are identi?ed Within a family of proteins and used 
to analyze amino acid sequence for conserved regions. An 
alternative approach to identifying a variant IL-21 poly 
nucleotide on the basis of structure is to determine Whether 
a nucleic acid molecule encoding a potential variant IL-21 
gene can hybridize to a nucleic acid molecule having the 
nucleotide sequence of SEQ ID NO11, as discussed above. 

[0050] Other methods of identifying essential amino acids 
in the polypeptides of the present invention are procedures 
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knoWn in the art, such as site-directed mutagenesis or 
alanine-scanning mutagenesis (Cunningham and Wells, Sci 
ence 24411081 (1989), Bass et al., Proc. Natl. Acad. Sci. 
USA 8814498 (1991), Coombs and Corey, “Site-Directed 
Mutagenesis and Protein Engineering,” in Proteins: Analysis 
and Design, Angeletti (ed.), pages 259-311 (Academic 
Press, Inc. 1998)). In the latter technique, single alanine 
mutations are introduced at every residue in the molecule, 
and the resultant mutant molecules are tested for biological 
or biochemical activity as disclosed beloW to identify amino 
acid residues that are critical to the activity of the molecule. 
See also, Hilton et al., J. Biol. Chem. 27114699 (1996). 

[0051] The present invention also includes administration 
of molecules having the functional activity of IL-21. Thus, 
administration of functional fragments and functional modi 
?ed polypeptides of IL-21 polypeptides and nucleic acid 
molecules encoding such functional fragments and modi?ed 
polypeptides. A “functional” IL-21 or fragment thereof as 
de?ned herein is characterized by its proliferative or differ 
entiating activity, by its ability to induce or inhibit special 
ized cell functions, in particular for immune effector cells, 
such as NK cells, T cells, B cells and dendritic cells. 
Functional IL-21 also includes the ability to exhibit anti 
cancer and anti-viral effects in vitro or in vivo, or by its 
ability to bind speci?cally to an anti-IL-21 antibody or IL-21 
receptor (either soluble or immobilized). As previously 
described herein, IL-21 is characterized by a four-helical 
bundle structure comprising helix A (amino acid residues 
41-56), helix B (amino acid residues 69-84), helix C (amino 
acid residues 92-105) and helix D (amino acid residues 
135-148), as shoWn in SEQ ID NO: 2. Thus, the present 
invention further provides fusion proteins encompassing: (a) 
polypeptide molecules comprising one or more of the heli 
ces described above; and (b) functional fragments compris 
ing one or more of these helices. The other polypeptide 
portion of the fusion protein can contributed by another 
four-helical-bundle cytokine, such as IL-15, IL-2, IL-4 and 
GM-CSF, or by a non-native and/or an unrelated secretory 
signal peptide that facilitates secretion of the fusion protein. 

[0052] Routine deletion analyses of nucleic acid mol 
ecules can be performed to obtain functional fragments of a 
nucleic acid molecule that encodes a IL-21 polypeptide. As 
an illustration, DNA molecules having the nucleotide 
sequence of SEQ ID NO11 or fragments thereof, can be 
digested With Bal31 nuclease to obtain a series of nested 
deletions. These DNA fragments are then inserted into 
expression vectors in proper reading frame, and the 
expressed polypeptides are isolated and tested for IL-21 
activity, or for the ability to bind anti-IL-21 antibodies or 
zalpha11 receptor. One alternative to exonuclease digestion 
is to use oligonucleotide-directed mutagenesis to introduce 
deletions or stop codons to specify production of a desired 
IL-21 fragment. Alternatively, particular fragments of a 
IL-21 gene can be synthesized using the polymerase chain 
reaction. 

[0053] Standard methods for identifying functional 
domains are Well-knoWn to those of skill in the art. For 
example, studies on the truncation at either or both termini 
of interferons have been summarized by Horisberger and Di 
Marco, Pharmac. T her. 661507 (1995). Moreover, standard 
techniques for functional analysis of proteins are described 
by, for example, Treuter et al., Molec. Gen. Genet. 2401113 
(1993); Content et al., “Expression and preliminary deletion 
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analysis of the 42 kDa 2-5 A synthetase induced by human 
interferon,” in Biological Interferon Systems, Proceedings of 
ISIR-TNO Meeting on Interferon Systems, Cantell (ed.), 
pages 65-72 (Nijholf 1987); Herschman, “The EGF Recep 
tor,” in Control of Animal Cell Proliferation 1, Boynton et 
al., (eds.) pages 169-199 (Academic Press 1985); Coumail 
leau et al., J. Biol. Chem. 270:29270 (1995); Fukunaga et al., 
J. Biol. Chem. 270:25291 (1995); Yamaguchi et al., Bio 
chem. Pharmacol. 50:1295 (1995); and Meisel et al., Plant 
Molec. Biol. 30:1 (1996). 

[0054] Multiple amino acid substitutions can be made and 
tested using known methods of mutagenesis and screening, 
such as those disclosed by Reidhaar-Olson and Sauer (Sci 
ence 241 :53 (1988)) or BoWie and Sauer (Proc. Nat ’l Acad. 
Sci. USA 86:2152 (1989)). Brie?y, these authors disclose 
methods for simultaneously randomizing tWo or more posi 
tions in a polypeptide, selecting for functional polypeptide, 
and then sequencing the mutageniZed polypeptides to deter 
mine the spectrum of alloWable substitutions at each posi 
tion. Other methods that can be used include phage display 
(e.g., LoWman et al., Biochem. 30:10832 (1991), Ladner et 
al., US. Pat. No. 5,223,409, Huse, international publication 
No. WO 92/06204), and region-directed mutagenesis (Der 
byshire et al., Gene 46:145 (1986), and Ner et al., DNA 
7.127, (1988)). 
[0055] Variants of the disclosed lL-21 nucleotide and 
polypeptide sequences can also be generated through DNA 
shu?ling as disclosed by Stemmer, Nature 370:389 (1994), 
Stemmer, Proc. Natl. Acad. Sci. USA 91110747 (1994), and 
international publication No. WO 97/20078. Brie?y, variant 
DNA molecules are generated by in vitro homologous 
recombination by random fragmentation of a parent DNA 
folloWed by reassembly using PCR, resulting in randomly 
introduced point mutations. This technique can be modi?ed 
by using a family of parent DNA molecules, such as allelic 
variants or DNA molecules from different species, to intro 
duce additional variability into the process. Selection or 
screening for the desired activity, folloWed by additional 
iterations of mutagenesis and assay provides for rapid “evo 
lution” of sequences by selecting for desirable mutations 
While simultaneously selecting against detrimental changes. 

[0056] Mutagenesis methods as disclosed herein can be 
combined With high-throughput, automated screening meth 
ods to detect activity of cloned, mutageniZed polypeptides in 
host cells. MutageniZed DNA molecules that encode bio 
logically active polypeptides, or polypeptides that bind With 
anti-lL-21 antibodies or soluble Zalpha11 receptor, can be 
recovered from the host cells and rapidly sequenced using 
modern equipment. These methods alloW the rapid deterrni 
nation of the importance of individual amino acid residues 
in a polypeptide of interest, and can be applied to polypep 
tides of unknown structure. 

[0057] In addition, the proteins of the present invention (or 
polypeptide fragments thereof) can be joined to other bio 
active molecules, particularly other cytokines, to provide 
multi-functional molecules. For example, one or more heli 
ces from lL-21 can be joined to other cytokines to enhance 
their biological properties or ef?ciency of production. 

[0058] The present invention thus provides a series of 
novel, hybrid molecules in Which a segment comprising one 
or more of the helices of IL-21 is fused to another polypep 
tide. Fusion is preferably done by splicing at the DNA level 
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to alloW expression of chimeric molecules in recombinant 
production systems. The resultant molecules are then 
assayed for such properties as improved solubility, improved 
stability, prolonged clearance half-life, improved expression 
and secretion levels, and pharrnacodynamics. Such hybrid 
molecules may further comprise additional amino acid resi 
dues (eg a polypeptide linker) betWeen the component 
proteins or polypeptides. 

[0059] Non-naturally occurring amino acids include, With 
out limitation, trans-3-methylproline, 2,4-methanoproline, 
cis-4-hydroxyproline, trans-4-hydroxyproline, N-methylg 
lycine, allo-threonine, methylthreonine, hydroxyethylcys 
teine, hydroxyethylhomocysteine, nitroglutamine, homo 
glutamine, pipecolic acid, thiaZolidine carboxylic acid, 
dehydroproline, 3- and 4-methylproline, 3,3-dimethylpro 
line, tert-leucine, norvaline, 2-aZaphenylalanine, 3-aZaphe 
nylalanine, 4-aZaphenylalanine, and 4-?uorophenylalanine. 
Several methods are knoWn in the art for incorporating 
non-naturally occurring amino acid residues into proteins. 
For example, an in vitro system can be employed Wherein 
nonsense mutations are suppressed using chemically ami 
noacylated suppressor tRNAs. Methods for synthesiZing 
amino acids and aminoacylating tRNA are knoWn in the art. 
Transcription and translation of plasmids containing non 
sense mutations is typically carried out in a cell-free system 
comprising an E. coli S30 extract and commercially avail 
able enZymes and other reagents. Proteins are puri?ed by 
chromatography. See, for example, Robertson et al., J. Am. 
Chem. Soc. 113:2722 (1991), Ellman et al., Methods Enzy 
mol. 202:301 (1991), Chung et al., Science 259:806 (1993), 
and Chung et al., Proc. Nat’l Acad. Sci. USA 90110145 
(1993). 

[0060] In a second method, translation is carried out in 
Xenopus oocytes by microinjection of mutated mRNA and 
chemically aminoacylated suppressor tRNAs (Turcatti et al., 
J. Biol. Chem. 271:19991 (1996)). Within a third method, E. 
coli cells are cultured in the absence of a natural amino acid 
that is to be replaced (e.g., phenylalanine) and in the 
presence of the desired non-naturally occurring amino 
acid(s) (e.g., 2-aZaphenylalanine, 3-aZaphenylalanine, 
4-aZaphenylalanine, or 4-?uorophenylalanine). The non 
naturally occurring amino acid is incorporated into the 
protein in place of its natural counterpart. See, Koide et al., 
Biochem. 33:7470 (1994). Naturally occurring amino acid 
residues can be converted to non-naturally occurring species 
by in vitro chemical modi?cation. Chemical modi?cation 
can be combined With site-directed mutagenesis to further 
expand the range of substitutions (Wynn and Richards, 
Protein Sci. 2:395 (1993). It can advantageous to stabiliZe 
lL-21 to extend the half-life of the molecule, particularly for 
extending metabolic persistence in an active state. To 
achieve extended half-life, lL-21 molecules can be chemi 
cally modi?ed using methods described herein. PEGylation 
is one method commonly used that has been demonstrated to 
increase plasma half-life, increased solubility, and decreased 
antigenicity and immunogenicity (Nucci et al., Advanced 
Drug Delivery Reviews 6:133-155, 1991 and Lu et al., Int. 
J. Peptide Protein Res. 431127-138, 1994). 

[0061] Alimited number of non-conservative amino acids, 
amino acids that are not encoded by the genetic code, 
non-naturally occurring amino acids, and unnatural amino 
acids can substituted for IL-21 amino acid residues. 
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[0062] The present invention also provides polypeptide 
fragments or peptides comprising an epitope-bearing portion 
of a IL-21 polypeptide described herein. Such fragments or 
peptides may comprise an “immunogenic epitope,” Which is 
a part of a protein that elicits an antibody response When the 
entire protein is used as an immunogen. Immunogenic 
epitope-bearing peptides can be identi?ed using standard 
methods (see, for example, Geysen et al., Proc. Nat’l Acad. 
Sci. USA 81:3998 (1983)). 

[0063] In contrast, polypeptide fragments or peptides may 
comprise an “antigenic epitope,” Which is a region of a 
protein molecule to Which an antibody can speci?cally bind. 
Certain epitopes consist of a linear or contiguous stretch of 
amino acids, and the antigenicity of such an epitope is not 
disrupted by denaturing agents. It is knoWn in the art that 
relatively short synthetic peptides that can mimic epitopes of 
a protein can be used to stimulate the production of anti 
bodies against the protein (see, for example, Sutclilfe et al., 
Science 219:660 (1983)). Accordingly, antigenic epitope 
bearing peptides and polypeptides of the present invention 
are useful to raise antibodies that bind With the polypeptides 
described herein. Hopp/Woods hydrophilicity pro?les can 
be used to determine regions that have the most antigenic 
potential (Hopp et al., 1981, ibid. and Hopp, 1986, ibid.). In 
IL-21 these regions include: amino acid residues 114-119, 
101-105, 126-131, 113-118, and 158-162 of SEQ ID NO: 2. 

[0064] Antigenic epitope-bearing peptides and polypep 
tides preferably contain at least four to ten amino acids, at 
least ten to fourteen amino acids, or about fourteen to about 
thirty amino acids of SEQ ID NO:2 or SEQ ID NO:4. Such 
epitope-bearing peptides and polypeptides can be produced 
by fragmenting a IL-21 polypeptide, or by chemical peptide 
synthesis, as described herein. Moreover, epitopes can be 
selected by phage display of random peptide libraries (see, 
for example, Lane and Stephen, Curr. Opin. Immunol. 5:268 
(1993); and Cortese et al., Curr Opin. Biotechnol. 7:616 
(1996)). Standard methods for identifying epitopes and 
producing antibodies from small peptides that comprise an 
epitope are described, for example, by Mole, “Epitope 
Mapping,” in Methods in Molecular Biology, Vol. 10, Man 
son (ed.), pages 105-116 (The Humana Press, Inc. 1992); 
Price, “Production and Characterization of Synthetic Pep 
tide-Derived Antibodies,” in Monoclonal Antibodies: Pro 
duction, Engineering, and Clinical Application, Ritter and 
Ladyman (eds.), pages 60-84 (Cambridge University Press 
1995), and Coligan et al (eds.), Current Protocols in Immu 
nology, pages 931-935 and pages 941-9411 (John 
Wiley & Sons 1997). 

[0065] Regardless of the particular nucleotide sequence of 
a variant IL-21 polynucleotide, the polynucleotide encodes 
a polypeptide that is characterized by its proliferative or 
differentiating activity, its ability to induce or inhibit spe 
cialiZed cell functions, or by the ability to bind speci?cally 
to an anti-IL-21 antibody or Zalpha11 receptor. More spe 
ci?cally, variant IL-21 polynucleotides Will encode polypep 
tides Which exhibit at least 50% and preferably, greater than 
70%, 80% or 90%, of the activity of the polypeptide as 
shoWn in SEQ ID NO: 2. 

[0066] For any IL-21 polypeptide, including variants and 
fusion proteins, one of ordinary skill in the art can readily 
generate a fully degenerate polynucleotide sequence encod 
ing that variant using the genetic code and methods knoWn 
in the art. 
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[0067] The present invention further provides a variety of 
other polypeptide fusions (and related multimeric proteins 
comprising one or more polypeptide fusions). For example, 
a IL-21 polypeptide can be prepared as a fusion to a 
dimeriZing protein as disclosed in US. Pat. Nos. 5,155,027 
and 5,567,584. Preferred dimeriZing proteins in this regard 
include immunoglobulin constant region domains. Immu 
noglobulin-IL-21 polypeptide fusions can be expressed in 
genetically engineered cells (to produce a variety of multi 
meric IL-21 analogs). Auxiliary domains can be fused to 
IL-21 polypeptides to target them to speci?c cells, tissues, or 
macromolecules. For example, a IL-21 polypeptide or pro 
tein could be targeted to a predetermined cell type by fusing 
a IL-21 polypeptide to a ligand that speci?cally binds to a 
receptor on the surface of that target cell. In this Way, 
polypeptides and proteins can be targeted for therapeutic or 
diagnostic purposes. A IL-21 polypeptide can be fused to 
tWo or more moieties, such as an af?nity tag for puri?cation 
and a targeting domain. Polypeptide fusions can also com 
prise one or more cleavage sites, particularly betWeen 
domains. See, Tuan et al., Connective Tissue Research 
34:1-9, 1996. 

[0068] Using the methods discussed herein, one of ordi 
nary skill in the art can identify and/or prepare a variety of 
polypeptides that have substantially similar sequence iden 
tity to residues 1-162 or 33-162 of SEQ ID NO: 2, or 
functional fragments and fusions thereof, Wherein such 
polypeptides or fragments or fusions retain the properties of 
the Wild-type protein such as the ability to stimulate prolif 
eration, differentiation, induce specialiZed cell function or 
bind the IL-21 receptor or IL-21 antibodies. 

[0069] The IL-21 polypeptides used in the present inven 
tion can be produced in genetically engineered host cells 
according to conventional techniques. Suitable host cells are 
those cell types that can be transformed or transfected With 
exogenous DNA and groWn in culture, and include bacteria, 
fungal cells, and cultured higher eukaryotic cells. Eukaryotic 
cells, particularly cultured cells of multicellular organisms, 
are preferred. Techniques for manipulating cloned DNA 
molecules and introducing exogenous DNA into a variety of 
host cells are disclosed by Sambrook et al., Molecular 
Cloning: A Laboratory Manual, 2nd ed., Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, N.Y., 1989, and 
Ausubel et al., eds., Current Protocols in Molecular Biology, 
John Wiley and Sons, Inc., NY, 1987. 

[0070] In general, a DNA sequence encoding a IL-21 
polypeptide is operably linked to other genetic elements 
required for its expression, generally including a transcrip 
tion promoter and terminator, Within an expression vector. 
The vector Will also commonly contain one or more select 
able markers and one or more origins of replication, 
although those skilled in the art Will recogniZe that Within 
certain systems selectable markers may be provided on 
separate vectors, and replication of the exogenous DNA may 
be provided by integration into the host cell genome. Selec 
tion of promoters, terminators, selectable markers, vectors 
and other elements is a matter of routine design Within the 
level of ordinary skill in the art. Many such elements are 
described in the literature and are available through com 
mercial suppliers. 

[0071] To direct a IL-21 polypeptide into the secretory 
pathWay of a host cell, a secretory signal sequence (also 



US 2007/0048270 A1 

known as a leader sequence, prepro sequence or pre 
sequence) is provided in the expression vector. The secretory 
signal sequence may be that of IL-21, or may be derived 
from another secreted protein (e.g., t-PA) or synthesized de 
novo. The secretory signal sequence is operably linked to the 
IL-21 DNA sequence, i.e., the two sequences are joined in 
the correct reading frame and positioned to direct the newly 
synthesized polypeptide into the secretory pathway of the 
host cell. Secretory signal sequences are commonly posi 
tioned 5' to the DNA sequence encoding the polypeptide of 
interest, although certain secretory signal sequences may be 
positioned elsewhere in the DNA sequence of interest (see, 
e.g., Welch et al., US. Pat. No. 5,037,743; Holland et al., 
US. Pat. No. 5,143,830). 

[0072] Cultured mammalian cells are suitable hosts within 
the present invention. Methods for introducing exogenous 
DNA into mammalian host cells include calcium phosphate 
mediated transfection (Wigler et al., Cell 14:725, 1978; 
Corsaro and Pearson, Somatic Cell Genetics 7:603, 1981: 
Graham and Van der Eb, I/irology 52:456, 1973), electropo 
ration (Neumann et al., EMBO J. 1:841-5, 1982), DEAE 
dextran mediated transfection (Ausubel et al., ibid.), and 
liposome-mediated transfection (Hawley-Nelson et al., 
Focus 15:73, 1993; Ciccarone et al., Focus 15:80, 1993, and 
viral vectors (Miller and Rosman, BioTechniques 7:980-90, 
1989; Wang and Finer, Nature Med. 2:714-6, 1996). 

[0073] A wide variety of suitable recombinant host cells 
includes, but is not limited to, gram-negative prokaryotic 
host organisms. Suitable strains of E. coli include W3110, 
K12-derived strains MM294, TG-1, JM-107, BL21, and 
UT5600. Other suitable strains include: BL21(DE3), 
BL21(DE3)pLysS, BL21(DE3)pLysE, DH1, DH41, DH5, 
DH51, DH51F', DH51MCR, DH10B, DH10B/p3, DH11S, 
C600, HB101, JM101, JM105, JM109, JM110, K38, RR1, 
Y1088, Y1089, CSH18, ER1451, ER1647, E. coli K12, E. 
coli K12 RV308, E. coli K12 C600, E. coliHB101, E. coli 
K12 C600 R.sub.k-M.sub.k-, E. coli K12 RRl (see, for 
example, Brown (ed.), Molecular Biology Labfax (Aca 
demic Press 1991)). Other gram-negative prokaryotic hosts 
can include Serratia, Pseudomonas, Caulobacter. Prokary 
otic hosts can include gram-positive organisms such as 
Bacillus, for example, B. subtilis and B. thuringienesis, and 
B. thuringienesis var. israelensis, as Well as Streptomyces, 
for example, S. lividans, S. ambofaciens, S. fradiae, and S. 
griseofuscus. Suitable strains of Bacillus subtilus include 
BR151, YB886, MI119, MI120, and B170 (see, for example, 
Hardy, “Bacillus Cloning Methods,” in DNA Cloning: A 
Practical Approach, Glover (ed.) (IRL Press 1985)). Stan 
dard techniques for propagating vectors in prokaryotic hosts 
are well-known to those of skill in the art (see, for example, 
Ausubel et al (eds.), Short Protocols in Molecular Biology, 
3rd Edition (John Wiley & Sons 1995); Wu et al, Methods in 
Gene Biotechnology (CRC Press, Inc. 1997)). In one 
embodiment, the methods of the present invention use IL-21 
expressed in the W3110 strain, which has been deposited at 
the American Type Culture Collection (ATCC) as ATCC # 
27325. 

[0074] When large scale production of IL-21 using the 
expression system of the present invention is required, batch 
fermentation can be used. Generally, batch fermentation 
comprises that a ?rst stage seed ?ask is prepared by growing 
E. coli strains expressing IL-21 in a suitable medium in 
shake ?ask culture to allow for growth to an optical density 
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(OD) of between 5 and 20 at 600 nm. A suitable medium 
would contain nitrogen from a source(s) such as ammonium 
sulfate, ammonium phosphate, ammonium chloride, yeast 
extract, hydrolyzed animal proteins, hydrolyzed plant pro 
teins or hydrolyzed caseins. Phosphate will be supplied from 
potassium phosphate, ammonium phosphate, phosphoric 
acid or sodium phosphate. Other components would be 
magnesium chloride or magnesium sulfate, ferrous sulfate or 
ferrous chloride, and other trace elements. Growth medium 
can be supplemented with carbohydrates, such as fructose, 
glucose, galactose, lactose, and glycerol, to improve growth. 
Alternatively, a fed batch culture is used to generate a high 
yield of IL-21 protein. The IL-21 producing E. coli strains 
are grown under conditions similar to those described for the 
?rst stage vessel used to inoculate a batch fermentation. 

[0075] Following fermentation the cells are harvested by 
centrifugation, re-suspended in homogenization buffer and 
homogenized, for example, in an APV-Gaulin homogenizer 
(Invensys APV, Tonawanda, NY.) or other type of cell 
disruption equipment, such as bead mills or sonicators. 
Alternatively, the cells are taken directly from the fermentor 
and homogenized in an APV-Gaulin homogenizer. The 
washed inclusion body prep can be solubilized using guani 
dine hydrochloride (5-8 M) or urea (7-8 M) containing a 
reducing agent such as beta mercaptoethanol (10-100 mM) 
or dithiothreitol (5-50 mM). The solutions can be prepared 
in Tris, phosphate, HEPES or other appropriate buffers. 
Inclusion bodies can also be solubilized with urea (2-4 M) 
containing sodium lauryl sulfate (0.1-2%). In the process for 
recovering puri?ed IL-21 from transformed E. coli host 
strains in which the IL-21 is accumulates as refractile 
inclusion bodies, the cells are disrupted and the inclusion 
bodies are recovered by centrifugation. The inclusion bodies 
are then solubilized and denatured in 6 M guanidine hydro 
chloride containing a reducing agent. The reduced IL-21 is 
then oxidized in a controlled renaturation step. Refolded 
IL-21 can be passed through a ?lter for clari?cation and 
removal of insoluble protein. The solution is then passed 
through a ?lter for clari?cation and removal of insoluble 
protein. After the IL-21 protein is refolded and concentrated, 
the refolded IL-21 protein is captured in dilute buffer on a 
cation exchange column and puri?ed using hydrophobic 
interaction chromatography. 

[0076] It is preferred to purify the polypeptides of the 
present invention to 280% purity, more preferably to Z 90% 
purity, even more preferably 295% purity, and particularly 
preferred is a pharmaceutically pure state, that is greater than 
99.9% pure with respect to contaminating macromolecules, 
particularly other proteins and nucleic acids, and free of 
infectious and pyrogenic agents. Preferably, a puri?ed 
polypeptide is substantially free of other polypeptides, par 
ticularly other polypeptides of animal origin. 

[0077] Avariety of assays known to those skilled in the art 
can be utilized to detect antibodies which bind to IL-21 
proteins or polypeptides. Exemplary assays are described in 
detail in Antibodies: A Laboratory Manual, Harlow and 
Lane (Eds.), Cold Spring Harbor Laboratory Press, 1988. 
Representative examples of such assays include: concurrent 
immunoelectrophoresis, radioimmunoassay, radioimmuno 
precipitation, enzyme-linked immunosorbent assay 
(ELISA), dot blot or Western blot assay, inhibition or 
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competition assay, and sandwich assay. In addition, antibod 
ies can be screened for binding to Wild-type versus mutant 
IL-21 protein or polypeptide. 

[0078] The methods of the present invention also contem 
plate using chemically modi?ed IL-21 compositions, in 
Which a IL-21 polypeptide is linked With a polymer. Illus 
trative IL-21 polypeptides are soluble polypeptides that lack 
a functional transmembrane domain, such as a mature IL-21 
polypeptide. Typically, the polymer is Water soluble so that 
the IL-21 conjugate does not precipitate in an aqueous 
environment, such as a physiological environment. An 
example of a suitable polymer is one that has been modi?ed 
to have a single reactive group, such as an active ester for 
acylation, or an aldehyde for alkylation, In this Way, the 
degree of polymerization can be controlled. An example of 
a reactive aldehyde is polyethylene glycol propionaldehyde, 
or mono-(C1-C10) alkoxy, or aryloxy derivatives thereof 
(see, for example, Harris, et al, US. Pat. No. 5,252,714). The 
polymer may be branched or unbranched. Moreover, a 
mixture of polymers can be used to produce IL-21 conju 
gates. 

[0079] IL-21 conjugates used for therapy can comprise 
pharmaceutically acceptable Water-soluble polymer moi 
eties. Suitable Water-soluble polymers include polyethylene 
glycol (PEG), monomethoxy-PEG, mono-(C1-C10)alkoxy 
PEG, aryloxy-PEG, poly-(N-vinyl pyrrolidone)PEG, tresyl 
monomethoxy PEG, PEG propionaldehyde, bis-succinim 
idyl carbonate PEG, propylene glycol homopolymers, a 
polypropylene oxide/ethylene oxide co-polymer, polyoxy 
ethylated polyols (e.g., glycerol), polyvinyl alcohol, dextran, 
cellulose, or other carbohydrate-based polymers. Suitable 
PEG may have a molecular Weight from about 600 to about 
60,000, including, for example, 5,000, 12,000, 20,000 and 
25,000. A IL-21 conjugate can also comprise a mixture of 
such Water-soluble polymers. 

B. The Use of IL-21 for Treating Cancer 

[0080] Di?ferentiation is a progressive and dynamic pro 
cess, beginning With pluripotent stem cells and ending With 
terminally differentiated cells. Pluripotent stem cells that can 
regenerate Without commitment to a lineage express a set of 
differentiation markers that are lost When commitment to a 
cell lineage is made. Progenitor cells express a set of 
differentiation markers that may or may not continue to be 
expressed as the cells progress doWn the cell lineage path 
Way toWard maturation. Di?‘erentiation markers that are 
expressed exclusively by mature cells are usually functional 
properties such as cell products, enZymes to produce cell 
products, and receptors. The stage of a cell population’s 
differentiation is monitored by identi?cation of markers 
present in the cell population. 

[0081] There is evidence to suggest that factors that stimu 
late speci?c cell types doWn a pathWay toWards terminal 
differentiation or dedi?ferentiation a?cect the entire cell popu 
lation originating from a common precursor or stem cell. 
Thus, the present invention includes stimulating or inhibit 
ing the proliferation of lymphoid cells, hematopoietic cells 
and epithelial cells. 

[0082] IL-21 Was isolated from tissue knoWn to have 
important immunological function and Which contain cells 
that play a role in the immune system. IL-21 is expressed in 
CD3+ selected, activated peripheral blood cells, and it has 
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been shoWn that IL-21 expression increases after T cell 
activation. Moreover, results of experiments described in the 
Examples section herein demonstrate that polypeptides of 
the present invention have an e?fect on the groWth/expansion 
and/or di?ferentiated state of NK cells or NK progenitors. 
Factors that both stimulate proliferation of hematopoietic 
progenitors and activate mature cells are generally knoWn. 
NK cells are responsive to IL-2 alone, but proliferation and 
activation generally require additional groWth factors. For 
example, it has been shoWn that IL-7 and Steel Factor (c-kit 
ligand) Were required for colony formation of NK progeni 
tors. IL-15+IL-2 in combination With IL-7 and Steel Factor 
Was more e?‘ective (Mro'Zek et al., Blood 87:2632-2640, 
1996). HoWever, unidenti?ed cytokines may be necessary 
for proliferation of speci?c subsets of NK cells and/or NK 
progenitors (Robertson et. al., Blood 76:2451-2438, 1990). 
A composition comprising IL-21 and IL-15 stimulates NK 
progenitors and NK cells, With evidence that this composi 
tion is more potent than previously described factors and 
combinations of factors. Moreover, IL-21 promotes NK-cell 
expansion, and IL-21 can largely overcome the inhibitory 
e?cects of IL-4 on NK-cell groWth, it synergiZes With IL-2 to 
promote NK cell groWth, and IL-21 selectively promotes the 
expression of IFN-y and depresses IL-13 expression. These 
data suggest that IL-21 have an indirect role in treating solid 
tumors, metastatic tumors and lymphomas by stimulating 
the immune e?cector cells resulting in anti-lymphoma activ 
ity. In addition, for certain cancerous cells Where the IL-21 
receptor is expressed, the anticancer e?cect of IL-21 can be 
direct. 

[0083] Additional evidence demonstrates that IL-21 
a?cects proliferation and/or differentiation of T cells and B 
cells in vivo. It is shoWn that IL-21 can either inhibit or 
enhance the proliferation of normal B cells depending on the 
nature of the co-stimulus provided the cells. IL-21 inhibits 
the proliferation of some B cell lines, but not others even 
though most non-responder cell lines express IL-21R as 
measured by speci?c IL-21 binding. Many human B cell 
lines Will groW in and kill SCID mice Bonnefoix et al., 
Leukemia and Lymphoma 25:169-178, 1997). Examples 
herein describe three B-cell lines Which are inhibited by 
IL-21 and three B cell lines Which did not respond to IL-21. 
All of the cell lines Were IL-21R positive, and Were put into 
SCID mice to determine if IL-21 could prolong the survival 
of lymphoma bearing animals. IL-21 exhibited signi?cant 
ef?cacy against the three cell lines Whose proliferation Was 
inhibited in vitro. In a separate experiment, NK-cell deple 
tion of the SCID mice failed to abrogate the IL-21 e?cect in 
the IM-9 model, suggesting that NK-cells are not required 
for the ef?cacy of IL-21 in this model. 

[0084] Assays measuring di?‘erentiation include, for 
example, measuring cell markers associated With stage 
speci?c expression of a tissue, enZymatic activity, functional 
activity or morphological changes (Watt, FASEB, 5:281-284, 
1991; Francis, Dijferenlialion 57:63-75, 1994; Raes, Adv. 
Anim. Cell Biol. Technol. Bioprocesses, 161-171, 1989; all 
incorporated herein by reference). Alternatively, IL-21 
polypeptide itself can serve as an additional cell-surface or 
secreted marker associated With stage-speci?c expression of 
a tissue. As such, direct measurement of IL-21 polypeptide 
or its receptors expressed on cancer cells, or its loss of 
expression in a tissue as it di?ferentiates, can serve as a 
marker for di?cerentiation of tissues. 
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[0085] The classi?cation of lymphomas most commonly 
used is the REAL classi?cation system (Ottensmeier, 
Chemico-Biological Interactions 135-1361653-664, 2001.) 
Speci?c immunological markers have been identi?ed for 
classi?cations of lymphomas. For example, follicular lym 
phoma markers include CD20+, CD3—, CD10+, CD5—; 
Small lymphocytic lymphoma markers include CD20+, 
CD3—, CD10—, CD5+, CD23+; marginal Zone B cell lym 
phoma markers include CD20+, CD3—, CD10—, CD23—; 
diffuse large B cell lymphoma markers include CD20+, 
CD3—; mantle cell lymphoma markers include CD20+, 
CD3—, CD10—, CD5+, CD23+; peripheral T cell lymphoma 
markers include CD20—, CD3+; primary mediastinal large B 
cell lymphoma markers include CD20+, CD3—, lymphoblas 
tic lymphoma markers include CD20—, CD3+, Tdt+, and 
Burkitt’s lymphoma markers include CD20+, CD3—, 
CD10+, CD5— (Decision Resourses, Non-Hodgkins Lym 
phoma, Waltham, Mass., February 2002). 
[0086] Primary lymphoma specimens are routinely 
acquired by biopsy of nodal or extra nodal tumors in the 
diagnosis of lymphoma. For some lymphoid neoplasms, in 
particular Chronic Lymphocytic leukemia (CLL), the malig 
nant cells can be acquired from the patient’s blood. One 
method for testing Whether a speci?c lymphoma or patient 
is amenable to treatment With IL-21 is culturing lymphoma 
cells. Biopsy or blood specimens can be prepared for tissue 
culture by a combination of methods Well knoWn to those 
skilled in the art. For example, the samples can be prepared 
by mincing, teasing, enzymatic digestion or density gradient 
centrifugation (?coll) (Jacob et al., Blood 75(5):1154-1162, 
1990). The tumor cells are then labeled With a ?uorescent 
DNA stain such as carboxy?uorescein diacetate succinim 
idyl ester (CFSE; Molecular Probes, Eugene, Oreg.) and 
cultured in IL-21. The distribution of tumor cells that have 
undergone 1 or more rounds of cell division can be quati 
tated by How cytometry, With the cells losing 1/2 of their 
CFSE intensity With each round of replication. The propor 
tion of inviable cells and the number of apoptotic cells are 
also analysed analyZed for the effect of IL-21 using 7-AAD 
and annexin-V staining. The number of surviving cells, the 
distribution of CFSE staining and the percent of cells that are 
apoptotic can all be used to determine Whether IL-21 pro 
motes or inhibits the groWth and survival of a given malig 
nant specimen. In such an analysis the lymphoma cells are 
distinguished from normal cells contaminating the specimen 
by a combination of a B-cell lineage speci?c marker, immu 
noglobulin light chain lambda and kappa speci?c antibody 
and light scatter properties. For CLL specimens CD5 stain 
ing can also be utiliZed as an aid in de?ning the malignant 
cells. As the proportion of cells proliferating in vitro is likely 
to be very loW, it is essential that the tumor cells be 
distinguished from normal cells. A data analysis method 
such as How cytometry that can measure multiple param 
eters on individual cells is preferred. 

[0087] One exemplary method for determination speci?c 
lymphoma sensitivity to IL-21 uses biopsy or blood cells 
cultured in serum free medium or in medium containing 
serum or plasma, preferably fetal bovine serum or human 
serum, at varying doses of IL-21, generally in a range from 
0.1 to 10 nM, and including a negative control. At various 
time points, for example 1, 2, 4 and 7 days cells are 
harvested and subjected to How cytometric methods to 
determine the distribution of cells that have divided 1 or 
more times (CFSE intensity), the proportion of inviable cells 
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(7-AAD staining; Hausner et al., J. Immunol. Methods 247 
(1-2):175-186, 2001) and the number of apoptotic cells 
(annexin-V staining; Lagneaux et al., Br. J. Hematol. 112 
(2)1344-352, 2001). The number of surviving cells, the 
distribution of CFSE staining and the percent of cells that are 
apoptotic can all be used to determine Whether IL-21 pro 
motes or inhibits the groWth and survival of a given malig 
nant specimen. In such an analysis the lymphoma cells are 
distinguished from normal cells contaminating the specimen 
by a combination of a B-cell lineage speci?c marker, immu 
noglobulin light chain lambda and kappa speci?c antibody 
and light scatter properties. For CLL specimens CD5 stain 
ing can also be utiliZed as an aid in de?ning the malignant 
cells. As the proportion of cells proliferating in vitro may be 
very loW, it is critical that the tumor cells be distinguished 
from normal cells in the data analysis and is Why a method 
such as How cytometry that can measure multiple param 
eters on individual cells is useful. 

[0088] Such testing of individual tumor specimens Will 
provide basis to choose Which patients are likely to respond 
to IL-21 favorably and for Which patients IL-21 may be 
contraindicated. Patients Whose malignant lymphocytes pro 
liferate more sloWly in response to IL-21 than in control 
cultures or die more rapidly than control cultures Would be 
considered as candidates for IL-21 therapy. Similarly, a 
patient Whose malignant cells proliferation rate or survival is 
enhanced by IL-21 in vitro Would, in general, not be 
candidates for IL-21 therapy (except as noted beloW). Once 
data are accumulated that demonstrates a strong correlation 
betWeen a particular type of lymphoma (for example, folli 
cular lymphoma or CLL) and sensitivity to IL-21 in vitro, 
the need to test all patients Within such a subgroup for their 
response to IL-21 may be obviated, provided that no patients 
are found Within the group that exhibit increased prolifera 
tion in response to IL-21 in vitro. 

[0089] Similarly, direct measurement of IL-21 polypep 
tide, or its loss of expression in a tissue can be determined 
in a tissue or in cells as they undergo tumor progression. 
Increases in invasiveness and motility of cells, or the gain or 
loss of expression of IL-21 in a pre-cancerous or cancerous 
condition, in comparison to normal tissue, can serve as a 
diagnostic for transformation, invasion and metastasis in 
tumor progression. As such, knoWledge of a tumor’s stage of 
progression or metastasis Will aid the physician in choosing 
the most proper therapy, or aggressiveness of treatment, for 
a given individual cancer patient. Methods of measuring 
gain and loss of expression (of either mRNA or protein) are 
Well knoWn in the art and described herein and can be 
applied to IL-21 expression. For example, appearance or 
disappearance of polypeptides that regulate cell motility can 
be used to aid diagnosis and prognosis of prostate cancer 
(Banyard, J. and Zetter, B. R., Cancer and Metast. Rev. 
17:449-458, 1999). As an effector ofcell motility, IL-21 gain 
or loss of expression may serve as a diagnostic for lymphoid 
cancers. 

[0090] As discussed above, the IM-9 mouse model for 
cancer demonstrated that antitumor activity is not NK cell 
dependent. There are several syngeneic mouse models that 
have been developed to study the in?uence of polypeptides, 
compounds or other treatments on tumor progression. In 
these models, tumor cells passaged in culture are implanted 
into mice of the same strain as the tumor donor. The cells 
Will develop into tumors having similar characteristics in the 
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recipient mice, and metastasis Will also occur in some of the 
models. Appropriate tumor models for our studies include 
the LeWis lung carcinoma (ATCC No. CRL-1642) and B16 
melanoma (ATCC No. CRL-6323), amongst others. These 
are both commonly used tumor lines, syngeneic to the 
C57BL6/J mouse, that are readily cultured and manipulated 
in vitro. Tumors resulting from implantation of either of 
these cell lines are capable of metastasis to the lung in 
C57BL6/J mice. The LeWis lung carcinoma model has 
recently been used in mice to identify an inhibitor of 
angiogenesis (O’Reilly M S, et al. Cell 79: 315-328, 1994). 
C57BL6/J mice are treated With an experimental agent either 
through daily injection of recombinant protein, agonist or 
antagonist or a one time injection of recombinant adenovi 
rus. Three days folloWing this treatment, 105 to 106 cells are 
implanted under the dorsal skin. Alternatively, the cells 
themselves can be infected With recombinant adenovirus, 
such as one expressing IL-21, before implantation so that the 
protein is synthesized at the tumor site or intracellularly, 
rather than systemically. The mice normally develop visible 
tumors Within 5 days. The tumors are alloWed to groW for a 
period of up to 3 Weeks, during Which time they may reach 
a siZe of 1500-1800 mm3 in the control treated group. 
Tumor siZe and body Weight are carefully monitored 
throughout the experiment. At the time of sacri?ce, the 
tumor is removed and Weighed along With the lungs and the 
liver. The lung Weight has been shoWn to correlate Well With 
metastatic tumor burden. As an additional measure, lung 
surface metastases are counted. The resected tumor, lungs 
and liver are prepared for histopathological examination, 
immunohistochemistry, and in situ hybridization, using 
methods knoWn in the art and described herein. The in?u 
ence of the expressed polypeptide in question, e. g., IL-21, on 
the ability of the tumor to recruit vasculature and undergo 
metastasis can thus be assessed. In addition, aside from 
using adenovirus, the implanted cells can be transiently 
transfected With IL-21. Use of stable IL-21 transfectants as 
Well as use of induceable promoters to activate IL-21 
expression in vivo are knoWn in the art and can be used in 
this system to assess IL-21 induction of metastasis. More 
over, puri?ed IL-21 or IL-21 conditioned media can be 
directly injected in to this mouse model, and hence be used 
in this system. For general reference see, O’Reilly M S, et 
al. Cell 79:315-328, 1994; and Rusciano D, et al. Murine 
Models of Liver Metastasis. Invasion Metastasis 14:349 
361, 1995. 

[0091] The activity of IL-21 and its derivatives (conju 
gates) on groWth and dissemination of tumor cells derived 
from human hematologic malignancies can be measured in 
vivo. Several mouse models have been developed in Which 
human tumor cells are implanted into immunode?cient mice 
(collectively referred to as xenograft models); see, for 
example, Cattan A R, Douglas E, Leuk. Res. 18:513-22, 
1994 and Flavell, D J, Hematological Oncology 14:67-82, 
1996. The characteristics of the disease model vary With the 
type and quantity of cells delivered to the mouse, and several 
disease models are knoWn in the art. In an example of this 
model, tumor cells (e.g. Raji cells (ATCC No. CCL-86)) 
Would be passaged in culture and about 1><106 cells injected 
intravenously into severe combined immune de?cient 
(SCID) mice. Such tumor cells proliferate rapidly Within the 
animal and can be found circulating in the blood and 
populating numerous organ systems. Therapies designed to 
kill or reduce the groWth of tumor cells using IL-21 or its 
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derivatives, agonists, conjugates or variants can be tested by 
administration of IL-21 compounds to mice bearing the 
tumor cells. Ef?cacy of treatment is measured and statisti 
cally evaluated as increased survival Within the treated 
population over time. Tumor burden may also be monitored 
over time using Well-knoWn methods such as How cytometry 
(or PCR) to quantitate the number of tumor cells present in 
a sample of peripheral blood. For example, therapeutic 
strategies appropriate for testing in such a model include 
direct treatment With IL-21 or related conjugates or anti 
body-induced toxicity based on the interaction of IL-21 With 
its receptor(s), or for cell-based therapies utiliZing IL-21 or 
its derivatives, agonists, conjugates or variants. The latter 
method, commonly referred to as adoptive immunotherapy, 
Would involve treatment of the animal With components of 
the human immune system (i.e. lymphocytes, NK cells, bone 
marroW) and may include ex vivo incubation of cells With 
IL-21 With or Without other immunomodulatory agents 
described herein or knoWn in the art. 

[0092] The activity of IL-21 on immune (effector) cell 
mediated tumor cell destruction can be measured in vivo, 
using the murine form of the IL-21 protein (SEQ ID N012) 
in syngeneic mouse tumor models. Several such models 
have been developed in order to study the in?uence of 
polypeptides, compounds or other treatments on the groWth 
of tumor cells and interaction With their natural host, and can 
serve as models for therapeutics in human disease. In these 
models, tumor cells passaged in culture or in mice are 
implanted into mice of the same strain as the tumor donor. 
The cells Will develop into tumors having similar charac 
teristics in the recipient mice. For reference, see, for 
example, van Elsas et al., J. Exp. Med. 190:355-66, 1999; 
Shrikant et al., Immunity 11:483-93, 1999; and Shrikant et 
al., J. Immunol. 162:2858-66, 1999. Appropriate tumor 
models for studying the activity of IL-21 on immune (effec 
tor) cell-mediated tumor cell destruction include the B16 
F10 melanoma (ATCC No. CRL-6457), and the EG.7 thy 
moma (ATCC No. CRL-2113), described herein, amongst 
others. These are both commonly used tumor cell lines, 
syngeneic to the C57BL6 mouse, Which are readily cultured 
and manipulated in vitro. 

[0093] In an example of an in vivo model, the tumor cells 
(e.g. B16-F10 melanoma (ATCC No. CRL-6475) are pas 
saged in culture and about 100,000 cells injected intrave 
nously into C57BL6 mice. In this mode of administration, 
B16-F10 cells Will selectively coloniZe the lungs. Small 
tumor foci are established and Will groW Within the lungs of 
the host mouse. Therapies designed to kill or reduce the 
groWth of tumor cells using IL-21 or its derivatives, ago 
nists, conjugates or variants can be tested by administration 
of compounds to mice bearing the tumor cells. Ef?cacy of 
treatment is measured and statistically evaluated by quanti 
tation of tumor burden in the treated population at a discrete 
time point, tWo to three Weeks folloWing injection of tumor 
cells. Therapeutic strategies appropriate for testing in such a 
model include direct treatment With IL-21 or its derivatives, 
agonists, conjugates or variants, or cell-based therapies 
utiliZing IL-21 or its derivatives, agonists, conjugates or 
variants. The latter method, commonly referred to as adop 
tive immunotherapy, Would involve treatment of the animal 
With immune system components (i.e. lymphocytes, NK 
cells, dendritic cells or bone marroW, and the like) and may 
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include ex vivo incubation of cells with IL-21 With or 
Without other immunomodulatory agents described herein or 
known in the art. 

[0094] Another syngeneic mouse tumor cell line can used 
to test the anti-cancer ef?cacy of IL-21 and to identify the 
immune (effector) cell population responsible for mediating 
this effect. EG.7ova is a thymoma cell line that has been 
modi?ed (transfected) to express ovalbumin, an antigen 
foreign to the host. Mice bearing a transgenic T cell receptor 
speci?c for EG.7ova are available (OT-I transgenics, Jack 
son Laboratory). CD8 T cells isolated from these animals 
(OT-I T cells) have been demonstrated to kill EG.7 cells in 
vitro and to promote rejection of the tumor in vivo. EG.7ova 
cells can be passaged in culture and about 1,000,000 cells 
injected intraperitoneal into C57BL6 mice. Multiple tumor 
sites are established and groW Within the peritoneal cavity. 
Therapies designed to kill or reduce the groWth of tumor 
cells using IL-21 or its derivatives, agonists, conjugates or 
variants can be tested by administration of compounds to 
mice bearing the tumor cells. OT-I T cells can be adminis 
tered to the mice to determine if their activity is enhanced in 
the presence of IL-2l. E?icacy of treatment is measured and 
statistically evaluated by time of survival in the treated 
populations. Therapeutic strategies appropriate for testing in 
such models include direct treatment with IL-21 or its 
derivatives, agonists, conjugates or variants, or cell-based 
therapies utiliZing IL-21 or its derivatives, agonists, conju 
gates or variants. Ex vivo treatment of cytotoxic T-lympho 
cytes (CTL) could also be used to test the IL-21 in the 
cell-based strategy. 

[0095] Analysis of IL-21 ef?cacy for treating certain spe 
ci?c types of cancers are preferably made using animals that 
have been shoWn to correlate to other mammalian disease, 
particularly human disease. After IL-21 is administered in 
these models evaluation of the effects on the cancerous cells 
or tumors is made. Xenografts are used for most preclinical 
Work, using immunode?cient mice. For example, a synge 
neic mouse model for ovarian carcinoma utiliZes a C57BL6 
murine ovarian carcinoma cell line stably overexpressing 
VEGF16 isoform and enhanced green ?uorescent protein 
(Zhang et al., Am. J. Pathol. 161:2295-2309, 2002). Renal 
cell carcinoma mouse models using Renca cell injections 
have been shoWn to establish renal cell metastatic tumors 
that are responsive to treatment With immunotherapeutics 
such as IL-l2 and IL-2 (Wigginton et al., J. of Nat. Cancer 
Inst. 88:38-43, 1996). A colorectal carcinoma mouse model 
has been established by implanting mouse colon tumor 
MC-26 cells into the splenic subcapsule of BALB/c mice 
(Yao et al., Cancer Res. 63 (3)1586-586-592, 2003). An 
immunotherapeutic-responsive mouse model for breast can 
cer has been developed using a mouse that spontaneously 
develops tumors in the mammary gland and demonstrates 
peripheral and central tolerance to MUCl (Mukherjee et al., 
J. Immunotherapy 26:47-42, 2003). To test the ef?cacy of 
IL-21 in prostate cancer, animal models that closely mimic 
human disease have been developed. A transgenic adeno 
carcinoma of the mouse prostate model (TRAMP) is the 
most commonly used syngeneic model (Kaplan-Lefko et al., 
Prostate 55 (3)1219-237, 2003; KWon et al., PNAS 
96115074-15079, 1999; Arap et al., PNAS 99:1527-1531, 
2002). 
[0096] IL-2l Will be useful in treating tumorgenesis, 
enhancing CTLs and NK activity, and therefore are useful in 
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the treatment of cancer. In addition to direct and indirect 
effects on CTLs and NK cells, as shoWn in several tumor 
models described herein, IL-2l inhibits IL-4 stimulated 
proliferation of anti-IgM stimulated normal B-cells and a 
similar effect is observed in B-cell tumor lines suggesting 
that there can be therapeutic bene?t in treating patients With 
the IL-21 in order to induce the B cell tumor cells into a less 
proliferative state. 

[0097] The ligand could be administered in combination 
With other agents already in use including both conventional 
chemotherapeutic agents as Well as immune modulators 
such as interferon alpha. Alpha/beta interferons have been 
shoWn to be effective in treating some leukemias and animal 
disease models, and the groWth inhibitory effects of INF-0t 
and IL-21 are additive for at least one B-cell tumor-derived 
cell line. Establishing the optimal dose level and scheduling 
for IL-21 is done by a combination of means, including the 
pharmacokinetics and pharmacodynamics of IL-2l, the sen 
sitivity of human B-cell lines and primary lymphoma speci 
mens to IL-21 in vitro, effective doses in animal models and 
the toxicity of IL-2l. Optimally, to have a direct anti-tumor 
effect the concentration of IL-21 in plasma should reach a 
level that in vitro is maximally active against B-cell lym 
phoma cell lines and primary lymphomas. In addition the 
optimal and minimum times of exposure to IL-21 to elicit a 
groWth inhibitory or apoptotic responses can be modeled in 
vitro With cell lines and primary tumor cells. Direct phar 
macokinetic measurements done in primates and clinical 
trials can then be used to predict theoretical doses in patients 
that achieve plasma IL-2l levels that are of su?icient mag 
nitude and duration to achieve a biological response in 
patients. In addition IL-2l stimulates a variety of responses 
in normal lymphocytes, such that surrogate markers can be 
employed to measure the biological activity of IL-21 on 
effector cells in patients. 

[0098] Since lymphoma patients are treated With a variety 
of chemotherapeutic drugs and drug combinations, devel 
oping a protocol to integrate IL-2l into an existing standard 
treatment regimen may result in improved therapeutic out 
come. The effect of combining chemotherapy drugs and 
IL-21 is primarily modeled with IL-21 sensitive human 
B-cell lines in vitro, measuring cell proliferation, cell viabil 
ity, and apoptosis. Time and dose dependent response curves 
to chemotherapeutic drugs (eg chlorambucil, etoposide, or 
?udaribine) are established for individual cell lines. IL-21 is 
then tested over a Wide range of concentrations under 
suboptimal conditions of each chemotherapy drug. The 
order of exposure of the cells to IL-21 versus a chemo 
therapy agent may signi?cantly alfect the outcome of the 
interaction With the cell line tested. As such, the IL-2l 
should be introduced to the cultures in several manners to 
?nd the optimal mode of treatment. This should include, for 
example, prior treatment with IL-21 for several hours to 
several days (0, 4, 24, 48 and 72 hours), folloWed by a Wash 
out of IL-21 and the addition of a sub-optimal dose/exposure 
time of a chemotherapy drug. After l-3 days, analysis of the 
culture for cell viability, proliferation and apoptosis is made. 
In a variation to the above experiment, the IL-21 is not 
Washed out prior to the addition of the chemotherapy drug. 
The complete set of conditions to test Would also include the 
simultaneous treatment of cells with IL-21 and a chemo 
therapy drug With varying time of IL-21 Wash out, as Well 
as delayed (from a feW hours to several days) addition of 
IL-21 until after exposure to a chemotherapy drug. The 
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timing and concentration of IL-21 exposure that gives a 
maximal reduction in target cell outgroWth/viability or 
maximum increase in apoptotic response Will then be con 
sidered optimal for further testing in animal models or the 
design of a clinical protocol. The combination of IL-21 With 
chemotherapeutic drugs in vitro using cell lines Whose 
groWth is stimulated by IL-21, such as RPMI-1788, could be 
done to identify drugs that eliminate the potential adverse 
affects of IL-21 that might be encountered in a subset of 
patients. Such drugs Would be identi?ed from those knoWn 
to have activity against lymphomas and selected on the basis 
of their ability in vitro to prevent enhanced groWth and or 
survival of RPMI 1788 or similarly IL-21 responsive cell 
lines. In this Way IL-21 therapy, When combined With 
selected chemotherapeutic regimens Would be of bene?t to 
those patients Whose malignancy is sensitive to IL-21 medi 
ated groWth suppression, While protecting any patients that 
might otherWise respond unfavorably to IL-21 monotherapy. 

[0099] Lymphoma patients are also treated With biologics, 
such as RITUXANTM, IL-2 and interferon. Those biologic 
agents that have a direct inhibitory effect on the tumor and 
are not largely dependent on effector cells for their activity 
can be modeled in a manner similar to the in vitro experi 
ments above for their interaction With IL-21. For example, 
RITUXANTM binds to lymphoma cells and can induce 
apoptosis directly in vitro, but is also capable of inducing a 
variety of effector mechanisms such as complement depen 
dent cytotoxity and antibody dependent cell-mediated cyto 
toxicity (ADCC). Therefore, it is possible to de?ne condi 
tions in vitro in Which IL-21 and RITUXANTM interact in 
synergy to inhibit lymphoma groWth or stimulate apoptosis. 
The use of a xenogeneic human lymphoma model in SCID 
mice has the potential to measure a broader range of 
potential interactions that involve host effector mechanisms 
betWeen RITUXANTM (or some other biologic agent) and 
IL-21. To determine if there is signi?cant synergy betWeen 
IL-21 and another anti-tumor biologic in a xenogeneic 
lymphoma SCID mouse model, IL-21 and the other biologic 
are tested under conditions that yield marginal therapeutic 
results With either agent alone. 

[0100] IL-21 and IL-2 exhibit synergy in their effects on 
NK-cells in vitro With respect to IFN-y production and 
proliferation. In addition, high dose IL-2 therapy is highly 
toxic and requires extensive hospitalization. Many loW dose 
regimens of IL-2 have been tested, and found to be Well 
tolerated, but With little evidence of anti-tumor ef?cacy 
(Atkins, Semin. Oncol. 29 (3 Suppl. 7):12, 2002). The 
combination of loW dose IL-2 With IL-21 therefore may be 
clinically useful by augmenting the immune system stimu 
lation of loW dose IL-2 While providing a direct anti 
lymphoma effect. The effects of combining IL-2 and IL-21 
are studied in mouse syngeneic lymphoma models or in 
SCID mouse xenogeneic human lymphoma models as 
described herein. The relative effects on effector cell acti 
vation and toxicity of combining IL-2 and IL-21 at different 
doses can be determined in normal primates to optimiZe a 
dosing level and schedule to avoid the need to hospitaliZe 
patients. 

[0101] For those patients Whose malignant lymphocytes 
are stimulated to proliferate in vitro in response to IL-21, a 
course of IL-21 could be contraindicated (in the absence of 
combination With other drugs as discussed above) unless the 
malignant cells have a very loW turn over rate in vivo, such 

Mar. 1, 2007 

as CLL. The relatively quiescent state of CLL cells may be 
related to the resistance of this disease to chemotherapy. In 
such cases, patients could be treated by pulsing them With 
IL-21 just prior to the administration of chemotherapeutic 
drug(s). The optimal timing of dosing of IL-21 and chemo 
therapy could be modeled in vitro to predict hoW long after 
exposure to IL-21 the malignant cells become maximally 
sensitive to speci?c chemotherapeutic drugs. 

[0102] The present invention provides a method of reduc 
ing proliferation of a neoplastic B or T cells comprising 
administering to a mammal With a B or T cell lymphoma an 
amount of a composition of IL-21 suf?cient to reduce 
proliferation of the B or T lymphoma cells. In other embodi 
ments, the composition can comprise at least one other 
cytokine selected from the group consisting of IL-2, IL-15, 
IL-4, IL-18, GM-CSF, Flt3 ligand, interferon, or stem cell 
factor. 

[0103] In another aspect, the present invention provides a 
method of reducing proliferation of a neoplastic B or T cells 
comprising administering to a mammal With a B or T cell 
neoplasm an amount of a composition of IL-21 antagonist 
suf?cient to reducing proliferation of the neoplastic B or T 
cells. In other embodiments, the composition can comprise 
at least one other cytokine selected from the group consist 
ing of IL-2, IL-15, IL-4, IL-18, GM-CSF, Flt3 ligand, 
interferon, or stem cell factor. Furthermore, the IL-21 
antagonist can be a ligand/toxin fusion protein. 

[0104] A IL-21-saporin fusion toxin, or other IL-21-toxin 
fusion, can be employed against a similar set of leukemias 
and lymphomas, extending the range of leukemias that can 
be treated With IL-21. Moreover, such IL-21-toxin fusions 
can be employed against other cancers Wherein IL-21 binds 
its receptors. Fusion toxin mediated activation of the IL-21 
receptor provides tWo independent means to inhibit the 
groWth of the target cells, the ?rst being identical to the 
effects seen by the ligand alone, and the second due to 
delivery of the toxin through receptor intemaliZation. The 
lymphoid restricted expression pattern of the IL-21 receptor 
suggests that the ligand-saporin conjugate can be tolerated 
by patients. 

[0105] When treatment for malignancies includes alloge 
neic bone marroW or stem cell transplantion, IL-21 can be 
valuable in enhancement of the graft-vs-tumor effect. IL-21 
stimulates the generation of lytic NK cells from marroW 
progenitors and stimulates the proliferation of T-cells fol 
loWing activation of the antigen receptors. Therefore, When 
patients receive allogenic marroW transplants, IL-21 Will 
enhance the generation of anti-cancer responses, With or 
Without the infusion of donor lymphocytes. 

[0106] Modern methods for cancer immunotherapy are 
based on the principle that the immune system can detect 
and defend against spontaneous tumors. Evidence support 
ing the concept of “Immunological surveillance” (see, Bur 
net F M Lancet 1:1171-4, 1967), comes in part from 
epidemiological studies indicating that the incidence of 
cancer increases in patients that are immunocomprised by 
disease, such as infection (see, Klein G. Harvey Lecl. 
69:71-102, 1975; and Kuper et al., J. Intern. Med. 248:171 
83, 2000), or folloWing medical interventions such as bone 
marroW ablation (see, Birkeland et al., Lancet 355:1886-7, 
2000; and Penn I, Cancer Detect Prev. 181241-52, 1994). 
Experiments performed in gene-targeted mice also shoW that 
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the immune system modulates susceptibility to spontaneous 
tumors in aged mice (see, Smyth, M. et al., J. Exp. Med. 
192:755-760, 2000; and Davidson, W. et al., J. Exp. Med. 
187: 1825-1838, 1998) or following exposure to chemical 
carcinogens (see, Peng, S et al., J. Exp. Med. 184: 1149 
1154, 1996; Kaplan, D. et al., Proc. Nat. Acad. Sci. USA 
95:7556-7561, 1998; and Shankaran V. et al., Nature 
410:1107-1111, 2001). Proof that immune recognition of 
tumors occurs frequently in tumor bearing hosts comes from 
the identi?cation of T-cells that are reactive to a broad range 
of tumor associated antigens including differentiation anti 
gens, mutational antigens, tissue-speci?c antigens, cancer 
testis antigens, self antigens that are over expressed in 
tumors, and viral antigens (Boon T. et al., Immunol. Today 
18:267-8, 1997.). In addition, B-cells are knoWn to produce 
high titers of circulating IgG antibodies that recogniZe these 
same classes of tumor antigens (Stockert E. et al., J. Exp. 
Med. 18711349-54, 1998; Sahin U et al., Curr. Opin. Immu 
nol. 9:709-16, 1997; and Jager, E. et al., Proc. Nat. Acad. 
Sci. USA 97:12198-12203, 2000), and NK cells have been 
isolated that can recogniZe and kill tumor cells that express 
various stress-related genes (Bauer, S et al., Science 
285:727-729, 1999). 
[0107] The concept that immunotherapy can be an effec 
tive method for treating cancer is ?rmly established in 
experimental animal models, and While the methodologies 
are much less advanced for human subjects, there is a strong 
suggestion that the immune system can be stimulated to 
reject established disease. The very ?rst attempt at cancer 
immunotherapy Was reported by William Coley in 1893 
Who, using extracts of pyrogenic bacteria, achieved anti 
cancer responses most likely through the induction of sys 
temic in?ammation and cell-mediated immunity (Coley W 
B. The treatment of malignant tumors by repeated inocula 
tions of erysipelas. With a report often original cases. 1893, 
Clin Orthop. 262:3-11, 1991). In more modern times ?ve 
generaliZed strategies have been employed to increase the 
numbers of effector cells and/or modulate their anti-cancer 
activity (revieWed in Rosenberg, S A. (Ed.), Principles and 
practice of the biologic therapy of cancer, 3rd edition, 
Lippincott Williams & Wilkins, Philadelphia, Pa., 2000): 
cytokine therapy, cell transfer therapy, monoclonal antibody 
therapy, cancer vaccines, and gene therapy. To date, each 
method has shoWn effectiveness in mediating an anti-cancer 
response although the durability of these responses, With a 
feW exceptions, is mostly temporary. This fact re?ects our 
limited understanding of tumor immunology and argues that 
improvements in the technology aWait the utiliZation of 
previously unrecogniZed elements of the anti-cancer 
response. The present invention provides such an element to 
improve our understanding of tumor immunology as Well as 
provide polypeptides that are therapeutically useful in treat 
ing and preventing human cancers. 

[0108] One requirement for achieving sustained immunity 
and durable clinical responses is the ampli?cation in the 
level, i.e., in the numbers and activity of the cells that 
mediate tumor killing. Thus, neW factors that mediate their 
effects on lymphocytes including cytotoxic T-cells (CTLs), 
NK cells, and B-cells, as Well myeloid cells such as neu 
trophils and monocytic cells Will improve anti-cancer activ 
ity. IL-21 is a product of activated CD4+“helper” T-cells 
Which are required for both humoral and cell-mediated 
immunity and for sustaining long-term memory to antigenic 
re-challenge (US. Pat. No. 6,307,024; Parrish-Novak J et 
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al., Nature 408:57-63, 2000). The receptor for IL-21 is 
expressed on cells that mediate anti-cancer responses and 
previous experiments have shoWn that IL-21 can stimulate 
the proliferation of these cell types in vitro (commonly 
oWned WlPO Publication Nos. WO 0/ 17235 and WO 
01/77171). Additional experiments a?irm these lL-21 activi 
ties in vivo. 

[0109] lL-21 polypeptides for the methods of the present 
invention are shoWn to stimulate CTL and NK cells against 
tumors in vivo in animal models resulting in decreased 
tumor burden and tumor cells, and increased survival. lL-21 
can hence be used in therapeutic anti-cancer applications in 
humans. As such, lL-21 anti-cancer activity is useful in the 
treatment and prevention of human cancers. Such indica 
tions include but are not limited to the folloWing: Carcino 
mas (epithelial tissues), Sarcomas of the soft tissues and 
bone (mesodermal tissues), Adenomas (glandular tissues), 
cancers of all organ systems, such as liver (hepatoma) and 
kidney (renal cell carcinomas), CNS (gliomas, neuroblas 
toma), and hematological cancers, viral associated cancers 
(e.g., associated With retroviral infections, HPV, hepatitis B 
and C, and the like), lung cancers, endocrine cancers, 
gastrointestinal cancers (e.g., biliary tract cancer, liver can 
cer, pancreatic cancer, stomach cancer and colorectal can 
cer), genitourinary cancers (e.g., prostate cancer bladder 
cancer, renal cell carcinoma), gynecologic cancers (e.g., 
uterine cancer, cervical cancer, ovarian cancer) breast, and 
other cancers of the reproductive system, head and neck 
cancers, and others. Of particular interest are hematopoietic 
cancers, including but not limited to, lymphocytic leukemia, 
myeloid leukemia, Hodgkin’s lymphoma, Non-Hodgkins 
lymphomas, chronic lymphocytic leukemia, and other leu 
kemias and lymphomas. Moreover lL-21 can be used thera 
peutically in cancers of various non-metastatic as Wells as 
metastatic stages such as “Stage 1” LocaliZed (con?ned to 
the organ of origin); “Stage 2” Regional; “Stage 3” Exten 
sive; and “Stage 4” Widely disseminated cancers. In addi 
tion, lL-21 can be used in various applications for cancer, 
immunotherapy, and in conjunction With chemotherapy and 
the like. 

[0110] Administration of IL-21 using the methods of the 
present invention Will result in a tumor response. While each 
protocol may de?ne tumor response accessments differently, 
exemplary guidelines can be found in Clinical Research 
Associates Manual, SouthWest Oncology Group, CRAB, 
Seattle, Wash., Oct. 6, 1998, updated August 1999. Accord 
ing to the CRA Manual (see, chapter 7 “Response Access 
ment”), tumor response means a reduction or elimination of 
all measurable lesions or metastases. Disease is generally 
considered measurable if it comprises bidimensionally mea 
surable lesions With clearly de?ned margins by medical 
photograph or X-ray, computeriZed axial tomography (CT), 
magnetic resonance imaging (MRI), or palpation. Evaluable 
disease means the disease comprises unidimensionally mea 
surable lesions, masses With margins not clearly de?ned, 
lesion With both diameters less than 0.5 cm, lesions on scan 
With either diameter smaller than the distance betWeen cuts, 
palpable lesions With diameter less than 2 cm, or bone 
disease. Non-evaluable disease includes pleural effusions, 
ascites, and disease documented by indirect evidence. Pre 
viously radiated lesions Which have not progressed are also 
generally considered non-evaluable. 
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[0111] The criteria for objective status are required for 
protocols to access solid tumor response. A representative 
criteria includes the following: (1) Complete Response (CR) 
de?ned as complete disappearance of all measurable and 
evaluable disease. No neW lesions. No disease related symp 
toms. No evidence of non-evaluable disease; (2) Partial 
Response (PR) de?ned as greater than or equal to 50% 
decrease from baseline in the sum of products of perpen 
dicular diameters of all measureable lesions. No progression 
of evaluable disease. No neW lesions. Applies to patients 
With at least one measurable lesion; (3) Progression de?ned 
as 50% or an increase of 10 cm2 in the sum of products of 
measurable lesions over the smallest sum observed using 
same techniques as baseline, or clear Worsening of any 
evaluable disease, or reappearance of any lesion Which had 
disappeared, or appearance of any neW lesion, or failure to 
return for evaluation due to death or deteriorating condition 
(unless unrelated to this cancer); (4) Stable or No Response 
de?ned as not qualifying for CR, PR, or Progression. (See, 
Clinical Research Associates Manual, supra.) 

[0112] Examples of methods for using IL-21 in the treat 
ment of cancer include, but are not limited to, the folloWing: 

[0113] 1) lL-21 can be used as a single agent for direct 
inhibitory activity against tumors that express the lL-21 
receptor (US. Pat. No. 6,307,024; WIPO Publication Nos. 
WO 0/17235 and WO 01/77171). Such activity is shoWn 
herein. Administration in a pharmaceutical vehicle for thera 
peutic use can be achieved using methods in the art and 
described herein. 

[0114] 2) lL-21 can be conjugated to a toxic compound 
that binds and kills tumor cells that express lL-21 receptor 
such as B-cell lymphomas, T-cell lymphomas and NK cell 
lymphomas. The toxic compound can be a small molecule 
drug like calichaemicin used in a manner similar to the 
anti-CD33 antibody+drug conjugate, MYLOTARGTM, that 
is used to treat acute myelogeous leukemia (for example, 
See, Sievers E L et al., JClin Oncol. 19:3244-54, 2001; and 
Bemsteinl D Clin. Lymphoma Suppl 1:S9-S11, 2002); or a 
radioisotope like 1251 (Kaminski M S, et al. J. Clin. Oncol. 
19:3918-28, 2001) or 90Y (RevieWed in Gordon L I et al., 
Semin. Oncol. (1 Suppl 2):87-92, 2002) that has been 
attached to an anti-CD20 antibody used for the treatment of 
Non-Hogkin’s lymophoma; or a naturally occurring protein 
toxin such as Ricin A (Lynch T J Jr, et al., J. Clin. Oncol. 
15:723-34, 1997) or diphtheria B toxin that Was made as a 
fusion protein with IL-2 for the treatment of cutaneous T-cell 
lymphoma (Talpur R et al., Leuk. Lymphoma 43:121-6, 
2002). The attachment of these toxic compounds to IL-21 
might occur through chemical conjugation (Rapley R. Mol. 
Biotechnol. 3:139-54, 1995) or genetic recombination (Foss 
F M. Clin. Lymphoma Suppl 1:S27-31, 2000). Such toxin 
conjugates with IL-21, for example lL-21-saporin conju 
gates, are shoWn to kill various tumors in vivo and in vitro 
(US. Pat. No. 6,307,024; and described herein). 

[0115] 3) lL-21 can be used as an immunostimulatory 
agent for cancer monotherapy. A variety of cytokines such as 
IL-2, IL-4, IL-6, IL-12, IL-15, and interferon, are knoWn to 
stimulate anti-cancer responses in animal models via stimu 
lation of the immune system (revieWed in Rosenberg, S A 
ibid.). Moreover IL-21 is shoWn to also stimulate the 
immune system (US. Pat. No. 6,307,024; and described 
herein). Cytokine monotherapy is an accepted practice for 
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human cancer patients. For example, the use of IL-2 and 
lFN-ot are used for the treatments of metastatic melanoma 
and renal cell carcinoma (e.g., see, Atkins M B et al., J. Clin. 
Oncol. 17:2105-16, 1999; Fyfe G et al., J. Clin. Oncol. 
13:688-96, 1995; and Jonasch E, and Haluska F G, Oncolo 
gist 6:34-55, 2001). The mechanism of action of these 
cytokines includes, but is not limited to, an enhancement of 
a Th1 cell-mediated responses including direct tumor cell 
killing by CD8+ T-cells and NK cells. IL-21 is shoWn to 
similarly enhance Th1 cell-mediated responses including 
direct tumor cell killing by CTLs, e.g., CD8+ T-cells, and 
NK cells in vivo and in vitro as described herein. Thus, 
lL-21 of the present invention can be used therapeutically or 
clinically to actively kill tumor cells in human disease, and 
to regulate these activities, as Well as in additional anti 
cancer responses. 

[0116] 4) lL-21 can be used as an immunostimulatory 
agent in combination With chemotherapy, radiation, and 
myeloablation. In addition to Working alone to boost anti 
cancer immunity in patients, lL-21 can Work in synergy With 
standard types of chemotherapy or radiation. For instance, in 
preclinical models of lymphoma and renal cell carcinoma, 
the combination of IL-2 With doxorubicin (Ehrke M J et al., 
Cancer Immunol. Immunother 42:221-30, 1996), or the 
combinations of IL-2 (Younes E et al., Cell Immunol. 
165:243-51, 1995) or lFN-ot (Nishisaka N et al., Cytokines 
Cell Mol T her 6:199-206, 2000) With radiation provided 
superior results over the use of single agents. In this setting, 
lL-21 can further reduce tumor burden and alloW more 
ef?cient killing by the chemotherapeutic. Additionally, lethal 
doses of chemotherapy or radiation folloWed by bone mar 
roW transplantation or stem cell reconstitution could reduce 
tumor burden to a suf?ciently small level (ie. minimal 
residual disease) to better alloW an lL-21 mediated anti 
cancer e?fect. Examples of this type of treatment regimen 
include the uses of IL-2 and lFN-ot to modify anti-cancer 
responses folloWing myeloablation and transplantation (Por 
rata L F et al., Bone Marrow Transplant. 28:673-80, 2001; 
Slavin S, and Nagler A. CancerJ. Sci. Am. Suppl 1:S59-67, 
1997; and FeferA et al., Cancer J. Sci. Am. Suppl 1:S48-53, 
1997). In the case of lymphoma and other cancers, depend 
ing on When IL-21 is used relative to the chemotherapeutic 
agents, lL-21 may be employed to directly synergiZe With 
the chemotherapeutic agent’s effect on the tumor cells or 
alternatively employed after the chemotherapy to stimulate 
the immune system. Those skilled in the art Would design a 
protocol to take advantage of both possibilities. 

[0117] 5) lL-21 can be used as a tissue protective agent in 
combination With standard forms of chemotherapy or meth 
ods that ablate bone marroW. lL-21 regulates the prolifera 
tion and differentiation of cells. As a result, lL-21 can protect 
various tissues and organs from the toxicities associated 
With commonly used chemotherapies and radiation. As an 
example, gut epithelium expresses lL-15 receptor and 
experiments in animal models shoW that IL-15 protects 
intestinal epithelium from chemotherapy induced toxicity 
and prevents morbidity (Shinohara H et al., Clin. Cancer 
Res. 5:2148-56, 1999; Cao S et al., Cancer Res. 58:3270-4, 
1998; and Cao S et al., Cancer Res. 58: 1695-9, 1998). In 
addition to protecting against damage, the proliferative 
effects of IL-21 can accelerate tissue regeneration folloWing 
drug-induced toxicity. Relevant examples of this type of 
activity include the enhanced reconstitution of the immune 
system stimulated by IL-7 folloWing bone marroW trans 
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plantation (Alpdogan O et al., Blood 98:2256-65, 2001; and 
Mackall C L et al., Blood 97:1491-7, 2001) and the use of 
G-CSF to treat neutropenia following chemotherapy (Lord, 
B I et al., Clin. Cancer Res. 7:2085-90, 2001; and Holmes 
F A et al., J. Clin. Oncol. 20:727-31, 2002). Because IL-21 
is shoWn to enhance proliferation and differentiation of 
hematopoietic and lymphoid cells, IL-21 of the present 
invention can be used therapeutically or clinically to aid in 
recovery as Well as enhance the chemotherapeutic dosage 
schemes upon administration of chemotherapeutic agents in 
human disease. 

[0118] 6) IL-21 can be used in combination With other 
immunomodulatory compounds including various cytokines 
and co-stimulatory/inhibitory molecules. The immuno 
stimulatory activity of IL-21 in mediating an anti-cancer 
response can be enhanced in patients When IL-21 is used 
With other classes of immunomodulatory molecules. These 
could include, but are not limited to, the use of additional 
cytokines. For instance, the combined use of IL-2 and IL-12 
shoWs bene?cial effects in T-cell lymphoma, squamous cell 
carcinoma, and lung cancer (Zaki M H et al., J. Invest. 
Dermatol. 118:366-71, 2002; Li D et al., Arch. Otolaryngol. 
Head Neck Surg. 127:1319-24, 2001; and Hiraki A et al., 
Lung Cancer 35:329-33, 2002). In addition IL-21 could be 
combined With reagents that co-stimulate various cell sur 
face molecules found on immune-based effector cells, such 
as the activation of CD137 (Wilcox RA et al., J. Clin. Invest. 
109:651-9, 2002) or inhibition of CTLA4 (Chambers C A et 
al., Ann. Rev. Immunol. 19:565-94, 2001). Alternatively, 
IL-21 could be used With reagents that induce tumor cell 
apoptosis by interacting With TRAIL-related receptors 
(Takeda K et al., J. Exp. Med. 195:161-9, 2002; and Srivas 
tava R K, Neoplasia 3:535-46, 2001). Such reagents include 
TRAIL ligand, TRAIL ligand-Ig fusions, anti-TRAIL anti 
bodies, and the like. 

[0119] 7) IL-21 can be used in combination With Mono 
clonal Antibody Therapy. Treatment of cancer With mono 
clonal antibodies is becoming a standard practice for many 
tumors including Non-Hodgkins lymphoma (RITUXANTM), 
forms of leukemia (MYLOTARGTM), breast cell carcinoma 
(HERCEPTINTM), and colon carcinoma (ERBITUXTM). 
One mechanism by Which antibodies mediate an anti-cancer 
effect is through a process referred to as antibody-dependent 
cell-mediated cytotoxicity (ADCC) in Which immune-based 
cells including NK cells, macrophages and neutrophils kill 
those cells that are bound by the antibody complex. Due to 
its immunomodulatory activity, IL-21 can be used to 
enhance the effectiveness of antibody therapy. Examples of 
this type of treatment paradigm include the combination use 
of RITUXANTM and either IL-2, IL-12, or IFN-ot for the 
treatment of Hodgkin’s and Non-Hodgkin’s lymphoma 
(KeilholZ U et al., Leuk Lymphoma 35:641-2, 1999; Ansell 
S M et al., Blood 99:67-74, 2002; Carson W E et al., Eur. J. 
Immunol. 31:3016-25, 2001; and Sacchi S et al., Haemato 
logica 86:951-8, 2001). Similarly, Because IL-21 is shoWn 
to enhance proliferation and differentiation of hematopoietic 
and lymphoid cells, as Well as NK cells, IL-21 of the present 
invention can be used therapeutically or clinically to 
enhance the enhance the activity and effectiveness of anti 
body therapy in human disease. 

[0120] 8) IL-21 can be used in combination With cell 
adoptive therapy. One method used to treat cancer is to 
isolate anti-cancer effector cells directly from patients, 
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expand these in culture to very high numbers, and then to 
reintroduce these cells back into patients. The groWth of 
these effector cells, Which include NK cells, LAK cells, and 
tumor-speci?c T-cells, requires cytokines such as IL-2 (Dud 
ley M E et al., J. Immunother 24:363-73, 2001). Given its 
groWth stimulatory properties on lymphocytes, IL-21 could 
also be used to propagate these cells in culture for subse 
quent re-introduction into patients in need of such cells. 
FolloWing the transfer of cells back into patients, methods 
are employed to maintain their viability by treating patients 
With cytokines such as IL-2 (Bear H D et al., Cancer 
Immunol. Immunother 50:269-74, 2001; and SchultZe J L et 
al., Br. J Haematol. 113:455-60, 2001). Again, IL-21 can be 
used folloWing adoptive therapy to increase effector cell 
function and survival. 

[0121] 9) IL-21 can be used in combination With tumor 
vaccines. The major objective of cancer vaccination is to 
elicit an active immune response against antigens expressed 
by the tumor. Numerous methods for immunizing patients 
With cancer antigens have been employed, and a variety of 
techniques are being used to amplify the strength of the 
immune response folloWing antigen delivery (revieWed in 
Rosenberg, S A ibid). Methods in Which IL-21 can be used 
in combination With a tumor vaccine include, but are not 
limited to, the delivery of autologous and allogeneic tumor 
cells that either express the IL-21 gene or in Which IL-21 is 
delivered in the context of a adjuvant protein. Similarly, 
IL-21 can be delivered in combination With injection of 
puri?ed tumor antigen protein, tumor antigen expressed 
from injected DNA, or tumor antigen peptides that are 
presented to effector cells using dendritic cell-based thera 
pies. Examples of these types of therapies include the use of 
cytokines like IL-2 in the context of vaccination With 
modi?ed tumor cells (Antonia S J et al., J. Urol. 167:1995 
2000, 2002; and Schrayer D P et al., Clin. Exp. Metastasis 
19:43-53, 2002), DNA (NiethammerA G et al., Cancer Res. 
61:6178-84, 2001), and dendritic cells (ShimiZu K et al., 
Proc. Nat. Acad. Sci USA 96:2268-73, 1999). Similarly, 
IL-21 can be used as an anti-cancer vaccine adjuvant. 

[0122] 10) IL-21 can be used in the context of gene 
therapy. Gene therapy can be broadly de?ned as the transfer 
of genetic material into a cell to transiently or permanently 
alter the cellular phenotype. Numerous methods are being 
developed for delivery of cytokines, tumor antigens, and 
additional co-stimulatory molecules via gene therapy to 
speci?c locations Within tumor patients (revieWed in Rosen 
berg, S A ibid). These methodologies could be adapted to use 
IL-21 DNA or RNA, or IL-21 could be used as a protein 
adjuvant to enhance immunity in combination With a gene 
therapy approach as described herein. 

[0123] The tissue distribution of a receptor for a given 
cytokine offers a strong indication of the potential sites of 
action of that cytokine. Northern analysis of IL-21 receptor 
revealed transcripts in human spleen, thymus, lymph node, 
bone marroW, and peripheral blood leukocytes. Speci?c cell 
types Were identi?ed as expressing IL-21 receptors, and 
strong signals Were seen in a mixed lymphocyte reaction 
(MLR) and in the Burkitt’s lymphoma Raji. The tWo mono 
cytic cell lines, THP-l (Tsuchiya et al., Int. J Cancer 
26:171-176, 1980) and U937 (Sundstrom et al., Int. J. 
Cancer 17:565-577, 1976), Were negative. 

[0124] IL-21 receptor is expressed at relatively high levels 
in the MLR, in Which peripheral blood mononuclear cells 



US 2007/0048270 A1 

(PBMNC) from two individuals are mixed, resulting in 
mutual activation. Detection of high levels of transcript in 
the MLR but not in resting T or B cell populations suggests 
that IL-21 receptor expression may be induced in one or 
more cell types during activation. Activation of isolated 
populations of T and B cells can be arti?cially achieved by 
stimulating cells with PMA and ionomycin. When sorted 
cells were subjected to these activation conditions, levels of 
IL-21 receptor transcript increased in both cell types, sup 
porting a role for this receptor and IL-21 in immune 
responses, especially in autocrine and paracrine T and B cell 
expansions during activation. IL-21 may also play a role in 
the expansion of more primitive progenitors involved in 
lymphopoiesis. 

[0125] IL-21 receptor was found to be present at low 
levels in resting T and B cells, and was upregulated during 
activation in both cell types. Interestingly, the B cells also 
down-regulate the message more quickly than do T cells, 
suggesting that amplitude of signal and timing of quenching 
of signal are important for the appropriate regulation of B 
cell responses. 

[0126] IL-21 in concert with IL-15 expands NK cells from 
bone marrow progenitors and augments NK cell effector 
function. IL-21 also co-stimulates mature B cells stimulated 
with anti-CD40 antibodies, but inhibits B cell proliferation 
to signals through IgM. IL-21 enhances T cell proliferation 
in concert with a signal through the T cell receptor, and 
overexpression in transgenic mice leads to lymphopenia and 
an expansion of monocytes and granulocytes, as described 
herein. 

[0127] IL-21 polypeptides and proteins can also be used 
ex vivo, such as in autologous marrow culture. Brie?y, bone 
marrow is removed from a patient prior to chemotherapy or 
organ transplant and treated with IL-21, optionally in com 
bination with one or more other cytokines. The treated 
marrow is then returned to the patient after chemotherapy to 
speed the recovery of the marrow or after transplant to 
suppress graft vs. Host disease. In addition, the proteins of 
the present invention can also be used for the ex vivo 
expansion of marrow or peripheral blood progenitor (PBPC) 
cells. Prior to treatment, marrow can be stimulated with stem 
cell factor (SCF) to release early progenitor cells into 
peripheral circulation. These progenitors can be collected 
and concentrated from peripheral blood and then treated in 
culture with IL-21, optionally in combination with one or 
more other cytokines, including but not limited to SCF, IL-2, 
IL-4, IL-7, IL-15, IL-18, or interferon, to differentiate and 
proliferate into high-density lymphoid cultures, which can 
then be returned to the patient following chemotherapy or 
transplantation. 

[0128] The present invention provides a method for 
expansion of hematopoietic cells and hematopoietic cell 
progenitors comprising culturing bone marrow or peripheral 
blood cells with a composition comprising an amount of 
IL-21 suf?cient to produce an increase in the number of 
lymphoid cells in the bone marrow or peripheral blood cells 
as compared to bone marrow or peripheral blood cells 
cultured in the absence of IL-21. In other embodiments, the 
hematopoietic cells and hematopoietic progenitor cells are 
lymphoid cells. In another embodiment, the lymphoid cells 
are NK cells or cytotoxic T cells. Furthermore, the compo 
sition can also comprise at least one other cytokine selected 
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from the group consisting of IL-2, IL-15, IL-4, GM-CSF, 
Flt3 ligand and stem cell factor. 

[0129] The invention is further illustrated by the following 
non-limiting examples. 

EXAMPLES 

Example 1 

Mouse IL-21 is Active in Mouse Bone Marrow Assay 

A. Isolation of Non-Adherent Low Density Marrow Cells: 

[0130] Fresh mouse femur aspirate (marrow) was obtained 
from 6-10 week old male Balb/C or C57BL/6 mice. The 
marrow was then washed with RPMI+10% FBS (JRH, 
Lenexa Kans.; Hyclone, Logan Utah) and suspended in 
RPMI+10% FBS as a whole marrow cell suspension. The 
whole marrow cell suspension was then subjected to a 
density gradient (Nycoprep, 1.077, Animal; Gibco BRL) to 
enrich for low density, mostly mononuclear, cells as follows: 
The whole marrow cell suspension (About 8 ml) was 
carefully pipetted on top of about 5 ml Nycoprep gradient 
solution in a 15 ml conical tube, and then centrifuged at 
600><g for 20 minutes. The interface layer, containing the 
low density mononuclear cells, was then removed, washed 
with excess RPMI+10% FBS, and pelleted by centrifugation 
at 400><g for 5-10 minutes. This pellet was resuspended in 
RPMI+10% FBS and plated in a T-75 ?ask at approximately 
106 cells/ml, and incubated at 370 C. 5% CO2 for approxi 
mately 2 hours. The resulting cells in suspension were 
Non-Adherent Low Density (NA LD) Marrow Cells. 

B. 96-Well Assay 

[0131] NA LD Mouse Marrow Cells were plated at 25,000 
to 45,000 cells/well in 96 well tissue culture plates in 
RPMI+10% FBS+1 ng/mL mouse Stem Cell Factor (mSCF) 
(R&D Systems, Minneapolis, Minn.), plus 5% conditioned 
medium from one of the following: (1) BHK 570 cells 
expressing mouse IL-21 (US. Pat. No. 6,307,024), (2) BHK 
570 cells expressing human IL-21 (US. Pat. No. 6,307,024), 
or (3) control BHK 570 cells containing vector and not 
expressing either Ligand. These cells were then subjected to 
a variety of cytokine treatments to test for expansion or 
differentiation of hematopoietic cells from the marrow. To 
test, the plated NA LD mouse marrow cells were subjected 
to human Interleukin-15 (hIL-15) (R&D Systems), or one of 
a panel of other cytokines (R&D Systems). Serial dilution of 
hIl-15, or the other cytokines, were tested, with 2-fold serial 
dilution from about 50 ng/ml down to about 6025 ng/ml 
concentration. After 8 to 12 days the 96-well assays were 
scored for cell proliferation by Alamar blue assay as 
described in US. Pat. No. 6,307,024. 

C. Results from the 96-Well NA LD Mouse Marrow Assay 

[0132] Conditioned media from the BHK cells expressing 
both mouse and human IL-21 acted in synergy with hIL-15 
to promote the expansion of a population of hematopoietic 
cells in the NA LD mouse marrow. This expansion of 
hematopoietic cells was not shown with control BHK con 
ditioned medium plus IL-15. The population hematopoietic 
cells expanded by the mouse IL-21 with hIL-15, and those 
hematopoietic cells expanded by the human IL-21 with 
hIL-15, were further propagated in cell culture. These 
hematopoietic cells were stained with a Phycoerythrin 
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labeled anti-Pan NK cell antibody (Pharmingen) and sub 
jected to ?oW cytometry analysis, Which demonstrated that 
the expanded cells stained positively for this natural killer 
(NK) cell marker. 

[0133] The same 96-Well assay Was run, using fresh 
human marrow cells bought from Poietic Technologies, 
Gaithersburg, Md. Again, in conjunction with IL-15, the 
mouse and human lL-21 expanded a hematopoietic cell 
population that stained positively for the NK cell marker 
using the antibody disclosed above. 

Example 2 

lL-21 Transgenic Mice 

A. Generation of Transgenic Mice Expressing Human and 
Mouse lL-21 

[0134] DNA fragments from transgenic vectors (U .S. Pat. 
No. 6,307,024) containing 5' and 3' ?anking sequences of 
the respective promoter (MT-1 liver-speci?c promoter 
(mouse lL-21 (US. Pat. No. 6,307,024) or lymphoid speci?c 
LCK promoter (mouse and human lL-21 (US. Pat. No. 
6,307,024), the rat insulin ll intron, lL-21 cDNA and the 
human groWth hormone poly A sequence Were prepared and 
used for microinjection into fertilized B6C3? (Taconic, 
GermantoWn, N.Y.) murine oocytes, using a standard micro 
injection protocol. See, Hogan, B. et al., Manipulating the 
Mouse Embryo. A Laboratory Manual, Cold Spring Harbor 
Laboratory Press, 1994. 

[0135] Eight transgenic mice expressing human lL-21 
from the lymphoid-speci?c EuLCK promoter Were identi 
?ed among 44 pups. Four of these Were pups that died and 
4 greW to adulthood. Expression levels Were fairly loW in 
these animals. TWenty transgenic mice expressing mouse 
lL-21 from the lymphoid-speci?c EuLCK promoter Were 
identi?ed among 77 pups. All 20 greW to adulthood. Expres 
sion levels Were fairly loW in these animals. Three trans 
genic mice expressing mouse lL-21 from the liver-speci?c 
MT-1 promoter Were identi?ed among 60 pups. TWo of these 
pups died and 1 greW to adulthood. Expression levels Were 
fairly loW in these animals. Tissues Were prepared and 
histologically examined as describe beloW. 

B. Microscopic Evaluation of Tissues from Transgenic Mice 

[0136] Spleen, thymus, and mesenteric lymph nodes Were 
collected and prepared for histologic examination from 
transgenic animals expressing human and mouse lL-21 
(Example 2A). Other tissues Which Were routinely harvested 
included the folloWing: Liver, heart, lung, kidney, skin, 
mammary gland, pancreas, stomach, small and large intes 
tine, brain, salivary gland, trachea, espohogus, adrenal, 
pituitary, reproductive tract, accessory male sex glands, 
skeletal muscle including peripheral nerve, and femur With 
bone marroW. The tissues Were harvested from a neonatal 
pup Which died unexpectedly, and several adult transgenic 
mice, as described beloW. Samples Were ?xed in 10% 
buffered formalin, routinely processed, embedded in paraf 
?n, sectioned at 5 microns, and stained With hematoxylin 
and eosin. The slides Were examined and scored as to 

severity of tissue changes (0=none, 1=mild, 2=moderate, 
3=severe) by a board certi?ed veterinary pathologist blinded 
to treatment. 

[0137] The pup and 2 female adult mice expressing the 
human IL-21, and 3 of the 6 male adult mice expressing the 
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mouse lL-21 shoWed in?ammatory in?ltrates in many of the 
tissues examined. The organs a?fected varied someWhat 
from mouse to mouse. The in?ammatory in?ltrate Was 
composed primarily of neutrophils and macrophages in 
varying numbers and proportions and Was generally mild to 
moderate degree in severity. Moreover, these animals 
shoWed changes in lymphoid organs, including moderate to 
severe lymphopenia in the spleen and thymus (human and 
mouse lL-21 transgenics); and severe lymphopenia (human 
lL-21 transgenics), or mild to severe suppurative to pyo 
granulomatous lymphadenitis (mouse lL-21 transgenics) in 
lymph nodes. In addition, increased extramedullary hemato 
poiesis Was evident in the spleens. These changes Were not 
observed in age-matched control mice. 

C. FloW Cytometric Analysis of Tissues from Transgenic 
Mice Over Expressing lL-21 

[0138] Transgenic animals over expressing either human 
or mouse Zalpha11 ligand (Example 2A) Were sacri?ced for 
?oW cytometric analysis of peripheral blood, thymus, lymph 
node, bone marroW, and spleen. 

[0139] Cell suspensions Were made from spleen, thymus 
and lymph nodes by teasing the organ apart With forceps in 
ice cold culture media (500 ml RPMI 1640 Medium (JRH 
Biosciences. Lenexa, Kans.); 5 ml 100><L-glutamine (Gibco 
BRL. Grand Island, N.Y.); 5 ml 100><Na Pyruvate (Gibco 
BRL); 5 ml 100>< Penicillin, Streptomycin, Neomycin (PSN) 
(Gibco BRL) and then gently pressing the cells through a 
cell strainer (Falcon, VWR Seattle, Wash.) Peripheral blood 
(200 ml) Was collected in hepariniZed tubes and diluted to 10 
ml With HBSS containing 10U Heparin/ml. Erythrocytes 
Were removed from spleen and peripheral blood prepara 
tions by hypotonic lysis. Bone marroW cell suspensions 
Were made by ?ushing marroW from femurs With ice cold 
culture media. Cells Were counted and tested for viability 
using Trypan Blue (GIBCO BRL, Gaithersburg, Md.). Cells 
Were resuspended in ice cold staining media (HBSS, 1% 
fetal bovine serum, 0.1% sodium aZide) at a concentration of 
ten million per milliliter. Blocking of Fc receptor and 
non-speci?c binding of antibodies to the cells Was achieved 
by adding 10% normal goat sera and Fc Block (Pharmingen, 
La Jolla, Calif.) to the cell suspension. 

[0140] Cell suspensions Were mixed With equal volumes 
of ?uorochrome labeled monoclonal antibodies (PharMin 
gen), incubated on ice for 60 minutes and then Washed tWice 
With ice cold Wash buffer (PBS, 1% fetal bovine serum, 
0.1% sodium aZide) prior to resuspending in 400 ml wash 
buffer containing 1 mg/ml 7-AAD (Molecular Probes, 
Eugene, Oreg.) as a viability marker in some samples. FloW 
data Was acquired on a FACSCalibur ?oW cytometer (BD 
lmmunocytometry Systems, San Jose, Calif.). Both acqui 
sition and analysis Were performed using CellQuest softWare 
(BD lmmunocytometry Systems). 

[0141] The transgenic animals that expressed either the 
human or mouse lL-21 at the highest levels had dramatically 
altered cell populations in all lymphoid organs analyZed. 
Changes seen included complete loss of thymic cellularity, 
complete absence of CD45R positive B cells and increased 
siZe and cellularity of spleens. Both spleen and bone marroW 
had increased numbers of myeloid siZed cells, Which Was 
accounted for by increases in both monocytes and neutro 
phils. The pan NK cell marker (DX5) Was increased in many 
populations. Moderate expressing founders had less dra 












































































