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(57) ABSTRACT 

Methods for blocking autoreactive T cell-initiated destruc 
tion of tissues in a mammal are provided. In one embodi 
ment, the method comprises administering a puri?ed CD24 
polypeptide, a fusion protein comprising such polypeptide, 
or a biologically active fragment of such polypeptide to a 
mammalian subject Who is suspected of having or predis 
posed to having an autoimmune disease. In another embodi 
ment, anti-CD24 antibody or anti-CD24 Fab fragments are 
administered to the subject. In another embodiment, the 
method comprises administering a CD24 antisense mol 
ecule, an expression vector encoding a CD24 antisense 
molecule, CD24 dsRNAi, or an expression vector encoding 
CD24 dsRNAi to the subject. The present invention also 
relates to isolated and puri?ed CD24 fusion proteins 
employed in the present methods and to transgenic mice that 
express the human CD24 protein on their T cells and/or their 
vascular endothelial cells but do not express murine heat 
shock antigen on any cells. 
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MURINE HSA POLYPEPTIDE, SEQ ID NO. 1 

1 mgramvarlg lgllllalll ptqiycnqts vapfpgnqni saspnpsnat 

51 trgggsslqs tagllalsls llhlyc 

Figure 7 
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Human CD24 polypeptide sequence, SEQ ID NO.:2 

mgramvarlglgllllalllptqiyssetttgtssnssqst snsglapnptnattkva 
ggalqstaslfv vslsllhlys 

Figure 8 
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Rat CD24 polypeptide sequence, SEQ ID NO.:3 

1 mgramvvrlg lgllilalll ptqiycnqts vapfsgnqsi saapnptnat trsgcsslqs 

61 tagilalsls llhlyc 

Figure 9 
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Fig. 11. Diagram and DNA sequence of the knock-in 

construct 

hCD24 knock-in 

Arm 2 of knock-in construct. 

WT-mCD24 

Cre transfection 
Select against TK 

replacement introduced for cloning purpose, marked in 
affect amino acid sequence 

6001 
6061 
6121 

6181 
6241 

aatgcggcta 
agtgtaattc 
tacctgcagc 
agctgtggat 

gaaacaggtc 
aaattcgacg 
atctgctgga 
gaatgtggct 
atgtagagat 

agagaacaat gtggggaaaa 
agtgg’cggag cgtgaatact 
tacagagact 
ggttctgaaa tttatctgtg 

9 6% 

cacctcgaat 
ggattaaagg 
gttttacatc 
taggaaatgt 
aaggacgggg 

nunbering‘ )‘based on X72910) 

attatctgct 

tggctgttac 
acgcgtgaaa 
ccaagatgaa 
ggacacttaa 
tgcggaatgg 

aagagtctta 
tagtgtccct 
tgagtgttat 
atttcttttt 

catatctcaa 
gstttgagag 
gacagcattc 
aactctcact 
agacccattt 

Human CD24 sequence is highlighted. 
bold. 

ttcaggaatt 
gggcggatca 
aagaccctgt 
tacagagtgc 

ccttatttat 

cagaaaacac 
aagagagatg 
agaattgatg 
tgaaattggg 
tgtcattgat 

Note two 
These changes do not 

cagaatttga 
gggactggag 
gtttggcttc 
aaatggagat 
tttagattca 

aagtccaatg tgatcaggaa 
ggagaattcg 
ccgctattga 
tgatttcctt 
cacaggtttg 
tcatctgacc 
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6301 

6361 
6421 
6481 
6541 
6601 
6661 
6721 
6781 
6841 
6901 
6961 

7021 
7081 
7141 

7201 
7261 
7321 
7381 
7441 

7501 
7561 

gataaggcca 
gttggaagga 
tttaataccg 
aattgaacgt 
ctagtaatta 
actgaataaa 
caccacaagc 
ttggctaatt 
aaagtgtgtt 
aaggagccaa 
gaattcacaa 
caaacggtgg 
atagttattg 
cttgatatac 
tggtcacaca 
ctttagaaac 
atgaacactc 
ttgtgtattt 
acacaaactg 
ttacttttta 

cacaccagaa 
caggacc 

tagtgcagtt 
actaccaggc 
taagctctag 
tttgcatcct 
acatgtgcca 
tctgatttca 
accaaattca 

tcaaaatgct 
ctgttagcaa 
aactgtaaac 
agtcttttat 
atcagaatag 
gtcctgtgcc 
acataccttc 
ctgatgctta 
cttcctggga 
cccttgcctc 
atgctttgat 
taaataaaag 
aaaagactta 
gagggtatca 
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aggtgatatt 
gttgctttaa 
gtaaagttcc 
cctcctgtgg 
ggcaatggtg 
aaagtcaaac 
ctagagtaca 
gtcttttact 
ggcaaaaatt 
ccagcatttg 
acgatttctg 
ccacgtttgg 
tgaaaggggg 
taaaacctag 
cccgtacagt 
agaaggagag 
acacctgaat 
tcatagtaac 
aaagaaatgg 
tttattttat 
gatggttgtg 

cgaagcttct 
attcccaatg 
atgttgttga 
ctttaggtct 
gattggaacc 
agtagacatt 
ctggttccag 
ttggtatatg 
atgagtctta 
ggatgtgaag 
tacatacttt 
aatactttgg 
cttggttcta 
acatttcctg 
agtcttgata 
ctcacagacc 
gctgtacatc 
ttctcatgtt 
cggagagagc 
gtatgtgagt 
agccactgtg 

ttgatgctct 
tgttgtttcg 
actctgactg 
gacattgtat 
catccccaag 
tcccattgtc 
agagcagaat 
ttgagggctt 
attctacagg 
actggaagct 
tttttttttt 
ttatccattc 

ccgtaagttt 
aaaaaaatct 

accagagtca 
ogaagctact 
tatttgattg 
atggaattga 
agtctgttga 
atatcgaagt 
tggttgctgg 
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ttatgtatat 
ttactactaa 

ttctctttgg 
ttgaccttta 
tccagccacc 
gtttctcact 
catgttggcc 
ttcataattt 
caaatatgca 
aactctcatt 
aagagaaaaa 
atatttttag 
ttccaatttc 
tttgttcgca 
ttttctccat 
gtgtgtgtga 
taaattgtgt 
tttgcattga 
atttatttac 

tgttttcaga 
gaattgaact 

The following fragment cloned by PCR using the ES cells from 129/RI mice as 
template and primers and is based on sequence obtained from Celera data base 
Chromosome 10 34.361202 MB to 34 .36628? Mb — flanking 0. 0010 Mb Map 

1 tctagaaggg tagccagtgc tcttaaccac tgagccatct ctccagcccc cagtctgttg 
61 

121 

181’ 
241 

301 

361 
421 
481 
541 

601 
661 
721 
781 
841 

901 

961 
1021 
1081 
1141 

1201 
1261 
1321 

aatttaaagt 
tgttctacta 
ttggtttcct 
ccacgcctgt 
aactgagagc 
tctttgagat 
cagggctctg 
caggtgttgg 
ctctactttc 
tcccctgctt 
cagggaccac 
acctcaggtc 
attgccctcc 
ggtaactgag 
gttttgtctc 
gaaacatttc 
ttgttttttg 
gggtggtctt 
tgttttgttt 
actatgtagc 
gagttacaga 
tactgaaaat 

gtttcttgag 
actagaacat 
cccaaagctg 
ctctagttga 
cagctgtgtg 
gagaggtctc 
ggaccacaga 
tgggagaaca 
tcttaccggc 
tttccatata 
cagaaagggc 
taccctttaa 

ccgctgcacc 
aactacttat 
cagatgaaca 
ccagaagtgc 
ttttggaaac 
acctcagtct 
tttggttttg 
Ctgggctggc 
tgtgtgtcac 
tattactaaa 

caataattat 
tacatgctgt 
ctccccccct 
catctttaag 
ccaaggtacc 
tggtttgcca 
ttgagaaccc 
tgagcggaaa 
ccagaggtct 
tcaaacacat 
aggctggaaa 
gacttagatg 
ccactccgca 
tgacatgtaa 
atagcctctc 
cagtgtcgtt 
tgtctcattc 
cctgagcccc 
ttttgttttg 
cttgaactca 
ttatgttcac 
tcttgtcagt 

gggtgatcat 
ctatttttga 
tccaagtgct 
cttttaaggt 
catgactgat 
ggcagggctc 
acaatggcct 
ttttcgtgga 
acacctcact 

tcctggattc 
ctgctgttct 
atctggagct 
gccatatgaa 
actggtcacc 
tctagtagag 
cattcatcct 
tgtatgtagc 
gggcttgtgt 
aaacagggtt 
tggacatctg 
tcttagtatc 
tgtagatacg 

ggctgttaag 
aaggccagct 
gggaataaag 
tgtacaccta 
gaagttggct 
ttaggacaac 
tgaaccttag 
atgaacagct 
ttggttttct 
ctaacatctt 
taggcagagt 
ctcttcaatg 
gtatactagg 
acagttcatt 
aagtgtcttg 
actttggttt 
ctaggctggt 
cgtcacaccc 
ttgctatgtg 
cctctgtttc 
ctgtgattta 
atgggagaat 

ggatatatct 
agcagcaggt 
gcgtgtgcct 
cttgctcagc 
ggggagagag 
accagcaggg 
acctgaatga 
tctaagtcac 
aaattggctc 
tactgtgatt 
tccataagaa 
atgtctacag 
ttggtgtggg 
gtctcagcat 
cacacaaaca 

aagtgtctga 
ctcaaactta 

agcttttctg 
acttaggcat 
ctgagagcta 
tgttagatat 
gta 
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Fig. 12. Vector for expression of human CD24 on mouse T cells 

LCK Promoter 

Fig. 13. Vascular endothelial cell speci?c expression is achieved using a transgenic 

' CD24 hGH minigene 

vector comprised of human CD24 open-reading frame and the Tie I1 promoter. 

Tie 2 Promoter CD24 PM Tie-2 Enhancer (10kb) 
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Fig. 14. Partial alignment of cDNA sequence between Human CD24 (Query XM_099027) and Mouse 
CD24 (subject NM_009846). Only the regions with stretch of nucleotide equal or longer than 17 base 
pairs are shown 

llllvllvlll llll ll ll lllllllllllllll 
tgtgtgaatgaacactccccttgcctcacacctgaatgctgtacatct 1688 

Query 1984 Hllllllllll 

Sbjct: 1629 gaagctactgtg 

“H 1 lié'ei'f'“, M. , 

Hll lllllllllllll lllllllllllllllllllllllllll! l 
Sbjct: 1689 attt-—gattgtaaattgtgtttgtgtatttatgctttgattcatagtaacttctcatgt 1746 

Sbj ct: 1747 tatggaattgatttgcattgaacacaaactgtaaataaaa 1786 

Query: 1555 aggcaaaaatgtaaaggagtcaaaactacaaatcaagtatttgggaagtgaagactggaa 1614 

lllllll Ill lllllll lllllll ill I II IHIHH IIHIIIIIHII 
Sbjct: 1216 aggcaaatatgcaaaggagccaaaactgtaaacccagcatttgggatgtgaagactggaa 1275 

Query: 1615 gctaatttgcattaaattcacaaa——cttttatactctttctgtatatacnnnnnnnnct 1672 

llllll HI} Illlllllll lllllllil IIIHIII llli 
Sbjct: 1276 gctaactctcattgaattcacaaagtcttttatacaatttctgtacatactttttttttt 1335 

Query: 1673 ‘at ———— ——aaaaaacaactae§§§tt§§§a4eiéa§§gé§atttggaatactttttgttatca 1726 

n Hill In HI'I’IIIIN‘HAIWHI’XHI Illllllll! 111 mm 
Sbj ct: 1336 tttaagagaaaaacaaacggtggatcagaatagccacgtttggaatac—tttggttatcc 1394 

Query: 1727 gtcali‘tai‘ t-éigéligg'igtégaacctggtcctaagcctaaaagtgggcttgattctgca 1786 
l ill/ll!llrlllllwlllliilliv lllllll III! {III HIHH HHI 

‘Sbj ct: 1395 attcatatttttagatagtta——-—ttggtcctgtgcctgaaagggggcttggttctacc 1450 

Query: 1787 gtaaatcttttacaactgcctcgaaacacagaaacctttttaaaaatagacactccccg— 1845 

llll i Illl IN I III ll I Ill I lllll I III lHlll I III 
Sbjct: 1451 gtaagt-ttttccaatttccttgatatacacataccttctaaaacctagacatttcctga 1509 

Sbjct: 1510 aaaaaatcttttgttcgcatggtcacacactgatgctta 1548 

Illlllll HIIIIIIHIIHIHIIIIH 
Sbjct : 108 gttgctgcttctggcactgctcctacccacgcagattta 146 
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Fig. 15. Inhibition of CD24 expression in CHO cells using dsRNAi 
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METHODS OF BLOCKING TISSUE 
DESTRUCTION BY AUTOREACTIVE T CELLS 

REFERENCE TO RELATED APPLICATION 

[0001] This application is a continuation-in part of US. 
application Ser. No. 09/822,851 Which Was ?led on Mar. 29, 
2001, and claims priority from US. Provisional Patent 
Application No. 60/192,814, ?led on Mar. 29, 2000. 

STATEMENT OF GOVERNMENT SUPPORT 

[0002] This invention is supported, at least in part, by 
Grant No. AI32981 from the National Institute of Health, 
USA. The US. government has certain rights in this inven 
tion. 

BACKGROUND OF THE INVENTION 

[0003] The present invention relates to agents and meth 
ods for blocking deleterious T cell mediated immune reac 
tions. Such reactions occur in autoimmune diseases, such as 
for example, multiple sclerosis (MS), rheumatoid arthritis, 
systemic lupus erythematosis, psoriasis, diabetes, and aller 
gies. Such reactions also occur during rejection of trans 
plants. 
[0004] In theory, autoimmune diseases can be prevented 
by blocking activation of T cells and formation of autore 
active T cells. Accordingly, there are a number of studies 
being conducted to identify methods or agents that can be 
used to block activation of T cells (J Clin Invest. 1995 June; 
95(6):2783-9; J Med Chem. Jan. 17, 2002;45(2):275-83). 
Unfortunately, since patients With autoimmune diseases 
have already developed autoreactive T cells, these methods 
have limited value for treatment of autoimmune diseases. 
Moreover, agents that prevent systemic T cell activation 
often cause serious side effects. For example, treatment With 
agents that block activation of T cells can also render the 
patient more susceptible to infections and cancer. Thus, it is 
desirable to have neW methods for treating autoimmune 
diseases. Amethod Which reduces the destruction of targeted 
tissues that is initiated by autoreactive T cells is especially 
desirable. 

SUMMARY OF THE INVENTION 

[0005] The present invention provides methods for block 
ing or reducing autoreactive T cell-initiated destruction of 
tissues in a mammal. The methods employ an agent that 
inhibits or reduces interaction of the CD24 polypeptide With 
its functional ligand. The CD24 polypeptide is found on the 
cell membrane of activated T cells and other cell types, such 
as B cells, dendritic cells, epithelial cells and vascular 
endothelial cells. 

[0006] In one embodiment, the method comprises admin 
istering a pharmaceutical composition comprising a biologi 
cally effective amount of an isolated and puri?ed polypep 
tide, referred to hereinafter as the “HSA/CD24” polypeptide, 
a fusion protein comprising the HSA/CD24 polypeptide 
polypeptide, or a biologically active fragment of the HSA/ 
CD24 polypeptide to a mammal in need of the same, i.e., a 
mammal Who is suspected of having, knoWn to have, or 
predisposed to have an autoimmune disease. As used herein, 
“mammal” refers to rats, mice, cats, dogs, coWs, pigs, 
rabbits, and primates. Exemplary primates include monkeys, 
chimpanZees, and humans. As used herein the term “HSA/ 
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CD24” refers not only to the protein portion of the heat 
stable antigen (HSA) found on the surface of mouse cells but 
also to the mammalian homologs of mouse HSA. Thus, the 
term “HSA/CD24”, as used in the present application, 
encompasses the polypeptide portion of human CD24 and 
rat CD24, the knoWn human and rat homologs of mouse 
HSA. Preferably, the HSA/CD24 polypeptide is glycosy 
lated. The fusion protein comprises the HSA/CD24 polypep 
tide or a truncated form of the HSA/CD24 linked by a 
peptide bond to a peptide or protein tag. In a preferred 
embodiment, the HSA/CD24 fragment comprises the core 
region of the HSA/CD24 polypeptide. 

[0007] In another embodiment, the method comprises 
administering a pharmaceutical composition comprising a 
biologically effective amount of an anti-HSA/CD24 anti 
body or anti-HSA/CD24 Fab fragments to a mammal knoWn 
to have, suspected of having, or predisposed to having an 
autoimmune disease. 

[0008] In another aspect, the method comprises adminis 
tering to the subject an agent that reduces expression of the 
CD24 polypeptide in T cells. Such methods employ agents 
that disrupt the function of the CD24 gene at the genomic, 
transcriptional, post-transcriptional and translational levels. 
In one embodiment, the agent is an antisense molecule 
(referred to hereinafter as “CD24 antisense”) Which reduces 
transcription of the CD24 gene or translation of the CD24 
gene transcript in autoreactive T cells. In another embodi 
ment, the agent is a double stranded RNA molecule (referred 
to hereinafter as “CD24 dsRNAi” ) Which interferes With 
expression of the CD24 gene. 

[0009] The present invention also relates to a method of 
blocking binding of autoreactive T cells to vascular endot 
helial cells. In one aspect, the method comprises contacting 
the vascular endothelial cells With a suf?cient amount of an 
HSA/CD24 polypeptide or a fragment thereof, or a fusion 
protein comprising HSA/CD24 polypeptide or a fragment 
thereof, or anti-HSA antibodies to inhibit interaction of the 
autoreactive T cells With the vascular endothelial cells. In 
another aspect, the method comprises introducing an oligo 
nucleotide or polynucleotide that inhibits expression of the 
CD24 polypeptide into the autoreactive T cell, or the vas 
cular endothelial cell or both. Examples of such oligonucle 
otides and polynucleotides include, but are not limited to, a 
CD24 antisense oligonucleotide, an expression vector com 
prising a polynucleotide or nucleic acid encoding a CD24 
antisense oligonucleotide, a CD24 dsRNAi, and an expres 
sion vector comprising a polynucleotide or nucleic acid 
encoding a CD24 dsRNAi. 

[0010] The present invention also relates to isolated and 
puri?ed HSA/CD24 fusion proteins employed in the above 
described methods and to transgenic or knock in mice that 
express the human CD24 protein on their T cells or their 
vascular endothelial cells or all other cell types that normally 
express CD24 but, as a result of targeted mutation, do not 
express murine HSA on any cells. Such mice provide a 
unique model to test the effectiveness of drugs designed to 
block or enhance the biological function of human CD24 
mediated autoimmune diseases. 

BRIEF DESCRIPTION OF THE FIGURES 

[0011] FIG. 1. Targeted mutations of HSA and CD28 
reveal tWo distinct checkpoints in the development of EAE. 
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a. Targeted mutations of either HSA or CD28 prevent 
induction of EAE. WT, CD28(—/—) or HSA(—/—) mice Were 
immunized With MOG peptide. Clinical signs Were scored 
as described in the method section. b. Proliferative response 
of lymph node T cells to MOG peptides. Draining lymph 
node cells from day 10-immuniZed mice Were stimulated 
With given concentrations of MOG peptide and irradiated 
syngeneic naive spleen cells as antigen-presenting cells. c. 
Enumeration of cytokine-producers by ELISpot. Draining 
lymph node cells used in b Were used as responder cells. The 
numbers of cells secreting either IL2, IL4, and IFNY among 
1><106 lymph node cells in response to MOG peptide (AA35 
55) Were presented. Data shoWn Were means +/— SEM from 
three independent experiments. 

[0012] FIG. 2. Histological analysis of spinal cord of 
MOG immuniZed WT or HSA(—/—) mice. a: The means and 
SEM of histological scores of WT and HSA(—/—) mice 
spinal cords. Ten independent cross sections, from cervical 
to sacral regions, Were examined in each spinal cord. The 
data are summariZed from 30 spinal cord sections from 3 
mice in each group. b. Representative histology in immu 
niZed WT mice, all sections examined contain histology 
lesions. c and d. Histology sections (100x) of immuniZed 
HSA(—/—) mice. Alesion-free section is presented in c, While 
a lesion containing section is presented in d. 

[0013] FIG. 3. Requirement for HSA expression on both 
T cells and non-T host cells for the induction of EAE. 
Histology (63x for a, b, c and the left panel of d; 200>< for 
the right panel of d) of spinal cords of the HSA(—/—)(a, b) or 
WT(c, d) recipient mice on day 12 after adoptive transfer. 
Draining lymph node cells Were isolated from either WT or 
HSA(/—) mice after immuniZation, and Were stimulated With 
antigen and IL2 for 4 days in vitro. The activated T cells 
Were injected into either WT or HSA(—/—) mice (100><106 
cells per mouse). EAE development Was monitored daily for 
clinical signs. At 12 days after transfer, recipient mice Were 
sacri?ced and spinal cords Were processed for histological 
examination. N0 disease Was observed in WT>HSA(—/—), 
HSA(—/—)>WT, or HSA(—/)>HSA(—/—) recipients. 

[0014] FIG. 4. Clinical scores of the adoptive transfer 
experiment With 4 (WT>HSA(—/—) and HSA(—/—)>WT 
groups) or 5 (WT>WT and HSA(—/—)>HSA(—/—) groups) 
mice per group. 

[0015] FIG. 5. Transgenic expression of HSA exclusively 
on T cell lineage is insuf?cient for EAE development. a. 
Phenotypes of WT, HSA-TG, HSA(—/—), and HSATG/ 
HSA(—/—) mice by How cytometry using anti-HSA and 
anti-CD3 mAbs. b. EAE score in WT, HSATG, HSA(—/—), 
and HSATG/HSA(—/—) mice after immuniZation With the 
MOG peptides. 

[0016] FIG. 6. HSAIg ameliorates EAE. a. Analysis of 
HSAIg by SDS-PAGE. 10 pg of puri?ed HSAIg Was sepa 
rated by 10% reducing (R) and non-reducing SDS-PAGE. 
The proteins Were stained by Comassie blue. The EAE score 
for control (PBS) or HSAIg-treated mice. EAE Was induced 
in WT mice as described in Materials and Methods. 

[0017] On days 8, 10, 12 , 14 and 22 after immuniZation, 
?ve mice per group Were injected (ip) With 100 pig/mouse 
of either HSA1 g or 100 ml of PBS as control. The effect of 
HSAIg has been evaluated in three independent experiments 
With similar results. 
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[0018] FIG. 7 shoWs the amino acid sequence, SEQ ID 
NO. 1, of the mouse HSA polypeptide. The signal peptide 
extends from amino acid 1 through amino acid 26 of the 
sequence. The glycophosphatidyl (GPI) anchor region 
includes and extends from amino acid 54 through amino 
acid 76. 

[0019] FIG. 8 shoWs the amino acid sequence, SEQ ID 
NO. 2, of the human CD24 polypeptide. The signal peptide 
extends from amino acid 1 through amino acid 26 of the 
sequence. The glycophosphatidyl (GPI) anchor region 
includes and extends from amino acid 60 through amino 
acid 80. 

[0020] FIG. 9 shoWs the amino acid sequence, SEQ ID 
NO. 3, of the rat CD24 polypeptide. The signal peptide 
extends from amino acid 1 through amino acid 26 of the 
sequence. The glycophosphatidyl (GPI) anchor region 
includes and extends from amino acid 57 through amino 
acid 76. 

[0021] FIG. 10 shoWs the DNA sequence, SEQ ID NO. 4, 
of a fusion gene Which comprises a nucleotide sequence 
encoding HSA fused to the genomic sequence of human 
IgG1 Fc. The predicted sequence of the cDNA, SEQ ID NO. 
5, Which results from splicing of the introns IgG1 Fc 
sequence and the predicted amino acid sequence, SEQ ID 
NO. 14, are also shoWn in this ?gure. The normal font With 
under line is HSA sequence, bold phase is neW sequence, 
italics is IgG1 Fc sequence. 

[0022] FIG. 11 is a diagram of a construct for producing 
human CD24 gene knock-in mice. Arm 1 of the knock in 
construct comprises nucleotide 2001 through nucleotide 
5500 of the mouse HSA/CD14 gene, GenBank Accession 
No. X72910. Arm 2 of the construct is a chimera gene 
consisting of the last 256 bp sequence of exon 1 of the mouse 
CD24 gene, the ?rst 240 bp sequence of exon 2 of the human 
CD24 gene and about 3 kb of mouse CD24 sequence Which 
comprises remaining exon 2 sequence encoding for 3‘ 
untranslated region and 3‘ sequence of the mouse CD24 gene 
(Seq ID. 22). 
[0023] FIG. 12 is a diagram of a plasmid for producing 
transgenic mice expressing human CD24 in T cells. To 
produce this plasmid human CD24 coding sequence is 
subcloned into transgenic construct vector p1017 Barn HI 
site, Which is described in EMBO J. 9: 3821-3829, 1990) 
CD24 forWard primer (CD24F.Bam): G GCC GGA TCC 
ATG GGC AGA GCAATG GTG With BamH1 site 5‘ to ATG 
start codon. CD24 reverse primer (CD24R. XhoBam): G 
GCC GGA TCC CTC GAG TTA AGA GTA GAG ATG 
CAG With Barn HI and Xho I sites 3‘ to TAA stop codon. 

[0024] FIG. 13 is a diagram of a vector for producing 
mice that express CD24 in vascular endothelial cells. 

[0025] FIG. 14 shoWs a comparison of mouse and human 
CD24 cDNA sequences, and the preferred sequences to be 
targeted by CD24 antisense RNA and CD24 dsRNAi . 
Human CD24 and mouse CD24 cDNA sequences (Human 
CD24 (XMi099027) and Mouse CD24 (NMi009846)) are 
aligned by double blast search. The regions With a stretch of 
identity that are 17 or more base pairs in length are high 
lighted as preferred targets for CD24 antisense and dsRNAi 
agents. 

[0026] FIG. 15 is a dot plot demonstrating inhibition of 
CD24 expression in CHO cells using dsRNAi. Chinese 
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hamster ovary (CHO) cells Were transiently transfected With 
human CD24 plasmid alone (top), the CD24 plasmid plus 
dsRNAi (middle) or CD24 plasmid plus inverted dsRNA as 
control (loWer panel). The expression of CD24 on cell 
surface Was analyZed at 72 hours after transfection using 
phycoerythorin-conjugated anti-human CD24 mAb (BD 
Pharmingen). Note essential absence of CD24-expression in 
cells treated With CD24 dsRNAi. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0027] The present invention provides methods for block 
ing destruction of tissue by autoreactive T cells in a mam 
malian subject. The methods employ agents Which inhibit or 
reduce, either directly or indirectly, the interaction of the 
CD24 polypeptide With its functional ligand. The CD24 
polypeptide is present on the cell membrane of activated T 
cells and other cell types such as B cells, dendritic cells, 
epithelial cells and vascular endothelial cells. 

[0028] In one embodiment, the method comprises admin 
istering a pharmaceutical composition comprising a biologi 
cally effective amount of an isolated and puri?ed HSA/ 
CD24 polypeptide or a fragment thereof to a mammal 
suspected of having an autoimmune disease. In another 
embodiment a fusion protein comprising the HSA/CD24 
polypeptide or fragment thereof linked by a peptide bond to 
a peptide or protein tag is administered to the mammal. 
Preferably, the HSA/CD24 polypeptide is glycosylated. In 
another embodiment an antibody Which is immunospeci?c 
for the HSA/CD24 polypeptide is administered to the mam 
mal. 

[0029] In another aspect, the method comprises adminis 
tering to the subject an agent that reduces expression of the 
CD24 polypeptide in T cells. Such methods employ agents 
that disrupt the function of the CD24 gene at the genomic, 
transcriptional, post-transcriptional and translational levels. 
In this aspect, embodiments of the present method employ 
antisense molecules or dsRNAi to inhibit expression of the 
CD24/HSA gene and production of the CD24 polypeptide in 
the autoreactive T cells of the mammalian subject 

[0030] The present invention also relates to a method of 
treating a human subject knoWn to have, suspected of 
having, or predisposed to having an autoimmune disease. 
The methods involve treating the human subject With an 
agent Which inhibit or reduce, either directly or indirectly, 
the interaction of the CD24 polypeptide Which is present on 
the cell surface of the subject’s cells, including but not 
limited to activated T cells, With the functional ligand of 
CD24. In accordance With the present invention, it is 
believed that such ligands include, but are not limited to, 
CD24 itself, P-selectin, and very late antigen 4. 

[0031] In one aspect, the therapeutic method comprises 
administering a pharmaceutical composition comprising a 
biologically effective amount of an isolated and puri?ed 
human CD24 polypeptide or fragment thereof, or a fusion 
protein comprising such molecule, to the human subject. In 
another embodiment of this therapeutic method, the phar 
maceutical composition comprises anti-human CD24 anti 
bodies or their Fab fragments. Preferably, the anti-human 
CD24 antibody is a monoclonal antibody, more preferably a 
humaniZed monoclonal anti-human CD24 antibody. Prefer 
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ably, the pharmaceutical composition is administered after 
autoreactive T cells have been detected in the human subject. 

[0032] Preferably, the pharmaceutical composition is 
administered by injection. The present method is useful for 
treating subjects suspected of having autoimmune diseases 
such as for example, multiple sclerosis (MS), rheumatoid 
arthritis, and insulin-dependent diabetes mellitus. By “treat 
ing” is meant ameliorating or tempering the severity of the 
condition, either occurring or expected to occur in the future. 
In cases of autoimmune demyelinating diseases of the CNS 
such as for example MS, the pharmaceutical composition is 
administered either When patients have clinical symptoms, 
or When they are in temporary remission. Preferably, the 
protocol involves intravenous injection. In the case of rheu 
matoid arthritis, the pharmaceutical composition, preferably, 
is administered intravenously (i.v.) after the acute symptoms 
are relieved by other therapeutic methods. In the case of 
insulin dependent diabetes mellitus, the pharmaceutical 
composition, preferably, is administered intravenously after 
autoreactive T cells are detected in the peripheral blood. 

[0033] Further embodiments of this therapeutic method 
employ antisense molecules or dsRNAi to inhibit expression 
of the CD24 gene and production of CD24 polypeptide in 
the T cells of the human subject. 

[0034] Pharmaceutical Composition 

[0035] The pharmaceutical composition comprises a bio 
logically effective amount of an HSA/CD24 polypeptide or 
a biologically active variant thereof or alternatively a frag 
ment of an HSA/CD24 polypeptide or a biologically active 
variant thereof, and preferably a relatively inert topical 
carrier. Many such carriers are routinely used and can be 
identi?ed by reference to pharmaceutical texts. 

[0036] HSA Antigen 

[0037] The mouse HSA antigen and the mammalian 
homologs thereof are polypeptides comprising approxi 
mately 76-80 amino acids. The HSA polypeptide and the 
mammalian homologs thereof are cell surface molecules 
Which are linked to the cell membrane via a glycophosphati 
dylinositol (GPI) tail. The HSA antigen is constitutively 
expressed on most hematopoietic and developing neuronal 
cells. In some lymphocytes, such as for example T cells, 
expression of the HSA polypeptide is induced. As shoWn in 
FIGS. 7-9, the immature forms of mouse HSA antigen, 
human CD24 and rat CD24 comprise a signal sequence, a 
core region that is maintained in the mature protein, and a 
GPI anchor region. As shoWn in FIG. 7, the signal sequence 
of the mouse HSA antigen includes amino acid 1 through 
amino acid 26 of SEQ ID NO. 1; the core region includes 
amino acid 27 through amino acid 53 of SEQ ID NO. 1; and 
the GPI region includes amino acid 54 through amino acid 
75 of SEQ ID NO. 1. As shoWn in FIG. 8, the signal 
sequence of the human CD24 antigen includes amino acid 1 
through amino acid 26 of SEQ ID NO. 2; the core region 
includes amino acid 27 through amino acid 59 of SEQ ID 
NO. 2 and the GPI region includes amino acid 60 through 
amino acid 80 of SEQ ID NO. 2. As shoWn in FIG. 9, the 
signal sequence of the rat CD24 antigen includes amino acid 
1 through amino acid 26 of SEQ ID NO. 3; the core region 
includes amino acid 27 through amino acid 56 of SEQ ID 
NO. 3 and the GPI region includes amino acid 57 through 
amino acid 76 of SEQ ID NO. 3. The nucleotide sequence 
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of a polynucleotide Which encodes the human CD4 polypep 
tide is available at the GenBank Accession No. AK000168. 
The nucleotide sequence of a cDNA Which encodes the rat 
CD24 polypeptide is available at GenBank Accession No. 
AWK12164. The nucleotide sequence of a cDNA Which 
encodes mouse HSA antigen is available at GenBank Acces 
sion M58661. 

[0038] The present invention relates to novel method of 
using an HSA/CD24 polypeptide or fragment thereof to treat 
autoimmune diseases. Preferably, the polypeptide or frag 
ment is glycosylated. In one embodiment the HSA/CD24 
fragment is a truncated form of the HSA/CD24 polypeptide 
Which lacks a feW amino acids, i.e., from 1 to 2 amino acids, 
at the amino terminus or carboXy terminus thereof. In 
another embodiment the HSA/CD24 fragment is a polypep 
tide Which comprises essentially only the core region of the 
HSA/CD24 polypeptide, ie the HSA/CD24 fragment lacks 
most or all of the signal peptide and most or all of the CPI 
anchor region. As used herein the term HSA/CD24 polypep 
tide comprises all mammalian homologs of mouse HSA, 
including human CD24 and rat CD24. 

[0039] The HSA/CD24 polypeptide or HSA/CD24 frag 
ment that is used in the pharmaceutical composition is the 
naturally-occurring HSA/CD24 polypeptide, a biologically 
active fragment of the naturally-occurring HSA/CD24 
polypeptide, a biologically active variant of the naturally 
occurring HSA/CD24 polypeptide, or a biologically active 
variant of a fragment of the naturally-occurring HSA/CD24 
polypeptide The biologically active variant of the HSA/ 
CD24 polypeptide has an amino acid sequence Which is at 
least 80%, more preferably at least 93%, most preferably at 
least 96% identical to the amino acid sequence of the 
naturally occurring HSA/CD24 polypeptide that is present in 
the mammal to Whom the pharmaceutical composition is 
being administered. Similarly, the biologically active variant 
of the fragment of the HSA/CD24 polypeptide has an amino 
acid sequence Which is at least 80%, preferably at least 90%, 
more preferably at least 95% identical to the amino acid 
sequence of the corresponding naturally-occurring HSA/ 
CD24 fragment. For murine HSA, alteration in Positions 
1(Asn), 4(Ser), 13(Asn), 15(Ser), 17(Ser), 21(Ser), 22(Asn), 
24(Thr) and 25(Thr) of the mature peptide, i.e., the peptide 
Which lacks the signal peptide, may alter glycosylation and 
interfere With its ability to block destruction of tissue by 
autoreactive T cells. Thus, it is preferred that alternations not 
be made at these sites. In the human homologue of HSA, i.e., 
human CD24, 20 out of 31 amino acids are potential 
glycosylation sites. 

[0040] An HSA/CD24 polypeptide Which is less than 
100% identical to the naturally occurring HSA/CD24 
polypeptide has an altered sequence in Which one or more of 
the amino acids in the HSA homologue is deleted or sub 
stituted, or one or more amino acids are inserted into the 

sequence of the naturally occurring HSA/CD24 polypeptide. 
HSA/CD24 sequences Which are at least 95% identical to 
the naturally occurring HSA/CD24 sequence have no more 
than 5 alterations, i.e., any combination of deletions, inser 
tions or substitutions, per 100 amino acids of the reference 
sequence. Percent identity is determined by comparing the 
amino acid sequence of the altered HSA/CD24 sequence 
With the naturally occurring sequence using MEGALIGN 
project in the DNA STAR program. Sequences are aligned 
for identity calculations using the method of the softWare 
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basic local alignment search tool in the BLAST netWork 
service (the National Center for Biotechnology Information, 
Bethesda, Md.) Which employs the method of Altschul, S. F., 
Gish, W., Miller, W., Myers, E. W. & Lipman, D. J. (1990) 
J. Mol. Biol. 215, 403-410. Identities are calculated by the 
Align program (DNAstar, Inc.) In all cases, internal gaps and 
amino acid insertions in the candidate sequence as aligned 
are not ignored When making the identity calculation. 

[0041] While it is possible to have nonconservative amino 
acid substitutions, it is preferred that the substitutions be 
conservative amino acid substitutions, in Which the substi 
tuted amino acid has similar structural or chemical proper 
ties With the corresponding amino acid in the reference 
sequence. By Way of eXample, conservative amino acid 
substitutions involve substitution of one aliphatic or hydro 
phobic amino acids, eg alanine, valine, leucine and isoleu 
cine, With another; substitution of one hydroXyl-containing 
amino acid, eg serine and threonine, With another; substi 
tution of one acidic residue, e.g. glutamic acid or aspartic 
acid, With another; replacement of one amide-containing 
residue, e.g. asparagine and glutamine, With another; 
replacement of one aromatic, residue, e. g. phenylalanine and 
tyrosine, With another; replacement of one basic residue, e.g. 
lysine, arginine and histidine, With another; and replacement 
of one small amino acid, e.g., alanine, serine, threonine, 
methionine, and glycine, With another. 

[0042] The biologically active fragments and variants of a 
naturally-occurring HSA/CD24 have an ID5O Which is com 
parable to, i.e., not more than tWice the value of, the ID5O of 
the corresponding naturally-occurring HSA/CD24 polypep 
tide. The ID5O of the HSA/CD24 variant or fragment and its 
corresponding naturally-occurring polypeptide is deter 
mined by measuring the amount of these polypeptides 
needed to reduce the clinical symptoms in experimental 
autoimmune models, such as EAE or Type II diabetes in 
NOD mouse or rat. Alternatively, one can determine the ID5O 
of the biologically active HSA/CD24 variant or fragment 
and its corresponding naturally occurring HSA/CD24 
polypeptide by an adhesion assay or assays that measure 
migration of T cells through endothelial cell monolayer in 
transWell culture. The amount of the biologically active 
variant of the HSA/CD24 polypeptide or fragment thereof 
needed to reduce binding of activated T cells to vascular 
endothelial cells by at least 50%, preferably, is no greater 
than tWice the amount of the corresponding naturally occur 
ring HSA/CD24 polypeptide or fragment thereof. 

[0043] The present method also employs fusion proteins 
comprising an HSA/CD24 polypeptide or a biologically 
active fragment thereof and a tag, i.e., or one or more amino 
acids, preferably from about 5 to 300 amino acids Which are 
added to the amino terminus of, the carboXy terminus of, or 
any point Within the amino acid sequence of the HSA/CD24 
polypeptide or the biologically active fragment thereof. 
Preferably, the HSA/CD24 polypeptide or core region 
thereof is glycosylated. Typically, such additions are made to 
simplify puri?cation of an expressed recombinant form of 
the corresponding HSA/CD24 polypeptide or core region 
thereof. Such tags are knoWn in the art. Representative 
eXamples of such tags include sequences Which encode a 
series of histidine residues, the epitope tag FLAG, the 
Herpes simpleX glycoprotein D, beta-galactosidase, maltose 
binding protein, or glutathione S-transferase. Preferably, the 
fusion protein comprises the HSA polypeptide or a fragment 






























