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(57) ABSTRACT 

The present invention relates to nucleotide sequences encod 
ing a modulator of NF-KB, and to the polypeptides encoded 
by the nucleotide sequences. In particular, the invention 
relates to nucleotide sequences and the polypeptides 
encoded thereby, Wherein the polypeptides are involved in 
the response to NF-KB-activating stirnuli, including HTLV-1 
TaX, LPS, PMA and IL-1. The invention also relates to 
antibodies to the modulator of NF-KB, methods of detecting 
modulator of NF-KB using the antibodies, methods of treat 
rnent associated With NF-KB activation and to methods of 
identifying compounds Which modulate the activity of the 
modulator of NF-KB. 
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NUCLEOTIDE SEQUENCE ENCODING A 
MODULATOR OF NF-KAPPAB 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to nucleotide 
sequences encoding a modulator of NF-KB, and to the 
polypeptides encoded by the nucleotide sequences. In par 
ticular, the invention relates to nucleotide sequences and the 
polypeptides encoded thereby, Wherein the polypeptides are 
involved in the response to NF-KB activating stimuli, includ 
ing HTLV-1 Tax, LPS, PMA and IL-1. 

DISCUSSION OF THE BACKGROUND 

[0003] The Rel/NF-KB family of transcription factors 
plays important roles in immune and stress responses, in 
in?ammation, in apoptosis, and regulates the expression of 
numerous cellular and viral genes (for recent revieWs, see 
BaldWin, 1996; Verma et al., 1995; May and Ghosh, 1998). 
The NF-KB activity is composed of homo- or heterodimers 
of related proteins that share a conserved DNA-binding and 
dimeriZation domain called the Rel Homology Domain. In 
most cell types, NF-KB is sequestered in the cytoplasm 
bound to inhibitory proteins called IK-B-ot, IKB-B and IKB-E. 
In response to diverse stimuli, including in?ammatory 
cytokines, mitogens, bacterial lipopolysaccharide (LPS), or 
some viral products, active NF-KB is released and translo 
cated to the nucleus as a result of the proteolytic degradation 
of IKB proteins. Phosphorylation of IKBO. on Ser 32 and 36 
targets the molecule for degradation by the ubiquitin-26S 
proteasome pathWay. While the processes leading to the 
degradation of the IKB proteins are relatively Well under 
stood, the mechanism by Which a variety of distinct signals 
initiated from the cell membrane are transduced to their 
common targets, the IKB proteins, remains to be elucidated. 
A protein kinase activity Was identi?ed as a large multisub 
unit complex Which can phosphorylate IKBO. at Ser 32 and 
36 (Chen et al., 1996; Lee et al., 1997). Most recently, tWo 
related kinases have been cloned Which contain a catalytic 
domain at the amino-terminus and a leucine Zipper (LZ) as 
Well as a helix-loop helix (HLH) motif at the carboxy 
terminus (Didonato et al., 1997; Mercurio et al., 1997; 
Regnier et al., 1997; WoronicZ et al., 1997; Zandi et al., 
1997). Although both of them have been shoWn to be 
essential contributors to cytokine-mediated NF-KB activa 
tion, understanding of the precise nature of the IKB kinase 
activity and its regulatory mechanisms needed further inves 
tigation and identi?cation of the other subunits of the kinase 
complex. Another important issue unansWered Was hoW 
discrete activation signals triggered by a variety of knoWn 
stimulators are integrated to give rise to IKB kinase activity. 

[0004] One attractive approach to such questions Would be 
the use of somatic cell genetics. Although the diploidy of the 
mammalian genome presents a major hurdle to a genetic 
approach, successful establishment of recessive mutants has 
provided helpful information on a signaling pathWay and a 
reliable Way to identify relevant gene(s) by complementa 
tion. Indeed, the Janus kinase family of tyrosine kinases Was 
identi?ed as essential signal transducers for the interferons 
through a genetic approach (Darnell et al., 1994; VelaZqueZ 
et al., 1992). Concerning the NF-KB signaling pathWays, the 
characteriZation of a mutant of the murine pre-B cell line 
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70Z/3, 1.3E2, has previously been reported, Which had been 
isolated by selecting cells unable to express surface IgM 
folloWing lipopolysaccharide stimulation (Courtois et al., 
1997). 
[0005] The recent description of a high molecular Weight 
cytoplasmic complex able to phosphorylate IKBO. on serines 
32 and 36 (Chen et al., 1996; Lee et al., 1997) has prompted 
intense studies, Which culminated a feW months ago With the 
cloning of tWo kinases, named IKK-l and IKK-2, or IKKO. 
and IKKB (Didonato et al., 1997; Mercurio et al., 1997; 
Regnier et al., 1997; WoronicZ et al., 1997; Zandi et al., 
1997). TWo approaches Were used to this end: one involved 
biochemical puri?cation from a cytoplasmic extract derived 
from TNF-treated HeLa cells (Didonato et al., 1997; Mer 
curio et al., 1997; Zandi et al., 1997), While the other used 
a 2-hybrid screen using as a bait NIK, a protein kinase 
previously shoWn to be involved in TNF- and IL-1-induced 
NF-KB activation (Regnier et al., 1997; WoronicZ et al., 
1997). The cloned kinases Were postulated to directly phos 
phorylate serines 32 and 36 of IKBot, although this has not 
been formally demonstrated. The reason for this uncertainty 
is that all kinase assays reported so far rely on immunopre 
cipitation of transfected or in vitro translated IKK, therefore 
leaving open the possibility that the “true” IKB kinase is 
coprecipitated together With IKK and the rest of the high 
molecular Weight complex. Immunoprecipitation of one 
kinase from extracts of cells transfected With the tWo kinases 
results in the coprecipitation of the second kinase, and a 
more detailed study has demonstrated that hetero-associa 
tion Was favored over homo-association. The sequence of 
IKK-l and IKK-2 has revealed tWo interesting features: a 
leucine Zipper and a helix-loop-helix motif. Deletion of the 
LZ in one of the kinases results in the abrogation of 
coimmunoprecipitation With either itself or the other kinase, 
and a strong reduction in the resulting kinase activity. 
HoWever it is unclear Whether the LZ motif is required for 
direct interaction betWeen the kinase subunits or betWeen the 
kinase(s) and some other component of the complex. Dele 
tion of the HLH motif leaves the coimmunoprecipitation of 
the tWo kinases intact, but strongly reduces the resulting 
kinase activity. In the assays used in the above mentioned 
papers, transfected IKK-2 seems to exhibit a stronger basal 
kinase activity When compared to IKK-l (Mercurio et al., 
1997; Zandi et al., 1997). Zandi et al. (Zandi et al., 1997) 
also observed that cotranslation of the tWo kinases in Wheat 
germ extracts resulted in no IKB kinase activity, suggesting 
that either post-translational modi?cations or additional 
components of the complex (or both) are required. Cotrans 
lation of the tWo kinases in Wheat germ extracts precluded 
their association. One possibility is that the kinase subunits 
need to be incorporated into the 600-800 kD complex in 
order to be fully active, and that some critical components 
of the complex are absent in Wheat germ extracts. In any 
case all these data emphasiZe the importance of identifying 
additional components of the complex. 

[0006] If the identity of molecules involved in NF-KB 
activation Were knoWn, one could block NF-KB activation, 
and thereby treat cellular dysfunctions associated thereWith, 
by inactivating these molecules. 

[0007] In vieW of the aforementioned limited information 
regarding molecules involved in NF-KB activation, it is clear 
that there exists a need in the art for identifying the 
sequences encoding such molecules. 
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SUMMARY OF THE INVENTION 

[0008] Accordingly, one object of this invention is to 
provide a modulator of NF-KB and its subunits in puri?ed 
form that exhibits certain characteristics and activities asso 
ciated With inhibition of NF-KB activity. 

[0009] It is a further object of the present invention to 
provide antibodies to the modulator of NF-KB and its 
subunits, and methods for their preparation, including 
recombinant means. 

[0010] It is a further object of the present invention to 
provide a method for detecting the presence of the modu 
lator of NF-KB and its subunits in mammals in Which 
invasive, spontaneous, or idiopathic pathological states are 
suspected to be present. 

[0011] It is a further object of the present invention to 
provide a method and associated assay system for screening 
substances such as drugs, agents and the like, potentially 
effective in either mimicking the activity or ?ghting against 
the adverse effects of the modulator of NF-KB and/or its 
subunits in mammals. 

[0012] It is a still further object of the present invention to 
provide a method for the treatment of mammals to control 
the transcriptional activity induced by NF-KB, so as to alter 
the adverse consequences of such presence or activity, or 
Where bene?cial, to enhance such activity. 

[0013] It is a still further object of the present invention to 
provide a method for the treatment of mammals to control 
the amount or activity of the transcriptional activity of 
NF-KB, so as to treat or avert the adverse consequences of 
invasive, spontaneous or idiopathic pathological states. 

[0014] It is a still further object of the present invention to 
provide pharmaceutical compositions for use in therapeutic 
methods Which comprise or are based upon the modulator of 
NF-KB, its subunits, their binding partner(s), or upon agents 
or drugs that control the production, or that mimic or 
antagoniZe the activities of the modulator of NF-KB. 

[0015] With the foregoing and other objects, advantages 
and features of the invention that Will become hereinafter 
apparent, the nature of the invention may be more clearly 
understood by reference to the folloWing detailed descrip 
tion of the preferred embodiments of the invention and to the 
appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] Amore complete appreciation of the invention and 
many of the attendant advantages thereof Will be readily 
obtained as the same becomes better understood by refer 
ence to the folloWing detailed description When considered 
in connection With the accompanying draWings, Wherein: 

[0017] FIG. 1. Characterisation of 5R cells. A. Fifty pg of 
Whole cell extracts derived from Wild-type Rat-1 cells (lane 
1), the Tax-transformed clone M319-5 (lane 2), the 5R ?at 
revertant (lane 3) and a pool of hybrids betWeen 5R and a 
Rat-1 derived clone bearing an integrated hygromycin resis 
tance gene (lane 4) Were analyZed by immunoblotting using 
anti Tax mAb M173. 

[0018] B. Five pg of nuclear extracts derived from the 
same cells (as indicated above the lanes) Were analyZed by 
bandshift assay using the KB site derived from the H-2 Kb 
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promoter as a probe. The NF-KB complex is indicated by a 
square dot on the right. C, D. Rat-1 or 5R cells Were 
cotransfected With 0.25 pg of HTLV-l LTR-luciferase (panel 
C) or IgK-luciferase (panel D) and 1 pg of either empty 
vector (C) or Tax or relA expression vectors. Luciferase 
activity Was measured after 40 hours. Fold induction over 
basal level is shoWn. 

[0019] E. Rat-1 or 5R cells (as indicated) Were co-cultured 
With Rat-1 cells carrying an integrated IgK-luciferase plas 
mid, treated With (+) or Without (—) 50% PEG for 1 minute 
and harvested 12 hours later. Equivalent amount of protein 
extract Was used for the luciferase assay. 

[0020] FIG. 2. Response of Rat-1 and 5R cells to NF-KB 
activating signals. 
[0021] A. Bandshift assay of nuclear extracts from Rat-1 
or 5R cells either untreated (none) or stimulated as indicated 
above the lanes. Stimulation Was for 30 minutes With 10 
ng/ml of TNF-ot, 20 ng/ml of IL-1, 15 pig/ml of LPS or 0.1 
mg/ml of dsRNA. 

[0022] B. Transactivation of IgK-luciferase transfected 
Rat-1 or 5R cells by TNF-ot (T), IL-1 (I), LPS (L) or dsRNA 
(R). Stimulation Was for 3 hours. 

[0023] C. Immunoblotting analysis of extracts derived 
from LPS treated Rat-1 or 5R cells. Cytoplasmic extracts 
Were prepared at the indicated times and 50 pg analyZed by 
Western blotting. 

[0024] FIG. 3. Sequence of the NEMO protein. The 
putative leucine Zipper is boxed. 

[0025] FIG. 4. NEMO complements the defect in 5R 
cells. A. Rat-1 or 5R cells Were transiently transfected With 
0.25 pg of IgK-luciferase and the indicated amount of 
CMV-hygro-NEMO. Luciferase assays Were performed as 
described in FIG. 2. 

[0026] B. Band shift assay of Rat-1- or 5R-derived cell 
lines stably expressing NEMO. Five pg of nuclear extracts 
derived from the folloWing cell lines Were analyZed as in 
FIG. 1. Lane 1: Wild-type Rat-1 cells. Lane 2: a pool of 
Rat-1 cells transfected With CMV-hygro-NEMO. Lane 3: 5R 
cells. Lane 4: h12 cells (5R cells containing the inducible 
blasticidin S resistance gene). Lanes 5, 6: cDNA library 
infected h12 clones that survived the blasticidin S selection. 
The siZe of the cDNA ampli?ed from each clone is indi 
cated. Lanes 7, 8: Independent pools of 5R cells stably 
transfected With CMV-hygro-NEMO. Lanes 9, 10: tWo 
representative 5R cell clones obtained by stable transfection 
With CMV-hygro-NEMO. 

[0027] C. Immunoblotting analysis of cytoplasmic 
extracts (100 pg) derived from Rat-1 or 5R cells Was carried 
out With an antibody speci?c for NEMO. rNEMO: rat 
NEMO. 

[0028] FIG. 5. NEMO complements the defect in 1.3E2 
cells. A. 1.3E2, 1.3E2 stably transfected With NEMO 
(1.3E2N) and 70Z/3 cells Were transiently cotransfected 
With 3 pg of IgK-luciferase and 6 pg of CMV-hygro-NEMO. 
After 24 hours, cells Were splitted in tWo and left untreated 
(—) or stimulated (+) With 15 pig/ml LPS. Luciferase assays 
Were performed as described in FIG. 2. 

[0029] B. Bandshift assay of complemented 1.3E2 cells. 
70Z/3 (lanes 1-4), 1.3E2 (lanes 5-8) or a pool of 1.3E2 cells 
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stably transfected With CMV-hygro-NEMO (1.3E2N, lanes 
9-12) Were left untreated (lanes 1, 5 9), or stimulated With 15 
pig/ml LPS (lanes 2, 6, 10), 100 ng/ml PMA (lanes 3, 7, 11) 
or 20 ng/ml IL-1 (lanes 4, 8, 12). Five pg of nuclear extracts 
Were then analyzed by bandshift using the H-2 Kb derived 
KB site. 

[0030] C. Immunoblotting analysis of cytoplasmic 
extracts (100 pg) derived from 70Z/3 or 1.3E2 cells Was 
carried out With the NEMO antiserum. mNEMO: mouse 
NEMO. 

[0031] FIG. 6. NEMO is associated With an inducible 
endogenous IKBO. kinase activity. Rat-1 or SR cells Were 
treated for 5 minutes With or Without TNF-ot (10 ng/ml). 
Cytoplasmic extracts Were immunoprecipitated With either 
preimmune serum (P.I.), anti-IKK-l antibody (anti-IKK-l) 
or NEMO antiserum (anti-NEMO) and speci?c IKBO. kinase 
activity Was determined by an in vitro immune complex 
kinase assay With GST-IKBO. (1-72) Wild type or GST-IKBO. 
(1-72) S32A/S36A mutant protein as substrates. 

[0032] FIG. 7. NEMO is a subunit of the IKB kinase 
complex 
[0033] A. Gel ?ltration analysis of NEMO and IKB kinase 
complex in Rat-1 and SR cells. S100 extracts Were prepared 
as described in Materials and Methods and fractionated 
through a Superose 6 column. Fractions Were analyZed by 
Western blotting, using antibodies speci?c for IKK-l or 
NEMO. Analysis of NF-KB/IKB elution, using an anti-relA 
antibody is also shoWn. To demonstrate identical elution of 
Rat-1 and SR extracts, the protein pro?le from each fraction 
Was analyZed by silver staining (Upper pannel). 

[0034] B. Coimmunoprecipitation of IKK-l With NEMO. 
Positive NEMO fractions from Rat-1 and the equivalent 
fractions from SR cells Were imunoprecipitated With anti 
NEMO, run through a 7.5% SDS-Laemmli gel and immu 
noblotted With anti-IKK-l. 

[0035] C. NEMO forms homodimers. The NEMO protein 
Was in vitro synthesiZed in Wheat germ extract and treated 
With the indicated concentrations of glutaraldehyde. The 
reactions Were immunoprecipitated With NEMO antiserum 
and analysed on a 8% SDS-polyacrylamide gel. The posi 
tions of the NEMO monomer and NEMO dimer ((NEMO)2) 
are indicated. L0; in vitro translated product. 

[0036] D. In vitro interaction betWeen NEMO and IKK-2. 
Untagged NEMO (lane 1), VSV-IKK-2 (lane 3), or both 
molecules (lane 2) Were in vitro translated in Wheat germ 
extract (Load). The 35 S labelled products Were then precipi 
tated With anti-VSV antibody (VSV-IP). Lane 4 represents 
unprogrammed Wheat germ extract. The relevant proteins 
are indicated on the right. 

[0037] FIG. 8. Nucleotide sequence of NEMO. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0038] In accordance With the present invention there may 
be employed conventional molecular biology, microbiology, 
and recombinant DNA techniques Within the skill of the art. 
Such techniques are explained fully in the literature. See, 
e.g., Sambrook et al, “Molecular Cloning: A Laboratory 
Manual” (1989);. “Current Protocols in Molecular Biology” 
Volumes I-III [Ausubel, R. M., ed. (1994)]; “Cell Biology: 
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A Laboratory Handbook” Volumes I-III [J. E. Celis, ed. 
(1994))]; “Current Protocols in Immunology” Volumes I-III 
[Coligan, J. E., ed. (1994)]; “Oligonucleotide Synthesis” (M. 
J. Gait ed. 1984); “Nucleic Acid HybridiZation”[B. D. 
Hames & S. J. Higgins eds. (1985)]; “Transcription And 
Translation”[B. D. Hames & S. J. Higgins, eds. (1984)1; 
“Animal Cell Culture”[R. I. Freshney, ed. (1986)]; “Immo 
biliZed Cells And EnZymes”[IRL Press, (1986)]; B. Perbal, 
“A Practical Guide To Molecular Cloning” (1984). 

[0039] Therefore, if appearing herein, the folloWing terms 
shall have the de?nitions set out beloW. 

[0040] The term “modulator of NF-KB” and any variants 
not speci?cally listed as used throughout the present appli 
cation and claims refer to proteinaceous material including 
single or multiple proteins, and extends to those proteins 
having the amino acid sequence data described herein and 
presented in FIG. 3 (SEQ ID NO: 1), and the pro?le of 
activities set forth herein and in the claims. Accordingly, 
proteins displaying substantially equivalent or altered activ 
ity are likeWise contemplated. These modi?cations may be 
deliberate, for example, such as modi?cations obtained 
through site-directed mutagenesis, or may be accidental, 
such as those obtained through mutations in hosts that are 
producers of the complex or its named subunits. Also, the 
term “modulator of NF-KB” is intended to include Within its 
scope proteins speci?cally recited herein as Well as all 
substantially homologous analogs and allelic variations. 

[0041] The amino acid residues described herein are pre 
ferred to be in the “L” isomeric form. HoWever, residues in 
the “D” isomeric form can be substituted for any L-amino 
acid residue, as long as the desired functional property of 
immunoglobulin-binding is retained by the polypeptide. 
NH2 refers to the free amino group present at the amino 
terminus of a polypeptide. COOH refers to the free carboxy 
group present at the carboxy terminus of a polypeptide. 

[0042] It should be noted that all amino-acid residue 
sequences are represented herein by formulae Whose left and 
right orientation is in the conventional direction of amino 
terminus to carboxy-terminus. Furthermore, it should be 
noted that a dash at the beginning or end of an amino acid 
residue sequence indicates a peptide bond to a further 
sequence of one or more amino-acid residues. 

[0043] A “replicon” is any genetic element (e.g., plasmid, 
chromosome, virus) that functions as an autonomous unit of 
DNA replication in vivo; i.e., capable of replication under its 
oWn control. 

[0044] A “vector” is a replicon, such as plasmid, phage or 
cosmid, to Which another DNA segment may be attached so 
as to bring about the replication of the attached segment. 

[0045] A“DNA molecule” refers to the polymeric form of 
deoxyribonucleotides (adenine, guanine, thymine, or 
cytosine) in its either single stranded form, or a double 
stranded helix. This term refers only to the primary and 
secondary structure of the molecule, and does not limit it to 
any particular tertiary forms. Thus, this term includes 
double-stranded DNA found, inter alia, in linear DNA 
molecules (e.g., restriction fragments), viruses, plasmids, 
and chromosomes. In discussing the structure of particular 
double-stranded DNA molecules, sequences may be 
described herein according to the normal convention of 
giving only the sequence in the 5‘ to 3‘ direction along the 
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nontranscribed strand of DNA (i.e., the strand having a 
sequence homologous to the mRNA). 

[0046] An “origin of replication” refers to those DNA 
sequences that participate in DNA synthesis. 

[0047] A DNA “coding sequence” is a double-stranded 
DNA sequence Which is transcribed and translated into a 
polypeptide in vivo When placed under the control of 
appropriate regulatory sequences. The boundaries of the 
coding sequence are determined by a start codon at the 5 
(amino) terminus and a translation stop codon at the 3‘ 
(carboxyl) terminus. A coding sequence can include, but is 
not limited to, prokaryotic sequences, cDNA from eukary 
otic mRNA, genomic DNA sequences from eukaryotic (e.g., 
mammalian) DNA, and even synthetic DNA sequences. A 
polyadenylation signal and transcription termination 
sequence Will usually be located 3‘ to the coding sequence. 

[0048] Transcriptional and translational control sequences 
are DNA regulatory sequences, such as promoters, enhanc 
ers, polyadenylation signals, terminators, and the like, that 
provide for the expression of a coding sequence in a host 
cell. 

[0049] A “promoter sequence” is a DNA regulatory region 
capable of binding RNA polymerase in a cell and initiating 
transcription of a doWnstream (3‘ direction) coding 
sequence. For purposes of de?ning the present invention, the 
promoter sequence is bounded at its 3‘ terminus by the 
transcription initiation site and extends upstream (5‘ direc 
tion) to include the minimum number of bases or elements 
necessary to initiate transcription at levels detectable above 
background. Within the promoter sequence Will be found a 
transcription initiation site (conveniently de?ned by map 
ping With nuclease S1), as Well as protein binding domains 
(consensus sequences) responsible for the binding of RNA 
polymerase. Eukaryotic promoters Will often, but not 
alWays, contain “TATA” boxes and “CAT” boxes. Prokary 
otic promoters contain Shine-Dalgarno sequences in addi 
tion to the —10 and —35 consensus sequences. 

[0050] An “expression control sequence” is a DNA 
sequence that controls and regulates the transcription and 
translation of another DNA sequence. A coding sequence is 
“under the control” of transcriptional and translational con 
trol sequences in a cell When RNA polymerase transcribes 
the coding sequence into mRNA, Which is then translated 
into the protein encoded by the coding sequence. 

[0051] A “signal sequence” can be included before the 
coding sequence. This sequence encodes a signal peptide, 
N-terminal to the polypeptide, that communicates to the host 
cell to direct the polypeptide to the cell surface or secrete the 
polypeptide into the media, and this signal peptide is clipped 
off by the host cell before the protein leaves the cell. Signal 
sequences can be found associated With a variety of proteins 
native to prokaryotes and eukaryotes. 

[0052] The term “oligonucleotide,” as used herein in refer 
ring to the probe of the present invention, is de?ned as a 
molecule comprised of tWo or more ribonucleotides, pref 
erably more than three. Its exact siZe Will depend upon many 
factors Which, in turn, depend upon the ultimate function 
and use of the oligonucleotide. 

[0053] The term “primer” as used herein refers to an 
oligonucleotide, Whether occurring naturally as in a puri?ed 
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restriction digest or produced synthetically, Which is capable 
of acting as a point of initiation of synthesis When placed 
under conditions in Which synthesis of a primer extension 
product, Which is complementary to a nucleic acid strand, is 
induced, i.e., in the presence of nucleotides and an inducing 
agent such as a DNA polymerase and at a suitable tempera 
ture and pH. The primer may be either single-stranded or 
double-stranded and must be suf?ciently long to prime the 
synthesis of the desired extension product in the presence of 
the inducing agent. The exact length of the primer Will 
depend upon many factors, including temperature, source of 
primer and use of the method. For example, for diagnostic 
applications, depending on the complexity of the target 
sequence, the oligonucleotide primer typically contains 
15-25 or more nucleotides, although it may contain feWer 
nucleotides. 

[0054] The primers herein are selected to be “substan 
tially” complementary to different strands of a particular 
target DNA sequence. This means that the primers must be 
suf?ciently complementary to hybridiZe With their respec 
tive strands. Therefore, the primer sequence need not re?ect 
the exact sequence of the template. For example, a non 
complementary nucleotide fragment may be attached to the 
5‘ end of the primer, With the remainder of the primer 
sequence being complementary to the strand. Alternatively, 
non-complementary bases or longer sequences can be inter 
spersed into the primer, provided that the primer sequence 
has suf?cient complementarity With the sequence of the 
strand to hybridiZe thereWith and thereby form the template 
for the synthesis of the extension product. 

[0055] As used herein, the terms “restriction endonu 
cleases” and “restriction enZymes” refer to bacterial 
enZymes, each of Which cut double-stranded DNA at or near 
a speci?c nucleotide sequence. 

[0056] A cell has been “transformed” by exogenous or 
heterologous DNA When such DNA has been introduced 
inside the cell The transforming DNA may or may not be 
integrated (covalently linked) into chromosomal DNA mak 
ing up the genome of the cell. In prokaryotes, yeast, and 
mammalian cells for example, the transforming DNA may 
be maintained on an episomal element such as a plasmid. 
With respect to eukaryotic cells, a stably transformed cell is 
one in Which the transforming DNA has become integrated 
into a chromosome so that it is inherited by daughter cells 
through chromosome replication. This stability is demon 
strated by the ability of the eukaryotic cell to establish cell 
lines or clones comprised of a population of daughter cells 
containing the transforming DNA. A“clone” is a population 
of cells derived from a single cell or common ancestor by 
mitosis. A “cell line” is a clone of a primary cell that is 
capable of stable groWth in vitro for many generations. 

[0057] TWo DNA sequences are “substantially homolo 
gous” When at least about 75% (preferably at least about 
80%, and most preferably at least about 90 or 95%) of the 
nucleotides match over the de?ned length of the DNA 
sequences. Sequences that are substantially homologous can 
be identi?ed by comparing the sequences using standard 
softWare available in sequence data banks, or in a Southern 
hybridiZation experiment under, for example, stringent con 
ditions as de?ned for that particular system. De?ning appro 
priate hybridiZation conditions is Within the skill of the art. 
See, e.g., Maniatis et al., supra; DNA Cloning, Vols. I & II, 
supra; Nucleic Acid Hybridization, supra. 
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[0058] It should be appreciated that also Within the scope 
of the present invention are DNA sequences encoding rnodu 
lators of NF-KB Which code for a modulator of NF-KB 
having the same amino acid sequence as SEQ ID NO:1, but 
Which are degenerate to SEQ ID NO:2. By “degenerate to” 
is meant that a different three-letter codon is used to specify 
a particular amino acid. It is Well knoWn in the art that the 
following codons can be used interchangeably to code for 
each speci?c amino acid: 

Phenylalanine UUU or UUC 

(Phe or F) 

Leucine UUA or UUG or CUU or CUC or CUA or CUG 

(Leu or L) 

Isoleucine AUU or AUC or AUA 

(Ile or I) 

Methionine AUG 

(Met or M) 

Valine GUU or GUC of GUA or GUG 

(Val or V) 

Serine UCU or UCC or UCA or UCG or AGU or AGC 

(Ser or S) 

Proline CCU or CCC or CCA or CCG 

(Pro or P) 

Threonine ACU or ACC or ACA or ACG 

(Thr or T) 

Alanine GCU or GCG or GCA or GCG 

(Ala or A) 

Tyrosine UAU or UAC 

(Tyr or Y) 

Histidine CAU or CAC 

(His or H) 

Glutamine CAA or CAG 

(Gln or Q) 

Asparagine AAU or AAC 

(Asn or N) 

Lysine AAA or AAG 

(Lys or K) 

Aspartic Acid GAU or GAC 

(Asp or D) 

Glutamic Acid GAA or GAG 

(Glu or E) 

Cysteine UGU or UGC 

(Cys or C) 

Arginine CGU or CGC or CGA or CGG or AGA or AGG 

(Arg or R) 

Glycine GGU or GGC or GGA or GGG 

(Gly or G) 

Tryptophan UGG 
(Trp or W) 

Termination UAA (ochre) or UAG (amber) or UGA 
codon (opal) 

[0059] It should be understood that the codons speci?ed 
above are for RNA sequences. The corresponding codons for 
DNA have a T substituted for U. 
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[0060] Mutations can be made in SEQ ID NO:2 such that 
a particular codon is changed to a codon Which codes for a 
different amino acid. Such a mutation is generally made by 
making the feWest nucleotide changes possible. A substitu 
tion mutation of this sort can be made to change an amino 
acid in the resulting protein in a non-conservative rnanner 
(i.e., by changing the codon from an amino acid belonging 
to a grouping of amino acids having a particular siZe or 
characteristic to an amino acid belonging to another group 
ing) or in a conservative rnanner (i.e., by changing the codon 
from an amino acid belonging to a grouping of amino acids 
having a particular siZe or characteristic to an amino acid 
belonging to the same grouping). Such a conservative 
change generally leads to less change in the structure and 
function of the resulting protein. Anon-conservative change 
is more likely to alter the structure, activity or function of the 
resulting protein. The present invention should be consid 
ered to include seguences containing conservative changes 
Which do not signi?cantly alter the activity or binding 
characteristics of the resulting protein. 

[0061] The folloWing is one example of various groupings 
of amino acids: 

[0062] Amino Acids With Nonpolar R Groups 

[0063] Alanine 

[0064] Valine 

[0065] Leucine 

[0066] Isoleucine 

[0067] Proline 

[0068] Phenylalanine 
[0069] Tryptophan 
[0070] Methionine 

[0071] Amino Acids With Uncharged Polar R Groups 

[0072] Glycine 
[0073] Serine 

[0074] Threonine 

[0075] Cysteine 
[0076] Tyrosine 
[0077] Asparagine 
[0078] Glutarnine 

[0079] Amino Acids With Charged Polar R Groups (Nega 
tively Charged at Ph 6.0) 

[0080] Aspartic acid 
[0081] Glutamic acid 

[0082] Basic Amino Acids (Positively Charged at pH 6.0) 

[0083] Lysine 
[0084] Arginine 
[0085] Histidine (at pH 6.0) 

[0086] Another Grouping may be Those Amino Acids 
With Phenyl Groups: 

[0087] Phenytalanine 
[0088] Tryptophan 
[0089] Tyrosine 
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[0090] Another Grouping may be According to Molecular 
Weight (i.e., SiZe of R Groups): 

Glycine 75 
Alanine 89 
Serine 105 
Proline 115 
Valine 117 
Threonine 119 
Cysteine 121 
Leucine 131 
Isoleucine 131 
Asparagine 132 
Aspartic acid 133 
Glutamine 146 
Lysine 146 
Glutamic acid 147 
Methionine 149 
Histidine (at pH 6.0) 155 
Phenylalanine 165 
Arginine 174 
Tyrosine 181 
Tryptophan 204 

[0091] Particularly Preferred Substitutions are: 

[0092] Lys for Arg and vice versa such that a positive 
charge may be maintained; 

[0093] Glu for Asp and vice versa such that a nega 
tive charge may be maintained; 

[0094] Ser for Thr such that a free —OH can be 

maintained; and 

[0095] Gln for Asn such that a free NH2 can be 
maintained. 

[0096] Amino acid substitutions may also be introduced to 
substitute an amino acid With a particularly preferable 
property. For example, a Cys may be introduced a potential 
site for disul?de bridges With another Cys. A His may be 
introduced as a particularly “catalytic” site (i.e., His can act 
as an acid or base and is the most common amino acid in 

biochemical catalysis). Pro may be introduced because of its 
particularly planar structure, Which induces [3-turns in the 
protein’s structure. 

[0097] TWo amino acid sequences are “substantially 
homologous” When at least about 70% of the amino acid 
residues (preferably at least about 80%, and most preferably 
at least about 90 or 95%) are identical, or represent conser 
vative substitutions. 

[0098] A“heterologous” region of the DNA construct is an 
identi?able segment of DNA Within a larger DNA molecule 
that is not found in association With the larger molecule in 
nature. Thus, When the heterologous region encodes a mam 
malian gene, the gene Will usually be ?anked by DNA that 
does not ?ank the mammalian genomic DNA in the genome 
of the source organism. Another example of a heterologous 
coding sequence is a construct Where the coding sequence 
itself is not found in nature (e.g., a cDNA Where the genomic 
coding sequence contains introns, or synthetic sequences 
having codons different than the native gene). Allelic varia 
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tions or naturally-occurring mutational events do not give 
rise to a heterologous region of DNA as de?ned herein. 

[0099] An “antibody” is any immunoglobulin, including 
antibodies and fragments thereof, that binds a speci?c 
epitope. The term encompasses polyclonal, monoclonal, and 
chimeric antibodies, the last mentioned described in further 
detail in US. Pat. Nos. 4,816,397 and 4,816,567. 

[0100] An “antibody combining site” is that structural 
portion of an antibody molecule comprised of heavy and 
light chain variable and hypervariable regions that speci? 
cally binds antigen. 

[0101] The phrase “antibody molecule” in its various 
grammatical forms as used herein contemplates both an 
intact immunoglobulin molecule and an immunologically 
active portion of an immunoglobulin molecule. 

[0102] Exemplary antibody molecules are intact immuno 
globulin molecules, substantially intact immunoglobulin 
molecules and those portions of an immunoglobulin mol 
ecule that contains the paratope, including those portions 
knoWn in the art as Fab, Fab‘, F(ab‘)2 and F(v), Which 
portions are preferred for use in the therapeutic methods 
described herein. 

[0103] Fab and F(ab‘)2 portions of antibody molecules are 
prepared by the proteolytic reaction of papain and pepsin, 
respectively, on substantially intact antibody molecules by 
methods that are Well-knoWn. See for example, US. Pat. No. 
4,342,566 to Theo?lopolous et al. Fab‘ antibody molecule 
portions are also Well-knoWn and are produced from F(ab‘)2 
portions folloWed by reduction of the disul?de bonds linking 
the tWo heavy chain portions as With mercaptoethanol, and 
folloWed by alkylation of the resulting protein mercaptan 
With a reagent such as iodoacetamide. An antibody contain 
ing intact antibody molecules is preferred herein. 

[0104] The phrase “monoclonal antibody” in its various 
grammatical forms refers to an antibody having only one 
species of antibody combining site capable of immunore 
acting With a particular antigen. Amonoclonal antibody thus 
typically displays a single binding af?nity for any antigen 
With Which it immunoreacts. A monoclonal antibody may 
therefore contain an antibody molecule having a plurality of 
antibody combining sites, each immunospeci?c for a differ 
ent antigen; e.g., a bispeci?c (chimeric) monoclonal anti 
body. 
[0105] The phrase “pharmaceutically acceptable” refers to 
molecular entities and compositions that are physiologically 
tolerable and do not typically produce an allergic or similar 
untoWard reaction, such as gastric upset, diZZiness and the 
like, When administered to a human. 

[0106] The phrase “therapeutically effective amount” is 
used herein to mean an amount sufficient to prevent, and 
preferably reduce by at least about 30 percent, more pref 
erably by at least 50 percent, most preferably by at least 90 
percent, a clinically signi?cant change in the S phase activity 
of a target cellular mass, or other feature of pathology such 
as for example, elevated blood pressure, fever or White cell 
count as may attend its presence and activity. 

[0107] A DNA sequence is “operatively linked” to an 
expression control sequence When the expression control 
sequence controls and regulates the transcription and trans 
lation of that DNA sequence. The term “operatively linked” 
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includes having an appropriate start signal (e.g., ATG) in 
front of the DNA sequence to be expressed and maintaining 
the correct reading frame to permit expression of the DNA 
sequence under the control of the expression control 
sequence and production of the desired product encoded by 
the DNA sequence. If a gene that one desires to insert into 
a recombinant DNA molecule does not contain an appro 
priate start signal, such a start signal can be inserted in front 
of the gene. 

[0108] The term “standard hybridization conditions” 
refers to salt and temperature conditions substantially 
equivalent to 5x SSC and 65° C. for both hybridiZation and 
Wash. HoWever, one skilled in the art Will appreciate that 
such “standard hybridiZation conditions” are dependent on 
particular conditions including the concentration of sodium 
and magnesium in the buffer, nucleotide sequence length 
and concentration, percent mismatch, percent formamide, 
and the like. Also important in the determination of “stan 
dard hybridiZation conditions” is Whether the tWo sequences 
hybridiZing are RNA-RNA, DNA-DNA or RNA-DNA. 
Such standard hybridiZation conditions are easily deter 
mined by one skilled in the art according to Well knoWn 
formulae, Wherein hybridiZation is typically 10-20° C. 
beloW the predicted or determined Tm With Washes of higher 
stringency, if desired. 

[0109] In its primary aspect, the present invention con 
cerns the identi?cation of a modulator of NF-KB. 

[0110] In a particular embodiment, the present invention 
relates to a modulator of NF-KB termed NF-KB Essential 
Modulator (NEMO) 

[0111] As stated above, the present invention also relates 
to a recombinant DNA molecule or cloned gene, or a 

degenerate variant thereof, Which encodes a modulator of 
NF-KB, or a fragment thereof, that possesses a molecular 
Weight of about 48 kD and an amino acid sequence set forth 
in FIG. 3 (SEQ ID NO:1); preferably a nucleic acid mol 
ecule, in particular a recombinant DNA molecule or cloned 
gene, encoding the 48 kD modulator of NF-KB has a 
nucleotide sequence or is complementary to a DNA 
sequence shoWn in FIG. 8 (SEQ ID NO:2). 

[0112] The possibilities both diagnostic and therapeutic 
that are raised by the existence of the modulator of NF-KB, 
derive from the fact that this modulator appears to partici 
pate in direct and causal protein-protein interaction With at 
least one of the IKB kinases, Which is involved in the 
activation of NF-KB. As suggested earlier and elaborated 
further on herein, the present invention contemplates phar 
maceutical intervention in the cascade of reactions in Which 
the modulator of NF-KB is implicated, to modulate the 
activity initiated by the modulator of NF-KB. 

[0113] Thus, in instances Where it is desired to reduce or 
inhibit the modulator of NF-KB resulting from a particular 
stimulus or factor, an appropriate inhibitor of the modulator 
of NF-KB could be introduced to block the interaction of the 
modulator of NF-KB With those factors to Which the modu 
lator of NF-KB binds (e.g., the IKB kinase). Correspond 
ingly, instances Where insuf?cient NF-KB-induced transcrip 
tional activity is taking place could be remedied by the 
introduction of additional quantities of the modulator of 
NF-KB or its chemical or pharmaceutical cognates, analogs, 
fragments and the like. 
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[0114] As discussed earlier, the modulator of NF-KB or its 
binding partners or other ligands or agents exhibiting either 
mimicry or antagonism to the modulator of NF-KB or 
control over its production, may be prepared in pharmaceu 
tical compositions, With a suitable carrier and at a strength 
effective for administration by various means to a patient 
experiencing an adverse medical condition associated With 
NF-KB activation for the treatment thereof. A variety of 
administrative techniques may be utiliZed, among them 
parenteral techniques such as subcutaneous, intravenous and 
intraperitoneal injections, catheteriZations and the like. 
Average quantities of the modulator of NF-KB or its subunits 
may vary and in particular should be based upon the 
recommendations and prescription of a quali?ed physician 
or veterinarian. 

[0115] Also, antibodies including both polyclonal and 
monoclonal antibodies, and drugs that modulate the produc 
tion or activity of the modulator of NF-KB and/or its 
subunits may possess certain diagnostic applications and 
may for example, be utiliZed for the purpose of detecting 
and/or measuring conditions such as viral infection or the 
like. For example, the modulator of NF-KB or its subunits 
may be used to produce both polyclonal and monoclonal 
antibodies to themselves in a variety of cellular media, by 
knoWn techniques such as the hybridoma technique utiliZ 
ing, for example, fused mouse spleen lymphocytes and 
myeloma cells. LikeWise, small molecules that mimic or 
antagoniZe the activity(ies) of the modulator of NF-KB of the 
invention may be discovered or synthesiZed, and may be 
used in diagnostic and/or therapeutic protocols. 

[0116] The general methodology for making monoclonal 
antibodies by hybridomas is Well knoWn. Immortal, anti 
body-producing cell lines can also be created by techniques 
other than fusion, such as direct transformation of B lym 
phocytes With oncogenic DNA, or transfection With Epstein 
Barr virus. See, e.g., M. Schreier et al., “Hybridoma Tech 
niques” (1980); Hammerling et al., “Monoclonal Antibodies 
And T-cell Hybridomas” (1981); Kennett et al., “Mono 
clonal Antibodies” (1980); see also U.S. Pat. Nos. 4,341, 
761; 4,399,121; 4,427,783; 4,444,887; 4,451,570; 4,466, 
917; 4,472,500; 4,491,632; 4,493,890. 
[0117] Panels of monoclonal antibodies produced against 
modulator of NF-KB peptides can be screened for various 
properties; i.e., isotype, epitope, af?nity, etc. Of particular 
interest are monoclonal antibodies that neutraliZe the activ 
ity of the modulator of NF-KB or its subunits. High affinity 
antibodies are also useful When immunoaffinity puri?cation 
of native or recombinant modulator of NF-KB is possible. 

[0118] Preferably, the anti-NF-KB modulator antibody 
used in the diagnostic methods of this invention is an af?nity 
puri?ed polyclonal antibody. More preferably, the antibody 
is a monoclonal antibody (mAb). In addition, it is preferable 
for the anti-NF-KB modulator antibody molecules used 
herein be in the form of Fab, Fab‘, F(ab‘) or F(v) portions of 
Whole antibody molecules. 

[0119] Methods for producing polyclonal anti-polypeptide 
antibodies are Well-knoWn in the art. See US. Pat. No. 
4,493,795 to Nestor et al. A monoclonal antibody, typically 
containing Fab and/or F(ab‘)2 portions of useful antibody 
molecules, can be prepared using the hybridoma technology 
described inAntib0a'ies—A Laboratory Manual, HarloW and 
Lane, eds., Cold Spring Harbor Laboratory, NeW York 



US 2003/0059911 A1 

(1988), Which is incorporated herein by reference. Brie?y, to 
form the hybridoma from Which the monoclonal antibody 
composition is produced, a myeloma or other self-perpetu 
ating cell line is fused With lymphocytes obtained from the 
spleen of a mammal hyperimmuniZed With a NF-KB modu 
lator-binding portion thereof, or NF-KB modulator. 

[0120] Splenocytes are typically fused With myeloma cells 
using polyethylene glycol (PEG) 6000. Fused hybrids are 
selected by their sensitivity to HAT. Hybridomas producing 
a monoclonal antibody useful in practicing this invention are 
identi?ed by their ability to immunoreact With the present 
NF-KB modulator. 

[0121] A monoclonal antibody useful in practicing the 
present invention can be produced by initiating a mono 
clonal hybridoma culture comprising a nutrient medium 
containing a hybridoma that secretes antibody molecules of 
the appropriate antigen speci?city. The culture is maintained 
under conditions and for a time period suf?cient for the 
hybridoma to secrete the antibody molecules into the 
medium. The antibody-containing medium is then collected. 
The antibody molecules can then be further isolated by 
Well-knoWn techniques. 

[0122] Media useful for the preparation of these compo 
sitions are both Well-knoWn in the art and commercially 
available and include synthetic culture media, inbred mice 
and the like. An exemplary synthetic medium is Dulbecco’s 
minimal essential medium (DMEM; Dulbecco et al., Viral. 
8:396 (1959)) supplemented With 4.5 gm/l glucose, 20 mm 
glutamine, and 20% fetal calf serum. An exemplary inbred 
mouse strain is the Balb/c. 

[0123] Methods for producing monoclonal anti-NF-KB 
modulator antibodies are also Well-knoWn in the art. See 
Niman et al., Proc. Nari. Acad. Sci. USA, 80149494953 
(1983). Typically, the present NF-KB modulator or a peptide 
analog is used either alone or conjugated to an immunogenic 
carrier, as the immunogen in the before described procedure 
for producing anti-NF-KB modulator monoclonal antibod 
ies. The hybridomas are screened for the ability to produce 
an antibody that immunoreacts With the NF-KB modulator 
peptide analog and the present NF-KB modulator. 

[0124] The present invention further contemplates thera 
peutic compositions useful in practicing the therapeutic 
methods of this invention. Asubj ect therapeutic composition 
includes, in admixture, a pharmaceutically acceptable 
excipient (carrier) and one or more of a NF-KB modulator, 
polypeptide analog thereof or fragment thereof, as described 
herein as an active ingredient. In a preferred embodiment, 
the composition comprises an antigen capable of modulating 
the speci?c binding of the present NF-KB modulator Within 
a target cell. 

[0125] The preparation of therapeutic compositions Which 
contain polypeptides, analogs or active fragments as active 
ingredients is Well understood in the art. Typically, such 
compositions are prepared as injectables, either as liquid 
solutions or suspensions, hoWever, solid forms suitable for 
solution in, or suspension in, liquid prior to injection can 
also be prepared. The preparation can also be emulsi?ed. 
The active therapeutic ingredient is often mixed With excipi 
ents Which are pharmaceutically acceptable and compatible 
With the active ingredient. Suitable excipients are, for 
example, Water, saline, dextrose, glycerol, ethanol, or the 
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like and combinations thereof. In addition, if desired, the 
composition can contain minor amounts of auxiliary sub 
stances such as Wetting or emulsifying agents, pH buffering 
agents Which enhance the effectiveness of the active ingre 
dient. 

[0126] A polypeptide, analog or active fragment can be 
formulated into the therapeutic composition as neutraliZed 
pharmaceutically acceptable salt forms. Pharmaceutically 
acceptable salts include the acid addition salts (formed With 
the free amino groups of the polypeptide or antibody mol 
ecule) and Which are formed With inorganic acids such as, 
for example, hydrochloric or phosphoric acids, or such 
organic acids as acetic, oxalic, tartaric, mandelic, and the 
like. Salts formed from the free carboxyl groups can also be 
derived from inorganic bases such as, for example, sodium, 
potassium, ammonium, calcium, or ferric hydroxides, and 
such organic bases as isopropylarnine, trimethylamine, 
2-ethylamino ethanol, histidine, procaine, and the like. 

[0127] The therapeutic polypeptide-, analog- or active 
fragment-containing compositions are conventionally 
administered intravenously, as by injection of a unit dose, for 
example. The term “unit dose” When used in reference to a 
therapeutic composition of the present invention refers to 
physically discrete units suitable as unitary dosage for 
humans, each unit containing a predetermined quantity of 
active material calculated to produce the desired therapeutic 
effect in association With the required diluent; i.e., carrier, or 
vehicle. 

[0128] The present invention also relates to a recombinant 
DNA molecule or cloned gene, or a degenerate variant 
thereof, Which encodes a NF-KB modulator; preferably a 
nucleic acid molecule, in particular a recombinant DNA 
molecule or cloned gene, encoding the NF-KB modulator 
has a nucleotide sequence or is complementary to a DNA 

sequence shoWn in FIG. 8 (SEQ ID NO:2). 

[0129] The human and murine DNA sequences of the 
NF-KB modulator of the present invention or portions 
thereof, may be prepared as probes to screen for comple 
mentary sequences and genomic clones in the same or 
alternate species. The present invention extends to probes so 
prepared that may be provided for screening cDNA and 
genomic libraries for the NF-KB modulator. For example, 
the probes may be prepared With a variety of knoWn vectors, 
such as the phage A vector. The present invention also 
includes the preparation of plasmids including such vectors, 
and the use of the DNA sequences to construct vectors 
expressing antisense RNA or riboZymes Which Would attack 
the mRNAs of the DNA sequence set forth in FIG. 8 (SEQ 
ID NO:2). Correspondingly, the preparation of antisense 
RNA and riboZymes are included herein. 

[0130] The present invention also includes NF-KB modu 
lator proteins having the activities noted herein, and that 
display the amino acid sequences set forth and described 
above and having SEQ ID NO:1. 

[0131] In a further embodiment of the invention, the full 
DNA sequence of the recombinant DNA molecule or cloned 
gene so determined may be operatively linked to an expres 
sion control sequence Which may be introduced into an 
appropriate host. The invention accordingly extends to uni 
cellular hosts transformed With the cloned gene or recom 
binant DNA molecule comprising a DNA sequence encod 
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ing the present NF-KB modulator(s), and more particularly, 
the complete DNA sequence determined from the sequences 
set forth above and in SEQ ID NO:2. 

[0132] According to other preferred features of certain 
preferred embodiments of the present invention, a recom 
binant expression system is provided to produce biologically 
active animal or human NF-KB modulator. 

[0133] The concept of the NF-KB modulator contemplates 
that speci?c factors exist for correspondingly speci?c 
ligands, such as the IKB kinase and the like, as described 
earlier. 

[0134] Accordingly, the exact structure of each NF-KB 
modulator Will understandably vary so as to achieve this 
ligand and activity speci?city. It is this speci?city and the 
direct involvement of the NF-KB modulator in the chain of 
events leading to NF-KB-induced transcriptional activity, 
that offers the promise of a broad spectrum of diagnostic and 
therapeutic utilities. 

[0135] The present invention naturally contemplates sev 
eral means for preparation of the NF-KB modulator, includ 
ing as illustrated herein knoWn recombinant techniques, and 
the invention is accordingly intended to cover such synthetic 
preparations Within its scope. The isolation of the cDNA and 
amino acid sequences disclosed herein facilitates the repro 
duction of the NF-KB modulator by such recombinant 
techniques, and accordingly, the invention extends to 
expression vectors prepared from the disclosed DNA 
sequences for expression in host systems by recombinant 
DNA techniques, and to the resulting transformed hosts. 

[0136] The invention includes an assay system for screen 
ing of potential drugs effective to modulate NF-KB modu 
lator activity of target mammalian cells by interrupting or 
potentiating the nuclear translocation of NF-KB. In one 
instance, the test drug could be administered to a cellular 
sample, to determine its effect upon the binding activity of 
the NF-KB modulator to any chemical sample (including the 
IKB kinase), or to the test drug, by comparison With a 
control. 

[0137] The assay system could more importantly be 
adapted to identify drugs or other entities that are capable of 
binding to the NF-KB modulator, thereby inhibiting or 
potentiating NF-KB-induced transcriptional activity. Such 
assay Would be useful in the development of drugs that 
Would be speci?c against particular cellular activity, or that 
Would potentiate such activity, in time or in level of activity. 
For example, such drugs might be used to modulate immune 
responses, stress responses, in?ammation or apoptosis, or to 
treat other pathologies, as for example, viral infection. 

[0138] In yet a further embodiment, the invention con 
templates antagonists of the activity of a NF-KB modulator. 

[0139] The present invention likeWise extends to the 
development of antibodies against the NF-KB modulator(s), 
including naturally raised and recombinantly prepared anti 
bodies. For example, the antibodies could be used to screen 
expression libraries to obtain the gene or genes that encode 
the NF-KB modulator(s). Such antibodies could include both 
polyclonal and monoclonal antibodies prepared by knoWn 
genetic techniques, as Well as bi-speci?c (chimeric) anti 
bodies, and antibodies including other functionalities suiting 
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them for additional diagnostic use conjunctive With their 
capability of modulating NF-KB activity. 

[0140] Thus, the NF-KB modulator, its analogs, and any 
antagonists or antibodies that may be raised thereto, are 
capable of use in connection With various diagnostic tech 
niques, including immunoassays, such as a radioimmunoas 
say, using for example, an antibody to the NF-KB modulator 
that has been labeled by either radioactive addition, or 
radioiodination. 

[0141] In an immunoassay, a control quantity of the 
antagonists or antibodies thereto, or the like may be prepared 
and labeled With an enZyme, a speci?c binding partner 
and/or a radioactive element, and may then be introduced 
into a cellular sample. After the labeled material or its 
binding partner(s) has had an opportunity to react With sites 
Within the sample, the resulting mass may be examined by 
knoWn techniques, Which may vary With the nature of the 
label attached. 

[0142] In the instance Where a radioactive label, such as 
the isotopes 3H, 14C, 32F, 35S, 36Cl, 51Cr, 57Co, 58Co, 59Fe, 
90Y, 1251, 1311, and 186Re are used, knoWn currently available 
counting procedures may be utiliZed. In the instance Where 
the label is an enZyme, detection may be accomplished by 
any of the presently utiliZed calorimetric, spectrophotomet 
ric, ?uorospectrophotometric, amperometric or gasometric 
techniques knoWn in the art. 

[0143] The present invention includes an assay system 
Which may be prepared in the form of a test kit for the 
quantitative analysis of the extent of the presence of the 
NF-KB modulator, or to identify drugs or other agents that 
may mimic or block its activity. The system or test kit may 
comprise a labeled component prepared by one of the 
radioactive and/or enZymatic techniques discussed herein, 
coupling a label to the NF-KB modulator, its agonists and/or 
antagonists, and one or more additional immunochemical 
reagents, at least one of Which is a free or immobiliZed 
ligand, capable either of binding With the labeled compo 
nent, its binding partner, one of the components to be 
determined or their binding partner(s). 

[0144] In a further embodiment, the present invention 
relates to certain therapeutic methods Which Would be based 
upon the activity of the NF-KB modulator(s), its subunits, or 
active fragments thereof, or upon agents or other drugs 
determined to possess the same activity. A ?rst therapeutic 
method is associated With the prevention of the manifesta 
tions of conditions causally related to or folloWing from the 
nuclear translocation of NF-KB, and comprises administer 
ing an agent capable of modulating the production and/or 
activity of the NF-KB modulator or subunits thereof, either 
individually or in mixture With each other in an amount 
effective to prevent the development of those conditions in 
the host. For example, drugs or other binding partners to the 
NF-KB modulator or proteins may be administered to inhibit 
or potentiate NF-KB activity. 

[0145] More speci?cally, the therapeutic method generally 
referred to herein could include the method for the treatment 
of various pathologies or other cellular dysfunctions and 
derangements by the administration of pharmaceutical com 
positions that may comprise effective inhibitors or enhancers 
of activation of the NF-KB modulator or its subunits, or 
other equally effective drugs developed for instance by a 
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drug screening assay prepared and used in accordance With 
a further aspect of the present invention. For example, drugs 
or other binding partners to the NF-KB modulator, as rep 
resented by SEQ ID NO: 1, may be administered to inhibit 
or potentiate NF-KB-induced transcriptional activity. 

[0146] Another feature of this invention is the expression 
of the DNA sequences disclosed herein. As is Well knoWn in 
the art, DNA sequences may be expressed by operatively 
linking them to an expression control sequence in an appro 
priate expression vector and employing that expression 
vector to transform an appropriate unicellular host. 

[0147] Such operative linking of a DNA sequence of this 
invention to an expression control sequence, of course, 
includes, if not already part of the DNA sequence, the 
provision of an initiation codon, ATG, in the correct reading 
frame upstream of the DNA sequence. 

[0148] AWide variety of host/expression vector combina 
tions may be employed in expressing the DNA sequences of 
this invention. Useful expression vectors, for example, may 
consist of segments of chromosomal, non-chromosomal and 
synthetic DNA sequences. Suitable vectors include deriva 
tives of SV40 and knoWn bacterial plasmids, e.g., E. coli 
plasmids col El, pCR1, pBR322, pMB9 and their deriva 
tives, plasmids such as RP4; phage DNAS, e.g., the numer 
ous derivatives of phage )t, e.g., NM989, and other phage 
DNA, e.g., M13 and ?lamentous single stranded phage 
DNA; yeast plasmids such as the 2p plasmid or derivatives 
thereof; vectors useful in eukaryotic cells, such as vectors 
useful in insect or mammalian cells; vectors derived from 
combinations of plasmids and phage DNAs, such as plas 
mids that have been modi?ed to employ phage DNAor other 
expression control sequences; and the like. 

[0149] Any of a Wide variety of expression control 
sequences—sequences that control the expression of a DNA 
sequence operatively linked to it—may be used in these 
vectors to express the DNA sequences of this invention. 
Such useful expression control sequences include, for 
example, the early or late promoters of SV40, CMV, vac 
cinia, polyoma or adenovirus, the lac system, the trp system, 
the TAC system, the TRC system, the LTR system, the major 
operator and promoter regions of phage )t, the control 
regions of fd coat protein, the promoter for 3-phosphoglyc 
erate kinase or other glycolytic enZymes, the promoters of 
acid phosphatase (e.g., PhoS), the promoters of the yeast 
ot-mating factors, and other sequences knoWn to control the 
expression of genes of prokaryotic or eukaryotic cells or 
their viruses, and various combinations thereof. 

[0150] A Wide variety of unicellular host cells are also 
useful in expressing the DNA sequences of this invention. 
These hosts may include Well knoWn eukaryotic and 
prokaryotic hosts, such as strains of E. coli, Pseudomonas, 
Bacillus, Streptomyces, fungi such as yeasts, and animal 
cells, such as CHO, R1.1, B-W and L-M cells, African Green 
Monkey kidney cells (e.g., COS 1, COS 7, BSC1, BSC40, 
and BMT10), insect cells (e.g., Sf9), and human cells and 
plant cells in tissue culture. 

[0151] It Will be understood that not all vectors, expres 
sion control sequences and hosts Will function equally Well 
to express the DNA sequences of this invention. Neither Will 
all hosts function equally Well With the same expression 
system. HoWever, one skilled in the art Will be able to select 
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the proper vectors, expression control sequences, and hosts 
Without undue experimentation to accomplish the desired 
expression Without departing from the scope of this inven 
tion. For example, in selecting a vector, the host must be 
considered because the vector must function in it. The 
vector’s copy number, the ability to control that copy 
number, and the expression of any other proteins encoded by 
the vector, such as antibiotic markers, Will also be consid 
ered. 

[0152] In selecting an expression control sequence, a 
variety of factors Will normally be considered. These 
include, for example, the relative strength of the system, its 
controllability, and its compatibility With the particular DNA 
sequence or gene to be expressed, particularly as regards 
potential secondary structures. Suitable unicellular hosts 
Will be selected by consideration of, e.g., their compatibility 
With the chosen vector, their secretion characteristics, their 
ability to fold proteins correctly, and their fermentation 
requirements, as Well as the toxicity to the host of the 
product encoded by the DNA sequences to be expressed, and 
the ease of puri?cation of the expression products. 

[0153] Considering these and other factors a person skilled 
in the art Will be able to construct a variety of vector/ 
expression control sequence/host combinations that Will 
express the DNA sequences of this invention on fermenta 
tion or in large scale animal culture. 

[0154] It is further intended that NF-KB modulator analogs 
may be prepared from nucleotide sequences of the protein 
complex/subunit derived Within the scope of the present 
invention. Analogs, such as fragments, may be produced, for 
example, by pepsin digestion of NF-KB modulator material. 
Other analogs, such as muteins, can be produced by standard 
site-directed mutagenesis of NF-KB modulator coding 
sequences. Analogs exhibiting “NF-KB modulator activity” 
such as small molecules, Whether functioning as promoters 
or inhibitors, may be identi?ed by knoWn in vivo and/or in 
vitro assays. 

[0155] As mentioned above, a DNA sequence encoding 
NF-KB modulator can be prepared synthetically rather than 
cloned. The DNA sequence can be designed With the appro 
priate codons for the NF-KB modulator amino acid 
sequence. In general, one Will select preferred codons for the 
intended host if the sequence Will be used for expression. 
The complete sequence is assembled from overlapping 
oligonucleotides prepared by standard methods and 
assembled into a complete coding sequence. See, e.g., Edge, 
Nature, 292:756 (1981); Nambair et al., Science, 22311299 
(1984); Jay et al., J. Biol. Chem, 259:6311 (1984). 
[0156] Synthetic DNA sequences alloW convenient con 
struction of genes Which Will express NF-KB modulator 
analogs or “muteins”. Alternatively, DNA encoding muteins 
can be made by site-directed mutagenesis of native NF-KB 
modulator genes or cDNAs, and muteins can be made 
directly using conventional polypeptide synthesis. 
[0157] A general method for site-speci?c incorporation of 
unnatural amino acids into proteins is described in Christo 
pher J. Noren, Spencer J. Anthony-Cahill, Michael C. Grif 
?th, Peter G. SchultZ, Science, 244:182-188 (April 1989). 
This method may be used to create analogs With unnatural 
amino acids. 

[0158] The present invention extends to the preparation of 
antisense oligonucleotides and riboZymes that may be used 



US 2003/0059911 A1 

to interfere With the expression of the NF-KB modulator at 
the translational level. This approach utiliZes antisense 
nucleic acid and riboZymes to block translation of a speci?c 
mRNA, either by masking that mRNA With an antisense 
nucleic acid or cleaving it With a riboZyme. Antisense 
nucleic acids are DNA or RNA molecules that are comple 
mentary to at least a portion of a speci?c mRNA molecule. 
(See Weintraub, 1990; Marcus-Sekura, 1988.) In the cell, 
they hybridize to that mRNA, forming a double stranded 
molecule. The cell does not translate an mRNA in this 
double-stranded form. Therefore, antisense nucleic acids 
interfere With the expression of mRNA into protein. Oligo 
mers of about ?fteen nucleotides and molecules that hybrid 
iZe to the AUG initiation codon Will be particularly ef?cient, 
since they are easy to synthesiZe and are likely to pose feWer 
problems than larger molecules When introducing them into 
NF-KB modulator-producing cells. Antisense methods have 
been used to inhibit the expression of many genes in vitro 
(Marcus-Sekura, 1988; Hambor et al., 1988). 
[0159] RiboZymes are RNA molecules possessing the 
ability to speci?cally cleave other single stranded RNA 
molecules in a manner someWhat analogous to DNA restric 
tion endonucleases. RiboZymes Were discovered from the 
observation that certain mRNAs have the ability to excise 
their oWn introns. By modifying the nucleotide sequence of 
these RNAs, researchers have been able to engineer mol 
ecules that recogniZe speci?c nucleotide sequences in an 
RNA molecule and cleave it (Cech, 1988.). Because they are 
sequence-speci?c, only mRNAs With particular sequences 
are inactivated. 

[0160] Investigators have identi?ed tWo types of 
riboZymes, Tetrahymena-type and “hammerhead”-type. 
(Hasselhoff and Gerlach, 1988) Tetrahymena-type 
riboZymes recogniZe four-base sequences, While “hammer 
head”-type recogniZe eleven- to eighteen-base sequences. 
The longer the recognition sequence, the more likely it is to 
occur exclusively in the target mRNA species. Therefore, 
hammerhead-type riboZymes are preferable to Tetrahymena 
type riboZymes for inactivating a speci?c mRNA species, 
and eighteen base recognition sequences are preferable to 
shorter recognition sequences. 

[0161] The DNA sequences described herein may thus be 
used to prepare antisense molecules against, and riboZymes 
that cleave mRNAs for NF-KB modulator and its ligands. 

[0162] The present invention also relates to a variety of 
diagnostic applications, including methods for detecting the 
presence of stimuli such as the earlier referenced polypep 
tide ligands, by reference to their ability to elicit the activi 
ties Which are mediated by the present NF-KB modulator. As 
mentioned earlier, the NF-KB modulator can be used to 
produce antibodies to itself by a variety of knoWn tech 
niques, and such antibodies could then be isolated and 
utiliZed as in tests for the presence of particular NF-KB 
modulator activity in suspect target cells. 

[0163] As described in detail above, antibody(ies) to the 
NF-KB modulator can be produced and isolated by standard 
methods including the Well knoWn hybridoma techniques. 
For convenience, the antibody(ies) to the NF-KB modulator 
Will be referred to herein as Ab1 and antibody(ies) raised in 
another species as Ab2. 

[0164] The presence of NF-KB modulator in cells can be 
ascertained by the usual immunological procedures appli 
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cable to such determinations. Anumber of useful procedures 
are knoWn. Three such procedures Which are especially 
useful utiliZe either the NF-KB modulator labeled With a 
detectable label, antibody Ab1 labeled With a detectable 
label, or antibody Ab2 labeled With a detectable label. The 
procedures may be summarized by the folloWing equations 
Wherein the asterisk indicates that the particle is labeled, and 
“NF-KBM” stands for the NF-KB modulator: 

[0168] The procedures and their application are all famil 
iar to those skilled in the art and accordingly may be utiliZed 
Within the scope of the present invention. The “competitive” 
procedure, Procedure A, is described in Us. Pat. Nos. 
3,654,090 and 3,850,752. Procedure C, the “sandWich” 
procedure, is described in US. Pat. No. RE 31,006 and US. 
Pat. No. 4,016,043. Still other procedures are knoWn such as 
the “double antibody,” or “DASP” procedure. 

[0169] In each instance, the NF-KB modulator forms com 
plexes With one or more antibody(ies) or binding partners 
and one member of the complex is labeled With a detectable 
label. The fact that a complex has formed and, if desired, the 
amount thereof, can be determined by knoWn methods 
applicable to the detection of labels. 

[0170] It Will be seen from the above, that a characteristic 
property of Ab2 is that it Will react With Ab 1. This is because 
Ab1 raised in one mammalian species has been used in 
another species as an antigen to raise the antibody Ab2. For 
example, Ab2 may be raised in goats using rabbit antibodies 
as antigens. Ab2 therefore Would be anti-rabbit antibody 
raised in goats. For purposes of this description and claims, 
Ab1 Will be referred to as a primary or anti-NF-KB modu 
lator antibody, and Ab2 Will be referred to as a secondary or 
anti-Ab1 antibody. 
[0171] The labels most commonly employed for these 
studies are radioactive elements, enZymes, chemicals Which 
?uoresce When exposed to ultraviolet light, and others. 

[0172] A number of ?uorescent materials are knoWn and 
can be utiliZed as labels. These include, for example, ?uo 
rescein, rhodamine, auramine, Texas Red, AMCA blue and 
Lucifer YelloW. Aparticular detecting material is anti-rabbit 
antibody prepared in goats and conjugated With ?uorescein 
through an isothiocyanate. 

[0173] The NF-KB modulator or its binding partner(s) can 
also be labeled With a radioactive element or With an 
enZyme. The radioactive label can be detected by any of the 
currently available counting procedures. The preferred iso 
tope may be selected from 3H, 14C, 32F, 35S, 36Cl, 5Cr, 57Co, 
58cc), 591:6, QOY, 1251, 1311, and 186Re' 
[0174] EnZyme labels are likeWise useful, and can be 
detected by any of the presently utiliZed calorimetric, spec 
trophotometric, ?uorospectrophotometric, amperometric or 
gasometric techniques. The enZyme is conjugated to the 
selected particle by reaction With bridging molecules such as 
carbodiimides, diisocyanates, glutaraldehyde and the like. 
Many enZymes Which can be used in these procedures are 
knoWn and can be utiliZed. The preferred are peroxidase, 
[3-glucuronidase, [3-D-glucosidase, [3-D-galactosidase, ure 
























