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(57) ABSTRACT 

Materials and methods involving conditional retention 
domains (CRDs) are disclosed. Also disclosed are fusion 
proteins containing CRDs and cells expressing such fusion 
proteins. In addition, the invention provides novel methods 
for producing target proteins in vivo using fusion proteins 
containing conditional retention domains and methods for 
identifying novel CRDs. 
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MATERIALS AND METHODS INVOLVING 
CONDITIONAL RETENTION DOMAINS 

BACKGROUND OF THE INVENTION 

[0001] A number of important applications, including for 
example, gene therapy, production of biological materials 
and materials and methods for biological research, depend 
on the ability to induce cells to produce proteins of thera 
peutic, commercial, or experimental value. A variety of 
regulatable expression systems have been developed, 
including systems involving allostery-based sWitches trig 
gered by tetracycline, RU486 or ecdysone, as Well as 
dimeriZation-based sWitches triggered by dimeriZing agents 
such as rapamycin, coumermycin, dimers of FK506, syn 
thetic FKBP-binders and/or CsA, or analogs thereof. See 
eg Clackson, “Controlling mammalian gene expression 
With small molecules” Current Opinion in Chemical Biol 
ogy, 1:210-218, 1997. In these expression systems, protein 
production is regulated at the transcriptional level. An inher 
ent limitation of all such systems is the inability to achieve 
?ne temporal control over secretion of the target protein. For 
example, secretion of maximal, therapeutic levels of the 
protein is delayed by many hours or even days until the 
transcribed mRNA accumulates to levels high enough to 
produce signi?cant amounts of secreted protein. Likewise, 
secretion cannot return to loW baseline levels folloWing 
removal of the inducing drug until the mRNA is completely 
degraded, Which may also take many hours or days. For 
many applications this level of control is not suf?cient; in 
these instances, it Would be desirable to induce protein 
production on a much more rapid time scale than that 
achievable using transcription-based methods. 

SUMMARY OF THE INVENTION 

[0002] This invention takes a unique approach to the 
regulated production of a target protein, based not on 
regulated transcription, but on regulated release or secretion 
of the target protein. Compositions and methods of this 
invention are useful in biological research and in gene 
therapy applications. 
[0003] Key features of the invention include conditional 
retention domains (“CRDs”), fusion proteins containing 
them, ligands Which bind to the CRDs and permit release or 
secretion of the fusion proteins, recombinant nucleic acids 
encoding such fusion proteins, vectors containing such 
recombinant nucleic acids, cells transduced With these vec 
tors and other materials and important methods involving 
such. Key fusion proteins of the invention contain at least 
tWo mutually heterologous domains, one of Which being a 
CRD. 

[0004] More speci?cally, the fusion proteins of this inven 
tion are designed to contain at least one conditional retention 
domain (CRD) and at least one additional domain that is 
heterologous thereto, usually With a secretory signal 
sequence. Proteins containing a secretory signal sequence 
are translated in the endoplasmic reticulum (ER) and then 
pass through other secretory compartments such as the cis, 
medial and trans Golgi on their Way to being secreted. 
HoWever, proteins containing one or more CRDs are, as a 
rule, retained in the secretory machinery except in the 
presence of a ligand Which binds to the protein. Illustrative 
examples of CRDs include retinol binding proteins and 
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human FKBP 12 mutants such as F36M hFKBP12, as are 
discussed in detail beloW. Concatenation of multiple CRDs 
may alloW the user to modulate the degree of aggregation or 
retention. 

[0005] Typically the fusion protein also contains a secre 
tory signal sequence to target the fusion protein to a secre 
tory compartment such as the ER or any part of the Golgi 
apparatus. Many secretory signal sequences are known. 
Human groWth hormone, for example, is the source of a 
secretory signal sequence suitable for use in this invention. 

[0006] Additionally, it is preferred in many embodiments 
that the fusion protein further contain an enZymatic cleavage 
site such that a portion of the fusion protein containing the 
CRD can be cleaved from a portion of the fusion protein 
containing a peptide sequence heterologous to the CRD. 
Preferably the enZymatic cleavage site comprises a peptide 
sequence recogniZed by a trans-Golgi speci?c endoprotease 
such as furin. For instance, a cleavage site for furin is 
provided by the peptide sequence SARNRQKR (SEQ ID 
NO. 1). 

[0007] The portion of the fusion protein Which is heter 
ologous to the CRD may comprise any protein or protein 
domain of interest to the practitioner. For instance, the 
heterologous portion may comprise a target protein such as 
insulin, parathyroid hormone or beta-endorphin. 

[0008] To illustrate this further, one typical fusion protein 
of the invention comprises a signal sequence, a conditional 
retention domain, a furin cleavage site, and a polypeptide 
sequence comprising a selected target protein sequence. An 
example of such a fusion protein comprises, in N-terminal to 
C-terminal order, a signal sequence from human groWth 
hormone, three F36M hFKBP 12 domains, a human stromel 
ysin-3 furin cleavage site, and a selected target protein 
sequence. Fusion proteins may also contain several target 
proteins each separated by an enZymatic cleavage site. For 
example, such a fusion protein might contain a signal 
sequence from human groWth hormone, one or more copies 
of a CRD such as F36M hFKBP 12, a furin cleavage site, a 
target protein, another furin cleavage site and another target 
protein. This type of construct alloWs for simultaneous 
release of more than one target protein. 

[0009] In addition, the fusion proteins of this invention 
may optionally comprise a lysosomal targeting signal or 
other polypeptide sequence targeting it for degradation. By 
locating such a peptide sequence together With the CRD(s) 
on one side of the cleavage site and the selected target 
polypeptide on the other side of the cleavage site, one can 
help assure cellular removal of the CRD-containing portion 
of the fusion protein. 

[0010] One object of the invention is thus the fusion 
proteins described herein. 

[0011] Another object of the invention is the recombinant 
nucleic acids encoding such fusion proteins. Those recom 
binant nucleic acids may be operably linked to an expression 
control sequence permitting their expression in host cells 
into Which they have been transduced, or Which otherWise 
contain them. Any promoter may be used to drive expression 
of these fusion proteins, including strong promoters like the 
CMV enhancer, other viral promoters such as the RSV 
promoter or tissue speci?c promoters like the MCK 
enhancer. 
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[0012] Another object is a vector containing a recombi 
nant nucleic acid of the invention, generally operably linked 
to an expression control sequence. Such vectors include 
“viral” vectors Which contain part or all of a viral genome in 
addition to the recombinant nucleic acid encoding the fusion 
protein of this invention. Viral vectors can be designed and 
used for the production of recombinant viruses harboring a 
recombinant nucleic acid of this invention. AWide variety of 
such viral systems are knoWn in the art and may be adapted 
to the practice of this invention, including e.g. adenovirus, 
AAV, retrovirus, hybrid adeno-AAV, lentivirus and others. 

[0013] Recombinant nucleic acids of this invention may 
be transduced into host cells by any available means eg in 
order to render those cells capable of regulated secretion of 
a target protein. The cells are preferably eukaryotic cells, 
generally are animal cells, and in many embodiments are 
mammalian, Whether human or non-human. The cells may 
be transduced in situ Within their host organism, or they may 
be transduced While being maintained in vitro. The cells may 
be primary cells or may be from a cell line. 

[0014] The invention thus provides methods for rendering 
a cell capable of regulated secretion of a target protein Which 
involves introducing into the cell a recombinant nucleic acid 
of this invention to yield engineered cells Which can express 
the encoded fusion protein. The recombinant nucleic acid 
may be introduced in viral or other form into cells main 
tained in vitro or into cells present Within an organism. The 
resultant engineered cells and their progeny containing one 
or more of these recombinant nucleic acids may be used in 
a variety of important applications discussed elseWhere, 
including human gene therapy, analogous veterinary appli 
cations, the creation of cellular or animal models (including 
transgenic applications), assay applications, and the produc 
tion of a desired protein in vitro, eg for recovery and use. 
Such cells are useful, for example, in methods involving the 
addition of a ligand, preferably a cell permeant ligand, to the 
cells (or administration of the ligand to an organism con 
taining the cells) to regulate secretion of a target protein. 
Particularly important animal models include rodent (espe 
cially mouse and rat) and non-human primate models. In 
human gene therapy applications, the cells Will generally be 
human and the peptide sequence of each of the various 
domains present in the fusion proteins Will preferably be, or 
be derived from, a peptide sequence of human origin, to the 
extent possible. 

[0015] The invention also provides methods for identify 
ing novel CRDs. CRDs may be identi?ed by tWo hybrid type 
methods, in Which a genetically engineered host cell is 
provided Which comprises (a) a reporter gene linked to a 
regulatable expression control element, and (b) a recombi 
nant nucleic acid comprising a polylinker linked to tWo 
recombinant nucleic acid sequences, the ?rst recombinant 
nucleic acid sequence encoding a DNA binding domain and 
the second recombinant nucleic acid sequence encoding a 
transcription activation domain, Wherein association of the 
DNA binding domain With the transcription activation 
domain activates expression of the reporter gene. As 
described herein, the construct contains a single polylinker 
linked to tWo independent translational cassettes. This 
alloWs for expression of tWo fusion proteins, one With a 
DNA binding domain and the other With a transcription 
activation domain, each linked to an identical CRD candi 
date. In addition, genetically engineered host cells are pro 

Dec. 25, 2003 

vided Which comprise (a) a reporter gene linked to a 
regulatable expression control element, (b) a ?rst recombi 
nant nucleic acid encoding a fusion protein comprising a 
transcription activation domain linked to a candidate con 
ditional retention domain, (c) a second recombinant nucleic 
acid encoding a fusion protein containing a DNA binding 
domain linked to the candidate conditional retention domain 
Wherein association of the fusion proteins activates expres 
sion of the reporter gene. 

[0016] The invention further provides methods for iden 
tifying a ligand capable of binding to a conditional retention 
domain. See, “Methods for identifying CRDs”, part 3, page 
46 et seq, beloW. One such method uses cells genetically 
engineered to express a reporter gene When CRD-containing 
aggregates are disaggregated by an appropriate ligand. The 
method involves the folloWing steps: (a) contact the geneti 
cally engineered cells With candidate ligands under suitable 
conditions permitting gene expression, (b) observe the pres 
ence and/or amount of expression of the reporter gene, and 
(c) correlate the presence and/or amount of reporter gene 
expression With contact of cells With one or more candidate 
ligands. 
[0017] The invention also provides methods for screening 
directly for CRDs Which enable ligand-dependent secretion 
of a target protein or ligand-dependent localiZation of a 
membrane protein. For these screening assays, fusion pro 
teins are expressed Which encode members of a library of 
candidate CRDs linked to a signal sequence and an enZy 
matic cleavage site. These domains are further linked to 
either a secreted target protein or the extracellular and 
membrane domain of a membrane protein. The fusion 
proteins are expressed under conditions permitting secretion 
of the target protein or localiZation of the membrane protein. 
Cells containing the fusion proteins are treated With a ligand 
that binds the CRD, and then the ligand-dependent presence 
of the secreted protein or membrane protein is assessed. 
Secretion of the target protein and/or localiZation of the 
membrane protein is then correlated With one or more 
individual members of the CRD library. 

BRIEF DESCRIPTION OF THE FIGURES 

[0018] FIG. 1: General design of fusion proteins for use in 
this invention, containing, from amino- to carboxy-terminus, 
a secretion signal sequence, a “conditional retention 
domain”, a protease cleavage site, and the secreted target 
protein of interest. 

[0019] FIG. 2: Constructs used to make CRD-containing 
fusion proteins. FIG. 2A: F36M-EGFP fusion proteins; 
FIG. 2B: F36M-hGH fusion proteins; FIG. 2C: EGFP 
F36M-hGH fusion proteins; FIG. 2D: F36M-insulin fusion 
proteins; FIG. 2E: LNGFR-F36M fusion proteins. 

[0020] FIG. 3: Ligand dependent secretion of hGH. Lev 
els of hGH secreted into the culture medium of transiently 
transfected (FIG. 3A) or stably transfected (FIG. 3B) 
HT1080 cells in the absence and presence of ligand. 

[0021] FIG. 4: Immunoblots of cell lysates and superna 
tants prepared from the HT88 cells incubated in the presence 
or absence of ligand for 2 hours. The samples Were immu 
noblotted With anti-hGH and anti-FKBP antibodies. 

[0022] FIG. 5: Dose-dependence of hGH secretion from 
HT88 cells in response to ligand (FIG. 5A). Time course of 
accumulation of secreted hGH in the culture medium (FIG. 
5B). 
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[0023] FIG. 6: Kinetics of secretion in response to ligand. 
FIG. 6A Group A: the constitutive rate of secretion from the 
cells. Group B: secretion from cells not previously exposed 
to ligand. Group C: cells exposed to ligand following a large 
bolus release of hGH. FIG. 6B shoWs the amount of hGH 
released by incubation With maximal concentration of 
ligand. FIG. 6c shoWs the amount of hGH secreted folloW 
ing addition of sub-maximal concentrations of ligand. 

[0024] FIG. 7: Effect of varying the number of CRDs on 
hGH secretion. hGH secretion Was measured folloWing 
addition of ligand in cell lines expressing fusion proteins 
containing varying numbers of CRDs. 

[0025] FIG. 8: Regulated secretion of insulin. Levels of 
insulin secretion Were measured in transiently transfected 
HT1080 cells treated With varying concentrations of 
AP21998. 

[0026] FIG. 9: Regulated expression of a membrane teth 
ered protein. 3, 4, or 6 copies of F(36M) Were fused to the 
extracellular and transmembrane portions of the loW-af?nity 
nerve groWth factor receptor (LNGFR; FIG. 3E). Surface 
expression Was assessed by FACS analysis using anti 
LNGFR antibodies. 

[0027] FIG. 10: Constructs useful for screening for novel 
CRDs. A. Candidate DNA sequences may be cloned into the 
polylinker for identifying CRDs that induce ligand-depen 
dent secretion of hGH. B. Candidate DNA sequences may be 
cloned into the polylinker for identifying CRDs that induced 
ligand-dependent localiZation of p75. C. Construct used for 
“tWo hybrid” style assay, in Which fusion proteins containing 
CRDs cause association of the DNA binding domain and 
transcription activation domain to induce transcription. 

[0028] FIG. 11: Ligand-mediated regulation of insulin and 
glucose levels in vivo. (A) Insulin and glucose levels Were 
measured in mice implanted With FKBP(F36M)-insulin 
containing constructs before and after administration of 
AP22542. (B) Levels of serum glucose Were measured in 
mice implanted With FKBP(F36M)-insulin-containing con 
structs at various time points folloWing administration of 
AP22542. 

DETAILED DESCRIPTION 

[0029] De?nitions: 

[0030] For convenience, the intended meaning of certain 
terms and phrases used herein are provided beloW. 

[0031] “Capable of selectively hybridiZing” means that 
tWo DNA molecules are susceptible to detectable hybrid 
iZation With one another, despite the presence of other DNA 
molecules, under hybridiZation conditions Which can be 
chosen or readily determined empirically by the practitioner 
of ordinary skill in this art. Such treatments include condi 
tions of high stringency such as Washing extensively With 
buffers containing 0.2 to 6><SSC, and/or containing 0.1% to 
1% SDS, at temperatures ranging from room temperature to 
65-75° C. See for example F. M. Ausubel et al., Eds, Short 
Protocols in Molecular Biology, Units 6.3 and 6.4 (John 
Wiley and Sons, NeW York, 3d Edition, 1995). 

[0032] “Cells”, “host cells” or “recombinant host cells” 
refer not only to the particular cells under discussion, but 
also to their progeny. Because certain modi?cations may 
occur in succeeding generations due to either mutation or 
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environmental in?uences, such progeny may not, in fact, be 
identical to the parent cell, but are still included Within the 
scope of the term as used herein. 

[0033] “Cell line” refers to a population of cells capable of 
continuous or prolonged groWth and division in vitro. Often, 
cell lines are clonal populations derived from a single 
progenitor cell. It is further knoWn in the art that spontane 
ous or induced changes can occur in karyotype during 
storage or transfer of such clonal populations. Therefore, 
cells derived from a given cell line may not be precisely 
identical to the ancestral cells or cultures, and the cell line 
referred to includes such variants. 

[0034] “Composite”, “fusion”, and “recombinant” denote 
a material such as a nucleic acid, nucleic acid sequence or 
polypeptide Which contains at least tWo constituent portions 
Which are mutually heterologous in the sense that they are 
not otherWise found directly (covalently) linked in nature, 
i.e., are not found in the same continuous polypeptide or 
gene in nature, at least not in the same order or orientation 
or With the same spacing present in the composite, fusion or 
recombinant product. Typically, such materials contain com 
ponents derived from at least tWo different proteins or genes 
or from at least tWo non-adjacent portions of the same 
protein or gene. In general, “composite” refers to portions of 
different proteins or nucleic acids Which are joined together 
to form a single functional unit, While “fusion” generally 
refers to tWo or more functional units Which are linked 
together. “Recombinant” is generally used in the context of 
nucleic acids or nucleic acid sequences. 

[0035] A “coding sequence” or a sequence Which 
“encodes” a particular polypeptide or RNA, is a nucleic acid 
sequence Which is transcribed (in the case of DNA) and 
translated (in the case of mRNA) into a polypeptide in vitro 
or in vivo When placed under the control of an appropriate 
expression control sequence. The boundaries of the coding 
sequence are generally determined by a start codon at the 5‘ 
(amino) terminus and a translation stop codon at the 3‘ 
(carboxy) terminus. A coding sequence can include, but is 
not limited to, cDNA from procaryotic or eukaryotic mRNA, 
genomic DNA sequences from procaryotic or eukaryotic 
DNA, and synthetic DNA sequences. A transcription termi 
nation sequence Will usually be located 3‘ to the coding 
sequence. 

[0036] A “construct”, e.g., a “nucleic acid construct” or 
“DNA construct”, refers to a nucleic acid or nucleic acid 
sequence. 

[0037] “Derived from” denotes a peptide or nucleotide 
sequence selected from Within a given sequence. A peptide 
or nucleotide sequence derived from a named sequence may 
further contain a small number of modi?cations relative to 
the parent sequence, in most cases representing deletion, 
replacement or insertion of less than about 15%, preferably 
less than about 10%, and in many cases less than about 5%, 
of amino acid residues or bases present in the parent 
sequence. In the case of DNAs, one DNA molecule is also 
considered to be derived from another if the tWo are capable 
of selectively hybridiZing to one another. Polypeptides or 
polypeptide sequences are also considered to be derived 
from a reference polypeptide or polypeptide sequence if any 
DNAs encoding the tWo polypeptides or sequences are 
capable of selectively hybridiZing to one another. Typically, 
a derived peptide sequence Will differ from a parent 
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sequence by the replacement of up to 5 amino acids, in many 
cases up to 3 amino acids, and very often by 0 or 1 amino 
acids. A derived nucleic acid sequence Will differ from a 
parent sequence by the replacement of up to 15 bases, in 
many cases up to 9 bases, and very often by 0-3 bases. In 
some cases the amino acid(s) or base(s) is/are added or 
deleted rather than replaced. 

[0038] “Domain” refers to a portion of a protein or 
polypeptide. In the art, the term “domain” may refer to a 
portion of a protein having a discrete secondary structure. 
HoWever, as Will be apparent from the context used herein, 
the term “domain” as used in this document does not 
necessarily connote a given secondary structure. Rather, a 
peptide sequence is referred to herein as a “domain” simply 
to denote a polypeptide sequence from a de?ned source, or 
having or conferring an intended or observed activity. 
Domains can be derived from naturally occurring proteins or 
may comprise non-naturally-occurring sequence. 

[0039] “Expression control element”, or simply “control 
element”, refers to DNA sequences, such as initiation sig 
nals, enhancers, promoters and silencers, Which induce or 
control transcription of DNA sequences With Which they are 
operably linked. Control elements of a gene may be located 
in introns, exons, coding regions, and 3‘ ?anking sequences. 
Some control elements are “tissue speci?c”, i.e., affect 
expression of the selected DNA sequence preferentially in 
speci?c cells (e. g., cells of a speci?c tissue), While others are 
active in many or most cell types. Gene expression occurs 
preferentially in a speci?c cell if expression in this cell type 
is observably higher than expression in other cell types. 
Control elements include so-called “leaky” promoters, 
Which regulate expression of a selected DNA primarily in 
one tissue, but cause expression in other tissues as Well. 
Furthermore, a control element can act constitutively or 
inducibly. An inducible promoter, for example, is demon 
strably more active in response to a stimulus than in the 
absence of that stimulus. A stimulus can comprise a hor 
mone, cytokine, heavy metal, phorbol ester, cyclic AMP 
(cAMP), retinoic acid or derivative thereof, etc. Anucleotide 
sequence containing one or more expression control ele 
ments may be referred to as an “expression control 
sequence”. 

[0040] “Gene” refers to a nucleic acid molecule or 
sequence comprising an open reading frame and including at 
least one exon and (optionally) one or more intron 

sequences. 

[0041] “Genetically engineered cells” denotes cells Which 
have been modi?ed by the introduction of recombinant or 
heterologous nucleic acids (e. g. one or more DNA constructs 
or their RNA counterparts) and further includes the progeny 
of such cells Which retain part or all of such genetic 
modi?cation. 

[0042] “Heterologous”, as it relates to nucleic acid or 
peptide sequences, denotes sequences that are not normally 
joined together, and/or are not normally associated With a 
particular cell. Thus, a “heterologous” region of a nucleic 
acid construct is a segment of nucleic acid Within or attached 
to another nucleic acid molecule that is not found in asso 
ciation With the other molecule in nature. For example, a 
heterologous region of a construct could include a coding 
sequence ?anked by sequences not found in association With 
the coding sequence in nature. Another example of a heter 
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ologous coding sequence is a construct Where the coding 
sequence itself is not found in nature (e.g., synthetic 
sequences having codons different from the native gene). 
Similarly, in the case of a cell transduced With a nucleic acid 
construct Which is not normally present in the cell, the cell 
and the construct Would be considered mutually heterolo 
gous for purposes of this invention. 

[0043] “Interact” refers to directly or indirectly detectable 
interactions betWeen molecules, such as can be detected 
using, for example, a yeast tWo hybrid assay or by immu 
noprecipitation. The term “interact” encompasses “binding” 
interactions betWeen molecules. Interactions may be, for 
example, protein-protein, protein-nucleic acid, protein-small 
molecule or small molecule-nucleic acid in nature. 

[0044] “Nucleic acid” refers to polynucleotides such as 
deoxyribonucleic acid (DNA), and, Where appropriate, ribo 
nucleic acid (RNA). The term should also be understood to 
include derivatives, variants and analogs of either RNA or 
DNA made from nucleotide analogs, and, as applicable to 
the embodiment being described, single (sense or antisense) 
and double-stranded polynucleotides. 

[0045] A “polylinker”, also sometimes referred to as a 
“multiple cloning site” is a region Within a vector Which 
contains multiple sites for restriction enZyme cleavage, thus 
rendering the vector suitable for cloning of exogenous 
genes. 

[0046] “Protein”, “polypeptide” and “peptide” are used 
interchangeably. 

[0047] A “recombinant virus” is a virus particle in Which 
the packaged nucleic acid contains a heterologous portion. 

[0048] The “secretory machinery” (also called secretory 
apparatus) of the cell refers to the cellular compartments to 
Which secreted and membrane proteins are targeted and 
processed. These compartments include the endoplasmic 
reticulum (ER) and the cis, medial and trans Golgi. In this 
document, the term ER is often used generically to mean 
“secretory compartment.” 

[0049] A “target protein” is a protein of interest, the 
secretion of Which is modulated according to the methods of 
the invention. The target protein can be, for example, a 
hormone, an endorphin, etc. 

[0050] “Transfection” means the introduction of a naked 
nucleic acid molecule into a recipient cell. “Infection” refers 
to the process Wherein a nucleic acid is introduced into a cell 
by a virus containing that nucleic acid. A “productive 
infection” refers to the process Wherein a virus enters the 
cell, is replicated, and is then released from the cell (some 
times referred to as a “lytic” infection). “Transduction” 
encompasses the introduction of nucleic acid into cells by 
any means. 

[0051] “Transgene” refers to a nucleic acid sequence 
Which has been introduced into a cell. Daughter cells deriv 
ing from a cell in Which a transgene has been introduced are 
also said to contain the transgene (unless it has been 
deleted). The polypeptide or RNA encoded by a transgene 
may be partly or entirely heterologous, i.e., foreign, With 
respect to the animal or cell into Which it is introduced. 
Alternatively, the transgene can be homologous to an endog 
enous gene of the transgenic animal or cell into Which it is 
introduced, but is designed to be inserted, or is inserted, into 
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the animal’s genome in such a Way as to alter the genome of 
the cell into Which it is inserted (eg., it is inserted at a 
location Which differs from that of the natural gene). A 
transgene can also be present in an episome. A transgene can 
include one or more expression control elements and any 
other nucleic acid, (eg. intron), that may be necessary or 
desirable for optimal expression of a selected coding 
sequence. 

[0052] The term “vector” refers to a nucleic acid molecule 
capable of transporting another nucleic acid to Which it has 
been linked. One type of vector is an episome, i.e., a nucleic 
acid capable of extra-chromosomal replication. Often vec 
tors are used Which are capable of autonomous replication 
and/or expression of nucleic acids to Which they are linked. 
Vectors capable of directing the expression of an included 
gene operatively linked to an expression control sequence 
can be referred to as “expression vectors”. Expression 
vectors are typically in the form of “plasmids” Which refer 
generally to circular double stranded DNA loops Which, in 
their vector form are not bound to the chromosome. In the 
present speci?cation, “plasmid” and “vector” are used inter 
changeably as the plasmid is the most commonly used form 
of vector. HoWever, the invention is intended to include such 
other forms of vectors Which serve equivalent functions and 
Which are or become knoWn in the art. Viral vectors are 
nucleic acid molecules containing viral sequences Which can 
be packaged into viral particles. 
[0053] Conditional Retention Domains: 
[0054] A conditional retention domain is any domain 
Which is retained in the ER or other secretory compartment 
in the absence of ligand and is released from the secretory 
machinery When ligand is bound, ie in the presence of 
ligand. The use of CRDs is considered to take advantage of 
the phenomenon of ER “quality control”, Whereby proteins 
that are incorrectly folded or aggregated are retained in the 
ER rather than traveling to the Golgi. Eventually, most 
misfolded proteins are degraded, but others have been 
observed to accumulate in substantial steady-state amounts 
(eg. the VSV-G protein: A. M. de Silva et al. (1990) J. Cell 
Biol. 111, 857-866. See also, Kopito, R. R. (1997) Cell 88, 
427-430). Several types of domains can function as condi 
tional retention domains: 

[0055] 1) The CRD can be a Natural Example of a Protein 
that is Retained in the Secretory Machinery in the Absence 
of a Particular Small Molecule. 

[0056] An example of this type of conditional retention 
domain is or is derived from retinol binding protein (RBP). 
Retinol binding protein is a serum protein of approximately 
20 kD that is a speci?c carrier for retinol (Vitamin A) 
(Melhus, H. et al. (1992) J Biol. Chem. 267, 12036-12041). 
It is retained in the ER in complex With another protein, 
transerythrin. Upon binding of retinol to RBP, the complex 
is released from its molecular chaperone and is free to enter 
the Golgi apparatus. Thus, the retinol binding protein acts as 
a CRD Which is retained in the ER in the absence of ligand 
and secreted in its presence. Although retinol binding pro 
tein is expressed primarily in hepatocytes, it is generally 
useful as a CRD, since several groups have shoWn that 
retinol-mediated secretion of RBP is cell-type independent 
and requires no hepatocyte speci?c cofactors (see, eg 
Melhus et al., J. Biol. Chem. 267:12036-12041, 1992.) 
[0057] Another example of a protein that is retained in the 
ER in the absence of a small molecule ligand is IgM. 
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Retention of soluble p chains in the ER is dependent on a 
single unpaired cysteine residue. Although secretion of IgM 
normally requires binding of light chains to the p heavy 
chain, secretion of IgM intermediates can be induced by 
addition of 2-mercaptoethanol or other reducing agents 
(Alberini et al., Nature 347:485-487, 1990). Thus, soluble p 
chains can function as CRDs Which are secreted in the 
presence of a thiol-reactive small molecule. 

[0058] 2) The CRD can be an Engineered Mutant of a 
Natural Protein, Chosen because it has the Property of being 
Selectively Retained in the Absence of a Given Small 
Molecule. 

[0059] It is knoWn that mutations that destabiliZe proteins 
can lead to ER retention. Without Wishing to be bound to any 
one theory, including that theory, We have observed that 
some mutations at human FKBP Phe36 lead to proteins that 
are poorly expressed (eg. F36A), probably due to instability. 
Such proteins are thought to be retained to some extent in the 
secretory apparatus. Using a high af?nity ligand that binds to 
the protein to permit ER exit. 

[0060] 3) The CRD can be a Protein that Self-aggregates 
in a Small Molecule-reversible Manner. 

[0061] It is knoWn that large protein aggregates are 
retained in the ER. In such cases, ER retention occurs 
because of formation of aggregates rather than due to 
misfolding of proteins. A naturally occurring example of 
aggregation-dependent ER retention is found in the Z muta 
tion of otl-antitrypsin. In the secreted M form of this plasma 
protease, a glutamic acid residue is located at position 342 
in the reactive center loop of the molecule. In the mutant Z 
form, this glutamic acid is substituted by lysine; this sub 
stitution alloWs the reactive loop to insert itself into the 
A-sheet of an adjacent otl-antitrypsin molecule, forming 
linear, transport-incompetent aggregates. The aggregates 
accumulate in the ER, but can be released by addition of a 
peptide Which inserts into the A-sheet and prevents poly 
meriZation (Hammond and Helenius, Current Opinion in 
Cell Biology 7:523-529, 1995; Lomas et al., Nature 
357:605-607, Jun. 18, 1992). 

[0062] The mutant form of ot-galactosidase A that is found 
in Fabry lymphoblasts provides an additional example of 
small-molecule dependent release of aggregates from the 
ER. Whereas the Wild-type form of the enZyme is ef?ciently 
routed through the secretory pathWay, the mutant protein 
aggregates in the endoplasmic reticulum, contributing, at 
least in part, to enZyme de?ciency in Fabry patients. 
Recently, Fan et al reported that addition of 1-deoxy 
galactonojirimycin (DGJ), a competitive inhibitor of ot-ga 
lactosidase A, enhances ot-galactosidase A activity in Fabry 
lymphoblasts by acting as a “chemical chaperone”, thus 
accelerating transport and processing of the mutant enZyme 
(Fan et al., Nature Medicine 5:112-115, 1999). 

[0063] In a preferred embodiment, the CRD is derived 
from human FKBP12. In particular, the FKBP mutant F36M 
functions as a conditional retention domain When fused to a 

signal sequence and heterologous target sequence in mam 
malian cells. In the absence of ligand, fusion proteins 
containing FKBP F36M and a signal sequence self-aggre 
gate and accumulate in the endoplasmic reticulum. Upon 
addition of ligand, the fusion protein disaggregates and 
transits through the ER, resulting in secretion of the fusion 
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protein or cleavage products thereof. Another FKBP mutant 
Which functions as a CRD is FKBP W59V. 

[0064] Ligands for CRDs: 

[0065] AWide variety of ligands, including both naturally 
occurring and synthetic substances, can be used in this 
invention to effect disaggregation and/or secretion of the 
fusion protein molecules from the secretory machinery. 
Criteria for selecting a ligand are: (A) physiologic accept 
ability of the ligand (i.e., the ligand lacks undue toxicity 
toWards the cell or animal for Which it is to be used), (B) 
reasonable therapeutic dosage range, (C) suitability for oral 
administration (i.e., suitable stability in the gastrointestinal 
system and absorption into the vascular system), for appli 
cations in Whole animals, including gene therapy applica 
tions, (D) ability to cross cellular and other membranes, as 
necessary, reasonable binding af?nity for the CRD (for 
the desired application), and ef?cacy in stimulating 
transit of the fusion protein. Preferably the compound is 
relatively physiologically inert, but for its af?nity for the 
CRD. The less the ligand binds to native proteins or other 
materials Within the cells to be targeted, the better the 
response Will normally be. Preferably the ligand Will be 
other than a peptide or nucleic acid, and Will preferably have 
a molecular Weight of less than about 5000 Daltons, more 
preferably less than about 1200 Daltons. 

[0066] In various embodiments Where a ligand binding 
domain for a candidate ligand is endogenous to the cells to 
be engineered, it is often desirable to alter the peptide 
sequence of the ligand binding domain and to use a ligand 
Which discriminates betWeen the endogenous and engi 
neered ligand binding domains. Such a ligand should bind 
preferentially to the engineered ligand binding domain rela 
tive to a naturally occurring peptide sequence, e.g., from 
Which the modi?ed domain Was derived. This approach can 
avoid untoWard intrinsic activities of the ligand. Signi?cant 
guidance and illustrative examples toWard that end are 
provided in the various references cited herein. 

[0067] Substantial structural modi?cation of a ligand for a 
ligand binding domain is permitted, so long as the modi?ed 
compound still functions as a ligand for the ligand binding 
domain of interest, i.e., so long as the compound possesses 
sufficient binding affinity and speci?city to function as 
disclosed herein. Some of the compounds Will be macrocy 
clics, e.g. macrolides, although linear and branched com 
pounds may be preferred in speci?c embodiments. Suitable 
binding af?nities Will be re?ected in Kd values Well beloW 
10-4, preferably beloW 10-6, more preferably beloW about 
10”, although binding af?nities beloW 10'9 or 10'10 are 
possible, and in some cases Will be most desirable. 

[0068] Illustrative examples of ligand binding domain/ 
ligand pairs include retinol binding protein or variants 
thereof and retinol or derivatives thereof; cyclophilin or 
variants thereof and cyclosporin or analogs thereof; FKBP or 
variants thereof and FK506, FK520, rapamycin, analogs 
thereof or synthetic FKBP ligands. In the case of a ligand 
binding domain comprising or derived from an immunophi 
lin or cyclophilin, the complex of the ligand With the ligand 
binding domain Will desirably not bind speci?cally to cal 
cineurin or FRAP. AWide variety of FK506 derivatives and 
synthetic FKBP ligands are knoWn Which do not have 
observable immunosuppressive activity. Likewise, a variety 
of rapamycin analogs are knoWn Which bind to FKBP but 
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are not immunosuppressive. See eg WO 98/02441 for 
non-immunosuppressive rapalogs. Those and other ligands 
can be used as Well, depending on the choice of CRD. 
Numerous assays are knoWn in the art for identifying ligands 
Which bind to CRDs that are identi?ed through screening, as 
described beloW. 

[0069] Ligand binding domain/ligand pairs are illustrated 
by FKBP domains, e.g. F36M FKBP, and FKBP ligands. In 
general, it is preferred that the ligand bind preferentially to 
a mutated (i.e., having a peptide sequence not naturally 
occurring in the cells to be engineered) FKBP relative to 
Wild-type FKBP. Ligands for FKBP proteins, including 
F36M FKBP, can comprise or be derived from a naturally 
occurring FKBP ligand such as rapamycin, FK506 or 
FK520, or a synthetic FKBP ligand, eg as disclosed in 
PCT/US95/10559; Holt, et al., J. Amer Chem. Soc., 1993, 
115, 9925-9938; Holt, et al., Biomea'. Chem. Lett., 1993, 4, 
315-320; Luengo, et al., Biomea'. Chem. Lett., 1993, 4, 
321-324; Yamashita, et al., Biomea'. Chem. Lett., 1993, 4, 
325-328; PCT/US94/08008. See also EP 0 455 427 A1; EP 
0 465 426 A1; US 5,023,26; WO 92/00278; WO 94/18317; 
WO 97/31898; WO 96/41865; and Van Duyne et al (1991) 
Science 252, 839. 

[0070] Illustrative types of ligands for FKBP-derived 
ligand binding domains include the folloWing Genus I: 
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[0071] Where 

[0072] n=1 or 2; 

[0073] x=o, 5, NH or CH2; 

[0074] B1 and B2 are independently H or aliphatic, 
heteroaliphatic, aryl or heteroaryl as those terms are 
de?ned beloW, usually containing one to about 12 
carbon atoms (not counting carbon atoms of optional 
substituents); 

[0075] Y=O, S, NH, —NH(C=O)—, 
—NH(C=O)—O—, —NH(SO2)— or NR3, or rep 
resents a direct, i.e. covalent, bond from R2 to carbon 
9; 
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[0076] R1, R2, and R3 are aliphatic, heteroaliphatic, 
aryl or heteroaryl, usually containing one to about 36 
carbon atoms (not counting carbon atoms of optional 
substituents); 

[0077] tWo or more of B1, B2 and R2 may be 
covalently linked to form a C3-C7 cyclic or hetero 
cyclic moiety; and, 

[0078] The term “aliphatic” as used herein includes both 
saturated and unsaturated straight chain, branched, cyclic, or 
polycyclic aliphatic hydrocarbons, Which are optionally 
substituted With one or more substituents. 

[0079] The term “substituents” includes aliphatic, aryl, 
heteroaryl and heterocyclic moietites, Which may them 
selves be substituted, as Well as functional groups such as 

R8, —OR8, —SR8, —CN,—CHO, =0, —COOH, 
—COR8, OS(O)2 R8, —SO2—NHR8, —NHSO2 R8, sulfate, 
sulfonate, (or ester, carbamate, urea, oxime or carbonate 
thereof), —NH2 (or substituted amine, amide, urea, carbam 
ate or guanidino derivative therof), halo, trihaloalkyl, 
—SO2—CF3, and —OSOZF, Where R8 may be H, aliphatic, 
aryl, heteroaryl or heteroaliphatic. Aliphatic, heteraliphatic, 
aryl and heterocyclic substituents may themselves be sub 
stituted or unsubstituted (e.g. mono-, di- and tri-alkoxyphe 
nyl; methylenedioxyphenyl or ethylenedioxyphenyl; 
halophenyl; or -phenyl-C(Me)2—CH2—O—CO—[C3-C6] 
alkyl or alkylamino). Additional examples of substituents 
are illustrated by the speci?c embodiments shoWn in the 
Examples Which folloW. (Unless otherWise speci?ed, the 
alkyl, other aliphatic, alkoxy and acyl groups preferably 
contain 1-8, and in many cases 1-6, contiguous aliphatic 
carbon atoms). 

[0080] The term “aliphatic” is thus intended to include 
alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, and 
cycloalkynyl moieties. 

[0081] As used herein, the term “alkyl” includes both 
straight and branched alkyl groups. An analogous conven 
tion applies to other generic terms such as “alkenyl”, “alky 
nyl” and the like. Furthermore, as used herein, the language 
“alkyl”, “alkenyl”, “alkynyl” and the like encompasses both 
substituted and unsubstituted groups. 

[0082] The term “alkyl” refers to groups usually having 
one to eight, preferably one to six carbon atoms. For 
example, “alkyl” may refer to methyl, ethyl, n-propyl, 
isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, iso 
pentyl tert-pentyl, hexyl, isohexyl, and the like. Suitable 
substituted alkyls include, but are not limited to, ?uorom 
ethyl, di?uoromethyl, tri?uoromethyl, 2-?uoroethyl, 3-?uo 
ropropyl, hydroxymethyl, 2-hydroxyethyl, 3-hydroxypro 
pyl, and the like. 

[0083] The term “alkenyl” refers to groups usually having 
tWo to eight, preferably tWo to six carbon atoms. For 
example, “alkenyl” may refer to prop-2-enyl, but-2-enyl, 
but-3-enyl, 2-methylprop-2-enyl, hex-2-enyl, hex-S-enyl, 
2,3-dimethylbut-2-enyl, and the like. The language “alky 
nyl,” Which also refers to groups having tWo to eight, 
preferably tWo to six carbons, includes, but is not limited to, 
prop-2-ynyl, but-2-ynyl, but-3-ynyl, pent-2-ynyl, 3-methyl 
pent-4-ynyl, hex-2-ynyl, hex-S-ynyl, and the like. 

[0084] The term “cycloalkyl” as used herein refers to 
groups having three to seven, preferably three to six carbon 
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atoms. Suitable cycloalkyls include, but are not limited to 
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclohep 
tyl and the like. 

[0085] The term “heteroaliphatic” as used herein refers to 
aliphatic moieties Which contain one or more oxygen, sulfur, 
or nitrogen atoms, e.g., in place of carbon atoms. 

[0086] The term “heterocycle” as used herein refers to 
cyclic aliphatic groups having one or more heteroatoms, and 
preferably three to seven ring atoms total, includes, but is not 
limited to oxetane, tetrahydrofuranyl, tetrahydropyranyl, 
aZiridine, aZetidine, pyrrolidine, piperidine, morpholine, 
piperaZine and the like. 

[0087] The terms “aryl” and “heteroaryl” as used herein 
refer to stable mono- or polycyclic, heterocyclic, polycyclic, 
and polyheterocyclic unsaturated moieties having 3-14 car 
bon atom Which may be substituted or unsubstituted. Non 
limiting examples of useful aryl ring groups include phenyl, 
halophenyl, alkoxypheriyl, dialkoxyphenyl, trialkoxyphe 
nyl, alkylenedioxyphenyl, naphthyl, phenanthryl, anthryl, 
phenanthro and the like. Examples of typical heteroaryl 
rings include S-membered monocyclic ring groups such as 
thienyl, pyrrolyl, imidaZolyl, pyraZolyl, furyl, isothiaZolyl, 
furaZanyl, isoxaZolyl, thiaZolyl and the like; 6-membered 
monocyclic groups such as pyridyl, pyraZinyl, pyrimidinyl, 
pyridaZinyl, triaZinyl and the like; and polycyclic heterocy 
clic ring groups such as benZo[b]thienyl, naphtho[2,3-b] 
thienyl, thianthrenyl, isobenZofuranyl, chromenyl, xanthe 
nyl, phenoxathienyl, indoliZinyl, isoindolyl, indolyl, 
indaZolyl, purinyl, isoquinolyl, quinolyl, phthalaZinyl, naph 
thyridinyl, quinoxalinyl, quinaZolinyl, benZothiaZole, benZ 
imidaZole, tetrahydroquinoline cinnolinyl, pteridinyl, carba 
Zolyl, beta-carbolinyl, phenanthridinyl, acridinyl, 
perimidinyl, phenanthrolinyl, phenaZinyl, isothiaZolyl, phe 
nothiaZinyl, phenoxaZinyl, and the like(see e.g. KatritZky, 
Handbook of Heterocyclic Chemistry). The aryl or het 
eroaryl moieties may be substituted With one to ?ve mem 
bers selected from the group consisting of hydroxy, C1-C8 
alkoxy, C1-C8 branched or straight-chain alkyl, acyloxy, 
carbamoyl, amino, N-acylamino, nitro, halo, trihalomethyl, 
cyano, and carboxyl. 

[0088] A “halo” substituent according to the present 
invention may be a ?uoro, chloro, bromo or iodo substituent. 

[0089] As discussed above, R1 may be aliphatic, het 
eroaliphatic, aryl or heteroaryl and usually comprises one to 
about 36 carbon atoms, exclusive of optional substituents. 

[0090] In certain embodiments, R1 is optionally be joined, 
i.e., covalently linked, to R2, B1 or B2, forming a macrocy 
clic structure. 

[0091] In certain embodiments —XR1 is a moiety of the 
formula 

4 6_ 7 

R \RS/R R 
| 

/]/X 
[0092] Where R4 is a H, aliphatic, heteroaliphatic, aryl or 
heteroaryl. The aliphatic moieties may be branched, 












































































