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1. ABSTRACT 
 

Immunoglobulin molecules have long been used 
in biomedical research as in vitro tools for identification, 
purification and functional manipulation of target proteins. 
The specificity and diversity of immunoglobulins can be 
exploited to target a wide range of intracellular proteins by 
expressing them in vivo. Such antibody molecules, which 
are expressed intracellularly and directed to defined sub-
cellular compartments, are termed ‘intrabodies’. They 
represent a new and versatile tool that has the potential to 
manipulate diverse biological processes. Gene knockout, 
antisense and small interfering RNA knockdown 
techniques, are employed to characterize the function of 
many gene products and to validate these gene products as 
potential drug targets for novel therapeutics, but they have 
their limitations. The experimental results to date suggest 
that intrabodies represent a powerful alternative to 
modulate protein function and analyze its effects. 
Moreover, they can also be utilized to target specific 
domains of a particular target protein. Even though their 
clinical application might take a long time, they can play an 
important role for target identification and validation in 
functional genomics and/or proteomics. Here we review the 
latest advances in the concept, construction and 
applications of Intrabodies. 

 
 
 
 
 
 
 
2. INTRODUCTION 
 

Immunoglobulins play a key role in the immune 
system of vertebrates by specifically recognizing the target 
antigens and binding to them with high affinity. They 
exhibit extreme diversity within each individual. 
Antibodies are secreted by differentiated B lymphocytes in 
response to a particular antigen. The specific and high 
affinity binding properties of immunoglobulin molecules 
has long been used in biomedical research as an in vitro 
tool for identification, purification or functional 
manipulation of target proteins (1). Moreover, the 
explosive amount of data coming up from recent high-
throughput genomic and proteomic methodologies calls for 
the development of novel tools for functional genomics; a 
challenge at the moment is to develop a general technique 
to interfere with protein-protein or protein-DNA 
interactions in complex regulatory and signaling networks 
(2). The specificity and diversity of immunoglobulins can 
be exploited to target a wide range of intracellular proteins 
by expressing them in vivo. Such antibody molecules 
expressed intracellularly and directed to defined sub-
cellular compartments, are termed ‘Intrabodies’ (3). The 
concept of using intrabodies against a specific target is 
based on the induction of a phenotypic knockout of the 
target molecule, either by directly inhibiting the function of
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Figure 1. Schematic representation of components of 
immunoglobulin molecule and stable format for an Intra-
body. A. Antibodies (MW~150kDa) comprise two identical 
heavy (H) chains (green) and two identical light chains 
(orange).  The L chains possess one constant (C) domain 
and the H chain possesses three. Recombinant fab fragment 
(MW: ~60kDa) is responsible for the effector functions of 
the Ig, which lacks the CH3 and CH2 domain.  B. The 
single-chain Fv (scFv) antibody fragment consists of a VH 
(green) and a VL (orange) domain, connected by a flexible 
linker peptide. The N-terminal (N) parts of both domains 
are responsible for binding antigen. (c) Linear depiction of 
an scFv with a short linker between the VH and VL 
segments. The three CDRs of each domain are the 
hypervariable sequences that are the key contributors to 
antibody diversity. 

 
the target, or by diverting it from its normal intracellular 
location (4). In other words, if the antibody chains or 
domains are equipped with suitable localization signals, it 
can be targeted towards a new ectopic intracellular site to 
interfere with endogenous targets. This approach exploits 
the specificity of antibodies produced by the cellular 
machinery to selectively block an intracellular target.  This 
review summarizes the recent advances in concept, 
construction and applications of Intrabodies. 
 
3. INTRACELLULAR MODES OF ACTION 
 

Intrabodies are scFvs expressed within the cell 
and directed against intracellular proteins. In this way they 
can interfere and inhibit cellular processes inside the cell by 
inhibiting the action of key molecules, thus providing great 
potential for their use in target validation and as 
therapeutics. With high affinity and specific binding 
properties, intrabodies can modulate cellular physiology 
and metabolism by a wide variety of mechanisms. 
Intrabodies have been used to block protein-protein or 
protein-nucleic acid interactions (5); to directly promote 
cell death by inducing apoptosis-related proteolytic 
cascades (6-8); or, albeit indirectly, to facilitate selective 
degradation of target proteins by recruitment to the 
ubiquitin-proteasome pathway (9). In a recent study, by 
targeting the enzymatic activity of an intracellular kinase 

(eg Etk) with an intrabody, it was shown that intrabodies 
could modulate the role a kinase plays in cell 
transformation in an extremely specific manner. Another 
interesting study on the action of intrabodies was described 
by Lener et al (10). Here the authors compared the 
inhibition of ras function with a number of different scFv 
fragments in vivo and in vitro. Although none of the 
selected scFvs were able to inhibit ras function in vitro, it 
emerged that a number of them did inhibit ras function in 
vivo, by diverting it from the plasma membrane and 
sequestering it in the nucleus, or by the formation of 
immune complexes. These studies illustrate the potential of 
intrabodies to validate targets in cellular assays. Table.1 
shows the modes by which intrabodies affect intracellular 
protein function. 
 
4. METHODS OF MAKING AND SELECTING 
INTRABODIES  
 

The method of selection involves a number of 
different procedures that all have their advantages and 
limitations. The choice of method depends on the final 
application of the antibody fragment and the requirements 
the antibody has to fulfill.  Intrabodies are usually single 
chain variable fragments (scFv) comprising a heavy (H) 
and a light (L) chain variable (V) domain, held together by 
a flexible linker polypeptide to create a single polypeptide 
chain (11-14) (Figure 1). The variable domains of the 
heavy and the light chain contain the complementarity 
determining regions (CDRs) of the parent antibody – the 
main antigen binding domains, which determine the 
specificity of the scFv.  
 

A straightforward approach to intrabody isolation 
is by their derivation from the V regions of a high-affinity 
monoclonal antibody (mAb) (3) (Figure 2a). The VH and 
VL can be amplified by reverse transcriptase (RT)–PCR of 
mRNA from the original hybridoma and cloned as a scFv 
(15, 16). Alternatively, in vitro display systems such as 
phage display, ribosome and mRNA display and yeast two-
hybrid system can be employed to screen scFv libraries 
with the desired target, in order to select specific scFvs, 
which can subsequently be tested as Intrabodies (17).  
 
4.1. Phage display 

Phage display technology has been successfully 
employed for the isolation of new scFvs from libraries (18). 
To select scFvs binding to a particular target, the scFvs are 
fused to a coat protein, typically pIII (g3p) of filamentous 
M13 phage (Figure 2b). An scFv on the phage that binds an 
immobilised target molecule is enriched during repeated 
cycles of binding, extraction, and amplification after 
infection of bacteria. In practice, the optimal conditions for 
selection of scFvs have to be determined for each new 
target. 
 
4.2. Ribosome and mRNA display 

Ribosome display is an in vitro method that links 
the peptide directly to the mRNA (19). A scFv cDNA 
library is expressed in vitro using a transcription-translation 
system. The translated scFvs and its corresponding mRNA 
are attached to the ribosome (Figure 2c). The scFv is bound
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Figure 2. Methods for making and selecting intra-bodies. 
A. Conversion of Monoclonal antibody (mAb) to 
intrabody. mRNA from a hybridoma is used to amplify 
heavy- and light-chain variable (VH and VL) sequences by 
RT– PCR, which are cloned into an expression vector to 
make the corresponding single-chain Fv (scFv). B. In phage 
display the single-chain antibody is fused to a modified 
coat protein (g3p) of the phage. C. In ribosome display (left 
drawing), the scFv and its corresponding mRNA are 
attached to the ribosome. In the mRNA display (right 
drawing), the newly synthesised scFv gets covalently 
linked to the mRNA encoding it. D. Intracellular antibody 
capture technology uses in vivo selection to derive specific 
intrabodies. First, scFv phage display libraries are panned 
in vitro [as in (b)] to enrich antigen-specific scFv, and this 
is followed by an antigen–antibody interaction screen in 
yeast (which involves an antigen bait linked to the LexA 
DNA binding domain, which activates His3 and LacZ 
reporter genes after intrabody interaction with the antigen 
bait, because the intrabody is fused to the VP16 
transcriptional activation domain) to select for the subset of 
scFv capable of functioning as intrabodies. 

 
to the immobilized target, the complexes are eluted, and the 
RNA is isolated, then reverse transcribed to cDNA and 
subsequently re-amplified by PCR. The PCR product is 
then used for the next cycle of enrichment. A variation of 
the ribosome display is mRNA display, where the mRNA 
becomes directly attached by a stable covalent linkage to 
the peptide or protein it encodes (20). Although the 
advantage of ribosome and mRNA display is that the scFv 
library can reach up to 1014 different molecules, this 
method does not offer specific selection of intracellularly 
stable scFvs. 
 
4.3. Yeast 

Yeast is a well-defined eukaryotic cellular model 
system that is easily manipulated. It is very valuable for 

screenings, due to the ease of isolation of genes with 
preferred functions from colonies resulting from a single 
yeast cell. Hence, it also lends itself to the selection of 
functional scFvs in vivo in a eukaryotic cellular 
environment. An adaptation of the yeast two-hybrid system 
can be used to select for scFvs binding intracellularly to a 
target of choice (21). This technique also permits the 
selection of highly stable antibodies for a range of other 
applications, such as the improvement of existing 
antibodies employed for diagnostic purposes. In addition, 
super-stable frameworks can be utilized as acceptors for 
randomized complementarity determining regions (CDR) 
libraries. Even if the CDR can contribute to the overall 
stability of the scFv, a highly stable framework will allow 
the exchange of CDR sequences in most cases. These scFv 
libraries in stable frameworks can then be used to isolate 
scFvs with new affinities and specificities, using the 
abovementioned interaction screening in yeast. As the 
molecular mechanism of several disease pathways can be 
easily reconstituted in yeast, the system can be employed to 
further validate the scFv, not only based on target binding, 
but also with respect to its capability of blocking a 
molecular interaction of interest.  
 
4.4. Intracellular antibody capture (IAC) 

Intracellular antibody capture (IAC) technology 
is a selection procedure for isolation of antibodies able to 
fold correctly and to bind target molecules under conditions 
of intracellular expression. It is based on the two hybrid 
approach, by the selection of intrabodies starting with 
diverse scFv phage antibody libraries, which are initially 
screened with antigen in vitro, and subsequently screening 
the selected scFv in a yeast in vivo antibody-antigen 
interaction assay (Fig 2d) (22,23). IAC technology 
identifies physically interacting antibody-target pairs. It has 
proved successful in allowing the selection of intrabodies 
which recognize a diverse set of targets, and has helped to 
define a scaffold of immunoglobulin V-region residues, 
which are particularly advantageous for intracellular 
function (12, 13).  
 

Several other techniques have also been 
developed, which rely on a pre-determined ability of 
antibody fragments to fold adequately and to remain stable 
in vivo using designer scFv frameworks. It has been shown 
that the choice of an scFv as an intrabody should take into 
account its half-life and its steady-state level, to get a 
specific intracellular retargeting of its target molecule (7, 
24-26). Moreover, multiple parameters such as intrinsic 
stability, monomeric or divalent forms, level of expression, 
affinity, and cellular localization profoundly affect the 
functional efficacy of intrabodies (27). 
 
5. POTENTIAL THERAPEUTIC APPLICATIONS OF 
INTRABODIES 
 

The potential of using antibodies to interfere with 
the biological process inside the cell in a highly specific 
manner can be exploited for a wide variety of applications. 
The significance of various modes of action of intrabodies 
is that specific properties of target protein can be exploited 
to elicit a specific response and thus to investigate or target
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Table 1. Modes by which intrabodies affect intracellular protein function  
S. No Intracellular modes of action Reference 
1 Ablation of protein–protein interactions 5 
2 Protein–nucleic acid interactions 5 
3 Sequester a protein away from its normal site of   function 10 
4 Enzymes can be neutralized by binding of an intrabody 43 
5 Antibody–antigen interaction-dependent apoptosis (AIDA) by activating caspase-3 (CP3).  23 
6 Linking an intrabody to an F-box protein, leading to ubiquitination and subsequent degradation by the 

proteasome 
9 
 

 
Table 2. Various types of intrabodies used for therapeutic 
applications  

Target Intrabody format Cellular compartment 
Cancer therapy 
ATF-1/CREB scFv Cytoplasm 
Bcl-2 scFv Cytoplasm 
BCR- ABL scFv Cytoplasm , ER 
Caspase3 scFv Cytoplasm 
Caspase7 scFv Cytoplasm 
Cathepsin L scFv ER 
Cyclin E scFv-Fc Cytoplasm 
EGFR scFv Cytoplasm , ER 
erbB2 scFv Cytoplasm , ER 
HP1 scFv Cytoplasm 
p21Ras scFv-IgG Cytoplasm 
p53 scFv Cytoplasm 
IL-2R scFv ER 
HIV  therapy 
HIV-1 gp120 scFv, Fab ER 
HIV-1gp41 scFv ER, trans-golgi 
HIV-1RT scFv, VH-CH 1 Cytoplasm 
HIV-1Tat scFv-C Cytoplasm, nucleus 

HIV-1Rev scFv Cytoplasm 

HIV-1N scFv scFv-Vpr Cytoplasm, nucleus, 
virion 

HIV-1p17 Fab, scFv-C Cytoplasm 
CCR5 scFv ER 
CCR4 scFv ER 
Other diseases 
Flavivirus 
Envelope 
protein 

scFv Cytoplasm 

HCV NS3 scFv Cytoplasm 
Huntingtin scFv Cytoplasm, nucleus 
IL-2R scFv ER 
MHC-I scFv ER 
Colicin A scFv Bacterial periplasm 

 
particular protein domains (3). In contrast to most of the 
chemical compounds used in the clinics, intrabodies can bind 
to a defined intracellular target with minimum or no cross-
reaction with other cellular target molecules, due to their 
exquisite specificity. In addition, they can be addressed to any 
cell compartment by adding appropriate localization sequences 
by molecular engineering, therefore allowing a more focused 
action on the targeted molecule. However, one of the major 
issues in the therapeutic usage of intrabodies is the efficient 
transfer of the target gene into the target cell. Target-cell-
specific gene transfer is necessary if the intrabody targets a 
general pathway in normal and diseased cells. This is achieved 
by trans-ductional or transcriptional targeting (28, 29). If the 
specificity is mediated by the intrabody itself, as in the case of 
targeting viral proteins or over-expressed /abnormal proteins, 
target cell specificity is not essential, even though it might 
influence the therapeutic efficiency (4).  
 

 
5.1. In cancer therapy 

In cancer treatment, there is a wide use of 
antibodies, which have been selected to act on specific 
target proteins, expressed on the surface of the neoplastic 
cell after systemic or local administration. However, 
intrabodies can be used to target tumor specific proteins 
within the cell by interfering pathways associated with 
tumor cell proliferation, differentiation and invasion (4). 
Various types of intrabodies, which can be used for cancer 
therapy, are summarized in Table 2. 
 
5.1.1. Inhibition or down regulation of growth factor 
receptors 

Intrabodies against receptors such as EGFR or 
erbB2, IL2Rα etc have successfully been examined in 
different cancerous conditions. EGFR is over-expressed by 
a variety of tumors, including breast and ovarian 
carcinomas. Phenotypic knockdown of EGFR has been 
achieved, by retention of this receptor molecule in the ER, 
using intrabodies targeted to be retained in ER. This 
resulted in inhibition of tumor cell proliferation in vitro and 
in vivo, and subsequent eradication by apoptosis (30-34). 
The use of intrabodies to target molecules of signal 
transduction pathways, such as Ras protein, has been found 
to be valuable for tumor regression in the nude mice model 
of colon carcinoma (25, 26). It was shown that the p21ras 
oncogenic molecule is sequestered in aggregates, together 
with an anti-p21ras scFv derived from the Y13-259 mAb, 
leading to an efficient inhibition of DNA synthesis (35). 
 
5.1.2. Intrabodies targeted at the nucleus 

In metastatic melanoma, transcription factor 
ATF-1/CREB is highly upregulated. It has been found that 
the binding of ATF-1 to DNA was inhibited by the intrabody, 
which enabled the reduction of CRE-dependent promoter 
activity and suppressed tumorigenicity and metastatic potential 
in a melanoma cancer animal model (36, 37). Other 
intrabodies, like those against cyclins (e.g. anti-cyclin E 
intrabody), expressed as scFv–Fc fusion protein, were found to 
be more stable, and inhibited cell growth in breast cancer cell 
lines, indicating that inhibition of cell cycle regulation by 
intrabodies might be a potential target for cancer therapy. In 
another study, transcriptional activity of p53 mutants has been 
shown to revert an inactive mutant back into a functional 
molecule, which shows that intrabodies can restore the DNA 
binding. Such intrabodies may represent a novel class of 
molecules for p53 based cancer therapy (38). 
 
5.1.3. Intrabodies targeted at extracellular proteins 

Lysosomal cathepsin L, a cysteine proteinase, is 
found to be over-expressed and secreted by tumour cells 



Protein i- Intrabodies as therapeutics   

1348 

like melanoma cells, contributing to tumour progression. It 
has been shown that an intrabody directed against the 
procathepsin L form causes inhibition of secretion and 
intracellular accumulation of the protein (35). Similarly, 
intrabodies against other proteinases like MMP-2 and 
MMP-9, in ER caused down-regulation of collagenase 
expression and the inhibition of invasion in a highly 
metastatic lung carcinoma cell line (39).  
 
5.1.4. Interference of apoptotic pathways 

Caspase 3 plays the central role in apoptosis. It is 
converted to a tetrameric active form by upstream caspases 
in the pathway. But induced dimerization can cause self-
activation of caspase 3 and apoptosis. It has been shown 
that an scFv fusion protein, containing an anti-β-
galactosidase fused to caspase 3, was able to bring two 
caspase 3 domains in close proximity when co-expressed 
intracellularly with β-galactosidase (4, 23), which led to 
auto activation and triggered apoptosis. Proteins such as p53 
mutants or oncogenic chimeric fusion proteins may be 
candidate targets for the scFv-caspase 3 approach. Potential 
use of scFv fusion proteins, which can activate an effector 
function upon scFv-mediated dimerization, opens up a new 
way to regulate pathways involved in cell viability or 
tumorigenicity. Similarly, anti caspase 7 is also a candidate 
for targeting apoptotic pathway in tumor cells (7).  All 
these intrabodies are promising candidates for cancer 
therapy as they are tumor-specific therapeutic targets. 
 
5.2. In treatment of HIV infection 

A further field of application for scFvs is therapy 
for HIV. Intrabodies against HIV-1 coat proteins gp120 and  
gp41; also other proteins which have been developed, like 
matrix protein p17, reverse transcriptase (Rev), and Tat 
proteins, have been found to be effective in inhibiting HIV-
1 multiplication in host cells. Various types of intrabodies 
which can be used for treatment of HIV infection are 
summarized in Table 2. Expression of scFv 105 against the 
HIV Env protein (gp120) directed to ER is shown to inhibit 
the proteolytic processing of the precursor protein gp160 in 
the ER, and decrease the infectivity of HIV virions released 
by the cells (40). Another protein essential for the life cycle 
of HIV that has been targeted by various scFvs is Tat, 
which is required for the transactivation of the HIV-LTR 
(41). An scFv targeted at Tat blocked the latter’s nuclear 
function. Interestingly, nuclear targeting of the scFv was 
not required for this effect. This suggests that the scFv-
mediated effects were produced by sequestering Tat in the 
cytoplasm, rather than interfering mechanistically with its 
nuclear function. Equally promising results were obtained 
when scFv intrabodies against Rev proteins were used. A 
cytosolic intrabody against Rev can function efficiently, as 
Rev shuttles between the nucleus and the cytoplasm of the 
infected cells, whose action is essential for the nuclear 
export of   HIV-1 structural protein mRNAs. In the case of 
Tat proteins, it has been found that a cytosolic intrabody, 
scFvTat1, directed against the N-terminal activation 
domain of Tat, efficiently blocked the nuclear transport of 
Tat and inhibited Tat mediated transactivation of HIV-1 
LTR. The efficiency of scFvTat1 was significantly 
enhanced by the addition of the human κ light chain 
constant domain at the C-terminus, as it could improve the 

stability, although it was found to promote dimerization. 
Cytoplasmic or nuclear expression of intrabodies against 
another target HIV-1 protein, integrase, resulted in 
increased resistance against HIV-1 infection (5, 42-43). 
Another approach for HIV-1 therapy is phenotypic 
knockout of HIV-1 receptor or co-receptor, leading to 
inhibition of HIV-1 infection. Receptors like CXCR4 and 
CCR5 have been shown to be relevant for HIV-1 cell entry 
in vivo, have been targeted by intrabodies directed to ER, 
causing functional deletion or down-regulation of the 
receptors (44, 45). 
 
5.3. Intrabodies for Immune suppression 

Inhibition of allograft rejection, caused by the 
interaction between MHC-I antigens of the donor and host 
T cells, is essential for successful transplantations. ER-
directed intrabodies against the MHC-I heavy chain were 
found to cause marked downregulation of surface 
expression of MHC-I molecules in adenovirus transduced 
human primary keratinocytes, even in the presence of 
MHC-I upregulating cytokines (46). An intrabody against 
the enzyme α1, 3-galactosyltransferase, to suppress the 
α1,3-galactosylation of the cell surface antigen; a 
carbohydrate recognised by xenoreactive natural antibodies 
in higher primates. The intrabody was able to suppress 
cytotoxicity mediated by anti-α1,3Gal antibodies in vitro 
by more than 90%. Though the enzymatic activity was not 
entirely silenced, these intrabodies may be useful to protect 
cells from elicited antibodies (4). 
 
5.4. Other applications 

Intrabodies may be useful for corrective 
treatments where expression of an altered pathogenic 
protein can be rectified, as in the case of polyglutamine 
stretches of Huntingtin protein (47-49). A recent paper 
reports the use of human scFvs directed against Huntington 
protein to interfere with the formation of intracellular 
aggregates characteristic of Huntington’s disease (49). The 
inhibition of protein aggregation required the fusion of a 
nuclear localisation signal (NLS) to the scFv, which was 
subsequently able to retarget the Huntingtin derivative to 
the nucleus. The researchers suggest that the binding event, 
by maintaining Huntingtin protein in a soluble state, favors 
normal cellular protein turnover rather than aggregation. 
Intrabodies have been shown to be effective in treatment of 
diseases like Flavi viral infections, and Hepatitis C. Apart 
from their therapeutic importance, intrabodies can be used 
for basic research as well. In one of such studies, intrabody-
mediated downregulation of ErbB2 was used to 
demonstrate that co-expression of ErbB2 is important for 
signal transduction by other members of the EGFR related 
family (50). Table 2 summarizes the different intrabodies 
which can be used against the different infectious agents. 
 

Ultimately, scFvs have been successfully applied 
in plants, defending them against viral infections through a 
quasi-intracellular immunisation. The expression of a 
functional scFv against artichoke mottled crinkle virus 
(AMCV) in tobacco plant cells resulted in a significant 
reduction of infection and a delay in symptoms (51). 
Expression of scFvs is therefore considered to be a 
promising approach for increasing resistance of plants to
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Figure 3.  Schematic representation of the stability of 
scFvs. A. Extracellular oxidising environment of the 
bloodstream allows the formation of disulfide bridges that 
contribute greatly to the stability of the antibody. B. In the 
intracellular reducing environment, scFvs are unstable 
inside the cell. 

 
viral diseases. The studies described above emphasize the 
potential of intrabodies for target validation and possibly 
even therapeutic use. 

 
6. LIMITATIONS AND CHALLENGES OF 
INTRABODIES AS THERAPEUTIC AGENTS 
 

Although intrabodies represent an exciting 
approach to treat patients with diseases where no drugs are 
available, there are still a number of important problems 
that are likely to hamper their success. The use of 
antibodies inside the cell is fraught with difficulties 
involving stability and solubility. In general, antibodies are 
secreted from the cell and function in the extra-cellular 
oxidizing environment of the bloodstream. This allows the 
formation of disulfide bridges that contribute greatly to the 
stability of the antibody (52). Due to the reducing 
intracellular conditions most scFvs are unstable inside the 
cell. Therefore, only a small proportion of antibodies are 
functional under the reducing intracellular conditions (Figure 
3). A number of approaches have been devised to overcome 
the limitation imposed by the reducing cellular environment 
such as production of scFv fragments without disulfide bonds 
made by molecular evolution, stability engineering of antibody 
single-Chain Fv fragments etc., (53-55).  
 

Lack of efficient gene-transfer systems that are 
capable of delivering the intrabody gene in sufficient 
numbers to the specific cell type and for maintenance of 
sustained expression are major hurdles to be addressed. 
Similarly, cloning of functional variable regions can be 
made difficult due to a lack of amplification of VH or VL 
cDNA, even when using primers optimized for RT-PCR 
and/or the presence of aberrant variable region transcripts, 
which are preferentially amplified (27). However, as the 
potential of antibodies for applications inside the cell is 
becoming increasingly recognized, a number of selection 

procedures have been developed to isolate functional 
intrabodies. Further development of these technologies will 
greatly facilitate the exploitation of intrabodies. 
 

In conclusion, intracellular antibodies represent a 
new and versatile tool that has potential to manipulate 
diverse biological processes. Even though their clinical 
application might take a long time to achieve, they extend 
the application of antibodies by targeting intracellular 
targets which are not accessible by circulating antibody 
molecules. The experimental results to date suggest that 
intrabodies represent a powerful alternative tool to other 
methods of functional validation such as antisense 
oligonucleotides (AS-ODN) or RNAi, and could play an 
important role in target validation in functional 
genomics/proteomics.  
 
7. PERSPECTIVES 

In this review, we have provided insights into the 
development of protein interference by intrabodies and its 
future therapeutic potential in human diseases. This method 
exploits the specificity and diversity of immunoglobulins, 
in order to target a wide range of intracellular molecules by 
expressing them in vivo. The key concept of using 
intrabodies against a specific target is based on the 
induction of a phenotypic knockout of a relevant target 
molecule, either by directly inhibiting the function of the 
target molecule or by diverting it from its normal 
intracellular location. This approach uses the cellular 
machinery to produce the intrabodies, thereby harnessing 
the specificity of antibodies to selectively affect an 
intracellular target protein.  Intrabodies can be used to 
target tumor-specific proteins intracellularly by interfering 
with pathways associated with tumor cell proliferation such 
as caspases 3, Bcl-2, p53 etc. Intrabodies can also be used 
to target CXCR4 and CCR5 receptors in HIV infections 
(41-45, 50), MHC1 in immune suppression (46), 
Huntington protein in Huntington’s disease (48, 49) and 
others. However, there are some drawbacks to their 
success. The use of antibodies inside the cell reduces the 
stability and solubility. This is mainly due to the reducing 
intracellular conditions that most scFvs are unstable inside 
the cell. Therefore, only a small proportion of antibodies 
are functional under the reducing intracellular conditions. 
Hence, it might take a long time to use intrabodies 
clinically for therapeutic applications. However, the 
experimental data to-date suggests that intrabodies 
represent a powerful alternative tool to AS-ODN or RNAi, 
and could play a vital role in target validation for functional 
genomics/proteomics.  
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