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Abstract— Immunotoxins are chimeric molecules embodied with a protein toxin and a ligand which is either a

growth factor or an antibody. The ligand part of the immunotoxin recognizes and binds to an antigen of the target

cell, allowing the internalization of the toxin-moiety and permitting its drift to the cytoplasm where it can destroy the

cell. Target specificity of the chimeric protein is determined via the binding attributes of the chosen antibody. Pre-

dominantly, immunotoxins are purposefully constructed to slay cancer cells as part of novel treatment approach. In

addition they are also used for various autoimmune, viral and other infectious diseases. With the advent of biotech-

nology, recombinant immunotoxins have been created and are clinically tested to target malignant cells. Our article

summarizes foremost progress in the development of immunotoxin based therapeutics and presents a comprehensive

portrayal of the immunotoxin generation.
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INTRODUCTION

Agents with the narrow therapeutic efficacy have lim-
ited utility, particularly for treating aggressive diseas-
es, as the dose escalation is restricted by the toxicity of
the agent (Vedi and Ziegler, 2014). In order to widen
therapeutic efficacy of such agents, they are used to be
linked to targeting moieties, such as antibodies and
cytokines, intending their selective delivery. By the
virtue of their specificity, targeted therapeutics are
potentially less toxic and more efficacious than con-
ventional therapeutics (Carter, 2001).

Protein toxins having target specificity are the latest
trend of the therapeutic market. It works in three dif-
ferent way: by damaging the cell through membrane
integrity disruption; by disturbing the activity of the
nervous system of the intoxicated organism; and by
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interfering with the cellular processes (e.g. enzymatic
activity) leading to the death of the intoxicated cell.
During the last two decades, scientific advances have
facilitated the processing and manoeuvring of biologi-
cal substances; among which are toxic polypeptides
and their encoding genes. These protein toxins gave
an innovative insight to the therapeutics and are fre-
quently referred as ‘Toxin based Therapy’. Based on
the targeting strategy used, toxin based therapy is of
three types namely surface antigen/receptor (immuno-
toxin therapy), transcriptional (suicide genes therapy)
and protease explicit targeting (protease stimulated
toxins therapy, Shapira and Benhar, 2010). The present
article has been prepared on toxin based therapeutics
termed as immunotoxins.
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Figure 1. Structural representation of the three generations of immunotoxins. L- chemical linker; B- binding domain of toxin; T-

translocational domain of toxin; E- enzymatic domain of toxin; dsFv- double strand of variable of antibody; scFv- single chain vari-

able of fragment of antibody.

Our immune system has various lines of defense sys-
tem to combat diseases. The antibodies generated by
our immune system against the cellular and non-
cellular antigens and their specific chemical interac-
tion termed as antigen-antibody reaction, is one such
fundamental line of host defense. Antibodies or im-
munoglobulins are large Y-shaped glycoproteins pro-
duced by plasma cell which identifies and neutralizes
foreign or toxic particles by recognizing a unique part
of the foreign target termed as ‘antigen’ or ‘antibody
generator’. Each antibody binds to a specific antigen
because of the disparity in the antibody’s complemen-
tary determining regions. The antigenic determinant
or epitope is recognized by the paratope of the anti-
body, situated at the variable region of polypeptide
chain containing hypervariable regions unique to
amino acid sequences of each antibody. Antigens truss
to antibodies by weak and non-covalent bonds includ-
ing hydrogen bonds, van der waal’s forces, electrostat-
ic and hydrophobic interactions (Winau et al., 2004).

Classically, the immunotoxins have been created by
conjugating an antibody to a whole protein toxin and
for more discerning activity, by means of a protein
toxin deprived of its natural binding domain. Paul
Ehrlich was the first to suggest the use of these magic
bullets (Zauberkugeln) for therapeutic function and
referring them as first generation immunotoxins.
However, these constructs were heterogenous and
indistinct due to the assortment of probable sites ac-
cessible for chemical conjugation and intoxication of

normal cells (Bosch and Rosich, 2008; Strebhardt and
Ullrich, 2008; Kreitman, 2006).

The second generation of immunotoxin was also ema-
nated on chemical conjugation amid the intended tar-
get and the toxins. However, collective acquaintance
on the structure and function of the toxins facilitated
the elimination of their inhabitant non-specific cell-
binding domain and engender additional target-
specific immunotoxins whilst conjugated to monoclo-
nal antibodies. Although more specific and thus better
tolerated by animals, immunotoxins from the second
generation were chemically heterogeneous experienc-
ing the drawback of great size and hinderance in
piercing solid tumors. In order to avoid heterogeneity,
improve diffusion into tissues and reduce production
complexity and costs, recombinant DNA techniques
were employed in the production of third generation
immunotoxins wherein the gene constructs are
equipped in such a way that the cell binding domain
of the toxin is genetically swapped with a ligand or
with the Fv portion of an antibody in which its light
and heavy chain variable fragments are either genet-
ically linked (scFv) or apprehended together by a di-
sulfide bond (dsFv) and these constructs are expressed
within the pro- or eukaryotic host cells such as E. coli,
S. cerevisiae and CHO cells etc (Fig. 1) (Kreitman, 2006;
Kreitman, 2009; Pastan et al., 2007; Potala et al., 2008).

Immunologic proteins smaller to monoclonal antibod-
ies (MAbs, e.g. growth factors and cytokines), have
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also been chemically conjugated and hereditarily
fused to protein toxins. Growth factor toxin fusions or
conjugates are not considered to be immunotoxins by
some researchers although they bind to target cells
and contain a toxin that kills cells as that of the classi-
cal immunotoxins (Chames et al., 2009).

Many plant toxins (eg. Ricin, abrin, Pokeweed antivi-
ral proteins etc.), bacterial toxins (Pseudomonas toxin,
Diphtheria toxin, Anthrax toxin) and ribosome inacti-
vating proteins (RTI, eg. Gelonin, saporin) have been
used to create immuntoxins. Other proteins of mam-
malian and human origins such as RNases, Proapotot-
ic proteins etc. are the latest developing trends which
are used to produce immunotoxins with a précised
activity. High potency towards the target makes the
immunotoxins a potent tool for cancer therapeutics.
Along with the cancers, various viral and autoimmune
diseases can be treated with the help of immunotoxins
(Dosio et al.,, 2014; Mathew and Verma, 2009; Wu,
1997; De Lorenzo and D'Alessio, 2008).

THE BINDING MOIETIES OF
IMMUNOTOXINS

Monoclonal Antibodies and other Immunologic
Conjugates

Monoclonal antibodies are the repertoire of the anti-
bodies generated by the same clone of plasma cells
and thus are monospecific antibodies abbreviated ei-
ther as mAb or moAb. Human immune system
spawns heterogeneous or polyclonal antibodies
against each and every epitopic region of an antigen.
On the other hand mAb are generated to be having a
common epitopic determinant. They are isotypically
(differences in the constant regions of the heavy and
light chains), idiotypically (unique set of variable por-
tion) and allotypically (unique gene sequence particu-
lar to the individual’s genome that manifest its con-
stant region) similar and so are able to counter react
against a specific epitope of an antigen. These special
features of the mAbs made it the most swiftly growing
class of the therapeutics with a compounded annual
growth rate of 36% in comparison with a CAGR of 8%
for the pharmaceutical as a whole.

The mAbs are produced in vitro using Hybridoma
technology discovered by Kohler and Milstein (1975).
The technology uses the fusion of the myeloma cells
from a mouse and the invasive [-cells generated by
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the antigen exposure. The cell that results from this
fusion is called the hybridoma. The property of recog-
nizing a particular antigen derived from B-cell and
immortality of myeloma cells makes the hybridoma
cell a kind of perpetual antibody producing factory. As
the antibodies are all identical clones produced from a
single cell, they are called monoclonal antibodies.
Most antibodies used in cancer diagnosis and therapy
are derived from the IgG (immunoglobulin G) isotype.
An IgG isotype antibody consists of two antigen-
binding fragments (Fabs), which are connected via a
flexible region (the hinge) to a constant (Fc) region.
This structure includes two pairs of polypeptide
chains; each pair comprises a heavy and a light chain
of dissimilar sizes. Both heavy and light chains are
crinkled into immunoglobulin domains. The ‘variable
domains’ in the amino-terminal part of the molecule
are the domains that recognize and bind antigens; the
rest of the molecule is poised of ‘constant domains’
that vary amid immunoglobulin classes. The Fc por-
tion of the immunoglobulin doles out to connect a va-
riety of effector molecules of the immune system, as
well as molecules that ascertain the antibody biodis-
tribution.

Since last two decades, mAbs has become vital tool in
pharmaceutical armory, accessible to physicians for
the treatment of a growing number of human diseas-
es. mAbs are the most widely used toxin-delivery ve-
hicles used unswervingly for treatment since they can
persuade killing through antibody arbitrated cytotoxi-
city (Jurcic et al., 1995). Despite being in vital use,
these antibodies suffer limitations due to their larger
size and their non-functional receptor binding capaci-
ty within the human cell. Numerous strategies have
been developed over the years in order to reduce or
eliminate the immunogenicity of non-human antibod-
ies. Manipulation of the genes has allowed significant
modification which led to the formation of humanized
antibodies, chimeric antibodies, CDR (complementary
determining regions) grafted antibodies, de-
immunized and above all human-sequence recombi-
nant antibodies. The chimeric antibodies consist of
33% mouse protein and the remaining human protein.
CDR grafted antibodies have 5-10% mouse protein
within the variable region of light and heavy chains of
the antibody. The other changes included the variation
of the antigen- binding domains and that of the effec-
tor functions by distressing both antibody-dependent
and complement-dependent cytotoxicity (Igawa et al.,
2011).
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Figure 2. Strutural representation of important toxins used in generation of immunotoxins.

To overcome the structural drawbacks, single domain
fragments, diabodies, minibodies (single chain Fv
(variable region) fused to a -CHs domain) and single
chain Fv (only variable light and heavy domains, con-
nected via a peptide linker) are prepared as the conju-
gate. Other conjugates used to develop the immuno-
toxins include the cytokines, interleukins, Growth fac-
tors, MHC-I tetramers and protein scaffolds (Kreit-
man, 2006; Nelson, 2010; Igawa et al., 2010; Madhuma-
thi and Verma, 2012).

The Toxin Moiety

The second major part of the immunotoxin is the pro-
tein (toxins) which is used to destroy the target cells.
The protein toxin employed for the immunotoxin con-
struction is one among the proteins derived from bac-
teria (Pseudomonas toxin or Diptheria toxin), fungus
(Restrictocin or a-sarcin) or it could be a plant holo-
toxin (ricin, abrin, mistletoe lectin, and modeccin) or
hemitoxins (PAP, saporin, bryodin 1, bouganin, and
gelonin). The toxins derived either from the bacterial
origin or the plant origin; usually contain two subu-
nits-the binding domain and the catalytic/enzymatic
domain (Shapira and Benhar, 2010; Antignani and
FitzGerald, 2013) as depicted in Fig. 2 with different
mode of actions (Fig. 3).

Bacterial Toxins used in Immunotoxin Production

Diptheria toxin (DT) and the Pseudomonas exotoxin
(PE) are the two bacterial toxins widely used in the
immunotoxin construction. Both PE and DT catalyze
the ADP-ribosylation of histidine-699 of Elongation
Factor-2, which is post-translationally modified to a
diphthimide residue. In spite of their analogous ac-
tion, PE and DT vary significantly in their amino acid
sequence, and in fact PE’s enzymatic domain is near
the carboxyl terminus, while DT’s is at the amino ter-
minus. On the contrary, PE’s binding domain is at its
amino terminus and DT’s to its carboxyl terminus
(Shapira and Benhar, 2010).

Mechanism of action of Diptheria Toxin (Shapira and
Benhar, 2010; Potala and Verma, 2010; Antignani and
FitzGerald, 2013)

DT, a single-chain 58 kD protein secreted by bacterial
pathogen Corynebacterium diptheriae, is the prototype
for the family of ADP-ribosylating toxins and belongs
to the AB group of toxins composed of an enzymatic A
domain (amino acids 1-193) and a binding B domain
(amino acids 482-535). Fragment B is accountable for
cell entry (cell surface receptor binding and ensuing
translocation in the cytoplasm) while fragment A in-
toxicates the cell by calibre of its enzymatic action. A
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third domain known as the translocation or trans-
membrane (T) domain is located in the center of the
molecule and sometimes is considered as the part
fragment B domain. Supported by the 3-D structure of
DT’s in the existence and lack of NAD, DT undergoes
the following steps to kill the cells:

e The native DT binds, to complex of heparin bind-
ing EGF precursor on the cell membrane and CD9
via its residues 482 to 535 on the receptor binding
domain, where it is hewed extracellularly by cell-
surface furin or furin like proteases between the
residues Arg193 and Ser194, which is present with-
in a disulfide loop formed by Cys186 and Cys201.

e The di-chain DT is subsequently internalized into
clathrin coated pits and reaches the lumen of bud-
ding endosome and unfolds at low pH,via reduc-
tion of the disulfide bond between amino acids 186
and 201, exposing the hydrophobic residues THS8
(amino acids 326-347) and TH9 (amino acids 358-
376) of the translocational domain to shape a hair-
pin, which slots the membrane of the endosome
and forms a channel through which the enzymatic
fragment translocates to the cytosol dodging the
endosome, possibly with the aid of cytosolic fac-
tors.

e The active-site crevice of DT (amino acids 34-52)
binds NAD in the cytosol and the ADP ribose of
NAD is shifted to a modified histidine residue
(diphthamide) at position 715 in the eukaryotic
translation elongation factor (eEF-2) ensuing reti-
cence of protein synthesis and programmed cell
death (Shapira and Benhar, 2010; Potala and Ver-
ma, 2010; Antignani and FitzGerald, 2013; Choe et
al., 1992; Tsuneoka et al., 1993; Yamaizumi et al.,
1978)

To develop specificity, toxins for tagging mAbs are
mutated to avert their binding to normal cells. Imita-
tive of DTs that are used to make immunotoxins have
the C-terminus tainted by mutations (e.g., at position
508 in DTerm103 or at position 390/525 in DTcrm107)
or partially obliterated (e.g. as in case of DT388,
DAB389, DAB486) but hold the translocation and
ADP-ribosylation commotion of DT.

Immunotoxins based on Diptheria toxin

An assorted range of immunotoxins have been de-
signed with DT or their truncated parts targeting re-
ceptors of various diseases. Among them Denileukin
Diftitox, also known as “DAB389 IL2" or ‘Ontak’ is a
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fusion protein designed to unswerving a truncated
form of DT to cells that articulate the high-affinity IL2
receptor (consisting of the following subunits: CD25
(IL2Rar), CD122 (IL2Rp), and CD132 (IL2Ry)) exist in
different hematologic malignancies like adult T cell
leukemia (ATL), chronic lymphocytic leukemia (CLL),
Hodgkin’s and non-Hodgkin’s lymphomas (HL/NHL),
cutaneous T cell lymphoma (CTCL) and other leuke-
mias and lymphomas. It encompasses genetic fusion
between a truncated form of DT (first 388 amino acids,
DAB389) where the natural receptor binding domain
of the toxin was swapped by the cytokine interleukin 2
(IL2). Ontak is the first FDA approved immunotoxin
for treatment of advanced CTCL in 1999. It has also
been tested for the treatment of other malignant and
non-malignant diseases including 8 cell chronic lym-
phocytic leukemia (CCL),B-cell NHL, panniculitic
lymphoma, psoriasis and graft versus host disease
(GVHD, Shapira and Benhar, 2010; Pastan et al., 2007).

DT388-GM-CSF is a DT- based immunotoxin which
has been created targeting Granulocyte-Macrophage
colony stimulating factor receptor subsist on the acute
myeloid leukemia (AML) cells and has been put under
clinical trials (Shapira and Benhar, 2010; Kreitman and
Pastan, 1997).

Tf-CRM107 (TransMID) is another class of DT based
immunotoxin aiming transferrin receptor found on
tumor cells of glioblastoma multiforme (GBM). It is a
conjugate protein of a mutant DT lacking receptor-
binding activity (CRM107) fastened by a thioester
bond to human transferrin (Tf stands for transferrin,
Laske et al., 1997).

Mechanism of action of Pseudomonas Exotoxin A

Pseudomonas exotoxin A, a single-chain 66-kDa mole-
cule secreted by Pseudomonas aeruginosa (one of its vir-
ulence factor), is composed of three major domain
chipping different functions. The N-terminal domain
Ia (amino acids 1-252) mediates binding to the a2-
macroglobulin receptor and hence termed as ‘binding
domain’. The small domain Ib lies amid domain II and
domain III has no known function. Domain II (amino
acids 253-364) mediates translocation of domain III
(the carboxyl-terminal ADP-ribosylating domain con-
taining amino acids 400-613) into the cytosol of target
cells. The catalytic procedure of ADP ribosylation en-
grosses residues His440 and Glu553. His440 binds to
NAD via ribose moiety of AMP and Glu553 (carboxyl
group of side chain) bind with Tyr481 and Glu546,
allowing Tyr481 to truss NAD by a ring-stacking
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mechanism. Translocation occurs following internali-
zation of toxin and after an array of additional steps
such as pH-induced conformational change, proteolyt-
ic cleavage at a specific site in domain II, and a reduc-
tive step that detach the amino and carboxyl frag-
ments. Eventually, the carboxyl fragment of PE is
translocated from the endoplasmic reticulum into the
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main (ADP-ribosylating) to transfer to the cytosol
without the ligand, the latter is positioned at the ami-
no terminus of PE. A different type of PE has a tainted
carboxyl terminus from the REDLK (arginine-glutamic
acid-aspartic acid-leucine-lysine) to the KDEL se-
quence that binds with high affinity to the receptor
and results in augmented cytotoxicity. Immunotoxins
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Figure 3. Mechanism of action of immunotoxins. DT- diptheria toxin; RA- ricin toxin A chain; RIP- ribosome inactivating proteins;
PE- Pseudomonas exotoxin; ER- Endoplasmic reticulum; EF2- Elongation factor 2.

cytosol and the ADP-ribosylating enzyme inactivates
EF-2 (at amino acids 400-602) facilitating cell death via
apoptosis (Shapira and Benhar, 2010; Iglewski and
Kabat, 1975; Masato and Charlotte, 1992).

Regardless of a similar mode of action (ADP-
ribosylation), an alike primary pathway of cell entry
(internalization via coated pits and endocytic vesicles)
and processing (proteolytic cleavage and a reductive
step) both PE and DT share no sequence homology.
The lone similarity is the spatial display of key resi-
dues in their active sites that are arranged around res-
idue Glu553 in PE and Glu148 in DT.

Mutated form of PE Toxins

Truncated and most recently used form of PE toxin
includes PE40 (amino acids 253-613) include PE38,
(amino acids 253-364 and 381-613 of PE) and PE35
(amino acids 281-364 and 381-613). To allow the do-

enclosing PE mutants with KDEL finale (i.e.
PE38KDEL or PE40KDEL) are more cytotoxic analo-
gous to immunotoxins with REDLK sequence. Since
the translocated fragment of PE38 (35 kDa in length
beginning with Gly280) do not alter the activity due to
the positioning of methionine, a new mutant PE35 has
been created with methionine at position 280. Though
it would not be appropriate for fusing to ligands, but
may be ideal for chemically conjugating to ligands as
it contains a single disulfide bond (Shapira and Ben-
har, 2010; Pastan et al., 2007, Kreitman and Pastan,
1995; Pranchevicius and Vieira, 2013).

Immunotoxins based on Pseudomonas Exotoxin

LMB-2 is a PE based immunotoxin targeting the CD25
Subunit of IL2 receptor where in PE38 was fused to a
single-chain form of the anti-CD25 mAb anti-Tac. The
resultant LMB-2 (Anti-TacFv-PE38) immunotoxin,
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demonstrated potential results in CD25+ cells and tu-
mor xenografts model in nude mice (Kreitman et al.,
1994; Robbins et al., 2000).

RFB4 (dsFv)-PE38 (BL22) is a stable immunotoxin tar-
geted against CD22 expressing cells. CD22 is a 135-
kDa phosphoglycoprotein adhesion molecule present
on the surface of B-cells, including lymphomas and
leukemias. It is composed of disulfide stabilized Fv
regions (dsFv) of the anti-CD22 monoclonal antibody
RFB4 fused to PE38 (Kreitman et al., 2009).

LMB-1 is an immunotoxin composed of anti-Lewis Y
mAb B3 conjugated to PE38. The LeY is a type 2 blood
group associated oncofetal carbohydrate antigen man-
ifested on almost 70% of human epithelial carcinomas
(Kuan et al., 1995).

Ribosome Inactivating Protein Toxins

Ribosome inactivating proteins (RIPs) are a cluster of
glycosylated and non-glycosylated enzymes with N-
glycosidase activity originally noticed in higher
plants, but have also been present in algae, bacteria
and fungi. They are usually classified as plant based
toxins due to their extensive distribution in the tissues
of the plant and their expression is enhanced in senes-
cence, infections and during a variety of stress condi-
tions. Based on the existence of the two domains, RIPs
can either be holotoxins or hemitoxins. The binding
domains of holotoxins ought to be removed by dimi-
nution of the disulfide bond preceding translocation
of enzymatic counterpart into the cytosol (Shapira and
Benhar, 2010; Nielsen and Boston, 2001; Pieumans et
al., 2001). On the basis of their structure and mode of
activation RIPs can be divided into three sets.

e RIP Class I: Hemitoxins, comprise of single chain
catalytic domain (~30kD). Examples of this class in-
clude saporin (Saponaria officinalis), pokeweed anti-
viral protein (PAP, Phytolacca americana) and gelon-
in (Gelonium multiforum).

e RIP Class II: Holotoxins, includes an active A chain
(~30 kDa) linked through a disulfide bond to a B-
chain (~35 kDa) with the properties of a lectin. Ex-
ample includes the Ricin protein from Riccinus
communis.

e RIP Class III: Maize and barley proteins (b-32 and
JIP60) synthesized as inactive precursors (proRIPs)
lacking a lectin moiety, are stimulated by proteolyt-
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ic processing including the elimination of a short
inhibitory internal peptide and terminal sequences.

The accurate phenomenon of translocation of the plant
toxins from the cell surface to the cytosol is mysteri-
ous. However, it is couched that the process most like-
ly differs for each plant toxin. Initially, antibodies were
chemically conjugated via disulfide bond to the cata-
lytic subunits of holotoxins (ricin or abrin) from which
the binding domain was chopped out.

Ricin Toxin

The ricin toxin derived from the seed of Ricinus com-
munis, is a RIP composed of two chains linked by a
disulfide bond. The chain A (RTA) includes the N-
glycosidase enzyme that blocks ribosomal activity,
while chain B (RTB) is responsible for binding. The
chain B binds to the galactose or N-
acetylgalactosamine residues present on glycoproteins
and glycolipids moiety of cell membrane of most eu-
karyotic cells via galactose receptors and acts to trans-
locate the chain A into the cytosol by both clathrin-
dependent as well as clathrin-independent endocyto-
sis. The toxin moves through the golgi complex to the
ER, where its’ disulfide linked chains becomes de-
tached and the resulting catalytic RTA is retro-
translocated to the cytoplasm via Sec6lp translocon
and irreversibly damages ribosome by eliminating
adenine at residue 4324 from a conserved 28S rRNA
loop (“sarcin/ricin loop’-SRL) that instigate inhibition
of translation process and subsequently cell death.
Ricin also removes the guanine at 4323 position and
the intracellular transport of ricin is reliant on sorting
receptors cycling between ER and the terminal com-
partments of the golgi complex. It has been revealed
that glycolipids that bind ricin could be transported to
golgi complex from endosomes and the deliverance of
ricin to the cytosol is augmented by the addition of
KDEL-ER. The RTA chain by itself is non-toxic due to
the lack of cell binding ability, however even without
its binding domain, the RTA was taken up non-
specifically by macrophages and non-parenchymal
Kupffer cells owing to the glycosylation of side resi-
dues of RTA strapping to mannose receptors. The
most triumphant procedure for plummeting non-
specific uptake of RTA was through chemical deglyco-
sylation. The additional significant variation that leads
to the high therapeutic index was configuration of the
disulfide bond between the MAb and the toxin using
the derivatizing agent (SMPT, 4-
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succinimidyloxycarbonyl-a-methyl-a (2-pyridyldithio)
toluene) in a mired fashion. The whole ricin toxin has
been targeted after blocking its oligosaccharide bind-
ing sites via ligands prepared by chemical alteration of
glycopeptides comprising triantennary N-linked oli-
gosaccharides to avert normal cell. The resultant
blocked ricin (bR) was afterward chemically conjugat-
ed to antibodies to construct immunotoxins (Pastan et
al., 2007).

RFT5-dgA and ki-4.dgA: Immunotoxins developed
from ricin proteins targeting CD25 and CD30 were
developed namely RFT5-dgA and ki-4.dgA. These
immunotoxins are chemically deglycosylated form of
RTA (dgA) concurrent to the targeting moieties RFT5
(anti-CD25) and ki-4 (anti-CD30) mAbs respectively.

For targeting B-cell lymphoma cells, the anti-CD22
mAb RFB4 and the anti-CD19 mAb HD37 were conju-
gated to dgA forming IMTOX-22 and IMTOX-19 cor-
respondingly.

Fusion toxins with integrated plant toxins

The cytotoxicity of both plant and bacterial toxins is
most favorable when the catalytic domain alone trans-
fer to the cytosol. To construct a fusion toxin enclosing
RTA, IL-2 is fused to recombinant RTA by a linker that
enfolds a proteolytic cleavage site for DT. Even if the
recombinant toxin can be smited extracellularly, it
might not selectively target cells since the ligand and
toxins were no longer associated. Afterward, IL-2 was
fused to a PAP mutant but the fusion toxin was not
purified and non-cytotoxic. Ligands fused to plant
toxins have produced recombinant toxins with note-
worthy cytotoxic activity, including one having a
CD40 single-chain antibody and bryodin 1, another
enclosing urokinase binding domain and saporin, and
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the last containing hFGF and saporin. For these mole-
cules, it is unclear that whether the recombinant toxin
goes into the cytosol of target cells intact or the ligand
was rickety after internalization, allowing the catalytic
domain only to translocate to the cytosol. The aptitude
of yet unwavering ligands to inevitably detach from
the catalytic realm is an imperative trait of recombi-
nant toxins and a distinctive characteristic amid all
toxins from the bacterial toxins PE and DT (Shapira
and Benhar, 2010; Pastan et al., 2007; Wu, 2007; De
Lorenzo and D'Alessio, 2008; May et al., 2012).

Other Mammalian Enzymes and Proteins

Pedestal to the immunotoxin principle, a novel class of
molecules termed as immunoRNases (IR) have been
projected where the toxin moiety is replaced by a non-
toxic RNases. Infact, IR is an immunoprotoxin that
trek in the bloodstream without causing any mutila-
tion to the cells bereft of the targeted antigen, despite
magically opting the cells beleaguered by the immune
moiety. The RNase moiety wields its RNA degrading
action after internalization guiding the death of the
targeted cell. By selecting a human RNase and an an-
tibody fragment of human as immune moiety, the re-
sultant IR would be non-toxic and non-immunogenic
(De Lorenzo and D'Alessio, 2008).

Similarly, pro-apoptotic proteins such as Bcl-2 proteins
(Bax, Bik, Bak), DNA fragmentation factor 40,
Granzyme B, FASL (Fas-Ligand), sTRAIL (soluble tu-
mor necrosis factor-related apoptosis-inducing ligand)
have also been conjugated to IL-2, GRH (gonadotro-
phin releasing hormone), Anti-CD7scFV, Anti-EGP2
scFv, Anti-ErbB2 scFv, Anti-EGFR scFv, VEGF etc. to
develop immunoconjugates targeting antigens of im-
mune diseases and cancer (Kreitman, 2009; Mathew
and Verma, 2009).
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Table 1. Recently used immuno and chemical conjugates against cancers

Chemical Conjugates Antigen Ligand Truncated Basic Diseases
Toxin Toxin
RFT5-dgA IMTOX-25)  CD25 MAb dgA Ricin HD, CTCL, melanoma, GVHD
RFB4-dgA CD22 MADb dgA Ricin B-Non-Hodgkin’s lymphoma (NHL), CLL
RFB4-Fab’-dgA CD22 Fab’ dgA Ricin B-NHL
HD37-dgA CD19 MAb dgA Ricin B-NHL
Anti-CD7-dgA CD7 MAb dgA Ricin T-NHL
Ki-4.dgA CD30 MAb dgA Ricin HD
LMB-1 Ley MAb Lys-PE38 PE Adinocarcinoma
TF-CRM107 TFR Tf CRM107 DT Glioma
B43-PAP CD19 MAb PAP PAP ALL
Anti-B4-bRicin CD19 MAb bR Ricin B-NHL
Ber-H2-Sap6 CD30 MAb Sap6 Saporin HD
Anti-My9-bRicin CD33 MAb bR Ricin AML
454A12-rRA TFR MADb rRA Ricin CSF cancer
N901-bR CD56 MAb bR Ricin SCLC

Recombinant toxins

Agent Antigen Ligand Truncated Basic Diseases

Toxin Toxin
Ontak IL2R 1L-2 DAB389 DT CTCL, CLL, NHL
BL22 CD22 dsFv PE38 PE HCL, CLL, NHL
LMB-2 CD25 scFv PE38 PE NHL, leukemias
DT388-GM-CSF GM-CSF  GM-CSF DT388 DT AML
B3(Fv)-PE38 Ley scFv PE38 PE Carcinoma
B3(dsFv)-PE38 Ley dsFv PE38 PE Carcinoma
TP40 EGFR TGFa PE404a PE Bladder cancer, CIS
TP38 EGFR TGFa PE38 PE Glioblastoma
BR96(scFv)-PE40 Ley scFv PE40 PE Carcinoma
erb38 erbB2 dsFv PE38 PE Breast cancer
NBI-3001 IL4R 1L-4(38- PE38KDEL PE Glioma

37)
IL13-PE38QQR IL13R IL-13 PE38QQR PE Renal cell
SS1(dsFv)-PE38 Meso- dsFv PE38 PE Mesothelioma
thelin

DAB389EGF EGFR EGF DAB389 DT Carcinoma
IL-2-Bax IL-2R 1L-2 Bax Bax CTCL, renal cell cancer, melanoma
GnRH-Bik-Bax-Bak GnRH Bik-Bax- Adenocarcinomas

Bak
GnRH- DFF40 GnRH DFF40 Adenocarcinomas
GrB-VEGF121 VEGF Granzyme Solid tumors

B
GrB5 ErbB2 scFv Granzyme Epithelial cell tumors

B
GrB-scFVMEL Gp240 scFV Granzyme Melanoma

B
scFv54-sTRAIL EGP2 scFV sTRAIL Colorectal, breast carcinomas
scFv425-sTRAIL EGFR scFv sTRAIL Squamous cell carcinomas
ScFvCD7-sTRAIL CD7 scFv sTRAIL Leukemias
ScFvCD7-FASL CD7 scFV FASL Leukemias
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PRODUCTION OF IMMUNOTOXINS

Chemical conjugates of GF and toxin commonly en-
gross either reducible disulfide (S-S) or non-reducible
thioether (S-C) bonds. A 5-C bond is apposite if the
ligand is coupled to a bacterial toxin in the component
(binding domain) that does not translocate to the cyto-
sol and S-S bond is mundane for the enzymatic do-
main. In exposition of RTA and its mutant along with
the Pseudomonas exotoxin PE35, derivatization of the
toxin entailed by a single reduction of disulfide bond
as both accommodate only one cysteine moiety.
Hence, derivatization of the ligand also necessitates
heed to create sulfhydryls without impairing the mol-
ecule, unless the ligand has a single cysteine. As soon
as both the ligand and toxin are derivatized, they must
be purified and conjugated followed by repurification
of correct toxin-ligand ratio. The cost and complexity
of the procedure has suppressed the progress of re-
combinant toxins, however, harvesting recombinant
protein from insoluble bacterial inclusion bodies is a
common method of producing material for clinical
trials. After washing extensively with detergent to re-
move endotoxin and solubilization, denaturation and
reduction in GDTT (guanidine-dithioerythritol) solu-
tion, the recombinant protein is subsequently
renatured by rapid dilution into refolding redox buff-
er containing arginine and glutathione, and the dia-
lyzed renatured protein is further purified by size ex-
clusion and anion exchange chromatography. Since
the EF-2 of the eukaryotes is exceedingly vulnerable to
toxin, the expressionof recombinant toxins by and
large fail within eukaryotic host. Nonetheless, plant
and insect cells resistant to the toxins have been de-
veloped, which are able to produce active recombinant
toxins. The benefit of immunotoxins includes an ex-
ceptionally small amount of the protein needed to ex-
terminate both resting and dividing cells and the chat-
tels is obtained from the catalytic assests of the fusion
proteins; a single molecule can assail multiple intracel-
lular targets (Binyamin et al., 2006).

IMMUNOTOXINS AS THERAPEUTIC AGENTS

The target- specificity of the immunotoxins makes
them a major tool to combat an assortment of malig-
nancies, autoimmune diseases and viral infections
such as HIV. Cancer, an uncontrolled proliferation of
the cells has been reported as a major cause of lethality
and economic imbalance of the society. A number of
treatment regimens are available against this deadly
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ailment but none of the therapies have established
themselves to be prolific singly. The markers present
extra ordinarily on the tumor and viral infected cells
serve as the target to engender the immunotoxin
against them. Immunotoxins have been found to be
most advantageous for treating hematologic malig-
nancies as the malignant cells are frequently intravas-
cular and accessible to intravenously administered
drug and also the patients repeatedly lack adequate
immunity to make antibodies against the toxin. Thus,
few antigens have been used to target hematologic
malignancies by immunotoxins (Dosio et al., 2014;
Wu, 1997; Pranchevicius and Vieira, 2013; May et al,,
2012; Binyamin et al., 2006).

ONTAX: The first FDA approved immunotoxin

Ontax targets the IL2R present on a wide variety of
hematologic malignancies such as cutaneous T-cell
lymphoma (CTCL), adult T-cell leukemia (ATL),
Hodgkin’s Disease (HD), and other B- and T-cell leu-
kemias and lymphomas (anti-DAB 389 IL-2, anti-DAB
486 IL-2). Phase I testing conducted on patients with
CTCL (n = 35), NHL (n = 17), HD (n = 21) by adminis-
tering the drug via intravenous infusion produces five
complete and eight partial remissions in patients with
CTCL, one complete and two partial remissions in
NHL. No retort was documented in patients with HD.
The dose-limiting toxicity in these trials was asthenia.
In the key phase III trial, 71 patients with CTCL (30%)
treated with Denileukin Diftitox showed an intent re-
sponse (20% partial, 10% complete). This is the first
and solitary immunotoxin approved by FDA for the
treatment of advanced CTCL (Shapira and Benhar,
2010).

LMB-2: An immunotoxin against CD25

In order to target CD25 in spite of the existence of oth-
er subunits of the IL2R, the anti-CD25 MAb anti-Tac
was used as a ligand as an alternative of IL-2 [anti-Tac
(Fv)-PE40, anti-Tac(Fv)-PE38 (called LMB-2)]. Primary
ATL and hairy cell leukemia (HCL) cells were much
more sensitive than (3-Chronic lymphocytic leukemia
(CLL) cells, possibly due to lower CD25 expression in
the latter, and CLL cells have been shown to upregu-
late CD25 by phosphorothioate oligodeoxynucleo-
tides. In a Phase I Trial, 35 patients (with chemothera-
py-resistant leukemia, lymphoma and HD) adminis-
trated intravenously with LMB-2 results in 3% (1/35)
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complete and 20% (7/35) partial remissions. Six pa-
tients prepared neutralizing antibodies after one cycle,
averting themselves from receiving re-treatment. In
Phase Il Trials, administration of LMB-2 to patients
with metastatic melanoma has led to a transient prej-
udiced reduction in mingling and tumor-infiltrating
CD25+ T-regulatory (Treg) cells that suppress the apti-
tude to vaccinate against self/tumor antigens. Howev-
er, LMB-2 therapy did not enhance the immune re-
sponse to peptide based cancer vaccines. Other Phase
II Trials are now underway in patients with CD25+
CLL, CTCL and HCL (Shapira and Benhar, 2010).

LL2 and BL22: The first anti-CD22 immunotoxin with
PE encompass the MAb LL2 and incited comprehen-
sive regression in human xenograft models. Though
as a single-chain, LL2 Fv was wobbly, and a recombi-
nant immunotoxin cannot be made, variable domains
from RFB4 were cloned and an unwavering recombi-
nant immunotoxin RFB4(Fv)-PE38 was made and re-
vealed to be cytotoxic toward CD22+ cell lines. To
perk up the steadiness of RFB4 (Fv)-PE38, the variable
domains were linked by a disulfide bond as a re-
placement for peptide linker, and V H was amalga-
mated to PE38, resulting in BL22. BL22 is the foremost
agent since purine analogs stated to persuade com-
plete remission in the preponderance of patients with
HCL. Clinical trials with BL22 (administered intrave-
nously) in adults with HCL resistant to purine ana-
logue therapy, produced promising results with 61%
CR (19) and 19% PR (6) in 31 patients in Phase I, and
25% CR, 25% PR after one cycle of treatment in Phase
II (n = 36). The success of BL22 in chemo resistant pa-
tients is evidently related to the fact that CD22 is ex-
ceedingly conserved at high density on HCL cells
even with purine analog resistance.

To target the GM-CSFR expressed in AML cells from
most patients, human GM-CSF was fused to truncated
bacterial toxins (DT388-GM-CSF and GM-CSE-
PE38KDEL). CD19, IL-3, JL1, CD64, CD86, CD80 and
CD30 were additional targets for the hematological
malignancies for which the immunotoxins were pro-
duced and has been put under clinical trials (Shapira
and Benhar, 2010). A summary of immunotoxins and
other immunoconjugates have been listed in Table 1.

Due to tight cellular junction and compactly packed
cells, it is difficult for immunotoxins to target solid
tumors than aiming hematologic tumors. Also the pa-
tients are slighter immunosuppressed and liable to
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make counteracting antibodies to the toxin. Several
chemical conjugates and recombinant fusion toxins
enclosed either EGF or TGF (both ligands for the EGF
receptor) and Pseudomonas exotoxin (212 DAB 389
EGF). To target the carbohydrate antigen Lewis Y ex-
pressed on breast, ovarian and gastrointestinal tract
carcinomas, a range of immunoconjugates and immu-
notoxins as LMB-1, LMB-7, LMB-9 and LMB-2 have
been clinically tested.

The erbB2 antigen expressed in poor-prognosis breast
cancer and other carcinomas have been another target
against which several mAbs that differ in affinity have
been cloned to produce recombinant single-chain or
disulfide-stabilized immunotoxins. One of these, erb-
38, containing a disulfide-stabilized Fv fused to PE38,
was tested in patients with carcinomas, mostly breast
cancer. Diverse targets such as IL4R (extensively ex-
pressed by solid tumors and hematologic malignan-
cies), IL13R, Transferrin receptors, N901 (expressed on
small cell lung cancer), urokinase receptor (also called
HPAR or CD87), and other tumor specific antigens are
employed to generate immune- conjugates and im-
munotoxins.

Exceedingly dynamic antiretroviral therapy has less-
ened the morbidity and mortality of human immuno-
deficiency virus (HIV) infection, but quiescent infected
cells stay for extended periods. CD45RO* T-cells are
the foremost dormant virus reservoir in persons in-
fected with HIV. Quiescent HIV-infected T-cells com-
petent in replication could be generated in vitro by
transmitting infection to peripheral blood mononucle-
ar cells (pBMC) with HIV and subsequently obliterat-
ing the HIV-producing cells with an anti-CD25 im-
munotoxin (IT). After that the CD25 quiescent infected
cells can be annihilated with an anti-CD45RO immu-
notoxin (May et al., 2012; Binyamin et al., 2006; Camp-
bell and Marcus, 2003).

Autoimmunity is considered to be a result of abnor-
mal numbers or function of one or two lymphocyte
subgroups. Most of the autoimmune endocrinopathies
appear to be directly conciliated by auto-reactive CD8*
cytotoxic T lymphocytes (CTLs) with help from the
CD4+ cells, while others emerge to be mediated by au-
to-antibodies to cellular receptors that take place as
part of a Th2 response. In any particular disease, it is
expected that assorted cellular and antibody autoim-
mune responses are pathogenic. The fundamental
strategy to cure autoimmune diseases through immu-
nologic methodology is to remove or suppress the T or
B-cells which are possibly involved in the autoim-
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mune response. The idea of using it for treatment of
autoimmunity is to pernicketly abolish the lympho-
cytes which cause autoimmune attack, resulting in
better clearance of the diseased cells and augment
clinical benefit to the patients over mAbs or cytokines
alone. ITs have been used in clinical trials (Phase I and
II) for the treatment of various autoimmune diseases
including rheumatoid arthritis, systemic lupus ery-
thematosus, insulin-dependent diabetes mellitus and
psoriasis (Table 2). ITs also helps in alleviating the
symptoms of myasthenia gravis and rheumatoid ar-
thritis in animal models (Wu, 1997).

Other uses and applications of ITs include eradication
of T-regulatory cells, modulation of the immune re-
sponses and removal of T-cells from grafts. Advance-
ments have been made in producing ITs with anti-
parasitic and anti-viral activity too. Ex-vivo uses of ITs
are also expected through killing of unwanted cells
before infusing bone marrow or stem cell preparations
(Madhumati and Verma, 2012).

Table 2. Immunotoxins used and under clinical trials
against autoimmune diseases

Immunotoxins Target Autoimmune Diseases

Anti- Id-ricin AChR reactive B Myasthenia gravis
cells

IL-2-PE664G!u AChR reactive B Myasthenia gravis
cells

Anti-V(3 RTA AChR  reactive Myasthenia gravis
Teells

gp 330-gelonin Neutralizing Heymann’s Nephritis
autoantibody

OX-40-RTA OX-40 bearing T  Experimental autoim-
cells mune encephalomyeli-

tis halomyelitis

IL-2DT, DAB 486 IL-2R*T cells Rheumatoid arthritis

IL-2

Anti-CD3-RTAanti- CD3 T cells pan Diabetes

Ly-1-RTA T(CD5) cells

DAB486 IL-2 IL-2R*T cells Rheumatoid arthritis

Anti CD5-RTA CD5*T cells Rheumatoid  arthritis
and systemic lupus
erythematosus

Anti CD5(H65)- H65* T cells Insulin-dependent dia-

RTA betes mellitus

DAB389 IL-2 IL-2R T cells Psoriasis

PROBLEMS IN IMMUNOTOXIN
DEVELOPMENT
The vital use of ITs for the treatment purpose still lags

behind due to problems associated which includes
immunogenicity, unwanted toxicity, difficulty in pro-
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duction, limited half-life and resistance (Dosio et al.,
2014; Wu, 1997).

Immunogenicity

Extensive clinical trials signify the incidence of immu-
nogenicity after a solitary cycle of IT ranges from 50-
100% for solid tumors and from 0-40% for hematologic
tumors for which the IT therapy are usually offered.
The existence of neutralizing antibodies lowers the
levels of biologically active IT and compromises effi-
cacy. Numerous approaches are used to prevent im-
munogenicity and the most useful is PEGylation for
biological agents such as interferon and L-
asparaginase, which not only blocks immunogenicity
but also prolongs half-life. Limited success has been
achieved in pre-clinical studies of a PEGylated form of
LMB-2. PEGylating a toxin appears much more chal-
lenging than PEGylating simpler molecules, since
modifying sites on a toxin diminish its activity. Immu-
nologic studies have found a large number of B-cell
and T-cell epitopes on PE implying, the “humaniza-
tion of the molecule” awfully difficult.

Unwanted Toxicity

An assorted series of toxicities has been experiential
with ITs that has restricted its dose and efficacy. The
most common toxicity observed is Vascular Leak Syn-
drome (VLS), which is due to the passage of the cyto-
toxic protein through endothelial cells to exit the
blood vessels. Report suggests that RTA binds un-
swervingly to endothelial cells, while truncated PE
necessitates a complexing agent (ligand) that cross-
reacts with the endothelium. Other report indicates
that definite residues on RTA and also curtailed PE
can connect to endothelial cells and educe VLS by an
autonomous mechanism besides the normal toxin-
induced cell death. VLS is characterized by hypoten-
sion, gain in weight, augmented vascular permeability,
mild renal and pulmonary insufficiency, myalgias,
hypoalbuminemia and in few cases pulmonary edema
and aphasias. After targeted toxin treatment, the syn-
drome arises transiently but is sometimes very severe.

Hepatotoxicity, an emblematic side effect of recombi-
nant ITs, pitched up to be related to cytokine produc-
tion by Kupffer cells and ascribed as a result to fas-
tening of basic residues on the Fv to negatively
charged hepatic cells. Although recombinant ITs that
exclusively truss to antigens expressed in liver cells
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are not well endured systemically, recombinant ITs
such as LMB-2 and BL22 causing transaminase eleva-
tions are not allied with decreased hepatic function.
ITs related renal toxicity could be non-specific and less
well-defined for being the kidneys are the leading
route of excretion of recombinant ITs.

Production limitations

In the beginning, chemical conjugates was prepared
for the clinical trials because producers of recombinant
toxins faced problems of low yield and endotoxin con-
tamination. Productions of other recombinant proteins
for clinical use have permitted large-scale production
of recombinant toxins with high purity and reasonable
cost and solved many problems. It is anticipated that
corporate development will further improve yield and
cut costs.

CURRENT STATUS OF IMMUNOTOXINS IN
INDIA

Various research groups in India are too working for
the development of novel ITs derived from bacteria
and/or plant. These groups particularly work on the
development of the ITs targeting malignancies. The
developed ITs are recombinant variants and effort has
been concentrated to enhance their efficacy by remov-
ing toxicity. Gadadhar and Karande (2013) from Indi-
an Institute of Sciences, Bangalore generated mAb
F1G4- rABRa-A using abrin toxin from plant Abrus
precatorius. Abrin toxin is a RIP-II protein which inhib-
its protein synthesis specifically on cells expressing
the gonadotropin releasing hormone receptor (grhr).
The group used the recombinant A chain of abrin to
conjugate to antibodies raised against the human grhr.
The conjugate induces cell death in cells articulating
the receptor by inhibiting protein synthesis. Contrast
to abrin, the conjugate exhibited differences in the ki-
netics of protein synthesis inhibition that has been at-
tributed to the differences in internalization and traf-
ficking of the conjugate within the cells. Furthermore,
explanation of sequestration of the A chain into the
nucleus of abrin treated cells but not in conjugate
treated cells reveal a novel pathway for the association
of the conjugate in the cells (Gadadhar and Karande,
2013).

Professor R.S. Verma from Indian Institute of Technol-
ogy, Madras have designed a number of novel con-
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struct which are truncated version of known ITs and
novel humanized toxin exploiting the pre-apoptotic
segment of human origin to conflict the problems as-
sociated with the immunogenicity of the toxin frag-
ment and the non-targeted toxicity noted while treat-
ing certain form of cancers. The major constructs in-
cluded by this group includes Diphtheria toxin-HN-1
peptide (DT/HN-1), which is a fusion toxin designed
to target the head and neck squamous cell carcinoma
(HNSCCQC). They have also developed a fusion toxin
Diphtheria toxin-stem cell factor (DT-SCF) targeting
malignancies expressing c-kit. c-kit over-expression
has been reported in many forms and types of cancers
including CML (K562), ALL (MOLT4), pancreatic car-
cinoma (PANC-1), and cervical carcinoma (HeLa
229). Various other ITs were developed and tested for
targeting low affinity IL2Ra (Potala and Verma, 2011).

Immunotoxin linking an anti-hCGp antibody and
PE38 has been developed by a team of research group
from Institutional Talwar Research Foundation Core
and National Institute of Immunology, New Delhi,
India targeting histiocytic lymphoma (U937 cells)
which is a rare type of NHL characterized by the oc-
currence of large tumor cells resembling histiocytes.

A set of ITs targeting transferrin receptors with re-
combinant Restrictocin, a toxin produced by the fun-
gus Aspergillus restrictus, and a potent inhibitor of eu-
karyotic protein synthesis were also developed by Dr.
Batra from National Institute of Immunology, India
(Rathore and Batra, 1996).

A team of Advanced Centre for Treatment, Research
and Education in Cancer, Tata Memorial Centre,
Mumbai developed scFv(MUC1)-ETA immunotox-
in targeting the mucin protein MUC1; over-expressed
in more than ninty percent of breast cancers in an un-
derglycosylated form, revealing the core peptides of
the extracellular domain that act as a prospective tar-
get for antibody-mediated therapy (Singh et al., 2007).

Nevertheless, a lot of efforts have been put forth on
the development and characterization of these ITs still
they have to pass the barrier of Phase Trials and FDA
approval to reach the therapeutic markets.

POTENTIAL FOR FUTURE DEVELOPMENT

ITs are unlikely to work by themselves in many forms
of diseases including cancer as their half-lives may be
too limited for diffusion to occur into solid tumors.
Clinical trials of ITs administered by an incessant infu-
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sion have thus non-significantly efficacious over the
bolus infusion route. It is likely possible that the com-
bination of ITs with other therapeutic agents having
non-overlapping toxicities will result in better re-
sponses. Likewise, treatment of microscopic disease
by ITs may be useful after cytoreduction by surgery,
chemotherapy and/or radiotherapy. More than two
dozen of antibody-drug conjugates and one dozen of
ITs as well as various newly approved drugs, support
the mellowness of the use of ITs with the antigen and
disease target. As the amalgamation of diseases and
antigen targets have been elected, we can anticipate
exciting successes in the future development of ITs as
a therapeutic agent for treating numerous diseases
and disorders.
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ABBREVIATIONS

MADb: monoclonal antibody; dsFv: disulfide-stabilized
Fv antibody fragment; scFv: A single chain (genetically
linked) variable fragment; bisFv: two Fv fragments
connected via a disulfide bond; Fab: fragment antigen-
binding (one constant/one variable domain of each
heavy and light chain connected by a disulfide bond);
IL(R): interleukin (receptor); DT: diphtheria toxin;
DAB389, DAB486, DT388, DT390: truncated forms of
DT that lack receptor-binding activity; CRM107: a mu-
tated full-length diphtheria toxin that lack receptor-
binding activity; PE: Pseudomonas exotoxin A; PE38,
PE40: truncated forms of PE that lack the receptor-
binding domain Ia; RTA: ricin toxin A; HIV: human
immunodeficiency virus; CTCL: cutaneous T cell lym-
phoma; NHL: non-Hodgkin’s lymphoma; MDS: myel-
odysplastic syndrome; ALL: acute lymphoblastic leu-
kemia; SLL: small lymphocytic lymphoma; GVHD:
graft versus host disease; CNS: central nervous system;
EGF(R): epidermal growth factor (receptor); TGF(R):
transforming growth factor (receptor) AML: acute
myelogenous leukemia; CML: chronic myelogenous
leukemia; CLL: chronic lymphocytic leukemia; HD:
Hodgkin’s disease; HCL: hairy cell leukemia; PLL:
prolymphocytic leukemia; (N)SCLC: (non) small cell
lung cancer; TAA: tumor associated antigen; TfR:
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transferrin receptor; CSF: cerebrospinal fluid, PAP:
pokeweed antiviral protein; RA: rheumatoid arthritis;
SLE: systemic lupus erythematosus; CR: complete re-
mission (s); PR: partial response (s); GM-CSFR: granu-
locyte-macrophage colony stimulating factor receptor.
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