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Protein transduction domain of translationally controlled tumor protein: 
characterization and application in drug delivery
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ABSTRACT
Our research group reported in 2011 the discovery of a novel cell-penetrating moiety in the 
N-terminus of the human translationally controlled tumor protein (TCTP). This moiety was 
responsible for the previously noted membrane translocating ability of purified full-length TCTP. 
The hydrophobic nature of TCTP-derived protein transduction domain (TCTP-PTD) endowed it 
with unique characteristics compared to other well-known cationic PTDs, such as TAT-PTD. TCTP-PTD 
internalizes partly through lipid-raft/caveolae-dependent endocytosis and partly by macropinocytosis. 
After cell entry, caveosome-laden TCTP-PTD appears to move to the cytoplasm and cytoskeleton 
except for the nucleus possibly through the movement to endoplasmic reticulum (ER). TCTP-PTD 
efficiently facilitates delivery of various types of cargos, such as peptides, proteins, and nucleic 
acids in vitro and in vivo. It is noteworthy that TCTP-PTD and its variants promote intranasal 
delivery of antidiabetics including, insulin and exendin-4 and of antigens for immunization in 
vivo, suggesting its potential for drug delivery. In this review, we attempted to describe recent 
advances in the understanding regarding the identification of TCTP-PTD, the characteristics of its 
cellular uptake, and the usefulness as a vehicle for delivery into cells of a variety of drugs and 
macromolecules. Our investigative efforts are continuing further to delineate the details of the 
functions and the regulatory mechanisms of TCTP-PTD-mediated cellular penetration and 
posttranslational modification of TCTP in physiologic and pathological processes. This is a review 
of what we currently know regarding TCTP-PTD and its use as a vehicle for the transduction of 
drugs and other molecules.

1.  Introduction

Biological membranes consist of lipid bilayers in which pro-
teins are embedded. These membranes separate the cyto-
plasm from the extracellular milieu by regulating the 
movement of molecules across the membrane. These selec-
tively permeable barriers limit the internalization of external 
molecules such as specific medications and drugs, unless 
specific mechanisms such as endocytosis are involved (Joliot 
& Prochiantz, 2004). As the target molecules for specific med-
ications need to enter the interior of the cells to be effective, 
there has been great research interest in vehicles that enable 
the efficient intracellular delivery of therapeutic macromol-
ecules. The discovery of peptide moieties that can translocate 
into the cells opens up new ways to deliver various types 
of potential medicinal cargoes, such as small and large mol-
ecules including chemicals, peptides, proteins, antisense 
nucleotides, and liposomes. These peptide moieties are gen-
erally called protein transduction domains (PTDs) or 
cell-penetrating peptides (CPPs).

PTDs are a class of the short peptides (generally <20 
amino acids), which can translocate across the biological 
membranes of live cells and carry heterologous cargos in 

vitro and in vivo. In the late 1980s, it was first shown that 
the transactivator of transcription (TAT) protein of HIV-1 was 
internalized into cells and translocated into the nucleus to 
activate human immunodeficiency virus type I (HIV-1) tran-
scription (Frankel & Pabo, 1988). Since the discovery of the 
TAT-PTD, a wide variety of peptide sequences of natural ori-
gins or newly synthesized, such as polyarginine, transportan, 
penetratin, MAP, and Pep-7, that were able to translocate 
small and big molecules into cells have been reported (Joliot 
& Prochiantz, 2004; Skotland et  al., 2015). The majority of 
PTDs are cationic molecules, enriched with positively charged 
amino acid residues such as lysine and arginine (Futaki et  al., 
2001) and amphipathic molecules with α-helix structure (Drin 
et  al., 2001).

As mentioned, the first and most studied PTD was TAT-PTD, 
derived from a transcription factor of HIV-1 that activates the 
transcription of HIV-1 in infected host cells. The report on TAT 
peptide-mediated delivery of proteins established the thera-
peutic significance of PTD’s application such as TAT peptides 
(TAT1-72, TAT37-72), which when linked to large proteins facilitated 
the introduction of the linked complexes into the cells (Fawell 
et  al., 1994). This was followed by the identification of a small 
peptide component of TAT (TAT-PTD) (Vivès et  al., 1997) that 
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has the ability to transport large proteins in vivo (Schwarze 
et  al., 1999). Mutational analysis of TAT-PTD (TAT48-57, 
GRKKRRQRRR) mapped to a peptide with 9 amino acid residues 
(TAT49-57, RKKRRQRRR) sufficient for internalization and delivery 
of exogenous protein into cells (Park et  al., 2002).

As with other PTDs, the discovery of TCTP-PTD originated 
from our unexpected observation that full-length translation-
ally controlled tumor protein (TCTP) protein can translocate 
into cells. The protein was called ‘TCTP’ (Gross et  al., 1989) 
because the cDNA sequence coding for it was from a human 
tumor and its expression was regulated at the translational 
level (Bommer & Thiele, 2004). It was soon found that TCTP 
is ubiquitously expressed in all eukaryotes with a high degree 
of conservation through phylogeny and that its expression 
is regulated not only at the translational but also at the 
transcriptional level by a great variety of stimuli (Bommer & 
Thiele, 2004) and that TCTP plays a multifaceted role through 
interactions with a multitude of partners such as chaperone 
proteins, nucleic acid-binding proteins, and cytoskeletal pro-
teins (Li & Ge, 2017). TCTP is a Ca2+- and microtubule-binding 
protein and is involved in intracellular processes including 
growth and development, cellular stress responses, protein 
degradation, and autophagy as well as in extracellular 
cytokine-like functions (Bommer & Thiele, 2004; Bommer & 
K awak ami,  2021) .  TC TP is  alternatively cal led 
‘histamine-releasing factor (HRF)’ because of its role in induc-
ing histamine release from the cells, which enables it to 
influence in human allergic responses (MacDonald et  al., 
1995; Kim et  al., 2009).

In this review, we describe the efforts of our laboratory 
in the identification, characterization of TCTP-PTD and its 
utility as a vehicle for the transport of molecules into cells. 
TCTP-PTD is a novel type of PTD with a hydrophobic sequence 
originating from human protein, which exhibits behavior 
quite different from that of the better known TAT-PTD. Our 
exhaustive in vivo studies using TCTP-PTD-cargo complexes 
linked with various types of cargoes indicate that TCTP-PTD 
has the potential for use in drug delivery. This review also 
discusses the biological implications and roles of TCTP-PTD 
and offers some speculation on its potential usefulness.

2.  Discovery of TCTP-PTD as the cell penetrating 
domain of TCTP

2.1.  Discovery of TCTP-PTD as the cell penetrating and 
molecule-transducing domain of TCTP

The discovery of TCTP-PTD occurred with the fortuitous 
observation of the internalization of purified full-length TCTP 
protein into RBL-2H3 cells in a confocal microscopic experi-
ment (Kim et  al., 2011b). We confirmed that what we 
observed was true internalization of TCTP into the cells and 
not a fixation artifact. Through a mutational analysis to locate 
the potential PTD region in full-length TCTP (1-172) using 
several deletion mutants, including TCTP-1-38, TCTP-39-110, 
TCTP-111-172, TCTP-11-172, and TCTP-35-172, we concluded 
that a 10 amino acid moiety at the N-terminus 
(1-MIIYRDLISH-10) is responsible for cellular uptake of 

full-length of TCTP (Figure  1). The cargo delivery capability 
of TCTP-PTD into various types of cells and into the tissues 
of mice was confirmed using both TAMRA-labeled and 
β-galactosidase (β -Gal)-fused forms of PTD (Kim et  al., 
2011b). The key characteristic of the TCTP-PTD is that it is 
quite different from other well-known cationic or amphipathic 
PTDs in terms of its unique sequence and behavior, as 
described in the following sections.

2.2.  The characteristics of translocation of cargoes by 
TCTP-PTD

Our studies collectively showed significant differences in 
transduction kinetics between TCTP-PTD and TAT-PTD. 
TCTP-PTD efficiently internalizes into cells at relatively higher 
doses in a delayed time periods, while the translocation of 
TAT-PTD occurs at relatively lower doses during the first 1-2 h 
(Kim et  al., 2011b). This phenomenon was reproduced for 
PTD-cargo delivery in parallel experiments using PTD-β-Gal 
fusion proteins (Kim et  al., 2011b). The delivery of cargos by 
TCTP-PTD requires a longer treatment time and higher doses 
compared to TAT-PTD, which suggests that the two vehicles 
use different mechanisms. Also TCTP-PTD appears to be a 
better transducer in vivo than TAT-PTD but not in vitro. For 
example, our studies using cargos such as Cu,Zn-superoxide 
dismutase (SOD) and KLA showed similar patterns, indicating 
better in vivo delivery efficiency of TCTP-PTD compared to 
TAT-PTD (Kim et  al., 2011a; Lee et  al., 2011). It can be 

Figure 1.  The N-terminal location of TCTP-PTD in the solution structure of 
human TCTP (hTCTP). NMR structure of hTCTP (Feng et  al., 2007) was obtained 
from the ExPasy website (PDB ID: 2HR9, https://swissmodel.expasy.org), 
SWISS-MODEL repository (Bienert et  al., 2017). The major domains of hTCTP 
is indicated such as flexible loop, α-helical domain, and β-stranded core 
domain. TCTP-PTD (1-MIIYRDLISH-10) is located at N-terminus of TCTP, as 
highlighted with colored box.

https://swissmodel.expasy.org
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speculated that highly cationic peptides may efficiently trans-
locate into single cell layers via interactions with charged 
heparan sulfate than hydrophobic PTDs whereas the hydro-
phobicity of TCTP-PTD may enable it to easily penetrate 
through tissues comprising multilayered cells in vivo.

We found that injection of TCTP-PTD fused with β-Gal into 
mice resulted in delivery into the major organs, including 
the liver, spleen, kidney, lungs and heart, but rarely to the 
brain (Kim et  al., 2011b). However, TAT-PTD-β-Gal fusion pro-
tein is reported to be delivered to all tissues including the 
brain, suggesting a penetration through the blood-brain bar-
rier (BBB) (Schwarze et  al., 1999). Our later study with 
TCTP-PTD fused to SOD revealed the cargo-dependent effect 
on brain permeability of TCTP-PTD. TCTP-PTD-SOD was effi-
ciently delivered into the hippocampal region, indicating the 
BBB-translocating ability (Lee et  al., 2011).

2.3.  Structural requirements of TCTP-PTD that promote 
cellular penetration and translocation of molecules 
into cells

Mounting evidence shows that PTDs generally have certain 
common features in sequences and secondary structures, 
such as polycationic residues and hydrophobic core domains, 
and α-helical or amphipathic structures to be efficient vehi-
cles for delivery. For example, the highly cationic TAT-PTD 
(RKKRRQRRR) has six arginine and two lysine residues, all of 
which are hydrophilic basic residues. The mutation of any 
one of those residues largely impairs the energy-dependent 
cellular uptake of PTDs (Wender et  al., 2000). As for pene-
tration, the permeability is strongly dependent on the central 
hydrophobic core including 6 W and 7 F (Derossi et  al., 1994; 
Wender et  al., 2000). Generally, hydrophobic residues, includ-
ing phenylalanine and tryptophan and positively charged 
amino acid, such as arginine and lysine, are the frequently 
used amino acids in the artificial design of PTD sequences 
(Lönn & Dowdy, 2015).

Interestingly, a unique sequence of TCTP-PTD is that it is 
mainly composed of hydrophobic cores of 1MII and 7LI, and 
partly of 5 charged or polar amino acids, including 4YRD, 9S, 
and 10H. In studies designed to establish the role of, or need 
for, each residue and the structural requirements of TCTP-PTD 
for cellular uptake, TCTP-PTD derivatives with deleted or sub-
stituted sequences were tested for their translocating activity 
(Kim et al., 2011c). These studies revealed that the hydrophobic 
nature of TCTP-PTD, especially at WT-I (the mutated position 
at first residue of wild type sequence of TCTP-PTD) through 
IV, and WT-VI through VIII is important for cellular penetration 
(Kim et  al., 2011c). For example, the substitute 6 D with 6 A in 
TCTP-PTD showed enhanced cellular uptake (Kim et al., 2011c). 
They also revealed that hydrophobic residues may play a role 
in supporting the interaction of lipid-raft in the biological 
membrane at the initiation phase of cell entry.

Further studies after the truncation of amino- or 
carboxy-terminal provided information for minimum length 
of sequence for cell penetration. It was previously reported 
that the minimum length for TAT-PTD (48-57) for transduc-
tion was amino acids 49-57 (Wender et  al., 2000; Park et  al., 

2002), indicating that 48Gly residue at N-terminal of TAT-PTD 
is not essential for efficient cellular entry. In our study, the 
deletion variant devoid of the first residue of TCTP-PTD 
(TCTP 2-10) showed a considerable reduction in cellular 
translocation whereas the C-terminal deletion of one residue 
(TCTP 1-9) retained comparable activity to that of TCTP-PTD. 
This demonstrates that first residue (1Met) at N-terminus 
(Kim et  al., 2011c) and at least nine residues of N-terminus 
of TCTP (1-MIIYRDLIS-9) are critical requirements for cellular 
permeability (Kim et  al., 2011c).

3.  Modification of TCTP-PTD to optimize its ability 
to penetrate cells

Thirty-five variants of TCTP-PTD were prepared by chemical 
modification of its amino acid sequences with the goal of 
improving its ability to penetrate cells and analyzed for their 
characteristics including solubility to penetrate HeLa cells 
(Kim et  al., 2011c). Addition of Lys residue at the C-terminus 
of TCTP-PTD facilitated its translocating activity (Kim et  al., 
2011c). Some variants to which one or two Lys residues were 
added at the C-terminus of the peptide showed improved 
solubility. Replacement of Met with Lys at WT-I enhanced 
the translocation, consistent with the mutational analysis 
showing that the characteristics of first residue is critical for 
translocation (Kim et  al., 2011c). Arg residue at WT-V was 
found necessary for the solubility of hydrophobic TCTP-PTD. 
The presence of Arg rather than Lys or Ala at WT-V was found 
a beneficial for efficient translocation (Kim et  al., 2011c). The 
guanidine head group of Arg in PTD was reported to take 
part in the hydrogen bonding between the lipid bilayer and 
Arg of peptide (Goun et  al., 2006).

These TCTP-PTD modification studies were followed by 
cell penetration and cell cytotoxic assays, among others, and 
several modified derivatives were selected for their enhanced 
cell penetration efficiency, and concentration-dependent tox-
icity and compared with those of TAT-PTD and TCTP-PTD in 
HeLa cells. In our later studies, additional optimized and 
modified variants from TCTP-PTD13 (MIIFRALISHKK), such as 
TC T P- P T D 1 3 M 1  ( M I I F R L L I S H K K ) ,  TC T P- P T D 1 3 M 2 
(MIIFRLLASHKK), and TCTP-PTD13M3 (MIIFRLLAYHKK) were 
specifically developed for their ability to perform intranasal 
drug delivery (Bae et  al., 2018a).

4.  The mechanism of TCTP-PTD translocation

The cellular translocation processes facilitated by PTDs largely 
comprise of sequential steps such as (i) interaction and asso-
ciation of PTD with the membrane, (ii) internalization by 
endocytosis, and (iii) intracellular trafficking, including endo-
somal escape into the cytoplasmic compartment (van den 
Berg & Dowdy, 2011). To perform their roles as cargo, they 
need to escape from intracellular vesicles and be released 
into the cytoplasm (van den Berg & Dowdy, 2011).

It is widely accepted that the internalization mechanism 
of PTDs and the progress of the uptake process are influ-
enced by multiple elements, such as the nature of PTD and 
attached cargoes, linking methods, and experimental details 
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such as the cell type, treatment conditions such as concen-
trations of reagents used and protocols applied during the 
investigation (van den Berg & Dowdy, 2011). There is no 
consensus on the exact molecular details for the precise 
internalization processes (Zhang et  al., 2012) except that the 
majority of PTDs transduce cells by endocytosis or direct 
penetration (Ruseska & Zimmer, 2020). What is currently 
known on the internalization mechanism, intracellular local-
ization and trafficking of TCTP-PTD in the context of com-
parison with TAT-PTD, is reviewed in the following sections.

4.1.  Cell surface binding, the first step in the entry of a 
TCTP-PTD into cells

Binding of the PTD to cell surfaces is the first step for cell 
entry of a PTD into cells. Generally, each cell type has its 
own unique lipid and glycoprotein components and endo-
cytic machinery, which can influence the interactions of pep-
tides at the initial stage of internalization. Thus, the 
translocation mechanism can vary depending on the cellular 
components and specific experimental conditions and the 
mechanisms in play for each PTD, which can vary accordingly.

An initial electrostatic association of PTDs with cell mem-
brane components such as glycoproteins, induces the recon-
struction of the cytoskeletal network (Duchardt et  al., 2007; 
Ziegler, 2008) and facilitates the energy-dependent internal-
ization of PTDs. For cationic PTDs, electrostatic association of 
basic residues in PTD with a charged phospholipid can medi-
ate the initial step of internalization. Bidentate guanidinium 
group found in Arg has been shown to be essential for cellular 
uptake as it avidly binds to sulfated glycans (Lönn & Dowdy, 
2015). Additionally, the hydrogen bonding between the Arg 
guanidino group and phosphates, carboxylates, and sulfates 
may enhance the hydrophobicity of the peptide, which in turn 
assists the interaction of PTD with the cell membrane (Rothbard 
et al., 2004). Lipids and glycosaminoglycan (GAGs) play import-
ant roles in the binding of TAT-PTD via hydrogen bonding and 
specific interactions (Zhang et  al., 2012).

The uptake of TCTP-PTD is not dependent on heparan 
sulfate while that of TAT-PTD requires heparan sulfate pro-
teoglycans for transduction (Kim et al., 2011b). Rather, cellular 
uptake of TCTP-PTD is sensitive to cholesterol depletion (Kim 
et  al., 2015). The cholesterol-dependent endocytic pathway 
of TCTP-PTD suggests that cholesterol is a possible interacting 
molecule required for TCTP-PTD internalization (Kim 
et  al., 2015).

4.2.  Internalization of the TCTP-PTD

Endocytosis is largely classified as a two part process that 
includes phagocytosis and pinocytosis. Pinocytosis, the 
uptake of fluid and solute by the cell, occurs in all types of 
cells through four pathways including (i) clathrin-mediated, 
(ii) caveolae-mediated, (iii) clathrin, caveolae-independent 
pathway, and (iv) macropinocytosis (Conner & Schmid, 2003). 
Clathrin-mediated endocytosis (CME) is a clathrin/
dynamin-dependent, receptor-mediated process and this 
pathway is reported to operate in the cases of TAT-PTD, 

oligoarginine, and anionic PTDs (Ruseska & Zimmer, 2020). 
Binding of ligand to a specific receptor on the cell membrane 
induces the assembly of clathrins in a polyhedral lattice, 
followed by the invagination of clathrin-coated membrane 
surface (Ruseska & Zimmer, 2020). Caveolae-mediated endo-
cytosis (CvME) is mediated by the formation of caveolae, a 
highly hydrophobic membrane domain rich in sphingolipid 
and cholesterol (Ruseska & Zimmer, 2020) and is reported 
to occur with TAT fusion protein, transportan and proline-rich 
PTDs. Actin cytoskeleton and cholesterol are the essential 
elements for caveolae formation and dynamin, a multidomain 
GTPase, constricts the neck of caveolae for enabling its 
release (Ruseska & Zimmer, 2020).

The lipid raft is a microdomain of the plasma membrane 
constituted by the interaction of sphingolipid and sterol, 
which facilitates the internalization of certain macromolecules 
by clathrin- and caveolae-independent endocytic pathways 
(Ruseska & Zimmer, 2020). This coat-free pathway can be 
dynamin-dependent or -independent and is reported in the 
uptake of PTDs such as azurin fragments and transportan 
(Ruseska & Zimmer, 2020). Macropinocytosis is a lipid 
raft-dependent endocytic process, that involves actin-driven 
plasma membrane protrusion that induces the uptake of 
extracellular fluids (Ruseska & Zimmer, 2020). Ingestion of 
extracellular fluids by the membrane ruffles occurs by the 
action of the actin cytoskeleton (Swanson, 2008; van den 
Berg & Dowdy, 2011). TAT-protein conjugates and Poly-Arg 
internalize cells via macropinocytosis (Ruseska & Zimmer, 2020).

It has been reported that TAT-PTD or TAT-PTD-cargo into 
cells involved direct translocation or internalization through 
different endocytic pathways (Zhang et  al., 2012). It is to 
note that the speed of uptake largely relies on the labeling 
tags (Joliot & Prochiantz, 2004) and that the specific uptake 
pathway for a PTD depends heavily on the cargo (Ruseska 
& Zimmer, 2020). For example, unconjugated TAT-PTD was 
reported to be internalized via clathrin-mediated endocytosis 
(Richard et  al., 2005) whereas macropinocytosis (Wadia et  al., 
2004) and caveolae-mediated endocytosis have been reported 
to operate for TAT-protein conjugates (Ferrari et  al., 2003; 
Fittipaldi et  al., 2003).

It has been shown that TCTP-PTD internalizes the mem-
brane via an energy-dependent endocytosis (Kim et  al., 
2011b). Our initial study using HeLa cells showed that cellular 
uptake of TAMRA-labeled TCTP-PTD does not involve the 
clathrin-mediated endocytosis, but it occurs mostly through 
lipid raft-mediated endocytosis and partially by macropino-
cytosis (Kim et  al., 2011b).

Our research group performed in-depth verification of the 
translocation mechanism of TCTP-PTD in A549 lung carcinoma 
cells (Kim et  al., 2015). Consistent with previous findings in 
HeLa cells (Kim et  al., 2011b), TCTP-PTD conjugated with 
either TAMRA or FITC and TCTP-PTD-GFP fusion protein pen-
etrates into A549 cells via cholesterol-dependent lipid raft/
caveolae-mediated endocytosis (Kim et  al., 2015). Dynamin 
and actin polymerization facilitates vesiculation during 
caveolae-mediated endocytosis, and the endocytic internal-
ization of TCTP-PTD was shown to be dynamin, actin, and 
microtubule-dependent (Kim et  al., 2015). Macropinocytosis 
that can occur by dynamin-mediated vesiculation with 



Drug Delivery 3013

ruffling of biological membranes through actin rearrange-
ment, also is partly involved in the internalization of 
TAMRA-TCTP-PTD (Kim et  al., 2015). As shown with TCTP-PTD 
internalization, identical PTDs simultaneously utilize several 
distinctive internalizing pathways.

4.3.  Intracellular trafficking of TCTP-PTD

After the caveolae-mediated endocytosis, TCTP-PTD is con-
fined to the endocytic vesicles, caveosome, formed by 
caveolae-driven mechanisms in A549 cells (Kim et  al., 2015). 
GFP-tagged TCTP-PTD showed localization in the 
caveolin-1-containing lipid-raft (Kim et  al., 2015). Then the 
caveosome containing TCTP-PTD-GFP is transported to the 
cytoplasm and partly to the cytoskeletal matrix, possibly 
passing through the ER (Kim et  al., 2015), possibly following 
the retrograde transport route as shown with other PTDs 
(Patel et  al., 2007). In addition, cellular uptake of TCTP-PTD 
partly involves macropinocytosis (Kim et  al., 2011b, 2015) 
and the fate of macropinosomes may vary according to the 
cell (Patel et al., 2007). Following the macropinocytosis-mediated 
transport, macropinosome-laden TCTP-PTD appears to be 
transported into the cytoplasmic compartment via an as yet 
unknown mechanism of endosomal exit (Kim et  al., 2015).

Although TCTP-PTD penetrates partly via lipid 
raft-dependent endocytosis and partly via macropinocytosis 
in both A549 and HeLa cells (Kim et  al., 2011b, 2015), the 
sensitivity to nystatin, an inhibitor of caveolae-mediated 
endocytosis, differed between two cell lines (Kim et  al., 2015). 
TCTP-PTD transduction in HeLa cells was less affected by 
nystatin than that in A549 cells (Kim et  al., 2015). The higher 
expression of caveolin-1 in A549 than in HeLa cells supports 
the cell type-dependent internalization mechanism, which 
can be influenced by the specific composition of endocytic 
machinery such as caveolin-1 and lipid rafts (Kim et  al., 2015).

The subcellular localization and the fate of PTD-cargo 
complex is important for the proper and desirable action of 
cargos. All the endocytic pathways used involve the forma-
tion of endosome, followed by lysosomal degradation unless 
they escape from endosome (van den Berg & Dowdy, 2011). 
Endosomal escape is essential for the action of cargos in the 
cytoplasm or nucleus (Zhang et  al., 2012). Our earlier study 
showed that TCTP-PTD itself may escape from lysosomes in 
contrast to TAT-PTD that needs an endolysomotropic agent, 
chloroquine, for facilitating its translocation (Kim et  al., 
2011b). It is speculated that the degree of hydrophobicity 
of TCTP-PTD might contribute to the process of endosomal 
escape from endosomes (Kim et  al., 2015) and this needs to 
be clarified in further studies.

In contrast to TAT-PTD that localizes in the nucleus after 
uptake because of its nuclear localization signal (NLS) 
(Chauhan et  al., 2007), TCTP-PTD showed dispersed distribu-
tion in the cytoplasmic compartment but not in the nucleus 
and lysosomes in HeLa (Kim et  al., 2011b). The localization 
of TCTP-PTD-GFP also showed a non-nuclear distribution in 
A549 cells (Kim et  al., 2015) because TCTP-PTD retains its 
hydrophobic nature devoid of the functional NLS. Theoretically, 
non-nuclear localization of TCTP-PTD enables it to avoid the 

undesirable ionic interactions with nucleic acids, thereby 
reducing the potential risk of disturbance of normal genetic 
expression. Because TCTP-PTD does not localize in nucleus 
and lysosome, it may mediate the delivery of therapeutic 
cargos into the cytoplasm more efficiently than polycationic 
PTDs, by avoiding both nuclear accumulation and lysosomal 
degradation of the PTD-cargo complex.

To sum up, after uptake by lipid raft/caveolae-mediated 
endocytosis and partly by macropinocytosis that is 
clathrin-independent, dynamin/cholesterol-dependent path-
ways, TCTP-PTD in caveolae appears to escape from the 
endosomal compartment, possibly followed by transfer 
through ER (Kim et  al., 2015). Then it moves to the cytoplas-
mic part and cytoskeleton containing actin and tubulin, as 
schematically illustrated in our previous report (Kim et  al., 
2015). It has been reported that TAT protein is secreted from 
the TAT-expressing cells and then it reenters the cells by 
means of its PTD domain. Moreover, TAT protein or TAT-PTD 
can move from one to another cell, in a mode of transcellular 
transport (Chauhan et  al., 2007). The specific mechanisms 
responsible for the cytosolic release and the cell-to-cell trans-
location of TCTP-PTD are of interest but remain elusive.

5.  Usefulness of TCTP-PTD for drug delivery

PTDs are believed to be preferrable for use in the delivery of 
macromolecular therapeutics because of their relative high 
efficiency and low toxicity in the delivery of proteins, nucleic 
acids, phosphopeptides and peptide nucleic acids (PNAs) 
(Joliot & Prochiantz, 2004). Many PTDs are currently under the 
clinical trials for their usefulness in the delivery of specific 
proteins and peptides (van den Berg & Dowdy, 2011). It has 
been studied the potential of TCTP-PTD and its variants as 
carriers of various cargos such as peptides (KLA, insulin, and 
exendin-4), proteins (β-Gal, SOD, and TCTP), antigen (ovalbu-
min and rAd/3XG), and nucleic acids (cyclin B1 siRNA) in vivo, 
and demonstrated its potential usefulness in drug delivery 
(Figure 2). Because TCTP-PTD is derived from a human protein, 
it can serve as a safe carrier for the bioactive molecules in 
both fused and covalently/noncovalently linked forms.

5.1.  TCTP-PTD-cargo complexes applied in drug 
delivery

There are three strategies for preparing TCTP-PTD-cargo com-
plexes used by our group and others (Table 1). First, covalent 
conjugation of TCTP-PTD with cargo was accomplished 
employing various chemical links. Second, protein cargos can 
be expressed with TCTP-PTD in a recombinant protein where 
the cargo can be located at the N- or C-terminus of TCTP-PTD 
with an appropriate type of linker. The third strategy is phys-
ical mixing of TCTP-PTD with cargo, allowing them to form 
complexes by intermolecular associations such as hydropho-
bic or electrostatic interactions (Gros et  al., 2006).

In general, the nature of the link between the cargo and 
the PTD is important. The linkages can be permanent if they 
are formed in a fusion protein, or not permanent such as 
when a disulfide bond can induce the cytoplasmic release 
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of the cargo by the action of cytoplasmic glutathione (Joliot 
& Prochiantz, 2004). Furthermore, the observed differential 
intracellular localization of TCTP-PTD and TAT-PTD (Kim et  al., 
2011b) indicates that selection of PTD can determine intra-
cellular targeting. For example, a cargo having high affinity 
for the cytoplasmic components may deliver the cargo within 
the cytoplasmic compartment.

It is known that PTD-cargo conjugates made via covalent 
links and fusion protein have the potential risk of interfering 
with the original structure, function, and transepithelial pen-
etration of therapeutic cargos (Kristensen et  al., 2015). In this 
context, the simple mixing method that forms a complex via 
noncovalent interactions may be preferred. This method has 
a lower chance of interfering with the unique structure of 
cargos than fusion or chemical crosslinking method. The strat-
egy of physically mixing PTD with cargo provides an easy way 
for adjusting the molar ratio between PTD and cargo and 
simple mixing methods can help the optimized interaction 
compared to chemically linked or conjugated forms.

5.2.  Examples of use of TCTP-PTD in drug delivery

5.2.1.  Intranasal delivery of antidiabetics-Insulin
Intranasal drug administration is a noninvasive approach that 
enables rapid absorption of the drug through nasal epithe-
lium, bypassing the hepatic first-pass metabolism (Song et al., 

2004). Its major limitation is the low membrane permeability 
of this route to macromolecular drugs because the rate of 
absorption of a drug is highly dependent on its molecular 
size and hydrophilicity (Davis & Illum, 2003). Several PTDs, 
including TAT-PTD, penetratin, and Poly-Arg, have been 
employed for insulin delivery, including co-administration or 
conjugation of PTD with insulin (Liang & Yang, 2005; Morishita 
et  al., 2007; Khafagy et  al., 2009).

Our research group examined the potential of intranasal 
insulin delivery by TCTP-PTD (Bae & Lee, 2013) and other 
TCTP-PTDs such as TCTP-PTD3 (MIIFRDLISH), TCTP-PTD8 
(MIIYRIAASHKK), and TCTP-PTD13 (MIIFRALISHKK). TCTP-PTD13 
was found to be the best for intranasal insulin delivery as it 
decreased blood glucose level in both normal and 
streptozocin-induced diabetic mouse models without mucosal 
toxicity. The optimal molar ratio of insulin:TCTP-PTD13 was 
found to be 1:2. The relative pharmacological bioavailability 
(F%) following intranasal administration of TCTP-PTD 13/insu-
lin was 21.3% compared with subcutaneous insulin injection 
(Bae & Lee, 2013).

It has been reported that the molecular binding of PTD 
with drugs is crucial in nasal drug delivery (Khafagy et  al., 
2010). Noncovalent intermolecular binding of TCTP-PTD with 
insulin was suggested to mediate the penetration of insulin 
into the nasal epithelium. TCTP-PTD13 was found to be dis-
tributed in the submucosal region of mice after intranasal 

Figure 2.  Studies using the TCTP-PTD with various cargos. TCTP-PTD or its variants were complexed with various cargos by simple mixing (for insulin, exendin-4, 
ovalbumin, and rAd/3XG), covalent conjugation (for KLA and cyclin B1 siRNA), or fusion protein (SOD and TCTP). TCTP-PTD and their effectiveness in the 
delivery of therapeutics for diabetes, cancer and brain damage, and of antigens for immunization were studied.

Table 1. E xamples of use of TCTP-PTD and its variants in the delivery of various cargos.

Name Sequence pIa Cargo Method Reference

TCTP-PTD MIIYRDLISH 6.50 rAd/3XG simple mixing (Kim et  al., 2011b)
KLA conjugation (Kim et  al., 2011a)
Cyclin B1 

siRNA
conjugation (Jeon et  al., 2019)

SOD fusion protein (Lee et  al., 2011)
TCTP fusion protein (Maeng et  al., 2013)

TCTP-PTD13 MIIFRALISHKK 11.17 insulin simple mixing (Bae & Lee, 2013)
OVA simple mixing (Bae et  al., 2016)

TCTP-PTD13M2 MIIFRLLASHKK 11.17 Exendin-4 simple mixing (Bae et  al., 2018a)
insulin simple mixing (Bae et  al., 2018b)

aThe theoretical isoelectric point was calculated using the tool of the ExPasy server.
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administration, suggesting mucosal penetration of PTD (Bae 
& Lee, 2013).

We designed other modified variants of TCTP-PTD13 
(MIIFRALISHKK) to further enhance the efficiency of nasal 
insulin delivery (Bae et  al., 2018a). Because 1-MIIFR-5 and 
9-SHKK-12 of TCTP-PTD13 have essential residues for effi-
ciency and water solubility, 6-ALI-8 residues were subjected 
to modification and tested. Based on our previous results 
with TCTP-PTD 8 (MIIYRIAASHKK) (Bae & Lee, 2013), the sub-
stitution of 6-ALI-8 to 6-IAA-8 was ruled out because it did 
not enhance the efficiency.

To increase the hydrophobic nature of the PTD, residue 
6 A was substituted by 6 L (TCTP-PTD13M1, MIIFRLLISHKK). 
However, TCTP-PTD13M1 did not improve the efficiency and 
solubility, possibly due to the effect of steric hindrance from 
the side chain of Leu. This led to the design of the variant 
TCTP-PTDM2 (MIIFRLLASHKK) that contains both A6L and I8A 
substitutions in TCTP-PTD13 to decrease any potential steric 
hindrance and to retain its hydrophobic nature (Bae 
et  al., 2018a).

Pharmacokinetic studies showed that TCTP-PTD13M2 pro-
moted an enhanced intranasal insulin delivery than 
TCTP-PTD13 and TCTP-PTD13M1. The relative bioavailability 
of nasally administered TCTP-PTDM2 in normal rats was 37.1% 
relative to subcutaneous injection, which was 1.68 times 
higher that of insulin/TCTP-PTD13 intranasal administration 
(Bae et  al., 2018a). In alloxan-induced diabetic rats, nasal 
TCTP-PTD13M2/insulin significantly increased the hypoglyce-
mic effect of TCTP-PTD13 without mucosal toxicity (Bae et  al., 
2018a). Substitution of 8Ile to 8Ala of TCTP-PTD13M1 improved 
the efficiency of delivery but also reduced the precipitation 
of complexes.

When we changed the stereochemistry of TCTP-PTD13 
and TCTP-PTD13M2, respectively, from the L- to the D-forms, 
the D-forms did not exhibit enhanced efficiency of intranasal 
delivery. In addition, a higher degree of complex formation 
was found by turbidity analysis (Bae et  al., 2018a). However, 
in a study of intranasal delivery of ovalbumin, the D-form of 
TCTP-PTD13 showed an enhanced efficiency than the L-form 
(Bae et  al., 2016), suggesting that the nature of the cargo 
can affect PTD transduction.

5.2.2.  Intranasal delivery of antidiabetics-Exendin-4
Exendin-4 is an incretin-mimetic peptide comprising 39 amino 
acids used for treating type 2 diabetics as an agonist for 
glucagon-like peptde-1 (GLP-1) (Yap & Misuan, 2019). 
Exendin-4 has a longer half-life than GLP-1 because of its 
resistance to enzymatic degradation (Yap & Misuan, 2019). 
TCTP-PTD/exendin-4 complexes were formed during the sim-
ple mixing method that was employed for the intranasal 
insulin delivery. In addition to the variants including 
TCTP-PTD13, 13M1, and 13M2, TCTP-PTD13M3 (MIIFRLLAYHKK), 
other variants developed by S9Y substitution of 
TCTP-PTD13M2, were studied in attempts to enhance their 
solubility due to the addition of the hydroxy group contained 
in non-polar Tyr residue.

The plasma exendin-4 levels following intranasal admin-
istration were observed to be higher with the usage of the 

following PTDs in the following order: TCTP-PTD13M2, 13M3, 
13M1, and 13. Thus, TCTP-PTD13M2 was found to be the 
best PTD for exendin-4 delivery (Bae et al., 2018a). Intranasally 
delivered TCTP-PTD13M2/exendin-4 reduced blood glucose 
levels by 43.3% compared with that of intranasal exendin-4 
and by 18.6% compared with that of intranasally delivered 
TCTP-PTD13/exendin-4 in db/db mice (Bae et  al., 2018a).

To delineate the potential impact of the method for link-
ing and the location of PTD in complexes, the 
TCTP-PTD-exendin-4 complexes were formed by the conju-
gation via a peptide bond. Exendin-4 was attached to the 
C- or N-terminus of TCTP-PTD13M2 via GGG (Gly-Gly-Gly) 
linker, designated as C-M2-Exendin-4 and N-M2-Exendin-4, 
respectively. The GGG linker was introduced to reduce the 
possible steric hindrance between PTD and cargo peptides. 
The hypoglycemic effect of subcutaneously injected 
C-M2-Exendin-4 and N-M2-Exendin-4 was inferior than the 
effect of subcutaneously administered exendin-4 in db/db 
mice (Bae et  al., 2018a).

Intranasal administration of C-M2-Exendin-4 had little 
hypoglycemic effect, whereas the mixture of TCTP-PTD13M2/
Exendin-4 showed significantly greater effect in db/db mice 
(Bae et  al., 2018a). An unknown mechanism may be involved 
in the differential efficiencies between conjugated and mixed 
complexes, such as the instability of the C-M2-Exendin-4 
under the experimental conditions. Overall, simple mixing 
methods may be preferrable for TCTP-PTD-mediated intrana-
sal administration of antidiabetic peptides.

5.3.  Intranasal delivery of antigens

5.3.1.  Adenoviral gene delivery (rAd/3XG)
Nasal vaccination is a noninvasive route that induces both 
systemic and mucosal immunity (An et  al., 2021). Intranasal 
vaccine delivery provides an easily accessible pathway to the 
immune system. The combined effect of the charge and size 
of the antigen is the key to gain optimal immunological 
effect (Yusuf & Kett, 2017). To facilitate the intranasal antigen 
delivery for immunization, novel approaches, including the 
use of a PTD, such as TAT-PTD and penetratin, have been 
used (Muto et  al., 2016; Yin et  al., 2020). TCTP-PTD and its 
variants showed promise for use in intranasal vaccination in 
our studies. The simple mixing method was applied for the 
PTD/cargo complex formation (Kim et  al., 2011b; Bae 
et  al., 2016).

The attached glycoprotein (G) that targets the ciliated cells 
of the airway and the fusion glycoprotein (F) on the surface 
of the respiratory syncytial virus (RSV) are the two major 
glycoproteins that prime the initial phase of the infection 
(Levine et  al., 1987; McLellan et  al., 2013). Intranasal immu-
nization of rAd/3XG, the adenovirus encoding the triple 
repeat of the G glycoprotein fragment of RSV, induces the 
immunity against RSV (Yu et  al., 2008). Intranasal adminis-
tration of the complex formed by preincubation of TCTP-PTD 
with rAd/3XG, efficiently induced the humoral responses in 
mice, as shown by the increase in both systemic anti-RSV 
IgG and RSV-specific secretory IgA response (Kim et  al., 
2011b). TCTP-PTD enhanced the adenovirus-mediated gene 
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expression by improving antigen-specific mucosal and 
humoral immune responses in vivo.

5.3.2.  Ovalbumin (OVA)
Another study using TCTP-PTD in intranasal antigen delivery 
was conducted with ovalbumin (OVA). OVA, is the major 
protein found in egg-white (Yu et  al., 2008). OVA-sensitized 
and challenged mice are commonly used as an allergy model 
(Kim et  al., 2019). L- and D-forms of TCTP-PTD13 
(MIIFRALISHKK) were used for intranasal OVA delivery and 
PTD/OVA complexes were formed by a simple mixing method 
(Bae et  al., 2016).

Intranasal administration of D-TCTP-PTD13/OVA complex 
showed higher efficiency in inducing the production of 
plasma IgE and secretory IgA than nasally administered OVA, 
L-TCTP-PTD13/OVA, and i.m. administered OVA in mice. 
Synthetic D-form peptides are more resistant than 
naturally-occurring L-form peptides to enzymatic degradation. 
The enhanced stability of the peptides may contribute to an 
enhanced internalization across the mucosal epithelium. 
D-TCTP-PTD/OVA induced a Th2-biased immune response as 
indicated by the dominant IgG1 subclass in plasma IgG, as 
also observed in i.m. administration of OVA (Bae et  al., 2016).

To induce Th1-immune response, a CpG oligonucleotide 
(CpG) that has Th1-promoting ability, was used as an immu-
nostimulatory adjuvant. Intranasal administration of D-TCTP-
PTD13/OVA/CpG mixture complex in mice not only enhanced 
the immunization efficiency but also modulated the immune 
responses toward Th1, by adjusting IgG1 and IgG2a profiles, 
suggesting the value of TCTP-PTD13 in the intranasal antigen 
delivery for vaccination (Bae et  al., 2016). D-TCTP-PTD13 
showed molecular binding with CpG, possibly through hydro-
phobic and/or electrostatic interactions (Bae et  al., 2016).

5.4.  Conjugation of other cargos and delivery studies 
with TCTP-PTD

5.4.1.  KLA
The proapoptotic peptide KLAKLAKKLAKLAK (KLA) is a cat-
ionic amphipathic sequence that can disrupt the mitochon-
drial membrane that in turn facilitating programmed cell 
death (Ellerby et  al., 1999; Foillard et  al., 2008). KLA is gen-
erally nontoxic to eukaryotic cells because of its imperme-
ability across the plasma membrane. It has been reported 
that the fusion of KLA with cationic PTDs, including TAT-PTD 
induced the toxicity of KLA because of PTD-driven KLA inter-
nalization (Law et  al., 2006; Kwon et  al., 2008).

Our previous study used FITC-labeled TCTP-KLA (TCTP-PTD-
conjugated KLA) and TAT-KLA (TAT-PTD-conjugated KLA) con-
taining GG linker (Kim et  al., 2011a). TAT-KLA showed superior 
transduction efficiency than TCTP-KLA in several cancer cell 
lines, including A549, HeLa, HepG2, AGS, ACHN, and SK-Hep1 
(Kim et  al., 2011a). TCTP-KLA showed cell death-inducing 
activities with IC50 of 7-10 μmol/L in four cancer cell lines, 
while TAT-KLA had IC50 of 2-10 μmol/L among all cells. 
TCTP-KLA exhibited better efficacy in ACHN cells (stomach 
carcinoma) whereas KLA-PTD showed the best activity in AGS 
(renal carcinoma) cells (Kim et  al., 2011a). These results 

indicate that the ability for cellular penetration does not 
correlate with intracellular biological activity. In addition to 
the cell translocation ability, the physical and biological 
nature of PTD-cargo, and the cell-specific factors are the 
determinants of biological effects of cargos. TCTP-PTD-aided 
delivery of KLA in vitro was confirmed to induce apoptosis 
by activating apoptotic pathways involving caspase-3 and 
PARP (Kim et  al., 2011a).

Stability assays of TCTP-KLA using mouse serum showed 
that about 60% of TCTP-KLA remained in the serum for 12 h, 
suggesting favorable stability in vivo (Kim et  al., 2011a). In 
vivo efficacy analysis using a xenograft mouse model of 
human lung carcinoma indicated that injection of TCTP-KLA 
into xenografts established in nude mice regresses the tumor 
growth more efficiently than that of TAT-KLA (Kim et  al., 
2011a). This implies that the hydrophobic nature of TCTP-PTD 
enables it to traverse efficiently into tissues in vivo.

5.4.2.  Cyclin B1 siRNA
Although conjugation of TAT-PTD with siRNA enhanced the 
cellular delivery of oligonucleotide (Chiu et  al., 2004), the 
possible interference on gene expression by TAT-PTD - is of 
consideration (Wender et  al., 2000). The intracellular behavior 
of TCTP-PTD is favorable for the cytoplasmic delivery of siRNA 
by avoiding the nuclear localization and endosomal 
entrapment.

Delivery of siRNA using TCTP-PTD across zona pellucida 
(ZP) in mouse oocytes was reported by Jeon et  al (Jeon et  al., 
2019). The zona pellucida, a glycoprotein matrix that sur-
rounds the biological membranes of embryos and oocytes, 
limits the permeation of exogenous molecules into mamma-
lian embryos and oocytes during prolonged in vitro culture 
(Wassarman, 2008; Gupta et  al., 2012). This group previously 
found that overexpression of TCTP can attenuate the 
time-dependent quality deterioration and apoptosis of 
oocytes (Jeon et  al., 2017). Here, the exogenous TCTP, a form 
of recombinant TCTP-mCherry, also relieved the quality 
decline of oocytes when added to culture media, which in 
turn improved the fertilization capacity and subsequent 
development of early embryos (Jeon et  al., 2019). 
TCTP-mCherry protein devoid of PTD showed impermeability, 
confirming the PTD-dependent translocation of TCTP.

Exogenous TCTP can translocate into oocytes across the 
ZP by the action of the PTD and the internalized TCTP even-
tually retains its physiological characteristics. Once internal-
ized, TCTP-mCherry was found to be localized in the cortex 
and extensively distributed within the cytoplasm (Jeon et  al., 
2019). Furthermore, this group linked TCTP-PTD with cyclin 
B1 siRNA via a thiol-maleimide coupling. This complex was 
translocated into oocyte cytoplasm, which eventually induced 
the downregulation of cyclin B1 (Jeon et  al., 2019). TCTP 
itself can penetrate oocyte and is a noninvasive and valuable 
vehicle for siRNA delivery into the mouse oocyte.

5.4.3.  Superoxide dismutase (SOD)
Superoxide radical is produced during metabolism of oxy-
gen in plasma membrane and mitochondria. High levels of 
reactive oxygen species (ROS) cause oxidative stress and 
cell cytotoxicity (Mondola et  al., 2016). Superoxide 
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dismutases (SODs) belong to the isoenzyme family that 
scavenges superoxide anions (Mondola et  al., 2016). 
Cu,Zn-SOD (SOD1) is highly expressed in cytosol and partly 
in the mitochondrial matrix (Mondola et  al., 2016). 
Application of SOD as neuroprotective antioxidants is lim-
ited because of the poor permeability of SOD into the brain. 
Several PTDs were considered as potential vehicles for the 
delivery of Cu,Zn-SOD across the blood brain barrier (BBB) 
(Asoh and Ohta, 2008).

TCTP-SOD and TAT-SOD recombinant proteins that have 
TCTP-PTD or TAT-PTD moiety at the N-terminus of Cu,Zn-SOD 
were designed for the application in neuronal damage (Lee 
et  al., 2011). TCTP-SOD and TAT-SOD showed cellular trans-
duction into HeLa, SH-SY5Y, and HaCaT cells after incubation 
for 6 or 24 h (Lee et  al., 2011). Cellular uptake of TCTP-SOD 
tends to require longer incubation time compared to TAT-SOD 
(Lee et  al., 2011).

Treatment with paraquat induces intracellular generation 
of superoxide anion and subsequent cell damage by oxidative 
stress (McCarthy et  al., 2004). TAT-SOD showed better effi-
ciency than TCTP-SOD although both complexes protected 
the cells from the paraquat-induced cell cytotoxicity in 
SH-SY5Y cells (Lee et  al., 2011). Following intraperitoneal 
injection of TCTP-SOD and TAT-SOD in mice, both were deliv-
ered to the hippocampal region of the brain and protected 
brain cells from kainic acid-induced neuronal damage. Kainic 
acid, a cyclic analog of L-glutamate, is a potent neuroexcit-
atory agent that binds to glutamate receptor and induces 
an influx of calcium into cytoplasm, followed by the activa-
tion of free radical-generating enzymes (Coyle & Puttfarcken, 
1993), eventually resulting in brain damage. Of note, 
TCTP-SOD showed more extensive distribution in the hippo-
campal region and enhanced protection from neuronal death-
than that of TAT-SOD (Lee et  al., 2011), indicating an efficient 
translocating ability of TCTP-PTD through the blood brain 
barrier (BBB).

Interestingly, the translocation of TCTP-PTD across BBB 
also appears to depend on the type of cargo because TCTP-β-
Gal fusion protein exhibited negligible transduction of β-Gal 
into the mouse brain (Kim et  al., 2011b). The higher in vivo 
efficacy of TCTP-PTD than TAT-PTD in the delivery of SOD 
and KLA indicates the unique behavior of hydrophobic 
TCTP-PTD.

5.4.4.  TCTP
Full-length TCTP retaining N-terminal 1-10 amino acids, per se 
can internalize into cells, whereas N11TCTP (TCTP11-172) 
devoid of the PTD region cannot translocate the cells. To 
increase the efficiency of exogenous TCTP delivery using its 
PTD, GFP-tagged TCTP fusion proteins with one or more 
TCTP-PTDs at the N and/or C-terminus of TCTP-GFP were con-
structed and expressed for fusion proteins (Maeng et al., 2013). 
The potential impact of location and the number of PTDs in 
TCTP delivery was explored in A549 cells. The presence of one 
or two TCTP-PTD at its N-terminus showed enhanced trans-
duction than either the C-terminal PTD or PTD located both 
at N- and C-termini (Maeng et  al., 2013). Exogenous TCTP 
internalizes into cells and it retains its biological functions that 
is the activation of the ERK and PI3K pathway.

Fusion of TCTP-PTD at N-terminal of full-length TCTP 
exhibited comparable efficiency compared to TCTP (Maeng 
et  al., 2013). Tandem addition of TCTP-PTD at N-terminus of 
full-length TCTP did not enhance transduction whereas pres-
ence of TCTP-PTD in C-terminal decreased the internalization 
of TCTP. Taken together, the exposure of N-terminal TCTP-PTD 
appears necessary for protein transduction and C-terminal 
PTD interferes with the internalization of TCTP (Maeng et  al., 
2013). Based on the anti-parallel alignment between N- and 
C-terminal β-strands of TCTP in the NMR structure of human 
TCTP (Feng et  al., 2007), the addition of PTD at C-terminus 
may negatively affect the exposure of N-terminal TCTP-PTD 
(Figure 1).

Figure 3. R ole of TCTP-PTD in the regulation of intracellular and extracellular actions. TCTP itself can translocate into cells and retains its intracellular activity. 
Following secretion of TCTP from cells via a non-classical pathway (Amzallag et  al., 2004), TCTP is subjected to proteolytic cleavage, resulting in the truncated 
product TCTP-PTD (1-10), liberating N11TCTP (11-172). N11TCTP is then dimerized under the specific pathologic conditions to form the histamine-releasing 
factor (HRF), the critical moiety responsible for the extracellular functions of TCTP (Kim et  al., 2013). TCTP-PTD-truncated forms, such as N11-TCTP and dTCTP 
(HRF) cannot cross the plasma membrane, indicating the TCTP-PTD’s role in the plethora of TCTP functions in and out of the cell.
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6.  Physiological significance of TCTP-PTD

PTDs derived from HIV-1 TAT transactivator and the home-
odomain of Drosophila transcription factor (Frankel & Pabo, 
1988; Green & Loewenstein, 1988; Joliot et  al., 1991) are 
suggested to reflect their in vivo physiological functions 
(Joliot & Prochiantz, 2004). Antp is a homeoprotein that is 
a transcription factor responsible for morphogenesis during 
embryogenesis of the Drosophila. After cellular uptake, 
homeodomain acts as a messenger protein by regulating 
the transcription and translation of specific genes 
(Prochiantz, 2000; Prochiantz & Joliot, 2003). Some home-
odomains are suggested to be involved in their intercellular 
trafficking through secretion and internalization of the 
homeodomain. This indicates the role of homeoprotein in 
providing the signals for internalization and secretion (Dom 
et  al., 2003). TAT protein derived from the HIV-1 can trans-
locate into cells to modulate the transcription of genes 
(Frankel & Pabo, 1988; Green & Loewenstein, 1988). TAT 
expressed at high level can be secreted from the cells and 
reenter bystander cells but not transcellularly (Chauhan 
et  al., 2007).

Based on the observation that the translocating ability of 
PTDs correlates with that of their full-length proteins, the 
cellular transduction of PTDs may contribute to the physio-
logical status of the protein in cells. As a part of the physi-
ological process, some full-length proteins containing PTD 
can be secreted, although the exact mechanism and behavior 
have not been clearly delineated. These strongly indicate the 
paracrine function of PTD-containing specific proteins.

In this context, the existence and conditional truncation 
of the PTD domain in N-terminus of TCTP suggest a potential 
regulation mechanism for TCTP mediated by TCTP-PTD 
between intracellular and extracellular milieu. Expression of 
TCTP is highly regulated and its dysregulation is implicated 
in pathological conditions such as cardiovascular and meta-
bolic diseases, cancer, allergy, and immune disorders (Bommer 
& Kawakami, 2021). TCTP can be exported out of cells via 
TSAP6-mediated ER/Golgi-independent or nonclassical path-
way (Amzallag et  al., 2004) to promote histamine-releasing 
activities. In this regard, TCTP-PTD is thought to act as a 
signal peptide that confines PTD-deleted (thus non-penetrable) 
TCTP in the extracellular compartment where it acts as a 
histamine-releasing factor.

Extracellularly secreted TCTP can undergo a truncation of 
N-terminal TCTP-PTD under specific conditions and the trun-
cated TCTP (11-172) can be dimerized, acquiring its 

cytokine-like activities (Kim et  al., 2013; Figure 3). As shown 
in Figure 1, the truncation of N-terminal TCTP-PTD may con-
tribute to the structural modification that exposes the 
C-terminal domain where the dimerization of TCTP via inter-
molecular disulfide bond occurs. This concept requires further 
clarification and verification (Kim et  al. 2009, 2013). The phys-
iological significance of TCTP-PTD in the regulation of intra-
cellular and extracellular functions still awaits robust 
validation. This may help delineate the plethora of TCTP 
functions in human physiology and pathology.

7.  Conclusion

Modern drug delivery techniques have been evolved to over-
come the delivery challenges using the strategic drug deliv-
ery systems, including microneedle patch, microparticle 
depot, coated microparticle, lipid-base nanoparticles, micro-
encapsulation, and swellable hydrogels (Vargason et  al., 
2021). In order to transport and release the drugs into the 
target site or cells in the body, targeted delivery systems are 
being applied using targeting-ligand conjugates (Vargason 
et al., 2021). In comparison with recent drug delivery systems, 
PTD-aided drug delivery might have some limitations in the 
targeted drug delivery efficiencies because of the molecular 
characteristics of the peptides and the absence of targeting 
moieties. However, the emerging strategies on the PTDs graft-
ing with these updated drug delivery systems by conjugating 
the targeting moiety and nanoparticle carriers (Gessner & 
Neundorf et  al., 2020) shed light on their potential applica-
tion in advanced and delicate PTD-based drug delivery 
systems.

Current evidence col lect ively indicates that 
naturally-occurring TCTP-PTD has unique characteristics com-
pared to well-known TAT-PTD (Table 2), suggesting it as a 
new type of carrier for drug delivery. While the human 
protein-originated Hph-1 (Choi et  al., 2006) and 
lactoferrin-derived PTD (Duchardt et  al., 2009) showed lower 
efficiency than TAT-PTD (Lim et  al. 2012), TCTP-PTD exhibited 
better efficiency than TAT-PTD in the delivery of cargos in 
vivo. Therefore, TCTP-PTD can be regarded as a potential 
vehicle for the delivery of macromolecules, such as peptide, 
protein, and siRNA and for the noninvasive delivery of ther-
apeutics. It is necessary for the research on the strategies 
for cell-specific targeting of TCTP-PTD and on the optimiza-
tion of the specific TCTP-PTD-cargo complex to facilitate its 
application in drug delivery.

Table 2.  Comparison of TCTP-PTD with TAT-PTD.

TCTP-PTD TAT-PTD

Sequence MIIYRDLISH (TCTP 1-10) GRKKRRQRRR (Tat 48-57)
Class Hydrophobic PTD Cationic PTD
Origin Human TCTP (a housekeeping protein) HIV-1 Tat (a transactivator of transcription)
Mechanism (Unconjugated) Lipid-raft/caveolae-mediated endocytosis and pinocytosis 

(Kim et  al. 2011b, 2015)
Clathrin-mediated endocytosis (Richard et  al., 2005)

Cell-surface binding (Kim et  al., 2011b) Heparan sulfate-independent uptake Heparan sulfate-dependent uptake
Localization Non-nuclear localization (Cytoplasm/Cytoskeleton) (Kim 

et  al. 2011b, 2015)
Nuclear localization (Chauhan et  al., 2007)

Kinetics (Kim et  al., 2011b) Relatively efficient at higher concentration in later time 
points

Relatively efficient at lower concentration in earlier 
time points
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