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Abstract
Understanding that cancer is one of the most important health problems, especially in advanced societies, is not difficult. The 
term of targeted cancer therapy has also been well known as an ideal treatment strategy in the recent years. Peptides with 
ability to specifically recognize the cancer cells with suitable penetration properties have been used as the targeting motif 
in this regard. In the present review article, we focus on an individual RGD-derived peptide with ability to recognize the 
integrin receptor on the cancer cell surface like its ancestor with an additional outstanding feature to penetrate to extravas-
cular space of tumor and ability to penetrate to cancer cells unlike the original peptide. This peptide which has been named 
“internalizing RGD” or “iRGD” has been the focus of researches as a new targeting motif since it was discovered. To date, 
many types of molecules have been associated with this peptide for their targeted delivery to cancer cells. In this review 
article, we have discussed a summary of penetration mechanisms of iRGD and all introduced peptides and proteins attached 
to this attractive cell-penetrating peptide and have expressed the results of the studies.
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Abbreviations
NRP1	� Neurophilin-1
CPP	� Cell-Penetrating Peptide
GFP	� Green Florescent Protein
IL24	� Interleukin 24
EGFR	� Epidermal Growth Factor Receptor
TNF	� Tumor Necrosis Factor
HPRP-A1	� Helicobacter pylori Ribosomal Protein-A1
IC50	� Inhibitory Concentration 50%
FITC	� Fluorescein Isothiocyanate
sTRAIL	� Soluble Tumor Necrosis Factor (TNF)-

Related Apoptosis-Inducing Ligand
AMP	� Anti-Microbial Peptide
BIF-1	� BAX Interacting Factor-1
DFF-40	� DNA Fragmentation Factor-40
CDD	� Cell Death Domain
Tα1	� Thymosin α1

Introduction

Updated statistics show that about 19.3 million of new can-
cer cases and about 10 million deaths from cancer occurred 
in 2020 worldwide [1]. Targeted therapy of cancer on the 
other hand via recognition of cell surface molecules is an 
urgent approach to treat the cancer and diminish the toxic 
effects of various anticancer agents toward the normal tis-
sues and non-cancerous cells [2].

Cancer targeted therapy approach was augmented after 
the introduction of monoclonal antibodies specifically 
attached to the receptors over-expressed on the cancer cell 
surface or cancer-specific antigens [3]. However, due to the 
obvious drawbacks of monoclonal antibodies such as their 
large molecular weight leading reduction of the cell and tis-
sue penetration, difficult production and purification, essen-
tial post-translational modification and need to the usage 
of complex expression systems, attempts to find suitable 
alternatives are continuing [4]. Although the introduction 
of various forms of the single chain monoclonal antibodies 
overcome a lot of related problems, peptides are a better 
choice to achieve this goal because of their lower molecular 
weight which leads to more convenient production, lower 
immunogenicity and more permeability in comparison with 
the whole antibodies and even antibody fragments [5].
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Cell-penetrating peptides, the small non-toxic peptides 
with 5- to 40- amino acid residues, are useful tools to facili-
tate drug delivery and increase the entry of various therapeu-
tic molecules into the cell [6]. However, the biggest concern 
about these peptides is their poor selectivity, which limits their 
applications. So, it is interesting to investigate new peptides 
with higher selectivity and efficacy, generally known as tumor-
specific penetrating peptides, for the targeted delivery of toxic 
agents to cancer cells as well as suitable stability in biological 
fluids [7].

Integrin receptor is highly expressed on the surface of some 
special tumor cells and the endothelial cells of feeding vessels 
with lower level of expression on the blood vessel cells of 
normal tissues. RGD, a motif with a high affinity to express 
integrin receptors (especially αvβ3 sub-type) on the vascular 

endothelial cell surface of several types of tumors, is an inter-
esting ligand for targeting of the cytotoxic agents to cancer 
cells [8].

In recent years, a new type of RGD motif has been designed 
with increased penetration ability to the cells by means of a 
neurophilin receptor known as NRP-1, highly expressed on 
the tumor cell surface. This type of RGD motif enters the 
tumor cells in three stages. First, iRGD attaches to the integ-
rin receptor; after that, this peptide is subjected to proteolytic 
cleavage and subsequent change to CRGDK/R with ability 
to attach to NRP-1 and internalizing to the cells. So, iRGD 
can improve the penetration of therapeutic agents to cancer 
cells as an ideal tool for increasing the selectivity and perme-
ability of cytotoxic agents [9, 10]. In the recent years, iRGD 
has been used for the targeted delivery of various therapeutic 

Fig. 1   IRGD Bio-conjugate, RGD Bio-conjugate and Cancer cell
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agents, especially nanoparticles and small chemotherapeutic 
drugs such as doxorubicin [11], cisplatin [12] and 5-FU [13]. 
However, for therapeutic macromolecules, including peptides 
and proteins, there is an urgent need to find suitable delivery 
vehicle because most of them showed their biological activities 
after entering to the cells [14]. Figure 1 schematically presents 
the difference ability of RGD and iRGD in cancer cell penetra-
tion. In summary, this review focuses on the use of the iRGD 
motif for the delivery of peptides and proteins in the scope of 
cancer therapy. The summarized experimental data gathered 
in different stages up to in vivo studies are presented. Although 
the number of publications regarding this topic is limited, the 
high potential of the discussed peptide in the context of tar-
geted delivery of peptide and protein drugs to cancer cells is 
clear. This review article gives an overview on the recent use 
of this motif and thus facilitates its future use.

RGD and its role in cancer

RGD is a tri-peptide motif containing arginine, glycine and 
aspartic acid with high affinity to integrin receptors. For 
the first time in 1984, this peptide motif was introduced as 
a highly conserved sequence in fibronectin protein recog-
nized by integrin receptor with minimum amino acid resi-
dues [15]. RGD motif is present in many extracellular matrix 
proteins. Since the RGD motif was recognized, several pep-
tidomimetics and modified peptides have been introduced 
as a ligand for integrin receptors especially αvβ3 sub-unit 

over-expressed on the surface of tumor vascular endothelial 
cells, while slightly expressed on the surface of vascular 
endothelial cells in normal tissues [16]. Subsequently, this 
peptide is an attractive subject to act as a targeting agent. 
There are various types of RGD peptidomimetics or RGD 
motif with the other amino acid residues in order to enhance 
their selectivity, integrin receptor affinity and stability. One 
of the most popular peptides is iRGD [17].

Internalizing RGD (iRGD) and its mechanism 
of action

In 2009, for the first time, a different type of RGD was 
introduced by Sugahara et al. with the ability to transfer the 
chemotherapeutic agents to the deep parts of tumor cells. 
They named this peptide as internalizing RGD or iRGD. 
This penetrating peptide is a nonapeptide with the sequence 
CRGCK/RGPDC, widely used to increase the penetration of 
therapeutic agents to cancer cells via the attachment to the 
integrin receptor followed by cleavage by the specific cell 
surface proteases to create a free C-terminal named Cend-R 
with the sequence CRGDK/R. This end shows high affin-
ity to neurophilin receptor, over-expressed on the surface of 
various types of cancer cells and enters the cells via recep-
tor mediated endocytosis. Finally, the receptor–ligand com-
plex enters the cell via receptor mediated endocytosis [18]. 
Figure 2 schematically expresses the receptor binding of 
iRGD peptide into the αvβ3 integrin receptor, its enzymatic 

Fig. 2   Cleaved iRGD with Cend-R, Enzymatic cleavage by cell curface specific proteases and Recogniton the ligand by its receptor
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cleavage and finally its attachment to the NRP-1 receptors 
on the cancer cell surface.

In one study, the inhibitory effects of iRGD on the cell 
migration were established. Sugahara, who introduced this 
tissue penetrating peptide for the first time, and his co-worker 
showed that this synthesized peptide causes inhibition in pros-
tate cancer cell migration in mice bearing the GFP-PC-3 cells 
with over-expression of integrin receptors [19]. Actually, when 
the iRGD peptide was injected intravenously in 4 μmol/kg final 
dose, the inhibition of metastasis was dramatically established. 
These results was repeated during in vitro migration test. How-
ever, the action of this molecule as a cancer tissue-specific 
peptide is more obvious for delivering of various types of toxic 
agents [19]. In conclusion, internalizing RGD can act as a drug 
delivery vector for the targeted transportation of various thera-
peutic or diagnostic molecules to cancer cells. In addition, the 
attachment of iRGD to these agents is without a need for linker 
or chemical spacer between anticancer agent and iRGD [19].

iRGD usage for targeted drug delivery

Since the introduction of this peptide as an extravascular and 
cancer cell-penetrating molecule, it has been used for the 
targeted delivery of various types of agents with potential 
tumor toxicity in order to kill cancer cells. These agents 
include recognized chemotherapeutic agents such as doxo-
rubicin [20], paclitaxel [21, 22], irinotecan [23], alone or 
entrapped in different types of nanoparticles, tyrosine kinase 
inhibitors such as sorafenib [24], vandetanib [25], and so on. 
Monoclonal antibodies such as cetuximab [26] are the other 
type of molecules attached to the iRGD for enhancing their 
selective penetration.

Natural compounds extracted from plants are the other 
example in this regard which have been targeted with iRGD. 
Isoliquiritigenin is one of these examples, a phenolic natu-
ral compound extracted from the Liquorice and loaded to 
the nanoparticles targeted with iRGD in order to enhance 
its anti-tumor effects against breast cancer cells [27]. The 
second example is Zerumbone with sesquiterpene structure 
derived from the Zingiber zerumbet smith. Similarly, this 
natural molecule with proven apoptotic effects was admin-
istered in nanoparticles with iRGD for the targeted delivery 
to breast cancer cells [7].

Recently, this motif was used to deliver the DNA- or 
RNA-based biomolecules to cancer cells. A new published 
paper in this regard is an attempt to transfer the thymidine 
kinase gene of HSV-1 to pancreatic carcinoma cell line 
PANC-1 followed by treatment of these cells with Ganci-
clovir, a routine type of suicide gene therapy [28].

In addition to the therapeutic agents, iRGD has been intro-
duced as an attractive tool to deliver the diagnostic agents to 
cancer tissues. The most common example in this regard is 
iron oxide frequently used as a magnetic particle for imaging 

[29]. The other example is the synthesis of two novel iRGD 
analogues attached to the Ac-Cys(IRDye®800CW) and 
DOTA-Cys(IRDye®800CW), so that both analogues had 
significant tumor internalization in MDA-MB-435 tumor-
bearing mice [30].

Finally, peptides and proteins are the last molecules 
which were associated with iRGD as a cancer-specific cell-
penetrating peptide.

iRGD usage for peptide and protein delivery

Peptides and proteins are a large and diverse category of 
molecules, some of which have shown toxic or apoptotic 
effects on cancer cells. These are biomolecules with different 
mechanisms of action in cell killing. Cationic anti-microbial 
peptides, anticancer peptides, apoptosis inducing proteins, 
cytokines with potential anticancer effects and generally 
every peptide and proteins with significant toxicity to can-
cer cells can be associated with iRGD in order to enhance 
their penetration to tumor cells and tissues as well as specific 
toxic effects against cancer cells. In the following part of 
the paper, we reviewed all peptides and proteins attached to 
the iRGD and discussed the obtained results of each study.

TP5‑iRGD

In 2014, a new peptide was designed by Lao et al. and then 
chemically synthesized with the name of TP5-iRGD. In 
the mentioned fusion peptide, five amino acid residues of 
Thymopoietin with established immunoregulatory effects 
on a host and suppression of tumor in mice model were 
attached to the iRGD in order to enhance the permeability 
of TP5 to the solid tumors. The proliferation inhibition of 
this peptide was assayed against three cell lines in various 
sources including B16F10, MCF-7 and H460, and the results 
of this test confirmed the significant enhancement of anti-
proliferative effects of TP5-iRGD in comparison with the 
native TP5 for all surveyed cell lines. On the other hand, 
for the mice with melanoma induced by B16F10 cells, after 
two weeks of treatment, the tumor size decreased to 64% 
for the group treated with the fusion peptide compared to 
41% for mice treated with the alone TP5. Finally, evalua-
tion of tumor necrosis and increase in the melanoma cells 
attachment (leading to the less cancer cell migration) estab-
lished more effect of TP5-iRGD than TP5. At the end of 
the present study, authors concluded that iRGD conjugation 
of TP5 can be assumed as an attractive way for increasing 
the anticancer effects of TP5. However, despite the selec-
tive toxicity of this constructed fusion protein, there was no 
evidence to confirm its safety on normal cell line. The only 
related test in this regard was the survey of murine spleen 
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lymphocyte proliferation properties when treated with TP5 
or TP5-iRGD. Actually, the results indicated that both pep-
tides lead to the proliferation promotion of murine spleen 
lymphocyte in a concentration-dependent manner. It could 
be concluded from this test that neither TP5 nor TP5-iRGD 
has no cytotoxic effects against normal cells [31].

The other study used the same fusion peptide (TP5-
iRGD in cyclic form) was evaluated its cytotoxic effects 
against breast cancer cell lines MDA-MB-231 and MCF-
7. The results of MTT test showed no toxic effects of this 
cyclic molecule on cancer and normal cell lines (Hs27) after 
72 h of incubation with 1000 µg/ml (about 300 µM) of the 
chimeric peptide [7]. Similarly, in the previous study, the 
IC50 value for the fusion peptide against various cancer 
cell lines (MCF-7, B16F10, and H460) was calculated as 
about 1000 µM (31). Nevertheless, in the mentioned pro-
ject, the co-administration of TP5-iRGD and Zerumbone 
(Zer), a natural compound in sesquiterpene category which 
has been extracted from the wild ginger rhizomes with the 
scientific name Zingiber zerumbet smith was performed. 
The results revealed that when this natural compound was 
used in its IC50 concentration with the fusion protein (1:10 
ratio) on MCF-7 cells, the most killing effects on cancer 
cells occurred and its IC50 value decreased by half time. 
Furthermore, when MCF-7 cells were treated with the Zer 
and TP5-iRGD, it was observed that apoptosis induction 
after 72 h is related to more penetration of Zer to cancer 
cells via co-administration with TP5-iRGD in comparison 
with the situation in which the natural compound was used 
alone. However, in this study, there is no discussion for data 
recorded for MDA-MB-231 as an over-expressed integrin 
receptor at least in comparison with the MCF-7 with estab-
lished lower expression of αvβ3 integrin receptor [7]. When 
the authors surveyed the interaction of Zer with integrin 
αvβ3 receptor in the presence of TP5-iRGD using molecu-
lar modeling, they reached to attractive data which confirms 
the success of concurrent usage of two these molecules. In 
this paper TP5-iRGD was introduced as a non-toxic and safe 
fusion peptide which can improve the antitumor activity of 
Zer [7]. However, we think that this co-administration must 
be repeated for other cancer cell lines especially those with 
high expression of integrin receptors in order to gain more 
reliable data.

IL24‑iRGD

In the related study, the iRGD coding sequence was added 
to the 3’ end of IL24 gene sequence and the recombinant 
expression was performed in E. coli expression system via 
pET-19b expression vector [32]. The mentioned fusion 
protein was then surveyed for its specific anti-proliferative 

effects of A549 cells as well as the NHLF as related normal 
cells. Furthermore, the ability of the mentioned biomolecule 
on the production of inflammatory cytokines especially IL-6 
and TNF-γ was determined to be higher than the negative 
control in human monocytes. On the other hand, apoptosis 
induction in the cells treated with the fusion protein was 
established in A549 cells. Finally, the in vivo study results 
showed that the mentioned recombinant protein leads to 
about 60% of tumor growth inhibition in comparison with 
the A549 xenograft mice treated with the native IL-24 (with 
only 26% of tumor growth inhibition in the same molar con-
centration). Finally, the measurement of caspase 3 expres-
sion in active form in various treatment groups of mice 
showed significant difference especially between the IL-24 
and IL24-iRGD with more than twofold increase in the cas-
pase 3 concentration [32]. The authors have concluded that 
iRGD is a peptide which can increase the anticancer effects 
of IL-24 with higher efficacy to penetrate to the cancer cells.

HPRP‑A1‑iRGD

In a study, a novel chimeric peptide was designed in order 
to increase the selective anticancer effects of a cationic anti-
microbial peptide, HPRP-A1. In two consecutive projects 
first this peptide was co-administered with iRGD in order 
to enhance the selective anticancer effects of the mentioned 
peptide during in vitro and in vivo tests. A549 cells were 
used to test the selective anticancer effects of these peptides 
as well as HUVEC as the negative control cell line. The 
results of MTT assay revealed that in the presence of iRGD, 
the cytotoxicity of HPRP-A1 increased in cancer cells. Sur-
prisingly, concurrent usage of HPRP-A1 and iRGD reduced 
the IC50 value of the anti-microbial peptide on A549 by 
one half fold. So, the authors reached to this conclusion that 
iRGD enhances the killing properties of HPRP-A1. Further-
more, apoptosis evaluation on A549 cells showed enhance-
ment in the early apoptosis from 9 to about 18% when this 
peptide was used with the iRGD peptide in comparison with 
the cells only treated with HPRP-A1 after 30 min of cell 
exposure. These data were repeated for the cell cycle arrest 
too. While this work only contained the in vitro study, the 
authors believed that co-administration of these two peptides 
can be used for the treatment of at least lung cancer as clini-
cal studies [9].

The second paper in this regard was published by the 
same team of researchers. They chemically produced HPRP-
A1-iRGD fusion peptide using solid phase technology and 
again test its selective toxicity against A549, MDA-MB-231, 
MCF-7, H-460 and BGC cells as well as HUVECs as the 
normal cell line. A549 was introduced as the most sensitive 
cell line after the HPRP-A1-iRGD treatment with the most 
difference with the IC50 of alone anti-microbial peptide. 
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The highest IC50 value for the fusion peptide was calculated 
against the normal cell line, and the final finding from this 
test is this fact that for cells with low expression of inte-
grin receptor, there was no significant difference between 
the IC50 value of the surveyed bio-conjugate and alone 
HPRP-A1. On the other hand, the cellular uptake of alone 
HPRP-A1 and HPRP-A1-iRGD labeled by FITC resulted 
in more penetration of HPRP-A1-iRGD than HPRP-A1 in 
A549 and MDA-MB-231 cells, though with apposite find-
ing for HUVEC cells. Fortunately, in the mentioned study, 
the specific tumor penetration of this chimeric peptide was 
investigated for the first time in cancer mice model and it 
was observed that nude-mice injected with A549 cells and 
then treated with HPRP-A1-iRGD showed more intensity of 
fluorescence by rhodamine B in tumor site compared to the 
mice treated with alone HPRP-A1 [33]. However, till now, 
there is no evidence about the targeted anticancer effects of 
this designed biomolecule during in vivo studies for final 
decision about it.

sTRAIL‑iRGD

The other example of iRGD usage is its attachment to the 
sTRAIL which is the soluble form of a transmembrane pro-
tein with established role in apoptosis induction [34]. The 
anti-tumor activity of this 168-amino acid residues protein 
was investigated during the in vitro and in vivo studies [35]. 
However, because of two important concerns about it, the 
short half-life as well as non-selective toxicity to hepato-
cytes, attempts to produce recombinant fusion proteins have 
been assumed as a suitable solution [36]. In this regard, 
sTRAIL-iRGD was designed and recombinantly produced 
in E. coli expression system and its cytotoxic effects were 
analyzed by MTT assay against MKN45 and KATO III gas-
tric cancer cell lines. The results indicated that for MKN45 
cells, there is significant difference between the inhibitory 
effects of sTRAIL-iRGD and alone sTRAIL. However, for 
the KATO III cells this difference was not statistically sig-
nificant which can be attributed to the lower level of NRP-1 
receptor on the cell surface. The apoptosis induction of 
the fusion protein was more than the alone sTRAIL when 
MKN45 cells were treated. Furthermore, the internaliza-
tion of the fusion protein to the mentioned cells which was 
evaluated after FITC labeling showed confirming results; 
sTRAIL-iRGD was more effectively taken up into MKN45 
cells within 30 min, but not into KATO III cells. In addi-
tion, the in vivo test with mice bearing the tumor induced by 
MKN45 cells established its localization in to the tumor site. 
Finally, when these mice were analyzed for their tumor size, 
the results confirmed the inhibitory effects of this fusion 
protein of the tumor growth even after three days of injection 
in comparison with the injection of native sTRAIL leading 

to the increase in the tumor size [10]. So, this novel recom-
binant molecule was introduced as a new selective and safe 
anti-gastric cancer.

KLA‑iRGD

In a related paper, iRGD was fused to a cationic amphip-
athic peptide named KLA with the ability to increase the 
mitochondrial membrane permeability and induction of 
apoptosis to increase its penetration to the eukaryotic cells 
as well as to enhance its selective toxicity [37]. In this study 
conducted by HuANG et al. the fourteen amino acids of 
KLA peptide were attached to the iRGD sequence in media-
tion of a flexible linker containing two repeats of GGGGS 
sequence. The mentioned fusion protein KLA-iRGD was 
produced by solid-phase peptide synthesis procedure, and 
its internalization as well as its anti-proliferative effects 
was surveyed against KATO III and MKN45 gastric cancer 
cell lines. The cell toxicity assay revealed more toxicity of 
KLA-iRGD in comparison with KLA in MKN45 cells with 
IC50 value of about 200 µg/ml unlike the other cell line 
with same anti-proliferative effects of two these peptides. 
Furthermore, the fusion peptide induced apoptosis about 
70% on the MKN45 cells versus the 4% of apoptosis induc-
tion by the KLA peptide on the same cell line. Finally, the 
in vivo test for evaluating the internalizing and anti-tumor 
effects confirmed that this fusion peptide when injected to 
the mice bearing MKN45 cells in 30 mg/kg final dose, even 
after three days, the inhibitory effects on tumor growth was 
seen and its penetration to the deep parts of the tumor was 
established [38]. However, although the pharmacokinet-
ics and pharmacodynamics studies are essential tests to be 
performed, it seems that this chimeric peptide showed anti-
proliferative and anticancer effects in the high doses which is 
attributed to the milder cytotoxicity of KLA peptide attached 
to the iRGD.

BIF1‑iRGD and DFF40‑iRGD

Recently, we designed two novel fusion proteins accord-
ing to the related previous studies and produced them by 
recombinant DNA technology in E. coli expression system. 
After the optimization of the expression in order to obtain 
the most soluble and active protein, evaluation of their anti-
proliferative effects was performed against MDA-MB-231 
and MCF-7 cells with over-expressed and median levels of 
integrin receptor on their surface, respectively. The results 
from the treatment of MDA-MB-231 cells with BIF1-iRGD 
showed significant differences between the two proteins 
(BIF-1 and BIF1-iRGD), especially after 24 h compared to 
48 and 72 h incubation times. Furthermore, the apoptotic 
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effects of the fusion protein in IC50 concentration (650 ng/
ml) were shown against MDA-MB-231 (article in press). 
These results were repeated for the other recombinant fusion 
protein (DFF40-iRGD) in the lower concentrations. Actu-
ally, this recombinant protein led to the induction of apop-
tosis as about 70% in concentration of about 5 nM [39]. 
The investigation about the anti-tumor effects of these fusion 
proteins on the mice bearing 4T1-induced tumor is ongoing.

Anti‑EGFR‑iRGD

The last different example of iRGD motif usage as the target-
ing moiety is its fusion to the anti-EGFR antibody to increase 
the targeting efficacy of this antibody. The antibody against 
EGFR which is expressed on the surface of various cancer 
cells in large amounts was attached to the iRGD as a bispe-
cific molecule to transfer gadolinium‑diethylene triamine pen-
taacetate (DTPA-Gd) as an imaging molecule [8]. The ability 
of this biomolecule to transfer to the human gastric cell line 
(BCG-823) was established. On the other hand, in vivo stud-
ies on xenograft mice showed the penetration ability of this 
bispecific molecule to the tumor created by these gastric can-
cer cells in mice with safe profile. Actually, the effects of anti-
EGFR-iRGD-DTPA-Gd in cell survival were not significantly 
different by cells treated with the same concentrations of anti-
EGFR-DTPA-Gd. In addition, when the penetration ability of 
each construct was determined by fluorescence intensity, the 
speed of penetration increased for anti-EGFR-iRGD-DTPA-
Gd in comparison with the anti-EGFR-DTPA-Gd, 30 min ver-
sus 60 min in maximum intensity. These results were repeated 
for the final amounts of penetration [8].

In another related study performed by the same research-
ers, the designed bispecific antibody was used to increase 
the penetration of paclitaxel to gastric cancer cells. How-
ever, because the toxic moiety in the mentioned study was 
a non-protein molecule, it is not discussed here. Finally, 
in an attempt to increase the infiltration and toxic effects 
of cytotoxic T cells in the tumor site, this bispecific mol-
ecule co-administered with T cells. The results showed 
that this molecule has no cytotoxic and apoptotic effects on 
lymphocyte even in the final concentration as 240 μg/ml. 
Over 21 days, this recombinant protein had no effects on 
the proliferation rate of the cells. Finally, the expression of 
protein markers on the cell surface of lymphocytes was with-
out any significant differences in comparison with the cells 
without the treatment. However, anti-EGFR-iRGD induced 
more proliferation inhibition in BGC-823 cell line (as posi-
tive EGFR) compared to the MKN-45 and MGC-803 cell 
lines with low expression of EGF receptors. Furthermore, T 
cells co-administered with the fusion protein showed more 
cytolytic activity against gastric cancer cells, especially in 
the ratios of 1:40 (cytotoxic T cell/fusion protein). Actually, 

when the BGC-823 cells were treated with a lone T cells, 
they showed about 54.5% of apoptosis which increased to 
65.5% in combination therapy. In this example, iRGD was 
used to enhance the targeting efficacy of an antibody against 
EGFR in order to augment the cytotoxicity of T cells [40].

These examples are the most studied fusion proteins or 
chimeric peptides, and Table 1 represents a summary of each 
biomolecule in addition to a few studies which used iRGD 
for targeting of some other peptides or proteins.

Conclusion

Although the active targeting leads to the more complica-
tions in construction of drug conjugates, there are several 
undeniable advantages for this strategy such as increasing 
in drug efficacy, frugality in used doses and particularly 
diminishing in side effects of toxic agents used for the 
treatment of various cancers. However, iRGD peptide is a 
good example which acts as an active targeting moiety. As 
mentioned, this peptide can penetrate to the extravascular 
space of the tumor as well as the ability to internalize to 
the cancer cells. Although the addition of a targeting moi-
ety such as iRGD to the nanoparticles containing cytotoxic 
agents leads to the increasing in their production complex-
ity, the distinction between normal and cancer cells is pur-
sued with greater vigor. In this review article, considering 
that the authors' research field is the production of antican-
cer chimeric proteins, only peptides and proteins fused to 
iRGD, which are often recombinantly produced, have been 
discussed which are with no need to use nanoparticles. 
Several important results were obtained from reviewing 
these articles. The most important finding is this fact that 
all these bio-conjugates had the ability to penetrate to cell 
lines with the over-expression of integrin receptors and in 
significant differences with the cell lines with no expres-
sion or lower expression of the mentioned receptor. The 
other important conclusion from all studies was the dif-
ferences in the ability of native peptide and protein with 
one fused to the iRGD peptide. These two well-proven 
results indicate that the present peptide has an undeniable 
role as a specific cancer cell-penetrating peptide. On the 
other hand, in vivo tests, which were performed in several 
examples, could establish the acceptable penetration of 
peptides or proteins fused to the iRGD peptide as well as 
good inhibitory effects on the tumor growth. So, there is 
no doubt that this peptide has been passed its examina-
tion for its ability to penetrate to tumors and cancer cells. 
However, as shown for each bio-conjugate, the IC50 value 
for the treatment of cell lines or dose which was injected to 
the tumor-bearing mice was different case by case. These 
observed variations completely relate to the toxic agents 
attached to the iRGD peptide rather than the targeting 

2271Drug Delivery and Translational Research (2022) 12:2261–2274



1 3

moiety. Actually, the peptide or protein used in each study 
showed different biological activities with various mecha-
nisms of action. iRGD has similar ability to internalize the 
toxic motif regardless of its type to be a large protein or a 
short peptide. Another conclusion that can be drawn from 
this review is that almost all the investigated studies have 
been advanced to the level of animal test and evaluation of 
the anticancer efficacy of designed molecules in preclini-
cal studies. However, a complete pattern of pharmacoki-
netics and pharmacodynamics studies, safety and toxicity 
tests as well as clinical phase must be performed in order 
to judge accurately about the effectiveness and safety pro-
file of each designed molecule; however, it seems that the 
lack of these data is due to the short time since the dis-
covery of this peptide and the new design of each of these 
biomolecules. It can be said that the first chimeric protein 
in this category was designed and evaluated in 2014. As 
the final conclusion, iRGD can be assumed as an ideal 
cancer-specific cell-penetrating peptide to act as a target-
ing moiety in order to decrease the side toxic effects on 
the normal tissues although it is a peptide and its stability 
may be less than chemical ligands which can be used as 
a targeting moiety. We hope that researchers will achieve 
good results in clinical trials, if they continue their studies 
on each of these molecules as a big step in introducing a 
new therapeutic approach to cancer.
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