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Nanoparticle drug delivery systems has been attempted as novel cancer treatment
approaches to overcome the limitation faced in chemotherapy and surgery. Exosomes are
naturally occurring nanoparticles. Exosome targeting to HER2 positive cancer cells is
dependent on ligand receptor interactions. Expression of targeting moieties in chimer
with LAMP-2, which is an exosomal protein, on the surface of the exosome is a rational
way to target exosomes against HER2 positive cancer cells. In the present study we devised
an in silico approach to design and validate the interaction of a chimer protein of LAMP-
2 and G3 DARPins with HER2 molecule. Our results indicated that the designed protein
is capable of interacting with HER2 in a Herseptin like orientation. The LAMP-2/ G3
DARPins chimer designed here could be a novel candidate to target exosomes towards
desired HER2 positive cancer cells. The designed exosomes could be loaded with desired
drugs and targeted towards the cancer cells. Given the promising results of the conducted
study more empirical studies could be carried out to further evaluation of the obtained
results.
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Nano particle drug delivery systems has
been attempted as novel cancer treatment
approaches to overcome the limitation faced in
chemotherapy and surgery. Various nanoparticles
have been synthesized and applied to carry drugs
and genetic materials into tumor cells. Exosomes
are naturally occurring nanoparticles with 40-100
nm diameter, constitutively secreted from viable
cells such as dendritic cells, B cells and tumor
cells1,2. Within the biological fluid, they
communicate with surrounding cells to convert
their activity or microenvironment niche. Immune

modulation, promotion of angiogenesis, and tumor
metastasis are among the biological activities of
the exosomes, to name but a few3.  They exert their
biological activities by specific delivery of
biological messenger molecules like miRNA, mRNA
and protein from the origin cells to the recipient
tissue4. Exosome targeting to specific cells is
dependent on ligand receptor interactions5.
Therefore, providing amenable ligand receptor
pairs it would be possible to expeditiously target
exosmes towards desired recipients.   Alvares and
his coworkers applied this concept for specific
delivery of siRNA into brain cells. To this end, a
specific rvg against brain cell surface protein, acetyl
colin receptor, was expressed as a chimer with
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LAMP-2b protein which is highly expressed on
exosome surface6.

Various types of human tumors like
breast, ovarian and gastric cancer overexpress
human epidermal growth factor receptor (HER2)
which is a tyrosine kinase activated receptor that
correlates with an aggressive tumor phenotype7-

10. Humanized monoclonal antibody, trastozomab,
was applied against HER2 for induction of
apoptosis in cancerous cells by inhibition of
tyrosine kinase activity11, 12. Elevated expression
of this receptor on the cancer cell surface suggests
that HER2 could serve as a receptor target in tumor
drug delivery systems. Due to the limitations of
the monoclonal antibody production and its
application for targeted therapy8, 13 numerous
researches have been orientated towards designing
synthetic peptides against HER2.

G3 DARPins is a recently designed class
of ankyrin repeated protein which was selected by
ribosomal display technology with high affinity
against HER2 14. This synthetic peptide applied
for HER2 positive tumor cells imaging and
successfully expressed as chimeric protein with
lentiviral glycoprotein and  bacterial membrane
protein omp-A for targeted therapy15-17.

In the present study, we explored the
probability of expressing G3 DARPins as a chimer
with LAMP-2b protein on the exosome surface to
target HER2 positive cancer cells. In this regard,
the possibility of our hypothesis was assessed
employing in silico approaches.

MATERIALS AND METHODS

Sequence retrieval
The sequences of the Lysosome-

associated membrane glycoprotein 2 (LAMP-2)
along with the sequence of the receptor tyrosine-
protein kinase erbB-2 (HER2) were obtained from
the Uniprot knowledgebase at http://
www.uniprot.org/.
 Obtaining protein structure

The PDB database at www.rcsb.org/pdb/
home/home.do was employed to find the 3
dimensional (3D) structures of the LAMP-2 and
HER2 molecules.
Structure edition

In order to have the suitable structure for
the following analyses, the structures should be

edited and the unnecessary molecules like ligands
should be omitted. In this regard, Protein Data Bank
File Editor software (created by Jonas Lee) was fed
by the 3BE1 PDB file. PDB editor was used to omit
the 3 associated ligands and the dual specific bH1
Fab which is in complex with the extracellular
domain of HER2.
Protein design

The protein sequences of a signal
peptide, His tag, G3 DARPins, a linker and LAMP-
2 were used in order to construct the final protein.
Protein modelling

All three major approaches for protein
modelling were considered to predict the 3D
structure of the designed protein. Protein BLAST
tool at http://blast.ncbi.nlm.nih.gov/Blast.cgi was
employed to search a suitable template against PDB
for homology modeling. ITASSER server at http://
zhanglab.ccmb.med.umich.edu/I-TASSER/ was
employed to model the protein using threading
method. QUARK server at http://
zhanglab.ccmb.med.umich.edu/QUARK/ was used
for ab initio modeling. Robetta server at http://
robetta.bakerlab.org/ was employed to model the
designed model using a combination of the
homology modeling and threading method.
Quality assessment and refinement

The quality if built models were assessed
using QMEAN (http://swissmodel.expasy.org/
qmean/cgi/index.cgi) and Prosa (https://
prosa.services.came.sbg.ac.at/prosa.php) servers.
The model with the best quality was selected for
quality refinement. The ModLoop server at https:/
/modbase.compbio.ucsf.edu/modloop/ was used
to remodel the regions of the structure associated
with high residue error. The regions of high residue
error were determined according to the residue error
plot of the QMEAN results. The regions spanning
the 15-25 and 150-160 amino acids were modeled
using this software. The all atom refinement of the
selected model was done by 3Drefine server at
http://sysbio.rnet.missouri.edu/3Drefine/. The
refinement was done for two iterations.
Docking analyses

The possible orientation of the interaction
between the designed protein and the extracellular
domain of HER2 was predicted by ZDOCK (http:/
/zdock.umassmed.edu/) and ClusPro (http://
cluspro.bu.edu/login.php) servers.
Theory  validation
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To check the accuracy of predicted interaction
orientation, the structure of the HER2 in complex
with the Herceptin Fab was obtained from PDB
and visually inspected to compare with the
predicted interactions.

RESULTS

Sequences and structures
The sequences of LAMP-2 and HER2

proteins were found under the accession number
of P17047 and P04626 respectively. The search for
the resolved 3D structure of these proteins did not
lead to any structures for LAMP-2, while the
extracellular domain of the HER2 protein had a 3D
structure under the accession number of 3BE1. 3
associated ligands and the dual specific bH1 Fab
which is in complex with the extracellular domain
of HER2 were removed from the 3BE1 structure.
Protein design

The tandem sewing of the signal peptide,
His tag, G3 DARPins, a linker and LAMP-2

sequences resulted in a 538 amino acids protein.
The sequence of the designed protein is presented
in Figure 1.
Protein modeling

Since the BLAST search of the PDB for
suitable templates failed to find any high coverage
templates, the homology modeling approach could
not be used. Ab initio approach was also
inapplicable due to size limitations of the QUARK
server. However, ITASSER and Robetta servers
proceeded in model construction and each of them
resulted in 5 models.

Table 1. The Z-scores assigned to the quality of
the modeled proteins before and after refinement

Model QMEAN Prosa
Z-score Z-score

Best ITASSER model -5.57 -3.48
Best Robetta model -2.74 -7.26
Refined robetta model -2.09 -6.95

Fig. 1. The protein sequence of the designed protein Fig. 2. The structure of designed protein. The
structure belongs to the Robetta prediction after

performing the refinements. The structure is colored
blue to red corresponding to the N terminus of the

protein to its C terminus

Fig. 3. Docking result for designed protein and HER2
extracellular domain. The complex illustrates the

interaction between the designed protein (red) and the
extracellular domain of the HER2 (green)

Fig. 4. The comparison of the interaction orientation
between the two complexes of HER2 extracellular
domain/Herceptin fab (a) and HER2 extracellular
domain/designed protein (b). The structure of the

HER2 extracellular domain is in green, while
Herceptin fab (a) and designed protein (b) are in red
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Model assessment and refinement
The quality assessment of the best

ITASSER and Robetta models indicates that the
model built by Robatta server harbors the highest
quality Figure 2. Therefore, it was fed as an input
to the quality refinement servers. The double
rounds of loop modeling and the full atomic
refinements augmented the model quality. Table 1
demonstrated the quality scores of the initial and
the refined models.
Protein docking

The possible orientation of the interaction
between designed protein and the HER2 extracellulr
domain predicted by protein docking servers.
Figure 3 illustrates that the interaction is between
G3 DARPins and the HER2 protein is possible.
Theory validation

Figure 4 clearly demonstrate that the
interacting region between the HER2 and Herceptin
FAB is the same region involved in interaction with
the G3 DARPins of the designed protein.

DISCUSSION

In the present study, we used LAMP-2b
lysosomal associated membrane protein as an
anchor for DARPins display on exosome surface.
Originally this protein is expressed in exosomes
and extra cellular vesicles. Initially it was used for
expression of specific ligands on exosomes surface
by Alvares and others. The N terminus domain of
LAMP-2b is exposed on exosome surface and the
ligands must be attached to this end for exosome
display purposes. This could be achieved by
inserting the ligand gene between the signal
sequence and the mature peptide gene of the
LAMP-2. Therefore, the sequences of the signal
peptide, His tag, G3 DARPins, a linker and LAMP-
2 sequences were sewed tandem to result in a 538
amino acids protein. The order of the sequences
would make the G3 DARPins sequence to be
presented on the surface of the exosome when the
signal sequence is cleaved by the cellular
mechanisms of protein synthesis.

Having the G3 DARPins exposed on the
surface of the exosome is a biologically significant
phenomena. Although chemotherapy is the most
popular procedure for tumor therapy, the side
effects associated with employing chemical
components encouraged the researches to migrate

towards packaging of therapeutics and various
particles have been developed in this regard16.
Doxosome ,the doxorobicin packaged in liposome,
is a successful example of packaged therapeutics
used as anticancer drug, bearing low side effects18.
Other nanoparticles were also used for therapeutics
packaging purposes19. Janson et al. are the
pioneers of introducing exosomes as natural
nanoparticles released from cells into biological
fluids. They carry bio-messengers to recipient cells
and change their functions20. Valadi and his
coworker discovered RNA entities within the
exosomes and showed that they are of functional
nature21. Based on this finding Alvarez et al.
designed targeted exosomes against acetylcholine
receptors on brain cells. They succeeded in
transferring siRNA into brain cells and knocking
down bace gene expression up to 60 percent6.
Moreover, exosomes expressing an EGFR targeting
peptide on their surfaces were employed for
specific miRNA transfer into breast cancer cells22.
Exosomes were also used for specific delivery of
chemical components. Tian and his coworkers
used targeted exosomes for doxorubicin based
therapy of breast cancer23. Targeted exosomes
could be obtained expressing specific ligands on
the exosome surface which are against cell specific
markers on the cell membrane. Therefore, the
exosomes capable of expressing G3 DARPins on
their surface could be useful to target them against
plasma membranes of cancer cells expressing their
receptors.

HER2 is an oncogenic tyrosine kinase
growth factor receptor which is overexpressed in
many metastatic and aggressive tumors. It has been
reported that 20 percent of breast cancer cases
overexpress HER2 (24). Thus, HER2 could be
contemplated as a suitable marker in cancer
detection and targeting (25, 26). Various studies
have been carried out designing a amenable ligand
such as antibody, nanobody, synthetic peptides
like rvg and DARPins to target HER2 molecule (27-
29). Herceptin, a humanized monoclonal antibody,
is one of the most successful targeting agents
designed for HER2 attachment. This attachment
blocks tyrosine kinase pathway in order to inhibit
cancer cell proliferation. DARPins (Designed
Ankyrin Repeat Proteins) are a class of small
proteins, designed base on natural ankyrin repeat
proteins. These proteins are common binding
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proteins in nature and responsible for diverse
functions such as cell signaling and receptor
binding. Small size, high potency, high stability,
high affinity (strong binding) and flexible
architecture are among their advantages to name
but a few. These synthetic peptides designed in
2003 and improved for HER2 targeting in 2006 by
poluctum. Thereafter, they expressed in chimer with
lenti and adeno virus  glycoproteins for HER1
targeting on skbr3 and BT cells30. Plückthun used
this molecule for imaging in 2014, all of these
experiments approved the efficiency of DARPins
as ligand for targeted exosome therapy. In this
regard, we hypothesized that a G3 DARPins
expressed in association with LAMP-2 protein
could be a novel approach to target the exosomes
against cancer cells. To assess the reliability of
our hypothesis the 3D structure of the LAMP-2/
G3 DARPins were modeled and docked against
the extracellular domain of the HER2 molecule
employing an integrative in silico approach. In silico
approaches insinuate themselves into every corner
of biological research circumventing costly and
time consuming experimental methods. The
evaluation of this hypothesis exploiting an in silico
approach is a rational choice to find out the
possibility of this idea using a scientifically valid
and amenable approach.  Since the extracellular
region of the HER2 molecule is responsible for its
signaling properties, the designed protein should
interact with HER2 in this region. Our analysis
revealed that the designed protein could interact
with HER2 molecule in a Herceptine like orientation.
Since this conclusion was derived comparing the
designed protein with an experimentally resolved
structure of HER2/Herceptin, these results seems
to be reliable. This observation could be construed
as the capability of LAMP-2/ G3 DARPins chimer
to target the drug containing exosomes towards
HER2 positive cancer cells. Moreover, since the
LAMP-2/ G3 DARPins chimer is capable of
interacting with HER2 in a Herceptin like
orientation, it could have the same therapeutic
effects of Herceptin on the cancer cells and inhibit
the proliferative properties of tumor cells. It should
be tken in to consideration that the LAMP-2/ G3
DARPins could overcome many of the limitations
associated with the antibody expression on
exosome surface.

In conclusion it should be noted that the

LAMP-2/ G3 DARPins chimer designed here could
be a novel candidate to target exosomes towards
desired HER2 positive cancer cells. Due to the
capability of exosomes for drug delivery purposes
the designed exosomes could be easily used for
cancer therapy. Given the promising results of the
conducted study new horizons could be opened
in targeted cancer therapy field.
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