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ARTICLE INFO ABSTRACT

Original paper Microbubble-based cancer treatment is a promising new approach that utilizes tiny gas-filled bubbles to de-
liver cancer drugs directly to tumor sites. This study aims to investigate the anti-cancer effect of the novel
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targeting peptide in kidney cancer cells. MBs were synthesized by using a solvent with an emulsion evapo-
ration technique. To target kidney tumor cells, the produced MBs were conjugated with sorafenib (SOR)
loaded liposomes and peptide ligands for (IL4ARTP). The anti-cancer effect of the MB complex was accessed

by WST-1 assay, confocal microscopy analysis, and western blotting analysis. The finally prepared IL4RTP
(MB-Lipo(SOR)-IL4RTP) showed an average size of 1,600 nm. A498, a kidney cancer cell line that expresses
IL4Ra strongly, had an uptake of the MB-Lipo(SOR)-IL4RTP when exposed to frequency ultrasonic energy.
Additionally, MB-Lipo(SOR)-IL4RTP suppressed the growth of A498 cells in an IL4R-dependent manner.
This cell proliferation assay results were validated by western blotting analysis of the signal transduction
proteins such as FOXO3, phosphorylated Erk, total Erk, and p27. Taken together, these findings show that
MB-Lipo(SOR)-IL4RTP exerts the effective targeting capacity for A498 kidney cancer cells via regulation
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of Erk phosphorylation as a promising ultrasound contrast and therapeutic agent for treating kidney cancers.
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Introduction

Kidney cancer originates in the kidneys, two bean-sha-
ped organs. Renal cell carcinoma is the most common type
of kidney cancer. Renal cell carcinoma starts to occur in
the surface cells of the small renal tubes. The incidence
of kidney cancer increased internationally over 10 years
(1). Globally, 431,288 new cases of renal cancer cell carci-
noma were diagnosed in 2020 and 179,368 people passed
away from the disease (2). Treatment options for kidney
cancer include surgery, targeted chemotherapy, immuno-
therapy, and radiation therapy. The kinase inhibitors so-
rafenib and sunitinib are the most promising two kinds of
targeted chemotherapeutics against kidney cancer (3, 4).
However, high recurrence rates, distant metastases, and
adverse effects are still issues that need to be resolved by
new pharmacological strategies.

Sorafenib is a targeted therapy drug used for treating
the advanced kidney cancer (5). This medication works
by blocking the growth of new blood vessels that supply
the cancer cells with nutrients and oxygen (6). It has been
shown to improve survival rates and delay the progression
of advanced kidney cancer (7). Sorafenib is typically used
when the cancer has spread beyond the kidney or has not
responded to other treatments (7). Side effects of sorafenib
may include diarrhea, hand-foot syndrome, and skin rash
(6). It is important for patients taking sorafenib to have
regular blood tests to monitor liver function and other side
effects. Thus, Sorafenib is just one of several targeted the-

rapy drugs that are used to treat advanced kidney cancer,
but Sorafenib treatment for kidney cancer should be opti-
mized with a healthcare provider to reduce the possible
side effects.

Microbubbles (MBs) are round-shaped lipid complexes
with a diameter ranging from a few to a few hundred mi-
crometers (8). MBs are often used in medical imaging such
as ultrasound to enhance the contrast between different tis-
sues (9). MBs can also be used in drug delivery to carry
therapeutic agents to specific sites in the body and improve
the effectiveness of treatment (10). In the treatment of can-
cer, MBs can be utilized as a delivery vehicle for drugs or
as a tool for imaging the affected tissue. The ultrasound
can cause MBs to oscillate and release the drug, allowing
it to reach and treat the cancer more effectively (11). While
there is a lot of research in this field, the potential benefits
of MB-based cancer treatment are significant since this
approach can help to solve issues such as the delivery of
drugs, side effects, and imaging capabilities (12). Thus, re-
searchers are continuing to explore different types of MB
and drug combinations to optimize the treatment.

Although immune cells and normal cells generally
express interleukin 4 receptor (IL4R) at low levels (13,
14), it has been observed the overexpression of IL4R in
kidney, brain, lung, pancreatic, and prostate cancers (15-
19). So, there have been reported that the expression of
IL4R could be a prognostic factor in several kinds of can-
cers. There are two types of IL4R complexes that mediates
the signaling pathway after binding of the specific ligands.
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Type I consists of IL4R and IL2Ry chains. Type II consists
of IL4R and IL13Ral chains (20). The blockade of IL4R
was known to inhibit both tumor progress and metastasis,
and researcher have paid attention to the IL4R signaling
pathway as one of the targets for treating tumor progres-
sion and metastasis (21). The goal of this study is to design
liposomal MBs conjugated with IL4R targeting peptide
ligands (MB-Lipo(SOR)-IL4RTP) and to investigate the
anti-cancer activity of the novel MB-Lipo(SOR)-IL4ARTP
in kidney cancer cells.

Materials and Methods

Chemical reagents

Chemical reagents without referring to specific vendors
were from Sigma (St. Louis, MO, USA). IL4R targeting
peptide (ILARTP, sequence: NH2-CRKRLDRN-COOH)
was from Anygen Inc. (Daejeon, Korea).

Sorafenib loading into the liposome

Sorafenib (SOR, Sigma) was incorporated into liposo-
me (Lipo) by the thin-film hydration and remote-loading
method using ammonium sulfate. And the liposomal sus-
pension was filtered by a 200 nm pore-size filter. Then, the
Lipo and sorafenib were incubated for 2 h at 60°C. After
washing the Lipo-sorafenib complex, the Lipo-sorafenib
(Lipo(SOR)) complex was further conjugated with MB as
described below.

Preparation of MB-Lipo(SOR)-IL4RTP complex

MB-Lipo was prepared based on our previous report
(8). MB were incubated with the thiolated Lipo(SOR) for
2 h at room temperature. Then, the maleimide group of
MB-Lipo(SOR) complex was activated by sulfosuccini-
midyl-4-(N-maleimidomethyl) cyclo hexane-1-carboxy-
late (sulfo-SMCC, Sigma) for 2 h at room temperature.
Then, MB-Lipo(SOR)-maleimide was reacted with thiol-
IL4R targeting peptide for 2 h at room temperature, lea-
ding to prepare the final MB-Lipo(SOR)-IL4RTP.

Cell culture

ACHN (CRL-1611), A498 (HTB-44), 7860 (CRL-
1932), Cakil (HTB-46), and H460 (HTB-177) cells
(ATCC, Manassas, VA, USA) were cultured in DMEM
(Sigma) with 10% fetal bovine serum (Sigma) and 1% Pe-
nicillin/ Streptomycin (Sigma) at 37 °C in an incubator
with 5% CO2.

WST-1 assay

Cells (1 x 10°) were seeded to each well of a 96-well
plate. Then, cells were treated by MB-Lipo(SOR)-IL4RTP
with or without ultrasound (Sonidel SP-100, Boston, MA,
USA). After 48 h, WST-1 solution (5 mg/mL, DoGenBio,
Seoul, Republic of Korea) was added to each well. The
visible absorbance (at 560 nm) was quantified by a mi-
croplate reader (Molecular Devices, Mountain View, CA,
USA).

Western blotting analysis

After cells were washed and lysed, cell lysates (20 pg/
well) were centrifuged, separated on SDS—PAGE gels, and
blotted onto nitrocellulose membranes (Bio-Rad Labora-
tories, Hercules, CA). Then, membranes were probed with
primary antibodies (mouse anti-B-actin antibodies, rabbit

anti-FOXO3, rabbit anti-IL4R (Santa Cruz Biotechno-
logy, Santa Cruz, CA, USA), rabbit anti-p27, rabbit anti-
phospho-Erk, and rabbit anti-Erk, (Cell Signaling Techno-
logy, Danvers, MA, USA)). The membranes were probed
with secondary horse radish peroxidase-tagged anti-rabbit
or mouse IgG antibodies (ImmunoResearch, West Grove,
PA, USA). Chemiluminescence was detected by enhanced
luminol-based chemiluminescence (Genedepot, Barker,
TX, USA).

Confocal microscopy analysis

Cells (1 x 10% were split into coverslips. Then, cells
were treated with MB(FITC)-Lipo(Cy5)-ILARTP and
exposed by ultrasound (Sonidel SP-100). After 3 h, cells
were fixed, permeabilized, and stained with DAPI (Sigma)
for the nucleus. Cell images were analyzed by confocal
microscope (Zeiss LSM510 microscope, Carl Zeiss, Jena,
Germany).

Statistical analysis

Data were expressed as average + the standard devia-
tion (STD). Statistical differences were considered statis-
tically significant in the case of p-value < 0.05 which was
analyzed using Student's t-test by SPSS software (SPSS
Inc., Chicago, IL, USA).

Results

Preparation of MB-Lipo(SOR)-IL4RTP.

As described in the materials and methods part, the
solvent-evaporation and emulsion methods were adapted
to make the gas (SF6)-filled MBs based on the previous
study (8). Then, the prepared MBs were conjugated with
sorafenib containing liposomes and IL4R-targeting pep-
tide ligands (Figure 1). The final MB complex particle size
ranged from 510 to 2100 nm with an average of 1600 nm
for MB-Lipo(SOR)-ILARTP as shown in Figure 2. A. As

ILARax Targeting Peptide (CRKRLDRN)

% SOR\;:?::;é =
Figure 1. Schematic diagram of MB-Lipo(SOR)-ILARTP complex.
After preparing MBs by using an emulsion and solvent evaporation

Liposome (Sorafenib)

method, MBs were further conjugated with sorafenib-loaded lipo-
somes and peptide ligands (IL4RTP).
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Figure 2. Identification of MB-Lipo(SOR)-IL4RTP. (a) Size analysis
of the finally prepared MB-Lipo(SOR)-IL4RTP. (b) Light microscopy
analysis of MB-Lipo(SOR)-IL4RTP. Magnification: x 400. Scale bar:
10 um.

shown in the Figure 2. B., the MB-Lipo(SOR)-IL4RTP
suspensions in PBS appeared to be uniformly distributed
with no visible aggregation.

Binding and permeating ability of MB-Lipo-IL4RTP
in A498 cells.

To select the kidney cancer cell line with high expres-
sion of IL4R, we performed a western blotting analysis
of IL4R in four kinds of kidney cancer cell lines (ACHN,
A498, 7860, and Cakil). As shown in Figure 3. A, A498
was shown to express the highest expression level of
IL4R. H460 was used as a cell line with low expression
of IL4R. The binding specificity of MB-Lipo-ILARTP to
IL4R was tested in cell culture experiments using fluores-
cence dyes loaded MB complex (MB(FITC)-Lipo(Cy5)-
IL4ARTP). A498 cells were treated by MB(FITC)-
Lipo(Cy5)-IL4RTP with or without ultrasound. After 3 h,
images were analyzed by confocal microscope. As shown
in Figure 3. B, the binding of MB(FITC)-Lipo(Cy5)-
IL4ARTP was observed in the surface of A498 cells lea-
ding to the accumulation of FITC and Cy5 dyes in A498
cells in an ultrasound energy-dependent manner. Most of
MB(FITC)-Lipo(Cy5)-IL4ARTP were attached to the cell
membrane without flash. FITC (green) from MBs and Cy5
(red) from Lipo were translocated into the cytoplasm of
cells by ultrasound energy. These results suggested that by
responding to ultrasound, MB-Lipo-IL4RTP could have
an effective targeting activity for IL4R expressing A498
kidney cancer cells.

Inhibition of cell viability by MB-Lipo(SOR)-IL4RTP
in A498 cells.

After preparing MB conjugated with SOR-loaded na-
no-sized liposomes and peptide ligands for IL4R (MB-
Lipo(SOR)-IL4RTP), cell viability was accessed by
WST-1 assay to evaluate the anti-cancer activity of MB-
Lipo(SOR)-IL4RTP against A498 cells. As shown in Fi-
gure 4. A, the cell viability of A498 (high IL4R expres-
sion) was decreased by the treatment of MB-Lipo(SOR)-

IL4RTP (with IL4RTP) and ultrasound flash (0.8 and
1.0 w/cm?). However, the cell viability of A498 was not
changed with the treatment of MB-Lipo(SOR) (without
ILARTP) under ultrasound flash up to 1.0 w/cm? In ad-
dition, the cell viability of H460 (low IL4R expression)
with MB-Lipo(SOR)-IL4RTP was almost as same as MB-
Lipo(SOR) at any ultrasound strength (Figure 4. B). These
results suggested that MB-Lipo(SOR)-IL4RTP could bind
to A498 cells and inhibit cell growth in an IL4R-dependent
manner.

Inhibition of Erk by MB-Lipo(SOR)-IL4RTP in A498
cells.

To examine the inhibitory activity of sorafenib from
MB-Lipo(SOR)-IL4ARTP against Erk in A498 cells, cells
were treated with MB-Lipo(SOR) or MB-Lipo(SOR)-
IL4RTP. Then, the protein expression of FOXO3,
phospho-Erk (Thr202 and Tyr204), Erk, and p27 were
analyzed by western blotting. MB-Lipo(SOR)-IL4RTP
significantly down-regulated the expression of phospho-
Erk whereas MB-Lipo(SOR) could not inhibit the phosp-
horylation of Erk in A498 cells (Figure 5). In addition,
MB-Lipo(SOR)-ILARTP increased the expression level
of FOXO03, a kind of well-known target protein by Erk,
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Figure 3. Targeting and intracellular delivery of MB(FITC)-
Lipo(Cy5)-ILARTP for kidney cancer cells. (a) IL4R expression in
kidney (ACHN, A498, 7860, and Cakil) and lung cancer (H460)
cell lines was analyzed by Western blotting. Loading control: B-actin.
(b) Confocal microscopy analysis of MB(FITC)-Lipo(CyS5)-ILARTP
in A498 cells that had the relatively strong expression of IL4R.
MB(FITC)-Lipo(Cy5)-ILARTP was incubated in A498 cells.

268



Jongsung Lee and See-Hyoung Park / Anti-cancer effect of IL4R targeting microbubble complex, 2023, 69(14): 266-271

and p27, one of the genes transcriptionally regulated by
FOXO3. These results suggested that mechanistically,
MB-Lipo(SOR)-ILARTP may play a critical role in inhi-
biting Erk in an IL4R-dependent manner after ultrasound
exposure in A498 cells, which could induce the inhibition
of cell growth in A498.

Discussion

Ultrasound imaging with contrast agents such as MBs
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Figure 4. Anti-proliferative activity of MB-Lipo(SOR)-ILARTP in
A498 cells. The proliferation rate of A498 (a) and H460 (b) cells
treated with MB-Lipo(SOR)-IL4RTP or MB-Lipo(SOR) for 48 h was
determined by WST-1 cell assay. MB-Lipo(SOR)-IL4RTP decreased
A498 cell proliferation under the ultrasound strength (0.6 and 0.8 W/
cm?). * p-value < 0.05.
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Figure 5. Western blotting analysis of FOXO3, pErk, Erk, and p27 in
A498 cells treated with MB-Lipo(SOR) or MB-Lipo(SOR)-IL4RTP.
MB-Lipo(SOR)-IL4RTP induced downregulation of pErk which is
known as the target of sorafenib leading to upregulation of FOXO3
and p27. Loading control: B-actin.

has been known to improve early diagnosis and targeted
therapy for various kinds of cancer. MBs are gas-filled
vesicles with a range of micrometers in diameter that have
been investigated for use in cancer therapy. MB-based
cancer treatment is a promising new approach to delive-
ring cancer drugs directly to tumor sites. According to a
recent study, researchers investigated the anti-cancer ef-
fects of microbubbles containing curcumin with low-in-
tensity focused ultrasound in MDA-MB-231 breast can-
cer cells. They found that the treatment induced apoptosis
and inhibited cell motility in MDA-MB-231 cells (22).
In other studies, the anti-cancer activity of MB has been
shown in several different types of cancer, including kid-
ney cancer. Sunitinib-loaded MBs with ultrasound treat-
ment were shown to induce apoptosis in GRC-1 cells, a
kind of human granulocyte renal carcinoma cells as well
as an in vivo xenograft mouse model (23). MB treatment
also decreased the expression of anti-apoptotic Bcl-2 but
increased the expression of pro-apoptotic Bax (24). Fur-
thermore, MB treatment led to an increase in the release of
cytochrome ¢ from mitochondria, which is a key event in
the apoptotic pathway (25).

In this study, the surface of MBs was loaded with an
IL4R-targeting peptide ligand targeting A498 kidney can-
cer cells expressing highly IL4R. There have been several
reports of high expression levels of [L4R in many human
solid tumors, including kidney cancer, which could pro-
mote tumor development by activating tumorigenic signa-
ling pathways, such as up-regulating anti-apoptotic pro-
teins and preventing cancer cell death caused by chemo-
therapy (19, 26). Thus, targeting IL4R in kidney cancer
by designing a unique drug delivery system with ligands
against IL4R might be an effective therapeutic approach.
Furthermore, targeted therapy for cancer has numerous
biological benefits, such as an enhancement in the pharma-
cokinetic profile of the drug and a reduction in side effects.

IL4R targeting peptide (sequence: NH2-CRKRLDRN-
COOH) adopted in this study was first reported as peptide
ligands searched by the phage display approach to target
atherosclerotic aortic tissues (27). According to a recent
study, authors demonstrated that elastin-like polypeptide
polymers combined with IL4R targeting peptide could in-
crease tumor-specific affinity in MDA-MB-231 cells (28).
In addition, these polymers compared to polymers without
IL4R targeting peptide showed longer retention in tumor
tissues of the in vivo xenograft mouse model. These fin-
dings suggested that IL4R-targeting peptide ligands could
be transformed into a unique tool for selectively delive-
ring therapeutic medicines to malignancies. This targeted
approach allows for a higher concentration of the drug to
be delivered to the tumor, increasing the effectiveness of
the treatment. Thus, the selection of the proper ligand for
employing microbubbles in cancer treatment is to encap-
sulate medications to guide the drug delivery more exactly
with ultrasound. As shown in Figure 3, confocal microsco-
py analysis results showed that MB-Lipo-IL4RTP targeted
effectively in A498 cells with a relatively high expression
of IL4R. So, we thought that this targeted approach allows
for a higher concentration of the drug to be delivered to the
tumor, increasing the effectiveness of the treatment.

Sorafenib, a targeted therapy drug used in the treat-
ment of advanced kidney cancer, has been found to have
a potential relationship with the FOXO3 protein in certain
types of cancer (29). FOXO3 is a transcription factor that
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plays a crucial role in regulating cell survival, cell cycle,
and apoptosis. Studies have shown that sorafenib treat-
ment can activate FOXO3 in human and murine cancer
cell lines, leading to increased cell death and inhibition
of tumor growth (29, 30). This activation of FOXO3 is
thought to be mediated through the Akt and Erk pathway,
which is the potential target of sorafenib and a key signa-
ling pathway involved in cancer cell survival and prolife-
ration (31, 32). Recent studies have shown that the Erk can
directly phosphorylate FOXO3, leading to its inactivation
and degradation. This phosphorylation of FOXO3 by Erk
occurs at specific serine residues, which blocks its nuclear
translocation and impairs its ability to induce apoptosis
and cell cycle arrest. In addition, the activation of Erk pa-
thway has been shown to downregulate the expression of
FOXO3 in certain types of cancer cells, further reducing its
tumor-suppressing effects. However, the exact mechanism
by which sorafenib interacts with Erk and FOXO3 in can-
cer cells is still not fully understood and further research
is needed to elucidate this relationship. Nevertheless, the
potential of sorafenib to activate FOXO3 and enhance its
tumor-suppressing effects makes it a promising drug for
cancer treatment.

Although our study demonstrated the efficacy of our
MB complex containing sorafenib-loaded liposome and
IL4R for targeting peptides in targeting kidney cancer
cells in an IL4R-dependent manner, there are still some li-
mitations to our current research. Firstly, it is necessary to
examine the targeting ability of our MB complex to A498
cells using a human blood vessel mimicking model reflec-
ting real flow conditions of blood vessels since the micro-
meter-sized MB complex will show the different outcomes
to shear stress induced by the blood stream. Secondly, it is
necessary to assess the in vivo anti-cancer activity of our
MB complex using either orthotopic or xenograft mouse
models with high and low IL4R expression. Thirdly, it is
necessary to understand the more detailed signaling pa-
thways involving IL4R in kidney tumors. Based on the
previous reports, it seems that IL4R expression may play a
pivotal role in several types of cancer development inclu-
ding kidney cancer through various signaling molecules
(19, 33-35).

In summary, our study aimed to develop a methodo-
logy for targeting kidney cancer cells with IL4R expres-
sion by the enhancement effect of the novel ultrasound
contrast agent. A novel microbubble complex to target
specific cancer cells will make the treatment against spe-
cific cancer more effective and reduce side effects. While
more research is needed to fully understand the potential
of microbubble-based treatment, it represents an exciting
new avenue in the fight against cancer.
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