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ABSTRACT
Curcumin is known as an effective anticancer herbal medicine but unfortunately, its bioavailability is
poor which necessitate efforts for developing more efficient and specific delivery systems. Human epi-
dermal growth factor receptor 2 (HER 2) due to its overexpression in various types of cancers, is dem-
onstrated to be a good candidate as a target for anticancer therapy. In this study, cytotoxicity of
curcumin encapsulated in ZHER2:342 Affibody-decorated liposome was investigated against SKBR3
and MCF-7 cancerous cell lines. Curcumin-containing liposomes were prepared from soybeans lecetin
and cholesterol by thin-film hydration method. Affibody ZHER2:342 molecules via C-terminal cysteine
residue were conjugated covalently to the prepared liposomes. Particle size analysis was performed
using atomic force microscopy (AFM) and dynamic light scattering (DLS). Curcumin loading was meas-
ured using UV-Vis spectrophotometry and cytotoxic activity of curcumin formulations against cancer-
ous cell lines was investigated by MTT assay. Induction of apoptosis was investigated using flow
cytometry through Annexin V staining. Particle analysis showed the formation of spherical liposomes
with a mean diameter of about 150nm. Cytotoxic activity of curcumin was improved by its encapsula-
tion in both liposomes and affibody-decorated liposomes. The Annexin V staining indicated the induc-
tion of apoptosis by affibody-decorated liposomes in both MCF-7 and SKBR3 cells. Decoration of
curcumin-loaded liposomes with affibody ZHER2:342 may improve curcumin apoptotic function inde-
pendently of HER2 expression level.
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1. Introduction

When normal cells lose their cellular homeostasis and prolif-
eration of genes involved in cell cycle, invasion, survival,
metastasis, and angiogenesis is unusually activated, cancer
occurs (Shanmugam et al. 2015). One of the most commonly
diagnosed cancers in the world is breast cancer with more
than one million new cases each year. Tumour removal fol-
lowed by chemotherapy or radiation therapy is the most
common approach in treatment of patients with breast can-
cer (Dhule et al. 2012). Nonspecificity, toxic effects on normal
cells and drug/radio resistance are the main challenges of
these approaches in cancer treatment (Zokaei et al. 2018).
The main challenge in cancer treatment is providing a thera-
peutic window to kill cancer cells without damage to normal
cells (Zahmatkeshan et al. 2016). Specific delivery of cytotoxic
payloads to the solid tumours is the best choice but finding
specific targets on cancerous cells and designing targetting
moiety on drug cargos are the main problems
(Zahmatkeshan et al. 2016, Sochaj-Gregorczyk et al. 2017).

Biological agents and natural herbal extracts for a long
time have been used for prevention of diseases and infection
conditions (Eslaminejad et al. 2012a, 2012b, Ranjan et al.
2013, Ohadi et al. 2017). The rhizomes of the perennial herb
Curcuma longa is used as a spice in traditional medicine in
Asia (Allijn et al. 2016). Curcumin as the yellow pigment of
turmeric has shown a wide range of bioactivities specially
anti-tumour effects in both in vitro and in vivo experiments
(Barui et al. 2014). It is shown that curcumin may interact
with transcription factors, tumour necrosis factor alpha (TNF-
a), tumour suppressor genes and also enzymatic systems
involved in carcinomas including cyclooxygenases and lipox-
ygenases (Ibrahim et al. 2018). But, low aqueous solubility,
poor bioavailability and rapid metabolism in the human
body are the main problems of curcumin administration in
the cancer therapy (Chen et al. 2012). To overcome these
problems, curcumin was encapsulated in liposome (Alam
et al. 2012). Liposomes due to their unique characteristics
such as small size, hydrophobic/hydrophilic nature, bio-
degradability and low toxicity have been widely used as
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drug delivery system (Chen et al. 2012). However, the most
disadvantage of the liposomal delivery systems is their lack
of selectivity (Catania et al. 2013).

Monoclonal antibodies (mAbs) because of strong affinity
to their ligands can be employed as tumour-specific target-
ing moieties for specific delivery of drug cargoes to tumour
cells (L€ofblom et al. 2010). The large size of mAbs (molecular
weight of about 150 kDa) and its consequences including
rapid blood clearance, poor tissue penetration, and high liver
uptake impose certain limitations (Serwotka-Suszczak et al.
2017). An option to overcome these limitations is designing
new small high-affinity peptide moieties as targeting agents
(Altai et al. 2014).

Affibody as a member of antibody mimics family is candi-
date of choice for this purpose. These engineered peptides,
which are derived from the Z domain of staphylococcal pro-
tein A, have small size (molecular weight of about 6.5 kDa)
and short plasma retention time permitting their rapid tissue
distribution (Trousil et al. 2014). Affibody molecules are sta-
ble and water-soluble and can be readily expressed in bac-
terial expression systems (Lee et al. 2008). Affibodies selected
against the human epidermal growth factor receptor 2
(HER2) are among the most studied affibody molecules to
date (Sochaj-Gregorczyk et al. 2017).

HER2 is a transmembrane protein and belongs to the
receptor tyrosine kinase superfamily. Overexpression of HER2
has been reported in various types of cancers and is associ-
ated with poor prognosis in breast, ovary, colorectal, and
urothelial carcinomas. Duo to its overexpression in some
types of cancers, HER2 can be considered as a good candi-
date for directing affibody conjugated-drugs towards cancer
cells (Ahlgren et al. 2009). In the current study, curcumin was
encapsulated either in bare liposomes or affibody
ZHER2:342-decorated liposomes (affisomes). The cytotoxic
activity of the prepared affisomes compared to the free and
liposomal curcumin against two breast cancer cell lines,
MCF-7 and SKBR3 was investigated through MTT assay and
Annexin V staining.

2. Materials and method

2.1. Materials

3–(4, 5-dimethylthialzol-2-yl)-2, 5-diphenyltetrazolium brom-
ide (MTT), and Triton X-100 were purchased from Sigma
Chemical Co. (St Louis, MO). Curcumin was purchased from
Merck (Darmstadt, Germany). Soybean lecithin and choles-
terol were obtained from Applichem (Darmstadt, Germany).
Maleimide-terminated DSPE-PEG2000 (1, 2-distearoyl-Sn-glyc-
ero-3-phosphoethanolamine-N-[maleimide (polyethylene gly-
col)-2000]) was purchased from Avanti Polar Lipids
(Alabaster, AL). Dulbecco’s modified Eagle’s high glucose
medium (DMEM), RPMI 1640, and foetal bovine serum (FBS)
were purchased from Biosera (France). Penicillin-streptomycin
and trypsin-EDTA were purchased from GIBCO. Annexin V-
FITC PI Apoptosis Assay kit was purchased from IQ Products
(Rozenburglaan, Netherlands) and all other solvents and
reagents were of analytical or HPLC grade and were
obtained from Merck.

2.2. Preparation of curcumin-loaded liposomes

Soybean lecithin and cholesterol at a molar ratio of 3:2
were used for preparation of liposomes by lipid film hydra-
tion method. Lipid components and curcumin were dis-
solved in chloroform: methanol (9:1 v/v) solvent mixture.
The curcumin: lipid molar ratio was 1:5. The organic solvent
was evaporated under a stream of N2 gas to obtain a dry
lipid film. Any residual organic solvent was removed under
vacuum desiccation for 2 h. The lipid film was hydrated
with phosphate buffered saline (PBS, pH 7.4) under vigor-
ous stirring at 55 �C for 30min to obtain a final lipid con-
centration of 10 mmol ml�1. The milky suspension was
sonicated in a bath sonicator (Elmasonic P, Germany) for
10min at 55 �C.

2.3. Preparation of curcumin-loaded affisome

De novo gene synthesis, expression and purification of
ZHER2:342 affibody was conducted according to our previ-
ous publication (Ghanemi et al. 2018). For covalent conjuga-
tion of Affibody ZHER2 to phospholipid components of the
liposome and preparation of affisome, maleimide-terminated
DSPE-PEG2000 was included in the lipid mixture of liposomal
formulation at 2mol % of the total lipids. For affisome con-
struction, the prepared liposomes were incubated with affi-
body ZHER2:342 in the reaction buffer (50mM sodium
phosphate, 150mM NaCl and 1mM EDTA, pH 7.5) at room
temperature. Unbound affibody molecules and free curcumin
were separated from liposomes by gel filtration chromatog-
raphy using Sephacryl S-100HR.

2.4. Characterization of the liposomes and affisomes

The morphology and size of the prepared lipid vesicles were
determined by atomic force microscopy (AFM, Nano wizardVR

nano-optics AFM system, JPK, Berlin, Germany). Dynamic
light scattering (DLS) was performed using Brookhaven 90
plus particle size analyser (Brookhaven Instruments
Corporation) to measure the hydrodynamic size, charge and
also polydispersity of the constructed lipid vesicles. Curcumin
content of the liposomal formulations was determined after
disruption of the lipid vesicles by Triton X-100 solution (1%
w/v). Briefly, liposomal curcumin was mixed with an equal
volume of Triton X-100 solution and after dilution (20 folds),
optical density (OD) was measured by using Specord 210
plus UV-Vis spectrophotometer (Analytik Jena, Germany) at
the wavelength of 425 nm. Curcumin concentration was
determined based on the standard curve. Presence of
ZHER2:342 affibody on the surface of affisomes was con-
firmed by the appearance of protein 280 nm characteristic
absorption band in the UV-Vis spectrum of the affibody-dec-
orated liposomes. The protein content of the affisome prep-
aration was determined using Bradford reagent against BSA
as a standard.

2 M. MOBALLEGH-NASERY ET AL.



2.5. Cell culture and cell viability assay

Human breast cancer SKBR3 and MCF-7 cell lines were cul-
tured in 2% FBS-containing RPMI or DMEM medium supple-
mented with penicillin/streptomycin (100mgml�1) and
incubated in a humidified atmosphere of 5% CO2 at 37 �C.
Cells were seeded at a density of 7� 103 cells well�1 in 96-
well plates and incubated for 24 h. Then, the medium was
removed and the cultured cells were treated by different
forms of curcumin (free or liposomal) at various concentra-
tions of 0.312, 0.625, 1.25, 2.5, 5 and 7.5 mg ml�1 for a dur-
ation time of 24 or 48 h. Cell survival was determined by
adding 20 ml of MTT solution (5mg ml�1) to each well fol-
lowed by incubation for additional 3 h at 37 �C. The absorb-
ance of the isopropanol-solubilized blue-coloured product
(formazan) was measured at 570 nm using a microplate
reader (Biotech) and the percent viability of the cell was cal-
culated compared to the control untreated correspond-
ing cells.

2.6. Apoptosis assay

Cells were seeded at a density of 105 cell well�1 in six-well
plates and then treated with different forms of curcumin
(free or liposomal). After 48 h of incubation, the treated cells
were washed with PBS, trypsinized, stained using Annexin V-
FITC PI kit according to the supplier’s instruction and finally
analysed by flow cytometry (Partech flow cytometry,
Germany). Due to intrinsic fluorescence of curcumin and pos-
sibility of its overlapping with emission spectrum of FITC,
curcumin and curcumin-loaded liposomes without FITC-
annexin V were used as control FACS experiments to correct
for curcumin background in FACS analysis.

2.7. Data analysis and statistical method

All experiments were performed in triplicate and in three
independent assays. Data were expressed as mean± standard
deviation (SD). The statistical analysis of the data was per-
formed with student t-test using SPSS 18.0 software and val-
ues of p< 0.05 were considered statistically significant.

3. Results

3.1. Characteristics of curcumin-loaded liposomes
and affisomes

The mean diameters of curcumin-loaded liposomes and affi-
somes as determined using DLS were 145 nm (polydispersity
of 0.148) and 157 nm (polydispersity of 0.199), respectively.
Based on the micrographs prepared by AFM, liposomes and
affisomes had a smooth surface with spherical shape. Also,
according to the results of the AFM analysis, diameter of the
liposomes and affisomes were in the range of 90–110 nm
(Figure 1).

Encapsulation of curcumin in the constructed lipid vesicles
was confirmed by UV-Vis spectroscopy of Triton-disrupted
vesicles at the absorption peak of curcumin (424 nm). Based
on a standard curve, the mean concentration of curcumin in
the prepared liposomes and affisomes was about 180 lg
ml�1. Conjugation of ZHER2:342 affibody on the surface of
lipid vesicles was confirmed by the appearance of protein
characteristic band of 280 nm in the UV-Vis spectrum of the
affisomes. The protein content of the curcumin-loaded affi-
somes as determined by Bradford reagent was 0.25mg ml�1.
Based on our calculations, about 10% of the reactive lipid
molecules in the affisome preparation were in conjugation
with affibody molecules.

3.2. Evaluation of the cytotoxic activity of curcumin-
loaded liposomes and affisomes

The cytotoxic activity of curcumin, free or encapsulated in
the lipid vesicles, against two breast cancer cell lines SKBR3
and MCF-7 was investigated using MTT assay (Figure 2).
Effect of curcumin on viability of breast cancer cells was time
and dose-dependent. The LC50/24 h and LC50/48 h values for
free curcumin in both MCF-7 (Figure 2(a)) and SKBR3 (Figure
2(b)) cells were more than 7.5mg ml�1. Formulation of curcu-
min in the liposomal form decreased its LC50 value in both
MCF-7 and SKBR3 cell lines. The LC50/24 h and LC50/48 h val-
ues for liposomal curcumin against MCF-7 cell line were 7.5
and 5.0mg ml�1, respectively (Figure 2(c)). For liposomal cur-
cumin against SKBR3 cell line, LC50/24 h value was not deter-
mined in the examined concentration range and the LC50/
48 h value was between 2.5–5.0mg ml�1 (Figure 2(d)).
Conjugation of affibody ZHER2:342 on the surface of lipid
vesicles to prepare curcumin-loaded affisomes have no
remarkable effect on the potential of curcumin in reducing
viability of SKBR3 cells (Figure 2(f)). Both the liposomal
(Figure 2(d)) and affisomal (Figure 2(f)) forms of curcumin
reduced the viability of SKBR3 cells to 40% after 48 h in a
concentration of 5.0mg ml�1. The affisomal form of curcumin

Figure 1. Atomic force microscopy (AFM) analysis of curcumin-loaded lipo-
somes. Mean diameter of liposomal vesicles were estimated 100 nm.
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(Figure 2(e)) compared to the liposomal form (Figure 2(c))
was more potent in decreasing viability of MCF-7 cells. The
LC50/48 h value for the affisomal curcumin against MCF-7 cell
line was 2.5 mg ml�1 (Figure 2(e)).

3.3. Apoptosis analysis

The ability of free curcumin and the curcumin-loaded lipo-
some/affisome to induce apoptosis in MCF-7 and SKBR3 cells
was investigated by performing Annexin V/PI assay. In this
assay, viable cells are both Annexin V and PI negative (V�

PI�) while the cells in the early stages of apoptosis are
Annexin V positive and PI negative (Vþ PI�). The cells which
are both Annexin V and PI positive (Vþ PIþ) are in the late
apoptosis or death stage. In the control untreated samples,
the majority of either MCF-7 or SKBR3 cells were viable after
48 h of incubation. Treatment of cells with free curcumin
(2mg ml�1 for 48 h) resulted in a mild increase of apoptotic
cell population (about 7.0% in MCF-7 cells and 20% in SKBR3
cells) (Figure 3). When the cells were treated with liposomal
curcumin, the percentages of apoptotic cells were about
22% (MCF-7 cells) and 25% (SKBR3 cells). In the affisomal cur-
cumin-treated MCF-7 and SKBR3 cells, percentage of apop-
totic cell populations were about 37%. This means that, the
apoptotic cells were significantly increased in SKBR3 and
MCF7 cells treated with curcumin-loaded affisomes com-
pared to the other groups. No significant difference between
SKBR3 and MCF-7 cell lines treated with the curcumin-loaded
affisomes was observed with respect to apoptosis induction.

4. Discussion

Cancer as the second leading cause of death in the world is
responsible for 9.6 million deaths in 2018 according to WHO
report. After lung cancer, breast cancer with 2.09 million new

cases and 627 000 deaths in year 2018 is the most prevalent
cancer among females worldwide. Several studies in the last
50 years have shown the chemopreventive properties of cur-
cumin. Based on various in vitro and in vivo studies, curcu-
min may be regarded as a therapeutic agent in a wide range
of inflammatory disorders and cancers (Salehiabar et al.
2018). It is shown that clonogenic growth of MCF-7 and
SKBR3 cells is completely inhibited by curcumin in a concen-
tration range of 25–50 mM (Filippi et al. 2019). However, due
to water insolubility and poor systemic bioavailability, curcu-
min activity is limited. In recent years, curcumin in different
formulation and forms such as nanoparticles, Nano gels, den-
drimers, liposomes or micelles has been prepared and
studied to overcome poor absorption limitations
(Shanmugam et al. 2015). Among different formulations,

Figure 2. Cytotoxicity of free, liposomal and affisomal forms of curcumin. Cell lines SKBR3 and MCF-7 were treated with different concentrations of curcumin
(0–7.5 mg ml-1) in three different forms for 24/48 h and then cell viability was evaluated by MTT assay. (a) MCF-7 cells treated with free curcumin, (b) SKBR3 cells
treated with free curcumin, (c) MCF-7 cells treated with liposomal curcumin, (d) SKBR3 cells treated with liposomal curcumin, (e) MCF-7 cells treated with affisomal
curcumin, (f) SKBR3 cells treated with affisomal curcumin. Light and dark bars representative of 24 and 48 hours, respectively.

Figure 3. Induction of apoptosis by free, liposomal and affisomal curcumin.
Cells were seeded at a density of 105 cell well�1 in six-well plates and then
treated with free, liposomal or affisomal curcumin. After 48 h of incubation, the
treated cells were stained using Annexin V-FITC PI kit and analyzed by flow
cytometry. Light and dark bars are representative of MCF-7 and SKBR3 cell lines,
respectively.
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liposomes have been widely used in drug delivery
approaches to cancer cells (Feng et al. 2017). Dose-depend-
ent inhibitory effect of nanoliposomal curcumin on breast
cancer MCF-7 cell line has been shown (Santosh et al. 2012,
Hasan et al. 2014). The aim of the present study was to
enhance cytotoxicity of curcumin in vitro against breast can-
cer cells through its encapsulation into liposomes and also
to evaluate selectivity of the affibody ZHER2:342-decorated
liposomes to target HER2-overexpressing breast cancer cells
such as SKBR3 cells. Measurements were done on SKBR3 and
MCF-7 cell lines after treatment with different concentrations
of curcumin (0–7.5mg ml�1) either free or encapsulated in
liposome/affisome. The cell lines were chosen based on their
different levels of HER2 expression.

First, the effect of different formulations of curcumin on
MCF-7 and SKBR3 cell proliferation was studied using MTT
method. As seen in Figure 2, free curcumin showed a similar
anti-proliferative effect against both cell lines in a concentra-
tion dependent manner. Free curcumin up to 2.5mg ml�1

was non-toxic against both cell lines after 48 h and at higher
concentrations some degrees of toxicity independent of the
HER2 expression level were seen. At the highest examined
concentration (7.5 mg ml�1), curcumin decreased viability of
both MCF-7 and SKBR3 cells to about 60% after 48 h. The
reported LC50 value for free curcumin against MCF-7 cell line
is about 20.0mg ml�1 (Santosh et al. 2012). Low bioavailabil-
ity and rapid systemic elimination have forced scientists to
search for curcumin formulations with greater growth inhibi-
tory effects. Between different formulations, liposomal curcu-
min has attracted more attention. In the current study, we
prepared curcumin-loaded liposomes with a mean diameter
of 145 nm. The size of liposome is an important factor that
affects its targeting efficiency and systemic distribution. It is
shown that high levels of small PEG liposomes (with diam-
eter less than 200 nm) are observed in the blood while larger
liposomes (�200 nm) are mainly accumulated in the spleen
(Klibanov et al. 1991). Therefore, it can be expected that our
prepared curcumin-loaded liposomes may be suitable for tar-
geting cancer cells at in vivo conditions.

Anti-proliferative effect of liposomal curcumin against
MCF-7 cells was seen after 48 h at a curcumin concentration
of 2.5 mg ml�1 (Figure 2(c)). In SKBR3 cells, cytotoxic effect of
liposomal curcumin was recorded at a curcumin concentra-
tion of 1.25mg ml�1 after 48 h (Figure 2(d)). The LC50/48 h
value for liposomal curcumin against MCF-7 cell line was
5.0mg ml�1 while in the case of SKBR3 cells was less than
5.0mg ml�1. In a previous work reported by Santosh et al.
(2012), the LC50/48 h values of conventional liposomal curcu-
min and curcumin-loaded-c-cyclodextrin liposome against
MCF-7 cells were 11.5 and 10.2mg ml�1, respectively. Our
obtained results in accordance with the previous published
reports clearly showed that the liposomal curcumin com-
pared to the free curcumin has greater growth inhibitory
effect on the both examined breast cancer cell lines.

One of the main problems in cancer treatment which is
often led to radioresistancy or chemoresistancy is apoptosis
resistance in most cancers. Additionally, chemotherapeutic
failures can be result in activated immune response following

cell death (Santosh et al. 2012) which may be reduced by
induction of apoptosis. An approach for improvement of can-
cer therapy and provide new therapeutic opportunities for
patients suffering from malignancies is modulation of apop-
tosis pathways by natural products including betulinic acid,
vitamin E analogues, resveratrol, curcumin and etc. (Fulda,
2010). Although cytotoxicity of free curcumin against both
MCF-7 and SKBR3 cell lines were comparable (Figure 2) but
apoptotic effects of free curcumin against SKBR3 cells was
three times stronger than those observed in MCF-7 cells
(Figure 3). Encapsulation into liposome improved the apop-
totic function of curcumin against MCF-7 cells (3.3-folds)
(Figure 3), while no remarkable difference was seen between
free and liposomal curcumin in induction of apoptosis in
SKBR3 cells.

It is shown that incidence of metastasis is higher in
patients with HER2-overexpressing breast tumours compared
with patients bearing tumours with normal HER2 expression
level (Yan et al. 2015). In an attempt to increase doxorubicin
delivery to SKBR3 cells, it is shown that LC50/3h value of
doxorubicin-loaded affibody ZHER2:477-grafted liposome was
lower than conventional liposome (Akhtari et al. 2016) In the
present study, grafting affibody ZHER2:342 on the surface of
curcumin-loaded liposome had no remarkable effect on the
LC50 values of liposomal curcumin against either MCF-7 or
SKBR3 breast cancer cells (Figure 2). But, on the other hand,
affibody-decorated curcumin-loaded liposomes compared to
conventional liposomes showed an increased apoptotic func-
tion against both cell lines. In both cell lines, the percentage
of apoptotic cells was reached to about 37% upon treatment
with curcumin-loaded affisomes (Figure 3). No significant dif-
ference was seen between MCF-7 and SKBR3 cells in
response to curcumin-loaded affisomes. In another word, affi-
somal form of curcumin showed comparable apoptotic
effects against both cell lines independently of the HER2
expression levels in the treated cells.

5. Conclusions

Free curcumin is cytotoxic but not apoptotic. The mode of
cell death in response to this natural compound may be
necrosis which is undesirable in cancer therapy due to induc-
tion of immune responses. Formulation of curcumin in lipo-
somal form is a promising approach in delivery of this
compound to cancer cells and also to modulate the response
of affected cells. Affibody attachment on the surface of cur-
cumin-loaded liposomes led to improvement of its apoptotic
function against breast cancer cells independently of the lev-
els of HER2 expression while the cytotoxic effect remained
unchanged. This property of affisomal curcumin could be
applicable for modulation of apoptosis signalling pathways
in cancer therapy.
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