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Abstract

Aim: The purpose of this study is to evaluate the activity of daratumumab in combination
with polycaprolactone (PCL) nanoparticles (NPs) for decreasing toxicity and enhancing
the anticancer efficiency of doxorubicin (Dox) for diffuse large B-cell lymphoma (DLBCL).
Material and Methods: Polycaprolactone nanoparticles were developed using double
emulsion technique. For characterization of blank and doxorubicin loaded PCL nanopar-
ticles; particle size, polydispersity index and surface charge were determined. Cell culture
study was realized to conclude the cytotoxicity of Dox-loaded PCL NPs alone or combi-
nation with Daratumumab.
Results: Blank and Dox-loaded PCL nanoparticles remained within 235 nm and 250
nm, respectively. Zeta potential values were -3.9 and -13.3 mV for blank and Dox-loaded
PCL nanoparticles, respectively. In cell culture study, whole formulations showed a time-
dependent model; the cytotoxicity enhanced with the increase of incubation time. Blank
nanoparticles have no toxicity; cell viability was above 85%. Dox-loaded nanoparticles
showed more toxicity to A20 cells than Dox solution. Dox-loaded NPs in combination
Daratumumab exhibited higher cell toxicity than Dox-loaded NPs and mAb solution,
respectively (P < 0.05).
Conclusion: Dox-loaded PCL nanoparticles in combination with antibody-targeted
chemotherapy could be a considered as promising synergistic strategy for controlling tumor
growth by increasing the antitumor efficacy while minimizing toxicity.

Copyright © 2022 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed under
the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction
Non-Hodgkin lymphoma (NHL) is a class of hematologic
cancer, that explains for 85% of all lymphoma and 4% of
whole malignancies [1, 2]. Diffuse large B-cell lymphoma
(DLBCL) is the most frequently subtype of NHL. Using
standard rituximab and an anthracycline treatment, 66%
of patients will be in a disease-free period four years after
first diagnosis, and may be considered to be cured [3]. On
the other hand, one-third of the patients gets refractory to
first-line treatment or finally relapses. Therefore, better-
ment of the treatment efficiency is an important require-
ment with novel drug combinations or new therapeutic
approach.
In standard chemotherapy, most anticancer drugs are a
little selective to cancer cells, and toxicity to healthy tis-
sues can be high, necessitating dose reduction and discon-
tinuance of therapy [4]. Also in clinical NHL treatment,
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applications are limited due to serious adverse effects and
multidrug resistance [2]. Thus, nanotechnology has lately
demonstrated to be a favourable approach for lymphoma.
Drug encapsulation with nanosystems can enhance circu-
lation time, decrease contact to healthy tissue and cor-
respondingly, increase antitumor efficiency and minimize
adverse effects [5, 6]. Nanoparticles have been commonly
studied for carrying anticancer agents for lymphoma ther-
apy. Different preclinical/clinical trials related nanosys-
tems for lymphoma therapy are continuing or have recently
realized: paclitaxel protein-bound particles, doxorubicin-
loaded liposomes, liposomal vincristine, CD22-targeted
PEGylated liposomes, rituximab lipid nanoparticles, PE-
Gylated poly(lactic-co-glycolic acid) (PLGA) nanoparti-
cles etc [7, 8].

Successful cancer therapy is dependant upon safe and
efficient delivery of chemotherapeutics to tumor tissue,
while keeping away from adverse effects. Nanoparticles are
promising systems as they allow localized drug delivery to
target site and increased cellular uptake. Nanoparticulate
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systems can be developed using natural/synthetic poly-
mers. Also, these systems could pass biological barriers
or help from enhanced permeability and retention (EPR)
effect due to small particle size. Therefore, nanoparticles
can protect active agent in biological systems and let tar-
geting to tumor site [9, 10].
One trend to overcome chemotherapy drawback, and en-
hance efficiency, is to target anticancer agent to tumor
site via antibodies that are special for proteins spesifi-
cally over-expressed by cancer cells (antibody-mediated
chemotherapy, AMC) [11]. Daratumumab (Darzalex®)
is a first, human monoclonal antibody (mAB) targeting
the CD38. FDA approved in 2015 as a monotherapy for
multiple myeloma patients, have taken at least 3 prior
therapies [12]. A study demonstrated that daratumumab
shows cytotoxic activity in vitro via antibody-dependent
cellular cytotoxicity (ADCC) and antibody-dependent cel-
lular phagocytosis (ADCP) in CLL cells and cell lines
in chronic lymphocytic leukemia (CLL). In vivo, daratu-
mumab importantly prolongs overall survival of animals in
systemic CLL murine models. An another study searched
in vitro-in vivo activity of daratumumab on DLBCL cells
as monotherapy and in combination with standard ther-
apies. In a DLBCL xenograft model, daratumumab anti-
tumor activity was comparable to chemotherapy regimen
and the addition of daratumumab to either chemotherapy
or Rituximab-chemotherapy cause tumor regression [13].
The obejctive of this study is to determine in vitro activity
of daratumumab on DLBCL cells as monotherapy and in
combination with polycaprolactone nanoparticles.

Materials and Methods
Materials
Doxorubicin (Dox, molecular weight (MW): 543.17 g/mol,
catalog number D1515), polycaprolactone (PCL) (Mn:
80.000, catalog number 440744), Pluronic F-68 (catalog
number P1300) and polyvinylalcohol (PVA, catalog num-
ber P8136) were purchased from Sigma-Aldrich, USA.
Dichloromethane (DCM) was obtained from J. T. Baker,
USA. All other reagents were of reagent grade.

Preparation of Blank and Doxorubicin-Loaded PCL
Nanoparticles
Blank and Doxorubicin loaded PCL Nanoparticles (NPs)
were developed with double emulsion technique [14, 15].
1 mL PF68 solution (1%, w/v) containing 2.5 mg Dox
(10% of PCL) was emulsified in dichloromethane (5 mL)
including 0.5% PCL by ultraturrax (IKA T25 basic) at
13000 rpm for 5 minutes upon an ice. This emulsion was
emuslfied into 20 mL aqueous solution containing 0.1%
PVA in 1% PF68 solution, then stirred by ultraturrax at 1
000 rpm for five minutes upon an ice. Last, organic solvent
was removed using evaporator (IKA RV 10 basic).

Particle Size
Particle size was measured with Malvern NanoZS (Zeta-
sizer NanoSeries ZS, Malvern Instruments, UK) at 25 °C.
The results were given as mean diameter (nm)±standard
deviation (SD) and polydispersity index (n=3).

Zeta Potential
Surface charge was determined using Malvern NanoZS (Ze-
tasizer NanoSeries ZS, Malvern Instruments, UK) at 25 °C
(n=3).

Cell Culture
A20 cell line (ATCC® TIB-208™) was purchased from
American Type Culture Collection (ATCC) (Rockville,
MD). A20 cells were cultured in RPMI-1640 containing
with fetal bovine serum (FBS) (Biochrom, Germany), 100
mg/mL of streptomycin and 100 unit/mL of penicillin
(Sigma, USA) and 2-mercaptoethanol at 37°C in CO2 in-
cubator.

In Vitro Cytotoxicity
A20 cells were seeded into 96-well culture plates at an ini-
tial density of 5x104 cells/well in 100 µL RPMI-1640 con-
taining 10% FBS, 1% penicillin-streptomycin. The cul-
tures were maintained at 37 °C in a 5% CO2 incubator.
After 24 h of incubation time, fresh medium containing ei-
ther different concentrations of drug solution (100µM, 50
µM, 25 µM, 12.5 µM, 6.25 µM, 3.12 µM for Dox and 10
µg/mL, 5 µg/mL, 2.5 µg/mL, 1.25 µg/mL, 0.62 µg/mL,
0.31 µg/mL for Daratumumab (mAb solution) was added
to determine IC50 value. In order to find cell viability,
WST-1 (water soluble tetrazolium salt) assay was applied.
For this purpose, WST-1 (10 µL) was added in each well
and incubated for 3 hours. Optical densities were deter-
mined by a microplate reader (Molecular Devices, CA) at
450 nm. The control group consisted of cells incubated in
DMEM alone (n = 6).
Also, cells were treated with blank nanoparticle, doxoru-
bicin loaded nanoparticle, Daratumumab (mAb+), Dox-
loaded nanoparticle and drug solutions to determine cyto-
toxicity 24 h and 48 h. At the end of incubation time, cell
viability was determined using WST-1 assay at 450 nm as
defined before.

Statistical analysis
The obtained results are given as mean ± SD. Data were
evaluated with Student’s t-test or one-way ANOVA (SPSS
Statistics). p value < 0.005 was regarded as statistically
significant.

Results
Particle characterization
In this study, Doxorubicin-loaded PCL NPs were used to
develop a drug delivery system for targeting of diffuse large
B-cell lymphoma. Blank and drug-loaded PCL NPs were
obtained with a double emulsion technique. The physico-
chemical characteristics of blank and drug-loaded formu-
lations are presented in Table 1. Blank and Dox-loaded
PCL nanoparticles remained within 235 nm and 250 nm,
respectively. Zeta potential values were -3.9 and -13.3 mV
for blank and Dox-loaded PCL nanoparticles, respectively.
The polydispersity indexes were found < 0.2. No differ-
ences were seen in particle size and surface charge when
nanoparticles were loaded with Dox (Table 1).

199



Erdogar N. Treatment of Diffuse Large B-cell Lymphoma 2022;29(3):198–202

Table 1. Characterization of blank and Dox-loaded PCL
nanoparticles (mean±SD, n=3)

Formulations Blank NPs Dox-loaded NPs

Particle size (nm) 235±2.6 250±5.4
Polydispersity index 0.16±0.03 0.19±0.02
Zeta potential (mV) -3.9±1.5 -13.3±2.7

In Vitro Cytotoxicity
The biological efficacy of Dox-loaded PCL NPs in A20 cells
was measured using MTT. In vitro toxicity of different for-
mulations was shown as the cell viability of A20 cell line at
24 h and 48 h (Figure 1). Cytotoxicity of Dox-loaded NPs
was refered to Doxorubicin solution, mAb solution, Dox-
loaded nanoparticles in combination mAb, blank nanopar-
ticles, and no treatment. To determine optimum dose, the
IC50 values of Dox and Daratumumab were calculated as
7.36 and 0.64 µM in 24 h, respectively. It can be ob-
served that all formulations showed a time-dependant pat-
tern; cytotoxicity enhanced with the enhance of incubation
time. Blank nanoparticles exhibited no toxicity; cell viabil-
ity was above 85%. Doxorubicin-loaded NPs were shown
more toxicity to A20 cells in comparison to Dox solution
(Figure 1).
Dox-loaded NPs in combination Daratumumab exhibited
higher cell toxicity than Dox-loaded NPs and mAb solu-
tion, respectively (P < 0.05).

Discussion
To improve anticancer drug efficiency a variety of drug
delivery systems (DDS) have been studied in the liter-
ature. Nano-DDS can help to overcome insolubility of
hydrophobic drugs, prolong the time of blood circulation,
decrease the toxicity and increase drug concentration in
the tumor tissue due to the enhanced permeability and re-
tention (EPR) effect [16]. Moreover, passive accumulation
of DDS in the tumor tissue can be enhanced by various
targeting moieties including monoclonal antibodies and
their fragments, saccharides etc [17]. Lai et al. conjugated
anti-CD30 antibody on Doxil for the treatment of anaplas-
tic large cell lymphoma (ALCL). The results showed that
CD30 functionalization greatly improved the affinity and
inhibitory effect of Doxil to ALCL cells in vitro and inhi-
bition of K299 ALCL tumor growth in vivo [18]. Lidicky
et al. studied a novel actively-targeted mAb-polymer-drug
conjugate (APDC) composed from central mAb decorated
with biocompatible polymer chains carrying doxorubicin.
Anti-lymphoma efficacy of APDC nanotherapeutics was
evaluated in vitro and in vivo lymphoma xenograft model.
The obtained data showed that daratumumab appears es-
pecially promising, especially in the subgroup of patients
with relapsed, CD38-positive B-NHL. The anti-lymphoma
efficiency of APDCs is mediated by targeted delivery of
doxorubicin to the lymphoma with limited immunologic
mode-of-action [19].
In this study, blank and drug loaded PCL NPs were pre-
pared by double emulsion technique and their physical
characterization was analysed by dynamic light scattering

(a)

(b)

Figure 1. The in vitro cytotoxicity of Doxorubicin, mAb
solution, blank NPs, Dox-loaded NPs and Dox-loaded NPs
in combination mAb in A20 cells for a) 24 h and b) 48 h
(n=6, mean±SD).

technique. Double emulsion method is a suitable prepara-
tion method to encapsulate hydrophilic drugs such as dox-
orubicin, resulting enhanced efficacy and controlled size
distribution [20]. Particle size was found between 235-
250 nm, thus demonstrating being a good method for hy-
drophilic drug encapsulation. Also, formulations were be-
low 400 nm indicating passive targeting and accumulation
in tumor sites [21]. Zeta potential is important to dis-
play the physical stability of the nanoparticles and can de-
pend on concentration and polymer MW and surfactants
in aqueous phase. In this study, negative zeta potential
value was measured suggesting kinetically stable formula-
tions. Also, the negative charge of nanoparticles can be
attributed to no doxorubicin on nanoparticles surface.
Blank nanoparticles exhibit non-toxic behaviour; so this
findings showed that polymer could be used as a suit-
able carrier for drug delivery [14]. Doxorubicin loaded
NPs showed more toxicity to A20 cells than Dox solution.
Moreover, co-administration of Dox-loaded nanoparticles
with Daratumumab did reduce the cell viability % (Fig-
ure 1), indicating that there is a synergistic cytotoxic effect
among Dox-loaded NPs and Daratumumab. Hence, it can
be concluded that these effect of drug loaded PCL NPs
can not only be dependent upon free drug released into sur-
rounding media from degrading nanoparticles but must de-
pend on penetration of Daratumumab by lymphoma cells
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and increased efficacy of doxorubicin (8). Vidal-Crespo
et al. showed that daratumumab, at clinically appliable
dose, efficiently penetrates a in vitro lymphoma organoid
model. Also, a significant reduction of the sphere volume
was observed with daratumumab in 3D lymphoma model.
These results agree with daratumumab efficiency in diffuse
large B-cell lymphoma [13].
Daratumumab has shown a targeted therapeutic effect and
an obvious anti-multiple myeloma curative effect. Despite,
the clinical application is not yet widespread. Also, when
combined with lenalidomide and dexamethasone, infusion
reactions are likely to occur (22). Different studies have
been ongoing to test the combination of daratumumab
with chemotherapeutic drugs like Ara-C and doxorubicin
in lymphoma models (23). In our study, a nanoparticulate
drug delivery system of doxorubicin in combination with
Daratumumab was evaluated in the cell culture level. As
a limitation, the results of cell culture studies may also
be misleading due to cells do not have the same genotypic
and/or phenotypic characteristics as in the human body
[24, 25]. Hence, the obtained data should be supported
by animal studies in the future in order to be more reli-
able. To obtain the maximum benefit clinically, we believe
that ongoing studies on the advancement of combinato-
rial nanocarriers will lead to the ideal clinical combination
therapy sought after by physicians.

Conclusion
In the light of obtained data, it was possible to de-
velop a nanoparticulate drug delivery system of anticancer
drug doxorubicin in combination with Daratumumab for
the treatment of DLBCL. Polymeric nanoparticles were
developed using double emulsion technique successfully.
Nanoparticles were able to exhibit a suitable particle size,
surface charge and higher cytotoxicity in A20 cell line.
Also, Dox-loaded nanoparticles in combination Daratu-
mumab exhibited higher cell toxicity in lymphoma cells.
At the end of characterization studies, the results rendered
visionary concepts for in vivo and clinical studies planned
to be carried out with further studies.
Herein, it is considered that in vitro characterization
and cell culture studies showed that Doxorubicin-loaded
nanoparticles in combination with Daratumumab can sup-
ply encouraging results in further animal studies. In con-
clusion, Dox-loaded PCL nanoparticles in combination
with antibody-targeted chemotherapy could be a consid-
ered as promising synergistic strategy for controlling tu-
mor growth by improving the efficacy while reducing tox-
icity.
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