Cell-line Studies

5.1. Cell-line Studies

Various in vitro cell line studies were carried out for further screening of prepared immune-
nanoparticles to achieve maximum chemotherapeutic drug uptake inside the cells.(1,2)

5.1.1. In Vitro Cytotoxicity Assay (MTT Assay)(3-5)

MTT Assay is a colorimetric assay that measures the reduction of yellow 3-(4,5-
dimethythiazol- 2-yl)-2,5-diphenyl tetrazolium bromide (MTT) by mitochondrial succinate
dehydrogenase. The MTT enters the cells and passes into the mitochondria where it is
reduced to an insoluble, coloured (dark purple) formazan product. The cells are then
solubilised with an organic solvent (eg. isopropanol) and the released, solubilised formazan
reagent is measured spectrophotometrically. Since reduction of MTT can only occur in
metabolically active cells the level of activity is a measure of the viability of the cells.
Tetrazolium dye reduction is dependent on NAD(P)H dependent oxidoreductase enzymes
largely in the cytosolic compartment of the cell. Therefore, reduction of MTT and other
tetrazolium dyes increases with cellular metabolic activity due to elevated NAD(P)H flux.
Resting cells such as thymocytes and splenocytes that are viable but metabolically quiet
reduce very little MTT. In contrast, rapidly dividing cells exhibit high rates of MTT
reduction. It is important to keep in mind that assay conditions can alter metabolic activity
and thus tetrazolium dye reduction without affecting cell viability and that different
tetrazolium dyes will give different results depending on whether they are reduced
intracellularly (MTT, MTS) or extracellularly (6-9).

The cytotoxicity of immune-nanoparticles were determined using 3-(4, 5-dimethylthiazole-2-
yl)- 2,5-diphenyl tetrazolium bromide (MTT; Himedia, India) assays. A549 cells were seeded
onto 96-well plates at a density of 5x10° cells/well. After 24 h, cells were treated separately
with Docetaxel, Docetaxel Nanoparticles and Cetuximab conjugated Docetaxel Nanoparticles in
DMEM media containing 10% FBS and antibiotics (4).

In all wells, after 6 hr transfection media was replaced by fresh DMEM containing 10% of
FBS and antibiotics. The cells were incubated for 48 hr, and then 20 pL of 5 mg/mL MTT
solution was added to each well. After incubating for 4 hr with MTT solution, the culture
medium was removed and 200 pL of a dimethyl sulfoxide was added. The reduction of
viable cells was measured by calorimetry at 570 nm wavelength using an enzyme-linked
immunosorbent assay (ELISA) plate reader (Bio-Rad, USA). Cell viability of each group was

expressed as a relative percentage to that of control cells (9,8).
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5.1.2 Confocal microscopy(10-14)

For several years, two advanced techniques, confocal laser scanning microscopy (CLSM) and
flow cytometry, in particular fluorescence-activated cell sorting (FACS) have been used more
and more to study the cellular uptake of targeted drug delivery systems.(15)(16) These
techniques provide new potential to localize carriers in cells and quantify the amount of
nanoparticulate formulation uptake, leading to essential information on the interaction between
the formulation and the target cell. A better understanding of the underlying mechanism behavior
of nanoparticulate formulation in biological systems is essential when adapting the
nanoparticulate system in order to improve carrier effectiveness. (17-19)

Confocal microscopic (CSLM) analysis was carried out to know the presence of NP within
the cells. The A549 cells were incubated on a confocal dish for 24 h, followed by fluorescent dye
(6- Coumarin)-loaded Cetuximab conjugated Docetaxel Nanoparticles was treated to the cell
line and allowed for 60 min. The cells were washed with PBS buffer and fixed with 4%
paraformaldehyde (PFA) for 20 min. The cells were then stained with 4',6-diamidino-2-
phenylindole (DAPI) for additional 15 min and subsequently, cells were washed, mounted and
sealed with glycerine. The cells were observed under FV1000 confocal laser scanning
microscope (Olympus, Japan) (20-22).

Imaging was carried out in A549 cells using three formulations, i.e. Cetuximab,
Docetaxel Nanoparticles and Cetuximab conjugated Docetaxel Nanoparticles. 5x10* cells were
seeded onto confocal microscopic petridish with glass cover slip (Nunc, India). After 24 hr cells
were transfected with 6-coumarin at 100 nM concentration. Soon after transfection imaging
was started. Furthermore, the lateral Z-stack images were constructed during imaging from the

middle zone of the cells (23-25).

5.1.3 Cellular uptake by flow cytometer analysis (4,26-28)

For cellular uptake studies, Flow cytometry was utilized for quantitative cell uptake to
determine the mean fluorescent intensity while qualitative intracellular accumulation was
determined using confocal microscopy (1,29,30).

In principle, flow cytometry can be combined with nearly any staining procedure, assay or
biotechnological process. Whenever fluorescence is introduced into a microorganism or a cell it

can be exploited in flow cytometry for assessing information about the specimen. To a low



Cell-line Studies

extent the technology is applied for other objects than microorganisms and cells.(4,17,31) But
with the combination of fluidics and laser triggered fluorescence detection it is the ideal tool to
detect NPs in cells. Subtle changes in scattering and emission of a cell can be observed which are
directly linked to the cellular uptake of fluorescing particles (32,33).

In flow cytometry, a fluidics system is coupled with the detection of fluorescence and of
light scattering in small and wide angle position. For this application the objects of interest
must be prepared as a diluted dispersion commonly not exceeding a concentration of several
thousand objects per pl. In the machine, a sample stream is injected into the core of a flowing
stream of so called sheath liquid (water or physiological buffer) and a laminar flow is
established. The two streams do not mix and the sample flow is surrounded by a layer of
sheath liquid flow in a concentric setup. This is termed hydrodynamic focusing. This stream of
two concentric layers is directed through the measurement chamber, a narrow glass
capillary. In the measurement chamber, the sample stream is hit orthogonally by a laser
beam. It is important to note that the objects, e.g. cells, pass this laser beam single-filed. Placed
behind an array of filters and mirrors, several detectors successively detect the properties of
each cell passing the laser beam. This includes fluorescence signals but also of wide angle
(sideward scatter, SSC) and small angle (forward scatter, FSC) scattering. Flow cytometers
thus allow for the rapid measuring of individual objects in dispersion. Another obvious
advantage is the short exposure of each object to the laser (us scale), unlike e.g. in microscopy
where exposure lasts seconds to minutes.(18,34) Extremely light sensitive objects can be
analyzed by flow cytometry. Within one second, several thousand objects can be measured
separately and their number per volume can be counted. But only when one object passes
through the beam of the reference laser, data acquisition is triggered. In this instant, a
digital event is created and the acquired data from every active channel is assigned to this
event i.e. assigned to this particular object. Each event now represents a comprehensive data set,
including fluorescence intensities in various channels and scattering intensities at two fixed
positions (small and large angle i.e. FSC and SSC). This collected raw data consists of up to
hundred thousands of events which represent background (e.g. pieces of cell debris) and
wanted objects (cells) alike. (35) Before final data interpretation the signals must be sorted from
the background events. Fluorescence, granularity (SSC) or the presumable size (FSC or SSC)
are features which can be applied to identify the wanted objects. Commonly a threshold

condition is set on one of the detection channels so that unwanted signals are excluded
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from detection. In nearly every system a 488 nm laser is present as standard reference, but
often additional lasers (e.g. 640 nm, 561 nm, 375 nm) are available (27).

The A549 cells were seeded at a density of 2X10° cells/6-well plate and allowed to attach for 24
h. The cells were exposed to (6-Coumarin)- cetuximab conjugated Docetaxel nanoparticles and
incubated for 2 h. The cells were washed twice with PBS, trypsinized, collected and re-
suspended in PBS. The amount of cellular uptake of Docetaxel was confirmed by flow

cytometry (36,37).

5.1.4 Apoptosis study using FACS

The A549 were seeded at a density of 2X10° cells/6-well plate and allowed to attach for 24
h. The cells were treated with free Docetaxel, Docetaxel Nanoparticles and Cetuximab
conjugated Docetaxel Nanoparticles and incubated for 24 h at 37 °C in a standard incubator. A
control was maintained as untreated cells. After the incubation period, cells were trypsinized
with 0.025% trypsin solution, harvested, and resuspended in a 200 ml of binding buffer.
Immediately, 5 ml of annexin V-FITC and 8 ml of propidium iodide (PI) was added and gently
votexed and kept aside for 15 min. The proportions of apoptotic or stained cells were observed

by flow cytometer (38,39).

5.1.5 Cell cycle analysis by flow cytometry
A549 cells were seeded at a density of 2X10° cells/6-well plate and allowed to attach for 24

h. The cells were treated with free ocetaxel, Docetaxel Nanoparticles and Cetuximab conjugated
Docetaxel Nanoparticles and incubated for 24 h at 37 °C in a standard incubator. The cells were
trypsinized, harvested, and centrifuged using a microcentrifuge at 1500 rpm for 4 min. The cell
pellets were washed twice with PBS buffer and fixed in 75% ethanol solution at 4 °C. Cells were
centrifuged, washed twice, and resuspended in PBS containing 5 mg/ml PI and 50 mg/ml
deoxyribonuclease-free ribonuclease A. This suspension was incubated in dark atmosphere for

25 min and then cell cycle patterns were analyzed using flow cytometry (38).
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5.2 Results and Discussion

5.2.1 In Vitro Cytotoxicity Assay (MTT Assay)

Polymeric nanoparticles fabricated from PLGA have been found to be effective for the delivery
of both low molecular and macromolecular therapeutics as a ligand. Therapeutic efficiency of
drug loaded nanoparticles would depend on nanoparticle uptake, their intracellular distribution,
and more importantly on the dose of the drug that is released from the internalized nanoparticles
inside the cell. To investigate the therapeutic efficiency of the formulations, A549 cells were
treated with Docetaxel, Docetaxel Nanoparticles and Cetuximab conjugated Docetaxel
Nanoparticles at different concentrations, and cell proliferation was measured by a standard
MTT colorimetric assay. Results are shown in Table 5.1 and In vitro cytotoxicity analysis of
Docetaxel, Docetaxel NP and Cetuximab conjugated Docetaxel Nanoparticles on A549 Cell lines

at different time graphically described in Figure 5.2.
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In vitro cytotoxicity analysis of free Docetaxel, Docetaxel NP and Cetuximab conjugated
Docetaxel Nanoparticles on A549 Cells @ 24 h
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Figure 5.2 In vitro cytotoxicity analysis of Docetaxel, Docetaxel NP and Cetuximab

conjugated Docetaxel Nanoparticles on A549 Cell lines at different time
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In vitro cytotoxicity studies demonstrated that Cetuximab conjugated Docetaxel nanoparticles
showed higher antiproliferative activity than unconjugated Docetaxel loaded nanoparticles and
Docetaxel. Even at very low dose, targeted therapy was much more effective than Docetaxel
loaded nanoparticles and Docetaxel. (40)

Cell inhibition effect of individual drug and antibody conjugated on A549 cells were evaluated
by MTT assay. It can be seen that, Docetaxel, Docetaxel nanoparticles, and Cetuximab
conjugated Docetaxel nanoparticles exhibited a time-dependent and dose-dependent cytotoxicity
on both the cell lines tested. Although Docetaxel is a strong antimitotic cancer drug yet it cannot
inhibit the cell proliferation completely. Similarly Docetaxel NP did not result in superior effect.
On the other hand, Cetuximab conjugated to the Docetaxel NPs significantly reduced cell
proliferation and increased the therapeutic efficiency of complex by suppressing the multidrug

resistance phenomenon and exhibited a clear synergistic effect (Figure 5.2).

After 24 h incubation, as depicted in Fig. 6(a), the cell viability decreased to about 59.22,
47.12 and 38.45% for Cetuximab conjugated Docetaxel nanoparticles at 0.05, 0.5 and 5.0
g/ml drug concentrations respectively, corresponding to an increase in cytotoxicity of 25%
compared with that of free drug. After 48 h incubation, portrayed in Fig. 6(b), the cytotoxicity
increased to about 41.34, 35.12 and 25.31% for the DTX-CH-NP3 and 65.88, 58.98 and
48.87% for the free drug, respectively. The more marked inhibition of cell growth was
obtained for longer incubation period (72 h). The strongest cytotoxic effect was achieved

with nanoparticles at 5.0 g/ml drug concentration.

This results in the substantial reduction in the IC50 value of Docetaxel when used on
synergistic combinations. The IC50 value of Docetaxel NP was 1.1 mg/ml, 0.32 mg/ml, 0.098
mg/ml after 24, 48, and 72 hours incubation, whereas Cetuximab conjugated Docetaxel NPs
exhibited 0.18 mg/ml, 0.059 mg/ml, 0.012 mg/ml for respective incubation time in A549 cells.
The superior antiproliferative effect of Cetuximab conjugated Docetaxel NPs was attributed to
higher intracellular drug level and greater uptake efficiency which could be due to the anti

EGFR effect of Cetuximab mAb .
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5.2.2 Confocal microscopy observation

Confocal microscopy was employed to characterize the cellular internalization of
Cetuximab conjugated Docetaxel nanoparticles in A549 cells. The nucleus was stained
with DAPI. As shown in Figure 5.3, a strong red fluorescence was observed in the
cytoplasmic region after incubation of NP for 60 min. In the merged image, clear red
fluorescence in the peripheral cytoplasm and blue stained nucleus was observed indicating that
NP was internalized via endocytosis mechanism. This would allow it to target directly in
the microtubules which is present in the cytoplasmic region (18).

Additionally, results obtained in our studies results showing enhanced efficacy of docetaxel in

presence of Cetuximab warrant the efficient specific tagetting to EGFR receptor.

6-Coumarin Merged

Figure 5.3 Confocal microscope images of intracellular distribution of Cetuximab

conjugated Docetaxel nanoparticles in A549 cells after incubation for 1 h. Cell nuclei was

stained with DAPI (blue) and endosomes/lysosomes were stained by cy.5 (red).

5.2.3 Cellular uptake by flow cytometry

Flow cytometer analysis was carried out to further confirm the cellular uptake of
cetuximab conjugated Docetaxel nanoparticles in A549 cells. As is seen, remarkable increase in
the fluorescence intensity was observed following 30 min incubation (Figure 5.4). Moreover,
cellular uptake of NP further increased when the incubation time is increased to 60 min. The
observation is consistent with the cytotoxicity assay which depicted a time-dependent cell

inhibition effect. Both the confocal and flow cytometry analysis indicates that NP systems can
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effectively deliver the active ingredient into the cell cytoplasm that will improve the therapeutic

efficacy in tumors (18,20,41).
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Figure 5.4 Cellular uptake analysis of Cetuximab conjugated Docetaxel nanoparticles in

A549 cells using flow cytometer.

5.2.4 Cell apoptosis analysis

Annexin V-FITC staining in conjunction with PI can differentiate early apoptosis and late
apoptosis or proportion of living cells. PL, a standard molecular probe used to distinguish viable
cells from nonviable cells. Generally, viable cells having intact membranes do not interact with
PI, while membranes of dead cells are permeable to PI. Therefore, annexin V-FITC/ PI staining
can distinguish early apoptosis from late apoptosis in cell populations. As a representative, A549
was used to study the apoptotic behavior of formulations. After 24 h incubation, Docetaxel
Nanoparticles showed slight apoptosis with majority of cells in the lower right quadrant in the

viable cells chamber indicating a moderate DNA fragmentation (8,9,38).
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Figure 5.5 Apoptosis analysis of A549 cells after treatment with Docetaxel nanoparticles

and Cetuximab conjugated Docetaxel nanoparticles upon 24 h incubation.

Apoptosis analysis of A549 cells in a time-dependent manner after treating
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Figure 5.6 Apoptosis analysis of A549 cells in a time-dependent manner after treating

Docetaxel NP and Cetuximab conjugated Docetaxel Nanoparticles.
(*p < 0.05, **p < 0.01, statistical difference between Cetuximab conjugated Docetaxel Nanoparticles and Docetaxe

NP)
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Cetuximab conjugated Docetaxel Nanoparticles on the other hand markedly induced the

apoptosis with predominant amount of cells in the early and late apoptosis stages indicating a

strong DNA fragmentation and chromatin condensation. Furthermore, time-dependent apoptosis
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was observed using flow cytometry analysis. As shown in Figure 5.6, cell apoptosis
gradually increased with the increase in the incubation time of respective NP system. A
prominent apoptosis was observed at longer incubation time (24 hours and 36 hours) for both
the nanoparticulate system (8,26,38).

The explosion of studies on apoptosis in recent years has described it as a regulated,
controlled and complex process of autonomous cellular dismantling, also referred as
programmed cell death. Cells undergoing apoptosis show characteristic morphological and
biochemical features. These features include chromatin aggregation, nuclear and cytoplasmic
condensation. On the contrary, necrosis represents a passive consequence of gross injury to
the cell. It is morphologically different from apoptosis, and its physiological consequences are
also very different from those of apoptosis (41).

Necrosis begins with an impairment of the cell’s ability to maintain homeostasis, leading to
an influx of water and extracellular ions. To determine if inhibition of EGFR resulted in
apoptosis of A549 cell line, apoptosis studies was conducted using Annexin V staining
procedure. Cetuximab conjugated Docetaxel Nanoparticles were able to cause more apoptosis
and necrosis in A549 cell lines as compared to drug loaded nanoparticles and native drug
following site specific sustained delivery pattern. Additionally it was observed that dose
elevation of drug results in reduction of the degree of apoptosis as tumor necrosis increases.
In our study, native docetaxel diffuses and accumulates directly at site of action at a
higher concentration thus resulting in necrosis. However, nanoparticles show a slow sustained
release phenomenon and at a lower dose apoptosis signals may be activated leading to a
higher number of cell deaths. On contrary targeted therapy showed mixed results, with cells
being present both in apoptosis phase as well as in necrosis stage. Targeted delivery and
better uptake of Cetuximab conjugated Docetaxel Nanoparticles results in greater
accumulation of drug loaded nanoparticles inside tumor tissue (35). Confocal microscopic
images of A549 cells are given as Figure 6. Rapid release of surface adsorbed drug (burst
release) from nanoparticles is responsible for causing necrosis initially in the A549 cells.
However, in later stages slow and sustained release of drug molecules is responsible for
eliciting apoptotic signals causing death by apoptosis.(8,41) Sustained cytoplasmic delivery of
the drug from nanoparticles coupled with the site specific delivery of docetaxel due to
EGFRs have resulted in more enhanced therapeutic potency of the Cetuximab conjugated

Docetaxel Nanoparticles by apoptosis than unconjugated nanoparticles
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thus, supporting the idea that surface modified nanoparticle can serve as effective delivery
vehicles. As expected, Cetuximab conjugated Docetaxel Nanoparticles exhibited greater
apoptotic populations than comparing to Docetaxel Nanoparticles throughout the study period.
Therefore it can be expected that Cetuximab effectively bind to Anti EGFR receptor and release
the drug to tumourous cells and induced a strong synergism .

5.2.5 Cell cycle analysis

Docetaxel tightly binds with the microtubules and promotes its stabilization resulting in the
mitotic arrest of cancer cells. It is well known that Docetaxel induce cell cycle arrest by
impairing mitosis and chromosomal damage, thereby induce typical G2/M phase arrest. The
polymerization and depolymerization of microtubules has an important role in biological
process. The Docetaxel nanoparticles, and Cetuximab conjugated Docetaxel nanoparticles were
exposed to A549 and incubated for 15 hours. As can be seen, control cells largely present in G1

phase with around 5% in G2/M phase (Figure 5.7).
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Figure 5.7 Cell cycle distribution in A549 cells using flow cytometry.
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The cells were treated with Docetaxel nanoparticles, and Cetuximab conjugated Docetaxel
nanoparticles (Docetaxel equivalent concentration 1 mg/ ml). Kinetics of distribution of the sub-
GO0 and G2/M population induced by Docetaxel nanoparticles, and Cetuximab conjugated
Docetaxel nanoparticles in A549 cells (37,38,41).

The treatment with Docetaxel nanoparticulate system however resulted in significant
G2/M phase arrest in both the cell lines. Interestingly, Cetuximab conjugated Docetaxel
nanoparticles exhibited remarkable increase in sub-GO/G1 phase, indicating increasing
hypodiploids or apoptotic cells. A remarkable increase in G2/M phase arrest accompanied with
significant proportion of apoptotic cells indicates the synergistic cytotoxic action (Figure 5.7).

Cell cycle analysis demonstrated that the cells treated with docetaxel had a higher proportion
of cells in the G1 phase. It was observed that a higher proportion of cells were in the Gl
arrest phase following treatment by Cetuximab conjugated Docetaxel Nanoparticles and
Docetaxel Nanoparticles than the cells treated with the native docetaxel drug. There are
previous reports confirming higher arrest of higher number of cells in G0/G1 phase when
treated with nanoparticles as compared to free drug treated cells (36). However, Cetuximab
conjugated Docetaxel Nanoparticles inhibiting a greater number of cells in G1 phase can be
explained based on the intracellular drug levels. It can be said that in case of nanoparticle
mediated targeted therapy more drug is available at the site of action (following sustained drug
release) for a longer period than native drug in solution, resulting in greater efficiency of the

Cetuximab conjugated Docetaxel Nanoparticles in arresting cell growth (34).

It has been reported that docetaxel acts at molecular level by impairing mitosis and inducing cell
cycle arrest [40]. Figure 5.7 depicts the results of treating A549 cells for 24 hours with
Docetaxel Nanoparticles and Cetuximab conjugated Docetaxel Nanoparticles at IC50 values. All
treatments induced accumulation in G2/M and S phases, with a significant decrease in G0/G1
phase versus control cells. The accumulation was significantly greater in cells treated with
Cetuximab conjugated Docetaxel Nanoparticles than in cells treated with the Docetaxel
Nanoparticles and free Docetaxel (Figure 5.3). The rapid decrease in cell cycle progression,

evidenced by the increased percentage of cells in S and G2/M phase, is in agreement with
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previous reports that docetaxel treatment induces a G2 cell cycle build up in several cell lines,

including A549.(34,38)
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