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Epidermal Growth Factor Receptor (EGFR) Density
May Not Be the Only Determinant for the Efficacy of
EGFR-Targeted Photoimmunotherapy in Human Head and
Neck Cancer Cell Lines
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Objective: The aim of this study was to investigate the
effects of targeted photoimmunotherapy (PIT) in vitro on
cell lines with various expression levels of epidermal
growth factor receptor (EGFR) using an anti-EGFR
targeted conjugate composed of Cetuximab and
IR700DX, phthalocyanine dye.

Materials andMethods: Relative EGFR density and cell
binding assay was conducted in three human head & neck
cancer cell lines (scc-U2, scc-U8, and OSC19) and one
reference cell line A431. After incubation with the
conjugate for 1 or 24 hours, cellular uptake and localization
were investigated by confocal laser scanning microscopy
and quantified by image analysis. Cell survival was
determined using the MTS assay and alamarBlue assay
after PITwith a 690nm laser to a dose of 7 J.cm�2 (at 5mW.
cm�2). The mode of cell death was examined with flow
cytometry using apoptosis/necrosis staining by Annexin V/
propidium iodide, together with immunoblots of anti-
apoptotic Bcl-2 family proteins Bcl-2 and Bcl-xL.

Results: A431 cells had the highest EGFR density
followed by OSC19, and then scc-U2 and scc-U8. The
conjugates were localized both on the surface and in the
cytosol of the cells after 1- and 24-hour incubation. After
24-hour incubation the granular pattern was more
pronounced and in a similar pattern of a lysosomal probe,
suggesting that the uptake of conjugates by cells was via
receptor-mediated endocytosis. The results obtained from
the quantitative imaging analysis correlate with the level
of EGFR expression. Targeted PIT killed scc-U8 and A431
cells efficiently; while scc-U2 and OSC19 were less
sensitive to this treatment, despite having similar EGFR

density, uptake and localization pattern. Scc-U2 cells
showed less apoptotic cell dealth than in A431 after 24-
hour targeted PIT. Immunoblots showed significantly
higher expression of anti-apoptotic Bcl-2 and Bcl-xL
proteins in scc-U2 cell lines compared to scc-U8.
Conclusion: Our study suggests that the effectiveness of
EGFR targeted PIT is not only dependent upon EGFR
density. Intrinsic biological properties of tumor cell lines also
play a role in determining the efficacy of targeted PIT. We
have shown that in scc-U2 cells this differencemay be caused
by differences in the apoptopic pathway. Lasers Surg. Med.
50:513–522, 2018. © 2018 Wiley Periodicals, Inc.
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INTRODUCTION

Photodynamic therapy (PDT) of cancer is based on the
local or systemic administration of a photosensitizer
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followed by activation with visible light of a specific
wavelength. The light-activated photosensitizer transfers
the energy to molecular oxygen to produce highly cytotoxic
reactive oxygen species (ROS), notably singlet oxygen,
resulting in photodamage to tumor cells/tissues [1–3]. A
photosensitizer is, however, generally not selectively taken
up by tumor cells [4] which can lead to significant damage
to surrounding normal cells.

To overcome this limitation, targeted photoimmuno-
therapy (PIT) first reported by Mew et al., in 1983 [5],
involves the conjugation of a photosensitizer to an antibody
that specifically targets a protein on the surface of tumor
cells. Such conjugates have the potential for effective
photosensitizer delivery to cause selective destruction of
individual cancer cells after light irradiation. Cetuximab-
IR700DX is a conjugate of a phthalocyanine dye and an
antibody against human epidermal growth factor receptor
(EGFR). IR700DX has a strong absorption in the red
(690nm) wavelength where the light penetration into
tissue is close to optimal. However, as a single agent
IR700DX has very little photodynamically active because
it is highly water soluble and does not localize close to
essential organelles [6]. EGFR is highly expressed inmany
types of tumors including head and neck squamous cell
carcinoma. This conjugate is currently under investigation
for clinical use [7].

PIT efficacy using a different conjugate has previously
been demonstrated in the human squamous cell carcinoma
cell line A431 and MDAMB468-luc adenocarcinoma cell
line in vitro [6]. Both cell lines strongly over-express
EGFR. Furthermore, destruction of tumor xenografts in
mice has also been demonstrated after PIT [7,8]. EGFR
targeted PIT using nanobody conjugates has shown a
positive relationship between EGFR expression and
efficacy in EGFR over-expressing cell lines of A431 and
UM-SCC-14C, whereas the Hela tumor cells with a low
EGFR expression were spared [9].

The efficacy of cell death in PDT is mainly determined
by the subcellular sites where a photosensitizer is located
and therefore where singlet oxygen is generated. For
targeted photosensitizers that are initially localized at
the cell membrane this causes mainly necrosis by
disruption of the cell membrane [9]. In addition,
intracellular located photosensitizer can induce various
pathways of apoptosis (programmed cell death), such as
up regulation of p53 or cytochrome C. Apoptosis is a form
of cell death that is morphologically and biochemically
distinct from necrosis [10,11], and can be categorized into
early and late stages. Early apoptosis is characterized by
an intact plasma membrane with the exposure of
phosphatidylserine on the cell surface; while late
apoptosis is characterized by a permeable plasma
membrane [12]. Stress on various organelles of cells
including the mitochondria, endoplasmic reticulum (ER),
endo/lysosomes, and nucleus can initiate specific apopto-
tic pathways [13–15]. During apoptosis, Bcl-2 family
proteins regulate apoptotic process including anti-apo-
ptotic members such as Bcl-2 and Bcl-xL and pro-
apoptotic members such as BAX and BAD [16,17].

Previous reports have shown that both Bcl-2 and Bcl-
xL proteins induced the resistance of tumor cells to
PDT [18].
It has previously been shown that the effectiveness of

targeted EGFR therapies depends upon the cellular
density of EGFR [9,19]. The aim of this study was to
investigate targeted PIT responses using Cetuximab-
IR700DX in the human head and neck squamous cell
carcinoma cell lines, scc-U8, scc-U2, and OSC19. We
studied the EGFR expression,microscopic localization, cell
survival, and mode of cell death after PIT using 1 or
24hours of incubation. The 1 hour short drug light interval
was chosen to aim for memebrane localized conjugate/
EGFR receptor targeted responses; whereas the 24 hours
incubation was to mimic a clinical scenario of using the
conjugate.

MATERIALS AND METHODS

Chemicals—Cetuximab-IR700DX Conjugate

IR700DX is a phthalocyanine-type photosensitizer;
while Cetuximab is a clinically used antibody against
human EGFR. The conjugate was provided by Aspyrian
Therapeutics, Inc., San Diego, CA.

Cell Lines

Three human head and neck (oral cavity) squamous cell
carcinoma cell lines, scc-U8, scc-U2 (University of Mich-
igan), and OSC19 (University of Leiden); and one human
cervical squamous cell carcinoma cell line, A431 (Univer-
sity of Oslo) as a reference, were used in this study. The
A431, scc-U8, and scc-U2 cell lines were cultured in
Dulbecco’s Modified Eagle Medium (DMEM, Gibco, Invi-
trogen, UK) supplemented with 10% foetal calf serum
(FCS), 100Uml�1 penicillin, 100mgml�1 streptomycin, and
2mM glutamine (PAA, Germany) at 378C in a humidified
5% CO2 atmosphere. The OSC19 cell line was cultured in
DMEM (Invitrogen, Carlsbad, CA) containing 4.5 gD-
glucoseL�1, 110mgl�1 sodium pyruvateL�1, 580mgL-
glutamineL�1 supplemented with 10% FCS (Lonza, Basel,
Switzerland), 400 IUml�1 penicillin, 100mg/ml�1 strepto-
mycin (Invitrogen), 1�Minimal EssentialMedium (MEM)
non-essential amino acids solution and 1�MEM vitamin
solution at 378C in a humidified 5% CO2 atmosphere. The
passages of 10–40 of the cell lines were used in this study.

Relative EGFR Expression and Conjugate Binding

Since IR700DX is a fluorescent dye, it is possible to
directly detect IR700DX fluorescent signals of the con-
jugates to study cellular EGFR expression. Cells of each
cell line were incubated with Cetuximab-IR700DX con-
jugates at the concentration of 40mgml�1 (approx.
263.8nmolml�1) for 30min at 48C before being prepared
for flow cytometry. This concentration was calculated to be
sufficient to saturate all the EGFR receptors on the A431
cell line, based on data from a previous study [20]. The
mean fluorescence intensity was used to measure the
relative human EGFR expression in various cell lines.
Cells without the conjugate were measured as background

514 PENG ET AL.



signals. In addition a cell binding assaywas conducted. For
each cell line 8,000 cells was seeded in a 96-well plate
(Nunc, Roskilde, Denmark). After 24-hour incubation for
attachment, the plates were kept at 48C and cells were
washed with cold DMEM binding medium containing 1%
BSA and 25mM HEPES without phenol red at pH 7.4.
After incubation of cells with Cetuximab-IR700DX con-
jugates (100–0.39nM, 1:2 serial dilution) for 2-hours at
48C, unbound conjugate was washed away three times
with binding buffer. The amount of bound conjugate was
detected with Odyssey Infrared scanner using the 700nm
channel. Fluorescence intensities were plotted (in tripli-
cate�SD) versus the concentrations using the GraphPad
Prism 7 software (GraphPad Software, San Diego, CA).

Cell Survival

Cell proliferation was assessed with a standard MTS kit
(CellTiter 961 AQueous One Solution Reagent (Promega
Corp., Madison, WI) according to the manufacturer’s
recommendations using a 96-well plate reader (Molecular
Devices, Sunnyvale, CA). It is a colorimetric method based
on the cellular conversion of a tetrazolium compound into a
formazan product, which can be detected by the 492nm
absorbance. Such absorbance measurements were not
influenced by IR700DX. Cell viability was assessed with a
standard alamarBlue Assay (alamarBlueTM Cell Viability
Reagent) according to the manufacturer’s protocol using a
96-well plate reader (Molecular Devices, Sunnyvale, CA).
It is a fluorescent method based on a non-fluorescent
molecule resazurin converting to a fluorescent molecule
resorufin by reduction reactions in the cytoplasma of
metabolically active cells, which can be measured at
590nm. Such fluorescence measurements were not influ-
enced by IR700DX.

Dark Cytotoxicity of Cetuximab and Cetuximab-
IR700DX Conjugates

Atotal of 15,000 cells of each cell linewere seededperwell in
a 96-well plate. After attachment for 24-hours, the cells were
incubated with various concentrations (up to 2,000mgml�1)
Cetuximab and (from 10mgml�1 to 2,000mgml�1) of Cetux-
imab-IR700DX conjugates in the dark for 24-hours. The cell
proliferation was then evaluated by the MTS assay.

Subcellular Localization of Cetuximab-IR700DX
Conjugates and Quantitative Image Analysis

A total of 25,0000 cells of each cell linewere seeded on the
0.25mgml�1 poly-lysine coated 24-mm cover slides and
incubated in 10% FCS DMEM medium containing
40mgml�1 of Cetuximab-IR700DX conjugates for 1- or
24-hour incubation. The cells were washed with medium
once before being placed in a temperature-controlled
378C mini incubator (Peecon, Germany). The subcellular
localization of fluorescent conjugateswas imaged using the
dual-channel Zeiss LSM 510–Axiovert 200M (Carl Zeiss,
Thornwood, NY) confocal microscopy (40�/1.3NA Plan-
neofluar oil objective) with an excitation wavelength of 633
and a 650nm long-pass emission filter. The cells were

optically sectioned and 10 groups of cells at two different
optical sections (z-stack) were randomly chosen in each cell
line with various incubation times to quantify the
fluorescent intensities of conjugates at three various
locations of the cytoplasm membrane, endo/lysosomes,
and cytosol of cells by the Fiji ImageJ software package.

PIT Treatment Protocols

Each cell linewas seededwith 15,000 cells in eachwell of
a 96-well plate. After 24-hour incubation for attachment,
the cells were incubated in the dark with various
concentrations of Cetuximab-IR700DX conjugates from
10 to 100mgml�1 for 1- or 24-hour at 378C. The cells were
then washed with medium once and a volume of 100ml
medium was added in each well before being illuminated
with a 690nm laser (Modulight ML7700, Finland) using a
shaker with a speed of 700RPM to introduce a constant
amount of oxygen into the medium during irradiation. We
measured the fluence rate to be constant across all of the
illuminated wells using an isotropic detector placed in the
plane of the cells. The light dose of 7 J.cm�2 at a fluence
rate of 5mW.cm�2 (22minutes) were used in the experi-
ments because our previous study showed that these
treatment parameters were effective at killing A431 cells
and did not induce any hyperthermal effects [21]. Twenty-
four hours after PIT cell survival was determind with both
cell proliferation MTS assay and cell viability AlamarBlue
assay. Since previous reports from us and others have
shown very little photodynamic effect on cells using
IR700DX alone, we chose not to include it as a control [6,9].

Mode of Cell Death

Themode of cell death after PIT was studied in the A431
and scc-U2 cell lines by flow cytometry using the
commercial kit (VPS Diagnostics, Hoeven, the
Netherlands) of Annexin V/propidium iodide to detect
apoptosis and necrosis. The samples were prepared
according to the manufacturer’s instruction. Samples
were analyzed using a BD FACS Jazz (BD, Erembodigem,
Belgium) and FlowJo V10.0.8 (FlowJo LLC). Cells positive
for annexin V only are considered in early apoptosis, while
cells positive for PI only are considered necrotic. Cells that
are positive for both Annexin V and PI are considered in
late apoptosis or secondary necrosis.

Western Blots

Protein extracts (40mg/lane) of scc-U2 and scc-U8 from
whole-cell sampleswere separated by electrophoresis on10%
SDS–PAGE and then electro-transferred to nitrocellulose
membranes. After blocking in 5% milk in TBS buffer (0.1%
Tween) for 2-hour, themembraneswere incubated overnight
at 48C with rabbit polyclonal IgG antibodies against Bcl-2,
Bcl-xL or beta actin in TBS buffer (all from Santa Cruz,
Heidelberg, Germany). After washing the membranes were
incubated with HRP-conjugated anti-rabbit IgG. ECL detec-
tionreagentwasused tovisualize thereactivebands.Finally,
theWesternblot signalswerequantifiedusing theChemiDoc
XRS digital imaging system.
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Statistical Analysis

The results were analyzed (SigmaPlot112; Sysat soft-
ware, Inc.) using the unpaired Student t-test for data with
normal distribution; otherwise, the Wilcoxon signed rank
testwas used. The differenceswere considered statistically
significant with P value <0.05.

RESULTS

EGFR Expression and Conjugate Binding in
Various Cell Lines

Figure 1a shows various amounts of EGFR expression
determined using flow cytometry in scc-U8, scc-U2, and
OSC19 cell lines after incubation with the conjugates at
40mgml�1 for 30min at 48C. The EGFR expression in
different head and neck cell lines is presented relative to
the EGFR expression in the A431 cells (set to 100%): 36%
in scc-U8, 38% in scc-U2, and 54% in OSC19; respec-
tively. The scc-U8 and scc-U2 had a similar level of EGFR
expression; while OSC19 expressed a slightly higher
EGFR level. All three head and neck tumor cell lines had
a much lower EGFR expression than the A431 cell line.
Figure 1b shows the conjugate binding to A431, scc-U8,
scc-U2, and OSC19 cell lines. The fluorescence intensity
detected at saturating levels (i.e., where a plateau is
observed) is in agreement with the EGFR expression
levels determined using flow cytometry. The binding
affinity (Kd) was similar for the three head and neck cell
lines (Table 1).

Intracellular Localization of Cetuximab-IR700DX
Conjugates

After 1-hour incubation the fluorescence of Cetux-
imab-IR700DX was observed on the cell membranes as
well as in a granular pattern within the cells,

particularly in A431 cells. After 24-hour incubation,
the granular pattern of the conjugates became more
pronounced in all cell lines (Fig. 2a). Co-incubation with
an endo/lysosomal probe showed a similar pattern as
seen in yellow overlap (Fig. 2b), suggesting that the
conjugates were taken up through the endo/lysosomal
pathway.

Quantitative Image Analysis

After 1-hour incubation conjugates were localized on
the cell membrane and in the endo/lysosomes with
significantly higher fluorescence signals in both locations
in A431 cells than other cell lines (P< 0.05). Low
fluorescence signals of the conjugates were seen in the
cytosol in all cell lines (Fig. 3). After 24-hour incubation,
there were low fluorescence signals of the conjugates on
the cell membrane and in the cytosol in all cell lines
similar to those after 1-hour incubation. However, the
conjugates were taken up into endo/lysosomes signifi-
cantly more in all the cell lines studied as compares to
those after 1-hour incubation (P<0.05) (Fig. 3), although
no statistical differences were found among the cell lines
(P> 0.05). These results are in agreement with the EGFR
expression and conjugate binding assay in the various
cell lines.

Fig. 1. EGFRexpression in the scc-U8, scc-U2, andOSC19 cell lines,measuredwith flow cytometry
(The data are presented as the percentages of EGFR expression of the A431 cells where the
errorbars are calculated from the full width at halfmaximum [FWHM] of the fluorescence signal) (a)
and cell binding assay (b).

TABLE 1. Binding affinity (Kd)

Cell line Kd (nM)�SD

A431 2.4�0.09

OSC-19 0.4�0.09

Scc-U2 0.2�0.04

Scc-U8 0.3�0.06
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Dark Cytotoxicity of Cetuximab and
Cetuximab-IR700DX Conjugates

No cytotoxicity was found in the MTS assay after
incubating Cetuximab with A431, scc-U8, scc-U2, and

OSC19 cell lines at various concentrations up to
2,000mgml�1 for 24 hours (data not shown). In addition,
no dark cytotoxicity was found with the MTS assay after
incubating the Cetuximab-IR700DX conjugates with the
same cell lines at various concentrations up to
2,000mgml�1 for 24hours (data not shown).

PIT Treatment With the Conjugates

Figure 4a shows the effect of PIT using different
concentrations of the conjugates up to 100mgml�1 for 1-
or 24-hour incubation determined by the MTS cell
proliferation assay. A dramatic decrease in cell prolifera-
tion was seen at the concentration of only 10mgml�1

conjugates for 1-hour incubation in the A431 and scc-U8
cell lines. No killing effects on the scc-U2 and OSC19 cell
lines were seen after the PIT treatment even at the
100mgml�1 conjugates (P< 0.05 for all respective concen-
trations between A431 or scc-U8 and scc-U2 or OSC19 cell
lines). Scc-U8 showed a decrease in cell proliferation with
increased concentrations of conjugates after 24-hour
incubation compared to 1-hour incubation. A431, scc-U2,
and OSC19 had similar PIT results after a 24-hour
incubation of the conjugates compared to the 1-hour
incubation. Considering the clinical importance of the
24-hour drug light interval, the PIT effect was evaluated
using the alamarBlue assay for a limited subset of
treatment parameters. Figure 4b shows ca. 45% more
PIT effect with scc-U2 and OSC19 cell lines determined
with the alamarBlue compared to MTS assay. Both MTS
and alamarBlue assay show significantly less response to
PIT in the scc-U2 andOSC19 cell lines compared to the scc-
U8 and A431 cell lines.

Mode of Cell Death After PIT With Cetuximab-
IR700DX

The A431 and scc-U2 cell lines were selected to study the
mode of cell death because the A431 cell line was very
sensitive to targeted PIT due to its high EGFR expression;
whereas the scc-U2 cell line was less sensitive to the same

Fig. 2. Subcellular localization patterns of the conjugates in the
A431, scc-U8, and scc-U2 andOSC19 cell lines (a). The localization
pattern of LysoTracker (green fluorescence), an endo/lysosomal
probe, was also studied after its co-incubation with the conjugates
(red fluorescence) in the cell lines (b). The fluorescence images
were made by the confocal laser scanning microscopy.

Fig. 3. Quantitative image analyses of various subcellular locations of the A431, scc-U8, scc-U2,
and OSC19 cell lines incubated with the conjugates (40mgml�1) for 1- or 24-hour incubation.
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treatment. Figure 5 shows that for the cells that could be
interrogated using flow-cytometry, approximately 13%
were in early apoptosis and 37% were in late apoptosis 4
hours after the targeted PIT with 1-hour incubation of the
conjugates in the A431 cells. At 48 hours after the
treatment 23% were in early apoptosis and 67% were in
late apoptosis, indicating that targeted PIT led largely to
late apoptosis of A431 cells. Similar results were found in
the targeted PIT treatment with 24-hour incubation of the

conjugates in the cells. However, in the case of scc-U2 cell
line, only approximately 1%were in early apoptosis and 2%
were in late apoptosis 4 and 48 hours after the targeted PIT
with 1-hour incubation. Targeted PIT treatment with 24-
hour incubation of the conjugates showed 1% of cells in
early apoptosis and 4% of cells in late apoptosis at 4 hours
and 5% in early apoptosis and 17% in late apoptosis at 48
hours post treatment, respectively; clearly showing the
cells less sensitive to the targeted PIT treatment.

Fig. 4. Cell survivals of A431, scc-U8, scc-U2, and OSC19 cell lines at 24 hours after 1- or 24-hour
incubation with the conjugates of Cetuximab and IR700DX at various concentrations (as indicated)
before being irradiated with a 690nm laser (5mW.cm�2, 7 J.cm�2). The cell proliferation and
viability were measured by the MTS assay (a) and alamarBlue assay (b), 24-hour incubation with
the conjugates). Each data point represents themean of at least three separate experiments with at
least five individual samples per experiment. The bars are SD.
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Immunoblots of Anti-Apoptotic Proteins

The cell lines scc-U8 and scc-U2 were selected to study
the difference in expression of anti-apoptotic proteins
because they had a similar EGFR expression, but the scc-
U2 was less sensitive to targeted PIT effect than scc-U8.
Figure 6A shows the expression of proteins Bcl-2 and Bcl-
xL in the scc-U8 and scc-U2 cell lines; while (B) presents
the Bcl-2/beta actin ratio and Bcl-xL/beta actin ratio in the
two cell lines. Although there are different degrees of
expression of Bcl-2 and Bcl-xL in the cell lines, scc-U2 cells
have significantly higher ratios of bothBcl-2/beta actin and
Bcl-xL/beta actin than scc-U8 cell lines (P< 0.05), suggest-
ing that scc-U2 cells are more resistant to apoptotic death
than scc-U8, since both Bcl-2 and Bcl-xL are anti-apoptotic
proteins.

DISCUSSION

The efficacy of targeted Cetuximab-IR700DX utilizing
cell surface receptor, EGFR, is thought to be dependent on
receptor density and to be mediated through a necrotic cell
death pathway caused by the action of reactive oxygen
species on the outer cell membrane [6,10,22]. Cells that
express high levels of EGFR should be more sensitive to
PIT than the cells with low levels of EGFR expression,
which also serves as a protection for normal tissues
expressing EGFR The present study shows that this is

an over-simplification. Targeted PIT efficacy is likely not
only related to the receptor density, but also to a more
complicated mechanism of cell death than that associated
with necrosis at the cell membrane. Although there are no
previous studies showing this in targeted PIT, there are
numerous mechanisms involved in the resistance to
regular PDT treatments, ranging from the morphogical
alterations of the cells to different levels of various protein
expressions in individual cell lines [18].

The Cetuximab-IR700DX conjugate was localized on the
cell membrane and in endo/lysosomes in A431 cells and
PIT resulted in effective cell kill. However, scc-U8 and scc-
U2 have a similar level of EGFR expression, with
subsequent localization of Cetuximab-IR700DX on the
cell membrane, but responded significantly differently.
Scc-U8 were easily killed but the scc-U2 cells were less
sensitive to the treatment with the light dose and fluence
rate as applied in this study. In addition, OSC19 cells
expressed a slightly higher level of EGFR than scc-U8 and
scc-U2 and showed also a limited response. It has been
shown that different cell survival assays may show
different responses, for example the MTT assay is known
to be less sensitive than the alamar blue under certain
treatment conditions [23]. However, it is not immediately
clear why we have found a 45% difference in cell survival
between each assay. In each case the experimental

Fig. 5. Apoptosis/necrosis of the A431 and scc-U2 at 4-, 24-, and 48-hour after the targeted PITwith
1- or 24-hour incubation of the conjugates. The apoptosis/necrosis was measured with flow
cytometry using Annexin V/propidium iodide staining.
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conditionswere identical using the samebatch of conjugate
and PIT illumination protocol. Substantial decrease in cell
survival of scc-U2 and OSC19 only occurred at higher
fluences and fluence rates (data not shown). However, the
fluence rate was intentionally kept at the low 5mW.cm�2

in this study to avoid exhaustion of oxygen or induction of a
hyperthermal effect (which has been described to occur for
other photosensitizers in a similar context) [24,25].

Our results show that, in the case of OSC19 and ssc-U2
cell lines, there is no clear correlation betweenEGFR levels
and targeted PIT-mediated cell death. This is not in
agreement with the previous studies for example Heukers
et al. [9] who demonstrated that PIT efficacy was
correleated with the EGFR density of cells using EGFR
targeted nanobodies. The reasons for this discrepancy are
not known, but it might be explained by the use of different
cell lines. It is also likely that nanobodies may interact
differently with the cell membrane and cause a different
balance of mechanisms of cell death compared to
Cetuximab.

It is generally understood that the main cell death
mechanism is induced by primary necrosis caused by
damage to the outer cell membrane. After light exposure,
the scc-U8 cells as well as A431 cells incubated with the
conjugates were killed effectively. With flow cytometry
using Annexin V/propidium iodide staining the mecha-
nism of cell death was investigated, but it measures only
fully intact cells and is therefore unable to detect small
necrotic cell debris. Such exclusion of flow cytometric
measurements may lead to underestimation of the

fraction of cell death. Still, in the measurable fraction
it is clear that cell death follows the apoptotic pathway.
(Fig. 5). The sub-cellular localization plays an important
role in the mechanism of cell death. Generally, hydro-
phobic sensitizers localize at the membraneous struc-
tures including plasma membrane, endoplasmic
reticulum, mitochondria, nuclear membrane; while hy-
drophilic dyes mainly at the endo/lysosomes. These
organelles are the initial targets of a photodynamic
process, since the cytotoxic singlet oxygen produced by
light-activated photosensitzer can only diffuse 10–20 nm
during its very short lifetime [21]. Such initial PDT
targets can be highly specific to trigger various signaling
pathways of apoptotic induction. In this study the
conjugate was found to be localized at the plasma
membrane as well as endo/lysosomes after 1-hour and
more in the endo/lysosomes after 24-hour incubation
(Figs. 2a and 3) in all cell lines studied, particularly in
A431. Several studies have shown that initial photo-
damage to plasma membrane or lysosomes can induce a
marked delay or inhibition of apoptosis [26–28]. These
effects may play a role in our study, since the conjugates
initially localize mainly at the plasma membrane and
later in the endo/lysosomes, destruction of these two
locations after light exposure is expected. Furthermore, a
relocalization of the photosensitizer during light irradia-
tion has been hypothesized to cause photoinactivation of
those enzymes required for the apoptotic process includ-
ing the initiator caspases of 8 and 9 and effector caspases
of 3, 6, and 7 [26]. However, the cell membrane/lysosomal

Fig. 6. (a) Expression of Bcl-2 and Bcl-xL in the scc-U8 and scc-U2 cell lines examined by
immunoblots and the data are representative of three separate experiments. (b) Bcl-2/beta actin
ratio and Bcl-xL/beta actin ratio in the two cell lines.
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damage may induce apoptosis, but not through mito-
chondria-mediated apoptosis [29], a finding consistent
with ours in the A431 cells (Fig. 5).
The Bcl-2 family of apoptosis proteins acts as a central

decision maker in the apoptosis pathway. Cell lines that
over-express Bcl-2 and Bcl-xL have been shown to be more
resistant to PDT [29–32]. Chinese Hamster Ovary (CHO)
cells transfected with an antiapoptotic protein gene have
been shown to bemore resistant to PDT [33]. Furthermore,
overexpression of Bcl-2 can inhibit the activation-associ-
ated conformational change of the proapoptotic protein
BAX [34]. Such results indicate that the extent of Bcl-2
expression may determine the sensitivity of tumor cells to
apoptosis and to overall PDT-mediated cell killing [34]. In
the present study, a significantly higher expression of Bcl-2
and Bcl-xL was found in the scc-U2 cells than scc-U8 cells
(Fig. 6). This may explain the lower level of response of the
scc-U2 cells to targeted PIT treatment.
It is important to stress that further studies are

necessary to determine if these in vitro cellular effects
are important in-vivo, first in pre-clinical tumor models
and subsequently in clinical trials. The potential protective
effect of anti-apoptotic proteins in some cells in head and
neck tumors may result in variable PIT treatment
responses.
In conclusion, although cellular expression and localiza-

tion patterns of EGFR are similar in the three head and
neck cell lines studied, Scc-U8 cell line is very sensitive to
targeted PIT; while scc-U2 and OSC19 are not. The EGFR
density does not seem to be the only determining factor for
the different responses to PIT. We have shown for scc-U2
cells that the resistance of scc-U2 cells to PIT might be
related to a lower degree of apoptotic induction due to a
high expression of anti-apoptotic proteins of Bcl-2 and Bcl-
xL.
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