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Abstract
Purpose: Apoptosis may be an indication of success therapy, and precise detection of apoptosis can
provide instructional suggestions in the therapy management of malignant tumors.
Procedures: We used CNE-1 cell lines for in vitro experiments, and colony formation assay, CCK-8
assay, cell apoptosis analysis, and western blotting were performed. For in vivo experiments,
subcutaneous xenotransplanted tumor models of CNE-1 in nude mice were established. Then, small
animal positron emission tomography/X-ray computed tomography (PET/CT) images were acquired by
tail intravenous injection of 2-(5-[18F]fluoropentyl)-2-methyl-malonic acid ([18F]ML-10) or 2-deoxy-2-
[18F]fluoro-D-glucose ([18F]FDG) before and 24 h and 48 h after treatment. Moreover, expression of
epidermal growth factor receptor (EGFR), Ki-67, Glut-1, and terminal deoxynucleotidyl transferase-
mediated dUTPnick end labeling (TUNEL)was examined by immunohistochemical examination. Tumor
volumes of mice were recorded every 2 days.
Results: In the presence of Cetuximab, the number of colonies of CNE-1 cells decreased
significantly after irradiation at 1 and 2 Gy. In addition, Cetuximab increased the radiation-
induced cytotoxicity and apoptosis of CNE-1 cells. Mechanistic studies demonstrated that
Cetuximab enhanced radiosensitivity by suppressing the EGFR/PI3-K/AKT pathway. In PET/
CT imaging, the tumors showed clear uptake of [18F]ML-10 at 24 h and 48 h after combined
treatment, and the value of tumor/muscle (T/M) and SUVmax (the max of standard uptake
value) was significantly higher than those of the other three groups. The T/M of [18F]ML-10
uptake showed a positive correlation of 0.926 with the apoptosis index (P G 0.001). However,
the uptake of [18F]FDG in tumors exhibited no trend among the four groups. The T/M of

[18F]FDG revealed a positive
correlation of 0.926 with
Glut-1 intensity (P G 0.001).
Conclusions: Our work re-
vealed that Cetuximab could
increase the radiosensitivity of
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CNE-1 cells both in vitro and in vivo. Apoptosis imaging with [18F]ML-10 PET/CT is a promisingmodality
for application in the response prediction of nasopharyngeal carcinoma.

Key words: Nasopharyngeal carcinoma, Positron emission tomography, CNE-1 cells, Radio-
therapy sensitivity, Epidermal growth factor receptor

Introduction
Nasopharyngeal carcinoma (NPC), a geographically hetero-
geneous disease with the highest incidence rates in
southeastern Asia, has become the sixth most common
cancer among males in this region [1]. Due to specific
biological behavior and anatomic characteristics, radiother-
apy is the primary and preferred treatment for NPC [2].
However, given that the rates of locoregional failure and
distant failure are 18 % and 22 %, respectively [3], effective
treatment remains a challenging issue in future studies.

Recently, attention has been drawn to the inhibition of
epidermal growth factor receptor (EGFR) in patients with
NPC. EGFR, a type I receptor tyrosine kinases (RTK),
plays a crucial role in cell proliferation, migration, and
differentiation. It is bound to a growth factor ligand,
resulting in dimerization and activation of downstream
signaling pathways, including PI3-K/AKT [4]. EGFR is
expressed in more than 85 % of NPC, and its overexpres-
sion often indicates poor prognosis, early metastasis, or
shorter survival [5]. Cetuximab, an anti-EGFR monoclonal
antibody, has been approved by both the FDA and EMA
as a targeted drug for treatment of head and neck
squamous cell carcinomas. Several phase II studies [6–8]
have demonstrated the clinical efficacy of Cetuximab in
NPC patients. However, not every patient can benefit from
it. Thus, early response prediction is crucial in treatment
decision.

Positron emission tomography (PET), a noninvasive
diagnostic modality, has broadly been applied in early
diagnosis, staging, and response evaluation of tumors due
to its capacity of monitoring at the cellular level. 2-Deoxy-
2-[18F]fluoro-D-glucose ([18F]FDG), routinely used in clin-
ical, could not differentiate tumor and inflammation by
reflecting the glucose metabolism state sometimes. 2-(5-
[18F]fluoropentyl)-2-methyl-malonic acid ([18F]ML-10), a
small molecular probe selectively aggregating in cytoplasm
of apoptotic cells, could reveal the degree of apoptosis
accurately in vivo [9]. Since its absence in inflammatory
and necrotic cells, [18F]ML-10 is a potent radiotracer for
response prediction early in solid tumors.

Herein, we chose the human nasopharyngeal carcinoma
cell line CNE-1, which is not sensitive to radiotherapy, to
investigate the radiosensitization effect of Cetuximab
in vitro and in vivo. Furthermore, we demonstrate the
utility of [18F]ML-10 PET/CT in xenografts imaging, thus
highlighting the potential value of early predicting efficacy
of treatment.

Materials and Methods
Materials

[18F]FDG was produced automatically by a cyclotron
(Siemens CTI RDS Eclips ST, Knoxville, TN) using the
Explora FDG4 module in our center. Radiolabeling of ML-
10 with 18F was synthesized in our center according to the
method described by Wang et al. [10]. The radiochemical
purity of [18F]FDG and [18F]ML-10 was all more than 95 %.

Cell Lines and CNE-1 Tumor-Bearing Mice Model

The clones of human nasopharyngeal carcinoma cell line
CNE-1 were maintained in our laboratory and cultured in
Dulbecco’s modified Eagle’s medium (DMEM) supple-
mented with penicillin (100 U/ml), streptomycin
(100 μg/ml), 10 % fetal bovine serum (FBS), and 2 mM L-
glutamine (all from Gibco BRL, Life Technologies, Rock-
ville, MD, USA) in a humidified atmosphere that contained
5 % CO2 at 37 °C.

Female Balb/c nude mice (4–5 weeks) of 18–20 g
body weight were purchased from Lingchang Inst
Biotech (Shanghai, China). Tumor xenografts were
generated by the subcutaneous injection of CNE-1 cells
(1 × 106) in the right hind legs of mice. When the tumor
volumes reached 150–300 mm3, the in vivo experiments
were carried out.

Colony Formation Assay

For colony formation assay, CNE-1 cells were seeded in
6-well plates at a density of 1 × 103 per well. After 12 h
of pre-incubation, the cells were irradiated at 0, 0.5, 1,
and 2 Gy with or without Cetuximab (50 μg/ml). Then,
the cells were cultured for another 10–14 days. Finally,
the cells were washed with phosphate-buffered saline
(PBS), fixed with 75 % ethanol, and stained with 0.5 %
(w /v) crystal violet solution. The dishes were
photographed, and the colonies with more than 50 cells
were counted by microscope (Leica Microsystems,
Wetzlar, Germany).

Cell Viability Assay

Cell viability was determined by the CCK-8 assay. The
CNE-1 cells were seeded in 96-well plates at a density of
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5 × 103 per well (6 wells per group) and allowed to adhere to
the plate overnight. After irradiation at 0, 0.5, 1, and 2 Gy
with or without Cetuximab (50 μg/ml), the cells were further
maintained for 0, 24, 48, 72, and 96 h. One hour before the
treatment finished, 10 μl of CCK-8 (Beyotime, Shanghai,
China) was added to each well. The absorbance value of
each well was measured at 450 nm.

Cell Apoptosis Analysis

PE Annexin V and 7-amino-actinomycin D (7-ADD) were
used to detect the cell populations in the apoptosis stage,
including the early apoptotic cells and the late apoptotic
cells. For the induction of apoptosis, CNE-1 cells were
seeded in 6-well plates and then incubated for 24 h after
irradiation at 1 Gy with or without Cetuximab (50 μg/ml).
The control group was cultured without any treatment. The
cells were routinely trypsinized, rinsed with cold PBS, and
resuspended with 50 μl 1× binding buffer solution. After
being fixed with 4 % paraformaldehyde, 5 μl of PE Annexin
V and 5 μl of 7-ADD (KeyGen, Nanjing, Chin) were added
to each tube, mixed well, and incubated in the dark for 15
min. Finally, the cells were resuspended with 400 μl of 1×
binding buffer. The apoptotic cells were immediately
analyzed by using flow cytometry (BD Biosciences, San
Jose, CA, USA).

Western Blot Analysis

Treated or untreated CNE-1 cells were washed with PBS, and
proteins were extracted from cells using radioimmunoprecipita-
tion assay (RIPA) lysis buffer. A bicinchoninic acid (BCA)
protein assay was conducted to quantify the protein concentra-
tion. The samples were then separated by a 10 % sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE), and proteins were transferred onto a nitrocellulose
membrane. After being blocked with 5 % defatted milk powder
solution for 1 h, the membrane was incubated at 4 °C overnight
with Tris-buffered saline containing anti-PI3-K, anti-P-PI3-K,
anti-AKT, anti-P-AKT antibody (CST, Danvers), or anti-
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) anti-
body at 1:1000 dilution and then incubated with goat anti-
rabbit IgG (H + L) horseradish peroxidase (HRP)-conjugated
secondary antibody (diluted 1:5000) for 1 h at room tempera-
ture. The immunostained membranes were visualized with a
Chemidoc XRS imaging system (Bio-Rad, Laboratories, Inc.).
The results were normalized to GAPDH to correct for loading.

In vivo PET/CT Imaging

In vivo PET/CT imaging scans and image analysis were
performed using an Inveon Animal-PET/CT (Siemens
Preclinical Solution, Knoxville, TN). Mice (n = 3) with
subcutaneous CNE-1 xenografts were scanned 1 h after

injection of radiolabeled tracer (via tail vein with 5.55 MBq
[18F]FDG or [18F]ML-10 in 0.2 ml saline) before and 24 h
and 48 h after irradiation (15 Gy per mouse) with or without
Cetuximab (1 mg per mouse). During scanning, the mice
were maintained with anesthetization using 2.5 % isoflurane/
oxygen. In addition, mice in the [18F]FDG groups were
fasted 4 h before tracer injection. Mice without any
treatment were used as controls. While raw images were
acquired, the three-dimensional ordered-subset expectation
maximization (OSEM3D)/maximum algorithm was used for
image reconstruction. The max of percentage-injected dose
per gram (%ID/gmax) and standard uptake value (SUVmax) of
the tumor was measured by manually drawn region of
interest (ROI). The %ID/gmax of the opposite hind leg
muscle was used as background. The T/M was calculated
according to the formula T/M = tumor (%ID/gmax) / muscle
(%ID/gmax).

Following the imaging, mouse weights and tumor
volumes were continuously recorded for 1 month. The
volume of the xenograft was expressed as V = ab2/2, where
V is the volume of the xenograft, a is the long diameter of
the xenograft, and b is the short diameter of the xenograft.

Immunohistochemical Examination

Mice (n = 3) were euthanized before and 24 h and 48 h after
treatment, and tumor tissues were collected, fixed in
formalin, and embedded in paraffin immediately. The tumor
samples were sectioned at a thickness of 5 mm and
deparaffinized, rehydrated, and heated for antigen retrieval.
Endogenous peroxidase was deactivated by incubating the
slides in 3 % H2O2 for 10 min. The sections were then
blocked with 10 % normal goat serum for 10 min and further
incubated with a primary mouse anti-EGFR antibody, a
monoclonal mouse anti-Glut-1 antibody or a monoclonal
rabbit anti-Ki-67 antibody (Abcam, UK) at 4 °C overnight.
The apoptotic cell identification was performed using the
terminal deoxynucleotidyl transferase-mediated dUTP nick
end labeling (TUNEL) technique with a cell death detection
kit. Then, the slides were incubated with a broad-spectrum
secondary antibody conjugated with HRP, treated with
diaminobenzidine (DAB), and counterstained with hematox-
ylin before mounting. Untreated sections without any
antibody were used as negative controls. Integrated optical
density (IOD) of images was measured for semiquantitative
analysis.

Statistical Analysis

Data were statistically analyzed using SPSS 20.0 (SPSS
Inc., Chicago, IL, USA) and expressed as the mean ±
standard deviation (SD). All experiments were performed
at least in triplicate. Significant differences in the mean
values were evaluated using Student’s unpaired t test.
Where multiple comparisons were required, analysis was
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performed using two-way analysis of variance with
Bonferroni correction. Pearson correlation r was used to
calculate the correlations between T/M and immunohis-
tochemistry. P G 0.05 was considered to indicate a
statistically significant difference.

Results

Cetuximab Decreases the Colony Formation in
CNE-1 Cell Cultures Exposed to Radiation

CNE-1 cells were exposed to different radiation doses (0,
0.5, 1, and 2 Gy) with pretreatment with or without
Cetuximab (50 μg/ml) to determine colony formation. As
shown in Fig. 1, there were significantly decreased colony
numbers in the Cetuximab + radiation group compared with
the radiation only group. In the presence of Cetuximab, there
was a statistically significant difference in the colonies of the
combination treatment group compared with control group
once the radiation dose increased to 1 Gy. Additionally,
there was also a significant difference between the combined
treatment group and the radiation group, though the number
of colonies in the radiation group was clearly reduced with
radiation at 2 Gy.

Cetuximab Increased the Cytotoxicity of CNE-1
Cells Exposed to Radiation

The inhibitory effects of Cetuximab (50 μg/ml) on the
proliferation of CNE-1 cells irradiated at different doses (0,
0.5, 1 and 2 Gy) were detected by using a CCK-8 kit. As
presented in Suppl. Fig. 1 (see electronic supplemental
material: ESM), Cetuximab caused significant suppression
of the proliferation of CNE-1 cells when combined with
radiation compared with those in the radiation only and
control groups at 24, 48, 72, and 96 h.

Cetuximab Promotes CNE-1 Cell Apoptosis upon
Exposure to Radiation

The effects of radiation on the apoptosis of CNE-1 cells
treated with or without Cetuximab were detected by
Annexin V and 7-ADD. As shown in Fig. 2, untreated
cells in the control, radiation, and Cetuximab + radiation
groups exhibited apoptosis rates of 3.70 ± 0.20, 8.23 ±
0.95, and 10.77 ± 0.49 %, respectively. The data showed
that irradiation exposure significantly induced apoptotic
events compared with the blank control cells. Further-
more, the percentage of apoptosis in the combination
treatment group was significantly higher than that in the
radiation group.

Cetuximab Increases the Radiotherapy Sensitivity
by Suppressing PI3-K/AKT Signaling

To gain insight into the mechanism by which Cetuximab
restores the radiotherapy sensitivity to CNE-1 cells, we
examined the expression of proteins related to EGFR
signaling (PI3-K/AKT) by western blotting. Figure 3 and
Suppl. Fig. 2 (see ESM) show that the P-PI3-K and P-AKT
levels were obviously downregulated in the Cetuximab +
radiation group compared to radiation group, while the
opposite trend was observed for PI3-K and AKT levels. In
the presence of PI3-K inhibitor, similar results were
obtained. The results indicated that Cetuximab increases
the radiotherapy sensitivity by decreasing the phosphoryla-
tion level of PI3-K/AKT.

[18F]ML-10 PET/CT Imaging Predicts Response
to Treatment Early

To evaluate the apoptosis conditions of xenografts irradiated
(15 Gy per mouse) with or without Cetuximab (1 mg per
mouse) in vivo, PET/CT images of tumor-bearing mice were
acquired before as well as 24 h and 48 h after treatment by
utilizing [18F]ML-10. As presented in Fig. 4a, the tumor
regions in the four groups showed extremely low radioac-
tivity before treatment, which was close to that of muscle.
After being treated with radiation and Cetuximab for 24 h
and 48 h, the radioactive uptake increased significantly in
tumors, while the other groups treated with radiation or
Cetuximab alone remained at a low radioactivity. The value
of T/M (Fig. 4b) showed no significant difference among the
four groups before treatment. Furthermore, the T/M of
Cetuximab + radiation group increased significantly (P
G 0.05) compared with radiation, Cetuximab, and control
groups at both 24 h (9.50 ± 5.78, 2.83 ± 0.29, 1.29 ± 0.13
and 1.16 ± 0.14, respectively) and 48 h (9.18 ± 3.36, 2.34 ±
0.53, 3.11 ± 0.15 and 1.23 ± 0.24, respectively) after treat-
ment. The value of SUVmax (Fig. 4c) showed the same trend
as T/M (P G 0.05). The tumor volume changes of the four
groups are exhibited in Suppl. Fig. 3 (see ESM). As
expected, the volume of tumors in the combination treatment
group decreased significantly, while it increased gradually in
other groups after treatment. The results suggested that
Cetuximab could increase radiotherapy sensitivity of CNE-1
xenograft in vivo, and [18F]ML-10 PET/CT imaging could
predict response to treatment early via change in T/M and
SUVmax.

[18F]FDG PET/CT Imaging Is Limited to Predict
Response to Treatment

The glucose metabolism of tumors was monitored in vivo by
[18F]FDG PET/CT imaging. As shown in Fig. 5a, the tumor
regions in the four groups showed high radioactivity before
and 24 h and 48 h after treatment. However, there were no
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significant differences among these groups in the value of T/
M (Fig. 5b) and SUVmax (Fig. 5c) in spite of treatment. The
results demonstrated that radiation or Cetuximab does not
affect the CNE-1 xenograft glucose metabolism.

Cetuximab + Radiation Inhibits EGFR Expression
In Vivo

The variation trends of EGFR expression in CNE-1
xenografts with different treatments were examined by
immunohistochemical examination. The staining results
(Suppl. Fig. 4; see ESM) showed that compared with the
radiation, Cetuximab, and control groups, Cetuximab +
radiation treatment clearly decreased EGFR expression in
CNE-1 tumors, though no significant differences were
observed at 24 h. The result suggested that Cetuximab
increases the radiotherapy sensitivity by suppressing the
expression of EGFR.

Cetuximab + Radiation Suppresses Cell
Proliferation In Vivo

The proliferation of CNE-1 xenograft was determined by Ki-67
assay. As shown in Suppl. Fig. 5 (see ESM), Ki-67 intensity was
significantly decreased in the Cetuximab + radiation group
compared with the radiation and control groups at 24 h and
48 h. Though there was no significant difference between the
Cetuximab + radiation and Cetuximab groups, the Ki-67 intensity
was much less than that in the prior group. The data indicated that
a combination of Cetuximabwith radiation could inhibit xenograft
proliferation in vivo.

Cetuximab + Radiation Induces Apoptosis In Vivo
and [18F]ML-10 Uptake Correlated Well with
TUNEL

TUNEL assay was performed to observe the apoptotic cells
in the tumors. As presented in Fig. 6a, b, there were more

Fig. 1. Effect of combined radiation with Cetuximab on colony formation in CNE-1 cells. a Photographs of colony formation on
dishes. Cells were irradiated at 0, 0.5, 1, and 2 Gy with 50 μg/ml of Cetuximab (lower) or not (upper). b Quantitative analysis of
colony formation. The error bars shown in the figure represent the mean ± SD (n = 3 independent experiments). Differences
were determined with Student’s unpaired t test, *P G 0.05, **P G 0.01, and ***P G 0.001 indicate significant differences between C
+ R 2 Gy and R 2 Gy, C + R 1 Gy and C + R 0 Gy, and C + R 2 Gy and C + R 0 Gy, respectively.
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TUNEL-positive cells in the Cetuximab + radiation group
than in the radiation, Cetuximab, and control groups,

indicating that Cetuximab increased apoptosis of CNE-1
xenografts in the presence of radiation. The T/M of

Fig. 2. Effect of combined radiation with Cetuximab on apoptosis of CNE-1 cells. a Representative figures of flow cytometry
results. b Quantitative analysis of apoptotic rates. Flow cytometric analysis was carried out in CNE-1 cells treated with negative
control, blank control, radiation (1 Gy), and Cetuximab (50 μg/ml) plus radiation (1 Gy) at 24 h after cells were seeded. The error
bars shown in the figure represent the mean ± SD (n = 3 independent experiments). Differences were determined with Student’s
unpaired t test, *P G 0.05, **P G 0.01, ***P G 0.001.

Fig. 3. Expression level of proteins in CNE-1 cells. a PI3-K. b AKT. c P-PI3-K. d P-AKT. Cells were treated with control,
Cetuximab (50 μg/ml), radiation (1 Gy), and Cetuximab (50 μg/ml) plus radiation (1 Gy) in the presence of PI3-K inhibitor or not.
Expression level of these proteins was then determined by western blot analysis. GAPDH was used as a loading control.
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[18F]ML-10 and apoptosis index revealed a positive corre-
lation of 0.926 (Fig. 6c, P G 0.001).

[18F]FDG Uptakes Correlated Well with Glut-1

Glut-1 staining was applied to verify glucose metabolism in
CNE-1 xenografts. As expected, Glut-1 intensity did not
show a clear change in the four groups with or without
treatment (Suppl. Fig. 6a, b; see ESM). The T/M of
[18F]FDG and Glut-1 intensity revealed a positive correla-
tion of 0.926 (Suppl. Fig. 6c, P G 0.001; see ESM).

Discussion
Therapeutic strategies of NPC have changed from conven-
tional radiotherapy to intensity-modulated radiotherapy

(IMRT), chemotherapy, or chemoradiotherapy, which could
substantially improve the prognosis of locally advanced
NPC prominently [11–13]. Though the incidence and
mortality of NPC have declined gradually over the past
two decades, 92 % of new cases occur in economically less-
developed countries, thus heavily increasing their economic
burden [14–16]. Furthermore, local recurrence and distant
metastasis remain a headache, revealing a poor prognosis
with median survival times ranging from only 5 to 11 months
[6]. Recently, the molecular targeted therapies have shown
potency in heavily pretreated NPC patients. Cetuximab,
which selectively inhibits EGFR, is primarily utilized in
treatment of colorectal cancer and has been proven to
improve response rate in treatment of NPC. In a previous
study of Cetuximab in patients with stage III/IV nasopha-
ryngeal carcinoma, measurable complete responses were
recorded in 84 % of individuals, with 72 % showing 3-year

Fig. 4. In vivo imaging analysis of [18F]ML-10 PET/CT. a Representative whole-body coronal [18F]ML-10 PET/CT images of
subcutaneous CNE-1 xenografts before and 24 h and 48 h after irradiation (15 Gy/mouse), Cetuximab (1 mg/mouse), or
Cetuximab (1 mg/mouse) plus irradiation (15 Gy/mouse). Mice without any treatment used as control. White arrow shows
location of tumors. b, c Quantitative analysis of the PET/CT images. T/M was calculated according to the formula T/M = tumor
(%ID/gmax) / muscle (%ID/gmax). The error bars shown in the figure represent the mean ± SD (n = 5 independent experiments).
Statistical analysis was determined with two-way ANOVA, *P G 0.05.
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local regional control [8]. Our results corroborate the
effective of Cetuximab in combination treatment of naso-
pharyngeal carcinoma in vitro and in vivo.

EGFR has been reported to be an independent predictor
of clinical outcome in NPC, where high expression indicates
poor prognosis [17, 18]. The anti-tumor mechanisms of
Cetuximab have been revealed to include blocking the
EGFR downstream signal by competitive inhibition of
ligand binding, downregulation of the expression of EGFR
through dimerization and internalization, and facilitation of
antibody-dependent cell-mediated cytotoxicity (ADCC)
[19]. It is well known that the three main pathways
downstream of EGFR are the PI3-K/AKT, JAK/STAT, and
Ras/Raf pathways [20]. In this work, we explored the
correlation of EGFR/PI3-K/AKT signaling with
radiosensitization in CNE-1 cells. Our data revealed that
EGFR protein expression was markedly decreased with
treatment of Cetuximab combined with radiotherapy in vivo.
In addition to downregulating EGFR expression, Cetuximab
was also observed to decrease the phosphorylation of PI3-K
and AKT, thereby blocking the signal transduction and
resulting in apoptosis as well as proliferation suppression in
CNE-1 cells. This is supported by previous studies, which
demonstrated that the PI3-K/AKT pathway is related to
radioresistance and that blocking the PI3-K/AKT signaling
via EGFR inhibition can sensitize NPC cells to radiation
[21–23]. As expected, we observed that cell proliferation
was significantly inhibited by treatment with Cetuximab plus
radiotherapy. Furthermore, radiotherapy reduced the forma-
tion of colonies of CNE-1 cells in the presence of Cetuximab

compared with radiation or Cetuximab alone. In addition,
Cetuximab dramatically increased the radiation-induced
apoptosis rate as measured by flow cytometry assay as well
as the TUNEL assay. Notably, the Cetuximab treatment
alone had no significant effect on growth of CNE-1 cells
both in vitro and in vivo, similar to a report by SUNG et al.
[24], which suggested that Cetuximab enforced its anti-
tumor effect in a synergistic manner. Taken together, these
data indicated that Cetuximab may increase the radiosensi-
tivity of CNE-1 cells by suppressing EGFR-signaling via
inactivating the PI3-K/AKT-pathway.

Currently, to realize personalized treatment, increasing atten-
tion has focused on molecular imaging, which could characterize
and measure the processes of tumor progression in vivo at cellular
and molecular level [25]. PET is one of the molecular imaging
modalities. With the various positron-labeled tracer applications,
PET could provide a wealth of information, including that of
metabolic [26, 27], proliferation [28], and receptor expression
[29]. [18F]ML-10 is a novel member of the Aposense family and
aims to sensitively detect the death process from its early stages.
Based on the malonate moiety, [18F]ML-10 could selectively
cross the plasma membrane and is mainly localized to the
cytoplasm (60 %) of apoptotic cells rather than viable cells, thus
enabling a high signal/background ratio [30]. Because of the small
molecular weight of 206 Da, [18F]ML-10 showed a rapid
clearance from blood through kidneys and quick excretion from
nontarget organs, resulting in a stable T/M from 30 min after
probe administration both in an animal model [9] and in patients
[31, 32]. Regarding the aspects of radiolabeling, biodistribution
and immunogenicity, [18F]ML-10 is superior to large proteins

Fig. 5. In vivo imaging analysis of [18F]FDG PET/CT. a Representative whole-body coronal [18F]FDG PET/CT images of
subcutaneous CNE-1 xenografts before and 24 h and 48 h after irradiation (15 Gy/mouse), Cetuximab (1 mg/mouse), or
Cetuximab (1 mg/mouse) plus irradiation (15 Gy/mouse). Mice without any treatment used as control. White arrow shows
location of tumors. b, c Quantitative analysis of the PET/CT images. The value of T/M and SUVmax in combination group
showed no significant difference compared with control, radiation, and Cetuximab groups at 0 h, 24 h, and 48 h.
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such as Annexin-V [33]. Since apoptosis may be an early
indication of the success of therapy, detection of apoptosis can
potentially provide prognostic information and guide the subse-
quent treatment regimen [34]. In the first human study [35],
Matthew J et al. applied [18F]ML-10 to evaluate the response to
radiation in a newly diagnosed glioblastoma multiforme patient
by the change in uptake before and quickly after therapy.
However, the follow-up information was unavailable.

In our study, we innovatively performed the [18F]ML-10
PET/CT for early prediction of the response to Cetuximab

combined with radiotherapy in treatment of CNE-1 xeno-
graft in vivo. We found that tumors with apoptotic cells
showed high uptake of [18F]ML-10 after combination
treatment. In addition, the change in T/M before and after
treatment played a role in prediction of response, while the
mice with high T/M of [18F]ML-10 at an early time after
treatment revealed a better prognosis. The value of T/M
showed a good correlation to the intensity of TUNEL, while
the latter was the gold standard but invasive. Given the wide
application of [18F]FDG in clinical settings [36], we also

Fig. 6. TUNEL assessment of apoptosis in CNE-1 xenografts. a Photomicrographs of tumor sections from control and
radiation (15 Gy/mouse), Cetuximab (1 mg/mouse), or Cetuximab (1 mg/mouse) plus radiation (15 Gy/mouse) groups at 0 h,
24 h, and 48 h. Brown shows TUNEL-positive cells, blue shows location of nucleus, and scale bars represent 100 μm in length.
b Quantitative analysis of apoptotic rate. The error bars shown in the figure represent the mean ± SD (n = 5 independent
experiments). Statistical analysis was determined with two-way ANOVA, *P G 0.05. c Correlation analysis between T/M of
[18F]ML-10 uptake and TUNEL-positive density.
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investigated the uptake of [18F]FDG in treated CNE-1
xenografts. Unfortunately, the value of T/M fluctuated
irregularly in CNE-1 tumors before and after treatment even
in the combination treatment group, which was verified by
Glut-1 examination.

Conclusion
For the first time, we applied [18F]ML-10 PET/CT to
evaluate the response to radiation in the presence of
Cetuximab on CNE-1 cells in vivo. The change in T/M
before and soon after treatment provided reliable prognostic
information. Moreover, we investigated the combination
efficacy of Cetuximab and radiotherapy on anticancer effects
and the molecular mechanism in human NPC lines CNE-1.
Our results showed that Cetuximab could increase the
radiosensitivity of CNE-1 cells, which may be due to the
inhibition of EGFR/PI3-K/AKT-pathway. Wide application
of [18F]ML-10 PET/CT in clinical settings may benefit
patients, and our work serves as a foundation for that.
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