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Introduction

Anaplastic thyroid carcinoma (ATC) is categorized as a malignant 
endocrine tumour which has recently been grown up on large 
scale in the world. Its prognosis is poor and mostly affected 

Original

ABSTRACT
Introduction: The current study investigated the combination of high Z atoms 
(iodine-, platinium-based drugs) with using low energy irradiation (120kvp) in Ana-
plastic Thyroid cancer cells.
Material and Methods: For this purpose, eight groups were designed: control 
(CNT), different concentrations of Iodine contrast media (ICM), irradiation with vari-
ous doses, Cis-platin (CDDP) with different concentrations, (ICM + CDDP), (ICM + 
RAD), (CDDP + RAD) and (ICM + CDDP + RAD). The viability was measured by 
MTT and Colony assay. In MTT assay, the viability of 8305c cells RAD (2 Gy)+ICM 
(10mg/mL) group was significantly lower than those treated with RAD or ICM alone. 
CDDP +ICM+RAD group significantly decreased the viability. In colony assay, cells 
in ICM + RAD (2 Gy) group reduced the number of colonies more significant than 
RAD group. The difference of colony forming ability between CDDP and CDDP 
+ RAD (2 Gy) was significant. The difference of ICM + CDDP + RAD (2 Gy) and 
CDDP +RAD (2 Gy) group was significant. All data were statistically analysed using 
one-way analysis of variance (ANOVA) followed by Chafe’s multi-comparisons 
tests. All data were presented as mean ± standard deviation (SD) and analysed using 
statistical package for social sciences (SPSS 16). Significance was considered to be 
p<0.05.
Results: In MTT assay, the viability of 8305c cells RAD (2 Gy) + ICM (10mg/
mL) group was significantly lower than those treated with RAD or ICM alone. CDDP 
+ ICM + RAD group significantly decreased the viability. In colony assay, cells in 
ICM + RAD (2 Gy) group reduced the number of colonies more significantly than 
RAD group. The difference of colony forming ability between CDDP and CDDP 
+ RAD (2 Gy) was significant. The difference of ICM + CDDP + RAD (2 Gy) and 
CDDP + RAD (2 Gy) group was significant.
Conclusion: Exposure of ATC to ICM in the presence of CDDP increases tissue 
X-rays absorbance by Auger electrons and photo electrons leading to more fatal ef-
fects against the tumour.
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patients die in few months following its diag-
nosis. The current therapy procedure includes 
multiple approaches where combines surgery, 
radiotherapy, radio chemotherapy and chemo-
therapy [1, 2]. Unlike other types of thyroid 
cancers, the radioactive iodine (RAI) has not 
been reported to have a significant therapeutic 
role in patients with anaplastic carcinoma [3]. 
The ultimate goal of radiation therapy is the 
delivery of a high therapeutic dose of ionizing 
radiation to the tumour cells without exceed-
ing the normal tissue tolerance. Several kinds 
of methods with different success levels have 
been investigated in order to produce highly lo-
calized dose distributions. Some conventional 
techniques are boron neutron capture therapy, 
stereotactic radiotherapy, intensity-modulated 
radiation therapy and X-ray phototherapy are 
few examples for such treatments [4, 5].

In X-ray phototherapy method, tumour 
needs to be loaded with an iodinated contrast 
medium (CM) and is exposed to X-rays in 
kilo voltage range (lower than 150 kV). Con-
sequent to these absorbed energies, substan-
tial photoelectric interactions are produced 
by high photoelectric cross-section of iodine. 
These substantial photoelectric interactions 
generate fluorescent X-rays, photoelectrons 
and Auger electrons. These interactions could 
enhance X-ray dose deposition inside the tu-
mour [4].

Chemotherapy is one of the most interesting 
topics among thyroid cancer researches. Gen-
erally, among all chemotherapeutic agents, 
platinum-based drugs such as CDDP play an 
important role in the treatment of solid tu-
mours; however, their clinical use has been 
restricted because of their toxicity after sys-
temic administration. Thus, a balance between 
neurotoxicity and therapeutic efficacy should 
be considered [6]. CDDP crosslinks between 
two DNA strands in different ways interfering 
with cell division by mitosis, indeed, affected 
the proliferation rate of each cell line [7, 8]. 
It could be useful in delivering high -Z ma-
terial to cells which improves the absorption 

of irradiation especially around an optimal en-
ergy [8]. The present study attempts to inves-
tigate the biological effects of a combination 
of X-ray phototherapy and chemotherapy with 
CDDP on anaplastic thyroid cancer cells for 
the first time.

Material and Methods

Experimental Design
Human anaplastic thyroid carcinoma 

cell line (8305c); the cells were cultured in 
DMEM medium (Gibco) supplemented with 
10% fetal bovine serum (FBS, Gibco) and 1% 
Pen Strep® solution (Sigma). The cells were 
maintained at 37˚C in a humidified incubator 
with 5% CO2.

In this study eight groups were designed: 
1- CNT: cells were not treated with RAD, 

ICM and CDDP
2- ICM: cells were treated with different 

concentrations of ICM (0.5, 10, 25, 50 and 
100 mg iodine/mL)

3- RAD: cells were treated with various dos-
es of radiation (0.5, 1, 1.5 and 2 Gy)

4-Cis-Diammine dichloro platinum (II) 
CDDP : cells were treated with different con-
centration of CDDP (5, 10, 20µg/mL)

5- ICM + CDDP: cells were treated with, 
ICM in concentration of (10 mg iodine/mL) 
and CDDP (5µg/mL)

6- ICM + RAD: cells were exposed to vari-
ous dose of radiation (0.5, 1, 1.5 and 2 Gy), in 
the present of ICM in concentration of (10 mg 
iodine/mL)

7- CDDP + RAD: cells were exposed to var-
ious dose of radiation (0.5, 1, 1.5 and 2 Gy) in 
the present of CDDP (5µg/mL)

8- ICM + CDDP + RAD: cells were treated 
with varied doses of radiation (0.5, 1, 1.5 and 
2 Gy) in the present of ICM in concentration 
of (10 mg iodine/mL) and CDDP (5µg/mL).

Materials and Reagents 
Giemsa stain (0.4%) and MTT (3-(4, 5-di-

methyl-thiazol-2-yl)-2, 5-diphenyl tetrazo-
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lium bromide) were purchased from Sigma-
Aldrich Co. (UK). The iso-osmolar contrast 
medium, Iodixanol (320 mg/mL, Visipaque, 
GE Healthcare). Cisplatin was purchased from 
Mylan Chemical Company, France.

Irradiations
Cells in groups 3, 6, 7 and 8 were irradiated 

with Orthovoltage Unit (Stabilipan Siemens, 
Germany) at low energy (120keV), a dose 
rate of 186.16cGy/min, over an area of 12 × 8 
cm2 , 30 cm, 4 mm Aluminum filter, at 30 cm 
FSD. The condition of cells during the radia-
tion procedure was at room temperature. And 
the cells with or without irradiation were put 
under the same conditions.

Proliferation Tests
Tetrazulium (MTT) Assay
Cells were seeded in 96-well plates (10×103 

cells/well); treatment was performed for 2 
hours with different concentrations of ICM 
(0.5, 10, 25, 50 and 100 mg iodine/mL) or 
CDDP (5, 10, 20µg/mL) in the complete me-
dium (DMEM supplemented with 10% FBS 
and 1% Pen Strep). Also different doses of X-
ray (0.5, 1, 1.5 and 2 Gy) were irradiated to the 
samples. Furthermore, combination of ICM 
(10 mg iodine/ml) and CDDP (5µg/mL) was 
used without, and with different doses of X-
ray (0.5, 1, 1.5 and 2 Gy) during the cells treat-
ed for 2hours, after that medium was removed 
then washed with HBSS and fresh media was 
added. After 48hours, 15 μL of MTT solution 
(3-(4, 5-dimethyl-thiazol-2-yl)-2, 5-diphenyl-
tetrazolium bromide (Sigma–Aldrich, St. Lou-
is, MO, USA) (5 mg/mL) was added into each 
well and the plates were incubated at 37°C 
for 3.5 hr. Medium was removed, and 100 μl 
DMSO was added to each well to solubilize 
the formazan crystals and the optical density 
was measured using a microplate-reader (Ryto 
RT-2100, China) at 570 nm wavelength. Per-
centage of cell viability was calculated as fol-
lows:

Cell viability (%) = Test optical density / 

Control optical density × 100
The assay was performed in triplicate.
Colony Formation Assay
Cells were treated in different groups with 

CDDP (5µg/ml) or ICM (10 mg iodine/ml), 
or different doses of RAD (0.5, 1, 1.5, 2 Gy) 
separately, also in combination groups (ICM 
+ CDDP), (ICM + RAD), (CDDP + RAD) in 
different groups, and again combination (ICM 
+ CDDP) with RAD.Cells treatment was per-
formed for 2 hours and exposure to RAD was 
at same time. After incubation time, Sub-con-
fluent monolayer cells were washed with PBS 
twice then, were trypsinized and collected in 
growth medium containing serum. The cells 
were centrifuged (200g, 5 min) and were re-
suspended in fresh growth medium. Dilution 
of 1000 cells/mL were prepared after count-
ing with hemocytometer, and seeded in petri 
dishes as triplicate. The petries were incubated 
in 37° for 2 weeks. Fresh medium was added 
to the petries after 1 week. To count the num-
ber of colonies, medium was removed, and 
washed with PBS solution (pH 7.4). Colonies 
were fixed with glutaraldehyde (6.0% v/v), 
stained with Giemsa (0.4%) and the number 
of colonies were assessed by microscopic 
counting. The colonies with at least 50 cells 
were counted. The colony-forming efficiency 
(CFE) of each cell line was obtained, which 
was calculated as:

CFE (%) = number of colonies/initial seed-
ing density ×100. 

The plating efficiency in this method was 
about 3.9%. The data are expressed as colony-
forming capacity, which represent the number 
of colonies in each petri after initial seeding.

Statistical Analysis
All data were statistically analysed using 

one-way analysis of variance (ANOVA) fol-
lowed by Chafe’s multi-comparisons tests. All 
data were presented as mean ± standard devia-
tion (SD) and analysed using statistical pack-
age for social science (SPSS 16). Significance 
level was considered to be p<0.05.
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Results

MTT Assays
Viability of the cells in all seven groups com-

pared with CNT group has been represented 
in Figures 1, 2 and 3. To determine significant 
cytotoxic effect in the final culture medium, 
cells were treated 2 hours with five concentra-
tions of ICM (5, 10, 25, 50 and 100 mg iodine/
ml) (Figure 1C). ICM has been extensively 
used for radio diagnosis in safely doses, so 
that we must choose the dose without cytotox-
icity. Between 5 different doses, just 100 mg/
ml was a significant decrease in viability com-
pared with control. In our protocol, we must 

choose a safe dose. Based on previous studies, 
10 mg iodine/ml in all treatment groups was 
chosen [9, 10], and is higher than doses cur-
rently used in diagnosis.

No significant decrease was found in viabil-
ity of the cells 48 hours after using different 
doses of radiation (Figure 1A).

The viability of 8305C cells after a 2-hour 
exposure to different concentrations of CDDP 
(5, 10, 20 µg/ml) decreased to 96.7% (P-val-
ue≤ 0.01), 92.7% (P-value≤ 0.001) and 71.4% 
(P-value≤ 0.001), respectively as compared to 
CNT (Figure 1B). In this study, we used 5µg/
ml of CDDP as the lowest cytotoxic concen-
tration in combination tests, in order to inves-
tigate synergism effect. Also, (ICM + CDDP) 

Figure 1: MTT assay.(A) cell viability after exposure to RAD. (B) viability of cells after exposed 
with CDDP . (C) viability of cells after exposed withICM.
Mean ± SD: * P < 0.05,  ** P < 0.01,  *** P < 0.001.
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Figure 2: MTT assay. (A) Viability of cells ex-
posed at ICM combinations with Radiation 
compared with control. (B) Viability of cells 
exposed to CDDP combined with Radiation 
in different doses, compared with control
Mean ± SD: *** P < 0.001.

did not significantly change the viability com-
pared with CDDP alone.

As well, combining ICM (10 mg iodine/ml) 
+ RAD (2Gy) decreased the viability (86.6%, 
P-value≤ 0.001) at 48 hours post exposure 
compared with CNT group (Figure 2A).

Different doses of radiation (0.5, 1, 1.5 and 2 
Gy) could potentiate CDDP (5µg/ml) cytotox-
ic effect in a dose dependent manner. The vi-
ability of different radiation doses was 86.2%, 
84%, 81.1% and 78.2%, respectively (Figure 
2B).

Combining exposure to CDDP (5µg/ml) 

with ICM (10mg/ml) and different doses of 
radiation (0.5, 1, 1.5, 2Gy) significantly de-
creased the viability after 48 hours (85.4%, 
80.2%, 75.1%, and 71.1%, respectively).

As previously mentioned in MTT assay, 
some results are noticeable. Briefly, ICM in 
10mg/ml, CDDP (5 µg/ml), between different 
doses of RAD (2Gy) was chosen for combina-
tion groups. All results are shown in (Figure 
3).

Colony Forming Assay
The results of colony assay obtained with 

different exposure regime are depicted in (Fig-
ure 4A). The colony-forming efficiency (CFE) 
in 6 cm petri dishes was 3.9% for cells. While 
exposure to ICM (10 mg iodine/ml) alone for 
two hours did not show any significant effects 
on colony counts compared with the CNT 
group. Exposure to CDDP alone (5µg/ml) for 
2h would significantly decrease the colony 
counts. Furthermore, a significant decrease 
was seen in the 2Gy RAD group (Figure 4A). 

There is no significant difference in sur-
vival fraction between ICM + CDDP group 
(65.79%) and CDDP group (67.51%) and also 
CDDP + RAD group in the doses lower than 
2 Gy.

In ICM + RAD group, the number of colony 
decreased by increasing radiation dose (0.5, 
1, 1.5, 2 Gy), and also survival fraction con-
stantly decreased (91.44%, 82.9%, 65.8% and 
50.42%) due to apoptosis effects of the com-
bination treatment. The difference between 
RAD (2Gy) alone and ICM + RAD (2 Gy) 
group was significant, and the reduction of the 
number of colonies was notable (Figure 4B).

Combination of CDDP with radiation (0.5, 
1, 1.5 and 2 Gy) induced lethality for anaplas-
tic thyroid carcinoma 8305c cells. Although 
the decrease in number of colony was signifi-
cant in all of the radiation doses, it was more 
noticeable in higher doses (Figure 4A).

The difference of colony forming ability 
between CDDP group and (CDDP + RAD) 
(2Gy) group was statistically significant (p 
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≤0.001) (Figure 4B).
Considering colonogenic survival in CDDP 

+ ICM + RAD (0.5, 1, 1.5 and 2 Gy) group, 
a significant decrease (21.36%) was observed 
in 2 Gy radiation dose, but for the doses of 
1.5, 1 and 0.5Gy, it was decreased to 32.47%, 
52.13% and 60.66%, respectively (Figure 
4A). The differences of colony assay between 
(CDDP + RAD) (2 Gy) group and (CDDP + 
ICM + RAD) (2 Gy) group were significant 
(Figure 4B).

Discussion
The emission of photoelectrons and Auger 

electrons (weakly bound electrons) result in 
the production of very high local ionization 
density. While Auger electrons travel much 
shorter distances typically ~10 nm, fluores-
cence photons can travel longer ranges (up to 
centimeters) [11]. Hence, a contrast enhance-
ment in x-ray imaging normally is correlat-
ed with the emission of secondary radiation 
(photoelectrons, x-ray fluorescence, Auger 
electrons) based on the photoelectric effect, 
and also CDDP in exposure time to emit sec-

ondary radiation. Accordingly, it will increase 
the energy absorption of the enhanced tissues 
located in short distance in the short distance. 
Because of the photoelectric effect along with 
the use of high Z elements, we tried to evalu-
ate the therapeutic effects of radiation com-
bined with CDDP as a chemotherapy drug and 
iodine contrast media (ICM) on cell line in or-
der to obtain multimodal therapy.

Our findings demonstrated that 2 Gy radia-
tion dose alone causes significant decrease 
(70%) in the number of colonies counted in 
colony-formation assay (Figure 4A). But there 
is not any significant decrease in viability in 
all doses in MTT assay (Figure 1A). Due to 
insignificant damages that have occurred at 
low dosages, the proliferation will be affected 
but it will not cause cell death. It should be 
noted that MTT shows only acute effect. How-
ever, in colony there is enough time to detect 
these damages. Hence, it can be concluded 
that apoptosis as a delayed effect in colony-
formation assay. Ohnishi et, al. [12] in their 
study showed the effectiveness of RAD in dif-
ferent doses (0 up to 6 Gy), in colony forming 

Figure 3: MTT Assay: Viability of cells exposed to Radiation In the present of CDDP and ICM. The 
controls are also represented on this histogram. 
Mean ± SD: *** P < 0.
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assay that induced lethality for 8305c cells by 
increasing doses of radiation.

The results of MTT assay in different con-
centration of ICM showed a significant de-
crease in cell viability which were treated by 
ICM alone in concentration of (100 mg/ml). In 
our study, the incubation period for ICM was 
2 hours which affected 14% cell death. This 
finding is in accordance with Hizoh et al. [13]. 
At concentration of 111 mg iodine/mL, they 
have reported that DNA breakage had been 
markedly elevated up to more than 60% as 
compared with our study on the same concen-
tration but less time to incubation, death ef-
fect due to the fact that our selected cells were 
ATC(8305C), which are more resistant that 
their selected cells. It is, however, acceptable. 
In MTT assay, the cells viability depends on 
cytotoxicity, and it is not possible to measure 
cells proliferation but in colony assay the mi-
tosis death of cells could be measured.

In colony assay, we have selected 10 mg/ml 
concentration due to the lack of the toxicity 
and viability decreased to 97%. This has no 
statistical significance. 

In this study, it was important to select a dose 
of ICM without apoptosis in the cells but with 
synergising effect in combination treatments.

In combination treatments, we used ICM 
combined with various doses of radiation. 
And it showed significant decrease in cell vi-
ability (87%) measured by MTT assay in 2 Gy 
radiation dose. And if there is great difference 
with control group by increasing photoelec-
tric effect along with ICM, the DNA damage 
will increase due to Auger electron and photo 
electrons release. It is also noticeable that the 
colony-forming assay showed a significant 
change only in high doses of irradiation (1.5, 
2Gy) (Figure 4A). If cells have enough time to 
do mitosis activity, they could prolong apopto-
sis effect and it is in agreement with Corde et 
al. [9]. It indicates that SQ20B cells suspended 
in 10 mg/ml of radio-contrast media. The op-
timal X-ray energy for increasing the radiation 
energy absorption was 50 keV according to 

clonogenic assay results. Therefore, the emis-
sion of secondary radiation in photoelectric 
effect could induce lethal damage; it shows 
significant similarity with our findings.

As well, in an in vivo study, Adam et al. [4] 
showed 44% increase in life span induced by 
injecting IV iodine and irradiation with 50 keV 
monochromatic X-rays (10 Gy) in rats bearing 
F98 glioma. Based on this study, we investi-
gated photoelectric effect in anaplastic thyroid 
carcinoma. They could be useful in delivering 
high-Z material to cells improving the absorp-
tion of irradiation especially with the optimal 
energy [8]. And it supported by the fact that it 
is the mechanism involved in our findings.

CDDP induces DNA cross-links in different 
ways thus interferes with the mitosis, result-
ing in decreasing the proliferation rate of cell 
lines.

In our findings, various concentrations of 
CDDP could significantly reduce viability in 
MTT assay. In lower dose of (5µgr/ml), the 
cell viability reduced to 87% which was sig-
nificantly different from the control group. 
However, to achieve a synergistic effect of 
CDDP combined with radiation, lower doses 
of CDDP (5µgr/ml) used in colony assay. It 
causes the lowest apoptosis by CDDP. This 
is the process to obtain the synergism effect 
of CDDP + RAD. In the study of Tirro et al. 
[14], the efficacy of CDDP with the concen-
tration of 5µgr/ml on ATC cells (8305C) was 
evaluated in three different time (24, 48 and 
72) hours. At 48 hours’ time, CDDP led to sig-
nificant decrease in the number of viable cells 
[7, 8]. Cytotoxicity of RAD and CDDP was 
assessed by using clonogenic assays. 

The addition of CDDP potentiated RAD ef-
fect and significantly enhanced cell killing ef-
fects of the CDDP alone [15]. Rouesseau et 
al. [16, 17] evaluated combination carboplatin 
and photon irradiation on F98 glioma-bearing 
rats. Their study showed that survival of the 
group of animals that had received platinated 
drugs alone, as increased the comparison with 
the group that just had received X-radiation. 
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Figure 4: Colony assay (A) Survival  in various modalities: ICM , RAD , CDDP, ICM + CDDP, ICM + 
RAD, CDDP+ RAD and RAD In the present of CDDP and ICM. The controls are also represented 
on this histogram. (B) Comparison to access synergism effect .
Mean ± SD: ** P < 0.01;    *** P < 0.001.

This combination of treatments (RAD + 
CDDP) was the most effective protocol, with 
55% long-term survivors. So it can be conclud-
ed that combination treatment (RAD +CDDP) 
has a synergistic role in damages induced by 
radiation and increases the therapeutic effi-
cacy. This group evaluated CDDP instead of 
carboplatin in another test and, it significantly 
enhanced the survival of F98 glioma-bearing 
rats [6]. Experiments on Combination therapy 
RAD and high Z atoms have been conducted 
only on glioma with Adam and his groups un-
til now; however, our aim is to assess the in-

crease of biological effects of the radiation in 
vitro in combination protocol with minimum 
damages to the healthy tissues.

The European Organization for Research 
and Treatment of Cancer Trial directly com-
pared radiation alone with CDDP in the pres-
ence of radiation following surgery for the 
treatment of advanced head and neck cancer. 
261 patients had participated in this trial and 
all of them initially had surgery. Almost half 
of the patients received just radiations while 
the other half received CDDP + RAD. After 
almost 5 years, progression-free survival was 
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11% higher and overall survival rates were 
13% higher in those who received combined 
therapy.

We also evaluated the synergistic effect of 
ICM + CDDP + RAD. We have observed a 
decrease in the number of colony in all doses 
(Figure 4A). In comparing ICM + RAD (2Gy) 
and RAD (2Gy) groups, a significant de-
crease was seen in viability of the cells treated 
with ICM before 2 Gy radiation (Figure 4B). 
Therefore, ICM causes a synergising effect 
with radiation. Also, CDDP + RAD (2Gy) 
leads to a significant difference compared with 
CDDP alone, and we witness the accumulate 
effect (Figure 4B). Furthermore, combination 
of ICM and CDDP with RAD has a notice-
able synergism effect compared with CDDP + 
RAD or ICM + RAD alone. Our results (Figure 
4B) demonstrate that in lower radiation doses, 
the colony assay showed delay damages bet-
ter than MTT assay in test time. It means that 
in each mitotic activity, the number of cells 
that could not repair damages will be removed 
from the cell cycle. However in MTT, we just 
see acute effect because of auger electrons and 
photoelectrons as secondary radiations en-
hanced absorbed dose and prolong apoptosis.

Adam et al. [4, 5, 8, 9, 18, 19] studied on 
the development of SSR technique in glioma 
management for many years. To induce pho-
toelectric effect, combination of ICM, CDDP 
and RAD are necessary to succeed in this tech-
nique. The optimal energy for ICM is 50 keV 
while it is 78.8 keV for CDDP. In their study, 
the irradiated rats in the presence of CDDP had 
a significant longer survival than CDDP alone. 
Moreover, a significant decrease in the early 
death was seen among the rats irradiated in the 
presence of ICM than without ICM but it was 
lower than CDDP [8]. Our study showed that 
the survival of cells treated in ICM + RAD 
(2Gy) in colony assay was lower than CDDP. 
These findings are different from Adam et al. 
study. Their group used synchrotron source 
and monochromatic energy with optimal en-
ergy while we used orthovoltage machine with 

120 kev. with maximum energy near K edge 
of iodine.

In summary, our results confirm that the ef-
fect of Auger electrons is greater in medium 
and high Z atoms. Furthermore, the emitting 
atoms must be in closest distance from the 
target molecule to be damaged (double-strand 
breaks) [9].

Conclusion
It is not possible to increase dose to achieve 

the highest wield in chemotherapy and radio-
therapy as the based known practices in cancer 
treatment. It is due to the damaging effects on 
normal cells surrounded by cancerous ones.

Chemotherapy might be more effective in 
comparison with radiotherapy but it has more 
toxicity effect and long term application. 
Therefore, a combined practice that could in-
crease the efficacy of radiotherapy without in-
creasing the doses is recommended.

The photoecectic effect will result in high z 
element of cddp and icm provided that they 
are radiated by low energy X ray.
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