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Abstract: Objective: To investigate the in vitro effects of iodine-125 (*?°l) seeds on growth inhibition and induction
of programmed cell death in the human adenoid cystic carcinoma cell line ACC-2. Method: Malignant human brain
glioma cell lines ACC-2 were segregated into 0, 2, 4, and 6 Gy groups based on doses of 1%| seeds. Cell counting
kit-8 (CCK-8) assay was performed to determine the effect of *2°I seeds on ACC-2 cell proliferation rate and flow
cytometry analysis was performed to study apoptosis. Cloning was performed to observe the cell clones. Results:
Clones of post-irradiated cells displayed marked growth inhibition with significant differences among groups (P <
0.05) and %% seeds had dose- and time-dependent inhibitory effects on proliferation in ACC-2 glioma cells cultured
in vitro. The CCK-8 assay revealed that proliferation of ACC-2 cells irradiated with various doses of '%°| seeds was
inhibited (P < 0.05). The rate of inhibition significantly increased with an increase in radiation dose and prolongation
of reaction time (P < 0.05). Conclusions: Continuous low-dose irradiation inhibits proliferation, growth of clones, and

apoptosis functions in ACC-2 cells.
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Introduction

Adenoid cystic carcinoma (ACC) is the most
common malignancy in head-and-neck salivary
gland tissues and may occur at any age. It
mostly affects middle-aged and aged popula-
tions irrespective of sex. It may occur in any
salivary gland and is the third most prevalent
salivary gland tumor with a proportion of more
than 30% [1, 2]. ACC is mainly treated via surgi-
cal excision of lesion tissues, which are slow
and continuously growing tumors. ACC easily
metastasizes to distant sites, thereby drasti-
cally increasing the recurrence rate of the dis-
ease, and statistics reveal that the recurrence
rate 10 years after surgical excision is greater
than 70% in ACC patients with poorer long-term
prognosis. Additionally, the 15-year survival
rate is only 40% [3]. A few interventional che-
motherapy studies yielded less-than-satisfac-
tory results [4]. Furthermore, in recent years,

ACC biology has been increasingly discussed,
and clinical treatment and prognosis have been
evaluated primarily via analysis of occurrence
and development, biological effects, and under-
lying mechanism of ACC, to establish new ther-
apies [5].

125 is the most widely used clinical radioactive
seed with a small effective killing range (17
mm), which lyses the ultrastructure of cancer
cells by X- and y-rays, thereby treating the can-
cer [6]. Presently, sealed '?°| seeds are com-
monly used for clinical treatment and do not
need to be replaced after initial implantation
because of their relatively lower activity [7].
The proliferative capacity of tumor cells can be
effectively inhibited via continuous low-dose
y-ray irradiation of *?°| implanted in cancer tis-
sues. 1%| seeds have the advantages of lower
radiation energy (27-35 keV) and small killing
range that lessen the effect on the surrounding
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normal tissues, thereby protecting surrounding
normal tissues while the patients receive high-
intensity irradiation treatment [8]. 1*°| seeds
also have marked effects on cancer treatment
via accurate positioning guided by imageology,
indicating the feasibility of the use of radioac-
tive seeds in cancer therapy.

This study aimed to discuss the biological
effects of *2°| on ACC via continuous irradiation
of ACC tumor cells with low-dose %I seeds.

Materials and methods
Cell line and reagents

Human adenoid cystic carcinoma cell line-
2 (ACC-2) was purchased from Bioscience
Company. 1% radioactive seeds were provided
by Jiangsu Huayi Chemical Co., Ltd., Dulbecco’s
modified Eagle’s medium (DMEM), F-12K medi-
um, 10% fetal calf serum, and trypsin were
purchased from Gibco; paraformaldehyde and
Giemsa, Solarbio company; cell counting kit-8
(CCK-8), Beyotine Institute of Biotechnology;
OLYMPUS inverted microscope, OLYMPUS; flow
cytometry FACSVerse, BD company; ELIASA
Synergy 2, BioTek; cell irradiation unit, Shanghai
Ibeka Ray Protection Equipment Technology
Co. Ltd.

ACC-2 cell culture

ACC-2 cells were cultured at 37°C under 5%
(volume fraction) CO, in DMEM and F-12K com-
plete media containing 10% fetal calf serum.
Cells grew via adherence with the wall and
medium was replaced every two days, followed
by sub-culturing till cells approached 80% con-
fluence. The medium was discarded in a culture
bottle, and the cells were washed twice with
PBS. Thereafter, 1 ml of 0.25% pancreatin con-
taining EDTA was added to loosen the cell lay-
ers, as evident from shrinking and rounding up
of cells under the microscope. The cell culture
bottle was agitated to disrupt cellular adher-
ence and thereafter, 2 ml of complete DMEM
was added to terminate the digestion, followed
by centrifugation at 800 rpm for 5 min. The
cells were re-suspended in DMEM and F12K
complete media and fresh media in a ratio of
1:3, continuously cultured and sub-cultured.

Mode of irradiation

Irradiation of %°| radioactive seeds was per-
formed in accordance with previous studies [8],
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where 9 seeds with initial activity of 3.33x108
Bq and initial dose at the rate of 10.89 h/Gy
was used. Also, 8 seeds were arranged and dis-
tributed in a torque loop type (3.5 cm) with the
other one at the center, followed by digestion of
the ACC-2 cells in the logarithmic phase, fol-
lowed by preparation of a single-cell suspen-
sion (count 5x10%/ml). The cells were then
seeded in the irradiation unit with 12l as the ion
source, and the cells in each group were irradi-
ated with O, 2, 4, and 6 Gy radioactivity. The
medium was supplemented with 4 ml after the
completion of irradiation and thereafter the
cells were continuously cultured for 10-14 d in
the incubator, stained, and finally the number
of cell clones was determined.

Cell cloning

After irradiation, cells were trypsinized, trans-
ferred to DMEM, and F12K media to culture for
10-14 d, and then the culture medium was dis-
carded, the cells were rinsed twice with PBS,
and a suitable amount of 4% paraformaldehyde
was added to fix the cells for 15 min. The fixa-
tive was then aspirated, and a suitable amount
of Giemsa working solution was added to stain
for 30 min. The stain was then washed away
with running water, and the cloned cells were
enumerated using Image pro plus 6.0. There-
fore, inhibition of the number of cell clones was
determined.

Assessment of cell proliferation

Proliferation of post-irradiated cells was ass-
essed using CCK-8 with 10 ul of CCK-8 reagent
added into cell culture in each pore and cells
cultured at 37°C and 5% (volume fraction) CO,
for 48 h. The absorbance was then measured
using an ELISA reader (at 450 nm) and the
assessment was performed in triplicate for
each pore. SDS solution (1% w/v) was added if
the test was not performed in a timely manner,
and was covered to prevent exposure to light
and stored at 25°C (tested within 24 h).

Flow cytometry

Post-irradiation floating cells were harvested
using a pipette to enumerate the cells in each
group. The adhered cells were rinsed with 2 ml
of PBS, and the PBS was discarded. Thereafter,
0.5 ml of 0.25% pancreatin was added and the
cells were incubated (without EDTA) until they
lost their adhesion, finally followed by micro-
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Figure 1. Effect of ?°| radiation on ACC-2 cell clone formation.

Table 1. Cell cloning in groups

Group 0 Gy group 2 Gy group 4 Gy group 6 Gy group F P
ACC-2 119.52+4.58%  105.37+6.44%" 44.79+5.92%"# 32.69+4.58% 4  189.27 0.01

Note: “represented that the 2 Gy, 4 Gy, and 6 Gy groups had a statistical difference compared with the 0 Gy (t=3.10, P=0.04;
t=17.29, P=0.01; t=23.22, P=0.01), *represented 4 Gy and 6 Gy groups had statistical difference compared with the 2 Gy
group (t=12.00, P=0.01; t=15.93, P=0.01), and “represented that the 4 Gy group had a statistical difference compared with

the 6 Gy group (t=2.80, P=0.05).
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Figure 2. Comparison of cell clones. On cloning
the post-irradiated ACC-2 cells, the number of cell
clones in the O Gy group significantly increased to
119.52+4.58%, whereas the cell clones in 2 Gy, 4 Gy,
and 6 Gy groups were 86.37+6.44%, 44.79+5.92%,
and 32.69+4.58%, respectively, and were signifi-
cantly inhibited. Furthermore, there were differences
between the 4 groups (F=189.27, P=0.01). *indi-
cates that the 2 Gy, 4 Gy, and 6 Gy groups were sig-
nificantly different from the O Gy group; #indicates
that the 4 Gy and 6 Gy groups were significantly dif-
ferent from the 2 Gy group.

scopic observation. The plates were agitated to
completely detach the cells from the culture
plate, and the cells were then resuspended in
1X buffer solution (1x108/ml), transferred to a
clean centrifuge tube, and apoptosis detection
solution (AnnexinV-FITC) was added. Cells were
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kept away from light for 15 min at 25°C, fol-
lowed by centrifugation for 5 min at 1500 rpm.
The cells were then resuspended in buffer solu-
tion, and 10 uL of Pl was added and the cells
were analyzed via flow cytometry with analysis
performed in triplicate.

Statistical analysis

SPSS19.0 software package was used for sta-
tistical analysis for all data. Measured variables
are presented as mean * standard deviation
(SD) values. Independent student’s t-test was
performed for pairwise comparison, one-way
analysis of variance was performed for com-
parisons among groups, and the LSD t-test was
performed for further pairwise comparisons. A
P-value less than 0.05 was considered statisti-
cally significant.

Results
Morphological changes in cells

After irradiation with 2°I, growth inhibition of
the cells under high-intensity irradiation was
obvious, as revealed via fluorescence micros-
copy. ACC-2 cells exhibited apparent nuclear
condensation at 4 Gy (Figure 1).

Comparisons among cell clones

On cloning the post-irradiated ACC-2 cells, cell
clones in the O Gy group were significantly
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Table 2. Cell inhibition rate of each group

Group 0 Gy group 2 Gy group 4 Gy group 6 Gy group F P
ACC-2 12.58+1.54% 63.58+2.14% 71.83+1.57% 79.54+1.05% 1043.62 0.01
EE 0Gy group cell inhibition rate in the 2 Gy group was signifi-
g 2Gy group cantly different from that in the 4 and 6 Gy
%100- E3 4Gy group groups (t=5.38, P=0.01; t=11.60, P=0.01, res-
- [ 6Gy group x4 pectively), while that of the 4 Gy group was sig-
§ 80 - * # nificantly different from that of the 6 Gy group
5 50 * (t=7.07, P=0.01) (Table 2 and Figure 3).
k]
E Assessment of apoptosis in post-irradiated
-g 404 cells
8 20 . .
= As shown in Table 3 and Figure 4, on flow cyto-
f 0- metric analysis for apoptosis, the apoptosis
8 rates of the O, 2, 4, and 6 Gy groups were
2.77+0.59%, 5.67+1.24%, 10.58+1.54%, and
Q(,*\ 13.84+1.87% respectively, with significant dif-

Figure 3. Comparison of proliferation among post-
irradiated cells. On performing a CCK-8 assay on
the post-irradiated cells in each group, cell inhibition
rates in the O Gy, 2 Gy, 4 Gy, and 6 Gy groups were
12.58+1.54%, 63.58+2.14%, 71.83+1.57%, and
79.54+1.05%, respectively, with significant differ-
ences among the four groups (F=1043.62, P=0.01).
*indicates that the 2 Gy, 4 Gy, and 6 Gy groups were
significantly different from the O Gy group; #indicates
that the 4 Gy and 6 Gy groups are significantly differ-
ent from the 2 Gy group.

increased to 119.52+4.58%, whereas those in
the 2, 4, and 6 Gy groups were significantly
inhibited to 86.37+6.44%, 44.79+5.92%, and
32.69+4.58%, respectively. There were differ-
ences among the 4 groups (F=189.27, P=0.01),
and the cell clones in the 0 Gy group displayed
significant differences after pairwise compari-
son with other groups (P < 0.01) (Table 1 and
Figure 2).

Comparison of proliferation among post-
irradiated cells

On performing the CCK-8 assay for proliferation
of post-irradiated cells in each group, cell inhi-
bition rates in O, 2, 4, and 6 Gy groups were
12.58+1.54%, 63.58+2.14%, 71.83+1.57%,
and 79.54+1.05%, respectively. There were
significant differences among the 4 groups
(F=1043.62, P=0.01). The cell inhibition rate in
the O Gy group was significantly different from
that of the 2, 4, and 6 Gy groups (t=33.50,
P=0.01; t=46.66, P=0.01; t=62.22, P=0.01);
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ferences among all four groups (F=37.84,
P=0.01). The cell inhibition rate in the 0O Gy
group was significantly different from that of
the 2, 4, and 6 Gy groups (t=3.66, P=0.02;
t=8.20, P=0.01; t=9.78, P=0.01, respectively),
while that of the 2 Gy group was significantly
different from that of the 4 and 6 Gy groups
(t=4.30, P=0.01; t=6.31, P=0.01, respectively).
However, that of the 4 Gy group was slightly but
not significantly different from that of the 6 Gy
group (t=2.33, P=0.08).

Discussion

A gradually growing painless malignancy, ACC,
displays extracapsular invasion during early
stages, and can penetrate the nerves and
blood vessels, thereby easily resulting in local
recurrence and distant metastases [9]. Stati-
stics reveal that ACC mostly invades the sali-
vary gland tissues, wherein the incidence is
more than 20% in the major salivary glands,
and approaches 50% in the minor salivary
glands. Moreover, ACC also occurs in other
organs (trachea, esophagus, skin, uterus, etc.).
The lung metastatic rate 5 years after ACC
surgery approaches 70%, whereas that at 10
years after ACC surgery unexpectedly appro-
aches 100% [10]. Currently, chemoradiothera-
py is considered the primary comprehensive
treatment for ACC. Surgical excision, in combi-
nation with chemoradiotherapy, can significant-
ly improve the survival rate of patients and
reduce local recurrence [3]. Mendenhall, et al.
[11] reported that the 5-year survival rate of
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Table 3. Apoptosis in all groups

Group 0 Gy group 2 Gy group 4 Gy group 6 Gy group F P
ACC-2 2.77+0.59% 5.67+1.24% 10.58+1.54% 13.84+1.87% 37.84 0.01
0Gy 2Gy 4Gy 6 Gy
0 10" 10",
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E 3 é 10! § W' é W
3 g 8 8
& o 178 %) £y
. : b :
] 10¢ 0 w0 10 [] 10 10" 0 10* 0 0 0 0 10* 108 0 100 10° w0 10°
FITC-A FITC-A FITC-A FITC-A
20- E&E 0Gy group
2 EZ3 2Gy group
§ 16- E3 4Gy group * # Figure 4. Determination of apoptosis rates in post-irradiated
g D &Gy group cells. On analyzing the apoptotic rates of post-irradiated cells
= “ 4 yzing pop p
= 104 in each group via flow cytometry analysis, apoptosis rates in
@ . the O Gy, 2 Gy, 4 Gy, and 6 Gy groups were 2.77+0.59%,
§ - 5.67+1.24%, 10.58+1.54%, and 13.84+1.87%, respectively,
g 2 with significant differences among the 4 groups (F=37.84,
E P=0.01). *indicates that the 2 Gy, 4 Gy, and 6 Gy groups were
' significantly different from the O Gy group; #indicates that
,‘o'*Q ,‘o‘)q ‘o"Q the 4 Gy and 6 Gy groups are significantly different from the
@Q‘ %0-\ 2 Gy group.

patients approaches 77% and 10-year survival
rate approaches 55% on retrospectively ass-
essing ACC patients who received clinical ther-
apy assisted by radiotherapy.

For radioactive seed therapy, the radioactive
source is implanted around or inside the can-
cer tissues. The radionuclides are released to
ensure continuous radiation to eliminate the
cancer cells [12]. Previously, Co and Rh radio-
nuclides were used more commonly. However,
the high-energy y-rays produced during the
release of radionuclides is very harmful and it
is hence difficult to ensure the safety of the
patients and the physicians, therefore it is
not widely practiced clinically [13]. As the radio-
active seed continuously releases low-dose
y-rays, 2% is one of the most commonly used
radioactive seeds clinically, which is surgically
directly implanted around the tumor to continu-
ously irradiate, thereby inhibiting tumor growth
with small radioactive source volume and less
side effects. With the development of imaging
techniques, monitoring and guiding the implan-
tation of 25| radioactive seeds in cancer has
received considerable attention [14]. Since the
implantation of 2% is minimally invasive, less
invasion is observed in elderly patients, with no
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complications, and other advantages, which
have been widely applied in clinical practice
with better effects on the treatment of liver
cancer, lung cancer, recurrent head and neck
cancer, etc. [19].

In recent years, there have been advancements
in the biomedical sciences, however one of the
largest medical problems, cancer has puzzled
medical and scientific researchers for many
years. However, with the development of better
technologies, there are increasing methods of
treating cancers, including radioactive therapy.
Presently, several studies have suggested the
treatment of cancers with 2% [15, 16]. However,
few studies have focused on treatment of ACC
with 2%, Such studies mostly involve animal
models [17]. In this study, an external irradia-
tion experiment was directly performed for
ACC-2 cells and the cellular biological effects
were observed. Moreover, cell cloning and flow
cytometry analysis were performed for the
post-irradiated ACC-2 cells, which revealed
that the ability to form clones among post-irra-
diated ACC-2 cells was significantly obliterated
in a dose-dependent manner. Apoptosis, also
known as programmed cell death, is regulated
by genes. Thus, apoptosis plays an important

Int J Clin Exp Med 2018;11(9):9448-9454



Effects of iodine-125 on human ACC-2 cells

role in the process of growth and development
of normal body, and in the occurrence of dis-
eases. Presently, apoptosis is one of the major
phenomena targeted in treating cancers and
in inhibiting tumors via tumor cell apoptosis
[18]. Flow cytometry analysis revealed that the
apoptosis rate of ACC-2 cells irradiated by 2°|
was significant, and the higher the dose, the
more significant the apoptosis rate. At the end
of the experiment, a cell proliferation assay
with post-irradiated ACC-2 cells revealed that
the tumor proliferation was higher [19]. On ass-
essing ACC-2 cell proliferation with the CCK-8
assay, the proliferation of post-irradiated cells
was dose-dependently inhibited. Therefore, 251
significantly inhibits the growth of ACC.

However, this study has the following limita-
tions. First, these experiments are basic in vitro
experiments, whether the effect on inhibition of
cancers in the study is similar to that in clinical
practices needs further validation. Second, we
could not delineate the mechanism and deter-
mine which genes and pathways are affected.
Therefore, we intend to elucidate the underly-
ing mechanism and validate the experimental
results via a clinical pilot study with a larger
sample size, in a future study. In conclusion, *2°|
radioactive seeds inhibit the growth of ACC-2
cells by promoting apoptosis and inhibiting
their proliferation and migration.

Acknowledgements

Supported by the Science and Technology
Program of Guizhou Province (No. SY [2012]
3105 & LH [2016] 7161).

Disclosure of conflict of interest
None.

Address correspondence to: Jianjiang Zhao, Depart-
ment of Oral and Maxillofacial Surgery, Stomato-
logical Hospital of Southern Medical University and
Guangdong Provincial Stomatological Hospital, No.
66 Jiangnan Avenue, Haizhu, Guangzhou 510280,
Guangdong, China. Tel: +86 13609645845; E-mail:
jjzhaooo@163.com

References

[1] Requena L and Sanglieza O. Cutaneous ad-
nexal neoplasms. Springer 2017.

[2] Ness SA. Targeting MYB oncogene expression
in adenoid cystic carcinoma. J Natl Cancer Inst
2017; 109.

9453

(3]

(4]

(5]

(7]

(8]

(9]

[12]

(13]

(14]

Lee A, Givi B, Roden D, Osborn VW, Garay E,
Schwartz D, Choi K and Schreiber D. (S025)
postoperative radiation therapy for adenoid
cystic carcinoma of the salivary gland: patterns
of care and survival outcomes. Laryngoscope
2017; 98: E8.

Hsieh CE, Lin CY, Lee LY, Yang LY, Wang CC,
Wang HM, Chang JT, Fan KH, Liao CT, Yen
TC, Fang KH, Tsang YM. Adding concurrent
chemotherapy to postoperative radiotherapy
improves locoregional control but not overall
survival in patients with salivary gland adenoid
cystic carcinoma-a propensity score matched
study. Radiat Oncol 2016; 11: 47.

Dillon PM, Chakraborty S, Moskaluk CA, Joshi
PJ and Thomas CY. Adenoid cystic carcinoma: a
review of recent advances, molecular targets,
and clinical trials. Head Neck 2016; 38: 620-
627.

Cazeau AL, Blais E, Hoepffner JL, Piechaud T,
Merino C, Stein P, Dutertre A and Thomas L.
Rising PSA after curative 1125 brachytherapy
in prostate cancer: patterns of 18F-Choline
prostatic uptake on PET/CT. J Nucl Med 2016;
57: 1549-1549.

Witteveen T, Heemsbergen W, Moonen L,
Steggerda M, Heijmink S and Van der Heide U.
0C-0134: choline/PET CT and MRI detection of
recurrences after 1125 seed implant brachy-
therapy of prostate cancer. Radiother Oncol
2015; 115: S63.

Zhang K. Dosimetry study of radioactive I-125
seeds implantation for malignant tumor as-
sisted by 3D printing coplanar templates.
Brachytherapy 2017; 16: S90.

Liu B, Mitani Y, Rao X, Zafereo M, Zhang J,
Zhang J, Futreal PA, Lozano G and El-Naggar
AK. Spatio-temporal genomic heterogeneity,
phylogeny, and metastatic evolution in salivary
adenoid cystic carcinoma. J Natl Cancer Inst
2017; 109.

Havziu H, Adili H and Havziu Z. Adenoid cystic
carcinoma. Apolonia 2016.

M Mendenhall W, G Morris C, J Amdur R, W
Werning J, W Hinerman R and B Villaret D.
Radiotherapy alone or combined with surgery
for adenoid cystic carcinoma of the head and
neck. 2004.

Baumann M, Krause M, Overgaard J, Debus J,
Bentzen SM, Daartz J, Richter C, Zips D and
Bortfeld T. Radiation oncology in the era of pre-
cision medicine. Nat Rev Cancer 2016; 16:
234.

Halperin EC. Particle therapy and treatment of
cancer. Lancet Oncol 2006; 7: 676-685.

Zhou YM, Feng X, Zhou BC, Fan YF and Huang
YL. Evaluation of therapeutic effects of 125I
particles brachytherapy for recurrent bladder
cancer. Oncol Lett 2018; 15: 3453-3457.

Int J Clin Exp Med 2018;11(9):9448-9454



[15]

(16]

(17]

Effects of iodine-125 on human ACC-2 cells

Dai W, Zhang RP, Nan LG and Wang H. Influence
of sequential 1251 particle chain implantation
and transcatheter arterial chemoembolization
on tumor cell killing effect in patients with liver
cancer. Journal of Hainan Medical University
2017; 23: 123-126.

Zheng W. Analysis of the changes in PD-1/PD-
L1 pathway function in non-small-cell lung can-
cer tissue before and after 125I seed implan-
tation. Journal of Hainan Medical University
2017; 23: 106-109.

Hazkani |, Motiei M, Betzer O, Sadan T,
Bragilovski D, Lubimov L, Mizrachi A, Hadar T,
Levi M and Ben-Aharon I. Can molecular profil-
ing enhance radiotherapy? Impact of personal-
ized targeted gold nanoparticles on radiosen-
sitivity and imaging of adenoid cystic carcino-
ma. Theranostics 2017; 7: 3962.

9454

(18]

(19]

Mukhopadhyay S, Panda PK, Sinha N, Das DN
and Bhutia SK. Autophagy and apoptosis:
where do they meet? Apoptosis 2014; 19:
555-566.

Zhang W, Luo J, Liu Q, Ma J, Qu X, Yang M, Yan
Z and Wang J. Brachytherapy with lodine-125
seeds strand for treatment of main portal vein
tumor thrombi: an experimental study in a rab-
bit model. Am J Cancer Res 2016; 6: 587.

Int J Clin Exp Med 2018;11(9):9448-9454



