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A B S T R A C T   

Radioiodine (131I) therapy is an important treatment for thyroid carcinoma. The response to radiotherapy 
sometimes limited by the development of radioresistance. Sinomenine hydrochloride(SH), was reported as a 
prospective radiosensitizer. This study was aim to evaluate synergic radiosensitization of SH and 131I on papillary 
thyroid carcinoma (PTC). We evaluated HTori-3, BCPAP and TPC-1 cells, the cell viability was evaluated by MTT. 
The experiment was divided into 4 groups: control group, SH (0.8 mM) group, I (131I 14.8 MBq/ml) group and 
ISH (SH 0.8 mM plus 131I 14.8 MBq/ml) group. Flow cytometry was used to investigate cell cycle phases and cell 
apoptosis. RT-PCR and western blotting were performed to determine the molecular changes. Compared to 
control group, SH significantly increased apoptosis and enhanced radiosensitivity of HTori-3 and PTC cells were 
related to the ratio of Bcl-2 to Bax protein downregulation and Fas, p21, p-ATM, p-Chk1, p-Chk2 and p53 protein 
expression upregulation in the ISH group (P < 0.05). Our results indicate that synergic radiosensitization of SH 
and iodine-131 on PTC cells and SH could be a potential therapeutic radiosensitizer in PTC radio therapy after 
total thyroidectomy.   

Introduction 

In recent years, the incidence of thyroid cancer has increased rapidly 
worldwide. Papillary thyroid cancer (PTC) constitutes approximately 
80% of all thyroid cancer cases [1–3]. RAI is one of the most important 
therapy of PTC. Although most PTC cases have a quite favorable prog-
nosis after standard therapeutic approaches, including surgery, selective 
radioactive iodine (RAI) therapy, and thyroid stimulating hormone 
(TSH) suppressive therapy, there are still some patients who are grad-
ually insensitive to iodine and have a poor therapeutic effect [4]. Pa-
tients may fail it when the cancer has lost radioiodine avidity; a primary 
cause for PTC related morbidity and mortality. There are many studies 
on the mechanism of radiation resistance of PTC cells at present, but it 
will take a long time to convert into clinical radiosensitizer [5–8]. 
Therefore, it is urgent to find a radiosensitizer, which can be used in 
clinic as soon as possible. 

The alkaloid sinomenine is extracted from the Chinese medical plant 
Sinomenium acutum. Within the past 30 years, the therapeutic efficacy 

and lower side effects of sinomenine in patients with rheumatoid 
arthritis (RA) have been confirmed in open clinical trials [9,10]. 
Moreover, Sinomenine hydrochloride (SH) has already been effectively 
used in rheumatoid arthritis during clinical practice [11]. Recently, 
several studies have demonstrated that SH not only has antineoplastic 
effects against various types of cancer, including lung cancer, gastric 
adenocarcinoma, breast cancer, but also it has been found that SH ap-
pears to be a prospective radiosensitizer in cervical cancer and esoph-
ageal squamous cell carcinoma therapy [12–16]. Zhang et al. found that 
SH sensitized human cervical cancer cell line cells to ionizing radiation 
(IR) by promoting accumulation of IR‑induced DNA double‑strand 
breaks (DSBs) and by interfering with the DNA damage checkpoint 
activation [15]. Fu et al. found that SH could improve the sensitivity of 
radiation in esophageal squamous cell carcinoma cells by inducing 
G2/M phase arrest, promoting radiation‑induced apoptosis and inhib-
iting DSB‑repair pathways [16]. However, its effect on thyroid cancer is 
unclear till now. 

The radioresistance of thyroid cells were related with different 
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molecular. Depending on molecular investigations, it is believed that 
mutations in RAS (rat sarcoma), BRAF (B-Raf proto-oncogene) and RET 
(rearranged during transfection)/PTC rearrangement, which take part in 
mitogen activated protein kinases (MAPK) pathway, cause an aberrant 
activation and lead to the development of PTC [17]. Several studies 
reveal that the most widespread molecular damage in thyroid cancer is 
caused by BRAF mutation (29–83%) [18]. With this in mind, in the 
present study we determined the synergic radiosensitization of sino-
menine hydrochloride and radioiodine of both in the papillary thyroid 
cells and normal thyroid cells and whether the different radioresistance 
caused by a BRAF mutation or not. Meanwhile, we aimed to clarify the 
molecular mechanisms underpinning these effects in the human thyroid 
cancer cell line. Thus, in this study, we used V600E mutation 
(BRAFV600E: 8505C, BCPAP, SW-1736) or the cells of BRAF WT 
(BRAFWT: U-Hth-74, TPC-1) thyroid cancer cell lines, thereby repre-
senting the most common genetic alterations found in PTC, meanwhile 
the HTori-3 was taken as normal thyroid cells for contrast. 

Materials and methods 

Cell cultures and preparation of SH 

The HTori-3, BCPAP and TPC-1 cell line were provided by Professor 
Peng Hou (Endocrinology Laboratory, The First Affiliated Hospital of 
Xi’an Jiaotong University College of Medicine, Xi’an, China). The HTori- 
3 and TPC-1 cells were cultured in DEME/F12 medium (Hyclone, Logan, 
UT, USA) and supplemented with 10% Certified FBS (04–001–1ACS, 
Biological Industries, Israel) and 1% penicillin/streptomycin (Hyclone) 
in a 5% CO2 humidified atmosphere at 37◦C. The BCPAP cells were 
cultured in RPMI 1640 medium (Hyclone, Logan, UT, USA), 1% sodium 
pyruvate (Gibco, No.11360070), 1% nonessential amino acids (Gibco, 
No.11140050) and supplemented with 10% certified FBS 
(04–001–1ACS, Biological Industries, Israel) and 1% penicillin/strep-
tomycin (Hyclone) in a 5% CO2 humidified atmosphere at 37◦C. 

SH (B21440 Shanghai Yuanye Biotechnology Co., Ltd. China) was 
dissolved in phosphate‑buffered saline (PBS) to a concentration of 100 
mM, and stored at ‑20◦C for up to 4 weeks. 

Methylthiazoltetrazolium (MTT) assay 

The cells were seeded at 1.5 × 104/ml in 96-well plates for 24 h, 48 h, 
72 h. SH solutions were prepared with the same culture medium as 
HTori-3, BCPAP and TPC-1 cells with final gradient concentrations of 
0.2, 0.4, 0.8, 1 and 2 mM, while identical volumes of PBS were added to 
the control wells. After the cells were incubated for 24, 48 and 72 h, 20μl 
3- (4, 5‑dimethylthiazol‑2‑y1) ‑2, 5‑diphenytetrazolium bromide was 
added to each well and the cell cultures were incubated for an additional 
4 h. The medium was discarded and the formazan crystals were solu-
bilized in 150μl/well DMSO. The colored solution was quantified by a 
spectrophotometer at an absorbance of 490 nm. The inhibition rate of 
the cells was then calculated. The absorbance was directly associated 
with the viable cell number. The experiment was performed at least in 
triplicate. 

The cells were seeded at 1.5 × 104/ml in 96-well plates for 12 h, 24 h, 
and 48 h. Radio-I solutions were prepared with the same culture me-
dium as HTori-3, BCPAP and TPC-1 cells with final gradient concen-
trations of 7.4, 14.8 and 29.6 MBq/ml, while identical volumes of PBS 
were added to the control wells. After the cells were incubated for 12, 24 
and 48 h, 20μl 3- (4, 5‑dimethylthiazol‑2‑y1) ‑2, 5‑diphenytetrazolium 
bromide was added to each well and the cell cultures were incubated for 
an additional 4 h. The medium was discarded and the formazan crystals 
were solubilized in 150 μl/well DMSO. The colored solution was 
quantified by a spectrophotometer at an absorbance of 490 nm. The 
inhibition rate of the cells was then calculated. The absorbance was 
directly associated with the viable cell number. The experiment was 
performed at least in triplicate. 

Cell apoptosis and cell cycle assay 

A cell apoptosis assay was performed using an Annexin V-FITC/PI 
Apoptosis Detection Kit (Shanghai Qihai Futai Biotechnology Co., Ltd. 
China). The HTori-3, BCPAP and TPC-1 cells were seeded at 5 × 104/ml 
in 6‑well plates for 24 h and then divided into 4 groups: control group, 
SH (0.8 mM) group, I-131 (iodine‑131 14.8 MBq/ml)) group, ISH (SH 
0.8 mM plus iodine‑131 14.8 MBq/ml) group. The follow Cells were 
treated with SH for 24 h, and then treated with iodine‑131. The density 
plots show cell populations (live, early apoptosis, necrosis, and late 
apoptosis or dead cells) according to their fluorescence characteristics. 

Cell cycle of apoptosis was quantitated using the Cell Cycle and 
Apoptosis Analysis Kit (C1052, Shanghai Biyuntian Biotechnology Co., 
Ltd., China) following the manufacturer’s instructions. Cells were fixed 
with 70% ethanol (2 h, 4◦C), and stained with propidium iodide and 
RNase A (30 min, 37◦C) for cell cycle analysis. 

Western blotting 

The cells were lysed with RIPA lysis buffer (Shanghai Biyuntian 
Biotechnology Co., Ltd., China) and the protein concentrations were 
quantified using a BCA kit (Shanghai Biyuntian Biotechnology Co., Ltd., 
China). Total protein (~150 μg) was denatured in loading buffer at 
100◦C for 8 min and electrophoresed using 10% sodium dodecyl sulfa-
te‑polyacrylamide gel electrophoresis (SDS‑PAGE). Lysates containing 
150 μg proteins were subjected to SDS‑PAGE, followed by transfer of 
proteins to a polyvinylidene difluoride membrane (EMD Millipore, 
Billerica, MA, USA). The membranes were blocked with 5% non‑fat milk 
in Tris‑buffered saline with 0.05% Tween‑20 at pH 7.5 for 1 h. And then, 
the membranes were incubated at 4◦C with the following primary an-
tibodies: The Bcl-2 antibody (Abcam ab196495 1:2000), Bax antibody 
(Abcam ab32503 1:2000), p53 antibody (Abcam ab241566 1:1000), 
phosphor-ATM S1981 antibody (Abcam ab81292 1:10,000), p21 anti-
body (Proteintech Group Inc. China,10,335–1-AP, 1:1000), GADPH 
antibody (Proteintech Group Inc. China, 60,004–1-Ig 1:10,000), 
phosphor-Chk2 Thr68 antibody (Cell Signaling Technology. no. 2661 
1:1000), phosphor-Chk1 Ser345 antibody (Cell Signaling Technology. 
no. 2348 1:1000) and Fas antibody (Cell Signaling Technology no. 4233 
1:1000), and then incubated with secondary anti‑rabbit or ‑mouse 
immunoglobulin (Proteintech Group Inc. China) for 1 h at 37◦C. The 
membranes were washed 3 times with Tris‑buffered saline with 0.05% 
Tween‑20 and once with Tris‑buffered saline. 

RNA isolation and reverse transcription-quantitative polymerase chain 
reaction (RT-qPCR) 

The RNA was extracted from cells with TRIzol reagent (Takara 
Biotechnology Co., Ltd., Dalian, China) according to the manufacturer’s 
instructions. The concentration of total RNA was determined using a 
spectrophotometer (BioTek Instruments, Inc., Winooski, VT, USA) and 
the 260/280 absorbance ratio, used to investigate the sample purity, was 
between 1.8 and 2.0, cDNA synthesis was performed using 500 ng total 
RNA in a reaction volume of 10μl. The thermal cycling conditions were 
as follows: 15 min at 37◦C and 5 s at 85◦C. Copy number quantification 
was performed with RT-qPCR using GADPH as the internal reference. 
The primer sequences of Bcl‑2, Bax, p53, p21, ATM, Fas and GADPH are 
shown in Table I. Following reverse transcription, the conditions were as 
follows: 95◦C for 30 s, 40 cycles of 5 s at 95◦C and 30 s at 60◦C for 
annealing and extensions were run on a Roche LightCycler96 Real-time 
Fluorescence Quantitative PCR Instrument (Roche Diagnostics GmbH 
Sandhofer Straße 116 68,305 Mannheim, Germany). PrimeScript™ RT 
Master Mix(RR036A) and the SYBR® Premix Ex Taq™ II (No. RR820A) 
were purchased from Takara Biotechnology, Co., Ltd. (Dalian, China) 
and used for real‑time PCR. All real‑time PCR experiments were per-
formed in triplicate. 
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Statistical analysis 

Statistical analysis was performed using GraphPad Prism 5 (Graph-
Pad Software, Inc., La Jolla, CA, USA). Differences between the control 
and treatment groups were determined by Student’s t‑test and consid-
ered to be significant at P < 0.05. 

Results 

SH inhibited thyroid cell proliferation 

To address this question, first, we tested the effect of SH on HTori-3, 
BCPAP and TPC-1 cells by performing MTT‑based cell viability analysis 
(Fig. 1). The cell viability inhibition rate was calculated at 24, 48 and 72 

Table I 
Primers sequences of Bcl‑2, Bax, P53, P21, ATM, Fas and GADPH.  

Gene Forward Reverse Length (bp) 

Bcl-2 CTTTGAGTTCGGTGGGGTCA GGGCCGTACAGTTCCACAAA 162 
Bax CAGAGGCGGGGGATGATTG TGTCCAGCCCATGATGGTTC 198 
P53 CCTGGATTGGCCAGACTGC TTTTCAGGAAGTAGTTTCCATAGGT 121 
P21 TGTCCGTCAGAACCCATGC AAAGTCGAAGTTCCATCGCTC 139 
ATM TGTGACTTTTCAGGGGATTTG ATAGGAATCAGGGCTTTTGGA 150 
Fas ACTGTGACCCTTGCACCAAA AGACAAAGCCACCCCAAGTT 112 
GADPH CACTAGGCGCTCACTGTTCT GCGCCCAATACGACCAAATC 105 

Bcl-2, B-cell lymphoma 2; Bax, Bcl-2 associated X protein; P53: the tumor suppressor gene; P21: cyclin dependent kinase inhibitor; ATM, Ataxia telangiectasia 
mutated kinase; Fas: tumor necrosis factor receptor. 

Fig. 1. Sinomenine inhibits the viability of HTori-3, BCPAP and TPC-1 cells in vitro. (A) HTori-3, (B) BCPAP and (C)TPC-1 cells were incubated with SH at the 
indicated concentrations for various time-points. An MTT assay was performed 24 h after treatment. (D) The cell viability of cell growth among three cells in the 
condition of SH(0.8 mM) treated after 24 h (*P<0.05). The data are presented as the mean ± standard deviation of three independent experiments.SH, sinomenine 
hydrochloride. 
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h after SH treatment and as shown in Fig. 1A, B and C, cellular survival 
was significantly inhibited by SH at various concentrations. When at 24 
h, concentrations of 1.0 and 2 mM induced severe cell death (40 to 
60%), while 0.2, 0.4 and 0.8 mM SH exhibited a similar and relatively 
moderate effect on cell survival compared with higher concentrations 
(Fig. 1A, B and C). A higher 35.89% inhibition of cell growth was 
observed at a concentration of 0.8 mM in TPC-1 cells after 24 h 
compared with 21.76% inhibition that observed in BCPAP cells, and 
16.82% inhibition, which observed in HTori-3 cells (Fig. 1D). 

Given that 1 mM was an already established concentration in pre-
viously published studies for a number of carcinoma cell lines [11,12], 
thus safe concentration of SH (0.8 mM) was selected for the subsequent 
experiments. 

Iodine‑131 inhibits cell growth in a time‑ and dose‑dependent manner 

In order to investigate the effect of iodine‑131 on HTori-3, BCPAP 
and TPC-1 cells, thyroid cells were incubated with various concentra-
tions of iodine‑131 (7.4, 14.8 or 29.6 MBq/ml) for designated time 
periods (12, 24 and 48 h) and the cell viability was determined using an 
MTT assay. The results (Fig. 2) revealed that iodine‑131 produced a 

significant inhibition of cell growth compared with the control group. A 
higher 20.3% inhibition of cell growth was observed at a dose of 
14.8MBq/ml in TPC-1 cells after 24 h compared with 13.9% inhibition, 
which observed in BCPAP cells, and 12.8% inhibition which observed in 
HTori-3 cells (Fig. 2D). And a select dose of iodine‑131 (14.8 MBq/ml) 
treated for 24 h was selected for the following experiments. 

SH could enhance the rate of apoptosis in thyroid cells treated with iodine- 
131 

Annexin V-FITC and PI dual staining were used to measure whether 
iodine-131 and SH could induce apoptosis in HTori-3, BCPAP and TPC-1 
cells. We next conducted flow cytometric analysis to test apoptosis in 
HTori-3, BCPAP and TPC-1 cells incubated with four groups, and 
observed significantly increased apoptosis in group ISH compared with 
the other groups (Fig. 3A, B and C). 

In comparison with the control group, SH group exhibited a slight 
increase in apoptosis level while I-131 group and ISH group both 
induced a moderate level of apoptosis, moreover, there was a significant 
difference found between I-131 group and ISH group in HTori-3 cells, 
BCPAP cells and TPC-1 cells (P < 0.05) (Fig. 3D, E and F). (Table II) 

Fig. 2. Iodine-131 inhibits the viability of HTori-3, BCPAP and TPC-1 cells in vitro. (A) HTori-3, (B) BCPAP and (C)TPC-1 cells were incubated with iodine-131 at the 
indicated concentrations for various time-points. An MTT assay was performed 24 h after treatment. (D) The cell viability of cell growth among three cells in the 
condition of iodine-131(14.8MBq/ml) treated after 24 h (*P < 0.05). The data are presented as the mean ± standard deviation of three independent experiments. 
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When contrasting apoptosis of ISH group among three cell lines, a 
higher 58.39% apoptosis in TPC-1 cells and a higher 54.88% apoptosis 
in BCPAP cells were observed when compared with a 38.51% apoptosis 
rate of HTori-3 cells(P < 0.05). (Fig. 3H). 

The effect of SH plus iodine-131 on cell cycles in HTori-3, BCPAP and 
TPC-1 cells 

To identify whether SH can affect iodine-131 induced cell cycle 
distribution, PI staining in HTori-3, BCPAP and TPC-1 cells were eval-
uated (Fig. 4A, B and C). 

Cell cycle analysis demonstrated that SH combined with iodine-131 
arrested HTori-3, BCPAP and TPC-1 cells in the G2/M phase. Among 
three kinds of cells, the number of cells in G2/M phase was lower in the 
ISH group than it in the I-131 group (P < 0.05), meanwhile the number 
of cells in S phase was significantly higher in the ISH group than it in I- 
131 group in HTori-3, BCPAP and TPC-1 cells (P < 0.05) (Fig. 4D, E and 
F). 

When contrasting the cells in the G2/M phase of group ISH among 

three cell lines, the number in G2/M phase of HTori-3, BCPAP and TPC-1 
cell lines were increasing difference in proper order showed in Fig. 4H 
(P < 0.05). Notably the sensitive effect of SH in TPC-1 cells is more 
pronounced than the other cell lines (P < 0.05). 

SH regulated the protein expression of Bcl-2, Bax, p21, p53, and Fas in 
HTori-3, BCPAP and TPC-1 cells 

To understand the molecular mechanisms underlying the SH and 
iodine-131 induction of apoptosis and regulation of cell cycle, the pro-
tein expression of Bcl-2, Bax, Fas, p53 and p21 were examined by 
western blot analysis in HTori-3, BCPAP and TPC-1 cells(Fig. 5A). 

In HTori-3 cells, the level of Bax and Fas, were highly upregulated in 
ISH group when compared with control group, while the expression of 
Bcl-2 was down-regulated. In BCPAP cells, the level of Bax, p21, p53 and 
Fas, were highly upregulated in ISH group when compared with control 
groups, while the expression of Bcl-2 was almost no change. In TPC-1 
cells, the level of p21, p53 and Fas, were highly upregulated in the 
ISH group when compared with control group, while the expression of 
Bcl-2 was down-regulated, meanwhile the level of Bax was almost no 
change. 

Furthermore, we evaluated the expression levels of Bcl‑2, p21, p53, 
Bax and Fas were determined using RT‑qPCR in HTori-3, BCPAP and 
TPC-1 cells, and we evaluated the ratio of Bcl-2 to Bax. The mRNA 
expression of Fas, p53 and p21 were found to be transcriptionally 
increased in ISH group when compared with I-131 group (P < 0.05) 
(Fig. 5C, D and E), while the ratio of Bcl-2 to Bax mRNA expression 
decreased following added SH treatment (P < 0.05) (Fig. 5B), which 
were observed in all Htori-3, BCPAP and TPC-1 cells. 

When analyzing these genes specifically in ISH group, we figured out 
that Fas and p53 mRNA expression were transcriptionally increased in 
the order of HTori-3, BCPAP and TPC-1 cells determined by RT‑qPCR 

Fig. 3. SH could enhance the rate of apoptosis in thyroid cells treated with iodine-131. (A and D) HTori-3, (B and E) BCPAP and (C and F) TPC-1 cells apoptosis 
analysis by flow cytometry. Quantitation of apoptotic cells in D, E and F (*P < 0.05). (H) Compare the apoptosis rate of ISH group among three cell lines(*P < 0.05). 
The data are presented as the mean ± standard deviation of three independent experiments. SH, sinomenine hydrochloride; I, iodine-131; ISH, co-treatment of iodine- 
131 and SH. 

Table II 
The rate of apoptosis in thyroid cells treated with SH and iodine-131.   

Control SH I ISH 

HTori- 
3 

13.93% ±
0.92% 

24.89% ±
1.09% 

35.47% ±
0.47% 

38.51% ±
0.83% 

BCPAP 7.69% ±
4.11% 

42.78% ±
0.89% 

44.32% ±
3.7% 

56.98% ±
5.41% 

TPC-1 7.11% ±
1.09% 

13.01% ±
1.01% 

40.07% ±
8.86% 

56.01% ±
7.34% 

SH, sinomenine hydrochloride; I, iodine-131; ISH, co-treatment of iodine‑131 
and SH. 
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(Fig. 5C and D), but p21 mRNA expression in BCPAP was higher than it 
in HTori-3 and TPC-1 cells (Fig. 5E). 

SH enhances expression of p-ATM and the iodine-131‑induced activation 
of Chk1 and Chk2 

In HTori-3, BCPAP and TPC-1 cells, the level of p-ATM, p-Chk1 and 
p-Chk2 were highly upregulated in ISH group when compared with I- 
131 group, meanwhile the ATM mRNA expression transcriptionally 
increased determined by RT‑qPCR. (Fig. 6). When analysis the ATM 
mRNA expression of ISH group, it was lowest in BCPAP than the other 
two cell lines (HTori-3 and TPC-1 cells) determined by RT‑qPCR (P < 
0.05) (Fig. 6D). From our result show in Fig. 5 and Fig. 6, we found that 
followed by treated with SH and iodine-131, the radiation induced an up 
regulation of p-ATM, p-Chk1 and p-Chk2 in the same time. In addition, 
an up regulation of p53 and p21 caused by uptrend of ATM also made 
effort on cell cycle in PTC cells. 

Discussion 

Radioactive iodine-131 is a cornerstone in the routine adjuvant 
management in patients with high-risk differentiated thyroid cancer 
(DTC), although it is sometimes limited by the development of radio-
resistance [4]. Thus, it is of great importance to identify a way to pro-
mote the radiosensitivity of PTC and improve tumor control. Several 
studies provide evidence that SH is a promising radiosensitizer both in 
cervical cancer and in esophageal squamous cell for improving the 
therapeutic efficacy of radiation [19,20]. In the present study, we 
investigated the increase effects of SH combined with iodine-131 
treatment on thyroid cells (HTori-3, BCPAP and TPC-1 cells) in vitro. 
The results of present study revealed that synergic radiosensitization of 
SH and iodine-131 of SH and iodine-131 on HTori-3, BCPAP and TPC-1 
cells was related to apoptosis and DNA damage repair. 

Apoptosis plays a vital role in all kinds of diseases, and it is 

considered the primary process of cell death following radiotherapy 
[21]. It is activated intrinsic (mitochondrial death pathway which is 
dominated by the Bcl‑2 family of proteins) and extrinsic pathways 
(death receptor pathway which is dominated by the cell surface recep-
tor, Fas (CD95/Apo‑1)). The Bcl-2 family that is divided into proapo-
ptotic proteins, including Bax, and anti-apoptotic proteins, including 
Bcl-2, regulates the former pathway [22]. There is increasing evidence 
that the whether cell undergo apoptosis depends on the ratio of anti-and 
pro‑apoptotic members, especially the ratio of Bcl‑2 to Bax [23,24]. 
During extrinsic pathways, Fas is known to be critical in the process of 
cell apoptosis induced by radiation damage and other DNA damage [25, 
26]. p21 appears could protect from cell death through various mech-
anisms, including growth arrest and cytoplasmic effect [27]. p21 could 
activate by p53, In p53-dependent apoptotic signaling pathway, p21 is 
indirectly involved in apoptosis through cell cycle arrest, which means it 
is still unclear whether a physiologic complex of p53/p21/Bcl-w regu-
lates apoptosis [28]. SH has been demonstrated to sensitize radiation in 
various cancer cells. As for ESCC cells, SH enhanced radiosensitivity was 
related to Bcl‑2 down-regulation and Bax protein expression 
up-regulation [16]. Our results demonstrated that iodine-131 and SH 
could synergistically increase the fraction of apoptotic cells. To inves-
tigate the mechanisms underpinning this synergistic effect, we per-
formed Western blot and RT-qPCR analysis. In this present study, 
co-treatment of PTC cells and normal thyroid cells resulted in 
decreasing the ratio of Bcl‑2 to Bax and significantly increased Fas 
expression levels, indicating that the Bcl‑2, Bax and Fas expression 
levels are involved in signal transmission in the process of cell apoptosis 
induced by iodine-131 radiation and promoted by SH efforts. In addi-
tion, the apoptosis induced by iodine‑131 may occur through the death 
receptor pathway and the mitochondrial pathway and enhanced by SH 
in PTC cells and normal thyroid cells. Interestingly, we found that SH 
played a more significant role in PTC cells compared with normal thy-
roid cells under the same conditions. Therefore, we can imagine that SH 
may also be used in Graves’ disease iodine-131 treatment, which needs 

Fig. 4. Cell cycle changes induced by SH and I-131 in HTori-3, BCPAP and TPC-1 cells. (A and D) HTori-3, (B and E) BCPAP and (C and F) TPC-1 cells were pretreated 
with SH and/or exposed to iodine-131(14.8MBq/ml), and then analyzed using flow cytometry. The distribution of cell cycle phases is revealed in the histogram in D, 
E and F (*P < 0.05). The data are presented as the mean ± standard deviation of three independent experiments. (H) Compare the distribution of cell cycle phases of 
ISH group among three cell lines(*P < 0.05). SH, sinomenine hydrochloride; I, iodine-131; ISH, co-treatment of iodine-131 and SH; PI, propidium iodide. 
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more study in future research. 
Following irradiation, the DNA damage checkpoint responses and 

DNA repair machinery are important in cellular response to radiation 
[29]. To maintain genome stability, organisms have evolved a complex 
network of DNA damage response (DDR) mechanisms, including DNA 
repair, DNA damage checkpoint mechanisms and programmed cell 
death. Double‑strand break sensor (DSB) induces activation of the DNA 
damage checkpoint, resulting in cell cycle arrest to allow enough time 
for DSB repair and prevent mitosis in the presence of a broken chro-
mosome [30]. DDR is a kinase‑based signal transduction pathway that 
involves multiple DSB sensor proteins such as DNA repair proteins, 
transducer proteins such as ATM and ATR, mediator proteins such as 
53BP1 and BRCA1, and effectors such as Chk1 and Chk2, which protect 
and maintain genome stability [31,32]. ATM is a serine/threonine ki-
nase that regulates cell cycle checkpoints and DNA repair [33]. Acti-
vation of ATM by auto phosphorylation on Ser1981 occurs in response to 
expose DNA double stranded breaks. ATM kinase regulates a number of 
proteins involved in cell cycle checkpoint control, apoptosis, and DNA 
repair [34]. As many studies reported, upon cell DNA damage caused by 
radiation, ATR and ATM phosphorylate Chk1 and Chk2 at Serine 345 
(S345) and Threonine 68 (T68), respectively, facilitating G1/S, intra‑S 
and G2/M cell cycle checkpoint activation [35–38]. SH could cause DNA 
damage accumulation and interfered with cell‑cycle checkpoint acti-
vation in Hela cells and ESCC cells [15,16]. Similarly, in our study, we 

demonstrated that the co-treatment of SH and iodine-131 could inhibit 
DSB‑repair pathways and cause a rise of ATM, p-Chk1 and p-Chk2 
protein expression in both PTC cells and normal thyroid cells. During 
DDR after radiation, there are still many other DSB sensor proteins, 
which may require further study. 

The sensitivity of cells to radiation is related to the cell cycle phase. It 
has been reported that cells in the specific cell cycle phases exhibit 
different degrees of radiosensitivity. In general, cells are most sensitive 
to irradiation in the G2 and M phases [39–41]. Many studies have 
demonstrated that many radiosensitizing agents, such as SH for cervical 
cancer and esophageal squamous cell carcinoma and valproic acid for 
thyroid cancer cells increase the cells in the G2/M cell cycle, which 
enhances the radiosensitivity of many malignant tumors [16,42]. 
However, we found that there were not reveal any cell cycle disturbance 
by SH alone, but a significantly decreased iodine-131 induced G2/M 
arrest and increased S‑phase arrest by co-treatment SH and iodine-131, 
which was same as Zhang et al. found in Hela cells [11]. This special 
event may due to the elevated phosphorylation level of Chk1 S345, 
which is important for DNA damage‑mediated S‑phase checkpoint 
activation [43]. 

When DNA damage occurs in cells, such as radiation, elevated levels 
of p53 always induce a variety of downstream events, including cell 
cycle arrest, apoptosis and DNA repair or differentiation [44,45]. The 
results of the present study (Fig. 4) indicated that treatment of PTC cells 

Fig. 5. Activation of apoptosis and other molecules after SH and iodine-131. HTori-3 BCPAP and TPC-1 cells were treated with or with 0.8 mM SH along, RAI along 
or SH plus RAI 14.8 MBq/ml. (A)The protein expression levels of p53, p21, Fas, Bcl-2, and Bax were determined by western blot analysis, GAPDH was probed as a 
loading control. The mRNA expression levels of (B)ratio of Bcl-2 to Bax, (C)Fas, (D) p53, and (E) p21 were determined by reverse transcription-quantitative po-
lymerase chain reaction. The data are presented as the mean ± standard deviation of four independent experiments(*P<0.05). SH, sinomenine hydrochloride; I, 
iodine-131; ISH, co-treatment of iodine-131 and SH. 
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with both SH and iodine‑131 resulted in significantly increased p53 and 
p21 expression levels, indicating that the p53 and p21 expression levels 
are involved in signal transmission in the process of cell apoptosis. 
Considering the expression of ATM, it can be indicated that DNA damage 
caused by iodine-131 activates stimulator modification ATM in thyroid 
cells, then only up-regulate the protein expression of p53 in PTC cells 
that may cause a transcriptional stimulator modification of p21. Notably 
the protein expression of p21 in ISH group was lower compared with 
I-131 group in HTori-3, meanwhile the mRNA expression of p21 was 
higher which meant the modification and translation of p21 protein in 
HTori-3 may affect by some other factors, which needs a further study in 
the future. 

Ryan R. et al. demonstrated that BRAFV600E directly promotes ra-
diation resistance through heightened nuclear DNA DSB repair [46]. 
Our findings join this viewpoint by observing that ATM expression was 
lower in BCPAP cells compared with TPC-1 cells. Interestingly, both the 
ratio of Bcl-2 to Bax in BCPAP cells and TPC-1 cells decreased follow by 
SH treatment added compared with iodine-131 alone. However, Bax 
protein expression increased, meantime, there was no significant dif-
ference in Bcl-2 protein expression in SH and iodine treatment compared 
with iodine alone in BCPAP cells. The trend of Bax and Bcl-2 protein 
expression was just on the contrary in TPC-1 cells. These differences may 
associate with BRAF V600E mutation. It can suggest that BCPAP cells 
keep a lower radiosensitivity of iodine-131 than TPC-1. BRAF V600E 
alone is strongly associated with the loss of RAI avidity in recurrent PTC, 
showing a robust predictive value for failure of RAI treatment of PTC 
[47–49]. In clinical studies, radioactive iodine(RAI) treatment were 
more likely be taken in PTC patients follow by BRAF V600E mutation 
compared with patients with no BRAF V600E mutation [50]. For this 
situation, the clinic doctors could pay more attention in RAI treatment 

when facing PTC patients with BRAF V600E mutation. 
Overall, the current study demonstrated that synergic radio-

sensitization of SH and iodine-131 on PTC cells in vitro, which might be 
supported by the apoptosis, DNA repair and cell cycle checkpoint 
regulation. Our findings provide evidence that SH appeared to be a 
novel and promising radiosensitizer for iodine-131 therapy of PTC 
treatment in clinical. Further investigation of synergic radiosensitization 
of SH and 131I in vivo is required in order to enable its direct application 
in clinical nuclear medicine. 
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