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Background: Thyroid cancer, which is the most common endocrine cancer, has shown a drastic increase in incidence globally
over the past decade. The present study investigated the thyroid cancer-inhibitory potential of jatrorrhizine-
platinum(ll) complex (JR-P(ll) in vitro and in vivo.

Material/Methods: The JR-P(Il)-mediated cytotoxicity in thyroid carcinoma cells was determined by using MTT assay. Assessment
of acetylated histones, tubulin, and DNA repair proteins was made by Western blot assays. Flow cytometry was
used for apoptosis and ROS accumulation measurement.

Results: The JR-P(I) suppressed proliferative capacity of SW1736, BHP7-13, and 8305C cells. JR-P(Il) treatment mark-
edly promoted expression of acetylated histone H3, H4, and tubulin in a dose-dependent manner. Treatment
with JR-P(Il) significantly elevated the proportion of cells in sub-G1 and promoted cleaved caspase-3 and -9.
In JR-P(Il)-treated cells, DCFH-DA fluorescence was much higher relative to control cells. The JR-P(Il) treatment
consistently suppressed expression of pS6, p-ERK1/2, p-4E-BP1, and p-AKT, and increased p-H2AX expression
and suppressed KU70 and KU8O0 protein levels. The level of RAD51 was repressed in JR-P(Il)-treated cells. JR-P(Il)
administration in mice caused no significant change in body weight, and it inhibited SW1736 tumor growth in
mice.

Conclusions: The JR-P(I) induced cytotoxicity in thyroid cancer cells by inhibiting the mechanism responsible for repair of
double-stranded DNA. The in vivo data also revealed that JR-P(Il) effectively inhibits thyroid tumor growth by
inducing DNA damage. Thus, our results suggest that further evaluation of JR-P(ll) as a therapeutic candidate
for thyroid cancer is warranted.
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Material and Methods

Thyroid cancer, a commonly diagnosed endocrine malignancy,
has shown a drastic increase in incidence globally over the
past decade [1]. Although increased incidence of thyroid can-
cer reveals a 50% increase in small tumors, its etiology is un-
known [2,3]. Histologically, there are 3 types of thyroid can-
cer, depending on origin: anaplastic, papillary, and follicular [4].
Of these 3 types, anaplastic thyroid carcinoma has the high-
est fatality rate, with median survival of less than 6 months.
Well-differentiated thyroid carcinoma, including papillary and
follicular cancer, is detected in around 90% of patients with
thyroid malignancy. The average survival of patients with well-
differentiated thyroid carcinoma is increased to 10 years by the
treatment combination of radioactive iodine, thyroid hormone
suppression, and surgical resection [5]. However, progression
to metastatic stage reduces survival of patients with well-dif-
ferentiated thyroid carcinoma to 3-5 years [5].

Unrestricted proliferation, escape from apoptosis, and rap-
id cell cycle progression are hallmarks of cells in malignant
tumors, sometimes driven by histone deacetylases (HDACs),
which deacetylate the lysine residues of histones and non-
histones involved in transcription, thereby affecting apopto-
sis and proliferation [6,7]. HDACs are very important molecular
targets for development of cancer therapies [6,7]. Malignant
tumor cells are more sensitive to the cytotoxicity of HDAC in-
hibitors than are benign cells [6]. Inhibitors of HDACs, which
are generally low-molecular-weight molecules, induce ROS ac-
cumulation and damage DNA, activate apoptosis, and finally
exhibit cytotoxicity in carcinoma cells [6]. In relation to normal
tissues of the thyroid gland, HDAC1 and 2 have highest over-
expression in ATC. Papillary carcinoma cells also show higher
levels of HDAC1 and 2, suggesting involvement of these HDACs
in the tumorigenicity of thyroid cancer [8,9]. The inhibitors of
HDACs initiate re-differentiation of cells and activate apopto-
sis in thyroid carcinoma cells [10]. This highlights the poten-
tial of HDAC inhibitors for thyroid cancer therapy via apopto-
sis induction and cellular re-differentiation.

Cisplatin and other related complexes like oxaliplatin and
carboplatin used to treat tumors induce several adverse ef-
fects [11,12]. To eliminate these adverse effects, various other
complexes of platinum have been synthesized and evaluated
for carcinoma therapy [11,13]. Moreover, many natural products
have been linked to metals and the corresponding metal-com-
plexes investigated for treatment of cancer [14,15]. Recently,
Jatrorrhizine, obtained from Tinospora capillipes Gagnep, has
been shown to possess anti-tumor potential and other activ-
ities [16,17]. The complexes of jatrorrhizine with Pt(ll) metal
were synthesized and exhibited anti-cancer activity. The pres-
ent study evaluated jatrorrhizine-platinum(il) complex (JR-P(Il))

Cell lines and culture

The SW1736, BHP7-13, and 8305C cell lines were provided by
the Cell Bank of the Chinese Academy of Sciences (Shanghai,
China). The cell lines obtained were maintained in RPMI 1640
medium containing NaHCO, (2.2 g/L). The medium also con-
tained FCS (10%), penicillin (100,000 units/L), and streptomy-
cin (100 mg/L). The cell lines were maintained in an incuba-
tor under conditions of 37°C temperature and 5% CO, humid
atmosphere.

Cell proliferation analysis

The SW1736, BHP7-13, and 8305C cells were put in 96-well
plates at 1x10° cells per well concentration and cultured for
24 h. Afterwards, cells were treated with 1.5, 3.0, 6.0, 12.0,
24.0, and 48 PM concentrations of JR-P(ll) for 24 and 48 h.
Then, 20 pl volume of MTT solution (5 mg/ml) was put into
each well of the plate and cell incubation was performed for
4 h. Then, medium was decanted and 150 pl DMSO was add-
ed to the wells for dissolution of formazan formed from MTT.
The plates were shaken for 20 min, followed by immediate
optical density recording at 485 nm using a spectrophotome-
ter to measure viability.

Western blot assay

The SW1736 and BHP7-13 cells treated with 1.5, 6.0, and
24.0 pM of JR-P(I) for 48 h were collected and then lysed us-
ing lysis buffer. The buffer contained Tris-HCl (40 mM; pH 7.4),
sodium chloride (150 mM), and Triton X-100 (1% v/v), along
with the protease inhibitors. Lysate centrifugation for 20 min
at 12 000 g at 4°C was followed by determination of protein
concentration in supernatant using a bicinchoninic acid pro-
tein kit. The protein samples (30 pg per lane) were subjected
to resolution by electrophoresis on 10% SDS-PAGE followed by
transfer to PVDF membranes. The membrane blocking on in-
cubation with 5% skimmed milk in TBS plus Tween-20 (0.1%)
was carried out for 2 h at room temperature. The samples
were subjected to probing on incubation with primary anti-
bodies anti-caspase-3, anti-p-AKT, anti-p-ERK1/2, anti-p-S6,
anti-p-H2AX, anti-KU70, anti-KU80, anti-p-4E-BP1, anti-RAD52,
anti-ERCC1 anti-PCNA, and o-tubulin primary antibodies (Cell
Signaling) overnight at 4°C. Then, 1X PBST washing of mem-
branes was followed by incubation for 2 h with horseradish
peroxidase-conjugated secondary antibody. The immunoblots
were visualized using SignalFire™ Plus ECL Reagent and quan-
tified using Image J version 2.0 software.
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Analysis of apoptosis

The apoptosis induction by JR-P(ll) in SW1736 and BHP7-13
cells was assessed by evaluation of cells in sub-G1 phase.
Briefly, the cells at 1x10° cells per well concentration were put
in 6-well plates containing 2 mL media and treated for 48 h
with 1.5, 6.0, and 24.0 uM JR-P(ll). The adherent cells were
PBS washed 2 times, fixed in 70% ethyl alcohol, and subse-
quently incubated for 20 min with RNase A and 5 pg/mL solu-
tion of propidium iodide at 37°C. Cytometry (BD FACSCalibur)
was performed to assess DNA content of the cells for detec-
tion of sub-G1 cell count.

Analysis of ROS accumulation

The SW1736 and BHP7-13 cells at a concentration of 1x10°
cells per well were put in 6-well plates containing 2 mL media
and treated for 48 h with 1.5, 6.0, and 24.0 pM JR-P(ll). The ad-
herent cells were collected after trypsinization, followed by in-
cubation for 40 min with DCFH-DA (10 pmol/L) in the dark at
37°C. After centrifugation, cells were re-suspended in PBS and
then probed for DCFH-DA fluorescence measurement by flow
cytometry (BD FACSCalibur).

Mice

Thirty female nude mice (6 weeks old) were obtained from
the Experimental Animal Centre of the Zhejiang University
(Hangzhou, China). The mice were housed individually in
sterile conditions in cages in the animal house and were ex-
posed to a 12-h light/dark cycle. The temperature was main-
tained at 23+2°C and humidity 65%. The study was approved
by the Animal Ethics Committee, Hospital of Fudan University,
Shanghai Medical College, Fudan University, Shanghai 200032,
China (approval no. Su/2016/045). All the experimental proto-
cols were performed in accordance with the guidelines issued
by the National Institute of Health, China.

Establishment of thyroid tumor xenograft and treatment

The mice were randomly assigned into 3 groups of 10 each:
normal control, untreated, and JR-P(Il) treatment. The mice in
the untreated and JR-P(Il) treatment groups were intraperito-
neally injected with ketamine hydrochloride plus xylazine hy-
drochloride anesthesia. SW1736 cells (2x10°) in 100 pL PBS
were injected subcutaneously into the flanks of mice. Mice
in the treatment group were intraperitoneally injected with
24 mg/kg of JR-P(Il) daily for 14 days. Mice in the normal and
untreated groups received equal volumes of normal saline.
Changes in body weight were measured on alternate days and
tumor volumes were recorded using electronic calipers. Five
mice from each group were sacrificed using carbon dioxide
on day 7 and 5 on day 14 of treatment to excise the tumors.
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The tumors were treated with protein extraction buffer, homog-
enized, and sonicated on ice. The tissue lysate was centrifuged
to collect the supernatants, which were stored in liquid nitro-
gen until further analysis. The expression of proteins was mea-
sured by Western blotting. Body weights of mice were record-
ed on alternate days during 14 days (on days 2, 4, 6, 8, 10, 12,
and 14 of the treatment), and the tumor weights were mea-
sured on days 7 and 14.

Statistical analysis

The data are expressed as meansstandard deviations of trip-
licate experiments. Analysis of the data was performed us-
ing SPSS version 17.0 software (SPSS, Inc., Chicago, IL, USA).
The differences were determined by one-way analysis of vari-
ance (ANOVA) and t test. P<0.05 was regarded as indicating
statistically significant differences.

Results

JR-P(I) inhibits thyroid cancer cell proliferation

Proliferation of SW1736, BHP7-13, and 8305C cells following
JR-P(II) treatment was measured at 24 and 48 h (Figure 1).
The JR-P(Il) at 1.5, 3.0, 6.0, 12.0, 24.0, and 48 pM concentra-
tions suppressed proliferative capacity of the cells in a concen-
tration- and time-dependent manner. Treatment with JR-P(ll) at
1.5 pmol/L for 24 h reduced SW1736, BHP7-13, and 8305C cell
proliferation by 12%, 15%, and 17%, respectively. The JR-P(II)
treatment at 24.0 pM for 24 h reduced SW1736, BHP7-13, and
8305C cell proliferation by 55%, 59%, and 64%, respectively.
Proliferation rates of SW1736, BHP7-13, and 8305C cells were
suppressed by 21%, 26%, and 29%, respectively, by treatment
with 1.5 uM JR-P(ll) at 48 h. The SW1736, BHP7-13, and 8305C
cell proliferation was suppressed by 77%, 79%, and 82%,
respectively, by treatment with 24.0 pM JR-P(II).

JR-P(II) promotes histones H3, histone H4, and tubulin
acetylation

Effect of JR-P(Il) on histone and tubulin acetylation was eval-
uated at 1.5, 6.0, and 24.0 pM in SW1736 and BHP7-13 cells
(Figure 2). The JR-P(ll) treatment significantly increased expres-
sion of acetylated histone H3, H4, and tubulin in a concentra-
tion-dependent manner at 48 h relative to control cells. The in-
crease in acetylated histone H3, H4, and tubulin level in SW1736
and BHP7-13 cells was evident from 1.5 pM. The upregulation
of acetylated histone H3, H4, and tubulin by JR-P(Il) in SW1736
and BHP7-13 cells was strongest at 24.0 pM concentration.
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Figure 1. JR-P(Il) induces cytotoxicity in SW1736, BHP7-13, and 8305C cells. (A) Effect of JR-P(ll) at 1.5, 3.0, 6.0, 12.0, 24.0, and
48 UM concentrations was measured by MTT assay following 24 h of incubation. (B) The proliferative potential of cells
was measured at 48 h after JR-P(Il) treatment. * P<0.05, ** P<0.02 and *** P<0.01 vs. cells exposed to DMSO.
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Figure 2. Effect of JR-P(Il) on level of acetylated histone H3, H4, and tubulin in SW1736 and BHP7-13 cells. The JR-P(Il) at 1.5, 6.0, and
24.0 yM was mixed in DMEM medium, and cells were incubated for 48 h in it. The acetylated histone and tubulin levels were
evaluated by Western blot assay. * P<0.05 and ** P<0.02 vs. cells exposed to DMSO.
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Figure 3. Effect of JR-P(Il) on apoptosis in SW1736 and BHP7-13 cells. The DNA content of JR-P(Il) treated cells was measured at 48 h
by flow cytometry. In SW1736 and BHP7-13 cells JR-P(Il) treatment at 1.5, 6.0, and 24.0 pM for 48 h was followed by flow
cytometry. * P<0.05 and ** P<0.02 vs. cells exposed to DMSO.

JR-P(Il) mediates apoptosis in SW1736 and BHP7-13 cells

Apoptosis induction by JR-P(Il) at 1.5, 6.0, and 24.0 yM in
SW1736 and BHP7-13 cells was assessed by evaluation of
cells in sub-G1 phase (Figure 3). The JR-P(Il) treatment signifi-
cantly increased the proportion of SW1736 and BHP7-13 cells
in sub-G1 relative to the control. The increase in sub-G1 cells
caused by JR-P(Il) was significant from 1.5 uM in SW1736 and
BHP7-13 cells. The data from flow cytometry also confirmed
JR-P(Il) induced apoptosis in SW1736 and BHP7-13 cells.

JR-P(I) mediated caspase-3 activation in SW1736 and
BHP7-13 cells

The confirmation of apoptosis induction by JR-P(Il) in SW1736
and BHP7-13 cells was made by evaluation of caspase-3 ac-
tivation (Figure 4). JR-P(Il) significantly increased the levels of
cleaved caspase-3 in SW1736 and BHP7-13 cells from 1.5 pM.
The cleavage of cleaved caspase-3 by JR-P(Il) was maximum
at 24 pM.
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JR-P(II) mediated ROS accumulation in thyroid cancer cells

The ROS accumulation by JR-P(ll) in SW1736 and BHP7-13
cells was evaluated at 1.25, 6.0, and 12.0 yM using DCFH-DA
(Figure 5A). In JR-P(ll)-treated SW1736 and BHP7-13 cells,
DCFH-DA fluorescence was much higher relative to control
cells. In SW1736 cells, DCFH-DA fluorescence increased to
183.4+4.5 (P<0.001) after treatment with 6.0 uM JR-P(Il) com-
pared to 78.2+2.1 in control (Figure 5B). The DCFH-DA fluores-
cence in BHP7-13 cells increased to 198.5+5.0 after treatment
with 12.0 pM JR-P(Il) compared to 84.3+3.2 in control (P<0.001).

JR-P(ll) inhibited PI3K/AKT/mTOR signaling pathway in
thyroid cancer cells

In SW1736 and BHP7-13 cells, expression of pS6, p-ERK1/2,
p-4E-BP1, and p-AKT was assessed following treatment with
JR-P(I) at 1.25, 6.0, and 12.0 pM (Figure 6). The JR-P(Il) treat-
ment consistently suppressed expression of pSé, p-ERK1/2,
p-4E-BP1, and p-AKT in SW1736 and BHP7-13 cells. The re-
pression of pS6, p-ERK1/2, p-4E-BP1, and p-AKT in SW1736
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Figure 4. Effect of JR-P(Il) on cleaved caspase-3 in SW1736 and BHP7-13 cells. In SW1736 and BHP7-13 cells JR-P(ll) treatment at 1.5,
6.0, and 24.0 uM for 48 h was followed by assessment of caspase-3 cleavage. * P<0.05 and ** P<0.02 vs. cells exposed to

DMSO.
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Figure 5. (A, B) Effect of JR-P(Il) on accumulation of ROS in SW1736 and BHP7-13 cells. The cells after JR-P(ll) treatment at 1.25, 6.0,
and 12.0 pM were evaluated for DCFH-DA fluorescence by flow cytometry. * P<0.05 and ** P<0.02 vs. cells exposed to DMSO.
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Figure 6. Effect of JR-P(Il) on PI3K/AKT/mTOR signaling proteins. The SW1736 and BHP7-13 cells were treated with 1.25, 6.0, and
12.0 pM JR-P(Il). Immunoblotting was used for evaluation of pSé, p-ERK1/2, p-4E-BP1, and p-AKT protein expression.
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Figure 7. Effect of JR-P(Il) on PI3K/AKT/mTOR signaling proteins. The SW1736 (A) and BHP7-13 (B) cells were treated with 1.25, 6.0,
and 12.0 pM JR-P(Il). Densitometry analysis of the Western blotting data for pS6/S6, p-ERK1/2/ERK1/2, p-4E-BP1/4E-BP1,
and p-AKT/AKT in SW1736 and BHP7-13 cells.
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Figure 8. Effect of JR-P(Il) on DNA repair and damage proteins. The SW1736 and BHP7-13 cells were treated with 1.25, 6.0, and
12.0 pM JR-P(I1). Immunoblotting was used for evaluation of KU70, ERCC1, KU80, and RAD51 protein expression.

and BHP7-13 cells by JR-P(Il) was found to be concentration-
dependent. The densitometry analysis showed decreases in
the ratios of pS6/S6, p-ERK1/2/ERK1/2, p-4E-BP1/4E-BP1, and
p-AKT/AKT in SW1736 and BHP7-13 cells after treatment with
JR-P(I1), and the effect was concentration-dependent (Figure 7).

JR-P(Il) promoted DNA damage in thyroid cancer cells

The immunoblotting was performed for evaluation of changes
in DNA damage protein expression by JR-P(Il) at 48 h (Figure 8).
The JR-P(Il) treatment of SW1736 and BHP7-13 cells at 1.25,
6.0, and 12.0 pM significantly elevated p-H2AX expression.
The KU70 and KU8O repair protein level was suppressed sig-
nificantly by JR-P(Il) treatment in SW1736 and BHP7-13 cells.
The level of the HR repair protein RAD51 was also repressed
in SW1736 and BHP7-13 cells after treatment with JR-P(Il).

JR-P(Il) inhibited tumor growth in murine model

The effect of JR-P(I) on SW1736 tumor growth was evalu-
ated in vivo in athymic nude mice (Figure 9). The mice bear-
ing established flank tumors were intraperitoneally injected
with 24-mg/kg doses of JR-P(Il) daily for 14 days. The JR-P(Il)
administration in mice caused no significant change in body
weight (Figure 9A). The SW1736 tumor growth in mice was sig-
nificantly suppressed (P<0.015) by treatment with 24-mg/kg
doses of JR-P(Il) (Figure 9B). In JR-P(Il)-treated mice, tumor
tissues expression of pH2AX and acetylated histone H3 and
H4 were increased compared to controls (Figure 9C). The lev-
el of cleaved caspase-3 was increased in the tumor tissues of
JR-P(Il)-treated mice.

Discussion

The present study demonstrates that JR-P(Il) inhibits SW1736,
BHP7-13, and 8305C cell proliferation and promotes acetylation
of histones. The acetylation of histone H3, histone H4, and tu-
bulin is promoted by the inhibitors of HDAC. It is reported that
accumulation of ROS and activation of apoptosis is enhanced
in transformed cells by the HDAC inhibitors [6,18]. In the pres-
ent study, JR-P(ll) treatment significantly increased accumu-
lation of ROS in SW1736 and BHP7-13 cells. These findings
were consistent with the mechanism by which HDAC inhibi-
tors affect malignant tumor cells. The proliferation and surviv-
al of thyroid carcinoma cells is mainly regulated by 2 signal-
ing pathways: PI3K/AKT/mTOR and RAS/RAF/ERK [19]. Some
of the thyroid malignancy treatment strategies use these path-
ways as the molecular targets [20,21]. Breaks in the double-
stranded structure of DNA are considered to be serious DNA
damage, characterized by upregulation of p-H2AX [22]. In the
present study, JR-P(ll) treatment inhibited phosphorylation of
AKT in SW1736 and BHP7-13 cells in a concentration-depen-
dent manner. The data showed increased levels of p-H2AX in
SW1736 and BHP7-13 cells after treatment with JR-P(Il). This
indicated formation of double-stranded breaks in DNA as the
mechanism of cytotoxicity induced by JR-P(Il) in SW1736 and
BHP7-13 cells.

The breaks in DNA are repaired by the expression of non-
homologous end joining (NHEJ) repairing proteins (KU70
and KU80) and homologous recombination proteins such as
RAD51 [23]. The KU70 and KU8O proteins, after recognizing the
DNA breaks, activate DNA kinases, which immediately repair
the damage [23,24]. The RAD51 protein repairs DNA breaks
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Figure 9. Effect of JR-P(Il) on tumor growth in vivo. The mice bearing established flank tumors were treated by intraperitoneal injection
of 24 mg/kg of JR-P(Il) daily for 14 days. (A) Body weight of mice was recorded on alternate days during the 14 days of the
study (days 2, 4, 6, 8, 10, 12, and 14 of treatment). (B) The tumor weight was measured on days 7 and 14 of the study.

(C) The acetylated protein levels and cleaved caspase-3 expression in tumors were evaluated on day 14 by immunoblot

assay. * P<0.05 and ** P<0.02 vs. control.

by binding to single DNA strands at the resected end, there-
by catalyzing the synthesis [25]. Studies have demonstrated
that targeting RAD51 leads to development of very important
defects [25,26]. In the absence of NHE) proteins, an alter-
nate pathway known as the SSA pathway plays a role in re-
pairing the DNA breaks [23,27]. However, it has been found
that overexpression of pH2AX makes the SSA pathway un-
able to repair DNA breaks [28]. The expression of DNA repair
proteins is suppressed by many HDAC inhibitors, resulting in
cell damage and apoptosis [29]. The HDACs like HDAC1 and
HDAC2 prevent DNA damage by increasing NHEJ expression,
while HDAC 9 and HDAC10 enhance the level of homologous
recombination proteins [30]. In the present study, DNA repair
was inhibited and DNA damage was promoted by JR-P(Il) in
SW1736 and BHP7-13 cells. The JR-P(Il) treatment significantly
elevated p-H2AX expression and suppressed KU70, KU80, and

AD51 level in SW1736 and BHP7-13 cells. The JR-P(ll) treat-
ment of mice bearing SW1736 tumor xenografts inhibited tu-
mor growth without inducing any adverse effects. The levels of
pH2AX and acetylated histone H3 and H4 were also increased
significantly by JR-P(Il) in the mouse model of thyroid cancer.

Conclusions

JR-P(Il) induced cytotoxicity in thyroid cancer cells by inhibit-
ing the mechanism responsible for repair of double-stranded
DNA. The in vivo data also revealed that JR-P(ll) effectively in-
hibits thyroid tumor growth by inducing DNA damage without
influencing body weights of mice. Our data suggest that fur-
ther evaluation of JR-P(Il) as a therapeutic candidate for thy-
roid cancer is warranted.
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