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 Background: Iodine intake is related to thyroid disease. This study investigated the effect of the amount of iodine intake on 
p14ARF and p16INK4a expression of thyroid papillary carcinoma in rats.

 Material/Methods: A cohort of 240 SD rats were randomly divided into control group, low iodine, normal iodine, and high iodine 
groups (n=60 per group). We inoculated 2×105 papillary thyroid carcinoma (PTC) cells on the left side of the 
thyroid gland. After 6 and 12 weeks, serum thyroid hormone level and urine iodine level were measured in ad-
dition to morphological observations of tumor tissues. Expression of p14ARF, p16INK4a was detected by im-
munohistochemical staining.

 Results: The expression of p14ARF, p16INK4a, FT3, and FT4 levels in all iodine-treated animals were significantly low-
er than in the control group, while TSH level was significantly higher (P<0.05). Compared to the normal iodine 
group, the low and high groups had lower p14ARF and p16INK4a expression, lower FT3 and FT4 levels, high-
er TSH levels, and heavier tumors (P<0.05). In a further between-group comparison, p14ARF and p16INK4a ex-
pression and FT3 and FT4 levels at 12 weeks were lower than at 6 weeks. Expression of p14ARF and p16INK4a 
were positively correlated with FT3 and FT4, and negatively correlated with TSH and tumor weight.

 Conclusions: Low and high iodine diet intake could reduce p14ARF and p16INK4a expressions and promote tumor development.
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Background

Thyroid cancer is a clinically common malignant tumor, and 
mainly includes anaplastic carcinoma, medullary carcinoma, fol-
licular carcinoma, and papillary carcinoma. Papillary thyroid car-
cinoma (PTC) accounts for about 80% of all thyroid cancers [1]. 
Thyroid cancer incidence significantly increased in 2010 in the 
USA, with the PTC incidence increasing by about 2.3 times [2]. 
PTC occurrence is believed to be related to abnormal cell cycle 
regulation [3]. p14ARF and p16INK4a proteins, both of which 
are cell cycle regulation factors encoded by tumor suppressor 
gene INK4a-ARF, are abnormally expressed in various malig-
nant tumors. Excess iodine intake can lead to diseases such 
as hyperthyroidism, while deficiency results in diseases such 
as endemic goiter. Epidemiological studies [4] found that PTC 
incidence after long-term high iodine intake was significantly 
higher compared to people with normal iodine intake, suggest-
ing that long-term high iodine intake may increase PTC risk [5]. 
This study therefore analyzed the effect of iodine intake on in 
situ p14ARF and p16 expression in PTC nude rats, aiming to pro-
vide a basis for PTC prevention and iodine intake level control.

Material and Methods

Experimental animals

We obtained 240 male SD rats (aging between 10 and 12 
weeks, averaged body weight=90 g) from the animal center 
of Kunming Medical University. All procedures were pre-ap-
proved by the Animal Ethics Committee of the home insti-
tute. The experiment started after 1 week of adaptive feeding.

All animals were randomly divided into the control group (n=60 
each), the low iodine group (LI), the normal iodine group (NI), 
and the high iodine group (HI). Rats in each group were then 
randomly assigned for sacrifice at 6 weeks or 12 weeks, with 
30 rats in each subgroup.

The PTC model rat was established by inoculating 2×105 PTC 
cells on the left side of the thyroid gland in nude rats. After in-
oculating, rats were given iodine-free diet and water contain-
ing KIO3. Rats in group LI, NI, HI, and control received iodine 
water at 30 μg/L, 300 μg/L, 3000 μg/L, and 300 μg/L, respec-
tively. Both diet and KIO3–containing water were provided by 
the Fater Feed Co., LTD (Hebei, China).

Urine iodine level detection

The rats were re-housed in metabolic cages after feeding for 
6 or 12 weeks. We collected and saved 24-h total urine. Acid 
digestion followed by arsenic-cerium catalytic spectrophotom-
etry was used to detect the urine iodine level.

Thyroid hormone assay

We collected 5 ml of abdominal venous blood after sacrific-
ing the rats. Automatic electrochemical luminescence instru-
ment was used to detect the free triiodothyronine (FT3), free 
thyroxine (FT4), and thyroid-stimulating hormone (TSH) levels.

Immunohistochemistry

Thyroid samples were fixed in 10% formaldehyde, embedded 
in paraffin, and sliced at 4 μm. Immunohistochemical staining 
was performed to detect expression of p14ARF and p16INK4a 
using a staining kit and chromogenic reagents (GIBCO, USA), 
along with primary antibody against p14ARF and p16INK4a 
(Baygene Biotech, China). Five randomly selected fields from 
each section were counted for positive-staining cells. A field 
with over 5% positive staining cells was considered as posi-
tive, while less than 5% was considered negative.

Statistical analysis

All statistical analyses were performed using SPSS20.0 soft-
ware (Chicago, IL). Measurement data are presented as mean 
± standard deviation (x±s). Differences between groups or time 
course were analyzed using the chi-square test. Bonferroni 
method was used for pairwise comparison and Pearson anal-
ysis was used for correlation analysis, with P<0.05 considered 
to be statistically significant.

Results

Thyroid tissue morphology

Thyroid follicles in the control animals appeared in a normal 
lobular pattern. As shown in Figure 1A, mature follicles with 
colloid distribution were uniformly surrounded by a small 
amount of blood vessels and fibers. Thyroid follicles in the LI 
group were smaller, with unevenly distributed colloid and in-
vasive growth pattern surrounded by obvious blood vessels. 
Granular structure with unclear boundary and gravel forma-
tion could also be found (Figure 1B). Thyroid follicles in group 
NI had unevenly distributed colloid surrounded by obvious fi-
bers and blood vessels without invasive growth but with grav-
el formation (Figure 1C). Thyroid follicles in group HI showed 
enlargement and were full of powder-like colloid and appar-
ent squamous metaplasia with calcification. The thyroid folli-
cles were surrounded by blood vessels and presented as dif-
fuse development. Blood vessels axis could be found with an 
unclear boundary (Figure 1D).
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p14ARF and p16INK4a expression

p14ARF and p16INK4a showed weak positive expression after 
12 weeks. p14ARF positive expression was presented as brown 
granules distributed in nucleus, with less expression in cytoplasm. 
p16INK4a protein expression was concentrated in cancer cell 
cytoplasm as brown granules with less in the nucleus (Figure 2).

Among different groups, the positive rates of p14ARF and 
p16INK4a expression in group LI, NI, and HI were significant-
ly lower than those in the control group (P<0.05). The expres-
sion level was lower in the LI and HI groups compared to the 
NI group (P<0.05). Within each group, rats in LI and HI at 6 
weeks presented lower positive rate than those at 12 weeks, 
while no significant difference existed between rats at 6 weeks 
and 12 weeks in the NI group (P>0.05, Table 1).

Serum thyroid hormone levels and urine iodine level

Among different groups, FT3 and FT4 levels in the iodine-feed-
ing group were significantly lower than in the control group, 
while TSH level was higher (P<0.05). Further analysis showed 
that TSH level was lower in the LI and HI groups compared to 

the NI group, while FT3 and FT4 levels exhibited the opposite 
pattern (P<0.05). LI group showed higher TSH level and low-
er FT3 and FT4 levels than the HI group (P<0.05). Within each 
group, rats in the LI and HI groups at 12 weeks presented low-
er levels of FT3 and FT4 and higher TSH levels than those at 
6 weeks. No significant difference existed between rats at 6 
weeks and 12 weeks in the NI group (P>0.05, Table 2).

Thyroid tumor weight

Thyroid tumor weight at 6 weeks showed no significant dif-
ferences among different groups (P>0.05). The weight at 12 
weeks was higher than at 6 weeks in the same group (P<0.05). 
Tumor weight was heavier in the LI and HI groups compared 
to the NI group (P<0.05). Differences in tumor weights be-
tween groups LI and HI were not significant (P>0.05, Table 3).

Correlation analysis

Rates of positive p14ARF and p16INK4a expression in the mod-
el rats were positively correlated with FT3 (r=0.651, P<0.05) 
and FT4 (r=0.584, P<0.05), and negatively correlated with TSH 
(r=0.592, P<0.05) and tumor weight (r=0.571, P<0.05).

A
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D

Figure 1.  Thyroid tissue morphology observation. (A) Normal thyroid tissue, SP×200; (B) Thyroid tissue in group LI, SP×100; (C) Thyroid 
tissue in group NI, SP×100; (D) Thyroid tissue in group HI, SP×200.
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Discussion

Iodine is indispensable for the bio-synthesis of thyroid hormone, 
which is necessary for normal physiological functions of vari-
ous organs and tissues. Thyroid hormone can promote human 
growth, and has important function on the reproductive sys-
tem, skeletal muscle, and nervous system. Epidemiological sur-
veys [6,7] suggested that the global incidence of thyroid can-
cer increased in recent decades. Thyroid cancer may be related 
to mental, psychological, environmental, and genetic factors. 

Recent research [8] revealed that the occurrence of thyroid car-
cinoma was also closely related to the iodine level in diet or 
water – deficient or excessive iodine intake may lead to thyroid 
carcinoma. Some investigators found lower urinary iodine lev-
el in thyroid cancer patients compared to patients with benign 
thyroid disease or healthy people [9]. Ergin et al. [10], howev-
er, showed that thyroid cancer patients had higher urinary io-
dine level than patients with benign thyroid disease or healthy 
people. Harch et al. [11] studied residents of Iceland, who had 
higher daily iodine intake than other regions, and found higher 
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Figure 2.  p14ARF and p16INK4a expression. (A) p14ARF expression in the control, SP×100; (B) p16INK4a expression in the control, 
SP×100; (C) p14ARF expression in group LI, SP×100; (D) p16INK4a expression in group LI, SP×100; (E) p14ARF expression in 
group NI, SP×100; (F) p16INK4a expression in group NI, SP×100; (G) p14ARF expression in group HI, SP×100; (H) p16INK4a 
expression in group HI, SP×100.

Group Cases
p14ARF p16INK4a

Positive Negative Positive Negative

Group LI

 6 weeks 30  11 (36.67)*  19 (63.33)*  13 (43.33)*  17 (56.67)*

 12 weeks 30  3 (10.00)*,**,#  27 (90.00)*,**,#  5 (16.67)*,**,#  25 (83.33)*,**,#

Group NI

 6 weeks 30  14 (46.67)*  16 (53.33)*  16 (53.33)*  14 (46.67)*

 12 weeks 30  10 (33.33)*  20 (66.67)*  13 (43.33)*  17 (56.67)*

Group HI

 6 weeks 30  10 (33.33)*  20 (66.67)*  12 (40.00)*  18 (60.00)*

 12 weeks 30  2 (6.67)*,**,#  28 (93.33)*,**,#  3 (10.00)*,**,#  27 (90.00)*,**,#

Control 

 6 weeks 30  24 (80.00)  6 (20.00)  27 (90.00)  3 (10.00)

 12 weeks 30  26 (86.67)  4 (13.33)  28 (93.33)  2 (6.67)

Table 1. p14ARF and p16INK4a expression positive rate comparison [n(%)].

* Compared with control, P<0.05; ** compared with group NI, P<0.05; # compared with 6 weeks, P<0.05.
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incidence of thyroid cancer. This information collectively sug-
gests that iodine intake level is closely related with the occur-
rence and development of thyroid carcinoma. In the present 
study, thyroid tumor weight at 12 weeks was higher than that 
at 6 weeks, and was heavier in the LI and HI groups than in 
the NI group, indicating that deficient or excessive iodine in-
take may promote PCT development in rats. However, the clin-
ical relationship between iodine intake and PCT incidence still 
requires epidemiological data to confirm [12].

Located on the short arm of chromosome 9, Ink4a-arf gene 
loci contain 2 promoters directing 2 transcripts – p14ARF and 
p16INK4a. Both of those proteins can negatively regulate cell 
cycle through different pathways. p14ARF may combine with 
MDM2 to facilitate induced apoptosis and regulate the func-
tion of p53 protein in the cell cycle [13]. p16INK4a, as a cell 
cycle-related protein kinase inhibitor, can competitively bind 
with protein-dependent kinase to inhibit its activity, thereby 
preventing cell cycle into infinite growth, division, and am-
plification, and preventing cells in G1 phase from entering S 
phase. p14ARF and p16INK4a gene inactivation, mutation, or 
absence may reduce tumor cell proliferation inhibition ability, 
resulting in continuous malignant tumor cell growth. Multiple 
clinical studies [14] have shown the low expression of p14ARF 
and p16INK4a in pancreatic gastric, lung, esophageal, breast 
cancer, and melanoma. Olson et al. [15] found that p14ARF and 
p16INK4a genes were positively expressed in healthy people, 
and were positively expressed in 80% of those with benign 
uterine disease, while all of the 10 endometrial carcinoma pa-
tients exhibited negative expression, suggesting that p14ARF 
and p16INK4a genes were down-regulated in endometrial 
carcinoma. Our study observed weak p14ARF and p16INK4a 
gene expression, as well as serum thyroid hormone and urine 
iodine levels in PCT model rats with different amounts of io-
dine intake. The rates of positive p14ARF and p16INK4a ex-
pression in iodine-treated rats were significantly lower than 
in controls, indicating the low expression level of p14ARF and 
p16INK4a in PCT rats. The gene expression level was lower in 
groups LI and HI than in group NI, and optimal iodine intake 
increased the p14ARF and p16INK4a expression. These results 

Group Cases FT3 (ng/ml) FT4 (ng/ml) TSH (uIU/ml) Urine iodine (μg/L)

Group LI

 6 weeks 30  2.41±0.54*,**  0.83±0.29*,**  3.59±1.01*,**  33.14±1.26*,**

 12 weeks 30  2.29±0.49*,**,#  0.74±0.21*,**,#  3.71±1.13*,**,#  34.51±1.39*,**

Group NI

 6 weeks 30  2.81±0.78*  1.01±0.36*  3.04±0.97*  85.17±4.22

 12 weeks 30  2.79±0.74*  0.99±0.34*  3.06±0.92*  84.46±4.53

Group HI

 6 weeks 30  2.19±0.36*,**,#  0.69±0.21*,**,#  3.81±0.94*,**,#  2470.02±106.12*,**

 12 weeks 30  2.05±0.27*,**,#  0.62±0.16*,**,#  3.92±1.03*,**,#  2490.26±112.07*,**

Control 

 6 weeks 30  3.46±0.82  1.33±0.17  2.05±0.57  84.21±4.63

 12 weeks 30  3.49±0.87  1.32±0.15  2.07±0.48  85.22±4.57

Table 2. Serum thyroid hormone levels and urine iodine level comparison (c
_
±s).

* Compared with control, P<M0.05; ** compared with group NI, P<0.05; # compared with 6 weeks, P<0.05.

Group Cases
Thyroid tumor 

weight

Group LI

 6 weeks 30  2.01±0.24

 12 weeks 30  4.19±0.52*,**

Group NI

 6 weeks 30  1.97±0.21

 12 weeks 30  2.32±0.34*

Group HI

 6 weeks 30  2.03±0.35

 12 weeks 30  4.27±0.49*,**

Table 3. Thyroid tumor weight changes comparison (c
_
±s, mg).

* Compared with 6 weeks, P<0.05; ** compared with group NI, 
P<0.05.
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collectively indicate that the iodine intake level is closely re-
lated to p14ARF and p16INK4a gene expression in PCT rats.

In the thyroid system, TSH has a direct effect on thyroid func-
tion. TSH stimulation can significantly enhance the activity of 
the thyroid follicular epithelial cells, leading to gradual activa-
tion of the hyperplasia. Clinical studies [16] showed that some 
of the thyroid follicular epithelial cells retained hormone recep-
tors even with thyroid malignant tumor. Meantime, Yamada 
et al. [17] found that TSH levels in PCT patients were signifi-
cantly higher than in healthy people and in patients with benign 
thyroid disease. TSH is a potential thyroid cancer cell growth 
factor, as high level of TSH may increase thyroid cancer recur-
rence. In this study, TSH level in all iodine intake rats were sig-
nificantly higher than those of the controls; TSH level was low-
er in the LI and HI groups than in the NI group, indicating that 
different iodine intake levels have remarkable effect on TSH 
level in PCT rats, and optimal iodine intake can help to lower 
the TSH level. We also found that the HI group had a signifi-
cantly higher TSH level than the LI group. The results suggest 
that excessive iodine intake may elevate TSH level in PCT rats. 
This is because excessive iodine intake may block the organic 
process of iodine, and inhibit the hydrolysis of thyroglobulin, 
thus increasing TSH level as a feedback [18]. Thyroxine main-
ly consists of 2 key hormones – triiodothyronine and thyroxine 

– which exist in both free and combined form. FT3 and FT4 lev-
els detection can accurately reflect hormone levels and body 
thyroid functions [19]. Zerrouqi et al. [20] found that PCT pa-
tients presented significantly lower levels of serum FT3 and FT4. 
Our research revealed that FT3 and FT4 levels in iodine-treat-
ed rats were significantly lower than in the controls, and they 
were lower in the LI and HI groups compared to the NI group, 
indicating that iodine intake has obvious impact on FT3 and FT4 
levels in PCT rats. Our study further found that LI rats exhibit-
ed lower FT3 and FT4 levels than in the HI group, while rats in 
the LI and HI groups at 12 weeks presented lower FT3 and FT4 
levels compared to those at 6 weeks. This suggests that long-
term high iodine intake inhibits the synthesis and secretion of 
FT3 and FT4, resulting in hypothyroidism. Simultaneously, ex-
treme insufficient iodine intake may cause thyroid hormone 
hydrolysis, which decreases FT3 and FT4 levels.

Conclusions

Low or high iodine intake can reduce expression of p14ARF 
and p16INK4a, promote PCT development, and have obvious 
effects on thyroid function. The expression of p14ARF and 
p16INK4a was positively correlated with FT3 and FT4, and neg-
atively correlated with TSH and tumor weight.
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