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Abstract: Objectives: To investigate the positive effect of Th17 cells on the prognosis of patients with PTC and HT. 
Methods: The expression of nuclear specific marker RORγt of Th17 cells in fresh and paraffin thyroid tissues and 
serum specimens were analyzed. Flow cytometry was used to detect the formation rates of Th17 cells (CD3+CD8-

IL-17A+/CD3+CD8-%) at different time points after co-culture of thyroid papillary carcinoma cell line (TPC-1 and K1) 
and umbilical cord blood initial T lymphocytes. The protein expression of RORγt in T lymphocytes after co-culture 
was detected. Preoperative serum levels of Th17 (IL-17) cytokines were measured. Results: The positive expression 
of RORγt in the tumor microenvironment of PTC patients with or without HT could inhibit the lymph node metastasis 
of the tumor. PTC cancer cells could induce initial T lymphocyte to differentiate into Th17 cells, and the K1 cell line 
with lymph node metastasis induced a higher proportion of RORγt protein than that in TPC-1 cell line without lymph 
node metastasis. In PTC patients with HT, serum IL-17 concentration was negatively correlated with lymph node 
metastasis in the central group. Conclusions: RORγt may play an anti-tumor role in reducing thyroid cell damage 
by reducing the thyroid autoimmune antibodies TPOAb and TGAb in the PTC population in Yunnan plateau region.
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Introduction

At the beginning of the 19th century, the 
Japanese surgeon Hashimoto first described 
the thyroid pathology with predominantly fibro-
sis and diffused lymphocytic infiltration, which 
was named Hashimoto thyroiditis (HT) [1]. 
Dailey et al. [2] first proposed in 1955 that the 
development of papillary thyroid carcinoma 
(PTC) evolved from the development of HT, 
which had been confirmed by many following 
studies. Recent reports indicated that PTC 
combined with HT was associated with better 
clinical prognosis and less aggressiveness, 
suggesting that autoimmunity was not only a 
risk factor for the evolution of thyroid cancer 
but has a protective effect on the further devel-
opment of the disease [3]. BY Huang et al. [4] 
showed that patients with follicular carcinoma 
of PTC with HT had better clinical stage, lower 

relapse probability and lower mortality than 
patients with thyroid cancer without HT. The 
average tumor size, distant metastasis and 
recurrence probability of the former one were 
significantly lower than those of the latter one 
during the study. The probability of death was 0 
during the follow-up of 20 years. Romaldini J et 
al. [5] also suggested that, as an immune 
response, lymphocyte infiltration might control 
tumor growth and reproduction, so HT chronic 
lymphocytic infiltration suggested a better prog-
nosis of PTC, it is still controversial.

Recently discovered Th17 cells were T helper 
cell subsets that produce IL-17 cytokines which 
differ from Th1 or Th2 cells and had been 
described as a key factor in the development of 
inflammatory and autoimmune diseases and 
cancer [6-8]. Th17 cells stimulate or inhibit 
tumor growth in different tumor microenviron-
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ments and can play a dual anti-tumor immune 
role.

The role of Th17 cells in the tumor microenvi-
ronment of PTC patients with HT had not been 
investigated, and the purpose of this study was 
to investigate the reason for the good progno-
sis of PTC patients with HT from the perspec-
tive of Th17 cells.

Subjects and methods

Subjects

After approve of Ethical Committee of The  
First People’s Hospital of Yunnan Province, 
fresh tissue samples resected during thyroid 
tumor surgeries and serum samples before sur-
gery from June 2013 to June 2014 in the 
Department of Breast and Thyroid Surgery, The 
First People’s Hospital of Yunnan Province were 
collected from patients without family history  
of tumor, without radiotherapy or chemothera-
py at the time of collection, and without recent 
medication (such as anti-thyroid drugs, thyrox-
ine, iodine drugs, glucocorticoids and sex hor-
mones, etc.) and radioactive iodine treatment 
that might affect thyroid function. All patients 
were divided into three groups: thyroid papillary 
carcinoma (PTC) group, thyroid papillary carci-
noma combined with Hashimoto’s thyroiditis 
(PTC-HT) group and Hashimoto’s thyroiditis (HT) 
group. The patients who were confirmed as 
PTC, PTC-HT and HT after surgery were collect-
ed from paraffin-embedded tissue sections in 
pathology room.

Healthy neonatal heparinized cord blood sam-
ples were collected from March to August 2014 

in obstetric surgery room of Yunnan First 
People’s Hospital from pregnant women aged 
22-30 years old without infectious diseases or 
blood diseases who were caesarean. Inclusion 
criteria included normal pregnancy without  
HIV, hepatitis B virus and hepatitis C virus. 
Exclusion criteria included preeclampsia, fever, 
acute infection, diabetes and/or chronic dis-
ease. All samples in this study were obtained 
with informed consent from patients and 
approvement by ethics committee of Yunnan 
First People’s Hospital. 

Two thyroid papillary carcinoma cell lines, TPC-1 

[9] (human papillary thyroid carcinoma), K1  
[10] (human papillary thyroid carcinoma), were 
selected as the experimental group, and 
Human thyroid follicular epithelium cell line 
Nthy-ori 3-1 [11] as the control group, which 
were all purchased from Guangzhou Jennio 
Biotechnology Co., Ltd.

Methods

Surgically resected human thyroid fresh tis-
sues, paraffin tissues, and serum samples 
(cancer tissues from patients PTC with or with-
out HT, and thyroid tissues from patients with 
pathological diagnosis of HT) were collected. 
Envision immunohistochemical staining and 
real-time fluorescence quantitative PCR (RT- 
PCR) were used to analyze the expression of 
nuclear specific marker RORγt of Th17 cells. 
Transwell chambers were used to simulate the 
environment co-affected by initial cord blood T 
lymphocytes and thyroid papillary carcinoma 
cells (TPC-1 and K1), and to compare it with 
human normal thyroid follicular epithelial cell 
line Nthy-ori 3-1 (Figure 1). Flow cytometry was 
used to detect the expression of Th17 cells 
(CD3+CD8-IL-17A+/CD3+CD8-%) at 0 h, 24 h, 36 
h, 48 h and 60 h after co-treatment with papil-
lary thyroid carcinoma cell lines (TPC-1 and K1) 
and umbilical cord blood primary T lympho-
cytes: the lymphocyte population was first 
localized with CD45+ and lateral scatter angles 
(SSC) (Figure 2A) followed by CD4+ gating 
(Figure 2B) followed by CD3+CD8- dual gating in 
CD4+ group (Figure 2C), and finally the per- 
centages of CD3+CD8-IL-17A+/CD3+CD8-% were 
analyzed (Figure 2D); T-lymphocytes after co-
administration were detected by Western blot 
In RORγt protein expression. Cytometric Bead 
Array (CBA) was used to detect the expression 

Figure 1. Schematic diagram of transwell chamber 
isolation co-culture. 
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of Th17 (IL-17) cytokines in preoperative serum 
of patients.

Fresh thyroid tumor specimens were obtained 
from 10 patients who underwent thyroidecto-
my. Among them, 6 were in PTC group and 4 
were in PTC/HT group. All tissue specimens 
were placed in liquid nitrogen within 30 min-
utes after isolation, and then stored at -80°C 
and confirmed by pathological examination. 
The gene chip used is the human HT-12 V4 
gene expression profile chip of Illumina compa-
ny of America, which is provided by Shanghai 
Crystal Energy Biochip Co., Ltd. The microarray 
covers 47,000 transcripts of the human ge- 
nome and represents 25,000 distinct genes. 

We used the human HT-12 V4 gene expression 
profiling chip of Illumina Company and real-time 
fluorescence quantitative PCR (qPCR) to select 
differentially expressed mRNA. We screened 
the differentially expressed genes from the 
above three groups of microarray data, and 
screened the differentially expressed genes by 
the RVM model modified F test (MultiClass Dif). 
Through functional analysis, we obtained the 
significant, reliable and targeted gene function 
(GO-Analysis); constructed the Immuno-related 
co-expression network of the significantly dif-
ferent genes, and found the most powerful 
gene (Dynamic-Gene-Network) through net-
work analysis.

Figure 2. Th17 (CD3+CD8-IL-17+) lymphocyte in umbilical cord blood flow cytometry gate (A: CD45+ lymphocyte in 
umbilical cord blood; B: CD3+ lymphocyte; C: CD3+CD8-IL-17+ lymphocyte; D: Th17 (CD3+CD8-IL-17+) lymphocyte).
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Statistical analysis

The original data was formed into an Excel 
table to establish a database. SPSS17.0 soft-
ware was used for statistical analysis. The 
measurement data were expressed as x ± s. 
The t test was used to compare the mean of the 
two groups. One-way ANOVA was used to com-
pare the mean of the three groups. S-N-K test 
was used for pairwise comparisons between 
groups. Counting data was shown by rate, and 
analyzed by χ2 test. Spearman test was used to 
analyze the relationship between the factors. P 
< 0.05 was considered to be statistically sig- 
nificant. The protein bands were analyzed by 
Image J software (Version 1.38).

Results

RORγt expression differences in tumor micro-
environment between PTC patients with or 
without HT and benign thyroid nodules

No positive expression of RORγt was found in 
nodular goiter. RORγt was mainly expressed in 

the nucleus of infiltrating lymphocytes in  
tumor tissues. The number of RORγt+ lympho-
cytes infiltration in the tumor tissue of 39  
PTC patients ranged from 0 to 129 per HPF, 
with an average of 62 per HPF (Figure 3A,  
3B), with 21 cases in the low-expression  
group and 18 cases in the high-expression 
group. The number of RORγt+ lymphocyte infil-
tration in 46 PTC/HT patients ranged from 0 to 
113 per HPF, with an average of 56 per HPF 
(Figure 3C, 3D), 26 cases in the low-expression 
group and 30 cases in the high-expression 
group.

Relationship of RORγt expression and clinical 
pathological features in PTC microenvironment 

The rate of lymph node metastasis in RORγt 
low expression group was significantly higher 
than that in high expression group (71.4% vs. 
33.3%, P = 0.017). The expression level of 
RORγt in tumor microenvironment of PTC/HT 
patients was not related to age and gender (P > 
0.05) (Table 1).

Figure 3. Expression of RORγt in thyroid papillary carcinoma with or without Hashimoto’s thyroiditis microenviron-
ment (A: PTC alone ×100; B: PTC alone ×400; C: PTC with HT ×100; D: PTC with HT ×400).
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Relationship of RORγt expression and clinical 
pathological features in PTC/HT microenviron-
ment

The rate of lymph node metastasis in RORγt 
low expression group was significantly higher 
than that in high expression group (69.2% vs. 
30.0%, P = 0.008). The expression level of 
RORγt in tumor microenvironment of PTC/HT 

expression than patients with PTC alone, but 
the difference was not statistically significant 
(43.5% vs. 46.2%, P = 0.805) (Table 3).

Correlation of RORγt expression and clinical 
pathological features between PTC combined 
with HT and PTC alone in tumor microenviron-
ment

Both group showed negative correlation (P = 
0.024, P = 0.046) between RORγt and lymph 
node metastasis, and the differences were sta-
tistically significant (Table 4).

RORγt PTC with or without HT patients and thy-
roid function correlation analysis

The RORγt showed a negative correlation (P = 
0.003, 0.027) with TPOAb and TGAb in patients 

Table 1. Relationship of RORγt expression and clinical pathological features in PTC microenvironment

Clinical Features Low Expression (%)
n = 21

High Expression (%)
n = 18 Quantity P

Age < 45 8 (38.1) 6 (33.3) 0.10 0.757
≥ 45 13 (61.9) 12 (66.7)

Gender Male 3 (14.3) 3 (16.7) 0.04 0.837
Female 18 (85.7) 15 (83.3)

Lymph node metastasis No 6 (28.6) 12 (66.7) 5.66 0.017*
Yes 15 (71.4) 6 (33.3)

Tumor Diameter 1.94 ± 0.81 1.73 ± 0.75 0.83 0.410
*P < 0.05.

Table 2. Relationship of RORγt expression and clinical pathological features in PTC/HT microenviron-
ment

Clinical Features Low Expression (%)
n = 26

High Expression (%)
n = 20 Quantity P

Age < 45 16 (61.5) 9 (45.0) 1.25 0.264
≥ 45 10 (38.5) 11 (55.0)

Gender Male 6 (23.1) 4 (20.0) 0.06 0.802
Female 20 (76.9) 16 (80.0)

Lymph node metastasis No 8 (30.8) 14 (70.0) 6.97 0.008*
Yes 18 (69.2) 6 (30.0)

Tumor Diameter 1.86 ± 1.02 1.59 ± 0.65 1.08 0.28
*P < 0.05.

Table 3. Expression difference of RORγt between PTC com-
bined with HT and PTC alone in tumor microenvironment

Group Low Expression  
(%) (n = 47)

High Expression 
(%) (n = 38) Quantity P

PTC/HT 26 (56.5) 20 (43.5) 0.06 0.805
PTC 21 (53.8) 18 (46.2)

patients was not related to age and 
gender (P > 0.05) (Table 2).

Expression difference of RORγt be-
tween PTC combined with HT and PTC 
alone in tumor microenvironment

It was observed that patients with 
PTC/HT had a lower rate of RORγt high 

Table 4. Correlation of RORγt expression and 
clinical pathological features between PTC 
combined with HT and PTC alone in tumor 
microenvironment
Group Lymph node Metastasis P
PTC/HT (RORγt) -0.394 0.046*
PTC (RORγt) -0.562 0.024*
*P < 0.05.
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with PTC only with statistical significance. The 
RORγt showed a negative correlation (P = 
0.001) with TGAb in patients with PTC only with 
statistical significance (Table 5).

RORγt mRNA expression abundance in thyroid 
cancer tissue

The results of Real-Time PCR showed that the 
expression abundance of 2-ΔΔCT of RORγt mRNA 
was (1.39 ± 2.37) * 10-3 and (6.55 ± 7.39) * 
10-3 respectively in PTC group and PTC/HT 
group. The expression of RORγt in PTC/HT 
group was significantly higher than PTC group 
(F = 2.62, P = 0.01, Figure 4).

Flow cytometry used to detect the forma-
tion rates of Th17 cells after co-treatment of 
Thyroid papillary carcinoma cell line (TPC-1 
and K1) and umbilical cord blood initial T lym-
phocytes

The proportion of CD3+CD8-IL-17A+Th17 cells in 
the initial T lymphocytes of cord blood was 7.26 
± 2.14%. After Thyroid Papillary Carcinoma Cell 
Line TPC-1 co-treatment with umbilical cord 
blood initial T lymphocytes for 36 h, the Th17 
ratio reached 24.00 ± 1.68%, higher than those 

cells was gradually increasing, reaching 10.70 
± 1.45% at 36 h. It was lower than that after 
co-treatment with TPC-1 (P < 0.001) (Figures 5 
and 6).

After co-treating with Thyroid papillary carcino-
ma cell line K1, initial cord blood T lymphocytes 
could induce the initial differentiation of CD4+ T 
lymphocytes into CD3+CD8-IL-17A+Th17 cells, 
which over time increased to 43.30 ± 0.45% at 
36 h that was significantly higher than that at 
24 h, 48 h and 60 h (P < 0.001). Th17 cells 
generated by initial T lymphocytes after co-
treatment with K1 at 36 h were significantly 
higher than the control group at 36 h and also 
significantly higher than Th17 cells induced by 
TPC-1 at 36 h (P < 0.05). The differences were 
statistically significant (P < 0.001) (Figures 5 
and 6).

Western blot semi-quantitative detection of 
cord blood lymphocytes and PTC cell lines 
co-cultured lymphocytes RORγt protein expres-
sion

After induced by co-culture with isolated papil-
lary thyroid carcinoma cell lines TPC-1 and K1, 
the cord blood initial lymphocytes expressed 
low level of RORγt protein, which increased sig-
nificantly with the culture time with a volatile 
growth. At 36 h, the percentage of induced 
RORγt protein reached the top, and the propor-
tion of RORγt protein induced by K1 cell line 
with lymph node metastasis was higher than 
that induced by TPC-1 cell line without lymph 
node metastasis. Normal thyroid follicular epi-
thelial cells could also induce cord blood T cells 
to express RORγt protein, but the expression 
level was stable without significant fluctuations 
(Figure 7).

Image J gray-scale scanning was used to obtain 
the gray value of each target protein band to 
calculate the relative expression level of RORγt 
protein. The calculation formula was as follows: 
the relative expression level of targeted protein 

Table 5. Correlation of RORγt expression and thyroid function 
between PTC combined with HT and PTC in tumor microenvi-
ronment

TG TGAb TPOAb
PTC/HT (RORγt) -0.049 (0.848) -0.686 (0.001)* -0.239 (0.272)
PTC (RORγt) -0.186 (0.507) -0.553 (0.003)* -0.551 (0.027)*
*P < 0.05.

Figure 4. mRNA expressive abundance of RORγt 
gene in cancer tissue associated with PTC and PTC/
HT patients (NS: No statistical significance).

induced at 24 h, 48 h and 60 h. The 
difference was statistically signifi-
cant (P < 0.001). The co-treatment 
of normal thyroid follicular epitheli-
al cell line with umbilical cord blood 
initial T lymphocytes in the control 
group could also induce the differ-
entiation into Th17 cells. With the 
time going on, the ratio of Th17 



RORγt on the prognosis of PTC patients with HT

3017	 Am J Transl Res 2018;10(10):3011-3024

Figure 5. The percentage of Th17 cells induced by co-culture for 24 h, 36 h, 48 h and 60 h after isolation with Umbilical cord blood initial T lymphocytes and papillary 
thyroid carcinoma cell  lines (A: TPC-1 and B: K1), normal thyroid follicular epithelial cell lines (C: Nthy ori 3-1).
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statistically significant (P < 0.05) (Figure 8). In 
PTC/HT group, there was a negative correlation 
between IL-17 concentration and the central 
group lymph node metastasis (P < 0.05) (Table 
6).

GO enrichment analysis showed that in the evo-
lution process from HT to PT, RORγt gene was 
involved in five differential genes significant 
functions, including Protein phosphorylation, 
Gene expression, Transcription initiation from 
RNA polymerase II promoter, Lymph node 
development, T-helper 17 cell differentiation 
(Table 7). Among them, GO 0048535 (lymph 
node formation and metastasis) significantly 
enriched five genes including LTA, LTB, CXCL13, 
IKZF1, RORC, CXCR5. According to Dynamic 
calculation, RORγt was positively correlated 
with CAV1 (Interaction = 0.93) (Figure 9).

Discussion

It has been widely reported that the immune 
system suppresses the growth of tumor cells 
through immune surveillance [12, 13], and 
tumor infiltrating lymphocytes (TIL) represent-
ing host immune responses are directly in- 
volved in the micro invasive state playing an 
important role in the tumor microenvironment. 
In TIL, CD4+ T helper T lymphocytes are gener-
ally considered to be important players in tumor 
immunity and have a significant impact on 
tumor progression [14]. They play important 
roles in the immune response depending on 
different cytokines and transcription factors 

Figure 6. Flow cytometry detection of the proportion change trend of inductive formation CD3+CD8-IL-17+Th17 cells 
after isolation co culture of cord blood initial T cells combined with papillary thyroid cancer cell lineage (TPC-1 and 
K1) and normal thyroid follicular epithelial cell line (Nthy ori 3-1) treated for 24 h, 36 h, 48 h, 60 h. The results of 
co-culture with Nthy ori 3-1 were 7.26 ± 2.14 in 0 h, 9.07 ± 1.33 in 24 h, 10.70 ± 1.45 in 36 h, 8.70 ± 1.87 in 48 h, 
9.57 ± 1.29 in 60 h. The results of co-culture with TPC-1 were 7.85 ± 1.50 in 0 h, 18.77 ± 1.45 in 24 h, 24.00 ± 1.68 
in 36 h, 13.83 ± 2.25 in 48 h, 9.57 ± 1.29 in 60 h. The results of co-culture with K1 were 7.88 ± 2.84 in 0 h, 19.63 
± 1.81 in 24 h, 43.30 ± 2.86 in 36 h, 24.03 ± 1.78 in 48 h, 32.63 ± 3.25 in 60 h. Symbol *indicate significance at 
the 0.05 level, symbol **indicate significance at the 0.01 level, symbol ***indicate significance at the 0.001 level.

Figure 7. Flow cytometry detection of the proportion 
change trend of inductive formation Th17 cells after 
isolation co culture of cord blood initial T cells com-
bined with papillary thyroid cancer cell lineage (TPC-
1 and K1) and normal thyroid follicular epithelial cell 
line (Nthy ori 3-1) treated for 24 h, 36 h, 48 h, 60 h.

= (grayscale target protein-gray value back-
ground)/(gray value β-actin-gray value back-
ground) (Table 3). The relative expression lev-
els of RORγt protein in T lymphocytes at dif- 
ferent time points of co-cultivation could be 
obtained with graphing with T lymphocytes as 
the abscissa and the relative expression levels 
of targeted protein as the ordinate and the level 
of the lowest expression targeted protein at 0h 
as 1 (Figure 7).

Peripheral serum IL-17 was negatively corre-
lated with lymph node metastasis in patients 
with PTC/HT

Compared with the control group, the expres-
sion level of IL-17a in HT group was higher (P < 
0.05). Compared with HT group, the IL-17 
expression level in peripheral blood in PTC 
group was significantly higher (P < 0.05). The 
concentration of IL-17a was positively correlat-
ed with the local invasion, the difference was 
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differentiating into four kinds of immune sub-
types (Th17, Treg, Th1, Th2) [15]. It has been 
reported that the infiltration of lymphocytes is 
associated with the prognosis of PTC [16, 17]. 
The more TIL infiltrates in the PTC tumor micro-
environment, the better the prognosis may be. 
There were few studies on the relationship 
between special cell subsets and PTC and HT. 
The relationship between T lymphocyte sub-
sets infiltration and PTC immune regulation and 
clinic pathological parameters was investigat-
ed to clarify the role of Th17 helper CD4+ T lym-
phocytes in HT-PTC evolution in PTC with or 

without HT tumor microenvironment due to the 
complicated phenotype and function of TIL.

It is known that thyroid autoimmune inflamma-
tion is associated with a high incidence of PTC 
[18, 19], among which there are only 10-15% 
patients that cannot be cured by surgery and 
iodine therapy [20]. PTC-associated chronic 
lymphocytic thyroiditis (LT) is related with intra-
tumoral infiltration of lymphocytes and macro-
phage banks, suggesting that it can modulate 
the tumor microenvironment to increase anti-
tumor immune response. In fact, it has been 
found that the better prognosis of PTC patients 
with LT is correlated directly with tumor-associ-
ated macrophages (TAMs) infiltrating the tumor 
[16, 21]. Tumor infiltrating lymphocytes, espe-
cially Foxp3+ Treg cells in the tumor microenvi-
ronment, promote disease progression and 
increase the chance of invasion and metasta-
sis [22], while RORγt+ Th17 cells in the tumor 
microenvironment are tumor suppressing. Ro- 
maldini et al. [5] found that patients lacking  
TIL are more susceptible to multifocal tumor 
lesions. There was a high rate of recurrence in 
patients without TIL infiltration and multivariate 
model analysis confirmed that the presence of 
TIL was significantly associated with good pro- 
gnosis. These studies suggested that autoim-
mune antibodies play protective roles in the 
outcome of patients with differentiated thyroid 
cancer [23]. It was found in our study that PTC 
patients with or without HT were infiltrated with 
a large number of Th17 cells in the tumor micro-
environment, while there was no infiltration of 
both cells in the microenvironment of patients 
with benign nodular goiters, indicating that 
Th17 cells participate in PTC Immune response 
process.

Th17 cells are major contributors to IL-17 cyto-
kines and play key roles in the progression of 
autoimmune diseases, tumors and inflamma-
tion [24]. Th17 cells play immune roles through 
the stimulating of IL-6 and transforming growth 
factor TGF-β [14]. There is evidence that Th17 
cells act as indirect immune effectors in anti-
tumor immunity [25]. This study found that 
Th17 cells with high expression of RORγt had 
infiltration in PTC tissues with or without HT, 
and there was a negative correlation between 
RORγt and lymph node metastasis. A correla-
tion between Th17 cell infiltration and low 

Figure 8. Expression level of IL-17 in peripheral blood 
serum of patients in benign tumor control (BTD) 
group 11.28 ± 10.86 pg/ml, Hashimoto’s thyroiditis 
(HT) group 22.45 ± 12.47 pg/ml, thyroid papillary 
carcinoma with Hashimoto’s Thyroiditis (PTC/HT) 
group 15.16 ± 10.61 pg/ml and papillary thyroid car-
cinoma (PTC) group 12.64 ± 11.07 pg/ml.

Table 6. Correlation between Th17 cytokines 
and clinicopathological parameters in PTC 
group and PTC/HT group

Group
Th17
IL-17

PTC Tumor Stage 0.06
TNM Stage 0.32
Central Metastasis 0.38
Peripheral Metastasis -0.01
Regional Invasion 0.47* (0.02)

PTC/HT Tumor Stage -0.24
TNM Stage -0.36
Central Metastasis -0.51* (0.04)
Peripheral Metastasis -0.45

*P < 0.05.
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lymph node metastasis was also found, proving 
that Th17 might promote antitumor responses 
in both PTC patients with and without HT.

It was found in our study that the nuclear tran-
scription protein RORγt of Th17 was expressed 
in the tumor tissue of PTC patients with or with-
out HT, and the ratio of lymph node metastasis 
in patients with high RORγt expression was 
lower than patients with low expression, and 
the results of RT-PCR also showed that the 
expression of RORγt mRNA in PTC patients with 
HT was higher than PTC patients. Correlation 
analysis also confirmed that the positive ex- 
pression of RORγt was negatively correlated 
with lymph node metastasis in patients with 
PTC with or without HT, indicating that RORγt 
might inhibit the lymph node metastasis and 
exert anti-tumor activity in the tumor microenvi-
ronment of PTC patients with or without HT. It 
has been reported that PTC with HT is associ-
ated with low invasiveness and good prognosis, 
suggesting that autoimmune thyroiditis is a risk 
factor for the development of thyroid cancer 
but also protective against disease progression 
[3, 4, 26]. HT is a subtype of autoimmune thy-
roiditis with serum TGAb and TPOAb detection 

rate of 90% to 95%. It is suggested that the 
effects of TPOAb and TGAb are part of the rela-
tionship between HT and thyroid cancer. TGAb 
is more significant that recognize the common 
TG epitope of thyroid cancer and HT to promote 
the transition from Hashimoto’s thyroiditis into 
thyroid cancer [27]. Kryczek et al. [28] reported 
that Th17 cells might contribute to the protec-
tion of anti-tumor immunity and predict 
improvements in the survival of patients with 
ovarian cancer, which is consistent with our 
results. However, Tosolini et al. [29] reported 
that high density Th17 cells predict poor prog-
nosis in metastatic colorectal cancer. So Th17 
cells may have multiple effects in different 
tumors and in different stages of the same 
tumor.

HT may be a risk factor for thyroid cancer, but 
the prognosis of thyroid cancer with HT is good. 
JunSoo Jeong et al. found that HT with thyroid 
cancer is characterized by multiple lesions, 
younger age, smaller foci, less lymphatic and 
distant metastases, and less invasive outside 
the capsule [30]. Kwak HY also found that thy-
roid cancer patients with HT are predominantly 
female with a lower degree of malignancy, a 

Table 7. GO functional enrichment analysis of RORγt participates in PTC combined or uncombined HT 
differentially expressed genes
Gene 
name Go id Go name Enrichment P-value FDR

RORγt GO:0006468 Protein phosphorylation 2.945878836 1.34821E-19 4.32145E-17
RORγt GO:0010467 Gene expression 2.183872161 3.27715E-16 9.26854E-14
RORγt GO:0006367 Transcription initiation from RNA polymerase II promoter 2.391106406 1.71743E-06 7.86418E-05
RORγt GO:0048535 Lymph node development 6.946793349 0.000255764 0.005465384
RORγt GO:0072539 T-helper 17 cell differentiation 11.57798892 0.029832455 0.196485541

Figure 9. Dynamic-Gene Net of differential Immune-related gene (RORγt gene was positively correlated with CAV1, 
the interaction coefficient = 0.93. The interaction coefficient is the degree of co-expression of two genes).
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lower rate of lymph node metastasis, and a 
lower recurrence rate [31]. The followings may 
be the reasons why PTC patients with HT may 
get better prognosis: (1) HT patients autoim-
mune react against thyroid-specific antigen to 
destroy the thyroid cancer cells expressing cell 
surface-specific thyroid antigen [32], prevent-
ing thyroid cancer cell migration and repetition. 
(2) There is more cytotoxic T lymphocyte-medi-
ated immune response and humoral immune 
response in HT-combined thyroid cancer than 
in simple thyroid cancer or simple HT, and IL-1 
produced by immune response can control the 
proliferation of tumor cells [33]. (3) Fas and Fas 
ligands in the thyroid follicular cells of HT 
patients stimulate the apoptosis of cells and 
participate in the destruction of tumor cells 
[34]. (4) Cunha study showed that the good 
prognosis of thyroid cancer with HT is correlat-
ed with the infiltration of lymphocytes, B cells, 
giant cells and Th17 cells [35]. This study shows 
that Th17 cells in the tumor microenvironment 
of PTC patients with HT in Yunnan Plateau 
region can inhibit the lymph node metastasis of 
PTC and exert anti-tumor effects, which may 
also be the reason that the prognosis of PTC 
patients with HT is better than that of PTC 
alone. Our results further confirm that RORγt+ 
Th17+ cellular immune responses play a protec-
tive role in the progression of PTC.

Interleukin-17 (IL-17) is a proinflammatory cyto-
kine secreted by CD4+ and CD8+ T cells [36]. 
CD4+ T cells (Th17 cells) that form IL-17 have 
been identified as a new subset of helper T 
cells [37]. CD8+ T cells (Tc17 cells) that form 
IL-17 have also been identified in mice and 
human beings that can be produced by in vitro 
priming with Th17 polarized cytokines [38]. 
Th17 and Tc17 cells have been found in types 
of human cancer and murine models. IL-17A-

deficient mice are more likely to suffer lung 
melanoma. Th17-polarized cells are found to be 
more potent anti-tumor than Th1 cells [39]. The 
adoptive transfer of tumor-specific Tc17 cells 
reduces the tumor volume in nude mice and 
produces IFN-γ persistently [40], which sug-
gests that Th17 and Tc17 cells exert anti-tumor 
effects. Th17-type immune responses that pro-
duce IL-17 function occur in patients with auto-
immune diseases, including HT [41]. In this 
study, it was found that RORγt was negatively 
correlated with lymph node metastasis in PTC/
HT patients, and serum IL-17 concentration 

was negatively correlated with central group 
lymph node metastasis. It was similar to the 
above conclusion, indicating that Th17 cells in 
PTC patients with HT might have anti-tumor 
immune function. Therefore, the impact of 
IL-17+Th17 cells in the tumor microenvironment 
comes with two sides: promoting tumor growth 
and inhibiting tumor growth. The specific effect 
on the tumor may also depend on other cells, 
such as: natural killer cells, neutrophils, γδT 
cells, and other cytokines.

It has been shown in some studies that PTC 
patients and related HT patients have good 
clinical prognosis [33, 42], while not in other 
studies [43]. Based on this and previous stud-
ies, it can be speculated that cytokines may 
play a protective role of tumor surveillance  
and anti-tumor immunity in Th2-type immune 
responses in tumor microenvironments [44]. 
Most cytokines may have many conflicting 
functions in tumor immune surveillance and 
tumor immunity, so it still requires additional 
studies to determine the significance of these 
findings.

Caveolae is a flask like cell membrane inva- 
gination structure that takes part in many cell 
life activities. Caveolae mainly exist in adipo-
cytes, fibroblasts, type I alveolar cells, vascular 
smooth muscle cells, epithelial cells, endothe-
lial cells and rhabdomyocytes. Caveolin (CAV1) 
is the main component of caveolae, which 
belongs to integrated membrane protein. It 
may be related to the concentration of specific 
lipids, the modification of signal transduction 
molecules and the scaffold proteins in caveo-
lin. CAV1 is associated with cell proliferation, 
invasion, malignant transformation, metasta-
sis, signal transduction and multidrug resis-
tance [45]. CAV1 is the most important marker 
protein of pit membrane structure, located on 
human chromosome 7q31.1. This locus on 
human chromosome 7 is often broken or delet-
ed in many malignant tumors, so it is speculat-
ed that CAV1 is a tumor suppressor gene [46].

As a candidate tumor suppressor gene, CAV1 
interacts with many other signaling molecules 
via phosphorylation and/or dephosphorylation 
to inhibit tumor cell proliferation, apoptosis, 
adhesion and metastasis [47]. It was reported 
that CAV1 was down-regulated in breast cancer 
[48], lung cancer [49] and gastric cancer [50] 
and up-regulated in papillary thyroid carcinoma 
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[51] due to mutation, loss of heterozygosity and 
hypermethylation. The expression of CAV1 in 
epithelial cells is more intense in classical PTC 
than in other histological types. There was a 
positive correlation between CAV1 expression 
and lymph node metastasis [52]. CAV1 plays an 
oncogene role in reported solid tumors, and  
the expression of CAV1 is negatively correlated 
with the degree of tumor invasion, we predict 
that CAV1 may also play an inhibitory role in thy-
roid cancer. Our study shows that RORγt is pos-
itively correlated with CAV1 and may interact 
with each other. Therefore, we speculate that 
RORγt may play a role in thyroid cancer which  
is involved in the lymph node metastasis of 
HT-PTC by regulating five genes, LTA, LTB, 
CXCL13, IKZF1 and CXCR5, together with CAV1. 
Further functional experiments are needed to 
verify this hypothesis.
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