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Abstract

Objective: To monitor the immune function of thyroid cancer patients and analyze its
clinicopathological correlation.
Methods: The distribution of circulating lymphocyte subpopulations and serum cytokine (IFN-γ, TNF-α,
TGF-β, and IL-10) levels in 59 Papillary Thyroid Cancer (PTC) patients, 33 goiter patients, and 50
healthy controls were measured by flow cytometry and ELISA.
Results: The percentages of CD3+ T lymphocytes and CD3+CD4+/CD3+CD8+ ratio in PTC patients
decreased obviously. While the percentages of CD4+CD25+CD127low Tregs in PTC patients
increased apparently, but it had no relationship with clinical characteristics. Serum TNF-α, IFN-γ,
IL-10, but not TGF-β levels in PTC patients were significantly higher than that in healthy controls. The
inclusion of these four cytokines improved the classification efficacy among the three groups.
Conclusion: It is apparent that the immune function is compromised in thyroid cancer patients.
Combined detection of serum cytokines could help distinguish patients with thyroid disease and healthy
individuals.
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Introduction
Thyroid carcinoma is the most prevalent type of endocrine
malignancy, and its incidence has been steadily rising in recent
years. It can occur at any age, especially in young adults
(30-40 y old) and women (about 75%). The initiation of
thyroid cancer often appears gradually with no obvious
symptoms. So if it can be diagnosed earlier, the therapeutic
effects will usually be better [1].

Thyroid carcinoma can be subdivided into papillary, follicular,
medullary, and anaplastic thyroid carcinoma. Their
development is closely associated with immune dysfunction.
There is accumulating evidence indicate that infiltration of
immune cells in thyroid cancer lesions can predict prognosis
[2,3]. Some thyroid diseases are known to be related to the
development of thyroid cancer, such as goiters, which is the
most common type of thyroid disease, including nodular goiter
(primarily functional and morphological changes) and
adenoma (benign tumor with high cancelation rate).

It is well known that inflammation is involved in the tumor
development and suppression, and cytokines are the key
mediators of inflammation. Several cytokines and chemokine’s
produced by the tumor cells and by leukocytes and platelets

associated with the tumor have been found to be able to
maintain the invasive phenotype [4,5]. In 2016, Kobawala et
al. reported serum levels of tumor necrosis factor-α (TNF-α),
L-Selectin, and VCAM-1 were significantly higher in patients
with both benign thyroid diseases and PTC as compared to the
healthy individuals. They suggested that the circulating TNF-α
levels could be used as a prognosticator for OS in PTC patients
[6]. Stanciu et al. investigated the potential role of interleukin 4
(IL-4), interleukin 10 (IL-10) and high-sensitivity C-reactive
protein (hs-CRP) as serum biomarkers of persistent/recurrent
disease in PTC with/without Hashimoto’s Thyroiditis (HT).
They found that increased levels of serum IL-4, IL-10 and hs-
CRP were associated with persistent/recurrent disease in PTC
and PTC+HT patients [7]. Discriminating which cytokines
address the pathogenesis of the various diseases, including
cancers, is a complex task. From this, derives the need to
identify which cytokines might be suitable targets for fighting
against cancer.

The aim of this study was to evaluate the alteration of
peripheral blood lymphocyte subsets and serum TNF-α,
interferon-γ (IFN-γ), IL-10, and transforming growth factor-β
(TGF-β) levels in patients with goiters and thyroid carcinoma,
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and to correlate the results with clinicopathological parameters
in thyroid cancer patients.

Materials and Methods

Patients and specimens
The present study was approved by the Ethics Committee of
Jilin Cancer Hospital. Patients gave their informed consent
before blood collection. The samples of thyroid cancer patients
were selected based on two criteria: First hospitalized and no
other autoimmune disease or other malignancies at the time of
the investigation. From January 2016 to June 2016, peripheral
blood samples of 59 cases of thyroid carcinoma (all were
papillary thyroid cancer) and 33 cases of nodular goiters were
collected prior to operation from Department of Thyroid and
Neck Tumor, Jilin Cancer Hospital. 50 blood samples from
healthy people were enrolled as control. From every patient
and control, 2 ml of blood was withdrawn from the cubital
vein. Serum samples were stored at -80°C.

Flow cytometry
Blood samples were analyzed by flow cytometry (FACS;
Beckman Coulter) for phenotypic characterization of
lymphocyte subsets. Cells were stained for 20 min at room
temperature in the dark with CD45-FITC/CD4-RD1/CD8-
ECD/CD3-PC5 and CD3-FITC/CD16+56-PE (Beckman
Coulter). To determine the percentage of Treg cells, blood
samples were stained with CD4-Percp, CD25-FITC, and
CD127-PE (BD Biosciences-Pharmingen). OptiLyse@C Lysis
Solution (Beckman Coulter) was intended for lysing red blood
cells. Data were analyzed with the Expo32 ADC software
(Beckman Coulter) [8].

ELISA
Measurements of serum concentrations of IFN-γ, TNF-α,
IL-10, and TGF-β were performed by the ELISA method
according to manufacturer’s instructions (Ebioscience).

Statistical analysis
Statistical analyses were performed with SPSS 23.0 (SPSS
Inc., Chicago, USA) and GraphPad Prism 5 (GraphPad Inc.,
CA, USA). The significance level was defined as p<0.05.
Differences in lymphocyte subsets and serum cytokine levels
between groups were assessed by the student’s t-test or Mann-
Whitney U-test. The Pearson correlation coefficient or
Spearman’s rank correlation coefficient was used to describe
the relationship between T cell subsets and serum cytokine
levels and clinicopathologic characteristics. Fisher’s exact tests
(or Chi-square tests) were used for all categorical variables.
Receiver’s Operating Characteristic (ROC) curves were
constructed to determine the discriminating efficacy of
lymphocyte subsets and serum cytokine levels between healthy
control and patients with thyroid diseases. The power
calculations were performed by using G*Power 3.1.9.2 [9].

Results

Clinical patient characteristics
Characteristics of patients and the control group are
summarized in Table 1.

Table 1. Characteristics of patients and healthy individuals.

Characteristics

 

Control
(n=50) 

Goiters
(n=33) 

Thyroid cancer
(n=59) 

P value

Control vs. Thyroid disease Goiters vs. Thyroid cancer

Sex 

Male 20 (40%) 10 (30%) 10 (17%) 0.034 0.22

Female 30 (60%) 23 (70%) 49 (83%)   

Age (y) 

Median 49 48 46 0.275 0.72

Interquartile range 44-56 35-57 42.25-56.75   

Range 31-81 22-75 20-77   

The distribution of circulating lymphocyte
subpopulations of patients with PTC was different
from that in goiters or control group
We analyzed the percentages of lymphocyte subsets in
peripheral blood of patients with thyroid disease and healthy
control by flow cytometry (Figures 1A-1D). The percentages
of CD3+ T cells and CD3+CD4+/CD3+CD8+ ratio were both

significantly lower in PTC patients than that in control group
(66.64 ± 8.55% vs. 69.95 ± 6.64%, p=0.0362; 1.63 ± 0.64 vs.
1.99 ± 0.72, p=0.0251). There were no differences in the
proportion of CD3+ T cells and CD3+CD4+/CD3+CD8+ ratio in
goiter patients compared with thyroid cancer patients and
control. The fractions of CD3+CD4+ and CD3+CD8+ T cells
also showed no distinct alteration among the three groups.
Although the percentages of CD3+CD8+ T cells in patients
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with thyroid disease were inclined to rise. The percentages of
NK cells (CD3-CD16+56+) in peripheral blood of patients with
thyroid disease had no obvious change. However, the
proportion of NKT cells (CD3+CD16+56+) in PTC patients was
higher than that in goiter patients (5.06 ± 3.50% vs. 4.61 ±
5.19%, p=0.0466), but there was no comparable variance as
compared with the control group (Figures 1E and 1F). The
populations of CD4+CD25+CD127low Treg among CD4+ T
cells were significantly higher (7.52 ± 2.34%) in PTC patients
than that in control group (6.10 ± 2.55%, P=0.0040). For goiter
patients, there was no obvious change in the percentage of Treg
cells while compared with the other two groups (Figure 1G).

Clinical relevance of CD3+CD4+/CD3+CD8+ ratio and
CD4+CD25+CD127low Treg in peripheral blood of
patients with thyroid cancer
We next analyzed clinical relevance of CD3+CD4+/CD3+CD8+

ratio and CD4+CD25+CD127low Treg in peripheral blood of
PTC patients. The results were presented in Table 2.
CD3+CD4+/CD3+CD8+ ratio and the proportion of
CD4+CD25+CD127low Treg did not directly correlate with
clinicopathologic features in peripheral blood of thyroid cancer
patients.

Table 2. Correlation between clinicopathologic features and
percentage of CD4+CD25+CD127low Treg cells and CD3+CD4+/
CD3+CD8+ ratio of PTC patients (mean ± SD).

Characteristics n Treg cells (%) P value Ratio P value

Sex 

Male 10 7.35 ± 2.01 0.951 1.31 ± 0.60 0.124

Female 49 7.35 ± 2.17  1.69 ± 0.62  

Age (y) 

≥ 45 32 7.58 ± 2.36 0.543 1.78 ± 0.67 0.075

<45 27 7.09 ± 1.84  1.46 ± 0.55  

TNM Stage 

I+II 43 7.26 ± 1.98 0.806 1.60 ± 0.63 0.533

III+IV 16 7.61 ± 2.56  1.72 ± 0.64  

Metastasis 

Yes 20 7.40 ± 2.33 0.923 1.73 ± 0.74 0.55

No 39 7.32 ± 2.05  1.57 ± 0.57  

Increased serum IFN-γ, TNF-α and IL-10 levels in
patients with thyroid cancer
Serum IFN-γ, TNF-α, and IL-10 levels were significantly
elevated in PTC patients as compared to healthy individuals,
IFN-γ: 338.97 ± 65.96 pg/ml vs. 312.00 ± 64.09 ng/ml,
P=0.0341; TNF-α: 82.68 ± 20.00 ng/ml vs. 70.10 ± 17.44
ng/ml, P<0.0001; IL-10: 1124.31 ± 374.21 pg/ml vs. 1009.28 ±
288.08 pg/ml, p=0.0013. Meanwhile, only serum IL-10 level
was obviously increased in goiter patients (1176.30 ± 290.93

pg/ml vs. 1009.28 ± 288.08 pg/ml, p=0.0118). TGF-β and
IL-10 are known to be related to the immunosuppressive
function of Treg cells. Our results showed that the levels of
serum TGF-β in patients with thyroid carcinoma, goiter and
healthy control group were 1171.46 ± 448.46 ng/ml, 1605.52 ±
456.23 ng/ml, and 1573.20 ± 525.53 ng/ml, respectively. There
was no significant difference among the three groups (Figures
1H-1K).

In order to confirm the negative results were true negative or
due to lack of power, we performed the power calculation
using G*Power 3.1.9.2 [9]. The results of Post hoc: Compute
achieved power of the above markers showed that, among the
three groups, Power (1-β err prob) of CD3+CD4+/CD3+CD8+

ratio, Treg cells, TNF-α, and IL-10 were 0.7495, 0.8050,
0.8342, and 0.7801, respectively. Power of all other markers
was less than 0.75.

Figure 1. Comparison of the circulating lymphocyte subpopulations
and serum cytokine levels of thyroid cancer patients, goiter patients,
and healthy controls. (A) CD3+ T cells; (B) CD3+ CD4+ T cells; (C)
CD3+ CD8+ T cells; (D) CD3+CD4+/CD3+CD8+ ratio; (E) NK
(CD3-CD16+56+) cells; (F) NKT (CD3+CD16+56+) cells; (G)
CD4+CD25+CD127low Treg cells; (H) TNF-α; (I) TGF-β; (G) IFN-γ;
(K) IL-10.

ROC analysis
Detection of the percentages of peripheral blood lymphocyte
subsets such as CD3+ T cells, CD3+CD4+/CD3+CD8+ ratio,
and other markers is an assistant means of clinical
examination, which was used to help clinicians determine the
immune status of patients. But such examination is not
available for cancer diagnosis. To improve the classification
efficacy among thyroid cancer, goiters, and controls, we
performed the ROC analysis based on lymphocyte subsets,
cytokines, and both of them. The results showed that the
inclusion of cytokines improved the classification efficacy
(Figure 2).
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Figure 2. ROC curves of serum cytokines levels and lymphocyte subsets. (A) Goiters vs. Control; (B) Thyroid cancer vs. Control; (C) Thyroid
cancer vs. Goiters; (D) Area under the curve of A, B, C.

Clinical relevance of serum IFN-γ, TNF-α, IL-10, and
TGF-β levels in patients with thyroid cancer
As shown in Table 3, serum IFN-γ, TNF-α, IL-10, and TGF-β
levels did not directly correlate with clinicopathologic features

in thyroid cancer patients, and there was also no association
between the population of Tregs and serum IL-10 and TGF-β
levels in these patients (Treg vs. TGF-β: r=0.099, P=0.460;
Treg vs. IL-10: r=0.205, P=0.123).

Table 3. Correlation between clinicopathologic features and serum IFN-γ, TNF-α, IL-10, and TGF-β levels (mean ± SD) in PTC patients.

Characteristics n TNF-α P value TGF-β P value IL-10 P value IFN-γ P value

Sex 

Male 10 80.01 ± 14.10 0.807 1752.25 ± 372.71 0.699 1064.62 ± 217.24 0.164 347.03 ± 56.22 0.669 

Female 49 83.24 ± 21.10 1702.96 ± 465.70 1257.58 ± 392.73 337.29 ± 68.23

Age (y) 

≥ 45 32 83.66 ± 24.19 0.835 1680.69 ± 489.26 0.4 1174.80 ± 338.30 0.366 337.22 ± 61.08 0.994 

<45 27 81.56 ± 14.11 1746.78 ± 402.85 1281.16 ± 410.69 340.97 ± 72.29

TNM stage 
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I+II 43 84.16 ± 21.99 0.424 1682.47 ± 436.95 0.347 1190.52 ± 314.38 0.605 343.77 ± 70.06 0.267 

III+IV 16 78.45 ± 12.32 1794.55 ± 485.88 1321.19 ± 509.98 325.20 ± 52.13

Metastasis 

Yes 20 83.97 ± 26.64 0.639 1723.68 ± 534.74 0.961 1302.68 ± 454.24 0.307 336.60 ± 63.61 0.716 

No 39 82.00 ± 15.82 1705.03 ± 403.57 1183.07 ± 323.59 340.21 ± 67.97

Discussion
The immune system can recognize aggressive tumor cells and
maintain the homeostasis by eliminating or inhibiting cancer
cells. If the state of immune dysfunction of the host sustained
in a certain period, cancer cells may have the opportunity to
escape immune surveillance, and then gradually grow into
tumor mass. The mechanism by which tumor cells escape
immune surveillance is primarily involved in dysfunction of
immunosuppressive cells such as Tregs and/or
immunomodulatory cytokines. In the past few decades, the
incidence of thyroid cancer is increasing, and its development
is closely related to the body’s immune dysfunction. Thus,
increasing awareness of the changes of immune function
involved in the development of thyroid cancer could help
clinicians to make more precise personalized therapy. In
addition, an important advance in the field of thyroid cancer
research was that the infiltration of immune cells could predict
prognosis. It might be more important than immune therapy
[10,11].

As we know, compared with the assessment of immune cells
infiltration, detection of peripheral blood lymphocyte subsets
in thyroid cancer patients is a relatively less effective method,
but for the newly diagnosed patients, it is a moderately more
convenient and effective means, which could assess the
immune function of patients, and assist in clinical diagnosis
and treatment. In particular, with the development of
multicolor flow cytometry and other technologies, we can
simultaneously detect more parameters, so as to reduce the
burden on patients and to improve the efficiency [4,12].

CD8+ and CD4+ T cells play a synergistic role in immune
responses. CD8+ T cells, which are generally involved in the
adaptive immune response, are primarily responsible for the
elimination of tumor cells. CD4+ T cells also play a central role
in immune response. Naïve CD4+ T cells can differentiate into
four populations: Th1, Th2, Tregs, and Th17 cells. Th1 cells
promote CD8+ T cell-mediated cytotoxicity and secrete IL-2,
IFN-γ, and other cytokines, which associated with
inflammation and cell-mediated immune response. Th2 cells
stimulate humoral immune response and produce IL-4, IL-5,
IL-10 and others. The role of Tregs is to inhibit the immune
response by releasing IL-10 and TGF-β. In this study, our
results showed that there was no statistical difference in the
percentages of CD3+ CD4+ and CD3+ CD8+ T cells in
peripheral blood among thyroid cancer patients, goiters and
healthy controls. But the proportion of CD3+ T cells and CD3+

CD4+/CD3+ CD8+ ratio in PTC patients was significantly
lower than that in the control group, indicating that the immune

function of these patients was impaired. However, the immune
status of thyroid cancer patients was not associated with sex,
age, TNM stage, and metastasis.

Natural killer cells are effectors of innate immune response that
can recognize and eliminate pathogens and produce a variety
of cytokines such as TNF-α, IFN-γ, and Granulocyte-
Macrophage Colony-Stimulating Factor (GM-CSF), and
influence the function of dendritic cells, macrophages and
neutrophils through their cytotoxicity and cytokine production.
Therefore, it is more accurate to say that NK cells have a
regulatory function, which can affect the immune response of
the antigen specific T cells and B cells. Gogali et al. evaluated
the degree of NK cells’ infiltration in 65 patients with PTC and
25 patients with nodular goiter. They found an increased
number of NK cells infiltration in the tumor tissue samples,
and there was a negative correlation between the degree of NK
cell infiltration and the clinical stage of cancer patients. They
also found that the distribution of immunoregulatory and
cytotoxic NK cells in peripheral blood of patients with PTC,
nodular goiter and healthy controls were similar, but the
number of immunoregulatory NK cells in the tumor
microenvironment of PTC patients increased. Consistent with
previous reports, in this study, we compared the changes in the
number of NK (CD3-CD16+56+) cells in the peripheral blood
of patients with thyroid disease and healthy controls. The
results showed that there was no significant difference among
the percentages of NK cells in thyroid cancer patients, goiter
patients and controls [13,14]. There is a certain degree of
consistency between the results of our experiments and other
previous reports, and of course there are some differences,
which are mainly due to the variances in the selected clinical
subjects. Our study focused on newly diagnosed thyroid cancer
patients, while others might include patients receiving
chemotherapy and radiotherapy [15,16].

Regulatory T cells (Tregs) play an essential role in maintaining
homeostasis and protecting the host against autoimmune
diseases. Tregs can inhibit the autoimmune attack and
antitumor immunity mediated by T cells, and can induce
tolerance through inhibiting the effects of CD4+ T cells, CD8+

T cells, NK cells, dendritic cells, mast cells, monocytes/
macrophages. Treg cells also play an important role in tumor
immunological escape by secreting inhibitory cytokines such
as TGF-β and IL-10. The increasing number of Tregs in tumor
patients is closely related to disease progression and poor
prognosis. Transcription factor fork head box p3 (Foxp3) plays
a key part in the development and function of Treg cells.
Muller et al. observed that the number of Foxp3+ Treg cells in
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peripheral blood of medullary thyroid carcinoma patients was
higher than that in patients with benign goiter, and was
associated with prognosis [17]. In addition, the low expression
of CD127 (the alpha chain of the IL-7 receptor) and high
expression of CD25 can better identify and purify Treg cells
with prominent inhibitory effect. Therefore,
CD4+CD25+CD127low could serve as markers for Tregs. We
examined the percentage of CD4+ CD25+ CD127low Treg cells
in peripheral blood of patients with thyroid cancer and goiter,
and found that the proportion of Tregs in thyroid cancer
patients was higher than that in healthy controls. This result
can be explained by the fact that Treg cells can reduce tumor-
specific immune-mediated inflammation, which can in turn
drive the development of the tumor. We then analyzed the
correlation between the population of Treg cells and the
clinicopathological features of thyroid cancer patients. The
results showed that the percentage of Treg cells in these
patients was not directly related to the sex, age, TNM staging
and metastasis. This result is different from other reports. In
our study, the number of patients with early stage thyroid
cancer was higher than that of advanced patients. Therefore,
although the number of Tregs in advanced patients was higher
than that in early stage patients, there was no statistical
variation between them. We will increase the number of
patients enrolled in subsequent study [18-20].

Cytokines are key mediators of inflammation, and some
special cytokines are also hallmarks of cancer. Thyroid disease
is closely related to inflammation and often manifested as
inflammatory disorders, which may be reflected by the
patient’s serum cytokine profile. Therefore, in the process of
diagnosis and treatment of thyroid cancer, the detection of
serum cytokine profiles is a potential means to promote the
development of diagnosis and management of thyroid cancer
[4]. In this study, we detected 4 kinds of serum cytokines
including IFN-γ, TNF-α, IL-10, and TGF-β [21,22].

TNF-α is a 17 kDa cytokine, and is primarily produced by
activated macrophages, T lymphocytes, and NK cells. It is an
important mediator of inflammation and cancer. TNF-α seems
to be having complicated roles in cancer, not only can induce
tumor necrosis, but also promote tumor growth, invasion and
metastasis [6]. Within cells, TNF-α activates different
signalling pathways by binding to its receptors, thereby
regulating cell survival, proliferation, and death. It can also
activate endothelial cells, causing them to produce adhesion
molecules that attract neutrophils, monocytes and lymphocytes.
One study enrolled 150 untreated patients with 67 benign
thyroid diseases, 83 PTC, and 67 healthy individuals to detect
the circulating levels of TNF-α, L-Selectin, and VCAM-1, and
found that serum levels of TNF-α, L-Selectin, and VCAM-1
were significantly higher in patients with both benign thyroid
diseases and PTC as compared to the healthy individuals. The
results signified the probable role of TNF-α and the adhesion
molecules in thyroid carcinogenesis, suggested that the
circulating TNF-α levels could be used as a prognosticator for
OS in PTC patients [5]. Similar results were obtained from our
study. But Linkov et al. observed that patients with thyroid
disease (23 thyroid cancer and 24 benign thyroid disease)

tended to have lower TNF-α than the reference normal (N=23),
although the difference was not statistically significant [23].
Simonovic et al. also found that TNF-α level in peripheral
blood of differentiated thyroid cancer patients did not change
apparently [24].

IFN-γ can directly affect the immunogenicity and promote the
recognition and elimination of tumor cells. It can destruct
autoimmune thyrocyte through the up-regulation of CD95,
caspase-3, and caspase-8 expression [25]. Chronic low levels
of TNF-α and IFN-γ were found to enhance the capacity of
PTC cell lines to migrate and invade through the SMAD, NF-
κB, AKT/GSK-3β, and JAK/STAT signalling pathways, and
this process coincided with the down regulation of E-cadherin
and up regulation of N-cadherin and vimentin, which are
hallmarks of Epithelial-Mesenchymal Transition (EMT) [6,26].
Kobawala et al. determined serum IL-8 and IFN-α from a total
of 88 individuals of which 19 were healthy individuals, and 69
were patients with thyroid diseases: goitre (N=21),
autoimmune diseases (N=16), and carcinomas (N=32). Both
IL-8 and IFN-α were significantly higher in all the patients as
compared to healthy individuals. Serum IL-8 levels showed
significant positive correlation with disease stage in thyroid
cancer patients. While no significant correlation was observed
between serum IFN-α levels and any of the clinicopathological
parameters [27].

Th2-type cytokines, such as TGF-β and IL-10, secreted by
thyroid cancer cells, are mainly involved in
immunosuppression. TGF-β is a potent immunosuppressive
factor, which can inhibit the proliferation of thyroid cells and
the secretion of immunoglobulin (IgG) M, IgG1, IgG2a, and
IgG3, and stimulate the occurrence of EMT. IL-10 promotes
the expression of anti-apoptotic protein Bcl-2 and Bcl-xL, and
protects tumor cells against the attack of chemotherapeutic
drugs. It can also lead to constitutive activation of the JAK/
STAT pathway, and up-regulate the expression of cFLIPL and
PED, so that make cancer patients unable to respond to the
stimulation of CD95. Elevated IL-10 has been shown to cause
immunosuppression in patients with a variety of cancers
including melanoma, head and neck tumors, pancreatic,
gastric, lung, and breast cancer, by down-regulating the
expression of MHC class I molecules or inhibiting the
activation of T cells [7,28-31]. Vesely et al. measured the
concentrations of IGF-I, HGF, TGFβ1, bFGF, and VEGF in the
serum of 28 patients with thyroid gland tumors (14 adenomas,
14 PTC) and 8 healthy people. They found significantly lower
serum levels of IGF-I in patients with thyroid adenoma
compared to the healthy population. Serum levels of HGF and
bFGF were significantly higher in patients with thyroid
adenoma and papillary carcinoma compared with those in
healthy subjects. Serum concentrations of TGFβ1 and VEGF
were not significantly different in any groups of investigated
subjects. Our results consistently indicated that there was no
significant difference in serum TGF-β level among patients
with thyroid cancer, goiters and healthy controls [32].

In recent years, it was demonstrated that malignant and benign
thyroid conditions are associated with altered expression levels
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of interleukins. In particular, significantly higher levels of IL-6,
IL-7, IL-10, and IL-13, as well as significantly lower levels of
IL-8, were observed in patients with benign and malignant
thyroid cancer compared to controls [29]. In our study, the
levels of serum TNF-α, IFN-γ, and IL-10 in thyroid cancer
patients were higher than those in healthy controls, but there
was no variance between thyroid cancer patients and goiters.

Dissimilarities in results of the reported studies may be related
to the difference in the number of patients studied and in their
distinct pathological characteristics. In order to confirm the
negative results were true negative or due to lack of power, we
performed the power calculation using G*Power 3.1.9.2 [9].
The results showed that CD3+CD4+/CD3+CD8+ ratio, Treg
cells, TNF-α, and IL-10 had relatively stronger test efficiency.
Further analyse indicates that the levels of serum IFN-γ, TNF-
α, IL-10, and TGF-β in patients with thyroid cancer did not
show any correlation with clinicopathological features.
However, ROC curve analysis suggested that TNF-α, TGF-β,
IL-10, and IFN-γ exhibited certain discriminant effects
between healthy controls and thyroid cancer patients (TNF-α:
AUC=0.743, P=0.000; TGF-β: AUC=0.617, P=0.036; IL-10:
AUC=0.662, P=0.004; IFN-γ: AUC=0.607, P=0.057), but they
could not discriminate patients with benign thyroid diseases
from thyroid cancer patients. Among the detected four
cytokines, only the level of serum IL-10 in goiter patients was
higher than that in healthy controls. ROC curves also validated
that IL-10 was a potential marker for distinguishing patients
with goiters from the healthy controls (AUC=0.683, P=0.005).
We next performed a multiple factor set ROC curve analysis
for the four cytokines and lymphocyte subsets. The results
showed that combined detection of cytokines and lymphocyte
subsets exhibited a good ability to distinguish thyroid cancer
patients, goiters, and healthy individuals. This distinguishing
ability was more powerful than those using cytokines or
lymphocyte subsets alone.

There are some limitations in our study. The prominent
problem is the sampling method. The retrospective basis of our
evaluation and lack of randomization engendered selection
bias. We would correct this shortcoming in our on-going work
by using propensity score matching. Certainly, we need to
expand the sample size as much as possible. In this study, we
selected some general markers of lymphocyte subsets and
cytokines to monitor the immune function of thyroid cancer
patients. The existed results motivate us to do more intensive
work. At present, there are some approaches that can
simultaneously detect multiple markers, such BD CBA
(Cytometric Bead Array). These measures can greatly improve
the detection efficiency and accuracy. Therefore, additional
studies are required to widen our understanding to the
complicated immune networks in cancer patients for the
identification of new targets that could lead to improved
diagnosis and treatment.

Conclusion
In conclusion, the results of this study showed that the immune
functions of thyroid cancer patients were impaired, which were

mainly reflected in their higher proportion of Treg cells, but the
complex role of cytokines still needs in-depth study. Combined
detection of cytokines and lymphocyte subsets exhibited a
good ability to distinguish thyroid cancer patients, goiters, and
healthy individuals. These observations stimulated us to focus
on predicting prognosis and assessing clinical outcomes of
patients in the future.
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