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Abbreviations
Abs	� Antibodies
HT	� Hashimoto thyroiditis
IFN-γ	� Interferon gamma
IL	� Interleukin
PHA	� Phytohemagglutinin
PTC	� Papillary thyroid cancer
Tg	� Thyroglobulin
Th1	� T-helper-1
Th17	� T-helper-17
Th2	� T-helper-2
Th9	� T-helper-9
TPO	� Thyroperoxidase

Introduction

As the most common autoimmune thyroid disease, Hashi-
moto thyroiditis (HT) is characterized by massive infil-
tration of the thyroid gland by immune cells, leading to 
destruction of thyroid follicles and hypothyroidism [1]. 
The majority of patients with HT have autoantibodies to 
thyroid antigens: thyroglobulin (TgAbs) and thyroperoxi-
dase (TPOAbs). Low-grade chronic inflammation and an 
imbalance between pro- and anti-inflammatory cytokines 
have been proposed to play roles in the pathogenesis of 
HT. A prevalent T-helper-1 (Th1) and T-helper-17 (Th17) 
[2, 3] type of immune response has been described in 
patients with HT, while protective roles have been shown 
for cytokines produced by T-helper-2 (Th2) and regulatory 
T cells [4, 5].
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Papillary thyroid cancer (PTC) is a common endocrine 
malignancy, with increasing incidence during the past 
decades [6]. This well-differentiated cancer derives from 
thyroid follicular cells and has a very slow growth rate. 
Although it metastasizes at a relatively high frequency, the 
prognosis is favorable [7]. Mutual interactions between 
PTC and immune cells are insufficiently investigated. Pol-
ymorphism of genes for some cytokines in patients with 
PTC has been examined [8, 9] and a possible role for them 
in thyroid cancerogenesis indicated. Recently, we showed 
that PHA-stimulated whole blood cells of patients with 
differentiated thyroid cancer produce significantly higher 
amounts of Th2/Th9 cytokines than controls [10]. Moreo-
ver, Stassi et al. [11] recorded autocrine production of Th2-
type cytokines from thyroid cancer cells.

Although many studies demonstrated co-occurrence of 
HT and PTC, the association between these thyroid condi-
tions remains controversial (reviewed in refs [12–14]). In 
population-based studies, the average prevalence of PTC in 
patients with HT was 1.2 %, while in a surgical series using 
thyroidectomy specimens, the average prevalence was 
27.6 % [12]. Likewise, data in the literature on the impact 
of Hashimoto thyroiditis on the clinical course of thyroid 
cancer are inconsistent. While several studies suggest that 
patients with PTC and associated HT have favorable clin-
icopathologic characteristics and a higher survival rate [15–
18], the results of other studies indicate that HT is not an 
independent prognostic factor [19, 20].

Studies examining cytokine production in patients with 
thyroid cancers accompanied with thyroid autoimmun-
ity are still missing. In one investigation [21], lack of an 
increase in Th1 cytokine production was accompanied by 
enhanced Th2 cytokine secretion in patients with Hashi-
moto thyroiditis with elevated calcitonin levels. The aim 
of our study was to analyze cytokine production patterns 
in patients with papillary thyroid cancer accompanied 
with Hashimoto thyroiditis and to compare it with those in 
patients with papillary thyroid cancer without coexisting 
Hashimoto thyroiditis.

Materials and methods

The study population included 16 patients with PTC and 24 
control subjects. Patients with PTC were divided into two 
groups: 12 PTC patients without coexisting Hashimoto thy-
roiditis (PTC group) and 4 PTC patients with Hashimoto 
thyroiditis (PTC + HT group). PTC was diagnosed histo-
logically, according to the main principles of current WHO 
classification of thyroid tumors [22]. With the exception of 
two patients from the PTC group (T2N0M0 and T1N1M0) 
and one patient from the PTC + HT group (T2N0M0), all 
patients were in the T1N0M0 stage of disease. The mean 

TgAbs and TPOAbs concentrations in PTC + HT patients 
were 118 ±  70.2 and 893 ±  563  IU/ml, respectively. All 
patients with PTC entered this study 4–6 weeks after sur-
gical total thyroidectomy. At the time of inclusion, the 
patients with PTC were hypothyroid after thyroid hormone 
withdrawal. Thyroid-stimulating hormone (TSH) concen-
trations in the PTC and PTC + HT groups of patients were 
as follows: 114 ± 86.1 and 111 ± 64.1 mIU/L, respectively. 
None of the participants had acute infections, chronic 
inflammatory or other conditions that could affect the 
tested parameters. Control subjects were also divided into 
two groups: 12 healthy controls (HC group) and 12 patients 
with newly onset Hashimoto thyroiditis (HT group). All 
individuals were evaluated for thyroid function and thy-
roid antibodies. The mean concentration of TSH in healthy 
controls was 2.1 ± 1.8 mIU/L, and thyroid antibodies were 
negative. Hashimoto thyroiditis was diagnosed on the basis 
of clinical presentation, high levels of antithyroid antibod-
ies (851 ± 1922 IU/ml for TgAbs and 6753 ± 4786 IU/ml 
for TPO Abs) and TSH levels (57.8 ± 40.9 mIU/L). Both 
control groups were composed of subjects that had no acute 
infectious or other disease or condition that could affect 
the tested parameters. After venipuncture, blood samples 
(5 mL) from patients and control subjects were collected in 
tubes (Vacutainer).

The study was planned according to ethical guidelines 
following the Declaration of Helsinki. The institutional 
review committee approved our study protocol according to 
local biomedical research regulations. All patients and con-
trol subjects gave informed consent prior to enrollment in 
the investigation.

Whole blood culture

Whole blood (0.5 ml per subject) was added to 5 ml RPMI-
based complete medium containing fetal bovine serum, 
l-glutamine and phytohemagglutinin (PHA) (GIBCO™ 
PB-MAX™ karyotyping medium, Invitrogen, California, 
USA, lot no 01930 K11) and incubated at 37 °C for 72 h. 
The supernatant was harvested by centrifugation (1400g for 
12 min) and then stored at −20 °C until required.

Cytokine measurements

Cytokines were determined in supernatants obtained from 
whole blood cultures of all patients and control subjects. 
After thawing, the supernatant samples were analyzed with 
multiplex cytokine detection systems for human Th1/Th2/
Th9/Th17/Th22 13plex, FlowCytomix Multiplex (ebiosci-
ence Cat. No. BMS817FF) according to the manufacturer’s 
instructions. All samples were acquired and analyzed on 
a FC500 Beckman Coulter flow cytometer. Collected data 
were evaluated using FlowCytomix™ Pro Software.
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Statistical analysis

All values were expressed as mean ±  standard deviation 
(SD). The commercial SPSS version 10.0 for Windows was 
used for statistical analysis. Student’s t test was employed 
for comparison of paired samples. For non-normal vari-
ables, differences between two independent groups were 
determined by the Mann–Whitney U test, while the Wil-
coxon test was used for dependent groups. The observed 
variables were compared by the bivariate correlation test 
and Spearman coefficient. Probability (P) values <0.05 
were considered to be statistically significant.

Results

We analyzed cytokine production in peripheral blood cells 
from two groups of patients with PTC (with or without 
HT), a group of patients with HT alone and a group of 
healthy control subjects. Cytokine production was meas-
ured in the supernatants of 72-h PHA-stimulated whole 
blood cultures in vitro. The results are shown in Tables 1 
and 2 and Figs. 1, 2 and 3.

The cytokine concentrations in supernatants from PHA-
stimulated whole blood cultures are shown in Table 1.

We noticed that some cytokines had similar patterns of 
production, and so the analyzed cytokines were divided 
into two sets.

Figure  1 gives the concentrations of four cytokines: 
IL-13, IL-4, IL-5 and IL-9. Peripheral blood cells of PTC 
patients accompanied with HT produced more of the fol-
lowing cytokines: IL-13 (p = 0.033), IL-4 (p = 0.047) and 
IL-9 (p =  0.017) than PTC patients without HT. In addi-
tion, production of IL-13 (p = 0.005), IL-5 (p = 0.047) and 
IL-9 (p = 0.010) was significantly higher in PTC patients 
without HT than in healthy subjects. Moreover, PTC 
patients without HT produced more of certain cytokines 
in this set than patients with HT alone, as follows: IL-13 
(p = 0.038) and IL-4 (p = 0.040).

Figure  2 shows the concentrations of four more 
cytokines: IFN-γ, IL-6, IL-17A and IL-10. The PHA-
stimulated peripheral blood cells of PTC  +  HT patients 
produced more IFN-γ (p =  0.016) and IL-6 (p =  0.011) 
than patients with PTC alone. Production of IFN-γ was 
significantly higher in HT patients than in healthy subjects 
(p  =  0.030) and PTC patients without HT (p  =  0.030). 
Significantly more IL-6 was produced by HT patients than 
healthy controls (p = 0.017), while the difference in mean 
IL-6 production between HT and PTC patients without HT 
did not reach statistical significance (p = 0.058).

Table 1   Cytokine concentrations in PHA-stimulated whole blood 
cultures of healthy controls (HC), patients with Hashimoto thyroiditis 
(HT patients), patients with papillary thyroid cancer (PTC patients) 

and patients with papillary thyroid cancer and associated Hashimoto 
thyroiditis (PTC + HT patients)

a   significant difference between HT patients and HC, p = 0.030
b   significant difference between HT patients and HC, p = 0.017
c   significant difference between HT patients and HC, p = 0.005
d   significant difference between PTC patients and HC, p = 0.005
e   significant difference between PTC patients and HC, p = 0.047
f   significant difference between PTC patients and HC, p = 0.010
g   significant difference between PTC patients and HT patients, p = 0.038
h   significant difference between PTC patients and HT patients, p = 0.040
i   significant difference between PTC + HT patients and PTC patients, p = 0.033
j   significant difference between PTC + HT patients and PTC patients, p = 0.047
k   significant difference between PTC + HT patients and PTC patients, p = 0.017
l   significant difference between PTC + HT patients and PTC patients, p = 0.016
m   significant difference between PTC + HT patients and PTC patients, p = 0.011

Cytokine HC (n = 12) x ± SD HT patients (n = 12) x ± SD PTC patients (n = 12) x ± SD PTC + HT patients (n = 4) x ± SD

IL-13 144 ± 171 301 ± 137 609 ± 321d,g 4212 ± 3224i

IL-4 91.6 ± 108 85.9 ± 53.7 181 ± 94.6h 404 ± 221j

IL-5 282 ± 314 440 ± 267 857 ± 613e 1906 ± 1015

IL-9 11.9 ± 20.7 40 ± 24.9 47.7 ± 23.1f 199 ± 167k

IFN-γ 7284 ± 6699 14647 ± 3516a 9916 ± 3699 14521 ± 718l

IL-6 1355 ± 1658 4968 ± 3348b 1897 ± 1651 6038 ± 2288m

IL-17A 1521 ± 1393 3487 ± 2793 2965 ± 1652 3673 ± 458

IL-10 203 ± 198 739 ± 358c 547 ± 752 671 ± 516
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Mean production of IL-17A tended to be higher 
in HT patients and PTC patients with HT than in PTC 
patients without HT, but the differences were not signifi-
cant (p = 0.902 and p = 0.499, respectively). The PHA-
stimulated peripheral blood cells from healthy controls 
produced less IL-10 than all three groups of patients, 
but significantly less only in comparison with the HT 
group (p  =  0.005). The lack of significant differences 
in production of these two cytokines between PTC and 
PTC  +  HT patients might be the consequence of the 

small sample size and high individual variations within 
patient groups.

Cytokine ratios (Th1/Th2) were calculated for each 
healthy control (HC), each patient with Hashimoto thy-
roiditis (HT), each patient with papillary thyroid cancer 
(PTC) and each patient with papillary thyroid cancer and 
associated Hashimoto thyroiditis (PTC + HT). Mean val-
ues for each group are shown in Table 2. There were sta-
tistically significant differences for Th1/Th2 ratios between 
HT patients and healthy controls (IFN-γ/IL-5, p =  0.011 

Table 2   Mean values (X ± SD) of Th1/Th2 cytokine ratios for healthy controls (HC), patients with Hashimoto thyroiditis (HT), patients with 
papillary thyroid cancer (PTC) and patients with papillary thyroid cancer accompanied with Hashimoto thyroiditis (PTC + HT)

a   HT versus HC, IFN-γ/IL-4, p = 0.011
b   HT versus HC, IFN-γ/IL-13, p = 0.045
c   PTC + HT versus HT, IFN-γ/IL-5, p = 0.023
d   PTC + HT versus PTC, IFN-γ/IL-6, p = 0.037
e   PTC + HT versus HT, IFN-γ/IL-13, p = 0.020

Th1/Th2 HC (n = 12) (X ± SD) HT (n = 12) (X ± SD) PTC (n = 12) (X ± SD) PTC + HT (n = 4) (X ± SD)

IFN-γ/IL-4 39.16 ± 45.23 134.46 ± 70.16a 72.59 ± 62.65 50.38 ± 40.02

IFN-γ/IL-5 22.93 ± 23.38 40.57 ± 17.34 19.18 ± 14.55 10.40 ± 7.93c

IFN-γ/IL-6 5.78 ± 3.70 6.18 ± 6.28 10.79 ± 7.96 2.75 ± 1.37d

IFN-γ/IL-10 31.37 ± 23.91 22.44 ± 6.92 45.14 ± 33.31 29.37 ± 15.11

IFN-γ/IL-13 24.89 ± 27.85 59.58 ± 30.08b 23.60 ± 17.46 6.77 ± 7.21e

Fig. 1   Mean concentrations of IL-4, IL-5, IL-13 and IL-9 secreted 
by PHA-stimulated whole blood cultures from healthy control sub-
jects (HC, n  =  12) and patients with Hashimoto thyroiditis (HT, 

n = 12) or papillary thyroid cancer (PTC, n = 12) or both papillary 
thyroid cancer and Hashimoto thyroiditis (PTC + HT, n = 4)
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and IFN-γ/IL-13, p  =  0.045), PTC  +  HT patients and 
HT patients (IFN-γ/IL-5, p  =  0.023 and IFN-γ/IL-13, 
p  =  0.020) and PTC  +  HT patients and PTC patients 
(IFN-γ/IL-6, p = 0.037).

The results of this study are summarized in Fig. 3.

Discussion

The aim of this study was to evaluate cytokine production 
patterns in patients with PTC accompanied with HT and to 
compare it with those in patients with PTC alone. Cytokine 

Fig. 2   Mean concentrations of IFN-γ, IL-6, IL-17A and IL-10 
secreted by PHA-stimulated whole blood cultures from healthy con-
trol subjects (HC, n =  12) and patients with Hashimoto thyroiditis 

(HT, n = 12) or papillary thyroid cancer (PTC, n = 12) or both papil-
lary thyroid cancer and Hashimoto thyroiditis (PTC + HT, n = 4)

Fig. 3   An overview of 
cytokine productions and Th1/
Th2 cytokine ratios in PHA-
stimulated blood cells from 
healthy controls, patients with 
Hashimoto thyroiditis (HT), 
patients with papillary thyroid 
cancer (PTC) and patients 
with papillary thyroid cancer 
and associated Hashimoto 
thyroiditis (PTC + HT). In 
patients with HT, the produc-
tion of IFN-γ, IL-6 and IL-10 
were increased, with marked 
shift toward Th1 immunity 
(Th1/Th2). In patients with 
PTC, the production of IL-13, 
IL-5 and IL-9 were increased, 
without a marked shift toward 
Th2 immunity (Th1/Th2). In 
patients with PTC + HT, the 
production of IL-13, IL-5, IL-9, 
IFN-γ and IL-6 were increased, 
with marked shift toward Th2 
immunity (Th1/Th2)

Healthy controls
IL-13, IL-4, IL-5, IL-9

IFN-γ, IL-6, IL-17A, IL-10

PTC patients
↑IL-13, IL-4, ↑IL-5, ↑IL-9
IFN-γ, IL-6, IL-17A, IL-10

PTC+HT patients
↑IL-13, IL-4, ↑IL-5, ↑IL-9
↑IFN-γ, ↑IL-6, IL-17A, IL-10

HT patients
IL-13, IL-4, IL-5, IL-9

↑IFN-γ, ↑IL-6, IL-17A,↑IL-10

Th1/Th2

Th1/Th2

Th1/Th2

Th1/Th2
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concentrations were measured in the supernatants of PHA-
stimulated whole blood cultures in vitro. We used PHA 
as a strong nonspecific stimulant to obtain relatively high 
cytokine levels to enable detection of any differences in 
their profiles. We showed that blood cells of PTC patients 
associated with HT produced significantly higher amounts 
of Th2/Th9 cytokines (IL-4, IL-6, IL-9 and IL-13) and the 
Th1 cytokine, IFN-γ, than blood cells from patients with 
PTC alone.

According to the secretion profile, the examined 
cytokines were divided into two sets. The first consisted 
of four Th2/Th9 cytokines (IL-13, IL-4, IL-5 and IL-9), 
where secretion was higher in PTC patients with accompa-
nying HT than in PTC patients without HT, while patients 
with PTC alone produced more of these cytokines than 
healthy controls. The second set of cytokines included 
the Th1 cytokine, IFN-γ, the Th17 cytokine, IL-17A and 
two Th2 cytokines: IL-6 and IL-10, where production was 
also higher in patients with PTC+HT than in PTC patients 
without HT, but the HT patients produced more of these 
cytokines than healthy subjects. It seems that coexistence 
of HT and PTC contributed to the increase in production of 
cytokines from both groups.

This is the first study showing elevated production 
of Th2/TH9 cytokines in patients with PTC accompa-
nied with autoimmune HT when compared to patients 
without concomitant autoimmune thyroiditis. Recently, 
we recorded that peripheral blood cells of patients with 
differentiated thyroid cancers produce more Th2/Th9 
cytokines than healthy controls [10]. The role of Th2/
Th9 responses in tumor immunity and immunosurveil-
lance has not been sufficiently examined. While it is 
generally accepted that Th2 cytokines downregulate 
cell-mediated immunity, providing a microenvironment 
conducive to disease progression [23, 24], some studies 
indicate a protective role for them in anti-tumor immunity 
[25]. Namely, it was shown that tumor-specific CD4+ T 
lymphocytes with a Th2 cytokine profile can remove an 
established melanoma metastasis in lungs [26]. Low-
grade chronic inflammation and imbalance between pro- 
and anti-inflammatory cytokines have been proposed to 
play a role in the pathogenesis of HT, with prevalence of 
Th1 and Th17 [2, 3] types of immune response. Th1/Th2 
cytokine ratios in our patients with Hashimoto thyroiditis 
indicate a marked shift toward Th1-type immunity. But, 
we have demonstrated here that inflammatory conditions 
associated with Hashimoto thyroiditis additionally aug-
ment the production of Th2/Th9 cytokines in peripheral 
blood cells of PTC patients. Th1/Th2 cytokine ratios cal-
culated in this study indicate that Hashimoto thyroidi-
tis contributes to a marked shift toward the Th2 type of 
immune response in patients with papillary thyroid can-
cer. Our results are in agreement with those of Schuetz 

et al. [21] who found increased Th2 cytokine production 
in patients with Hashimoto thyroiditis with elevated calci-
tonin levels. The higher calcitonin levels were caused by 
hyperplasia of thyroid C cells. It is important to note that 
C cell hyperplasia may precede the occurrence of medul-
lary thyroid cancer [27].

In addition, we found that PHA-stimulated blood cells 
of PTC patients with accompanying HT produced sig-
nificantly more of the Th1 cytokine, IFN-γ, and the Th2 
cytokine, IL-6, than PTC patients without HT. The primary 
cellular source of IFN-γ is CD4+ Th1 lymphocytes, but 
other cells can also produce IFN-γ (for example, CD8+ 
cytotoxic lymphocytes, natural killer cells, NKT cells, B 
cells, dendritic cells and macrophages) (reviewed in ref: 
[28]). It was earlier shown that IFN-γ may contribute to 
autoimmune pathology, including Hashimoto thyroiditis 
[29]. Regarding tumor immunity, it is generally accepted 
that IFN-γ has an important role in tumor immunosur-
veillance, but there are studies suggesting that under cer-
tain circumstances it may have pro-tumorigenic effects 
(reviewed in ref: [30]). The biological activity of IFN-γ 
is conventionally associated with cytostatic/cytotoxic and 
anti-tumor mechanisms during cell-mediated immune 
responses. IFN-γ has been used in therapy of a variety of 
malignancies, but the results have been mixed and side 
effects can be severe (reviewed in Ref. [30, 31]). In a 
clinical study, Hossain et  al. [32] showed that expression 
of IFN-γ in peripheral mononuclear cells of patients with 
thyroid cancer (with and without PMA/ionomycin stimula-
tion) was not significantly different from IFN-γ expression 
in cells of healthy controls. However, functional profiling 
of cell subpopulations revealed a markedly impaired ability 
of CD8+ T cells from thyroid cancer patients to produce 
IFN-γ following nonspecific in vitro stimulation, suggest-
ing possible immune exhaustion of these cells in patients 
with active disease. We found no difference in production 
of IFN-γ between patients with thyroid cancer and healthy 
controls [10]. If thyroid cancer patients have impaired cyto-
toxic T cell function [32], the increase in production of 
IFN-γ in those with accompanying HT might indicate that 
the autoimmune condition could be beneficial.

IL-6 is a pleiotropic cytokine involved in the regulation 
of diverse physiological and pathological processes [33]. 
Together with transforming growth factor beta (TGF-β), 
IL-6 preferentially induces differentiation of Th17 cells, 
but inhibits differentiation of Treg cells. This results in an 
immunological imbalance between Treg and Th17 sub-
sets, which is believed to be an important pathological 
mechanism in the development of autoimmune and chronic 
inflammatory diseases [33, 34]. Polymorphism of the gene 
for IL-6, in association with other genes for cytokines, has 
been suggested to contribute to susceptibility to Hashimoto 
thyroiditis [35]. Although it is classified in the Th2 cytokine 
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group, IL-6 can be secreted by many other cell types. Thus, 
IL-6 production was shown for thyroid follicular cells and 
intrathyroid inflammatory cells [36, 37]. Elevated serum 
IL-6 in patients with HT has also been observed [38, 39]. 
On the other hand, IL-6 has already been attributed a pos-
sible role in the regulation of growth, progression and 
metastasis of malignant tumors [40, 41]. Zhang et al. [42] 
observed that a lack of IL-6 completely ablated pancreatic 
cancer progression, while in another study, it was recorded 
that serum IL-6 concentration could be a useful prognostic 
indicator for survival in patients with lung cancer [43].

Production of IFN-γ and IL-6 in PTC +  HT patients 
was approximately equal to that in HT patients. However, 
if we take into account the finding that antithyroid anti-
body concentrations were several times higher in HT than 
in PTC +  HT patients, it seems that coexistence of PTC 
and autoimmune HT contributes to the additional increase 
in production of these two cytokines. The increase in IL-6 
seems to be especially interesting, because the IFN-γ/IL-6 
ratio was significantly lower in PTC + HT patients, indi-
cating a marked shift toward Th2 immunity in PTC patients 
with autoimmune HT.

The Th17 type of immune response with IL-17 produc-
tion occurs in patients with autoimmune diseases, includ-
ing HT [3]. In addition, a correlation between chronic 
lymphocytic infiltration of PTC, including Th17 cells, and 
improved outcome or less aggressive disease was observed 
recently [20, 44]. In our study, peripheral blood cells from 
all three patient groups tended to produce more IL-17A 
than those from healthy controls, but the differences were 
not statistically significant.

PHA-stimulated blood cells of HT patients secreted 
more IL-10 than controls. This result is consistent with ear-
lier findings of augmented production of the anti-inflamma-
tory cytokine IL-10 in patients with autoimmune diseases 
[45, 46]. IL-10 inhibits secretion of Th1-cytokines [47], but 
not Th2-cytokines. After generation of a pro-inflammatory 
immune response, IL-10 may contribute to limitation of 
inflammation deleterious to the host [48].

If we accept that the Th1/Th17 type of response is 
dominant in patients with HT [2, 3], one might expect that 
coexistence of autoimmune HT in patients with PTC leads 
to enhanced production of Th1 and/or Th17 cytokines. 
Indeed, our results indicate that autoimmune conditions 
contribute to elevated production of IFN-γ (a Th1 type of 
cytokine) and IL-17A (a Th17 type of cytokine), although 
the difference in IL-17A levels did not attain statistical sig-
nificance. Nevertheless, autoimmune HT in PTC patients 
led to significantly enhanced production of IL-4, IL-6, IL-9 
and IL-13 (Th2/Th9 cytokines).

Our results indicate that, in response to a nonspecific 
stimulus, peripheral blood cells of PTC patients with 

accompanying HT are directed to produce more Th1/Th2/
Th9 cytokines than those from PTC patients without HT. 
However, we cannot yet conclude about the cytokine pro-
files in the PTC microenvironment or the potential signifi-
cance of these findings. If we assume that in vitro produced 
cytokines reflect the cytokine production patterns of the 
immune cells present in the thyroid microenvironment, 
this would be only part of a very complex picture. Namely, 
tumor-associated inflammation can induce diverse mol-
ecules expressed by the tumors themselves or surrounding 
cells to create a microenvironment that potentially inhibits 
or promotes cancer development [49–53].

Some studies indicate a favorable clinical course in 
patients with PTC and associated HT [15–18], while oth-
ers failed to find a connection [19, 20]. Although our 
research was not designed to analyze associations of any 
individual cytokine or groups of cytokines with the clini-
cal course of PTC, we will try to discuss it briefly. One 
possibility is that the Th2/Th9 type of immune response 
has a protective role in tumor surveillance and anti-tumor 
immunity against PTC, as has been shown in studies with 
some other tumor types [25, 26]. Another possibility is 
that the favorable clinical course in patients with PTC and 
associated HT occurs as a result of the action of numerous 
other cytokines released in the autoimmune microenviron-
ment of the thyroid cancer, not only the Th2/Th9 type. In 
this regard, IFN-γ, shown to be increased in our study, 
could have a role. Finally, factors outside the immune sys-
tem might be responsible for the favorable clinical course 
in patients with PTC and associated HT. Namely, expres-
sion of some molecules or gene rearrangements possibly 
associated with tumorigenesis occurred in similar rela-
tive amounts in patients with PTC and patients with HT 
(reviewed in ref [12]).

In conclusion, autoimmune HT was found to affect the 
cytokine profile in patients with PTC by stimulating secre-
tion of Th1-/Th2-/Th9-type cytokines. Th1/Th2 cytokine 
ratios in PTC patients with associated autoimmune HT 
indicate a marked shift toward Th2 immunity. As most 
cytokines might have many contradictory functions in 
tumor immune surveillance and tumor immunity, addi-
tional studies are needed to determine the significance of 
these findings.
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