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Abstract: In the tumor microenvironment coexisting with Hashimoto’s thyroiditis (HT), cytokines secreted by the
tumor cells, stroma cells, or immune cells play a critical role in the regulation of tumor growth, invasion, and me-
tastasis. The present study aims to understand cytokine production from cancerous tissues (CT), para-cancerous
tissues (PT), and serum in patients with papillary thyroid carcinoma (PTC) with or without accompanying HT. Using
a multiplexed human cytokine assay, we found that nine cytokines, including Interleukin-lalpha (IL-1a), Interleukin-
1beta (IL-1B), Interleukin-12p70 (IL-12p70), Interleukin-8 (IL-8), Interferon-inducible protein-10 (IP-10), Monocyte
chemoattractant protein-1 (MCP-1), Macrophage inflammatory protein-lalpha (MIP-1c), Macrophage inflamma-
tory protein-1beta (MIP-1B), and soluble E-selectin (sE-Selectin), showed significantly higher expression in para-
cancerous tissues of HT*PTC compared with HTPTC (P<0.05). In addition, H&E staining showed immune cell infil-
tration in PT but not in CT. Moreover para-cancerous tissues of HT*PTC patients produced more Interferon-alpha
(IFN-a) (P=0.048) and Interferon-gamma (IFN-y) (P=0.004) compared with cancerous tissues, and production of
Intercellular cell adhesion molecule-1 (ICAM-1) was significantly higher in CT than PT both in HT*PTC (P=0.001) and
HTPTC (P=0.012) patients. To conclude, autoimmune HT was found to affect the cytokine profiles in patients with
PTC by stimulating secretion of Th1-type cytokines and chemokines, but further studies are needed to determine
the significance of these findings and to reveal the exact mechanism of the interactions between chemokines and
cytokines in the pathogenesis of HT and PTC.
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Introduction about the relationship between these diseases
has continued since Dailey first proposed it in

Hashimoto’s thyroiditis (HT) is the most fre- 1955 [2].

quent autoimmune disease and is character-

ized by a cellular immune response with lym- The connection between a chronic inflammato-

phatic infiltration of the thyroid gland by T and B
cells, as well as a humoral immune response
leading to specific antibody production of thyro-
globulin (TgAb) and thyroperoxidase (TPOAb)
and destruction of thyroid follicles.

Thyroid cancer is the most common endocrine
malignancy and papillary thyroid carcinoma
(PTC) accounts for 85% to 90% of cases.
Moreover, the incidence of PTC has increased
3-fold over the last 3 decades [1] and a parallel
increase in the incidence of autoimmune thy-
roid diseases such as HT has been observed.
Because coexistence of HT and PTC in the thy-
roid gland is often found in the clinic, debate

ry immune response and tumorigenesis has
been extensively investigated during the past
decade and some mechanisms have been elu-
cidated, such as the association between viral
hepatitis B or C and liver cancer and between
Crohn’s disease and colon cancer. Likewise, a
retrospective Chinese cohort study showed
that PTC with HT was associated with increased
prevalence of multi-focal disease and capsular
invasion [3], suggesting the need to further
analyze the thyroid microenvironment of HT.

In the tumor microenvironment coexisting with
HT, cytokines secreted by the tumor cells, stro-
ma cells, or immune cells play a critical role in
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Figure 1. Representative hematoxylin and eosin-stained sections of cancerous tissues and para-cancerous tissues
(40%x magnification). A. Cancerous tissue (HT*PTC): few immune cells; B. Para-cancerous tissue (HT*PTC): immune
cells infiltrated into para-cancerous tissues with distinct lymphoid follicular (LF) growth; C. Cancerous tissue (HT
PTC): very few infiltrated immune cells; D. Para-cancerous tissue (HTPTC): almost no infiltrated immune cells.

the regulation of tumor growth, invasion, and
metastasis. The present study aims to under-
stand cytokine production from cancerous tis-
sues (CT), para-cancerous tissues (PT), and
serum in patients with PTC with or without
accompanying HT.

Materials and methods
Patient selection

This study was approved by the local ethical
committees and all patients provided informed
consent before blood collection and surgery.
Patients who were diagnosed with PTC, irre-
spective of accompanying HT, and underwent
thyroidectomy or lobectomy between May 2016
and October 2016 at the Department of Head
and Neck Surgery, Sir Run Run Shaw Hospital,
were identified as eligible for the study. After
the operation, histological diagnosis of PTC and
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HT was confirmed by two experienced patholo-
gists from the Department of Pathology of the
same hospital.

The patients involved in this study met the fol-
lowing criteria: no previous thyroid surgery,
pregnancy, infection, other autoimmune dis-
ease, or other malignancies at the time of the
investigation. All patients were selected ran-
domly. Finally, 22 patients were enrolled in the
study: 11 women and 10 men aged from 24 to
67 years with average age of 43. Patients with
PTC were divided into two groups: PTC patients
with Hashimoto’s thyroiditis (HT*PTC group, 13
patients) and PTC patients without coexisting
Hashimoto’s thyroiditis (HTPTC group, 9 pati-
ents). Because the tumor sizes in some enrolled
patients were too small for analysis, we exam-
ined 18 cancerous tissues and serum samples
(12 HT*PTC, 6 HTPTC).

Int J Clin Exp Pathol 2017;10(9):9567-9574
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Table 1. Cytokine concentrations in para-cancerous tissues of

Statistical analysis

PTC patients with or without Hashimoto thyroiditis and differ-

ences between the two groups

Data were analyzed by SPSS soft-

ware version 23.0 (SPSS, Inc.,

Cytokine HT*PTC (n=13) x £+ SD HTPTC (n=9) x £+ SD Value of P . o

ICAM-1 76012.5 + 22340.5 75850.7 + 32882.2  0.989 Chicago, IL, USA). Stat'St'.C alanal
yses were performed using the t

IFN-y 3.7+18 22zx14 0.064 test. Quantitative data are dis-

IFN-o 1.8+0.5 1.6+£0.6 0.382 played as the mean and standard

IL-1a 174 £5.2 9.8+36 0.001 deviation (SD). Differences with

I-1B 25.2+74 2117 0.001 p values <0.05 were defined as

IL-12p70 6.8+3.2 42+1.9 0.026 statistically significant.

IL-8 190.1 + 68.0 104.7 £ 41.2 0.003

IP-10 518.0 £ 168.9 265.6 + 65.5 0.001 Results

MCP-1 3097.7 + 1244.2 2109.4 + 653.0 0.026 Abundant immune cells infiltrat-

MIP-1a 83.7£19.8 475+ 18.9 0.001 ed into para-cancerous tissues

MIP-1B 432.2 + 164.8 223.8+118.7 0.004 of HT*PTC patients

sE-Selectin 7792.5 +2219.0 4100.1 + 1677.3 0.001

Sample preparation

Serum and tissue samples were collected from
each patient. Specifically, for serum sample
preparation, fasting blood samples were col-
lected 1 day before operation and the blood
was allowed to clot for 20-30 min at 20-25°C.
The clotted blood samples were centrifuged at
1000x%g for 10 min at 20-25°C and the serum
fraction was collected and stored at -80°C. For
tissue sample preparation, papillary thyroid
carcinoma tissues and para-cancerous tissues
(2 cm from cancerous tissues), which were con-
firmed to contain no cancer cells by two experi-
enced pathologists, were collected during sur-
gery and immediately placed in liquid nitrogen
until analysis.

Hematoxylin-eosin staining

Thyroid carcinoma tissues and nearby normal
tissues were sent immediately to the Depa-
rtment of Pathology. Tissues were fixed in 10%
neutral buffered formalin at 4°C overnight,
dehydrated, and embedded in paraffin. Section
slides were stained with hematoxylin-eosin
(H&E) for pathological diagnosis [4].

Cytokine quantification

Cytokine levels in tissue homogenates and
serum were measured using the Procarta Plex
Multiplex Immunoassay kit (Affymetrix, eBiosci-
ences, USA) according to the user manual. This
multiplexed protein measurement used mag-
netic bead technology from Luminex to mea-
sure concentrations of ICAM-1, IFN-y, IFN-q,
I-1a, IL-1B, IL-12p70, IL-8, IP-10, MCP-1, MIP-
1a, MIP-18, and sE-Selectin.
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H&E staining results showed that
immune cells only infiltrated into
the para-cancerous tissues and not the cancer-
ous tissues in HT*PTC patients. Furthermore,
some lymphoid germinal centers, which can
often be seen as secondary lymphoid follicles
(LF), were observed in the adjacent non-neo-
plastic parenchyma of PTC patients with severe
HT (Figure 1A and 1B). No immune cells could
be found in para-cancerous tissues and can-
cerous tissues of HTPTC patients by optical
microscopy (Figure 1C and 1D).

Increased levels of IL-1a, IL-18, IL-12p70, IL-8,
IP-10, MCP-1, MIP-1a, MIP-13, and sE-Selectin
in para-cancerous tissues of HT*PTC patients

Levels of 12 cytokines in cancerous tissues,
para-cancerous tissues, and serum from PTC
patients with or without HT were analyzed. The
level of 9 cytokines (IL-1«, IL-183, IL-12p70, IL-8,
IP-10, MCP-1, MIP-1«, MIP-1j3, and sE-Selectin)
in para-cancerous tissues was significantly
higher (P<0.05) in HT*PTC patients than in
HTPTC patients (Table 1; Figure 2); however,
there was no difference (P>0.05) between the
two groups for cytokine levels in cancerous tis-
sues and serum, which might be explained by
the small sample size and high inter-individual
variation among patients.

Differences in cytokine levels between cancer-
ous tissues and para-cancerous tissues of
HT*PTC and HTPTC groups

Para-cancerous tissues of HT'PTC patients
produced more IFN-a (P=0.048) and IFN-y
(P=0.004) compared with cancerous tissues.
In addition, production of ICAM-1 was signifi-
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Figure 2. Higher expression levels of (A) IL-1«, (B) IL-1B, (C) IL-:12p70, (D) IL-8, (E) IP-10, (F) MCP-1, (G) MIP-1«, (H)
MIP-1 and (l) sE-Selectin in para-cancerous tissues of PTC patients with HT compared with those without HT (t-test,

*P<0.05, **P<0.01, ***P<0.001).

cantly higher in cancerous tissues than para-
cancerous tissues both in HT'PTC (P=0.001)
and HTPTC (P=0.012) patients (Figure 3; Table
2).

Discussion

Cytokines are multifunctional cell signaling
molecules that are produced in response to
inflammation, infection, and cellular trauma [5,
6]. They may affect the cells they were secreted
from, other cells nearby, or even influence the
whole body. These actions play a significant
role in maintaining homeostasis via complex
interactions of the nervous, endocrine, and
immune systems [7, 8]. In addition, cytokines
are thought to mediate the origination and
perpetuation of autoimmune thyroid disease,
especially Hashimoto’s thyroiditis. Moreover,
some cytokines have a close correlation with
the initiation and progression of cancer [9, 10].
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It is traditionally assumed that the immune
functional imbalance between T-helper 1 cell
(Th1) and T-helper 2 cell (Th2) leads to tumor
growth. In the report of Phenekos, the preferen-
tial expression of IL-2, IFN-y, IL-12, and IL-18, a
Th1 pattern of immune response, which is char-
acteristic of cellular immunity, is dominant in
HT. In the same way, our study showed that the
HT*PTC patients presented higher levels of
I-1a, IL-1B, and IL-12p70, which are also Thl
pattern cytokines, in para-cancerous tissues
compared with HTPTC patients (P=0.001,
P=0.001, P=0.026, respectively). The preferen-
tial expression of IL-12 can promote CD4'T lym-
phocytes to differentiate into Th1 cells. IL-1 has
been found to stimulate thyroid cell prolifera-
tion and modify thyroid epithelial tightness by
altering the expression, localization, and orga-
nization of junction proteins, confirming the
important role played by IL-13 in the process of

Int J Clin Exp Pathol 2017;10(9):9567-9574
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Table 2. Cytokine concentrations in cancerous tissues and para-cancerous tissues of PTC patients
with or without Hashimoto thyroiditis and differences between cancerous tissues and para-cancerous

tissues
PTC with HT PTC without HT
Cytokine  Cancerous Tissue Para-cancerous Tissue Cancerous Tissue Para-cancerous Tissue
(n=12) x + SD (n=13) x + SD Value of P g« SD (n=9) x + SD Value of P

ICAM-1 228184.8 + 62529.1 76012.5 + 22340.5 0.001 211812.7 + 89759.9 75850.7 + 32882.2 0.012
IFN-y 1.9+0.8 3.9+20 0.004 23+0.7 22+1.4 0.974
IFN-at 1.4+0.4 1.8+0.5 0.048 1.5+0.3 1.6+ 0.6 0.770
I-1a 21.7 +11.7 18.2+9.4 0.415 19.0+13.6 10.9+6.1 0.136
1B 18.6+19.1 252+ 7.4 0.261 10.9 + 10.5 21+1.7 0.094
I-12p70 5.6+ 1.4 6.8+3.2 0.218 5.8+2.1 42+1.9 0.144
-8 289.2 + 173.2 190.1 + 68.0 0.085 191.1 + 105.1 104.7 + 41.2 0.103
IP-10 414.4 + 272.7 518.0 + 168.9 0.261 317.9+193.1 265.6 + 65.5 0.548
MCP-1 2257.6 £ 1024.2 3097.7 + 1244.2 0.080 2308.5 + 810.0 2109.4 + 653.0 0.607
MIP-1a 97.5 + 26.8 83.7+19.8 0.153 148.8 + 171.6 475+ 18.9 0.208
MIP-1B 628.9+702.3 432.2 +164.8 0.362 384.6 +235.3 223.8 +118.7 0.168
sE-Selectin  6783.0 + 2984.7 7792.5 + 2219.0 0.345 6763.0 + 2831.6 4100.1 + 1677.3 0.038

carcinogenesis [11, 12]. However, IL-1p plays a
role in suppressing proliferation and reducing
the invasive potential of human PTC cells [13].
We think this conflict actually accord with the
clinical findings: PTC coexisting with HT is
strongly associated with tumor multifocality,
the absence of extrathyroidal extension, ab-
sence of lymph node metastasis, and high
recurrence-free survival rates [14].

It has been suggested that E-selectin is related
to the mechanism of neoplastic progression
and metastasis [15]. Some investigators have
reported a strong association between E-
selectin expression and the presence of extra-
thyroidal extension [16], which correlated with
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the features of HT. Chronic inflammation prob-
ably contributes to tumor generation through
increasing the secretion of E-selectin.

Chemokines are a family of small cytokines or
signaling proteins that act as chemo-attrac-
tants to guide cell migration. Chemokines are
functionally divided into two groups: one is the
homeostatic chemokine, which is produced in
certain tissues and is responsible for basal leu-
kocyte migration; the other is the inflammatory
chemokine (IL-8, IP-10, MCP-1, MIP-1&, MIP-
1), which is produced under pathological con-
ditions (or pro-inflammatory stimuli such as IL-1
or viruses) and actively participates in the
inflammatory response by attracting immune
cells to the site of inflammation.

Int J Clin Exp Pathol 2017;10(9):9567-9574
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According to the arrangement of Cysteine on
N-terminal amino acid, IL.-8 and IP-10 are mem-
bers of the CXC chemokine supergene family
that attract neutrophils to the sites of inflam-
mation [17], and MCP-1, MIP-1¢, MIP-13 belong
to the CC chemokine supergene family that
attract monocytes and macrophages to the
sites of inflammation [18]. Thus, MCP-1, MIP-
1a, and MIP-13 were considered to induce
monocytes to leave the bloodstream and enter
thyroid tissues of PTC patients with HT to
become tissue macrophages [19]. In addition,
IL-8 and IP-10 induce neutrophils in HT*PTC
patients, followed by inflammatory response
and tissue damage [20].

In our research, mean production levels of che-
mokines (IL-8, IP-10, MCP-1, MIP-1&, MIP-1()
tended to be higher in thyroid para-cancerous
tissues of HT'PTC patients compared with
HTPTC (P=0.003, P=0.001, P=0.026, P=0.001,
P=0.001, respectively). Some researchers indi-
cated that IP-10 might be a marker of host
immune response due to a significant increase
of IP-10 in Hashimoto’s thyroiditis tissue speci-
mens [21, 22], Visciano et al. proposed that
IL-8 promoted thyroid carcinoma generation
and angiogenesis [23]. Besides, the previous
study revealed the effect of MIP-1 and MCP-1
on the development of autoimmune diseases,
which was in agreement with our present work.
These cytokines have been found in synovio-
cytes in rheumatoid arthritis and were thought
to play a role in recruiting monocytes to joint
inflammation (Villiger, 1992) [24]. Kemp con-
firmed expression of MCP-1, MIP-1a, MIP-1j3,
and IP-10 in all Hashimoto’s disease and most
Graves’ disease thyroid specimens, whereas
very little expression was detected in non-auto-
immune goiter samples [25]. Although the pres-
ent research indicated a high expression of
these chemokines in patients with HT, their
association with papillary thyroid carcinoma
remains unknown.

The expression of ICAM-1 produced by thyroid
cells can be enhanced by IL-1 [11], consistent
with our experimental results. Buitrago et al.
[26] showed that ICAM-1 was upregulated in
PTC at the levels of both gene and protein
expression. Moreover, this upregulated expres-
sion correlated with aggressive tumor features
such as BRAF V60OE mutation, extrathyroidal
extension, and lymph node metastasis. The
biological activity of IFN-y is conventionally
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linked to cytostatic and cytotoxic and antitumor
mechanisms during the cell-mediated immune
response [27]. Regarding tumor immunity, it is
generally accepted that IFN-y has an important
role in tumor immune surveillance. In our study
higher expression of INF-y in para-cancerous
tissue in HT'PTC indicated that the autoim-
mune condition might be beneficial for the host
to surveille and constrict the tumor growth.

In conclusion, autoimmune HT was found to
affect the cytokine profiles in patients with PTC
by stimulating the secretion of Thl-type cyto-
kines and chemokines. As most cytokines
appear to have contradictory functions in tumor
immune surveillance and autoimmunity, the
exact regulatory mechanisms of cytokines and/
or chemokines between HT and PTC remain
unclear. Further studies are needed to deter-
mine the significance of these findings and
elucidate the interaction between chemokines
and cytokines in the pathogenesis of PTC coex-
isting with HT.
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