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Purpose. We hypothesized that innate immune response pathways might be involved in thyroid carcinogenesis. To investigate this
hypothesis, we aimed at analyzing the expression of several receptors and molecules in the innate immune system in papillary
thyroid carcinoma (PTC) and anaplastic thyroid carcinoma (ATC) tissues.Methods. Of the surgically resected specimens, 11 ATC
tissues, 25 PTC tissues, and 8 nodular hyperplasia (NH) tissues were selected and examined for the expression of toll-like receptor
(TLR) 2, TLR3, TLR4, TLR5, TLR7, TLR9, the myeloid differentiation primary response gene 88 (MyD88), and toll-interleukin-1
receptor domain-containing adaptor inducing INF-β (TRIF) by immunohistochemistry (IHC). Results. Several TLRs were
expressed in each tissue. TLR3 was strongly expressed in all tissues. In contrast, TLR4 was not detected in any tissues. While TLR5
was moderately expressed in NH but significantly reduced in PTC and ATC, TLR9 was absent in NH tissue but moderately
expressed in both PTC and ATC. On MyD88 expression, no significant difference was found between PTC and ATC. TRIF was
significantly upregulated in PTC and ATC compared to NH. Surprisingly, PTC and ATC tissues exhibited similar expression
patterns of TLRs, MyD88, and TRIF. Conclusion. (ese data suggest the involvement of the innate immune system in both PTC
and ATC. Specifically, TLR3-mediated TRIF activation was confirmed in PTC and ATC. (is provides new insight into
thyroid carcinogenesis.

1. Introduction

Innate immune responses begin with the recognition of
microbial components or endogenous molecules released
from damaged cells by pattern-recognition receptors, such
as toll-like receptors (TLRs) [1–3]. To date, a total of 10
human and 13 murine TLRs have been identified [1–3].
TLRs are expressed on various immune cells, such as
dendritic cells (DCs) and macrophages, as well as nonim-
mune cells, including epithelial cells [1–3]. Signal trans-
duction by TLRs is carried out via two major downstream
pathways: the myeloid differentiation primary response gene

88- (MyD88-) dependent and toll-interleukin-1 receptor
domain-containing adaptor inducing INF-β- (TRIF-) de-
pendent pathways. (ese pathways ultimately activate
transcription factors, such as nuclear factor kappa B (NF-κB)
or interferon regulatory factor 3 (IRF3), resulting in the
production of various proinflammatory cytokines and type I
interferon (IFN) [1–3]. It is currently accepted that chronic
inflammation, such as via persistent infection, can promote
carcinogenesis. Specifically, persistent infection with Heli-
cobacter pylori, hepatitis B or C virus, or human papillo-
mavirus increases the risk of gastric, hepatic, and cervical
cancer, respectively [4–6]. Recent research has focused on
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the relationship between TLRs and different types of car-
cinoma, such as ovary [7, 8], esophagus [9, 10], lung [11–13],
stomach [14], breast [15], colon [16, 17], and many other
organs [18–20].

Carcinomas of the thyroid include papillary thyroid
carcinoma (PTC), accounting for nearly 90% of all thyroid
carcinomas with a favorable prognosis, and anaplastic
thyroid carcinoma (ATC), representing only a small per-
cent of all thyroid carcinomas with low survival rate
[21, 22]. While the 10-year survival rate of PTC is 95%, a
minority of cases have an aggressive course with recurrence
and metastases [22, 23]. In addition to infection, the
thyroid gland is sensitive to radiation, which may con-
tribute to persistent inflammation of the thyroid. Radiation
exposure at ≤18 years of age is a strong risk factor for
thyroid cancer, and the risk increases linearly with the dose
[24, 25]. Recent studies suggest that TLR agonists and
antagonists reduce radiation damage and are more pro-
tective with fewer side effects than traditional radiopro-
tective drugs [25–30]. (erefore, TLRs are radioprotective
candidates against ionizing radiation.

Based on these findings, we hypothesize that TLRs are
related to radiation-induced thyroid carcinogenesis. In this
study, we analyzed the expressions of TLR2, TLR3, TLR4,
TLR5, TLR7, TLR9, MyD88, and TRIF by immunohisto-
chemistry (IHC) to determine whether there is an associ-
ation between thyroid carcinoma and innate immune
responses. In addition, we compared these innate immune
responses in PTC and ATC tissues.

2. Materials and Methods

2.1. Patients andTissue Samples. A total of 703 thyroid tissue
specimens, including cancerous and nodular hyperplasia
(NH), were collected by surgical resection at the Department
of Surgery, Toho University Omori Medical Center (Tokyo,
Japan), between 2001 and 2019. Of the specimens, 11 ATC
tissues were diagnosed histologically. To avoid any bias, 25
PTC tissues were randomly selected, and 8 NH tissues were
used as a noncancerous control. Of the PTC samples, one
case coexisted with Hashimoto’s thyroiditis. PTC samples
were classified using the TMN staging system [31] as follows:
stage I (n� 19), stage II (n� 3), stage III (n� 2), and stage
IVb (n� 1). Patient characteristics are summarized in
Table 1.

2.2. Immunohistochemistry. A polymer-based detection
technique was used to prevent endogenous avidin and
biotin activity in the thyroid gland epithelium [32]. All
samples were formalin-fixed and paraffin-embedded. Tis-
sue sections were deparaffinized in xylene and then
rehydrated with a gradient ethanol series. For antigen
retrieval, sections were treated in Target Retrieval Solution
(TRS), pH 9 (Nichirei Biosciences, Inc., Tokyo, Japan), in a
water bath at 98°C for 40min. Slides were then cooled at
room temperature and washed in phosphate-buffered sa-
line (PBS). Next, the sections were treated with 0.3% H2O2
in methanol for 10min, washed in PBS, and then incubated

with primary antibodies for 60min at room temperature.
Sections were then washed in PBS twice and incubated with
horseradish peroxidase-labeled polymer solution (Nichirei
Biosciences, Inc., Tokyo, Japan) for 30min at room tem-
perature. Antigen visualization was performed using 3,3-
diaminobenzidine tetrahydrochloride (DAB; Dojindo
Laboratories, Kumamoto, Japan). Finally, sections were
counterstained with hematoxylin, dehydrated with ethanol,
and mounted.

2.3. Antibodies. Antibodies specific for TLR2 (ab213676),
TLR3 (ab62566), and TRIF (ab13810) were from Abcam.
Antibodies specific for TLR4 (HPA049174), TLR5
(HPA015573), TLR7 (HPA059613), and TLR9 (HPA004731)
were from Sigma-Aldrich. Antibodies specific for MyD88
(sc-136970) were from Santa Cruz Biotechnology.

2.4. Data Scoring Methods. Immunohistochemical expres-
sion of TLRs was scored by two independent pathologists
following a previously described scoring system
[10, 11, 14, 15, 33, 34]. Staining intensity was scored as
follows: 0, no staining; 1, weak staining; 2, moderate
staining; and 3, intense staining. If there was a discrepancy
between the scores of both pathologists, a third pathologist
scored the tissues to gain consensus.(e staining proportion
was scored as the percentage of the positive cell area
(0–100%). (e overall IHC score was calculated by multi-
plying the intensity score by the percentage of positive
staining, resulting in values ranging from 0 to 300.

2.5. Statistical Analysis. Statistical analyses were performed
using a bell curve in Excel (Social Survey Research Infor-
mation Co., Ltd. Tokyo, Japan). IHC scores were compared
between groups using Kruskal-Wallis and Steel-Dwass
tests. p values <0.05 were considered statistically significant.

3. Results

3.1. TLR Expression in PTC, ATC, and NH Tissues. We ob-
served weak TLR2 staining in NH but moderate staining in
PTC and ATC tissues (Figures 1(a)–1(f)).

However, the IHC score was only significantly higher in
PTC compared to NH (p< 0.001) (Figure 1(g)).

NH, PTC, and ATC tissues exhibited strong TLR3
staining in the cytoplasm or partially in the nucleus
(Figures 2(a)–2(f)). (e IHC expression score was signifi-
cantly higher in PTC compared to ATC (p< 0.05)
(Figure 2(g)). In contrast, we did not observe TLR4 ex-
pression in the NH, PTC, or ATC tissues, except for
mononuclear cells present in the stroma (Figures 3(a)–3(f)).
Moderate TLR5 expression was found in NH tissues in the
cytoplasm or partially in the nucleus (Figures 4(a)–4(f)).
TLR5 expression and the IHC score were significantly re-
duced in PTC and ATC compared to NH (p< 0.001 and
p< 0.05, respectively) (Figure 4(g)). TLR7 expression was
virtually undetectable in NH and relatively weak in PTC and
ATC (Figures 5(a)–5(f)). However, the IHC score was
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Table 1: Characteristics of patients.

PTC (n� 25)
Age 24–76 years (median: 48 years)
Sex Female: 15; male: 10
Tumor size (mm) 5–150 (average: 27.1)
Number of positive nodes 0–24 (average: 4.24)
Stage (UICC/TMN) Stage I (19); stage II (3); stage III (2); stage IV (1)
ATC (n� 11)
Age 51–85 years (median: 73 years)
Sex Female: 5; male: 6
NH (n� 8)
Age 22–68 years (median: 60 years)
Sex Female: 3; male: 5
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Figure 1: Representative images of TLR2 expression in NH, PTC, and ATC. HE: hematoxylin and eosin staining; IHC: immunohisto-
chemistry; NH: nodular hyperplasia; PTC: papillary thyroid carcinoma; ATC: anaplastic thyroid carcinoma. Scale bar: 50 μm. (a) HE of NH.
(b) Weak intensity of IHC for TLR2 in NH. (c) HE of PTC. (d) Moderate intensity of IHC for TLR2 in PTC. (e) HE of ATC. (f ) Moderate
intensity of IHC for TLR2 in ATC. (g) TLR2 IHC scores in NH, PTC, and ATC. (e IHC score was only significantly higher in PTC
compared to NH (p< 0.001). ∗∗p< 0.001.
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significantly upregulated in ATC compared to NH
(p< 0.001) (Figure 5(g)). Moderate cytoplasmic TLR9
staining was observed in PTC and ATC but not NH
(Figures 6(a)–6(f)). (e IHC score was significantly upre-
gulated in PTC and ATC compared to NH (p< 0.001 and
p< 0.05, respectively) (Figure 6(g)).

3.2. Expression of Downstream TLR-Signaling Molecules in
PTC, ATC, and NH Tissues. We observed prominent brown
pigmentation in the colloid that mimics the strong MyD88
staining on thyroid gland epithelium. However, only weak
positivity ofMyD88 was observed in NH andmoderate staining
in PTC and ATC (Figures 7(a)–7(f)). (e IHC score was
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Figure 2: Representative images of TLR3 expression in NH, PTC, and ATC. All tissues exhibited strong TLR3 staining within the cytoplasm
or partially in the nucleus. HE: hematoxylin and eosin staining; IHC: immunohistochemistry; NH: nodular hyperplasia; PTC: papillary
thyroid carcinoma; ATC: anaplastic thyroid carcinoma. Scale bar: 50 μm. (a) HE of NH. (b) High intensity of IHC for TLR3 in NH. (c) HE of
PTC. (d) High intensity of IHC for TLR3 in PTC. (e) HE of ATC. (f ) High intensity of IHC for TLR3 in ATC. (g) TLR3 IHC scores in NH,
PTC, and ATC. (e IHC expression score was significantly higher in PTC compared to ATC (p< 0.05). ∗p< 0.05.
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significantly higher in PTC compared to NH (p< 0.05)
(Figure 7(g)). Similarly, we observed weak positivity of TRIF in
NHandmoderate staining in PTCandATC (Figures 8(a)–8(f)),
with a significantly higher IHC score in PTC and ATC com-
pared toNH (p< 0.001 andp< 0.05, respectively) (Figure 8(g)).

4. Discussion

In this study, we found differential expression of TLRs in
NH, PTC, and ATC tissues. Furthermore, TRIF was sig-
nificantly upregulated in both carcinoma tissues compared
to the noncarcinoma control. (ese results suggest that
innate immune responses may be involved in thyroid
carcinogenesis.

TLR9 expression was significantly increased in both PTC
and ATC but absent in NH. TLR2 and TLR7 were also
observed in PTC and ATC, although TLR7 expression was
low. In contrast, we observed moderate expression of TLR5
in NH and downregulation in both PTC and ATC.

MyD88 was also significantly upregulated in PTC
compared to NH. However, no significant differences were
found between NH and ATC and between PTC and ATC.
All TLRs, except for TLR3, initiate MyD88-dependent sig-
naling. Although we observed almost identical TLR ex-
pression patterns in these carcinoma tissues, the
contribution of TLRs to the MyD88-dependent pathway in
PTC and ATC remains unclear, and more complicated
mechanisms may occur following TLR signaling and acti-
vation of the MyD88-dependent pathway.

Interestingly, we observed a significant upregulation of
TRIF in PTC and ATC compared with NH. TLR3 was
strongly expressed in NH, PTC, and ATC tissues. In con-
trast, no cancer tissues expressed TLR4. Consistent with our
findings, previous reports demonstrate overexpression of
TLR3 in human normal thyroid gland epithelium, PTC
tissues, and the PTC cell line [21, 35]. As the TRIF-de-
pendent pathway is activated via TLR3 or TLR4, upregu-
lation of TRIF in PTC and ATC results in TLR3 activation.

Takemura et al. [28] demonstrated that total body ir-
radiation of mice specifically activated TLR3 on crypt epi-
thelial cells in the small intestine, which exacerbated severe
intestinal injury through the TRIF pathway. Moreover,
TlR3-/- mice were resistant to this type of injury. Radiation
is a strong risk factor for thyroid cancer [24, 25], which may
directly or indirectly stimulate TLRs by releasing molecules
from injured cells. (erefore, radiation may cause chronic
damage in the thyroid tissue via activation of TLRs, con-
tributing to carcinogenesis. We hypothesize that TLR3 may
be a candidate sensor for radiosensitivity, resulting in ac-
tivation of the TRIF-dependent pathway; however, this
hypothesis needs to be fully explored.

Harii et al. [35] demonstrated TLR3 overexpression in
human thyrocytes isolated from patients with the autoim-
mune thyroid disease Hashimoto’s thyroiditis. Although
several studies have investigated the link between Hashi-
moto’s thyroiditis and thyroid carcinoma, the results are still
controversial [36, 37]. In our sample, we found only one case
of Hashimoto’s thyroiditis in a patient with PTC as described

(a) (b) (c)

(d) (e) (f )

Figure 3: Representative images of TLR4 expression in NH, PTC, and ATC. No expression was detected, except for mononuclear cells
present in the stroma. HE: hematoxylin and eosin staining; IHC: immunohistochemistry; NH: nodular hyperplasia; PTC: papillary thyroid
carcinoma; ATC: anaplastic thyroid carcinoma. Scale bar: 50 μm. (a) HE of NH. (b) No expression of IHC for TLR4 in NH. (c) HE of PTC.
(d) No expression of IHC for TLR4 in PTC. (e) HE of ATC. (f ) No expression of IHC for TLR4 in ATC.
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in “Materials and Methods.” (erefore, we could not de-
termine the relationship between autoimmunity and thyroid
carcinoma in the present study.

In addition to viral double-stranded RNA (dsRNA),
TLR3 can recognize self-nucleic acids released upon cell
death [38]. Activation of the TRIF-dependent pathway re-
sults in the activation of IFN-regulatory factor-3 (IRF-3) and
release of several inflammatory cytokines and type I IFN
[1, 2, 39]. (erefore, blocking DAMPs (e.g., derived from
radiation-injured cells) detected by TLR3 may be a more

specific treatment than using conventional TLR3 antagonists
and may inhibit TRIF or IRF-3 activation or release of TRIF-
dependent cytokines and IFNs.

Some cases of PTC have recurrence and may become
life-threatening. However, the vast majority of PTC cases in
this study were in the early stage (76% were stage I using
TMN classification) because of a paucity of aggressive cases.
(erefore, we predicted that PTC and ATC tissues would
exhibit different TLR expression patterns due to the distinct
clinicopathological features. However, TLR, TRIF, and
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Figure 4: Representative images of TLR5 expression in NH, PTC, and ATC. Moderate TLR5 staining was identified in NH in the cytoplasm
or partially in the nucleus. Reduced expression was observed in PTC and ATC. HE: hematoxylin and eosin staining; IHC: immuno-
histochemistry; NH: nodular hyperplasia; PTC: papillary thyroid carcinoma; ATC: anaplastic thyroid carcinoma. Scale bar: 50 μm. (a) HE of
NH. (b) Moderate intensity of IHC for TLR5 in NH. (c) HE of PTC. (d) Weak intensity of IHC for TLR5 in PTC. (e) HE of ATC. (f ) Weak
intensity of IHC for TLR5 in ATC. (g) TLR5 IHC scores in NH, PTC, and ATC.(e IHC scores were significantly reduced in PTC and ATC
compared to NH (p< 0.001 and p< 0.05, respectively). ∗∗p< 0.001 and ∗p< 0.05.
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MyD88 expressions were similar in both cancer tissues.
McCall et al. [21] Previously compared the expression of
TLR3 and noncanonical Wnt5a between PTC and ATC cell
lines and found that the noncanonical, and not canonical,

Wnt pathway contributes to PTC. Based on this study, other
pathways, such as the Wnt pathway, may contribute to the
transformation of PTC into ATC. Further studies are needed
to investigate this distinct mechanism.
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Figure 5: Representative images of TLR7 expression in NH, PTC, and ATC. TLR7 expression was virtually undetectable in NH and weak in
PTC and ATC. HE: hematoxylin and eosin staining; IHC: immunohistochemistry; NH: nodular hyperplasia; PTC: papillary thyroid
carcinoma; ATC: anaplastic thyroid carcinoma. Scale bar: 50 μm. (a) HE of NH. (b) No expression of IHC for TLR7 in NH. (c) HE of PTC.
(d) Quit weak intensity of IHC for TLR7 in PTC. (e) HE of ATC. (f ) Quit weak intensity of IHC for TLR7 in ATC. (g) TLR7 IHC scores in
NH, PTC, and ATC. (e IHC score was significantly upregulated in ATC compared to NH (p< 0.001). ∗∗p< 0.001.
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Figure 6: Representative images of TLR9 expression in NH, PTC, and ATC. TLR9 staining was absent in NH. Moderate cytoplasmic
expression was observed in PTC and ATC. HE: hematoxylin and eosin staining; IHC: immunohistochemistry; NH: nodular hyperplasia;
PTC: papillary thyroid carcinoma; ATC: anaplastic thyroid carcinoma. Scale bar: 50 μm. (a) HE of NH. (b) No expression of IHC for TLR9 in
NH. (c) HE of PTC. (d) Moderate intensity of IHC for TLR9 in PTC. (e) HE of ATC. (f ) Moderate intensity of IHC for TLR9 in ATC. (g)
TLR9 IHC scores in NH, PTC, and ATC. (e IHC scores were significantly upregulated in PTC and ATC compared to NH (p< 0.001).
∗∗p< 0.001.
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Figure 7: Representative images of MyD88 expression in NH, PTC, and ATC. Brown pigmentation was prominent in the colloid. Weak
MyD88 expression was observed in NH, and moderate expression was detected in PTC and ATC. HE: hematoxylin and eosin staining; IHC:
immunohistochemistry; NH: nodular hyperplasia; PTC: papillary thyroid carcinoma; ATC: anaplastic thyroid carcinoma. Scale bar: 50 μm.
(a) HE of NH. (b) Weak intensity of IHC for MyD88 in NH. (c) HE of PTC. (d) Moderate intensity of IHC for MyD88 in PTC. (e) HE of
ATC. (f ) Moderate intensity of IHC for MyD88 in ATC. (g) MyD88 IHC scores in NH, PTC, and ATC. (e IHC score was significantly
higher in PTC compared to NH (p< 0.05). ∗p< 0.05.
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Figure 8: Representative images of TRIF expression in NH, PTC, and ATC. Weak TRIF expression was observed in NH, and moderate
expression was detected in PTC and ATC. HE: hematoxylin and eosin staining; IHC: immunohistochemistry; NH: nodular hyperplasia;
PTC: papillary thyroid carcinoma; ATC: anaplastic thyroid carcinoma. Scale bar: 50 μm. (a) HE of NH. (b) Weak intensity of IHC for TRIF
in NH. (c) HE of PTC. (d) Moderate intensity of IHC for TRIF in PTC. (e) HE of ATC. (f ) Moderate intensity of IHC for TRIF in ATC. (g)
TRIF IHC score values in NH, PTC, and ATC. (e IHC scores were significantly higher in PTC and ATC compared to NH, respectively
(p< 0.001 and p< 0.05, respectively). ∗∗p< 0.001 and ∗p< 0.05.
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5. Conclusion

Some TLRs were expressed in PTC and ATC. Furthermore,
TRIF, one of the essential molecules in the two major
downstream TLR signaling pathways, was upregulated in
both PTC and ATC compared to NH. Together, our data
suggest that innate immune responses may contribute to
thyroid tumorigenesis. Specifically, our data suggest acti-
vation of the TRIF-dependent pathway by TLR3 in thyroid
carcinoma, which may be an essential receptor for radiation
damage.
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