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ABSTRACT
Toll-like receptors (TLRs) are immunological receptors recognizing various microbial and endogenous ligands,
such as DNA, RNA, and other microbial and host components thus activating immunological responses. The
expression of TLRs in esophageal adenocarcinoma is not well known. The aim of this study was to evaluate
expression patterns of those TLRs that sense nucleic acids in Barrett’s esophagus with and without dysplasia and
in esophageal adenocarcinoma. TLRs 3, 7 and 8 were stained immunohistochemically and evaluated in a cohort
of patients with esophageal adenocarcinoma or dysplasia. Specimens with normal esophagus (n D 88), gastric
(n D 67) or intestinal metaplasia (n D 51) without dysplasia, and low-grade (n D 42) or high-grade dysplasia
(nD 37) and esophageal adenocarcinoma (nD 99) were studied. We used immunofluorescence to confirm the
subcellular localization of TLRs. We found abundant expression of TLR3, 7 and 8 in esophageal squamous
epithelium, columnar metaplasia, dysplasia and adenocarcinoma. Cytoplasmic expression of TLR3, TLR7 or TLR8
did not associate to clinicopathological parameters or prognosis in esophageal cancer. High nuclear expression
of TLR8, confirmed with immunofluorescence, in cancer cells was observed in tumors of high T-stage (p< 0.01)
and in tumors with organ metastasis (p < 0.001). High nuclear TLR8 expression was associated with poor
prognosis (p< 0.001). The expression of TLR3, TLR7 and TLR8 increased toward dysplasia and adenocarcinoma.
We demonstrated nuclear localization of TLR8, which associates with metastasis and poor prognosis. TLR3 and
TLR7 do not seem to have prognostic significance in esophageal adenocarcinoma.
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Introduction

TLRs are innate immune receptors, which have unique antigen-
recognition domains. TLR3 and the members of the TLR9 sub-
family (TLRs 7, 8 and 9) specifically recognize different types
DNA and RNA.1

Chronic inflammation and infection can affect carcinogene-
sis by altering cytokine and chemokine expression which regu-
late for example angiogenesis and metastasis.2 In addition to
immune cells, TLRs are found in epithelial cells and fibroblasts.
Epithelial cells can thus regulate the inflammatory response to
luminal microbes and endogenous danger signals by TLR-
mediated activation.3 The common adapter protein for TLRs,
MyD88, has been shown to mediate inflammation via TLRs,
but also affect Ras-MAPK signaling, cell-cycle control and
malignant transformation.4

TLR9, which recognizes CpG-oligodeoxynucleotides, has
been associated with survival in esophageal squamous cell
carcinoma and adenocarcinoma.5,6 Stimulation of TLR9
induced invasion of esophageal cancer cells and its expres-
sion increases in metaplasia–dysplasia sequence.7,8 No pub-
lished information, however, on TLRs 3, 7 or 8 in esophageal
adenocarcinoma could be found. In an esophageal squamous
cell carcinoma study by Sheydihin et al., increased TLR7
expression was associated with invasion to adventitia and

worse histological grade. In the same study TLR3 correlated
with cancer invasion to adventitia and lymph node metasta-
sis.9 The current knowledge on TLRs in esophageal epithe-
lium and esophageal cancer is summarized in a recent
review.10

The aim of this study was to assess the expression of TLRs 3,
7 and 8 in different stages of esophageal metaplasia–dysplasia–
adenocarcinoma sequence as well as associations between TLR
3, 7 and 8 expression and clinicopathological variables or sur-
vival in patients with esophageal adenocarcinoma.

Results

Expression of TLR3, TLR7 and TLR8 in esophageal
epithelium, Barrett’s esophagus, dysplasia and cancer

TLR3, TLR7 and TLR8 were expressed epithelial cells in normal
and metaplastic esophagus (Fig. 1; Table 1). In all of the lesions,
the pattern of TLR expression was mainly cytoplasmic, with
occasional nuclear expression of TLR3 and TLR8. Nuclear
staining of TLR3 was found in 76 of 88 (86%) samples of nor-
mal epithelium and 81 of 99 (82%) cancers, and of TLR8 in 34
of 88 (39%) normal epithelium and 32 of 99 (32%) cancers.
Nuclear localization of TLR8 was further verified with confocal
microscopy of immunofluorescence staining, as shown in
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Fig. 2. For TLR3, the nuclear localization could not be verified
(data not shown).

TLR3 was expressed in 70/88 (79.5%) of normal epithelia, 63/
67 (94%) of gastric metaplasia, 46/51 (90.2%) of intestinal meta-
plasia, 37/42 (88.1%) of low-grade dysplasia, 32/37 (86.5%) of
high-grade dysplasia and 92/99 (92.9%) of adenocarcinomas. As
we can see from Table 1, TLR3 histoscore increased from normal
epithelium toward low-grade dysplasia and was significantly
higher in all other lesions when compared to normal squamous
epithelium. TLR3 histoscore was the highest in low-grade dys-
plasia and cancer, followed by high-grade dysplasia. TLR3 histo-
score was also significantly higher in intestinal metaplasia,
dysplasia and cancer, when compared to gastric-type metaplasia.
The results are summarized in Table 1 and Fig. 1.

TLR7 was expressed in all (100%) of the lesions assessed,
usually in all cells, however with varying intensity. The TLR7
histoscore was significantly higher in all other lesions compared
to normal esophageal epithelium. Low- and high-grade

dysplasia expressed the highest amount of TLR7, difference in
comparison with non-dysplastic epithelial types being signifi-
cant (Fig. 1; Table 1).

Similar to TLR7, TLR8 was also expressed in all (100%) of
the lesions assessed with percentage of around 100% for all
lesions. TLR8 histoscore increased from normal epithelium and
gastric metaplasia toward intestinal metaplasia and dysplasia,
which had the highest TLR8 histoscore. Nuclear expression of
TLR8 varied highly among the lesions, with the lowest mean
expression in normal esophagus and the highest mean expres-
sion in low-grade dysplasia. The expression patterns are sum-
marized in Fig. 1 and Table 1.

TLR3, TLR7 and TLR8 expression, clinicopathological
variables and survival in esophageal adenocarcinoma

TLR3 or TLR7 expression in cancer tissue was not associ-
ated to clinicopathological parameters (Table 2.) or

Figure 1. Examples of typical expression patterns of TLR3, TLR7 and TLR8. (A)–(C) representing the same sample with normal epithelium (NE), low-grade dysplasia (LGD),
high grade dysplasia (HGD) and adenocarcinoma (CA) marked in (A). Gradual increase is found through normal epithelium–metaplasia–dysplasia sequence. (D)–(F) show
intestinal type metaplasia (top), normal epithelium (middle) and adenocarcinoma (bottom). Intestinal metaplasia in TLR3, 7 show basal polarization, whereas TLR8 is
expressed more diffusely. Expression pattern of all studied TLRs in adenocarcinoma is diffuse extending homogenously throughout the cell cytoplasm with no apparent
basal polarization. (G)–(I) show intestinal metaplasia (left) and gastric type metaplasia (right). Gastric metaplasia presented a strong polarized staining to the basal cyto-
plasm in all studied TLRs. Magnifications 6£ and 20£ were used.
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prognosis (data not shown). TLR8 histoscore was signifi-
cantly higher in inoperable tumors when compared to oper-
atively treated tumors (Table 2). Nuclear expression of
TLR8 associated strongly to higher T stage and presence of

distant metastases (Table 3) and thus, to short survival
(p < 0.01) in univariate analysis, but not in multivariate
analysis (Fig. 3). TLR3 nuclear expression did not show any
clinical associations (data not shown).

Table 1. Baseline characteristics of TLR3, 7 and 8 expression in normal esophageal squamous epithelium and in different esophageal lesions. Intensity was assessed with a
4-point scale from negative (0) to strong intensity (3). The extent of the staining was expressed as percentage of positive cells and positive cell nuclei (0–100%). Histoscore
is counted by multiplying intensity with the percentage of positive cells (0–300) Values are presented as mean, median and interquartile range (IQR). Statistically signifi-
cant differences are shown for histoscores and nuclear TLR expression. Letters are placed to indicate the lesion with higher TLR expression in each comparison.

Histoscore Histoscore Histoscore Statistical Nuclei Statistical
TLR3 mean median IQR significance mean median IQR significance

Normal epithelium 65 80 45 68 80 54 b
Gastric metaplasia 85 80 35 a 59 70 55
Intestinal metaplasia 110 90 68 ab 65 75 40
Low-grade dysplasia 133 100 120 ab 72 85 30 b
High-grade dysplasia 119 100 78 ab 61 80 80
Adenocarcinoma 139 100 100 abc 70 90 45 bc

TLR7
Normal epithelium 105 100 5 —
Gastric metaplasia 139 135 105 a —
Intestinal metaplasia 205 200 100 ab —
Low-grade dysplasia 253 268 100 abc —
High-grade dysplasia 266 300 50 abce —
Adenocarcinoma 224 250 150 abc —
TLR8
Normal epithelium 112 100 5 19 0.0 29
Gastric metaplasia 129 100 55 19 10 35
Intestinal metaplasia 183 200 138 ab 26 10 60
Low-grade dysplasia 227 244 100 abce 31 0.0 60
High-grade dysplasia 225 250 150 abce 23 0.0 60
Adenocarcinoma 189 200 150 ab 23 0.0 55

acompared to normal epithelium, p< 0.05
bcompared to gastric metaplasia, p < 0.05
ccompared to intestinal metaplasia, p < 0.05
dcompared to low-grade dysplasia, p< 0.05
ecompared to adenocarcinoma, p < 0.05

Figure 2. Positive TLR8 nuclear expression in immnohistochemistry (A), immunofluorescence photomicrograph obtained by confocal microscopy (B) and DNA-specific TO-
PRO2 as a positive control (C). Negative TLR8 nuclear expression in immunohistochemistry (D) and immunofluorescence (E). Nuclei are visible with DNA-specific TO-PRO2
staining (F). Magnification of 40x was used.

ONCOIMMUNOLOGY e1127495-3



Discussion

In this study, we demonstrate widespread expression of TLR3,
TLR7 and TLR8 in normal, metaplastic and dysplastic esoph-
ageal epithelium as well as esophageal adenocarcinoma.
Expression of TLR3, TLR7 and TLR8 showed variable patterns
of increase during progression form normal squamous epithe-
lium to columnar metaplasia, dysplasia and adenocarcinoma.
Nuclear expression of TLR8 associated to distant metastases
and poor cancer prognosis. These findings indicate that in
addition to flagellin sensing TLR511 and bacterial DNA sensing
TLR9,7 also other nucleotide sensing TLRs are involved in
pathogenesis and progression of Barrett’s esophagus.

TLR3 recognizes viral RNA and nucleotides from necrotic
tissues.12 We could confirm the presence of TLR3 expression in
normal esophageal squamous epithelium.13 Novel finding is the
increased expression of TLR3 along with development of
columnar metaplasia and dysplasia in Barrett’s esophagus.
However, we could not see any significant difference between
non-dysplastic intestinal metaplasia and dysplasia suggesting
that TLR3 expression does not serve as a marker of dysplasia.

Pathogenetic significance of increased TLR3 expression in
Barrett’s dysplasia remains speculative. It has been shown, that
in esophageal cell cultures necrotic epithelial cells induce a
TLR3-mediated proinflammatory effect involving upregulation
of interleukin-8 and NFkB,14 both of which have been sug-
gested to play role in development and progression of Barrett’s
esophagus.15 Role of TLR3 in gastrointestinal malignancies is
largely unexplored. In our study of esophageal adenocarci-
noma, TLR3 expression showed no association with prognosis
or clinicopathological variables. In gastric cancer, high expres-
sion of TLR3 has been shown to associate with poor progno-
sis.16 Similarly, in esophageal squamous cell carcinoma
increased TLR3 expression associated with occurrence of

lymph node metastases.9 Accordingly, the role of TLR3 as a
prognostic factor in different types of carcinoma seems to be
inconstant, and could be related both with characteristics of the
local microbiome and the epithelial cell type.

Single-stranded RNAs of viral origin are the best character-
ized ligands of TLR7.17 Based on our results, TLR7 is expressed
in normal squamous epithelium as reported by Sheydihin

Table 2. The relationships between TLR3, 7 and 8 histoscores compared to clinicopathological variables in esophageal adenocarcinoma.

TLR3 histoscore n (%) TLR7 histoscore n (%) TLR8 histoscore n (%)

Variable n/N (%) Weak Strong p Weak Strong p Weak Strong p

pT
T1–2 29/94 (31) 5 (29) 24 (31) 0.887 9 (22) 20 (38) 0.100 12 (27) 17 (35) 0.400
T3–4 65/94 (69) 12 (71) 53 (69) 32 (78) 33 (62) 33 (73) 32 (65)
Lymph nodes
Negative 35/94 (37) 7 (41) 28 (36) 0.710 14 (34) 21 (40) 0.586 14 (31) 21 (43) 0.239
Positive 59/94 (63) 10 (59) 49 (64) 27 (66) 32 (60) 31 (69) 28 (57)
Organ metastases
Negative 63/94 (67) 13 (77) 50 (65) 0.360 27 (66) 36 (68) 0.832 33 (73) 30 (61) 0.212
Positive 31/94 (33) 4 (23) 27 (35) 14 (34) 17 (32) 12 (27) 19 (39)
Grade
1 29/93 (31) 2 (12) 27 (36) 0.209 10 (24) 19 (37) 0.385 9 (20) 20 (42) 0.088
2 22/93 (24) 4 (24) 18 (24) 10 (24) 12 (24) 11 (24) 11 (23)
3 42/93 (45) 11 (65) 31 (41) 22 (52) 20 (39) 25 (56) 17 (35)
Stage
I 13/94 (14) 3 (18) 10 (13) 0.895 4 (10) 9 (17) 0.672 4 (9) 9 (18) 0.194
II 37/94 (39) 6 (35) 31 (40) 17 (42) 20 (38) 21 (47) 16 (33)
III 13/94 (14) 3 (18) 10 (13) 7 (17) 6 (11) 8 (18) 5 (10)
IV 31/94 (33) 5 (29) 26 (34) 13 (32) 18 (34) 12 (27) 19 (39)
Tumor resection
Inoperable 28/99 (28) 6 (33) 22 (27) 0.599 11 (26) 17 (30) 0.601 5 (11) 23 (43) <0.001
Operable 71/99 (72) 12 (67) 59 (73) 32 (74) 39 (70) 41 (89) 30 (57)
Tumor size
Small (<40mm) 38/92 (41) 6 (38) 38 (42) 0.734 13 (33) 25 (48) 0.133 15 (33) 23 (49) 0.129
Large (�40mm) 54/92 (59) 10 (63) 44 (58) 27 (68) 27 (52) 30 (67) 24 (51)

Table 3. Association of presence of nuclear TLR8 expression and clinicopathologi-
cal variables in esophageal adenocarcinoma. Significant p values are shown in
bold.

Nuclear TLR8 expression

Variable
pT n/N (%)

Absent
N (%)

Present
N (%) p

T1–2 29/94 (31) 25 (40) 4 (13) 0.008
T3–4 65/94 (69) 38 (60) 27 (87)
Lymph nodes
Negative 35/94 (37) 27 (43) 8 (26) 0.108
Positive 59/94 (63) 36 (57) 23 (74)
Organ metastases
Negative 63/94 (67) 51 (81) 12 (39) <0.001
Positive 31/94 (33) 12 (19) 19 (61)
Grade
1 29/93 (31) 20 (32) 9 (29) 0.448
2 22/93 (24) 17 (27) 5 (16)
3 42/93 (45) 25 (40) 17 (55)
Stage
I 13/94 (14) 13 (21) 0 (0) <0.001
II 37/94 (39) 29 (46) 8 (26)
III 13/94 (14) 9 (14) 4 (13)
IV 31/94 (33) 12 (19) 19 (61)
Tumor resection
Inoperable 28/99 (28) 5 (8) 23 (66) <0.001
Operable 71/99 (72) 59 (92) 12 (34)
Tumor size
Small (<40mm) 38/92 (41) 26 (41) 12 (41) 0.992
Large (�40mm) 54/92 (59) 37 (59) 17 (59)
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et al.9 Throughout the esophageal adenocarcinoma carcinoge-
netic sequence, expression increased toward high-grade dyspla-
sia. Due to overlap of histoscores between non-dysplastic
columnar metaplasia and dysplasia, TLR7 seems not to be an
optimal diagnostic tool, however. We found increased TLR7
expression in esophageal adenocarcinoma as compared with
normal mucosa, but no association with characteristics or prog-
nosis of cancer was seen. Oncological significance of TLR7 is
controversial. Sheydihin et al. showed that TLR7 associated
with worse histological grade in esophageal squamous cell car-
cinoma.9 In cervical squamous carcinoma cells, activation of
TLR7 increased expression of a variety of inflammatory media-
tors.18 In summary, role of TLR7 expression and activation in
esophageal adenocarcinoma remains unclear.

TLR8 binds viral single-stranded RNA or small interfering
RNA and recruits NF-kappaB via MyD88 and is mainly
involved in viral infections.19,20 In our study, cytoplasmic TLR8
was present in normal squamous epithelium and expression
increased along with progression of Barrett’s esophagus to dys-
plasia. Highest expression of TLR8 was present in high-grade
dysplasia. In esophageal adenocarcinoma, we demonstrated
higher TLR8 expression in inoperable tumors. These findings
suggest that cytoplasmic TLR8 plays a role in carcinogenesis of
Barrett’s esophagus.

Interestingly, in addition to widespread cytoplasmic expres-
sion consistent with document endosomal localization of
TLR8, we found TLR8 expression localized to cell nuclei in
about one third of the cases. Using the freely available NucPred
tool, which predicts the nuclear localization of proteins, we
obtained a score of 0.88.21 This suggests that it is highly likely
that TLR8 protein translocates to the nucleus. The finding was
confirmed by immunofluorescence analysis with confocal
microscopy (Fig. 2). Nuclear expression was seen all epithelial
types including both normal squamous epithelium and

different esophageal lesions, highest expression rates being seen
in low-grade dysplasia. Interestingly, abundance of nuclear
TLR8 expression was associated with advanced stage, presence
of organ metastasis and shorter survival, suggesting that such
subcellular localization has a pathogenetic role and prognostic
significance.

Intracellular trafficking of TLR ligands and endosomal TLRs
are poorly understood and there are no previous reports on
nuclear expression of TLR8. We speculate, that viral infections
may possibly affect normal cellular homeostasis and activate
aberrant trafficking of TLR8 to the nucleus.22 Another link
with both nuclear localization and role of such localization in
the progression and prognosis of cancer might be related with
the role of microRNAs as endogenous ligands of human TLR8.
It has been suggested that interaction of TLR8 and such ligands
modifies tumor microenvironment and is involved in the for-
mation of metastasis.23 Although most miRNAs are present in
both nucleus and cytoplasm, some mainly colocalize with
nuclear structures such as transcription factors.24 Of the
miRNA ligands of TLR823 miR-21 and let-7b can locate both in
nucleus and cytoplasm, while miR-29a is mainly cytoplasmic.24

Clearly, more studies are needed to assess mechanisms linking
nuclear TLR8 expression with the presence of distant metasta-
ses and the role of TLR8 endogenous ligands in such effect.

In conclusion, the upregulation of expression of TLRs 3, 7
and 8 seems to be an early event in esophageal carcinogenesis.
This likely reflects the increased inflammatory activity in the
premalignant stages of esophageal adenocarcinoma. Our find-
ings suggest that TLRs 3 and 7 do not have major role in esoph-
ageal adenocarcinoma, but warrant further elucidation of the
role of TLRs 3, 7 and 8 in transition of normal esophagus to
metaplasia and dysplasia. TLRs 3 and 7 do not have prognostic
significance in esophageal adenocarcinoma. However, cyto-
plasmic TLR8 expression is higher in inoperable esophageal
adenocarcinomas. Interestingly, we demonstrated the presence
of nuclear TLR8 expression, which indicates present distant
organ metastasis and poor prognosis in esophageal
adenocarcinoma.

Materials and methods

Patients

Paraffin-embedded, archival specimens of esophageal adeno-
carcinoma or esophageal dysplasia were obtained from the
Department of Pathology, Oulu University Hospital, between
the years 1987 and 2013. The final series consisted of 99
patients with esophageal adenocarcinoma, 10 with high-grade
dysplasia, and 20 with low-grade dysplasia as the most
advanced lesion. This resulted in evaluation of 88 normal
esophageal epithelia, 67 gastric and 51 intestinal metaplasias
without dysplasia, 42 low-grade and 37 high-grade dysplasias
and 99 esophageal adenocarcinomas. The material has been
earlier described elsewhere.11 The median age of the cancer
patients was 64 y (range 43–90). The median follow-up time
was 36 mo (range 0–288 mo). The patient survival data was
acquired from Statistics Finland, and the other relevant data
was acquired from the patient records. We could not retrieve

Figure 3. Kaplan–Meier survival curve in esophageal adenocarcinoma stratified by
nuclear expression of TLR8 in the cancer cells.
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treatment data from two of the patients, survival data from five
and tumor size from seven of the patients.

The use of patient samples and the data inquiry were
approved by the Oulu University Hospital Ethics Committee.
The need to obtain a written or oral consent from the patients
for using the samples in research was waived by the Finnish
National Authority for Medicolegal Affairs (VALVIRA, Dnro
10832/06.01.03.01/2014).

Immunohistochemistry
Immunohistochemistry was performed on the tissue block sec-
tions, which were first selected by an expert gastrointestinal
pathologist, on the basis of haematoxylin and eosin-staining, to
be representative for the tumor mass in the resected specimen.
TLR immunostaining was performed with commercial mono-
clonal antibodies (IMG-315A, mouse IgG1, Clone 40C1285.6
for TLR3, IMG-540, rabbit IgG, Clone N/A for TLR7 and
IMG-321A, mouse IgG1, Clone 44C143 for TLR8 Imgenex) at
a dilution of 1:25 (TLR3), 1:750 (TLR7) and 1:850 (TLR8). For
immunohistochemical detection of the antibody reaction, we
used the Dako Envision kit (Dako) with high temperature anti-
gen retrieval in Tris-EDTA (for Ki67, TLR9) buffer for 15 min.
Diaminiobenzidine (Dako basic DAB-kit) was used as a chro-
mogen. All staining was done with Dako Autostainer (Dako).

We validated the immunohistochemical analysis through
positive and two series of negative controls (omitting the pri-
mary antibody and by replacing primary antibody with the
mouse primary antibody isotype control). Lymphocytes of the
lymph nodes in the sample material were used as an internal
positive control for TLR stainings.

Immunofluorescence

Formalin-fixed and paraffin-embedded esophageal sections
were deparaffinized followed by treatment with 1% Triton X-
100 in PBS for 5 min. Nonspecific staining was blocked by
treatment with 1% bovine serum albumin for 20 min. Incuba-
tion with primary antibodies for 30 min at 37�C or 120 min at
room temperature was then performed. The primary antibodies
used are described in the immunohistochemistry section. After
several washes, Alexa Fluor 488 or Alexa Fluor 568 conjugated
to goat anti-mouse IgG (Life Technologies) was applied at
appropriate dilutions and incubated for 60 min at 37�C. DNA
specific TO-PRO2 staining was applied. Samples were mounted
with Immumount (Thermo Scientific) and examined by using
a Zeiss LSM510 confocal microscope. Images were analyzed
with LSM510 Pascal software (Carl Zeiss).

Assessment of toll-like receptor expression

The histological hematoxylin-eosin stained sample slides were
digitized using Aperio AT2 Console, Leica Biosystems Imaging
Inc., Nussloch, Germany. The different epithelial lesions were
pointed out and marked by expert gastrointestinal pathologist
(T. J. K.). The immunohistochemical evaluation was done using
regular light microscopy relating the sample material to the
annotations in the H-E-stainings. The intensity and extent of
different TLR expression in all epithelial cells in the each type
of lesion, including normal squamous epithelium, columnar

metaplasia and dysplasia, and carcinoma, was assessed semi-
quantitatively by two independent investigators (O. H and H.
H.), as described previously.7,11 For interobserver calibration, a
training set of samples were jointly evaluated and scored. The
investigators were blinded to the clinical data and each other’s
assessments. Assessment of the staining intensity was done
using a 4-point scale from 0 (negative) to 1 (weak), 2 (moder-
ate) and 3 (strong) according to most prevalent positive expres-
sion score. The extent of the staining was expressed as a
percentage (0–100%) of the stained epithelial cells of lesion
type. Percentage of the nuclei of the epithelial cells in the sam-
ples was similarly determined. Immune cells and stromal cells
were not included in these analyses.

Before the beginning of the assessment, it was determined
that if the values assessed by the investigators differed by one
step in intensity or 30% in percentage, mean value of these two
values would be used.7,11 In cases of more extensive differences
between the investigators, a consensus would be reached by dis-
cussion with a third investigator (T. J. K.). None of the differen-
ces between the assessments exceeded these predetermined
values. Thus, all of the values are means of intensities and per-
centages from two assessors.

Histoscore was then counted for each sample by multiplying
the staining intensity by the percentage, resulting a number
between 0 and 300. Expression levels were further dichoto-
mized by dividing the histoscore by its median (95 for TLR3,
200 for TLR7 and 150 for TLR8) to weak and strong expression
categories for further analysis. Nuclear staining was dichoto-
mized to be either “absent” (percentage of 0) or “present” (per-
centage of >0).

Statistical analysis

We used IBM SPSS Statistics 22.0 (IBM corp.) for statistical
analyses. To compare TLRs expression between different
lesions we used Kruskall–Wallis due to skewed distributions.
The chi-square test was used to calculate statistically significant
differences between prognostic and clinicopathologic variables.
Life tables were calculated according to the Kaplan–Meier
method, and the survival curves were compared using the log-
rank test. Cox proportional hazards model with backward
selection was used for multivariate analysis with following
covariates: Age, gender, T-stage, N-stage, M-stage and grade of
differentiation.
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