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Abstract. Soluble Toll-like receptor (STLR) 2 and 4 are
endogenous negative regulators of TLR2 and TLR4 signaling.
Therefore, the present study aimed to determine the serum
levels of STLR2 and 4, and to investigate the association
between their levels and the clinicopathological parameters of
patients with breast cancer. A total of 100 female patients with
breast cancer (50 non-metastatic and 50 metastatic), as well as
50 healthy control volunteers were enrolled in the present study,
and serum levels of STLR2 and 4 were determined by ELISA.
A significant increase in serum sTLR2 was detected in patients
with non-metastatic (2,258.2+1,832.44 pg/ml) and metastatic
(5,997.4+8,585.23 pg/ml) breast cancer, compared with the
control group (1,106.8+ 99.93 pg/ml; P=0.0001). A significant
increase in serum sTLR4 was also detected in patients with
both non-metastatic (1,945.2+1,709.53 pg/ml) and metastatic
breast cancer (7,800.1+13,041.28 pg/ml), compared with the
control group (1,106.8+108.32 pg/ml; P=0.0001). Furthermore,
a positive correlation was observed between the levels of
serum STLR4 and 2 and clinicopathological parameters, such
as progesterone receptor and estrogen receptor expression. In
conclusion, STLR2 and sTLR4 may be potential biomarkers of
breast cancer susceptibility.

Introduction

Breast cancer is the leading global cause of cancer-related
death in females, and represents a major worldwide health
issue (1). In Egypt, breast cancer is a major threat to the female
population, representing 18.9% of total cancer cases (2).
Toll-like receptors (TLRs) are usually expressed by
immune cells such as macrophages, dendritic cells, mast cells
and eosinophils, as well as some epithelial cells (3). TLRs play
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a central role in the recognition of harmful molecules from
invading microorganisms or internal tissue damage, activating
specific transcriptional responses including the NF-«xB,
Mitogen-activated protein kinase and interferon regulatory
factor pathways, which result in inflammation (4). TLR4 was
the first TLR to be discovered in humans, and is one of the
most conspicuous members of the TLR family, expressed
by both immune and non-immune cells (5). Upregulation of
TLR4 is positively associated with the increased occurrence
of metastasis in patients with breast cancer (6).

TLR2 is expressed by numerous cell types of the innate
and adaptive immune systems (7). Stimulation of TLR2
on the surface of breast cancer cells has been reported to
increase disease severity by promoting NF-kB signaling (8).
Furthermore, increasing evidence suggests that TLR2 signaling
may protect tumor cells from host immune surveillance and
attack (8).

Dynamic regulation of TLR signaling is essential to the
prevention of chronic inflammation and tissue destruction (9).
A number of mechanisms have been reported to negatively
regulate TLR responses, including cell membrane-bound
TLR suppressors and soluble TLRs (STLRs) (9). One of the
major negative regulators of TLR-signaling is the generation
of extracellular sSTLRs, which serve as decoy receptors to
impede ligand-induced signaling (10). In the human immune
system, STLR2 is reported to suppress TLR2-mediated
inflammation in part by preventing binding to its co-receptor
CDI14 (11). sSTLR2 is believed to be generated by protease
cleavage or ectodomain shedding, resulting in =6 distinct
STLR?2 polypeptides, which have been identified in human
breast milk, plasma and monocyte culture supernatants (12).
A soluble form of the extracellular TLR4 domain (STLR4)
and myeloid differentiation factor 2 (MD-2) combine
to form an sTLR4/MD-2 complex which inhibits TLR4
signaling, potentially by preventing the interaction between
membrane-bound TLR4 and its ligand (13).

In summary, numerous research groups have reported that
TLRs are expressed on both host immune and tumor cells,
where they influence the immune response, uncontrolled
tumor proliferation, resistance to apoptosis, metastasis and
tumor cell escape from immune surveillance (14).

A number of concerns about the impact of the endogenous
negative regulation of TLR signaling on host immune and
tumor cells remain unresolved. On this basis, the aim of the
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Table I. Clinical characteristics of the studied group.

Group I Group II Group III
Characteristics control ‘non metastatic’  ‘metastatic’  y’test  P-value P1 P2 P3
Age, years 12.25 0.013* 0.013*  0.002*  0.282
Range 28-66 30-69 32-71
Mean = SD 46.0£11.05 50.9+10.62 52.0+8.67
Family history, n (%) 521 0.026* 0.025* 0311 0.070
Negative 39 (78.0) 46 (92.0) 41 (82.0)
Positive 11 (22.0) 4(8.0) 9 (18.0)
Lactation history, n (%) 2.32 0.125 0.365 0.111 0.189
No 8 (16.0) 5(10.0) 4 (8.0)
Yes 42 (84.0) 45 (90.0) 46 (92.0)
No of children, n (%) 1.65 0.366 0.296 0.216 0.409
1-3 22 (44.0) 19 (38.0) 22 (44.0)
4-5 18 (36.0) 22 (44.0) 22 (44.0)
6+ 4(8.0) 4(8.0) 6 (12.0)

*P<0.05. P1, comparison between the control and non-metastatic groups; P2, comparison between the control and metastatic groups; P3,

comparison between the metastatic and non-metastatic groups.

present study was to assess the serum levels of STLR2 and 4
as negative regulators of TLR2 and TLR4 signaling, and to
investigate their association with the clinicopathological
parameters of patients with breast cancer.

Subjects and methods

Subjects. A total of 150 female subjects were recruited into
the present study, and were classified into the following
groups: Group I, 50 healthy control subjects with no history
of breast cancer; Group II, 50 subjects recently diagnosed with
non-metastatic breast cancer; and Group III, 50 subjects with
metastatic breast cancer. All patients were recruited from the
Damanhour Oncology Center (Damanhour, Egypt) between
August 2016 and December 2018. Demographics data were
obtained from all participants and included age, menopausal
status, number of children, lactation history, marital status
and family history of breast cancer. The present study was
approved by the ethics committee of Damanhour oncology
center (reference no. 3/8 PB4) and informed consent was
obtained from each participant.

Exclusion criteria. Patients with autoimmune diseases, other
types of malignancy, liver and kidney diseases were excluded
from the present study.

Sample collection. A 5-ml sample of whole blood was collected
from each subject after an overnight fast. The blood samples
were allowed to clot for 15 min at room temperature and then
centrifuged for 10 min at 12,000 x g (14.810 g). The separated
serum was stored at -20°C for the assessment of serum sTLR2
and sTLR4 levels by ELISA.

Measurement of serum sTLRs. The levels of serum sSTLR2 and 4
were determined using Human Soluble Toll-like receptor 2

and 4 ELISA Kkits (cat. nos. In-Hu4102 and In-Hu4103, respec-
tively; Bioneovan Co., Ltd.), according to the manufacturer's
protocols.

Statistical analysis. The data were analyzed using the SPSS
software package version 20.0 (IBM Corp). Qualitative
data are presented as counts and percentages. Comparisons
between the categorical variables of different groups were
assessed using the x* test. Normally distributed quantitative
data are presented as the mean + standard deviation, while
non-normally distributed data are expressed as the median,
minimum and maximum values. For normally distributed
data, comparisons between =2 groups were conducted using
the F-test (one-way ANOVA) Duncan method. For correlation
analysis, the Pearson's correlation coefficient (r) was calculated.

Receiver operating characteristic (ROC) curve statistics
were applied to determine assay sensitivity and specificity. In
order to determine the diagnostic accuracy of the combina-
tion of biomarkers, logistic regression analysis was used to
estimate the predicted probabilities, which were subsequently
used to generate a ROC curve. The method described by
DeLong was used for comparing the area under the ROC
curves (AUCs). P<0.05 was considered to indicate a statisti-
cally significant difference, and significance test results are
quoted as two-tailed probabilities.

Results

Demographical data. Patients in both the metastatic and
non-metastatic breast cancer groups were significantly older
than those in the control group (P=0.013 and P=0.002,
respectively; Table I). A family history of breast cancer was
also significantly more likely in patients with non-metastatic
breast cancer than in healthy controls (P=0.025; Table I). No
significant differences were detected between patients with
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Table II. Clinical characteristics of patients with breast cancer.

Group II Group III
‘non metastatic’ ‘metastatic’
Patient characteristics No. % No. % ¥ test P-value
Menopausal status 2.36 0.2140
Premenopausal 21 42.0 24 48.0
Postmenopausal 29 58.0 26 52.0
Pathology 2.08 0.1060
Infiltrating ductal carcinoma 44 88.0 48 96.0
Infiltratin globular carcinoma 6 12.0 2 4.0
HER2 4.083 0.0433*
Positive 30 60.0 37 74.0
Negative 20 40.0 13 26.0
PR 4.504 0.0330*
Positive 16 32.0 9 18.0
Negative 34 68.0 41 82.0
ER 0.000 >0.9999
Positive 10 20.0 10 20.0
Negative 40 80.0 40 80.0
Lymphovascular invasion 13.2 0.0010*
Positive 12 24.0 23 46.0
Negative 38 76.0 27 54.0
T stage 173.1 0.0010*
I 2 4.0 20 40.0
1I 27 54.0 24 48.0
1II 19 38.0 5 10.0
v 2 4.0 1 2.0
N stage 2975 0.0010*
0 1 2.0 18 36.0
1 11 22.0 9 18.0
2 24 48.0 19 38.0
3 14 28.0 4 8.0
M stage 25.6 0.0001*
Positive 0 0.0 50 100.0
Negative 50.0 100.0 0 0.0
Grade 36.2 0.0001*
I 38 76.0 3 6.0
11 11 22.0 44 88.0
11T 1 2.0 3 6.0
Presentation 504.417 0.001*
Breast lump 38 76.0 0 0.0
Nipple retraction 4 8.0 47 94.0
Inflammed swollen breast 1 2.0 1 2.0
Nipple and areola ulcer 1 20 1 20
Nipple discharge 6 12.0 1 20

‘P<0.05. P1, comparison between the control and non-metastatic groups; P2, comparison between the control and metastatic groups; P3,
comparison between the metastatic and non-metastatic groups. T, tumor size; ER, estrogen receptor; N, lymph node status; PR, progesterone
receptor; M, metastatic status; HER2, human epidermal growth factor receptor 2.

breast cancer and the controls with respect to lactation history A significant increase in the number of grade III patients
and number of children (Table I). was detected among those with metastatic, compared with
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Table III. sTLR2 in the studied groups.

Group I Group II Group III ANOVA
sTLR2 control ‘non metastatic’ ‘metastatic’ test P-value P1 P2 P3
Range, pg/ml 823-1349  1,043.5-8,460 1,143.5-23,895
Mean = SD, pg/ml  1,106.8499.93 2258.2+1,832.44 5,997.4+8,585.23 332 0.0001* 0.0001* 0.0001* 0.0001°

“P<0.05. P1, comparison between the control and non-metastatic groups; P2, comparison between the control and metastatic groups; P3,
comparison between the metastatic and non-metastatic groups. sTLR2, soluble Toll-like receptor 2.

Table I'V. Serum sTLR4 in the studied groups.

Group I Group II Group III ANOVA
sTLR4 control ‘non metastatic’ ‘metastatic’ test P-value P1 P2 P3
Range, pg/ml 923-1,296 1,210.5-7,285 1,002-33,615
Mean + SD, pg/ml 1,106.8£108.32 1,945.2+1,709.53 7,800.1+13,041.28 32.1 0.0001* 0.0001* 0.0001* 0.0001*

*P<0.05. P1, comparison between the control and non-metastatic groups; P2, comparison between the control and metastatic groups; P3,
comparison between the metastatic and non-metastatic groups. sTLR4, soluble Toll-like receptor 4.
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Figure 1. Serum sSTLR2 and sSTLR4 in the study and control groups. "P<0.05
vs. control for STLR2; "P<0.05 vs. control for STLR4. sTLR, soluble Toll-
like receptor.

those with non-metastatic breast cancer (P=0.0001; Table II).
Patients with non-metastatic breast cancer showed a significant
increase in tumor size and regional lymph node involvement
compared with the metastatic patients (P=0.001). Moreover,
a significant increase in distant metastasis was also observed
in the metastatic, compared with the non-metastatic patients
(P=0.0001; Table II).

The patients with metastatic breast cancer also exhibited
a significant increase in human epidermal growth factor 2
receptor (HER?2) expression compared with the non-meta-
static patients (P=0.0433). However, a significant increase
in progesterone receptor (PR) expression was detected in
the non-metastatic, compared with the metastatic patients
(P=0.033; Table II). A significant increase in the number of
breast lumps was detected in non-metastatic breast cancer
compared with metastatic patients. On the other hand, a
significant increase in nipple retraction was observed in

Table V. Pearson's correlation between both serum sTLR2
and serum sTLR4 and clinical characteristics of patients with
breast cancer.

Parameters sTLR4 SsTLR2
HER2

R value -0.004 -0.018

P-value 0971 0.859
PR

R value 0.196 0.142

P-value 0.051% 0.160
ER

R value 0.098 0.099

P-value 0.332 0.327
Lymphovascular invasion

R value 0.192 -0.011

P-value 0.056 0914
M stage

R value -0.303 -0.291

P-value 0.002? 0.003*
N stage

R value 0.093 -0.070

P-value 0.355 0.487
T stage

R value -0.023 -0.101

P-value 0.819 0316
Grade

R value 0.009 -0.101

P-value 0.928 0.319

“P<0.05. sTLR, soluble Toll-like receptor; HER2, epidermal growth
factor receptor 2; T, tumor size; PR, progesterone receptor; N,
regional lymph node; ER, estrogen receptor; M, distant metastasis.
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Table VI. Sensitivity, specificity and accuracy of sTlr2, sSTLR4 and sTLR4/sTLR2 detection.

Asymptotic
95% confidence
interval

Std. Lower Upper Sensitivity, Specificity,  Accuracy, PPV, NPV,
sTLR AUC Error  P-value bound  bound % % % % %
sTIr2 0.634 0.052 0.008 0.532 0.735 65.0 70.0 69.0 72.0 64.0
sTLR4 0.582  0.047 0.323 0.390 0.574 59.0 64.0 62.0 55.0 67.0
sTLR4-sTLR2 0.611  0.059 0.217 0.457 0.686 63.0 64.0 62.0 58.0 69.0

STLR, soluble Toll-like receptor; PPV, positive predictive value; NPV, negative predictive value; AUC, area under curve.

the metastatic patients compared with the non-metastatic
patients (P=0.001; Table II). No significant differences in
estrogen receptor (ER) expression, menopausal status and
pathology were detected between patients with metastatic and
non-metastatic breast cancer (Table II).

Serum sTLR2. A high significant increase in the levels of
serum sTLR2 were detected in patients with both metastatic
(5,997.4+8,585.23) and non-metastatic (2,258.2+1,832.44)
breast cancer, compared with the control group (1,106.8+99.93)
(P=0.0001; Table IIT) (Fig. 1). Furthermore, a highly significant
increase in serum STLR2 was detected in metastatic breast
cancer patients (5,997.4+8,585.23) compared with non-metastatic
patients (2,258.2+1,832.44; P=0.0001; Table III) (Fig. 1).

Serum sTLR4. Compared with the healthy control group
(1,106.8+108.32), a highly significant increase in serum STLR4
level was detected in both metastatic (7,800.1+£13,041.28)
and non-metastatic (1,945.2+1,709.53) patients (P=0.0001;
Table IV) (Fig. 1). The increase in serum STLR4 between
metastatic and non-metastatic patients was also observed
(P=0.0001) (Table IV) (Fig. 1).

Correlation between serum sTLR2 and 4 expression and
clinicopathological parameters of patients with breast cancer.
A significant negative correlation between serum sTLR4 and
distant metastasis (r=-0.303; P=0.002) (Table V and Fig. 2B)
was observed in patients with breast cancer. A negative corre-
lation was also detected between serum sTLR2 and distant
metastasis (r=-0.291; P=0.003) (Table V and Fig. 2C). sTLR4
expression was positively correlated with that of PR (r=0.196;
P=0.05) (Table V and Fig. 2A), but not with HER-2 and ER
expression, lymphovascular invasion, number of lymph nodes,
tumor size and tumor grade in patients with breast cancer
(Table V).

On the other hand, breast cancer patients showed no
significant correlation between serum sTLR2 and other
clinicopathological parameters, such as HER2, progesterone
and estrogen receptor expression, lymphovascular invasion,
number of lymph nodes, tumor size and tumor grade (Table V).

Sensitivity and specificity of serum sTLR2. ROC analysis
revealed a significant increase in sensitivity, specificity and

accuracy (P=0.008). For sTLR2, the AUC was 0.634, sensi-
tivity was 65%, specificity was 70% and accuracy was 69%
(Table VI and Fig. 3A).

Table VI. Sensitivity, specificity and accuracy of sTlr2
detection.

Sensitivity and specificity of serum sTLR4.ROC curve analysis
revealed no significant sensitivity, specificity or accuracy for
the detection of STLR4 as a marker for breast cancer (Table VI
and Fig. 3B).

Sensitivity and specificity of serum sSTLR2 and serum TLR4
detection in patients with breast cancer. ROC curve analysis
revealed non-significant increases in sensitivity, specificity
and accuracy for combination detection of STLR2 and sTLR4
(P=0.217). The area under the ROC curve was 0.611 with a
sensitivity of 63%, specificity of 64% and an accuracy of 62%
(Table VI and Fig. 3C).

Discussion

TLRs are widely expressed on tumor cells and are involved
in the initiation and progression of breast cancer (15). TLR2
stimulation on the surface of breast cancer cells has been
demonstrated to increase invasive potential by promoting
NF-«B signaling (8). Breast cancer cells possess high expres-
sion levels of TLR4, indicating that this receptor is critical to
the development of breast cancer (16).

The role of TLR2 and 4 signaling in breast cancer progres-
sion has been documented in a number of different studies,
and both receptors have been implicated in the activation of
various transcription factors, including NF-«B (17). It is there-
fore critical that the TLR system be tightly regulated in both the
physiological and pathological state, as aberrant inflammatory
reactions result in detrimental effects to the host (9).

To the best of our knowledge, the present study is the first to
investigate the roles of STLRs in breast cancer progression. On
this basis, the aim of the present study was to assess the serum
levels of STLR2 and 4 as endogenous negative regulators of
TLR2 and TLR4 signaling in patients with breast cancer, and
to investigate their correlation with different clinicopatho-
logical parameters. The present study revealed an increase in
serum STLR?2 and 4 levels, indicating their roles as endogenous
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Figure 2. Correlation between serum sTLR2 and sSTLR4 levels and the clinical characteristics of patients with breast cancer. (A) Significant positive correlation
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Figure 3. Receiver operating characteristic curves for the combined metastatic prediction capacity of STLR2 and sTLR4. (A) For sSTLR2, the AUC was 0.634.
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negative regulators of TLR2 and TLR4 signaling in breast
cancer. This finding is consistent with a study conducted by

Houssen et al (9) in 2016. In 2018, Hossain et al (18) also
observed increased serum sTLR2 concentrations in a number
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of inflammatory diseases and disease models, including severe
bacterial infection (19), multiple sclerosis (18), experimental
human endotoxemia (13) and the autoimmune disease systemic
lupus erythematous (SLE), where it serves as a biomarker for
disease activity (9). This increase was attributed to the negative
regulatory roles of STLRs, which are achievable via different
molecular mechanisms (18). Firstly, sSTLRs act as decoy
receptors by binding to ligands recognized by TLR2, without
activating intracellular signaling cascades, thus reducing the
efficiency of TLR2 signaling (18). The second mechanism is
via the disruption of the close proximity between TLR2 and
its coreceptor CD14, which is crucial for efficient signaling.
Such disruption most likely results from the capacity of
STLR?2 to interact with CD14 (20). Alternatively, STLR2 may
homodimerize with cell surface TLR2 to inhibit signaling via
the membrane bound receptor (20).

Another novel observation of the present study was that
serum sTLR4 levels are significantly elevated in patients
with non-metastatic and metastatic breast cancer. This is in
agreement with a previous study by Ten Oever et al (13),
who demonstrated that STLR4 levels were increased in those
with inflammatory diseases, compared the controls subjects.
Furthermore, Wei ef al (21) investigated the clinical signifi-
cance of serum sTLR4 in non-small cell lung cancer (NSCLC),
and revealed a significant increase in sTLR4 in patients,
compared with healthy controls.

As for the association between sTLR4 and clinicopatho-
logical parameters, a significant positive correlation was
detected between STLR4 and PR expression in patients with
breast cancer. This was also in agreement with the study by
Wei et al (21), who found a positive correlation between serum
STLR4 levels and tumor stage in patients with NSCLC.

Moreover, a negative correlation was also detected
between STLR2 expression and distant metastasis. This was in
agreement with the 2016 study by Houssen et al (9), where a
significant negative correlation was observed between sTLR2
and the clinicopathological parameters of patients with SLE.
Serum sTLR2 was not significantly correlated with clinico-
pathological parameters such as HER2 and PR expression,
lymphovascular invasion, the number of effected lymph nodes,
tumor size, grade and presentation of breast cancer, which was
also in agreement with Houssen et al (9) in patients with SLE.
This negative correlation may be ascribed to the role of TLR2
and 4 signaling in the activation of NF-kB, that hence leads to
increased expression of cytokines and chemokines associated
with leukocyte recruitment, and subsequent inflammatory
responses (8).

In the present study, the results of the ROC curve
analysis for STLR4 were similar between patients with meta-
static and non-metastatic breast cancer. This is supported
by Ten Oever et al (13), who indicated that the level of
STLR4 could not significantly differentiate infectious from
non-infectious inflammation when compared with c- reactive
protein. The elevated levels of sSTLR4 and 2 as endogenous
negative regulators may be of prognostic and therapeutic
value, counteracting tumor immune evasion mediated by
tumor cell TLRs signaling, which results in the production
of the proinflammatory interleukins 6 and 12. These factors
result in tumor cell resistance to natural killer cell attack
and evasion from immune surveillance (22). These observa-
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tions are in agreement with those of Huang et al (23), who
found that TLR4 expression may contribute to tumor cell
immune evasion, since blocking the TLR4 pathway using
small inhibitory RNA or TLR4 inhibitory peptides delays
tumor growth and prolongs the survival of tumor-bearing
mice.

The primary limitation of the current study is the small
sample population. The expression levels of the studied
markers were only detected by ELISA, therefore we can
only hypothesize the role of STLR2 and 4 as diagnostic and
prognostic markers of breast cancer.

In conclusion, the results of the present study indicate that as
endogenous negative regulators of TLR2 and TLR4 signaling,
STLR2 and 4 may be susceptible diagnostic and prognostic
markers for breast cancer. Further future studies are warranted
to validate the prognostic roles of these soluble receptors, and
as a promising target for personalized immunotherapy in
patients with breast cancer.
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