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Abstract

Background: Toll-like receptors (TLRs) play an important role in regulation of immune cells and are vital in tumorigenesis due
to its crucial role in inflammatory microenvironment regulation, as they promote the synthesis and release of inflammatory
cytokines and chemokines. Toll-like receptors 4 and TLRs 9 were found to be highly expressed in breast cancer. The aim of this
study is to investigate the soluble toll-like receptors 4 and 9 (sTLR4 and sTLR9) as potential biomarkers for diagnosis and
prognosis of breast cancer and their association with the clinicopathological parameters of breast cancer.

Patients and Method: In this retrospective case-control study, 186 female subjects were recruited and divided into three
groups, Group I: 62 healthy control, Group II: 62 subjects diagnosed with non-metastatic breast cancer, and Group III:
62 subjects diagnosed with metastatic breast cancer. Enzyme-linked immunosorbent assay (ELISA) technique was used to
quantify the levels of sTLR4 and sTLR9 in serum.

Results: Both non-metastatic and metastatic groups showed significant higher levels of both serum sTLR4 and
sTLR9 expression compared to healthy controls. Only sTLR9 was significantly increased among metastatic patients compared
to non-metastatic group. Serum levels of sTLR9 and sTLR4 were still significantly associated with breast cancer in a multiple
logistic regression model (P = <.001). ROC curves showed that both sTLR4 and sTLR9 can be a significant parameter to
discriminate between normal females and breast cancer patients.

Conclusion: Soluble toll-like receptors 4 and sTLR9 are over-expressed in patients with metastatic and non-metastatic BC
than in benign cases. The expression levels of sTLR4 and TLR9 have clinical interest as indicators of tumor aggressiveness
suggested to be prognostic biomarkers. Toll-like receptors may represent therapeutic targets in breast cancer.
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Introduction

Female breast cancer was the leading cause of cancer in 2020,
with 2.3 million new cases (11.7% of all cancer cases) and the
fifth leading cause of cancer mortality with 685,000 deaths
worldwide.1 In Egypt, it represents 32.4% of female cancer
cases and more than 22,000 new cases are diagnosed each
year.2,3 It was reported that over 90% of cancer deaths are
caused by metastasis, which is difficult to predict in breast
cancer because it is a heterogeneous disease encompassing
complex pathologic entities.4,5

An interaction between tumors and the immune system is
required for the tumor cells growth and survival and further
process angiogenesis and metastasis processes. Alterations in
the function and expression of molecules related or not related
to the immune system are usually correlated with malignant
cell development.6 The invasive potential of the tumor de-
pends on the interaction between the tumor cells and the tumor
microenvironment owing a massive number of immune cells
constituting microenvironment cell population majority.7

The process of activation or inhibition of immune and non-
immune cells through recognition of pathogen-associated
molecular patterns (PAMPs) and damage-associated molec-
ular patterns (DAMPs) is mainly controlled by the toll-like
receptors (TLRs),8,9 which are categorized according to their
subcellular localization into two subgroups10 and their main
function is to promote the synthesis and release of inflam-
matory cytokines and chemokines leading to stimulation of
the inflammatory response.11,12

The inflammatory microenvironment which is crucial for
the tumorigenesis is regulated by the TLRs.13 Further, studies
demonstrated the role of TLRs in tumorigenesis, development,
and metastasis.14,15 Therefore, various TLRS agonists are
being investigated in the field of immunotherapy for their
anticancer effect.16,17

TLR4 was genetically mapped to chromosome 9q32-33 in
humans and its gene is 19 kb in length consists of three exons.18

TLR4 specifically recognizes microbial lipopolysaccharide
(LPS) and activates canonical and non-canonical signaling of
NF-κβ activation for the synthesis of pro-inflammatory cytokines
and chemokines.19,20 It was demonstrated that TLR4 was ex-
pressed in higher levels than other TLRs in human breast
cancer,21 and TLR4 activation could subsequently activate nu-
clear factor-κβ (NF-κβ) and produce pro-inflammatory cyto-
kines, ultimately stimulating inflammation.22

TLR9 is a DNA receptor that recognizes microbial and
vertebrate.23 Specifically, TLR9 recognizes the CpG sequence
in DNA.24 DNA recognition by TLR9 initiates a downstream
signaling cascade, which includes the adaptor molecule
MyD88.25 TLR9 is expressed in epithelium breast cancer
cells.26 Among the 5 human TLR9 isoforms, expression
mRNA of TLR9 A and B isoforms has been detected in breast

cancer specimens.27 TLR9 expression has a significant
prognostic significance only in triple negative breast cancer
(TNBC).28

The current study aims to investigate the sTLR4 and
sTLR9 as potential biomarkers for diagnosis in non-metastatic
and metastatic breast cancer. Further, interrogate their asso-
ciation with the clinicopathological parameters of breast
cancer.

Subjects and Method

Ethics Statement: This study was approved by the Ethics
Committee of the Baheya Research Center (IRB00012829).
The research was carried out in conformity with the Decla-
ration of Helsinki’s ethical principles. To participate in this
study, all subjects signed an informed consent form.

Subjects: In this hospital-based retrospective case-control
study, a total of 186 female subjects were recruited and divided
into three groups: Group I consisted of 62 healthy control
subjects ranging in age from 25 to 78 years old (mean 51.67 ±
9.30) with no history of breast cancer who visited the center
for regulatory laboratory services.; Group II consisted of
62 subjects ranging in age from 28 to 81 years old (mean
54.37 ± 12.8) who had recently been diagnosed with non-
metastatic breast cancer; and Group III consisted of 62 sub-
jects ranging in age from 31 to 83 years old (mean 55.74 ±
11.33) who had recently been diagnosed with metastatic breast
cancer. All breast cancer patients were recruited from the
Baheya Foundation for Early Detection and Treatment of
Breast Cancer (Giza, Egypt), in the period from October 2021
to January 2022.

All participants provided demographic information, which
included age, menopausal status, number of children, lactation
history, marital status, hormonal contraception use, and family
history of breast cancer. These patients were diagnosed by
examination, radiological and histopathological investiga-
tions. The patients’ clinicopathological data, such as tumor
size, grade, ER, PR, and HER2 status, tumor subtypes, and
TNM stage, were all recorded. Immunohistochemistry was
used to check for ER, PR, and HER2 status. Determining the
TNM stage of these patients was done based on the American
Joint Committee on Cancer Classification.

Exclusion criteria: Subjects having incomplete follow-up
data for all groups, previous surgery, chemotherapy, and ra-
diotherapy for both non-metastatic and metastatic breast
cancer groups were all excluded from this study.

Sample collection: All cases and control blood samples
followed the same protocol. Here, a 5 mL sample of whole
blood was taken from each participant. The blood samples
were allowed to coagulate for 10�20 minutes at room
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temperature before being centrifuged at 2000�3000 r/min for
20 minutes and the serum was separated and stored at �80°C.

Measurement of serum sTLRs: Sandwich enzyme-linked
immunosorbent assay (ELISA) kits were used to quantify
human sTLR4 and sTLR9 serum levels (cat. No.
SG00100 and SG11478, respectively; Sino Gene Clone
Biotech Co., Ltd.) according to the manufacturer’s protocols.
At 450 nm, the absorbance values were measured with an
automatic micro-plate spectrophotometer. The mean absor-
bance of each reference standard was plotted against its
concentration to create a standard curve. The matching con-
centration was calculated from the standard curve using the
mean absorbance value for each sample.

Statistical analysis: The data were analyzed using the
SPSS software package version 20.0 (IBM Corp). Qualitative
data were expressed as frequency and percentages. Mean and
standard deviation were estimates of normally quantitative
data, while median and range were used when the data were
not normally distributed. Comparisons between the qualitative
variables of different groups were assessed using the chi-
square test (χ2) test. The Mann�Whitney test was used to
compare means of two independent groups and Krus-
kal�Wallis for more than two groups. For correlation analysis,
Pearson’s correlation coefficient (r) was calculated. Receiver
operator characteristic curve (ROC) analysis was applied to
define cut-off levels. Sensitivity, specificity, positive, and
negative predictive values were calculated. A P
value ≤.05 was considered statistically significant.

Sample size calculation: Pass (version 11.0, NCSS, LLC)
software was used for the sample size calculation. Setting
alpha error at 5% and power at 80%. The test for two means
(two-sample t test) was used. Based on previous studies, El
Kharashy et al.,29 a minimum sample size of 40 subjects in
each group was necessary to detect the differences in the mean
serum levels of TLR between studied groups.

Results

Socio-Demographic and Clincopathological Data

About half of the malignant groups were postmenopausal
compared to only 17.7% postmenopausal women in healthy
controls group. A history of hypertension, diabetes, lack of
breast feeding, and use of hormonal contraception were sta-
tistically significantly in breast cancer patients’ groups than in
the healthy controls group (P < .001, P = .02, P < .001, P =
.005, respectively) (Table 1). However, there were no sig-
nificant differences regarding age, BMI, and family history
between the three studied groups.

There are no statistically significant differences between
metastatic and non-metastatic groups in terms of clinico-
pathological data except, that patients with metastatic breast
cancer showed higher regional lymph nodes involvement than
non-metastatic group (Table 2).

Serum sTLR4 and sTLR9 Levels in Breast
Cancer Patients

Both non-metastatic and metastatic groups showed a signif-
icant higher level of serum sTLR4 expression compared to
healthy controls group (2.96 ± 1.04 and 3.20 ± 1.21 vs 1.32 ±
.27, respectively). Although, the serum level of sTLR4 was
higher in metastatic group than non-metastatic group, the
difference was not statistically significant (P = .56) (Table 3,
Figure 1).

A highly significant increase was observed in the serum
level sTLR9 in non-metastatic (423.65 ± 114.55) and meta-
static groups (493.62 ± 153.07) compared to healthy controls

Table 1. Basic Characteristics of the Studied Groups.

Variable

Healthy
Controls
(Group I)
N = 62

Non-
metastatic
(Group II)
N = 62

Metastatic
(Group III)
N = 62 P-Value

Age
Mean ± SD 51.67 ±

9.30
54.37 ±
12.88

55.74 ±
11.33

.13

Median 51.5 54.0 55.0
Min-max 25–78 28–81 31–83

BMI
Mean ± SD 31.26 ±

6.140
32.88 ±
5.97

31.93 ±
6.86

.37

Median 30.0 33.50 32.00
Min–max 22–51 22–55 2–45

Family history
Negative 41 66.1% 48 77.4% 52 77.6% .20
Positive 21 33.9% 14 22.6% 15 22.4%

Marital status
Lifelong single 9 14.5% 1 1.6% 1 1.6% .002
married 53 85.5% 61 98.4% 61 98.4%

No. of children
Mean ± SD 2.71 ±

1.04
3.12 ±
1.35

3.16 ±
1.630

.17

Median 3.00 3.00 3.0
Min–max 1–6 1–7 1–7

Breastfeeding
No 13 21.0% 61 98.4% 47 75.8% <.001
Yes 49 79.0% 1 1.6% 15 24.2%

Menopausal status
Pre 51 82.3% 27 43.5% 28 45.2% <.001
Post 11 17.7% 35 56.5% 33 53.2%

Hormonal contraception
No 49 79.0% 37 59.7% 32 51.6% .005
yes 13 21.0% 25 40.3% 30 48.4%

Diabetes
No 56 90.3% 46 74.2% 44 71.0% .02
Yes 6 9.7% 16 25.8% 18 29.0%

Hypertension
No 55 88.7% 39 62.9% 35 56.5% <.001
Yes 7 11.3% 23 37.1% 27 43.5%
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women (310.20 ± 52.57). Furthermore, serum sTLR9 was
significantly increased among metastatic patients compared to
non-metastatic group (P = .02) (Table 3, Figure 2).

Serum levels of sTLR9 and sTLR4 were still significantly
associated with presence of breast cancer after adjusting of:
age, co-morbidities, and menopausal status in a multiple lo-
gistic regression model (P = <.001).

Diagnostic Significance of sTLR4 and sTLR9 in Breast
Cancer Patients

Receiver operating characteristic (ROC) curves showed that
both sTLR4 and sTLR9 can be a significant parameter to

discriminate between normal females and breast cancer pa-
tients (either metastatic or non-metastatic). The ROC curve
based on serum sTLR4 values of non-metastatic breast cancer
and normal healthy showed excellent area under the ROC
curve (AUC) of .99 (95% CI = .98–.100; P < .001) (Table 4).
At the optimal cut-off value of 1.6 ng/mL, the sensitivity and
specificity of detection was 98.4% and 87.1%, respectively
(Figure 3A). Similar results were observed when analyzing
serum sTLR4 of metastatic breast cancer patients and normal
healthy females, as AUC reached .99 with 98.4% sensitivity
and 87.1% specificity at cut-off point 1.4 ng/mL (Figure 3B).

Comparable results were noticed in ROC curve analysis of
serum sTLR9 values of non-metastatic breast cancer and

Table 2. Clinico-Pathological Data of Breast Cancer Group.

Studied Variable Malignant Group N = 62 Metastatic Group N = 62 P-Value

Laterality .07
Left 25 40.3% 35 56.5%
Right 37 59.7% 27 43.5%

Site of the tumor .07
Central
LIQ 0 .0% 1 1.6%
LOQ 2 3.2% 7 11.3%
Retro-areolar mass 4 6.5% 5 8.1%
UIQ 1 1.6% 2 3.2%
UOQ 15 24.2% 7 11.3%
Whole breast 37 59.7% 31 50.0%

3 4.8% 9 14.5%
Pathology .53

Adenocarcinoma 0 .0% 1 1.6%
DCIS 2 3.2% 0 .0%
IDC 48 77.4% 49 79.0%
ILC 7 11.3% 8 12.9%
Invasive 1 1.6% 0 .0%
Micropapillary carcinoma 3 4.8% 2 3.2%
Mucinous carcinoma 1 1.6% 2 3.2%
Others

Grad .55
1 5 8.2% 3 4.8%
2 50 82.0% 55 88.7%
3 6 9.8% 4 6.5%

ER
Negative 3 4.8% 3 4.8% 1.00
Positive 59 95.2% 59 95.2%

PR .11
Negative 0 .0% 4 6.5%
Positive 62 100.0% 58 93.5%

HER2 .20
Negative 61 98.4% 57 91.9%
Positive 1 1.6% 5 8.1%

LN <.001
Negative 21 33.9% 1 1.6%
Positive 41 66.1% 61 98.4%
Size of the tumor mean ± SD 4.80 ± 2.61 5.19 ± 2.61 .23
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normal healthy females. The area under curve for serum
sTLR9 to predict non metastatic breast cancer was determined
at 335 ng/mL (AUC: .829 [95% CI, .757-.902], P = <.001)
(Table 4). This cut-off value had a sensitivity of 80.0% and a
specificity of 70.0% (Figure 3A). Moreover, the AUC for
serum sTLR9 to predict metastatic breast cancer reached (0.
918 [95% CI, .871–.964], P = <.001) with 87% sensitivity and
81% specificity at cut-off point = 355 ng/mL (Figure 3B).

Both serum sTLR4 and sTLR9 levels showed a poor
predicting value in differentiation betweenmetastatic and non-
metastatic breast cancer patients. AUC= (0. 579 [95% CI,
.477–.681], 0. 633 [95% CI, .534–.731], respectively)
(Figure 3C).

Correlation Between Serum sTLR4 and
sTLR9 Expression and Clincopathological
Characteristics of Patients With Breast Cancer

Only serum sTLR4 expression was significantly higher among
breast cancer patients with regional lymph nodes involvement
compared to patients without lymph nodes involvement
(3.15 ± 1.22 vs 2.74 ± .49, P = .04) (Table 5).

Discussion

TLRs may play dual roles in human cancers.9 TLRs play a
critical role in tumor cell proliferation, resistance to apoptosis,

Table 3. Comparison of Toll-Like Receptors 4 and 9 Concentrations Among Studied Groups.

Studied Variable Healthy Controls N = 62 Non Metastatic Group N = 62 Metastatic Group N = 62 P-Value Post Hoc Test

Toll-like receptor 4
Mean ± SD 1.32 ± .27 2.96 ± 1.04 3.20 ± 1.21 <.001 P1 = <.001
Median 1.27 2.89 2.96 P2 = <.001
Min–max 1.03–2.11 1.69–9.70 1.46–8.93 P3 = .56

Toll-like receptor 9
Mean ± SD 310.20 ± 52.57 423.65 ± 114.55 493.62 ± 153.07 <.001 P1 = <.001
Median 309.0 394.0 449.0 P2 = <.001
Min–max 199.0–410.00 248.0–749.00 295.0–920.0 P3 = .02

**P1 = comparison between healthy controls and malignant groups.
P2 = comparison between healthy controls and metastatic groups.
P3 = comparison between malignant and metastatic groups.

Figure 1. Box and whisker plots representing serum levels of sTLR4 in the non-metastatic, metastatic, and healthy control groups. The
horizontal line in the boxes denotes the median value (50th percentile), while the box contains the 25th to 75th percentiles of dataset. The
black whiskers mark the 5th and 95th percentiles, and values beyond these upper and lower bounds are considered outliers, marked with
black dots.
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cell invasion, and metastasis by activating the production of
interleukins, tumor necrosis factor-alpha (TNF-α), nuclear
factor-kappa Beta (NF-κβ), and metalloproteases and
integrins.30,31 TLRs are highly expressed in breast cancer
cells, and their activation can induce aggressive tumor be-
havior, cell proliferation, cell invasion, cell migration, and
metastasis.29,32 Soluble TLRs (sTLRs) are considered to be
negative regulators of TLR signaling.33

The current study aims to evaluate the serum levels of
sTLR4 and sTLR9 as a potential diagnostic biomarker in

metastatic and non-metastatic breast cancer patients and to
assess these serum levels as endogenous negative regulators of
TLR4 and TLR9 signaling in patients with breast cancer.
Moreover, it also aims to investigate their association with
different clinicopathological parameters of these patients.

The current study revealed an increase in the serum levels of
sTLR4 in non-metastatic (2.96 ± 1.04) and metastatic (3.20 ±
1.21) breast cancer groups in comparison to their levels among
the healthy control group (1.32 ± .27). Our results are consistent
with El-Kharashy et al.,29 who demonstrated a significant

Figure 2. Box and whisker plots representing serum levels of sTLR9 in the non-metastatic, metastatic, and healthy control groups. The
horizontal line in the boxes denotes the median value (50th percentile), while the box contains the 25th to 75th percentiles of dataset. The
black whiskers mark the 5th and 95th percentiles, and values beyond these upper and lower bounds are considered outliers, marked with
black dots.

Table 4. Receiver Operating Characteristic Curve of Serum Toll-Like Receptors 4 and 9 Between Studied Groups.

Studied Variable Cut-off AUC (95% CI) Sensitivity % Specificity % PPV % NPV % Accuracy %

Non-metastatic vs. healthy control groups
Toll-like receptor 4 1.6 99.0 (98–100) 98.4 87.1 88.4 98.2 92.74
Toll-like receptor 9 335 82.9 (75.6–90.2) 80.0 70.0 72.1 76.8 74.19
TLR4 + TLR9 ---- 99.4 (98.6–100.0) 98.4 62.9 72.6 97.5 80.6

Metastatic vs. healthy controls groups
Toll-like receptor 4 1.4 99.0 (97.8–100.0) 100.0 81.0 82.4 98.0 88.71
Toll-like receptor 9 355 91.8 (87.1–96.4) 87.0 81.0 81.5 84.7 83.06
TLR4 + TLR9 ---- 99.2 (98.3–100.0) 98.3 69.4 76.2 97.7 83.8

Metastatic vs. non-metastatic groups
Toll-like receptor 4 2.9 57.9 (47.7–68.1) 55.7 51.0 53.1 53.3 53.2
Toll-like receptor 9 384 63.3 (53.4–73.1) 72.1 38.0 53.6 57.1 54.8
TLR4 + TLR9 ---- 63.7 (53.8–73.5) 79.03 20.97 50.00 50.00 50.00
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increase in serum sTLR4 in patients with both non-metastatic
(1945.2 ± 1709.53 pg/mL) and metastatic breast cancer
(7800.1 ± 13 041.28 pg/mL), compared with the control group
(1106.8 ± 108.32 pg/mL; P = .0001).

Our results show that serum sTLR4 expression was sig-
nificantly higher among breast cancer patients with regional
lymph nodes involvement compared to patients without
lymph nodes involvement (3.15 ± 1.22 vs 2.74 ± .49, P = .04).

The same results was found by Zandi et al. 34 who stated that
TLR4 expression was up-regulated both at mRNA and protein
levels and significantly correlated with the high incidence of
lymph node metastasis. Also, Yang et al. 21 found significantly
higher levels of TLR4 in malignant breast cancer especially in
patients with positive LN involvement.

A dual role of TLR4 was observed in the malignant cell
environment; TLR4 has a role in inducing immune response to

Figure 3. Receiver operating characteristic curves for prediction capacity of sTLR4 and sTLR9. (A) Non-metastatic vs healthy controls. (B)
Metastatic vs healthy controls. (C) Non-metastatic vs Metastatic. sTLR, soluble toll-like receptor; AUC, area under curve.

Table 5. Association of Serum Toll-Like Receptor 4 and Basic Characteristics of the Studied Groups.

Studied Variable Toll-Like Receptor 4 Mean ± SD P- Value Toll-Like Receptor 9 Mean ± SD P-Value

Pathological diagnosis .45
IDC 3.09 ± 1.23 468.53 ± 148.76
ILC 3.05 ± .68 .58 421.53 ± 82.43
Others 3.03 ± .65 426.66 ± 106.61

Grad
1 3.35 ± .62 407.0 ± 88
2 3.09 ± 1.19 .12 468.08 ± 144.96 .30
3 2.74 ± .65 407.33 ± 84.89

ER
Negative 2.93 ± .29 .97 546.0 ± 156.04 .08
Positive 3.09 ± 1.16 455.15 ± 138.06

PR
Negative 3.13 ± .63 .65 591.0 ± 150.68 .06
Positive 3.08 ± 1.14 454.15 ± 137.18

HER2
Negative 3.08 ± 1.15 .91 513.83 ± 73.23 .07
Positive 2.97 ± .50 455.78 ± 141.31

LN
Negative 2.74 ± .49 .04 423.50 ± 104.91 .24
Positive 3.15 ± 1.22 466.37 ± 144.89

T
T1 and T2 (=<5 cm) 3.12 ± 1.23 .12 414.5 ± 103.8 .79
T3 and T4 (>5 cm) 2.79 ± .60 431.3±130.8
Tumor size r = .16 .07 r = �.04 .64
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eradicate malignant cells via the recognition of their
DAMPs,35 while the overexpression of TLR4 associating with
pathways such as TGF-β signaling and TP53 was demon-
strated to be important in malignant cells invasiveness and
metastasis.9,36

For instance, overexpression of TLR4 was demonstrated to
have a positive correlation with breast cancer metastasis and
was associated with large tumor size, distant metastasis, and
recurrence upon investigating 74 patients with breast cancer
tumors.5 Furthermore, TLR4 is responsible for the pro-
inflammatory microenvironment of tumors by inducing the
production of pro-inflammatory cytokines from breast cancer
cells.37 Moreover, TLR4 was also demonstrated to elevate
metastasis of breast cancer through Akt/GSK3β/β-catenin-
dependent pathway.38

The soluble form of TLR4 has been shown to exert in-
hibitory activity on TLR signaling. One possible mechanism is
forming a complex of sTLR4 and MD2 that may block the
interaction between membrane-bound TLR4 and its ligands.39

The current study revealed an increase in the serum levels
of sTLR9 in non-metastatic (423.65 ± 114.55) and metastatic
(493.62 ± 153.07) breast cancer groups in comparison to their
levels among the healthy control group (310.20 ± 52.57).
Furthermore, the results showed a statistical significance in
sTLR9 within the non-metastatic and metastatic breast cancer
groups (P = .02).

Our findings are in harmony with González-Reyes et al.5

who showed an increase of TLR3, TLR4, and
TLR9 expression with breast cancer cells. Also, it is con-
current with Sandholm et al.27 who demonstrated that female
breast cancer patients have higher circulating levels of
TLR9 compared to healthy controls. Berger et al.40 reported
that TLR9 expression promoted cell migration, cell invasion
and aggressive tumor behavior in breast cancer cell line. These
are in agreement with the current study that demonstrated an
increase in sTLR9 level in the metastatic group vs non-
metastatic group. TLR9 protein expression has been de-
tected both in the epithelial breast cancer cells and the
fibroblast-like cells associated with breast tumors.26

The prognostic significance of TLR9 in cancers showed a
bimodal pattern. TLR9 overexpression was associated with
poor survival in glioma, prostate cancer, and esophageal
adenocarcinoma while, in TNBC or renal cell carcinoma, low
TLR9 expression upon diagnosis predicts poor
prognosis.28,41-45 Also, it was demonstrated that
TLR9 expression is associated with poor differentiation in
breast and ovarian cancer specimens and its overexpression
and stimulation with hypomethylated DNA increase the mi-
gratory capacity of cancer cell lines.40

Regarding the association of TLR4 and TLR9 with clin-
icopathological characteristics, there was no association be-
tween the two TLRs in both non-metastatic and metastatic
groups and clinicopathological parameters except that patients
with metastatic axillary lymph nodes express higher levels of
TLR4 in their serum (P < .001). This significant association is

homogenous with Yang et al.46 who showed that over-
expression of TLR4 in human breast cancer tissue was cor-
related with lymph node metastasis.

Also, Leppänen et al.47 showed homogenous results with
our current study as there was no association between TLR2,
TLR4, and TLR9 expression and tumor stage, tumor size, or
tumor necrosis in pancreatic cancer. Contradictory to our
results, El-Kharashy et al.29 observed a significant positive
correlation between sTLR4 and PR expression in breast cancer
patients this difference could be explained by fact that 96.5%
of our patients were positive for PR expression. Further, our
study is contradictory with Qiu et al.48 who concluded that
lymph nodemetastasis in breast cancer patients was associated
with a significant high TLR9 expression (P < .001). Besides,
TLR9 expression was significantly higher in patients with
large tumor size (P = .040) and advanced pathological stage
(P = .006).

In the present study, the results of the ROC curve for
sTLR4 and sTLR9 revealed a poor predicting value between
patients with non-metastatic and metastatic breast cancer
which is in agreement with El-Kharashy et al.29 who showed
that ROC curve analysis for sTLR4 was similar between both
metastatic and non-metastatic breast cancer patients.

Higher levels of sTLR4 and sTLR9 may act as endogenous
negative regulators that could be of prognostic and therapeutic
value, counteracting tumor immune evasion mediated by
tumor cell TLRs signaling resulting in the production of the
pro-inflammatory cytokines. These factors result in tumor cell
resistance to natural killer cell attack and evasion from im-
mune surveillance.30 These observations are in agreement
with those of Huang et al.49 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.

Limitation

The study limitation was that the levels of the studied bio-
markers were only detected by ELISA technique due to
limited budget.

Conclusion

This study results show elevated levels of TLR4 and TLR9 in
both non-metastatic and metastatic breast cancer indicating
that these receptors may be critical to the development of
breast cancer. Higher levels of sTLR4 and 9 have prognostic
significance and suggest that these markers may represent new
therapeutic targets in breast cancer. The promising results that
were shown warrant using more advanced techniques to
validate sTLR4 and sTLR9 as breast cancer diagnostic and
prognostic biomarkers. Further studies on the TLRs expres-
sion in tumor context may help to better understand the
process that links inflammation and cancer, as well as to assess

8 Cancer Control



the biological and clinical importance as a promising target for
personalized immunotherapy in patients with breast cancer.

Appendix

List of Abbreviations

DAMPs Damage-associated molecular patterns
ER Estrogen receptor
HER2 Human epidermal growth factor receptor 2
NF-κβ Activate nuclear factor-kappa beta
PAMPs Pathogen-associated molecular patterns
PR Progesterone receptor
sTLR Soluble toll-like receptor
TLRs Toll-like receptors
TNBC Triple negative breast cancer
TNF-α Tumor necrosis factor-alpha
TP53 Tumor protein p53
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