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Abstract. Toll like receptors are expressed by variety of cells, mainly immune cells and  also 
found to have role in the  tumor microenvironment. Among them, Toll like receptors-4 is 
found to modulate  tumor progression. But definitive action of TLR4 in tumor progression is 
not well understood. In the present study, in breast tumor samples, expression of TLR4 was 
studied by immunohistochemistry method while MMP2 and MMP9 expression were studied 
by gelatin zymography. Kaplan Meier plotter was used to test survivability. Breast cancer 
cells - MCF7, MDA MB 231, T47D were studied in the presence of TLR4 lignd LPS, with 
the help of MTT assay, BrdU incorporation assay, scratch wound healing assay and invasion 
assay. Activation of TLR4 in MCF7 which is TP53 wild type has no significant effect in 
proliferative rate, adhesiveness and invasiveness. While in MDA-MB-231 and T47D which 
are TP53 mutant, there were  a significant increase in adhesiveness and migratory ability, 
observed., TLR4 had been expressed in breast tumor of   invasive ductal carcinoma (IDC) 
and was found to be significantly correlated with lymph node involvement. Kaplan Meier 
plotter analysis revealed that high TLR4 expression might serve as an immune-protectant in 
invading cancer cells of TP53 wild state. It has been revealed that activation of TLR4 in 
breast cancer cells leads to higher expression of EMT related genes along with matrix 
metalloproteinases helping in migration and invasion of cells. Kaplan Meier plotter analysis 
revealed that TP53 wild status of the patient along with high TLR4 expression has a good 
overall survival of the patients.    
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Introduction  

Breast cancer is the most frequently 

diagnosed cancer and the leading cause of 

cancer related deaths in women in both 

developed as well as the developing 

countries(1). In spite of the decrease in the 

incidence rate due to early detection, the 

incidence rate of breast cancer still 

remained at the top of all the cancers(2). 

Approximately, 1.5 million women were 

diagnosed with the disease in 2012 (3).  

The identification of the subtypes of 

breast tumor based on the hormone 

receptor expression i.e., estrogen receptor 

(ER)-positive, human epidermal growth 

factor receptor 2 (HER2)-positive, and 

triple-negative [tumors lacking ER, 

progesterone receptor (PR), and HER2] has 

considerably helped in the diagnosis and 

the treatment of the disease. Even though 

the ER positive tumors contribute 

significantly to breast cancer associated 

mortality, these subtypes of tumors are 

responsive to endocrine therapy (3). The 

triple negative subtype has the worst 

prognosis with a few treatment options(4). 

In addition, distant metastasis of the breast 

tumors contribute to their worst 

prognosis(2). There is still a need for 

effective breast cancer therapies for the 

control and spread of the tumor(5).  

Toll  like  receptors  (TLRs)  are  

members  of  an  evolutionary  conserved  

family  of  pattern recognition receptors. 

TLR-4, a mammalian homologue of the 

Drosophila Toll receptor was the first 

identified Toll like receptor in humans. 

TLRs share structural similarity with the 

interleukin (IL)-1 receptor family which is 

often known as the TLR/IL-1 receptor (TIR 

receptor), a superfamily of type I trans-

membrane proteins.  TLR-4  has  also  been  

reported  to be  localised  both  on  the  cell  

membrane  as  well  as  in  the cytoplasm. 

Other than the bacterial wall components, 

TLR-4 is also activated by a variety of 

ligands like the DNA, RNA, viral particles 

and chemotherapeutic agents. Induction of 

TLR-4 in the immune cells activate a 

number of signalling cascades like the MAP 

kinase and NF-κβ pathways  that  activate  

either  the  pro-inflammatory  cytokines  

like  the  IL-6  and  IL-8  or anti-

inflammatory cytokines line the IFN-γ. In 

the tumor microenvironment, activation of 

TLR-4 in the tumor recruited immune cells 

induces anti-tumor immunity. In the ER 

negative breast cancer cells, TLR-4 

promotes tumor growth and 

chemotherapeutic resistance which is in 

accordance with the ovarian cancer(3).  

There is still inconsistency among 

many studies on the role of TLR-4 in the 

tumor, explaining the mechanism of either 

anti-tumor or tumor promoting activities. 

Expression of TLR-4 has been identified in 

many types of carcinomas including 

bladder, head and neck squamous cell 

carcinoma, lung, colorectal, prostate and 

ovarian carcinoma(6-14). In both the in vivo 

and in vitro experiments it has been found 

that the metastatic progression of cancer is 

correlated with the expression of TLR-4. 

From various studies on the expression of 

TLR4 on different types of cancer cells, its 

role in the initiation and progression of 

breast cancer is not well understood. In the 

present investigation, role of TLR 4 in 

breast cancer progression has been 

investigated.  

Materials and Methods  

Cell Culture. Human breast cancer cells 

MDA-MB-231, MCF-7 and T47D were 

obtained from National Center for Cell 

Science, Pune, India. MDA-MB-231 cells 

were grown in L-15 medium (Himedia, 

India), MCF-7 cells were grown in DMEM 

medium. Both the media were 

supplemented with 10% FBS (GIBCO) and 

1% L-Glutamine-Penicillin-Streptomycin 
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(200mM L-Glutamine, 10,000 units/mL 

Penicillin and 10mg/mL Streptomycin) 

(Himedia, India). The MCF-7, T47D and ZR-

75-1 cells were maintained at 37⁰C in a 

humidified incubator with CO2 while MDA-

MB-231 cells were maintained at 37⁰C in a 

humidified incubator without CO2. 

TLR 4 ligand. Lipopolysaccharide from 

Escherichia coli K12 (LPS-EK) was used as 

TLR4 ligand to challenge different breast 

cancer cells during investigation in different 

experimental conditions.  

Cell viability assay. Cells after treating with 

different concentration of LPS-EK were 

incubated with thiazol blue tetrazolium 

bromide (MTT) for 3h at 37 °C. MTT was 

removed and formazan was dissolved by 

adding dimethyl sulphoxide (DMSO). 

Absorbance was measured 

spectrophotometrically at 590 nm.   

Cell proliferation assay. Cells were seeded in 

35 mm culture dish in complete media. 

After the cells have reached nearly 40-50% 

confluence, they were treated with or 

without LPS-EK at concentration of 

10μg/ml and 20μg/ml for 24h and 48h in 

serum-free media. Cells were trypsinised 

and counted in Neauber’s chamber. 

BrdU Incorporation assay. To confirm active 

DNA synthesis as confirmatory index of 

cellular proliferation, BrDU incorporation 

assay was carried out through flow 

cytomtery. Briefly, cells were seeded in 

35mm culture dishes. BrdU solution was 

added in culture medium and incubated for 

desired length of time to pulse the cells and 

further processed as per manufacturer’s 

instruction (BD Pharmigen BrdU Flow Kit). 

Stained cells were acquired on a flow 

cytometer.  

Expression of TLR-4 in breast cancer cell. To 

check expression of TLR4 after challenging 

the cells with LPS-EK, 

immunocytochemistry was performed. 

40X104 cells were seeded on cover slip in 

35mm culture dish and challenged with LPS 

EK. Cells were fixed and allowed to bind 

with mouse monoclonal TLR 4 antibody 

(Santacruz) and anti-mouse goat antibody 

conjugated Alexa 488. Coverslips were 

mounted with Vecta Shield – DAPI to 

counterstain nuclei and observed under 

fluorescence microscope. 

Wound Healing Assay. Cells were plated in 

35mm dish and were grown to near 

confluence and kept serum starved for 

overnight. On next day, using a sterile 200µl 

pipette tip, a scratch was made on the cell 

monolayer. Fresh serum free media was 

added and the cells were stimulated with 

different concentrations of LPS-EK to assess 

directional migration of cells in healing the 

wound. Photographs were taken at different 

time points like 0h, 24h, and 48h to observe 

rate of wound healing. The degree of wound 

closure was assessed in three randomly 

chosen fields. Wound healing image was 

captured by Olympus Inverted phase 

contrast microscope attached with Magnus 

MIPS USB2.0 camera, subsequent gap 

distance was analysed by Image J software.  

Transwell invasion Assay. After 48h of 

treatment with different concentrations of 

LPS-EK, cells were trypsinised and 5X104 

cells were seeded on matrigel coated 

transwell units (polyethylene teraphthalate 

membranes; pore size 8µm; Becton 

Dickinson). The upper chamber of insert 

was filled with serum free media and the 

lower chamber filled with FBS containing 

media and cells were allowed to invade 

through matrigel for 22h.  FBS containing 

media was placed in the lower chamber and 

allowed to migrate for 18 hours. The non-

invaded cells in upper chamber were wiped 

off with a cotton swab and invaded cells on 

the lower surface were fixed with 100% 

methanol. Fixed cells were then stained 

.CC-BY-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted March 16, 2020. ; https://doi.org/10.1101/2020.03.15.993014doi: bioRxiv preprint 

https://doi.org/10.1101/2020.03.15.993014
http://creativecommons.org/licenses/by-nd/4.0/


 

with DAPI and invaded cells were observed 

under fluorescence microscope (Leica DMI 

6000B Fluorescence Microscope attached 

with Leica DFC 450C camera) and counted.  

Cell adhesion assay. In vitro cellular 

adhesion assay of the challenged cells was 

studied by seeding on matrigel coated wells. 

10X104 cells were seeded in serum free 

media. Challenged cells were allowed to 

adhere for 4hrs on matrigel. Media was 

removed and the cells were washed 

properly twice with 1XPBS. Adhered cells 

were fixed with 100% methanol and stained 

with DAPI. Number of adhered cells was 

observed under fluorescent microscope and 

photographs were taken from four 

independent fields (Leica DMI 6000B 

Fluorescence Microscope attached with 

Leica DFC 450C camera). Quantization of 

adhered cells was done in triplicates and 

each experiment was repeated thrice.   

Immunocytochemistry. 

Immunocytochemistry was carried out to 

study the change in expression of TLR4, E-

cadherin and β-catenin in breast cancer 

cells after LPS-EK activation. Cells after 

seeding with a density of 40×104 cells were 

treated with LPS. After 24h, or 48hrs of 

incubation, cells were fixed and allowed to 

bind with TLR4, E-cadherin and β-catenin 

antibodies followed by anti-rabbit antibody 

conjugated with Alexa-568 (Invitrogen) and 

anti-mouse goat antibody conjugated Alexa 

488. Coverslips were mounted with Vecta 

Sheild DAPI to counterstain nuclei and 

observed under fluorescence microscope 

(Leica DMI 6000B). Fluorescence images of 

cells were then captured through an 

attached CCD camera using image 

acquisition software.  

Patient Sample. The study was carried out 

as per Helsinki Declaration approved by the 

Institutional Ethical Committee of Burdwan 

Medical College and Hospital and The 

University of Burdwan. A written consent 

was taken from all subjects included in the 

study. A total of 23 subjects with infiltrating 

ductal carcinoma (IDC) were collected from 

operation theatre (OT) of the Department of 

Surgery of Burdwan Medical College and 

Hospital. The subjects who had previously 

undergone any form of neo-adjuvant 

therapy or radiotherapy and recurrent 

breast carcinoma cases were excluded from 

study.  

Expression of MMP9 in breast tumor: Gelatin 

Zymography. Expression of MMP9 along 

with MMP2 in tumour samples was studied 

by Gelatin Zymography.  Electrophoresis of 

digested tissue samples in RIPA was carried 

out in 10% SDS gel containing gelatin. After 

electrophoresis, gel was incubated with 

buffer containing 2.7% (v/v) Triton-X 100 

(pH 8.0) for half an hour at room 

temperature followed by washing in 

distilled water. Gelatinase activity was 

developed for 48hrs at room temperature 

and later stained with 0.1% Coomassie 

Brilliant Blue R-250. Gelatinolytic activity 

was observed as clear bands against blue 

background. Human recombinant MMP-2 

(10ng) was loaded as a reference standard 

for calculating densitometric value and 

quantification of the expression of the 

MMP9.   

Expression of TLR 4 in breast tumor: 

Immunohistochemistry. Surgically resected 

primary breast tumor tissues after 

collection were fixed in 10% formalin, 

embedded in paraffin and sectioned (5µm). 

The sections were used for localization of 

TLR-4. Briefly, after de-paraffinization and 

rehydration, heat induced antigen retrieval 

was performed prior to peroxidase 

blocking. Sections were then incubated with 

primary (mouse) monoclonal antibody 

against TLR-4 for 60mins in humid 

chamber. Secondary antibody conjugated 

HRP system was added to the sections, and 

incubated for 30mins at room temperature. 

.CC-BY-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted March 16, 2020. ; https://doi.org/10.1101/2020.03.15.993014doi: bioRxiv preprint 

https://doi.org/10.1101/2020.03.15.993014
http://creativecommons.org/licenses/by-nd/4.0/


 

DAB substrate reagent was added on the 

slides and kept at room temperature for 

10mins. The sections were counterstained 

with Harris’s haematoxylin, dried and 

mounted with coverslip. The expression of 

TLR-4 in the duct-lobular area was studied 

under light microscope. 

Quantification of Immunohistological 

staining and evaluation of TLR-4 expression. 

TLR-4 expression was evaluated based on 

the cytoplasmic staining intensity and 

scored on the scale of 0-3 as described by 

Mehmati et al., 2015 with modification. The 

staining intensity of the overall section 

(cytoplsamic region of the ductal cells) was 

scored as 0 for no staining, 1 for weak 

positive staining, 2 for moderate positive 

staining and 3 for strong positive staining.  

Clinical relevance and survivability analysis. 

To evaluate the correlation of the 

expression of TLR4 with survivability, 

Kaplan Meier Plotter data set was 

analysed(15). 

Statistical Analysis. Results of the 

experiments were statistically evaluated 

using ANOVA followed by Student’s t-test. A 

p-value <0.05 was considered for 

statistically significant.  The χ2 Contingency 

tables were used to analyse the association 

of different parameters in breast tumor 

samples. The results were analyzed using 

GraphPad Prism software.  

Results 

Effect of the stimulation of LPS on TLR-4 

expression in Breast cancer cells. To check 

the expression level of TLR-4 after 

stimulating the cells with TLR 4 ligand, ICC 

was carried out. It was observed that 

expression of TLR-4 increased with 

increasing concentration of LPS (Fig. 1a-b).    

Effect on the rate of wound healing. The rate 

of wound healing was increased in the 

stimulated MDA-MB-231, T47D as well as 

MCF-7 cells in comparison to the control 

cells. Rate of wound healing increased in a 

dose and time dependent manner (Fig. 2a-

c). A significant closure of wound was 

observed in all the treated cells in 

comparison to the control cells (Fig. 2d).  

Effect on the adhesiveness of the cells after 

stimulating the cells with LPS-EK. 

Adhesiveness of the cells after stimulating 

TLR-4 was tested by seeding LPS treated 

cells as well as untreated cells on Matrigel 

coated wells. After 4hrs of incubation, non-

adherent cells were washed off with 1XPBS. 

In MDA-MB-231 and T47D cells, number of 

adhered cells increased significantly in LPS 

treated groups while in MCF-7 cells there 

was an increase in 10µg/ml LPS treated 

group and a decrease in the 20µg/ml LPS 

treated group (Fig. 3a-b). But the change in 

number of adhered cells was not significant 

in case of MCF7 cells (Fig. 3c).   
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Fig. 1: Expression of TLR4 after challenging the T47D and MCF7 cells with different 

concentration of LPS was evaluated by immunofluorescence method. The cells were incubated 

with anti-TLR4 antibody, followed by goat anti-mouse antibody conjugated with Alexa 488 to 

detect TLR4 expression. DAPI was used for nuclear staining. Magnification, 40X. Control 

indicates the cells were not treated with LPS. a In T47D cells there was an increase in the 

expression of TLR4 after treating with higher concentration of LPS. b In MCF7 cells there was an 

increase in the expression of TLR4 after treating with higher concentration of LPS.  
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Fig. 2: The scratch and wound healing assay. The MDA MB 231, T47D and MCF7 cells were 

challenged with 10µg/ml and 20µg/ml for 24 h and 48h and observed under phase contrast 

microscope. a Photomicrograph image of the healed wound in MDA-MB-231 cells were captured 

under phase contrast microscope. b Photomicrograph image of the healed wound in T47D cells 

were captured under phase contrast microscope. c Photomicrograph image of the healed wound 

in MCF7 cells were captured under phase contrast microscope. d The length of gap closed was 

measured and the values are expressed mean ± SD. For analysis of significance, one way ANOVA 

followed by students T test was performed.  

.CC-BY-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted March 16, 2020. ; https://doi.org/10.1101/2020.03.15.993014doi: bioRxiv preprint 

https://doi.org/10.1101/2020.03.15.993014
http://creativecommons.org/licenses/by-nd/4.0/


 

 

 

Fig. 3: The adhesion assay. The MDA-MB-231, T47D and MCF-7 cells were challenged with LPS 

were seeded on the matrigel coated wells. The unadhered cells were washed off and the 

adhered cells were stained with DAPI and observed under fluorescence microscope. a In MDA 

MB 231 cells, the number of adherent cells increased after treating with increasing 

concentration of LPS. b In T47D cells, the number of adherent cells increased after treating with 

increasing concentration of LPS. c In MCF7 cells no significant change in the number of adherent 

was seen.  The values are expressed as mean ± SD. For analysis of significance one way ANOVA 

followed by student’s T test was performed. 

Effect  on  the  invasive  capacity  of  the  cells  

after  stimulating  the cells with LPS-EK. To 

evaluate invasive capacity of LPS challenged 

cells, matrigel coated invasion assay was 

performed. Both the treated as well as 

untreated cells were seeded on matrigel 

coated membrane and allowed to invade. 

Number of invaded cells increased in LPS-

EK treated MDA MB 231 (Fig. 4a,b) and 

T47D (Fig. 4a,c) cells significantly in 

comparison to the control. While in MCF 7 

cells the change in the number of invaded 

cells was not significant (Fig. 4a,d).      

Effect of the stimulation of LPS on EMT 

genes.  To check the change in expression of 

E-cadherin, β-catenin and N-cadherin after 

TLR4 activation, Immunocytochemistry was 

carried out in LPS challenged cells. After 

challenging T47D cells with LPS, with the 

increase in expression of TLR-4 as shown in 

Fig. 1a there was a decrease in expression of 

E-cadherin (Fig. 5a). With decrease in the 
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expression of E-cadherin there was also a 

decrease in expression of β-catenin (Fig.  

5d) and increase in N-cadherin expression 

(Fig. 5c).  In case of MDA MB 231 cells too, 

there was a decrease in expression of E-

cadherin after treating the cells with 

20µg/ml LPS (Fig. 5b). 

 

Fig. 4: The invasion assay. a The MDA MB 231, T47D and MCF 7 cells were challenged with LPS 

and allowed to invade through the matrigel coated Boyden chamber. The invaded cells were 

stained with DAPI and observed under fluorescence microscope. b In MDA MB 231 cells, the 

number of invaded cells increased after treating with increasing concentration of LPS. c In T47D 

cells, the increase in the number of invaded cells after treating with increasing concentration of 

LPS was not significant in comparison to the control. d In MCF7 cells no significant change in the 

number of invaded cells was seen.   

                                                                                                                                                                                                                          

Clinico-pathological Information. Different 

clinico-pathological information about the 

studied subjects is presented in Table 1. All 

tumor samples were more than 2cm. In 

relation to lymph node involvement, 11 

samples were of lymph node negative, 12 

were lymph node positive.  

Histopathological investigation also 

revealed that out of 23 subjects, 3 were of 

IDC grade 1, 16 subjects were of IDC grade 2 

and 4 subjects were of IDC grade 3. 15 

samples showed strong stromal reaction 

and 8 samples showed poor stromal 

reaction. Necrosis was seen in 8 samples 

while in 15 samples there were no signs of 

any necrosis. Also vascular invasion was 

seen in 6 samples while in 17 samples no 

vascular invasion was seen.   

Expression of TLR-4 in infiltrating ductal 

carcinoma of breast. TLR-4 expression in 

breast cancer tissue was studied by 

immunohistochemical localisation. Out of 

the total 23 samples studied, TLR-4 

expression was observed in 12 samples 

whereas the remaining 11 samples were 

negative for TLR-4 expression.  In most of 

the cases TLR 4 was expressed in 

cytoplasm.  Based on scoring of staining 

intensity, 7 samples showed low TLR 4 

expression,   4 moderate and 1 showed high 

TLR 4 expressions in cytoplasm (Fig. 6a-f). 

TLR 4 expression was found in cytoplasm as 

well as on membrane (Fig. 6g-j).              
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Fig. 5: Immunocytochemical staining to check the expression of EMT related genes. Expression 

of E-cadherin and N-cadherin was evaluated by immunofluorescence method. The cells were 

incubated with anti-E-cadherin antibody, followed by goat anti-rabbit antibody, conjugated with 

Alexa-568 (Invitrogen) to detect E-cadherin expression. The cells were incubated with anti- N-

cadherin antibody, followed by goat anti-mouse antibody, conjugated with Alexa-

488(Invitrogen) to detect N-cadherin expression. The cells were incubated with anti- β-catenin 

antibody, followed by goat anti-mouse antibody, conjugated with Alexa-488(Invitrogen) to 

detect β-catenin expression. DAPI was used for nuclear staining. Magnification, 40X. Control 

indicates the cells were not treated with LPS. a Expression of E-cadherin decreased in T47D cell 

after treating with increasing concentration of LPS. b Expression of E-cadherin in MDA MB 231 

cells decreased after treating the cells with LPS. c Expression of N-cadherin increased in T47D 

cells after treating with increasing concentration of LPS. d Expression of β-catenin in T47D cells 

decreased  after challenging the cells LPS.  

                                                                                                                                                                                                                          

Clinico-pathological Information. Different 

clinico-pathological information about the 

studied subjects is presented in Table 1. All 

tumor samples were more than 2cm. In 

relation to lymph node involvement, 11 

samples were of lymph node negative, 12 

were lymph node positive.  

Histopathological investigation also 

revealed that out of 23 subjects, 3 were of 

IDC grade 1, 16 subjects were of IDC grade 2 

and 4 subjects were of IDC grade 3. 15 

samples showed strong stromal reaction 

and 8 samples showed poor stromal 

reaction. Necrosis was seen in 8 samples 

while in 15 samples there were no signs of 

any necrosis. Also vascular invasion was 

seen in 6 samples while in 17 samples no 

vascular invasion was seen.   

Expression of TLR-4 in infiltrating ductal 

carcinoma of breast. TLR-4 expression in 

breast cancer tissue was studied by 

immunohistochemical localisation. Out of 

the total 23 samples studied, TLR-4 

expression was observed in 12 samples 
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whereas the remaining 11 samples were 

negative for TLR-4 expression.  In most of 

the cases TLR 4 was expressed in 

cytoplasm.  Based on scoring of staining 

intensity, 7 samples showed low TLR 4 

expression,   4 moderate and 1 showed high 

TLR 4 expressions in cytoplasm (Fig. 6a-f). 

TLR 4 expression was found in cytoplasm as 

well as on membrane (Fig. 6g-j).              

 

Fig. 6: Immunohistochemical staining to check the expression of TLR4 in invasive ductal 

carcinoma tissue sections. Formalin fixed tissue sections were processed and finally observed 

under light microscope following addition of TLR4 antibody and HRP conjugated second 

antibody and DAB. a Malignant cells are seen without expression of TLR4 (10X Objective). b The 

same area (as shown in Panel a) in higher magnification (40X Objective): Malignant cells are 

seen without expression of TLR4 [Negative]. c Malignant cells are seen with weak expression of 

TLR4 in the cytoplasm (10X Objective). d The same area (as shown in Panel c) in higher 

magnification (40X Objective): Malignant cells are seen with weak expression of TLR4 in the 

cytoplasm [C+]. e Malignant cells are seen with intermediate expression of TLR4 in the 

cytoplasm. (10X Objective). f The same area (as shown in Panel e) in higher magnification (40X 
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Objective): Malignant cells are seen with intermediate expression of TLR4 in the cytoplasm 

[C++]. g Malignant cells are seen with strong expression of TLR4 in the cytoplasm. (10X 

Objective). h The same area (as shown in Panel g) in higher magnification (40X Objective): 

Malignant cells are seen with strong expression of TLR4 in the cytoplasm (C+++). i Malignant 

cells are seen with membranous positivity of TLR4 (10X Objective). j The same area (as shown 

in Panel i) in higher 

Expression of MMP 9 in infiltrating ductal 

carcinoma of breast. Expression of MMP 9 

was evaluated by gelatin zymography in 

presence of known quantity of the MMP2 in 

zymogram (Fig. 7a). MMP9 expression level 

was found to be variable and ranged 

between 10 ng/ml to 100ng/ml or above. 

Accordingly, based on MMP9 expression, 

tumour samples were grouped in three 

categories low MMP9 expressing tumor 

(n=3) moderately MMP9 expressing tumor 

(n= 12) and higher MMP9 expressing tumor 

(n=8) (Table 2).  

 

Fig. 7: Expression of MMP2 and MMP9 in invasive ductal breast tumour. a Zymogram showing 

the presence of active MMP2 (66Kda) and active MMP9 (88Kda) and Recombinant MMP2. b Bar 

graph showing the absolute expression of MMP9 in TLR 4 negative and TLR 4 positive tumour 

samples.  

 

Correlation of the expression of TLR-4 with 

different clinicopathological conditions. 

Different important clinico-pathological 

conditions in relation with TLR 4 

expression are summarized in Table 3. It 

was observed that significant correlation 
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exist between TLR 4 expression and lymph 

node metastasis and between TLR 4 

expression and stromal reaction.  

Correlation of the expression of TLR-4 with 

MMP9 expression. Based on TLR4 

expression, tumor samples were 

categorized in two groups: tumours with 

TLR 4 negative (n= 11) and tumors with 

TLR 4 positive (n= 12). Accordingly, it was 

found that mean expression level of MMP9 

in TLR 4 negative group is 19.24 ng/µg of 

protein.  On the other hand, mean 

expression level of MMP9 in TLR 4 positive 

group is 54.8 ng/µg proteins which is 

significantly higher (Fig. 7b).  

 

Fig. 8: Kaplan-Meier survival analysis for the relationship between survival time and TLR4 gene 

expression was performed by using the online tool (http://kmplot.com/analysis). The desired 

Affymetrix ID is valid: 221060_s_at (TLR4). a High TLR4 gene expression has worse overall 

survival  in comparison with low TLR4 gene expression. b High TLR4 gene expression has worse 

metastasis free survival  in comparison with low TLR4 gene expression. c TLR4 low patients 

with lymph node positive have the worse overall survival. d In case of the lymph node negative 

group, the TLR4 high group has worse overall survival. e TLR4 low patients with TP53 wild type 

have worse overall survival in comparison with the TLR4 high patients. f In the TP53 mutant 

group, there seemed to be no change in the overall survival of the patients in both the TLR4 high 

and TLR4 low patients. g In TP53 wild tumors with lymph node involvement, TLR4 low patients 

have the worse overall survival. h In the TP53 mutant tumors with lymph node involvement, a 

negligible difference in the overall survival of the TLR4 high and TLR4 low patients. i In cases 

where there is no lymph node involvement  and TP53 wild tumors, there is no difference in the 

overall survival of both the low and high TLR4 patients. j In the TP53 mutant tumors, the overall 
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survival of the patients with low TLR4 was worse than the TLR4 high patients. k In TP53 wild 

type cases, TLR4 low cases have worse DMFS survival. l. In TP53 wild type cases with no lymph 

node involvement, patients with low TLR4 have the worse DMFS. 

 

Clinical relevance of survivability of TLR4 

expression. Clinical outcome of patients 

(Overall survival and Distant metastasis 

free survival) was studied with the help of 

Kaplan Meier Plotter 

(http://kmplot.com/analysis/index). The 

Affymetrix ID is valid: 221060_s_at (TLR4). 

From online survival analysis tool, we found 

that high TLR4 gene expression has worse 

overall survival as well as distant metastasis 

free survival though not significant in both 

cases, in relation with low TLR4 gene 

expression (Fig. 8a-b). Furthermore, we 

then checked clinical outcome of patients 

based on expression of TLR4 and lymph 

node involvement. In this study, we found 

that TLR4 low patients with lymph node 

positive had worse overall survival which 

was in contrast to our earlier result (Fig. 

8c). In case of the lymph node negative 

group, TLR4 high group had worse overall 

survival but not significantly (Fig. 8d).  

It has already been reported that 

expression of TLR4 was significantly low in 

invasive breast tumors with TP53 wild type 

in comparison with women with TP53 

mutant breast tumors(3). It was also further 

reported that TP53 mutant tumors express 

high TLR4 relative to normal breast tissue 

but >80% of  TP53 wild type tumors had 

lower gene expression than that of normal 

breast tissue. So, to draw any correlation of 

TP53 status with TLR4 expression, we 

analysed overall survival of patients taking 

into account lymph node involvement. First, 

we studied the correlation of TLR4 with 

TP53 status of breast cancer patients. In our 

study, we found that TLR4 low patients with 

TP53 wild type had worse overall survival 

in comparison with TLR4 high patients (Fig. 

8e). While in TP53 mutant group, there 

seemed to be no change in overall survival 

of patients in both TLR4 high and TLR4 low 

patients (Fig. 8f). Taking into account lymph 

node involvement in addition to TP53 

status, we found that in TP53 wild tumors 

with lymph node involvement, TLR4 low 

patients had worse overall survival (Fig. 

8g). While in TP53 mutant tumors with 

lymph node involvement, there was a 

negligible difference in overall survival of 

TLR4 high and TLR4 low patients (Fig. 8h). 

In case when there was no lymph node 

involvement with TP53 wild tumors, there 

was no difference in overall survival of both 

low and high TLR4 patients (Fig. 8i). While 

in TP53 mutant tumors, overall survival of 

patients with low TLR4 was worse than 

TLR4 high patients (Fig. 8j) which was in 

contrast to previous study reported by 

Haricharan and Brown(3). 

The role of TP53 and lymph node 

involvement in distant metastasis free 

survival (DMFS) of patients was also 

studied. It was revealed that in case of TP53 

wild patients, patients with TLR4 had worse 

DMFS survival in comparison with high 

TLR4 patients (Fig. 8k). When there was 

lymph node involvement, in this case also, 

patients with low TLR4 had worse DMFS 

(Fig. 8l). 

Discussion   

In the human breast cancer cell line MDA-

MB-231, TLR4 was found to be expressed at 

higher levels than any other TLR. The 

knockdown of TLR4 resulted in a dramatic 

reduction of the viability of these cells as 

well as of IL-6 and IL-8 secretion. This study 

demonstrated that the knockdown of TLR4 

may actively inhibit the survival and 

proliferation of breast cancer cells(16) 

(Ahmed A et. al. 2013). We have found from  

.CC-BY-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted March 16, 2020. ; https://doi.org/10.1101/2020.03.15.993014doi: bioRxiv preprint 

https://doi.org/10.1101/2020.03.15.993014
http://creativecommons.org/licenses/by-nd/4.0/


 

Table I: Clinico-pathological information about the studied subjects 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Characteristics  Number of samples  

Age   

≤50 years 18 

>50 years 5 

Tumor Size   

<2cm 0 

2-5cm 10 

>5cm 13 

Lymph node status  

Lymph Node Positive 12 

Lymph Node Negative 11 

Histological Grade   

IDC Grade 1 3 

IDC Grade 2 16 

IDC Grade 3 4 

Stromal Reaction   

Strong  15 

Poor 8 

Necrosis   

Positive 8 

Negative  15 

Vascular Invasion  

Positive  6 

Negative 17 
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Table 2: Expression of MMP9 in infiltrating ductal carcinoma of breast 

MMP9 level Range (ng/μl total protein) Mean ±SD 

Low MMP9 
 (n=3) 

<10 5.25 ± 2.57 

Moderate MMP9 (n=12) 11-30 20.13 ± 5.56 

High MMP9  
(n=8) 

31 and above 76.59 ± 49.70 

 

Table 3: Correlation of the expression of TLR-4 with different clinicopathological conditions  

Clinicopathological 
factors 

TLR-4 expression  

Negative 
(n=11) 

Low (C+) 
(n=7) 

Moderate (C++) 
(n=4) 

Strong 
(C+++) (n=1) 

P value 

Lymph  node 
involvement  

    0.036 

Lymph  node 
Negative   

7 4 0 0 

Lymph  node 
Positive   

4 3 4 1 

Histological Grade     NS 

IDC grade 1 3 0 0 0 

IDC grade 2 7 5 3 1 

IDC grade 3 1 2 1 0 

Stromal Reaction     0.043 

Poor 1 3 3 1 

Strong 10 4 1 0 

Necrosis     NS 

Negative 8 5 2 0 

Positive 3 2 2 1 

Vascular Invasion      NS 

Negative  9 5 3 0 

Positive  2 2 1 1 
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our immunocytochemistry study that 

challenging the breast cancer cells with LPS 

increased the expression of TLR4 in a dose 

dependent manner. In a study conducted by 

Haricharan and Brown(3), it was reported 

that TLR-4 suppressed the growth of MCF-7 

which is a p53 wild type breast cancer cell. 

While  on  the  other  hand,  TLR-4  

promotes  growth  of  p53  mutant  breast  

cancer  cell MDA-MB-231  by  regulating  

proliferation(3). In accordance with the 

study of Haricharan and Brown(3), in our 

study we have found that challenging the 

MCF 7 cells with LPS reduced the viability of 

the cells as revealed by MTT assay. In 

another experiment, cell proliferation assay 

we have found that there was no significant 

change in the number of MCF 7 cells. While 

in the MDA MB 231 and T47D cells, 

although there was no significant change in 

the viability of the cells, the proliferative 

rate of both the cells were increased. The 

change in the rate of proliferation was 

checked again with the BrdU incorporation 

assay. The change in the DNA content of the 

cells in the S phase was not significant in the 

LPS challenged cells in comparison to the 

control cells. Also, after studying the 

distribution of the cells in the different 

phases of cell cycle the change in the 

number of the LPS challenged cells was not 

significant in comparison to the control. 

These results are in contrast to that 

reported by Haricharan and Brown(3). In a 

study conducted by Yang et al., stimulation 

of TLR-4 by LPS in MCF-7 and MDA-MB-

231,  both  low  as  well  as  high  metastatic  

the  breast  cancer  cells, increased  the  

metastatic potential.  In the nude mice 

model stimulation of TLR-4 increased 

tumorigenicity(17). It has also been 

reported that, activation of TLR-4 in the 

metastatic breast cancer cells promoted the 

adhesiveness and invasiveness of the cancer 

cells.  While in the murine metastatic  breast  

tumor  model,  inhibition  of  TLR-4  

promotes  tumor  progression  and  lung 

metastasis(18). From our study it has been 

revealed that the activation of TLR 4 in MDA 

MB 231 cells increased the invasiveness and 

adhesiveness of the cells which is in 

accordance with the study conducted by 

Yang et al.(17), and Liao et al.(18). In T47D 

cells we also found that with the increasing 

expression of TLR4, the adhesiveness and 

migratory rate of the cells were increased. 

But in contrast to the study by Yang et 

al.(17),  we found that there was no 

significant change in the invasiveness and 

metastatic potential of the MCF 7 cells.   

It has been reported by Zhou et 

al.(19), that the signalling pathways in the 

non-invasive human cancer cells have lower 

activation in comparison with the invasive 

human cancer cells having efficient 

activation of signalling pathways(19). In 

case of the highly metastatic MDA MB 231 

cells, it is evident from our study that 

activation of TLR4 is sufficient to up-

regulate the metastatic nature of the cells. 

While in case of T47D cells, activation of 

TLR4 is sufficient for the adhesiveness and 

migratory nature with a non-significant 

increase in the invasiveness of the cells. But 

in another non migratory cell i.e., MCF 7, 

activation of TLR4 is not able to increase the 

adhesiveness, migration and invasiveness of 

the cells. In the TP53 mutant cells, MDA MB 

231 and T47D cells, activation of TLR4 

enabled the cells to become aggressive 

while in the TP53 wild type MCF 7 cells 

activation of TLR4 is not sufficient to 

become aggressive. In this type of cells, 

multiple signalling pathways other than the 

activation of TLR4 are responsible for more 

aggressiveness. It has been stated by 

Haricharan and Brown(3), that TLR4 

signalling may stimulate the invasion and 

metastasis of the TP53 wild-type cells. But, 
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from our study, we can infer that TLR4 

activation does not stimulate the invasion 

and metastasis of the TP53 wild-type, MCF 

7 cells.   

In addition, it has also been 

observed that in the breast cancer cells 

when the cells were activated with LPS with 

the increase in the expression of TLR4, 

there was a decrease in the expression of E-

cadherin along with the decrease in β-

catenin expression along with an increase in 

the expression of N-cadherin. This decrease 

in the epithelial markers might have driven 

the cells to acquire the characteristics of the 

mesenchymal type inducing them to be 

more aggressive in nature.  

In the normal breast epithelium, 

TLR-4 is expressed at low levels however in 

the pathological condition, the expression 

level of TLR-4 is found to be over-expressed 

(5,13). We have also found the expression of 

TLR4 in the IDC of the breast carcinoma. 

The expression of TLR4 was found to be 

highly significant with the lymph node 

involvement. Activation of TLR4 in the 

breast carcinoma might have driven the 

cancer cells to metastasize to the lymph 

nodes. This is in correlation with our in 

vitro data that activation of TLR4 can induce 

the invasiveness of the breast cancer cells.  

In table 3 we can observe that in the tissues 

with no lymph involvement, there is less 

expression of TLR4.  

The overall survival of the patients 

was also studied using the Kaplan Meier 

Plotter. The Affymetrix ID is valid: 

221060_s_at (TLR4) and it has been 

revealed that in patients with lymph node 

involvement, low TLR4 expression results 

in worse overall survival. But when there is 

no lymph node involvement, patients with 

high TLR4 has worse overall survival. 

Further, we correlated the TP53 status of 

the patients and the TLR4 expression. We 

found that in TP53 wild group, patients 

with TLR4 low have worse overall survival 

in comparison to the TLR4 high group. In 

the TP53 mutant group, no significant 

difference in overall survival of the patients 

was found in the TLR4 low and TLR4 high 

group. We then merged the correlation of 

the TLR4 expression with the TP53 status 

and the lymph node involvement of the 

breast cancer patients. Here, we found that 

in patients where there is lymph node 

involvement and TP53 wild state, patients 

with TLR4 low has worse overall survival in 

comparison to the TLR4 high cases. In this 

case the high TLR4 expression might serve 

as an immuno-protectant to the invading 

cancer cells. But when there is no lymph 

node involvement, no significant difference 

in the overall survival of the patients was 

observed. In case of the TP53 mutant cases, 

no significant difference in the overall 

survival of the patients was observed in 

both the lymph node involved and not 

involved cases. In case of DMFS, TP53 wild 

cases with TLR4 low has worse DMFS and 

also when there is lymph node involvement, 

TLR4 low cases has the worse DMFS. 

Thus from our study, it has been 

revealed that the TP53 wild status of the 

patient along with high TLR4 expression 

has a good overall survival and distance 

metastasis survival of the patients.    
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