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ABSTRACT
Toll-like receptor 5 (TLR5) plays a fundamental role in immune responses.
Recent findings suggest the TLR5 expression level affects cancer progression and
development. In the present study, our examination of 256 breast carcinomas
specimens revealed that TLR5 is overexpressed in breast carcinomas, and that
TLR5 overexpression correlated with lymph node metastasis and cancer grade
(p<0.01). In a case-control study, we also analyzed associations between TLR5
single nucleotide polymorphisms (SNPs) and breast cancer risk. Compared were 516
Chinese Han women diagnosed mainly with infiltrative ductal carcinoma and 520
age-matched healthy controls. The nonsense SNP rs5744168 causes truncation of the
TLR5 transmembrane signaling domain and was associated with breast cancer risk
(p<0.05). However, no statistical association was detected between SNP rs5744168
and any of the clinical parameters tested. Our findings thus indicate that TLR5 SNP
rs5744168 is associated with sporadic breast cancer occurrence.

INTRODUCTION

The Toll-like receptor (TLR) family plays a
fundamental role in immune systems, particularly in
recognition and activation of innate immunity [3]. TLRs
recognize corresponding pathogen associated molecular
patterns to trigger signal transduction pathways and induce
the expressions of immune response molecules, such as
inflammatory cytokines [3]. TLR5 recognizes bacterial
flagellin from invading bacteria like Salmonella [4, 5]. The
reaction between TLR5 and flagellin commonly results in
the recruitment of MyD88, and eventually leads to the
nuclear localization of NF-κB, which contributes to the

The etiology of breast cancer is not completely
understood, but is thought to result from complex
interactions between genetic and environmental factors. For
example, chronic inflammation in the vicinity of the tumor
microenvironment contributes to disease development
and accelerates malignant progression [1]. In addition,
variations in some immune regulatory genes appear to
drive inter-individual differences in sporadic breast cancer
susceptibility [2].
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A nonsense SNP in TLR5 gene correlates with
breast cancer susceptibility in a Chinese Han
population

initiation of the canonical proinflammatory pathway [5].
Notably, expression of TLR5 is enhanced in many types
of carcinomas, including breast cancer [6–9]. Activation
of TLR5 triggered by flagellin in breast cancer lines and
in mouse xenograft models stimulates production of
proinflammatory cytokines and inhibits cell proliferation
and anchorage-independent growth [10]. Although no
endogenous TLR5 ligands in the tumor environment are
yet known, bacterial flagellin may serve as an effective
agent for targeted cancer therapy through the activation of
TLR5 signaling [11].
Approximately 23% of individuals in the general
population carry functional TLR gene polymorphisms
that have immunological impact [12, 13]. For example,
the single-nucleotide polymorphism (SNP) rs5744168 T
allele in TLR5 gene (1174 C>T) encodes a stop codon at
codon 392 (TLR5r392x), resulting in truncation of the
TLR5 transmembrane signaling domain [13, 14]. This
nonsense polymorphism appears to have a relationship
with the development of various ailments, including
urinary tract infections [15], Legionnaires disease [16],
bronchopulmonary dysplasia [17] and cancer [12],
among others. Our aim in the present study, therefore,
was to clarify the relation between TLR5 coding SNPs
and susceptibility to breast cancer in Asian populations.
To accomplish this, we took an epidemiologic approach
and used tissue microarrays to investigate the relationship
between TLR5 and patients’ clinical features. Remarkably,
we found SNP rs5744168 and the expression of TLR5
in human breast carcinomas are related to breast cancer
occurrence and its clinical features.

A common nonsense SNP in TLR5 (rs5744168; 392
STOP) results in the truncation of the TLR5, leading to
decreased TLR5 signaling. Heterozygous carriers of this
SNP have an enhanced susceptibility to some infectious
diseases. In the present study, 1036 DNA samples were
genotyped SNP for rs5744168 as well as for a missense
mutation SNP, rs2072493, which is located in a TLR5
exon and is reportedly associated with decreased survival
in colorectal cancer [18]. The distribution of the TLR5
genotypes and alleles in our studied population is shown
in Tables 2 and 3. None of these distributions deviated
from from Hardy-Weinberg equilibrium (P>0.05). For
SNP rs5744168, we observed a higher prevalence of T
alleles (p<0.05, OR = 1.215, 95%CI [2.365(1.227-4.561)])
in breast cancer patients than in controls. Statistical
significance was also found in the dominant genetic model
(gg+ag vs. gg, p=0.011). No statistical significance was
also observed between SNP rs2072493 and breast cancer
risk in our population.

Relationship between TLR5 SNPs and the
clinical features of patients
The clinical features of the 516 breast cancer patients
in this case-control study are summarized in Table 4. The
correlation between TLR5 SNPs and clinicopathologic
features, which included TNM stage, tumor size, lymph
node metastasis and the statuses of ER, PR, C-erbB2 and
P53, were analyzed. However, no statistical association
was detected between SNP rs5744168 and any of the
clinical parameters tested.

RESULTS
TLR5 expression is common in breast carcinoma

DISCUSSION

The immunohistochemistry results indicated
that TLR5 is often overexpressed in breast cancer.
Among the 256 breast cancer tissue samples tested in
a microarray, 161 (62.9%) were positive for TLR5,
and TLR5 was highly expressed in 66 (25.8%) tumor
samples (Figure 1). In tumor-adjacent breast tissues,
significant TLR5 expression was also detected in 89.3%
breast duct epithelium cells, but not in the fibro-fatty
tissue (n=28).

TLRs play a central role in the innate immune
response by recognizing pathogen-associated molecular
patterns through an extracellular domain and initiating
inflammatory signaling pathways through an intracellular
domain [3]. Unlike other TLR family members, TLR5
is highly expressed in intestinal epithelial cells and
plays key roles in host defense against enterobacterial
infections [19]. TLR5 binding with bacterial flagellin can
activate NF-kB and trigger proinflammatory and adaptive
immune responses to the invading pathogen. Melanie et
al. [12] recently demonstrated that microbially driven
TLR5 signaling regulates systemic tumor-promoting
inflammation and contributes to distal malignant
progression. However, the biological importance of TLR5
to tumorigenesis and cancer development is still not
completely understood.
Using an epidemiologic approach in the present
study, we determined that the nonsense SNP rs5744168
C/T (TLR5r392x) was associated with breast cancer risk

TLR5 expression in breast carcinoma is
associated with lymph node metastasis
The association between the level of TLR5
expression and the clinical features of breast cancer
patients were analyzed (Table 1). We found that TLR5
overexpression correlated significantly with lymph
node metastasis and tumor grade (p<0.01). However, no
difference was observed between TLR5 expression and
other clinical features, such as TNM stage and tumor
size.
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in a Chinese Han population. In our cohort, 29 of 516
breast cancer patients carried this stop codon mutation, as
compared to 13 of 520 healthy controls. In other studies,
SNP rs5744168 was associated with various infectious and
autoimmune diseases, including Crohn’s disease [20].
The SNP rs5744168 T allele encodes a stop codon
at codon 392 (TLR5r392x) TLR5 gene, leading to
truncation of the TLR5 transmembrane signaling domain
and abrogation of TLR5 signaling. And because TLR5

usually acts as a homodimer, the TLR5r392x variant
may also inhibit assembly and localization of TLR5,
thereby impairing immune responses [16]. Carriers of the
rs5744168 T genotype were previously observed to exhibit
less IL-6 production in response to flagellin than those with
the rs5744168 C genotype, and rs5744168 T heterozygotes
produced significantly lower levels of proinflammatory
cytokines such as TNF-a [21, 22]. We therefore speculated
that the reduced ability of the rs5744168 T carriers to

Figure 1: Immunohistochemical staining of TLR5 protein in breast cancer tissues. (A-B) High expression of TLR5 in breast

cancer tissue (10× 40×). (C-D) Low expression of TLR5 in breast cancer tissue (10× 40×). (E-F) Negative expression of TLR5 in breast
cancer tissue (10× 40×). (G-H) TLR5 expression on tumor-adjacent breast tissue (10× 40×).
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Table 1: Correlation between TLR5 expression and clinicopathological parameters
Characteristic

Total no.

Negative expression
n

Positive expression

%

n

%

Chi-square

p

1.14

0.285

2.61

0.456

1.94

0.380

8.14

0.004

14.93

0.001

Age
<=50

148

59

39.9

89

60.1

>50

108

36

33.3

72

66.7

TNM stage
I

10

5

50.0

5

50.0

IIA

88

35

39.8

53

60.2

IIB

85

33

38.8

52

61.2

III

73

22

30.1

51

69.9

Tumor size
<=5cm

156

55

35.3

101

64.7

>5cm

53

24

45.3

29

54.7

47

16

34.0

31

66.0

 Invasion into chest wall
Lymph node metastasis
Negative

157

69

43.9

88

56.1

Positive

99

26

26.3

73

73.7

Grade
I

47

5

10.6

42

89.4

II

89

34

38.2

55

61.8

III

29

14

48.3

15

51.7

Unknown

91

-

-

-

-

Table 2: Genotype frequencies of TLR5 polymorphisms and their associations with breast cancer risk
SNP
rs2072493

Minor Major

Case2 (%)

Control3 (%)

(a1)

(A)

AA

Aa

aa

AA

Aa

aa

G

A

292

176

48

270

197

53

(56.6) (34.1) (9.3)
rs5744168

p4 for model of inheritance

T

C

Additive Dominant Recessive

OR5 (95%CI)

0.321

0.132

0.629

0.828(0.649-1.058)

-

0.011

-

2.322(1.193-4.520)

(51.9) (37.9) (10.2)

487

28

1

507

13

0

(94.4)

(5.4)

(0.2)

(97.1)

(2.8)

(0)

1

Minor allele ‘a’ and the major ‘A’ are shown in the table. ‘AA’, ‘Aa’, ‘aa’ represent a given variant for each SNP genotyped.
The number of cases in study cohort was 516.
3
The number of controls in study cohort was 520.
4
The p values were accessed using Plink and SPSS software under an additive model (AA vs. Aa vs. aa), dominant model (aa+Aa vs.
AA), and recessive model (aa vs. Aa+AA) respectively. Significant values (P<0.05) are in bold.
5
Estimated odds ratio (OR) and 95% confidence interval (CI) were assessed under a dominant model (aa+Aa vs. AA).
2

induce cytokine production and chronic immune activation
results in low immune surveillance function and increases
the patient's susceptibility to cancer. Alternatively,
rs5744168 may be in linkage disequilibrium with a
nearby causative gene that contributes to tumorigenesis.
It was also recently reported that TLR5-dependent
www.impactjournals.com/oncotarget

commensal bacteria drives malignant progression at extramucosal locations by increasing systemic IL-6, which
drives mobilization of myeloid derived suppressor cells
(MDSCs), and that the clinical outcome of cancer patients
are thus influenced by TLR5 polymorphism rs5744168
[12]. However, we detected no correlation between TLR5
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Table 3: Allele frequencies of TLR5 polymorphisms and their associations with breast cancer risk
SNPs

Alleles

NO. (%)
Cases (n=516)

Controls (n=520)

rs2072493

A

760 (73.6)

737 (70.9)

rs2072493

G

272 (26.4)

303 (29.1)

rs5744168

C

1002 (97.1)

1027 (98.8)

rs5744168

T

30 (2.9)

13 (1.3)

Corrected p

OR (95% CI)
Reference

0.336

0.871(0.718-1.055)
Reference

0.021

2.365(1.227-4.561)

Table 4: Clinicopathologic information from breast cancer patients in the epidemiological study
Clinicopathologic information

Case no. (%)

Tumor Type
IDC

496 (96.1)

Others

20 (3.9)

Tumor Size (cm)
Less than 2 =

210 (40.7)

2 to 5 =

228 (44.2)

More than 5

42 (8.1)

Unknown

36 (7.0)

LN metastasis
Positive

236 (45.7)

Negative

279 (54.1)

Unknown

1 (0.2)

ER
Negative

192 (37.2)

Positive

292 (56.6)

Unknown

32 (6.2)

PR
Negative

161 (31.2)

Positive

323 (62.6)

Unknown

32 (6.2)

CerbB-2
Negative

303 (58.7)

Positive

181 (35.1)

Unknown

32 (6.2)

P53
Negative

338 (65.5)

Positive

142 (27.5)

Unknown
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SNPs and TNM stage, tumor size, lymph node metastasis
or the statuses of ER, PR, C-erbB2 and P53.
Another common SNP, rs2072493/N592S (missense
mutation) is located in the extracellular domain of
TLR5. This SNP was found to be associated with human
colorectal cancer survival in a large cohort of Caucasian
patients [18], and was also analyzed in this study. In
the HT-29 cell line, levels TNF-a mRNA decreased in
flagellin-stimulated homozygous N592S or R392X mutant
cells, as compared to the wild type [18]. The TLR5 N592S
mutation also reportedly affects TNF-a and IFN-r levels in
ulcerative colitis patients [23]. This missense mutation SNP
was present as a heterozygote frequency of 176+197/1036
(AG) and a homozygote frequency of 292+270/1036 (AA)
in our cohort. However, we found no correlation between
this SNP and susceptibility of sporadic breast cancer in our
Chinese Han population or the patients’ clinicopathologic
features (e.g., ER, PR, Her2, P53 status).
The role of TLR expression in breast cancer
tissues and its relationship to patients’ clinical features
was also investigated in this study. Over 60% of breast
carcinomas expressed TLR5 protein in this study. Within
breast cancer cells, TLR5 was mainly localized in
cytoplasm. TLR5 overexpression correlated negatively
with histological grade and positively with lymph node
metastasis. Tumor size, lymph node metastasis, hormone
receptor expression and tissue grading are commonly
used to evaluate the prognosis of patients with breast
cancer, among which lymph node metastasis is the most
important. These results suggest TLR5 could serve as a
biomarker in breast cancer.
In sum, to the best of our knowledge, this study is
the first to suggest a link between TLR5 SNPs and breast
cancer susceptibility in humans. We consider the combined
examination of the epidemiology and TLR5 expression in
breast cancer tissues using tissue microarrays an important
strength of our study. However, less than 5% of general
population harbors the T allele in this Chinese Han cohort.
Larger epidemiological studies of ethnically diverse
populations, as well as analysis of TLR5 expression in
patient-matched tumor samples from the epidemiological
study with survival information should be conducted in
the future.

Affiliated Hospital of Harbin Medical University. The
study participants ranged from 20 to 77 years of age (mean:
49.6 years) and were all diagnosed based on surgical and
pathological symptoms. Healthy controls with no history of
personal or familial malignancy or autoimmune disorders
were frequency matched to the patients based on age
and residence in the same Chinese area. The survival
data were not successfully collected from this cohort.
However, clinical features such as tumor size, lymph node
metastasis, human epidermal growth factor receptor 2
(C-erbB2), estrogen receptor (ER), progesterone receptor
(PR) and tumor protein 53 (P53) statuses, which have
significant overall association with patient prognosis and
outcome, were obtained from the medical files. The tumor
samples used for immunohistochemical detection including
170 invasive ductal carcinomas, 81 invasive lobular
carcinomas, and 5 other (medullary carcinoma, mucinous
carcinoma, and Squamous cell carcinoma) pathology
diagnosis types obtained from the US Biomax Company in
the form of tissue microarrays. No prognostic information
was available from the tissue microarrays we analyzed.

DNA extraction and genotyping
Genomic DNA was extracted from frozen whole blood
using a Universal Genomic DNA Extraction Kit, version 3.0
(TaKaRa, Japan) according to the manufacturer’s protocol.
Genotyping was performed using polymerase chain reaction
restriction fragment length polymorphism (PCR-RFLP)
assays (Supplementary Figure 1). The polymorphic region
was amplified by PCR using a T-Gradient Thermoblock PCR
System (Biometra, Germany) in a 25-μl reaction mixture
containing about 0.3 μg of genomic DNA, 2.5 μl of 10x
PCR buffer (Mg2+ plus), 2 μl of dNTPs, 0.5 μl of TaqDNA
polymerase (TaKaRa, Japan), and 1 μl of each primer
(10 μM). Primers, annealing temperatures and restriction
enzymes for PCR-RFLP genotyping are listed with the
supplementary information (Supplementary Table 1). After
PCR-RFLP analysis, random purified PCR products were
sequenced directly using an ABI-3730xp automatic DNA
sequencer (Applied Biosystems) to confirm the accuracy of
the genotyping results (Supplementary Figure 2).

Immunohistochemical staining

MATERIALS AND METHODS

Immunohistochemical detection of TLR5
protein was conducted on breast carcinoma and
pericarcinomatous tissue samples from female breast
cancer patients with clear pathologic diagnoses.
Paraffin-embedded samples were stained with purified
rabbit anti-human TLR5 primary IgG (1:100 dilution;
Proteintech). The slides were counterstained with
hematoxylin. Images were obtained using a Nikon
Eclipse 80i microscope. The staining of each sample
was scored independently by two pathologists blinded
to the clinicopathological findings.

Patients’ information
This epidemiological study focused on the
relationship between TLR5 SNPs and breast cancer was
conducted in the Heilongjiang Province in northeastern
China. This research was approved by the institutional
ethical committees of the Third Affiliated Hospital of
Harbin Medical University and the Harbin Medical
University. All of the volunteers gave informed written
consent. Peripheral blood samples were collected from
516 female breast cancer patients referred to the Third
www.impactjournals.com/oncotarget
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GRANT SUPPORT

TLR5 expression was assessed by evaluating the
proportion and intensity of staining, which was considered
as representative of the average in a 40× magnification
field. Briefly, the proportion of positively stained tumor
cells in a field was scored as follows: 0, none; 1, <10%; 2,
10% to 50%; and 3, >50%. The staining intensity in a field
was scored as follows: 0, no staining; 1, weak staining,
appearing as light yellow; 2, moderate staining, appearing
as yellowish-brown; and 3, strong staining, appearing
as brown. The staining index (SI) was calculated as:
(averaged staining intensity score) × (proportion score).
An SI >1 was deemed to indicate TLR5 positivity. An SI
of 4 (a cut-off point) was used to distinguish between low
(≤4) and high (>4) TLR5 expression.

This research was supported by the Postdoctoral
Science Foundation of Heilongjiang Province China (grant
no. LBH-Z15126).

REFERENCES
1. Barber GN. STING: infection, inflammation and cancer.
Nat Rev Immunol. 2015; 15:760-770.
2. Zhifu Y, Mingli J, Shuang C, Fan W, Zhenkun F, Wangyang
C, Lin Z, Guangxiao L, Yashuang Z, Dianjun L. SNP-SNP
interactions of immunity related genes involved in the
CD28/B7 pathway with susceptibility to invasive ductal
carcinoma of the breast. Gene. 2015; 566:217-222.

Statistical analysis

3. Takeda K, Kaisho T, Akira S. Toll-like receptors. Annu Rev
Immunol. 2003; 21:335-376.

Deviation from Hardy-Weinberg equilibrium
(HWE) was determined using a goodness-of-fit
chi-squared test to compare the observed genotype
frequencies with the expected frequencies from the
healthy controls. The polymorphisms were excluded
if they deviated from the HWE or if missing data
comprised more than 10% of the total data. Using
different models of inheritance (additive, dominant,
recessive), the genotype frequencies of were analyzed
using the chi-squared test and Fisher’s exact test.
Estimated odds ratios (ORs) and 95% confidence interval
(CIs) were assessed with Plink and SPSS software. To
determine the significance with corrections for multiple
testing biases, we ran 10,000 permutations using
Haploview to determine the corrected p value. All data
were analyzed using SPSS (version 17.0), Plink (version
1.07) (http://pngu.mgh.harvard.edu/~purcell/plink), and
Haploview (version 4.1) (http://www.broad.mit.edu/mpg/
haploview/). The threshold for significance was p<0.05,
and the relative risks associated with haplotypes were
estimated as ORs with 95% CIs.

4. Mizel SB, Bates JT. Flagellin as an adjuvant:
cellular mechanisms and potential. J Immunol. 2010;
185:5677-5682.
5. Honko AN, Mizel SB. Effects of flagellin on innate and
adaptive immunity. Immunol Res. 2005; 33:83-101.
6. Jouhi L, Koljonen V, Bohling T, Haglund C, Hagstrom
J. The expression of Toll-like receptors 2, 4, 5, 7 and
9 in Merkel cell carcinoma. Anticancer Res. 2015;
35:1843-1849.
7. Helminen O, Huhta H, Takala H, Lehenkari PP, Saarnio
J, Kauppila JH, Karttunen TJ. Increased Toll-like receptor
5 expression indicates esophageal columnar dysplasia.
Virchows Arch. 2014; 464:11-18.
8. Schmausser B, Andrulis M, Endrich S, Muller-Hermelink
HK, Eck M. Toll-like receptors TLR4, TLR5 and TLR9
on gastric carcinoma cells: an implication for interaction
with Helicobacter pylori. Int J Med Microbiol. 2005;
295:179-185.
9. Kauppila JH, Mattila AE, Karttunen TJ, Salo T. Toll-like
receptor 5 (TLR5) expression is a novel predictive marker
for recurrence and survival in squamous cell carcinoma of
the tongue. Br J Cancer. 2013; 108:638-643.

Author contributions
Conceived and designed the experiments: CS LX
LY LD. Performed the experiments: CS YW FZ HY LY
LD. Analyzed the data: FZ YJ XJ LD. Wrote the paper:
CS LY LD.

10. Cai Z, Sanchez A, Shi Z, Zhang T, Liu M, Zhang D.
Activation of Toll-like receptor 5 on breast cancer cells by
flagellin suppresses cell proliferation and tumor growth.
Cancer Res. 2011; 71:2466-2475.
11. Li TT, Ogino S, Qian ZR. Toll-like receptor signaling in
colorectal cancer: carcinogenesis to cancer therapy. World
J Gastroenterol. 2014; 20:17699-17708.

ACKNOWLEDGMENTS
We thank all patients and healthy volunteers
for providing blood samples. We are grateful for the
collaboration received from the participating hospitals
and their staff.

12. Rutkowski MR, Stephen TL, Svoronos N, Allegrezza MJ,
Tesone AJ, Perales-Puchalt A, Brencicova E, Escovar-Fadul
X, Nguyen JM, Cadungog MG, Zhang R, Salatino M, Tchou
J, et al. Microbially driven TLR5-dependent signaling
governs distal malignant progression through tumorpromoting inflammation. Cancer Cell. 2015; 27:27-40.

CONFLICTS OF INTEREST

13. Casanova JL, Abel L, Quintana-Murci L. Human TLRs and
IL-1Rs in host defense: natural insights from evolutionary,

The authors declare that they have no conflicts of
interests.
www.impactjournals.com/oncotarget

88628

Oncotarget

epidemiological, and clinical genetics. Annu Rev Immunol.
2011; 29:447-491.

affect human colorectal cancer survival. Cancer Res. 2013;
73:7232-7242.

14. Misch EA, Hawn TR. Toll-like receptor polymorphisms
and susceptibility to human disease. Clin Sci (Lond). 2008;
114:347-360.

19. Uematsu S, Akira S. Immune responses of TLR5(+)
lamina propria dendritic cells in enterobacterial infection.
J Gastroenterol. 2009; 44:803-811.

15. Hawn TR, Scholes D, Li SS, Wang H, Yang Y, Roberts
PL, Stapleton AE, Janer M, Aderem A, Stamm WE, Zhao
LP, Hooton TM. Toll-like receptor polymorphisms and
susceptibility to urinary tract infections in adult women.
PLoS One. 2009; 4:e5990.

20. Gewirtz AT, Vijay-Kumar M, Brant SR, Duerr RH, Nicolae
DL, Cho JH. Dominant-negative TLR5 polymorphism
reduces adaptive immune response to flagellin and
negatively associates with Crohn’s disease. Am J Physiol
Gastrointest Liver Physiol. 2006; 290:G1157-G1163.

16. Hawn TR, Verbon A, Lettinga KD, Zhao LP, Li SS,
Laws RJ, Skerrett SJ, Beutler B, Schroeder L, Nachman
A, Ozinsky A, Smith KD, Aderem A. A common
dominant TLR5 stop codon polymorphism abolishes
flagellin signaling and is associated with susceptibility to
legionnaires’ disease. J Exp Med. 2003; 198:1563-1572.

21. Hawn TR, Wu H, Grossman JM, Hahn BH, Tsao BP,
Aderem A. A stop codon polymorphism of Toll-like
receptor 5 is associated with resistance to systemic
lupus erythematosus. Proc Natl Acad Sci U S A. 2005;
102:10593-10597.
22. Al-Daghri NM, Clerici M, Al-Attas O, Forni D, Alokail
MS, Alkharfy KM, Sabico S, Mohammed AK, Cagliani
R, Sironi M. A nonsense polymorphism (R392X) in
TLR5 protects from obesity but predisposes to diabetes. J
Immunol. 2013; 190:3716-3720.

17. Sampath V, Garland JS, Le M, Patel AL, Konduri GG,
Cohen JD, Simpson PM, Hines RN. A TLR5 (g.1174C >
T) variant that encodes a stop codon (R392X) is associated
with bronchopulmonary dysplasia. Pediatr Pulmonol. 2012;
47:460-468.

23. Meena NK, Ahuja V, Meena K, Paul J. Association of TLR5
gene polymorphisms in ulcerative colitis patients of north
India and their role in cytokine homeostasis. PLoS One.
2015; 10:e0120697.

18. Klimosch SN, Forsti A, Eckert J, Knezevic J, Bevier M, von
Schonfels W, Heits N, Walter J, Hinz S, Lascorz J, Hampe
J, Hartl D, Frick JS, et al. Functional TLR5 genetic variants

www.impactjournals.com/oncotarget

88629

Oncotarget

