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Breast cancer is highly prevalent worldwide. Treatment of this disease is a major global public health
problem; therefore, numerous studies have explored new molecular profile helping for breast cancer
therapy. Different risk factors are attributed to breast cancer; however, chronic inflammation and im-
mune regulation are highly essential. Various molecules impact this context, including toll-like recep-
tors (TLRs), which are mainly expressed on the membrane of different immune cells and trigger pro-
inflammatory responses. Of note, expressing these receptors, as well as inhibiting their functions lead
to different and remarkable results in patients with breast cancer. More specifically, TLRs can induce the
apoptosis of cancerous cells, expression of adhesion molecules, metastasis, and cytokine profile change.
Therefore, evaluating new therapies and various factors, including demographic characteristics, nutri-
tion, colonized microbial flora, and immune regulatory molecules in breast cancer patients is essential.
Such information helps to improve our understanding of this disease and assists scientists to find effec-
tive therapies in the future. The content of this article is a review of 128 articles, published in prestigious
international journals. Search in Google Scholar, PubMed, Scopus, and Science Direct were conducted
: using keyword combinations of “Breast cancer and Toll-like receptor”. This review article is an overview
Breast cancer, Toll-like of the role of TLRs in the treatment and progression of breast cancer. According to various research stud-
receptors e, TLRs can significantly affect the progression, metastasis, and treatment of breast cancer.
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lent cancers in the world as well as in Iran. Furthermore, its

incidence has dramatically grown in all countries and par-
1. Introduction ticularly among women aged >50 years. Numerous factors

contribute to cancer development, like the immune system.
ancer is a significant cause of death world- toll-like receptors (TLRs) are important immune system
wide. According to the world health orga- receptors and a member of the family of pattern recogni-
nization (WHO) report in 2018, the highest tion receptors. TLRs that have been recently considered and
incidence and mortality rates of cancer is at- well-documented, significantly affect the immune system,
tributed to lung, breast, colon, prostate, and inflammatory responses, and the tumorigenesis of breast

gastric types [3]. Breast cancer is among the most preva-
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cancer [22, 23]. In this review, we investigated the TLRs
role in breast cancer tumorigenesis and development.

2. Materials and Methods

In this review, we considered the latest information on the
role of TLRs in breast cancer in PubMed, Google Scholar,
and Science Direct databases in 2019. We used a combina-
tion of the keywords such as "TLR receptor”, "breast can-
cer", and “breast cancer and TLR receptor”.

3. Results

Extensive evidence demonstrated that TLRs are linked
to innate and acquired immunity; thereby, the binding of
TLRs ligands to the receptors will ignite inflammatory re-
sponses. Furthermore, this family contains at least 10 mem-
bers in humans and 13 in mice, which has been extensively
studied according to the investigation of the role of 2, 3, 5,
6,7, 8, and 9 in breast cancer [14, 15]. Among these recep-
tors, TLRs 1 and 10 were less studied in cancer. The effect
of TLR4 in breast cancer has mainly been studied. These
receptors are expressed by immune cells, including den-
dritic cells and macrophages; thus, they specifically bind
to pathogen-association molecular patterns (PAMPs) and
damage-association molecular patterns (DAMPs), as well
as elicit immune responses [9, 10]. When the TLR detects
the PAMPs, they activate intracellular signaling cascades
through a set of adapters [10, 26]. The expression of TLR
has demonstrated its association with the tumorigenesis of
breast cancer. Different breast cancer cell lines may express
one or more different TLRs on their membrane.

Various studies have revealed that the expression of 2, 3, 5,
6,7, 8, and 9 TLRs have dichotomous manner [33, 36-40].
In one hand, they mediate the growth, tumor growth, and
cancer development. On the other hand, they inhibit and
prevent breast cancer. Researchers have found that poly-
morphisms in TLR genes may be associated with breast
cancer in some cases. Furthermore, these polymorphisms
in these genes can increase or decrease breast cancer risk.
The deletion of 22 nucleotides (174-196) of the TLR2 gene
and Asp299Gly polymorphism in the TLR4 gene increases
the risk of breast cancer [79-81].

A large body of evidence indicated that inflammation relat-
ed-TLRs are associated with tumorigenesis and metastasis
[24, 25]. TLRs enhance metastasis in breast cancer by regu-
lating the expression of integrin’s genes. TLR4 gene is also
silent in the mouse models of breast cancer and consequently
promotes tumor progression and metastasis to the lung. Pre-
vious studies reported that TLRs could induce apoptosis in
breast cancer through various processes. TLR4-expressing

tumor cells increase inflammation, tumor growth, invasive
phenotype, and metastasis in tumor cells, and enhance the
expression of anti-apoptotic genes, such as Bcl-2, XIAP, and
Bcl-XL that eventually promote metastasis [96, 97].

The other TLRs directly induce apoptosis in the MCF-7
breast cancer cell line through IFN-1 and IRAK4 signaling
[52]. The TLRs-induced inflammatory signals increase the
expression of cytokines and chemokines; thereby, produce
TH17 lymphocyte cells by tumor cells. TLRs activation
increase NF-«f3 activity and the phosphorylation of TAK1
and IkBa; consequently, it leads to the secretion of IL-6 and
TGF-f cytokines in breast cancer [44, 101, 102]. TLRs can
express IL-6 and IL-8 in breast cancer cell lines. Interest-
ingly, TLRs are of the critical targets in cancer immunother-
apy. Flagellin, a TLRS agonist, induces autophagy in breast
cancer cells, which requires autophagy factor MAPIS to
prevent tumor cells’ proliferation. The flagellin-TLRS path-
way significantly affects flagellar tumor suppression [114].

Furthermore, imiquimod, a TLR7 agonist, promotes
the anti-tumor activity of immune systems. In addition, it
has a synergistic effect by radiotherapy and a low dose of
cyclophosphamide in the mouse models of breast cancer
[115]. This receptor can also be used in chemotherapy in
combination with various adjuvants therapies. The com-
bination therapy of TLR and traditional chemotherapy
approach can be effective, which increases the inhibi-
tory effect of tumor growth concerning chemotherapy
alone; thereby, it reduces the chemotherapy drug dose
[118]. Moreover, the combination of CPG motifs (TLR9
agonist) and radiotherapy enhanced the efficacy of radio-
therapy, decreased metastasis, and increased survival in
the mouse models of cancer [126, 127].

4. Conclusion

In conclusion, studying these receptors individually and
without regard to patient’s specific conditions in terms of
demographic factors, nutritional, and colonized microbial
flora in the patient on the one hand, and status of other im-
portant molecules in the patient's immune system, includ-
ing cytokines and other immunomodulatory molecules,
may yield unrealistic results. This is an essential limitation
in examining the function of these receptors and many
other important molecules in the human immune system
that follows a pattern. It is suitable for defining their role in
complex diseases, like cancer.
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36. Single-nucleotide polymorphisms (SNP)
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29. Di Acyl Ipopeptides

30. single-stranded RNA (ssRNA)

31. Invasive breast cancer (IBC)

32. Imiquimod

33. Deoxycytidyl-phosphate-deoxyguanosine (CpG)
34. Triple negative breast cance r (TNC)

b o gt D TOHl A (G015 8" i85 . 110 g  SIid 95 0SS


http://journal.qums.ac.ir/index.php?&slct_pg_id=37&sid=1&slc_lang=fa

Oy ol e 53 byl 25 gTLR (gloons o8 .Y Joodo

o) Pl it rley oy £ob
[Pe VY] MMP (el /okie 2ol 13055 (5 TLR2
[a-<8Y] Y cagsb il G5 el S 29095 L& TLR3
(Y. Y¥] VEGF (NO (MMP (i3l /sl 8 /s 19055 (<10 TLR4
[07] i 939,55 Gl (59088 (sla Sl 585 imlS 2909 L6 TLRS
[6A 23] 2led 9 y9095 Cd ey s9o88 Sl TLR6
[¥A« V2] sl S g (255 talS TS sl sy 19055 15
TLR7/TLR8
%] 25585 358 9 235 sl 29o9% st
[¥¥] i a5 ki 13 o8 Sl TLRY

Kol Hlas s ghalllas o 3,k 3l [4eJead jliubic
Ol s (sh9e slaJas 10 TLRA 5 (10,5 Ghgals- 45
245 298 o0 4y 4y jlilie 9 y909 Cdpdey crge i
O yatzmen laie [V e (L3 sloasil, b ails
9 ool ey padais 0 1) sl TLR7 oS 45" 5 900Ky

LAV asols ol oyl oyl yus 5 jbsbio 31 (5 2ol

ol by }53’9’99’7 P LTLR is

o GME &S el (ol 0aiig iy Sro ey
el Y 5 S L] o ls o slacidl jlwgen o
sl LAF] ol jgal JSosle 31 3 e o ooy
g j9ag5 Wb 9 ey slasle Bl crge g0
Ay S (sogen G o] Ay Cunglite b il (2lS Ay
Slooss 5 wisls i i 0] cutls aalys oyl s
s gl s 531, 59500 Calises (glaaiy] 3 L asilgs o TLR
e yobo 3 45" sl TLR3 banoss o8 ! 31 SO oS )
Gk 3l ol ooy MCF-7 Jobs 03, 30 1) j59:]
58 B,k 51 L] wis e W IRAKA ¢ IFN-1 Kol
TLRA (15 (5 19095 (5l Jolos 4" wiols L Calises cilalllas
2 slin 5 ozl uigid pgagi 0y eoloill Ralidl g
s5agl oaiS Canilon sl JoSge (s 5 0 (59095 (sl Jolus
sbwlie o) cage Cules s 45 BE-XL ¢ Bel-2 XIAP assle
L85 aV] aias oo 2al811, g oo

5 oolizud L TLR7/8 (glbods S o5 wiols Lt cjliioea
LSLDCﬁ.L{ﬂ:'.’.L“’ A.:J,S 9 LbaSIRAK 6).:;)[5 LY 90 \"V)}:ib'"
2 5501 8ol 5 T aleaslS” (40,5 Jlad (aizran 5 el

37. Myeloid differentiation primary response 88 (MYD88)
38. Interleukin-1 receptor-associated kinase
39. Caspase
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51. Polysaccharide krestin (PSK)

52. Transgenic

53. 7, 12-dimethylbenz(a)anthracene (DMBA)
54. Lipopolysaccharide

55. Glucopyranosyl lipid a-stable emulsion
56. Tumor necrosis factor

57. Autophagy
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40. Imiquimod

41. Transforming growth factor b-activated kinase
42. inhibitor of kappa B

43. Interleukin 6 receptor

44. Tumor growth factor

45. Michigan cancer foundation-7

46. Human acute promyelocytic leukemia cells(neutrophil-like NB4
cells)

47. Lamrani

48. Nitric oxide synthase (NOS)

49. Nitric oxide (NO)

50. Reactive oxygen species (ROS)
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68. Dewan
69. Albumin-bound paclitaxel (nab-paclitaxel)
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58. Synergism

59. Cyclophosphamide

60. CpG oligodeoxynucleotides

61. Effector tell

62. Adjuvant

63. High mobility group protein B1
64. Tumor-specific T iymphocyte

65. Combination therapy

66. Cytotoxic T lymphocytes (CTL)

67. Tumor-associated antigens (TAAs)
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