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Abstract
Objective: This current study evaluated the underlying mechanisms of LF against the in�ammatory
microRNAs (miRNAs), HMGB1 expression and TLR4-MyD88-NF-кB pathway in LPS-activated murine
RAW264.7 cells.

Methods: MTT assay was used to assess cell metabolism and the cell culture levels of the cytokines
(TNF-α, IL-6) were evaluated by Enzyme-linked immunosorbent assay (ELISA). The expression of miRNAs
was quanti�ed by using qPCR and expression of HMGB1, TLR4, MyD88, and phosphorylated NF-κB (P-
p65) were determined with Western blot and qPCR, respectively.

Results: The results indicated that LF downregulates IL-6 and TNF-α expression. LF exhibited the
degradation of P-p65 and reduced the production of HMGB1, TLR4, and MyD88 in LPS-induced
in�ammatory response. Importantly, in parallel with the suppression of cytokines and HMGB1-TLR4-
MyD88-NF-кB pathway, LF could induce a decrease in in�ammatory selected miRNAs, mmu-mir-155 and
mmu-mir-146a expression.

Conclusions: Altogether, these �ndings provide LF as a prominent anti-in�ammatory agent could
modulate HMGB1, mmu-mir-155, mmu-mir-146a and TLR4/MyD88/NF-кB pathway.

Introduction
In�ammation causes activating and releasing of pro-in�ammatory cytokines in response to infections via
complex networks of interaction. The cytokines then trigger an appropriate in�ammatory response and
play a pivotal role in removing the infection [1]. However, abundant and poorly regulated cytokines
expression in responses to the in�ammation has been con�rmed to be highly involved with cell and
tissue injury in in�ammatory-associated disease, including, atherosclerosis, sepsis, and infections [2].
Lipopolysaccharide (LPS) is a Gram-negative bacteria product, which has been commonly used to induce
in�ammatory response by activation of macrophage Toll-like receptor 4 (TLR4)[3].

Toll-like receptor4 (TLR4) is a conserved mediator of in�ammation, up-regulate the expression of its
downstream effectors, most importantly NF-κB, through MyD88 adaptor [4]. High mobility group box-1
(HMGB1), a damage-associated molecule pattern (DAMP) protein, an early mediator of in�ammation, is
released in passive form from impaired cells and activates the innate immune cell. In addition, it has been
found that macrophages cells actively secrete HMGB1, which enhances in�ammatory reaction [5].
HMGB1 also binds to TLR4 receptor and promotes the NF-κB activity through TLR4/MyD88/NF-кB
dependent pathway, thereby; ablation of HMGB1 could be protective against the further production of
cytokines and cell damage [6]. Moreover, HMGB1 has previously been shown to act as a potent inducer of
proin�ammatory cytokines production, which ampli�es their activity in acute in�ammation [7]. Therefore,
targeting HMGB1 may provide an important therapeutic strategy against in�ammatory response through
TLR4-mediated signaling.

https://www.wordhippo.com/what-is/another-word-for/strengthens.html
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MicroRNAs (miRNAs), one class of small non-coding RNA (sncRNA), modulate gene regulation. Evidence
reveals that miRNAs are potent regulators of macrophage activation and polarization [8]. Studies on
miRNAs expression pro�le noticed that some miRNAs expression such as, mmu-mir-223, mmu-mir-146a
and mmu-mir-155 are involved in NF-kB levels in activated macrophage [9,10]. Recent evidence has
reported that LPS-mediated activation of TLR-signaling pathways by induction of mmu-mir-146a and
mmu-mir-155 expression [11-13]. Moreover, mmu-mir-146a and mmu-mir-155 expression in response to
LPS stimulation has been blocked by inhibition of NF-kB activity in Raw264.7 cells [14,15]. Liu et al
demonstrated that mmu-mir-129 inhibited the development of AE-related epilepsy by negatively targeting
HMGB1 protein and abrogated TLR4/NF-kB signaling activation by HMGB1[16].

It has been suggested that lactoferrin (LF), one of the major antioxidants in human milk, has potential
pharmacological activities, could reduce tissue in�ammatory response in T cells [17]. Our previous
�ndings and other reports have suggested that LF inhibit the in�ammatory response to the high-fat diet-
induced in�ammation and metabolic stress in rat [18,19]. It was also informed that LF signi�cantly
attenuates the catecholamine-induced cardiotoxicity by inhibition of reactive oxygen species (ROS) [20].
Studies have shown that LF inhibited the production of tumor necrosis factor‐α and nitric oxide-induced
by LPS [21]. A recent study reported that LF reduces the in�ammatory response by inhibition of TLR4-
SIRT-1-NFκB signaling cascade in obese diabetic pediatric population [22]. By our knowledge, no previous
experimental study has been done to investigate the effects of LF on the in�ammation-related signaling
pathway, TLR4-MyD88-NF-κB, and HMGB1. Therefore, this current study was conducted to examine the
effect of LF on the TLR4-MyD88-NF-κB pathway and also provided evidence of LF effects on selected
miRNAs expression in LPS-activated Raw264.7 cells.

Materials And Methods
Reagents

Fetal bovine serum (FBS), Dulbecco’s modi�ed Eagle’s medium (DMEM), and penicillin-streptomycin were
purchased from Gibco (Carlsbad, CA, USA). LF was from Sigma-Aldrich (St. Louis, MO, USA).
Lipopolysaccharide (LPS) (Escherichia coli 0127, B8) was purchased from Sigma.

Cell culture

Macrophage RAW 264.7 cells were purchased (Pasteur Institute, Tehran) and cultured in DMEM medium,
supplemented with 10% FBS, 1% of penicillin/streptomycin at 37°C in 5% CO2 incubator. Cells at 80%
con�uence were subcultured and the passages 3-5 were subjected to the subsequent experiment.

Cell metabolism and morphology

Cell metabolism was measured by MTT assay. Brie�y, RAW264.7 cells were grown into 96-well plates
(104 cells/well) for an overnight. Then, cell treatment was done with LF (0, 10, 100, 500 and 1000µg/mL)
and incubated for 1 h, and then were treated with LPS (1µg/mL). After 24 h, MTT solution (0.5mg/mL)
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was added and incubated for further 4 h. Then, after dissolving of formazan crystals by DMSO, the
optical density was measured at 570 nm (Bio-Tek,  ELX  800,  USA). The qualitative morphology of the
cell cultures was also analyzed by a light microscope.

Detection of miRNA and mRNA expression

Total RNA with miRNA contents were isolated from the RAW264.7 cells by using TRIzol reagent (Sigma-
Aldrich, Germany). Extracted RNAs quality was assessed using Nanodrop (Thermo Scienti�c). The cDNA
synthesis was conducted with the cDNA synthesis kit (Takara, Shiga, Japan) by using Total RNA (1µg).
The stem-loop-based quantitative real-time RT-PCR (qRT-PCR) method was used for detecting miRNAs
expression. The qRT-PCR analyses were performed using Takara SYBR® Premix Ex Taq (Takara, Japan)
on a LightCycler® 96 System (Roche Diagnostics, Germany). miRNAs primers were designed according
to the corresponding sequence from miRBase and NCBI database and were listed in Table 1. The 2-ΔΔCT

method was applied for calculation of the relative expressions of the genes.

Assessment of TNF-α and IL-6 expression

Cells were seeded in 24-well plates (106 cells/mL) for 24 h, and then were treated with LF and stimulated
with LPS for indicated periods. The concentration of TNF-α and IL-6 in cell culture of LF with or without
LPS groups was carried out the commercially available ELISA kit (ExCell Biotech, China).

Western blot

For western blotting, cells were collected and washed using ice-cold PBS. Thereafter, cells were
homogenized by lysis buffer (Roche Diagnostics, Germany). Protein concentration was quanti�ed using a
NanoDrop (ND-1000 Spectrophotometer, USA). Extracted protein was separated by 12% SDS-PAGE and
blotted to a PVDF membrane (Millipore, USA), then, blocked and hybridized with the speci�c antibodies
(Santa Cruz, CA, USA). After incubation with secondary antibodies, the results were visualized by
enhanced chemiluminescence (Thermo Fisher Scienti�c, USA) in the dark-room. The results were
normalized to the GAPDH signal value in the same lane.

Data analysis

Results are expressed as the mean ± SD (n=3). The one-way analysis of variance (ANOVA) with multiple
comparisons was used to compare the differences between the groups using GraphPad Prism software
(Version 6; GraphPad, CA). A p < 0.05 was considered to as signi�cant

Results
Effect of LF on cell morphology and cell viability

LPS induces morphological transformation of macrophage RAW264.7 cells. As shown in Fig. 1, LPS
induced activation and morphological changes on RAW264.7 cells, while this transformation was
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decreased by LF pretreatment in concentrations of 500 and 1000µg/ml of LF. Further quantitative
analysis of cell metabolism was detected using the MTT assay. As shown in �gure 1, with LPS challenge,
cell metabolism was found to be decreased and this reduction was signi�cant relative to control cells
(p<0.05). Pretreatment of RAW264.7 with LF restored cell metabolism resulted from LPS treatment and
1000 µg/ml of LF had the maximal protective effect in comparison with LPS treatment alone (p<0.05).
Therefore, in our subsequent in vitro experiments, LF was used in RAW 264.7 cells at the concentration of
500 and 1000μg/mL for 24 h in further experiments.

LF inhibits LPS-induced IL-6 and TNF-α expression

To explore the potent anti-in�ammatory property of LF, we determined the production of LPS-induced IL-6
and TNF-α expression in RAW264.7 cells. As data showed, LPS signi�cantly increased IL-6 and TNF-α in
macrophage cells. Interestingly, pretreatment with LF decreased LPS-induced IL-6 and TNF-α expression
at mRNA level (p<0.05); (Fig. 2A). Results demonstrated that LF also notably decreased the protein levels
of IL-6 and TNF-α as compared with the LPS group (p <0.05); (Fig. 2B). However, these results indicated
that LF reduced the pro-in�ammatory cytokine production in a concentration-dependent manner.

LF regulates miRNAs expression in LPS-induced RAW264.7 cells

We next explored whether LF could inhibit the transcription on the regulation of mmu-mir-155 and mmu-
mir-146a. As shown in Fig. 3, the expression levels of the miR-155 and miR-146a were altered by LPS
treatment in RAW264.7 cells. RAW264.7 cells were pretreated with LF and then stimulated with LPS for 24
h. Both mmu-mir-155 and mmu-mir-146a were rapidly induced in response to LPS and signi�cantly
reduced when pretreated with LF (Fig.3). Therefore, LF inhibited the expression of both in�ammatory-
associated miRNAs; suggesting that LF may act upstream to inhibit the transcription of the mmu-mir-155
and mmu-mir-146a genes.

LF suppress TLR4/Myd88/NF-κB pathway

As shown in Fig.4, TLR4/Myd88/NF-κB pathway has a major role in the activation of the in�ammatory
cascades. The results indicated that LPS-induced signi�cant up-regulation in HMGB1, TLR4, and Myd88
genes. However, LF signi�cantly attenuated HMGB1, TLR4, and Myd88 proteins levels in RAW264.7 cells
and more reduction was observed at the concentrations of 1000µg/ml of LF compared with 500µg/ml.
The results demonstrated that the levels of HMGB1, TLR4, and Myd88 were blocked in the LPS treatment
group (Fig. 4A, 4B, and 4C). We additionally evaluated the phosphorylation of P65 (p-P65), a functional
subunit of NF-κB, a master regulator of in�ammation, and found highly expressed levels of P-p65 in LPS-
induced cells. However, P-p65 levels were found to be signi�cantly declined in concentrations of 500 and
1000µg/ml of LF. LF had no signi�cant effect on the total protein level of p-P65, HMGB1, TLR4, and
Myd88 protein levels in the control group.

Discussion

https://link.springer.com/article/10.1007/s10753-014-9816-2


Page 6/14

LF administration has been provided as a dietary component for the treatment of in�ammation disorder,
including arthritis, allergy, and cancer [23]. Antioxidant and anti-in�ammatory activity of LF has already
been proved by numerous experimental studies [24,25]. Because of the bene�cial effects of LF,
experimental studies paid more interest to investigate the underlying mechanism action of LF [26].
Excessive release of cytokines may result in pathological changes by inducing wide and reverse tissue
damage [27]. Studies indicated that the ablation of TLR4 by either knockout or TLR4 antagonist
decreases NF-кB levels in LPS activated macrophage, suggesting that inhibition of TLR4 might be pivotal
to impede chronic in�ammation [28]. Our study suggests new insights into the regulation of HMGB1 and
TLR4-MyD88-NF-кB pathway by LF in LPS-activated RAW264.7 cells. We observed that LF exerted anti-
in�ammatory against LPS-induced cytokine production in RAW264.7 cells. In our study, the expression
levels of HMGB1 (ligand for TLR4) was increased parallel with the increase of TLR4 as well as the
MyD88 and NF-кB in the LPS challenge. However, LF signi�cantly mitigated all these pathological
changes by a reduction in TLR-4, MyD88, NF-κB and HMGB1 levels in LPS-activated cells. However, these
results provided that LF pretreatment inhibits HMGB1 production and its downstream TLR4-MyD88-NF-
κB pathway. Therefore, it is highly likely that LF may prevent, at least partially, if not fully, the
in�ammatory response through targeting the HMGB1 and TLR4-MyD88-NF-кB pathway. In addition, in the
present study, LPS increased pro-in�ammatory cytokines IL-6 and TNF-α and this adverse effect was
inhibited by Lf intervention. A similar bene�cial effect of LF was observed on other models; Inubushi et al.
reported that Lf impeded LPS-induced IkBα and IKKβ phosphorylations, the two important related kinases
for DNA binding activity of NF-κB [29]. Wei et al showed that LF extended the survival time of radiated
mice and improved intestinal injury by decreasing TNF-α, IL-6, and NF-κB [30]. Na et al con�rmed that
pretreatment LF–LPS complex induces LPS tolerance in RAW 264.7 cells by a reduction in IL-1β, IL-6, and
TNF-α production. They also revealed the modulation of NF-κB DNA binding activity by LF-LPS treatment
[31]. Mohamed et al, also demonstrated that LF promotes activation of PPAR-γ and SIRT-1 and inhibited
TLR4 downstream NF-κB signaling pathway in type 2 diabetic [22].

The LPS-induced miRNAs regulation in RAW264.7 cells has been revealed the immune-regulatory effects
of miRNAs under in�ammatory response [32]. However, the protective effect of LF against in�ammation
by regulation of miRNAs is another major challenge that remains to be clear. In addition, it has been
reported that LPS-induced aberrant expression of miRNAs in RAW264.7 cells, and associated with an
ampli�ed in�ammatory response [33]. Our �ndings showed that LPS increased mmu-mir-155 and mmu-
mir-146a expression, which could be signi�cantly reduced under LF treatment. We further showed that LF
pretreatment inhibited mmu-mir-155 and mmu-mir-146a expression at the concentrations of 500 and
1000µg/ml of LF. To the best of the authors’ knowledge, the current study is the �rst to investigate the
effects of LF on mmu-mir-155 and mmu-mir-146a expression in LPS activated RAW264.7 cells. MiRNAs
are strongly linked to immune responses and cytokines regulations; among the miRNAs, mmu-mir-155
and mmu-mir-146a have been found to promote the in�ammation. To date, mmu-mir-155 and mmu-mir-
146a induction have been involved in aberrant expression of genes associated with innate immune
response [34,35]. mmu-mir-155 expression is strongly induced by LPS in macrophages and positively
regulates the in�ammatory axis upon pathogenic activation of TLR4 [36]. Further studies have shown

https://link.springer.com/article/10.1007/s10753-014-9816-2
https://link.springer.com/article/10.1007/s10753-014-9816-2
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that the decreased mmu-mir-155 contributes to inhibit TLR-4 induced IL-6 and IFN-β expression in
macrophages [15]. Additionally, the expression of mmu-mir-146a has been found to be upregulated in
RAW264.7 macrophage cells in response to LPS stimulation [35] and down-regulation of LPS-mediated
mmu-mir-155 and mmu-mir-146a expressions play an important role by TLR4/NF-κB pathway activity
[14]. Therefore, the inhibition of mmu-mir-155 and mmu-mir-146a has been associated with a decrease in
TLR-4 mediated NF-κB activity [37].  Consistent with previous studies [38], in this current study, inhibition
of P-p65 and TLR4 by LF elicited a downregulation of mmu-mir-155 in LPS treated cells, which indicates
the important role of the NF-κB pathway in LF-regulated mmu-mir-155 expression. In addition, as we
indicated above, LF attenuated the expression of HMGB1, TLR4, MyD88 and NF-кB (p-P65) by LPS
stimulation; suggesting the suppression of HMGB1 and TLR4-MyD88-NF-кB pathway may be associated
with the effect of LF on expression of mmu-mir-146a and mmu-mir-155 in response to LPS stimulation.
This study provides plausible evidence that LF induces signi�cant changes in mmu-mir-146a and mmu-
mir-155 expression particularly in LPS activated in�ammation in RAW264.7 cells. Although the human
and mouse immune system exhibit extensive similarities [39] but identify differences in human and
mouse macrophages in response to LF administration under LPS stimulation warrants further exploration
and it could be limitation of the study. However, additional mechanistic investigations are required to
explore possible targeted genes and pathways affected by the LF.

In summary, we demonstrate that LF exhibited anti-in�ammatory effects by attenuating TNF-α, IL-6, and
HMGB1 levels through the TLR4-MyD88-NF-κB pathway and miRNAs expression in LPS-activated
macrophage cells. We also provided the �rst evidence on the effects of LF on the regulation of selected
miRNAs expression but further in vivo studies are warranted to explore the relationship between miRNAs
and in�ammatory genes.
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Figures

Figure 1

Effect of LF on the viability of RAW264.7 cells. Cells were incubated with LF (0, 10, 100, 500, and 1000
µg/mL), and then stimulated with lipopolysaccharide (LPS; 1 μg/ml) for 24 h. Cell morphology was
monitored under a light microscope at x400 magnitude and cell viability was performed by using MTT
assay. The data are expressed as means ± SD. *p < 0.05 vs. control group; #p < 0.05 vs. LPS group (n=3).
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Figure 2

Effect of LF on LPS-induced IL-6 and TNF-a expression in RAW264.7 cells. Cells were pretreated with LF
(500, and 1000 µg/mL) and exposed to 1μg/ml LPS for 24 h. (A) IL-6 and TNF-a gene expression were
detected using real-time qPCR. (B) Protein levels of IL-6 and TNF-α in RAW264.7 cells was detected using
an ELISA kit. The data are expressed as means ± SD. ****p < 0.0001 vs. control group; ###p < 0.001, and
###p < 0.001 vs. LPS group (n=3)
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Figure 3

Effect of LF on LPS-induced miRNAs expression in RAW264.7 cells. Cells were pretreated with AME (500,
and 1000 µg/mL) and exposed to 1μg/ml LPS for 24 h. (A) And (B) The expression of different miRNAs
were measured by using real-time qPCR. The data are expressed as means ± SD. *p < 0.05, **p < 0.01,
****p < 0.0001 vs. control group; #p < 0.05, ##p < 0.01 vs. LPS group (n=3)
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Figure 4

Effect of LF on LPS-induced HMGB1-TLR4-MyD88-NF-κB pathway expression in RAW264.7 cells. Cells
were pretreated with LF (500, and 1000 µg/mL) and exposed to 1μg/ml LPS for 24 h. The expression of
proteins and mRNA samples were measured using real-time qPCR and western blot, respectively. (A) The
relative expression of HMGB1, Myd88, and TLR4 genes. (B) Representative immunoblot image of protein
samples. (C) The expression levels of HMGB1, TLR4, Myd88, and NF-κB (P-p65 and p65) were assessed
in whole-cell protein extract by Western blot. GAPDH was used as loading control protein. The data are
expressed as means ± SD. *p < 0.05, ***p < 0.001 vs. control group; #p < 0.05, ##p < 0.01 vs. LPS group
(n=3)


