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Purpose: Previous studies showed the link of CD14+ monocytes to inflammation and oxidation in psoriasis. In the present study, we
investigated the regulatory role of miR-155 in CD14+ monocyte function in psoriasis.
Materials and Methods: CD14+ monocytes were isolated from peripheral blood by magnetic bead separation method and its
function was assessed following silence of miR-155 by lentivirus transfection with or without inhibition of TLR4 pathway. CCK8 and
EdU were used to assess the proliferation of CD14+ monocytes. Expression levels of SOCS1, TLR4 and MyD88 proteins were
determined by Western blotting, while expression levels of IL-6, TNF-α, ROS, MDA and T-AOC were measured by ELISA kit. The
expression levels of mRNA for miR-155, NF-κB and its subunit NF-κB-p65 were assessed by q-PCR.
Results: The results showed that compared with normal control CD14+ monocytes, the expression levels of miR-155, NF-κB and NF-
κB-p65, TLR4, MyD88 and IL-6, TNF-α were increased, while expression levels of SOCS1 were decreased in CD14+ monocytes from
psoriatic patients. Enhanced cell proliferation and oxidation were also observed in CD14+ monocytes from psoriatic patients.
Inhibition of miR-155 partially corrected the abnormalities of cell proliferation and expression levels of biomarkers mentioned
above in CD14+ monocytes from psoriatic patients. Inhibitions of both TLR4 pathway and miR-155 further corrected abnormalities
of proliferation and the above biomarkers in CD14+ monocytes from psoriatic patients.
Conclusion: These results suggest that increased expression levels of miR-155 contribute to CD14+ monocyte-mediated inflammation
and oxidation in psoriasis via TLR4 pathway.
Keywords: psoriasis CD14+ monocytes, miR-155, TLR4 pathway, inflammatory, oxidation

Introduction
Psoriasis is a chronic immune inflammatory skin disease characterized by infiltration of inflammatory cells such as
monocytes and neutrophils, and epidermal hyperproliferation.1 Monocytes are heterogeneous and have multiple sub-
populations. CD14+ monocytes belong to the classic subpopulations and participate in the regulation of diseases.2 The
mechanisms of CD14+ monocyte-mediated diseases are complex. Psoriatic patients exhibit an increased number of
monocytes in the peripheral blood. Monocytes can be recruited from the blood to the inflamed skin site of psoriasis
through CCR6, leading to amplification of the inflammatory response.3 Monocytes can also migrate from the inflamed
skin site to the peripheral blood and express higher levels of TLRs.4 In psoriasis, CD14+ monocytes can release high
levels of TNF-α, IL-6 and IL-10, the increase of TNF-α and IL-6 is positively correlated with the severity of psoriasis,
and the increase of IL-10 plays a positive role in the treatment of psoriasis.5,6

TLRs, which belong to type I transmembrane proteins, are a group of evolutionarily highly conserved pattern
recognition receptors that can be activated by a variety of pathology-associated molecules and participate in the
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occurrence and development of diseases.7 TLR4, a member of the TLR family, is rich in extracellular leucine sequences,
which can be activated by bacterial lipopolysaccharide (LPS) to initiate a cascade of protein reactions, inducing the
production of pro-inflammatory cytokines, consequently leading to inflammatory and immune responses. LPS binds to
the LPS-binding protein (LBP) and is transferred to the CD14 cluster, then recognized and bound by the myeloid
differentiation factor-2 (MD-2) on TLR4, forming the LPS/CD14/MD-2/TLR4 complex, which activates intracellular
signaling pathways, TLR4/MyD88/NF-κB and TLR4/TRIF/IRF3.8 There are five subtypes of NF-κB in humans, and P65
is an important subunit of NF-κB, which is activated in inflammation.9 In TLR4/MyD88/NF-κB signaling pathway, the
downstream of NF-κB is activated through a series of chemical reactions, promoting the release of inflammatory
cytokines such as IL-1β, TNF-α and IL-6.10 Over-activation of NF-κB signaling pathway can disturb the oxidative
balance, leading to the accumulation of peroxidation products such as reactive oxygen species (ROS), and the decrease of
antioxidant T-AOC, resulting in oxidative stress and further aggravation of the inflammatory response.11

miRNA-155 (miR-155), a small RNA, is highly expressed in many diseases mediated by CD14+ monocytes such as
the increase of miR-155 in peripheral circulating CD14+ monocytes in patients with multiple sclerosis (MS) and HCV
infection, which stimulates the production of inflammatory cytokines and exacerbates the inflammatory response.12,13 It
is reported that up-regulated miR-155 in psoriasis can lead to apoptosis of HaCaT cells and impaired function of dermal
mesenchymal stem cells in psoriasis, which is an important target for the treatment of psoriasis.14,15 However, the study
of miR-155 in psoriatic CD14+ monocytes has not been reported.

miR-155 is closely related to the TLR family. Stimulation of TLR4 and TLR8 ligands, as well as TLR9, can increase
the production of miR-155 through different ways, thereby aggravating inflammation and disease,16,17 and the inter-
ference of TLR7 signal can inhibit the generation of miR-155.18 Meanwhile, as an early regulator of inflammatory
response, miR-155 binds to the 3ʹUTR of cytokine signal suppressor 1 (SOCS1), a negative regulator of TLR signaling,
to inhibit SOCS1 translation and regulate disease progression. For example, increased TLR8 gene expression,19 inter-
ference with intracellular signaling pathways downstream of TLR-7 and TLR-9, and the synthesis of interferon (IFN)
type I synthesis in plasmacytoid dendritic cells.20 The relationship between miR-155 and TLR4 signal is an important
research direction, but the related research is very rare in psoriatic CD14+ monocytes. Therefore, in this study, we
focused on the regulatory role of miR-155 and TLR4 signaling pathways in psoriatic CD14+ monocytes.

Materials and Methods
Isolation and Culture of CD14+ Monocytes
Blood samples were collected from 10 normal controls and 20 psoriatic patients at the Department of Dermatology of
Taiyuan Central Hospital after obtaining informed consent from the participants. Blood sample was mixed with PBS
solution at 1:1 ratio and the mixture was then carefully added over the lymphocyte separation solution at 2:1 ratio
(mixture: lymphocyte separation solution), followed by centrifugation. The white membrane in the middle was carefully
extracted. After determination of the number of cells, 20ul CD14+ magnetic beads (CD14+ magnetic beads, Miltenyi
Biotec, Germany) were added to every 107 cells, and placed at 4°C for 10min. CD14+ mononuclear cells were obtained
by passing the cell fluid through the magnetic bead separation column. Afterwards, CD14+ mononuclear cells were
transferred to six-well plate, and cultured in 1640 complete medium.

Flow Cytometry
The isolated cells were transferred into EP tubes to make 100mL PBS cell suspension, with a cell count of about 105.
After addition of 20µl CD14+-FITC antibody (CD14+-FITC antibody, Miltenyi Biotec, Germany) to each tube, cells were
incubated at 4°C for 10 minutes in dark. The samples without antibody were used as negative control. The purity of
CD14+ monocytes was detected by flow cytometer. Cells with a purity of >85% were used in subsequent experiments.

Treatment of CD14+ Monocytes
The experiment included six groups, ie, normal CD14+ monocytes from normal subjects (N-CD14+), CD14+ monocytes
from psoriatic patients (P-CD14+), P-CD14+ treated without miR-155 (P-CD14++miR-155 empty), P-CD14+ treated
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miR-155 lentivirus (human-miR-155-5p-inhibitor, Shanghai, China) (P-CD14++miR-155 inhibitor), P-CD14+ treated
TLR4 inhibitor TAK242 (TAK242, Shanghai, China) (P-CD14++TAK242) and P-CD14+ treated miR-155 lentivirus and
TLR4 inhibitor TAK242 (P-CD14++miR-155 inhibitor+TAK242). 293T cells were transfected with lentivirus to obtain
empty and inhibited venom, and then transfected with CD14+ monocytes. After successful transfection, the above miR-
155 empty group and inhibitor group as well as TAK242 group were obtained. Cells were cultured in 6-well plates with
about 106 cells per well at 37 °C with supplement of 10% O2 and 5% CO2.

Cell Proliferation
Cell Count Kit 8 (CCK8, Boster, Wuhan, China) was used to measure cell count according to the instructions. Cells were
seeded into 96-well plate at a density of 1×104 with 100µl medium per well. After addition of 10µl CCK8 solution to
each well, cells were incubated at 37°C for 2 hours. The optical density was measured at 450 nm with an enzyme reader
(n=5), and the total number of cells was calculated. EdU kit (EdU, Ribbio, Guangzhou, China) was used to assess cell
proliferation.

Western Blotting
Total protein was extracted from cells by RIPA buffer (Beyotime, Shanghai, China) and measured using BCA kit
(Solarbio, Beijing, China). Protein samples were isolated by 10% SDS-PAGE and transferred to PVDF membrane,
blocked with 5% skim milk for 30 min. Main antibodies (Anti-TLR4, Rabbit, Novus, Shanghai, China; anti-MyD88,
Rabbit, Abcam, Cambridge, UK; anti-SOCS1, Rabbit, CST, Boston, USA; Beta-actin Rabbit, Abcam, Cambridge, UK)
were at dilutions of 1:1000. Image density analysis was performed using ImageJ software.

Quantitative RT-PCR (qRT-PCR)
The total RNA was extracted by Trizol method, and the concentration was determined. Reverse transcription was
performed using a kit (miScript II RT kit, Germany). Following the instruction of the kit (miScript® SYBY® Green
PCR Kit, Germany), the total cDNA was quantitatively detected by real-time fluorescence quantitative PCR, setting the
annealing condition to 72 degrees for 1 minute. The relative quantity of target mRNA was determined using the
comparative threshold (Ct) method by normalizing target mRNA Ct values. Used primers are as follows: β-actin:
Forward: 5’-GCA CCA CAC CTT CTA CAA TGA-3’, Reverse: 5’-GTC ATC TTC TCG CGG TTG GC-3’; NF-κB:
Forward: 5’-AGT TGA GGG GAC TTT CCC AGG C-3’, Reverse: 5’-GCC TGG GAA AGT CCC CTC AAC T-3’; NF-
κB-p65: Forward: 5’-CGC GGATCC TGG CTC GTC TGT AGT GCA CG-3’, Reverse: 5’-CCC AAG CTT TAG AAG
CCA TCC CGG CAG TC-3’, miR-155-5p: UUA AUG CUA AUU GUG AUA GGG GU.

ELISA Assay
The respective ELISA kits (Xitang, Shanghai, China) were used to measure the content of TNF-α and IL-6, according to
the manufacturers’ instruction. Briefly, 100µl of the culture supernatant was added to a 96-well plate, and then various
reagents were added successively according to the instructions of the kit. The optical density (OD) value was measured at
450nm. Oxide index test samples were processed according to kit instructions (ROS, MDA, T-AOC, Jiancheng, Nanjing,
China), and all detection reagents were added according to the manufacturer’s instruction. Following sequential cell
digestion, PBS cleaning and resuspension, ROS was detected under a fluorescence microscope with a wavelength of
488nm. For detection of MDA, 250µl of culture supernatant was loaded into a 96-well plate, and OD values were
obtained at 532 nm wavelength with enzyme reader. T-AOC was detected at the wavelength of 405nm.

Statistical Analysis
Each experiment was repeated three times independently. The GraphPad Prism 8 software (San Diego, CA, USA) was
used to analyze the data. The data were expressed as mean ± standard error of mean. One-way ANOVA analysis was
used to determine the significances. Differences among groups were compared by t-test. All the comparison with P<0.05
considered statistically significant.
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Results
The Purity of Isolated CD14+ Monocytes is ≥85% by Flow Cytometry and the
Expression Levels of miR-155 are Higher While SOCS1 Protein Levels are Lower in
Psoriatic CD14+ Monocytes
We first determined the purity of isolated CD14+ monocytes. The results of flow cytometry showed that isolation of
CD14+ monocytes with magnetic beads yielded the purity of CD14+ monocytes ≥85% (Figure 1A), indicating we
successfully isolated CD14+ monocytes for subsequent experiments.

We first determined whether miR-155 regulates SOCS1 expression in P-CD14+ monocytes. As expected, expression
levels of miR-155 were significantly higher in P-CD14+ monocytes than in N-CD14+ monocytes (Figure 1B. p<0.05). In
contrast, expression levels of SOCS1 in P-CD14+ monocytes were lower than that in N-CD14+ monocytes (Figure 1C
and D. p<0.05). Inhibition of miR-155 only increased expression levels of SOCS1 (Figure 1C and D. p<0.01), without
changing the expression levels of miR-155 in P-CD14+ monocytes (Figure 1B). These results indicate that miR-155 is
highly expressed in P-CD14+ monocytes and inhibits SOCS1 expression.

Silencing miR-155 Decreases the Proliferation of Peripheral Blood CD14+ Monocytes
in Patients with Psoriasis
Keratinocytes are the main proliferating cells in psoriasis, but the proliferation of inflammatory monocytes also plays an
important role in the development of psoriasis. In order to determine whether miR-155 regulates CD14+ monocyte prolifera-
tion and the possible signaling pathways, CCK8 and EdU assays were used to assess cell proliferation following inhibition of
miR-155 and TLR4. As shown in Figure 2, inhibition of miR-155 and TLR4 respectively decreased proliferation of P-CD14+

monocytes (Figure 2B and C. p<0.01 vs P-CD14+ + miR-155/TAK24 alone). A further decrease in cell proliferation was
observed in P-CD14+ monocytes following inhibitions of both miR-155 and TLR4 (Figure 2B and C. p<0.01 vs P-CD14+ +

Figure 1 Purity of CD14+ monocytes measured by flow cytometer, q-PCR and Western blot for miR-155 and SOCS1 protein. (A) Purity of CD14+ monocytes. (B)
Histogram of miR-155 gene expression. (C) Western blot of SOCS1 protein. (D) Histogram of SOCS1 expression. *P<0.05, **p<0.01, n=3.
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miR-155 or TLR4 inhibitor alone). These results demonstrate that miR-155 and TLR4 synergically enhance CD14+ monocyte
proliferation.

Inhibition of miR-155 Lowers the Expression Levels of TLR4 and Its Downstream
Signaling Molecules
To explore the potential pathway of miR-155 in regulation of CD14+ monocyte function, we measured the expression
levels of TLR4 and MyD88 protein, the downstream molecules of miR-155, in N-CD14+ and P-CD14+ monocytes. As
seen in Figure 3A and B, expression levels of both TLR4 and MyD88 were significantly higher in P-CD14+ than in
N-CD14+ monocytes (p<0.05). Inhibition of miR-155 and TLR4 respectively lowered expression levels of both TLR4
and MyD88 (Figure 3A and B). Again, inhibition of both TLR4 and miR-155 induced a further reduction in TLR4 and
MyD88 expression (Figure 3A and B. p<0.05 vs P-CD14+ + miR-155 inhibitor alone).

Because miR-155 can activate its downstream signaling such as TLR4, NF-κB and NF-κB-p65, resulting in release of
inflammatory cytokines, including TNF-α and IL-6,21 next we assessed expression levels of these signaling molecules in
P-CD14+ monocytes with or without inhibition of miR-155. As shown in Figure 3C and D, expression levels of NF-κB,
NF-κB-p65, TNF-α and IL-6 in P-CD14+ monocytes were higher than that in N-CD14+ monocytes, while inhibition of
miR-155 lowered expression levels of these biomarkers. Inhibition of both miR-155 and TLR4 induced further reduc-
tions in their expression levels. These results suggest that regulation of miR-155 in the inflammation is mediated, in part,
by TLR4 signaling pathway.

Inhibition of miR-155 Decreases the Levels of ROS and MDA, and Increases the Level
of T-AOC
Oxidative stress and inflammatory response can interact with each other through TLR4 signaling pathway, resulting in
the progression of disease.22 Because miR-155 regulates TLR4 expression (Figure 3A and B), we assessed next whether
miR-155 also affect oxidative stress in CD14+ monocytes. The results showed that either ROS or MDA levels were

Figure 2 miR-155 and TLR4 regulate CD14+ monocyte proliferation. (A) EdU fluorescence staining (×20). (B) P-CD14+ proliferation assessed by EdU assay. (C) P-CD14+

proliferation assessed by CCK8 assay. *P< 0.05, **p<0.01, n=3.
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markedly elevated in P-CD14+ monocytes vs N-CD14+ monocytes (Figure 4A and B). In contrast, the total antioxidant
capacity (T-AOC) was lower in P-CD14+ monocytes vs N-CD14+ monocytes (Figure 4C, p<0.05). Inhibition of miR-155
and TLR4, respectively, partially attenuated the changes in levels of ROS, MDA, and T-AOC. However, simultaneous
inhibition of miR-155 and TLR4 induced further reductions in ROS and MDA (Figure 4A and B, p<0.01 vs P-CD14+ +
miR-155 inhibitor/TAK242, alone), and an increase in T-AOC (Figure 4C, p<0.01 vs P-CD14+ + miR-155 inhibitor/
TAK242, alone). These results demonstrate that miR-155 enhances oxidative stress, in part mediated by TLR4 signaling
pathway.

Discussion
Psoriasis is an autoimmune skin disease with complex pathophysiological mechanisms, involving a variety of cell types
and molecular mechanisms. Monocytes play a key role in the process of disease through proliferation, differentiation and
release of a large number of pro-inflammatory factors.1 However, the underlying mechanisms by which monocytes are
involved in the pathogenesis of psoriasis are not very clear. In the present study, we showed a crucial role of miR-155 in
regulation of CD14+ monocyte functions, including proliferation, expression levels of TLR4 and its downstream
signaling molecules, secretion of proinflammatory cytokine and antioxidant capacity.

Previous studies have shown that the percentage of circulating inflammatory CD14+ monocytes in psoriatic patients is
higher than that in healthy controls, and the proliferation activity of CD14+ monocytes is significantly enhanced.23,24

Because inhibition of miR-155 decreased CD14+ monocyte proliferation (Figure 3), the increased CD14+ monocytes are
likely attributable to the elevation in miR-155 expression. Consistent with our findings, upregulation of miR-155 in
psoriatic keratinocytes leads to excessive proliferation and abnormal differentiation,25 while knockdown of elevated miR-
155 in psoriatic tissues significantly reduces cell proliferation.26 Therefore, we believe that the proliferation of psoriatic
CD14+ monocytes can be regulated by miR-155. The effect of miR-155 on CD14+ monocyte function is mediated, at
least in part, by TLR4 signaling pathway because a) inhibition of miR-155 and TLR4 respectively decreases CD14+

monocyte proliferation and lowers expression levels of TLR4 and its downstream signaling molecules such as NF-κB,

Figure 3 Expression of TLR4 and its downstream signaling. (A) Western blot of TLR4 and MyD88 protein. (B) Expressions of TLR4 and MyD88. (C) Expression of NF-κB
and NF-κB-p65 mRNA. (D) Expression of TNF-α and IL-6. *P< 0.05, **p<0.01, n=3.
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TNF-α and IL-6, and b) simultaneous inhibition of miR-155 and TLR4 induces more profound reductions in CD14+

monocyte proliferation and expression levels of NF-κB, TNF-α and IL-6. Similar results have been reported in other
studies.27 Our experiments also showed that when TLR4 was inhibited alone without inhibition of miR-155, the changes
of the above indicators are similar to those when miR-155 was inhibited alone without inhibition of TLR4, indicating that
there are other pathways besides TLR4 for the effect of miR-155 on inflammation and oxidation of psoriatic CD14+

monocytes. We will study more complex mechanisms in future experiments. Moreover, the present study also showed an
increased level of TLR4 and MyD88, which both are positively regulated by miR-155, in peripheral blood CD14+

monocytes of psoriatic patients. TLR4 and MyD88 proteins are key proteins in the MyD88-dependent pathway of TLR4
signaling and interaction of TLR4 and MyD88 can further activate TLR4 downstream signaling cascades, such as NF-
κB, leading to enhanced cell proliferation, immune response and release of proinflammatory cytokines.28,29 Inhibition of
miR-155 lowers expression levels of multiple downstream signaling molecules in TLR4/MyD88/NF-κB pathway,
including TNF-α and IL-6, key pro-inflammatory cytokines in psoriasis.30 This is consistent with our results.
However, in addition to TLR4, miR-155 also regulates NF-κB-mediated inflammation through DUSP14, SOCS6 and
other pathways,31,32 but we did not study it in this experiment. Therefore, we can only say that the pathogenicity of miR-
155 in psoriasis is mediated at least in part by the TLR4/MyD88/NF-κB signaling pathway.

Studies have demonstrated a link between oxidative stress and inflammation, and the interaction between the two can
accelerate skin damage. Elevated levels of ROS and MDA and decreased levels of T-AOC are important manifestations

Figure 4 Inhibition of miR-155 decreases oxidative stress. (A) Fluorescence of ROS (×10). (B) MDA levels. (C) T-AOC levels. *P< 0.05, **p<0.01, n=3.
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of oxidative stress. ROS can be increased under the induction of inflammatory cytokines, and the excessive production of
ROS in turn further aggravates inflammation.33 Our study showed that oxidative stress and inflammation were activated
in psoriasis group, and the levels of inflammatory factors TNF-α, IL-6, ROS and MDAwere decreased and T-AOC level
was increased in CD14+ monocytes after inhibition of miR-155 and TLR4 pathways, respectively. These results indicate
that both miR-155 and TLR4 inhibit inflammation and oxidation. Due to the close relationship between the TLR4
pathway and oxidation and inflammation, we hypothesized that the inhibition of miR-155 on oxidative stress and
inflammatory response of CD14+ monocytes in psoriasis may be related to the TLR4 signaling pathway. Other studies
have reported results that are consistent with ours.34,35 However, other studies have shown that decreased SOCS1 can
directly lead to increased production of ROS through thioredoxin, independent of TLR4.36 In this study, the expression of
SOCS1 increased after miR-155 inhibition, and whether this is related to the increase of ROS production remains to be
proved in subsequent experiments.

Conclusion
In summary, the present study demonstrates that expression levels of miR-155 were increased in psoriatic CD14+

monocytes. MiR-155 positively regulates proliferation, expression levels of proinflammatory cytokines, and oxidative
stress of CD14+ monocytes via TLR4/MyD88/NF-κB signaling pathway. However, whether the effect of miR-155 on
CD14+ monocyte function is via other signaling pathways remains to be determined. The results of the present study also
suggest that intervention of miR-155 and/or TLR4/MyD88/NF-κB signaling pathway could become a valuable approach
in the management of psoriasis.
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