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MicroRNA-17-3p is upregulated in psoriasis and regulates keratinocyte 
hyperproliferation and pro-inflammatory cytokine secretion by targeting CTR9
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Psoriasis is a chronic inflammatory skin disease. Although miRNAs are reported to be associated with the
pathogenesis of psoriasis, the contribution of individual microRNAs toward psoriasis remains unclear. The
miR-17-92 cluster regulates cell growth and immune functions that are associated with psoriasis. miR-17-3p is
a member of miR-17-92 cluster; however, its role in dermatological diseases remains unclear. Our study aims
at investigating the effects of miR-17-3p and its potential target gene on keratinocytes proliferation and secre-
tion of pro-inflammatory cytokine and their involvement in psoriasis. Initially, we found that miR-17-3p was
upregulated in psoriatic skin lesions, and bioinformatic analyses suggested that CTR9 is likely to be a target
gene of miR-17-3p. Quantitative reverse-transcriptase PCR and immunohistochemical analysis revealed that
CTR9 expression was downregulated in psoriatic lesions. Using dual-luciferase reporter assays, we identified
CTR9 as a direct target of miR-17-3p. Further functional experiments demonstrated that miR-17-3p promoted
the proliferation and pro-inflammatory cytokine secretion of keratinocytes, whereas CTR9 exerted the opposite
effects. Gain-of-function studies confirmed that CTR9 suppression partially accounted for the effects of miR-
17-3p in keratinocytes. Furthermore, Western blot revealed that miR-17-3p activates the downstream STAT3
signaling pathway while CTR9 inactivates the STAT3 signaling pathway. Together, these findings indicate that
miR-17-3p regulates keratinocyte proliferation and pro-inflammatory cytokine secretion partially by targeting
the CTR9, which inactivates the downstream STAT3 protein, implying that miR-17-3p might be a novel thera-
peutic target for psoriasis.
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Introduction
Psoriasis, a chronic inflammatory skin disorder, is character-

ized by erythematous scales or plaques covered with a thick layer
of silvery scales.1 Many studies have suggested that psoriasis is an
imbalance in the regulation of the immune system under the inter-
action of a variety of factors, which ultimately causes abnormal
epidermal keratinocyte function including abnormal proliferation
and excessive secretion of inflammatory factors by mediating dif-
ferent pathways.2-4 Previous studies have indicated that the secre-
tion of pro-inflammatory cytokines including IL-6 and IL-1β5 in
the skin can promote chemokine production and induce immune
cell infiltration, contributing toward the development of various
inflammatory skin diseases, including psoriasis.2 Nevertheless, the
pathogenesis of psoriasis is not yet fully understood.

MicroRNAs (miRNAs) are a class of endogenous small non-
coding RNA molecules that have a length ranging from 18 to 22 nt.
They can negatively regulate the expression of target genes by
binding to the 3′UTR region of target mRNAs, ultimately leading
to their degradation or inhibiting their translation.6 miRNAs have
been found to exert considerable effects on many major cellular
processes and its dysregulation has recently been confirmed to play
a key role in the pathogenesis of psoriasis. 7 Studying the regula-
tion of specific miRNAs and their target genes in psoriasis may
therefore provide potential insights into the pathogenesis and could
also provide a new perspective on the treatment of psoriasis.

miR-17-92, a well-studied microRNA cluster,8 is described as
the first miRNA oncogene discovered with genomic amplification
and high expression in patients with B-cell lymphoma.9 With a
vital function in regulating cell growth and the normal develop-
mental process of the immune system, the miR-17-92 cluster is
associated with the development of diverse diseases, including
cancers and autoimmune diseases.10,11 Many members of the clus-
ter have been shown to have critical roles in promoting prolifera-
tion, inhibiting apoptosis, and inducing tumor
angiogenesis.12,13Although multiple studies have focused on the
miR-17-92 cluster and its other mature members for a long time,
little is known about the miR-17-3p. As an important member of
the polycistronic miR-17-92 cluster, miR-17-3p exerts dual func-
tions similar to oncogenes or tumor suppressor genes by regulating
target genes which in turn affect downstream key signaling path-
ways.14,15 Although the expression of passenger strand miRNA is
often lower than that of the guide strand, increasing evidence has
suggested that the passenger strand can also exert functions in
many cellular processes,16 making miR-17-3p an interesting
avenue for further research.

Interestingly, in our research, upregulation of miR-17-3p was
observed in psoriasis tissues, and CTR9 was predicted as a poten-
tial target using bioinformatics methods. CTR9, a key subunit of
polymerase-associated factor 1 complex (PAF1c), is not only wide-
ly involved in oncogenesis by modulating major cellular functions
including cell cycle progression,17 but can also regulate immune
response and thus participate in the pathogenesis of autoimmune
diseases.

Therefore, we chose to focus on miR-17-3p and its potential
targets CTR9 to study the regulation of keratinocytes function and
explore the pathogenesis of psoriasis. Together, our results suggest
that miR-17-3p regulates proliferation and pro-inflammatory
cytokine secretion in keratinocytes partially by targeting CTR9,

providing new ideas and molecular therapeutic targets for the clin-
ical diagnosis and treatment of psoriasis.

Materials and Methods

Human skin samples
Lesional skin were obtained from patients with psoriasis who

underwent biopsies at the Department of Dermatology,
Dermatology Hospital of Southern Medical University. Due to the
difficulty in sampling, we failed to obtain no-lesional skin of pso-
riasis patients as controls. Patients were excluded from our study if
they had other autoimmune or systemic diseases, or if they had
received systemic therapy, or phototherapy within one month or if
they had received topical therapy within 2 weeks of the sample col-
lection period. We collected normal skin specimens at the dermato-
surgery department. For further immunohistochemical (IHC)
analysis, the skin specimens (1 × 0.5 cm) were partly fixed with
10% formalin for 24 h and sent to the pathology department for
further embedding processing. All patients and control subjects
were sex- and age-matched, and they all provided written informed
consent. Our research was approved by the Research Ethics
Committee of Dermatology Hospital of Southern Medical
University (Guangzhou, China). 

Cell culture
HaCaT cells were cultured in DMEM (Gibco, Carlsbad, CA,

USA) supplemented with 10% fetal bovine serum (FBS; Sangon
Biotech, Shanghai, China) prior to the in vitro experiments. HaCaT
cells were cultured at 37°C under a 5% CO2 atmosphere. Normal
human epidermal keratinocytes (NHEKs) were extracted from pre-
puces obtained from healthy individuals who accepted circumci-
sion and were cultured in the serum-free keratinocyte growth
medium (Gibco).

Cell transfection
miR-17-3p expression in HaCaT cells / NHEKs was manipu-

lated by transfection with an miR-17-3p mimic, miR-17-3p
inhibitor, or control (Ribobio, Guangzhou, China). CTR9 was
overexpressed using the pcDNA3.1-CTR9 plasmid (1 µg/mL,
BGI), with a pcDNA3.1 empty plasmid (BGI) as the control.
CTR9 was knocked down using siRNA-CTR9 (5 nM), with scram-
bled siRNAs as normal control (Ribobio). Cells were transfected
using lipofectamine RNAiMAX (Invitrogen, Carlsbad, CA, USA)
for the miRNA transfection experiment and Lipofectamine 2000
(Invitrogen) for plasmid transfection. RNA interference experi-
ments were performed following the instructions for use of
reagent. Transfection efficiency was measured using reverse-tran-
scriptase quantitative PCR (RT-qPCR) at 48 h after transfection.

RT-qPCR 
Total RNA was extracted from HaCaT cells, NHEKs or skin

tissues using TRIzol reagent (Invitrogen) and miRNA was reverse
transcribed using an Mir-X miRNA First-Strand Synthesis Kit
(Takara, Otsu, Shiga, Japan). miRNA expression was detected
using an Mir-X miRNA RT-qPCR TB Green® Kit (Takara)
according to the manufacturer’s instructions. The CTR9 primer
sequences are listed in Table 1. We use GAPDH and RUNU6 (U6)
to normalize the expression levels of mRNA and miRNA. We pur-
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Table 1. mRNA primers used for RT-qPCR.

mRNA                                         Forward primer (5 –3 )                                                          Reverse primer (5 –3 )  

Homo-CTR9                                             CCACGTCATATAATCTCGCCAG                                                                      AAGTTTCCCTTATCTCTAGCCATG

[European Journal of Histochemistry 2022; 66:3275]
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chased the miR-17-3p and U6 primers from Guangzhou Ribobio,
but the company did not provide the primer sequences. All real-
time PCR assays were performed using a LightCycler Real-Time
PCR System (Bio-Rad, Berkeley, CA, USA). Relative miR-17-3p
and CTR9 expression were calculated according to the 2−ΔΔCT

method. 

Cell counting kit-8 (CCK-8) proliferation assay 
The growth rates of HaCaT cells or NHEKs were evaluated by

a CCK-8 assay (ApexBio, Houston, TX, USA) according to the
manufacturer’s instructions. We analyzed the optical absorbance at
450 nm using a plate reader (Bio-Rad). Each sample was analyzed
in triplicate. Each experiment has been performed three times,
independently, each with technical replicates. 

Luciferase reporter assay
The CTR9 3’UTR DNA sequences containing the miR-17-3p

binding site were extended using PCR and established into the
psiCHECK™-2 vector to obtain the recombinant psiCHECK™-2-
CTR9-WT, which was used to create the recombinant
psiCHECKTM-2-CTR9-Mut vector via site-directed mutagenesis.
HaCaT cells were seeded in 96-well plates. psiCHECK™-2-
CTR9-WT and psiCHECKTM-2-CTR9-Mut (320 ng/well) were
transfected into HaCaT cells with the miR-17-3p mimic, inhibitor,
and control using Lipofectamine RNAiMAX (Invitrogen). After
48 h, the Renilla and firefly luciferase activity of each group of
cells was detected using the Dual-Luciferase Reporter Assay
System (Promega, Madison, WI, USA) according to the manufac-
turer’s instructions.

Western blotting analysis 
Total protein was extracted after 48 h of cell culture and quan-

tified using the BCA kit. Equal amounts of protein samples were
subjected to polyacrylamide gel electrophoresis and then trans-
ferred to polyvinylidene fluoride membranes. After blocking with
5% skimmed milk powder for 1 h at room temperature, primary
antibodies were added and incubated overnight at 4°C (Table 2)
followed by specific secondary antibodies for 1 h at 37°C. Bound
antibodies were visualized using an ECL Western blotting detec-
tion system (Bio-Rad) and quantified using Image-Pro Plus 8.0.
The gray value of target bands was normalized to the GAPDH
band.

IHC analysis 
Paraffin-embedded human skin tissues were cut into sections

(5 µm). After the sections being deparaffinized and rehydrated, we
used citrate solution (pH 6.0) for antigen-retrieval and incubated
with CTR9 antibodies for 30 min which were diluted in primary
antibody dilution buffer (BH-DB1042), followed by biotinylated
goat anti-rabbit secondary antibody for 20 min at 37°C which was
diluted in PBS. Signals were detected by staining with DAB, and
slides were observed under a bright-field microscope. Human
breast cancer tissue was used as a positive control and PBS was
used instead of the primary antibody for negative control. The pri-
mary antibodies used are listed in Table 2. As we are concerned

about the strength of positive signal in the epidermis, our target
section areas to be measured were the epidermis parts of the sec-
tion and we randomly selected three areas for each section. Then
we used the Image-Pro Plus 8.0 to calculate the average optical
density (AOD) of the three areas for the semi-quantitative analysis
of CTR9.

ELISA assay
The secretion of the pro-inflammatory cytokines, IL-1β and

IL-6, by the transfected HaCaT cells or NHEKs was detected using
a human ELISA Kit (Raybiotech, Peachtree Corners, GA, USA).
The absorbance at 450 nm was detected with a microplate reader
(Bio-Rad).

Statistical analysis 
We used GraphPad Prism (GraphPad Prism 8.0; San Diego,

CA, USA) for data analysis. All data are presented as the mean ±
standard deviation (SD). Comparisons between two groups were
performed using the independent samples Student’s t-test; p-values
of <0.05 were considered statistically significant. 

Results

MiR-17-3p upregulation in psoriatic skin lesions and
target prediction

Many reports have demonstrated that miRNA dysregulation
plays a critical role in the pathogenesis of psoriasis. We revised
public repository for RNAseq data (GSE174763) from psoriasis
and performed bio-information analysis. The results shown in
Supplementary Figure 1 found that miR-17-3p is upregulated in
the skin lesions of patients with psoriasis. Consistent with this
result, in our study, miR-17-3p was detected to be increased in pso-
riatic skin lesions (n=7) than in normal tissues (n=6; Figure 1A);
Next, we used four bioinformatics software programs (tar-
getscan7.0, DIANA-microT, TmiRDB, and mirDIP) to predict its
putative targets. Because CTR9 was identified as a potential target,
we measured its expression in psoriatic tissues; our results showed
that CTR9 mRNA levels were significantly lower in psoriatic
lesion skin samples (n=8) than in normal controls (n=8; Figure
1B). Correspondingly, IHC analysis indicated a marked reduction
in CTR9 protein levels in psoriatic skin (n=7) compared to healthy
controls (n=10; Figure 1C). Together, these results suggest that
miR-17-3p upregulation and CTR9 downregulation are likely
functionally involved in the occurrence of psoriasis.

CTR9 is a direct target of miR-17-3p 
To investigate whether CTR9 is a target gene of miR-17-3p,

luciferase reporter assays were performed. Briefly, wild-type (WT)
3ʹUTR target sequences of miR-17-3p were predicted by tar-
getscan (Figure 2A), and we mutated the miR-17-3p seed site to
form a mutant (MUT) CTR9 3ʹUTR (Figure 2B). Then, we con-
structed the luciferase reporter vectors containing the 3ʹUTR
region of CTR9, including the WT and Mut type. In HaCaT cells

Table 2. Information for primary antibodies used in described studies.

Antibodies                                    Company                                                    Article No.                             Application

Rabbit anti-human CTR9 antibody         Cell Signaling Technology                                         #12619                                               WB: 1:1000
                                                                       Proteintech                                                                  21264-1-AP                                        IHC: 1:1000
STAT3                                                            Cell Signaling Technology                                         #12640                                                WB: 1:1000
Phospho-STAT3                                          Cell Signaling Technology                                         #9145                                                  WB: 1:1000
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transfected with the recombinant dual-luciferase reporter plasmid
psiCHECKTM-2-CTR9-WT, the luciferase activity of the miR-17-
3p mimic group was decreased, while that of the miR-17-3p
inhibitor group was increased. However, in HaCaT cells transfect-
ed with the recombinant dual-luciferase reporter plasmid
psiCHECKTM-2-CTR9-Mut, there were no significant differences
in luciferase activity in the miR-17-3p mimic and inhibitor group
compared with the control group (Figure 2C). We also evaluated
the effects of miR-17-3p on CTR9 expression; our results showed
that miR-17-3p upregulation decreased the mRNA and protein
expression of CTR9 in HaCaT cells transfected with miR-17-3p
mimic. Conversely, miR-17-3p downregulation increased the
mRNA and protein expression of CTR9 in the miR-17-3p inhibitor
group (Figure 2 D,E). Collectively, we concluded that CTR9 is a
target of miR-17-3p and can negatively regulate CTR9 expression.

miR-17-3p and CTR9 can regulate keratinocyte prolif-
eration

As abnormal keratinocyte proliferation is a key feature in the
pathogenesis of psoriasis, we evaluated the potential role of miR-
17-3p and CTR9 in keratinocytes proliferation. After transfecting
HaCaT cells with miR-17-3p mimics or inhibitors to increase or
decrease miR-17-3p expression, respectively (Figure 3A), we per-

formed CCK-8 assays to measure the cell proliferation ability.
Interestingly, the miR-17-3p mimic promoted HaCaT cell prolifer-
ation, whereas the miR-17-3p inhibitor suppressed their prolifera-
tion (Figure 3B). Furthermore, we conducted those functional
experiments in NHEKs and the results were consistent
(Supplementary Figure 2A).

To verify the role of CTR9 in HaCaT cell proliferation, we
transfected cells with small interfering RNA (siRNA) or pcDNA
3.1-CTR9 to up- or downregulate endogenous CTR9 expression.
RT-qPCR analysis revealed that CTR9 expression was successfully
silenced by siRNA-CTR9 and overexpressed by pcDNA3.1-CTR9
24 h after transfection (Figure 3C). Similarly, CCK-8 assays
demonstrated that silencing CTR9 promoted HaCaT cell prolifera-
tion, whereas CTR9 overexpression suppressed HaCaT cell prolif-
eration (Figure 3D). Therefore, the effects of CTR9 knockdown on
HaCaT cell proliferation appear to be similar to the effects of miR-
17-3p upregulation, whereas CTR9 overexpression exerts similar
effects on miR-17-3p downregulation.

miR-17-3p and CTR9 can regulate keratinocyte pro-
inflammatory cytokine secretion

We performed ELISA and RT-qPCR to investigate whether
miR-17-3p could promote IL-6 and IL-1β production in HaCaT

[page 293]
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Figure 1. Upregulation of miR-17-3p in psoriatic skin and its target prediction. A) miR-17-3p expression was determined in the pso-
riatic skin (n=7) and in the skin of healthy controls (n=6) by RT-qPCR. B) CTR9 mRNA expression was determined in the psoriatic
skin (n=8) and healthy control skin (n=8) by RT-qPCR. (C) CTR9 protein expression levels are shown with the mean optical density
(MOD) in psoriatic skin (n=7) and healthy control skin (n=10) by immunohistochemistry; the expression levels of miR-17-3p and
CTR9 were calculated using the 2-ΔΔCt method. Data are based on three independently performed experiments and are presented as
mean ± SD. *p<0.05; **p<0.01; ***p<0.001.
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cells / NHEKs. Both the miR-17-3p mimic and siRNA-CTR9
facilitated the production of both pro-inflammatory cytokines in
HaCaT cells, whereas the miR-17-3p inhibitor and pcDNA 3.1-
CTR9 inhibited the secretion of the cytokines compared to the con-
trol group (Figure 4 A,B). Therefore, miR-17-3p upregulation and
CTR9 knockdown appear to have similar effects on pro-inflamma-
tory cytokine secretion in HaCaT cells, as well as miR-17-3p
downregulation and CTR9 overexpression. Furthermore, we found
that miR-17-3p promoted the production of both pro-inflammatory
cytokines in NHEKs (Supplementary Figure 2 B,C).

CTR9 suppression partially accounts for miR-17-3p-
induced changes in keratinocytes

To confirm whether CTR9 mediated the regulatory effects of
miR-17-3p on proliferation and pro-inflammatory cytokine secre-
tion in keratinocytes, we performed gain-of-function experiments.
As shown in Figure 3B, the introduction of CTR9 via pcDNA3.1-
CTR9 partially abrogated the miR-17-3p mimics-induced increase
in cell proliferation, whereas siRNA-CTR9 interference with
CTR9 expression partially prevented the miR-17-3p inhibitors-
mediated suppression of cell proliferation. Moreover, pcDNA3.1-

Figure 2. CTR9 is a direct target of miR-17-3p. A) The potential miR-17-3p seed regions at the 3'UTR of CTR9 mRNA predicted by
TargetScan. B) The vector containing wild-type and mutated-type CTR9 3'UTR sequences was constructed. C) The relative luciferase
activity of HaCaT cells co-transfected with psiCHECK™-CTR9-WT + miR-17-3p mimic/inhibitor /control or psiCHECK™-CTR9-
Mut + miR-17-3p mimic/inhibitor /control; luciferase activity was normalized by the ratio of Renilla luciiferase and firefly signals; the
significance of luciferase activity was analyzed using Student' t-test. D) CTR9 mRNA expression was detected following transfection
with miR-17-3p mimic/inhibitor/control in HaCaT cells. E) CTR9 protein expression was detected following transfection with miR-
17-3p mimic/inhibitor/control in HaCaT cells. Data are based on three independently performed experiments and are presented as
mean ± SD. *p<0.05; **p<0.01; ***p<0.001.
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CTR9 partially abrogated the miR-17-3p mimic-mediated promo-
tion of IL-6 and IL-1β secretion from HaCaT cells, whereas
siRNA-CTR9 partially prevented the miR-17-3p inhibitor-mediat-
ed suppression of the cytokines (Figure 4A). In summary, CTR9
accounts for some of the effects of miR-17-3p on keratinocytes.

miR-17-3p likely regulates STAT3 signaling pathway by
targeting CTR9 in HaCaT cells

To explore the role of miR-17-3p in the STAT3 signaling path-
way, we performed Western blot analyses. In HaCaT cell transfect-
ed with the miR-17-3p mimic, phospho-STAT3 (p-STAT3) protein
expression was increased, and in HaCaT cell transfected with miR-
17-3p inhibitor, p-STAT3 expression levels were decreased (Figure
4C). In addition, we confirmed that STAT3 is a downstream pro-
tein of CTR9, as reported previously.18 As expected, p-STAT3
expression was upregulated following the transfection of HaCaT
cells with siRNA-CTR9 but was down-regulated with pcDNA3.1-

CTR9 (Figure 4D). Together, these findings suggest that miR-17-
3p likely activates the STAT3 signaling pathway by downregulat-
ing CTR9 in HaCaT cells. 

Discussion
Psoriasis is a chronic inflammatory disorder of skin featuring

aberrant keratinocyte proliferation and the production of inflam-
matory mediators, including pro-inflammatory cytokines;19 howev-
er, the exact pathogenesis of psoriasis remains unclear. Recent
studies have identified many dysregulated miRNAs in psoria-
sis,20,21 and Zhang et al.22 found that the overexpression of the miR-
17-92 cluster can promote keratinocyte proliferation and immune
function and thus may contribute toward the development of pso-
riasis. Consistently, in our research, we detected increased miR-17-
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Figure 3. Effects of miR-17-3p and CTR9 on keratinocyte proliferation in vitro. A) miR-17-3p expression levels were measured by RT-
qPCR 24 h after transfection with miR-17-3p mimic/inhibitor/control. B) The proliferation curves of HaCaT cells after transfection
with miR-17-3p mimic/control or miR-17-3p inhibitor/control at 0, 12, 24, 36, 48, and 60 h obtained by CCK-8 assays. C) CTR9
(mRNA) expression levels were measured by RT-qPCR after transfection with siRNA-CTR9/pcDNA 3.1-CTR9/control. D)
Proliferation curves of HaCaT cells after transfection with pcDNA 3.1-CTR9/pcDNA3.1/control or siRNA-CTR9/scramble/control at
6, 12, 24, and 36 h by CCK-8 assays; optical density (OD) values at 450 nm of each point were calculated from three independent
experiments. Data are presented as mean±SD. *p<0.05; **p<0.01; ***p<0.001.

[European Journal of Histochemistry 2022; 66:3275]
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3p expression in the psoriasis skin lesions. In contrast to the pres-
ent study, miR-17-3p expression levels were downregulated in
blood samples of psoriasis patients,23 this contradictory result may
be due to the fact that the majority of patients with psoriasis includ-
ed in the study by Atalas et al. presented milder disease, while the
patients had severe diseases in our study, or due to the fact that
blood mainly includes immune cells, while epidermis mainly con-
tains keratinocytes, implying that miR-17-3p may have different
expression patterns in the two types of cells.

Multiple reports have shown the important function miR-17-3p
has in the occurrence of cancers. For instance, miR-17-3p func-
tions as an oncogene in anaplastic thyroid cancer, the inhibition of
which causes the complete growth arrest of ATC cells followed by
apoptosis via caspase activation.24 Similarly, Lu et al.25 reported
that miR-17-3p can regulate colon cancer cells survival by inhibit-
ing Par4 expression, thus contributing toward the tumorigenesis of
colorectal cancer. Passenger strand miR-17-3p and its guide strand
miR-17-5p were also found to induce hepatocellular carcinoma
development by targeting PTEN,26 while another study demon-
strated that miR-17-3p serves as a tumor suppressor gene and sup-
presses glioblastoma cell proliferation and drug resistance by
down-regulating MDM2.27 Although a study showed that miR-17-
3p could promote keratinocyte proliferation and metastasis in cuta-
neous wound healing,28 no studies have yet elucidated the precise
regulatory networks and mechanisms via which miR-17-3p acts in
keratinocytes and its role in psoriasis. In our research, we demon-

strated that miR-17-3p regulated the function of keratinocytes via
CTR9, which had not been reported before. 

A previous study by Hanks et al. suggested that germline CTR9
mutations can predispose individuals to Wilms tumor,29 indicating
that CTR9 may serve as a tumor suppressor gene; however, another
study suggested that CTR9 functions as an oncogene by regulating
estrogen signaling during ERα+ breast tumorigenesis.30 In addition
to playing key roles in human cancer by regulating cell-cycle pro-
gression, CTR9 is known to affect immune responses. For instance,
CTR9 has been reported to regulate the expression levels of down-
stream genes involved in the IL-6/STAT3 signaling pathway,
including IL-17, by interacting with the downstream protein
STAT3.18 Moreover, CTR9 downregulation has been detected in the
anti-glomerular basement membrane glomerulonephritis, in which
CTR9 represses Th17 differentiation.31,32 Given that CTR9 critical-
ly regulates Th17 cell differentiation via the IL-6/STAT3 signaling
pathway, which is associated with the pathogenesis of psoriasis,33

it will be worth to study in future the immunological role of CTR9
in Th17 cell differentiation in psoriasis. 

STAT3 is a critical transcription factor and its activation has
been widely reported in psoriasis.34 Various reports have demon-
strated a potential regulatory mechanism of miR-17-3p in human
diseases; for instance, miR-17-3p modulates the
PI3K/AKT/mTOR signaling pathway during cardiac remodeling
in response to physical exercise35 and regulates Notch1 NF-κB sig-
naling pathways during keratinocyte growth and metastasis.28

Figure 4. Effects of miR-17-3p and CTR9 on pro-inflammatory cytokine secretion of keratinocytes; miR-17-3p likely regulates the
STAT3 signaling pathway by targeting CTR9 in HaCaT cell. A) The culture media of HaCaT cells in the miR-17-3p
mimic/inhibitor/control group were analyzed by ELISA to measure the secretion levels of IL-1βand IL-6. B) The culture media of
HaCaT cells in the siRNA-CTR9/pcDNA 3.1 CTR9/control group were analyzed by ELISA to measure the secretion levels of IL-1βand
IL-6. C) HaCaT cells were transfected with miR-17-3p mimics/inhibitor/control; the protein expression levels of p-STAT3 and STAT3
were determined by Western blotting 48 h after transfection. D) HaCaT cells were transfected with siRNA-CTR9/pcDNA 3.1-
CTR9/control; the protein expression levels of p-STAT3 and STAT3 were determined by Western blotting 48 h after transfection;
GAPDH was used as a control. The band intensity values were analyzed using Imagel. Data are based on three independently performed
experiments and are presented as mean ± SD. *p<0.05; **p<0.01; ***p<0.001.
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However, no studies have yet explored the relationship between
miR-17-3p and the STAT3 signaling pathway. Interestingly, our
research found that miR-17-3p activates the STAT3 signaling path-
way in HaCaT cells. Although STAT3 is a downstream protein of
CTR9 in the Th17 cell differentiation, it is still unclear whether the
effect on STAT3 was mediated through CTR9 or by other targets of
miR-17-3p in HaCaT cells in the pathogenesis of psoriasis. In the
future we will perform more experiments to explore the exact reg-
ulatory mechanism.

Despite these important findings, our study has several poten-
tial limitations. First, the clinical sample size was small and needs
to be expanded in future studies. Second, additional animal studies
are required to confirm that targeting miR-17-3p or CTR9 could
have potential therapeutic effects against psoriasis. Third, it has
been reported that non-lesional skin in psoriatic patients despite its
normal appearance, represents an intermediate state between
healthy and lesional skin and exhibits numerous hallmarks of dor-
mant psoriasis.36 Due to the difficulty in sampling no-lesional skin
of psoriasis patients, we failed to conduct relevant experiments to
verify it.

In conclusion, our study demonstrates that miR-17-3p regu-
lates the proliferation and pro-inflammatory cytokine secretion of
keratinocytes partially by targeting CTR9 and miR-17-3p likely
regulates STAT3 signaling pathway via targeting CTR9.
Collectively, the findings of the present study provide a new per-
spective on the pathogenesis and treatment of psoriasis, which will
provide hope for curing patients with psoriasis.
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