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Psoriasis is a chronic inflammatory skin disease, and elevation of proinflammatory cytokine levels is a critical driver of the
pathogenesis of psoriasis. Extracellular cold-inducible RNA-binding protein (eCIRP) has been shown to play a role in various
acute and chronic inflammatory diseases. C23, a short peptide derived from CIRP, competitively binds CIRP receptors and
reduces damage in inflammatory diseases. However, the effect of eCIRP in psoriasis has not been studied. In the present study,
we investigated the role of eCIRP in the expression of proinflammatory cytokines in keratinocytes. Our data show that eCIRP
expression was increased in the sera of psoriasis patients and imiquimod- (IMQ-) induced psoriatic mice and cells stimulated
with proinflammatory cytokines (IL-1α, IL-17A, IL-22, oncostatin M, and TNF-α; mix M5). Recombinant human CIRP
(rhCIRP) promoted the expression of the proinflammatory cytokines TNF-α, IL-6, and IL-8 and the activation of NF-kappaB
(NF-κB) and ERK1/2 in cultured keratinocytes. We then found that the above effects of eCIRP could be blocked by C23 in
both normal keratinocytes and M5-stimulated psoriatic keratinocytes. In addition, in vivo experiments revealed that C23 could
effectively ameliorate IMQ-induced psoriatic dermatitis. TNF-α and IL-6 mRNA expressions were reduced in the skin lesions
of mice with C23-treated IMQ-induced psoriasis, and this effect was accompanied by inhibition of the NF-κB and ERK1/2
signaling pathways. In summary, eCIRP plays an important role in the pathogenesis of psoriasis and may become a new target
for psoriasis treatment.

1. Introduction

Psoriasis is a common, chronic, recurrent, inflammatory
skin disease characterized by erythema and scaling that
occurs in approximately 125 million people worldwide, gen-
erating a great disease burden [1–3]. Dysregulated inflam-
matory pathways and increased levels of proinflammatory
cytokines, such as TNF-α [3, 4], IL-6 [5, 6], and IL-8 [7,
8], are critical in the pathogenesis of psoriasis. Psoriasis is
a currently incurable chronic skin disease that greatly
reduces patients’ quality of life. The treatment of psoriasis
mainly includes topical therapies such as topical corticoste-

roids; vitamin D analogs; keratolytic agents; phototherapy;
systemic therapies such as biologics targeting the proinflam-
matory cytokines TNF-α, IL-17, and IL-23; and oral sys-
temic therapy [3]. Multiple treatments for psoriasis are
available, but there is still no cure. Therefore, it remains
important to further study the pathogenesis of psoriasis
and to find new therapeutic targets to obtain clinical treat-
ments for psoriasis with better efficacy and greater safety.

Cold-inducible RNA-binding protein (CIRP) is a mem-
ber of the glycine-rich RNA-binding protein (GRP) family,
first identified by Nishiyama et al. [9] during the study of
gene transcription. CIRP undergoes cytoplasm/nucleus
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redistribution and extracellular secretion in response to dif-
ferent stresses [10]. Extracellular CIRP (eCIRP) acts as a
danger-associated molecular pattern (DAMP) to promote
inflammatory responses that play an important role in acute
and chronic inflammation, such as sepsis [11, 12], rheuma-
toid arthritis (RA) [13], and osteoarthritis (OA) [14].
Recently, researchers have identified C23 as a potential CIRP
antagonist that can inhibit eCIRP-induced phagocyte secre-
tion of TNF-α [10]. Although eCIRP has shown proinflam-
matory effects in many inflammatory diseases, its effect on
psoriasis has not been studied.

Here, eCIRP expression was increased in the sera of pso-
riasis patients and imiquimod- (IMQ-) induced psoriatic
mice, and it was also elevated in the media of psoriatic kera-
tinocytes. Upon coincubation of recombinant human CIRP
(rhCIRP) and/or C23 with keratinocytes, we found that
rhCIRP could upregulate proinflammatory cytokine expres-
sion and activate the NF-kappaB (NF-κB) and ERK1/2 sig-
naling pathways in keratinocytes, while C23 was able to
inhibit the above effects of rhCIRP. Our results showed that
the eCIRP level was positively correlated with psoriasis and
that eCIRP may be involved in the pathogenesis of psoriasis
by upregulating proinflammatory cytokine expression via
activation of the NF-κB and ERK1/2 signaling pathways.

2. Materials and Methods

2.1. Human Serum Sample Collection. Serum samples were
obtained from healthy volunteers (6 males and 4 females)
and patients with psoriasis (22 males and 8 females) from
the Department of Dermatology, The Second Affiliated Hos-
pital of Xi’an Jiaotong University who had received no med-
ical treatment within the prior 4 weeks. The study followed
the Declaration of Helsinki, and the study protocol was
approved by the Institutional Ethics Committee of Xi’an
Jiaotong University. All recruited participants in this study
provided written informed consent.

2.2. IMQ-Induced Psoriatic Mouse Model. Male BALB/c
mice (6-8 weeks; 18-20 g), free of specific pathogens, were
used in the experiments. The animals were obtained from
the Animal Center of Xi’an Jiaotong University and were
kept under standard laboratory conditions under a 12-hour
light to dark cycle with an ambient temperature of 24-
26°C. All animal experiments were approved by the Institu-
tional Animal Care and Use Committee of Xi’an Jiaotong
University. The mice received a daily topical dose of
62.5mg of commercially available IMQ cream (5%; Sichuan
Mingxin Pharmaceutical Co., Ltd.) on the shaved back for 7
consecutive days, as described previously [15, 16]. In the
therapeutic group, the mice were treated with calcipotriol
(C, 40mg/cm2, Leo Pharmaceutical Co., Ltd.) daily after
IMQ application. In the control group, an equal amount of
Vaseline (Nanchang Baiyun Pharmaceutical Co., Ltd.) was
applied. After the experiment, all mice were euthanized,
and their serum and skin samples were stored for determi-
nation and further experiments.

2.3. Cell Culture. HaCaT and HEKa cells (human keratino-
cyte cell lines) were cultured in DMEM containing 10% fetal
bovine serum and 1% penicillin/streptomycin at 37°C in a
humidified atmosphere with 5% CO2. Cells were stimulated
with 10 ng/ml M5 (IL-1α, IL-17A, IL-22, oncostatin M, and
TNF-α; PeproTech, USA) for 24 hours at 37°C to mimic a
psoriasis-like environment in keratinocytes [17–20]. Cells
were then either left untreated or pretreated with 1μg/ml
C23 (GRGFSRGGGDRGYGG synthesized from GenScript,
Piscataway, NJ; dissolved in phosphate-buffered saline) for
30 minutes and then were stimulated with 1μg/ml rhCIRP
(APG886Hu01, Cloud-Clone Corp, Texas, USA) for 1 hour.
After rhCIRP stimulation, cells were collected for qRT-PCR
and western blot analysis.

2.4. Enzyme-Linked Immunosorbent Assay (ELISA). The
concentrations of eCIRP from human serum and culture
supernatant of HaCaT and HEKa cells were detected
through standard ELISA using ELISA kits according to the
manufacturer’s instructions (Human CIRP ELISA kit,
SEG886Hu, Cloud-Clone Corp, Texas, USA), and the eCIRP
concentration in mouse serum was detected through stan-
dard ELISA using ELISA kits according to the manufactur-
er’s instructions (Mouse CIRP ELISA kit, JM-12363M2,
Jingmei Biotechnology, Jiangsu, China).

2.5. RNA Extraction and qRT-PCR. Total RNA was extracted
from the samples using TRIzol reagent (15596018, Invitro-
gen, Carlsbad, CA), and cDNA was generated and then
amplified with Evo M-MLV RT Premix for qPCR
(AG11706, Accurate Biotechnology, Hunan, China),
followed by qRT-PCR on an ABI StepOnePlus Real-Time
PCR System (Applied Biosystems, Foster City, CA) using a
Premix Pro TaqHS qPCR Kit (Accurate Biotechnology,
AG11701, Hunan, China). The primers (see Supplementary
Table (available here)) were synthesized by Sangon Biotech
(Shanghai, China). Relative quantification was calculated
using the 2–ΔΔCT formula, and the expression data were nor-
malized with GAPDH or β-actin gene expression.

2.6. Western Blot Analysis. Total protein was extracted from
cells or skin tissues using RIPA lysis buffer (PL001; ZHON-
GHUIHECAI, Xi’an, China) supplemented with protease
inhibitor (4693159001; Roche, Basel, Switzerland) and phos-
phatase inhibitor (4906845001; Roche). The protein content
was quantified using a BCA Protein Assay Kit (23227; Thermo
Fisher Scientific, Waltham, MA). Protein expression levels
were analyzed by standard western blot protocols. Protein
samples were separated by SDS-PAGE and transferred onto
polyvinylidene fluoride membranes (03010040001; Roche,
Basel, Switzerland). The membranes were blocked with 5%
nonfat milk for 1 hour and incubated with primary antibodies
at 4°C overnight and horseradish peroxidase-conjugated sec-
ondary antibodies for 1 hour at room temperature. Signals
were detected using an ECL Detection Kit (WBKlS0100; Milli-
pore) and developed using a ChemiDoc MP Imaging System
(Bio-Rad, Hercules, CA). β-Tubulin was used as an internal
control. Antibodies against the following proteins were used
for western blot analysis: NF-κB p65 (10745-1-AP) and β-
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tubulin (10094-1-AP) from Proteintech (Rosemont, IL) and
phospho-NF-κB p65 (Ser536) (93H1), phospho-ERK1/2
(Thr202/Tyr204) (4370), and ERK1/2 (4695) fromCell Signal-
ing Technology (Danvers, MA).

2.7. In Vivo Administration of C23. Mice were randomly
divided into the control group, IMQ-induced group
(IMQ), and C23-treated IMQ group (IMQ+C23). Mice in
the IMQ+C23 group received an intraperitoneal injection
of 8mg/kg BW C23 on days 1, 3, 5, and 7 after IMQ appli-
cation began. The dosage of C23 was determined based on
previous adult murine models of renal ischemia–reperfusion
(I/R) injury [21] and sepsis [22]. Mice in the IMQ group
received an equivalent volume of normal saline. The experi-
mental schedule of using IMQ and C23 in mice is shown in
Figure 1.

2.8. Histology. Skin tissues were paraffin embedded and sec-
tioned. Hematoxylin and eosin (H&E) staining was per-
formed following a standard staining procedure. H&E-
stained sections were scanned by a Hamamatsu digital
pathology system, and epidermal thickness was determined
using NDP.view software. The distance from the basal layer
to the base of the stratum corneum was measured. Six ran-
domly selected areas in each section were measured, and
the mean values were calculated.

2.9. Statistical Analysis. Data are presented as the mean ±
SEM. Statistical analysis was carried out using SPSS Statistics
version 26.0 software (SPSS, Chicago, IL, USA). Student’s t
test or the Mann-Whitney U test was used for comparisons
between two groups, and one-way ANOVA followed by the
Student-Newman-Keuls post hoc test was used for compar-
isons among more than two groups. Differences for which
P < 0:05 were considered statistically significant.

All methods were performed in accordance with the rel-
evant guidelines and regulations.

3. Results

3.1. eCIRP Levels Are Elevated in Psoriasis. To explore the
level of eCIRP in psoriasis, the serum eCIRP concentrations
in psoriasis patients (n = 30) and healthy controls (n = 10)
were measured using a CIRP human serum ELISA kit, and
the results showed that serum eCIRP concentrations were
elevated in patients with psoriasis compared to the healthy
control group (Figure 2(a)). Additionally, serum eCIRP
was elevated in IMQ-treated psoriatic mice (n = 5) com-
pared to the control mice (n = 5) (Figure 2(b)). Calcipotriol,
the vitamin D derivative of choice for the treatment of pso-
riasis, has been shown to reduce erythema, scaling, and epi-
dermal hyperplasia in psoriasis [23]. To clarify the changes
in eCIRP levels after treatment, IMQ-induced psoriatic mice
were treated topically with calcipotriol for 7 days, and we
found that the eCIRP level decreased after calcipotriol treat-
ment (n = 5) (Figure 2(b)). Furthermore, to determine
whether the release of eCIRP would be changed under the
psoriasis-like environment in keratinocytes, HaCaT and
HEKa cell lines were stimulated with M5 for 24 hours, which
has been demonstrated as an in vitro model of psoriasis. We

measured the expression level of eCIRP in the media of M5-
stimulated keratinocytes by ELISA, and the results showed
that the release of eCIRP in M5-stimulated keratinocytes
was greater than that in the control group (Figures 2(c)
and 2(d)).

3.2. Regulatory Effects of eCIRP on Proinflammatory
Cytokine Expression and Signaling Pathway Activation in
Keratinocytes. We stimulated HaCaT and HEKa cells with
rhCIRP and found that rhCIRP time-dependently upregu-
lated the expression of the proinflammatory cytokines
TNF-α, IL-6, and IL-8 in both cell lines, indicating that
eCIRP may promote the formation of an inflammatory
microenvironment (Figure 3(a)). It has been reported that
the NF-κB and ERK1/2 signaling pathways are closely asso-
ciated with psoriasis development [24, 25]. To elucidate the
molecular mechanism underlying the effect of eCIRP on
the keratinocyte inflammatory response, we detected the rel-
ative protein levels of NF-κB p65 and ERK1/2 by western
blotting. As shown in Figure 3(b), stimulation with rhCIRP
increased the phosphorylation of NF-κB p65 and ERK1/2
in both HaCaT and HEKa cells. Therefore, eCIRP may be
involved in regulating the keratinocyte inflammatory
response by the NF-κB p65 and ERK1/2 signaling pathways.

3.3. Effects of C23 on Psoriatic Keratinocytes Stimulated with
eCIRP. As previously shown, keratinocytes exposed to
rhCIRP showed significant increases in TNF-α, IL-6, and
IL-8 production compared to the basal levels. However, pre-
treatment of keratinocytes with C23 significantly reduced
rhCIRP-induced TNF-α, IL-6, and IL-8 expressions com-
pared to that in keratinocytes administered rhCIRP only
(Figure 4(a)). Likewise, we found that rhCIRP-induced
phosphorylation of NF-κB p65 and ERK1/2 could be inhib-
ited by C23 (Figure 4(b)). Additionally, we found that C23
could play the same role in an in vitro psoriasis-like environ-
ment. We created a psoriasis-like environment in keratino-
cytes by treating HaCaT and HEKa cells with 10 ng/ml M5
for 24 hours. Psoriatic cells were then either left untreated
or pretreated with 1μg/ml C23 for 30 minutes and then
stimulated with 1μg/ml rhCIRP for 1 hour. After rhCIRP
stimulation, cells were collected for qRT-PCR and western
blot analysis. As shown in Figure 5, pretreatment of psoriatic
keratinocytes with C23 significantly reduced rhCIRP-
induced TNF-α, IL-6, and IL-8 expressions and phosphory-
lation of NF-κB p65 and ERK1/2 compared to that in psori-
atic keratinocytes administered rhCIRP only.

3.4. Effects of C23 on IMQ-Induced Psoriatic Mice. To assess
the therapeutic effect of blocking eCIRP on psoriasis in vivo,

Day

C23 C23 C23 C23

+1 day
1 3 5

Hair removal Sacrifice

7
–1 day 5% IMQ every day

Figure 1: Experimental schedule of the use of IMQ and C23 in
mice.
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we administered C23 intraperitoneally to IMQ-induced pso-
riatic mice. We took photographs of the skin lesions, and
two dermatologists scored the mice according to the method
of Moos et al. [26]. The C23 therapy reduced the cumulative
score and scaling score in IMQ-treated psoriatic mice
(Figures 6(a) and 6(b)). In addition, H&E staining showed
that mice in the IMQ group exhibited pronounced epider-
mal hyperplasia, whereas epidermal thickness was reduced
in mice in the C23-treated group compared to mice in the
IMQ group (Figures 6(c) and 6(d)). We then examined the
expression of TNF-α and IL-6 mRNA in the skin lesions of
the mice. As shown in Figure 6(e), TNF-α and IL-6 expres-
sions were significantly upregulated in IMQ-induced psori-
atic mice, while the intraperitoneal injection of C23
reduced the expression of TNF-α and IL-6 mRNA in the
skin lesions. In addition, C23 treatment reduced the phos-
phorylation of NF-κB p65 and ERK1/2 (Figure 6(f)). These
data indicate that C23 can decrease local skin inflammation
by inhibiting the proinflammatory effect of eCIRP.

4. Discussion

In addition to its intracellular function as an RNA-binding
protein to regulate gene expression [27–29], multiple studies
have reported that CIRP can be secreted extracellularly and
that eCIRP plays important roles in acute and chronic
inflammatory diseases. A recent study showed that serum
eCIRP levels were upregulated in patients with psoriasis

[30], which is consistent with our results. In addition, we
found that eCIRP levels were upregulated both in IMQ-
induced psoriatic mice and M5-induced psoriatic keratino-
cytes, and the former could be inhibited by topical calcipo-
triol. Studies from our laboratory and other laboratories
have undoubtedly shown that eCIRP levels are strongly asso-
ciated with psoriasis. However, the specific role of eCIRP in
the development of psoriasis and the mechanisms involved
remain unclear.

Here, we found that eCIRP was able to enhance the
expression of TNF-α, IL-6, and IL-8 in both HaCaT and
HEKa cell lines. Similar regulation of the inflammatory
response by eCIRP has been observed in other studies
[31–33]. In models of hemorrhagic shock and sepsis, eCIRP
can act as an important endogenous proinflammatory medi-
ator that directly upregulates the expression of TNF-α and
IL-6, triggering a waterfall response of inflammation and
exacerbating tissue damage, while neutralizing antibodies
of eCIRP could attenuate the inflammatory response and
improve survival in hemorrhagic and septic animals [34,
35]. Taken together, the proinflammatory effect of eCIRP
plays an important role in the development of psoriasis.

To further explore how eCIRP upregulates the expres-
sion of proinflammatory cytokines, we investigated the
downstream signaling pathways of eCIRP. Our results con-
firmed that eCIRP is a key inducer of the NF-κB p65 and
ERK1/2 signaling pathways in keratinocytes. Certainly,
understanding the signaling pathways whose activation by
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Figure 2: Levels of eCIRP in psoriasis. (a) Detection of eCIRP serum levels in psoriasis patients (n = 30) and normal controls (n = 10) by
ELISA. (b) eCIRP levels in the sera of IMQ-induced psoriatic mice were measured by ELISA (n = 5 mice/group). IMQ: IMQ-induced
psoriatic mice; IMQ+C: IMQ-induced psoriatic mice treated with calcipotriol. HaCaT (c) and HEKa (d) cells were stimulated with M5
(10 ng/ml each of IL-1α, IL-17A, IL-22, oncostatin M, and TNF-α) for 24 hours. The eCIRP levels in the culture supernatants were
determined using a commercial ELISA kit. Data are expressed as the mean ± SEM. ∗P < 0:05, ∗∗P < 0:01, and ∗∗∗P < 0:001 vs. control;
##P < 0:01 vs. IMQ.
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eCIRP in keratinocytes results in an inflammatory response
will impact the search for new targets and therapeutic strat-
egies for psoriasis. NF-κB signaling pathway activation is
closely associated with psoriasis development [36, 37] as well
as the increased activation of ERK1/2 [25, 38] in psoriatic
skin. In other inflammatory diseases, eCIRP can also exert
proinflammatory effects by activating these two signaling

pathways. Zhou et al. [39] suggested that eCIRP similarly
activates the NF-κB signaling pathway in BV2 cells. Like-
wise, Ran et al. [40] indicated that CIRP is expressed in the
bronchi of chronic obstructive pulmonary disease (COPD)
patients and is involved in proinflammatory cytokine
expression after cold stimulation via the ERK and NF-κB
pathways. Therefore, eCIRP may be involved in regulating
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Figure 3: Effects of eCIRP on proinflammatory cytokine expression and the phosphorylation of signaling molecules. (a) rhCIRP caused the
time-dependent upregulation of TNF-α, IL-6, and IL-8 in HaCaT and HEKa cells at 30min and 60min after 1μg/ml rhCIRP stimulation;
the mRNA levels in the two cell lines were measured by qRT-PCR. (b) HaCaT and HEKa cells were treated with 1 μg/ml rhCIRP for 30 and
60min, and the phosphorylation of NF-κB p65 and ERK1/2 was analyzed by western blotting. Data are expressed as the mean ± SEM. n = 3
/group. ∗P < 0:05, ∗∗P < 0:01, and ∗∗∗P < 0:001 vs. control.
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keratinocyte inflammatory microenvironment formation
through activation of the NF-κB and ERK1/2 signaling
pathways.

C23, a CIRP-derived 15-mer peptide, competitively
binds receptors for CIRP, such as the TLR4/MD2 complex,
LPS, and HMGB1 [41]. Preincubation with C23 was found
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Figure 4: C23 inhibited the eCIRP-induced upregulation of proinflammatory cytokine expression and activation of signaling pathways. (a)
C23 inhibited TNF-α, IL-6, and IL-8 production in HaCaT and HEKa cells stimulated with rhCIRP. Cells were pretreated with 1 μg/ml C23
for 30 minutes and then were incubated with 1μg/ml rhCIRP for 1 hour. RNA was extracted for analysis by qRT-PCR. (b) C23 inhibited the
phosphorylation of NF-κB p65 and ERK1/2 in HaCaT and HEKa cells stimulated with rhCIRP. Cells were pretreated with 1μg/ml C23 for
30 minutes and then were incubated with 1μg/ml rhCIRP for 1 hour. Cells were lysed for western blot analysis of the indicated proteins. The
phosphorylation of NF-κB p65 and ERK1/2 was analyzed by western blot analysis. Data are expressed as the mean ± SEM. n = 3/group. ∗
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to prevent rhCIRP-induced release of TNF-α from the
human monocyte THP-1 cell line [10], suggesting that C23
blocks CIRP activity. As in the THP-1 cell line, C23 inhib-
ited eCIRP-induced TNF-α, IL-6, and IL-8 expressions in
HaCaT and HEKa cell lines. Moreover, we discovered that
pretreatment of the two cell lines with C23 effectively inhib-
ited eCIRP-induced downstream activation of the NF-κB

p65 and ERK1/2 pathways. Then, we verified the results in
a psoriasis-like model in vitro by stimulating keratinocytes
with M5. We found that C23 could play the same role in
an in vitro psoriasis-like environment.

Furthermore, by intraperitoneal injection of C23 into
IMQ-induced psoriatic mice, we found that C23 strongly
inhibited psoriatic lesions in the mice. TNF-α and IL-6
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mRNA levels in skin lesions were downregulated in C23-
treated IMQ-induced psoriatic mice. This finding is consis-
tent with several other studies. Denning et al. [42] indicated
that C23 treatment of neonatal sepsis resulted in a reduction
in the proinflammatory cytokines IL-6 and IL-1β in serum
and lung tissue, respectively. McGinn et al. [21] observed
that pretreatment with C23 significantly decreased the levels
of recombinant mouse CIRP- (rmCIRP-) induced TNF-α in
a dose-dependent fashion in cultured macrophages and in
C23-treated mice with renal I/R. Additionally, researchers
found that the serum and intestinal tissue levels of TNF-α
were elevated in vehicle-treated mice with intestinal I/R
but decreased in C23-treated control mice [43]. Moreover,
psoriasis is characterized by increased expression of TNF-α
and IL-6 in lesions [44], and TNF-α is a verified drug target
in psoriasis [45, 46] and other autoimmune diseases, such as
inflammatory bowel disease (IBD) [47] and RA [48]. Simi-
larly, C23 may protect against an exaggerated inflammatory
response in psoriasis by reducing eCIRP-triggered proin-
flammatory cytokine expression via the NF-κB p65 and
ERK1/2 pathways. Thus, further evidence of the role of
eCIRP in psoriasis is provided. The use of eCIRP as a target,
as with C23, to inhibit its binding to the corresponding
receptor may represent a novel treatment for psoriasis.

However, the formation of an inflammatory microenvi-
ronment is important for the development of psoriasis, and
keratinocyte hyperproliferation is also a major pathological
feature of psoriasis. We will further investigate this notion
in a follow-up study and observe the effects of eCIRP and
C23 on keratinocyte proliferation.

5. Conclusions

In conclusion, eCIRP was elevated in patients with psoriasis,
as well as in IMQ-induced psoriatic mice and M5-stimulated
psoriatic cells. eCIRP upregulated the expression of proin-
flammatory cytokines, which could be suppressed by C23.

Taken together, this work demonstrated that eCIRP may
be involved in the pathogenesis of psoriasis and therefore
may serve as a new therapeutic strategy in psoriatic treat-
ment. Further studies will consider the role and mechanism
of eCIRP in keratinocyte proliferation.

Data Availability

The datasets used and/or analyzed during the current study
are available from the corresponding author on reasonable
request.

Conflicts of Interest

The authors declare that there are no conflicts of interest.

Authors’ Contributions

Xiu Zhang and Shengbang Wang contributed equally to this
work.

Acknowledgments

We thank the National Local Joint Engineering Research
Center for Precision Surgery & Regenerative Medicine,
Shaanxi Province Center for Regenerative Medicine and
Surgery Engineering Research, for its support for this study.
This work was financially supported by the National Natural
Science Foundation of China (grant/award numbers:
81773328 and 81972938) and was partially supported by
the Funds of Shaanxi Province (project number: 2020TD-
043).

Supplementary Materials

See the Supplementary Table in the Supplementary Material
for the sequences of primers used for qRT-PCR in this study.
(Supplementary Materials)

TNF-a IL-6
0

4

8

12

Re
la

tiv
e m

RN
A

 le
ve

l
⁎⁎⁎ ⁎⁎⁎

⁎⁎⁎ ⁎⁎⁎

Control
IMQ
IMQ + C23

(e)

p-ERK1/2

ERK1/2

p-p65

p65

𝛽-tubulin

65 kDa

65 kDa

44 kDa
42 kDa

50 kDa

IMQControl IMQ + C23

44 kDa
42 kDa

(f)

Figure 6: Effects of C23 on IMQ-induced psoriatic mice. (a) Representative images of each group. (b) Single (erythema, scaling, and
thickness) and cumulative scores of skin lesions in each group (n = 5 mice/group). (c) Representative H&E staining of back skin sections
of each group. Scale bar = 100 μm. (d) Microscopic quantification of epidermal hyperplasia in the back skin of mice in each group (n = 5
mice/group). (e) qRT-PCR analysis of TNF-α and IL-6 mRNA levels in the back skin of mice in each group (n = 3). (f) Western blot
analysis of the phosphorylation of NF-κB p65 and ERK1/2 in skin tissues from the three groups. Data are expressed as the mean ± SEM.
∗P < 0:05, ∗∗P < 0:01, and ∗∗∗P < 0:001.

9Mediators of Inflammation

https://downloads.hindawi.com/journals/mi/2022/5978271.f1.docx


References

[1] C. E. M. Griffiths, A.W. Armstrong, J. E. Gudjonsson, and J. N.
W. N. Barker, “Psoriasis,” The Lancet, vol. 397, no. 10281,
pp. 1301–1315, 2021.

[2] G. Damiani, N. L. Bragazzi, C. Karimkhani Aksut et al., “The
global, regional, and national burden of psoriasis: results and
insights from the global burden of disease 2019 study,” Fron-
tiers in Medicine, vol. 8, p. 743180, 2021.

[3] A. W. Armstrong and C. Read, “Pathophysiology, clinical pre-
sentation, and treatment of psoriasis: a review,” Journal Amer-
ican Association, vol. 323, no. 19, pp. 1945–1960, 2020.

[4] A. Chiricozzi, E. Guttman-Yassky, M. Suárez-Farinas et al.,
“Integrative responses to IL-17 and TNF-α in human keratino-
cytes account for key inflammatory pathogenic circuits in pso-
riasis,” The Journal of Investigative Dermatology, vol. 131,
no. 3, pp. 677–687, 2011.

[5] H. Xu, J. Liu, M. Niu et al., “Soluble IL-6R-mediated IL-6
trans-signaling activation contributes to the pathological
development of psoriasis,” Journal of Molecular Medicine,
vol. 99, no. 7, pp. 1009–1020, 2021.

[6] A. L. Croxford, S. Karbach, F. C. Kurschus et al., “IL-6 regu-
lates neutrophil microabscess formation in IL-17A-driven
psoriasiform lesions,” The Journal of Investigative Dermatol-
ogy, vol. 134, no. 3, pp. 728–735, 2014.

[7] Y. Xiaoling, W. Chao, W. Wenming, L. Feng, and
J. Hongzhong, “Interleukin (IL)-8 and IL-36γ but not IL-
36Ra are related to acrosyringia in pustule formation associ-
ated with palmoplantar pustulosis,” Clinical and Experimental
Dermatology, vol. 44, no. 1, pp. 52–57, 2019.

[8] A. I. A. Elneam, M. S. Al-Dhubaibi, and A. Alrheam, “Angio-
tensin-converting enzyme (ACE) D allele as a risk factor for
increase serum Interleukin-6 and Interleukin-8 in psoriasis
patients,”Open access Macedonian Journal of Medical Sciences,
vol. 6, no. 5, pp. 772–776, 2018.

[9] H. Nishiyama, K. Itoh, Y. Kaneko, M. Kishishita,
O. Yoshida, and J. Fujita, “A glycine-rich RNA-binding pro-
tein mediating cold-inducible suppression of mammalian
cell growth,” The Journal of Cell Biology, vol. 137, no. 4,
pp. 899–908, 1997.

[10] X. Qiang, W. L. Yang, R. Wu et al., “Cold-inducible RNA-
binding protein (CIRP) triggers inflammatory responses in
hemorrhagic shock and sepsis,” Nature Medicine, vol. 19,
no. 11, pp. 1489–1495, 2013.

[11] N. L. Denning, M. Aziz, A. Murao et al., “Extracellular CIRP as
an endogenous TREM-1 ligand to fuel inflammation in sep-
sis,” JCI Insight, vol. 5, no. 5, p. e134172, 2020.

[12] A. Murao, A. Arif, M. Brenner et al., “Extracellular CIRP and
TREM-1 axis promotes ICAM-1-Rho-mediated NETosis in
sepsis,” FASEB journal: official publication of the Federation
of American Societies for Experimental Biology, vol. 34, no. 7,
pp. 9771–9786, 2020.

[13] I. S. Yoo, S. Y. Lee, C. K. Park et al., “Serum and synovial fluid
concentrations of cold-inducible RNA-binding protein in
patients with rheumatoid arthritis,” International Journal of
Rheumatic Diseases, vol. 21, no. 1, pp. 148–154, 2018.

[14] L. Yu, Q. H. Li, F. Deng, Z. W. Yu, X. Z. Luo, and J. L. Sun,
“Synovial fluid concentrations of cold-inducible RNA-
binding protein are associated with severity in knee osteoar-
thritis,” Clinica Chimica Acta; International Journal of Clinical
Chemistry, vol. 464, pp. 44–49, 2017.

[15] L. van der Fits, S. Mourits, J. S. Voerman et al., “Imiquimod-
induced psoriasis-like skin inflammation in mice is mediated
via the IL-23/IL-17 axis,” Journal of Immunology (Baltimore,
Md.: 1950), vol. 182, no. 9, pp. 5836–5845, 2009.

[16] C. Li, L. Xiao, J. Jia et al., “Cornulin is induced in psoriasis
lesions and promotes keratinocyte proliferation via phospho-
inositide 3-kinase/Akt pathways,” The Journal of Investigative
Dermatology, vol. 139, no. 1, pp. 71–80, 2019.

[17] L. T. H. Nguyen, M. J. Choi, H. M. Shin, and I. J. Yang, “Cop-
tisine alleviates imiquimod-induced psoriasis-like skin lesions
and anxiety-like behavior in mice,” Molecule, vol. 27, no. 4,
p. 1412, 2022.

[18] H. Rabeony, I. Petit-Paris, J. Garnier et al., “Inhibition of kera-
tinocyte differentiation by the synergistic effect of IL-17A, IL-
22, IL-1α, TNFα and oncostatin M,” PLoS One, vol. 9, no. 7,
p. e101937, 2014.

[19] M. Lv, J. Shao, F. Jiang, and J. Liu, “Curcumol may alleviate
psoriasis-like inflammation by inhibiting keratinocyte prolif-
eration and inflammatory gene expression via JAK1/STAT3
signaling,” Aging (Albany NY), vol. 13, no. 14, pp. 18392–
18403, 2021.

[20] X. Yin, Z. Yang, M. Zhu et al., “ILF2 contributes to hyperpro-
liferation of keratinocytes and skin inflammation in a
KLHDC7B-DT-dependent manner in psoriasis,” Frontiers in
Genetics, vol. 13, p. 890624, 2022.

[21] J. McGinn, F. Zhang, M. Aziz et al., “The protective effect of a
short peptide derived from cold-inducible RNA-binding pro-
tein in renal ischemia-reperfusion injury,” Shock (Augusta,
Ga.), vol. 49, no. 3, pp. 269–276, 2018.

[22] F. Zhang, M. Brenner, W. L. Yang, and P. Wang, “A cold-
inducible RNA-binding protein (CIRP)-derived peptide atten-
uates inflammation and organ injury in septic mice,” Scientific
Reports, vol. 8, no. 1, p. 3052, 2018.

[23] K. Kragballe and L. Iversen, “Calcipotriol: a new topical anti-
psoriatic,” Dermatologic Clinics, vol. 11, no. 1, pp. 137–141,
1993.

[24] A. M. Goldminz, S. C. Au, N. Kim, A. B. Gottlieb, and P. F. Liz-
zul, “NF-κB: an essential transcription factor in psoriasis,”
Journal of Dermatological Science, vol. 69, no. 2, pp. 89–94,
2013.

[25] C. Johansen, K. Kragballe, M. Westergaard, J. Henningsen,
K. Kristiansen, and L. Iversen, “The mitogen-activated protein
kinases p 38 and ERK1/2 are increased in lesional psoriatic
skin,” The British Journal of Dermatology, vol. 152, no. 1,
pp. 37–42, 2005.

[26] S. Moos, A. N. Mohebiany, A. Waisman, and F. C. Kurschus,
“Imiquimod-induced psoriasis in mice depends on the IL-17
signaling of keratinocytes,” The Journal of Investigative Der-
matology, vol. 139, no. 5, pp. 1110–1117, 2019.

[27] W. L. Yang, A. Sharma, Z. Wang, Z. Li, J. Fan, and P. Wang,
“Cold-inducible RNA-binding protein causes endothelial dys-
function via activation of Nlrp3 inflammasome,” Scientific
Reports, vol. 6, no. 1, pp. 1–10, 2016.

[28] T. Sakurai, H. Kashida, T. Watanabe et al., “Stress response
protein cirp links inflammation and tumorigenesis in colitis-
associated cancer,” Cancer Research, vol. 74, no. 21,
pp. 6119–6128, 2014.

[29] Y. Liao, J. Feng, W. Sun et al., “CIRP promotes the progression
of non-small cell lung cancer through activation of Wnt/β-
catenin signaling via CTNNB1,” Journal of experimental &
clinical cancer research: CR, vol. 40, no. 1, p. 275, 2021.

10 Mediators of Inflammation



[30] H. Bazid, M. Shoeib, A. Elsayed et al., “Expression of cold-
inducible RNA binding protein in psoriasis,” Journal of Immu-
noassay & Immunochemistry, vol. 43, pp. 1–19, 2022.

[31] C. Tan, S. D. Gurien, W. Royster, M. Aziz, and P. Wang,
“Extracellular CIRP induces inflammation in alveolar type II
cells via TREM-1,” Frontiers in Cell and Developmental Biol-
ogy, vol. 8, p. 579157, 2020.

[32] M. Zhou, M. Aziz, N. L. Denning, H. T. Yen, G. Ma, and
P. Wang, “Extracellular CIRP induces macrophage endotoxin
tolerance through IL-6R-mediated STAT3 activation,” JCI
Insight, vol. 5, no. 5, p. e133715, 2020.

[33] W. Royster, H. Jin, P. Wang, and M. Aziz, “Extracellular CIRP
decreases Siglec-G expression on B-1a cells skewing them
towards a pro-inflammatory phenotype in sepsis,” Molecular
medicine (Cambridge, Mass), vol. 27, no. 1, pp. 1–12, 2021.

[34] M. Aziz, M. Brenner, and P. Wang, “Extracellular CIRP
(eCIRP) and inflammation,” Journal of Leukocyte Biology,
vol. 106, no. 1, pp. 133–146, 2019.

[35] D. A. Lujan, J. L. Ochoa, and R. S. Hartley, “Cold-inducible
RNA binding protein in cancer and inflammation,” Wiley
Interdisciplinary Reviews: RNA, vol. 9, no. 2, p. e1462, 2018.

[36] Y. Pan, Y. You, L. Sun et al., “The STING antagonist H-151
ameliorates psoriasis via suppression of STING/NF-κB-medi-
ated inflammation,” British Journal of Pharmacology,
vol. 178, no. 24, pp. 4907–4922, 2021.

[37] A. Liu, W. Zhao, B. Zhang, Y. Tu, Q. Wang, and J. Li, “Cimi-
fugin ameliorates imiquimod-induced psoriasis by inhibiting
oxidative stress and inflammation via NF-κB/MAPK path-
way,” Bioscience Reports, vol. 40, no. 6, p. BSR20200471, 2020.

[38] H. Takahashi, M. Ibe, S. Nakamura, A. Ishida-Yamamoto,
Y. Hashimoto, and H. Iizuka, “Extracellular regulated kinase
and c-Jun N-terminal kinase are activated in psoriatic involved
epidermis,” Journal of Dermatological Science, vol. 30, no. 2,
pp. 94–99, 2002.

[39] M. Zhou, W.-L. Yang, Y. Ji, X. Qiang, and P. Wang, “Cold-
inducible RNA-binding protein mediates neuroinflammation
in cerebral ischemia,” Biochimica et Biophysica Acta,
vol. 1840, no. 7, pp. 2253–2261, 2014.

[40] D. Ran, L. Chen, W. Xie et al., “Cold-inducible RNA binding
protein regulates mucin expression induced by cold tempera-
tures in human airway epithelial cells,” Archives of Biochemis-
try and Biophysics, vol. 603, pp. 81–90, 2016.

[41] F. Zhang, W. L. Yang, M. Brenner, and P. Wang, “Attenuation
of hemorrhage-associated lung injury by adjuvant treatment
with C23, an oligopeptide derived from cold-inducible RNA-
binding protein,” The Journal of Trauma and Acute Care Sur-
gery, vol. 83, no. 4, pp. 690–697, 2017.

[42] N. L. Denning, W. L. Yang, L. Hansen, J. Prince, and P. Wang,
“C23, an oligopeptide derived from cold-inducible RNA-
binding protein, suppresses inflammation and reduces lung
injury in neonatal sepsis,” Journal of Pediatric Surgery,
vol. 54, no. 10, pp. 2053–2060, 2019.

[43] J. T. McGinn, M. Aziz, F. Zhang et al., “Cold-inducible RNA-
binding protein-derived peptide C23 attenuates inflammation
and tissue injury in a murine model of intestinal ischemia-
reperfusion,” Surgery, vol. 164, no. 6, pp. 1191–1197, 2018.

[44] J. Gao, F. Chen, H. Fang, J. Mi, Q. Qi, and M. Yang, “Daphne-
tin inhibits proliferation and inflammatory response in human
HaCaT keratinocytes and ameliorates imiquimod-induced
psoriasis-like skin lesion in mice,” Biological Research,
vol. 53, no. 1, p. 48, 2020.

[45] L. Grine, L. Dejager, C. Libert, and R. E. Vandenbroucke, “An
inflammatory triangle in psoriasis: TNF, type I IFNs and IL-
17,” Cytokine & Growth Factor Reviews, vol. 26, no. 1,
pp. 25–33, 2015.

[46] J. Barker, G. Girolomoni, A. Egeberg, J. Goncalves, B. Pieper,
and T. Kang, “Anti-TNF biosimilars in psoriasis: from scien-
tific evidence to real-world experience,” The Journal of Derma-
tological Treatment, vol. 31, no. 8, pp. 794–800, 2020.

[47] T. Billiet, P. Rutgeerts, M. Ferrante, G. van Assche, and
S. Vermeire, “Targeting TNF-α for the treatment of inflamma-
tory bowel disease,” Expert Opinion on Biological Therapy,
vol. 14, no. 1, pp. 75–101, 2014.

[48] R. N. Maini, M. J. Elliott, F. M. Brennan, and M. Feldmann,
“Beneficial effects of tumour necrosis factor-alpha (TNF-
alpha) blockade in rheumatoid arthritis (RA),” Clinical and
Experimental Immunology, vol. 101, no. 2, pp. 207–212, 1995.

11Mediators of Inflammation


	Extracellular CIRP Upregulates Proinflammatory Cytokine Expression via the NF-kappaB and ERK1/2 Signaling Pathways in Psoriatic Keratinocytes
	1. Introduction
	2. Materials and Methods
	2.1. Human Serum Sample Collection
	2.2. IMQ-Induced Psoriatic Mouse Model
	2.3. Cell Culture
	2.4. Enzyme-Linked Immunosorbent Assay (ELISA)
	2.5. RNA Extraction and qRT-PCR
	2.6. Western Blot Analysis
	2.7. In Vivo Administration of C23
	2.8. Histology
	2.9. Statistical Analysis

	3. Results
	3.1. eCIRP Levels Are Elevated in Psoriasis
	3.2. Regulatory Effects of eCIRP on Proinflammatory Cytokine Expression and Signaling Pathway Activation in Keratinocytes
	3.3. Effects of C23 on Psoriatic Keratinocytes Stimulated with eCIRP
	3.4. Effects of C23 on IMQ-Induced Psoriatic Mice

	4. Discussion
	5. Conclusions
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments
	Supplementary Materials

