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Abstract
Objective: To investigate the possible role of La ribonucleoprotein 7 (LARP7) in psoriasis 
through a mouse model and uncover its underlying mechanism.
Methods: The back skin of C57BL/6 mice was smeared with IMquimod (IMQ) cream for 7 days 
to induce psoriasis. Immunoblot kit was used to detect the deacetylase activity of SIRT1 
(member of sirtuin family). Hematoxylin and eosin staining was used to assess the degree of 
psoriasis in mouse. Flow cytometry assays were performed to confirm effects on Th1/Th17 cell 
differentiation. Enzyme-linked-immunosorbent serologic assays were used to detect the level 
of secreted cytokines.
Results: LARP7 upregulated SIRT1 deacetylase activity. LARP7 alleviated psoriasis symptoms 
in mice by upregulating SIRT1 deacetylase activity. In addition, LARP7 regulated Th1/Th17 cell 
differentiation in psoriatic mice. We further found that LARP7 inhibited Th1/Th17 cytokine. 
Conclusion: LARP7 upregulated SIRT1 activity and inhibited Th1/Th17 cytokine response in 
psoriatic mice.
© 2023 Codon Publications. Published by Codon Publications.
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Introduction

Psoriasis is a complex immune-mediated hyperproliferative 
disease characterized by the over-proliferation of epider-
mal keratinocytes, which form elongated reticular ridges.1,2 
Psoriasis is a T-cell-mediated inflammatory skin disease 
featured by the excessive proliferation and abnormal 

differentiation of epidermal keratinocytes,1 that is caused 
by a constant interaction between infiltrating inflammatory 
cells and activated keratinocytes.3–5 There is evidence that 
the proportion of Th1 and Th17 cells in skin lesions was sig-
nificantly increased in patients with psoriasis, compared to 
normal people.6 Subsequently, cytokines such as interleu-
kin 17A (IL-17A), IL-17, IL-22, and interferon gamma (IFN-γ) 
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measured 4 h after the application of IMQ on the seventh 
day. Erythema, scale, and thickness were recorded based 
on the scoring system of the psoriasis area and severity 
index (PASI). The study was approved by the Animal Ethics 
Committee of the Affiliated Hospital of Inner Mongolia 
Medical University (Approval No. 2021141).

Hematoxylin and eosin (H&E) staining

Skin samples in each group were fixed and embedded in 
paraffin and cut into 6-μm sections. The sections were 
then stained with H&E staining solution. In short, slides 
containing paraffin-embedded sections were placed in 
slide holder. Then the sections were deparaffinized and 
rehydrated according to the following processes: 4 × 2-min 
xylene (blot excess xylene before going to ethanol); 2 × 
2-min 100% ethanol; 2 × 2-min 95% ethanol; 2 × 2-min 80% 
ethanol; and rinsed in deionized water. The sections were 
stained with eosine for 30 s and dried overnight.

Immunoblot assay

Proteins were extracted with radioimmunoprecipitation 
assay (RIPA) buffer (Beyotime, Shanghai, China). The bicin-
choninic acid (BCA) assay was used for determining pro-
tein concentration, after which proteins were separated 
(20 µg/lane) by sodium dodecyl sulfate–polyacrylamide 
gel electrophoresis (SDS-PAGE) on 8% gels. Proteins were 
then transferred onto polyvinylidene difluoride membranes 
(MilliporeSigma, MA, USA), which were blocked at room 
temperature for 2 h in tris-buffered saline containing 0.2% 
Tween 20 and 5% non-fat milk. Subsequently, membranes 
were incubated with primary antibodies, including LARP7 
(1:1000, ab134746; Abcam, Cambridge, UK), ac-p65 (1:1000, 
ab218533; Abcam), p65 (1:1000, ab32536; Abcam), SIRT1 
(1:1000, ab110304; Abcam), and β-actin (1:5000, ab8226; 
Abcam) at 4°C overnight. Subsequently the membranes 
were incubated with secondary antibodies for 1 h. Proteins 
were visualized using an enhanced chemiluminescence 
detection reagent (Pierce; Thermo Fisher Scientific, MA, 
USA) and analyzed using the ImageJ 9.0 software (National 
Institutes of Health, MD, USA).

Enzyme-linked-immunosorbent serologic assay 
(ELISA)

The levels of IFN-γ (ab282874; Abcam), tumor necrosis fac-
tor-α (TNF-α; ab181421; Abcam), IL-17A (ab199081; Abcam), 
IL-17F (ab204522; Abcam), IL-22 (ab223857; Abcam), and 
IL-23 (ab119545; Abcam) were assessed using ELISA kit 
under manufacturer’s guidelines. Biotin-conjugated pri-
mary antibodies were added and followed by avidin-conju-
gated horseradish peroxidase (HRP). Subsequently, enzyme 
substrate was used for color reaction.

Flow cytometry (FCM) assay

Flow cytometry assay was conducted as described pre-
viously.15 In brief, the cells were first washed with phos-
phate-buffered saline (PBS) and then fixed with 70% ethanol 

are induced.7 In order to treat psoriasis in a better man-
ner, it is necessary to explore its pathogenesis and identify 
effective therapeutic targets.

La ribonucleoprotein 7 (LARP7) is an RNA- binding 
protein in of La family that binds to 7SK RNA and forms 
a stable ribonucleoprotein complex with methyl phos-
phate end-blocking enzyme.8 Its primary molecular func-
tion is thought to prevent P-TEFb, the releasing factor of 
RNA polymerase II (RNAPII) from binding to RNAPII, and 
then inhibiting the transcription of RNA polymerase II 
(RNAPII).9,10 LARP7 has been shown to inhibit breast can-
cer proliferation and metastasis.9 Overexpression of LARP7 
in myocardial tissue or injection of ataxia-telangiectasia 
mutated (ATM) inhibitor KU60019 in mice with myocardial 
infarction mice can inhibit overactivation of this pathway, 
significantly improving cardiac function, preventing heart 
failure, and reducing mortality in experimental animals.11 
LARP7 improves cell senescence and aging by allosteric 
enhancement of SIRT1 (member of sirtuin family) activity. 
Our previous studies have demonstrated that LARP7 allevi-
ated psoriasis in mice through regulating the SIRT1/nuclear 
factor kappa B (NF-κB) pathway.12–14 The role and mecha-
nism of LARP7 in psoriasis needs further study.

The SIRT1/NF-κB pathway has been shown to be vital in 
regulation of psoriasis.12 Activation of NF-κB mediates Th17 
cell differentiation in psoriatic lesions.12 SIRT1 is a mem-
ber of sirtuin family, and its activation inhibits oxidative 
stress pathways, such as NF-κB, mitogen-activated protein 
kinase (MAPK), and signal transducer and activator of tran-
scription 3 (STAT3) signaling pathways, regulates balance 
between Th17/Treg cells, and inhibits inflammation and 
excessive proliferation of keratinocytes.12

This study aimed to clarify the role of LARP7 in pso-
riasis. Our results showed that LARP7 upregulates SIRT1 
deacetylase activity to regulate p65 acetylation levels and 
reduce psoriasis symptoms and Th1/Th17 cytokine response 
in the spleen of mice.

Materials and methods

Animal procedures

Thirty female nude mice (aged 8 weeks; weight, 22–24 g;  
n  = 6 mice/group) were purchased from the Beijing Vital 
River Laboratory Animal Technology Co. Ltd (Beijing, China). 
The mice were housed in an air-conditioned-regulated envi-
ronment (20°C and 40% humidity) under a 12-h light–dark 
cycle with ad libitum access to food and water. Anesthesia 
was induced by inhalation of 2.5% isoflurane and was main-
tained with 1% isoflurane. Cardiac activity in the mice was 
monitored and their death was confirmed by cardiac arrest. 
The mice were monitored once a day before commence-
ment of the study, and after beginning of the study, the 
mice were monitored twice a day until the cessation.

The mice hair were shaved on the back and left ears. 
The animals were randomly divided into five groups: con-
trol, IMquimod (IMQ), IMQ + adeno-associated virus vector 
(AAV), IMQ + AAV-LARP7, and IMQ + AAV-LARP7 + EX-527. 
AAV was injected through intraperitoneal route. To induce 
psoriasis, mice were administered with 62.5-mg IMQ daily 
on the shaved skin. The thickness of the left ear was 
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Figure 1  LARP7 upregulated SIRT1 deacetylase activity. (A) Immunoblot assays showed the expression of LARP7 and SIRT1 in 
lesion tissues of mice in the indicated group. (B) Immunoblot assays showed the expression of LARP7 and SIRT1 in lesion tissues 
of mice in the control and IMQ groups upon having the indicated treatment. (C) Immunoblot assays showed the expression of 
p65 and Ac-p65 in lesion tissues of mice in the control and IMQ groups upon having the indicated treatment. Data are presented 
as mean ± SD. ^^^P < 0.001, IMQ vs. control, ###P < 0.001, IMQ+AAV-LARP7 vs. IMQ+AAV, ***P < 0.001, IMQ+AAV-LARP7+EX-527 vs. 
IMQ+AAV-LARP7.

at -20°C for 2 h. Subsequently, the cells were stained with 
IL-17A+ (Th17; Abcam) and IFN-γ+ (Th1; Abcam) at 4°C and 
the cell count was done using FACS Calibur flow cytometer 
and CellQuest Pro 5.1 (BD Biosciences, NJ, USA).

Statistical analysis

Data were analyzed using the GraphPad 8.0 software 
(GraphPad Software, CA, USA). Error bars represent mean 
± SD. The unpaired Student’s t-test was used to deter-
mine statistical significance between two groups. One-way 
ANOVA followed by Tukey’s post hoc test was used for mul-
tiple comparisons. P < 0.05 indicated a statistically signifi-
cant difference.

Results

LARP7 upregulated SIRT1 deacetylase activity in 
psoriatic mice

To investigate the role of LARP7 in psoriasis, IMQ-induced 
psoriatic mouse model was constructed. As shown in 
Figure 1A, LARP7 was reduced by IMQ stimulation, and the 
expression of SIRT1 was also decreased in lesion tissues. 
However, decreased LARP7 expression was reversed by 
AAV-LARP7 injection (Figure 1A). We further observed that 
AAV-LARP7 injection increased the expression of SIRT1 in 
lesion tissues (P < 0.001; Figure 1B). However, the treat-
ment of SIRT1 inhibitor, EX-527, decreased the expression 

(A)

(B)

(C)
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Discussion

Psoriasis is a skin disease stimulated by environmental fac-
tors, multi-gene genetic control, and immune mediation. It 
is a type of chronic inflammatory skin disease with a back-
ground of polygenic inheritance, featured by excessive pro-
liferation and abnormal differentiation of keratinocytes and 
inflammatory cell infiltration.16 A variety of immune cells 
are involved in the pathogenesis of psoriasis, such as den-
dritic cells, Th17 cells, and regulatory T cells.17,18 Presently, 
psoriasis is, in general, considered an autoimmune skin dis-
ease mediated by Th cells.19 CD4+T cells can also differen-
tiate into Th17 cells and regulatory T cells. Studies have 
shown that psoriasis is an immune skin disease related to 
Th1 and Th17 cytokines, and the proportion of regulatory 
T cells in peripheral blood of psoriasis is decreased, which 
weakens the inhibitory function of self-effector T cells.19 
Interestingly, we revealed that LARP7 alleviated psoriasis 
symptoms and Th1/Th17 cytokine response in the spleen 
of mice. Maintaining proper weight is one of the important 
means to maintain normal functioning of the immune sys-
tem, and enduring attention to the nutrition balance is an 
important strategy to maintain functioning of the immune 
system.

Herein, the back skin of C57BL/6 mice was smeared 
with IMQ cream for 7 days to induce psoriasis like lesions. 
We revealed the effects of LARP7 on this model via a 
series of analyzes, such as H&E staining and ELISA assay. 
LARP7 is a C-terminal binding protein of 7SK RNA, a long 
non-coding RNA with the highest expression abundance in 
vivo. Larp7 gene mutations are associated with Alazami 
syndrome in humans.20 Further mechanism studies revealed 
that LARP7 binds both U6 and snoRNA to assist U6 loading 
onto box C/D snoRNP, which in turn prompts the methyl-
transferase fibrillarin (FBL) in box C/D snoRNP to perform 
2'-O-methylation modification on it.20 Other researchers 
have found that LARP7 plays an important role in RNA 
polymerase II transcription, U6 snRNA modification, sperm 
development, heart failure, and endothelium-to-mesenchy-
mal transformation (EndMT).21 LARP7 acts as a substrate 
of BRCA1/BARD1 E3 ubiquitin to regulate DNA homologous 
recombination repair during the DNA damage response 
(DDR), thereby affecting tumorigenesis and sensitivity to 
chemoradiation.21 In this study, we revealed a new role 
of LARP7. We confirmed that LARP7 could affect the pro-
gression of psoriasis via SIRT1, and the precise mechanism 
needs further study.

Notably, a previous study indicated that LARP7 is an 
allosteric agonist of the histone deacetylase SIRT1. LARP7 
binds to the N-terminal of SIRT1 and directly promotes the 
deacetylase activity of SIRT1.12 LARP7 is a SIRT1-specific 
allosteric activator and is involved in the regulation of 
DDR-mediated cell aging process.12,14 In addition, inhibi-
tion of ATM-LARP7-SIRT1 pathway has promising effects 
on anti-vascular aging and atherosclerosis therapy.12 Our 
previous studies have demonstrated that LARP7 allevi-
ates psoriasis symptoms in mice by modulating the SIRT1/
NF-κB pathway.12 Here, we also revealed that LARP7 upreg-
ulates SIRT1 deacetylase activity to regulate p65 acetyla-
tion, thereby alleviating psoriasis. In addition, the SIRT1/
NF-κB pathway is important in the regulation of psoriasis, 

of SIRT1 but had no effect on the expression of LARP7 
(P < 0.001; Figure 1B). p65 is a downstream protein of SIRT1, 
which could be deacetylased by SIRT1. Through immuno-
blot assays, we observed that induction of IMQ increased 
the acetylation levels of p65 whereas overexpression of 
LARP7 significantly decreased p65 acetylation, and EX-527 
treatment further enhanced p65 acetylation levels in lesion 
tissues (P < 0.001; Figure 1C). Therefore, LARP7 upregu-
lated SIRT1 deacetylase activity in psoriatic mice.

LARP7 alleviated psoriasis symptoms in mice by 
upregulating SIRT1 deacetylase activity

We discovered the effects of LARP7 on psoriatic mice. The 
skin of IMQ mice was characterized by erythema, scales, 
thickening, and epidermal spines (Figure 2A). Overexpression 
of LARP7 alleviated the symptoms, which were reversed by 
EX-527 treatment in mice (Figure 2A). LARP7 overexpres-
sion further decreased the PASI score and ear thickness, 
which were lessened in EX-527-treated mice (Figures 2B and 
2C). The expression of SIRT1 was also discovered through 
immunostaining. IMQ treatment decreased the expression 
of SIRT1 (Figure 2D). Through H&E staining, we observed 
that mice in the IMQ group showed increased epidermal spi-
nous hypertrophy, keratinosis, and a higher degree of epi-
dermal thickening, and these symptoms were significantly 
relieved after LARP7 overexpression (P < 0.001, Figure 2E). 
Moreover, EX-527 treatment significantly reversed the symp-
toms caused by LARP7 overexpression in IMQ mice (Figure 
2E). Collectively, LARP7 alleviated psoriasis symptoms in 
mice by upregulating SIRT1 deacetylase activity.

LARP7 regulated Th1/Th17 cell differentiation in 
psoriatic mice

We then isolated CD4+ T cells and subsequently analyzed 
IL-17A+ (Th17) cell counts and IFN-γ+ (Th1) cell counts in 
CD4+ T cells by FCM. We noticed a significantly increased 
numbers of IL-17A+ cells and IFN-γ+ cells caused by IMQ 
induction (Figure 3). Further, LARP7 overexpression largely 
suppressed the numbers of Th1 and Th17 cells in IMQ mice 
(P < 0.001, Figure 3). We further observed that EX-527 
treatment markedly reversed the inhibition of Th1 and Th17 
cell numbers caused by LARP7 overexpression in IMQ mice 
(P < 0.001, Figure 3). Therefore, LARP7 regulated Th1/Th17 
cell differentiation in psoriatic mice.

LARP7 inhibited the secretion of Th1/Th17 
cytokine in psoriatic mice

Th1/Th17 cytokines in psoriasis were monitored by commer-
cial ELISA kits. The secretion levels of IFN-γ, TNF-α, IL-17A, 
IL-17F, IL-22, and IL-23 were significantly enhanced in IMQ-
induced mice (P < 0.001, Figure 4). However, LARP7 overex-
pression decreased the levels of these cytokines in psoriatic 
mice (P < 0.001, Figure 4). We further observed that EX-527 
treatment increased the secretion of Th1/Th17 cyto-
kines upon LARP7 overexpression in IMQ mice (P < 0.001, 
Figure 4). Therefore, we believed that LARP7 inhibited the 
secretion of Th1/Th17 cytokines in psoriatic mice.
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Figure 2  LARP7 alleviated psoriasis symptoms in mice by upregulating SIRT1 deacetylase activity. (A) Lesions (back + left ear) 
in mice of the control and IMQ groups upon having the indicated treatment. (B) PASI scoring showed the degree of lesions in mice 
of the control and IMQ groups upon having the indicated treatment. (C) Ear thickness showed the degree of lesions in mice from 
the control and IMQ groups upon having the indicated treatment. (D) Immunostaining showed the expression of SIRT1 in mice of 
the control and IMQ groups upon having the indicated treatment. (E) H&E staining showed lesions in mice of the control and IMQ 
groups upon having the indicated treatment. Data are presented as mean ± SD. ^^^P < 0.001, IMQ vs. control, ##P < 0.01, ###P < 
0.001, IMQ+AAV-LARP7 vs. IMQ+AAV, ***P < 0.001, IMQ+AAV-LARP7+EX-527 vs. IMQ+AAV-LARP7.

(A)

(B) (C)

(D)

(E)

and activation of NF-κB mediates Th17 cell differentiation, 
thereby promoting progression of psoriasis.12,14 SIRT1 inhib-
its psoriasis by inhibiting oxidative stress signaling path-
ways, such as NF-κB, MAPK, and STAT3, and by regulating 
the balance between Th17/Treg cells.22

Conclusion

In summary, LARP7 contributed to SIRT1 deacetylase activ-
ity to regulate p65 acetylation levels, and alleviated pso-
riasis and Th1/Th17 cytokines response in the spleen of 
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Figure 3  LARP7 regulated Th1/Th17 cell differentiation in psoriatic mice. FCM assays showed the IL-17+ (up) and IFN-γ (down) 
CD4+T cells from lession tissues in mice of the control and IMQ groups upon having the indicated treatment. The percentage was 
quantified. Data are presented as mean ± SD. ^^^P < 0.001, IMQ vs. control, ###P < 0.001, IMQ+AAV-LARP7 vs. IMQ+AAV, **P < 0.01, 
IMQ+AAV-LARP7+EX-527 vs. IMQ+AAV-LARP7.

Figure 4  LARP7 inhibited the secretion of Th1/Th17 cytokine. ELISA assays showed the secretion of IFN-γ, TNF-α, IL-17A, IL-17F, 
IL-22, and IL-23 in lession tissues in mice of the control and IMQ groups upon having the indicated treatment. Data are presented 
as mean ± SD. ^^^P < 0.001, IMQ vs. control, ###P < 0.001, IMQ+AAV-LARP7 vs. IMQ+AAV, ***P < 0.001, IMQ+AAV-LARP7+EX-527 vs. 
IMQ+AAV-LARP7.
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interferon. Front Immunol. 2022;13:1104329. https://doi.org/ 
10.3389/fimmu.2022.1104329

16.	 Xu F, Xu J, Xiong X, Deng Y. Salidroside inhibits MAPK, 
NF-kappaB, and STAT3 pathways in psoriasis-associated oxida-
tive stress via SIRT1 activation. Redox Rep. 2019;24(1):70–4. 
https://doi.org/10.1080/13510002.2019.1658377

17.	 Wang MJ, Huang HJ, Xu YY, Vos H, Gulersonmez C, Stigter E, 
et al. Metabolic rewiring in keratinocytes by miR-31-5p iden-
tifies therapeutic intervention for psoriasis. EMBO Mol Med. 
2023;15(4):e15674. https://doi.org/10.15252/emmm.202215674

18.	 Luan Y, Liu H, Luan Y, Yang Y, Yang J, Ren KD. New insight 
in HDACs: Potential therapeutic targets for the treat-
ment of atherosclerosis. Front Pharmacol. 2022;13:863677.  
https://doi.org/10.3389/fphar.2022.863677

19.	 Zhang G, Xia Z, Tian C, Xia A, You J, Liu J, et al. Discovery 
of 5-((1H-indazol-3-yl) methylene)-2-thioxoimidazolidin-4-one 
derivatives as a new class of AHR agonists with anti-pso-
riasis activity in a mouse model. Bioorg Med Chem Lett. 
2023;92:129383. https://doi.org/10.1016/j.bmcl.2023.129383

20.	 Sui X, Sui Y, Wang Y. LARP7 in papillary thyroid carci-
noma induces NIS expression through suppression of the 
SHH signaling pathway. Mol Med Rep. 2018;17(6):7521–8.  
https://doi.org/10.3892/mmr.2018.8856

21.	 Uchikawa E, Natchiar KS, Han X, Proux F, Roblin P, Zhang E, 
et al. Structural insight into the mechanism of stabilization 
of the 7SK small nuclear RNA by LARP7. Nucleic Acids Res. 
2015;43(6):3373–88. https://doi.org/10.1093/nar/gkv173

22.	 Stein S, Lohmann C, Schafer N, Hofmann J, Rohrer L, Besler C, 
et al. SIRT1 decreases Lox-1-mediated foam cell formation in 
atherogenesis. Eur Heart J. 2010;31(18):2301–9. https://doi.org/ 
10.1093/eurheartj/ehq107

mice. Therefore, LARP7 has the potential to act as a prom-
ising target of psoriasis.
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