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Psoriasis is a highly prevalent inflammatory skin disease for which good systemic therapeutic agents are 

available. However, there is still a great need for new treatment options, especially oral ones. Salt-inducible 

kinases (SIKs) are emerging as new druggable targets in immune diseases, and the SIK2/SIK3 inhibitor 

GLPG3970 recently proved to efficiently reduce psoriasis lesions in a phase Ib trial. This study assesses the 

molecular events underlying the beneficial effects of SIK2/SIK3 inhibition through GLPG3970 in psoriasis. Using 

spatial transcriptomics and single-cell sequencing, abundant expression of SIK2 and SIK3 but not of SIK1 was 

observed in psoriatic skin. In vitro, GLPG3970 reduced psoriasis marker cytokines and chemokines (TNF, IFNγ, 

IL-1β, IL-6, CXCL8, CXCL10) in peripheral mononuclear cells, T cells, and fibroblasts but not in keratinocytes. 

Bulk RNA sequencing of lesional psoriasis biopsies treated ex vivo with GLPG3970 and of biopsies received 

from responders versus placebo-treated patients from the clinical trial showed downregulation of inflammatory 

pathways with suppression of IL1B, CXCL1, CXCL8, CEBPB, CD177, and CLEC5A in both settings. In summary, 

this study suggests that specific inhibition of SIK2/SIK3 reduces acute-phase immunity and neutrophil 

recruitment in psoriasis.
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INTRODUCTION

Psoriasis is a chronic inflammatory skin disease that clinically 

presents most frequently with erythematosquamous plaques. 

It affects between 0.05 and 6.60% of the adult population 

worldwide, with the highest prevalence rates in Australasia, 

western/central Europe, North America, and high-income 

Latin America (Parisi et al, 2020). About 20% of people 

with psoriasis display moderate-to-severe involvement, 

potentially qualifying them for systemic treatment (Armstrong 

et al, 2021). Here, more than 10 therapies targeting different 

structures are currently approved (Sieminska et al, 2024). The 

most effective therapies belong to the group of biologics— 

antibodies that specifically block 1 or 2 cytokines or a 

receptor that is part of the T helper (Th) 17 or TNF pathway 

(Sbidian et al, 2022). Nevertheless, in real-world analyses, 

only 46.2% of patients achieve a PASI75 after 1 year of 

treatment with a biologic (Van Muijen et al, 2022). In addi

tion, biologics, as large protein complexes, need to be stored 

refrigerated and injected. Hence, oral treatment options are 

desirable. Today, 2 modern, moderately potent tablets are on 

the market, namely, apremilast and deucravacitinib. How

ever, in a phase III study, they only reached PASI75 of 35.1% 

and 58.4%, respectively, at week 16 (Armstrong et al, 2023). 

Consequently, there is still a high need for new, especially 

orally administered, treatments.

Salt-inducible kinases (SIKs) are a subfamily of 3 isoforms 

(SIK1, SIK2, and SIK3) that belong to the family of adenosine 

monophosphate-activated protein kinases and have recently 

emerged as new druggable targets in immune diseases, such 

as inflammatory bowel disease (Babbe et al, 2024). Here, 

SIK2 and SIK3 seem to be of greater importance than SIK1 in 

immune cell development and function regarding macro

phages (Macs), T cells, and mast cells (Peixoto et al, 2024). 

GLPG3970, a selective direct SIK2/SIK3 inhibitor developed 

by Galapagos, leads to the downregulation of proin

flammatory cytokines, such as TNF, and the upregulation of 

immunoregulatory mediators, such as IL-10, in human 

myeloid and lymphoid cell culture models. Furthermore, 

GLPG3970 is beneficial in murine colitis, arthritis, and 

psoriasis models (De Vos et al, 2026; Peixoto et al, 2024). In 
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line with this, GLPG3970 showed promising results in a 

randomized, double-blind, placebo-controlled phase Ib 

study with 26 patients with psoriasis. A least squares mean 

PASI reduction of 36.6% ± 6.4 was seen after 6 weeks of 

treatment with 350 mg once daily (De Vos et al, 2026).

This study investigates direct target cells as well as the main 

immunological mechanisms underlying the potential efficacy 

of SIK2/SIK3 inhibition in the context of psoriatic disease.

RESULTS

SIK2 and SIK3 are abundantly expressed in psoriatic skin

To determine the extent to which SIK1, SIK2, and SIK3 are 

expressed in psoriatic skin lesions, spatial transcriptomics 

was performed on skin biopsies from 9 patients with psoria

sis. Whereas transcripts of SIK1 were almost undetectable in 

lesional and/or nonlesional skin, SIK2 and SIK3 transcripts 

were abundantly expressed in lesional skin and upregulated 

compared with those in nonlesional skin (Figure 1a). Both 

SIK2 and SIK3 were mostly enriched in the basal epidermis 

and dermis depth 1, with SIK3 being more strongly expressed 

than SIK2 (Figure 1b). In addition, single-cell sequencing of 

lesional skin from 7 patients with psoriasis was performed 

(Figure 1c). SIK2 was most strongly expressed by fibroblasts, 

vascular endothelial cells, and monocytes (MOs)/Macs/den

dritic cells (DCs). SIK3 was also abundantly expressed in 

these clusters and additionally in T cells, keratinocytes, and 

pericytes.

GLPG3970 treatment reduces inflammation in primary 

human PBMCs as well as in lesional T cells and fibroblasts 

from patients with psoriasis

Because SIK2 and SIK3, as opposed to SIK1, are abundant in 

lesional skin of patients with psoriasis and are expressed by 

various cell types, the effects of SIK2/SIK3 inhibition through 

GLPG3970 were examined in vitro in the major immune- 

relevant cell populations, namely, MOs/Macs/DCs, T cells, 

and keratinocytes. In addition, fibroblasts, recently increas

ingly identified as important players in psoriasis pathogenesis, 

were investigated. A comparison with the phosphodiesterase 4 

inhibitor apremilast, as an approved psoriasis therapeutic 

agent with a partially overlapping mode of action, was 

performed.

First, SIK2/SIK3 was inhibited in lipopolysaccharide (LPS)- 

stimulated PBMCs from 6 patients with psoriasis in a whole 

blood assay. LPS stimulation strongly induced the production 

of numerous psoriasis-associated proteins, which in turn was 

reduced by the inhibition of SIK2/SIK3 by GLPG3970 

(Figure 2a; Welch’s t-test). Classical MO/Mac/DC-derived 

cytokines, such as IL-1β (69%, P = .0012), IL-6 (66%, P =

.0062), and TNF (37%, P = .0014), as well as key T-cell 

cytokines, such as IFN-γ (72%, P = .0098), IL-17A (81%, P =

.0003), and IL-2 (61%, P = .0025), were downregulated by 

GLPG3970 in LPS-stimulated cells. In addition, CXCL10 

(60%, P = .0009), CCL2 (78%, P = .0025), and MIP-1β (66%, 

P = .0003) were decreased by GLPG3970. In comparison to 

GLPG3970, apremilast only led to the suppression of TNF 

(78%, P = .0414) and CXCL10 (86%, P ≤ .0257). Notably, IL- 

10 showed a trend toward induction with GLPG3970 and 

apremilast.

SIK2/SIK3 inhibition was then analyzed in lesional T cells 

isolated from skin biopsies of 4 patients with psoriasis. 

Cytokine production by αCD3/αCD28-activated lesional T 

cells was neutralized by GLPG3970 in the case of IL-22 

(75%, P = .0030), TNF (85%, P < .0001), IFN-γ (83%, 

P = .0059), and also IL-10 (95%, P < .0001) (Figure 2b; 

Welch’s t-test). IL-17A was not regulated by SIK2/SIK3 inhi

bition, but IL-17A levels were also close to the detection 

limit. Finally, GLPG3970- and apremilast-mediated effects 

were investigated in IL-1β— and IL-17A—stimulated kerati

nocytes and in IL-1β—stimulated fibroblasts. In keratinocytes, 

no regulation of psoriasis-related genes such as DEFB4A, 

CXCL8, IL6, LCE3A, and TNF by GLPG3970 was observed 

(Supplementary Figure S1; Welch’s t-test). However, in fi

broblasts, downregulation of CXCL5 (52%, P = .0240), 

CXCL8 (45%, P = .0152), and TNF (65%, P = .0163) by 

GLPG3970 was seen compared with that in IL- 

1β—stimulated cells (Figure 2c; Welch’s t-test). CXCL8 (32%, 

P =.0051) and TNF (59%, P = .0266) were also significantly 

suppressed by apremilast. As in PBMCs, IL-10 was not sup

pressed in fibroblasts.

Blocking SIK2/SIK3 ex vivo by GLPG3970 treatment 

reduced inflammation in psoriatic skin lesions

Having observed an efficient reduction of genes associated 

with psoriasis in vitro, in the next step, SIK2/SIK3 inhibition 

was investigated in cultured punch biopsies of lesional skin 

from patients with psoriasis (n = 5). After 24 hours of ex vivo 

treatment with GLPG3970, total RNA from the biopsies was 

isolated and analyzed by bulk RNA sequencing. Principal 

component analysis of all samples (Figure 3a) and hierar

chical clustering of expression z-scores (Figure 3b) showed a 

clear separation between GLPG3970- and vehicle-treated 

control samples. Gene set enrichment analysis of the hall

mark collection was performed to gain a general under

standing of the regulated processes. Among the 26 

suppressed pathways, “inflammatory response” as well as 

TNF, IL-6, IL-2, and TGF-β signaling and “IFN-γ response” 

(all adjusted P < .0001) were identified (Figure 3c). DESeq2 

analysis revealed a total of 874 genes with statistically 

significant expression changes (adjusted P < .05) in 

GLPG3970-treated samples compared with that in vehicle 

controls. Of these, 189 genes were differentially expressed 

with an absolute log2 fold change (FC) > 1, comprising 175 

downregulated and 14 upregulated genes (Figure 3d). The top 

downregulated genes were K33B, CXCL5, PRR9, ZP4, and 

IL24 (log2FC = − 4.4, − 3.9, − 3.3, − 3.1, and − 2.7, respec

tively). Regarding psoriasis-associated chemokines and cy

tokines, CXCL1, CXCL5, and CXCL8 (log2FC = − 1.3, − 3.9, 

and − 1.8, respectively) as well as IL1B, IL1A, and IL6 

(log2FC = − 1.8, − 1.2, and − 1.1, respectively) were signifi

cantly downregulated by GLPG3970, whereas Th17- 

associated genes such as IL17A, IL17F, IL19, IL22, IL23A, 

as well as TNF and IFNG were not regulated (Figure 3e). 

CCL2 and CCL4 along with the receptors CCR1 and CCR5 

(log2FC = − 1.0, − 1.2, − 1.1, and − 1.1, respectively) were 

suppressed. Expression levels of genes indicating aberrant 

keratinization such as the marker keratins K6, K16, and K17 

and/or antimicrobial peptides such as the S100 proteins or 

DEFB4A and DEFB4B remained largely unchanged. How

ever, IVL, TGM2, LCE3C, SPRR1A, and SPRR3 

(log2FC = − 0.8, − 1.2, − 0.8, − 0.9, and − 2.7, respectively) 
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were downregulated. In addition, several matrix metal

loproteinases, such as MMP1, MMP7, MMP9, and MMP10 

(log2FC = − 2.3, − 1.9, − 1.3, and − 2.0, respectively), were 

suppressed in GLPG3970-treated biopsies (Figure 3e).

Systemic treatment of patients with psoriasis with 

GLPG3970 in a phase 1b study revealed anti-inflammatory 

and antiproliferative effects at the transcriptome level

Because treatment with GLPG3970 effectively reduced key 

inflammatory psoriasis genes in an in vitro and ex vivo 

setting, next, the transcriptome of psoriatic lesions after 

in vivo treatment with GLPG3970 in the phase Ib study was 

analyzed (De Vos et al, 2026). Twenty-six patients partici

pated in the respective study, with 23 patients (GLPG3970: 

n = 13; placebo: n = 10) completing the trial and providing 

skin biopsies at week 0 and week 6 for bulk RNA sequencing. 

Regarding these 23 final patients, the least squares mean PASI 

reduction at week 6 from baseline in the GLPG3970-treated 

patients amounted to 36.6% (±6.4) compared with 3.9% 

(±6.5) in the placebo group (Figure 4a) (De Vos et al, 2026). 

For transcriptome analysis, the 6 patients with the highest 

PASI score reduction from baseline (≥45%) were defined as 

“responders” and compared with the placebo-treated group 

adjusted for baseline. Gene set enrichment analysis of hall

mark gene sets indicated a suppression of inflammation in the 

responder group (Figure 4b), with “IFN-γ response,” “IFN-α
response,” “TNF signaling through NFKB,” “IL-6 Jak singal 

transducer and activator of transcription 3 signaling,” and 

“inflammatory response” (all adjusted P < .0001) being the 5 

top downregulated pathways. In addition, proliferation- and 

metabolic-associated pathways such as “MYC targets V1,” 

“E2F targets,” “MTORC1 signaling,” “P53 pathway” (all 

adjusted P < .0001), and “phosphoinositide 3-kinase protein 

kinase B mTOR signaling” (adjusted P = .0005) were sup

pressed by GLPG3970 treatment. The overall most down

regulated differentially expressed genes included CXCL8, 

DEFB4A, DEFB4B, IL1B, and CXCL1 (log2FC = − 4.5, 

− 3.8, − 3.8, − 3.6, and − 3.4, respectively) (Figure 4c). When 

looking at additional psoriasis-associated chemokines and 

cytokines, IFNG, IL17A, IL17F, IL22, IL23A, and TNF were 

not regulated, but IL12B, IL19, IL20, CCL4, and CCL20 

(log2FC = − 1.8, − 2.9, − 3.0, − 1.9, and − 2.2, respectively) 

and CXCL1, CXCL9, and CXCL10 (log2FC = − 3.4, − 1.8, 

and − 1.6, respectively) were significantly suppressed in 

GLPG3970 responders versus in placebo-treated patients 

(Figure 4d). Among genes indicative of hyperproliferation and 

structural changes in psoriasis, K6A, K16, SPRR2C, and 

SPRR2F (log2FC = − 2.2, − 2.3, − 2.5, and − 3.1, respectively) 

were downregulated, with late cornified envelope proteins 

and other small proline-rich proteins showing a tendency to 

SIK1
lanoisel

a 3KIS2KIS

cb SIK3SIK2SIK1

KCs

T cells

MOs/Mac/
DCs

VEs

pericytes

fibroblasts

mast cells

melanocytes

LEs

KCs

T cells

MOs/Mac/
DCs

VEs

pericytes

fibroblasts

mast cells

melanocytes

LEs

KCs

T cells

MOs/Mac/
DCs

VEs

pericytes

fibroblasts

mast cells

melanocytes

LEs

SIK-negative
SIK-positive

no
n-

lanoisel

0

10

8

5

1

UM
I c

ou
nt

s/
sp

ot

Figure 1. SIK2 and SIK3 are abundantly expressed in psoriatic skin. (a, b) Spatial expression of SIK1, SIK2, and SIK3 in lesional (npatients = 9) and nonlesional 

(npatients = 3) psoriatic skin analyzed by spatial transcriptomics. (a) UMI counts per spot in H&E staining of a representative patient are shown (bar = 250 μm) 

and (b) quantified in the entire cohort, classified by upper, middle, and basal epidermis as well as 7 different dermis depths. (c) Cell type—specific expression of 

SIK1, SIK2, and SIK3 from single-cell RNA-sequencing analysis of lesional psoriasis skin (npatients = 7) visualized using UMAP plot. Orange denotes SIK- 

expressing cells. DC, dendritic cell; KC, keratinocyte; LE, lymphatic endothelial cell; Mac, macrophage; MO, monocyte; SIK, salt-inducible kinase; UMAP, 

Uniform Manifold Approximation and Projection; UMI, unique molecular identifier; VE, vascular endothelial cell. 
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Figure 2. In vitro inhibition of SIK2 and SIK3 by GLPG3970 treatment reduces inflammation in primary human PBMCs (whole blood) as well as in lesional T 

cells and lesional fibroblasts from patients with psoriasis. (a) Whole blood of patients with psoriasis (n = 6) was preincubated with 10 μM GLPG3970 

(denoted as GLPG), 5 μM apremilast (PDE4) or vehicle (DMSO 0.1%) for 30 min and then stimulated with 100 ng/mL of LPS for 2 h. The production of cytokines 

was analyzed by Bio-Plex Immunoassay of the supernatants. (b) Lesional T cells of patients with psoriasis (n = 4) were expanded for approximately 14 days 

before activation with αCD3/αCD28 (stim.) and 10 μM GLPG3970 (GLPG), 2 μM apremilast (PDE4), or vehicle (0.1% DMSO) for 48 h. Supernatant was 

analyzed with ELISA. (c) Lesional fibroblasts of patients with psoriasis (n = 3) were preincubated with 10 μM GLPG3970 (GLPG), 2 μM apremilast 

(PDE4), or vehicle (DMSO 0.1%) for 1 h and stimulated with 50 ng/ml of IL-1β overnight. RNA was extracted and analyzed by real-time qPCR. Comparison of 

treatment group to reference group (LPS, αCD3/αCD28 [stim.], or IL-1β) was performed using Welch’s t-test. *P ≤ .05, **P ≤ .01, ***P ≤ .001, 

and ****P ≤ .0001. GLPG denotes GLPG3970 (SIK2/SIK3 inhibitor). stim. denotes stimulated (αCD3/αCD28), and US denotes unstimulated. h, hour; LPS, 

lipopolysaccharide; PDE4, phosphodiesterase 4; SIK, salt-inducible kinase. 
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be suppressed. Regarding keratinocyte-derived antimicrobial 

peptides, LCN2, DEFB4A, and DEFB4B (log2FC = − 1.7, 

− 3.8, and − 3.8, respectively) were downregulated, with a 

strong trend for the S100A proteins. In addition, NOS2 and 

the type I IFN-associated genes IRF1, IRF7, IFIT1, IFIT2, and 

IFIT3 (log2FC = − 2.7, − 0.8, − 1.7, − 1.5, − 0.7, and − 1.7, 

respectively) were suppressed.

Finally, the transcriptome from the ex vivo data 

(GLPG3970 vs vehicle treated) was compared with the 

in vivo data (GLPG3970 responders vs placebo at week 6) 

from the phase 1b study to identify common genes sup

pressed by GLPG3970. Here, 15 genes were significantly 

downregulated (log2FC ≤ − 0.58) (adjusted P ≤ .05 for 

ex vivo and P ≤ .05 for in vivo) in both transcriptomes 

(Figure 4e). These shared genes included the cytokines and 

chemokines IL1B, CXCL1, CXCL8, CXCL10, and CCL4 as 

well as the inflammatory receptors ACKR2, TLR2, and ICOS. 

Furthermore, the transcription factors CEBPB and CEBPD as 

well as CD177 and CLEC5A, which are signature genes of 

neutrophils in inflammatory processes, were among these 

common GLPG3970-suppressed genes (Figure 4f).

DISCUSSION

The aim of the study presented in this paper was to assess 

SIK2/SIK3 inhibition through GLPG3970 in psoriasis 

disease—relevant cell types and in biopsies from patients. 

SIK2 and SIK3, unlike SIK1, were both abundantly expressed 

in lesional psoriatic skin, and inhibition of SIK2/SIK3 

ameliorated the acute phase and neutrophilic inflammation 

in the context of psoriasis in vitro, ex vivo, and in vivo.

SIK1, SIK2, and SIK3 molecules are found in all vertebrates 

with low human tissue specificity. SIK2 and SIK3 are consti

tutively expressed, unlike SIK1, which is rapidly upregulated 

by external stimuli such as high salt intake, membrane de

polarization, or adrenocorticotropic hormone (Shi, 2024). 

However, little is known about the modulation of the 

expression levels of SIK2 and SIK3. Säll et al (2017) found 

mRNA levels to be downregulated in the white adipose tissue 

of individuals with obesity and to be negatively associated 

with insulin resistance. The data presented in this paper 

suggest that SIK2 and SIK3 are ubiquitously expressed in 

psoriasis, with SIK3 being even more prevalent in skin 

immune cells, such as MOs/Macs/DCs, T cells, and 

PC
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Figure 3. Blocking SIK2 and SIK3 ex vivo by GLPG3970 treatment reduced inflammation in psoriatic skin lesions. Punch biopsies 6 mm from psoriasis lesions 

(n = 5) were treated ex vivo with 100 μM GLPG3970 (orange) or vehicle (1% DMSO, blue) as control for 24 h. Subsequently, RNA was extracted and analyzed 

by bulk RNA sequencing. (a) PCA. (b) Heatmap of RNA-sequencing expression z-scores computed for differentially regulated genes (padj ≤ .05). Genes with 

|log2FC| ≥ 2 are labeled. (c) GLPG3970-suppressed (blue) and -activated (red) hallmark gene sets with padj ≤ .05 analyzed by fast gene set enrichment analysis 

compared with those of vehicle treated. (d) Volcano plot displaying differentially regulated genes analyzed with DESeq2 (|log2FC| ≥ 1, padj ≤ .05) between 

GLPG3970 and vehicle treated. Blue denotes GLPG3970 downregulated, red denotes GLPG3970 upregulated, and black denotes nonsignificant. (e) Functional 

heatmap of psoriasis-associated genes grouped in chemokines and cytokines, keratinization, and AMP and ECM shown as log2FC between GLPG3970 and 

vehicle treated analyzed with DESeq2. *P ≤ .05, **P ≤ .01, ***P ≤ .001, and ****P ≤ .0001. AMP, antimicrobial peptide; ECM, extracellular matrix; FC, fold 
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keratinocytes, than SIK2. In general, SIK proteins undergo 

activation and inhibition primarily through phosphorylation. 

Consequently, mRNA expression levels are not a direct in

dicator of the catalytic function of SIK kinases in psoriasis but 

may serve as a hint. SIKs are activated by liver kinase B1 and 

inhibited by protein kinase A (Peixoto et al, 2024), and pro

tein kinase A, in turn, is activated through an intracellular 

increase of cAMP. Protein kinase A activation by inhibition of 

cAMP degradation is the mode of action of phosphodies

terase 4 inhibitors, such as apremilast (Milakovic and 

Gooderham, 2021), indicating that blockage of this 

pathway indeed results in the suppression of psoriasis. A 

strong and broad downregulation of psoriasis-associated 

genes was observed in PBMCs, T cells, and fibroblasts by 

GLPG3970. Nevertheless, the aforementioned induction of 

IL-10 could not be detected (Peixoto et al, 2024). This could 

be due to overall low detection levels of IL-10 in PBMCs in 

the Bio-Plex Immunoassay and/or due to different time 

points, for example, in the fibroblast analysis. IL10 mRNA is 

rapidly degraded, rendering high chances that the optimal 

induction window was missed (Grant et al, 2008). In addi

tion, it remains questionable to what extent an increase in IL- 
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Figure 4. Effects of systemic treatment with GLPG3970 on the transcriptome of lesional skin of patients with psoriasis in a phase 1b study. A total of 23 

patients with psoriasis completed the phase 1b study and received once-daily 350 mg GLPG3970 (orange, n = 13) or a placebo (gray, n = 10). Lesional skin 

biopsies from the participants of week 0 (denoted as w0, baseline) and week 6 (denoted as w6) were analyzed by bulk RNA sequencing. (a) Change in PASI 

scores at week 6 relative to that at baseline (week 0). Participants with PASI reduction ≥45% were considered responders (denoted as R). Downstream analyses 

were performed between GLPG3970 responders (n = 6) and placebo-treated patients (n = 10) at week 6, adjusted for baseline. (b) GLPG3970-suppressed (blue) 

and -activated (red) hallmark gene sets with padj ≤ .05 analyzed by fast gene set enrichment analysis in GLPG3970 responders versus placebo at week 6. (c) 

Volcano plot displaying differentially regulated genes analyzed with DESeq2 (|log2FC| ≥ 1, P ≤ .05) between GLPG3970 responders and placebo at week 6. 

Blue denotes GLPG3970 downregulated, red denotes GLPG3970 upregulated, and black denotes nonsignificant. (d) Functional heatmap of psoriasis-associated 

genes grouped in chemokines and cytokines, keratinization, and AMP and ECM shown as log2FC between GLPG3970 responders and placebo at week 6, 

analyzed with DESeq2. (e) Intersection of genes downregulated by GLPG3970 between the in vivo phase 1b study (dark orange, GLPG3970 responders vs 

placebo at week 6, adjusted for baseline with P ≤ .05 and log2FC ≤ − 0.58) and the ex vivo psoriatic skin culture from Figure 3 (light orange, GLPG3970 vs 

vehicle treated with padj ≤ .05 and log2FC ≤ − 0.58). In both studies, a total of 15 common genes were downregulated by GLPG3970. (f) Normalized gene 

counts for GLPG3970 responders and placebo-treated patients at week 0 (w0) and week 6 (w6) of the 15 identified GLPG3970-suppressed common genes of the 

in vivo and ex vivo study identified in e. *P ≤ .05, **P ≤ .01, and ***P ≤ .001. R denotes GLPG3970 responder. AMP, antimicrobial peptide; ECM, extracellular 

matrix; FC, fold change; NES, normalized enrichment score; NR, nonresponder; ns, nonsignificant; padj, adjusted P. 
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10 is of clinical importance in the therapeutic setting of 

psoriasis. Although IL-10—deficient mice develop more se

vere psoriasis than wild-type mice, and IL10 mRNA levels are 

decreased in psoriatic skin, a placebo-controlled clinical trial 

in 2002 exploring subcutaneous IL-10 administration in pa

tients with psoriasis missed its primary endpoint, with no 

difference in PASI reduction after 12 weeks (Asadullah et al, 

1998; Jin et al, 2018; Kimball et al, 2002). In this study, IL- 

1β— or IL-17A—stimulated GLPG3970-treated keratinocytes 

showed neither a downregulation of proinflammatory cyto

kines nor an upregulation of SIK-response genes, such as 

VEGFA, EREG, and NR4A2, suggesting that direct SIK2/SIK3 

inhibition does not play a major role in keratinocytes. SIK2 

and SIK3 are highly expressed in psoriatic keratinocytes 

(Figure 1), but transcript abundance does not necessarily 

reflect catalytic activity or functional dependence in a given 

cell type. Accordingly, the lack of effect of SIK inhibition in 

keratinocytes is best interpreted from the absent functional 

response rather than from expression levels. Interestingly, it 

has been shown that phosphodiesterase 4 inhibitors also have 

cell lineage—specific effects. Kataoka et al (2020) observed 

that downregulation of proinflammatory cytokines in 

apremilast-treated keratinocytes but not in PBMCs was due to 

deactivation of the MEK/ERK pathway. This was independent 

of intracellular cAMP elevations and, therefore, also inde

pendent of SIK (Kataoka et al, 2020). Comprehensive tran

scriptome analysis of full lesional biopsies exposed to 

GLPG3970 for 24 hours revealed expression patterns that 

correlated with in vitro findings. Psoriasis signature genes and 

acute-phase inflammatory signals such as CXCL1, CXCL5, 

CXCL8 or IL1B, IL6, and IL24 were downregulated, with a 

focus on MO/Mac/DC- and neutrophil-associated genes, 

such as CXCL2, CCL2, and CCL4, along with the CCL4 re

ceptors CCR1 and CCR5 or the MO/Mac-derived matrix 

metalloproteinases MMP7, MMP9, MMP10, and MMP12 

(Sieminska et al, 2024; Mezentsev et al, 2014; Zhou et al, 

2023). However, marker genes related to epidermal differ

entiation (K6, K16, K17) and antimicrobial peptides (S100A7, 

S100A8, S100A9, DEFB4A, DEFB4B) remained largely un

changed. These findings align with the proposed mechanism 

of action of SIK2/SIK3 inhibition, which closely parallels that 

of apremilast. Apremilast primarily reduces the infiltration 

and/or inflammatory cytokine production of MOs/Macs/DCs, 

neutrophils, and T cells (Schafer et al, 2014; Schett et al, 

2010), suggesting mainly subsequent effects on keratino

cytes. In addition, today, disease modification is a key aim of 

psoriasis treatment. This concept promotes early intervention 

in the inflammatory cascade to reduce the number of path

ogenic tissue-resident memory T cells, which are responsible 

for the re-emergence of psoriatic lesions after cessation of 

treatment (Eyerich et al, 2021). Therefore, therapeutic tar

geting of DCs, as the stimulating cell group of T cells, seems 

crucial.

When analyzing the transcriptome of skin biopsies from 

responders versus placebo-treated patients in the phase 1b 

study, the group of downregulated genes included key pso

riasis genes related to epidermal differentiation (K6A, K6C, 

K16, K17) and antimicrobial peptides (LCN2, DEFB4A, 

DEFB4B), reflecting the secondary impact of SIK2/SIK3 inhi

bition in keratinocytes that becomes apparent after several 

days or weeks of continuous treatment. The 15 genes that 

were downregulated in both the ex vivo and in vivo contexts 

may serve as stable marker genes for SIK2/SIK3 inhibition in 

psoriasis because they are efficiently suppressed in early 

(ex vivo) and late (in vivo) stages of treatment. Regarding 

these genes, a previous focus on genes related to initial in

flammatory signals of the MO/Mac/DC compartment with 

subsequent inhibition of Th1/Th17 development or recruit

ment is apparent. For example, IL-1β is mainly produced by 

Macs, DCs, and keratinocytes, leading to Th17 cell differ

entiation, proliferation of γδ T cells, DC clusters, and stim

ulation of keratinocytes (Sieminska et al, 2024; Cai et al, 

2019). Signaling through toll-like receptor 2 in MOs and 

keratinocytes also promotes the development of Th1/Th17 

cells, and CCL4 leads to the recruitment of DCs, MOs, and 

Th1 cells through its receptors CCR1 and CCR5 (Sun et al, 

2019; Nedoszytko et al, 2014). Nevertheless, when 

analyzing these common genes, an equally strong 

neutrophil-associated aspect becomes visible. CXCL1, 

CXCL8, and CD177 are important indicators of neutrophilic 

infiltration, with CXCL1 and CXCL8 being the main chemo

tactic factors in psoriasis and CD177+ neutrophils preferen

tially migrating into sites of inflammation (Sieminska et al, 

2024; Zheng et al, 2024). Furthermore, CEBPB is not only 

vital for MOs and Macs and their involvement in Th17 

priming but also for cytokine production in mature neutro

phils (Cloutier et al, 2009; Simpson-Abelson et al, 2017; Wu 

et al, 2024). CLEC5A, produced by MOs, Macs, DCs, and 

neutrophils, is needed for the development and maturation of 

IL-17A+—producing neutrophils in IL-23—mediated inflam

matory skin diseases (Furuya et al, 2024; Sung et al, 2020). 

This emphasis on neutrophils is also seen with apremilast and 

its successful application in a variety of neutrophilic diseases, 

such as palmoplantar pustulosis or Behçet’s disease; for the 

latter, apremilast is even officially approved in the United 

States and Europe. Concerning palmoplantar pustulosis, a 

randomized, placebo-controlled study showed a Palmo

plantar Pustulosis Area and Severity Index 50 of 78.3% and 

Palmoplantar Pustulosis Area and Severity Index 75 of 43.5% 

after 16 weeks of 30 mg apremilast twice daily (Terui et al, 

2023). In comparison, in similar trials, Palmoplantar Pustu

losis Area and Severity Index 75 was reached in 26.6% with 

secukinumab and in 20.4% with guselkumab (Mrowietz et al, 

2019; Terui et al, 2019). This indicates that not only apre

milast but also SIK2/SIK3 inhibitors could be an effective 

therapeutic means in neutrophilic/pustular diseases, which 

still remain particularly hard to treat.

There are several limitations to this study. First, SIK 

expression was only characterized at the mRNA level, and no 

protein or phosphorylation/kinase-activity data were ob

tained. Second, concentrations used for apremilast treatment 

in keratinocytes, fibroblasts, and T cells might have been too 

low. However, in the literature, 1.0 μM of apremilast has 

been used successfully in keratinocytes (Schafer et al, 2010), 

and half-maximal inhibitory concentration determination in 

αCD3/αCD28-activated human PBMCs suggested that 2 μM 

would be sufficient in T cells (Supplementary Table S1). 

Furthermore, GLPG3970 has a limited off-target effect on 

RIPK2 (Peixoto et al, 2024). Inhibition of RIPK2, such as that 

of RIPK3, has been shown to alleviate inflammatory diseases 
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(Haile et al, 2019; Huang et al, 2022), rendering it possible 

that the anti-inflammatory effect in psoriasis reported in this 

paper is partly due to RIPK2 inhibition. Nevertheless, Peixoto 

et al (2024) showed that GLPG3970 is 10-fold more potent 

on SIK2 and 20-fold more potent on SIK3 than on RIPK2, 

indicating high selectivity for SIK2 and SIK3. Concerning the 

analysis of the transcriptome of responders versus placebo- 

treated patients in the clinical phase 1b study, the 6 pa

tients with the highest PASI response were defined as the 

“responder group.” This was a rather artificial segregation, 

but for the transcriptome analyses, a homogeneous cohort 

was necessary, given the small total number of participants.

In summary, this study provides in-depth insight into the 

mode of action of SIK2/SIK3 inhibition by GLPG3970 in 

psoriatic inflammation, with direct effects on the MOs/Mac/ 

DCs and the T-cell compartment and subsequent effects on 

keratinocytes. Furthermore, neutrophil-associated inflamma

tion is efficiently downregulated, suggesting that GLPG3970 

might not only be effective in psoriasis but also in pustular 

skin diseases.

MATERIALS AND METHODS

Spatial transcriptomics

Spatial transcriptomics data were derived from previous work by our 

group. Patient characteristics and data analysis are described pre

viously (Schäbitz et al, 2022). In total, 9 patients with psoriasis 

(lesional = 9; nonlesional = 3) were used for SIK expression 

analysis.

Single-cell RNA sequencing

Psoriatic punch biopsies of 6 mm (n = 7) were digested for 3 hours to 

isolate skin cells using the Whole Skin Dissociation Kit (130-101- 

540) and gentleMACS Dissociator (program h_skin_01_01) from 

Miltenyi according to the manufacturer’s instructions. After cell 

sorting with a FACSAria Fusion (BD Biosciences), living (propidium 

iodide− ) immune (CD45+) and epithelial (CD45− ) cells were mixed 

in an equal ratio. A total of 24,000 cells per biopsy were used for 

GEM generation and library preparation using the Chromium Next 

GEM Single Cell 3’ Reagent Kits (10x Genomics) in combination 

with dual indexes according to the manufacturer’s instructions. 

Samples were sequenced on a NovaSeq 6000 as paired-end reads 

with 28-10-10-90 cycles and a sequencing depth of at least 20,000 

read pairs per cell. Sequence alignment was performed using the 

STAR aligner with the human genome reference hg38. Ambient RNA 

contamination was removed using CellBender (Fleming et al, 2023). 

Quality control was performed with scanpy (Wolf et al, 2018), 

retaining cells with 500—100,000 unique molecular identifiers; at 

least 100 detected genes; and a mitochondrial gene fraction ≤ 25%. 

Genes detected in more than 20 cells with ≥1 unique molecular 

identifier count were retained. Doublets were identified and 

removed using Scrublet (Wolock et al, 2019), assuming a doublet 

rate of 0.1. Raw count data were obtained from the publicly avail

able dataset from Reynolds et al (2021). During quality control, cells 

were retained if they contained more than 250 genes; 500—400,000 

unique molecular identifiers; a ribosomal gene fraction between 5 

and 60%; a mitochondrial gene fraction ≤25%; and a Scrublet score 

≤ 0.6. For downstream analysis, data were normalized using size 

factors derived from coarse Leiden clustering (resolution = 0.1) and 

log transformed, and 4,000 highly variable genes were selected. Cell 

cycle states were scored with scanpy (cell_cycle_score (Macosko 

et al, 2015)), and batch effects were corrected with scVI (Lopez 

et al, 2018). Dimensionality reduction was performed using prin

cipal component analysis (n = 7 components), followed by the 

construction of a neighborhood graph (n_neighbors = 15). Uniform 

Manifold Approximation and Projection was used for visualization 

(McInnes et al, 20201).

For cell type transfer, we used the scANVI (Xu et al, 2021) model, 

a semisupervised variational autoencoder. We defined the quality- 

controlled lesional and nonlesional psoriasis samples from 

Reynolds et al (2021) as the reference and our single-cell dataset 

as the query. Before training the scANVI model, both datasets were 

concatenated using sample_names as the batch key. The combined 

dataset was normalized (normalize_total, target_sum = 1e4) and log 

transformed, and 2000 highly variable genes were selected using the 

cell_ranger flavor. Cells assigned to the unlabeled_category were 

annotated as “unknown.” Finally, the scANVI model was trained 

using default parameters. To ensure adequate representation of rare 

cell types, including plasma cells, the n_samples_per_label param

eter was set to 79. The trained scANVI model was used to learn a 

joint latent representation of the reference and query data and to 

transfer 42 cell types from the reference to the query dataset. The 42 

subtypes from Reynolds et al (2021) were summarized into 9 major 

cell-type groups, that is, T cells, MOs/Mac/DCs, vascular endothelial 

cells, lymphatic endothelial cells, KCs, fibroblasts, pericytes, mela

nocytes, and mast cells.

Compounds

GLPG3970 is a selective SIK2/SIK3 inhibitor whose development 

has been extensively described (Peixoto et al, 2024). Apremilast 

(CAS: 608141-41-9) is a commercially available drug purchased 

from Matrix Scientific (catalog reference number 116180). Both 

compounds were dissolved in 100% DMSO. Half-maximal inhibi

tory concentration values were calculated on human MOs, human 

MO-derived Macs, and PBMCs, which were stimulated for 24 hours 

with the compounds. Cytokine readouts, including TNF, IL-12, and 

IL-2, were quantified using custom-developed ELISA protocols 

optimized for sensitivity and specificity (capture and detection an

tibodies from R&D Systems and BD Pharmingen), with half-maximal 

inhibitory concentration values reported in Supplementary Table S1. 

On the basis of a half-maximal inhibitory concentration of 240 nM 

in LPS-stimulated MO-derived Macs, near-maximal TNF suppression 

was observed between 2.5 and 20 μM; a concentration of 10 μM 

was therefore selected for GLPG3970 in the in vitro assays.

Whole blood assay

Sample collection and the assay were performed as previously 

described (Peixoto et al, 2024). In brief, 3 ml of blood from 6 patients 

with psoriasis was collected. From each patient, 200 μl of blood was 

preincubated in duplicate with 10 μM GLPG3970 or 5 μM apre

milast or with vehicle (0.1% DMSO) for 30 minutes at 37 ◦C, 5% 

carbon dioxide in 96-well plates. Then, blood cells were stimulated 

with 100 ng/ml LPS (InvivoGen) or left unstimulated for 2 hours at 

37 ◦C, 5% carbon dioxide. Supernatants were collected, and con

centrations of cytokines were measured with the Bio-Plex Pro Hu

man Cytokine 27-plex Assay kit (Bio-Rad Laboratories) according to 

the manufacturer’s instructions.

1 McInnes L, Healy J, UMAP MJ. Uniform manifold approximation and projection 

for dimension reduction. arXiv 2020. 

Journal of Investigative Dermatology (2026), Volume ■8

AC Pilz et al. 
SIK2/SIK3 inhibition in psoriasis



GLPG3970 treatment of lesional T cells

T cells were extracted from psoriatic skin lesions (n = 4) as described 

in detail by Lauffer et al (2018). Frozen T cells were thawed and 

stimulated with αCD3 (precoated in PBS) and αCD28 (soluble) (each 

0.75 μg/ml, BD Bioscience) for 48 hours at 37 ◦C, 5% carbon di

oxide in T-cell media (RPMI 1640 medium supplemented with 5% 

human serum, 0.1 mM nonessential amino acids, 2 mM L-gluta

mine, 1 mM sodium pyruvate, 100 U/ml penicillin/streptomycin [all 

from Gibco]) as well as 60 U/ml IL-2 (Proleukin, Novartis). T cells 

were expanded for a total of 2 weeks in the presence of 60 U/ml IL-2 

in T-cell medium. The medium was exchanged 3 times a week. 

Expanded T cells (1.5 × 106 cells/ml) were activated with αCD3/ 

αCD28 in the presence of 10 μM GLPG3970 or 2 μM apremilast or 

with vehicle (0.1% DMSO) for 48 hours at 37 ◦C, 5% carbon di

oxide. The supernatant was collected, and cytokine concentrations 

of TNF (R&D Systems, DY210), IL-17A (R&D Systems, DY317), IL-22 

(R&D Systems, DY782), IFN-γ (R&D Systems, DY285B), and IL-10 

(R&D Systems, DY217B) were analyzed by ELISA according to the 

manufacturer’s instructions.

GLPG3970 treatment of fibroblasts

Fibroblasts were isolated from skin biopsies of patients with psoriasis 

(n = 3) as previously described (Lavazais et al, 2023). Fibroblasts 

were cultivated until 60—80% confluence was reached and then 3 

hours of starvation (DMEM medium without fetal calf serum), fol

lowed by a 1-hour preincubation with 10 μM GLPG3970, 2 μM 

apremilast, or vehicle (0.1% DMSO). Cells were stimulated with 

recombinant human IL-1β (50 ng/ml; PromoCell) for 16 hours at 

37 ◦C, 5% carbon dioxide in the presence of the test compounds. 

Changes in gene expression level were analyzed by real-time qPCR.

Real-time qPCR

RNA from fibroblasts and keratinocytes was extracted with the 

RNeasy Mini Plus Kit (Qiagen) and transcribed into cDNA using the 

High-Capacity cDNA Reverse Transcript Amplification Kit (Applied 

Biosystems), according to the manufacturer’s instructions. Real-time 

PCR was performed using Fast Start SYBR Green Master Mix (Roche) 

with the ViiA7 Real-Time PCR machine (Applied Biosystems). 

Primers for the genes of interest were designed using National 

Center for Biotechnology Information Primer Blast and synthesized 

by Metabion. Primer sequences are listed in Supplementary 

Table S2. Gene expression was normalized to the housekeeping 

gene 18S, and expression results were analyzed with the 2-ΔΔCT 

method.

Ex vivo skin biopsy treatment with GLPG3970 and 

sequencing

Treatment. Punch biopsies of 6 mm were obtained from the 

lesional skin of patients with psoriasis (n = 5). Biopsies were divided 

into 2 parts and cultured in RPMI 1640 (Gibco) with 1% human 

serum (Sigma-Aldrich, catalog number H4522-100ML), 0.1 mM 

MEM-nonessential amino acid, 2 mM l-glutamine, 1 mM sodium 

pyruvate, and penicillin/streptomycin (100 U/ml) (all from Gibco). 

One part of the biopsy was stimulated with 100 μM GLPG3970 (a 

10-fold concentration of the in vitro experiments as described in 

Lavazais et al (2023)), and the other part was stimulated with 

vehicle (1% DMSO) for 24 hours. Thereafter, biopsies were stored in 

RNAprotect Tissue Reagent (Qiagen) at − 80 ◦C until RNA was 

isolated using QIAzol Lysis Reagent (Qiagen) and the miRNeasy 

Mini Kit (Qiagen) according to the manufacturer’s instructions.

Sequencing. RNA-sequencing libraries were generated using the 

TruSeq Stranded Total RNA Kit (Illumina) according to the manu

facturer’s high sample instructions and sequenced on an Illumina 

HiSeq4000 (paired-end, 2 × 150 bp, ∼40 Mio reads per sample and 

end).

Processing and analysis. Sequence alignment was performed 

using the STAR aligner with the human genome reference hg38. Raw 

count data for 60,666 genes were processed using the DESeq2 R 

package, version 1.32.0 (Love et al, 2014). First, a variance stabi

lizing transformation was applied to normalize the data. Genes not 

annotated as protein coding and genes with a total count <1 across 

all samples were removed. To assess global expression patterns, 

principal component analysis was conducted on the normalized 

dataset. Differential gene expression analysis was performed using 

DESeq2 (Love et al, 2014), applying Benjamini—Hochberg correc

tion (Benjamini and Hochberg, 1995) for multiple testing. Age was 

included as a covariate in the model to account for biological 

variance, using the following design formula: Yg ∼ age + group, 

where Yg is the raw count of gene g. Differentially expressed genes 

were defined using a threshold for the false discovery rate—adjusted 

P ≤ .05. The heatmap was generated using the pheatmap package, 

version 1.0.12 (GitHub, 2018). Fast gene set enrichment analysis is 

described in the following section.

Psoriasis phase 1b study with GLPG3970 and sequencing

Study. GLPG3970 was evaluated in a short phase 1b study in 

patients with psoriasis. Twenty-six patients with moderate-to-severe 

psoriasis were randomized for the study and treated with 350 mg 

GLPG3970 once daily compared with placebo in a 3:2 ratio (De Vos 

et al, 2026). The median age was 44.0 (minimum: 24; maximum: 62) 

years in the treatment group and 36.0 (minimum: 23; maximum: 47) 

years in the placebo group, with 9 (60%) and 5 (45.5%) males, 

respectively. Disease duration was 12.8 (minimum: 5; maximum: 37) 

years in the treatment arm and 16.8 (minimum: 5; maximum: 33) years 

in the placebo arm. The median PASI score at baseline was 15.6 

(minimum: 12.2; maximum: 58.0; treatment group) and 16.1 (mini

mum: 12.7; maximum: 30.8; placebo group) (De Vos et al, 2026). 

Further study information is provided in previous work (De Vos et al, 

2026) and on ClinicalTrials.gov (identification NCT04106297). Two 

of 15 patients in the treatment arm and 1 of 11 in the placebo group 

discontinued the study. Punch biopsies for transcriptomics were ob

tained from lesional and previously lesional skin at weeks 0 and 6 from 

the remaining 23 patients.

Sequencing. Total RNA was obtained using a RNeasy kit 

following the manufacturer’s instructions (Qiagen, Venlo, The 

Netherlands). Illumina sequencing libraries were prepared using 

polyA capture (mRNA + long noncoding RNA), multiplexed for 

each tissue, and processed on an Illumina NovaSeq 6000 sequencer.

Processing and analysis. Reads were mapped to the human 

reference transcriptome (hg38 build v100, Ensembl version; primary 

assembly) using the pseudoalignment model with Kallisto 0.43.1 

(Bray et al, 2016). Differential gene expression analysis was per

formed using the R package DESeq2, version 1.32.0 (Love et al, 
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2014). The estimated number of reads obtained from Kallisto was 

used as the input for DESeq2. Briefly, DESeq2 normalizes samples 

according to per-sample sequencing depth and accounts for intra

sample variability. Then, it fits data to a negative binomial general

ized linear model and calculates the Wald statistic. Finally, the raw 

P-values were corrected using the false discovery rate for multiple 

testing by the Benjamini—Hochberg method. Functional enrichment 

was evaluated using fast gene set enrichment analysis (Korotkevich 

et al, 20162), on the basis of the full list of differentially expressed 

genes that were ranked by the Wald test results and using the 

MSigDB (Molecular Signatures Database) as the reference (Liberzon 

et al, 2011). The selected MSigDB gene set was hallmark.

Statistical analyses

Data were analyzed using descriptive statistics, including mean and 

SD, and unpaired t-test with Welch’s correction to assess signifi

cance. Significance levels were defined as *P ≤ .05, **P ≤ .01, ***P 

≤ .001, and ****P ≤ .0001. Data analysis and processing were 

performed using GraphPad Prism 10 software, and figures were 

generated using Microsoft PowerPoint and Adobe Illustrator CS6.
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SUPPLEMENTARY MATERIALS AND METHODS

Keratinocytes

Keratinocytes were isolated from healthy donors by suction 

blisters and cultivated as previously described (Garzorz-Stark 

et al, 2018) in DermaLife Basal Medium supplemented with 

DermaLife K LifeFactor Kit (Lifeline Cell Technology, LL- 

0007) at 37 ◦C, 5% carbon dioxide. Second- to third- 

passage keratinocytes were grown to 60—80% confluence; 

starved for 5 hours in DermaLife Basal Medium; and pre

incubated for 1 hour with 10 μM GLPG3970, 2 μM apre

milast, or vehicle (0.1% DMSO). Cells were stimulated with 

50 ng/ml recombinant human IL-17A (R&D Systems, 317- 

ILB-050) or 50 ng/ml recombinant human IL-1β (Promo

Cell, C-61120) for 16 hours in the presence of the test 

compounds. Hydrocortisone was omitted from the medium 

for stimulation. Gene expression was analyzed by real-time 

qPCR.

SUPPLEMENTARY REFERENCE

Garzorz-Stark N, Lauffer F, Krause L, Thomas J, Atenhan A, Franz R, et al. Toll- 

like receptor 7/8 agonists stimulate plasmacytoid dendritic cells to initiate 

TH17-deviated acute contact dermatitis in human subjects. J Allergy Clin 

Immunol 2018;141:1320—33.e11.
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b SIK2/SIK3 inhibition in primary human keratinocytes under IL-17A stimulation
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Supplementary Figure S1. In vitro inhibition of SIK2 and SIK3 by GLPG3970 treatment in primary human keratinocytes. Primary human keratinocytes were 

preincubated with 10 μM GLPG3970 (GLPG), 2 μM apremilast (PDE4), or vehicle (0.1% DMSO) for 1 hour and stimulated with 50 ng/ml of (a) IL-1β or (b) IL- 

17A overnight. RNA was extracted and analyzed by real-time qPCR. Comparison of treatment group to reference group IL-1β or IL-17A was performed using 

Welch’s t-test. *P ≤ .05, **P ≤ .01, and ***P ≤ .001. GLPG denotes GLPG3970 (SIK2/SIK3 inhibitor). US denotes unstimulated. PDE4, phosphodiesterase 4; SIK, 

salt-inducible kinase.. 
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Supplementary Table S2. Primer Sequences of the fw and rev Primers Used in the Real-Time qPCR 

Gene Species Sequence (5′—3′)

18S Human fw 

rev

GTAACCCGTTGAACCCCATT 

CCATCCAATCGGTAGTAGCG

CCL2 Human fw 

rev

TCCCAAAGAAGCTGTGATCTTCA 

TTTGCTTGTCCAGGTGGTCC

CXCL5 Human fw 

rev

CAGACCACGCAAGGAGTTCA 

TCTTCAGGGAGGCTACCACT

CXCL8 Human fw 

rev

ACCGGAAGGAACCATCTCAC 

GGCAAAACTGCACCTTCACAC

DEFB4A Human fw 

rev

AAGGTGGAAGGCTTGATGTCC 

TACCACCAAAAACACCTGGAA

EREG Human fw 

rev

CTGCCTGGGTTTCCATCTTCT 

TTGAGCCACACGTGGATTGT

IL6 Human fw 

rev

TTCGGTCCAGTTGCCTTCTC 

TACATGTCTCCTTTCTCAGGGC

LCE3A Human fw 

rev

GAGTCACCACAGATGCC 

CTTGCTGACCACTTCCC

NR4A2 Human fw 

rev

AAACAAAGGCACATTGGCGG 

GCCTGTCCAATCTCCTCCTTAG

S100A7 Human fw 

rev

TCCAAACACACACATCTCACT 

TCTTGTCATCACGTCTGGTGT

TNF Human fw 

rev

TGTTGTAGCAAACCCTCAAGC 

ATGAGGTACAGGCCCTCTGA

VEGFA Human fw 

rev

AGCTGCGCTGATAGACATCC 

CTACCTCCACCATGCCAAGT

Abbreviations: fw, forward; rev, reverse.

Supplementary Table S1. IC50 Values of GLPG3970 and Apremilast for Distinct Cytokines in Different Cell Types 

Compound hMO (LPS) TNF hMO (LPS) IL-12 hMdM (LPS) TNF hPBMC (aCD3/aCD28) IL-2

GLPG3970

IC50 (nM) 118 103 240 770

n (donors) 8 8 4 4

Apremilast

IC50 (nM) 33 27 103 69

n (donors) 8 8 4 4

Abbreviations: IC50, half-maximal inhibitory concentration; LPS, lipopolysaccharide; hMdM, human monocyte-derived macrophage; hMO, human 

monocyte; hPBMC, human PBMC. 

hMOs, hMdMs, and hPBMCs were stimulated with LPS or αCD3/αCD28 for 24 hours each. TNF, IL-12, and IL-2 were quantified using custom-developed 

ELISA protocols optimized for sensitivity and specificity (capture and detection antibodies were from R&D Systems and BD Pharmingen).
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