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Abstract: This study explored the therapeutic effects and underlying mechanisms of polysaccharides and
alkaloids from Dendrobium nobile Lindley (DNL) on psoriasis. An imiquimod (IMQ)-induced psoriasis
mouse model was established to observe the pharmacological effects of DNLPs and DNLAs. The
assessments included Psoriasis Area and Severity Index scoring, hematoxylin-eosin (HE) staining and
immunohistochemistry, tyramide signal amplification, reverse transcription-quantitative polymerase
chain reaction, and RNA sequencing (RNA-seq). The results showed that oral administration of DNLPs
and DNLAs could effectively alleviate psoriasis symptoms and improve histopathological features.
Transcriptomic analysis indicated that both components regulated immune responses and cellular
functions, thereby reducing local inflammation through inhibition of myeloid leukocyte infiltration.
Immunofluorescence results also verified that the expression of keratin markers K14, K16 and K17 was
significantly downregulated, along with decreased levels of macrophage and neutrophil markers in the
treatment groups. In conclusion, DNLPs and DNLAs exert prominent anti-inflammatory effects via
modulating keratinocyte differentiation and suppressing the excessive activation of myeloid leukocytes.
These findings provide a solid theoretical basis for the clinical application of Dendrobium nobile Lindley
components in psoriasis therapy.
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1. Introduction

Psoriasis is a chronic inflammatory disease with a prevalence of approximately 2—-3%, affecting over
125 million people worldwide -1, Psoriasis presents as well-defined erythematous plaques with silver-
white scaling. Its main histopathological feature is acanthotic thickening, often seen at sites of epidermal
trauma (e.g., elbows, knees, back, and trunk); however, it can affect any skin area, significantly reducing
patients’ quality of life [* 3. Current therapeutic approaches for psoriasis include topical treatments,
systemic medications, immune modulation, and biologic agents, such as tumour necrosis factor-alpha
(TNF-0) inhibitors, interleukin (IL)-12/IL-23 inhibitors, and IL-17 inhibitors. These therapies are
characterised by marked efficacy and favourable safety profiles, offering additional therapeutic options
for patients with suboptimal responses to traditional treatments >,

Traditional Chinese herbs (TCHs) effectively minimise the associated side effects, and many TCH
therapies have been widely applied in clinical practice [. The most commonly used TCHs for the
treatment of psoriasis include Salvia miltiorrhiza Bunge, Spatholobus suberectus Dunn, Paeonia
lactiflora Pall., Isatis tinctoria L., Scutellaria baicalensis Georgi, Paeonia * suffruticosa Andrews,
Arnebia euchroma (Royle) 1.M.Johnst., Tripterygium wilfordii Hook. f., Lithospermum erythrorhizon
Siebold & Zucc. 19, In recent years, the application of TCH in psoriasis treatment and the mechanisms
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of action have been extensively studied. The therapeutic effects of several TCHs in psoriasis have been
experimentally validated. Representative herbs include Angelica dahurica (Hoffm.) Benth. & Hook.f. ex
Franch. & Sav., Rhododendron indicum (L.) Sweet, Premna herbacea Roxb., Rosmarinus officinalis L.,
and Jingfang granules ['!-13],

Dendrobium nobile Lindley (DNL), a traditional Chinese medicinal herb, contains various chemical
components, including polysaccharides, phenanthrenes, sesquiterpenoids, and alkaloids, the
pharmacological activities of which are closely related to these substances. It exhibits a broad spectrum
of pharmacological effects, such as anti-tumour, anti-ageing, immune-enhancing, hypoglycaemic, and
anti-cataract effects ['% 17, Polysaccharides and alkaloids are the primary bioactive substances responsible
for these effects, particularly their anti-tumour, anti-hypertensive, neuroprotective, immunoregulatory,
antioxidative, and anti-inflammatory activities ['® !°]. Although current therapies effectively control the
inflammatory processes in psoriasis, prolonged immunosuppressive therapy can increase susceptibility
to infections and skin malignancies [+ 320,

To date, no studies have investigated the role of DNL in the pathogenesis of psoriasis. Therefore,
applying modern research approaches and technologies to investigate the biological activities of DNL
may not only enhance our understanding of its pharmacological mechanisms but also provide novel
therapeutic strategies for psoriasis management. In this study, we extracted the primary functional
components, polysaccharides (DNLPs) and alkaloids (DNLAs), from DNL to investigate their effects on
psoriasis and elucidate their potential mechanisms of action, providing a scientific foundation for their
topical application in psoriasis treatment.

2. Material and methods
2.1 Imiquimod (IMQ)-induced psoriasis-like mouse model

SPF male C57BL/6] mice (6-8 weeks old, weighing 22-25 g) were purchased from Scilab
Biotechnology Co., Ltd. (Henan, China) (license number SCXK(Yu)2020-0005). This study was
approved by the Zunyi Medical University Laboratory Animal Welfare Ethics Committee (approval
number: ZMU21-2404-801, 25 April 2024). Based on a literature review, we used a DNLP concentration
of 100 mg/kg ?'-221 and a DNLA concentration of 80 mg/kg 24, A total of 21 mice were randomly
assigned to three groups based on their body weight: model control group, DNLP group (100 mg/kg;
Xiya, Guangzhou biological), and DNLA group (80 mg/kg; Xiya, Guangzhou biological), with seven
mice per group. The IMQ-induced psoriasis model is widely recognised as a standard method for
studying psoriasis [>>26], The modelling procedure in this experiment was based on protocols established
in previous research, outlined as follows: hair on the dorsal area of each mouse was shaved using an
electric hair trimmer, and excess hair was removed using a depilatory cream, leaving an exposed skin
area of approximately 2 x 3 cm. On the day of shaving, the shaved area was observed for signs of redness,
swelling, or ulceration. Treatment with DNLPs and DNLAs commenced on day 0; the control group was
administered double-distilled water. Psoriasis models were then induced by applying 50 mg (5%) IMQ
cream (Sichuan Mingxin Pharmaceutical Co., Ltd., H20030129) to the exposed dorsal skin of the mice
daily for six consecutive days after two days of pretreatment with DNLPs and DNLAs. The severity of
skin lesions was assessed daily using the Psoriasis Area and Severity Index (PASI). Twenty-four hours
after the final dose, the dorsal skin tissue from the lesioned area was collected for haematoxylin and eosin
(H&E) staining, immunohistochemistry (IHC), immunofluorescence, reverse transcription-quantitative
polymerase chain reaction (RT-qPCR) analysis, and RNA sequencing (RNA-seq).

2.2 H&E staining

Tissue samples were fixed in 4% paraformaldehyde for 48 h, embedded in paraffin, and stained with
H&E. To quantify the thickness of the epidermis, dermis, and adipose layer, wax blocks were cut into 4-
pm-thick sections using a microtome (Leica), mounted on ordinary slides (Citoglas), placed in an oven
at 65 °C for 1 h, dewaxed, and rinsed with running water for 5 min. Staining was performed using a
water-soluble H&E staining solution (Mayer). The specific procedure was as follows: haematoxylin
staining was performed for 5—7 min, followed by differentiation in hydrochloric acid and alcohol for 2 s.
Subsequently, the samples were placed in eosin solution for 3 min. The samples were then dehydrated
using a gradient of ethanol, made transparent with xylene, and dried. The slides were sealed, and the
thicknesses of the epidermis, dermis, and adipose layer were observed under a full-slide scanning
microscope (VS200, Olympus). Measurements were performed using NIH/Image] software
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(https://imagej.net/NIH_Image).
2.3 IHC staining

Mouse skin tissue sections (prepared as described for H&E staining) were deparaffinised in xylene
and rehydrated. Antigen retrieval was performed using Tris-EDTA (pH 9.0) at 95-100 °C for 12—18 min.
After cooling to room temperature, endogenous peroxidase activity was blocked by incubating the
sections with 3% hydrogen peroxide at room temperature for 15 min, followed by washing with
phosphate-buffered saline (PBS). Nonspecific staining was blocked by incubation with a blocking
solution at 37 °C for 30 min. The sections were then incubated overnight at 4 °C with the primary
antibody Ki67 (1:400, D3B5, Cell Signaling Technology). Following incubation, the sections were
equilibrated to room temperature for 45 min, washed with PBS, and incubated with the secondary
antibody at 37 °C for 30 min. Following PBS washes, diaminobenzidine (DA1010, Solarbio) was used
for colour development, which was terminated by washing with distilled water. The sections were then
stained with haematoxylin (Beijing Coolaber, catalogue number SL7070-500mL) for 2—5 min and
washed with water. Differentiation was performed using hydrochloric acid-ethanol (Shanghai Beyotime,
catalogue number C0163M), followed by washing with water. The sections were subsequently
dehydrated, cleared with xylene, and mounted with neutral gum for microscopic examination. For each
mouse skin section, a random field was selected at 200x magnification. The cell nuclei were stained blue,
and positive staining appeared brown. The positive cell rate in each field was quantified using ImageJ
software and statistically analysed.

2.4 Tyramide signal amplification

Formalin-fixed and paraffin-embedded mouse skin samples were cut into 4-pm-thick sections and
mounted on adherent slides. The slides were deparaffinised according to a standard protocol and
sequentially rehydrated in xylene, ethanol, and pure water. The samples were boiled in 10 mM citrate
buffer (pH 6.0) or ethylenediaminetetraacetic acid (pH 9.0) for 16 min for antigen repair. After cooling
to room temperature, the slides were incubated with 3% hydrogen peroxide endogenous peroxidase
blocker for 15 min at room temperature, protected from light, and subsequently rinsed with PBS; the
slides were then sealed at 37 °C for 30 min using 10% goat serum (Service Bio), followed by dropwise
addition of the primary antibody, and placed in an incubator at 4 °C for overnight incubation. Primary
antibody concentrations were used as follows: keratin (K)14 (1:1000, Sc-53253, Santa Cruz
Biotechnology); K16 (1:600, PAB35308, Bioswamp); K17 (1:800, BS48564-25, Bioworld); CD206
(1:4000, 18704-1-AP, Proteintech); iNOS (1:200, A3774, Abclonal); and Ly-6g (1:600, PAB52649,
Bioswamp). Sections were maintained at room temperature for 45 min, rinsed in PBS, and then titrated
with secondary antibody, incubated for 30 min at 37 °C, and rinsed again in PBS. A fluorescent dye was
applied and incubated for 15 min at room temperature, protected from light, and then rinsed in PBS. Cell
nuclei were stained with DAPI (Solarbio), and coverslips were mounted onto slides using an antifading
mounting medium (S2110; Solarbio). Negative controls were prepared in the same manner, with PBS
replacing the primary antibody. The completed sections were observed under a fluorescence microscope
and analysed using ImageJ software.

2.5 RT-qPCR

Fresh dermal specimens (10-20 mg) were rinsed three times with PBS, followed by precise dissection
using sterilised microsurgical scissors. Nucleic acid isolation was performed using the Novizyme RNA
isolation kit protocol, with strict adherence to the manufacturer’s specifications. The purified RNA lysate
was aliquoted into sterile microcentrifuge tubes for quantitative assessment using a NanoDrop
spectrophotometer.

For cDNA synthesis, precisely 500 pg of quantified RNA was aliquoted into PCR-compatible tubes.
Following genomic DNA supplementation, thermal cycling was conducted under specified conditions:
primary incubation at 42 °C (120 s), followed by the reverse transcription protocol at 50 °C (15 min),
concluding with enzyme inactivation at 85 °C (5 s). The synthesised cDNA products were cryopreserved
at -80 °C for long-term storage before downstream applications.

Quantitative PCR (qPCR) was performed using 10-fold diluted cDNA templates. The thermal profile
comprised three distinct phases: initial denaturation at 95 °C (30 s), 40 amplification cycles with dual-
temperature cycling (95 °C/10 s — 60 °C/30 s), and final melt curve analysis (95 °C/15 s — 60 °C/60 s
— 95 °C/5 s). Post-amplification data acquisition and subsequent 2-AAACT computational analysis
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enabled the comparative quantification of target gene expression levels. The primers used for RT-qPCR
are listed in Table 1.

Table 1: Sequences of primers for RT-gPCR

Primer Sequences
Mouso IL1B Forward 5 AGTTGACGGACCCCAAA -3’
Reverse 5 - TCTTGTTGATGTGCTGCTG -3’
Mouse 117 Forward 5 TCGAGAAGATGCTGGTGGGT -3’
ouse IL-17a Reverse 5’- CTCTGTTTAGGCTGCCTGGC -3’

2.6 RNA-seq

Total RNA was isolated using TRIzol reagent (Invitrogen). RNA degradation and contamination were
assessed using 1% agarose gel electrophoresis. RNA purity was evaluated using a NanoPhotometer
spectrophotometer (IMPLEN, CA, USA). RNA integrity was determined using an RNA Nano 6000
Assay Kit on a Bioanalyzer 2100 system (Agilent Technologies, CA, USA). For RNA sample preparation,
1 ug of RNA per sample was used as the input material. Sequencing libraries were prepared using the
NEBNext® Ultra™ RNA Library Preparation Kit for Illumina® (NEB, USA), following the
manufacturer’s instructions. This kit uses fragmented mRNA as a template and random oligonucleotides
as primers to synthesise the first strand of cDNA in an M-MuLV reverse transcriptase system. The RNA
strand was then degraded using RNase H, and the second strand of cDNA was synthesised from dNTPs
using a DNA polymerase I system. After purification, the double-stranded cDNA was subjected to end
repair, A-tailing, and ligation using sequencing adapters. Approximately 250-300 bp of cDNA was
selected using AMPure XP beads and amplified by PCR; the PCR products were purified again using
AMPure XP beads, ultimately yielding the library. The Illumina NovaSeq PE150 sequencing strategy
was used for libraries that passed quality control.

After quality control, the DESeq2 R package was used for differential gene expression analyses.
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway and Gene Ontology (GO) term enrichment
analyses of differentially expressed genes (DEGs) were performed using ClusterProfiler R software, and
the statistical significance threshold was set at P < 0.05.

2.7 Statistical methods

Except for the analysis software used for annotation, data processing and statistical analyses were
performed using GraphPad Prism 8.0 software (GraphPad Software, USA). Numerical data are expressed
as the mean + standard deviation. For comparisons between multiple groups, one-way analysis of
variance was used, followed by Tukey’s post hoc multiple comparison test. Statistical significance was
setat P <0.05.

3. Results
3.1 DNLP/DNLA treatment alleviated skin lesions in IMQ-induced psoriasis-like dermatitis in mice

To confirm the therapeutic effects of DNLPs/DNLAs (100 and 80 mg/kg, respectively) on psoriatic
lesions, mice were intragastrically administered DNLPs/DNLAs. Two days later, IMQ cream was
applied to establish a psoriasis-like mouse model (6 days, 50 mg) (Figure 1A, 1B). DNLPs and DNLAs
reduced the skin thickness and PASI scores of back lesions (Figure 1C, 1D). Additionally, the mRNA
levels of the pro-inflammatory cytokines IL-170 and IL-1 were downregulated in the DNLP and DNLA
treatment groups (Figure 1E). Histopathological analysis revealed that DNLPs/DNLAs alleviated IMQ-
induced epidermal hyperplasia, acanthosis, and hyperkeratosis. H&E staining revealed that the spinous
thickness was significantly thinner in the experimental group than in the control group (Figure 1F, 1G).
Hyperkeratosis and parakeratosis are important pathological features of psoriasis, and Ki67 is a nuclear
antigen that serves as a marker for cell proliferation 27281, IHC showed that in lesional skin, the increased
numbers of Ki67 cells that developed in the IMQ group were markedly diminished in the DNLP- and
DNLA-treated groups (Figure 1F, 1G). In conclusion, DNLPs and DNLAs demonstrated significant
therapeutic effects against IMQ-induced psoriasis-like dermatitis in mice by attenuating abnormal
keratinocyte proliferation and excessive inflammation.
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Figure 1: DNLP/DNLA treatment ameliorates IMQ-induced psoriatic skin lesions. (A) Mice were
pretreated with DNLPs or DNLAs by oral gavage for 2 days, followed by topical IMQ application to
the dorsal skin for 6 consecutive days. Dosages and treatment areas are as indicated in the figure. (B)

Body weight was measured and recorded daily using an electronic balance. (C) Dorsal skin was

imaged on days 0, 4, and 8 to document psoriasiform changes; scale bar = 5 mm. Mice in the treatment
groups showed milder phenotypic symptoms. (D) Disease severity was assessed daily using the PASI,

with composite scores for erythema, scaling, and dermal infiltration. Data are presented as mean + SD
(n = 7 per group). (E) The effects of DNLPs and DNLAs on the mRNA expression of the inflammatory

genes 1I-17a and II-1f were determined by RT-qPCR. (F) DNLP/DNLA treatment ameliorates
IMQ-induced histopathological abnormalities in psoriatic skin lesions. (F, G) H&E staining reveals
that DNLP and DNLA treatment reduces epidermal hyperplasia. Original magnification %200, scale
bar = 100 um. Representative images and quantification of Ki67-positive cells by
immunohistochemistry are presented. Original magnification *x400, scale bar = 50 um. Data are
presented as mean £ SD. *P < 0.05, **P < 0.01, ***P < 0.001 vs. the IMQ-treated model group; ns,
not significant.

Published by Francis Academic Press, UK
-15-



International Journal of Frontiers in Medicine
ISSN 2706-6819 Vol.8, Issue 2: 11-24, DOI: 10.25236/1JFM.2026.080202

3.2 Characterisation of DNLP-treated skin lesions via RNA-seq analyses

To reveal the potential mechanism by which DNLPs and DNLAs alleviate skin inflammation, six
transcriptomes of two skin lesion samples from the IMQ and DNLP groups were generated using the
[llumina high-throughput sequencing platform. In the control group, the average number of raw reads
obtained was 4.56 x 107, and the average number of clean reads obtained after filtering was 4.52 x 107,
with an average Q20 of clean reads above 98.64%. In the DNLP group, the average number of raw reads
obtained was 5.26 x 107, and the average number of clean reads obtained after filtering was 5.21 x 107,
with an average Q20 of clean reads above 98.6%. Principal component analysis revealed a clear
distinction between the groups, demonstrating that model establishment and drug intervention influenced
the transcriptional profiles (data not shown). There were 2738 DEGs in the DNLP group compared with
those in the control group (1416 upregulated and 1322 downregulated). The 14 DEGs most notably
upregulated and downregulated following DNLP treatment are shown in Figure 2A. Figure 2B shows a
heatmap following additional cluster analysis of psoriasis-related genes, demonstrating that DNLPs
significantly downregulated the expression of interleukins, such as IL-1p, IL-17a, and K5, K14, K16,
and K17. GO function enrichment analysis (Figure 2C) showed that, compared with those in the model
group, the DEGs in the DNLP group were mainly enriched for leukocyte migration and myeloid
leukocyte activation. KEGG analysis indicated that the DEGs between the DNLP and control groups
mainly included lysosomes, ribosomes, and T helper 17 cell (Th17) differentiation (Figure 2D).

A B

Volcana Plot
T T

Control DNLP

Krt5

1
sesis
Tnf
b

I17a} =

as

204

Group
- Down-reguiated

L H nat-significant

L | + Up-regulated

— logso(P Value)

- eteah S

I N R D B
logs(Fold Change)
C D
GO enrichment analysis (BP) KEGG enrichment analysis
muscle tissue development | [ ] Ribosome | [ ]
wvasoconstriction 1 ] Coronavirus disease-COVID-18+ | ]
smooth muscle contraction | ] Vascular smooth muscle contraction | ||
skeletal system morphogenesis - I Basal cell carcinoma [ |
skeletal muscle cell differentiation 1 | | Axen guidance | ||
muscle organ development - ] Wnt signaling pathway - [ |
metanephros development - | ] cGMP-PKG signaling pathway | [ ]
regulation of tube size - | ] Calcium signaling pathway | | ]
regulation of tube diameter - - Arginine and proline metabolism | .
blood vessel diameter maintenance - | :“fp Cardiac muscle contraction [ | G.“"L"P
lymphacyte differentiation - 1 1 oo mf;':;gnﬁ‘r'"":n’:‘;‘:&’;i' I W oo
sitive regulation of respanse to external stimulus - ] for IgA production 1 ]
positive regulation of cell-cell adhesion - ] Th17 cell differentiation | I
regulation of leukocyte cell-cell adhesion - ] Staphylococcus aureus infection | ]
mononuclear cell differentiation - ] Phagosome | ]
myeloid leukocyte activation - | Th1 and Th2 cell differentiation - ]
positive regulation of cell adhesion [ NI Leishmaniasis | ]
leukocyte cell-cell adhesion- [ NG Hematopoietic cell lineage | ]
regulation of cell-cell achesion | [N Tuberculosis | |GGG
leukocyte migration | |GG Lysosome ;[ i
30 s ER 6 5 3 2 ) H
-log 10(P.ad)} -log10{Pad)

Figure 2: Differentially expressed genes (DEGs) in psoriatic lesions of mice following treatment with
100 mg/kg DNLP. (A) Volcano plot illustrating the distribution of differentially expressed mRNAs. Blue
dots represent downregulated mRNAs, red dots represent upregulated mRNAs, and grey dots represent

mRNAs with no significant differential expression. (B) Heatmap showing all differentially expressed
mRNAs in psoriatic lesions from DNLP-treated mice (n = 3) compared with control mice (n = 3), for
which all adjusted P-values < 0.05 and |Log2FC| > 1. Red indicates upregulated genes, and blue
indicates downregulated genes. (C) Top 20 enriched Gene Ontology (GO) pathways of DEGs. (D) Top
20 enriched Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways of DEGs.

3.3 Characterisation of DNLA-treated skin lesions via RNA-seq analyses

We identified the DNLA targets in the same manner as those of DNLP. There were 5.29 x 107 raw
reads, 5.25 x 107 clean reads, and an average Q20 of clean reads > 98.67% in the DNLA group. There
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were 3021 DEGs in the DNLA group compared with those in the IMQ group (1527 upregulated and
1494 downregulated). The 14 DEGs that were most notably upregulated and downregulated are shown
in Figure 3A. Figure 3B shows a heatmap following additional cluster analysis of psoriasis-related genes,
demonstrating that DNLAs significantly downregulated the expression of interleukins, K14, K16, K17,
and S100 protein-related genes. GO functional enrichment analysis (Figure 3C) showed that the DEGs
in the DNLA group were mainly enriched for extracellular matrix organisation and myeloid leukocyte
activation. KEGG analysis showed that the DEGs between the DNLA and IMQ groups mainly included
the chemokine signalling pathway and Th1, Th2, and Th17 cell differentiation (Figure 3D).
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Figure 3: Differentially expressed genes (DEGs) in psoriatic lesions of mice following treatment with
80 mg/kg DNLAs. (4) Volcano plot illustrating the distribution of differentially expressed mRNAs. Blue
dots represent downregulated mRNAs, red dots represent upregulated mRNAs, and grey dots represent

mRNAs with no significant differential expression. (B) Heatmap showing all differentially expressed
mRNASs in skin lesions from DNLA-treated mice (n = 3) compared with control mice (n = 3), for which
all adjusted P-values < 0.05 and |Log2FC| > 1. Red indicates upregulated genes, and blue indicates
downregulated genes. (C) Top 20 enriched Gene Ontology (GO) pathways of DEGs. (D) Top 20
enriched Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways of DEGs.

3.4 Characterisation of DNLP and DNLA effects on psoriatic skin lesions via RNA-seq analyses

To further identify the molecular mechanisms by which DNLPs and DNLAs alleviate skin
inflammation, we used DESeq2 with a filter criterion of log fold change >1 and P < 0.05 to identify
DEGs. Compared with those in the control group, 1254 and 332 specific DEGs were identified in the
DNLP and DNLA groups, respectively, with 93 overlapping DEGs between the two groups (Figure 4A).
Figure 4B shows a heat map of the DEGs after clustering analysis, illustrating the expression patterns of
DEGs in the control, DNLA, and DNLP groups. Red represents high expression, and blue represents low
expression. The significant changes in gene expression following DNLP and DNLA treatment further
highlight the distinct effects of these treatments on modulating gene expression related to skin
inflammation. As shown in Figure 4B, the DEGs were mainly associated with immune cell activation,
including Clec2e, H2-Aa, CD83, and CD86 ?°3!1, Additionally, HASI and MmpI3 are related to skin and
tissue damage repair, and Fos and DUSP] are involved in inflammatory responses 3233,

Figure 4C presents the results of GO and KEGG enrichment analyses for the DEGs shared between
DNLPs and DNLAs. GO enrichment analysis (top panel) revealed that these DEGs were significantly
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enriched in immune-related biological processes, including antigen processing and presentation, cell—
cell adhesion, and T cell activation. KEGG pathway enrichment analysis (bottom panel) showed that
these DEGs were primarily involved in various immune- and inflammation-related pathways, such as
‘rheumatoid arthritis’, “Th17 cell differentiation’, and ‘autoimmune thyroid disease’.

Overall, these results indicate that DNLPs and DNLAs share a common mechanism for modulating
immune responses and cellular processes in psoriasis. This suggests that they alleviate psoriasis-related
inflammation by influencing myeloid leukocyte infiltration.
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Figure 4: Comprehensive analysis of DEGs in psoriatic lesions of mice following DNLP/DNLA
treatment. (A) Venn diagram of differentially expressed mRNAs from DNLP- and DNLA-treated
groups. (B) Heatmap showing all differentially expressed mRNAs in skin lesions from DNLP- or
DNLA-treated mice compared with control mice, for which all adjusted P-values < 0.05 and
|Log2FC| > 1. (C) Top 10 enriched GO and KEGG pathways of DEGs.

3.5 DNLPs and DNLASs alleviated skin lesion inflammation through keratinocyte differentiation

Transcriptome sequencing analysis showed that DNLPs and DNLAs alleviated psoriasis lesions,
primarily by modulating keratinocyte differentiation and myeloid leukocyte activation. K14 is expressed
in the basal layer of normal skin and is associated with keratinocyte proliferation 3¢, K16 and K17 are
not expressed in the normal epidermis; however, when epidermal homeostasis is disrupted, their
expression is strongly induced 37 3%, The expression levels of K14, K16, and K17 are significantly
elevated in psoriasis-like lesions and are correlated with disease severity %1, Therefore, we examined the
expression levels of K14 (Figure 5A, 5D), K16 (Figure 5B, 5E), and K17 (Figure 5C, 5F).
Immunofluorescence results revealed that K14, K16, and K17 were downregulated following treatment
with DNLPs and DNLAs, with DNLPs showing superior effects compared with DNLAs across all
experiments.
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Figure 5: DNLP/DNLA treatment inhibits the differentiation and proliferation of keratinocytes. (A—C)
Immunostaining for keratin 14 (K14, A), keratin 16 (K16, B), and keratin 17 (K17, C) in psoriasiform
skin lesions. Original magnification x200, scale bar = 100 um. (D—E) Quantitative analysis of the
relative positive areas of K14, K16, and K17. Data are presented as mean £ SD. *P < 0.05, **P <
0.01; ns, not significant.

3.6 DNLPs and DNLASs alleviated skin lesion inflammation through myeloid leukocyte activation

Next, we investigated myeloid cell infiltration using immunofluorescence staining. As shown in
Figure 6, the M1 macrophage marker, iNOS (Figure 6A, 6C), exhibited a decreasing trend in the DNLP
and DNLA groups, with a more significant reduction observed in the DNLA group. Similarly, the M2
macrophage marker, CD206 (Figure 6A, 6D), demonstrated a downward trend in the DNLP and DNLA
groups, with a more pronounced decrease in the DNLA group. Additionally, we assessed the neutrophil
marker Ly-6G (Figure 6B, 6E) and found a significant reduction in the number of Ly-6G-positive cells
in the DNLP and DNLA groups. These findings are consistent with the RNA-seq results, suggesting that
treatment with DNLPs and DNLAs alleviated psoriasis symptoms by reducing myeloid leukocyte
infiltration.
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Figure 6: DNLP/DNLA treatment inhibits myeloid cell infiltration. (4) Immunostaining for the M1
macrophage marker iNOS and the M2 macrophage marker CD206 in skin lesions. Original
magnification %400, scale bar = 50 um. (B) Immunostaining for the neutrophil marker Ly-6G in skin
lesions using tyramide signal amplification staining. Original magnification %200, scale bar = 100 um.
(C, D) Quantitative analysis of iNOS- and CD206-positive cells. (E) Quantitative analysis of
Ly-6G-positive cells. Data are presented as mean + SD. *P < 0.05, ¥**P < 0.01; ns, not significant.

4. Discussion

Here, we demonstrated that DNLPs and DNLAs exhibited significant therapeutic effects in IMQ-
induced psoriasis-like skin conditions. DNLPs and DNLAs effectively alleviated psoriasis symptoms by
reducing epidermal thickness, erythema, and abnormal keratinocyte proliferation. Previous studies have
reported that the expression levels of interleukins, such as IL-1, IL-6, IL-17a, IL-22, and IL-23, are
significantly elevated in psoriatic lesional skin and IMQ-treated mouse skin 3?1, Research has shown that
the traditional herbal formula Dang-Gui-Liu-Huang Tang exerts anti-inflammatory effects by inhibiting
the production of IL-22 in local skin lesions %, In our study, we found that DNLPs and DNLAs
effectively reduced the expression of IL-17a and IL-1, as confirmed by IHC and qPCR. Additionally,
RNA-seq analysis revealed a significant reduction in IL-6, IL-22, and IL-23 levels. Increasing evidence
suggests that the IL-23/IL-17 axis plays a crucial role in the inflammatory cascade of psoriasis skin
lesions, and blocking this axis can effectively reduce the interaction between Th17 cells and keratinocytes,
making it a promising target for psoriasis therapy ['> 23, Our study suggests that DNLPs and DNLAs
downregulate cytokines, inhibit the abnormal proliferation of Th17 cells, and block the interaction
between keratinocytes and Th17 cells, thereby improving psoriasis.

When we further investigated the potential targets of DNLPs and DNLAs for treating psoriasis, RNA-
seq analysis provided deeper insights into the underlying molecular mechanisms by which DNLPs and
DNLAs alleviate psoriasis-related skin inflammation. DNLPs significantly downregulate the expression
of cytokines (e.g., IL-1p and IL-17a) and keratins, such as K5, K14, K16, and K17. The DEGs identified
by RNA-seq were significantly enriched in immune-related pathways, including leukocyte migration,
myeloid cell activation, and lysosomal and ribosomal functions, which play key roles in the immune
regulation of inflammatory skin diseases [#!*31. Similarly, DNLAs significantly downregulated the
expression of cytokines, K14, K16, K17, and S100 proteins. The DEGs were also enriched in immune-
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and inflammation-related pathways, including chemokine signalling and Thl, Th2, and Th17 cell
differentiation. Notably, the analysis of common DEGs between the DNLP and DNLA treatment groups
suggested that both drugs regulated the expression of genes related to antigen processing, intercellular
adhesion, and T cell activation. These findings indicate that DNLPs and DNLAs share a common
mechanism for regulating immune responses in psoriasis, likely through the modulation of keratinocyte
differentiation and immune cell activation, thereby regulating the inflammatory processes of psoriasis.

Based on the results of transcriptome sequencing, we validated these findings using
immunofluorescence. We found that, compared with those in the control group, samples from the DNLP
and DNLA groups showed reduced expression of keratin markers (K14, K16, and K17) associated with
the abnormal proliferation and differentiation of psoriatic keratinocytes [7-3% 44, The expression levels
of the M1 macrophage marker iNOS, M2 macrophage marker CD206, and neutrophil marker Ly-6G
decreased compared with those in the control group, indicating that DNLPs and DNLAs affect myeloid
cell infiltration. Therefore, we hypothesise that DNLPs and DNLAs have dual effects on keratinocytes
and immune cells, thereby influencing inflammatory processes in psoriasis.

Our results showed a significant reduction in iNOS (M1 macrophages), CD206 (M2 macrophages),
and Ly-6G (neutrophils) levels, indicating suppression of myeloid leukocyte infiltration. Notably, M1
macrophages are typically associated with pro-inflammatory responses, whereas M2 macrophages are
involved in tissue repair and have anti-inflammatory effects >4, The synchronous reduction in both
cell populations suggests a shift in macrophage polarisation, which may not represent a simple transition
from a pro-inflammatory to an anti-inflammatory state. Rather than merely suppressing infiltration, this
phenomenon could be interpreted as the reprogramming of myeloid cells, thereby achieving a more
balanced immune microenvironment. Furthermore, given the inflammatory drive for myeloid cell
recruitment and activation, these alterations may reflect the secondary effects of resolving inflammation.

Current research suggests that many TCHs regulate the key signalling pathways involved in psoriasis.
An in vitro study by Xu et al. showed that Jingfang granules target keratinocytes by binding to PPARYy,
p38a MAPK, and TNF-q, inhibiting bone marrow-derived dendritic cell maturation, and reducing NF-
«kB/STAT3 activity in keratinocytes via the p38a MAPK signalling pathway U4l In another study,
imperatorin isolated from Angelica hirsutiflora inhibited PDE4 activity in human neutrophils and
increased cAMP levels. This increase in cAMP levels exerts anti-inflammatory effects by inhibiting Akt,
extracellular signal-regulated kinase (ERK), c-Jun NH2-terminal kinase (JNK), and Ca?" [12],

In this study, we investigated the potential signalling pathways through which DNLPs and DNLAs
exert their effects. Despite adaptive immune dysregulation, psoriasis inflammation typically presents
with a localised distribution pattern. The S100A8/S100A9 heterodimers are damage-associated
molecular patterns (DAMPs) that play a critical role in local inflammation and activate immune responses
by binding to the TLR4/MD2 complex in the immune system, thereby triggering local inflammatory
responses 471, Blocking the TLR4-binding site of active S100 dimers represents a promising approach
for the local suppression of inflammatory diseases while avoiding systemic side effects. DNLPs play an
immunomodulatory role by binding to the TLR4-MD2 complex and blocking the MAPK/NF-kB
signalling pathway, thus regulating immune cell function 8!, The MAPK family includes p38 MAPK,
ERK, and JNK, all of which play important roles in psoriasis [*’. Many signals (e.g., DAMPs, CCN1,
and IL-22) in psoriasis can activate the JNK pathway in keratinocytes. The activated JNK pathway in
keratinocytes mediates the recruitment of immune cells in psoriasis by regulating the production of
inflammatory chemokines, such as IL-6, IL-8, IL-23, interferon-y, and TNF-a %%, The NF-kB pathway
also plays a crucial role in psoriasis, as it alters the behaviour of keratinocytes and immune cells by
affecting their proliferation, differentiation, and the production of cytokines or chemokines 321, In our
study, DNLPs and DNLAs significantly reduced keratinocyte proliferation, expression of inflammatory
cytokines, and immune cell differentiation, activation, and adhesion in a mouse model of psoriasis. Based
on the findings of this study and reports in the existing literature, we hypothesise that DNLPs and DNLAs
exert their therapeutic effects by binding to the TLR4/MD2 complex and inhibiting the MAPK/NF-kB
signalling pathway. However, direct experimental validation is required to confirm this mechanism, such
as by assessing the expression levels of TLR4/MD?2 and the phosphorylation/activation status of key
signalling proteins, including p38, INK, ERK, and NF-kB p65. Future studies should consider employing
pharmacological inhibition or genetic approaches to further explore this hypothesis.

Overall, the observed downregulation of pro-inflammatory cytokines and chemokines, along with the
modulation of pathways involved in immune cell infiltration, suggests that DNLPs and DNLAs alleviate
psoriatic inflammation by regulating the activity and infiltration of myeloid leukocytes. This is consistent
with previous findings indicating that myeloid leukocytes, including macrophages and dendritic cells,
play a pivotal role in the pathogenesis of psoriasis by producing cytokines that activate T cells and
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promote inflammation %34, DNLPs and DNLAs reduce the activation and recruitment of these immune
cells, thereby restoring balance in the psoriatic microenvironment and mitigating inflammation.

In summary, our results indicate that DNLPs and DNLAs significantly alleviate IMQ-induced
psoriasiform skin inflammation by inhibiting the abnormal proliferation and differentiation of
keratinocytes and modulating myeloid cell activation. Therefore, this study provides valuable insights
into psoriasis treatment and suggests that future research could lead to the development of new
therapeutic strategies. Nevertheless, this study has certain limitations. Although the keratin markers K14,
K16, and K17 effectively reveal phenotypic alterations associated with keratinocyte differentiation, they
do not fully elucidate the mechanistic basis of the action of DNLPs/DNLAs. To address this issue, we
reviewed relevant literature on the transcriptional regulatory mechanisms of keratinocyte differentiation.
Key transcription factors (such as p63) and components of the Notch signalling pathway are crucial for
keratinocyte differentiation and their response to environmental signals 53-°%]. Although this study did
not specifically analyse these factors, we hypothesise that the observed downregulation of keratin
markers may result from alterations in these regulatory pathways. Subsequent experiments should focus
on validating this hypothesis, thereby incorporating key transcriptional regulators such as p63 and Notch
signalling into the marker system for keratinocyte differentiation.

Although previous studies have reported that psoriasis results from crosstalk between keratinocytes
and immune cells, leading to amplified inflammatory cascades 1% %, our study confirmed that DNLPs
and DNLAs affect both cell types. However, our study did not investigate the precise interrelationship
between keratinocytes and immune cells, whether they act concurrently, or if they dominate the
regulation of the inflammatory process in psoriasis. However, further investigation is required in this
regard. Furthermore, when designing our experiments, we referred to studies on other Dendrobium
species, which indicated that Dendrobium officinale polysaccharides do not affect the proliferation of
normal keratinocytes [°!l. However, we did not establish a control group of normal skin treated with
DNLPs/DNLAs to investigate the effects of these compounds on epidermal proliferation, differentiation,
and immune cell distribution in a non-inflammatory state. This represents a lack of rigour.

5. Conclusion

Consistent with previous preliminary reports, our data strongly indicate that Dendrobium extract
(containing alkaloids and polysaccharides) exerts significant anti-inflammatory effects. In the IMQ-
induced psoriasis model, systemic administration of DNLPs and DNLAs effectively inhibited abnormal
keratinocyte proliferation and differentiation and reduced inflammatory cell infiltration, myeloid
leukocyte activation, and other indicators, thereby restoring the balance of the inflammatory
microenvironment and improving the disease phenotype and PASI scores.
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