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Purpose: Psoriasis is a common chronic inflammatory skin disease. Acupoint injection is reported to be used for the treatment of
psoriasis, however its mechanism is not yet clear. The study aimed to investigate the efficiency of combined treatment including
acupoint injection in the treatment of psoriasis.

Patients and Methods: Here, we compared the efficacy of multiple immune intervention therapy (MII, acupoint injection with
BCG-PSN combined with thymosin enteric-coated tablets, levamisole, intramuscular injection with BCG-PSN) to NB-UVB and
acitretin for psoriasis. One thousand two hundred patients with moderate-severe psoriasis vulgaris were randomly treated with MIIL,
NB-UVB or acitretin. For another 53 patients treated with MII, the T cell subsets and TCR repertoire analysis were investigated with
sequencing and flow cytometry.

Results: The effective rate in MII treated group was similar to acitretin-treated group in 3 months (P > 0.05), though lower than in
subjected treated with NB-UVB (P < 0.05). MII treatments maintained a longer remission of both PASI25 and PASI75 in comparison
to the treatment with either NB-UVB or acitretin in following 5-year follow-up. Moreover, the relapse rate was lower in MII treatment
than in either NB-UVB (P < 0.0001) or acitretin treatment (P < 0.0001), accompanied with longer remission duration (MII vs both
NB-UVB and acitretin, P < 0.0001). Meanwhile, MII treatments markedly increased Treg cells (P = 0.04), while decreasing the
number of both Thl (P < 0.001) and Th17 cell (P = 0.01), along with decreased secretion of IFN-y (P = 0.03) and IL-17 (P = 0.02).
Multivariable Cox regression analysis demonstrated that MII significantly reduced psoriasis relapse risk versus NB-UVB (58.7%
reduction; HR = 0.413, 95% CI: 0.329-0.517, P < 0.001) and acitretin (65.3% reduction; HR = 0.347, 95% CI: 0.276-0.435, P<0.001).
Conclusion: Acupoint injection combined with BCG-PSN, thymosin enteric-coated tablets and levamisole treat psoriasis and prevent
relapse of psoriasis, via modulation of Treg/Th1/Th17.
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Introduction

Psoriasis is a chronic inflammatory skin disease with a high recurrence rate, affecting 0.1-1.5% of the global population'
and seriously impacting the quality of patients’ lives.” Typical lesions are monomorphic, sharply demarcated erythema-
tous plaques covered by silvery lamellar scales.® Psoriasis vulgaris is the most common form, accounting for about 90%
of cases. Although the precise pathogenesis of psoriasis is still unclear, the pathogenic role of T cells in psoriasis has been
recognized. The imbalance of Thl, Th17 and Treg was the main immune disorder manifestations of psoriasis. IFN-y
mainly produced by Thl cells induces the recruitment and expansion of IL-17-producing cells through promoting
production of CCL20 ligand of CCR6 and IL-23, further participate the pathogenesis of psoriasis.* Oversecreted IL-17
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by increased Th17 cells leads to keratinocyte overactivation and inflammatory mediator production, playing a pivotal role
in the maintaining of psoriatic lesion.” Treg cells number was significantly decreased in psoriasis,® contributing to
psoriasis because of its reduced suppression on T effector responses.’

Currently, there are many medical treatments that can alleviate psoriasis, mainly including biologic agents, narrow-
band ultraviolet B (NB-UVB) and acitretin. Although biologic therapy can improve moderate-to-severe psoriasis,®’
approximately 11-35% of patients fail during the first year of treatment because of either ineffectiveness or the
development of adverse events.'"” NB-UVB and acitretin are commonly used to treat psoriasis vulgaris. NB-UVB
improves psoriasis, possibly by inducing apoptosis of keratinocytes and T cells,'’ promoting immunosuppression'?
and altering cytokine profile.'>'* Acitretin, a synthetic retinoid, benefits psoriasis by inhibiting keratinocyte proliferation
and inflammatory response,'>'® inhibiting dermal vascular endothelial cell proliferation and neutrophil migration.'”'®
Although NB-UVB and acitretin treatments can improve psoriasis, frequent recurrence on the previously involved sites
upon withdrawal of treatments indicates that these two treatments lack long-term benefit. Moreover, 52.3% of patients
with psoriasis are not satisfied with medical treatment due to the inefficacy or adverse effects of treatment.'® Therefore,
more than 50% of psoriasis tried to use complementary and alternative medicine to achieve satisfactory treatment.*

21
and has been

Acupuncture has been practiced in China for over 2000 years, with a long and profound history,
widely acknowledged not only in the USA but also in other regions of the Western world.?? Current evidence from
systematic reviews confirms the significant therapeutic efficacy of acupoint stimulation in psoriasis management. As
demonstrated by Zou et al,?® acupuncture intervention exhibits superior clinical outcomes compared to control groups for
psoriasis vulgaris, particularly in total effective rate, complete remission rate, and Psoriasis Area and Severity Index
(PASI) improvement. Mechanistic studies reveal that acupuncture effectively restores cutaneous barrier function while
alleviating characteristic psoriatic manifestations including erythema, scaling, and associated pain intensity (VAS-pain
scores).”**> Furthermore, this therapeutic modality demonstrates additional benefits in enhancing health-related quality
of life metrics (DLQI scores) and ameliorating traditional Chinese medicine syndrome patterns,>> with longitudinal data
indicating reduced recurrence rates among treated psoriatic patients.”® Consequently, acupuncture can be regarded as
a complementary and alternative medical therapy for psoriasis.”’*® In the present study, we investigated the therapeutic
effects and mechanism of acupoint injection therapy combined with Bacillus Calmette-Guerin polysaccharide nucleic
acid injection (BCG-PSN), Thymosin enteric-coated tablets (TET) and levamisole on the improvement of psoriasis
vulgaris.

Methods
Study Design
A total of 1253 patients were enrolled in this study.

For clinical observation, the sample size was calculated for a three-arm randomized controlled trial comparing time to
first relapse using ANOVA in PASS 15.0 (NCSS LLC), with Bonferroni correction for multiple comparisons. To detect
a small effect (Cohen’s d=0.2) with 80% power at o. = 0.05, 199 participants per group were required. After 20% dropout
adjustment, 239 per group (717 total) were needed. A total of 1200 patients were randomly grouped into NB-UVB,
acitretin and MII treatment in our study, as 400 patients were enrolled in each group. The primary objective included
remission duration and 5-year relapse rate (Figure 1). The secondary objective included total effective rate, the patient
number and treat time that PASI score decreased by 25% (PASI25) and 75% (PASI75), lesion regression characteristics
(Figure 1).

To investigate the underlying mechanisms by which MII improves psoriasis, we enrolled another 53 patients with
psoriasis vulgaris.

Enrolled Patients

The inclusion and exclusion criteria of patients were detailed in Table S1. Patients were involved in the conduct and
reporting plans of our research. All patients were Chinese Han from outpatients or inpatients at the Institute of
Dermatology, Taiyuan City Center Hospital. The diagnosis of psoriasis was made according to both clinical features
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Figure | Main pipeline of the project.

and skin pathology. Patients had 10-month to 5-year history of psoriasis, with PASI scores of 15.1-39.5, indicating severe
psoriasis.>” Demographic characteristics of subjects were detailed in Table S2. All patients received neither NB-UVB nor
acitretin nor immunosuppressant treatments over the last 6 months. All the patients provided informed consent. The study
was complied with the Declaration of Helsinki. The study protocol was approved by the Medical Ethics Committee of
Taiyuan City Center Hospital (2022012-1).

Treatments

Patients in NB-UVB group were treated with UV light with a wavelength of 311-313 nm and irradiance of 7-8 mW/cm?
using the Sigma SS-05 UVB phototherapy instrument as described previously.® Subjects in acitretin-treated group were
given oral 25mg per day for 4 weeks. If no noticeable improvement and no toxic reaction occurred after 4-week treatment,
the dose of acitretin gradually increased to 40—50mg daily. When achieved PASI75, acitretin was maintained at daily dose of
25-50mg. For MII treatment, patients were treated with the following drugs for 4 months: injection of total ImL BCG-PSN
(according to the introduction of BCG-PSN) to 16 acupoints, including bilateral acupoints of Quchi (LI11), Zusanli (ST36),
Shangjuxu (ST37), Dashu (BL11), Xinshu (BL15), Ganshu (BL18), Pishu (BL20) and Dachangshu (BL25), once monthly;
20 mg of Thymosin enteric-coated tablet once daily; 50 mg of levamisole tablet, t.i.d., for 3 days at 11-day interval; 1 mL of
BCG-PSN once every three days. This combination therapy was carried out every other 3 months until PASI75.

Clinical Evaluation

Therapeutic efficacy and adverse reactions were evaluated weekly during the first 4-month treatment. The adverse
reactions included liver function, serum lipid, dizziness, nausea, vomiting, abdominal pain, loss of appetite, fever,
drowsiness, fatigue, rash, pruritus, chest tightness, redness and swelling at the injection site, nodules, leukopenia and
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exfoliative dermatitis. Patients who achieved PASI25 were followed up once every 15 days until PASI75. Afterwards,
these patients were followed up once monthly for 5 years.

Psychological Assessment and Intervention

Prior to the treatment, patients’ psychological status was assessed using psychological assessment scale (Table S3),
followed by education of patients and their family members on basic knowledge of psoriasis to minimize their
concerns about psoriasis and to increase their social activity. After PASI75, patients’ psychological status was assessed
again.

Investigation of TCR Repertoire

In another 53 patients treated with MII, 5 mL peripheral blood was collected from each patient before the treatment and
after PASI75. Among the 53 blood samples, 6 samples were randomly taken for TCR repertoire analysis as described
previously.>' Briefly, TCR/TCRp target regions obtained by multiple-polymerase chain reaction were sequenced on
sequencing platform (Hiseq4000; Illumina, SanDiego, CA, USA), followed by obtaining the clean reads by removal of
adapter sequences, low-quality base ratio >50%, and percentage of unknown base (N) >10%. TCR repertoire data were
analyzed using MiXCR software.*

Flow Cytometry

After the treatment of blood cells with red blood cell lysis buffer, cells were labelled with CD45-FITC/CD4-RD1/CD8-
ECD/CD3-PC5 (PN.6607013) or CD45-FITC/CD56-RD1/CD19-ECD/CD3-PC5 (PN.6607073), for flow cytometry
analysis to determine the proportion of lymphocyte subsets.

To measure the intracellular cytokines of helper T cells, the cells were first labeled with CD4-PC5/CD3-ECD, and then
cultured in RPMI1640 culture system (containing 10% newborn calf serum, 100IU/mL penicillin, 100pg/mL streptomycin,
40ng/mL PMA, 1pug/mL ionomycin, 3uM monensin) with 5% CO, at 37°C for 18 hours. After fixation and permeabilization
with IntraPrepTM Permeabilization Reagent (Cat. No. 2388/2389), the levels of intracellular IL-4, IFN-y and IL-17 were
examined with IL-4-PE (IM2719U)/IFN-y-FITC (IM2716U) and IL-17-PE (Cat#12-7179, eBioscience). IgG1-FITC
(GM4992), 1gG1-PE(GM4993), and mouse IgG1 Kappa Isotype Control (12-4714-42, eBioscience) served as respective isotype
controls.

According to manufacturer’s instruction, the Human Regulatory T Cell Staining Kit#3 containing CD4-FITC/CD25-
PE/Foxp3 PE-Cy5 (Cat#88-8995-40, eBioscience) was used to determine the proportion of CD4"CD25" Foxp3™ cells,
while Rat IgG2a PE-CyS5 served as isotype control.

Measurement of Serum Cytokine Levels

The ELISA Kit (Westang, Shanghai, China) was used to measure serum levels of IL-4, IL-17, IFN-y, TGF-B1 and TGF-
B2 by measuring the absorbance value (OD value) of 450 nm wavelength. The concentration of different cytokines was
calculated by OD value using the standard curve method.

Protein Expression of GATA3, RORyt, Foxp3, T-Bet, stat3 and p-stat3 in CD3" T Cell
Because differentiation of CD3" T cell into Th2, Th17, Treg or Thl cells was regulated, in part, by lineage-
determining transcription factors, including GATA3, RORyt, Foxp3, T-bet, stat3 and p-stat3,*>° we measured
expression levels of these biomarkers on CD3" cells. CD3" cells were isolated from peripheral blood using
immunomagnetic beads (Miltenyi Biotec, Germany). After the extraction of total protein, simple western analysis
was performed on a Wes system (ProteinSimple, Silicon Valley, USA) based on the method reported previously.®’
The following antibodies were used in this experiment: B-actin, GATA3, T-bet (Cell Signaling Technology (CST),
USA), RORyt, Foxp3, stat3, p-stat3(Abcam, England). The expression of B-actin was used as an internal reference.
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Statistical Analysis
For categorical variables, differences in proportions across groups were assessed using the chi-square test. Quantitative
data was analyzed through analysis of variance (ANOVA) or rank-sum tests for between-group comparisons. The
comparison of differences between pre- and post-intervention measurements was analyzed using a paired samples
t-test. All data were analyzed using SPSS 27.0.

In the multivariable analysis, a Cox model was fitted with positive responders (those achieving >PASI25 within 3
months), incorporating treatment strategy, age, gender, baseline PASI, duration of medical history (years), and family
history of psoriasis, aiming to quantify the treatment effects of different therapeutic regimens on psoriasis relapse.

Results
Multiple Immune Intervention Displays a Lower Short-Term Efficacy Than Either
NB-UVB or Acitretin

We first assessed the short-term efficacy. Following 3-month treatments, 879 of 1200 patients achieved >PASI25. The
total effective rates in NB-UVB treated group (78.5%) were significantly higher than that in either MII (71.00%, P =
0.015) or acitretin (70.25%, P = 0.008), while the effective rates were comparable between MII and acitretin (Figure 2A).
However, MlI-treated patients maintained both PASI25 (12.32 weeks) and PASI75 (172.92 days) responses longer than
either NB-UVB (P < 0.0001) or acitretin-treated subjects (P < 0.0001) (Figure 2B).

Comparison of Changes in Skin Lesions Among the Treatments with Multiple Immune
Intervention, NB-UVB and Acitretin

In acitretin treated skin, the initial changes included increased desquamation and lesion size, followed by reductions in
severity of infiltration, erythema and scales, without marked reduction in lesion size (Figure 2C). Similarly, NB-UVB
treatments decreased infiltration, erythema and scales, with no changes in lesion size. However, noticeable hyperpig-
mentation was observed (Figure 2C). In contrast, MII treatments induced a central or peripheral clearance of skin lesions,
manifested by formation of circular lesions or reduction in lesion size, in addition to reductions in the severity of
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Figure 2 The clinical observation of Multiple immune intervention (MIl), NB-UVB and Acitretin treatment in 1200 psoriatic patients. (A) Efficient rate and relapse rate.
*p<0.05 compared to MIl treatment; ***p<0.001 compared to MIl treatment. (B) PASI25, PASI75 and first relapse time. ***p<0.0001 compared to MIl treatment. (C) The
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infiltration, erythema and scales (Figure 2C). These results suggest that the mechanisms of MII action differ from that of
NB-UVB and acitretin.

Multiple Immune Intervention Exhibits Superior Benefit to NB-UVB and Acitretin in

Prevention of Psoriasis Relapse

To assess the long-term preventive benefit, 879 positive responders were followed up for 5 years after the treatments. The
relapse rates were significantly lower in MII-treated group (48.94%) than in NB-UVB (68.15%, P = 1.87x10 °®) and
acitretin-treated group (73.00%, P = 5.64 x 10°°) (Figure 2A). In parallel, MII delayed the relapse of psoriasis
(231.15 weeks) in comparison to both NB-UVB (139.08 weeks, P = 324 x 10°’) and acitretin treatments
(127.48 weeks, P=2.17 x 10 %) (Figure 2B).

Multiple Immune Intervention Treatment Significantly Lowers Psychological

Assessment Scale

During the MII treatment, the additional 53 patients also received psychotherapy, including communication with patients,
listening to patients’ emotions, psychological counseling, teaching basic knowledge of psoriasis, etc. The psychological
status was quantitatively assessed using psychological assessment scale. After MII treatment, the psychological assess-
ment index was significantly reduced (50.15 vs 55.96, P = 0.045) (Figure 3A).

Multiple Immune Intervention Treatment Was Safety for Psoriasis

Among 53 patients receiving MII therapy, 2 cases (3.78%) developed transient low-grade fever that spontaneously
resolved within 12 hours (Table S4). A single patient (1.89%) exhibited self-limiting symptoms including dizziness,
nausea, vomiting, loss of appetite, fatigue, and pruritus on the first treatment day. Injection site reactions were
documented in 2 patients: one case (1.89%) of localized erythema and swelling that improved with cold-compress
therapy, and another case (1.89%) presenting a subcutaneous nodule that resolved within one week following hot-
compress application. Notably, no treatment-related abnormalities were observed in liver function and serum lipid
profiles. Additionally, there were no instances of abdominal pain, drowsiness, rash, chest tightness, leukopenia, or
exfoliative dermatitis during the observation period.

Multiple Immune Intervention Affects Neither TCR Repertoire nor the Proportion of

CD4" and CD8" T Cells

In six of 53 patients, TCR repertoire analysis identified a total of 31 TRA variable (TRAV) and 33 TRB variable (TRBV),
neither of which frequency was significantly changed by MII treatment (Figure 3B). Although MII treatment slightly
increased TRBV10-1 frequency (1.08 vs 0.95, P = 0.04), MII treatment did not significantly influence TCR repertoire.
Likewise, the proportions of CD3", CD3°CD4" and CD3'CD8" cells were similar before and after MII treatment
(Figure 3C). Interestingly, MII treatment dramatically decreased the proportion of CD3'CD1656" cells (identified as
B cells) (from 2.65% to 1.43%, P = 0.01) (Figure 3C).

Multiple Immune Intervention Treatment Reversely Alters Proportions of Treg Cells

and Thl Cells

As shown in Figure 4A, MII treatment significantly increased proportion of CD4 CD25 Foxp3" cells (48.89% vs
32.25%, P = 0.002), accompanied by an over 2-fold increased expression of Foxp3 (5.12 vs 1.67, P = 0.008)
(Figure 4A). In contrast, the proportion of CD3"CD4 TFN-y-secreted cells decreased following MII treatment (9.40%
vs 16.25%, P = 5.45282 x 10~°) (Figure 4B). In parallel, the expression of T-bet, stat3 and p-stat3 were significantly
decreased after MII treatment. Moreover, ELISA showed that the concentration of IFN-y was significantly decreased
after MII treatment (11.49 vs 20.27pg/mL, P = 0.03) (Figure 4B). However, MII treatment did not markedly change the
circulatory levels of TGF-B1 and TGF-B2 (secreted by Treg cells) (Figure 4A).
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Multiple Immune Intervention Treatment Significantly Decreases the Proportion of
Th17 Cells and IL-17 Level

Following MII treatment, proportion of CD3"CD4 IL-17-secreted cells (identified as Th17 cells) was significantly lower
in comparison to pretreatment (0.84% vs 1.29%, P = 0.01), without changes in expression of RORyt (Figure 4C).
Noteworthy, MII treatment significantly decreased circulatory levels of IL-17 (4.38 vs 9.51 pg/mL, P = 0.02)
(Figure 4C). However, neither proportion of CD3"CD4 TL-4-secreted cells (identified as Th2 cells) nor expression of
GATA3 and the circulatory levels of IL-4 differed after MII treatment (Figure 4D).

Multivariable Analysis Confirms MII’s Protective Efficacy Against Psoriasis Relapse
Compared to NB-UVB and Acitretin

The Cox proportional hazards model confirmed significant model validity in treatment responders (;*=104.00, P < 0.001), with
therapeutic regimen persisting as a robust independent prognostic factor after covariate adjustment (4*=90.700, P < 0.001). MII
treatment exhibited significantly protective efficacy against psoriasis relapses compared to both NB-UVB (HR=0.413, 95% CI:
0.329-0.517, P < 0.001) and acitretin (HR=0.347, 95% CI: 0.276-0.435, P < 0.001).

Discussion

Psoriasis is a chronic recurrent disease. Although some topical agents can effectively alleviate psoriasis,’® treatments of
moderate-severe psoriasis is still a big challenge. Indeed, acitretin is effective for psoriasis. Its wide usage is limited
because of adverse reactions such as teratogenicity, mucocutaneous effects, hepatotoxicity and skeletal abnormalities.
NB-UVB irradiation lacks long-term benefit. The high cost of biological agents also impedes their use. Methotrexate
should be used with caution because of bone marrow toxicity.*” Hence, an ideal regimen for psoriasis should be the one
that can rapidly achieve and sustainedly maintain PASI75 with few or no adverse events.

2728 i
studies indicating sustained clinical benefits in symptom control alongside favorable safety profiles characterized by minimal

Existing evidence has demonstrated the therapeutic efficacy of acupoint stimulation in psoriasis management,

adverse effects.*” Notably, acupuncture intervention exhibits significant potential in multiple aspects: arresting lesion progres-
sion, ameliorating cutaneous manifestations and pruritus in psoriasis vulgaris, and reducing recurrence rates*' - findings that
corroborate our experimental observations. Synergistic therapeutic enhancements were observed in combined regimens. When
adjunctive to NB-UVB phototherapy, acupuncture produced superior reductions in PASI scores compared to monotherapy.**
Furthermore, acupoint injection therapy (combined with compound glycyrrhizin and topical tretinoin) demonstrated enhanced
clinical efficacy over non-injection protocols, accompanied by significant downregulation of pro-inflammatory cytokines
including tumor necrosis factor-alpha (TNF-a) and interleukin-8 (IL-8) in peripheral circulation.*® In the present study, we
demonstrated that acupoint injection combined with BCG-PSN, TET and levamisole significantly lowered the relapse rate and
delayed the relapse of psoriasis, suggesting the combined treatment can be suitable for treating moderate-severe psoriasis.
However, the mechanism of acupoint injection should be in-depth research. Acupoint injection therapy stimulates the
acupoints by injecting specific drugs into fixed acupoints through syringe-needling of the vein or lesion tissue. Acupoint
injection led to a significant down-regulation of the allergic rhinitis symptom score and the serum IL-17 content.**
Acupoint autohemotherapy showed significant effectiveness on the AD model mice, through regulating the Th1/Th2 shift
specifically and increased the related transcription factors such as T-bet expression and T-bet/GATA3 ratio.* Current
research attributes the therapeutic mechanisms of acupuncture in psoriasis management to six principal pathways: (1)
pruritus alleviation, (2) immunomodulation, (3) endocrine system regulation, (4) vascular function normalization, (5)
homeostatic adjustment of cellular kinetics, and (6) neuropsychiatric modulation.*® Emerging evidence demonstrates that
acupuncture intervention significantly modulates cytokine profiles, particularly by downregulating elevated IL-8 and
TNF-a levels while paradoxically elevating interleukin-10 concentrations beyond normative physiological thresholds.*”
In this study, we found acupoint injection combined with BCG-PSN, TET and levamisole significantly increase the
frequency of Treg cells in psoriasis, suggesting that MII treatment may be exerting a protective effect, helping to dampen
the inflammatory cascade that is characteristic of psoriasis. Moreover, the reduction in Th17 cell frequency was observed
in psoriasis after MII treatment, indicating that MII treatment could potentially contribute to a more favorable immune
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microenvironment, reducing the severity of inflammation and skin microenvironment damage. Overall, the study
suggested that acupoint injection combined with BCG-PSN, TET and levamisole is significantly effectiveness on
psoriasis through normalization of proportion of Thl, Th17 and Treg cells, and reductions in IFN-y and IL-17. That is
to say, MII treatment is helpful in regulating the immune response of psoriasis, being consistent with previous study.*®

As mentioned above, MII includes levamisole, TET and BCG-PSN. Levamisole has a preferential effect on interac-
tions between suppressor T cells and helper T cells,*” being used for the treatment of psoriasis.’® Thymosin increases the
T cell lymphokine receptors and enhances lymphocyte responses,”’ while BCG-PSN can reduce Th17 cell subsets and
Th17 associated cytokines.”? Th1/Th17 dominant differentiation and Treg weak differentiation are the main imbalance
manifestation of T cell differentiation in psoriasis.*’ MII distinctly corrected the imbalance of T cells subsets and
cytokines in psoriasis, therapy improved psoriasis ultimately. The treated mechanism of MII treatment was distinct from
that of NB-UVB and acitretin, explaining its characteristic lesion regression. The exact mechanism of MII in the
treatment of psoriasis should be further studied in future.

Conclusion
MII treatment is a complementary effective and safe method of psoriasis, can be used as the preferred treatment for
appropriate psoriasis patients.
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