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Introduction

Atopic dermatitis (AD) is a chronic dermatitis character-
ized by severe pruritus and relapse [1], and is a part of 
atopic march comprising other allergic diseases, including 
asthma, allergic rhinitis and allergic conjunctivitis. The high 
prevalence of AD and type 2 inflammatory diseases poses 
substantial burden on AD patients and their families [2]. 
However, the treatment of AD remains challenging to clini-
cians owing to its refractory and recurrent disease course.

AD presents with distinct phenotypes classified by dis-
ease severity and trajectory [3]. Recently, AD was further 
classified into different endotypes based on serum biomark-
ers [4]. These endotypes present with characteristics of high 
T-helper type 2 (Th2) cell-associated C-C chemokines level, 
which induce Th2 cells migration and type 2 inflammation. 
Thus, the activation of Th2-bias inflammation remains 
a key mechanism in AD. Currently, dupilumab [5], JAK 
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Abstract
Atopic dermatitis (AD) is a chronic inflammatory skin disease with recurrent course, and traditional Chinese medicine 
(TCM) is regarded as an effective treatment. In this study, we aim to evaluate the potential effects and elucidate the 
mechanism of PTQX formula in alleviating a house dust mite (HDM)-induced AD model. NC/Nga mice were divided 
into Control, AD model and PTQX-treated and stimulated with HDM oinment. PTQX formula exerted significant anti-
inflammatory effects, alleviated dermatitis performance, decreased the serum IgE by more than 2-fold, reduced the secre-
tion level of other inflammatory cytokines and downregulated the Th2 cells ratio in lymph nodes. Treatment with PTQX 
formula reduced the level of inflammatory cytokines, which was measured by an inflammatory cytokine array kit (Ray-
Bio®). Kyoto Encyclopedia of Genes and Genomes pathway enrichment revealed the anti-inflammatory effect was exerted 
via regulation NF-κB and Toll-like receptor signaling pathway. Data independent acquisition (DIA) proteomics analysis 
results showed that the expression of totally 149 proteins were regulated by PTQX formula, while the expression of 
TRADD was significantly downregulated. According to the western blotting analysis, the PTQX group exhibitied an over 
2-fold decreased expression of TRADD, TRAF2 and RIP1 compared with the AD group, accompanied by the inhibition of 
NF-κB signaling pathway activity. Collectively, this finding suggested that PTQX formula may exert effects by inhibiting 
the expression of the TRADD/TRAF2/RIP1 complex and downregulating the activity of the NF-κB signaling pathway.
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PeiTuQingXin formula alleviated atopic dermatitis symptoms via 
inhibiting TRADD/TRAF2/RIP1 complex mediated NF-κB signaling 
pathway activation
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inhibitor [6], glucocorticoids and other immunomodulators 
[7] are important components of AD treatment. However, 
the potential side effects and weakness in preventing recur-
rence still are the shortcoming of above treatment.

Traditional Chinese medicine (TCM) has been well-
known for alleviating AD, and as a complementary treat-
ment for AD [8] and allergic diseases [9] in Asia for 
numerous years. PeiTuQingXin (PTQX) formula is a 
clinically derived formula composed for AD treatment that 
exerted a considerable therapeutic effect in a previous clini-
cal study [10] and randomized clinical trial [11]. Further 
animal experiments verified the role of PTQX formula in 
alleviating dermatitis and inhibiting Th2 cell differentiation 
[12]. Network pharmacology identified the TNF-α, NF-κB 
and cytokine interaction signaling pathway as the potential 
targets of PTQX formula in AD. However, in vivo experi-
ments are necessary to verify these results.

Herein, we established house dust mite (HDM)-induced 
AD mouse model using NC/Nga mice and treated the AD 
model with PTQX formula. The dermatitis score, trans-
epidermal water loss (TEWL), scratching behavior, serum 
inflammatory cytokines levels, and Th1/2/17 cell propor-
tions were used to evaluate the effect of PTQX formula. 
Moreover, mouse inflammation array and data independent 
acquisition (DIA) proteomics analysis were performed to 
identify the mechanisms of PTQX formula in interventing 
AD mice, with potential targets were further verified by 
western blotting.

Materials and methods

Preparation of PTQX formula

PTQX formula comprises nine Chinese herbs, including 
Atractylodis macrocephalae Koidz. 10 g, Pseudostellaria 
heterophylla (Miq.) Pax 10 g, Dioscorea opposite Thunb. 
15 g, Coix lacryma-jobi L.varmayuen (Roman.) Stapf 20 g, 
Imperata cylindrica Beauv.var.major (Nees) C.E.Hubb. 15 g, 
Forsythia suspensa (Thunb.) Vahl 10 g, Dictamnus dasycar-
pus Turcz. 10 g, Pteria martensii (Dunker) 0.3 g, Glycyrrhiza 
uralensis Fisch. 5 g, at a ratio of 30:30:45:60:45:30:30:1:15. 
All herbs were purchased from the Second Affiliated Hos-
pital of Guangzhou University of Chinese Medicine. The 
compounds in PTQX formula were detected using ultra-
high-performance liquid chromatography-tandem mass 
spectrometry and reported in our previous study [12]. The 
formula was prepared at a concentration of 1.95 g/ml, and 
the detailed process is described in the Supplementary 
Material.

Animals

Fifteen male specific pathogen-free NC/Nga mice (9 ~ 33 
weeks old, weighing 20 ~ 40 g) were acquired from the 
Shanghai Model Organisms Center (Shanghai, China). Ani-
mal experiments were permitted by the Institutional Ethics 
Committee of the Second Affiliated Hospital of Guang-
zhou University of Chinese Medicine, (NO.2022096; batch 
number: 44829400002008). The mice were maintained in 
a specific pathogen-free environment at 22 ± 3 °C, 55 ± 5% 
relative humidity, and a 12-h light/dark cycle. Mice were 
acclimated for one week and provided standard rodent chow 
and fresh tap water. The body weights of mice in each group 
were measured weekly, and all experiments were performed 
under 3% sevoflurane anesthesia using a TAIJI small-ani-
mal anesthesia machine (RWD, Shenzhen, China). All pro-
cedures were performed in accordance with the Laboratory 
Animal Research Committee Guidelines of the Guangdong 
Provincial Hospital of Chinese Medicine (approval number 
2016015) on the usage, welfare and ethics of experimental 
animals.

Mice were randomly assigned to one of the following 
three groups (n = 5/group): (1) Control group; (2) AD group; 
(3) PTQX group. After acclimatization, approximately 8 
cm2 of dorsal hair was removed using a shaver and hair 
removal cream. Mice in the AD and PTQX groups were 
applied with 150 µl of 4% sodium dodecyl sulfate to the 
dorsal skin surface 1 h before applicating House Dust Mite 
(Dermatophagoides farina) extract oinment (Biostir AD®, 
Biostir Inc, Osaka, Japan). Meanwhile, mice in the Control 
group were applied to 4% sodium dodecyl sulfate, only. The 
stimulation was performed twice weekly for 3 weeks totally.

For treatment, mice in the PTQX group were fed with 
prepared PTQX formula daily at a volume of 10 ml/kg 
(19.48 g of crude drug/kg/day) via intragastric adminis-
tration, whereas mice in the Control and AD groups were 
fed distilled water at the same frequency. The interventions 
were initiated on day 2 and lasted for 3 weeks. The experi-
mental design is shown in Fig. 1A.

The scratching behavior was recorded the day after inter-
vention completed (d21). Subsequently, the mice were sac-
rificed, and blood, skin, lymph node, spleen samples were 
collected.

Evaluation of dermatitis, TEWL and scratching 
behavior

For each mouse, skin lesions were imaged weekly using a 
digital camera (Canon, Tokyo, Japan), and the dermatitis 
score was evaluated as described previously [12]. The scor-
ing procedure was as follows: (i) erythema/hemorrhage, (ii) 
edema, (iii) excoriation/erosion, and (iv) scaling/dryness, 
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were scored 0 (none), 1 (mild), 2 (moderate), or 3 (severe), 
respectively. The sum of the scores was calculated.

TEWL was measured once weekly using the AS-
VT100RS instrument (VAPO SCAN, Tokyo, Japan). 
Scratching behavior was evaluated using scratching bouts. 
Briefly, each mouse was placed in a clean box without top 
and video-recorded. Scratching bouts were defined as epi-
sodes in which the mouse lifted its hind paw and scratched 
more than 3 times until the paw returned to the floor. If the 
interval time between two scratching bouts was less than 
1 s, it was considered one bout. The total number of bouts of 
scratching the dorsal skin or ear with their paws or limbs in 
25 min was calculated.

Tissue collection

After assessing scratching behavior, mice were anesthetized 
with 5% sevoflurane and euthanized by cervically, death 
was confirmed by the cessation of breathing, disappearance 
of reflexes and dilated pupils. Blood samples, skin tissue, 
and lymph node were collected.

Hematoxylin and eosin (H&E) staining

The harvested skin tissue (1 cm×1 cm) were stored in cold 
4% paraformaldehyde and embedded in paraffin follow-
ing standard procedures. Subsequently, the tissues were 
prepared, and 4-µm-thick tissue sections were mounted on 
silane-coated glass slides. Deparaffinized and rehydrated 
sections were stained with hematoxylin and eosin (H&E) 
and imaged using a light microscope (Olympus BX53, 
Tokyo, Japan). Epidermal thickness was measured using the 
CellSens Standard program (Olympus).

Serum IgE level

The blood samples were centrifuged (14 000 ×g, 4 °C) for 
15 min, and the plasma was collected and stored at − 80 °C 
until use. IgE levels of each group were measured using a 
mouse IgE ELISA kit (ab157718; Abcam, Cambridge, MA, 
USA) following the manufacturer’s protocol.

Flow cytometry

Cell suspensions were isolated from lymph nodes using a 
sterile 70 μm cell strainer (352350, Falcon, NY, USA), and 

Fig. 1 Therapeutic effects of PTQX formula in the AD mouse model. 
A The experimental schedule of HDM-induced AD mouse model. B 
The dermatitis appearance and C score of mice from Control, AD, 
and PTQX group. D The TEWL index and E scratching bouts of mice 
from each group. F Representative H&E-stained for skin sections, G 
epidermal thickness, and H serum IgE levels of each group. Control: 

blank group. AD: HDM-induced group. PTQX: PTQX formula treated 
group. The data are presented as means ± SD (n = 4/group). *P<0.05, 
**P<0.01, ***P<0.001 versus the Control group. #P<0.05 versus the 
AD group. AD, atopic dermatitis; H&E, hematoxylin and eosin; HDM, 
house dust mite; PTQX, PeiTuQingXin; TEWL, trans-epidermal water 
loss
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DEPs were analyzed using MSstats package in R software. 
Significant differential protein screening was defined as a Q 
value<0.05, with a fold change>1.2 or<0.83 as threshold. 
KEGG pathway and GO term enrichment analyses were 
conducted to determine the characteristic of DEPs.

Reverse transcription-quantitative PCR (RT-qPCR) 
assay

RNA was isolated from skin samples using TRIZOL (15596-
018; Ambion, Naugatuck, CT, USA) agent. The cDNA was 
synthesized using a Reverse Transcription kit (A0010CGQ; 
EZB, Shanghai, China) and RT-qPCR was performed using 
a ViiA7 Real-Time PCR system (Thermo Fisher Scientific, 
Massachusetts, USA) with a SYBR Green Mix (A0012-R2, 
EZB). Primers used for RT-qPCR were synthesized by 
Invitrogen. Primers sequence are listed in Supplementary 
Material. The relative fold change in mRNA expression was 
calculated using the 2–ΔΔCt method with GAPDH as the 
housekeeping gene.

Western blotting analysis

The skin tissues of mice were lysed using RIPA Lysis Buf-
fer (P0013B, Beyotime, Shanghai, China) mixed with a 
phosphatase and protease inhibitor cocktail (PhosSTOP™, 
4693159001, Roche Diagnostic, Indianapolis, IN, USA). 
Protein concentrations were quantified using a BCA Pro-
tein Assay Kit (23227, Thermo Fisher Scientific) following 
the manufacturer’s instructions. 40 µg protein was added 
to SDS-polyacrylamide gel and separated via electrophore-
sis (BioRad, Hercules, California, USA). The proteins were 
transferred onto a 0.22-µm PVDF membrane (Merck Mil-
lipore, Burlington, MA, USA), blocked with Quickblock 
Buffer (P0252, Beyotime) and incubated with primary anti-
bodies against Claudin-1, TNF receptor-associated factor 2 
(TRAF2), receptor-interacting protein 1 (RIP1) (37-4900, 
PA5-17500, PA5-20811, Thermo Fisher Scientific), NF-κB, 
p-NF-κB, IκB, p-IκB (8242 S, 3033 S, 4812 S, 2859 S, 
Cell Signaling Technology, Danvers, MA, USA), TRADD 
(15468-1-AP, Proteintech, Wuhan, China), GAPDH (T0004, 
Affinity, Jiangsu, China). The membrane was then incu-
bated with HRP-conjugated secondary antibodies (1:5000, 
Cell Signaling Pathway) according to primary antibody spe-
cies. The ChemiDoc ECL system (Bio-Rad) was used for 
protein bands detection, and densitometry was performed 
using ImageJ software (version 1.53, National Institutes of 
Health, Bethesda, MD, USA).

then activated using phorbol-12-myristate-13-acetate and 
Ionomycin (50 ng/ml and 1 µg/ml, respectively) in the pres-
ence of BD GolgiStopTM Protein Transport Inhibitor for 
6 h. The cells were stained using a mouse Th1/Th2/Th17 
Phenotyping kit (560758, BD, NZ, USA) following the 
manufacturer’s protocol. Flow cytometry was performed 
using the NovoCyte Quanteon device (Angilent, Santa 
Clara, CA, USA).

Serum inflammatory cytokine measurement

The inflammatory cytokine level of mice from each group 
were measured from extracted serum using a RayBio® 
mouse inflammation array (AAM-INF-G1, Norcross GA, 
USA). Serum samples were diluted 2-fold and incubated in 
antibody array pools. The array was washed and incubated 
with biotin-conjugated anti-cytokines for 2 h at room tem-
perature (22 ~ 25℃). Next, the Streptavidin-Flour reagent 
was diluted into a working solution, added to the array 
pools, and incubated at room temperature (22 ~ 25℃) for 
2 h in light-resistant container. Fluorescence signal intensity 
was determined using a laser scanner (InnoScan 300 Micro-
array Scanner, Innopsys, Carbonne, France). Fluorescence 
intensity was analyzed using the RayBiotech analysis tool. 
Differentially expressed protein (DEP) analysis and dia-
gram generation were performed using R software (version 
4.3.0). The enrichment analysis of Gene Ontology (GO) cat-
egories was conducted for biological process (BP), cellular 
component (CC), molecular functional (MF) annotations. 
The Kyoto Encyclopedia of Genes and Genomes (KEGG) 
enrichment analysis was conducted to identify the signaling 
pathways associated with DEPs.

Data independent acquisition (DIA) proteomics 
analysis

A Prominence LC-20 A (SHIMADZU, Kyoto, Japan), 
NanoElute® 2 and timsTOF Pro2 (Bruker, Billerica, MA, 
USA) were employed to perform the DIA proteomics mass 
spectrometry. The detailed process was described in the 
Supplementary Material. Briefly, proteins were extracted 
from the skin tissue of mice using a lysis buffer, digested 
with trypsin enzyme and desalted before High pH RP sepa-
ration, and analyzed using liquid chromatography-tandem 
mass spectrometry in either data-dependent acquisition 
(DDA) or DIA acquisition mode. The retention time of the 
obtained protein data was normalized to the indexed reten-
tion time of the peptide. The false discovery rate was set at 
1% for the acquired protein data identification based on a 
Target-decoy model. All analysis were conducted on BGI-
tech platform. Bioinformatic analysis was performed using 
the UniProt protein and NCBI reference sequence databases. 
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the proportion of Th2 cells increased in the AD group. The 
differentiation of Th2 and Th17 cells was suppressed in the 
PTQX group compared with that in the AD group (Fig. 2A 
B),. Additionally, we quantified gene expression levels of 
TARC, CCL22 and CCR4, and found that transcription lev-
els of these Th2 cell-associated chemokines were signifi-
cantly reduced in the PTQX when comparing with the AD 
group (Fig. 2D), accompanied by the downregulation of 
GATA3 expression (Fig. 2D E). These results demonstrated 
the inhibitory effect of PTQX formula on the differentiation 
and migration of Th2 cells.

PTQX formula recovered the function of skin barrier 
function in AD mice

Skin barrier dysfunction is a pivotal factor that triggering 
AD aggravation. The significantly increased epidermal 
thickness in the AD group was consistent with the elevated 
TEWL index (Fig. 1H), whereas Claudin-1 expression was 
significantly reduced (Fig. 2D, E), indicating skin barrier 
dysfunction in AD mice. Treatment with PTQX formula 
recovered the epidermal thickness and Claudin-1 expres-
sion, verifying the function of PTQX formula in repairing 
skin barrier.

PTQX formula regulated the gene expression of 
inflammatory cytokines in AD mice

A series of inflammatory cytokines promote systemic 
inflammation and AD pathogenesis. Accordingly, we mea-
sured secretion levels of serum inflammatory cytokines in 
each group using a Luminex assay. The AD group exhibited 
significantly higher inflammatory cytokine expression than 
the Control, among which the secretion level of interleukin 
(IL)-1β, eotaxin and fractalkine were significantly elevated. 
Meanwhile, levels of IL-1β, granulocyte-colony stimulating 
factor, TCA-3, IL-12 p40/70, fractalkine, TECK and lym-
photactin were significantly reduced in the PTQX group 
(Fig. 3A). According to the KEGG enrichment analysis 
results, DEPs between PTQX and AD groups were mainly 
enriched in NF-κB and Toll-like receptor signaling path-
ways (Fig. 3B), confirming the findings of our previously 
reported network pharmacology study that PTQX formula 
may exert anti-inflammatory effects by regulating the func-
tion of NF-κB signaling pathway.

Proteomic analysis of skin tissue in AD mice

DEPs in skin tissues of PTQX group and AD groups were 
analyzed using label-free, quantitative proteomics in a 
DIA mode. A total of 7182 proteins were identified, among 
which 743 DEPs differed significantly between the AD 

Statistical analysis

All statistical analyses were conducted using GraphPad 
Prism software (Version 9, San Diego, CA, USA). Data are 
expressed as the means ± standard deviation (SD) or median 
with interquartile range (IQR). The Shapiro-Wilk normality 
test was used to determine the normality of data distribu-
tion of data. The significance of normally distributed data 
was determined by one-way analysis of variance (ANOVA), 
the data did not following a normal distribution were ana-
lyzed using Kruskal-Wallis test. P<0.05 was considered 
significant.

Results

PTQX formula alleviated HDM-induced AD-like 
symptoms

Upon examining the development of dermatitis in each 
group, we found the dorsal skin exhibited severe erythema, 
edema and dryness (Fig. 1B), while dermatitis score sig-
nificantly increased in the AD group (Fig. 1C), along with 
increased TEWL index (Fig. 1D) and scratching behavior 
(Fig. 1E). Additionally, H&E-stained sections of the AD 
group exhibited inflammatory cell infiltration and epider-
mal thickening (Fig. 1F G). Mice in the PTQX group had 
a milder dermatitis appearance, less inflammatory cells 
infiltration, and less epidermal thickness than mice in the 
AD group, as evidenced in H&E-stained sections. In addi-
tion, TEWL and scratching behavior were also significantly 
decreased in the PTQX group. These results demonstrated 
the effect of PTQX formula in alleviating dermatitis.

PTQX formula reduced serum IgE levels in AD mice

High IgE levels are characteristic of atopic diseases and AD 
[13]. Herein, we observed that serum IgE levels were signif-
icantly elevated in AD mice comparing to the Control mice, 
whereas PTQX formula intervention significantly reduced 
IgE secretion (Fig. 1H).

PTQX formula regulated Th2 cell differentiation and 
Th2 cell-associated chemokine expression in AD 
mice

Activation of type 2 inflammation is a key mechanism in 
AD. To evaluate the effect of PTQX formula on regulat-
ing type 2 inflammation, we determined the proportion of 
Th1, Th2, Th17 in the lymph nodes of mice. No significant 
differences were observed in the proportions of Th1 and 
Th17 cells between the AD and Control groups, whereas 
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subtype, Guanine nucleotide-binding proteins subunit α i3 
(Gnαi3), and integrinα (ITGα) subtype, thereby indicating 
the potential role of PTQX formula in regulating skin bar-
rier function, protein synthesis and immune response.

PTQX formula regulated the expression of TRADD/
TRAF2/RIP1 and the NF-κB signaling pathway in AD 
mice

Western blotting was performed to further verify the func-
tion of PTQX formula in regulating TRADD and NF-κB sig-
naling pathway. Because TRADD plays an important part in 
the TNF signaling pathway and exerts biological functions 
when complexed with TRAF2 and RIP1, we detected the 
expression of TRAF2 and RIP1 simultaneously. Treatment 
with PTQX formula significantly reduced the expression 
of TRADD, TRAF2 and RIP1 (Fig. 6A, B). Furthermore, 
treatment with PTQX formula suppressed the significantly 
reduction phosphorylation levels of IκB and NF-κB indi-
cating NF-κB signaling pathway activation was inhibited 
in PTQX group (Fig. 6C, D). These results confirmed the 

and Control groups (566 upregulated and 177 downregu-
lated) (Fig. 4C). Compared with the AD group, the PTQX 
group had 51 upregulated and 100 downregulated proteins 
(Fig. 4D). A Venn diagram was plotted to display DEPs 
between each group, and 49 DEPs were found overlapped in 
AD versus Control and PTQX versus AD groups (Fig. 4B). 
In the clustering analysis of DEPs, the heatmap displayed 
significant difference in the comparison between each 
group (Fig. 4E). GO term enrichment analysis and anno-
tation was conducted and shown in Fig. 5A. According to 
the KEGG pathway enrichment analysis in the overlapped 
DEPs (Fig. 5B), D-Amino acid metabolism, Biotin metabo-
lism and Nitrogen metabolism signaling pathways were the 
top-ranking clusters. However, KEGG pathway interaction 
analysis (Fig. 5C) revealed that more DEPs were enriched 
in the ECM-receptor interaction and Adipocytokine signal-
ing pathway according to the KEGG pathway interaction 
analysis. These clusters contained DEPs including TNFR1 
Associated Death Domain (TRADD) and NF-κB inhibitor 
beta (IκB), which participate in regulating the NF-κB signal-
ing pathway. Other overlapping DEPs include the Keratin 

Fig. 2 The effect of PTQX formula in regulating type 2 inflammation, 
Th2 cell associated chemokines and Claudin-1 expression. A Repre-
sentative flow cytometry images and B proportions of Th1, Th2 and 
Th17 cells in the lymph nodes of NC/Nga mice from Control, AD and 
PTQX group. C The mRNA expression of TARC, CCL22 and CCR4 

in the skin tissue. D Representative western blotting images and E 
analysis for GATA3 and Claudin-1 expression. *P < 0.05, **P < 0.01, 
***P < 0.001 versus the Control group. #P < 0.05, ###P < 0.001 versus 
the AD group. AD, atopic dermatitis; PTQX, PeiTuQingXin
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NF-κB signaling pathway [15]. In a randomized controlled 
study, medicine-treated group exhibited significant decrease 
in the mean SCORAD comparing with the control [10], and 
the application of TCM was proved to decrease corticoste-
roids exposure, manifested by shorter usage duration and 
frequency of visit [16]. Besides, several innovative admin-
istration carriers are developed to acquire better effect of 
TCM agents in AD [17, 18], displaying tremendous vitality 
of the traditional therapeutic method.

In the current study, we confirmed the effect of PTQX for-
mula in an HDM-induced AD mouse model, as evidenced 
by improvements in clinical performance, serum inflamma-
tory cytokines, skin barrier function and type 2 inflamma-
tion in mice treated with PTQX formula. The statistically 
significant reduction in serum inflammatory cytokine lev-
els in the PTQX group indicated the anti-inflammatory 
effect of PTQX formula. Simultaneously, KEGG pathway 
enrichment analysis revealed the involvement of the TLR 
and NF-κB signaling pathways in mediating the effects of 

effect of PTQX formula in downregulating TRADD expres-
sion and NF-κB signaling pathway activation recognized as 
the downstream signaling pathway of the TRADD complex.

Discussion

AD is characterized by severe itchiness and a chronic phase, 
leading to a tremendous disease burden on patients and their 
families. With the annual increase in the incidence of AD, 
research on AD treatment has become an urgent issue. TCM 
has been applied in AD treatment for thousands of years and 
is associated with fewer side effects. AD is characterized by 
complex trigger factors and pathogenesis, while TCM for-
mulas are regarded to exert effects through multiple mecha-
nisms, which may be an advantage in AD therapy. Several 
studies have elucidated the efficiency and mechanisms of 
TCM formulas in treating AD, such as regulating the rela-
tive abundance of the skin-dominant microflora [14], or 
exerting a negative regulatory effect on the TLR4/MyD88/

Fig. 3 Expression levels of inflammatory cytokines expression level 
detected using RayBio® mouse inflammation array. A The cluster-
ing heatmap of the DEPs and B KEGG pathway enrichment analysis 
result of AD versus Control group and C D PTQX versus AD group, 

respectively. AD, atopic dermatitis; DEPs, differentially expressed 
proteins; KEGG, Kyoto Encyclopedia of Genes and Genomes; PTQX, 
PeiTuQingXin
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mediate type 2 inflammation, except for directly inhibit Th2 
cell differentiation.

DIA proteomic analysis is widely used to identify targets 
and mechanisms of therapeutic agents. We identified ECM-
receptor interaction and Adipocytokine signaling pathway 
were the potential target signaling pathways of PTQX for-
mula, and found that the expression of TRADD and IκB, 
enriched in the above signaling pathways, was significantly 
inhibited in the PTQX group when compared with that in 
the AD group. TRADD is a potential adaptor molecule for 
TNF signaling, which participates in mediating inflamma-
tion, immune response through NF-κB, mitogen-activated 
protein (MAP) kinase or other pathways. After activated 

PTQX formula, thereby supporting the previously reported 
conclusion of our pharmacology research.

In addition to inflammatory cytokines, intervention with 
PTQX formula significantly suppressed transcription levels 
of several Th2 cell associated chemokines, including TARC 
and CCL22. The upregulation of TARC and CCL22 mediate 
Th2 cell migration from lymph nodes towards skin tissue 
[19], also serve as predictive factors for AD development 
[20] and disease severity [21]. Meanwhile, as the specific 
receptor of TARC and CCL22, CCR4 participates in the 
process of Th2 immune response [22] and promote Th2 
migration in other atopic diseases. Our findings indicate 
another possible mechanism through which PTQX formula 

Fig. 4 The DIA proteomic 
analysis of skin tissue in the NC/
Nga mice from each group. A 
The principal component analysis 
(PCA) result of the identified pro-
teins. B The overlap of the DEPs 
between different group compari-
sons is represented using a Venn 
diagram. C The volcano diagram 
for AD versus Control and D 
PTQX versus AD group, and E 
clustering heatmap of the DEPs. 
AD, atopic dermatitis; DEPs, 
differentially expressed proteins; 
DIA, data-independent acquisi-
tion; PTQX, PeiTuQingXin
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Fig. 5 Identification of the potential 
targets and mechanism of PeiTuQingXin 
(PTQX) formula in treating AD. A The 
gene Ontology (GO) term enrichment 
analysis and B the Kyoto Encyclopedia 
of Genes and Genomes (KEGG) path-
way enrichment analysis result between 
AD versus Control group, PTQX and AD 
group, respectively. C The interaction of 
the proteins and top10 enriched pathway 
in the comparison between PTQX versus 
AD group
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RIP1 in PTQX group, as well as the phosphorylation levels 
of IκB and NF-κB.

NF-κB signaling pathway is a well-known pathway 
mediating the proliferation, differentiation and survival of 
immune cells, and plays a role in regulating type 2 inflam-
mation. During CD4 + T cell differentiation, NF-κB upreg-
ulates the expression of IL-4 by binding to its promoter 
cooperating with nuclear factor of activated T cells (NFAT) 
[26]. Knockdown of NF-κB subunit p50 reportedly dysreg-
ulates GATA3 expression in CD4 + T cells [27], indicating 
the crucial role of NF-κB in mediating Th2 differentiation. 
Therefore, we proposed the downregulated effect of PTQX 
formula on Th2 cells may occur via NF-κB signaling path-
way (Fig. 7).

However, TCM formulas induce diverse effects in vivo 
to obtain disease alleviation, and the precise effect of PTQX 
formula in immune cells remains to be elucidated. The 
results of our previous experiments in DNCB-induced AD 

and recruited by TNFR1, TRADD interact with TRAF2 
and RIP1 to form complex and further promote the NF-κB 
activation initiated by RIP1 ubiquitination [23]. Thus, we 
proposed the TRADD/TRAF2/RIP1 complex as a target 
of PTQX formula. To the best of our knowledge, a link 
between TRADD/TRAF2/RIP1 complex and AD pathogen-
esis has not been reported. However, TRAF2 and RIP1 were 
shown to participated in regulating Th2 cell differentiation 
from CD4 + T cells. Specific knocking down of TRAF2 
in CD4 + T cells resulted in the defect of cell proliferation 
and function mediated by T cell receptor (TCR) signaling 
[24], and downregulation of both TRAF2 and RIP1 com-
pletely inhibit the activation of NF-κB signaling pathway 
[25]. Considering the vital role of TRADD/TRAF2/RIP1 
complex in mediating NF-κB signaling pathway, and the 
downregulated IκB level in PTQX group revealed by DIA 
analysis, we conducted western blotting analysis and found 
significantly reduced expression levels of TRADD, TRAF2, 

Fig. 6 Effects of PeiTuQingXin (PTQX) formula in regulating the 
expression of TRADD/TRAF2/RIP1 complex, and activity of NF-κB 
signaling pathway. A Western Blotting images and B protein expres-
sion level of TRADD, TRAF2, and RIP1 in the skin tissues of mice 

from each group. C Representative western blotting images and D 
phosphorylation levels of IκB and NF-κB in the skin of mice from 
each group. **P<0.01, ***P<0.001 versus the Control group. #P<0.05, 
###P<0.001 versus the AD group. AD, atopic dermatitis
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another potential mechanism of PTQX formula though 
related experiments are necessary.

The effeicacy of PTQX formula in alleviating AD has 
been validated through long-term clinical application. In 
the following research, we intend to further identify the 
potential effective component in the serum of mice fed with 
PTQX formula, since the components in formula undergo 
complicate metabolic process in vivo. Verifying the target 
of PTQX formula and the identified component in regulat-
ing TRADD complex expression, as well as the effects upon 
blocking the activity of NF-κB signaling both in mouse 
models and Th2 cells, could provide better insight into the 
effect of PTQX formula.

Supplementary Information The online version contains 
supplementary material available at  h t t p  s : /  / d o i  . o  r g /  1 0 . 1  0 0 7  / s 0  0 4 0 3 - 0 
2 5 - 0 3 9 9 8 - 2.

model indicates the effect of PTQX formula that regulating 
immune response in different AD model, and whether the 
NF-κB signaling pathway play a key role in this process 
needed further investigations. Our previous mass spectrom-
etry analysis has identified the active material of PTQX 
formula, such as Forsythoside, Isoliquiritin, Liquirtigenin, 
Glycyrrhizin, et al. [12]. Considerable parts of these com-
ponents exert regulating effect on inflammation and NF-κB 
signaling [28–30], as well as AD. In addition to NF-κB 
signaling, serveral pathways were reported being regulated 
by the monomer derived from PTQX formula, including 
JAK/STAT3 [31] and JNK/p38 MAPK [32] signaling path-
way both involving in cell proliferation, cell apoptosis and 
immue response. Intringuingly, recent research reported the 
inhibition of TRADD expression induce downregulation of 
MAPK activity and cell apoptosis. This result may suggest 

Fig. 7 The proposed mechanism of PeiTuQingXin (PTQX) formula in regulating Th2 cells
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