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Abstract

Objective
Acupoint autohemotherapy (A-AHT) is considered an effective therapy for atopic dermatitis (AD) with few
side-effects. Previous experiments showed the treatment had the potential to regulate T helper (Th) 1 and
Th2 cytokines, like interferon (IFN)- gamma and interleukin (IL)- 4. This study focuses on the effects of A-
AHT on the AD-like skin lesions through regulating Th1/Th2 immune responses.

Methods
The treatments of A-AHT, sham acupoint autohemotherapy and acupoint injection of normal saline were
administered in the AD mice once every other day for 4 weeks. The total immunoglobulin (Ig) E, IL-4 and
IFN-γ cytokine levels in the serum were examined after animal sacri�ce. Th1/Th2 expression was
analyzed in murine spleen cells via �ow cytometry and immunohistochemical analysis of GATA-3 and T-
bet in skin lesions were further assessed.

Results
Either type of repeated autologous whole blood (AWB) injection (into acupoint or sham acupoint) reduced
the severity of AD-like symptoms and level of serum IgE. All of the three treatments had the similar
inhibitory effect on levels of IL-4 and upregulation on the ratio of IFN-γ/IL-4, while differed on Th1/Th2
ratio as A-AHT regulates the body’s Th1/Th2 shift. This treatment also increased the related transcription
factors T-bet expression, and upregulated T-bet/GATA3 ratio compared with the DNCB group. These
differences were signi�cant only in A-AHT group.

Conclusion
A-AHT effectively reduces AD symptoms and serum IgE levels in a mouse model and may act by
regulating Th1/Th2 immune responses.

Introduction
Atopic dermatitis (AD) is a chronic and relapsing form of atopic skin in�ammation, characterized by
erythema, dryness and recurrent pruritus, which is driven by a combination of penetrating allergens
(impaired skin barrier), abnormal T cell sub populations [1], higher levels of total serum IgE and
in�ammatory cells such as mast cells all working together to induce an allergic response [2]. The
overactive immune system, especially the abnormal activation of T helper (Th)2 cells, is related to the
progression of the disease, which contributes to a predominant Th2 response in the acute lesions of AD,
and an imbalance between Th1 and Th2 responses [3-4]. The increased expression of classic Th2
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cytokines, such as IL-4, IL-5 and IL-31, mediate the secretion of immunoglobulin E (IgE). Furthermore, high
IgE activates mast cells by combining with the IgE receptor FcεRI, which sits on the surface of mast cells.
Activated mast cells release histamine and other biologically active products, triggering allergic
in�ammation symptoms [5]. Studies have shown that the immune response can be signi�cantly
suppressed by regulating the balance between Th1 and Th2 by shifting it to Th1 dominance, which
indicates that this is an effective strategy for the treatment of AD [6-7].

Autohemotherapy (or autologous blood injection), is a treatment using repeated intramuscular injections
of autologous whole blood (AWB) to cure certain diseases. It has been used in European countries since
the end of 20th century [8]. Recent clinical studies shown that autohemotherapy might be an effective
and potentially disease-modifying or curable treatment in patients with AE [9]. In China, autohemotherapy
has attracted the interest from many traditional Chinese medicine (TCM) physicians and researchers.
Based on the TCM theory, a new treatment was created by combining the autohemotherapy with the
acupuncture therapy, and named as acupoints autohemotherapy (A-AHT) or as AWB acupoints injection
[10]. A-AHT is considered an effective therapy with few side effects, however, the mechanism is still
unclear. In this study, we discussed the effects of A-AHT on AD mice and orientated the molecular
mechanism towards whether it can rebalance Th1/Th2 by regulating the Th2-related GATA-3 and Th1-
related T-bet.

Materials And Methods
Animals

All animal experiments were performed according to the Health Guide for the Care and Use of Laboratory
Animals [11] and were approved by the medical ethics committee of Southern Medical University. A total
of 30 female BALB/c mice, aged 6 weeks, were purchased from Experimental animal center of Southern
Medical University (Guangzhou, China, No. SCXK 2016-0041) and housed indoors under SPF conditions.
After one week of acclimatization, the mice were randomly divided into �ve groups (n = 6 per group) as
follows: (1) a normal control group (NC), (2) a DNCB (1-chloro-2,4-dinitrobenzene, Sigma, St. Louis, MO,
USA)-sensitized and challenged group (DNCB), (3) a DNCB-sensitized and challenged group with
acupoint autohemotherapy treatment (A-AHT), (4) a DNCB-sensitized and challenged group with sham
acupoint autohemotherapy treatment (S-AHT), (5) a DNCB-sensitized and challenged group with acupoint
injection of normal saline (A-NS). 

AD induction in BALB/c mice 

Establishment of the AD model and timing of the treatments are described in Figure 1A. For the �rst
induction of AD in the BALB/c mice, the backs of the mice were shaved and challenged with 200 μL of
0.5% DNCB in acetone/olive oil (3:1) for 4 days (day 1 - day 4). After 7 days from the �rst induction, 0.5%
DNCB was painted onto the backs of the mice every other day for 28 days (day 8 – day 35) [12]. 

Treatment



Page 4/18

The mice received treatment once every other day since the 8th day of the experiment. The animals were
treated after sodium pentobarbital (1%, 50mg/kg, I.P) anesthesia and shown no evident signs of distress.
Except for the NC group, total 0.2 ml of blood was withdrawn from the facial vein using a 1 ml syringe
assorted with 5# needle in each treatment. For the A-AHT group, 0.05 ml of AWB in each acupoint was
injected into bilateral Zusanli (ST36) and Quchi (IL11) [13, 14]. The whole procedure was within one
minute. For the S-AHT group, 0.05 ml of AWB was injected into each sham-acupoint (5 mm lateral to
ST36 and IL11). For the A-NS group, 0.05ml of 0.9% normal saline was injected into bilateral ST36 and
IL11. The Zusanli (ST36) is located near the knee joint of the hind limb, 1.5mm away from the distal
anterior tibial tubercle. The sham point localized 5 mm above the Zusanli (ST36) [15]. The Quchi (LI11)
located at the lateral end of the cubital crease. The sham point of Quchi (LI11) was located at the
midpoint of the acromial part of the deltoid muscle [16]. The location of all acupoints is shown in Figure
1B. During treatment, the mice of NC group and DNCB group were hold in the hand for about one minute
to exclude the stress response. On day 35, all animals were sacri�ced.

Evaluation of dermatitis severity

Dermatitis severity was determined using the SCORAD scoring standard proposed by the European AD
research group (ETFAD) [17]. The symptom scores were measured every morning after the DNCB
challenge from day 7 to 35, within 30 min of administration of DNCB. Development of erythema, papule
/oedema, oozing/crust, exfoliation, dryness and licheni�cation were scored as follows: 0 (none), 1 (mild,
<20%), 2 (moderate, 20–60%), and 3 (severe, >60%). A total score was de�ned as the sum of obtained
scores (SCORAD index, scale 0-18).

Histological analysis

The dorsal skin tissue of the mice was �xed in 4% neutral buffered formalin (NBF) for 24 h. The tissue
was then embedded in para�n, sliced into 4-μm-thick sections, and stained with hematoxylin and eosin
(H & E). The sections were reviewed by two trained pathologist to assess the tissues. The number of mast
cells was counted following toluidine blue (TB) staining. All sections were examined by light microscopy
(Nikon, Eclipse Ci-L, Japan), using 5 �elds at 100- fold magni�cation. 

Immunohistochemistry

Prepared sections of dorsal skin were immersed in 0.01 M, pH 6.0 citrate buffer (30 min) in a water bath
maintained at 100˚C for antigen retrieval. The tissue sections are placed in 3% hydrogen peroxide (25 min
at room temperature in darkness). After washing 3 times in PBS, 3% BSA was added (30 min at room
temperature) to block non-speci�c binding sites. The T-bet/GATA3 antibody (Proteintech, catalog no.
13700-1-AP/66400-1-lg, U. S. A) prepared with PBS (PH7.4) in 1:200 was added to the sections, at 4˚C
overnight in a wet box followed by staining with a DAB chromogenic agent kit (Servicebio, catalog no.
G1211, China), then stained with freshly prepared diaminobenzidine solution and counterstained with
hematoxylin. Sections were dehydrated with a graded series of alcohol, vitri�ed by dimethylbenzene and
covered with neutral gum. Finally, a microscope (Nikon, E100, Japan, 200 magni�cation) was used to
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analyze the relevant parts of the sample. Immunohistochemistry (IHC) staining of T-bet and GATA-3 were
also assessed by semi-quantitative analysis using ImageJ software. The results were shown by average
optical density (AOD). 

Flow cytometry

The spleens tissues of mice were minced and �ltered with a 70 µm sieve to obtain a single cell
suspension. The red Blood Cell Lysis Buffer (Pythonbio, catalog no. AAPR27, China) was added to the
single cell suspension for 10 min at 4˚C. After centrifugation and resuspension, adjust the cell
concentration to 1×10^6/mL. Then, the mouse Th1/Th2 staining kit (MultiSciences, catalog no. KTH201,
China) was used for staining, following the manufacturer's protocol. Th1 cells were assessed using anti-
CD3ε FITC, anti-CD4 PerCP-Cy5.5 and anti-IFN-γ PE. Th2 cells were assessed using anti-CD3ε FITC, anti-
CD4 PerCP-Cy5.5 and anti-IL-4 APC. Samples were analyzed using a �ow cytometer (BD Biosciences, BD
FACSCalibur, USA) and CellQuest Pro 5.1 software (BD Biosciences, USA). The spleen index was
calculated as: Spleen index = (spleen weight/body weight) × 100%.

Enzyme linked immunosorbent assay (ELISA)

Serum samples were obtained from the blood of inferior vena cava by centrifugation (3000rpm, 10 min)
and stored at -80 °C. Levels of total serum IgE, IFN-γ and IL-4 were measured using a mouse enzyme
linked immunosorbent assay (ELISA) kit (MultiSciences, catalog no. EK275, EK271, EK282/4, EK280/3,
EK204/2, China), following the manufacturer's protocol.

Statistics analysis

Results of data are expressed as means ± standard errors of the means (SEMs). One-way analysis of
variance (ANOVA) was used for multiple comparisons, followed by least-signi�cant difference post hoc
test (SPSS, Version 24.0). Results represented as signi�cance based on a value of P < 0.05.

Results
Acupoint autohemotherapy attenuates DNCB-Induced AD-Like symptoms

To investigate the effects of A-AHT on the DNCB-induced AD-like symptoms in the Balb/c mice, we
assessed the dermatitis severity of their dorsal skin. Representative images of the dorsal skin from each
group are shown in Figure 2A. In addition, erythema, papule/oedema, oozing/crust, excoriation, dryness
and licheni�cation of the skin area in the experimental mice were recorded on days 7, 14, 21, 28 and 35.
The dermatitis scores of each group were calculated and are plotted in Figure 2B. The results indicate
that DNCB can remarkably induce skin dysfunction over time, whereas A-AHT and S-AHT  can
signi�cantly alleviate these symptoms.

Acupoint autohemotherapy inhibits epidermal hyperplasia and in�ltration of mast cells in AD lesion
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To further investigate the therapeutic effects of A-AHT on AD-like dorsal lesions, we examined the H&E
and TB staining sections under higher magni�cation to evaluate epidermal hyperplasia, dermal thickness
and in�ltration of mast cells in the dorsal skin tissue (Figure 3A, B). After 28 days of treatment, the A-AHT
group and S-AHT group had signi�cantly less epidermal thickening than the DNCB group did (Figure 3C).
The dermal thickness and number of in�ltrated mast cells (Figure. 3D, E) were signi�cantly decreased in
A-AHT group and A-NS group, compared to the DNCB group. These results indicate that A-AHT have
signi�cant attenuating effects on AD.

Acupoint autohemotherapy shift the ratio of Th1/Th2 in murine spleen

In order to assess the effect of A-AHT on Th1/Th2 ratio of lymphocytes (LCs) in spleen. We detected cell
numbers expressing of Th1/Th2 by Flow Cytometry. Results as shown in Figure 4 indicated that the ratio
of Th1/Th2 was decreased in DNCB group and increased in A-AHT group. Furthermore, the spleen index
was increased in DNCB group and decreased in A-AHT group, S-AHT group and A-NS group.

A-AHT down-regulated IgE level in serum and the levels of in�ammatory cytokines in model mice

To evaluate the effects of A-AHT on immune responses in the AD mouse model, we measured the serum
levels of IgE, IL-4 and IFN-γ. We found that IgE level in serum was increased in DNCB group. The increase
was suppressed signi�cantly in groups treated with A-AHT and S-AHT. The same as above, the levels of
IL-4 and IFN-γ was increased in DNCB group and decreased in groups treated with A-AHT and S-AHT.
However, it showed a similar e�cacy between the two treatment groups (Figure 5 A–C). 

Acupoint autohemotherapy regulates the expression of T-bet and GATA3 in DNCB-Induced Balb/c mice

The transcription factors T-bet and GATA3 are crucial regulators of the differentiation of precursor cells
into Th1 cells, which produce IFN-γ, and Th2 cells, which produce IL-4. Therefore, we examined the effects
of A-AHT treatment on T-bet and GATA3 expression in the skin tissue of mice with AD. As shown in Figure
6A, mice in NS group basically expressed T-bet and GATA-3 in cytoplasm of skin tissue. Compared with
NS group, the skin tissue of mice in the DNCB group showed decreased expression of T-bet (Figure 6B)
and increased expression of GATA3 (Figure 6C). A-AHT increased T-bet expression and decreased GATA3
expression compared with the DNCB group (Figure 6B, C). The ratio of T-bet/GATA3 was increased in the
A-AHT group. These differences were signi�cant in all expressions except the expression of GATA3
(Figure 6C).

Discussion
Atopic dermatitis (AD), also known as Atopic eczema, is a common chronic and relapsing in�ammatory
skin disease induced by hapten and mediated by T cells [18]. Clinically the main characteristics of AD are
erythema, edema, papule, blister, bleb, bullous reaction and even necrosis. Autohemotherapy (or
autologous blood injection), is a treatment using repeated intramuscular injections of AWB to cure certain
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diseases. It has been used in European countries since the end of 20th century [8]. A clinical study has
shown that autohemotherapy might be an effective and potentially disease-modifying or curable
treatment in patients with AD [9]. In China, autohemotherapy has attracted the interest from many TCM
physicians and researchers. Based on the traditional Chinese medicine theory, a new treatment was
created by combining the autohemotherapy with the acupuncture therapy, and named as AWB acupoints
injection or A-AHT [10]. Acupoints autohemotherapy is considered a more effective therapy with no or few
side effects. However, the mechanism is still unclear.

Most of the mechanistic studies on AD point to the imbalance of Th1 and Th2 responses in favor of Th2
responses [19-21]. Other reports indicate that the acute and chronic phases of AD are predominantly a
Th2 response and Th1 response, respectively [2, 22]. IgE is a key downstream biomarker of TH2 cell
activation. IgE binds to the high-a�nity IgE receptor (FcεRI) found on basophils and mast cells, and the
crosslinking of IgE on these cells leads to cellular activation and the degranulation of several
in�ammatory mediators, such as histamine, thus amplifying the type 2 response. [23]. Mast cell, as one
of granular leukocytes, can release many cytokines to mediate in�ammatory reaction and immune
regulation [24, 25]. The in�ltration of mast cell which was activated by IgE is one of the key features of
AD-like skin. Cytokines released from activated mast cells attract eosinophils into the skin which give rise
to skin tissue damage [26]. In this study, an AD-like skin lesions mouse model was established by topical
application of DNCB. DNCB-induced AD model in BALB/c mice has been proposed as an appropriate
representative of human AD because of similar symptoms including skin erosion, hemorrhage, epidermal
hyperplasia, mast cell in�ltration and increased IgE level in serum etc. We found that A-AHT reduced the
level of serum IgE. At the same time, it effectively alleviated the eczematous symptoms of AD mice,
which lays the groundwork for clinical application. Histopathological analysis also revealed in�ltration of
in�ammatory cells, and marked thickening of the epidermis and dermis. Either type of repeated AWB
injection (into acupoint or sham acupoint) reduced the severity of these symptoms, suggesting the
bene�cial effect of AWB injection against AD. According to TB staining slides, the mast cells in�ltration in
skin tissue of AD model mice were increased by application of DNCB and were decreased remarkably in
three treatment groups. The results indicated that all of these treatments have bene�cial effects on
suppression of mast cell accumulation in DNCB induced AD mice.

Then we focus on the effect of A-AHT about Th1/Th2. First of all, the spleen index of DNCB-induced AD
model mice was increased signi�cantly which were markedly reduced after all of the treatments for 35
days. We further assessed the expressions of Th1/Th2 in spleen by �ow cytometry because the complex
systemic immune reaction of AD was mainly taken place in spleen. The proportion of Th2 cell changes
showed that A-AHT regulated Th1/Th2 shift. T cells are the main source of IL-4 and IFN-γ which are the
representative cytokines about Th1 cells and Th2 cells respectively. Then we detected the levels of IL-4
and IFN-γ to roughly speculate Th1 and Th2 differentiation. The results showed that the level of IL-4 and
IFN-γ increased in the AD model. All of the three treatments had the similar inhibitory effect on levels of
IL-4 and upregulation on the ratio of IL-4/IFN-γ, while differed on Th1/Th2 ratio as A-AHT regulates the
body’s Th1/Th2 shift. We then identi�ed this function by detecting the related transcription factors of Th1
cells and Th2 cells [27, 28]. Consistent with its effects on serum IL-4 and IFN-γ levels, A-AHT treatment
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increased T-bet expression, and upregulated T-bet/GATA3 ratio compared with the DNCB group. These
differences were signi�cant only in A-AHT group. These �ndings clearly demonstrate that A-AHT
treatment inversely affects T-bet and GATA3 expression and IL-4 and IFN-γ production, suggesting that
the therapeutic e�cacy of A-AHT in AD is mediated through modulation of Th1/Th2 responses.

We believe that blood components and acupoint areas are primarily related to anti-in�ammation and
immune regulatory mechanisms. It is hypothesized that in�ammation reaction at the acupoints location
triggers local immune response, and after the repeated treatment, the antigenic determinants might be
exposed and recognized by body. Thus, the patient's autologous blood is considered as a personalized
combination vaccination that stimulates the organism's immune response to the components involved in
AE by increasing neutralizing modulators, inducing immune tolerance and re-establishing a new
homeostasis [29, 30]. The role of acupoints is demonstrated by the fact that in rats and dogs, acupoint
vaccination induced a higher antibody response than in other anatomical sites [31]. Recent studies
further provide a neuroanatomical basis for the selectivity and speci�city of acupoints in driving the
vagal–adrenal anti-in�ammatory axis [32]. In this study, we also provide the experimental evidence for
the presence of acupoint selectivity (for example, ST36 and IL11 versus non-effective traditional non-
acupoint in 5 mm above ST36 and at the midpoint of the acromial part of the deltoid muscle) and the
injectant selectivity (for example, autologous whole blood versus normal saline) in regulating Th1/Th2
immune responses.

Conclusion
In conclusion, the present study demonstrates that A-AHT attenuates the development of DNCB-induced
AD-like skin lesions in BALB/c mouse by inhibiting the level of serum IgE, IL-4 and IFN-γ, regulating
Th1/Th2 shift, and inversely affecting T-bet and GATA3 expression. These results strongly indicate that A-
AHT could be active potential therapeutic candidate for the prevention and treatment of AD via
modulation of both Th1 and Th2 responses.
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Figure 1

(A) The experimental procedure. (B) The location of ST36, IL11 and sham points.
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Figure 2

(A) Clinical features of AD-like skin lesions. (B) SCORAD index was measured once a week. SCORAD
index were summed according to the six signs (erythema, papule/oedema, oozing/crust, exfoliation,
dryness and licheni�cation). Data were expressed as means ± SEM (n = 6 in each group). Data were
analyzed using one-way ANOVA. In B, *p < 0.05 and **p < 0.01, compared with DNCB group.
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Figure 3

The effects of acupoint autohemotherapy on histopathological features of mice with AD-like skin lesions.
(A) The representative image of hematoxylin and eosin (H&E). The magni�cation is 100×. (B)
Representative images of toluidine blue-stained mast cells in dorsal skin. The magni�cation is 200×. The
typical mast cell in�ltrations are indicated by arrows. (C) Measurement of epidermal thickness, (D)
dermal thickness and (E) number of mast cells in three �elds of each section from all experimental mice.
The Data were expressed as means ± SEM (n = 6 in each group). Data were analyzed using one-way
ANOVA. In C-E, *p < 0.05 and **p < 0.01 vs DNCB group.
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Figure 4

Effects of Acupoint autohemotherapy on Th1/Th2 ratio expression pro�ling and spleen index in DNCB-
induced Balb/c mice. (A) Flow cytometric pro�les of Th1 and Th2 cells in murine spleen. (B) Th1/Th2
ratio. (C) Spleen index. Th1 cells were assessed using anti-CD3ε FITC, anti-CD4 PerCP-Cy5.5 and anti-IFN-
γ PE. Th2 cells were assessed using anti-CD3ε FITC, anti-CD4 PerCP-Cy5.5 and anti-IL-4 APC. Data were
expressed as means ± SEM (n = 6 in each group). Data were analyzed using one-way ANOVA. In B-C, *p <
0.05 and **p < 0.01 vs DNCB group.
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Figure 5

Variations of IgE, IL-4, IFN-γ and IFN-γ/ IL-4 in each group. (A) The level of IgE, (B) IL-4 and (C) IFN-γ in
serum. (D) The ratio of IFN-γ and IL-4. Data were expressed as means ± SEM (n = 6). Data were analyzed
using one-way ANOVA. *p < 0.05 and **p < 0.01 vs DNCB group.
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Figure 6

Effects of acupoint autohemotherapy on T-bet and GATA3 expression in skin tissues of each group. (A)
Representative images of T-bet and GATA-3. Expression of T-bet and GATA-3 in each group (200×). (B)
AOD analysis of T-bet and (C) GATA-3. (D)The ratio of T-bet/GATA-3. Data were expressed as means ±
SEM (n = 6). Data were analyzed using one-way ANOVA. In B-C, *p < 0.05, **p < 0.01 vs DNCB group.


