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Background: Chronic urticaria (CU) is short-lived itching maculopapular skin lesions with or without 
angioedema for more than 6 weeks. Sixty percent of CU patients were classified as chronic idiopathic 
urticaria (CIU) with an underlying autoimmune mechanism. 
Objective: This study aims to evaluate the serum cytokine profiles of CIU and investigate the possible 
mechanism of autologous serum therapy (AST) for autologous serum skin test (ASST) positive CIU 
patients. 
Methods: In total 8 CIU patients, 6 were ASST positive and 4 of the 6 patients received AST for 9 weeks. 
All patients in study group are subjected to detect anti-nuclear antibodies and autoimmune thyroid disease. 
Anti-histamines were allowed to be consumed when needed during weekly serum therapy. Clinical 
symptoms and the serum cytokine levels including IL-4, IL-5, IL-9, IL-13, IL-17, IL-6, TNF-α, IL-
12(p70), IL-17A and INF-γ were monitored and analyzed.
Results: The CIU patients showed significantly increased IL-9 (6.29±4.29 versus 2.28±1.17 pg/ml) 
and IL-6 (6.16±5.58 versus 2.23±0.96 pg/ml) serum level compared to control group. CIU patients with 
positive ASST had higher IFN-γ compared to negative ASST. Furthermore, higher TNF-α and IFN-γ in 
ASST positive patients had better response to AST. In addition, IL-9 was the only cytokine that decreased 
gradually after AST.
Conclusion: Based on our results, the cytokines IL-9, IL-6 and TNF-α are involved in mechanism of CIU 
inflammation. The IFN-α increase potentially leads to CIU patients with ASST positive; whereas higher 
level of TNF-α might be crucial for successful AST. 
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1. Introduction:

Urticaria is a kind of skin lesion caused by histamine 
release from degranulated mast cells which affect 
15-25% of population worldwide.1 Urticaria renders 
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patients stress due to disrupted sleep and recurrent 
itching or even persistent skin lesion.2 When the 
urticaria lasts more than 6 weeks, the condition is 
called chronic urticaria which covers 30% of the 
urticaria cases.3 Although urticaria is a common 
disease with a long history;4 however, the mechanisms 
of urticaria, especially CU, are not well-studied.

There are three main types of CU, including 
chronic idiopathic urticaria (CIU, 60%), physical 
urticaria (35%) and urticaria vasculitis (5%).5 CIU 
has been suggested to be an autoimmune response 
since 50% of the CIU patients produced IgG, IgE 
auto-antibodies, binding to IgE receptors (FcεRI) 
on mast cells and basophils which activated the 
cells to release histamine.6,7 Due to the autoimmune 
characteristics of CIU, autologous serum therapy 
(AST) has been reported to ameliorate the histamine 
inflammatory effect in 21-60% of CIU patients.8 
Although potential treatment for CIU has been 
documented; however, there are also controversial 
reports against the effect of AST.9,10 In this regard, 
the controversial result of AST is due to lack of 
understanding of the mechanism involved.

The basophil histamine release assay is a formal 
in vitro test to detect functioning autoantibodies 
circulating in CIU patients, but it is not practical 
to be performed in various parts of the world. 11,12 
On the contrary, autologous serum test (ASST) is 
more practical to detect relevant autoantibodies 
ASST is a method depicted in 1986 which test 
patients̀  response to inflammatory mediators in 
the autologous serum.13,14 ASST positive patients 
produce the visible hives on skin. Not all CIU 
patients are ASST positive and it has been suspected 
that ASST positive CIU patients had higher chance 
of successful AST. AST is still an effective method 
of treatment for CIU; however, studies on the AST-
associated mechanism are lacking. Therefore, the 
goal of this study is to examine the effect of AST 
in ASST positive patients based on the change 
of cytokine profile before and after AST. We 
investigated the cytokines related to positive ASST 
and the possible predictor for successful AST in 
ASST positive CIU patients. Understanding the 
mechanisms of AST is crucial for improved CIU 
treatment.

2. Materials and Methods

2.1. Study design
This paper follows ethical approval of the Show 

Chwan Memorial Hospital and informed consent 
was obtained from all the subjects included in this 
study. All recruited CIU patients received ASST 
and the patients with positive ASST underwent 
9 consecutive weeks of AST by intramuscular 
injections. The patients with negative ASST 
continued to participate by follow-up visit at the 
hospital without AST. All patients in study group are 
subjected to detect anti-nuclear antibodies (ANA), 
thyroglobulin, microsomal, and thyroid stimulating 
hormone (TSH) receptor antibodies. To secure 
patients̀  health during the trial, anti-histamines were 
allowed to be consumed when needed to counter 
inflammatory response after every weekly serum 
therapy. After the 9 consecutive weeks of AST, 
patients were further followed up for 3 months on 
response to the serum therapy by any need of anti-
histamine drugs; in case of any needed medical 
attention, the patients were attended to immediately 
to ensure safety. The healthy individuals not 
including pregnant women were included in the 
control group. Blood samples were collected from 
study and control group for analysis of serum 
interleukins. The interleukins including IL-4, IL-5, 
IL-9, IL-13, IL-17, IL-6, TNF-α, IL-12(p70), IL-17A 
and INF-γ were measured by enzyme-linked

2.2. Immunosorbent assay.
During the weekly serum therapy, patients were 

evaluated the activity of urticaria by symptom 
score (range from 0-15, evaluating the symptoms 
of pruritus, number of hives, size of largest hive, 
interference with sleep and interference with daily 
activities) which was modified from Urticaria 
Activity Score Over 7 Days. Patients were also 
asked the need for emergency anti-histamine drugs 
during the period of AST.

2.3. Serum collection
To prepare serum from patients for ASST and 

AST, 5 mL venous blood was collected from the 
participants. The blood was centrifuged 3000 rpm, 
5 min, and 2 mL serum collected by a syringe 
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for AST. Immediately after collecting serum, 
serum was injected back into the CIU patients by 
intramuscular injection.

2.4. Autologous serum skin test
The ASST is performed to determine if the 

f laring developed in patients was due to release 
of auto-antibodies which indicates auto-immune 
urticaria. To perform the ASST, 0.05 ml of the 
freshly-isolated serum was injected by intramascular 
method. The 10 mg/mL histamine drug was injected 
on the same arm as a positive control and injection 
with normal saline was a negative control on the 
identical arm. Observation of reddish colored flaring 
response, hive having diameter more than 1.5 mm 

indicated the participant was positive. All serum, 
histamine and normal saline were injected in equal 
volumes. The responses of injected area were 
measured 30 min after the injections (Figure 1B).

2.5. Enzyme-linked immunosorbent assay
Enzyme-linked immunosorbent assay (ELISA) 

was used to analyze the cytokine in blood samples 
of CU and control participants. Blood samples 
were prepared no dilution, and 1:10 dilutions in 
microplate, absorbance measured at 450 nm. The 
samples were prepared in duplicates, cytokine 
concentration calculated based on standard curve.

2.6. Statistical analysis
The mean value of ELISA measurements were 

derived for control and CIU groups. Results are 
represented as mean ± standard error of the mean 
(SEM). Student`s t test, two-sided and Mann-
Whitney U-test were used to compare the mean 
values obtained from two independent conditions; 
*P<0.05 indicates a significant result, **P<0.01 
indicates a very significant result, ***P<0.001 
indicates a highly significant result.

3. Results

3.1. Autologous serum test

Figure 1. Autologous serum skin test (ASST) for autologous
serum therapy in chronic idiopathic urticarial 
patients. A) Picture showing: (1) negative control
injected with normal saline; (2) ASST positive 
injected with serum; (3) positive control injected
with histamine. B) Flowchart depicting the control 
and study groups which excluded the pregnant
individuals.

(A)

(B)

(A)

(B)
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There were 8 CIU patients included in study 
group. Out of 8, 6 patients were ASST positive, 4 
patients participated the AST. In the control group, 
6 healthy adults were recruited (Figure 2B). The 
average age for control and CIU groups had no 
difference. The white blood count, hemoglobin level, 
platelet count and eosinophil percentage between 
the two groups showed no significant difference. In 
CIU group, three patients showed ANA over 1:80 
and one had thyroglobulin antibody (Table 1, Table 2).

3.2. Increased IL-6, IL-9 in CIU patients
Before AST, the cytokines related to TH2 response 

in the CIU patients showed significantly increased 
IL-9 level compared to control (6.29±4.29 versus 
2.28±1.17 pg/ml) (Figure 2B). The pro-inflammatory 
cytokine IL-6 was higher in CIU (6.16±5.58 versus 
2.23±0.96 pg/ml) whereas TNF-α was significantly 

lower in CIU patients (7.79±6.70 versus 26.79±14.83 
pg/ml) (Figure 2C). The TH1 response-related 
cytokines such as IL-12(p70), IL-17A, IFN-γ showed 
no significant difference between CIU patients and 
control groups (Figure 2D).

3.3. High expression of IFN-γ in CIU patients 
with positive ASST

ASST was performed in all CIU patients. Out 
of the 8 CU patients, 6 were positive for ASST. The 
level of IFN-γ was significantly higher in ASST 
positive patients (41.00±24.07 versus 27.69±12.60 
pg/ml) (Figure 3A). Meanwhile, the serum level 
of IL-9, IL-6 or TNF-α showed no significant 
difference between CIU patients with ASST positive 
and CIU patients with ASST negative (Figure 3A).

3.4. Response of ASST positive patients to 
autologous serum therapy

Figure 2. CIU patients had higher IL-6 and IL-9 compared 
to healthy controls. A) Illustration showing the 
number for study and control groups. B) IL-4, IL-5,
IL-9, IL-10 and IL-13; C) IL-1β, IL-6, TNF-α; D) 
IL-12(p70), IL-17A and IFN-γ.

(C)

(D)

Figure 3. Response of ASST positive CIU patients to autologous
serum treatment. A) IL-6, IL-9, INF-γ, and TNF-
αof ASST positive and ASST negative CIU patients.
B) IL-6, IL-9, INF-γ and TNF-α serum level of 
ASST positive CIU patients receiving AST.

(A)

(B)
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Furthermore, 4 out of 6 ASST positive CIU 
patients received AST for 9 consecutive weeks. Two 
of the subjects showed good response to the AST 
(symptom score decreased to below 5 and no need 
of emergency anti-histamine medicine) and 2 had no 
response. In addition, the level of TNF-αand IFN-γ 
were higher in patients with good response to AST 
(Figure 3B).

Serum level of IL-9 decreased gradually during 
AST in good response patient. We further analyzed 
serum cytokine in 2 patients with the good AST 

Figure 4. The serum level of IL-9 for ASST positive patient
during AST. The IL-9 serum level was measured 
for consecutive 9 weeks.

Table 1. Demographic and other characteristics of the patients.

Characteristics Control
N=6

CIU
N=8

P value

Age 37.83±6.96 36.75±14.05 0.85

Male 2 3 NA

Female 4 5 NA

White blood cell 6.45±0.63 9.54±2.548 0.82

Hemoglobulin 13.97±1.70 14.42±1.47 0.79

Platelet 234.50±39.80 271.84±179.83 0.79

Neutrophil 65.08±3.78 54.86±23.76 0.33

Monocyte 6.17±1.13 7.88±2.45 0.33

Eosinophil 1.97±1.516 1.44±0.95 0.79

No. of ANA≧1:80 ND 3 NA

No. of Anti-TPO Ab (+) ND 0 NA

No. of Thyroglobulin Ab (+) ND 1 NA

CIU: Chronic idiopathic urticaria
ND: Not detected
NA: Not applicable
(+): Positive detection

Table 2. Total IgE, ANA and Thyroblobulin of ASST positive and negative patients.

CIU patients ASST positive
N=4

ASST negative
N=2

P value

Total IgE 545.00±212.10 91.45±98.35 0.85

No. of ANA≧1:80 2 1 NA

No. of Thyroglobulin Ab (+) Not detected 1 NA

CIU: Chronic idiopathic urticaria
NA: Not applicable
(+): Positive detection
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response. Our data showed that IL-9 had decreasing 
trend after AST in ASST positive patients (Figure 
4).

4. Discussion

Inf lammation is the major event leading to 
the persistent skin lesion in CIU. Previous study 
reported that the CIU inflammatory response is 
induced by patients̀  pathogenic IgG which cross-
link to IgE receptor on mast cells and basophils, 
leading to histamine release, follows by activation 
of C5a complement.14,15,16 Since the immune-
modulated response is very complicated, comprising 
individualistic variance, the CIU and AST-associated 
mechanism that leads to successful treatment has 
not been clarified. 

CIU has been speculated to be caused by 
disrupted innate immunity, leading to imbalance 
cytokine-chemokine regulation. In this study, we 
proposed that successful AST is immunomodulatory 
whereby specific cytokine is involved.  Previous 
study showed that hive biopsy had increased level 
of CD4+ lymphocytes, neutrophils, eosinophils 
and basophils. The cytokine profile of the biopsy 
includes IL-4, IL-5, and IFN-γ increase.17 However, 
our results revealed that IL-9 was the TH2 cytokine 
showing difference between CIU and control 
group (Figure 2B). The increase in IL-6 and 
C-reactive protein (CRP) in the bloodstream of CIU 
patients was previously reported to be a systemic 
inflammation.2,18 Consistent with this study, IL-6 
was increased in CIU patients based on our results, 
indicating that chronic inflammatory response is 
involved in CIU. Besides, IL-10 in CIU also showed 
higher level compared to control group, suggesting 
that CIU patients were experiencing the TH2-related 
chronic inflammation response. 

TNF-α can trigger cell apoptosis and inflammation, 
and is mainly secreted by activated T cells and 
macrophages.19 However, TNF-α was suppressed in 
CIU compared to control. Previously, it was reported 
that the ratio of IL-6, IL-10 and TNF-α are related 
to disease outcome.20 Except IL-10, IL-6 was also 
reported regulate the production of TNF-α.21 It is 
interesting that ASST positive patients having higher 
serum TNF-α showed improved response to AST 

(Figure 3B) and the role of TNF-α in CIU requires 
further investigation. 

ASST is believed to be a valuable way to detect 
patients with or without circulating functional 
autoantibodies.22 However, previous study showed 
that both ASST positive and ASST negative patients 
could get improvement after receiving AST, but 
underlying mechanism is not clear.23,24 Based on our 
observations, INF-γ was higher in ASST positive 
patients and numerous studies have found that INF-γ 
plays essential role in development and severity of 
systemic autoimmunity. 7,25 In our opinion, ASST 
positive means higher chance for severe skin 
autoimmune reaction, and TNF-α can be used as 
predictors for successful AST. CIU patients with 
ASST require higher dose of antihistamimne or 
additional immunomodulatory treatment and should 
be classified as unique group of CIU.26 

Previously, IL-9 was found to be increased in 
acute spontaneous urticaria patients27. T-helper 
cells Th9 are the major source of IL-9 and Th9 cells 
recruit mast cells during allergic inflammation28. 
Recently, it is known that Th9 cells could promote 
immune tolerance in certain models which protect 
against parasitic infections29. In contrast, Th9 cells 
trigger prominent allergic allergic inflammation, 
asthma, and autoimmune diseases, highlighting 
their pathological roles in the immune system29. 
Our observation that IL-9 is increased in CIU 
compared to control and decreased during AST 
revealed that IL-9 is involved in CIU mechanism.

In summary, the cytokine-related pathogenesis 
of CIU might be due to prolonged IL-6 activation 
which suppressed TNF-α and enhanced IL-9 
production, eventually simulating mast cells to 
cause chronic urticaria. Furthermore, AST could 
release symptoms of CIU through decreased IL-9 
in blood circulation.

5. Conclusion

To conclude our observation, the cytokines IL-
9, IL-6 and TNF-α are involved in mechanism of 
CIU inflammation. The INF-γ increase potentially 
leads to CIU patients with ASST positive; whereas 
higher TNF-α level may be crucial for successful 
AST.

92



Su-Boon Yong, Yi-Giien Tsai, Wan-Chen Chen, Ming-Sheng Lee, Jun-Kai Kao

Conflicts of interest

The authors in this study declared no conflicts 
of interest.

Funding

This study received no funding.

Reference

1. Deacock SJ. An approach to the patient with urticaria. 
Clinical and experimental immunology 2008; 153: 
151-161. DOI: 10.1111/j.1365-2249.2008.03693.x.

2. Ferrer M, Bartra J, Giménez-Arnau A, et al. 
Management of urticaria: not too complicated, 
not too simple. Clinical and experimental allergy 
: journal of the British Society for Allergy and 
Clinical Immunology 2015; 45: 731-743. 03/19. DOI: 
10.1111/cea.12465.

3. Sachdeva S, Gupta V, Amin SS, et al. Chronic 
urticaria. Indian journal of dermatology 2011; 56: 
622-628. DOI: 10.4103/0019-5154.91817.

4. Chen CJ and Yu HS. Acupuncture treatment of 
urticaria. Archives of dermatology 1998; 134: 
1397-1399. 1998/11/26.

5. Greaves MW and Tan KT. Chronic urticaria: recent 
advances. Clinical reviews in allergy & immunology 
2007; 33: 134-143. 2007/12/21. DOI: 10.1007/s12016-
007-0038-3.

6. Sabroe RA and Greaves MW. Chronic idiopathic 
urticaria with functional autoantibodies: 12 years 
on. The British journal of dermatology 2006; 
154: 813-819. 2006/04/26. DOI: 10.1111/j.1365-
2133.2006.07183.x.

7. Patil S, Sharma N and Godse K. Autologous 
serum therapy in chronic ur ticaria. Indian 
journal of dermatology 2013; 58: 225-226. DOI: 
10.4103/0019-5154.110833.

8. Hide M, Francis  DM, Grat t an CE, e t  a l . 
Autoantibodies against the high-affinity IgE 
receptor as a cause of histamine release in chronic 
urticaria. The New England journal of medicine 
1993; 328: 1599-1604. 1993/06/03. DOI: 10.1056/
nejm199306033282204.

9. Mlynek A, Maurer M and Zalewska A. Update 
on chronic urticaria: focusing on mechanisms. 
Current opinion in allergy and clinical immunology 
2008; 8: 433-437. 2008/09/05. DOI: 10.1097/
ACI.0b013e32830f9119.

10. Majid I, Shah S, Hassan A, et al. How Effective is 
Autologous Serum Therapy in Chronic Autoimmune 
Urticaria. Indian journal of dermatology 2015; 60: 
102-102. DOI: 10.4103/0019-5154.147836.

11. Staubach P, Onnen K, Vonend A, et al. Autologous 
whole blood injections to patients with chronic 
urticaria and a positive autologous serum skin test: 
a placebo-controlled trial. Dermatology (Basel, 
Switzerland) 2006; 212: 150-159. 2006/02/18. DOI: 
10.1159/000090656.

12. Bajaj AK, Saraswat A, Upadhyay A, et al. Autologous 
serum therapy in chronic urticaria: old wine in a new 
bottle. Indian journal of dermatology, venereology 
and leprology 2008; 74: 109-113. 2008/04/05.

13. Goh CL and Tan KT. Chronic autoimmune urticaria: 
where we stand? Indian journal of dermatology 
2009; 54: 269-274. DOI: 10.4103/0019-5154.55640.

14. Kikuchi Y and Kaplan AP. A role for C5a in 
augmenting IgG-dependent histamine release 
from basophils in chronic urticaria. The Journal 
of allergy and clinical immunology 2002; 109: 
114-118. 2002/01/19.

15. Grattan CE, Wallington TB, Warin RP, et al. A 
serological mediator in chronic idiopathic urticaria--a 
clinical, immunological and histological evaluation. 
The British journal of dermatology 1986; 114: 583-
590. 1986/05/01.

16. Ghosh SK and Ghosh S. Autologous serum skin 
test. Indian journal of dermatology 2009; 54: 86-
87. DOI: 10.4103/0019-5154.49000.

17. Debbarman P, Sil A, Datta PK, et al. Autologous 
serum therapy in chronic urticaria: a promising 
complement to antihistamines. Indian journal of 
dermatology 2014; 59: 375-382. DOI: 10.4103/0019-
5154.135490.

18. Ferrer M, Nakazawa K and Kaplan AP. Complement 
dependence of histamine release in chronic urticaria. 
The Journal of allergy and clinical immunology 
1999; 104: 169-172. 1999/07/10.

19. Kaplan AP. Chronic urticaria: pathogenesis and 
treatment. The Journal of allergy and clinical 

93



immunology 2004; 114: 465-474; quiz 475. 2004/09/10. 
DOI: 10.1016/j.jaci.2004.02.049.

20. Jain S. Pathogenesis of chronic urticaria: an overview. 
Dermatology research and practice 2014; 2014: 
674709-674709. 07/10. DOI: 10.1155/2014/674709.

21. Kasperska-Zajac A, Sztylc J, Machura E, et al. 
Plasma IL-6 concentration correlates with clinical 
disease activity and serum C-reactive protein 
concentration in chronic urticaria patients. Clin 
Exp Allergy 2011; 41: 1386-1391. 2011/06/08. DOI: 
10.1111/j.1365-2222.2011.03789.x.

22. Stenvinkel P, Ketteler M, Johnson RJ, et al. IL-
10, IL-6, and TNF-alpha: central factors in the 
altered cytokine network of uremia--the good, 
the bad, and the ugly. Kidney international 2005; 
67: 1216-1233. 2005/03/23. DOI: 10.1111/j.1523-
1755.2005.00200.x.

23. Armstrong L, Jordan N and Millar A. Interleukin 10 
(IL-10) regulation of tumour necrosis factor alpha 
(TNF-alpha) from human alveolar macrophages and 
peripheral blood monocytes. Thorax 1996; 51: 143-
149. 1996/02/01.

24. Ahmed ST and Ivashkiv LB. Inhibition of IL-6 and IL-
10 signaling and Stat activation by inflammatory and 
stress pathways. Journal of immunology (Baltimore, 
Md : 1950) 2000; 165: 5227-5237. 2000/10/25.

25. Zheng R, Qian L, Yu J, et al. Analysis of the 
changes in Th9 cells and related cytokines in the 
peripheral blood of spontaneous urticaria patients. 
Biomedical reports 2017; 6: 633-639. 05/03. DOI: 
10.3892/br.2017.904.

26. Lu LF, Lind EF, Gondek DC, et al. Mast cells 
are essential intermediaries in regulatory T-cell 
tolerance. Nature 2006; 442: 997-1002. 2006/08/22. 
DOI: 10.1038/nature05010.

27. Richard M, Grencis RK, Humphreys NE, et al. 
Anti-IL-9 vaccination prevents worm expulsion 
and blood eosinophilia in Trichuris muris-infected 
mice. Proceedings of the National Academy of 
Sciences of the United States of America 2000; 
97: 767-772. 2000/01/19.

28. Deng Y, Wang Z, Chang C, et al. Th9 cells and 
IL-9 in autoimmune disorders: Pathogenesis 
and therapeutic potentials. Human immunology 
2017; 78: 120-128. 2017/01/04. DOI: 10.1016/
j.humimm.2016.12.010.

29. Dos Santos JC, Azor MH, Nojima VY, et al. 
Increased circulating pro-inflammatory cytokines and 
imbalanced regulatory T-cell cytokines production 
in chronic idiopathic urticaria. International 
immunopharmacology 2008; 8: 1433-1440. 2008/07/01. 
DOI: 10.1016/j.intimp.2008.05.016.

94


