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in patients after SLIT. IgG and IgA levels were higher in SLIT-
treated patients.  Conclusion:  This preliminary study pro-
vides evidence that TGF- �  serum levels are significantly de-
pendent on allergen exposure. 
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 Introduction 

 Allergic rhinitis (AR) is characterized by an inflam-
matory reaction, sustained by dysregulated immune re-
sponse, classically defined as Th2 polarization  [1] . In-
deed, peripheral blood mononuclear cells of AR patients 
display a predominant IL-4 production by Th2 cells as 
compared with interferon- �  expression by Th1 cells. It 
confirms the functional dichotomy between Th1 and 
Th2 cells  [2] . This bivalent concept has been recently 
modified by the discovery of 2 T-lymphocyte subsets, 
such as T-regulatory (T reg ) and Th17 cells [for a review, 
see ref.  3–6 ]. 

  T reg  cells release IL-10 and transforming growth factor 
(TGF)- � , fundamental cytokines for switching immuno-
globulin production towards G and A classes, respective-
ly. Allergic patients show an allergen-specific functional 
defect of T reg  cells that promotes Th2 polarization and 
IgE synthesis  [7] . 
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 Abstract 

  Background:    Allergic rhinitis (AR) is characterized by inflam-
mation sustained by dysregulated immune response. T-reg-
ulatory cells are involved in AR pathogenesis, mainly pro-
ducing IL-10 and transforming growth factor (TGF)- � . In-
deed, there is a functional and allergen-specific defect of 
T-regulatory cells in AR. However, there are no data about 
the influence of allergen exposure on TGF- �  serum levels. 
Therefore, the aim of this preliminary study was to evaluate 
TGF- �  serum levels in patients with seasonal AR. Patients 
were evaluated either outside the pollen season and after 1 
preseasonal sublingual immunotherapy (SLIT) course (38 
subjects) or during the pollen season (57 subjects).  Meth-

ods:    All patients were allergic to  Parietaria  and/or grasses 
alone. TGF- �  was measured by a commercially available kit. 
Symptoms, drug use and eosinophils were evaluated.   Serum 
allergen-specific IgG and IgA levels were also measured by 
the ELISA method.  Results:    TGF- �  serum levels were signifi-
cantly lower in patients evaluated outside the pollen season 
in comparison with the other 2 situations. SLIT induced the 
significantly highest TGF- �  serum levels. There was a signif-
icant negative relationship between TGF- �  and eosinophils 
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  The inhibitory cytokine TGF- �  is the main cytokine 
responsible for inducing the switching of B lymphocytes 
in favor of IgA synthesis and represents a key factor in 
tolerogenic regulatory responses  [8] . The induction of 
TGF- �  expression has been observed in peripheral mono-
nuclear cells following allergen-specific subcutaneous im-
munotherapy (SCIT)  [7]  and is at least partly related to the 
development of T reg  cells. Very recently, it has been report-
ed that SCIT for pollen allergy induces an IgA response 
correlating with increased nasal TGF- �  expression  [9] . 
Moreover, TGF- �  has multiple regulatory effects also on 
T-cell proliferation, antigen presentation and expression of 
costimulatory molecules  [10] . All of them may be impli-
cated in the response to successful immunotherapy.

  However, no study investigated TGF- �  serum levels in 
patients with seasonal AR (SAR) considering the effect of 
pollen exposure, such as evaluating patients during and 
outside the pollen season. The relevance of evaluating se-
rum levels may be based on the concept that assessment 
of a cytokine at the serum level would certainly simplify 
clinical evaluation. Therefore, the present study aimed at 
investigating serum TGF- �  levels in SAR patients during 
or outside pollen exposure and after 1 sublingual immu-
notherapy (SLIT) course. 

  Methods 

 Patients 
 The study included 2 groups of SAR patients: (1) 38 patients 

(21 males, 17 females, mean age 37.6 years) evaluated outside the 
pollen season and at the end of 1 preseasonal SLIT course; (2) 57 
patients (21 males and 36 females, mean age 35.4 years) evaluated 
during the pollen season.

  AR was diagnosed according to validated criteria proposed by 
the ARIA guidelines  [11] . 

  All subjects were healthy, except for AR, without any active 
disorder, including rhinosinusitis; asthma was excluded in all pa-
tients. All of them were allergic only to  Parietaria judaica  and/or 
grasses as confirmed by allergen-specific conjunctival challenge. 
Patients with other sensitizations and a positive history of other 
allergies were excluded. Allergic patients were treated only with 
antihistamines on demand during the pollen season.

  Study Design 
 The clinical part of the study was conducted in Genoa. The 

 Parietaria  pollen season generally starts in March and lasts until 
October, the grass season is from April to September.

  A skin prick test and blood sampling for assessment of periph-
eral eosinophils were performed in all patients. The skin prick test 
was performed according to the guidelines of the European Acad-
emy of Allergy and Clinical Immunology  [12] . The allergen pan-
el consisted of the following: house dust mites  (Dermatophagoides 
farinae  and  D. pteronyssinus),  cats, dogs, grasses mix, Compositae 
mix,  P. judaica,  birch, hazel trees, olive trees,  Alternaria tenuis, 

Cladosporium,  and  Aspergillus  mix. The concentration of aller-
gen extracts was 100 immune reactivity/ml (Stallergenes, Milan, 
Italy). A histamine solution in distilled water (10 mg/ml) was used 
as positive control, and the glycerol-buffer diluent of the allergen 
preparations was used as negative control. Each patient was skin 
tested on the volar surface of the forearm using 1-mm prick lan-
cets (Stallergenes). The skin reaction was recorded after 15 min 
by evaluating the skin response rate to the inoculation of each al-
lergen extract in comparison with the wheal given by the positive 
and the negative control. A wheal diameter of 3 mm was consid-
ered a positive reaction. 

  Patients undergoing SLIT received the pollen allergen extract 
(Anallergo, Florence, Italy) of  P. judaica  (the accumulate dose was 
12  � g) for at least 3 months before the pollen season, starting in 
early December (the so-called ‘preseasonal immunotherapy’). All 
of them responded positively to SLIT.

  The study was approved by the local ethics committee and 
performed with written informed consent of all participants. 

  Allergen-specific conjunctival challenge was performed, ac-
cording to validated criteria, uniquely to confirm the diagnosis 
 [13] ; briefly, a drop containing the allergen extract of  Parietaria  
or grasses (Stallergenes) was instilled in the conjunctival fornix.  
 Redness of the conjunctiva was the primary parameter to con-
sider the test positive  [13] . 

  Clinical Assessment 
 Clinical severity was also evaluated, considering nasal symp-

tom perception and drug consumption at the end of the pollen 
season as previously validated  [14] . The patient questionnaire in-
cluded a validated visual analogue scale for quantifying the per-
ception of nasal symptom intensity  [15] . Patients had to have a 
visual analogue scale score for nasal symptoms  6 5.

  During the pollen season, use of levocetirizine drops (10 or 20, 
corresponding to a 2.5- or 5-mg concentration) on demand as 
rescue medication was permitted. However, medication was with-
drawn at least 1 week before drawing blood samples. The medica-
tion scoring was as follows: not at all (0), occasionally/seldom (1), 
occasionally/often (2), almost daily (3), continuously with the 
lowest dose (4), continuously with the maximal dose (5).

  Specific IgG Antibodies 
 Determination of allergen-specific total IgG antibodies was 

performed on all sera against the causal allergens: grasses, and 
 Parietaria judaica  in a single laboratory session (Phadia AB,
Uppsala, Sweden) using an IgG ImmunoCAP FEIA assay de-
scribed previously  [16] . Briefly, the method consists of the follow-
ing steps: the antigen of interest, covalently coupled to Immuno-
CAP, reacted with the specific IgG antibodies in the diluted
patient serum specimen. After washing away nonspecific IgG,
enzyme-labeled antibodies against IgG were added to form
a complex. After incubation, unbound enzyme-anti-IgG was 
washed away and the bound complex was then incubated with a 
developing agent. After stopping the reaction, the fluorescence of 
the eluate was measured. The higher the response value, the more 
specific IgG antibodies were present in the specimen. To evaluate 
the test results, the response for the patient samples was trans-
formed to concentrations with the use of a calibration curve (spe-
cific IgG 1:   100 diluted sample 2–200 mg A /l, where A represents 
antigen-specific antibodies). 
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  Before assaying, all sera had to be diluted 1:   100 with specific 
IgG sample diluent. The dilution step can be performed manu-
ally or automatically using ImmunoCAP 100.

  ImmunoCAP specific IgG calibrator strip was used for deter-
mination of total IgG, and values were expressed as mg/l. The 
detection limit for IgG was  ! 0.02 mg A /l. 

  Specific IgA Antibodies 
 Specific IgA ImmunoCAP (Phadia) was experimentally used 

for research purpose only (measured for those pollens, using the 
fluor enzyme immunoassay FEIA). The calibrators are traceable 
to the International Reference Preparation (IRP) 67/86 for Hu-
man Serum Immunoglobulins A, G and M from the World Health 
Organization (WHO). The measuring range for a diluted sample 
is 1.0–100 mg A /l. The detection limit is  ! 0.01 mg A /l.

  TGF- �  Measurement 
 This part of the study was conducted in Pavia. The human 

TGF- �  1  immunoassay (Quantikine TGF- �  Immunoassay, R&D 
Systems Inc., Milan, Italy) employs the quantitative sandwich
enzyme immunoassay technique and was performed according
to the manufacturer’s instructions (more details are reported on 
http://www.rndsystems.com/molecule_detail.aspx?m=2151) and 
expressed as ng/ml. 

  Statistical Analysis 
 Descriptive statistics were first performed and quantitative 

parameters were reported as the mean, median (MD) and stan-
dard deviation (SD), as well as the 25th and 75th percentile. The 
nonparametric Wilcoxon test was used to compare samples. Pear-
son’s test was used for evaluating the relationships. All tests were 
two sided and a p value  ! 0.05 was considered statistically signifi-
cant. The package S-Plus (MathSoft Corp.) was used for all analy-
ses.

  Results 

 The 2 groups were well matched concerning age, gen-
der, clinical severity and sensitization.

  The first group consisted of 28 patients sensitized to 
both  Parietaria  and grasses, 5 to  Parietaria  and 5 to grass-
es. The second group consisted of 42 patients sensitized 
to both allergens, 8 to  Parietaria  and 7 to grasses. 

  The patients evaluated outside the pollen season had a 
mean TGF- �  value of 19.24 ng/ml (MD 4.6, SD 29.16; 
25th percentile 3.19, 75th percentile 20.66). The patients 
evaluated at the end of 1 preseasonal SLIT course had a 
mean TGF- �  value of 46.66 ng/ml (MD 52.48, SD 35.54; 
25th 5.34, 75th 70.7).

  The patients evaluated during the pollen season had a 
mean TGF- �  value of 24.2 ng/ml (MD 22.9, SD 11.83; 
25th 17.35, 75th 27.92). Intergroup analysis shows that 
there was a significant difference between the outside and 
the inside group (p = 0.0001), between outside and SLIT-

treated patients (p = 0.0004) and between the inside and 
the SLIT group (p = 0.0089), as reported in  figure 1 .

  There were no relationships among TGF- � , symptoms 
and drug use (data not shown). However, there was a sig-
nificant negative relationship between TGF- �  and eosin-
ophils in patients treated with SLIT, as reported in  figure 
2 .

  The patients evaluated outside the pollen season had a 
mean IgG value of 4.86 mg/l (MD 4.75, SD 3.22; 25th 3.1, 
75th 5.68) and a mean IgA value of 1.24 mg/l (MD 0.95, 
SD 0.5; 25th 0.9, 75th 1.52). The patients evaluated at the 
end of 1 preseasonal SLIT course had a mean IgG value 
of 11.27 mg/l (MD 7.98, SD 8.84; 25th 4.76, 75th 17.4) and 
a mean IgA value 3.67 mg/l (MD 2.57, SD 7.71; 25th 1.66, 
75th 3.54).

  The patients evaluated during the pollen season had a 
mean IgG value of 6.06 mg/l (MD 5.49, SD 3.60; 25th 
4.04, 75th 7.92) and a mean IgA value of 2.03 mg/l (MD 
1.61, SD 1.19; 25th 1.12, 75th 2.74). The intergroup analy-
sis shows that there was a significant difference in IgG 
levels between the outside and SLIT group (p = 0.0001) 
and between the inside and SLIT group (p = 0.0078), as 
reported in  figure 3 a. Moreover, there was a significant 
difference in IgA levels between the outside and the in-
side group (p = 0.0003), between outside and SLIT-treated 
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  Fig. 1.  TGF- �  distribution in patients evaluated outside the pollen 
season, during the pollen season and at the end of a preseasonal 
SLIT course. Values are represented as the median (horizontal 
line) and the 25th and 75th percentile (box); whiskers extend from 
the highest to the lowest values and p values between the 
groups. 
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patients (p  !  0.0001), and between the inside and the 
SLIT group (p = 0.0093), as reported in  figure 3 b.

  There was a significant relationship between TGF- �  
and IgG (p = 0.06, r = 0.248) in patients evaluated during 
the pollen season. Moreover, there was a significant rela-
tionship between TGF- �  and IgA in patients evaluated 
outside the pollen season (p = 0.0118, r = 0.414) and in 
patients evaluated during the pollen season (p = 0.049,
r = 0.268; data not shown). 

  Discussion 

 AR is characterized by an inflammatory response con-
sequent to Th2 polarization. Th2-dependent cytokines 
promote, maintain and amplify allergic inflammation. 
Recruited inflammatory cells include mast cells, eosino-
phils and neutrophils. More recently, new data support a 
role for T reg  cells in the mechanism of successful allergen 
immunotherapy. Indeed, allergic patients have an aller-
gen-specific functional defect of T reg  cells  [17] . Therefore, 
production of T reg -dependent cytokines such as TGF- �  
and IL-10 is thought to be relevant for the function of im-
mune tolerance. SLIT has been associated with an upregu-
lation of IL-10  [17, 18] . IL-10 has a number of downregula-
tory effects on key cells involved in allergic inflammation 
and induces IgG4   production. TGF- �  exerts multiple reg-
ulatory effects on T-cell proliferation, antigen presentation 
and expression of costimulatory molecules. Furthermore, 

TGF- �  drives the production of IgA. Increased production 
of TGF- �  has been demonstrated following SCIT  [7, 9] ; 
however, there are no data concerning SLIT effects on this 
cytokine. Very recently, it has been reported that there is a 
significant positive relationship between allergen-specific 
serum IgA and TGF- �  serum levels in allergic patients 
 [19] . However, there are no data concerning the possible 
effect of allergen exposure on TGF- �  serum levels. There-
fore, the present study aimed at investigating whether 
TGF- �  could depend on the level of allergen exposure.

  The findings present evidence that serum TGF- �  lev-
els may be dependent on the allergen exposure quantity. 
Indeed, SAR patients evaluated outside the pollen season 
showed the lowest values. SAR patients evaluated during 
the pollen season, such as with symptoms and inflamma-
tion, showed significantly higher levels. In addition, SAR 
patients after SLIT treatment had the highest levels. In 
fact, SLIT is based on the assumption of administering 
very elevated doses of the causal allergen extract. Indeed, 
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  Fig. 2.  Correlation, expressed with Pearson’s correlation coeffi-
cient (r) and p value, between TGF- �  and eosinophil counts in 
SLIT-treated patients. 

  Fig. 3.  IgG ( a ) and IgA ( b ) distribution in patients evaluated out-
side the pollen season, at the end of a preseasonal SLIT course and 
during the pollen season. Values are represented as the median 
(horizontal line) and the 25th and 75th percentile (box); whiskers 
extend from the highest to the lowest values and p values between 
the groups.   
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the SLIT doses are a lot higher than the natural allergen 
exposure. In this regard, this study demonstrates that se-
rum TGF- �  levels well depend on the quantity of allergen 
exposure, which is maximal during SLIT. 

  On the other hand, this study has to be considered pre-
liminary as there are some limitations. Firstly, the patient 
groups differ; further studies should evaluate the same 
patients both outside and during the pollen season. Sec-
ondly, the number of patients should be more conspicu-
ous and the study should be conducted in several allergy 
centers. Thirdly, a placebo-controlled trial should be per-
formed to evaluate the SLIT effect on TGF- � .

  However, this study provides an interesting outcome: 
TGF- �  is negatively related with eosinophils after SLIT. 
This phenomenon adds new information about the mech-
anism of action of SLIT, which might explain the anti-in-
flammatory activity exerted by SLIT, so TGF- �  might be 
considered a ‘protective’ factor. In addition, this point 
confirms a very recent study demonstrating that TGF- �  
is positively related with serum IgA which in turn is pos-
itively related with low symptom severity  [19] . In this re-
gard, our study shows that there is a different pattern of 
both allergen-specific IgG and IgA in the patient groups. 

In particular, patients after SLIT had the highest levels of 
both immunoglobulin classes, whereas patients before 
SLIT had lower levels than patients evaluated during the 
pollen season. These findings confirm the role of allergen 
exposure also on immunoglobulin production. This out-
come is reinforced by the direct relationship between 
TGF- �  and immunoglobulin.

  However, further studies should investigate a possible 
relationship between the increase in TGF- �  and the im-
provement in clinical parameters after SLIT. In this way, 
the clinical relevance of these preliminary findings could 
be confirmed.

  In conclusion, our study provides the first evidence 
that serum TGF- �  levels are significantly dependent on 
allergen exposure and confirms previous studies con-
ducted in patients treated with SCIT. 
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