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Introduction 

This is a cross-sectional project aimed to study various emerging biomarkers of immune response, 
such as osteopontin, anti-osteopontin antibodies and perforin, in allergic diseases. There is potential 
to discover novel serological and genetic markers that might be useful in the characterization of al-
lergic disease pathophysiology, in the evaluation of the different risk profiles and in the prediction 
of both clinical evolution and patients’ responsiveness to treatment. 	


Furthermore, this study would highlight potential differences in genetic and biomolecular risk pro-
files between Caucasians and Asians. The evaluation of varied genetic patterns and environmental 
factors exposures could significantly contribute to the understanding of the immune mechanisms 
leading to the onset of allergic sensitization and the increased prevalence of allergic manifestations.	


Results would be also useful in the search for additional tools in clinical monitoring and prediction 
of responsiveness to treatment of allergic patients, possibly developing a new diagnostic and thera-
peutic approach. 

Project description 

Allergies and autoimmune diseases are both characterized by multifactorial etiology, with an inte-
raction between a complex immunological network (consisting in cells, cytokines, chemokines, 
growth factors, receptors and soluble factors) and environmental causes, on the basis of a genetic 
predisposition linked to multiple genes. HLA molecules are the best known genetic factors at the 
moment, but also other genes codifying molecules commonly involved in the modulation of immu-
ne responses may be involved. In particular, molecules implicated in the down-regulation of immu-
ne response are recently of great interest. 
The Research Laboratory of Immunology, Department of Health Sciences, University of Piemonte 
Orientale "Amedeo Avogadro" (Novara, Italy), has previously identified genetic mutations that may 
impair the process of the immune down-regulation in patients with autoimmune diseases: among 
these, genes related to osteopontin, perforin and ICOS molecules.	


Osteopontin (OPN) is a pleomorphic cytokine known to influence a range of immune cells, includ-
ing macrophages, neutrophils, dendritic cells, T and B cells. OPN is a proinflammatory cytokine 
modulating cell activation and cytokines production. Genetic variants of OPN (-B and -C haplo-
types) determining a higher production of basal levels of OPN have been identified in the Laborato-
ry of Immunology in Novara, Italy. The increased OPN production has been associated with a sig-
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nificantly higher risk of autoimmune lymphoproliferative syndrome, multiple sclerosis and systemic 
lupus erythematosus, suggesting that OPN is a candidate biomarker of these conditions.  

Perforin, contained in cytotoxic lymphocytes granules, plays a key role in cell-mediated cytotoxici-
ty. Mutations of perforin gene have a role in determining familiar hemophagocytic lymphohistiocy-
tosis and autoimmune lymphoproliferative syndrome, as demonstrated by the Laboratory of Im-
munology in Novara. 

In the present cross-sectional study, we aimed to verify if serum levels of OPN and IgG anti-OPN 
antibodies may qualify as biomarkers of an activated immune response in allergic patients and to 
investigate the possible presence of rare mutations of perforin gene in allergic patients.  

The project will be carried out at the University of Piemonte Orientale and at the Singapore Im-
munology Network (SIgN), within the Agency for Science, Technology and Research (A*STAR) in 
Singapore. A Southeast Asian population of allergic subjects has been already studied at the SIgN in 
order to evaluate both allergic sensitization patterns and respiratory symptoms manifestations in a 
tropical urban environment. This study, published by Dr. Olaf Rötzschke et al., demonstrated that 
two independent cohorts of 576 and 7373 ethnic Chinese subjects living in Singapore presented an 
allergic sensitization pattern that is almost exclusively directed to house dust mites (HDM), since a 
percentage of 80% of the individuals were HDM-sIgE positive. Of these, less than 30% had sIgE 
for any other aeroallergens. In addition, HDM-sIgE titers were statistically significant higher in 
comparison to non-HDM allergen sIgE titers. Interestingly, the population of migrants from non-
tropical countries presented low or non-detectable sIgE against HDM, but showed a time-dependent 
increase of HDM-sIgE levels. Moreover, subjects remaining for a prolonged time in Singapore pre-
sented also a significant and remarkable impairment of respiratory symptoms (allergic rhinitis and/
or asthma), that are associated with the time-dependent, progressively higher HDM-sensitization. 
These observations are in line with the ‘hygiene hypothesis’: many scientific evidences nowadays 
support the hypothesis that in the last decades a decreased microbial exposure due to a life-style 
“Westernization”, increased cleanliness and reduced family size, could explain the increases in 
global allergic diseases prevalence. 

The results of our study thus could have an important impact on the understanding of predisposing 
factors and pathogenetic mechanisms in common allergies, in terms of genetics and molecular bio-
logy. Therefore this project results to be significantly useful in the context of searching for additio-
nal tools in clinical monitoring and prediction of responsiveness to treatment of allergic patients. !
MATERIALS AND METHODS 
 
a. Design  
This is a cross-sectional study aimed to identify, characterize and evaluate the biological function of 
different biomarkers emerging of the immune response (such as osteopontin, anti-osteopontin anti-
bodies, perforin) in common allergic diseases (i.e., allergic asthma, allergic rhinitis, atopic dermati-
tis, allergic contact dermatitis, drug allergies, Hymenoptera venom allergy). !
b. Subjects enrolled in the study 
Adults who met the diagnostic criteria established for the allergic diseases mentioned above, were 
identified both retrospectively and prospectively. For the retrospective recruitment, subjects poten-
tially suffering from allergies were identified on the basis of their clinical history from the Allergo-
logy and Clinical Immunology Unit, "Maggiore della Carità" University Hospital, Novara. At the 



time of informed consent and enrollment, patients answered a questionnaire regarding demogra-
phics, medical history (family and personal) and specific information on their allergic diseases. Pa-
tients data and blood samples were immediately made anonymous after their collection and were 
identified by a code (with deleted sensitive data such as date of birth, address etc.). All the data use-
ful to re-identify patients were stored in a separate archive. !
Summary of inclusion and exclusion criteria 
 
Inclusion criteria 
• Male or female patients, aged 18 years and over, suffering from allergic diseases (allergic asthma, 
allergic rhinitis, atopic dermatitis, allergic contact dermatitis, drug allergies, Hymenoptera venom 
allergy) diagnosed according to criteria and methods established by official guidelines; • signed and 
dated informed consent. 
 
Exclusion criteria  
• Patients under 18 years of age; • inflammatory and/or infectious episodes during the last month • 
immunodeficiency / immunosuppression; • systemic autoimmune diseases; • malignancies. !
Main purpose: 
1. to create a case record of subjects phenotypically compatible with allergic diseases, diagnosed 
through officially recognized methods;  
2. to create a bio-bank of DNA and sera representing two genetically different allergic populations: 
one of Caucasian origins and the other one from Southeast Asia; 
3. to generate a catalogue of genetic variations in patients with allergic diseases, by sequencing of 
genomic DNA (exons) for the detection of rare mutations such as, for instance, those of OPN and 
perforin genes;  
4. to identify new serological markers (i.e., OPN, anti-OPN antibodies) that may be correlated with 
clinical evolution and responsiveness to currently available treatments for allergies, if possible; 
5. to validate and compare genetic and molecular risk profiles for allergic diseases in Caucasian and 
Southeast Asian cohorts; 
6. to evaluate and compare genetic and molecular risk profiles in allergic diseases in different sub-
sets of patients (e.g. gender, migrants from other geographical regions etc.). !
Collecting samples for DNA  
Genomic DNA has been extracted from an aliquot of whole blood using "Gentra reagents PureGe-
ne" (Qiagen). Biological samples (serum/plasma) and DNA have been stored at -80° C for future 
investigations always related to allergic diseases studies. !
Whole exon sequencing of perforin gene 
Exons of the perforin gene are sequenced in order to identify rare genetic mutations, missense and 
nonsense. The study of the genome sequence of DNA (exons) is actually performed using a capilla-
ry automatic sequencer. 
 
Analysis of osteopontin gene polymorphisms 
Genomic DNA polymorphisms +1239A>C and -156G>GG of OPN gene, that have been previously 
associated with various autoimmune diseases, are analyzed through Real-time PCR. 
 !



Analysis of molecular markers  
Presence and levels of serum biomarkers (such as OPN and IgG anti-OPN antibodies) have been 
assessed by ELISA (Enzyme-Linked ImmunoSorbent Assay) test (Human Osteopontin Duoset, 
R&D Systems for OPN assessment; “in house” ELISA kits for anti-OPN antibodies detection). 
 
Bioinformatics analysis 
In a primary data analysis, a case/control approach has been used comparing the results obtained in 
cases with respect to controls. In a secondary analysis, all the data obtained have been compared 
among the various groups of patients (i.e., subjects with different allergic diseases) to investigate a 
possible trend of differences in the groups. Serological data have been compared using the nonpa-
rametric Mann-Whitney test. 
The frequencies of genetic variations will be analyzed through Chi-Square test in the primary ana-
lysis and Fisher’s test in the secondary one. Regarding perforin, the total frequency of rare missense 
and nonsense mutations will be analyzed in the different study groups. The possible functional ef-
fect of each change will be assessed in silico using the software SIFT, PolyPhen and VAAST. Con-
sidering OPN, the frequencies of the two above-mentioned polymorphisms will be recorded. 
Further evidence for a possible pathogenetic role of possible genetic mutations observed, will be 
evaluated through a comprehensive literature search for studies concerning function and structure of 
relevant genes/proteins, comparison with similar proteins in different species, protein modeling 
programs and functional studies in vitro.	
!
Preliminary results !
A series of 121 adult patients, 57 males and 64 females (mean age: 48 years; median age: 49 years), 
with different allergic diseases was studied: 40 patients (33%) had allergic rhinitis, 25 (21%) aller-
gic asthma, 21 (17%) Hymenoptera venom allergy, 19 (16%) food allergy, 13 (11%) allergic contact 
dermatitis, and 3 (2%) IgE-mediated hypersensitivity to beta-lactams. 116 healthy subjects with 
similar demographic characteristics served as controls. Data were analyzed comparing cases to con-
trols, as well as looking for subgroup differences within the group of allergic patients.  

OPN prevalence and serum levels were statistically higher in cases with respect to controls (medi-
an: 10330.8 pg/ml, interquartile range 25th 5712.49 pg/ml, 75th 16476.21 vs median 6099.12 pg/
ml, interquartile range  25th 3122.57 pg/ml, 75th 14519.91 pg/ml; p = 0.001 by the Mann-Whitney 
test). No statistical differences were found between males and females in cases, compared to con-
trols (p = 0.06 by the Mann-Whitney test). 

OPN levels were statistically higher in patients with asthma (median: 13083.83 pg/ml; p = 0.0269), 
followed by those, less significant, observed in the food allergy group (median: 10204.33 pg/ml; p 
= 0.046), in comparison to controls. Not significantly different levels OPN were detected in patients 
with Hymenoptera venom allergy (median: 13289.95 pg/ml; p = 0.0624), rhinitis (median: 
9431.2504 pg/ml; p = 0.1277) and allergic contact dermatitis (median: 6380.44 pg/ml; p = 0.39). 
Patients with IgE-mediated sensitization to beta-lactams had heterogeneous values, not statistically 
different in comparison to controls (p = 0.47).  

Both prevalence and titers of serum IgG anti-OPN autoantibodies were statistically lower in allergic 
patients with respect to controls (median: 0.179 pg/ml, interquantile range, 25th 0.060 pg/ml, 75th 
0.227 pg/ml vs median 0.250 pg/ml, interquantile range, 25th 0.152 pg/ml, 75th 0.367 pg/ml; p < 
0.0001). Significantly lower levels of anti-OPN antibodies versus controls were found in patients 
with Hymenoptera venom allergy (median: 0.067 pg/ml; p < 0.0001), allergic rhinitis (median: 



0.107 pg/ml; p = 0.0009), allergic contact dermatitis (median: 0.078 pg/ml; p = 0.0011) and asthma 
(median: 0.123 pg/ml; p = 0.0013); on the contrary, the statistical correlation for the food allergy 
group seems to be less significant (median: 0.185 pg/ml; p = 0.0575). Patients with IgE-mediated 
sensitization to beta-lactams presented heterogeneous results, not statistically different with respect 
to controls (p = 0.175). The analysis of OPN gene polymorphisms and the exon sequencing of per-
forin gene is ongoing, in progress.  

Concerning the Singaporean cohort: preliminary data about 476 local individuals affected with al-
lergic rhinitis and asthma have been collected and analyzed. OPN levels have been detected by Lu-
minex, together with other cytokines: no statistical differences between cases and healthy controls 
have been found. On the contrary, a significant difference between males and females has been ob-
served, as males seem to have remarkably higher OPN levels if compared to females (p<0.0001 by 
the Kruskal - Wallis test). Consequently, we have studied the OPN gene (SPP1) expression in the 
whole blood: in terms of mRNA production, there is no detectable difference between males and 
females. Therefore it can be hypothesized that there are some post-transcriptional modifications 
leading to the gender difference previously mentioned. Among the immune cells, SPP1 is mostly 
expressed in neutrophils and monocytes, whilst it is weakly expressed in lymphocytes.  

Conclusions and further developments  

Serum OPN levels seem to be a new potentially useful biomarker of both allergic asthma, reflecting 
the inflammatory condition and the lung tissue remodeling of the patients that are affected by this 
disease, and food allergy.  

IgG anti-OPN antibodies serum levels were mostly lower in patients affected with Hymenoptera 
venom allergy, that is the most pure IgE-mediated allergy type with no underlining inflammation. 
Anti-OPN antibodies were statistically decreased also in patients with allergic rhinitis, asthma and 
allergic contact dermatitis, that typically is a type 4, cell-mediated, hypersensitivity. On the con-
trary, anti-OPN antibodies were not significant in the food allergy group. A further analysis of IgA 
anti-OPN antibodies could be of great interest to clarify this scientific observation. In general, con-
sideration should be given to explore clinical correlates of high OPN and anti-OPN antibodies lev-
els in these conditions. 

As research attachment student in SIgN, Singapore, I am evaluating the possible existence of differ-
ent isoforms of OPN in plasma samples of males and females through Western Blot technique, since  
in the Singaporean cohort we actually have observed strong eQTLs in SPP1 gene, but we have no 
pQTLs for OPN.  

In parallel, I am evaluating the functional status of basophils (that constitutively express CD44, an 
OPN receptor) activated by house dust mites (HDM) in the presence of different levels of OPN, in 
atopic subjects sensitized to HDM. The basophil activation test is currently performed with titrated 
human recombinant OPN protein (R&D Systems) and with an “in-house” HDM extract, at different 
concentrations. In a short time, I will perform the same experiment by adding thrombin, a coagula-
tion protease that seems to be important for OPN activation. These experiments are crucial since the 
role of OPN in basophils activation is not known yet (no data available in literature).  

!
!
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Nausicaa Clemente, Annalisa Chiocchetti, Umberto Dianzani, Mario Pirisi. Evaluation of Serum 
Levels of Osteopontin As a Potential Biomarker of Immune Activation in Patients with Aller-
gic Diseases. Abstract accepted as poster at the XXIII World Allergy Congress 2015 (WAC 2015), 
14-17/10/2015, Seoul, Republic of South Korea (Immunology session, poster n° 8572).  

Scientific publications 

Elisa Villa, Rosalba Minisini, Olaf Rötzschke, Anand Andiappan, Elena Boggio, Luca Gigliotti, 
Nausicaa Clemente, Annalisa Chiocchetti, Umberto Dianzani, Mario Pirisi. Evaluation of Serum 
Levels of Osteopontin As a Potential Biomarker of Immune Activation in Patients with Aller-
gic Diseases. Accepted for publication as a supplement to the World Allergy Organization Journal.  

List of seminars/courses attended at the University of Eastern Piedmont, Novara 

06/11/2014 “Dysregulated antigen receptor signaling: molecular lessons from two congenital lym-
phoproliferative disorders.” - Dr. A. Snow;  

14/11/2014 "Tissue engineering: the state of the art” - Dr. Boccafoschi; 

21/11/2014 "Stem cell in the regeneration and repair of the tissues and organs” - Prof. Prat; 

28/11/2014 "Humoral responses to HCV infection and  clinical outcomes” - Prof. Arvind Patel; 

01/12/2014 “Beta Human Papillomavirus infection and skin cancer in the immunocompromised 
host” - speaker: Lanfredini Simone (tutor: Prof. Gariglio); 

04/12/2014 "Uncovering the role of β-HPV in field cancerization: a collaboration in progress” - 
Prof. G. Patel;  

05/12/2014 “Focus on the liver: from basics of NAFLD to hot topics in HBV & HCV infections” - 
Prof. Rifaat Safaadi; 

16/12/2014 “From the legend of Prometheus to regenerative medicine” - Prof. Antonio Musarò; 

17/12/2014 "Microglia microvesicles: messengers from the diseased brain” - Prof. Furlan;  

http://www.worldallergy.org/wisc2014/scientific_program/abstracts.php


19/01/2015 “Anticancer strategy Targeting cancer cell metabolism in ovarian cancer” - Prof. Yong-
Sang Song;  

20/01/2015 “Regulation of hepatocytes differentiation during the transitions between epithelial and 
mesenchymal states” - Dr. Tonino Alonzi; 

27/01/2015 “Myeloid cells as therapeutic target in cancer” - Prof. Antonio Sica;  

11/03/2015 “Proof of principle for cell therapy: from autologous transplantation of tissue specific 
progenitors to gene corrected patient specific injured pluripotent stem cells ” - Prof. Bosnakovski; 

07/05/2015 “An Integrated Approach to the Diagnosis and Treatment of Ovarian Cancer” - Prof. 
John McDonald; 

14/05/2015 “Conflicting interests and scientific communication. What ethical standards to apply? 
How effective are these standards in practice?” - Kathleen Ruff; 

25/05/2015 “Ribosomopathies" - Prof. Steve Ellis. 

List of seminars/courses attended at the Singapore Immunology Network - A*STAR institute, 
Singapore  

15/07/2015 “Thermogelling polymers – What lies ahead?” - Dr. Loh Xian Jun;  

04/08/2015 “Targeting BCL-2 Pathway as a Future Therapy for Paediatric Leukaemia” - Dr. Santi 
Suryani; 

05/08/2015 “Conquering TB: The NIH Research Portfolio” - Dr. Jing Bao;	


05/08/2015 “Molecular Targeting of Key Pathogenic Effects on Host Defense Mechanisms, Focus-
ing on Tuberculosis” - Dr. Richard Hafner;	


05/08/2015 Informal progress, Dr. Olaf Rötzschke’s lab - Dr. Olaf Rötzschke; 

06/08/2015 “Architectural regulation of cytotoxic T cell function” - Dr. Morgan Huse; 

02/09/2015 “Tetraspanins as therapeutic targets in Leukemia” - Dr. Natarajan Muthusamy; 

04/09/2015 “Science Talks” within the Science Jubilee, Singapore 50 - Dr. Yuko Nakamura and Dr. 
Bernard Cher on behalf of Procter & Gamble; Thibault Gauriau on behalf of Lucasfilm Singapore. 

On Tuesdays: lab meeting.  

!
I hereby declare that the above written particulars are true to the best of my knowledge and belief. 
Supporting documents and references available on request. 

Singapore, 9th September 2015 

        Elisa Villa


