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Cockroach proteases are important risk factors for asthma development in predisposed individuals. In the
present study, effect of allergic status of patients on DCs polarization in response to protease allergen Per
a 10 was investigated. Cockroach-allergic, other-allergic patients and healthy individuals were selected
following the guidelines of ATS/ARIA. Monocyte-derived dendritic cells (DCs) were generated from the
selected individuals and stimulated with Per a 10. Flow cytometric analysis showed a significantly high
expression of CD80 and CD86 on DCs from cockroach-allergic patients after Per a 10 stimulation as
compared to healthy individuals or other-allergic patients (P<0.05). Per a 10 induced comparable level
of CD83 expression on DCs from all the 3 groups, showing it was irrespective of the allergic status. CD40
expression was significantly low (P<0.05) on the DCs from cockroach-allergic patients as compared to
healthy individuals or other-allergic patients. Further, proteolytically active Per a 10 induced lower CD40
expression on DCs than the heat-inactivated Per a 10 (P<0.05) indicating role of protease activity in
the generation of an immune response. The sCD40 level in active Per a 10 stimulated DC cultures was
significantly higher than in heat-inactivated Per a 10 (P<0.05). There was two-fold decrease (P<0.05) in
IL-12 production by active Per a 10-stimulated DCs than heat-inactivated Per a 10-stimulated DCs. Per
a 10-stimulated DCs from cockroach-allergic patients secreted high levels of IL-5, IL-6, TNF-a than that
from healthy individuals or other-allergic patients (P<0.05). Furthermore, Per a 10-stimulated DCs from
cockroach-allergic patients induced increased secretions of IL-4, IL-5, IL-6, TNF-« and low IL-12 by T cells
as compared to those from other groups (P<0.05). Thus, in presence of Per a 10 allergen, polarization
of DCs shifts toward type 2 in cockroach-allergic patients but not in the healthy individuals or other-
allergic patients. In conclusion, both allergic status of the individual and protease activity of Per a 10 are
important parameters that participate in DCs polarization.
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Introduction

Sensitization and exposure to cockroach allergens leads to aller-
gic rhinitis, allergic conjunctivitis, allergic dermatitis and asthma
(Gao 2012). Two species of cockroach namely Blattella german-
ica and Periplaneta americana contributes to major risk factors for

Abbreviations: DC, dendritic cell; Fgno, fraction of exhaled nitric oxide; FEVy,
forced expiratory volume in 1s; FVC, forced vital capacity; GM-CSF, granulocyte
macrophage colony-stimulating factor; IL, interleukin; MACS, miltenyi activated cell
sorter; rh, recombinant human.

* Corresponding author at: Room 509, Allergy and Immunology Section, CSIR-
Institute of Genomics and Integrative Biology, Delhi University Campus, Mall Road,
Delhi 110007, India. Tel.: +91 011 27666157; fax: +91 011 27667471.

E-mail address: naveen@igib.res.in (N. Arora).

http://dx.doi.org/10.1016/j.imbio.2015.05.010
0171-2985/© 2015 Elsevier GmbH. All rights reserved.

asthma in 7-55% of atopic population worldwide (Arruda et al.
2001; Sudhaetal. 2007). The cockroach allergens induce inflamma-
tory responses through protease-dependent pathways (Wada et al.
2011).Additionally, genetic factors also plays important role in con-
ferring the susceptibility toward cockroach sensitization (Gao et al.
2010). The sensitized individuals develop a Th2-immune response
characterized by secretion of increased levels of [L-4, IL-5 and IL-13.

Dendritic cells (DCs) play an important role in the pathogen-
esis of allergic disorders through the ability to interact with T
cells, which lead to initiation and amplification of Th2 immune
responses. The differentiation into a specific T cell subset depends
on many factors that involve: dose of the allergen, route and
duration of allergen exposure, genetic predisposition of the indi-
vidual toward developing a Th2 response to specific allergens and
the intrinsic property such as proteolytic activity of the aller-
gens (Pomes 2002). Other critical factors include, the type of DCs
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involved in interaction with naive T cells, the type of costimulatory
molecules expressed on the surface of the DCs, and the polar-
izing cytokine microenvironment during antigen presentation
(Bharadwaj et al. 2007; Hammad et al. 2001; Lamhamedi-Cherradi
et al. 2008). Previously, a study suggested the involvement of
allergic status of the individual in generation of specific immune
response (Hammad et al. 2001). Reports on Dermatophagoides
pteronyssinus 1 showed that DCs from healthy individuals over-
expressed CD80 and secreted IL-10 after stimulation with Der p 1,
as opposed to the allergic patients (Charbonnier et al. 2003). Der p
1 stimulated DCs from healthy individuals led to Th1 polarization
while DCs from allergic patients favored Th2 polarization (Hammad
et al. 2001; Charbonnier et al. 2003). Cernescu et al. observed a
differential expression of CD80 and CD86 in the allergic patients
versus the healthy individuals on Der p 1 exposure (Bharadwaj et al.
2007). Unlike Der p 1, DCs from patients sensitized to contact sen-
sitizer 2,4-dinitrochlorobenzene and/or the respiratory sensitizer
trimellitic anhydride did not show differential T cell response in
comparison to healthy individuals (Holden et al. 2008). The diver-
gent T cell responses that occur can be attributed to a probable
dysregulation at the level of DCs. Previously, Per a 10 protease activ-
ity showed DCs polarization toward type 2 in healthy individuals
(Goel et al. 2012). Therefore, it is important to study the role of
cockroach protease-induced immunopathogenic events associated
with DCs polarization and allergic status of the individual.

Materials and methods
Per a 10 purification and inhibition of proteolytic activity

Per a 10 was purified from whole body P. americana extract
by affinity chromatography (Sudha et al. 2008). Heat-inactivated
Per a 10 was obtained by heating at 95°C for 60 min. Both puri-
fied and heat-inactivated Per a 10 were resolved on SDS-PAGE,
electrophoresed at 120V and visualized by Coomassie staining.
Inhibition of protease activity was analyzed on zymogram in 12%
SDS-PAGE containing 0.1% (w/v) gelatin as substrate under non-
reducing conditions (Goel et al. 2012). The inhibition of enzymatic
activity was also tested using azocollagen, a chromogenic substrate
as described previously (Goel et al. 2012). Briefly, 1 g each of
purified and heat-inactivated Per a 10 was incubated with 1 mL of
azocollagen in (10 mg/mL; w/v) in 0.05 M Tris-HCl buffer (pH 7.4)
at37°Cfor 30 min. Azocollagen with PBS was used as control. Reac-
tion was stopped with 4% (v/v) trichloroacetic acid, centrifuged and
absorbance of supernatant measured at 520 nm.

Study subjects

Patients of bronchial asthma and/or rhinitis were diagnosed
following the guidelines of American Thoracic Society/Allergic
Rhinitis and its Impact on Asthma. Patients (both male and female)
were screened by clinical history, skin prick test and specific IgE
for diagnosis of cockroach allergy. Analysis of pulmonary function
test (PFT) and fraction of exhaled nitric oxide levels (Fgng) Were
also done. Non-atopic and non-smoking individuals without fam-
ily history of asthma/allergy were included as healthy individuals.
Another group of patients that were non-allergic to insect antigens
including cockroach (other-allergic patients) were also recruited in
the study. Informed consent was obtained from each subject and
the study protocol was approved by Human Ethics Committee of
the Vallabhbhai Patel Chest Institute, Delhi.

DCs differentiation and stimulation

Monocytes were isolated from peripheral blood of allergic
patients or healthy individuals by method described earlier (Goel

et al. 2012). Briefly, peripheral blood mononuclear cells were iso-
lated from heparinized blood by density gradient centrifugation
and monocytes separated by MACS system (Miltenyi Biotech, Ber-
gisch Gladbach, Germany) using anti-CD14 microbeads. Monocytes
were cultured in complete RPMI-1640 medium supplemented with
10% heat-inactivated fetal bovine serum (GIBCO, Invitrogen, Grand
Island, NY, USA), 10 mM HEPES buffer, 2 mM L-glutamine, 100 U/mL
penicillin and 100 wg/mL streptomycin (Sigma) in presence of
rhGM-CSF (50 ng/mL) and rhIL-4 (25 ng/mL) (Sigma) in 5% CO, at
37°C. On 6th day, non-adherent immature DCs were harvested,
washed, re-cultured in serum-free medium and stimulated with
1 pg/mL of proteolytically active Per a 10. DC maturation process is
of great significance, as immature DC can give rise to either regu-
latory or effector cell function depending upon the stimulus. LPS
being a pro-inflammatory cytokine and a potent stimulator for
DC maturation (Lamhamedi-Cherradi et al. 2008), therefore, it was
used as a positive control in the present study.

Flow cytometry

Cultured cells were collected on 8th day, washed and incubated
for 30 min at 4 °C in dark with different mAbs or irrelevant isotype
controls. Abs used were mouse anti-human CD14-Phycoerythrin
(PE), CD80-Fluorescein isothiocyanate (FITC), CD86-FITC, CD83-
Phycoerythrin-Cyanine 5 (PE-Cy™5), CD4-FITC together with
mouse IgGqk-FITC, PE, PE-Cy5 and IgG,,«k-APC (BD Biosciences,
USA). Stained cells were acquired on LSRII flow cytometer equipped
with FACSDiva and analyzed using FLOW]Jo software (BD Bio-
sciences, USA).

DC-T cell co-cultures

Autologous CD4* T cells were purified from peripheral blood
mononuclear cells by positive selection using MACS microbeads.
Monocytes-derived DCs from patients or healthy individuals stim-
ulated with proteolytically active/heat-inactivated Per a 10 were
co-cultured with autologous CD4* T cells respectively as described
earlier (Goel et al. 2012). Culture supernatants were collected after
5 days for analysis of cytokines.

Determination of cytokine levels by ELISA

The supernatant of DCs culture and DC-T cell co-cultures were
assayed for presence of IL-5, IL-6, IL-12 (p70), IFN-vy, TNF-o and IL-4,
and their concentrations determined by ELISA using paired anti-
bodies following manufacturer’s protocol (BD Pharmingen, USA).
The detection limit for IL-4, IL-5, IL-6, [L-12(p70), IFN-y and TNF-a
was 7.8,7.8,4.7,7.8,4.7 and 7.8 pg/mL, respectively.

Statistical analysis

All the groups were analyzed by one-way ANOVA followed
by Dunnett’s multiple comparison tests to examine differences.
GraphPad Prism (GraphPad Software, USA) was used for data anal-
ysis. Differences were considered significant at P<0.05. Data are
presented as mean + SD for each group.

Results
Per a 10 profile and inhibition of protease activity

The affinity purified and heat-inactivated Per a 10 resolved as
~28 kDa protein on Coomassie stained gel under reducing condi-
tions (Fig. 1A). The purified Per a 10 with or without heat-treatment
was evaluated for enzymatic activity on gelatin zymogram. The
purified Per a 10 depicted a clear colorless band of activity at
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Fig. 1. Per a 10 profile and inhibition of protease activity. (A) SDS-PAGE profile:
molecular weight marker (lane 1), affinity purified Per a 10 (lane 2) and heat-
inactivated Pera 10 (lane 3) were resolved on 12% polyacrylamide gel under reducing
conditions. (B) Zymogram: molecular weight marker (lane 1), purified Per a 10 (lane
2) and heat-inactivated (95 °C for 60 min) Per a 10 was resolved on 12% polyacryl-
amide gel. The purified protein (lane 1) shows a clear colorless band of activity on a
dark background while heat-inactivation completely inhibits the activity of Pera 10
(lane 2). (C) Azocollagen assay: proteolytic activity of purified and heat-inactivated
Per a 10 was assayed in triplicates using azocollagen as a chromogenic substrate.

~28kDa on gelatin zymogram (Fig. 1B, lane 2). Heat-treatment at
95 °C for 60 min completely inhibited the enzymatic activity of Pera
10, as there was no band of activity in the zymogram (Fig. 1B, lane
3). Chromogenic assay using azocollagen also showed that heat-
inactivation inhibited the enzymatic activity of Per a 10 and it was
comparable to the control value (Fig. 1C).

Clinical subjects

A total of 30 patients, 19-56y of age were screened by history
and clinical examination. Out of 30, 22 patients depicted moder-
ate to severe pulmonary obstruction by PFT values (FEV; 35-90%,
FVC 37-98%, of the predicted values, respectively) and elevated
Feno ranged 17-147 ppb (Table 1). The 22 patients had positive
skin prick tests (SPT) to P. americana extract and increased lev-
els of IgE against P. americana ranging 0.51-0.95 and against Per
a 10 ranging 0.36-0.78 (OD value >3 times of normal healthy
serum was considered ELISA positive). The non-atopic healthy indi-
viduals (n=7) showed specific IgE OD ranging 0.22-0.29 against

P. americana and 0.09 £+ 0.014 against Per a 10. Spirometric and Fgno
values of the healthy individuals were comparable to the predicted
normal values.

Five patients showed positive SPT to multiple pollens and fungi
but were not allergic to P. americana with specific serum IgE ranging
0.24-0.31 against P. americana and 0.147-0.214 against Per a 10.
These patients were recruited as other-allergic group in the present
study.

Per a 10 stimulation favors the up-regulation of CD80 and CD86
on DCs from cockroach-allergic patients

Monocyte-derived DCs from healthy individuals and allergic
patients were tested for CD80 and CD86 expression by flow cytome-
try. The immature DCs from healthy individuals or allergic patients
depicted a similar level of CD80 (Fig. 2A) and CD86 expression
(Fig. 2B). Stimulation with Per a 10 induced a significant up-
regulation of CD80 and CD86 on DCs from healthy individuals
and cockroach-allergic patients as compared to the correspond-
ing immature DCs (P<0.05). The up-regulation in CD80 and CD86
expression was more pronounced in DCs from cockroach-allergic
patients as compared to healthy individuals (P<0.05) (Fig. 2A, B
and D).

DCs from other-allergic patients did not show significant rise
in CD80 and CD86 expression after Per a 10 stimulation. Instead,
the expression of CD80 and CD86 was significantly higher on Per
a 10-stimulated DCs from cockroach-allergic patients (P<0.05)
and healthy individuals (P<0.05) as compared to other-allergic
patients. This indicated that up-regulation of CD80 or CD86 in
response to Per a 10 was somehow specific to cockroach-allergic
patients and not the other-allergic patients. Secondly, the rise of
CD80 and CD86 in healthy individuals might be due to protease
activity of Per a 10. Stimulation with LPS elevated the CD80 and
CD86 expression on DCs from all the 3 groups. It shows that the
characteristic up-regulation of CD80 and CD86 observed after Per a
10 stimulation on DCs from cockroach-allergic patients is specific
to the allergen.

Per a 10 stimulation up-regulates CD83 expression on DCs
irrespective of the allergenicity status of the donor

Stimulation with Per a 10 significantly elevated the CD83
expression on DCs from cockroach-allergic patients as compared
to the immature DCs. Similarly, the CD83 expression on DCs from
healthy individuals or other-allergic patients was significantly
increased upon Per a 10 stimulation as compared to the respec-
tive immature DCs (Fig. 2C). This indicates that Per a 10 induces
CD83 up-regulation on DCs irrespective of the allergenic status
of the donor. LPS stimulation also induced similar level of CD83
expression in the 3 groups studied.

Per a 10 down-regulates CD40 expression on DCs from
cockroach-allergic patients

Stimulation with Per a 10 demonstrated a slight reduction
in the expression of CD40 on DCs from healthy individuals and
other-allergic patients, though the reduction was not significant in
comparison to the respective immature DCs (Fig. 3A). Conversely,
treatment with Per a 10 significantly down-regulated the CD40
expression on DCs from cockroach allergic patients as compared
to the immature DCs (P<0.05). The reduced CD40 expression on
DCs from cockroach-allergic patients was significant as compared
to that from healthy individuals or other-allergic patients (P < 0.05)
(Figs.2D and 3A). This shows that Per a 10 down-regulates the CD40
expression and that appears to be more significant on DCs from
cockroach-allergic individuals. Stimulation with LPS up-regulated
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Table 1
Spirometric, Fgno, skin prick tests and specific IgE of (A) cockroach-allergic patients (n=22) and (B) healthy individuals (n=7) and other-allergic patients (n=5).
(A)
S. No. Age (y)/sex Spirometry (% predicted) Feno Intradermal test report (wheal size) Specific IgE OD values (ELISA)
FVC FEV; Histamine P. americana P. americana Pera 10
Male Female
1 25/M 60 56 40 5x6 9x8 14x8 0.68 0.63
2 23[F 55 63 85 6x5 6x5 6x5 0.76 0.59
3 16/F 52 67 44 5x4 4x4 5x5 0.55 0.44
4 21/F 66 53 48 5x4 5x4 7x4 0.89 0.51
5 40/M 80 60 66 6x5 4x5 6x4 0.78 0.65
6 23/M 66 35 101 7x6 7x6 7x7 0.81 0.78
7 30/F 50 55 74 5x4 5x4 5x3 0.95 0.67
8 40/F 79 71 95 5x4 5x5 7x6 0.79 0.56
9 18/F 86 74 46 6x5 6x5 6x5 0.78 0.53
10 17/F 98 90 66 5x5 4x5 5x4 0.67 0.59
11 51/M 72 58 132 5x6 5x4 4x3 0.75 0.56
12 47|M 58 53 26 6x4 4x3 6x3 0.79 0.55
13 25/M 66 75 44 5x4 6x5 4x5 0.65 0.49
14 21/F 70 71 91 6x4 7 x5 5x5 0.78 0.53
15 19/M 68 66 20 8x9 10x7 10x9 0.68 0.57
16 32/M 85 90 30 6x5 6x6 6x5 0.51 0.46
17 19/M 71 79 75 7 x5 8x9 10x 10 0.74 0.57
18 20/F 37 42 147 5x4 5x5 7x7 0.65 0.39
19 20/M 75 71 66 5x4 4%x6 5x8 0.54 0.48
20 56/M 69 59 36 7 x5 6x5 4x5 0.58 0.43
21 30/M 75 76 17 5x4 11x6 12x8 0.68 0.36
22 34/M 58 63 65 6x5 10x6 7 x 11 0.62 0.57
(B)
S. No. (healthy individuals) Age (Y)/sex Spirometry (% predicted) Feno Specific IgE OD values (ELISA)
FVC FEV, P. americana Pera 10
1 28/F 83 79 9 0.224 0.097
2 30/F 89 95 11 0.231 0.12
3 39/M 84 92 10 0.261 0.01
4 29/M 88 82 9 0.246 0.091
5 29/F 84 87 10 0.284 0.094
6 35/M 74 87 15 0.238 0.14
7 30/F 80 86 11 0.227 0.094
S. No. (other-allergic patients) Age (y)/sex Spirometry (% predicted) Feno Specific IgE OD values (ELISA)
FVC FEV, P. americana Pera 10
1 41/M 54 62 40 0.287 0.162
2 24/[F 62 39 62 0.237 0.147
3 48/M 72 44 57 0.294 0.214
4 19/M 59 62 72 0.308 0.159
5 26/M 55 64 44 0.249 0.198

FVC, forced vital capacity; FEVy, forced expiratory volume in 1's; Feno, fraction of exhaled nitric oxide; Control IgE OD value against P. americana=0.13 4+ 0.02 and against Per

a10=0.09+0.01.

the CD40 expression significantly on DCs from all the 3 groups as
compared to the immature DCs respectively.

Protease activity of Per a 10 is responsible for reduced CD40
expression and low IL-12 secretion by DCs from cockroach-allergic
patients

The CD40 expression was significantly down-regulated on DCs
from cockroach-allergic patients as depicted in Fig. 3A. Further,
the protease activity of Per a 10 was analyzed for its role, if
any, in modulating the CD40 expression on DCs from cockroach-
allergic patients. DCs stimulated with proteolytically active Per
a 10 expressed significantly low CD40 as compared to the DCs
that were stimulated with the heat-inactivated Per a 10 (P<0.05)
(Fig. 3B). Further, the level of soluble CD40 was higher in the cul-
ture supernatant of DCs that were stimulated with active Per a 10
than the heat-inactivated Per a 10 (P<0.05) (Fig. 3C). IL-12 level
secreted by active Per a 10-stimulated DCs was significantly low

(P<0.05) as compared to that secreted by heat-inactivated Pera 10
(Fig. 3D).

Per a 10-stimulation enhances the pro-inflammatory cytokine
secretion by DCs from cockroach-allergic patients

Immature DCs from allergic patients and healthy individuals
secreted low levels of IL-5, IL-6 and TNF-c, with no significant dif-
ferences observed among the groups (Fig. 4A-C). Stimulation with
Per a 10 significantly increased the secretion of IL-5, IL-6 and TNF-a
by DCs from cockroach-allergic patients as compared to the healthy
individuals or other-allergic patients. Secretion of IL-5 and IL-6 was
not modified by Per a 10 stimulation in DCs from other-allergic
patients as compared to the immature cells and was significantly
low in comparison to that secreted by DCs from cockroach-allergic
patients (Fig. 4A and B). IL-1a was also evaluated but its level of
secretion was below the detection limit in the culture supernatant
of DCs of allergic patients and healthy individuals (data not shown).
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was also significantly high by Th cells co-cultured with Per a 10-
stimulated DCs from cockroach-allergic patients than the Th cells
co-cultured with Per a 10-stimulated DCs from healthy individuals.
Per a 10-stimulated DCs from other-allergic patients induced very
low secretion of IL-6 and TNF-« by Th cells as compared to that by
cockroach-allergic patients.

Conversely, Per a 10-stimulated DCs from cockroach-allergic
patients caused significantly reduced secretion of IL-12 by Th cells
as compared to that from healthy individuals or other-allergic
patients (Fig. 5E). Moreover, LPS-stimulated DCs of either group
induced profuse secretion of IL-12 by Th cells.

Discussion

Allergic diseases have multifactorial etiology involving interplay
of allergens and cells of the immune system. Protease allergens
from dust mites, fungi, animals, pollens and cockroaches are impli-
cated in pathogenesis of allergy and asthma development (Hewitt
et al. 1995; Shakib et al. 1998; Gough et al. 1999; Ghaemmaghami
et al. 2001; Kurup et al. 2002; Bhat et al. 2003; Kondo et al. 2004;
Tai et al. 2006; Chapman et al. 2007; Jeong et al. 2008; Sudha
et al. 2009; Srivastava et al. 2010; Kale and Arora 2015). Cock-
roach allergen exposure particularly, appears to have a greater
impact on asthma morbidity than that of dust mite or pet allergen
among inner-city children with asthma (Rosenstreich et al. 1997;
Gruchalla et al. 2005; Olmedo et al. 2011). The protease allergens
induce sensitization and/or exacerbation by facilitating the passage
of their own and other allergens across tissue barriers, cleaving var-
ious molecules and modulating the functions of various cells and
immune responses. Previously, serine protease activity of Per a 10
from P. americana showed allergen-induced airway inflammation
(Sudha et al. 2009). Per a 10 activity also modulated DC functions
that favored a type 2 polarization in healthy individuals (Goel et al.
2012). Factors such as host genotype, type of allergen, allergen
concentration and presence of adjuvants, also participates in gener-
ation of a specificimmune response (Hammad etal. 2001; Gallietal.
2008; Vercelli 2008; Willart and Lambrecht 2009). Dendritic cells
(DCs) are at the interface of innate and adaptive immune system
that orchestrates the induction of Th1, Th2, Th17 or Treg responses.
Therefore, the present study aimed to evaluate the effect of Per
a 10 allergen on monocyte-derived DCs from healthy individuals,
cockroach-allergic patients and other-allergic patients.

The generation of an immune response requires efficient acti-
vation of the DCs that depends upon 3 signals viz. interaction
between major histocompatibility complex class II molecule and
T-cell receptor, type of costimulatory molecules expressed on DCs
surface and polarizing cytokine microenvironment in response
to the allergen challenge. The type of costimulatory molecules
expressed on DCs surface is crucial for DCs polarization and gener-
ation of effector T cell response (Thomas et al. 2002). Stimulation
through CD80-CD86 pathway is one critical point in the establish-
ment of antigen-driven immune responses (Kuchroo et al. 1995).
CD86 plays an important role in allergic diseases and has been
shown to be up-regulated on B cells from allergic patients (Bellou
and Finn 2005). Also, CD86 is essential for development of IL-4 pro-
ducing T cells which directs their polarization toward type 2 (Hofer
et al. 1998). In the present study, DCs from cockroach-allergic
patients upon Per a 10 stimulation demonstrated a significantly
high expression of CD80 and CD86 as compared to the DCs from
healthy individuals or other-allergic patients. A high CD86 expres-
sion was also observed on DCs from patients sensitive to house dust
mite as compared to healthy individuals, after stimulation with cys-
teine protease Der p 1 (Hammad et al. 2001). In the present study,
Per a 10-stimulated DCs from healthy individuals expressed sig-
nificantly high CD80 and CD86 as compared to the other-allergic

patients. On the other hand, stimulation with LPS induced a similar
level of expression of CD80 and CD86 on DCs from the cockroach-
allergic patients, healthy individuals or other-allergic patients. It
indicates that the response observed in cockroach-allergic patients
with Per a 10 stimulation is specific to the allergen and treatment
with LPS did not induce any differences in CD86 expression on the
3 groups. Also, no cross-reactivity has been reported between any
fungal and/or pollen allergens with Per a 10. Thus, this rules out
the possible chances of the other-allergic patients’s group, that are
allergic to fungal/pollen allergens, to respond to Per a 10 stimula-
tion in the present study. Further, the cells of other-allergic patients
are already primed against other antigen and hence the DCs are
not able to respond to stimulation with Per a 10. It may be due
to allergen sensitization that occurred at the level of monocytes
inside the host, such that the DCs differentiated from these mono-
cytes are specific to the allergen. Also, the differences observed
in CD86 expression cannot be accounted for the protease activ-
ity of Per a 10 because in that case the DCs from other-allergic
patients would also have depicted up-regulated CD86 upon stim-
ulation with Per a 10. Further, the ratio CD86:CD80 was higher in
DCs of cockroach-allergic patients than the healthy individuals or
other-allergic patients. Studies suggest CD86 to be more important
in inducing Th2 response than CD80 (Hofer et al. 1998) which is
preferentially associated with Th1 response. Thus, in the present
study, a high CD86:CD80 ratio indicates that Per a 10 stimulation
favors DCs type 2 polarization in cockroach-allergic patients. CD83
expression is may not be associated with allergen specificity as it
was similar in all the 3 groups.

CD40, a constitutively expressed co-stimulatory molecule
plays role in up-regulation of MHC I and II, CD80/86 and pro-
inflammatory cytokines like IL-1a/(3, IL-6, IL-12 (Caux et al. 1994;
Cella et al. 1996; Koch et al. 1996; Toso et al. 2002; Tuettenberg
et al. 2010). Stimulation with Per a 10 significantly reduced CD40
expression on DCs from cockroach-allergic patients as compared
to the healthy individuals or other-allergic patients. On the other
hand, LPS stimulation significantly increased the CD40 expression
on DCs from allergic patients and healthy individuals. The reduced
CDA40 level in response to Per a 10 was specific to cockroach-
allergic patients. Previous studies with Der p 1 has shown reduced
CD40 expression on DCs due to proteolytic cleavage by the aller-
gen (Ghaemmaghami et al. 2002). Thus, in the present study, the
reduced CD40 expression observed on DCs from cockroach aller-
gic patients after Per a 10 stimulation could be due to protease
activity of the allergen. Stimulation with proteolytically active Per
a 10 depicted significantly reduced CD40 expression as compared
to heat-inactivated Per a 10. Further, the level of soluble CD40 was
significantly increased in cultures of active Per a 10-stimulated DCs
than the heat-inactivated Per a 10 that provided the evidence that
low surface CD40 expression on DCs is due to cleavage by pro-
tease activity of Per a 10, hence increased sCD40 in the culture
supernatant. In a recent study, we have shown that protease activ-
ity of Per a 10 leads to CD40 cleavage on DC surface and renders
high release of sCD40 in the culture supernatant (Goel et al. 2014).
In present study, the reduced CD40 expression corroborated with
decreased IL-12 secretion by active Per a 10-stimulated DCs as com-
pared to heat-inactivated Per a 10. Reduced IL-12 secretion by DCs
in response to protease allergen stimulation has previously been
reported by Der p 1, Aspergillus extract and Per a 10 (Lamhamedi-
Cherradi et al. 2008; Goel et al. 2012; Ranger et al. 1996). Thus in
the present study, CD40 cleavage and reduced IL-12 secretion by
protease activity of Per a 10 indicates DCs modulation toward type
2.

The orientation of DCs to a particular subset DCs1 or DCs2 also
depends on the cytokine profile present in the culture supernatant
of DCs after stimulation. The Per a 10-induced secretion of IL-5, IL-6
and TNF-a by DCs was much more significant in cockroach-allergic
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patients than the healthy individuals or other-allergic patients.
The Per a 10-stimulated DCs from cockroach-allergic patients fur-
ther induced increased secretion of IL-4, IL-5, IL-6 and TNF-a by
autologous Th cells while decreased secretion of IL-12. Increased
levels of pro-inflammatory cytokines IL-6 and TNF-a are also
reported for other antigens like Der p 1, Salmonella and haptens
(Ghaemmaghami et al. 2002; Marriott et al. 1999). These findings
suggest a possible role of allergenicity status apart from intrinsic
property of the antigen in modulating DCs functions and polariza-
tion.

This study also indicates that the heat-inactivated Per a 10
can be explored for DC immunomodulation and immunothera-
peutic strategies. Further characterization of signal transduction
molecules and gene expression signatures that define such
regulation of DC stimulation by proteolytically active and heat-
inactivated Per a 10 in allergic patients will be helpful toward
understanding the pathogenesis of allergic disease and better adop-
tion of treatment strategies. In conclusion, the protease activity of
allergen and allergenicity status of the host participates in deciding
the outcome of DCs polarization and consequent immune response.
Per a 10 allergen modulates DCs in cockroach-allergic patients
toward a type 2 profile.
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