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1 | INTRODUCTION

Abstract

Background: The capacity of profilin to induce allergic symptoms in patients with
respiratory allergy has been questioned. In this sense, the aim of this study was to
investigate the correlation between profilin exposure and induction of symptoms in
a prospective case-control study.

Methods: The concentration of profilin as well as pollen levels in the air was meas-
ured. A diary score of symptoms was collected from allergic patients. Seventy-nine
individuals were included in the study; fifty cases and 28 controls were positive or
negative to profilin, respectively. Conjunctival and bronchial provocation tests were
performed with purified profilin (Pho d 2) in a subgroup of cases and controls.
Results: Profilin was detected in the environment on 133 days (maximum peak of 0.56 ng/
m3). A positive correlation between profilin and pollen count of Olea and Poaceae was
observed (p = 0.24; P < .001). Intensity of total, nasal and ocular symptoms was statisti-
cally higher in cases than in controls (P < .001). The risk of suffering symptoms, measured
by the percentage of patients who presented any of the symptoms each day, was also
higher in cases than in controls. The provocation test was positive in 95% of bronchial
and 90% of conjunctival challenges in cases, and negative in all controls.

Conclusions: Profilin was detected in the environment and had the ability to induce a
specific allergen response. Patients sensitized to this panallergen showed more symptoms
and were more likely to have symptoms. Therefore, sensitization to profilin seems to be

a marker of severity in patients with rhinoconjunctivitis and asthma mediated by pollen.
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and other concomitant and predominant allergens.>® In Central and

Northern Europe, profilin sensitization has mainly been associated with

Profilin is a ubiquitous family of proteins of about 12-16 kDa present
in eukaryotic cells and is involved in the control of actin polymeriza-
tion.>? They have been reported as panallergens, and their similar
tertiary structure, even among taxonomically separated plant spe-
cies, is the cause of their high cross-reactivity.>*

The sensitization profile of patients is highly variable (20%-30% of pa-

tients with pollen allergy) and mainly depends on geographical distribution

respiratory allergy to birch,” while in Southern Europe, it is associated with
exposure to grasses, which sensitize up to 60% of patients.8 On the con-
trary, in some areas of Australia, where ragweed pollen is predominant,

50% of patients allergic to pollen are sensitized to profilin. Some authors

attribute these percentages to co-recognition, or cross-reactivity.*?°

On the contrary, some have recently been questioning the lack of rele-

11,12

vance of profilin recognized so far, revealing that early sensitization
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Profilin is detected in the environment and has the capacity to induce a specific allergen response as evidenced by bronchial and conjunctival
challenges. Patients sensitized to profilin showed more and severe allergic symptoms and had more probability to develop allergic symptoms
than the allergic control population negative to profilin. Sensitization to profilin seems to be a marker of severity in pollen allergic patients

with rhinoconjunctivitis and asthma.

to profilin could be a marker of predisposition to more severe allergic dis-
ease.’® The presence of profilin-specific IgE has been associated with an
increased risk of sensitization to multiple pollens and the presence of food
allergy,* and higher risk of allergic reactions to specific immunotherapy.*

With the aim of investigating the capacity of profilin to induce al-
lergic symptoms, the objective of this study was to establish a correla-
tion between clinical symptoms and profilin exposure by challenging
a pollen allergic population to a conjunctival and bronchial provoca-
tion test with purified profilin, in a prospective case-control study.
Additionally, correlation between the concentration of profilin in the

environment and severity of symptoms was also investigated.

2 | MATERIALS AND METHODS
2.1 | Patient population

This study consists of a case-control study, with a sample population
of patients older than 14 years who came to the Hospital Universitario
Infanta Elena (Valdemoro, Madrid, Spain) for the first time, due to al-

lergic respiratory pathology. Clinical cases included patients with

rhinitis, rhinoconjunctivitis and/or asthma and a positive skin prick
test (SPT) to profilin, while the control group included patients with
rhinitis, rhinoconjunctivitis and/or asthma but negative to profilin.
Serum samples from cases and controls were collected for further
studies.

All patients gave written consent to participate in the study (or
parents/legal representative in the case of patients between 14 and
18 years of age). Individuals with severe atopic dermatitis, uncontrolled
bronchial asthma or any other severe respiratory pathology that limits
performing diagnostic tests and evaluation of the results thereof, or
those who declined consent, were excluded from the study.

The study protocol was approved by the Clinical Research Ethics
Committee of the Fundacion Jiménez Diaz (Madrid, Spain) (Number
EO172011FJD).

2.2 | Symptom Diary Cards

Throughout the year, all the patients completed diary cards on which
they recorded their conjunctival, nasal and bronchial symptom scores

according to the following scale'®':0, no symptoms; 1, mild symptoms
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(slight nasal obstruction, slightly runny nose, or occasional sneezing or
itching of the eyes); 2, moderate symptoms (moderate nasal obstruc-
tion, moderately runny nose, some sneezing and congestion, some
ocular itching or mild asthma); and 3, severe symptoms (complete
nasal obstruction, almost continuously runny nose, frequent sneezing

or ocular symptoms or asthma attacks) (Figure S1).

2.3 | Invivo studies
2.3.1 | Skin prick tests

All individuals recruited were skin prick tested with a standard bat-
tery of biologically standardized aeroallergens including a mixture
of grasses, Lolium perenne, Secale cereale, Cynodon dactylon, Olea
europaea, Cupressus arizonica, Platanus hybrida, Parietaria judaica and
Salsola kali, moulds (Alternaria alternata), mites (Dermatophagoides
pteronyssinus and Dermatophagoides farinae), animal epithelia (cat
and dog), and with purified profilin from Phoenix dactylifera (Pho d 2,
50 pg/mL'®) (Laboratorios LETI SLu, Madrid, Spain).

2.3.2 | Conjunctival allergen challenge

Conjunctival challenges were performed according to the usual
technique® with purified Pho d 2 in 5 concentrations increasing
from 0.003 pg/ml to 3 pg/ml dissolved in saline solution (0.85%
NaCl, phosphate buffer 7 mM), following the recently recommended
evaluation criteria.?® Conjunctival challenges were performed in 10
cases and 5 controls outside the symptom registration period so as
not to interfere with the symptom diary card.

2.3.3 | Bronchial challenge

Specific bronchial challenge tests were performed with purified
profilin18 in serial dilutions (from 0.15 pg/ml to 30 pg/ml) in sterile
PBS (phosphate-buffered saline) by the tidal flow method doubling
concentrations of the antigen dissolved in sterile PBS from 0.15 pg/
ml to 30 pg/ml, as previously reported.?!?2 Late response with peak
flow was controlled in the 24 hours after the test. Specific bronchial
challenge tests were performed in 20 cases and 10 controls outside
the symptom registration period for diary cards.

2.4 | Invitro studies
2.4.1 | slgE and immunoblotting
Specific IgE (sIgE) to rPhl p 12 and rBet v 2 was measured by ImmunoCap

(Thermo Fisher, Uppsala, Sweden). In addition, recognition of Pho d 2 by

the patients’ sera was analysed by immunoblot as reported.®

2.5 | Aerobiological studies
2.5.1 | Airsampling

A volumetric air sampler (Air Sentinel, Quan-Tec-Air Inc, Rochester,
Minnesota, USA) adapted for outdoor use?® was used for aeroaller-
gen collection. The sampler was placed 8.26 m above street level
in Valdemoro (coordinates 40°11'53"N 3°41'50”0) and run con-
tinuously throughout 2012 with an air flow of 10 m%/h. Airborne
particles were collected onto polytetrafluoroethylene membranes
(Merck Millipore). Sampling time for each filter was 24 hours, which
represents 240 m? of air per sample, and filters were replaced at
approximately the same time each day. After removal, filters were
sealed in plastic bags and stored at 4°C until extraction.

2.5.2 | Filter extraction and allergen quantification

The upper layer of 220 filters was separated and individually placed
in tubes containing 2 ml of 0.01 M PBS. Tubes were stirred until the
filter was completely soaked and left for overnight extraction in a ro-
tary mixer at 4°C. Afterwards, the liquid content was collected and the
filter discarded.

Allergen content was measured by ELISA inhibition.'® In short,
purified Pho d 2 was used as standard (from 1.95 ng to 1000 ng).
Microplates were coated with profilin at 1 pug/well. Samples were
incubated with polyclonal anti-Pho d 2 antibodies produced in rabbit
as previously reported®® (dilution 1:30 000). Allergen concentrations
were estimated using a standard curve and were based on inhibition

capacity; final results were expressed in ng/m3 of air.

2.5.3 | Pollen count

Aerobiological sampling was performed from 1%t January to 31°
December 2012 with a Burkard pollen collector placed in Valdemoro
one metre from the volumetric air sampler. Samples were examined
under optic microscope with a 100x objective lens. Pollen concen-

trations were expressed as pollen grains/m® of air.

2.6 | Statistical analysis

Fisher's exact test was used to study the relationship between
study variables. The Mann-Whitney rank sum test was used to com-
pare numerical numbers obtained for the different groups. Linear
regression and logistic regression models were used to evaluate
the relationship of variables to the intensity and presence of symp-
toms, respectively. Scatter plots were used, and the Spearman cor-
relation coefficient was calculated to evaluate IgE concentration
and symptom severity. The software GraphPad Prism 7 was used

for analyses.
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3 | RESULTS
3.1 | Patient population

Seventy-nine patients (mean age 30.1 *+ 8.5 years) were included in
the study: 51 positive to profilin (cases) and 28 negative to profilin
(controls) based on SPT to Pho d 2. The characteristics of the popula-
tion are shown in Table 1.

All the population had rhinitis and conjunctivitis, whereas 38
cases (74.5%) and 22 controls (78.6%) also had asthma. Statistically
significant differences were found in the years of evolution of asthma,
with more years in the cases than in the controls (5.8 + 4.9 years vs
2.9 + 2.5 years; P < .05).

3.2 | Invivo studies (profilin diagnosis)
3.21 | SPT

Mean value for wheal sizes induced by profilin in the 51 cases was
38.4 + 23.7 mm? (individual wheal sizes are shown in Figure S2).

All patients were sensitized to pollen; Forty-four cases (86.3%)
and 13 controls (46.4%) were sensitized to three or more pollens
(P < .001) which indicates that patients sensitized to profilin were
sensitized to more species than patients not sensitized to profilin.
Most profilin-sensitized patients were sensitized to Cynodon dacty-
lon (92.2%), with statistically significant differences in comparison
with profilin-negative patients (53.6%) (P < .001). There was also
a significant correlation between sensitization to profilin and to
Platanus acerifolia (76.5% vs. 17.9%) (P < .001) and Parietaria judaica
(21.6% vs. 3.6%) (P < .05) (Table 1).

3.2.2 | Conjunctival challenges

Conjunctival challenges were performed in 15 patients, who gave their
consent for the test 10 cases and 5 controls, being positive in 9 of the 10
cases. The median concentration that induced the reaction was 0.3 g/
ml (Table 2 and Table S1); all 5 controls had a negative challenge test.

3.2.3 | Bronchial challenges

Among patients diagnosed with asthma, bronchial challenge with
purified Pho d 2 was performed on the first 20 cases and 10
controls who gave their consent for the test (Table 3). Nineteen
cases (95%) had a positive bronchial challenge with profilin, with
amounts ranging from 0.31 to 20 ug/ml, the mean PC20 (provoca-
tive concentration causing a 20% fall in Forced Expiratory Volume
in the first second [FEV1]) being 10.55 + 11.87 pg/ml. A statisti-
cally significant difference was observed (P < .001), both in the

final FEV1 and in the percentage FEV1 decrease from baseline

when comparing cases and controls. FEV1 decreased a mean of
24.3% for cases and 5.9% for controls. A total of 60% of cases
presented additional symptoms during the test, the most com-
mon being nasal symptoms (35%), cough (20%) and palatal pruritus
(20%) (Table S2). There was no late response in peak flow records
during the 24 hours after the test.

All controls had negative bronchial challenge with purified
profilin.

3.3 | Invitro studies (slgE and immunoblot)

slgE to rPhl p 12 was positive in 38 cases (74.5%), with values of
4.8 + 10 kU/l and rBet v 2 was positive in 42 cases (82.3%) with values
of 6.2 + 10.8 kU/I (Figure S2). Both profilins were negative in controls.

Forty-two of the 51 cases (82.4%) recognized nPho d 2 by immu-
noblot (Figure S2). Nine sera that did not recognize nPho d 2 were
also sIgE negative to rPhl p 12 and rBet v 2. None of the controls
recognized profilin in the immunoblots (data not shown).

3.4 | Aerobiological and clinical studies

3.4.1 | Profilin quantification on filters and
correlation with the pollen count of different species

A total of 220 filters were analysed. The maximum value was ob-
tained on 10" June with 133.4 ng of profilin in the filter (0.56 ng/
m?® of air). The distribution of profilin during the year is shown in
Figure 2. Profilin was detected in the environment in 133 days
(36.5% of the year). For 58 days (15.9% of the year), profilin
concentrations higher than 10 ng were observed in the filters
(>0.04 ng/m? of air). The month with the highest profilin content
was June, but there were also other smaller peaks in April and the
end of July (Figure 1).

The profilin peak appeared some days after the pollen peak
of Olea and Poaceae (Figure 1A, 1B). Fifty different types of pol-
len were identified during the period of study. Plants with pol-
len counts during the whole year higher than 1000 pollen grains/
m? of air were as follows: Cupressaceae (2195 pollen grains/m®),
Olea (2917), Pinaceae (1994), Platanus (1072), Poaceae (2504) and
Quercus (12 747). Among them, profilin has been identified as an
allergen in Olea, Platanus and Poaceae. The correlation coefficient
was calculated for different pollens, with respect to profilin levels.
Olea and Poaceae pollens showed a positive correlation (p = 0.24;
P < .001). In the case of Platanus (p = 0.41; P < .001), the peak of
pollination was two months before the peak of profilin (Figure 1C).
Pollen levels of Quercus were significantly higher than other spe-
cies and pollinated approximately one month before the highest
peaks of profilin (p = 0.36; P <.001) (Figure 1E). Finally, in the case
of Plantago (p = 0.39; P < .001), the level of pollen grains/m3 was
low (Figure 1D).



RUIZ-HORNILLOS ET AL.

TABLE 1 Description of the study
population

Cases Profilin  Controls Profilin

Total positive negative p value
n 79 51 (64.6%) 28 (35.4%)
Age (years + SD) 30.1+8.5 29.3+8.5 31.5+8.7 NS
Female n (%) 49 (62.0%) 33 (64.7%) 16 (57.1%) NS
Respiratory symptoms
Rhinitis 79 (100%) 51 (100%) 28 (100%) NS
Years of evolution for rhinitis 8.6+5.1 9.2+49 69+54 NS
Conjunctivitis 79 (100%) 51 (100%) 28 (100%) NS
Asthma 60(75.9%) 38 (74.5%) 22 (78.6%) NS
Years of evolution for asthma 47 4.4 5.8+49 29+25 P<.05
Sensitization to aeroallergens (SPT)
Mites 24 (30.4%) 15(29.4%) 9 (32.1%) NS
Moulds 18 (22.8%) 12(23.5%) 6(21.4%) NS
Epithelia 47 (59.5%)  31(60.8%) 16 (57.1%) NS
Pollen (All) 79 (100%) 51 (100%) 28 (100%) NS
Grasses 73(92.4%) 47 (92.2%) 26(92.9%) NS
Lolium perenne 74 (93.7%)  48(94.1%) 26 (92.9%) NS
Secale cereale 75(949%) 49 (96.1%) 26 (92.9%) NS
Cynodon dactylon 62 (78.5%) 47 (92.2%) 15 (53.6%) P <.001
Olea europea 67 (84.8%) 43(84.3%) 24 (85.7%) NS
Cupressus arizonica 44 (55.7%) 30 (58.8%) 14 (50.0%) NS
Platanus acerifolia 44 (55.7%) 39 (76.5%) 5(17.9%) P <.001
Parietaria judaica 12 (15.2%) 11(21.6%) 1(3.6%) P <.05
Salsola kali 36 (45.6%) 27 (52.9%) 9 (32.1%) NS
Sensitization to 3 or more pollens 50(73.4%) 44 (86.3%) 13 (46.4%) P <.001
Abbreviations: NS, non-significant.
Percentages calculated from the “n” in each group.
TABLE 2 Conjunctival challenge to profilin 3.4.2 | Patient symptoms diary
0 Result Final concentration
Total (Figure 2A), bronchial (Figure 2B), nasal (Figure 2C) and con-
Case 13 Pos 3 junctival (Figure 2D) symptoms were compared between cases and
Case 15 Pos 0.3 controls.
Case 20 Pos 0.03 It was observed that mean intensity of total symptoms, through-
Case 27 Pos i out the year, was on average 0.56 points higher in cases than in con-
Case 31 Neg 3* trols, 95% Cl (0.43,0.70) P < .001 (Figure 2A); nasal symptoms were
Case 33 Pos 0.3 0.26 points higher in cases than in controls, Cl (0.18,0.34) P < .001
Case 34 Pos 0.3 (Figure 2C); and conjunctival symptoms 0.27 points higher in cases
Case 38 Pos 0.3 than in controls, CI (0.23,0.31) P < .001 (Figure 2D).
Case 39 Pos 0.3 For bronchial symptoms, statistically significant differences
Case 46 Pos 15 (P =.020) between cases and controls were limited to the presence
Control 6 Neg - of profilin (from March to August) in the environment (0.10 points;
Cl1[0.02, 0.19]) (Figure 2B).
Control 7 Neg ¥ The risk of suffering asthma was higher in cases than in controls
Control 8 Neg ¥ with OR 1.32 95% CI (1.19, 1.46) (P < .001). The same occurred with
Control 13 Neg 3 nasal and conjunctival symptoms, with an OR of 1.15 95% Cl (1.08, 1.23)
Control 25 Neg 3 (P < .001) and OR of 1.62 95% Cl (1.47, 1.79) (P < .001), respectively.
Abbreviations: Neg, Negative result; Pos, Positive result. No correlation was detected between the intensity of these

*No induction of positive response. symptoms and slgE levels to rPhl p 12 and rBet v 2.
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TABLE 3 Bronchial challenge to profilin

FEV1 FEV1 post- FEV1 decrease (%) Last concentration of
Cases baseline (L) saline (L) FEV1 Final (L) from baseline profiline (ng/ml) PC20 (ng/ml) Result
Case 2 3.38 3.51 2.62 254 5.00 7.48 Pos
Case 3 1.87 1.78 1.27 28.7 5.00 6.33 Pos
Case 12 3.00 3.01 2.35 21.0 10.00 18.67 Pos
Case 13 3.14 3.02 2.17 28.1 5.00 7.32 Pos
Case 15 2.62 2.59 2.44 5.8 20.00 N/A Neg
Case 16 2.64 2.31 1.67 27.7 2.50 3.24 Pos
Case 17 2.35 2.34 1.84 214 0.31 0.43 Pos
Case 21 2.86 29 2.09 28.0 10.00 12.86 Pos
Case 22 2.94 2.99 2.26 24.4 1.21 1.46 Pos
Case 24 3.14 3.19 2.55 20.1 20.00 39.36 Pos
Case 26 4.25 4.33 3.46 20.0 10.00 19.77 Pos
Case 27 3.02 3.07 2.16 29.7 20.00 26.96 Pos
Case 31 4.15 4.07 3.13 23.1 2.50 2.98 Pos
Case 32 835 3.36 2.44 27.4 2.50 3.45 Pos
Case 33 3.17 3.02 1.94 35.8 1.25 1.27 Pos
Case 34 2.38 2.27 1.75 26.5 2.50 3.96 Pos
Case 35 4.14 4.11 3.22 21.7 20.00 34.99 Pos
Case 38 2.61 2.55 2.00 21.6 1.25 2.13 Pos
Case 48 3.25 3.21 2.44 24.0 1.25 1.19 Pos
Case 51 3.96 3.93 2.94 25.2 5.00 6.65 Pos
Mean (SD) 3.11(0.64) 3.08(0.68) 2.34(0.55) 24.3(5.9) Median: 5.00 pg/ml 10.55(11.87)
Last
FEV1decrease  Concentration  Total
FEV1 baseline FEV1 post- (%) from of profilin (ug/  accumulated
Controls (L) saline (L) FEV1 Final (L) baseline ml) dose Result
Control 03 3.12 3.04 2.87 5.6 20 39.83 Neg
Control 04 3.66 3.70 3.43 7.3 20 39.83 Neg
Control 08 3.88 3.71 3.71 0.0 20 39.83 Neg
Control 11 2.69 2.79 2.80 0.3 20 39.83 Neg
Control 12 3.46 3.39 3.27 5.4 20 39.83 Neg
Control 13 4.07 411 3.83 7.8 20 39.83 Neg
Control 15 2.59 2.51 2.50 0.4 20 39.83 Neg
Control 23 3.78 3.80 3.32 12.2 20 39.83 Neg
Control 25 2.78 2.52 2.34 7.2 20 39.83 Neg
Control 28 4.25 411 3.92 4.4 20 39.83 Neg
Mean (SD) 3.43(0.6) 3.37(0.61) 3.20(0.55) 5.1(3.9)

Abbreviations: FEV1, Volume exhaled at the end of the first second of forced expiration; Neg, Negative result; N/A, Not Applicable; PC20,

provocative concentration causing a 20% fall in FEV1; Pos, Positive result.

4 | DISCUSSION

Identification of allergens in the environment has become important
for the control of allergic diseases and for establishing a relationship
with clinical symptoms.¢242> In the present study, we quantified the
profilin levels in the environment and investigated their correlation with
the clinical symptoms of pollen allergic patients. In addition, the capac-

ity of profilin to induce allergic symptoms was demonstrated. To our

knowledge, this is the first time that the capacity of profilin to induce
clinical allergic symptoms has been demonstrated in patients in real life.

We set up a method for quantifying profilin in the air over the
course of a year, which resulted useful for establishing a correlation
with the clinical symptoms of our population. Although the method-
ology for extraction and quantification of profilin in the filters ren-
dered good results, more sophisticated methods that obtain a more

accurate concentration would provide more exact data.
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FIGURE 1 Pollen counts and profilin levels during the study period. (A) Olea; (B) Poaceae; (C) Platanus; (D) Plantago and (E) Quercus. The
profilin peak appeared after the maximum pollen peak of Olea and Poaceae

Regarding the concentration of profilin in the environment,
June showed the highest concentration followed by May and
April, corresponding to the highest peaks of pollen grains in the
air (especially from grasses and olive trees), although a lag of a few
days was observed. We hypothesize that profilin requires certain
meteorological conditions to be detected and released from pol-
len grains. Another finding we observed was that the presence of
profilin was not limited to the spring season, with different con-
centrations detected out of this period. This fact may be related to
the different concentration of profilin in different pollen species.
In this sense, Lolium perenne is one of the pollens with a higher
percentage of relative profilin content,® while the lower per-
centage in olive trees or Plantago suggests a lower contribution.®
Quercus may contribute significantly in correlation with the high

levels of pollen grains, although the contribution of this tree to

allergic symptoms is almost irrelevant at Madrid's latitude. This is
especially important because the implication of profilin for clinical
symptoms might vary despite the high cross-reactivity.?® In gen-
eral, the clinical implications of small amounts of profilin remain
unknown, although different studies have suggested that profilin
may enhance allergic inflammation.?”

A positive correlation between pollination and clinical allergic
symptoms is well established. However, although the presence of al-
lergens in the atmosphere (such as profilin) and their implication in
clinical symptoms can be extrapolated, it is necessary to establish its
allergenic relevance and capacity to induce allergic symptoms. In this
way, our study confirms the capacity of profilin to produce an aller-
gen-specific response by using bronchial and conjunctival provocation
tests. These results confirm that profilin should be considered as a re-

spiratory allergen. These observations are in agreement with previous
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FIGURE 2 Correlation between profilin counts and clinical symptoms throughout the year. A total of 79 patients (n = 51 cases and n = 28
controls) recorded their symptoms on diary cards. (A) Total symptoms (P < .001); (B) Bronchial symptoms (NS along the year); significance
limited to the presence of profilin in the environment (P = .02); (C) Nasal symptoms (P < .001); and (D) Conjunctival symptoms (P < .001)

studies,?® which demonstrated this ability by positive conjunctival
challenge with nPho d 2 in 65% (11/17) of patients sensitized to pro-
filin. Ruiz-Garcia et al® observed that profilin was also capable of pro-
ducing respiratory symptoms by bronchial challenges with nPho d 2,
positive in 77% of sensitized patients. Recently published studies have
also confirmed the role of profilin from Phleum pratense by inducing a
T-cell response.?’

Using our technique, the highest profilin concentration was
0.56 ng/m3 of air (10th of June), which is much smaller than the dose
needed to produce symptoms (0.3 ug of profilin). Based on this, it is
necessary to correlate the concentration of profilin in the environment
with the symptoms that our patients experienced in real life, as pre-
viously described for other allergens.?*3° Differences in respiratory
symptoms were observed between the two groups in the presence of
profilin (P = .02), confirming the implication of profilin in the symptoms.

Regarding our patient population, the selection was performed
by skin testing with purified profilin. Diagnosis was confirmed by sIgkE
with rBet v 2, rPhl p 12 orimmunoblot in 42 patients (82.3%), although
some discrepancies were observed between in vivo and in vitro diag-
nostics, probably explained by limitations of the in vitro techniques. A
positive bronchial challenge was obtained in patients with negative in
vitro diagnosis. This result suggests that skin prick test with purified
allergens is a useful tool for the selection of allergic patients.

Until now, there have been only a few published cases of genuine
profilin-sensitized patients.>¥3? In our real-life study, we found that
our patients sensitized to profilin had a significantly higher intensity of
symptoms than those not sensitized to profilin, although both groups

were polysensitized. We also observed a significantly higher risk of

developing ocular, nasal and bronchial symptoms in profilin-sensitized
individuals. Both risks and intensity corroborate the idea that profilin
can be a marker of severity. On the other hand, profilin may also be a
marker of evolution of asthma. In our population, we observed that
profilin-sensitized individuals showed twice the time of evolution of
asthma symptoms (5.8 + 4.9 vs. 2.9 + 2.5 years) (P < .05). These results
are in agreement with previous observations, which have suggested
the importance of profilin as a marker of evolution,®® early marker of
severity13 or a marker of symptom severity.?’s'34 Prospective studies
may clarify the role of profilin as a marker of allergic disease.

Exclusive monosensitization to profilin is not frequent. However,
treatment of these patients or the majority allergic to profilins re-
mains unsolved. Further studies will be necessary to determine
whether an aetiological approach to this panallergen is possible, as
has been proposed with other panallergens such as LTP.3>3¢

In summary, our study demonstrates that environmental pro-
filin is able to induce a specific allergic response at the respira-
tory level evidenced by bronchial and conjunctival challenges.
In addition, patients sensitized to this panallergen showed more
symptoms and were more likely to have symptoms. Therefore,
sensitization to profilin can be considered a marker of severity in
patients with rhinoconjunctivitis and asthma due to pollen allergy.
More studies are necessary to identify the best approach for treat-
ing these patients.
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Patient code I:l

Symptom assessment criteria *

LWrite each day in the corresponding box 0, 1, 2, or 3, depending on the severity of each symptom:
2: moderate symptoms (annoying, but not disabling or intolerable)

0: no symptoms

MONTH :lwse a sheet per month) 1: mild symptoms (clearly present but not annoying) 3: severe symptoms (serious, disabling and / or intolerable)

SYMPTOM

Day Day

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

24

25

26

27

28

29

30

31

Sneeze

Hydrorrhea

Nasal obstruction

Nasal itching

Ocular itching

Tearing

Red eyes

Cough

Chest tightness

Shortness of breath

Figure 1 - Supplementary Information: Symptom diary card.




Table 1-Supplementary Information. Additional symptoms during the conjunctival challenges.

Result Final . Ocu_lar Chemosis Episcleral Tearing Final score Adverse

concentration pruritus redness effects
Case-13 Pos 3 13 3 3 3 22 S,R, PP, IOE,
Case-15 Pos 0.3 4 2 3 0 9 IOE
Case-20 Pos 0.03 2 0 2 1 5 No
Case-27 Pos 1.5 7 0 2 2 11 E
Case-31 Neg 3* 0 0 0 0 0 No
Case-33 Pos 0.3 4 2 2 0 8 IOE, E
Case-34 Pos 0.3 3 2 2 0 7 E,R
Case-38 Pos 0.3 4 0 4 0 8 No
Case-39 Pos 0.3 3 3 2 0 8 No
Case-46 Pos 15 8 1 3 1 13 No
Control-6 Neg 3* 2 0 0 0 2 IOE
Control-7 Neg 3* 1 1 0 0 2 No
Control-8 Neg 3* 0 0 0 0 0 No
Control-13  Neg 3* 0 0 0 0 0 N
Control-25  Neg 3* 0 0 2 0 3 No

Pos: Positive result; Neg: Negative result; *: No induction of positive response; S: sneezing, R: rhinorrhea, PP palatal pruritus, ICE: itching in
contralateral eye.



Table 2 — Supplementary Information. Additional symptoms during the bronchial

challenges.

Cases Final Result Additional
concentration of symptoms
profilin (ng/ml)

Case-2 5 Pos NO, RN, S, D

Case -3 5 Pos NS

Case -12 10 Pos IT,D, C

Case -13 5 Pos NS

Case -15 20 Neg NS

Case -16 2.5 Pos NO, RN, S,

Case -17 0.31 Pos C,N

Case -21 10 Pos NO, P

Case -22 1.21 Pos OS, S

Case -24 20 Pos NS

Case -26 10 Pos IT, S, D

Case -27 20 Pos IT

Case -31 2.5 Pos NS

Case -32 2.5 Pos NS

Case -33 1.25 Pos NO, RN, S, OS

Case -34 2.5 Pos IT

Case -35 20 Pos S

Case -38 1.25 Pos NS

Case -48 1.25 Pos NO, RN, S,

Case -51 5 Pos NS

Control-3 20 Neg NS

Control-4 20 Neg RN

Control-8 20 Neg NS



Control-11 20 Neg NS

Control-12 20 Neg NS
Control-13 20 Neg NS
Control-15 20 Neg NS
Control-23 20 Neg NS
Control-25 20 Neg NS
Control-28 20 Neg NS

Pos: Positive result; Neg: Negative result. NS: No Symptoms; NO: Nasal Obstruction;
RN: Runny Nose; S: Sneezing; C: Cough; D: Dyspnoea; N: Nausea; P: Presyncope; OS:
Ocular Symptoms; IT: Itching in the lips, mouth, and/or pharynx.
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Figure 2 - Supplementary Information: Immunoblots with the individual serum samples. Two micrograms of
purified Pho d 2 were run in the solid phase. Patients sera were diluted 1:1. sIgE to rPhl p 12 and rBet v 2 are shown

for each patient and expressed in (kU/L). Wheal s. (Wheal size) obtained by skin prick test with purified profilin for
each patient in mm?.
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