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Abstract: There is little clinical evidence for a correlation between the severity of atopic
eczema (AE) and pollen exposition. To obtain more data, we performed a clinical cohort pilot
study about the influence of pollen on AE between sensitized and nonsensitized subjects and
an experimental study addressing the cutaneous penetration of pollen into the skin. Fifty-five
patients were monitored during birch pollen season. To study the cutaneous penetration, grass
pollen allergens were applied on excised skin and the uptake in CD1c-expressing dendritic
cells was investigated. The correlation between environmental pollen load and severity of the
Scoring Atopic Dermatitis (SCORAD) score and pruritus was observed, regardless of the status of sensitization. The sensitized group recovered significantly worse after the birch pollen
season. Remarkably higher amounts of pollen allergens taken up by CD1c cells were detected
in epidermal cells derived from skin explants with a disturbed epidermal barrier. These findings
suggest an exacerbating role of pollen in AE utilizing the epidermal route.
Keywords: aeroallergens, atopic eczema, seasonality, skin antigen-presenting cells, skin
barrier penetration
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Introduction
Atopic eczema (AE) is the most frequently occurring chronic inflammatory cutaneous
disease in children.1 It is characterized by typical eczema in the crook of the elbows,
ankles, and knees, and is accompanied by persistent pruritus. The pathogenesis is
extremely heterogeneous and driven by a complex interaction of genetic and environmental factors.2 The two main dysfunctions responsible for the symptoms are a
deficiency in the epidermal barrier and a dysregulation of the immune system. Both
disturbances are genetically controlled.3
The group of atopic diseases comprises (besides AE) allergic rhinitis, conjunctivitis,
asthma, and food allergy, all of which are characterized by an enhanced predisposition
to develop sensitizations and allergies against natural antigens, derived from house
dust mites, pollen, pets, or foods.4 While the causal link between sensitizations against
inhalant allergens for allergic rhinitis and asthma is clear, the exposure to these natural
environmental antigens is considered less important when referring to the induction
of relapses of the AE.
There are some arguments indicating that environmental antigens may indeed
be important for the pathogenesis of AE.3 These include the sensitization against
inhalant allergens, the improvement of the skin by reducing the exposure to allergens and, vice versa, the deterioration of the skin when exposed to high amounts
of allergens.5
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To further elucidate the role of epicutaneous exposure to
pollen in influencing AE, we monitored the clinical course of
AE before, during, and after a birch pollen season. In addition, experimental investigations were performed addressing
the cutaneous penetration of pollen allergens (PA) in skin
samples. The hypothesis is that the AE is more pronounced
during pollen season, which could be explained by penetration of PA into the disturbed skin.

Materials and methods
Patients
The study was performed in 2009 at two dermatological
centers in Northern Germany (in Kiel and Hannover). For
this pilot study, we aimed to enroll as many adult atopic
patients from the dermatologic outpatient clinic that fulfilled
the Criteria of Hanifin and Rajka.6 The subjects were consecutively recruited from March 2009 until 3 days before the
start of the birch pollen season, as determined by the institute
of the national ministry of traffic and digital infrastructure
(http://www.dwd.de/pollenflug). Subjects screened after
this day were excluded to ensure that local differences in
birch pollen flight would not interfere with baseline data.
The eligible subjects were divided by their status of specific
immunoglobulin (Ig)E against birch pollen (Thermo Fisher
Scientific, Waltham, MA, USA). A radioallergosorbent
test (RAST) was performed for each subject on visit 1. All
subjects with carrier-polymer-system (CAP)-Class 2 or
above were included into the sensitized group, and those
with classes below CAP-Class 2 fell into the nonsensitized
cohort, respectively. The patients were examined during six
visits: in the preseason (visit 1); at the beginning of the season
(visit 2); 1 week (visit 3) after the season began; 2 weeks
(visit 4) after the season begin; at season end (visit 5); and
2 weeks after season end (visit 6). On each visit, the patients
were clinically examined and the severity was scored using
the Scoring Atopic Dermatitis (SCORAD) scale. In addition,
pruritus and sleeplessness were recorded by a visual analog
scale. At the first visit, the patients completed a general
questionnaire (detailed in section Questionnaires), and a
specific study questionnaire at visits 2–6.
Possible confounders include sensitization to other
allergens during the same period (we controlled for those
using a pollen trap and noticed only minor concentrations of
cupressae or carpinus, less than one-tenth of the birch pollen
concentration), as well as individual trigger factors like stress
or time of exposure to the outside environment. These were
projected to play a minor role, since individual triggers may
be controlled over the number of subjects; the exposure by
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simply opening the window once a day was considered to
bear enough pollen to trigger symptoms.
The subjects were allowed to use a stable topical therapy
of mild-to-moderate glucocorticoids throughout the study.
Also, antihistamines were free to use for the subjects, since
no significant impact on the eczema was expected.7 Any data
from subjects who participated in less than five of six visits
were excluded.
Patients were asked to evaluate their condition according
to a skin score (0–3; 0= none, 1= mild, 2= moderate, and
3= severe) and to document the data in a diary. The data were
made anonymous by means of codification. The study had been
approved by the Ethics Committees of the University Hospital
Schleswig-Holstein, Campus Kiel (Kiel, Germany), and of
Hannover Medical School (Hannover, Germany). Written
informed consent had been obtained from each participant.

Questionnaires

General questionnaire
The general questionnaire included data on the time of onset
of AE, patient and family history of atopic diseases, sensitization especially to birch pollen, and cross reactions to food.
Furthermore, patients were questioned regarding specific
immunotherapies, medications for treating their AE, general
diseases, and respective medications.

Study questionnaire
In the study questionnaire, which was completed during the visits 2–6, the patients stated the following: 1) how their skin had
changed since the last visit (clearly improved, slightly improved,
unchanged, slightly deteriorated, or clearly deteriorated);
2) which skin areas were affected by the change (air-exposed
areas like the face, back of the hands/forearms, and unexposed
skin areas); and 3) which topical and systemic drugs had been
administered (cortisone cream/ointment, cortisone tablets,
antihistamines, or calcineurin inhibitors cream/ointment).

Dermatological Life Quality questionnaire
The Dermatological Life Quality Index (DLQI) should
reflect the patient’s quality of life.8 It includes ten questions,
the answers to which were added to a final score (scale of
0–30 scores): 0–1, not impaired; 2–5, slightly impaired; 6–10,
moderately impaired; 11–20, strongly impaired; and 21–30,
extremely impaired.

SCORAD
The severity of the AE was determined by the SCORAD
index established by the European Task Force on Atopic
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 ermatitis.9 This index is composed of both objective
D
parameters (extent and intensity) and subjective parameters (pruritus and sleeplessness), and serves as a clinical
instrument for severity assessment. The extent of the AE is
assessed according to the rule of nines with consideration of
the patient’s age. Also, the extent was analyzed separately for
exposed (face, forearms, hands) and unexposed skin (breast,
back). The intensity includes the morphological criteria, such
as the erythema, edema/papule formation, weeping, crust
formation, excoriation, lichenification, and dryness of the
nonaffected skin. The SCORAD is calculated using a formula reflecting the individual parameters with their specific
weight. The SCORAD was recorded for every patient on
each of the six visits.

GmbH, Berlin, Germany). An excess of l-alanyl-l-glutamine
(Dipeptamin®; Fresenius Kabi Deutschland GmbH, Bad
Homburg, Germany) was added to the FITC-labeled proteins
and the dialysate, to inactivate nonbonded FITC. Both solutions were incubated for 2 hours at 4°C.
Aliquots were dried at 30°C using a lyophilisator
(Concentrator 5301; Eppendorf, Hamburg, Germany). The
dry lyophilisates were stored at ‑20°C in the absence of
light. The lyophilisates of the dialysate were used as controls
in the experiments. For application onto human skin, one
aliquot of the lyophilisates (450,000 standardized quality
units) was dissolved in 240 µL of PBS (1,875 standardized
quality unit/µL).

Sleeplessness, pruritus

Freshly excised skin samples were obtained from healthy
nonatopic volunteers undergoing plastic surgery. The skin
was investigated visually by a physician before surgery
and possible skin diseases were excluded through inquiry.
Written informed consent was obtained. Tissue sampling
was approved by the Institutional Ethics Committee of the
Medical Faculty of the Charité – Universitätsmedizin Berlin
(Berlin, Germany) and followed the ethical rules stated in
the Declaration of Helsinki.

Pruritus and sleeplessness were recorded daily by the patients
using a visual analog scale (scale: 0–10; ranging from no pruritus to unbearable pruritus and sleeplessness, respectively)
during all weeks of the study.

Changes in AE (subjective assessment)
The AE, as subjectively assessed by the patients using the
given categories, “clearly improved (-2)”, “slightly improved
(-1)”, “unchanged (0)”, “slightly deteriorated (+1)”, and
“clearly deteriorated (+2)”.

Pollen measurements (Burkhard trap)
The daily amounts of birch pollen in the air were determined
with the aid of the Burkhard pollen trap. During this procedure, air is collected (10 L/minute) and airborne particles are
deposited on a petrolatum tape mounted on a drum. Analysis
was performed with light microscopy.10

Labeling of the PA
Grass PA were labeled with a fluorescent dye, as described
in detail by Jacobi et al.11 The used extract contained purified allergens with protein sizes from 10 to 100 kDa. Two
ampoules with 1.26 mg extract of grass pollen (Gräsermischung, 450,000 standardized quality units; ALK-Scherax,
Hamburg, Germany) were dissolved in 1 mL of phosphate
buffered saline (PBS) buffer (Sigma-Aldrich Co, Chemie
GmbH, Steinheim, Germany). A 10 mM solution (2 mg in
1 mL of PBS buffer) of fluorescein isothiocyanate (FITC)
(Sigma-Aldrich Co) was added to the pollen extract. This
mixture was incubated in the dark for 2 hours at 4°C. The
FITC-labeled pollen proteins were purified using membrane
dialysis (Spectra/Por®, MWCO 6-8000; Theodor Karow
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Skin explants

Application of PA
Normal skin was carefully separated from the subcutis and
fixed onto a board. The excised skin surface was carefully
investigated for scratches or injuries. On each skin sample, an
application area of 16 cm2 was delineated by a skin surface
marker, leaving safety margins of 0.5 cm to the border of
the tissue to avoid penetration of PA sideways into the tissue.
Prior to the application of the PA, in six cases, cyanoacrylate skin surface stripping (CSSS) was performed twice, as
described,12 using superglue (UHU GmbH and Co KG, Bühl,
Germany). Briefly, in CSSS, a drop of cyanoacrylate is applied
on the skin surface and adhesive tape is placed on top of it.
When the tape is removed, the hairs and approximately 30%
of the stratum corneum and follicular casts are obtained. PA
in PBS (10 µL/cm2) was applied and the tissue samples were
incubated for 15–16 hours at 37°C in a humidified chamber.
Skin samples from 12 different donors were prepared.

MACS separation of epidermal cells
Epidermal cell suspensions were generated, as described
previously,13 with slight modifications. Briefly, dispase
digestion (2.4 U/mL of Dispase I; Hoffman-La Roche Ltd,
Basel, Switzerland) was performed for 3 hours at 37°C to

submit your manuscript | www.dovepress.com

Dovepress

Powered by TCPDF (www.tcpdf.org)

541

Dovepress

Fölster-Holst et al

separate epidermis from dermis. The epidermal sheets were
treated with trypsin (0.025%), 1.5 mM of CaCl2 in PBS,
pH 7.4, for 10 minutes at 37°C to isolate the epidermal cells.
After resuspension of the cells, Magnetic Activated Cell
Sorting (MACS) separation with anti-BDCA-1 (anti-CD1c)
antibodies was performed twice according to the manufacturer’s recommendation (CD1c blood dendritic cell antigen
[BDCA-1] Dendritic Cell Isolation Kit; Miltenyi Biotec,
Bergisch Gladbach, Germany). This procedure ensures that
mainly Langerhans cells were selected.

Laser scanning microscopy
MACS-separated epidermal cells were investigated after
transcutaneous application of PA using a confocal laser
scanning microscope (LSM 4000; Carl Zeiss Meditec AG,
Jena, Germany). The excitation wavelength of an argon laser
at 488 nm was used for the detection of the dye-labeled
PA. The fluorescent signal was detected cell by cell in the
spectral range between 590 and 650 nm. The mean intensity
in the images was determined using ImageJ. The signal of
the background was subtracted from the signal in the cells.
The intensity for no fluorescence was evaluated in the range
between 0 and 5 arbitrary units (AU), a weak fluorescence
between 6 and 24, and strong fluorescence between 25 and
60. Three fields of view were analyzed.

Statistical analysis
The clinical results were statistically analyzed descriptively
by type of data, stating the absolute and relative frequency
for categorical data, as well as the mean value and standard
deviation in the case of continuous data. The program SAS
version 8.2 for Windows (SAS Institute Inc., Cary, NC,
USA) was used. Diagrams were prepared using Microsoft
Office Excel 2003.
For statistical analysis of the experimental results, SPSS
19.00 for Windows (IBM Corporation, Armonk, NY, USA)
software was used. Data from the experimental section were
analyzed using nonparametric tests. Firstly, the relatedsamples Friedman’s two-way analysis of variances by ranks
was performed. Differences among the means of groups were
analyzed by the Wilcoxon test, considering significance at
P,0.05.

Results
Clinical study
Fifty-five adult patients suffering from AE (37 females and
18 males; median age, 38 years) were recruited (49 from
Kiel, Germany; 6 from Hannover, Germany). Thirty-three

542

Powered by TCPDF (www.tcpdf.org)

submit your manuscript | www.dovepress.com

Dovepress

of the patients were sensitized to birch pollen; 22 were
not sensitized to birch pollen. Two subjects (not listed)
were excluded because their data were not completed for
all visits.
Table 1 shows the demographic data of the patients with
AE, including the history of further atopic diseases. The data
acquired in the three most important visits were selected to
show the results of the study. In the following, they were
described as preseason, peak, and postseason.
The changes in the SCORAD were documented for
patients with sensitization and for those without sensitization
to birch pollen comparing preseason, peak, and postseason
of birch pollen. During the birch pollen season, the increasing concentration of airborne pollen was accompanied in a
delayed fashion by a significant deterioration in the SCORAD
of the total population (between preseason and peak,
P=0.012). Once the pollen concentration had decreased, the
SCORAD improved again significantly (between peak and
postseason, P,0.0001) and had almost reached the original
level, on average, when the patients were followed up after
the pollen season. Even though no significant difference was
found for the increase of SCORAD between birch pollensensitized and nonsensitized patients (P=0.934), the decrease
for pollen-sensitized patients was significant (P=0.028).
Respective differences for pruritus and sleeplessness were
not significant (Table 2).
The subjective assessment of the AE showed a similar behavior as the pollen count (Figure 1), except for
the two rainy days at the beginning of the season. Such
days influence the pollen concentration, but not the much
slower changing clinical symptoms of AE. Some days
after the pollen peak, deterioration of AE was observed,
Table 1 Demographic data
Subject
parameter
Patients
 N (%)
Sex
Female N (%)
Male N (%)
Age (years)
Mean (SD)
Asthma
 N (%)
Allergic rhinitis
 N (%)
Oral allergy syndrome
 N (%)

Patients
sensitized to
birch pollen

Patients
nonsensitized
to birch pollen

Total

33 (60.0)

22 (40.0)

55 (100)

20 (60.6)
13 (39.4)

17 (77.3)
5 (22.7)

37 (67.3)
18 (32.7)

41.5 (12.5)

32.5 (12.8)

37.9 (13.2)

14 (42.4)

6 (27.3)

20 (36.4)

25 (75.8)

12 (54.5)

37 (67.3)

19 (57.6)

5 (22.7)

24 (43.6)

Abbreviations: N, number; SD, standard deviation.
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Table 2 Clinical results (source: pollen concentration, SCORAD, subjective parameters of pruritus and sleeplessness)
Clinical details

Preseason

Peak

Postseason

Pollen concentration (m3/24 hours)
SCORAD for patients sensitized to birch pollen (mean)
SCORAD for patients nonsensitized to birch pollen (mean)
Pruritus for patients sensitized to birch pollen (mean)
Range: 0–10
Pruritus for patients nonsensitized to birch pollen (mean)
Range: 0–10
Sleeplessness in patients sensitized to birch pollen (mean)
Range: 0–10
Sleeplessness in patients nonsensitized to birch pollen (mean)
Range: 0–10

1
25.4
20.5
3.2

185
30.9
24.6
3.8

1
23.8
22.4
3.3

3.4

4.0

3.6

1.4

1.1

1.1

1.6

1.2

1.6

P-value* (sensitized
vs nonsensitized)
0.028
0.843

0.607

Note: *Represents 2-sample-t-test comparing the change from “peak” to “postseason” for sensitized vs nonsensitized patients.
Abbreviation: SCORAD, Severity Score of Atopic Dermatitis.

significantly worse on air-exposed skin than on covered
skin areas (P,0.0001), and improvement was seen after
the end of the pollen season, significantly better for
air-exposed skin (P=0.0007). These results on subjective assessment were confirmed by the comparison of
percentage of irritated skin. Increase at pollen peak was
significantly higher on exposed areas than on unexposed
skin (P=0.039), as well as the decrease after pollen peak
(P=0.005). The most pronounced changes were seen on
the face (Table 3).
The pruritus experienced by the patients subjectively
increased by a delay of a number of days following peak pollen concentration (Figure 1). With increased pollen density,

the pruritus became more severe (P,0.1) and improved
insignificantly after the end of the pollen flight (P.0.1). For
the subjective assessment of AE and pruritus, no difference
was observed between the two groups (patients sensitized to
birch pollen and patients nonsensitized to birch pollen; AE,
P=0.95; pruritus, P=0.843).
The documentation of concomitant medication revealed
no significant change throughout the whole period, confirming that the subjects complied in keeping their stable dose of
topical treatment as instructed in the beginning.
Specific IgE against birch pollen does not automatically
lead to higher SCORAD during or after the pollen season,
as depicted in Figure 2.
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Figure 1 Pollen concentration (red squares), pruritus (triangle), and subjective assessment of atopic eczema (circles) for sensitized (green lines) and nonsensitized (blue
lines) patients.
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Table 3 Change in the percentage of irritated skin (all exposed
areas, face, nonexposed areas) over time
Time points
Irritated skin (% of all exposed areas)
Preseason
Peak
Postseason
Irritated skin (% of the facial skin)
Preseason
Peak
Postseason
Irritated skin (% of nonexposed areas)
Preseason
Peak
Postseason

N

Mean

SD

Median

43
55
54

25.3
32.5
23.8

26.3
29.3
26.5

15.0
20.0
15.0

43
55
54

31.0
53.9
33.6

32.8
36.5
34.4

10.0
50.0
22.5

43
55
53

14.5
15.8
12.3

24.5
26.4
24.1

5.0
5.0
2.0

Notes: P-value for Wilcoxon test – the change in the percentage of irritated skin
from preseason to peak (exposed vs nonexposed areas) for preseason to peak
(0.038523) and peak to postseason (0.005008) – were both statistically significant
(P,0.05).
Abbreviations: N, number; SD, standard deviation.

Experimental investigations of PA
penetration into skin explants
For the investigation, grass pollen proteins, as used for
the prick test, were applied. Our group had previous
experience with the fluorescence labeling of grass PA.
Therefore, the experimental study was performed with
grass PA, because no significant differences are expected
in the penetration between birch and grass pollen proteins. Following the application of the PA to the barrierdisturbed skin and separation of the cells, in total, 211
MACS-separated CD1c+ epidermal cells were identified
by laser scanning microscopy. In 40 identified cells, no
fluorescence was observed (Figure 3A and B). A total
of 171 of these cells showed a clear fluorescence, typical for fluorescein after having been excited at 488 nm
(Figure 3C and D). The individual numbers of cells are
given in Table 4.
After the PA had been applied to the healthy, undamaged
skin, 231 CD1c+ epidermal cells from 12 skin samples were
investigated, 213 of which did not show any fluorescence.
In 14 CD1c+ epidermal cells, a very weak fluorescence was
observed. Only four cells could be detected, in which the
fluorescence signal was almost as strong as in the skin sample
previously damaged by CSSS. Figure 4 shows the relative
amount of cells with and without fluorescence compared
to the total number of MACS-separated epidermal cells. It
exhibits the mean values ± standard error for the untreated
skin sample and the skin sample pretreated with CSSS.
The respective skin samples show a high variance, with the
differences in the mean values in Figure 4 being significant
(P,0.05).

544

Powered by TCPDF (www.tcpdf.org)

submit your manuscript | www.dovepress.com

Dovepress

Discussion
So far, there have been no investigations demonstrating a correlation between a relapse of the AE and a dermal contact to
PA, notwithstanding the fact that this effect has been referred
to in the literature several times.2–5,14 In the present study, it
was shown for the first time that there is a direct correlation
between the skin exposure to PA and the manifestation of an
AE and pruritus, respectively. Deterioration and recuperation
of the skin was significantly different between exposed and
cloth-covered (nonexposed) skin. Surprisingly, both sensitized and nonsensitized patients developed an exacerbation
of AE during the birch pollen season. This may be explained
by nonspecific influences of the pollen. Proteases damage the
epidermal barrier,15,16 and pollen-associated lipid mediators
lead to a Th2 response, which enhance the inflammation.17
To exclude confounding effects by other common inhalative
allergens, these were measured using a pollen trap throughout
the time of the study. Since only a small amount of other
allergens of the same period were detectable (less than onetenth), they were considered of minor relevance. Also, effects
of increased humidity and temperature may play a role in
why both groups fail to return to the same low SCORAD as
before the season.
The clinical data (SCORAD) acquired during the study
were in full agreement with the subjective assessment of the
patients concerning the severity of their disease.
In addition, our study presents explanations that are
based on in vitro experiments on the uptake of PA by CD1c+
epidermal cells after topical applications of PA on barrierdisrupted skin. Obtaining the material to show this in atopic
skin would be ethically unreasonable to perform in this study
(4 cm × 4 cm per subject).
Our results are in good agreement with the characteristic
feature of the atopy to develop an increased inclination of
becoming sensitive toward harmless environmental substances such as pollen.18 Due to the stronger exposure to
pollen, the patients developed exacerbations, which can be
explained by the results of the experimental investigations.
The precondition of AE is presumably the genetically
determined disturbance of the epidermal barrier facilitating
the penetration of environmental substances into the skin.
This involves an immunologically induced inflammation,
which is followed by sensitization. The filaggrin mutations
have been associated with asthma (in association with AE)
and food allergy, suggesting the mutation as a possible driver
for the “atopic march”.19–21
It is of importance that environmental antigens like house
dust mite and pollen do not only evoke immediate allergic
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Figure 2 Specific IgE against birch pollen vs SCORAD.
Notes: (A) Before, (B) at peak of season, and (C) after the birch pollen season show that higher levels of IgE do not correlate with severity.
Abbreviations: SCORAD, Severity Score of Atopic Dermatitis; IgE, immunoglobulin E.

reactions but they may also directly cause disturbances in
the permeability barrier of the skin by acting as enzymes/
proteolytically active allergens.22–24 Also, the release of lipids
from pollen, which exhibit chemical and functional similarities to leukotrienes and prostaglandins (pollen-associated
lipid mediators), may contribute to exacerbations through the
induction of a Th2 response.17 Interestingly, keratinocytes
from atopic patients showed a significantly increased uptake
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of allergens as compared with healthy donors.25 Furthermore,
nonallergic mast cell activation has also recently been found
to be relevant in pollen-associated skin inflammation.26
A requirement for the influence of pollen on atopic skin
is the penetration of the allergens into the skin. Therefore,
we performed experimental analyses. MACS separation
with anti-BDCA-1 (anti-CD1c) antibodies was performed
twice, which resulted in over 90% CD1c+ cells.13 Because
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A

B

25 µm

C

25 µm

D

25 µm

25 µm

Figure 3 Laser scanning microscopy images of MACS-separated epidermal cells.
Notes: (A and B) Without and (C and D) with fluorescence-labeled pollen allergens; (A and C) transmittance and (B and D) fluorescence mode.
Abbreviation: MAC magnetic activated cell sorting.

the epidermis was separated from the dermis, most of the
isolated CD1c+ cells are represented by Langerhans cells.
Nevertheless, the detection of other dendritic cells or keratinocytes cannot be excluded.
Because our group had previous experience with the
fluorescence labeling of grass PA, the experimental study
was performed with grass PA. Significant differences were
not expected in the penetration between birch and grass
pollen proteins, and are esteemed to carry a similar burden
of disease.27 For the investigation, grass pollen as used for
the prick test was applied. Experiments using laser scanning microscopy showed that fluorescence-labeled PA can
be detected in epidermal cell suspensions enriched with
CD1c+ cells when the skin barrier was disturbed by CSSS.
In intact healthy skin, such detection was not possible. This is
in agreement with the investigations on nanoparticles carried
out by Vogt et al,28 during which the uptake by Langerhans
cells with 40 nm polystyrene particles could be detected
only after CSSS. CSSS improves the follicular penetration of transcutaneously applied compounds by removing
keratinized material, lipids, and other cell debris from the
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follicular openings and, occasionally, hair fibers, especially
vellus hairs.29,30
In recent experiments, it was shown that particles obviously penetrate into the hair follicles at different depths
dependent on the particle size.31 Likewise, PA have also
been shown to penetrate into the skin via the transfollicular
pathway.32 Thus, sensitization and a subsequent allergic reaction could be evoked in this way on other organs, where the

Table 4 Pollen uptake by CD11c+ epidermal cells from normal
skin explants with and without barrier defects
Explant

1
2
3
4
5
6

Number of cells without
pretreatment

CSSS pretreated
two times

Total

No
FL

Weak
FL

Strong
FL

Total

No
FL

Strong
FL

31
33
61
41
35
30

28
30
56
39
33
27

3
2
3
2
2
2

0
1
2
0
0
1

99
5
25
21
41
20

25
0
1
4
7
3

74
5
24
17
34
17

Abbreviations: CSSS, cyanoacrylate skin surface stripping; FL, fluorescence.
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Relative amount of CD1c+ cells

Strong fluorescence

Weak fluorescence

No fluorescence

100%
80%
60%
40%
20%
0%
Untreated skin

CSSS pretreated skin

Pretreatment
Figure 4 Relative mean values ± standard error for the number of MACS-separated cells with and without fluorescence after pollen allergen application to normal and
barrier-disturbed skin.
Abbreviation: MACS, magnetic activated cell sorting.

atopic symptoms were also manifested.33–35 The hair follicles
are an important target for allergens because they are surrounded by a dense network of dendritic cells. Also, it was
demonstrated that the hair follicles represent a long-term
reservoir for substances that come into contact with the skin.
In contrast to the storage time of topically-applied substances
in the stratum corneum, the storage time in the hair follicles
can extend to 1 week. Hence, there is a considerable risk that
allergens penetrating into the hair follicles may be effective
there for an extended period of time, thus inducing skin
irritations. A further incentive to this hypothesis is given by
our data regarding the worsening of subjective symptoms,
especially in uncovered body areas during the high-density
pollen season, and a certain delay in the course of disease
after changes in pollen burden.
Our results emphasize the importance of allergens for
evoking an exacerbation of the AE. Based on these results,
it is tempting to speculate that the treatment of skin with
skin barrier-enhancing emollients might help to prevent an
exacerbation of AE during the pollen season.36 In vitro experiments have already shown that certain emollients are able to
prevent the follicular penetration of PA,32 and clinical studies
are highly warranted in this respect. However, our study was
limited by the low overall burden of pollen and by a small
number of patients and controls, and it should be redone in a
different year to minimize epiphenomenal influences.
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