Cat skin as an important source of

Fel d | allergen

A. J. Dabrowski, MD,* X. Van Der Brempt, MD,* M. Soler, MD,**
N. Seguret, MD,*** P. Lucciani, VD,***#* D, Charpin, MD,* and

D. Vervloet, MD,* Marseille, France

It is generally recognized that cat skin is an important extrasalivary source of the major cat
allergen, Fel d 1. Nevertheless, since cat saliva is readily applied to the skin during grooming,
we tried to demonstrate that Fel d I can accumulate on cat skin without licking. Eight adult
female cats were used. On day 0, two separate sites of the trunk were shaved and a 6 cm? area
in each site was washed three times with 5 ml of distilled water. The first and third washes were
collected and stored for assay. The areas were then covered with an occlusive dressing.
Twenty-four hours later, the site was washed once and the sample stored. On day 7, washes
were collected as on day 0, and a collar was attached to the neck to prevent contamination
from saliva. A single wash was done 24 hours later. Comparison of data was achieved with an
analysis of variance. Repeated washes significantly reduced Fel d I levels from 35 * 21 to

10 £ 9 mU/cn? on day O (p < 0.01) and from 36 * 18 to 12 = 7 mU/cm? on day 7

(p < 0.01). Fel d I levels increased significantly after 24 hours of occlusion from 10 = 9 to
41 * 24 mU/cm? (p < 0.01) and collar wearing from 12 = 7 to 54 * 21 mU/cn?

(p < 0.001). These findings demonstrate that Fel d I is produced by cat skin. Mean daily
production of Fel d I by cat skin is estimated to be 36 units. Cat skin is an important
extrasalivary source of Fel d 1. (J ALLERGY CLIN IMMUNOL 1990,;86:462-5.)

Cat allergy is a frequent and well-documented cause
of asthma and rhinitis.'® The underlying mechanism
involves specific IgE antibodies against antigen Fel d
I, the major cat allergen.*° In homes in which cats
are kept, Fel d I is abundant in dust and air. Ohman
et al.® observed large quantities of Fel d I allergen in
pelt washes from living cats. It has been postulated
that Fel d 1 originates mainly from cat saliva and
that the pelt is contaminated by licking during groom-
ing.*® Since Bartholomé et al.® demonstrated major
cat allergen in hair roots and sebaceous glands of cat
skin, it has been generally accepted that cat skin is
an important extrasalivary source of this allergen.
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Abbreviations used
Mab: Monoclonal antibody
PBS-LT: Phosphate-buffered saline-Tureen

Nevertheless, it is essential to demonstrate that Fel d
I can accumulate on cat skin without contamination.
The work we report here is devoted to proving this
finding.

MATERIAL AND METHODS
Study protocol (Fig. 1)

Eight healthy adult female domestic cats were individ-
vally caged and fed with a standard cat diet. On day 0, cats
were anesthetized with ketamine HCI (15 mg/kg of weight,
intramuscularly), and two separated areas of each trunk of
the cats were carefully shaved. A 6 cm” area was outlined
on the exposed skin and washed three times with 5 ml of
distilled water through a plastic cylinder of the same di-
ameter. Most of Fel d 1 amount present on cat skin was
collected in the first (A) wash and was considered as the
baseline antigenic level (Table I). Low level of Fel d I that
could be collected in the third wash (B), was considered as
the basis for comparison with the levels measured 24 hours
later (Table I). This comparison allowed the demonstration
and quantification of Fel d I antigen production by cat skin.
The exposed areas were then occluded with plastic, gauze,



VOLUME 86
NUMBER 4, PART 1

at a2
\"l ¢

occlusion

24 h.
Day 0 Day )

al : area |
32 : area 2

Allergens from cat skin 463

WL bl

24 h.

Day ? Day 8

FIG. 1. Design of the study. Areas 1 and 2 were washed before and after 24-hour occlusion, and

before and after 24-hour collar wearing.
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FIG. 2. Standard curve illustrating the correspondence be-
tween Fel d | concentrations and optical density.

and collodion to avoid contamination by saliva or surround-
ing fur. Twenty-four hours later on day 1, the areas were
again washed one time. On day 7, washes were repeated
after the same procedure as on day O, and a collar was
attached to the neck to prevent the cat from licking. The
washes were repeated one time 24 hours later on day 8 as
on day 1. All samples were stored until processing at
~20°C.

Fel d | dosage

A two-site MAb-based ELISA was performed with Fel
d I-specific MAbs provided by M. D. Chapman and TAE
Platts-Mills (Charlottesville, Va.)."* Maxisorp F16, flat-
bottom microtiter plates (Nunc Immuno module, Polylabo
Paul Block et Cie, Strasbourg, France), were coated over-
night with 1 pg per well of 6F9 MAD in bicarbonate buffer,
pH 9.6, at 4° C. The plates were then washed twice with
PBS-T and incubated for 30 minutes with PBS-T-bovine
serum albumin at room temperature. After two more washes
with PBS-T, either Fe! d [ reference solution (cat reference
E3, H. Baer, Office of Biologics and Research Resources,
Bethesda, Md.) or diluted samples were added to wells (100
pl per well). Cat E3 is a cat-dander extract containing 10.5
U/ml with 1 unit equaling 5 pg. Doubling dilutions of cat
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FIG. 3. Individual levels of Fe/ d | {expressed in milliunits

per square centimeter of skin) measured in each cat during
each experiment.

E3 were used to form a control curve from 58.3 to 0.5
mU/ml. Two dilutions of each sample (usually 1/1 and
1/4) were assayed twice. After a 1-hour incubation at room
temperature, the plates were washed four times with
PBS-T. Biotinylated 3E4 MAb was added (100 .l per well
of a 1/1000 PBS-T-bovine serum albumin dilution), and
the plates were incubated for 1 hour and then washed four
times with PBS-T. Streptavidin-peroxidase (Sigma Chimie
Sarl, La Verpilliere, France) was added (100 wl per well of
a 1/1000 PBS dilution or approximately 4 X 10~* units
per well), and plates were incubated for 30 minutes and
washed four times with PBS-T. The substrate ortho-
phenylenediamine (Abbott Laboratories, Rungis, France)
was added (25.6 mg in 10 ml of solvent; 100 pl per well),
and plates were incubated for 20 minutes in darkness. The
reaction was stopped with 100 pl per well of H,SO, 2N.
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TABLE I. Fe/ d | levels in skin washes expressed in milliunits per square centimeter

Day
0-A 0-B 1 7-A 7-8 8
Cat area 1
1 36 1.8 16.6 10.6 2.4 19.4
2 81.2 16.9 68.2 55.2 13.1 18.3
3 68.4 12.3 68.2 52.0 14.3 20.1
4 43.8 7.1 47.4 64.9 7.5 71.4
5 422 6.5 12.2 6.5 2.4 4222
6 6.5 1.6 26.0 18.5 8.9 58.4
7 79.5 45.5 53.6 89.2 39.8 77.9
8 64.9 5.7 ND 71.4 24.4 68.2
Cat area 2
1 3.2 0.4 3.4 6.5 1.6 43.0
2 45.0 11.0 73.0 39.0 10.0 89.0
3 19.0 11.0 47.0 21.0 17.0 20.0
4 8.0 2.0 73.0 20.0 6.0 104
5 25.0 11.0 10.0 41.0 15.0 67.0
6 19.0 4.0 32.0 20.0 6.0 44.0
7 45.0 12.0 37.0 420 12.0 65.0
8 9.0 3.0 ND 15.0 3.0 58.0
Mean (= SD)
Areas 1 and 2 35 + 21 10 9 41 + 24 36 + 18 2+7 54 + 21

A, First collection; B, third collection; ND, not done.

The optical density of each well was measured (Titertek
Multiscan Plus MK 11, Flow Laboratories, Efiaboy, Finland)
and compared with values on the reference scale. Results
were calculated as the mean of two wells at the same dilution
and of the two dilutions of each sample. The lowest allergen
concentration detected was about 0.5 mU/ml, that is, 2.5
ng/ml. The results were expressed in milliunits per square
centimeter of cat skin. A typical standard curve with stan-
dard deviation is illustrated in Fig. 2. (Each point was done
in triplicate.)

Statistical analysis. Comparison of the mean ( = SD) val-
ues was performed with an analysis of variance.

RESULTS

Occlusion was well tolerated in all but one case
(cat 8, day 1), and the corresponding washes were
excluded from analysis. In all, 94 cat-skin washes
were assayed. All washes yielded measurable levels
of Fel d 1. Values ranged from 0.4 to 104 mU/cm?
(Table I). The concordance between Fel d I levels in
the two areas of each cat was fair. The mean of
Fel d 1 levels measured on the two areas is presented
in Table 1. The basal Fel d I level (arithmetic
mean * SD) was comparable on day 0 (35 = 21
mU/cm’) and day.7 (36 = 18 mU/cm?). Repeated
washes significantly reduced Fel d I levels from
35 = 21 to 10 = 9 mU/cm? on day 0 (p < 0.01)

and from 36 = 18 to 12 =+ 7 mU/cm® on day 7
(p < 0.01). Fel d1levels increased significantly after
24 hours of occlusion from 10 = 9 to 41 = 24
mU/cm” between day 0 and day 1 (p < 0.01) and
collar wearing from 12 = 7to 54 + 21 mU/cm? be-
tween day 7 and day 8 (p < 0.001) (Table I). Data
points for each individual cat illustrate (Fig. 3) the
innate variability of the data but also demonstrate a
similar trend in all studied cats.

DISCUSSION

In our experiment, repeated lavages of cat skin
readily diminished Fel d I levels on skin surface (Fig.
3). The fact that, following 24-hour intervals after
washing, approximately the same quantity of Fel d I
(in milliunits per square centimeter) can be collected
demonstrates local production of Fel d 1 by cat skin.
An occlusion device was used to prevent contamina-
tion of the skin by saliva or by antigens from sur-
rounding fur. Since occlusion may stimulate the se-
cretion by sebaceous glands, a second test was carried
out with a collar to prevent licking. Thus, two different
methods used to exclude cat saliva independently
demonstrated the ability of cat skin to generate Fel d
I 'in the absence of external application of cat saliva.
Our results are in agreement with the histopathologic
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work of Bartholomé et al.° that suggested that seba-
ceous glands could be an important extrasalivary
source of antigen Fel d 1. Antigen Fel d I may be one
of the proteins secreted by sebaceous glands and, since
they are connected to hair roots, these glands may be
involved in hair physiology. In their study of the dis-
tribution of allergen in cat tissues, Brown et al.” ob-
served the highest amount of Fel d I in pelt extracts.
In this study, only female cats were used. This is
important because regulation of skin sebaceous glands
in cats has been demonstrated to be under hormonal
rather than nervous control."' Androgens stimulate and
estrogens inhibit secretory activity. Despite this find-
ing, Brown et al.” have found the highest concentra-
tion of Fel d 1 in female cat pelt. Fel d I levels on cat
skin appear to be a balance between processes of pro-
duction and elimination of the allergen.

Our data indicate that the daily production of Fel d
1 by cat skin is 36 mU/cm? (Table I). The skin surface
of an adult cat can be roughly estimated by assimi-
lating the animal to a cylinder 40 cm in length and
8 cm in diameter. Under these conditions skin surface
is approximately 0.1 m?. Based on this estimation,
the daily production of an adult cat skin is 36 units
of Fel d1 (36 mU/cm? X 1000 cm?). Swanson et al.'?
recently reported that a single cat sheds about
5 X 107* units of Fel d I per minute (i.e., to 7.2
U/24 hr). At each step in our experiment, we ob-
served some variability between cats and areas in the
recovery rate of Fel d I from the skin. This variability
could be linked to factors other than Fel d 1 production,
namely, variations in the eluting technique, amount
of natural oils on the skin, and amount of particulate
Fel d 1 lost during the eluting process. In a recent
study, allergen shedding was demonstrated to vary,
not only between cats but also in the same cat, during
the course of a day and between days."

Cat fur appears to be a reservoir for the accumu-
lation of Fel d I secreted by sebaceous glands and
additionally from saliva. Additional studies will be
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needed to quantify the relative importance of these
two sources of Fel d I antigen.

REFERENCES

1. Leiterman K, Ohman JL. Cat allergen I: biochemical, anti-
genic, and allergenic properties. J ALLERGY CLIN IMMUNOL
1984,74:147-53.

2. Ohman JL, Kendall S, Lowell FC. IgE antibody to cat allergens
in an allergic poulation. J ALLERGY CLIN IMMuNOL 1977;
60:317-23.

3. Murray AB, Ferguson AC, Morrison BJ. The frequency and
severity of cat allergy vs. dog allergy in atopic children.
J ALLERGY CLIN IMMUNOL 1983;72:145-9.

4. Van Metre TE, Marsh DG, Adkinson NF Jr, et al. Dose of cat
(Felis domesticus) allergen 1 (Fel d 1) that induces asthma.
J ALLERGY CLIN IMMUNOL 1986;78:62-75.

5. Sundin B, Lilja G, Graff-Lonnevig V, et al. Immunotherapy
with partially purified and standardized animal dander extracts.
1. Clinical results from a double-blind study on patients with
animal dander asthma. J ALLERGY CLIN IMMUNOL 1986;77:478-
87.

6. Ohman JL, Baer H, Anderson MC, Leitermann K, Brown P.
Surface washes of living cats: an improved method of obtaining
clinically relevant allergen. J ALLERGY CLIN IMMUNOL 1983;
72:288-93.

7. Brown PR, Leitermann K, Ohman JL, Jr. Distribution of cat
allergen 1 in cat tissues and fluids. Int' Arch Allergy Appl
Immunol 1984;74:67-70.

8. Anderson MC, Baer H, Ohman JL Jr. A comparative study of
the allergens of cat urine, serum, saliva, and pelt. J ALLERGY
CLIN IMMUNOL 1985;76:563-9.

9. Bartholomé K, Kissler W, Baer H, Kopietz-Schulte E, Wahn
U. Where does cat allergen 1 come from ? J ALLERGY CLIN
IMMUNoL 1985;76:503-506.

10. Chapman MD, Aalberse RC, Brown MIJ, Platts-Mills TAE.
Monoclonal antibodies to the major feline allergen Fel d 1.
Single-step affinity purification of Fel d I, N-terminal sequence
analysis, and development of a sensitive two-site immunoassay
Fel d I exposure. J Immunol 1988;140:812-8.

11. Muller GH, Kirk RW. Dermatologie des petits animaux. Paris:
Vigot Freres, 1975:27-31.

12. Swanson MC, Campbel AR, Klauck MJ, Reed CE. Correla-
tions between levels of mite and cat allergens in settled and
airborne dust. J ALLERGY CLIN IMMUNOL 1989;83:776-83.

13. Wentz PE, Swanson MC, Reed CE. Variability of cat-allergen
shedding. J ALLERGY CLIN IMMUNOL 1990;85:94-8.



