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The allergens of dog. I. Identification using
crossed radio-immunoelectrophoresis
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Summary

The antigens present in an extract of dog hair and dander were examined by crossed
immunoelectrophoresis (CIE) and the IgE-binding allergens by crossed radio-immuno-
electrophoresis (CRIE). respectively, using sera from 60 British and Finnish animal-
allergic subjects. The extract was comprised of a minimum of 28 antigens. 11 of which
were common to dog serum. IgE antibody in the sera of the dog-sensitive patients bound
to 21 o^ the 28 antigens al varying frequencies and intensities. Binding of any intensity
occurred most frequently to two serum proteins; antigen 23 (IgG) binding [gE in 88% of
cases, and antigen 3 (dog serum albumin. DSA) in 77% of cases. Dander antigen 8
bound in 63% and antigen I in 42% of the sera. Strong IgE binding, however, was most
commonly associated with dander antigen 8 followed by antigens I and 23 (IgG) then 3
(DSA). The ranking of the antigens as allergens was similar for the two populations
except that DSA was more important for the British than for the Finnish subjects.
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Introduetion

Inhalant allergy caused by airborne particles such as
pollens, animal danders, dusts and moulds can affect up
to 30% of the population. Grass pollens and the house-
dust mite Dermatophagoides pteronyssinus are the major
culprits followed closely by cat fur/dander, and for this
reason these three allergens are commonly used together
as a routine test for atopy [I]. Although it has been known
for many years that dog aero-allergens can give rise to
asthma and other allergic disorders the magnitude of this
problem has only relatively recently been assessed; for
example dog allergy was implicated in 56% of asthmatic
subjects in a Finnish population [2].

The importance of dog hair and dander is acknow-
ledged by the WHO [3] who have recently established an
international standard for dog hair/dander extract [4],
one of five such international standards for allergens
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extracts now in existence (the others being for timothy
grass pollen [5], D. pterony.ssinus [6], short ragweed pollen
[7] and birch [8]). However, unlike the other allergen
extracts for which standards exist, relatively little is
known of the allergenic composition of dog hair/dander
extract and although certain allergens have been de-
scribed as major, apart from serum albumin which is
available commercially, none has so far been isolated and
none has been assigned the proposed international
nomenclature [91.

As with all allergens extracts examined, dog hair/
dander extract comprises a complex mixture of proteins
of different molecular weights [10]. Theoretically all of
these, if encountered in appropriate quantities, have lhe
potential of acting as allergens.

Confirmation of identity ofa single major allergen or of
several major allergens has not proved to be straightfor-
ward. Blands et al. [I!] in Denmark identified both dog
serum albumin (DSA) and dander antigen 13 as major
allergens [12], and a-antitrypsin. y-globulin and dander
antigen 11 as important allergens using a dog dander
extract derived from six distinct breeds. VhWn et at. fI3]in
Sweden found 24 allergens, including DSA and a dander
antigen D4, in a poodle and atsalian dandruff extract.
Both groups used crossed immunoelectrophoresis (CIE)
and crossed radio-immunoelectrophoresis (CRIE) for
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separation of antigens and identification of allergens,
with \Jh\in ctal. incorporating an intennediate gel ofanti-
dog serum to differentiate hetween serum- and dander-
derived antigens. Lawenstein, also using CIE and CRIE
in more general studies of mammalian ullcrgcns [14.15],
foundnumerousaliergcnsin the dog, but failed lo identify
any of these as major, whereas Yman et al. 116,17] using
polyacrylamide gel cla:trophoresis and blotting tech-
niques considered DSA to be an important allergen. The
aim of this work was to elucidate further the antigens and
allergens in ii dog hair/dander extract, using CIE with an
intermediate gel and 60 dog-allergic sera irom the U.K.
(London) and Finland (Helsinki).

Materials and methods

Production of a dog hair/dander extract

Dog hair/dander extract was produced according to the
scheme in Fig. I. Briefly, unwashed hair clipped from
dogs of a variety of breeds was obtained from London
dog-grooming parlours. Amounts of 500 g of hair were
immersed overnight at 4 C in 10 I of 0125 M ammonium
bicarbonate solution, pH 8 6, containing 0 02% (w/v) of
sodium azide and stirred intermittently. The extract was
seived, cenlrifuged at 75(K) r.p.m. in a Sorvall centrifuge
(1 hr at 4 C) und the supernatant filtered through a bank
of Millipore filters of pore size 12,0 45 and 0 2 ftm. It was
concenlrnlal to I/IO ofthe volume in an Amicon stirred
cell (model 8400; Amicon Ltd, U.K. containing a UM 10
Diaflo ultratiltration membrane (molecular weight cut off
10kD)l at 4 C, dialysed against 0 005 M ammonium
bicarbonate solution (two changes each 24 hr) followed
by distilled water (two changes each 24 hr) at 4'C and
further littered through a ()-2 fim membrane and freeze-
dried on an Edwards Modulyo Free/e-Dryer overnight.
The dried material was weighed and stored at — 20 C
until use.

The protein content of the extract was estimated by
amino acid analysis. The samples were prepared exactly
as described hyCalam('/f//.[ 18] and analysed byreversed-
phase HPLC on a Beck man Ultrasphere ODS column as
described by Noyes [19].

The content of dog serum albumin in the dog hair/
dander extract was estimated using rocket immunoelec-
trophoresisaccordinglo themethodof Weeke[20] witha
standard of different concentrations of dog albumin
(Sigma Chemical Co. Ltd, Poole, U.K.) and monospeciHc
rabbit anti-dog albumin serum (Nordic Immunological
Laboratories. Maidenhead, U.K.).

Rabbit antisera

Rabbit anti-dog hair/dander serum was raised in rabbits
according to the immunization schedule of Harboe and

Ingild 121] using three rabbits and a course of injections
and bieeding over 6 12 months. A 45*Vii ammonium
sulphate precipitation was performed on the pooled sera
to prepare an antibody-rich fraction of hyperimmune
rabbit serum.

Rabbit anti-dog serum was purchased from ICN
Immuno Biologicais (formerly Miles-Veda). High
Wycombe U.K., for use in the intermediate gel ofthe CIE.

Human sera

The 60 human sera were obtained as follows: six (Nos I -
6) were RAST positive sera previously collected from
animal allergic subjects and stored at NIBSC, two (nos 46
and 60) were from NIBSC staff and a visitor to NIBSC
with dog allergy, 34 were from dog-aliergic patients
attending London teaching hospitals: Clinical Research
Centre (CRC) (nos 7 29), St Bartholomews (No. 45), and
Guy's HospitaKNos 43-44 and 47 59) kindly donated by
Drs Mitchell, Davies and Lessof; and 18 sera (Nos 25 42)
were from dog-allergic patients attending the Allergy
Clinic in Helsinki Hospital, Finland, a gift from Dr S.
Miikinen-Kiljunen. The British sera were selected on the
basis of a history of animal allergy, a strong positive skin
test to dog extract and/or a strong positive RAST, and the
sera from Finland were from clinically sensitive patients
with positive skin tests. The London group of patients
tended to have more allergies, in addition to dog, as
determined by skin test than did the Finnish group, and
this was largely accounted for by the higher percentage of
the London group with circulating IgE to grass pollens
and D. pteronyssinus house-dust mite. The proportion
with cat allergy (RAST or skin test positive) was the same
in the two popuUitions, representing approximately 75%
of the subjects. Clinical details were available for all but
eight of the subjeets; 60% of them were known to have
asthma, 27";. hay fever, 37"/,, cezema, 15% urticaria and
43% more than one of these conditions.

The total IgE of the sera was determined in the clinics
donating the samples by the method of PRIST® (Phar-
macia. Uppsala, Sweden) following the manufacturers
instructions. Dog hair and dander speeific IgE was
measured using an optimized system of RAST 122] as
follows. Dog hair and dander paper discs (20 fig dry
weight of extract/disc) were incubated overnight at room
temperature with 100 /d of a 1/5 dilution in 5"i. human
serum albumin of each of the human sera. They were
washed, incubated with 50 /il of '-^Mabelled anti-human
IgF. (Pharmacia, Uppsala. Sweden) overnight at room
temperature, washed again, the bound counts per minute
(e.p.m.) were read in a gamma counter (LKB, Multi-
gamma), expressed as percentages of the c.p.m. added to
the discs and converted to a RAST class equivalent using
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a reference serum pool and Phadebas Reference Kits
(Pharmacia). RAST class 1 was found to be equivalent to
1 •5-2-1% of total counts bound, RAST class 2 to 2-2-
8 5%, RAST class 3 to 8-6-24-6%, RAST class 4 to 24-7-
35-0% and RAST class 5 to>35%.

CIEICRIE

CIE/CRIE were performed essentially according to the
method of Lewenstein [12] using rabbit anti-dog hair/
dander serum in the anodic and cathodic portion of the
gel and an intermediate gel containing rabbit anti-dog
serum [13]. Autoradiographs were produced by exposure
of X-ray films (Kodak X-omat S) in cassettes containing
single intensifier screens (Protex, Cuthbert Andrews.
U.K.) at - 7 0 C for 2. 4 and 7 days [23] and the
accompanying CIE slides were stained in Coomassie
brilliant blue R25O. Controls for the intensity of radio-
active binding were performed using a gel technique.
Briefly, a 1% solution of agarose containing goat anti-
rabbit IgG at 10/il cm "-was poured onto a 7 x 5 cm glass
plate. Nine dilutions of the '-^-I-labeUed anti-human IgE
were made in 50 //I of PBS such that nine concentrations
of I0~50/(l of neat anti-IgE in 5 /il steps were obtained. A
mixture of equal volumes (20 //I) of each of these was
made with rabbit serum and 7 /il of each mixture was
pijietted into nine 3-mm wells punched in the prepared
agarose plate. The plate was left overnight at room
temperature for immunoprecipitation to occur, washed
and pressed with the CIE plates and autoradiographed as
for theCRIEs. Values of 1 (weak) to 9 (strong) were given
to the intensity of the darkening of the X-ray film.

A reference pattern for CIE was drawn up from the
stained plates and the precipitation arcs numbered from
the anode to the cathode. The degree of darkening (I 9)
of the CRIE X-ray film was assessed for each arc with
each patient's serum. To simplify the score for each of the
numbered antigens the darkening of the X-ray film was
reallocated into three categories: weak (1-3). inter-
mediate (4-6) and strong (7-9).

Results

Preparation ofthe extract

The extraction of 500 g of dog hair resulted in 400 mg dry
weight of freeze-dried extract, 20";. (80 mg) of which was
estimated to be protein by amino acid analysis. Albumin,
estimated by rocket immunoelectrophoresis using Sigma
DSA as the standard, represented 10 7% ofthe protein.

CIE

The pattem of antigen antibody precipitation arcs identi-
fied by CIE using an intermediate gel containing anti-dog

serum is illustrated in Fig. 2a and diagrammatically in
Fig. 2b. where the arcs are numbered from the anode to
the cathode as antigens 1-27. An additional antigen was
seen at the anodic end of the ge! in some slides and was
given the number 0. making 28 discernabic antigens in all.
CIE using an intermediate gel containing monospecific
antisera to DSA and IgG clearly identified these as
antigens 3 and 23, respectively (not shown here). Eleven
antigens (3, 5, 12, 14, 15, 17, 19, 20, 21, 23 and 26) were
precipitated by the rabbit anti-dog serum.

Total and specific IgE

The total IgE and dog-specific IgE (RAST score) of the
human sera are shown in Table I. The average total IgE
for the sera derived from London hospitals was far higher
than that for those from Finland (3508 r 1031). Approxi-
mately 75'!̂<> of the sera had a dog-specific RAST score of
3 or more and over 33'K. were RAST class 4 or more. The
Finnish sera had a greater percentage (89"/..) of dog RAST
class 3 or more than the London sera (65%).

5OOgdog holr

22 hr

lOL 0-l25Mommonium bicarbonote
+ 0*02 7<. sod lum oz ide

Centrifuge

JFiiter supernotanr I

Concentrate in Amicon U i t ra f i i t ra t ion
cell to 500 m(

Diaiyse against 0-005 M ammonium bicorbonate

+ 4"C, 2 X 24 hr

Diaiyse agoinst distilled woter

+ 4''C, 2 K 24 hr

Filter dialysed concentrate

Freeze dry

Fig. I. Schedule for production of dog hair/dander extract.
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Table I. Details of IgE measurements in human sera used in CRIE

Paiienl

1
2
3
4
5
6
7
8
9
10
11
12
13
t4
IS
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Tolal IgE
(IU)

Dog-specific IgE*

2530
1085
2910
4725
2750
II90

4250
449
164

8200
6400

5750

5200
50
780
840
165
460
153

66

9000
97

170

210
390

TC (%) RAST class

37
22
34
34
31
16
15
2
4
ft

15
33
29
39

7
2

35
35
37
15

I
21
12
7

20
36
37
24
37
32
6
7
29
26
22
15
25
27
14
16
29
9
17
.M
17
5
22
6
7
17
8
3
34
5
32
42
32
31
21

• RAST score assigned as percentage of tolal counts hound (TC'-^
as RAST class I 5 (as defined in the Materials and methods).

CRIE

Three typical IgE binding patterns in the human sera to
the separated elements ofthe dog hair/dander extract in
CRIE were evident; some sera bound only a single protein
such as DSA, others bound a large number of both
dander and serum antigens and closely resembled lhe
binding of the serum pool, whereas a third arrangement
was for the sera to bind strongly to two or three dander
antigens (Fig. 3). All the antigens apart from seven
(antigens 6, 17, 20. 22. 25. 26 and 27) were bound by at
least one of the 60 sera. Thus 21 of the 28 antigens (eight
serum-and 13 dander-specific) were allergens. Antigen 23
(IgG) was bound by IgE by 53 (88%; London 89%.
Finland 87%), antigen 3 (DSA) by 46 (77%), antigen 8 by
38 (63%; London 50%. Finland 82%) and antigen 1 by 25
(42%) of the 60 human sera. However, despite the high
frequency of IgE binding to serum antigens, really strong
binding was found most frequently to dander antigen 8
(32%). whereas that to another dander antigen, antigen I,
or serum IgG (antigen 23) was only 18% and to serum
albumin, antigen 3, was 15%. A histogram showing the
relative frequency and intensity of IgE binding by the
antigens is presented in Mg4. The frequency of strong and
intermediate intensity binding ranks the importance of
the antigens ofthe dog hair/dander extract as allergens as
follows: antigen 8>23> I > 7 > 3 > 18.

Discussion

This study resulted in two main findings. One was that,
amongst the numerous antigens found to be allergens,
nonequalifiedasa major allergen. The second finding was
that no gross differences were observed in the IgE binding
ofthe sera from the two geographical locations. Firstly, a
major allergen, defined as one which strongly binds IgE in
50% or more ofthe sera [12]. was not found. Both DSA
and dog IgG bound IgE at a high frequency (88 and 77%,
respectively) but not strongly (only 15 and 18%, respect-
ively) in the majority of sera. Dander antigen 8 was also
bound by the majority (63%) of the sera but was only
bound strongly by 32% of them. Antigen 8 could be
equivalent to the major allergen, antigen 04, of Uhlin vt
al. [13] based on its similar electrophoretic mobihty, its
dander origin and its importance as an allergen. It has
recently been found (unpublished data) to be identical to
antigen 13 of Blands ct al. [11] by use of monospecifie
rabbit antiserum to antigen 13 from Dr Carsten Schou.
ALK. Denmark. However, our fmding of no major
allergens according to the above definition contrasts with
thatofotherworkers[11,13.16.17] but agrees with that of
two studies of mammalian allergens by Lowenstein
[14,15]. That DSA is not an important allergen is
supported by a study in Finland by Vanto et al. [24] where
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(a) (b)

^

24

23

"(C)

Fig. 3. Typical radiostaining patterns in CRIE following incubation with human sera, (a) IgE binding of scrum 56 predominantly lo
dog scrum albumin (antigen 3). (b) IgE binding ofserum pool (NIBSC 79/530) showing binding to antigens 1.3,7,8,23 and 24. (c) IgE
binding ofserum S5 shewing binding to antigens 7 and 8.



Identification of dog allergens by CRIE 189
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Fig. 4. Frequency and intensity of IgE binding by the 60 sera to
antigens present in dog hair/dander extract by CRIE.

only 11 % of 80 dog skin test-positive subjects gave
positive reactions to DSA and by a small study at Guy's
Hospital where only two out of 14 of the dog-allergic
subjects gave a positive skin-prick test to a 1 mg/ml
solution of DSA [25|. Furthermore, a RAST study of this
group of 60 subjects showed only 12% of the sera to be
strongly positive to DSA, and inhibition of dog hair/
dander RAST was 50% at a concentration of I mg/ml
DSA [10]. The explanation for the conflicting results
regarding the presence of major allergens in dog hair/
dander extracts probably lies in the variations of the
methods used including the source of extracts, the rabbit
antisera, the threshold of positivity and the selection of
liunian sera.

The second finding concerned the relative importance
of allergens in the sera from Britain and Finland.
Interestingly, the two groups proved almost identical,
antigen 23 (IgG) was bound commonly, but weakly in
both groups, and antigen 3 (DSA) was also similarly
bound although the combined strong and intermediate
binding was twice as high in the London group (24%) as
in the Finnish group (11%). Antigen 8, the dander
allergen most closely approaching a major allergen, was
bound by a lower percentage of the London sera than the
Finnish when all levels of binding were considered, but
this difference was accounted for almost entirely by the
high proportion of Finnish sera weakly binding the
allergen. When strong and intermediate binding was
examined the two groups were again very similar (Lon-
don 35%, Finland 44%). It can thusbeconcluded that the
same antigens act as allergens in subjects from Britain and
Finland.

The sera used in this study, especially those from
NIBSC London, were selected on the basis of strong dog
positivity either by RAST or skin test and do not
represent consecutive patients from a single allergy clinic
in one geographical area. Thus it may not be valid to draw

conclusions regarding which are the major or minor
allergens of the dog, and the findings here only relate to
this group of sera selected by these criteria. The conclu-
sions can be drawn, however, that, using the methods
described here, dog hair/dander contains 28 antigens, the
majority of these are capable of binding IgE from dog
allergic patients and that antigens 23 (IgG), 3 (DSA) and
8 appear to be the most important allergens.

CRIE has been criticized in the past because of Its
reliance on the presence and concentration of the rabbil
antibodies [26] that determine the presence and, to some
extent, the intensity of radio-binding of IgE in CRIE.
However, this method was used in the present study since
it provided a starting point for the identification of
allergens in dog extracts. Other methods, such as SDS-
PAGE and immunoblotting can be criticized on lhe
grounds that the proteins may not be in their natural,
conformational state following treatment prior toelectro-
phoresis [27]. Further studies using these methods, how-
ever, are currently being employed to confirm and
supplement this data. Having identified the allergens it is
then intended to isolate and purify the most important of
them.

References

1 Merrett TG. The atopic patient identification and prelimin-
ary diagnosis. The Practitioner 1983; 227:1257-68.

2 Vanto T. Koivikko A. Dog hyperscnsilivily in asthmatic
children. A clinical study with special reference to the
relationship between the exposure to dogs and the occur-
rence of hypersensitivity symptoms. Ada Paediatr Scand
1983; 72:571-5.

3 WHO Tc-chnical Report Series 1987: 760:19.
4 Larscn JN. Ford A.Gjcsing B, Levy D. Pctrunov B.Silvestri

L, Lewenstein H. The collaborative study of the internatio-
nal standard ofa dog, C«n/.Si/(>/»i'.v//fu.v, hair/dander extraet.
J Allergy Clin Immunol 1988; 82:318-30.

5 Gjesing B. Jager L. Marsh DG. Lowenstein H. The
intemational collaborative study establishing the first inter-
national standard for timothy {Phleum pratense) grass
pollen allergenic extract. J Allergy Clin Immunol 1975;
75:258-67.

6 Ford AW. Seagroatt V. Platts-Mills TAE. Lowenstein H. A
collaborative study on the first international standard of
Dermatophagoidespieronys.sinus (house dust mite) extract. J
Allergy Clin Immunol 1985; 75:675-86.

7 Helm RM. Gauerke MB. Baer H. Lowenstein H, Ford AW,
Levy DA. Norman PS, Yunginger JW. Production and
testing ofa proposed international reference preparation ol'
short ragweed pollen extract. J Allergy Clin Immunol 1984;
73:790-800.

8 Arntzcn FC. Wilhelmsen RW. Lowenslein H, Gjesing B.
Maasch HJ. Siromberg R. Einarsson R. Backman A,
Makinen-Kiljuncn S, Ford A. The internalional collabora-
tive study on the first international standard of birch (Beiuta



190 A. IV. Fordcfdl

tvrrucosa) pollen extract. J Allergy Clin Immunol, in press.
9 Marsh DG. Goodfriend L. King TP. Lowcnslcin H, Platts-

Mills TAE. Allergen nomenclature. Clin Allergy 1988;
18:201 9.

10 Calam DH, Davidson J. Ford AW. Studies on allergens of
[namnialian origin. J Chromalogr 1984; 288:137 45.

11 Blands J, Lowenstein H, Wctrkc B. Characterization of
extraet of dog hair and dandruff from six difTercnt dog
breeds by quantitative immunoctcctrophorcsis. Identifica-
tion of allergens by crossed radioimmunoelectrophoresis
(CRIE). Acta Allergol 1977; 32:142-69.

12 Lowenstein H. Quantitative immunoeleetrophoretic meth-
ods as a tool for the analysis and isolation of allergens. Proc.
Allergy 1978; 25:1-62.

13 Uhlin T. Rcutcrby J. Einarsson R. Antigenic/allergenic
composiition of poodle/alsatian dandruff extract. Allergy
1984; 39:125 33.

14 Lowenstein H. Domestic animal allergens. Proceedings Xlth
International Congress of Allergology and Clinical Immu-
nology. 17 22 October, London. 1982:545 8.

15 Lewenstcin H. Allergene von Katze, Hund, Rind und Pferd.
Allergologie 1981; 4:265-9.

16 Yman L. Brandt R. Ponterius G. Serum albumin—an
important allergen in dog eipthelia extraets. Int Arch
Allergy 1973; 44:358 68.

17 Ynian L. Blomberg F, Schroder H. Characterization of dog
and cai allergens. Direct specitic detection of clectrophoreti-
cally separated allergens by means of IgE antibodies and
enzyme labelled anti-IgE. In: Oehling A, Gla/er 1. Arbesman
CE. Pick E. eds. Advances in allergology and immunology.
Oxford: Pergamon Press. 1980:499-504.

18 Calam DH. Davidson J. Harris R. High performanee liquid

ehromalographic investigations on some enzymes ofPapaya
latex. J Chromatogr f985; 326:103-11.

19 Noyes CM. Optimization of eomplex separations in high-
performanee liquid ehromatography. J Chromatogr 1983;
266:451 60.

20 Weeke B. Rocket immunoelectrophoresis. Seand J Immunol
I973;2(suppl l):37-46.

21 Harboe N. Ingild A. Immunization, isolation of immuno-
globulin. estimation of antibody titrc. Scand J Immunol
1973;2(suppl):I6I-4.

22 Kemeny DM, Harries MG. Youlten IJH. Macken/ie-Mills
M. Lessof MH. Antibodies to purified bee venom proteins
and peptides. I. Development of a highly specilie RAST for
bee venom antigens and its application to bee sting allergy. J
Allergy Clin Immunol 1983: 71:505 14.

23 Uhlin T. Einarsson R. A rapid procedure for crossed
radioimmunoelectrophoresis. Int Areh Allergy Appl Immu-
nol 1983; 70:213-19.

24 Vanto T. Viander M. Schwartz B. Dog serum albumin as an
allergen. IgE, IgG and lymphocyte responses in dog dander-
sensitive asthmatic children. Ini Arch Allergy Appl Immu-
nol 1982; 69:311-!5.

25 Ford A.W. Characterization of allergens in dog hair
extracts. European Academy of Allergy and Clinical Immu-
nology. Abstract 111, Stoekholm, 1985:186.

26 Baldo BA. Standardization of allergens. Allergy 1983;
38:535-46.

27 AUerman L. Bird C. Callus M. Ford A. Thorpe R. The use of
monoclonal antibodies raised against a human igH myeloma
paraprotein for the study of allergen extraels and sera from
allergie patients. Clin Exp Immunol 1987; 67:617-25.




