
Major cat and dog allergens share IgE epitopes 
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Background: Patients allergic to cats and dogs frequently display IgE reactivity against 
allergens from different animals, suggesting a cross-sensitization to common allergenic 
determinants. Although albumins have been recognized as relevant cross-reactive allergens, 
little is known regarding cross-reactive epitopes of the major cat and dog allergens. 
Objective: In this study, sera from patients allergic to cats and/or dogs were used to 
investigate the presence of common IgE epitopes among the major cat and dog allergens. 
Methods: The IgE reactivity profile of 109 patients who were allergic to allergens from several 
species of animals was determined with nitrocellulose-blotted cat and dog allergens. Sera from 
patients who were strongly allergic to the major cat and dog allergens were tested for the 
presence of cross-reactive IgE antibodies by one-dimensional and two-dimensional 
immunoblot inhibition experiments and by quantitative measurements obtained with the CAP- 
FEIA system (Pharmacia), 
Results: Sixty-eight of 109 patients with animal allergy showed IgE reactivity to cat allergens 
and dog allergens. Sera from patients with both cat and dog allergy detected allergens of 
similar molecular weight in nitrocellulose-blotted cat and dog hair/dander extracts. Common, 
as well as species-restricted, IgE epitopes of the major cat and dog allergens could be 
demonstrated by IgE inhibition studies. 
Conclusion: Shared IgE epitopes of the major cat and dog allergens may provide an 
explanation for the clinical observation that allergies to cats and dogs are frequently 
associated. (J Allergy Clin Immunol 1997;99:100-6.) 
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Animal danders represent an important source 
of inhalant allergens. 1,2 Almost 30% of atopic 
individuals display type I allergic symptoms on 
exposure to cat and/or dog allergens, 3, 4 and it has 
been reported that cat and dog allergy are fre- 
quently associated. 5-s 

Major cat and dog allergens can be found in 
hair/dander extracts and saliva and are hence 
considered to be epithelial allergens. 9-18 The major 
cat allergen, Fel d 1, has been characterized exten- 
sively by protein and immunochemical techniques 
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Abbreviation used 
SDS-PAGE: Sodium dodecylsulfate-polyacryl- 

amide gel electrophoresis 

and was recently expressed as a recombinant aller- 
gen. ~9 Fel d 1 represents an approximately 36 kd 
dimer, which is composed of two 17 kd subunits. 
Each subunit is assembled by two different chains 
(chain 1 and 2), of which chain 1 shows sequence 
homology to uteroglobulin. 2° Less information is 
available regarding the major dog allergens. So- 
dium dodecylsulfate-polyacrylamide gel electro- 
phoresis (SDS-PAGE) analysis and immunoblot- 
ting have revealed two IgE-binding components in 
dog hair/dander extracts with molecular masses of 
23 kd and 19 kd. 2~ These components have been 
designa~d Can d 1 and Can d 2, although no 
primar~ sequence information has as yet been 
published? Little information is available regard- 
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ing the presence of cross-reactive IgE epitopes in 
animal epithelial allergens, although albumins 
have been recently identified as relevant cross- 
reactive allergens, s, 22, 23 Albumins occur at high 
concentrations in animal hair/dander extracts and 
represent important cross-reactive allergens for 
approximately 30% of patients with animal allergy. 
Sera from patients who are sensitized against 
albumins contain a high percentage of albumin- 
specific IgE. 24,zs The presence of common IgE 
epitopes on cat and dog albumins in part explains 
allergic symptoms in individuals allergic to dogs 
and cats as a result of immunologic cross-reactivi- 
ties. This study addresses the question of whether 
common IgE epitopes can also be found among 
the major cat and dog allergens by using sera from 
patients allergic to cats and/or dogs for one- and 
two-dimensional immunoblot inhibition experi- 
ments. 

METHODS 
Characterization of allergic patients 

Highly reactive sera from 109 patients with positive 
case histories, positive skin test responses, and positive 
RAST results (RAST class >3) with cat and/or dog 
allergens were investigated. Sera from 22 healthy indi- 
viduals with negative case histories of any Type I allergy, 
negative skin prick test responses, and negative RAST 
results to cat and/or dog allergens were used as negative 
controls. 

Natural allergen extracts 
Powdered hair/dander from cats and dogs were pur- 

chased from Allergon, AB (Engelholm, Sweden) and 
extracted as previously described. 22 The protein concen- 
tration of each extract batch was estimated by SDS- 
PAGE and Coomassie Brilliant Blue (BioRad, Rich- 
mond, Calif.) staining 26 and adjusted to a final 
concentration of approximately 1.5 mg/ml. 

SDS-PAGE, isoelectric focusing, and 
two-dimensional electrophoresis 

Proteins were separated by SDS-PAGE according to 
the method of Laemmli 27 and were transferred to nitro- 
cellulose as described by Towbin et al. 28 Approximately 
200 Ixg/cm of cat or dog extract was separated by using a 
12% preparative gel. Molecular weights were estimated 
with prestained protein standards (Amersham, Bucking- 
hamshire, U.K.). Two-dimensional electrophoresis was 
performed on the ISO-DALT electrophoresis system of 
Anderson and Anderson 29 (Electro Nucleonics, Inc., 
Oak Ridge, Tenn.) as described. 3° 

\ 
\ 

Immunoblot 
\ 

Nitro~Alulose sheets containing extracts separated by 
two-dimensional electrophoresis or nitrocellulose strips 

(0.5 cm) cut from preparative sheets were saturated for 
30 minutes with buffer A (50 mmol/L Na 2 HPO4, pH 7.4, 
0.5% Tween 20 [vol/vol], 0.05% [wt/vol] NAN3) and 
subsequently incubated with patients' serum, diluted 
1:10 in buffer A at 4°C overnight. Strips were washed 
three times for 20 minutes with buffer A, and bound IgE 
was detected by using iodine 125-labeled anti-human 
IgE antibodies (Pharmacia, Uppsala, Sweden) as de- 
scribed. 21 Autoradiography was performed at -70  ° C for 
72 to 96 hours, by using Lanex R FAST intensifying 
screens and Kodak ORTHO G x-ray films (Kodak, 
Heidelberg, Germany). 

Qualitative IgE inhibition experiments 
Patients with IgE reactivity to the major cat and dog 

allergens were selected by immunoblot experiments. 
Sera were diluted 1:10 in buffer A and preincubated 
overnight at 4°C with approximately 30 ~g/ml dog 
hair/dander extract, 30 ixg/ml cat hair/dander extract, or 
30 ixg/ml human transferrin (control). Preadsorbed sera 
were then used to detect nitrocellulose-blotted cat or 
dog allergens as described above. 

Quantitative IgE inhibition experiments 
Sera from five patients allergic to cats and dogs but 

without IgE against albumins (as determined by immu- 
noblot experiments) were diluted 1:2 and preincubated 
with human transferrin (100 ixg/ml) (negative control), 
cat hair/dander extract (100 ixg/ml), or dog hair/dander 
extract (100 ixg/ml) overnight at 4 ° C. Quantitative de- 
terminations of IgE specific for cat (el) and dog (e5) 
extracts were done in the Pharmacia CAP FEIA system. 

RESULTS 
Patients allergic to cats and dogs display 
IgE reactivity to components of similar 
molecular weight present in cat and dog 
hair dander extracts 

The IgE reactivity profile with cat and dog 
hair/dander extracts was determined for 109 sera 
from patients allergic to cats and/or dogs by immu- 
noblotting. Sixty-eight patients reacted with both 
nitrocellulose-blotted cat and dog hair/dander ex- 
tracts. Twenty-nine of 109 patients reacted exclu- 
sively with cat allergens, and 12 patients showed 
IgE binding to dog allergens only. Eighty-nine 
percent of patients with cat allergy reacted with 
Fel d 1, 71% and 74% of patients with dog allergy 
reacted with 19 kd and 23 kd components, respec- 
tively, presumably representing Can d 1 and 
Can d 2. Twenty-eight patients reacted with cat 
and dog albumin. Sixty-five patients who displayed 
IgE reactivity to the major cat allergen Fel d 1 at 18 
kd in cat extract had IgE that recognized the major 
dog allergens, Can d 1 and Can d 2, at comparable 
molecular weights in dog extract. 
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FIG. 1. Common IgE-reactive epitopes of the major cat and dog allergens revealed by IgE- 
immunoblot inhibitions. Cat hair/dander extracts (A) and dog hair/dander extracts (B) were 
separated by SDS-PAGE. Sera from six patients with IgE reactivity to cat and dog hair/dander 
allergens were preincubated with transferrin (lane 0), cat hair/dander proteins (lane c), or dog 
hair/dander proteins (lane d) before incubation with the nitrocellulose-blotted extracts. MW, 
Molecular weight. 

I m m u n o b l o t  i n h i b i t i o n  

The presence of common IgE-reactive epitopes 
in the major cat and dog allergens was investigated 
by IgE-immunoblot inhibition experiments by use 
of sera from 17 patients. Fig. 1 shows the results 
obtained in six representative patients. Preincuba- 
tion of sera with dog hair/dander extract substan- 

tially reduced IgE binding to cat hair/dander pro- 
teins in 14 of 17 patients. Preincubation with cat 
hair/dander extract significantly reduced IgE bind- 
ing to dog hair/dander proteins in 11 of 17 patients. 
The control inhibition performed with transferrin 
did not lead to a reduction of IgE binding to either 
dog or cat allergens. As an additional control 
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FIG. 2. Preincubation of serum of a patient allergic to 
t imothy grass pollen with cat or dog extracts does not 
affect IgE binding to nitrocellulose-blotted t imothy grass 
pollen extract. The serum was preincubated with trans- 
ferrin (lane 0), cat (lane C), or dog extract (lane D). Lane N 
shows the results after incubation with serum from a 
nonallergic individual. Lane P represents the buffer con- 
trol. MW, Molecular weight. 

experiment, it was demonstrated that preincuba- 
tion with cat or dog extract did not lead to non- 
specific inhibition of IgE binding to timothy grass 
pollen allergens by using serum from an individual 
allergic to grass pollen (Fig. 2). 

To further compare the cross-reactive compo- 
nents, cat and dog extracts were separated on the 
same gel. Fig. 3 shows that preincubation of the 
serum from a patient allergic to cats and dogs with 
cat or dog extract leads to a significant inhibition of 
IgE binding to the major cat and dog allergens at 
approximately 21 kd (apparent molecular weight 
determined by SDS-PAGE) in both extracts. Pre- 
incubation of two sera from patients with cat and 
dog allergy with cat extract significantly inhibited 
IgE binding to at least three spots at isoelectric 
point 6 migrating at 23 kd in two-dimensional 
separated dog allergen extracts (Fig. 4). 

Quantitative IgE inhibition 

Sera from five patients allergic to both cat and 
dog hair/dander without IgE against albumin were 
preadsorbed with cat or dog hair/dander extract to 
determine the level of IgE-mediated cross-reactiv- 
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FIG. 3. Proteins from cat and dog extract were separated 
on the same gel and transferred to nitrocellulose. Sheets 
containing cat and dog extracts were then incubated with 
serum from a patient with dog and cat allergy, which had 
been preincubated with transferrin, cat extract, or dog 
extract. Bound IgE was then detected with 12Sl-labeled 
anti-human lgE antibodies. MW, Molecular weight. 

ity against the major allergens in the Pharmacia 
CAP FEIA system. On average, dog extract inhib- 
ited 86.6% of IgE binding to CAP-bound cat 
allergens (el), whereas cat extract was able to 
inhibit 57% of IgE reactivity to CAP-bound dog 
allergens (e5) (Table I). 

DISCUSSION 

Patients allergic to animals frequently display 
IgE reactivity to hair/dander proteins from differ- 
ent animals. 1-4 Earlier studies based on /LAST 
inhibition assays have indicated that sera from 
such patients contain cross-reacting IgE antibod- 
ies/ -8 More recent studies have identified albumins 
from different animals as relevant cross-reactive 
animal allergens. 25 The great sequence and struc- 
tural similarities among albumins constitute the 
molecular basis for the observed immunologic 
relationship among mammalian albumins. 24 Al- 
though the presence of albumin in different animal 
hair/dander extracts can explain the occurrence of 
allergic symptoms in patients on contact with var- 
ious animals, little is known regarding the presence 
of additional cross-reactive IgE-binding epitopes 
among other hair/dander allergens. 

In this study the presence of cross-reactive IgE- 
binding epitopes of the major cat and dog allergens 
was studied by IgE inhibition experiments. Aller- 
gies to cats and dogs are common in industrialized 
countries in which up to 30% of atopic individuals 
experience symptoms of allergy on contact with 
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FIG. 4. Two-dimensional immunoblot  inhibition. A and B, Sera from two individuals allergic to 
both cats and dogs were preincubated with transferrin (negative control) or with cat extract. 
Preadsorbed sera were used to detect two-dimensional separated dog allergens. MW, Molecular 
weight; pl, isoelectric point. 

TABLE I. Quant i ta t i ve  IgE inh ib i t ion  

I 

7 .0 

I 

Remaining IgE reactivity (kUA/L [%]) to 

Cat (el) extract Dog (e5) extract 

Sera preincubated with 
Patient TRF cat extract dog extract TRF 

Sera preincubated with 
cat extract dog extract 

AS 59.6 (100) 0.7 (1,2) 3.7 (6,2) 44.9 (100) 8.9 (19,8) 1.2 (2,7) 
AR 75.2 (100) 2.5 (3,3) 22.2 (29,5) 79.1 (100) 49.2 (62,2) 7.1 (9,0) 
PS 19.6 (100) 0.4 (2,0) 2.9 (14,8) 20.9 (100) 9.2 (44,1) 0.5 (2,4) 
GG 44.8 (100) 0.5 (1,1) 4.3 (9,6) 20.6 (100) 8.1 (39,3) 1.5 (7,3) 
SS 21.8 (100) 1.5 (6,9) 1.5 (6,9) 86.8 (100) 43.5 (50,1) 3.7 (4,3) 

Sera from five patients allergic to dogs and cats were preincubated with transferrin (TRF), cat extract, or dog extract before IgE 
specific for cat (el) and dog (e5) was measured in the CAP-FEIA system. 

kUA/L, Kilo units antigen per liter; TRF, transferrin. 

cats and dogs. Sixty-eight of the 109 sera from 
individuals allergic to animals investigated in this 
study showed IgE reactivity to dog and cat aller- 
gens. Immunoblotting revealed lgE-binding com- 
ponents of similar molecular weight in dog and cat 
extracts. Among the patients allergic to both ani- 
mals, 98% of the sera reacted with an 18 kd band 
in cat extracts, corresponding to the two dissoci- 

ated subunits of the major cat allergen Fel d 1, and 
all of these sera bound to proteins migrating 
between 19 and 23 kd in dog hair/dander extracts, 
corresponding to the proposed major dog allergens 
Can d 1 and Can d 2. 

To demonstrate the presence of common IgE- 
reactive epitopes in the major cat and dog aller- 
gens, IgE immunoblot inhibitions were performed. 
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The IgE immunoblot inhibition technique was 
chosen as a qualitative technique to visualize the 
reduction of IgE binding to components of defined 
molecular weight. Preadsorption of sera with cat 
and dog extracts significantly reduced IgE binding 
to the major cat and dog allergens, respectively, 
thus indicating the presence of common IgE 
epitopes. When sera from patients with preferen- 
tial dog allergy were investigated, dog extracts 
inhibited the IgE binding to Fel d 1 significantly. 
Preincubation of these sera with cat extracts re- 
duced the binding to the major dog allergens much 
less (Fig. 1). These data were confirmed by quan- 
titative IgE inhibition experiments determined by 
CAP-FEIA measurements, indicating that sub- 
stantial amounts (>50%) of IgE specific for aller- 
gens other than albumin cross-reacted with major 
cat and dog allergens (Table I). 

However, the lack of IgE cross-reactivity in 
several patients indicates the presence of addi- 
tional noncross-reactive epitopes among the major 
cat and dog allergens. It may therefore be pro- 
posed that certain patients were sensitized initially 
against allergens from one species, thus forming 
IgE antibodies against common and species-re- 
stricted epitopes. The IgE antibodies induced 
against common determinants may then lead to 
symptoms of allergy on contact with related aller- 
gens from other species. This hypothesis would not 
exclude the possibility that certain patients were 
also co-sensitized against related allergens from 
several other species. 

The presence of common IgE-reactive epitopes 
among the major cat and dog allergens explains 
why many patients with animal allergies react to 
cat and dog hair/dander extracts, and this finding 
may also have implications for diagnosis and ther- 
apy of allergies to animals. The limited degree of 
cross-reactivity indicates, however, that for diagno- 
sis and perhaps therapy the major cat and dog 
allergens cannot completely replace each other. 

10. 

11. 

12. 

13. 

14. 

15. 

6. Boutin Y, H6bert H, Vrancken ER, Mouraud W. Allerge- 
nicity and cross-reactivity of cat and dog allergenic extracts. 
Clin Allergy 1988;18:287-93. 

7. Wuthrich B, Guerin B, Hewitt B. Cross-allergenicity be- 
tween extracts of hair from different dog breeds and cat fur. 
Clin Allergy 1985;15:87-93. 

8. Viander M, Valovirta E, Vanto T, Koivikko A. Cross- 
reactivity of cat and dog allergen extracts. Int Arch Allergy 
Appl Immunol 1983;71:252-60. 

9. Ohman JL, Kendall S, Lowell FC. IgE antibody to cat 
allergens in an allergic population. J Allergy Clin Immunol 
1977;60:317-23. 
Lowenstein H, Ling P, Weeke B. Identification and clinical 
significance of allergenic molecules of cat origin. Part of 
DAS 76 Study. Allergy 1985;40:430-41. 
Wuthrich B, Arrendal H. RAST in the diagnosis of hyper- 
sensitivity to dog and cat allergens: a comparison of differ- 
ent extract preparations with clinical history, skin test and 
provocation tests. Clin Allergy 1979;9:191-200. 
Ohman JL, Lowell FC, Bloch KJ. Allergens of mammalian 
origin. III. Properties of a major feline allergen. J Immunol 
1974; 113:1668-77. 
Didierlaurent A, Foglietti M J, Guerin B, Hewitt BE, 
Percheron F. Comparative study on cat allergens from fur 
and saliva. Int Arch Allergy Appl Immunol 1984;73:27-31. 
Varga JM, Ceska M. Characterization of allergen extracts 
by polyacrylamide gel isoelectrofocusing and radioimmu- 
nosorbent allergen assay. II. Cat and dog allergens. Int 
Arch Allergy Appl Immunol 1972;42:438-53. 
Spitzauer S, Rumpold H, Ebner C, Schweiger C, Valenta 
R, Gabl F, et al. Allergen profiles of dog hair and dander, 
body fluids and tissues as defined by immunoblotting. Int 
Arch Allergy Appl Immunol 1991;94:346-8. 
Ford AW, Alterman L, Kemeny DM. The allergens of dog. 
I. Identification using crossed radio-immunoelectrophore- 
sis. Clin Exp Allergy 1989;19:183-90. 
de Groot H, Goei KGH, van Swieten P, Aalberse RC. 
Affinity purification of a major and a minor allergen from 
dog extract: serologic activity of afffinity-purified Can f 
I-depleted extract. J Allergy Clin Immunol 1991;87:1056- 
65. 
Schou C, Svendsen UG, Lowenstein H. Purification and 
characterization of the major dog allergen Can f I. Clin Exp 
Allergy 1991;21:321-8. 
Morgenstern JP, Griffith I J, Brauer AW, Rogers BL, Bond 
JF, Chapman MD, et al. Amino acid sequence of Fel d I, 
the major allergen of the domestic cat: protein sequence 
analysis and cDNA cloning. Proc Natl Acad Sci USA 
1991;88:9690-4. 
Griffith I J, Craig S, Pollock J, Yu X, Morgenstern JP, 
Rogers BL. Expression and genomic structure of the genes 
encoding Fel d I, the major cat allergen from the domestic 
cat. Gene 1992;113:263-8. 
Spitzauer S, Schweiger C, Anrather J, Ebner C, Scheiner O, 
Kraft D, et al. Characterization of dog allergens by means 
of immunoblotting. Int Arch Allergy Immunol 1993;100: 
60-7. 
Vanto T, Viander M, Schwartz B. Dog serum albumin as an 
allergen. Int Arch Allergy Appl Immunol 1982;69:311-5. 
Yman L, Brandt R, Ponterius G. Serum albumin an 
important allergen in dog epithelia extracts. Int Arch 
Allergy Appl Immunol 1973;44:358-68. 
Spitzauer S, Schweiger C, Sperr WR, Pandjaitan B, Valent 
P, M~ihl S, et al. Molecular characterization of dog albumin 

REFERENCES 

1. Chapman MD. Purification of allergens. Curr Opin Immu- 
nol 1989;1:647-53. 21. 

2. Loewenstein H. Allergene yon Katze, Hund, Rind und 
Pferd. Allergologie 1981;4:265-9. 

3. Haahtela T, Jaakonmaki I. Relationship of allergenspecific 
IgE antibodies, skin prick tests and allergic disorders in 22. 
unselected adolescents. Allergy 1981;36:251-6. 

4. Schou C. Defining allergens of mammalian origin. Clin Exp 23. 
Allergy 1993;23:7-14. 

5. Ohman JL, Block K J, Kendall S, Lowell FC. Allergens of 
mammalian origin. IV. Evidence for common allergens in cat 24. 
and dog serum. J Allergy Clin Immunol 1976;57:560-8. 

20. 

19. 

18. 

17. 

16. 



106 Spi tzauer  et al. J ALLERGY CLIN IMMUNOL 
JANUARY 1997 

as a cross-reactive allergen. J Allergy Clin Immunol 1994; 
93:614-27. 

25. Spitzauer S, Pandjaitan B, S6regi G, Miihl S, Ebner C, Kraft 
D, et al. IgE cross-reactivities against albumins in patients 
allergic to animals. J Allergy Clin Immunol 1995;96:951-9. 

26. Bradford MM. A rapid and sensitive method for the 
quantitation of microgram quantities of protein utilizing 
the principle of protein-dye binding. Anal Biochem 1976; 
72:248-54. 

27. Laemmli UK. Cleavage of structural proteins during the 
assembly of the head of the bacteriophage T 4. Nature 
1970;227:680-5. 

28. Towbin H, Staehlin T, Gordon J. Electrophoretic transfers 
of proteins from polyacrylamide gels to nitrocellulose 
sheets: procedure and some applications, Proc Nat Acad 
Sci USA 1979;76:4350-4. 

29. Anderson NL, Anderson NG. Analytical techniques for cell 
fractions. XXII. Two-dimensional analysis of tissue and 
serum proteins: multiple gradient slab gel electrophoresis. 
Anal Biochem 1978;85:341-54. 

30. Rohac M, Birkner T, Reimitzer I, Bohle B, Steiner R, 
Breitenbach M, et al. The immunological relationship of 
epitopes on major tree pollen allergens. Mol Immunol 
1991;28:897-906. 

O N THE M O V E ?  
D o n ' t  m i s s  a s i n g l e  i s s u e  o f  t h e  j o u r n a l !  To e n s u r e  p r o m p t  s e r v i c e  w h e n  y o u  c h a n g e  y o u r  a d d r e s s ,  

p l e a s e  p h o t o c o p y  a n d  c o m p l e t e  t h e  f o r m  b e l o w .  

Please send your change of address notification at least six weeks before your move to ensure continued service. 
We regret we cannot guarantee replacement of issues missed due to late notification. 

J O U R N A L  TITLE:  
Fill in the title of the journal here. 

O L D  A D D R E S S :  
Affix the address label from a recent issue of the journal here. 

NEW ADDRESS: 
Clearly print your new address here. 

Name 

Address 

City/State/ZIP 

C O P Y  A N D  M A I L  T H I S  F O R M  T O :  
J o u r n a l  S u b s c r i p t i o n  Serv ices  
M o s b y - Y e a r  Book,  Inc. 
11830 W e s t l i n e  I n d u s t r i a l  Dr.  
St. Lou i s ,  M O  63146-3318 

O R  F A X  T O :  
314-432-1158 

Mosby 

O R  PHONE: 
1-800-453-4351 
O u t s i d e  t he  U.S.,  ca l l  
314-453-4351 




