Affinity purification of a major and a minor
allergen from extract: Serologic activity
of affinity-purified Can f | and of

Can f |-depleted extract
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Most dog-allergic patients react to a major 25 kd component on sodium dodecyl sulfate blots,
Can f I (Ag 13). We initially raised monoclonal antibodies (Cf-3 and Cf-2) reactive with
IgE-binding components distinct from Can f 1. After a slight modification, we immunized other
strains of mice and produced monoclonal antibodies coded Cf-l1a and Cf-1b reactive with Can {
1. We affinity purified the allergens, Can f I and “dog allergen 2" with Cf-1a and Cf-2 ascites,
respectively, and house dust-rich dog dander. Comparison of purified Can f I with dog saliva in
RAST demonstrated that Can f [ is a potent allergen for most dog-allergic patients {average
response, 70%). After depletion of dog saliva of Can f I, a slightly lower contribution for Can {
I was found, but the overall results supported the conclusion that Can f I is a major allergen in
dog saliva. Comparison of purified dog allergen 2 with dog dander in RAST demonstrated that
dog allergen 2 is less important for dog-allergic patients (average response, 23%}j. We
radiolabeled the purified allergens and developed assays to measure Can f I and dog allergen 2
in allergen extracts and dust samples. Dog saliva was a strong allergen source, dog urine and
feces contained very little of the allergens, and both allergens were found to a variable degree

in the nine dog breeds tested. (J ALLERGY CLIN IMMUNOL 1991 :87:1056-65.)

In addition to house dust mites, dogs are an im-
portant source of indoor allergens. At least 31% of
the houses randomly selected contained dogs as pets.'
In our outpatient population, 16% of the houses con-
tained dogs compared to 27% of houses with cats.
Even in schools® and houses without pets,® dog aller-
gen was detected. Dog-dander allergy is reported to
occur in about 15% of a young adult population.* In
our own patient population, the incidence of dog-
dander allergy is 17% compared to an incidence of
cat-dander allergy of 24%. This study was done in
1988 and 1989 in a group of 592 patients with rhino-
conjunctivitis and/or asthma. Therefore, it was im-
portant to investigate the allergen(s) in dog extracts
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to which most dog-allergic patients react and to in-
vestigate whether there is only one important major
allergen, as found in cat allergy,”’ or several major
allergens, as was found by depletion studies for the
house dust mite by van der Zee et al.*

Varga and Ceska’ already characterized commercial
dog extracts by isoelectric focusing and RAST and
detected major common component(s) between iso-
electric point 4.3 to 4.7. However, additional com-
ponents in other isoelectric point ranges were found:
in another dog extract, probably from additional dog
breeds. Lowenstein'® and Ford et al."' confirmed the
existence of an important allergen (Ag 13 and Ag 8,
respectively) using CRIE techniques.

In this study, we developed MAbs directed to dif-
ferent dog antigens using dog dander and dog saliva
as important allergen soutces, as previously re-
ported.'>" After the production of the MAbs, we af-
finity purified two proteins analogous to the procedure
we used for the purification of Fel d 1 with house dust
as allergen source.®’ By means of RAST, we inves:
tigated the serologic importance of these purified pro-
teins in a panel of dog-allergic patients. Furthermore,
we radiolabeled the two dog allergens and developed
a competitive radioimmunoassay to measute the dog
allergens in dust samples and in allergen extracts.
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Abbreviations used

Can f1.  Canis familiaris 1 (Ag 13), a major
allergen from dog extracts
MAb: Monoclonal antibody
Cf-1a, Cf-1b: Code of MAbs directed to Can f 1
Cf-2: Code of MAbs directed to dog al-

lergen 2
Cf-3: Code of MAbs directed to a high
molecular weight protein from dog
dander
Cf-s: Code of MAbs directed to dog
serum
Crossed radioimmunoelectropho-
resis
Minor allergen from dog extracts
with a molecular weight of 27 kd

CRIE:

Dog allergen 2:

Fel d 1. Felis domesticus allergen 1. Fel d
I is the name proposed by the In-
ternational Union of Immunologi-
cal Societies for Cat 1 or Ag 4

HAL: Haarlems Allergenen Laborato-

rium, Haarlem, The Netherlands
PBS: Phosphate-buffered saline

PBS-AT: PBS containing 0.3% wt/vol of
bovine serum albumin and 0.1%
(vol/vol) of Tween 20 and
5 mmol/L of NaN,
SDS-PAGE: Sodium dodecy! sulfate-

polyacrylamide gel electrophoresis
Ab: Antibody
Ag:  Antigen

MATERIAL AND METHODS
Allergen sources

Dog-dander extract was obtained from HAL. Dog saliva
(after stimulation with atropine), serum, and urine (voided
and filtrated) were collected from two beagles. Saliva was
freeze-dried and reconstituted in PBS. Dog feces were col-
lected “freshly” and extracted overnight at 20% (wt/vol)
with a phenol buffer containing 0.037 mol/L of NaH,PO,,
0.036 mol/L of Na,HPO,, 0.13 mol/L of NaCl, and 0.5%
(wt/vol) of phenol at pH 6.8.

Hairs from nine different dog breeds were collected by
brushing the dogs, and the proteins were extracted overnight
at 2.5% (wt/vol) with phenol buffer. House dust was col-
lected with a standard vacuum cleaner, and 10% (wt/vol)
extracts were made in phenol buffer. After filtration and
adding of 0.5 mg/ml of NaN,, the extracts were stored at
4° C until use.

Abs

Polyclonal Abs directed to dog dander were kindly pro-
vided by Dr. C. Schou (Allergologisk Laboratorium, Co-
penhagen, Denmark). Polyclonal goat-antimouse immu-
noglobulin and sheep anti-IgE were obtained from the De-
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partment for the Production of Immune Reagents (Central
Laboratory of The Netherlands Red Cross Blood Transfu-
sion Service, Amsterdam, The Netherlands). These Abs
were affinity purified and labeled with '*’I by the chloramine-
T technique. The labeling was performed according to the
method of Hunter and Greenwood. '

Other reagents

Radioimmunoassay buffer (PBS-AT) contained PBS
(0.01 mol/L of phosphate and 0.14 mol/L of NaCl) with
0.3 mg/ml of bovine serum albumin (Poviet, Amsterdam,
The Netherlands), 10 mmol/L of ethylenediaminetetraacetic
acid, 5 mol/L of NaN,, and 0.1% vol/vol of Tween 20
(Baker, Deventer, The Netherlands) at pH 7.4. CNBr-
activated Sepharose 4B and protein A-Sepharose were ob-
tained from Pharmacia Fine Chemicals (Uppsala, Sweden).

Patients

Blood samples for RAST analyses were, in part, selected
from samples submitted for a routine allergic evaluation in
our laboratory and, in part, from the Department of Pul-
monary Diseases of the Academic Medical Center (Am-
sterdam). Forty-one sera were selected for the RAST tests;
these sera were characterized by a RAST score to dog dander
(HAL) of >5% bound anti-IgE.

Immunization procedure

Three immunization protocols were used to produce
MADs to three different dog allergens: (1) immunization of
Balb/c mice with 50 ng of freeze-dried and dialyzed dog-
dander extract (HAL), (2) immunization of Balb/c mice
with 50 pg of freeze-dried and dialyzed dog saliva (corre-
sponding to 175 pl of saliva), and (3) immunization of four
mouse strains, among other Balb/b, with 500 g of freeze-
dried dog saliva from which a 27 kd protein was removed
with the MAbs from the second fusion.

For the depletion, 35 m! of saliva was incubated batch-
wise with 4 gm of CNBr-activated Sepharose containing
4 ml of MAD ascites. In all three immunization protocols,
the mice were injected subcutancously with 50 ul of the
dog extract in complete Freund’s adjuvant and boosted after
6 weeks with the same dose in incomplete Freund’s adju-
vant. An intravenous booster with the same amount of the
allergen was administered 4 days before removal of the
spleen.

Production of MAbs

Hybridization was performed according to the method of
Kohler and Milstein'” '* with some modifications according
to the method of Astaldi et al.'® Ab-producing hybrids were
selected by means of a RAST with Sepharose-coupled dog-
dander extract and '#I-labeled goat-antimouse IgG. Positive
wells were additionally tested with an indirect RAST sys-
tem. Sepharose-coupled MAbs were incubated with dog-
allergen extract, allergen binding was quantitated with hu-
man IgE Abs, and '*I-labeled sheep anti-IgE. Cloning was
performed by repeated limiting dilution.

MAbs, coded Cf-1a (5B3) and Cf-1b (6E9) were obtained
from Balb/b mice immunized with depleted saliva. To ob-
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FIG. 1. Specificity of the MAbs directed to dog allergens.
Data are expressed as percentage-bound radioactivity
{goat-anti-mouse). The MAbs were directed to Can f |
{(code Cf-1a and Cf-1b), dog allergen 2 (code Cf-2), and
dog serum (code Cf-s), respectively.

tain ascites, Balb/c mice were irradiated (300 rad) and pris-
tane treated before cell transfer. MAb Cf-2 (7E7) was ob-
tained from a Balb/c mouse immunized with dog saliva.
MAbs coded Cf-2 (7C7) and Cf-s (5A3) were obtained from
a Balb/c¢ mouse immunized with dog dander.

Specificity of MAbs

1. Two hundred fifty microliters of allergen Sepharose (in
a concentration of 2 mg/ml) was incubated overnight
with 50 pl of 1:3000 diluted ascites. After a washing
procedure, radioactive goat-antimouse IgG was added,
and another overnight incubation followed. After an-
other washing procedure, percentage-bound radioactiv-
ity was measured.

2. SDS-PAGE Western blotting: polyacrylamide electro-
phoresis (12.5 X 14.5 cm, 12.5% gel) of 1 mg of
freeze-dried dog saliva was performed under reducing
conditions and blotted onto nitrocellulose, according to
the method of Calkhoven et al.* Blots were blocked
with PBS-AT. Each blot strip was incubated overnight
with 200 ul of patient’s serum or ascites (1:1000 di-
luted) in 5 ml of PBS-AT. After an extensive washing,
the blot strips were incubated overnight with 60,000 cpm
of *I-labeled sheep-antihuman IgE and '*’I-labeled goat-
antimouse IgG, respectively, in 5 ml of PBS-AT. After
another washing and drying procedure of the strips, au-
toradiography was performed at —70° C for approxi-
mately 60 hours with Kodak X-OMAT S films (Eastman
Kodak, France) with an intensifying screen.

Affinity purification of two dog allergens

With MAb Cf-1a. As a source of allergen, house dust
containing dog dander was used. The allergen in the extract
was adsorbed onto a phenyl-Sepharose column (600 ml,
1 mol/L of (NH,),SO, solution); 72 ml of the fraction eluted
with water (containing 1526 pg of Can f 1) was adsorbed
for 4 hours to 2.7 gm of Cf-1a Sepharose. For this purpose,
ascites was precipitated with 50% saturated ammonium sul-
fate and dialyzed; 109 optical density units at 280 nm were
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added to 2.6 gm of CNBr-activated Sepharose. Coupling
efficiency was 91%. Can f 1 was eluted from-the affinity
matrix with 0.1 mol/L of glycine HCI, pH 2 5. and the
fractions with the highest protein concentration, measured
with extinction, were pooled. Neutralization was performed
with 100 pl of 1 mol/L of Tris buffer, pH 8.5 Protein
content was determined according to the method of Pierce
and Suelter*' with bovine serum albumin as reference.
With MAb Cf-2. The same procedures were used for the
affinity purification of dog allergen 2. In this procedure. 36
ml of the phenyl-Sepharose eluate (water fraction containing
136 pg of dog allergen 2) was adsorbed to 1.3 gm of Cf-2
Sepharose (again, 30 mg of ascites coupled per gram of
Sepharose). Coupling efficiency was 93%. Elution with gly-
cine HCl yielded approximately 73 wg of dog allergen 2.

Labeled Ags

Allergens eluted from the affinity matrix were labeled
with the chloramine-T technique.'® One millicurie was
added to 10 pg of Can f1 and 4.3 pg of dog 2 allergen,
respectively. The labeling was followed by gel filtration over
a column of ACA-54 (LKB, Bromma, Sweden).- Immune
reactivity was >50% with CNBr-activated Sepharose. to
which Ab-containing ascites was coupled.

RAST

RAST on a panel of 41 dog-allergic patients was pet-
formed with 250 .l of allergen Sepharose (in a concentra-
tion of 2 mg/ml) and 50 pl of patient’s serum in the
presence of 10% (vol/vol) of dog serum. After an overnight
incubation and washing with saline, '**{-labeled sheep anti-
IgE was added and then another overnight incubation. The
results are expressed as percentage-bound labeled anti-IgE
after correction for nonspecific binding.” The results were
converted into RAST units where this was indicated.

We coupled equal amounts of Can f1(13.2 g/ 100 mg
of activated Sepharose), either affinity-purified Cant f 1 or
as whole dog saliva. Similarly, we coupled equal amounts
of dog allergen 2 (14 pg/100 mg of activated Sepharose).
either affinity-purified dog allergen 2 or as whole dog-dander
extract. Coupling efficiency was monitored by incubating
allergen Sepharose with 50 wl of Cf-1 and Cf-2 MAbs,
respectively. After a washing and a second incubation with
labeled goat-antimouse immunoglobulin, percentage-bound
radioactivity was measured.

The sera were also tested on dog-serum Sepharose (200
wl coupled per 200 mg of activated Sepharose).

Depletion of Can f1

For the depletion of 1.5 ml (concentration, 1 mg/ml) of
freeze-dried dog saliva (containing 50 pg of Can f D), we
coupled 10 mg of ammonium-sulfate—precipitated Cf-1b
(6E9) ascites to 500 mg of CNBr-activated Sepharose. The
final volume was 3 ml.

As a control, we incubated dog saliva with glycine-
inactivated Sepharose. After batchwise overnight incuba-
tion, supernatants were collected, .called “Can f I-depleted”
and “sham-depleted” supernatant, respectively. Next,:we
coupled 660 ! of the supernatants to 100 mg of activated
Sepharose. The supernatants were equivalent regarding the
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TABLE |. Flow sheet of the affinity
purification of two dog allergens

Canfl Dog allergen 2
MAD used Cf-la (5B3) Cf-2 (7ET)
Allergen adsorbed 1393 g 127 pug
Allergen eluted 311 pg 73 pg

Yield 22% 50%
E. peak fraction 0.120 0.075
Protein content 40 pg/ml 14 pg/ml

E.g. Optical density at 280 mm.

dog allergen 2 concentration (36.2 and 39.4 pg/ml, re-
spectively). The two allergosorbents were used to test the
effect of depletion in 37 sera, with normal RAST procedures
in the presence of 10% (vol/vol) of dog serum. As control,
the sera were tested on purified Can f 1 Sepharose, adjusted
to contain equal amounts of Can f1 as was still present in
the Can f I-depleted allergosorbent. The results were cor-
rected for this residual Can f 1 reactivity.

Allergen determinations

Can 1. Fifty microliters of an allergen-containing sample
was mixed with 50 pl of a 1:2000 dilution of rabbit anti-
serum to dog dander (Allergologisk Laboratorium). Incu-
bation was performed for 2 hours at room temperature.
Then, 500 pl of protein A-Sepharose (concentration,
1 mg/ml) and 50 p! of I-labeled Can f1 (0.5 ng per test)
were added, and the suspension was incubated overnight.
After centrifugation and a washing of the Sepharose, bound
radioactivity was measured. As a reference material, we
used affinity-purified Can f I that contained 40 ug/ml, ac-
cording to the protein-determination method of Pierce and
Suelter.” The standard curve of the Can f 1 assay was re-
peated five times; the coefficient of variation was 5% to
10%, depending on the antigen level.

Dog allergen 2. The same procedures accounted for the
dog allergen 2 assay with a few modifications. A 1:5000
dilution of rabbit antiserum to dog dander was used, and
50 pl of I-labeled dog allergen 2 (0.25 ng per test) was
added for detection.

RAST-inhibition assay. For the measurement of the po-
tency of the dog-hair extracts, we initially used a RAST-
inhibition assay. In this assay, 110 pl of a serum from a
dog-allergic patient was incubated for 2 hours with an equal
volume of a dilution of dog-hair extract. From this mixture,
100 wl was incubated overnight with 100 wl of a trinitro-
phenylated dog allergen and anti-trinitrophenyl beads, with
the modified RAST procedure, as previously described.”
The concentration of dog-hair extract eliciting a 50% in-
hibition was calculated. Data were expressed as potency
relative to dog-dander extract (HAL).

RESULTS
Specificity of MAbs

Direct mouse RAST. The reactivity of the MAbs
resulting from immunization with dog dander, dog
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FIG. 2. Immunoblot of dog saliva incubated with MAbs
and sera from dog-allergic patients. Lane A, MAb Cf-3;
lane B, MAb Cf-2; /ane C, MAb Cf-1a; /ane D, MAb Cf-1b;
and /anes E-G, three dog-allergic patients.

saliva, and depleted dog saliva, respectively, toward
different dog allergens is illustrated in Fig. 1. No
reactivity toward cat allergens was observed in this
test system.

SDS-PAGE. The results of the immunodetection of
the patients’ sera and the MAbs on the dog-saliva blot
strips are illustrated in Fig. 2. It was found that MAb
Cf-1 (clone 5B3 as well as clone 6E9) reacted with a
25 kd protein (Can f 1) that also elicited a reaction in
most dog-allergic patients. MAb Cf-2 reacted with a
27 kd protein (dog allergen 2). MAb Cf-3 reacted with
higher molecular weight structures compared to IgE
Abs of dog-allergic patients and will not be discussed
further. By means of an radioimmunoinhibition assay
(data not presented), it was found that the binding of
clone 5B3 (Cf-1a) was blocked >90% with clone 6E9
(Cf-1b).

Affinity purification of two dog allergens

The results of the affinity purification of Can f 1
and dog allergen 2 are presented in Table 1. Protein
yields were 40 pg and 14 pg/ml of Can f1 and dog
allergen 2, respectively. The purity of the affinity-
purified material was assessed by iodination, SDS-
PAGE, and autoradiography. This assessment dem-
onstrated only a single band.

Can F 1 RAST

To establish the contribution of isolated allergens
to the dog RAST, we coupled the same amounts of
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TABLE ll. IgE response of 41 dog-allergic patients

Patient No. A B c D E F
1 1 23 20 8 37 i3
2 12 19 20 | 33
3 1 16 I i4 19 H
4 | 20 11 15 20 10
5 1 31 20 12 42 19
6 1 15 15 0 21 3
7 2 6 4 i 17 2
8 2 4 4 0 20 i
9 41 1 1 0 12 3
10 1 26 28 0 32 i
11 1 34 12 28 45 21
12 0 20 10 12 24 3
13 1 10 13 I 20 7
14 1 23 18 14 32 i
15 i 22 I8 9 27 9
16 2 22 26 3 32 6
17 1 38 34 21 44 i
18 53 | 0 0 47 39
19 49 I 1 i 20 i
20 2 47 46 18 55 i8
21 1 15 i 14 17 1
22 12 5 2 4 21 3
23 0 41 28 35 51 48
24 0 5 2 6 12 3
25 2 35 21 34 41 27
26 1 20 20 2 30 14
27 6 22 17 13 29 4
28 17 29 15 22 48 18
29 1 26 23 2 34 i
30 2 21 21 2 30 ¢
31 2 36 34 3 48 1
32 0 20 21 0 27 I
33 1 4 5 0 6 |
34 2 37 23 29 43 33
35 52 1 I i 35 i
36 0 14 i3 2 19 5
37 0 36 18 29 36 i
38 38 16 16 5 32 4
39 1 8 9 3 16 I
40 0 22 10 17 44 13
41 i 16 7 15 41 H

A, Dog serum; B, glycine-absorbed dog saliva; C. affinity-purified Can f 1; D, Can f I-depleted dog saliva (corrected, see text); £, dog
dander (equivalent dog allergen 2 concentration, as in F); F, affinity-purified dog allergen 2.
The results are expressed as raw data: percent of input anti-IgE, meaning that these data in columns C and D cannot be expected to elicit

the results in column B.

purified allergens as was found in the raw material
(saliva and dander). As monitored by mouse RAST
with MAbs Cf-1 and Cf-2, it was confirmed that the
amounts of purified Can f1 and dog allergen 2, which
were coupled to Sepharose, were equal to the amounts
coupled with dog saliva and dog dander, respectively.

The IgE response of the 41 dog-allergic patients
directed to these allergosorbents is presented in Table

II. The RAST with whole dog saliva compared to the
RAST with purified Can f1 of 37 dog-allergic patients
is illustrated in Fig. 3, A. The average ratio-(anti-IgE
bound to purified Can F 1 versus anti-IgE bound to
whole dog saliva) was 0.70 (range, 0.05 to 1.2).
Twenty-two patients of 37 reacted with >50%-of the
IgE response with purified Can f1, whereas 18 patients
(50%) reacted with >75% of the IgE response. From
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FIG. 3. A, RAST with glycine-absorbed dog saliva (X axis) compared with the RAST with purified
Can f | (Y axis) on a panel of 37 dog-allergic patients, tested in the presence of 10% (vol/vol)
dog serum. Can f| concentrations on both allergosorbents were equal, as monitored with MAbs
Cf-1a and Cf-1b. Data are expressed as percentage-bound '*!-labeled anti-IgE. B, RAST with
glycine-absorbed dog saliva (X axis) compared with the RAST with Can f |-depleted dog saliva
(Y axis) on a panel of 37 dog-allergic patients, tested in the presence of 10% (vol/vol} dog serum.
Data are expressed as percentage-bound '“I-labeled anti-IgE. C, RAST with dog-dander extract
(X axis) compared with the RAST with purified dog allergen 2 (Y axis} on a panel of 41 dog-
allergic patients. Dog allergen 2 concentrations on both allergosorbents were equal, as moni-
tored by MAb Cf-2. Data are expressed as percentage-bound "*l-labeled anti-IgE. D, RAST with
purified Can f | extract (X axis) compared with the RAST with purified dog allergen 2 extract (Y
axis) on a panel of 37 dog-allergic patients. Data are expressed as percentage-bound '*|-labeled

anti-IgE.

these data, we conclude that we have isolated a major
allergen from dog extract.

Depletion of Can F |

The concentration of Can f1 allergen in the sham-
depleted and the Can f I-depleted supernatants was
32.0 and 1.7 pg/ml, respectively, demonstrating that
after incubation of dog saliva with the ascites, 94.7%
of the Can f 1 allergen was depleted. The RAST with
the Can f1-depleted dog saliva compared to the sham-
depleted dog saliva in the presence of dog serum is
illustrated in Fig. 3, B. For the calculation, the RAST
units of the Can f I-depleted allergosorbent were cor-

rected for the RAST units of the diluted Can f1 Seph-
arose to correct for the remaining Can f 1 still present
after the depletion.

Depletion of Can f I allergen from dog saliva was
demonstrated to result in an average reduction of 57%
of the IgE response in 37 patients; 21 patients revealed
a reduction of >50%, whereas 14 patients (38%)
revealed a reduction of >75% after depletion of
Can f1.

Dog allergen 2 RAST

The RAST with dog—dander extract compared to
the RAST with purified dog allergen 2 of 41 patients
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FIG. 4. Dilution curve for the reference preparation (dog-
dander extract, HAL) regarding the Can f| and dog aller-
gen 2 determination. On the X ax/s, the concentration of
dog allergen in nanograms per test; on the Y axis, the
percentage-bound radioactivity.

is illustrated in Fig. 3, C. The mean ratio (anti-IgE
bound to purified dog allergen 2 versus anti-IgE bound
to whole dog dander) was 0.23 (range, <0.05 to
0.93). In Fig. 3, D, the correlation between the IgE
response directed toward Can f1 and the IgE response
directed toward dog allergen 2 is low.

Allergen determinations

The dose-response curve for Can f 1 and dog al-
lergen 2 of a dog-dander extract (HAL) is illustrated
in Fig. 4. Concentrations of dog allergens in different
dog extracts and house dust samples are illustrated in
Fig. 5. All houses with dogs contained considerable
amounts of the two dog allergens; even in the mat-
tresses, dog allergens were found. The dog-allergen
concentrations in the 27 hair extracts of nine dog
breeds varied widely.

From Fig. 6, it was concluded that there is a good
correlation between the Can f1 allergen determination
with the labeled Ag-binding assay and the RAST-
inhibition test with a patient (No. 1) with a high IgE
response to Can f 1. The correlation between the dog
allergen 2 determination, with the labeled Ag-binding
assay and the RAST-inhibition test with the same pa-
tient, was low, reflecting the disadvantage of use of
a serum with its own allergen specificity in allergen
determinations.

DISCUSSION
MAbs to dog allergens

In our attempt to produce MAbs to dog allergens,
we experienced problems. The first fusions with
Balb/c mice resuited in MAbs that recognized a 27
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kd protein capable of binding IgE Abs of dog-allergic
patients, but clearly distinct from the 25 kd protein
that was strongly stained by IgE of most patients on
SDS-PAGE immunoblots. From two subsequent {u-
sions, we concluded that this 27 kd protein was very
immunogenic for Balb/c mice; therefore. we decided
to deplete dog-saliva extract for this protein. Next, we
found that this extract was of very low antigenic po-
tency for mice; none of the eight Balb/c mice im-
munized with this extract reacted, and only one of
four A/J mice, one of four Black 10 mice. and two
of four Balb/b mice demonstrated a positive response
after repeated immunization.

With a Balb/b mouse for the fusion, we were able
to obtain MAbs (coded Cf-1a and Cf-1b) reactive with
the 25 kd component to which most dog-allergic pa-
tients reacted. The MAbs were highly reactive in dot-
blot experiments to Can f1 or Ag 13* affinity purified
with polyclonal monospecific Abs. These experiments
were kindly performed by Dr. C. Schou (Copen-
hagen). With these MAbs, we affinity purified Can f
1 and dog allergen 2 from house dust rich in dog dander
and hair. We used house dust as allergen source be-
cause of our previous good results with the purification.
of Fel d 1.° We investigated the serologic relevance of
these dog allergens with purified allergen and allergen-
depleted extracts in RAST.

Contribution of Can f | to allergenic activity
of dog-allergen extracts

We found in the RAST that the average IgE re-
sponse of 37 dog-allergic patients toward purified Can -
f1 was 70% relative to the IgE response toward whole
dog saliva. Sixty percent of the patients reacted with
>50% of their IgE, and even 49% of the patients
reacted with >75% of their IgE with Can f 1 allergen.
To rule out IgE Abs to dog-serum components, present
in approximately 20% of the dog-allergic patients, we
performed the RAST experiments in the presence of
dog serum.

Next, dog saliva was treated with MAb- Cf-1 cou-
pled to Sepharose, and this resulted in 95% depletion
of Can f 1. RAST with this depleted extract resuited
in an average reduction of 57% of the IgE response.
In 38% of the patients, the reduction was >75%: In
our analysis, we corrected for the IgE Abs reactive
with remaining traces of Can f1.

Histamine release (performed according to the
methods described previously® **’) demonstrated-that
purified Can f 1 had biologic activity in a dog-allergic
patient (preliminary results). We conclude that Can f
I is a major allergen capable of provoking an IgE
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FIG. 5. A, Concentration of Can f | and dog allergen 2 in different extracts. Data are iilustrated
as micrograms of allergen per gram of dust or dog feces and per milliliter of dog saliva and
urine, respectively. Dust Nos. 1 to 4 were dust samples of houses in which dogs were kept. B,
Dog-allergen concentrations in 27 hair extracts of nine dog breeds: Poodle (Poo), Bouvier (Bou),
Yorkshire terrier {YT), cocker spaniel (CS), golden retriever (GR), dachshund (Dac), Alsatian (Als),
mountain dog (Mou), and farmer’s fox (Fox). B, Data are expressed as micrograms of allergen
per gram of hair extracted for Can f . C, Ratio of Can f |/dog allergen 2.

response in most dog-allergic patients. This compo-
nent is identical to the protein described by Lgwen-
stein'® and Schou and Lgwenstein®* as Ag 13 and by
Ford et al.!' as Ag 8. Lgwenstein'® described the pres-
ence of 20 Ags in dog-dander extract, seven of which
were of allergenic importance (CRIE with 16 dog-
allergic patients), especially Ag 2 (albumin), Ag 6
(unidentified serum component), Ag 20 (immuno-
globulin), and Ag 13 (a nonserum component) were
relevant. However, none of these Ags appeared to be
a major allergen (i.e., eliciting a strong reactivity with
IgE in >50% of the patients). Ford et al.,"" also using
the technique of CRIE, identified 21 dander and serum
allergens from dog-hair extract. Especially Ag 8, Ag
1, Ag 23 (IgG), and Ag 3 (albumin) appeared to be

of importance; however, no single major allergen
could be qualified. Sixty-three percent of the sera
bound at any intensity with Ag 8; only 32% of the
sera bound strongly. Our finding that Can f 1 is a
major allergen from dog is in contrast with their con-
clusions, and this fact can be due to differences in
selection of human sera, the allergen sources used,
and the techniques used.

Dog allergen 2

The average IgE response of 41 patients to purified
dog allergen 2 was only 23% compared to the IgE
response to whole dog—dander extract. There was no
IgE response in 34% of the patients to dog allergen 2
and an IgE response of >50% in only 12% of the
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FIG. 6. Comparison of the dog-allergen determination with
the labeled Ag-binding assay and the RAST-inhibition as-
say. A, Can f | (X axis). B, Dog allergen 2 concentration
as established with the labeled Ag-binding assay, ex-
pressed in micrograms of allergen per milliliter of hair
extracted. The concentration of the dog-breed extract
needed to elicit a 50% inhibition of the dog RAST with a
dog-allergic patient (Y ax/s/, expressed as potency relative
to freeze-dried dog-dander extract (HAL).

patients. Histamine release demonstrated that purified
dog allergen 2 has biologic activity in a dog-allergic
patient (preliminary data).

We conclude that we have affinity purified a second
dog allergen with a high immunogenicity for Balb/c
mice, but of minor importance for dog-allergic pa-
tients.

Dog-allergen exposure determination

An Ag-binding inhibition assay was developed for
Can f1 and dog allergen 2 determinations in dust
samples and allergen extracts. Both allergens were
found in dust samples of homes containing dogs and
in 27 hair extracts of nine different dog breeds. Dog
saliva appeared to be a strong allergen extract, con-
taining 87 and 184 pg of Can f I and dog allergen 2
per milliliter, respectively, whereas dog urine and dog

J. ALLERGY CLIN. tMMUNOL.
JUNE 1991

feces contained very little allergen. The dog system
resembles, in this way, the cat system, in which cat
dander and, especially cat saliva, were the main
sources of the major cat allergen, Fel d 1.”

Although the MAbs directed to Can f 1 and dog
allergen 2 were not reactive with cat allergosorbents,
we found both dog allergens in all commercial cat-
dander extracts tested. No dog allergens were detected
in cat saliva or cat serum. In contrast, no Fel d 1 was
found in dog-dander extracts, dog saliva, or dog se-
rum. Only traces of Fel d 1 were detectable in 5/27
hair extracts from dogs living in a house together with
cats.

Dog allergens in cat-dander extracts could be caused
by a contamination or the presence of cross-reactive
components in cats and dogs. The presence of cross-
reactive components was first mentioned by Ohman
et al.”; these components were all serum allergens.
Brandt and Yman,'* however, described the presence
of a nonserum component with a molecular weight of
25 kd in dog-dander extract capable of inhibiting the
cat-dander RAST. Contamination of cat-dander ex-
tracts with dog dander or the existence of dog allergens
in cat acting as minor allergens for the cat could ex-
plain the extensive clinical cross-reactivity, as ob-
served in the literature and in our outpatients; 88% of
the patients positive in skin test and RAST to dog
dander were also positive in both tests to-cat dander.
This interesting phenomenon is, at the present time,
being further investigated.

We conclude that with the purified radiolabeled dog
allergens we have a sensitive tool to examine whether
there is a seasonal variation in dog-allergen exposure
and the rate of disappearance of dog allergens after
removal of the dog(s) from the home. Furthermore,
it is of clinical importance to investigate the size of
the particles containing dog allergens that become air-
borne and to establish some kind of arbitrary level of
exposure above which atopic individuals become sen-
sitized or start to have complaints of asthma, as has
already been investigated for the house dust-mite and
cat allergens.”*

In this manner we can study more precisely the
relationship between allergen exposure and dog hy-
persensitivity, as frequently observed in our outpatient
population with asthma.
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duction of MAbs Cf-3 and Carsten Schou (PhD, Copen-
hagen) for performing additional controf experiments. with
the MAbs directed to Can f 1. Furthermore, we thank Prof.
Dr. H. M. Jansen of the Department of Pulmenary Diseases.
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critically reading the manuscript, and Mrs. J. Gerritsen for
typing the manuscript.
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