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ABSTRACT. An enzyme-linked immunosorbent assay (ELISA) for canine blood apolipoprotein (apo) B-100 and A-l was developed. The
working range for the assay was 1.8 to 28.7 ng/well for apoB-100 and it was 50 to 410 ng/well for apoA-l. The intra- and inter-assay
coefficients of variation for the assay for apoB-100 were 5.4 and 6.9%, respectively, and for apoA-I they were 5.8 and 10.6%, respec-
tively. The average concentrations of apoB-100 and A-l in 25 beagles (males, aged 3-4 years) were 0.084 +/- 0.028 (mean +/- SD) mg/
ml and 6.29 +/- 1.55 mg/ml, respectively. The ratios of canine (C) apoB-100 to CapoA-l were 1.41 +/- 0.58%. The respective concen-
trationsin one case of hyperlipidemia with systemic atherosclerosis were 0.454 mg/ml and 11.28 mg/ml (aratio of 4.03%). These values
were larger than those of the controls. These results suggest that the measurements of CapoB-100 and A-I concentrations by this newly

developed ELISA are helpful for diagnosis of lipidosis.

KEY woRDs: apolipoprotein A-l, apolipoprotein B-100, arteriosclerosis, canine, enzyme-linked immunosorbent assay.

Apolipoprotein (apo) B-100 is the mgjor protein compo-
nent of very low density lipoprotein (VLDL) and low density
lipoprotein (LDL), and apoA-I is the major protein compo-
nent of high density lipoprotein (HDL) in human [12, 23] and
other mammals[3, 11, 17, 25, 27]. These are structura pro-
teinsthat allow lipidsto be transported in the agueous plasma
environment. In addition, apoB-100 and A-I bind to cell sur-
face receptors and facilitate incorporation of lipoproteinsinto
peripheral tissues and organs. In human, increased plasma
levelsof LDL and VLDL or decreased HDL are regarded as
risk factors for the development of arteriosclerosis and pre-
mature coronary artery disease [22]. Therefore, the levels
and dynamics of apoB-100 and A-1 concentrations are rou-
tinely measured in humans.

In previous studies, we found that apoB-100 was depos-
ited on atherosclerotic lesionsin obese canines[16] and sug-
gested that measurements of the dynamics of these proteins
should be required in dogs to diagnose atherosclerosis [25].
Therefore, our purpose of this study wasto develop a method
for measuring serum apoB-100 and A-I concentrationsin the
dog. In this paper, these canine proteins are referred to as
CapoB-100 and A-l.

MATERIALS AND METHODS

Samples: Twenty-five male beaglesin good general health
were used for this study. They were kept in our laboratory's
kennel with regular normal feeding and exercise. The ani-
mals were between 3 and 4 years old and their weights, 10.3
+/- 1.2 kg (mean +/- SD), were considered to be normal for
their ages and breed. Blood samples were taken from the
jugular vein of dogs after fasting for at least 12 hr. Immedi-
ately after clotting, the serum was separated by centrifuga-
tion at 3,000 x g for 10 min and stored at —80°C. Serum
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concentrations of total cholesterol (TC) and triglycerides
(TG) were measured using commercial kits (Wako Pure
Chemicals, Osaka, Japan). Some serawere delipidated with
diisopropylether:1-butanol (40:60 [v/v]) according to Cham
and Knowles[5]. Serum from acase of hyperlipidemiawith
systemic atherosclerosis [16] was also used.

CapoB-100 and A-I purification and antibody production:
LDL and HDL were separated from canine serum by the
method of Hatch and Lees[13] as described by Uchida et al.
[24]. CapoB-100in LDL and A-I in HDL were purified by
preparative sodium dodecy! sulphate-polyacrylamide gel
electrophoresis (SDS-PAGE), with dight modifications[17].
The obtained apoB-100 and A-1 (1 mg per 200 ul of saline)
were emulsified with equal volumes of Freund's complete
adjuvant and each was injected intradermally into one rabbit
and one mouse. After 3 weeks, the same amount of protein,
emulsified with Freund's incomplete adjuvant, was injected
as abooster. Blood samples were abtained from each rabbit
and mouse by cardiac puncture 1 to 2 weeks after the booster
injection. Serum samples were tested by immunoblot analy-
sis (Western blot).

ELISA for CapoB-100: Polystyrene microplates with flat-
bottomed wells (Nunc, Tokyo, Japan) were coated with 100
ul capturing antibody (rabbit anti-CapoB-100 serum solu-
tion) that was diluted 4,000-fold with 50 mM carbonate
buffer, pH 9.6. The microplates were covered and incubated
overnight at 4°C. After the incubation period, the antibody
solution was aspirated and washed 3 times consecutively
with phosphate-buffered saline (PBS) containing 0.5 ml/|
Tween-20 (PBS-Tween20) using an ELISA plate washer
(SkanWASHER400, Skatron Instruments Inc., U.S.A.).
PBS (200 ul) containing 15 g/l gelatin and 0.2 g/l NaN; was
dispensed into each well and allowed to incubate for 1 hr at
37°C to block any unbound sites. The plates were then
washed 3 times and stored at 4°C. The plates were stable for
up to 4 weeks.

One hundred ul of either a standard that had been diluted
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80- to 5,120-fold or a sample was added to the wells. Sam-
ples were diluted 1,000-fold in PBS containing 3 g/l gelatin
and 0.04 g/l NaNs. After incubating for 1 hr at 37°C, the
solution was removed and washed with PBS-Tween20, as
described above. One hundred ul of detecting antibody
(mouse anti-CapoB-100 serum solution) was dispensed into
each wells and the plates were incubated for 1 hr at 37°C.
The wells were washed to remove any unbound antibody.
One hundred ul of 3,000-fold-diluted goat anti-mouse 19gG
akaline phosphatase conjugate (Bio-Rad Laboratories, Her-
cules, CA, U.S.A.) was added to each well and the plates
wereincubated for 1 hr at 37°C. After washing, 100 ul of the
substrate solution (Alkaline Phosphatase Substrate Kit, Bio-
Rad) was added to each well and color was allowed to
develop at 37°C for 1 hr. The absorbance of each well was
determined at 405 nm using amicroplate reader (Bio-Rad).
ELISA for CapoA-l: Microplates wells with flat bottoms
were coated with 100 ul of either a standard that had been
diluted 1,280- to 40,960-fold or a sample that had been
diluted 5,000-fold in 50 mM carbonate buffer, pH 9.6. The
microplates were covered and incubated for 2 hr at 37°C.
After the incubation period, the standard or sample solutions
were aspirated and unbound proteins were removed by wash-
ing 3 times with PBS-Tween20, and the remaining binding
sites on the plate were blocked as described above. After the
blocking period, 100 ul of detecting antibody (rabbit anti-
CapoA-1 serum solution) that was diluted 4,000-fold was
added to the wells. After incubating for 2 hr at 37°C, the
solutions were removed and washed with PBS-Tween20, as
described above. A 100 ul solution of the goat anti-rabbit
IgG—alkaline phosphatase conjugate (Bio-Rad), a 3,000-
fold-dilution, was added to each well and the plateswere then
processed, and absorbances were read as described above.

RESULTS

Secificity of anti-CapoA-1: Following immunopurifica-
tion, rabbit polyclonal antiserum directed against CapoA-I
was tested for specificity by awestern blotting utilizing puri-
fied CapoA-I and whole canine serum. Immunoreactive
bands were observed at a position corresponding to approxi-
mately 26 kDa (Fig. 1). We previoudly reported the specific-
ity of anti-CapoB-100 serum [16].

Optimal ELISA conditions for CapoB-100: The capturing
and detecting antibody concentrations for the ELISA were
determined by checkerboard titration [4]. Coating of the
wells with a 4,000-fold-dilution of the capturing antibody
was sufficient for good adsorption of the protein (Fig. 2).
The optimal concentration for the detecting antibody was
evaluated by coating the wells with 4,000-fold-diluted cap-
turing antibody, using a fixed 640-fold-diluted canine serum
and different detecting antibody dilutions (2,000- to 512,000~
fold). An 8,000-fold-dilution of the detecting antibody (Fig.
3) was enough for maximum color development with mini-
mal blank value. A standard curve was obtained from sev-
eral-fold-dilutions of canine serum containing apoB-100
ranging from 0.002 to 1.148 ug/ml at the above conditions
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Fig. 1. Immunoblot analysis with rabbit anti-canine (C) apoA-|
serum. The molecular weight markers (lane 1), purified
CapoA-I (lane 2) and canine whole serum (lane 3) were elec-
trophoresed, then blotted. An approximately 26-kDa band is
|abeled by rabbit anti-CapoA-| serum (arrowhead).

for capturing and detecting antibody.

Analytical variables of ELISA for CapoB-100: A typical
calibration curve established with canine serum is shown in
Fig. 4. This ELISA has a working range of 1.8 to 28.7 ng
CapoB-100/well. When sample sera were diluted 1,000-
fold, the CapoB-100 concentrations usually ranged from
0.018 to 0.287 ug/ml. There was no gppreciable cross-reac-
tivity with purified canine albumin (Fig. 4). We determined
the precision of the ELISA by testing the same serum sample
20 times on a day and by testing the same serum sample 12
times at different days over a period of 1 month. Theintra-
and inter-assay coefficients of variation (CV) were 5.4 and
6.9%, respectively. Therefore, routine assays were per-
formed under the above conditions and a 1,000-fold-dilution
of sample sera.

Optimal ELISA conditions for CapoA-I: The detecting
antibody concentrations for the ELISA were determined as
described above. The optimal concentration of detecting
antibody was evaluated by use of a fixed 5,000-fold-diluted
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Fig. 2. Effects of the concentration of the rabbit anti-CapoB-100
serum (capturing antibody) on the assays of different concentra-
tions of apoB-100. A: 1.8, O: 7.1, W 28.7 ng CapoB-100/well.

Fig. 4. Calibration curves for standard serum, delipidated serum and
canine albumin. ApoB-100 concentration in standard serum was
measured using single radia immunodiffusion with the purified
apoB-100. The working range of the assay was from 1.8 to 28.7
ng CapoB-100/well. l: standard serum, O: delipidated serum, A:

12 canine albumin.
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Fig. 3. Optimization of detecting antibody. CapoB-100 ELISA was . . .
performed with various dilutions of mouse anti-CapoB-100 serum Rabbit anti-CapoA- I serum dilution
to determine its appropriate concentration. An excess of rabbit

anti-CapoB-100 serum (4,000-fold) and canine serum (640-fold) Fig. 5. Optimization of detecting antiserum. CapoA-lI ELISA was
was used. performed with various dilutions of rabbit anti-CapoA-1 serum to

determine its appropriate concentration. An excess of canine
serum (5,000-fold) was used.
canine serum and different antibody dilutions (500- to
64,000-fold). A 4,000-fold-dilution of the detecting anti-
body (Fig. 5) was enough for maximum color development ~ from several-fold-dilutions of canine serum containing
and minimal blank value. A standard curve was obtained  apoA-I ranging from 0.13 to 16.56 ug/ml at the above condi-
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Fig. 6. Calibration curves for purified CapoA-I, standard serum,
delipidated serum and canine albumin. ApoA-I concentration in
standard serum was measured using the ELISA procedure
described in methods section with the purified apoA-I. The work-
ing range of the assay was from 50 to 410 ng CapoA-l/well. X:
purified CapoA-I, l: standard serum, O: delipidated serum, A:
canine abumin.

tion for detecting antibody.

Analytical variables of ELISA for CapoA-1: A typical cali-
bration curve established with canine serum is shown in Fig.
6. ThisELISA has aworking range of 50 to 410 ng CapoA-
I/well. When sample sera were diluted 5,000-fold, the
CapoA-I concentrations usually ranged from 0.5 to 4.1 ug/
ml. There was no appreciable cross-reactivity with purified
canine albumin (Fig. 6). We determined the precision of the
ELISA by testing the same serum sample 20 times on a day
and by testing the same serum sample 10 times at different
days over a period of 2 months. The intra- and inter-assay
CV were 5.8 and 10.6%, respectively. Therefore, routine
assays were performed under the previous conditions and a
5,000-fold-dilution of sample sera.

Sample treatment: Calibration curves were obtained from
untreated serum (standard serum) and serum delipidated with
diisopropylether:1-butanol (60:40 [v/v]) using the ELISA
systems for CapoB-100 and A-l. The curves for CapoA-I
obtained with untreated serum and delipidated serum are par-
alel (Fig. 6). Butinthe ELISA system for CapoB-100, anti-
CapoB-100 did not react with the delipidated serum (Fig. 4).

Serum apoB-100 and A-I concentrations of male beagles
and one case dog: Serum apoB-100 and A-l concentrations
of 25 normal male beagles and one case dog were evaluated
with the two developed ELISA systems. The concentrations
of CapoB-100 and A-I were calculated astheratio of CapoB-
100to CapoA-l. Theresultsare summarizedin Table 1. The
average concentrations of apoB-100 and A-1 in 25 beagles
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were 0.084 +/- 0.028 mg/ml and 6.29 +/- 1.55 mg/ml and
their concentrations in the one case of hyperlipidemia with
systemic atherosclerosiswere 0.454 mg/ml and 11.28 mg/ml,
respectively. The ratio of CapoB-100 to CapoA-| ranged
from 0.60 to 2.33% (1.41 +/- 0.58%) in 25 beagles and was
4.03% in the one case dog.

DISCUSSION

We developed ELISA systems for CapoB-100 and A-I
which have high sensitivity, ease of application, precision,
and the potential for automation. These methods can process
many samplesin one assay using very little sample volume.

Studies on apolipoproteins have been reported in cow [17,
21, 28, 29], horse [26], pig [14], and dog [8, 9, 18, 19, 25] in
addition to human and rat. The present study is the first to
use ELISA methods for dogs, as previous measurements in
dogs have been done only with an immunonephelometry
assay (IPA) [8].

In this study, we developed two ELISA systems: one was
a system for CapoB-100 using the sandwich method and the
other was a system for CapoA -1 which included amethod for
directly coating each well with sample sera. At first we
attempted to develop a method for assaying CapoB-100
using amethod similar to the one used for CapoA-1. But this
method did not have sufficient sensitivity to CapoB-100
because of its low serum concentration. Therefore it was
modified to the sandwich method. On the other hand, since
the apoA-1 concentration in dog serum is high, we could
obtain a sufficiently sensitive assay for CapoA-I without
using the sandwich method. In human, it was reported that
undelipidated samples could not be measured due to the
epitope positions when a polyclonal antibody was used for
measurement of serum apoA-l [20]. But our obtained anti-
body against CapoA-I should provide a stable and a suffi-
ciently sensitive ELISA system without delipidation
treatment of the sample. Conversely, delipidated samples
did not react with the ELISA system for CapoB-100 and their
concentrations could not be measured. CapoB-100 is
thought to be strongly hydrophobic, asin the human counter-
part. We conclude that naked apoB-100 obtained from LDL
particles by delipidation inhibited the antigen-antibody reac-
tion due to its hydrophobic nature.

Serum apoB-100 concentrations by ELISA were reported
to be 0.201 +/- 0.014 mg/ml in nonlactating cows [29] and
0.950 +/- 0.180 mg/ml in human [1]. Serum apoA-I concen-
trations were reported to be 0.895 +/- 0.159 mg/ml in cows
[21], 0.551 +/- 0.043 mg/ml in male Wistar rats (8-12 weeks
old), 0.623 +/- 0.086 mg/ml in male Wistar rats (36—40
weeksold) [6] and 1.18 +/- 0.16 mg/ml in human [2]. These
serum apoB-100 and A-l concentrations are different from
those in dogs. The serum apoB-100 concentration obtained
from this study was approximately 1/2 that of nonlactating
cows and 1/11 that of human. The serum apoA-I concentra-
tion obtained from this study was approximately 7 times that
in nonlactating cows, 11 timesthat in male Wistar rats and 5
times that in human.
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Canine serum lipids, apo® B-100 and apoA-l concentrations and ratios of

apoB-100 to apoA-I in male beagles (n=25) and one case of hyperlipidemiawith sys-

temic atherosclerosis

No. TCP TG apoB-100 apoA-| B/A
of (B) (A)
canines  mg/100ml  mg/100 ml mg/ml mg/ml %
1 127 38 0.070 6.64 1.05
2 114 40 0.042 6.95 0.60
3 176 63 0.074 8.33 0.89
4 112 49 0.118 5.63 2.09
5 133 35 0.136 5.81 2.33
6 133 42 0.060 5.90 1.02
7 120 39 0.143 511 2.79
8 188 63 0.059 7.75 0.77
9 194 49 0.065 9.05 0.72
10 141 29 0.109 5.60 1.95
11 134 35 0.069 7.20 0.95
12 138 46 0.087 8.08 1.08
13 120 33 0.111 7.23 154
14 134 37 0.096 5.75 1.67
15 135 51 0.093 7.42 1.25
16 194 33 0.093 8.19 1.13
17 230 42 0.053 5.08 1.04
18 259 39 0.080 3.80 212
19 142 43 0.064 4.35 1.47
20 248 45 0.117 6.33 1.85
21 196 37 0.046 4.64 0.99
22 252 44 0.066 4.23 157
23 233 64 0.101 4.43 2.29
24 262 33 0.103 8.82 117
25 189 35 0.047 4.94 0.97
mean 172.2 42.6 0.084 6.29 141
SDY 50.7 9.6 0.028 155 0.58
casecanine 459 173 0.454 11.28 4.03

Abbreviations: a) Apolipoprotein. b) Total cholesterol. ¢) Triglycerides. d) Standard devi-

ation.

Previous measurements of apoB-100 and A-l concentra-
tions in 12 beagles by IPA were 0.550 +/- 0.16 mg/ml and
3.37 +/- 0.53 mg/ml, respectively [8]. The difference in the
apoB-100 concentrations obtained in the previous study and
in our study was larger than the difference in the apoA-I con-
centrations. Though IPA isarapid and inexpensive method,
this method requires that the lipoproteins in the sample and
the lipoprotein used for the standard are of similar sizes, and
also that dydlipoproteinemic samples can serioudly affect the
results[10, 15]. Thedensity range of LDL that probably con-
tains most apoB-100 in canines is broader than the range
reported for human [18]. We suggest that particlesof LDL in
canines have more irregular sizes than do those in human.
Furthermore, in the European badger, Melesmeles, LDL par-
ticlesare present at low concentrations (<0.5 mg/ml) [3] and
thisreport also suggests that serum apoB-100 concentrations
are lower in the canidae than in humans.

The incidence of arteriosclerosis in human is inversely
related to HDL concentrations [7]. We initially speculated
that a high concentration of apoA-1 and alow concentration
of apoB-100 inhibit the formation of atheroma. However,
our results suggest also that in dogs with lipidosis, an

increase in the apoB-100 concentration to a level similar to
that found in humans increases the danger of forming ather-
oma. Inacaseof hyperlipidemiawith systemic atherosclero-
sis, the serum was turbid, and the concentrations of TC and
TG were high in comparison with thosein the beaglesused in
this study. The atherogenic index was 3.303 [25] and this
hyperlipidemiatypewas similar to I1b typein human. Inthis
case, the apoB-100 concentration was extremely higher,
whereas the incresse in apoA-I concentration is not remark-
able, when compared with thosein the 25 beagles. However,
the ratio of apoB-100 to apoA-I in this case was higher than
it wasin the 25 beagles.

In conclusion, we have established ELISA systems for
CapoB-100 and A-1, which can be useful for measurement of
serum apoB-100 and A-l concentrations in dog and as an
index of lipidosis.
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