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To standardize the Dermatophagoides pteronyssinus extracts used in clinical allergy practice,
the relative potencies of several purified extracts were estimated by radioallergosorbent test
(RAST) inhibition, histamine release, and intracutaneous titration testing, and the results were
compared. The potencies of nine independently prepared D. pteronyssinus extracts were assaved
with respect to an extract adopted as a reference. In vivo the cutaneous wheal surface after
intradermal injections was measured on a population of D. pteronyssinus—sensitive subjects. In
vitro RAST inhibition was performed with the reference extract as allergosorbent and with a
pool of human IgE-rich sera from patients sensitized to D. pteronyssinus but untreated. For
histamine release human basophils from patients allergic to D. pteronyssinus were used. In the
three methods dose-response curves were plotted for the reference extract and the other extracts.
A comparison of the measurement of in vitro and in vivo potencies is reported. Similar results
were obtained with the three methods: all the extracts but one were as potent as the reference
preparation. However, for routine purposes RAST inhibition appears to be the most convenient

and reliable procedure.

The preparation of standardized allergenic extracts
in clinical and experimental allergy requires the draft-
ing of well-defined procedures for all the steps in the
production of these extracts. Hence for a given al-
lergen the characteristics of the source material, the
extraction procedure, and the final tests for identity,
innocuity, toxicity, and activity must be established
precisely. Allergen standardization with respect to
biolegic activity is a real approach to this problem.

Earlier studies were mainly concerned with mea-
surement of the activities of different commercial ex-
tracts, particularly pollen extracts.

The methods utilized were skin tests in humans, =3
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radioallergosorbent test (RAST)-based assay,* ¢ and
histamine release experiments.” Good correlation was
observed between the values obtained with the bioas-
say and those obtained with in vitro methods, either
RAST inhibition® 1% or histamine release.!!

The aim of this study was to determine whether the
different procedures available for measuring allergen
potencies also give comparable results for a nonpollen
allergen.

Because Dermatophagoides pteronyssinus is-being
increasingly recognized as a major allergen of house
dust hypersensitivity,'? we chose different batches of
the mite extract for this purpose.

We investigated the activity of nine D). preronys-
sinus extracts by three methods: intracutaneous titra-
tion testing, RAST inhibition, and histamine-release
experiments.

Generally these three methods have been examined
separately or compared in pairs. In this work we com-
pare the results of potency measurement data based on
the interaction of allergen components of D. ptero-
nyssinus with IgE from the serum or fixed to mem-
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branes of blood basophils or of skin mastocytes.
Moreover, rather than comparing potencies of ex-
tracts from various manufacturers, we compare the
potencies of different batches of allergen extract pro-
duced in the same laboratory. The eight batches tested
were obtained from eight individual mite cultures not
simultaneously grown, extracted and purified by
identical procedures, and characterized by isoelectric
focusing. The ninth batch, made up of a mixture of
the several batches, was taken as a reference, and the
data are presented relative to this reference extract.
The different procedures are discussed with regard to
their reproducibility and adequacy in routine tests.

MATERIAL AND METHODS
D. pteronyssinus extracts

Cultures. The house dust mite, D. pteronyssinus, was
grown and identified according to the method of Voorhorst
et al.'® The culture medium was composed of 50% human
skin scales and 50% dried yeast, S. cerevisiae. Culture was
kept at 25° C with a humidity in equilibrium with saturated
NH,C1. The culture recipients were shaken gently every 3
days. After a growth of 4 mo, the culture (containing about
7,000 living mites/gm of culture) was kept frozen until the
day of extraction.

Experimental extracts. The eight extracts were obtained
from eight individual cultures of D. pteronyssinus. Ten
grams of whole culture (D. pteronyssinus plus medium)
were ground with carborundum (3 gm) and were extracted
in 230 ml borate buffer at pH 8.5. After centrifuging the
supernatant liquid was neutralized at pH 6.5 and subjected
to acetone precipitation at increasing concentrations. The
fraction that precipitated between 50% and 80% acetone
was isolated, washed, and dried. It constituted the experi-
mental fraction and was stored at 4° C.

The culture medium alone was extracted by a protocol
identical to that performed for the D. preronyssinus extract.

Reference extract. The reference extract was a mixture of
samples of the different batches of D. preronyssinus. A
potency of 1 was assigned to this extract.

Isoelectric focusing

Analytical isoelectric focusing. Analytical isoelectric
focusing was performed using an LKB Multiphor apparatus
and commercially available flatbed plates of polyacrylamide
gel (PAG plates LKB of pH range 3.5 to 9.5) according to
the manufacturer’s instructions. The concentration of each
allergen extract was 50 mg/ml phosphate-buffered saline
(PBS) at pH 7.2. Samples of 10 wl were applied to the gel
surface. The PAG plate was focused at 22 w for 1.5 hr. The
gel was then stained for protein identification (coomassie
brilliant blue).

Preparative isoelectric focusing. Preparative isoelectric
focusing was realized on an aliquot of 500 mg D. preronys-
sinus reference extract. This aliquot was focused following
the LKB procedure between pH 3.5 to 9.5. Immediately
after the experiment a print was made, and the gel prepara-
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tion was sectioned in 30 separate zones with a fractionating
grid.

RAST inhibition

Reference serum. Sera rich in IgE specific for D.
pteronyssinus were pooled from nine untreated D. ptero-
nyssinus—sensitive patients as described earlier. '

Reference immunosorbent. The reference disks were pre-
pared by coupling the reference extract of D. pteronyssinus
to CNBr-activated paper disks.* Unreacted sites on the disks
were blocked with epichlorohydrine-polymerized amine
(EPA)."®

Test procedure. The assay developed by Yman® was used
with several modifications: 100-ul aliquots containing 6
increasing quantities of the reference extract or of the other
extracts to be tested were preincubated for 3 hr with 100 ul
of the reference serum diluted 1:10. In a control experiment
the reference serum was incubated with 100 wl PBS. Fol-
lowing this a reference paper disk was added to each mix-
ture and incubated 3 hr at room temperature. After three
washings in PBS, 50 ul '**I-labeled anti-IgE (Pharmacia
Diagnostics, France) was added. After 18-hr incubation and
three additional washings, the radioactivity bound to the
paper disks was counted in a gamma counter. The counts
observed for the uninhibited reaction constitute the 0% in-
hibition value.

All the experiments were conducted at least in duplicate.
A dose-response curve was determined by plotting the per-
cent RAST inhibition versus the varying quantities of each
of the extracts investigated. The quantity of each extract
required to obtain 50% inhibition was graphically deter-
mined and represented by Cs,.

Histamine release

As described by May et al.,'® leucocytes were isolated
from 30 ml venous blood from patients sensitive to D.
pteronyssinus. Threefold dilutions were made for the dif-
ferent batches of D. pteronyssinus to be tested. Of each
solution 0.1 ml was mixed with 0.9 ml cell suspension
containing 1 to 2.108 cells per milliliter. Triplicate incuba-
tions were performed, with constant agitation at 37° C for
40 min. The tubes were centrifuged at 300 X g for 8 min at
4° C, except for the incubations intended for the determina-
tion of total histamine content. Of the supernatant (or of the
cell suspension) 0.85 ml was mixed with 0.1 ml 4 N per-
chloric acid, and after centrifuging the histamine content
was quantified by the fluorometric method!” automatized by
Siraganian.'®

The histamine values refer to histamine base. Percentage
histamine release was calculated by the formula 100
(e — b)/(c — b), where e is mean of fluorometric readings
for experimental supernatant, b is mean of blanks, and ¢ is
mean of total histamine.

Intracutaneous titration testing

Patients were selected from the Allergology Service at
the Hospices Civils of Strasbourg. All were skin tested prior
to this study and were found to be skin reactive to D.
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PLATE ). Characterization of nine batches of D. pteronyssinus extracts and of the culture medium

extract by isoelectric focusing.

prercnyssinus reference extract at 10 ug/mi. For patients
with a hyperreactivity to this dilution (diameter of the
wheal = 35 mm and pseudopods) a second skin test at 1
wug/ml was performed. If no decrease of the reaction was
observed the patient was excluded as not appropriate for a
quarttitative study of the extract potency.

All the patients selected had a high serum level of D.
preronyssinus specific IgE. Good correlation between skin
test positivity and clinical history had been observed in all
cases. Antihistaminics were withheld from all patients.

Taree allergen batches were tested in skin reactions. For
each of these batches a group of 48 patients was selected.
The allergen concentrations used to determine the dose-
response curve were 0.62 ug/mi, 2.5 ug/ml, and 10 pug/ml;
0.04 mi of each solution was injected intradermally in the
external part of the arm of 16 patients (anatomically corre-
sponding sites). After 20 min the wheal of the reaction was
outlined with a ballpoint pen, and the markings were trans-
ferred by means of tape. The wheal figures were reproduced
on homogeneous paper, cut out, and weighed.* The weight
of each paper is proportional to the wheal area and reflects
the intensity of the skin test reaction.

For each allergen concentration the mean value of the
skin test reaction was calculated, and a log-log diagram

*Brighton WD: Personal communication.

shows the intensity of skin test response versus allergen
concentration.

From these cutaneous titration data the potency values of
the three batches tested were calculated by the method rec-
ommended for quantitative bioassays by the European
Pharmacopaeia.’

RESULTS
Isoelectric focusing

Plate I shows the isoelectric focusing pattern-of the
reference extract of the different batches of D.
pteronyssinus and of an extract made from the culture
medium alone.

The method enables individualization of about 30
components in each mite extract, focusing principally
in the pH range 8§ to 4. The culture medium extract
presents a different pattern, showing only abeut 10
components grouped in the pH range 5.5 10 3.5.

Preliminary data* from the preparative isoelectric
focusing of the D. pteronyssinus extract gave positive
prick-test results in 10 D. pteronyssinus—sensitive
patients with most of the fractions eluted from the gel.

*Benezra C: Personal communication.
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FIG. 1. RAST inhibition titration curves for eight individual experiments with reference extract.
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FIG. 2. RAST inhibition titration curves for nine batches.

These fractions were used at 100 pg/ml. Moreover
these samples gave negative skin test results in six
control patients not sensitive to D. pteronyssinus.

RAST inhibition

The precision of the RAST inhibition method was
evaluated in eight identical experiments with the ref-
erence extract. The dose-response curves are shown
in Fig. 1. Plotted on a log-log scale the inhibition
curves are linear from 30% to 70% inhibition. The
slight differences in the shape of the slopes are found
to be not significant by analysis of covariance
(Fis = 0.81). The coefficient of variation for the Cs,
value is 18%, a result comparable to that of Yman.®

Fig. 2 and Table I give the results of the C, values
for the reference extract and for each of the eight
tested batches. Each result is the mean value of at
least two independent inhibition experiments.

The ratios of the Cs, value of the reference extract
to the C;, of the other extracts are also shown in Table

I. Statistical comparison by variance analysis reveals
a difference between the nine extracts (F§s = 63,
p < 0.001). The difference between the potency Cs,
values, expressed in ug/ml, of the reference extract
and one particular batch is significant (p < 0.05)
when it is at least 15.4. Only batch 2 is found to differ
significantly and has the lowest biologic activity.
Earlier work!4 showed that the culture medium extract
did not have any inhibiting activity in this kind of
experiment.

Cutaneous titration

The precision of our technique was estimated by
verifying the homogeneity of the results of 39 initial
wheal areas. The coefficient of variation (SD%) was
found to be +11.5%.

Fig. 3 presents the cutaneous titration curves on a
log-log scale for the reference extract and for batches
2 and 7. A linear relationship between concentration
of D. pteronyssinus injected and average °‘wheal
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FIG. 3. Cutaneous titration curves.

TABLE L. Potency measurements of purified
batches of D. pteronyssinus extracts by
RAST inhibition

TABLE Il. Measure of D. pteronyssinus potency
by cutaneous titration testing (ratio to
reference extract)

Cgy reference
Mean Cgp _—
Batch (ng/mi) Cso batch
feference 41 1

2 153 0.26
3 44.1 0.92
4 45 0.91
5 34.5 1.18
6 33 1.24
7 33 1.24
8 52.5 0.78
9 37.5 1.09

weight’’ is observed. For the reference extract a linear
regression line is obtained (r = 0.74, p < 0.001),
and the regression is also significant for batches 2 and
7 (p < 0.001).

The lack of parallelism and the deviation from lin-
earity. for the three dose-response curves are not sig-
nificant (p > 0.05); hence the three extracts are quali-
tatively equivalent.?

No potency difference is observed between extract
7 and the reference extract (NS, p > 0.05). On the
contrary the potency values of extract 2 and the refer-
ence are different (p < 0.01). The potency results for
extracts 2 and 7 are given in Table II, as compared
with the reference extract with an assumed potency
of 1.

The skin reactivity of the culture medium extract
was ¢xamined in 15 patients sensitive to D. preronys-
sinus intradermal injection). With this extract used at
10 wg/mt all the patients had negative skin test re-

Relstive potency Statistical test
Batch (95% fidscial Himits) {F rest)
2 0.45 (0.29-0.64) F=15 p<0.0l
7 0.75 (0.62-0.84) F=14 p>005
(NS)

sults. Furthermore, earlier work?' showed that inha-
lation provocation tests on 64 patients with cutaneous
and bronchial sensitivity to D. preronyssinus re-
mained negative with the culture medium extract.
Thus the culture medium extract alone has no in vivo
allergenic activity.

Potency measurements by histamine release

A typical experiment showing the histamine release
curves with different batches of D. preronyssinus is
presented in Fig. 4. The reference extract curve was
repeated twice by making two independent dilution
series, and a good repreducibility was observed.

Within the same experiment (basophils from the
same donor) the allergen batches tested induce the
same maximum histamine release value; this flat por-
tion of the curve cannot serve for the determination of
the potency differences between batches. Neverthe-
less the steeper ascending part of the profiles, which
clearly separate the activities of the batches, affords
the possibility of measuring accurafely the potencies
of the different extracts tested.

In the experiment presented in Fig. 4 a concentra-
tion of 0.05 ug/ml of the reference extract induced
the release of half (D) of the maximum histamine
release value observed. The relative potencies for
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FIG. 4. Histamine-release titration curves for D. pteronyssinus extracts.

TABLE lil. Potency values of D. pteronyssinus
extracts by histamine release titration

TABLE IV. Relative potency of D. pteronyssinus
extracts by three methods

Dgg reference extract
Number of
Batch Dso batch (mean) experiments
Reference |
2 0.55 4
7 1.16 2
8 0.78 2
9 1.00 2

all batches examined by histamine-release titration
curves are reported in Table III. These values repre-
sent the ratio between D;, of the reference extract
included in each experiment and Dj, of each batch.
For each assay Student’s test was calculated to de-
termine whether the differences observed between the
means of the data of one batch and the reference are
significant. Only extract 2 is significantly different
from the reference extract (p < 0.05).

The histamine-release results observed with the cul-
ture medium extract are below the level of sig-
nificance.

DISCUSSION

In this study intracutaneous titration testing, the
RAST inhibition method, and the histamine-release
procedure from human basophils were utilized to in-
vestigate the potencies of different batches of D.
pteronyssinus extracts. No activity was observed with
the culture medium extract within each of the three
techniques. We therefore conclude that most of the
components of mite extract are specific of D.
pteronyssinus. Table IV summarizes the data ob-
tained with different batches of the mite extract.

Method Intracutaneous Histamine RAST
Batch titration release  inhibition
Reference 1 1 1

7 0.75 1.16 1.24
8 — 0.78 0.78
9 — 1 1.09
2 0.45 0.55 0.26

On one hand the comparison of batches 2 and 7
with the reference extract shows that the three meth-
ods yield similar results. Statistical analysis of these
data show that batch 2 differs significantly from the
reference extract, whereas batch 7 is not significantly
different from the reference extract.

There are several possible explanations for the dis-
crepancy in the biologic activity of batch 2. The
homogeneous isoelectric focusing patterns (Plate I)
exclude significant qualitative differences between
batch 2 and the other batches. But the mite population
may have been slightly different and hence the quan-
tity of source material not absolutely identical.
Moreover, carborundum extraction and acetone pre-
cipitations are procedures that cannot be performed in
a fully repetitive way at each preparation.

On the other hand the comparison of the potency
values obtained for batches 2, 7, 8, and 9 relative to
the reference extract by the RAST inhibition and by
histamine-release techniques shows that the same
rank order is observed within these two methods.
Thus both ‘‘in vitro®’ titration procedures give equiva-
lent results.

These conclusions confirm the prior studies, al-
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though the techniques are sometimes different. Gleich
et al.® and Yunginger et al.!® compared intradermal
skii: test end-point titration and RAST-based tech-
nique; Pepys et al.? used skin-prick testing and
RAST-based allergen assay, and Baer et al.!’ com-
pared direct skin test and in vitro histamine release on
human leucocytes.

The histamine-release test, if performed on the
cells of one donor, has the disadvantage of selecting
on}y the allergen components to which the basophils
pos«ess specific IgE on their membranes. But the
convenience of this system is the screening for bio-
logi= activity at the cell level, a situation comparable
to the skin test. However, this method can be used
onl, as a research tool to supplement and possibly
confirm routine testing, because of the scarcity of
sensitive blood rich enough in basophils to permit this
kind of experiment.

The RAST-inhibition method, as a radioimmuno-
assay, is specific, reproducible, and convenient. It is
relevant as a guide for routine quantification of the
activity of allergenic extracts. The value of the
RAST-inhibition method in the standardization of al-
lergens is to provide reference systems that can easily
be stored and checked. The reference serum must be a
poci derived from a large number of patients sensitive
to trie allergen under study and thus exhibiting IgE
specificity for aill components of the extract. The
RAST-inhibition test prevails over the direct RAST
test because of the uniformity of the experiments
baszd on identical reference disks. The latter should
contain all the natural allergenic components giving
rise 0 the formation of IgE in humans. However, the
RAST-inhibition method does depend on the avail-
ability of a specific anti-IgE standard.

For skin testing we report quantitative bioassays.
The skin test titration procedure in our study required
a large body of data obtained in a broad population
studv to eliminate individual reactivity. For each al-
lergen batch 48 intradermal tests (on anatomically
corresponding sites) were performed on 48 different
individuals sensitive to D. pteronyssinus. Hence a
very significant mean of intensity of skin test reactiv-
ity is obtained. We believe that this technique should
express totally representative biologic activity. Skin
testing offers the advantage of being close to clinical
reality and should always be included in the study of
the ciagnostic value of the extracts. The cutaneous
titrat:on method is very time consuming for the phy-
sician and may create discomfort for the patients.
Thus this in vivo method cannot be taken into con-
sideration as a routine test for monitoring the activity
of dirferent allergen batches. For this reason we only
examined three batches by this technique.

Dermatophagoides pteronyssinus allergens 387

Once their equivalence with the bioassay is estab-
lished, in vitro methods should replace skin testing for
the determination of the potency of the extracts on a
large and repetitive scale. We believe that RAST in-
hibition, as used in the present work, is a most satis-
factory technique to evaluate the potency of allergen
extracts.

We wish to thank Mrs. F. Ekert, Mrs. G. Allain, Dr. C.
L. 'Héritier, and Mr. J. Rabillon for skillful assistance.
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