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Abstract. A 25-year-old female developed IgE-mediated sensitization against human recombinant corti-
cotropin-releasing hormone (CRH) with symptoms of allergic rhinoconjunctivitis and bronchial asthma. The
occupational allergy was proved by positive skin prick test, bronchial provocation, dose-dependent histamine
release, RAST measurements with CRH allergen (RAST class 3) and RAST inhibition. Using the immunoblot
technique, a single allergen band with a molecular weight of <14.4 kD in the range between the isoelectric
point 5.2 and 5.7 was detected for the CRH extract. Since no endocrinological and behavioral disorders were
found, increased CRH-specific IgE was not able to influence the regulatory control of this neuropeptide. After
18 months of avoiding the occupational CRH exposure allergen-specific histamine release and RAST were neg-

ative.

Introduction

Corticotropin-releasing hormone (CRH), a pep-
tide composed of 41 amino acids (molecular weight
4,670 D), is established as the principal physiological
regulator of the pituitary-adrenal axis [1] by releasing
adrenal corticotropic hormone (ACTH), B-endorphin
and other propiomelanocortin peptides from the an-
terior pituitary gland. Furthermore, CRH demon-
strates potent neuropharmacological actions, that are
independent of its pituitary effects [2]. Combined an-
atomical, pharmacological, and physiological evi-
dence supports its role in mediating the integrated
endocrine, autonomic, and cardiovascular responses
to stress [3, 4]. Since highly sensitive CRH radioim-

munoassays are available, CRH had not only been de-
tected in hypophysial portal blood and cerebrospinal
fluids of several species, but also in peripheral plasma
and other sites outside the central nervous system
(lungs, liver, stomach, pancreas, adrenal glands, and
placenta). Plasma levels of CRH in normal subjects
were found to be 2-28 pg/ml [5]. In recent years, bo-
vine and human CRH had been administered in in-
vestigational clinical studies [6, 7], since the intrave-
nous application of 100 pg/ml CRH and repeated
measurement of plasma ACTH and cortisol allows
the differentiation between the primary and second-
ary Cushing syndrome and the differentiation be-
tween suprarenal, pituitary, and hypothalamic insuffi-
ciency [4].
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Case Report

After 5 months of daily exposure to human recombinant CRH,
a 25-year-old atopic female medical technician developed signs of
an allergic rhinoconjunctivitis and asthma strongly associated to
her work. Additionally, her case history is characterized by a well-
known seasonal rhinconjunctivitis without asthma symptoms in
summer. A positive skin prick test to grass pollen, horse and cat
dander reflects the atopic status of the patient. The handling at
work with the de novo synthesized neuropeptide included analyt-
ical procedures and purifications steps (i.e. dissolving, weighing,
HPLC analysis). After the appearance of an increasing cough dur-
ing the night and exercise-induced dyspnea with white-colored
sputum, the patient was examined in our department. The clinical
examination did not show any pathological findings except a weak
wheezing during forced expiration. Serum cortisol (988 nmol/l)
and 24-hour urine cortisol (67 nmol/vol) were found to be in the
normal range.

Materials and Methods

Purification of CRH by HPLC

After automatic synthesis of the neuropeptide, CRH was puri-
fied by HPLC on a column of Vydac C18 (10 um, 300 A pore size),
using a gradient of 10-90% CH,CN in 0.1% TFA over 30 min. A
major peak was detected photometrically at 215 nm, which repre-
sents the pure neuropeptide. After purification, CRH was lyophil-
ized, weighed, and stored at room temperature before dissolving it
on the day of its use.

Skin Prick Test

After dissolving the purified CRH (98% pure) in PAG buffer,
a skin prick test was performed on the volar side of th patient’s
forearm with several concentrations of the solution (2, 6, 20, 60,
200, 1,000 pg/ml CRH). Histamine (1 mg/ml) and the pure PAG
buffer were tested as positive and negative control. After 15 min
the wheals were compared to the histamine-induced reactions.
The allergen-induced wheals were marked by a pencil and trans-
ferred to the tape. Using the formula (diameter,,,, + diameter-
min)/2 the mean diameter of each wheal was calculated to find the
allergen concentration corresponding to the histamine-induced
wheal.

Bronchial Provocation Test

Using a body plethysmograph (J4ger, FRG), a bronchial pro-
vocation test was performed with several dilutions (0.03, 0.1, 1, 3
ug/ml) of the purified CRH in physiological saline. After eval-
uation of the lung function before and after inhalation of saline,
15 min after inhalation of the CRH dilutions, the lung function
measurements were repeated. An increase in total airway resist-
ance (R,,) of 100% and a decrease of the FEV, more than 20%
was defined as a positive result.

Histamine Release from Peripheral Leukocytes

According to the method described by Siraganian and Hook
[8], 20 ml whole blood was gently mixed with a solution containing
2 ml 0.1 M EDTA, 5 ml 6% dextran (Braun, FRG), 0.8 mi 50%
glucose. After 90 min, the basophil-containing supernatant was
drawn and washed twice by centrifugations (400 g, 4°C) with 50 ml

of the following buffers: (1) PAG/EDTA: 25 mM Pipes (Serva,
FRG), 0.003% HSA (Mérieux, France), 0.1% glucose, supplement-
ed with 0.01 M EDTA; (2) PAG: the same buffer without EDTA.
For the experiments cells were resuspended in 10 ml prewarmed
PAG CM buffer (PAG supplemented with 1 mM CaCl,, 1 mM
MgCl,), equal samples of washed cells (0.25 ml) in duplicates were
incubated for 40 min in a water bath (37°C) with different con-
centrations of CRH (0.25 ml) or with buffer, to evaluate the spon-
taneous histamine release. Perchloric acid was added to four sam-
ples for the determination of the total histamine content. The
mediator release was stopped in an ice bath. After centrifugation
(8008, 4°C), to remove the cells, the supernatants were investigat-
ed with an automated fluorometric histamine asay [8]. The hista-
mine release was expressed in percent of the total histamine after
subtraction of the spontaneous released histamine. The same ex-
periment was done with blood of 3 healthy volunteers, to avoid
non-IgE-mediated, unspecific histamine release by the neuropep-
tide.

RAST

The sera of the patient and a nonallergic control pool serum (n
= 112) were measured by RAST (Pharmacia, Freiburg, FRG) us-
ing allergen disks prepared with the unpurified and purified CRH
extracts according to Ceska et al. [9] and Maasch et al. [10]. For
the preparation of the allergen disks, 2 ug protein [11] were used
for the coupling to each BrCN-activated paper disk. After cou-
pling, the amount of protein coupled to each disk was measured.
For nonspecific binding, the allergen disks were measured with
the nonallergic pooled control serum.

RAST Inhibition

The allergenic activity of the purified CRH extract was deter-
mined by RAST inhibition [12, 13] using allergen disks prepared
with the purified CRH extract and the serum of the patient (1:5 di-
luted in sample diluent, Pharmacia, Sweden). As tracer for bound
specific IgE *I-antihuman IgE (Pharmacia) was used.

SDS-PAGE

SDS-PAGE (gradient 3-22%) of the purified CRH extract was
performed according to the instructions of the manufacturer
(LKB, Miinchen, FRG). For SDS-PAGE, 25 pg protein was ap-
plied in duplicate onto the gel. Marker proteins were obtained
from Pharmacia. The proteins were stained with Coomassie bril-
liant blue R 250 (E. Merck, Darmstadt, FRG).

Immunoprint

Immunoprint was performed according to the method of
Peltre et al. [14]. The proteins (50 pg protein applied in duplicate)
were transferred from the gel onto the nitrocellose membrane
(Schleicher and Schiill, Dassel, FRG) by capillary transfer. The
membrane was incubated overnight with the serum of the patient
(1:5 diluted in the sample diluent, Pharmacia), washed and in-
cubated with '*I-antihuman IgE (Pharmacia, 3 kBg/ml) overnight
and washed. Then autoradiography was performed at ~20°C over
1 and 2 weeks using Kodak X Omat AR films (Eastmann Kodak
Co., Rochester, Minn., USA).

Western Blot
Utilizing Western blot analysis [15], the molecular weight of
the allergen bands of the CRH extract and the IgE specificities of
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the patient’s serum were determined. In order to perform the
Western blot, 25 pg of the protein of the CRH extract was separat-
ed via SDS-PAGE according to molecular weight. The protein
was transferred from the gel to the nitrocellulose membrane
(Schleicher and Schiill) by electrotransfer. The following steps
were also done as described for the immunoprint.

Results

The purification of the CRH resulted in 98% pure
material.

Skin Prick Titration

Skin prick titration induced dose-dependent wheal
and flare reactions (fig. 1). While the crude CRH pro-
voked a histamine-equivalent wheal at about 10-20
pg/ml, the histamine-corresponding reaction induced
by the pure CRH was found at about 5 pg/ml. Three
nonatopic individuals without any symptoms did not
show any positive reactions to the CRH dilutions.

Bronchial Provocation Test

The initial pulmonary function was normal except
for a mild airflow obstruction indicated by a forced
expiratory volume in 1s (FEV)) of 2.7 1 (89% of nor-
mal) and a total airway resistance (R,,) of 0.31
kPax s/l (110% of normal). The other spirometric pa-
rameters were normal and did not change after in-
halation of saline. Repeated inhalation of increasing
doses of CRH were characterized by an elevation of
the R,, to 0.6 kPaxs/l (94% increase) at 1 pg/ml
CRH. After application of 3 ug/ml CRH, FEV, de-
creased to 2.1 liters (22% decrease) and R, increased
to 1.1 kPaxs/l (255% increase) (fig. 2). The sudden
elevation of the bronchial obstruction - in parallel
with clinical signs of wheezing and increasing dyspnea
- was reversible after inhalation of a B,-mimetic bron-
chodilator (salbutamol 400 png).

Histamine Release

The basophils of the nonatopic controls released
histamine after incubation with 30 and 100 pg/ml
CRH. Therefore, this amount of probably unspecific
release (5+1.5% of the total histamine at 30 pg/ml
CRH, 25+3.2% at 100 ug/ml CRH) was deducted
from the dose-dependent histamine release, mea-
sured after CRH challenge of the patients’ blood
cells. The resulting curves (fig. 3) are characterized by
a slow increase of the mediator release (unpurified
material: histamine elevation at a range of 10-'-10 ug/
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Fig. 1. Skin prick test performed with several concentrations of
unpurified and purified CRH. 6 pg/m! of the highly purified CRH
induced a reaction comparable to the induced wheal.
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Fig. 2. Bronchial provocation test with increasing doses of pure
CRH. A 100% increase of the R,, was detectable after inhalation
of 1 ug/ml of CRH, while 3 pg/ml CRh induced a 20% decrease of
FEV,.

ml CRH, pure material: 10->-10 ug/ml CRH). The re-
leased histamine values peaked at 100 pg/ml unpuri-
fied CRH and at 30 pg/ml (pure CRH), respectively.
For the release of 20% of the total histamine, 10 pg/ml
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Fig. 3. CRH-induced histamine release from peripheral leuko-
cytes of a CRH-sensitized individual. Highly purified CRH at a
concentration of 0.3 pg/ml induced 20% release of the total hista-
mine content, 40% histamine release was obtained as the maxi-
mum of mediator response to CRH.
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Fig. 4. Regression line of the RAST inhibition curve of the
CRH extract.

Table 1. RAST classes of the patient’s serum (10/5/88 and 24/1/
90) and a nonallergic control pool serum using allergen disks pre-
pared with the unpurified and purified CRH

Sera Allergen disks ~ RAST class  Bindings, %
Reference system
Reference A reference 4 46.7
Reference B reference 3 21.6
Reference C reference 2 6.9
Reference D reference 1 3.8
Test
Serum (10/5/88) unpurified 3 231
Serum purified 3 25.0
Serum (24/1/90)  unpurified 0 3.0
Serum purified 0 34
Nonallergic
Pool serum unpurified 0 0.6
Pool serum purified 0 0.5

unpurified CRH and 0.3 pg/ml pure CRH were need-
ed, indicating the increased basophil sensitivity to
CRH as a specific allergen. The same experiment —
repeated after 18 months of nonexposure to the syn-
thesized neuropeptide — was negative: no histamine
was detectable after CRH challenge, but a positive re-
sponse to anti-IgE was obtained, indicating the capa-
bility of the basophils to react after IgE-mediated
stimulation.

RAST

Preparing the allergen disks, 0.94 pg protein of un-
purified CRH and 0.88 pg protein of purified CRH on
each BrCN-activated paper disk were coupled. The
serum of 10/5/88 showed a RAST class 3 for allergen
disks prepared with the unpurified and purified CRH
extracts (23.8 and 25% binding) (table 1). RAST class
0 was measured with the sera of 24/1/90 with both al-
lergen disks. The nonallergic control pool serum did
not contain specific CRH IgE on both occasions
(RAST class 0). This shows that the positive RAST
measured with the serum of the patient from 10/5/88
could not be related to unspecific binding.

RAST Inhibition

Allergenic activity could be measured with the pu-
rified CRH extract by RAST inhibition. In total 90%
inhibition was obtained.

SDS-PAGE
By SDS-PAGE one single protein band could be
detected with a molecular weight <14.4 kD (fig. 1).

Immunoprint, Western Blot

Figures 5 and 6 show besides the SDS-PAGE, the
immunoprint and Western blot performed with the
purified CRH extract using the patient’s serum. By
immunoprint ‘allergen bands’ (IgE specificities) were
detected in an isoelectric range of 5.2-5.7. By Western
blot, one allergen band was detected with a molecular
weight <14.4 kD (identical to the protein band mea-
sured by SDS-PAGE).

Discussion

Allergic reactions after repeated intravenous ad-
ministration of bovine CRH have been described but
never published. Therefore, the use of the CRH test
for diagnostic purposes was limited in the past [7].
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Fig. 5. Western blot (on the left) and SDS-PAGE (on the right)
of CRH-purified extract. The extract was applied in duplicate; M
= marker protein; time of autoradiography for the Western blot:
14 days.

The development and production of recombinant hu-
man CRH created better diagnostic conditions for the
differentiation of pituitary-adrenal disorders [4]. The
described case strongly suggests that the immediate
type allergy to CRH was a result of a sensitization af-
ter continuous inhalation of the recombinant peptide.
High levels of CRH-specific serum IgE - measured by
the RAST - elucidate the extraordinary sensitization
against the neuropeptide. In healthy volunteers, IgE
against this peptide was not detectable, also the inhi-
bition capacity of the patients’ serum — investigated by
RAST inhibition — underlines the specific character of
this immediate-type sensitization. The separation by
SDS-PAGE demonstrates the single-allergen charac-
ter of CRH, indicating the high purity of the peptides
used. Therefore, it seems rather unlikely that other
testing products with lower molecular weights would
have caused the immediate-type sensitization. The
single band of CRH, found below the marker protein
of 14.4 kD molecular weight corresponds to the real
CRH molecular weight of 4,670 D [1]. The positive
skin prick test results obtained with different CRH
concentrations demonstrate a dose-dependent aller-
gic response of mediator-containing cells. The hista-
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Fig. 6. Immunoprint of CRH purified extract. The extract was
applied in duplicate; M = marker protein; time of autoradiog-
raphy: 14 days.

mine-equivalent dose of 6 pg/ml CRH indicates a sen-
sitization as well, which was proved by a titrated bron-
chial provocation test. In this in vivo experiment we
found an increase of R,,, in a dose- dependent man-
ner, paralleled by a decrease of FEV,. The threshold
level of the neuropeptide causing a 100% increase of
R, (R, PC 100 =1 ug/ml CRH) and a 20% decrease
of FEV, (FEV, PCy = 3 pg/ml CRH) demonstrates
the definitive immediate-type inhalant allergy. This
case leads to the question of how immune tolerance
against molecules of human origin (as CRH) can
change into a remarkable sensitization characterized
by increased specific IgE levels. The phenomena
which are responsible for a shift of the immunological
activity are not well understood. In some cases, au-
toantibodies themselves — other than IgE - directly
can cause pathological changes. In other autoimmune
diseases, however, autoantibodies are associated with
disease and indicate pathological damage, but alone
may fail to initiate the disease process. Thus, the ap-
pearance of serum autoantibodies does not necessar-
ily imply the existence of an autoimmune disease [16].
Increased IgE antibody levels to peptide hormones
and endogenous proteins have also been observed in
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man. Persons with elevated total serum IgE have a
chance of about 10% to develop specific IgE antibod-
ies to single hormones [17]. IgE antibodies to human
growth hormone were found in 13% prior to as well as
during treatment with the recombinant material not
indicating any immunizing process but underlining
the natural occurrence of these antibodies. Clinical
manifestations of allergy to the biosynthetic hormone
were not reported in 245 patients treated for 1 year
[18]. Local or systemic IgE-mediated hypersensitivity
reactions after administration of insulin had been de-
scribed in rare cases, especially after therapy with bo-
vine and porcine insulins [19]. In 2 cases of an autoim-
mune progesterone dermatitis, positive skin tests and
indirect basophil degranulation tests were demon-
strated, indicating the presence of circulating autoan-
tibodies to the patient’s own progesterone [20]. These
findings suggest that the circulation of the hormones
as well as systemic treatment with human peptides
and proteins could be accompanied by an increase in
specific serum IgE levels, provoking symptoms of hy-
persensitivity only in rare cases. In our case, the atop-
ic status of the patient combined with the continuous
exposure to the extraordinary inhalant allergen might
be a reason for the development of the described IgE-
mediated allergic reactions. However, decreasing lev-
els of specific serum IgE antibodies against CRH and
a negative histamine release test after 18 months of
nonexposure to the inhaled CRH favors the possibil-
ity of a diminished allergic sensitization. Obviously,
the inhalant allergy against CRH - related to the
atopic status in combination with the extraordinary
environmental conditions — occurred only in a tran-
sient manner. The nonappearance of other symptoms,
which might indicate other immunological or neu-
roendocrinological disorders, can be explained by cal-
culating the dose relationship for the physiological re-
sponse of CRH in different sites and the dose-de-
pendent conditions for the cross-linking of IgE-
antibodies on the surface of mediator-containing
cells. While CRH plasma levels were found to be 2-28
pg/ml in normal subjects [5], the threshold level to in-
duce an IgE-mediated response was 10*- to 10°-fold
higher (basophil sensitivity Ag 20:0.3 pg/ml). The ex-
tremely low plasma levels of the peptide hormone
found in man could explain the lack of disruption of
CRH function, as it may be speculated that circulat-
ing IgE might bind endogenous CRH and possibly
modify its action. Regarding the several-fold higher
CRH plasma levels measured in hypophysial portal

blood in rats (470 pg/ml) [21], the difference between
these amounts and the dose necessary to cause al-
lergic reactions will have to be multiplied by thou-
sand. Furthermore, cells containing mediators or car-
rying IgE antibodies are only found in a small amount
in the hypophysial area or the central nervous system
under physiological conditions [22, 23]. Mast cells (so-
called type 1) had been described along the pial and
intracerebral vessels and had been observed in the
leptomeningeal tissues, suggesting that the meninges
contain more mast cells than the brain itself [24]. The
close relationship between another cell type (type 2
mast cells) and the nerve fibres may indicate a neuro-
genic control of the cerebrovascular mast cell secre-
tion [23]. Since in our case no other clinical symptoms
or psychological changes were found, we conclude
that the transient appearance of the immediate type
allergy against CRH was not able to influence the reg-
ulatory control of the neuropeptide and its integrative
and behavioral functions in the central nervous Sys-
tem. As the increasing use of recombinant human
peptides and proteins involves the risk of autoim-
mune-like sensitizations, the conditions of peptide
and protein production and their clinical use should
be carefully controlled to prevent unpredictable al-
lergic diseases.
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