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Summary

Background Peripheral blood basophils are reduced in some chronic urticaria patients
when counted with granule stains. Approximately 30% of patients with severe chronic
urticaria have functional autoantibodies which release histamine from healthy donor
basophilsin vitro but the relationship between basophil humbarsvivo and serum
histamine releasing activity has not been studied.

Objective To determine the relationship between basophil numbers and serum basophil
histamine releasing activity and to assess whether basophils are present, but undetectable, in
peripheral blood with granule stains by using a new flow cytometric method based on
surface immunophenotype.

Methods Basophils were counted manually by a chamber method using a granule stain
and by flow cytometry using dual staining with anti-IgE and antifcin 25 chronic
idiopathic urticaria patients and 25 healthy controls. Serum histamine releasing activity was
assessed on healthy donor basopinilgitro and by the weal response to autologous serum
skin testingin vivo (patients only).

Results Basophils were significantly reduced in chronic urticaria by manual counting and
flow cytometry. A subgroup of seven patients withvitro histamine releasing activity
showed a marked reduction or absence of basophils by both methods. There were no
obvious distinguishing clinical characteristics between these patients and the others; six of
them showed positive autologous serum skin-test responses. On comparing the two
methods, the manual basophil counts were generally lower than flow cytometric counts.
Agreement over the full range of values was not strong and therefore counts obtained by the
two methods are not directly interchangeable.

Conclusion Basopenia in chronic idiopathic urticaria is associated with serum basophil
histamine releasing activity in a subgroup of patients. The lack of granule and surface
immunophenotype staining suggests a reduction in numbers rather than an inability to detect
circulating degranulated cells by conventional counting methods.
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Introduction chronic urticaria patients first described by Rorsman [1] in
t1962 was confirmed in a later study [2], when it was also
noted that peripheral blood cellular histamine was reduced.

Correspondence: Dr C. E. H. Grattan, Department of Dermatology andl N€ @pparent basopenia may be due to spontaneous degra-
Haematology, Norfolk and Norwich Hospital, Norwich, UK. nulation induced by histamine releasing autoantibodies or

The reduction in stainable peripheral blood basophils o
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removal from the circulation. The evidence for an auto-District Ethics Committee and all subjects gave informed
immune aetiology in some chronic idiopathic urticaria consent.
patients has been reviewed [3]. Most chronic urticaria
patients with serum histamine releasing activity have func-BIOO d samples
tional autoantibodies which bind the high affinity IgE
receptor (FeRI) [4—6] on basophils and mast cells although Venous blood was drawn from the antecubital fossa into
others appear to have affinity for cytophilic IgE itself [2]. plain tubes (Vacutainér, Becton Dickinson, New Jersey,
Basophils are normally present in small numbers, representdSA) for serum skin testing and total IgE assay. Excess sera
ing only about 1% of circulating leucocytes. Counting were stored at-70°C for basophil histamine release assays.
methods may be based on metachromatic granule staimsutomated full blood count (FBC) and basophil counts were
[7], size and granularity (as in automated differentials) orperformed on KEDTA anticoagulated blood. Blood for
surface immunophenotype [8—10]. Manual counting used irerythrocyte sedimentation rate (ESR) was collected into
the previous studies of basophil numbers in chronic urticaridubes containing trisodium citrate.
[1,2] carries several uncertainties, including a possible loss
of staining after degranulation, relatively subjective colour _, .

. . . : .~ Skin tests
differences and statistical errors associated with low circu-
lating basophil numbers. We have therefore developed Batients but not healthy controls were skin tested withl50
flow cytometric counting method based on surface immunoaliquots of fresh autologous serum and sterile normal saline
phenotype using dual staining of IgE andeRt to deter- injected intradermally into volar forearm skin at least 2cm
mine the relationship between basophil numbers in chroniapart after stopping antihistamines for 48 h, as described
urticaria and serum histamine releasing activity, usingpreviously [2]. A positive skin test was defined as a serum
autologous serum skin testing as ianvivo measure of it  skin test weal 2 mm or larger in diameter than the saline test
[11] and anin vitro histamine release assay using hetero-at 30 min.
logous basophils of two well-characterized healthy donors
shown previously to respond to antidRi or anti-IgE [5]. IgE

Total IgE levels in sera were measured by fluorescence
enzyme immunoassay (Kabi Pharmacia Diagnostics,
Uppsala, Sweden).

Subjects and methods

Subjects

Twenty-five chronic idiopathic urticaria patients referred to
the Dermatology Department of the Norfolk and Norwich
Health Care National Health Service (NHS) Trust by Peripheral blood leucocytes from two healthy donors were
primary care practitioners, aged 14—72 years (median 3repared from 60—120mL blood as described previously
17 female) were studied. All had urticaria of at least 2[5]. The basophils of donor 1 were poorly sensitized with
months duration (range 2—216, median 6). Most had daily oendogenous IgE <(1.0kU/L serum) and released little
almost daily weals with or without angio-oedema at the timehistamine in response to anti-IgE [5] but responded well
of testing although one had weekly episodes and twdo the mouse monoclonal antibodies 6F7 and 29C6 against
appeared to be going into remission with less frequenthe alpha subunit of the high affinity IgE receptor {Rtx)
sporadic weals. Patients less than 14 years, those witfi2]. Monoclonal 6F7 antibody binding is inhibited by the
predominantly physical urticaria, C1 inhibitor deficiency, presence of receptor-bound IgE whereas 29C6 binding is
systemic lupus erythematosus or who had taken immunadnaffected [5]. Basophils of donor 2 were endogenously
suppressive treatments or the long-acting antihistaminesensitized to IgE (serum level145kU/L) and responded
astemizole, within 1 month were excluded. Patients werevell to anti-lgE and 29C6 but not 6F7. Dose—response
asked about previous episodes of urticaria, maximum andurves to monoclonal antibodies 29C6 and 6F7 for basophil
minimum weal duration, occurrence of angio-oedema, fredonors 1 and 2 have been published [5]. It was found from
qguency, pattern, systemic symptoms including fatigue andhese curves that a concentration of 50 ng/mL of 29C6
aching, aggravating factors including pressure, past andtimulated substantial histamine release from the basophils
family histories of atopy and autoimmune disorders. of all donors, whereas 6F7 at this concentration only
Twenty-five healthy controls, aged 19-54 yearsreleased from poorly sensitized basophils (Table 1).
(median 40.5, 16 female), were recruited from technical, Prepared leucocytes were washed twice in calcium and
medical and nursing staff. The same exclusions appliednagnesium free assay buffer (10 mM HEPES, 137 mM
The study protocol was approved by the Norwich HealthNaCl, 2.7mM KCL, 0.4mM NaHPQ, 0.03% human

Basophil histamine release assay
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Table 1.Dual staining flow cytometry basophil numbeuts/skin-  each sample released from the cells into the supernatant by
test weal response and % basophil histamine release on two healtiije stimulus, after correction for any serum fluorescence

donor basophils for chronic urticaria patients showing positive piank value. The net histamine release was obtained by
vitro histamine release or a positive autologous serum 5kin'te“°§ubtraction of the spontaneous releas@%) found when

response. Responses to the control stimuli of basophil donorslaqgucocyteS were incubated with buffer alone. Histamine
2 are also shown. The two basophil donors were not used as ’

. . ease of>5% was regarded as positive.
controls for basophil enumeration rel 9 P

% basophil histamine Manual basophil counts

release Manual counts were performed in duplicate at a 1/5 dilution
Flow cytometry  Skin-test weal of KsEDTA blood in a toluidine blue-based stain [6] using
basophilsiL  response (mm) Donor1l  Donor2 mogdified Fuchs-Rosenthal (Manners) chambers, as des-
cribed previously [14]. Results were expressed as basophils
peruL of whole blood.

Skin-test positive sera

1 0 12 3 13

2 0 9 30 27

3 0 11 ND ND Flow cytometric counts

4 0 10 68 29

5 4 5 56 23 Flow cytometry was performed with a Coulter Epics Profile
6 4 4 40 6 Il (Coulter Electronics, Luton, UK) on two 1Qd_ aliquots

7 8 14 68 41 of KzEDTA blood, containing about 210° leucocytes.

8 12 12 1 0 Erythrocytes were haemolysed using a Q-prep workstation
9 30 2 2 1 by brief exposure to formic acid (reagent A), followed
10 45 2 0 0 immediately by addition of 1.8% saline (reagent B) to
11 46 8 0 0 restore osmolality, but leucocytes were left unfixed by
Skin-test negative sera preventing the addition of paraformaldehyde (reagent C).
12 0 1 20 50 The cells were washed immediately with cold PBSAA
Control stimuli [0.01M phosphate buffered saline (9mM REPO,,
anti-IgE (1/1000) 4 47 2.6 mM NaHPQ, 135mM NaCl), pH7.2 with 20mM
29C6 (not inhibited by IgE: 50 ng/mL) 32 41 sodium azide and 0.1% bovine serum albumin] and pelleted
6F7 (inhibited by IgE: 50 ng/mL) 51 2 at 300g for 5 min at 4C.)

The supernatant was removed, the cells washed once more

ND, not done. in cold PBSAA to remove unbound IgE and solubleREt

complexes, and the cells pelleted as before. Cells were
serum albumin (HSA) and 5mM glucose, pH7.4). Theresuspended in 9@ buffer. Ten microlitre of normal
leucocyte suspensions were resuspended in the completsouse IgG1 (10@g/mL) and 1QuL biotinylated sheep IgG
assay buffer (containing 2mM calcium and 1 mM mag-(1ug/mL) were added to the control tube to final concentra-
nesium) warmed at 3T for 5 min and 5Q.L aliquots added tions of 10ug/mL and 0.lug/mL respectively. Similarly,
to duplicate 2 mL polypropylene tubes containing the chal-10uL mouse anti-FeRI monoclonal antibody 29C6 (1Q@)/
lenge stimuli to a final volume of 1Qd.. The stimuli were  mL) and biotinylated sheep anti-IgE g&y/mL) were added to
used at the following final concentrations; sera: twofoldthe test. The tubes were incubated for 30 minin crushedice to
dilution, goat anti-human IgE (anti-lgE) at an optimal minimise histamine release, the cells washed once with cold
concentration for histamine release: 1/1000 (4@&5ro- PBSAA and pelleted. After removal of the supernatant and
tein/mL), mouse monoclonal anti-humancRé¢« antibodies  addition of 1QuL FITC-conjugated sheep anti-mouse IgG
29C6 and 6F7, both at 50 ng/mL. After incubation at@7 (SAM-FITC) at 100ug/mL and 1QuL streptavidin R phy-
for 40 min the reaction was terminated by cooling on ice anccoerythrin (SA-RPE) both tubes were incubated in crushed
the addition of 80Q.L ice-cold buffer without HSA. Cells ice for a further 30 min in the dark. The cells were washed,
were pelleted by centrifugation at 58@r 5 min at 4C and  pelleted and resuspended in 500 of cold PBSAA for
supernatants decanted. Cell pellets were resuspended itnmediate flow cytometry. Fifty thousand viable cells were
assay buffer and 104 of 3M perchloric acid was added analysed. Cells showing dual fluorescence with anti-IgE and
to cell and supernatant samples to give a final concentratioanti-F&RI were counted after gating out cells showing non-
of 0.3 M. Histamine in the samples was measured by ampecific fluorescence in the control tube. The number of anti-
automated fluorometric assay [13]. Histamine release walgE and anti-FeRI positive basophils was calculated pér
calculated as the percentage of the total histamine content iwhole blood.
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Reagents
9 (a) 1 2

1000

11 111l)

The mouse monoclonal anti-&Rl antibodies (29C6 and

6F7) were a generous gift of Dr J. Hakimi and Dr R.
Chizzonite (Hoffmann LaRoche, New Jersey, USA). The
biotinylated polyclonal sheep anti-Igg (AB014), biotiny-

lated normal sheep IgG (CUS276) and SAM-FITC (PF272)
were obtained from the Binding Site, Birmingham, UK.
Normal mouse IgG1 (X931) and SA-RPE (R438) were
supplied by Dako Ltd, High Wycombe, UK. The goat anti-
IgE (e-chain specific) was obtained from Sigma Chemicals
Company, Poole, UK. <

1
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|
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Statistical analysis

Results are expressed as meanso. Basophil numbers and
IgE (corrected for skewness by converting to natural log-
arithms) were compared between patients and control sub-
jects for each method by two-tailed Studenttests. A
probability of <0.05 was regarded as significant. Analysis
by agreement of methods was used to compare manual and AntiFceRI fluorerscence
flow cytometric counts instead of correlation which is an
inappropriate test in this situation [14]. (b)
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Results

Patients

Eleven patients showed a positive autologous serumg <
response. There were no important differences in clinicaIE
or laboratory characteristics between responders and norg
responders although a slightly higher proportion of respon-g
ders had had previous episodes of urticaria (5/11 vs 4/14)5
angio-oedema (8/11 vs 9/14) and aching or fatigue (6/11 .y S-

6/14).

30

10
|

Identification of basophils on flow cytometry

The degree of non-specific fluorescence was determined
using the isotype control and gating parameters set accord- °01 T T T T | 1000
ingly (data not shown). A population of dual stained leuco- ' )

cytes was identified when compared with the isotype control Side scatter

(box 2, Fig. 1a; representative data from 1 experiment). ByFig. 1.(a) Dual fluorescence scattergram of anti-IlgE and anti-
reanalysing the data and backgating the dual labelled cellscRI stained leucocytes showing a clearly defined population of
into a size and granu|arity histogram it was found that theséiua| stained cells in box 2 when compared with the isotype control
cells lay between the lymphocyte and mononuclear celfdata not shown). (b) Size and granularity flow cytometry bitmap
populations (Fig. 1b; representative data of 1 experimentzf peripheral blood leucocytes corresponding to forwards and

in keeping with a previous estimate of cell volumes [16]. ideways "ghF scatter. The outer .C'rde 'S the gate applled_to
exclude non-viable leucocytes. The inner circle shows the location

of anti-IgE and anti-FeRI dual stained basophils backgated onto
the original scatter histogram.

Basophil numbers

The difference between manual basophil coutsfor
patients (20.1-17.2) and healthy controls (302811.4)

© 1997 Blackwell Science LtdZlinical and Experimental Allergy27, 1417—-1424
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80 - (g) basophils numbers are directly comparable in clinical
° practice.

2%
25 Basophil histamine releasing activity
o o
%% Seven of 24 chronic urticaria patients’ sera that were
Eg available for testing showed->5% histamine release
Lg (Table 1), similar to the incidence in a larger study [5]. Of

these, six released 5% histamine from the basophils of
donor 1 (46%* 20) and seven released from the basophils
of donor 2 (27%+- 25). Five sera (patients 2 and 4, 5, 7 and
12, Table 1) gave substantial histamine release from the

9 20 = () basophils of both donors consistent with the presence of
%3 T ——— 5—- Mean + 2p anti-F&Rlo autoantibodies whose binding is not dependent
;% i o © . e ° on or inhibited by receptor-bound IgE. This pattern of
§g O'j. oo g o e R . release was seen with monoclonal antibody 29C6 (Table
2> 1of* T -9-?“-6;9-0". “““ Mean 1). One serum (patient 6) showed substantially less hista-
oz o % % mine release from basophils of donor 2 compared with
gz - Mean - 2o donor 1, similar to 6F7, suggesting anti-receptor activity
S 2 30| ° inhibited by receptor bound IgE. Serum from patient 1
L © s .
EE o released only from IgE-sensitized basophils of donor 2
a8~ -40 \ L \ L \ \ ; " . o
0 10 20 30 40 50 60 consistent with the presence of anti-IgE autoantibodies.
Average basophil counts None of the sera from 24 healthy controls releasé®o
(manual and flow cytometryl) histamine from the basophils of donor 1 (mean 0:6%.3)

or donor 2 (mean 0.4% 0.7). Four of the control sera

Fig. 2.(a) Scatterplot of basophil numbers in all subjects counteqested on the basophils of donor 2 were of a later date than
manually and by dual staining flow cytometry showing an approxi-the blood used for basophil counts
mately linear relationship. Chronic urticaria patients not showing P ’

serum histamine releasing activit®); those showing histamine

releasing activity M) (there is some overlap of datapoints). Relationship between basophil numbers and histamine
Healthy controls ©). (b) Difference between blood basophil releasing activity

numbers in all subjects counted manually and by flow cytometry
plotted against their means, showing relatively wide limits of In vitro The seven chronic urticaria patients wits% in
agreement. Chronic urticaria patients not showing serum histamingitro serum histamine releasing activity had the lowest
releasing activity, ®); those showing histamine releasing activity. basophil counts by flow cytometry (Table 1) and formed a
(W) (there is some overlap of datapoints). Healthy controls ( clearly defined subgroup (Fig. 3). Six of them were skin test
positive. A similar distribution was shown with manually
was significant B<0.02). Basophil counts by flow countered basophils (data not shown). Basophil counts in
cytometry were also significantly lower in patients the subgroup of seven chronic urticaria patients showing
(25.2= 20.4) than controls (39.8 16.8,P<0.01). vitro histamine releasing activity in their sera were signifi-
A scatterplot of basophil numbers for all subjects mea-cantly lower than those without (2:83.1 vs 34.2+ 16.8
sured by both methods showed an approximately lineaflow cytometry basophilgl, t=4.91,P<0.001). The dif-
relationship (Fig. 2a, slope 1.14 not significantly different ference between basophil counts of chronic urticaria
from unity; urticaria patients alone 1.12; controls alonepatients withoutin vitro histamine releasing activity and
1.11). Comparison of methods analysis revealed that agre@ealthy controls was not significant.
ment was not strong over the full range of values for all
subjects, especially at the higher counts (Fig. 2b). Then vivo The relationship between basophil numbers and
manual counts ranged from 25 below to 12 pédr of  the autologous serum skin test weal response was less
blood above the corresponding flow cytometer valuesclearly defined (Fig. 4). Of the 11 patients showing a weal
taking 2sp either side of the mean difference. The limits response to autologous serum skin testing at 30 min there
of agreement were slightly narrower for chronic urticariawas a subgroup of seven showisg8 basophilgi/L and a
patients alone (range 19 pelc below to 9 peml above the  weal responses 2 mm larger than an adjacent control saline
mean difference) but still not good enough to assume thagkin test. Six of these stimulated5% histamine release
manual and flow cytometric analyses of peripheral bloodfrom basophilsn vitro. The very small weal response in one

© 1997 Blackwell Science LtdClinical and Experimental Allergy27, 1417-1424
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5 10 ° Fig. 4. The skin-test response, assessed by the weal response to
o9 . . g p y p
§8 0 1 Soo bt G R O S 4 autologous serum injection at 30 min, shows a similar but less
-10 T T ; r x - —_— clearly defined relationship with circulating peripheral blood

10 0 10 20 30 40 50 60 70 basophil numbers than doés vitro basophil histamine release.
Mean basophil numbers are shown for skin test positive and
negative patientst &2.90,P =0.008). Seven of 11 patients with
Fig. 3. Basophil numbers in chronic urticaria patients’ blood a positive skin test have 8 or less basoppllsihereas all but one
counted by dual staining flow cytometry against time vitro of those with a negative skin test have 12 or more. The one patient
histamine release induced by the patients’ sera from the basophiith a negative skin test and no basophils nevertheless showed
of two healthy donors (a) basophils of donor 1 (non-IgE sensitizedgignificantin vitro serum basophil histamine releasing activity and
(b) basophils of donor 2 (IgE-sensitized). A clearly defined sub-probably had a false negative skin test. The four patients with
group of patients have serum basophil histamine releasing activitpositive skin tests and 12 or more basophilsiithout significant

and markedly reduced circulating basophil numbers. basophil serum histamine releasing activity may have had a mast
cell specific factor®, positive skin test®, negative skin test.

Flow cytometry basophil numbers/ulL

patient showing significantin vitro histamine release
(number 12, Table 1) may have been due to the skin test E
being performed over an area previously affected by a
spontaneous weal since she had active widespread urticarldnere was no significant difference between total serum
at the time and no detectable basophils by manual or flodgE in patients (18@ 407 kU/L) and healthy controls
cytometric counting. Four patients showed basophil num{166=+ 353 kU/L). Two patients with serum IgE 2 kU/L
bers within the range of normal controls but still met the (numbers 5 and 9, Table 1) had similar basophil counts
criteria for a positive autologous serum skin test responsewith manual staining and flow cytometry (1.5 vs 4; 27 vs
As none of these showeth vitro histamine releasing 30 basophilg/L) demonstrating that sufficient receptor-
activity on basophils of donor 1 and 2 it is possible their serébound IgE was present on their basophils for detection
contained a mast cell-specific factor which appears to diffewith anti-IgE in the dual-staining method.
from either anti-FeRla or anti-IgE autoantibodies [17].
Basophil counts of the 11 chronic urticaria patients with .. .

o . Discussion
positive autologous serum skin tests were lower than those
without (13.5+18.1 vs 34.4- 17.7 flow cytometry baso- These data extend earlier studies [1,2] by showing that a
phils/iuL, t =2.90,P = 0.008). The difference between skin- clearly defined subgroup of chronic idiopathic urticaria
test negative patients and controls (39.86.8) was not patients have basopenia associated with serum histamine
significant. releasing activity. The primary purpose of this study was to
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examine circulating basophil numbers in chronic urticaria Double-staining with anti-IgE and anti-ERl antibodies
patients with histamine releasing activity in their blood offers a new and simple method for quantifying basophils by
rather than the nature of the histamine releasing factordlow cytometry. The relatively poor agreement with manual
Nevertheless, the profile of release on basophils of two weltounting found in this study and the lower counts obtained
characterised donors [5] was consistent with autoantibodiewith the chamber method could reflect subjective interpre-
against FeRl«x in six of the seven patients and anti-IgE in tation of colour differences between leucocytes, loss of
one. The possibility that other factors, such as interleukin-3staining in degranulated basophils and statistical errors
might have been present in the sera and had a permissiessociated with the relatively low basophil numbers counted
effect on histamine release can not be completely excludeh each chamber (ranging from 0 to 115). In contrast, flow
since then vitro studies were not repeated with 1gG purified cytometric analysis counted basophils in 50 000 peripheral
from them. A higher proportion of the patients had evidenceblood leucocytes. Dual staining flow cytometry may be of
of in vivo serum histamine releasing activity, as indicated byvalue in monitoring longitudinal studies of chronic urticaria
their serum skin test response. The four patient’'s serpatients, the effects of urticaria treatments and other dis-
eliciting a skin-test weal response withamitvitro histamine  orders associated with basophil histamine release including
release from basophils could have had a circulating masitopic eczema [23] and acute allergic reactions.
cell specific factor [17] which remains to be identified.
There was no obvious _clinical_ differeqce bet\_Neen the SkinAcknowledgement
test positive and negative patients. It is possible that longi-
tudinal studies would have shown basopenia and seruWe thank Drs J. Hakimi and R. Chizzonite (Hoffman-La
histamine releasing activity in more of the patients over theRoche) for their generous gift of the 29C6 monoclonal
full course of their disease since clinical improvement wasantibody used in this study.
associated with reducex vitro histamine releasing activity
after plasmapheresis [18] and Rorsman showed that periplReferences
eral blood basophil numbers increased in urticaria patients
within 3 days of their symptoms remitting [1].

In the present study basophils were undetectable in som
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