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Abstract. Objective and DesignWe report a method for Introduction

basophil purification from buffy coats, which avoids positive

selection of the cells and gives rise to good purity, yield andBasophils, like mast cells, have been implicated in allergic and
functional integrity of the cells. inflammatory reactions by releasing a number of preformed
SubjectsBuffy coat blood (concentrated leukocyte fraction mediators including histamine and de novo generated lipid
derived from 450 ml venipuncture donations) obtained frommediators such as LTCas well as cytokines such as
healthy blood donoran(= 51). interleukin-(IL)4 [1, 2]. Basophils are known to infiltrate
Methods:Basophils were enriched by a three-step proces$ssues in allergic diseases such as atopic dermatitis and asthma
starting with Ficoll density centrifugation @+ 0.1%  and may so play a crucial role in the initiation and maintenance
basophil purity) followed by counter current centrifugal of these allergic diseases following R¢-crosslinking [3, 4].
elutriation (177 + 1.4% basophil purity). The final stage However, since other leukocytes, such as macrophages and
involved negative selection using Dynal immunomagneticeosinophils, have also been shown to expresRIFieceptors
beads directed against CD2, CD14, CD16 and CD19 positiv§p, 6] the enrichment of basophils is vital for the study of this
cell contaminants. Functional integrity of which was particular cell type. This is of particular importance when, for
assessed by comparing the anti-IgE or calcium ionophorexample, studying cytokine generation and release as well as
A23187 induced histamine release from basophils obtainethe effects of basophil priming and growth factors.

from each enrichment step. Furthermore, basophil morphol- Basophil purification techniques have been reported by
ogy was investigated using light and electron microscopy. several different centres [2, 7—11]. Given the low proportion of
ResultsThe final mean basophil purity of 67+ 1.4% with  these cells in peripheral blood and large donor variation there
a yield of 35+ 05x10° basophils and a recovery of existsaneed notonly to optimalize their purification but also to
218+ 2.4% was achieved. Net histamine release fromdefine the limits of the purification to a wide range of blood
basophils stimulated with optimal concentrations of anti-donors. Furthermore, it is imperative to maintain the normal
human IgE was 39 + 6.5% after Ficoll centrifugation, basophil function without possible activation that may arise
41.6 + 7.7% following elutriation and 35 + 6.8% from the  through positive selection of the cells or by factors produced
final purified fraction. Additionally, basophils enriched with from other cell contaminants. This is of particular importance
our method showed intact morphology by electron micro-since basophils are sensitive to priming by a number of
scopy and were functionally active to non-immunological cytokines, such as IL-3 and granulocyte-macrophage colony
stimulation. stimulating factor which have been shown to give rise to
Conclusions:These results compare favourably with pre- enhanced histamine release from the cells [12, 13].

vious studies, which have often required the use of positive Our aim was, therefore, to study the reproducibility of
selectionvia the F¢RI receptor, which may result in cell our purification method on a wide range of donors and
degranulation, or cell sorting, which cannot be applied toto optimalize the purity obtained whilst maintaining a good
large cell numbers. Our method provides a reproducibleyield of functionally and morphologically viable basophils.
technique for basophil enrichment when large numbers of

functionally intact basophils are required. .
Materials and methods
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Immunomagnetic bead — Histamine Materials

_— The following were purchased: trypan blue (Flow Laboratories, UK); -anti-
Correspondence tdB. F. Gibbs CD16 (DAKO, Denmark); Dynabeads (M-450-anti-CD2, -anti-CD14,
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-anti-CD19), rat anti-mouse IgG1 (Dynal, Germany); RPMI (GIBCO fixed in Karnofsky's fixative (1h, room temperature) after which the
BRL, UK); D-Glucose, HCIQ, KCI, NaCl, NaHPO, (Merck, cells were washed in sodium cacodylate buffer (0.1 M, pH 7.4) and kept
Germany); Os@ (Paesel & Lorei, Germany); Ficoll-Paque, Percoll overnight at £C. The following day, the cells were centrifuged (300 g,
(Pharmacia Biotec, Sweden); Epon 812, gluteraldehyde, propylen& min) after which the pellets were resuspended warm, 4% low-melting
oxide (Serva, Germany); alcian blue, anti-human IgE, BSA, calciumagar (20Qul) and following further centrifugation (3009, pulse) the
ionophore A23187, heparin, HEPES, May-@wald stain, o-pthaldial-  agar, containing the pelleted cells, was placed on ice to set. Small
dehyde, sodium cacodylate (Sigma Chemical Co., USA). sections (2 mm) of the cells set in agar were then incubated in sodium
cacodylate buffer (0.1 M, pH 7.4) containing osmium tetroxide (2%) for
1h at 4°C after which the cells were washed twice in cacodylate buffer.
Methods The cells were then dehydrated in a graded series of alcohols’,
incubated in propylene oxide (8 20 min) followed by 1:1 propylene
. I - . . . oxide-Epon mixture (2.5 h) and finally embedded in Epon overnight.
Basophil purification. Step 1: Ficoll density centrlfugatlolﬁreshly_ The next day, the cells were polymerised in an incubatof@5@4 h)
prepared buffy coat blood (concentrated leukocyte fraction derivedytiar hich sections were placed on copper grids and stained with lead
from 450ml venipuncture donations, which were depleted of iiate for electron microscopy (EM 910, Carl Zeiss, Germany).
erythrocytes and plasma by centrifugation in 63 ml citrate buffer) was | j,jess expressed otherwise, all values are shown as the mean

collected within 1h of blood donation. A small proportion of serum gep; - statistical significance was determined using a paired Student's
from each donor assessed for total serum IgE level (CAP-system, oo

Pharmacia). The contents of the buffy coats (50 ml) were then diluted in
Ca/Mg**-free HEPES-buffered Tyrode’s solution (HB) containing
heparin (10 iU/ml) and layered over»50 ml tubes (Falcon) contain-
ing Ficoll (10ml). All Fubes were then centrifuged (480g, 20 min, Results
4°C) and the basophil-rich interface harvested. The basophil number
and purity was observed by alcian blue staining, after which the cellsB . e
were further purified by counter current centrifugal elutriation. asophil purification
Step 2: Counter current centrifugal elutriatioi€ell suspensions in Step 1. Ficoll denSI.ty centrlfuga(;tlonIhls prqcedure
Cat/Mg?*-free HB containing BSA (2mg/ml) were loaded into the €Nfiched the basophils to 1:60.1% with a yield of
elutriation chamber (JE-6B rotor, Beckman Instruments inc., Palo Alto,12.0= 0.7 x 10° basophils (n=81). A relationship was
USA) at a constant rate of 20 ml/min and at a rotor speed of 2450 rpmobserved when comparing the basophil number and purity
After collecting 200 ml the rotor speed was then reduced by 50 rom andollowing the first enrichment step with Ficoll as shown in
a further 200 ml coIIecte_d. Thls_ process was repeated down to 2300 "PiRigure 1. This demonstrates the large donor variation and
and all collected fractions discarded. The speed was then furthelrnay be used as a guide to the likely success of further
reduced successively by stages of 20rpm and by 100 ml intervals tg 7. ~ . . . .
2260 rpm where the basophil-rich fraction remaining in the elutriation Purification steps since the number or purity of basophils
chamber was harvested. after Ficoll also correlated with the final purity and yield

_ ) _ (results not shown). Although also dependent on experi-
Step 3: Immunomagnetic bead$iese basophil preparations were thenéﬂentm handling in each case, our initial observations

highly enriched by negative selection using Dynal beads against CDZ, _ . NPT
CD14 and CD19 positive contaminating cell types. Additionally, Dynal indicated that buffy coats yielding less than 100°

beads coated with antibodies for CD16 according to the method?@sophils following the Ficoll step were less likely to give
described by Bjerke et al. [9] were also employed in the negativefise to satisfactory purity and number making further
selection step. The immunomagnetic beads, together with the cell&nrichment not worthwhile.
were in(_:ub_ated (1 h, €C) with rotatiqn ata bead: cell rati_o of 10:1. The use of Ficoll at this stage was employed in order to
e o e b e sioen oy 5 magpep(STIOVe eyhfocytes and a large proportion of eosinophil
particle concentrator (MPC-l,’DynaI),the bead fraction resuspended iﬁmd .neUtrOphl!S' Nelthgr elu.t“atlon nor the use of Percoll
HB and the procedure repeated 4 times. gradient density centrifugation were found to be a good
substitute for the Ficoll step for different reasons. Firstly, the
_ _ ) total number of cells in whole blood is too large for the
Histamine release experiments capacity of the elutriation chambers generally employed and,
secondly, the use of Percoll gradients at this stage was found
to be both time consuming and not very reproducible in
derms of the purity obtained (own unpublished observations).

Aliquots of purified, semi-enriched (elutriated) or unpurified (Ficoll-
fraction) basophils (% 10° basophils per tube) were suspended in HB
(450p.l per tube) and incubated for 10 mins before being challenge
with anti-IgE (1/1¢ —1/1@ dilution; 50ul) or the calcium ionophore
A23187 (10°-10° M) for a further 30min. At the end of the Step 2: Counter current centrifugal elutriatiotA mean
incubation period, the reactions were terminated by the addition of icebasophil ~ purity of 17.721.4% and number of
cold HB (500ul), all tubes centrifuged (2009, 2min), supernatants 5.7+ 0.6 x 10° basophils was obtained at this stage
decanted off and HB was added (1 ml) to the cell pellets. After the(n = 51). Our elutriation protocol was initially adapted

addition of perchloric acid (70%, 50) to all tubes, the tubes were then - -
assayed for histamine content using a fluorimetric autoanalyser (Braf]O™M @ Previously reported method [15] where the basophils

and Luebbe) and the percentage histamine release for each tud¢ere gradually eluted from the chamber by reducing the_
determined from the total histamine content in the sum of pellet andotor speed. We observed a marked spread of basophil
supernatant tubes. The net histamine release due to each stimulus wizactions eluted over a wide range of rotor speeds and the

then calculated by subtracting the spontaneous release. procedure for counting all these fractions time consuming. In
most cases, in order to maintain a high yield, it was necessary
Electron microscopy to pool various basophil fractions thus compromising the

higher purity. We therefore simplified this procedure by

Basophils were prepared for electron microscopy in a modified protocofollecting larger volumes of buffer at rotor speeds greater
as reported by Dvorak et al. [14]. Briefly, suspensions of basophils weréhan those required for basophil elution (>2350 rpm) thereby
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Fig. 2. Basophil purity obtained from 51 donors following Ficoll
Fig. 1. Relationship between basophil number and purity following density centrifugation (Ficoll), counter current centrifugal elutriation
initial enrichment using Ficoll density centrifugation £n81; (Elutriation) and the final purity following negative selection by
r? = 0.53). Basophils were stained with alcian blue stain and countedmmunomagnetic beads (Beads). Bars depict mean values.
using a haemocytometer (Fuchs-Rosenthal). The percentage purity was
assessed by dividing the number of basophils with the total number of

nucleated cellx100. A clear correlation can be seen and demonstrate@asoph” preparations containing large numbers >(>l‘06)
the large variation between donors. of the cells.
In seven different experiments, Percoll gradients were

used following the elutriation step according to the method
holding back the basophils in the chamber. The limitations otlescribed previously [8, 9]. These preparations were
elutriation for basophil enrichment probably lies not only in 18.4+ 2.3% pure following elutriation. However, following
the differing densities of basophil populations but onPercoll enrichment, the purest basophil fractions gave rise to
aggregation of the cells in the elutriation chamber. In ordera mean purity of 54.6 7.4% and a substantial overall loss of
to overcome conglomeration of cells in the elutriationrecovery. Furthermore, these cells were not consistently
chamber it was sometimes necessary to briefly applenriched further by immunomagnetic beads (mean final
pressure to the inlet tube, which disrupted these celpurity: 60.4+ 9.3%). The results obtained from the observa-

aggregates. tions using a second immunomagnetic bead step as well as
Percholl were not included in Figures 2 and 3.
Step 3: Immunomagnetic beadghe final basophil purity The ability of certain basophil subpopulations to

obtained after this stage was 673.4% and a mean yield express CD16 was also investigated in terms of the
of 3.5+0.5x 10° basophils (n=51). Figures 2 and 3 possible loss of these cells during the negative selection
summarise the results obtained during the basophil enrictstep using immunomagnetic beads. However, immuno-
ment procedure in terms of purity and yield respectively. It ismagnetic beads directed against CD16 did not consistently
clear from these results, that the purity and yield is verybind to basophils and, maximally, less than 0.5% of total

donor dependent. Cytospin preparations from highlybasophils were lost.

enriched basophils show that these cells exhibited normal

morphology under a light microscope (Fig. 4). Purified

basophil preparations were found to be 9¥.7.1% viable  Histamine release

using the Trypan blue exclusion test.

In 10 experiments, the third step, with immunomagneticTotal basophil histamine content from 15 donors was
beads, was repeated in order to establish whether the purity.60=+ 0.08 pg/cell following Ficoll, 1.54- 0.10 pg/cell
could be increased. Basophil preparations in these exper&fter elutriation and 1.5% 0.13 pg/cell following final
ments were 44.6 5.1% pure with a yield of 4.3 0.8 x 10°  purification. The larger histamine content measured in less
basophils following the first enrichment with immunomag- pure preparations may have partially arisen from contam-
netic beads and 5905.2% pure with a yield of inating cells such as eosinophils, which also store the amine.
3.4+ 0.8 x 10° basophils after a second incubation. Thus,Additionally, mean spontaneous histamine releases from
for experiments where a poor basophil purity was obtainedhese donors were 4:20.8% after Ficoll, 5.1+ 1.2% after
these could not be adequately enriched further without @lutriation and 5.3 1.3% for the final purified basophils.
substantial loss in yield. Additionally, basophil preparations  Purified basophils were highly responsive to stimulation
of more than 85% pure following the immunomagnetic beadwith anti-IgE (Fig. 5) and the calcium ionophore A23187
step were not strikingly purified further (maximally to 90% (Fig. 6). Although no significant differences could be
purity) thus demonstrating limitations of the negative measured when comparing these preparations to those
selection procedure in trying to obtain homogeneoudrom the Ficoll or elutriation step there was a slightly
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Fig. 5. The effects of purification on anti-human IgE induced histamine
Fig. 3. Basophil number obtained from 51 donors following Ficoll release from human basophils £112). Spontaneous histamine
density centrifugation (Ficoll), counter current centrifugal elutriation releases were 3:90.9% following Ficoll density centrifugation,
(Elutriation) and the final purity following negative selection by 5.7+ 1.5% after counter current centrifugal elutriation and
immunomagnetic beads (Beads). Bars depict mean values. 6.2+ 1.22% for the final purified basophil fractions.
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Fig. 4. Purified basophils stained with May-Gmwald (magnification Calcium ionophore A23187 (M)

x359). Fig. 6. The effects of purification on calcium ionophore A23187

induced histamine release from human basophils=(02). Sponta-
neous histamine releases were the same as those shown in Fig. 5.

reduced histamine release from the purified cells at maximal
concentrations of both agonists.

We observed no correlation between basophil histamin¢hese studies, the cells appeared rounded, with polylobed
releasability and IgE levels in sera from these donors. Imuclei containing heavily condensed chromatin within the
addition, no correlation was observed between sera Ighuclear envelope. On the surface membrane, the basophils
levels and either basophil number or purity at any stage ofhowed short, blunt and irregularly distributed processes.
the enrichment procedure. In 3 out of 15 experiments wher&ranules were filled with electron-dense material enmeshed
histamine release was measured, were found to be noin a less dense matrix. There were no signs of degranulation.
responders to anti-IgE stimulation. However, 2 of the 3 non-
responders did release large amounts of histamine due to
calcium ionophore A23187. Discussion

The results shown in this paper clearly demonstrate the large
Electron microscopy donor variations observed during basophil purification. The

considerable number of publications regarding basophil
Basophils obtained from the counter current centrifugalpurification does indicate that the problems of donor
elutriation process and after the final purification step withvariation have to be assessed more comprehensively. In
immunomagnetic beads showed no signs of cellular activaeur studies, although we were able to enrich basophils to 75—
tion as determined by electron microscopy (Fig. 7). From86% purity in 14 out of 51 donors, a large number of
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A : required. We suggest that this compromise of yield and

; purity together with the donor variation observed following
the first enrichment by Ficoll is the main limitation
encountered with the enrichment of basophils using our
method.

By far the easiest method of purification, and also
guaranteeing high purity, is that of positive selection. A
recent publication by Wilheim et al. [11] used positive
selection of basophils by mAb to Cdw17 as did Weil et al.
[12], Graziano et al. [13] and MacGlashan et al. [16] via
selection of the IgE receptor. However, these methods,
though resulting in high purity, give rise to substantially
lower histamine release induced by immunological activa-
tion and altered cell function compared to unpurified
preparations. It is therefore questionable, whether any
method that uses positive selection of the cells can exclude
the likelihood of cell activation and the consequent
functional differences arising from it.

The use of negative selection by immunomagnetic beads
has been speculated to indirectly activate basophils [10].
However, given the reliability of this technique compared to
Percoll gradients for basophils, we have not found any
superior alternative. Furthermore, cells incubated with
immunomagnetic beads were in Cafree buffer at 4C so
making the likelihood of indirect basophil activation remote.
Kepley et al. [10] circumvented the need for immunomag-
netic beads by the use of cell-sorting, which gave rise to
highly pure basophil populations. However, this technique
does not appear to suit basophil purification when large
numbers of the cells are required.

We observed that the use of Percoll gradients produced
inconsistent results and was therefore not employed in our
method. A recent paper by Bjerke et al. [9] reported that
Percoll purification of basophils was only successful using
freshly drawn blood due to density changes with storage
time. However, this method appears to be cumbersome as a
first step when large numbers of enriched basophils are
required and the use of buffy coat blood excluded.
Furthermore, the high purities reported by these authors
following negative selection by immunomagnetic beads was
achieved with a low number of basophils.

Elutriation was found to be the most reliable and swift
enrichment step. However, it was difficult to reproduce the
technique with different elutriators of the same category
without modifying the speed. We also found that system
pressures differed according to the elutriation chamber types
used and learned that this variation may arise since some of
these components are individually constructed by hand.
Fig. 7. Electron microscopy of human basophils following counter Furthermore, oral communications from Mr. Odenthal
current centrif_ugal elutriation_ (A) and final purity after negative (Beckman Instruments) confirmed that variations, of up to
selection with immunomagnetic beads (B). 20%, may ensue in terms of the flow rates or centrifugal

speeds employed in order to obtain the same result for a

particular cell type (or standardized test particle) to be eluted
experiments produced considerably lower purities. Howeverhetween different elutriators. This problem must therefore be
we were able to reach higher yields of basophils than thostaken into account when establishing elutriation methods and
obtained by other authors although these high yields dohe speed and flow rates adjusted accordingly.
appear to compromise the final purity obtained using Functional studies showed that there were no significant
immunomagnetic beads. This is because semi-purifiedifferences between histamine release from basophils of
basophil fractions of greater yield also contain proportionallyvarying purities induced by anti-IgE or calcium ionophore
larger numbers of other cell contaminants, making theirA23187. However, the slight flattening of the dose-response
removal by negative selection less successful and costly dugirve observed with purified basophils stimulated with anti-
to cell aggregation and numbers of immunomagnetic beadgE in some experiments may indicate a loss of receptor
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bound IgE, which would explain the greater release observed[4] Mitchel EB, Crow J, Chapman MD, Jouhal SS, Pope FM, Platts-
at lower concentrations of this stimulus. Although, a similar ~ Mills TAE. Basophils in allergen-induced patch test sites in atopic
pattern of response was also observed with the calcium _, dermatitis. Lancet 1982:1:127-30.

: . - [5] Maurer D, Fiebiger E, Kilgus O, Reininger B, Ochai K, Kinet
ionophore A23187. Given the evidence from electron J-P, et al. Peripheral blood monocytes express the high-affinity

microscopy studies Wh|Ch ShQW no morphologlcal phange, receptor, FgRI (abstract). J Invest Dermatol 1993;101:425.
this suggests that highly purified basophils may display a [6] Gounni AS, Lamkhioued B, Ochiai K, Tanaka Y, Delaporte E,
down-regulated signal transduction that possibly arises due Capron A, et al. High-affinity IgE receptor on eosinophils is
to the lack of priming factors from other cell contaminants. involved in defence against parasites. Nature 1994;367:183—-86.
Morphological evidence, as shown by electron microscopy, [7] Mul FPJ, Knol EF, Roos D. An improved method for the

: : purification of basophilic granulocytes from human blood. J
also demonstrated that no anaphylactic or piecemeal | = "\ 1092:149:207—14.

degranulation of the cells had occurred. . . [8] Tanimoto Y, Takahashi K, Takata M, Kawata N, Kimura I.
We therefore conclude that the techniques employed in" ~ puyrification of human blood basophils using negative selection

our study for the enrichment of basophils maintain unim- by flow cytometry. Clin Exp Allergy 1992;22:1015-9.

paired cell function and give rise to high yields of the cells. [9] Bjerke T, Nielson S, Helgestad J, Nielsen BW, Schiotz PO.
However, there still exists a need for the attainment of high ~ Purification of human blood basophils by negative selection
yields of homogeneous basophil populations. The para- using immunomagnetic beads. J Immunol Meth 1993;157:49—

meters of existing techniques must be defined for a wid§q) kepley C, Craig S, Schwartz L. Purification of human basophils

range of donors and further studies are vital. by density and size alone. J Immunol Meth 1994;175:1-9.

[11] Wilheim M, Agis H, Sperr WR, Kder M, Bankl, H-C,
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