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CHAPTER II

ANIMPRoVEDMETHoDFoRTHEPUR|F |CAT!oN

OF BASOPHILIC GRANULOCYTES FROM HUMAN BLOOD
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Frederik P.J. Mul, Edward F' Knol and Dirk Roos

studies on human basophils are hampered by the low number of basophils in peripheral blood'

Here we describe the purification of human basophilic granulocytes with immunomagnetic beads

to improve an already established method of purification. A 7ao/o pure basophil suspension was

incubated with monoclonal antibodies (cDz, cD14, cDr6 and cDig) reuogniziiig the

contaminating cells. After incubation with magnetic susceptible beads coated with goat-anti-

mouse-lgG, the bead-cell rosettes were removed by a magnet. In this way, the basophil purity

increased tog4'/o.The loss of basophils during the bead procedure was about 20"/"'The amount

of histamine pef basophil and the spontaneous release of histamine during subsequent

incubation of the cells was not altered by the purification procedure' The kinetics and the dose

response of histamine release after addition of anti-lgE or FMLP was also unchanged. Binding

of CD63 was not altered, inclieating that the purification procedure did not result in activation of

the basoPhils.

This improved rnethod for purification of human basophils now permits measurement of non-

basophil-specific parameters, Such as changes in intracellular free Qa2*, without the problem

of interference by contaminating cells.
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1. INTRODUCTION

Basoph'ic granurocytes (basoph*s) are known to participate in a number of allergic and

inflammatory reactions by releasingmediators such as histamine' leukotrienes and chemotactic

factors, in ,"rponre tg-various stimuri (peters et ar., 1gg7). Arthough less than 1o1o sl all

circulating reukocytes are basophils, we routinery obtain T*vopurebasophils in about 60% yield

by successive isopvcnic centr*n1i" i"t :::i::-1ffi',:T,illit",',:::lil"il'lt'i}

fJrT:;l;:"J*[x.il':Hî['J",f"":f"1ì,T,"J,",,,* 
activarins ractor (corombo' 1ee')

Arso, when non-basophil-specific 
parameters are anaryzed, such as changes in intracellular free

#*;fi :*lÎi;::;"lmr#";,'yil":i:i:::'r,"''*rec'veryanda
serection within the basophirs. However, new isolation methods have recent[ been published

based on a negative serection procedure through incubation of cell suspensions with

monoclonat antioooies recognizinj*re contaminating ce*s' After subsequent incubation with

magnetic susceptibre beads ,o*"0 with goat-"nti-r-ourrJgG, the bead-cell rosetes can be

separatéd rapidg and efficiently 
Jvitrr 

a *"gn"t (Funderund' 1987)' This technique can be used

for isorating rarge numbers of 
. 
ce*s at a rerativety high yield' and without selecting a

subpopulation of the desireo cerrs (Bach et ar, 1990). In the present study we describe the

adaptationofthismethodforpurif icationofhumanbasophi|s.

2. MATERIALS AND METHODS

2.1 Materials'
percolr (pharmacia Fine chemicars, uppsara, Sweden), human arbumin (central Laboratory of

the Netherlands Red cross Brood Transfusion service (cLB)' Amsterdam' The Netherlands)'

sheep serum containing tgG antibodies againsi human lgE (cLB' no sH25Po1)' monoclonal

antibodies against rgE (no,-uu,o, sigma crremicats,',t''ou''' Mo' usA)' cD2 (.LB-T'1)' cD14

(cLB-monl.,l, co.,6 (cLB-gra"irl Jno ao',n 1"rr-'01 were obtained from the manufacturers

without the presence of a preservative. The ,on""nrr*ion of anti-lgE antibodies in the sheep

serum was carcurated by comparing affiniry-purified sheep anti-human lgE antibodies with serum

d'utions for histamine rerease rrorn'nurn"n basoph's' Goat-anti-mouseJgG-coated 
Dynabeads

were obtained from Dynar n.s.10rro, Norway). HE'ES was obtained from sigma chemicals'

Bovine serum arbumin (BsA) *ai purcr,ased from org"non teknica B'V' (oss' The Netherlands)'

Formyr_methionyreucyprrenytaranine 
(FML') (sigr;a chemicals) was dissolved in DMSo and

stored at _20.c. FML' was diruted at reast àoo-to,o in the cet incubations' The final

concentration of DMso (: 0.3%, 
r/"; had no effect on celr viabirity or histamine release'

2.2Puritication of basophils by centrifugat'on',^on 
hv De Boer and Roos (1986) with minor

Thebasophi lswerepur i f iedasprevious$descr ibedbyDeBoera

modifications. In short, one unit (so. ml) of human brood from a healthy donor without an

a*ergic history was collected in a prastic u,',"-o"n with 7s mr of AcD (100 mM anhydrous
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disodium citrate and 128 mM anhydrous glucose; pH 5). The blood was centrifuged (5 mín,

40OO X g, 20oC) and the plasma was separated from the cells. The upper 50 to 100 ml of the

packed cells (the 'bufl coat'), were collected and diluted to about 24Q ml with phosphate-

buffered saline (pBS) containlng 13 mM trisodium citrate. This cell suspension was distributed

over eight 50,m1 centrifuge tubes. Subsequently 12 ml of isotonic Percollwith a specific gravity

oÍ 1.O77 g/cm3 was carefully injected underneath the cell suspension in each tube. After

centrifugation (20 min, 1000 X g, 20oC) the interfaces were collected, combined and ínjected in

an elutriator centrifugation system (Beckman J21C centrifuge with a JE-6 elutriation rotor). The

elutriation medium consisted of PBS with 13 mM trisodium citrate and 5 mg of human serum

albumin per ml. During the elutriation procedure the third fraction was collected between 2550

and 1000 rpm. This fraction was further purified by centrifugation over a discontinuous Percoll

gradient of 1 .068 g/cm3 and 1 ,075 g/cm3 (18 min, 1000 X g) at room temperature. The purity of

the basophils in this preparation was about 70"/o.The number of cells in this preparation was

about 15*10ó. The cells were counted electronically (Coulter counter model ZF; Coulter

Electronics, Dunstable, UK). The basophil content was determined by inspection of the cells after

differential staining with Alcian blue (Gilbert et al., 1975) and by inspection of cytocentrifuge

preparations stained with May-GrÚnwald/Giemsa'
platelets were not present, as determined with MoAb Y2 against platelets GP llla (Dakopatts,

Copenhagen, Denmark) and by electron microscopy.

2.3 Purification of basophils with Dynabeads-

Basophils (7O% pure) were incubated for 30 minutes at 4oC in 3 ml of incubation medium (132

mM NaCl,6 mM KCl,  1 mM MgSO ,  1.2 mM potassium phosphate,20 mM HEPES,5.5 mM

glucose and 0.5% (w/v) human albumin, pH7.4) with a mixture of monoclonal antibodies against

the contaminating cells (CD2, CD14 and CD16 at 1 rglml and CD19 at 2 pglmt). After this

incubation the cells were washed in incubation medium, resuspended in 3ml incubation medium

and incubated in a head-over-head rotator (angle 10o) for one hour at 4oC with goat-anti-mouse-

lgG-coated Dynabeads (ratio beads: cells=5:1), These Dynabeads (Dynal: prod. No' 1 1005) are

magnetic susceptible beads. The contaminating cells, adhering to the beads are attracted and

kept in place on the walt of the test tube by the magnetic field of a magnet also obtained from

Dynal (prod. No. 12001). After depletion of the immunomagnetic rosetted cells (this takes about

1-2 minutes), the cells left in the supernatant were collected. The beads were resuspended very

gently with incubation medium to liberate enclosed basophils, and the mixture was placed again

on the magnet to separate the beads from the remaining basophils. After addition of this

supernatant to the first supernatant, the cell suspension was washed and resuspended in

incubation medium supplemented with 1 mM CaClr. The purity of this final cell suspension was

determined by staining with Alcian blue and with May-Grúnwald/Giemsa as described above.

2.4 Histamine release.
purified basophils were washed withand resuspended in incubation medium (0.3*10ólmD.

Incubations were performed in 300 pl of incubation medium supplemented with 1 mM CaClr.

Before reagents were added, the cells were prewarmed for 10 minutes at3f C. After addition

of the stimulating agents, the cells were centrifuged at the indicated times for 10 sec at 12000
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x g, and 25O yrof supernatant was.careded. These supernatants were mixed with 200 pr of

perchroric acio trz Hi and 7s0 pl or saline' and stored "t 
u: 

:::.T1T;fT,r"irT::"$

amount of histamine' f d ceffs were lysed in perchloric acid' Histamtne

fluorometric anarysis as described by éir"g"ni"n (rnT). Histamine release was calculated as

percentage of tf'e fotal amount of histamine in the cells'

2.5 tmmunofluorescence' r :- FiEre..,hh 1ol. ("/..) BSA to a concentration of 107 per ml'

fiH*rilr':ffiril:1ff::J$-Í;{Î:n:ff:::':""'antibodiesnthe
appropriate ditutions. lncubations were performed n íi" t:i::--l:: The cells were then

washed once with pBs suppr"rn"n*o *ih 1% (/") BsA, and fruoresceinated antibody against

mouse immunogroburin was added, fo'owed by an another incubation for 30 minutes at 4oc'

subsequentry, the ce*s were ur"rr,"o again with pBs, 1olo BsA, and anaryzed by flowcytometry

in a FAcscan frowcytometer (Becton and Dickinson, san José, cA' usA)' The percentage of

positive cets was expressed "r 
rn" o"rcentage of celrs with a fruorescense intensity above the

ma<imal background of a control rgGl antibody against rrinitrophenyr' This threshold is indicated

by a vertical bar in the FACScan pictures'

3. RESULTS

After erutriation, rhe basophirsuspensionswere 
srittcontam':-11t^::t:lymphocytes' 

monocytes'

neutrophils and btast_rike cetts, as determined by microscopic inspection of cytospin

preparation, ,t"in"o wilh May-Grunwato/Giemsa' 
Trre purity of the basophils was 5o-8oo/o' ?s

detected by Írowrytomerric "n"tyri, 
with a rrlolo 

"n",nra 
rgE (fig 1A) and by microscopic

inspection of ce*s 
","in"o 

wi*r Acian brue $abre l). noout zoo/o olthe cells bound cD2' directed

against the T11 antigen on r 
""ìr, 

and mosr_NK celrs (fig 1B)' About 13% of the cells bound

cD14, direded against the receptor for Lps-binding proiein which is present on monocytes and

macrophages and (weakty) on neutrophits (fig 1c). About 1?7o orthe celrs bound cD16' directed

against the row-affinily receptor for tgG (Fc R*) on neutrophirs, macrophages and NK cells (fig

1D). About 3% of the cells oorno coi, 
il'-",Y,Tainst 

a pan-B cell antigen (fig 1E)' with these

;àT,l'"L'ffiT:[;"j:':.T il.TT.il..:::e of CD2, cD14, cD16 and CD19 for 30

minutes at +oc. c*+ was omitted to reduce spoilaneous activation of the basophils' To

determine the optimal concentration of the MoAbs, several concentrations were tested on

different mixtures of rymphocytes, monocytes, neutrophils and basophils' concentrations were

chosen that caused optimar removar of the first three cell types in ir'" subsequent Dynabead

'T;:ff ;f"il#m*::'""L$,l',:[:::'"1"H*nhsoat-anti-mouse-'|sG'thebead-
cerr rosettes were separated rapidry and efficientry with a magnet' The final preparations

contained about 94% basopftif' $"Ole l)' The remaining contaminating cells were mainly

eosinophils and brast-like 
""tt, 

l"r,"racterized 
as metamyerocytes) that were not recognized by

;ì
1
4
t
É
;
it:]
:i

1--r
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Figure 1: Characterizaîion of the cel/ suspensrbn before the Dynabead procúure with specific
MoAbs. The cells were incubated with MoAb anti-lgE (1:500) (fig 1A), CDz (lmglml) (ig 1B),
CDl4 (1 mglmt)(fig 1C), CDl6 (1 mglmt)(fig 1D) or CD19 (2 mglml)(fig 7E)- Subsequently, FITC-
labeled goat antibody against mouse lg was added. Binding was analyzed by flow
cytofluorometry. Fluorescence intensity is in arbitrary units. The vertical bar indicafes fhe mas<imal
background fluorescence with an irrelevant antibody (lgcl antibody against fNP). The positive
cells are fhose with fluorescense intensity above the background.

the selected mixture of MoAbs and were also enriched by this method. Removal of these

contaminating cells was not possible due to the lack of specific MoAbs against these cells.

Experiments with CD67 MoAbs, reactive with eosinophils, showed a dramatic decrease in the

yield of basophils, probably because these MoAbs bound to some e)ítent also to basophils.

The loss of basophils during the Dynabead procedure was about 2O/" ffable l), probably

caused by the washing steps. Analysis of the basophils by immunofluorescence showed no

reaction with the MoAbs used for purification. More îhan 95% of the cells bound the MoAb

against lgE (Fig 2). From these results we conclude that the chosen concentrations of the

different MoAbs caused only a slight loss of basophils by non-specific binding and were high

enough to remove 8Oo/o af the contaminating cells.

The amount of histamine in the basophils and the amount released spontaneously after

incubation of the cells for 45 min at 3/C showed that the whole purification procedure caused

no loss of histamine fl-able l) (De Boer et al., 1986).

To exclude the possibility that the procedure interferes with the functional capacity of the

basophils we compared the histamine release induced by anti-lgE (Lichtenstein et al., 1971) or

FMLP (Siraganian et al, 1977) before and after the bead purification. As shown in figures 3A and

38, no significant dose response differences were found. The kinetics of the ÍMLP- and anti-lgE-

induced histamine release before and after the bead purification were also identical (fig. 4A and

48).
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TABLE I

BASOPHIL PURIFICATTON FROM THE BLOOD OF TEN DIFFERENT DONORS

Before

Donor BasoPhil
Purrty

(n0 W)

After Dvnabead Procedure

BasoPhil
purity Yield
(%\ (n release (7")

2.5
3.8
2.3
2.4
3.4
5.7
2.5
3.3
4.4
4.7

3.s0
1.09

Histamine
perbasophil spontaneous

1
2
3
4
5
6
7
I
I
1 0

80
78
80
83
52
u
60
55
68
75

71.5
1 1 . 4

92
95
98
96
98
95
93
90
87
98

94.2
3.5

78.3
75.8
85.0
84.6
85.0
78.4
72.O
N.D.

83.0
80.5

80.2
4.3

(pg)

1.32
1.25
1 .48
1.38
1 .79
1 . 5 5
1 . 8 1
1 .52
1 .43
1 . 4 1

1 . 5
0 .17

Mean
-r SD

Basophit purity was determined by microscopic inspection of cells stained with Alcian blue'

Histamine content per basophil before Dynabead piocedure was l'6 + 0'3 pglcell (mean È SA

n=22). N.D.; Not determined.
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Figure 2: Binding d MoAb antiJgE to
me cett susPension dter the Warcad
procedure- The cells were incubated-with 

MoAb anti-tgE (1:5OO) and FITC'
Iabeted goat antibody againsl mouse
lg. Binding was analYzed bY flow
òytof t uorometry. F I uorescense intensity
is in arbitrary units. The vertical bar
indicates the matcimal background
fluorescence with an irrelevant
antibody (tgcl against TNP). The
positive cel/s are those with'fluorescence 

intensity above the
background.
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Figure 3: Hisamine releerse induced by a corrcentaion nnge of antiJgE (3A) or FMLP (38)-
Fesu/ts are expressed as the mean + s.d. of three experíments pertormed with cells from 3
different donors. (L), before the bead procedure; (O), after the bead procedure. Concentrations
of the stimulating agents were lowered by 1:1 dilutions rn PBS in five sfeps, starting at 100 ng
anti-lgElml or in fhree steps starting at 1 ylvl FMLP. Basophils were incubated for 45 min at 37
oC with the stimulating agents, and the histamine release was determined in the cell4ree
supernatant. Histamine release was calculafed as percentage of the response of the suspension
before the bead procedure. Mas<imal response in the three experiments was 21.3/", 41.47" and
31.4% of the total histamine content for anti-lgE and 66.0"/0, 72.f/o and 69.9/o for FMLP.

Figure 4: Time course ,É itttti-lgE-induced (4A) or FMLP-induced (48) hisranine release. fresu/fs
are presented as the mean + s.d. of three experiments pertormed with cells from 3 different
donors. The cell suspensions were stimulateci with 100 ng of anti-lgE per ml or 1 N FMLP,
before (L,) or after the bead procedure (o). Histamine release was determined in the cellJree
supernatant of basophils after the indicated intervals and calculated as percentage of the maximal
histamine release of the suspension before the bead procedure. Maximalresponse in the three
experiments u/as 24.5y", 52.1% and 22.5"/o of the total histamine content for anti-lgE and 81.ff/",
82.9% and 62.7/" for FMLP.
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Previously, we have shown that binding of a monoclonal antibody against the CD63 epitope
increased 20-100 fold after activation with fMLP or anti-lgE (Knol et al, 1991). Figure S shows that
binding of this MoAb did not change due to the bead purification. The smatt shÍft to the right
was probably caused by a slightincrease in the background binding of the controt MoAb (not
shown). Figure 6 shows the binding of CD63 after bead purification and stimulation with anti-lgE
(100 ng/ml). The cells reacted with a 30-40 time increase in CD63 binding ( gz.Oo/" histamine
release).

Figure 5: Binding ol CD63 antibdies
to Msophils before and dter tE Md
purificaion- The basophils were
incubated with CD63 antibodies and
FlTC-labeled goat antibody against
mouse lg. (-), before the bead
procedure; (.....), after the bead
procedure. Fluorescence intensity is in
arbitrary units. Ninety-ninepercent of
the bead-purified basophils showed a
backg round fl uorescense with an lgG 1
antibody against TNP below the
mat<imal binding of this antibody to
no n- be ad - pu r if i ed basoph i I s ( i nd i cated
by the vertical bar).
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Figure 6: Binding of CE63 antibodies
to basophils dter Md purifíAion aN
$imulaion with lOO ng of anti-lgE per
ml-The basophlls were incubated with
MoAb CD63 and FlTC-labeled goat
ant ibody against  mouse lg.
Fluorescence intensity is in arbitrary
units. The positive cells are those with
fluorescence intensity above the
mat<i mal bac kg rou nd f I uorescence with
lgGl antí-TNP indicated by the vertical
bar.
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We also tried to use this bead purification on mononuclear leukocytes obtained from small
amounts of blood (30 ml). This resulted in +1.9 + 16% (n:s) pure basophils with a low recovery.
This was probably caused by large cell-aggregates formed by the bead-cell rosettes (not
shown).
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4. Discussion

Studies on basophil functions are hampered by the interference with contaminating cells. The

purity of human basophils after isopycnic centrifugation and elutriation varies between 5O and

8O%. Previously, we found that these cells cannot be used for studies on non-basophil-specific

parameters, due to the interference of the contaminating cells. Therefore, we developed a

method that yieiOs an almost pure population of basophils. This method circumvents the donor-

dependent specific gravity of the cells, and therefore leads to a high purity (>90%). The

recovery of the bead procedure is about 80%; the overall recovery from the'buffy coat is about

50%. The inenness of this method is also remarkable. This was tested by comparing the purified

and the contaminated basophil suspensions for histamine content and spontaneous and

stimulus-induced histamine release. These parameters showed no significant differences

between the two suspensions. Comparison of the expression of an activation marker (CD63) on

the basophil membrane between these two suspensions also showed no significant difference.

Our inethod differs from methods that use positive selection, e.g. with monoclonal mouse

lgE to trinitrophenol ffNP), as published by Schroeder et al. (1990). Although this method leads

to a high basophil purity, functional responses of the basophils are dramatically inhibited, as

shown by a decrease of more than 50% in the anti-lgE-induced histamine release. This is

probably caused by the presence of the mouse monoclonal lgE, which may inhibit the

crosslinking of human lgE on the membrane of these basophils. Affinity chromatography, used

by MacGlashan and Lichtenstein (1980) has limited applicability, because of the supply of

human penicillin-specific lgE and the donor dependency of the anti-BPO binding. Moreover, both

methods carry the hazard of basophil activation during or after the purification. Other methods,

such as fluorescence-activated cell sorting, differential adherence or centrifugation techniques

with different Percoll gradients, are only useful for small celt numbers, have a low recovery, are

not inert or result in a low purity (Kauffman et al., 1983; Degenhart, 1988).

Our method is an adaptation of related methods recently published by Pilling et al.(1989)

and Bach et al.(1990), for purification of lymphocytes and eosinophils, respectively. These

investigators concluded that the Dynabead method provides an attractive alternative to

conventional methods of purification and is suitable to puriiy smallor large amounts of cells. We

adapted this method to improve our, already established, method for the purification of

basophils from human blood. Unfortunately, it was not possible to purify basophils directly from

mononuclear leukocytes with this method.

By the use of this improved method for purification of large amounts of human basophils it

now becomes possible to measure non-basophil-specific parameters, without the problem of

interference of contaminating cells. ln addition, analysis of membrane markers on basophils that

are also present on other leukocytes will also be facilitated by our method.
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