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Influence of Neuraminidase and
N-Acetylneuraminic Acid on Basophil
Histamine Release in Vitro
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The presence- ol a sialic acid N-acx-tyhu-ura-
miiiic- acid (NANA) in cc-ll nu-mbtatu- gltieo-
calyx mediates or modulates a variety of
actions, such as mediator release or smooth
museic- c-onlraclion (2, 20, 21). We- therefore
investigatc-d a ])ossible modulaling role of
NANA in ihc- cell membrane lti histamine
release Irom htimaii basophil letikocytes by
enzymatic cleavage o(" NANA from the mem-
brane- atul by addition of NANA (o the- cells.

:i.l.4.3) type IX, and trypsin (EC 3.4.21.4)
type III wetx- purchased from Sigma Chem. (Si.
l,c)uis, USA). Neuraminidase (EC 3.2.1.18)
Irotn C l̂. Perfringoiis was frotn Bcicliringcr
(N4aiiiiheim. l'"RCi), Coiieanavahn A (Con A)
from Pharmaeia AB (Sweden), rabl)it anti-
human IgE (e-ehain) 400,000 I U/ml from
Behringwerke AG (ERG), and calcium iono-
pliore A23187 from Calbiochem AC! (Switzet-

MA'fl'",RIAI, AND MFrfHODS Preparation of cell .suspcji.sio

'I'welve hc-allhy individtials aged bc-twc-c-ii 18 Blood was drawn by veniptmcttire, anticoagul-
and V.) yc-at-s sc-tvc-d as donors. Notte- had atty atc-d with EDTA iti a final coticentration of 0.01
jitrviotis hislory of alop\' and they rc-eeived no M and mixed with double volume of 0.9 % NaCI.
medication. Moiiocytes with approx. 2 % basophils were iso-

N-acetyliietiraminic acid, lype IV, N-aeetyl- lated by the EieoU-Hypaque gradient method, as
lietiramiulactose grade- II, iihospholipase C (EC described eatlier (22). To prevent histaniine
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release by activation of" plasma complement as a
source of error, the cells were washed twice (107 g
for 10 min) in Tris-AMC (Albumin, Magne-
sium, Calcium) buffer containing Tris-(hydroxy-
inelhyl)-aminomethane 25 mM at pH 7.4, NaCl
0.12 M, KCl 5 mM, CaCl., 0.6 mM, MgCl, 1.1
mM, human serum albumin 0.3 mg/ml, and
glucose 1 mg/ml (22). The cells were finally
resuspended iti ihis buffer.

Pretreatment of cells

The cell suspension was divided into thiee jjarls
of 1.0 ml each and in(uba(ed for 40 min al
37°C at pH 7.4 with neuratninidase (25 nU/IO"
cells), NANA 8 mg/ml and without these agents
(control). Thereafter 9 ml of ice-cold Tris-AMC
was added and the cells were washed twi(e al
150 g at 4°C and kept at 4°C.

For the calcium experiments, the Tris-AMC
was replaced by Tris-A containing 1 mM
EDTA for the firs( wash and Tris-AM for the
second. These cells were resuspended in Tris-
AMC with calcium in final concenlrations vary-
ing between 0.018 and 18.0 mM.

Histamtne release

Ninely |J.l leukocyte sus]jeiision containing
2000-8000 basophils was incubated in plastic
tubes at 37° (3 with 10 nl of the following
agents: neuraminidase, anti-IgE, Con A, and
calcium ionophore A23187. The incubation
period was 40 mm, unless otherwise staled. The
reaction was terminated by addition of 3 ml ice-
cold Tris-A containing 1 mM EDTA, and his-
tamine release was assayed by estimation of the
residual histamine in the cell sediment, as pre-
viously described (22). The stimulators were
omitted for spontaneous histamine release and
for determination of the total histamine content;
in the latter case, the samples were left at 4°C.
The release of hislatnine was expressed as a
percentage of the total histamine content of the
satnple. Since spontaneous histamine release
amounted to up to 10%, only histamine release
> 10% was considered significant.

Pretreatment with neuraminidase to remove
NANA from the cell surface was performed at

|5H 7.4 inste,ul of pH 5.0 where the enzyme
activity is maximal (4). 'fo ensure tliat the
activity was adequate, it was determined at pH
7.4 and compared with that of pH 5.0. Four jtg
oi N-acetylneuraminlactose was dissolved in
400 ul phosphate-buffered saline at pH 5.0 and
7.4. To these tubes enzyme was added in ihe
range of 0.5 to 50 mU. 'Ilic samples were
incubaled at 37° C for 60 min and the hydro-
lysis of N-acelylneuraininlactose to NANA was
assayed using the method described l)y Horgan
(8). NANA served as standard, and the enzyme
was omitted for blanks.

Ihese experiments revealed that the activity
of the enzytne at pH 7.4 was adequate, i.e.
approx. 66% of the activity at pH 5.0. A
possible contamination of the neuraminidase
preparation by NAN-aldolase would intcrfV-re
with the determination of the netu aminidase
activity. Siuh a contamination could, however,
be excluded, since no difference was obtained in
NANA standards incubated with or without 0.1
LI of neuraminidase at 37° C for ()0 min.

Enzyme irnpurity assays

The commercially available neuraminidase prep-
aration may contain ])ioteases or jihospholipase
Ĉ  which mighl disturb the cell fuiution and
thereby the histamine release, 'I'he aclual ac-
tivities of these enzymes were therefore assayed
using methods including casein and phosphalidyl
choline as substrates (12, 24). Tryijsin anil pure
phospholipase C were used as slandards. The
neuraminidase preparation contained neitlur
delectable protease nor phospholipase C activity
( < 1 |J,U) when assayed in amounts up to 6 mU,
which is more than 25 times greater than the
maximal amount used in this study.

Stcilistics

Wilcoxon's ranking test for paired data was
used.

R1;:SULTS

The influence of pretreatment of basophils with
neuraminidase or NANA on histamine release
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from normal iiidividttals w;ts c-.\,utiitic-(l tn vttro.
A histamine releasing c-ai)ability of the neu-
raminidase was investigaled in the- t-angc b(--
tween 1.7 and 220 |iU/10" c-ells. ln all 12 per-
sons tested, tio histamine- release was fotmd itt
the range between 1.7 and 27.5 (xU/lO'' cells,
whereas the enzyme cau.sed dose-dcpctident his-
tamine release above this range (I'ig. 1).
Inctibation of the cells with NANA in con-
cc-ntrations up to 10 tiig/ml did not cause hist-
amine release iti any ol the |)e-tsons investigated
(data not shown).

The effect of pretreal7n<-tit of die c;e-lls with
amounts e)f the enzyme lieit causing histamine
release (25 uU/lO" c;clls) and with ft-ee NANA
(8 mg/ml) was investigated. After this prctreal-
ment the cclLs were washed twice and chal-
lenged with either anti-IgE, Con A, or calcitim
ionophorc A23187. These results ai-e presented
in Eig. 2. The figtjre shows that pretreatment
with neuraminidase both enhanced the maximal
response and caused a shift to the left of the
dose-response cutve for all the three stimula-
tors. Pretreatment with NANA, in contrast,
resulted in both a diminished maximal response
and a shift te) the right of the dose-response
curve.
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I'ig. 2. Kile'ct ell prc-tre-atnicnt e)f the cell.s with neciraniitiiedase
(ir NANA (in hi.stamino re-|{-a.sr inê uc-e-d by anti-lgl',. Con A
en- A2.'JI87. A t-cprcsentative e.xainple of 8 expentne-nts i.s
iJ;ivon. Histaniine release- was signifieantly enhance-d and
re-eluce-d. respe-etivcly. in ee-ll.s treate-el with lu-ciraininidaso
and N.-\N.\ as ceiinparc-d with eontrols (P < 0.01).
• :roiitnil; x : iK-ect.iiniiiiela.se--treat<-d; O : NANA-treatt'd.

Fig. 3 shows the time course of histamine
release induced by anti-IgE (400 IU/ml). Pre-
treatment with tieuraminidase reduced the
interval between addition of stimulator and ini-
tiation of histamine release (the lag phase),
whereas pretreatment with NANA increased
the lag phase. It shotild be noted that the con-
centration of anti-IgE giving maximal his-
tamine release was used in these expetiments.

Since NANA in the cell membrane is known
to be a major calciuin-binding site in other cell
systems (13) we examined the influence of
removal from and addition to the cells of
NANA on histamine release induced by anti-
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IgE as a function of increasing concentrations of
extracellular calcium. After prelrealment with
enzyme or free NANA, botli free and mem-
brane-associated calcium was removed by wasli-
ing with buffer containing f mM of l^DTA.
These experiments showed that pictreatmeni
with neuraminidase markedly increased the
sensitivity of the cells to extracellular calcium
(Fig. 4). In ((incentrations belween 0.018 and
0.06 mM Ca * ' , where the control cells were
unable to respond to stimulation, the enzyme-
treated cells released histamine, thus showing a
shift to the left in the calcium tkpendence
curve. Again, with pretreatment with NANA
the opposite [jicture was seen, i.e. higher con-
centrations of ealeium were required for his-
tamine release than was the case with control
cells. Indeed, at a calcium concentration of Ifi
mM, NANA-trealed cells showed the same his-
tamine release as seen with the control cells at
0.6 mM of calcium. The inhibitory effecl of
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a d d i t i o n o f e x o g e n o u s N A N A c o u l d t h u s b e

o v e r c o m e b y i i u r e a s i n g t h e t ' x l r a c e l l u l a r c a l -

(Mum (Tinientralion.
It was demonstrated that the change In the

(X'll res|)onse induced by neuraminidase was
actually catised by the enzyme itself and iiol by
contaminating impurities such as NAN-aldo-
lase, proteases, and phospholipase C, since such
a conlamination was not fotmd (data not
shown). I'lirthermore, the enhaiKement of max-
imal response and the shift to the left of die
dose-response curve by i)relrcatment of thi- cells
with neuraminidase (I'ig. 2) were com|)etitively
inhibited by addition of stibstrate (N-acetyl-
neuraminlax tose) to the cells together with the
enzyme (dala not shown).

DISCUSSION

NANA (N-acetylneuraminic acid) is present as
the ultimate carbohydrate moiety in (ell mem-
brane glucoproteins and -lipids (21). This weak
•M\(\, which at physiological pH preferentially
binds calcium ions (ff), is in part responsible
for cell surfatx- negative charge, and is in many
cell systems involved in cell-to-cell interaction
and inflammatory cell responses (5, 7, 17, 21).
Removal of NANA by the enzyme neura-
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ni inidase" h a s bce'ii w i d e l y u.scd le)r .stttelyint; ihe-

s i g n i f i c a n c e of N A N A in the ix-ll n icnibiane . - .

T h e I ' emoval ol N A N A li;i.s b e e n .shown tei

enhance - celht la t ' re' |)e)nses, stie'li a.s lyniphex-yle-

p r o l i l e r a l i o n , n e u t r o p h i l c y t o t o x i c i t y a n d

s m o o t h iiui.se'k' c o n t i a t titiii ( 1 8 , 2 5 ) . B a c h c&

Bra.shleT (1) h a v e .shown tha t pi 'e ' l re 'al inent e)t

r a t i na s t e.'ells w i l h n e i i r a n i i n i d a s e e n h a n c e d

ant igci i - i tKi t icccl his taiTi ine i r lca.se w h e n (he

e n z y m e w a s nse'tl tit t n i t u t t e a m e n m l s , w h e r e a s

p r e t r c a l m e n t of the cells w i t h g r e a t e r a m o u n t s

of (he e n z y m e cau.scd h t s t a m i n e r e l e a s e b y

itselL

S i m i l a r te) the' elTeel o n rat m a s t ee'lls, we

(bl ind tha i t r e a t m e n t eil the' b,ise)|)hils vvttli tie'tt-

r a m i n i d a s e ' m gre'ate'r a m o u n t s eause'el the' eells

to release- h i s t a m i n e in a d o s e - d e p e n d e n l m a n -

n e r . The- ameiut i t e:)f e n z y m e causiiii^' sit ;nifteatit

h i s t imime ' re-le-ase- w a s t h e same- m all pe-rsotis

ti-ste-el. ' I ' he re-le-ase- elid iu)t require- t h e presenee-

eil extraee-ll t i laf eale'itim ( d a t a luit s h o w n ) a n d

mii jht t h u s b(- dtie- tei a n tins|5e-eilK elainai^e- te)

the- ee-ll, pt)ssibly inelitce-tl b y ehant;e-s in llu-

st i t laee ' e hari;c- anel/e)r in e'e)nft)rinat ie)ti e)l ee-ll

m e m b r a n e - eeitisttltie-nts ((), 21 ) .

VUc e-llee'l e)! pre-tre-almi; the- e'ell w i th ne i i -

raimnielase- in smal l a m e n m t s , ms i i l l i e i en t te)

indtiet- h is la i i i i iu- rt-le-ase- llu-mse-lve-s, w a s e-xam-

ineel e)n the- ee-lltilar re-si)e)t\se- ti) dilTe-re-nt s t im-

u la l t ) r s , t t smt; the- le)lle)wing t h r e e stiiiuilate>rs:

a n t i - l g E ae t i i ig by ere i ss - l ink iug adjaee.-nl Igl''.

molee-ule-s em the- ee-ll su r f aee (9 ) , i he p lan t le-etin

Ce)n A s h o w n lo inle-raet wi lh earbe>hydrate-s eiii

t h e cell m e m b r a n e - re-garelle-ss of ihe p r e s e n e e ê l

Igl"' nieileeiiles (2.H), aiiel t he eale-itmi i e i nopho re

A 2 ' i l 8 7 whie-li ae ts as :i ea le i t im e a r r i e r by -

p a s s i n g t h e ea le i t im e h a n n e l s (LS). 'Lhe el'feel of

p r e t r e a t m e n t w i th n e u r a m i i i i d a s e em h i s t a m i n e

re l ease i iulueeel by these t h r e e s t inui la le i rs

p r o v e d te) be i d e n t i c a l , i.e-. a n i n c r e a s e d ma.xi-

m a l r e l ease anet a shift te) t h e left eil t h e d o s e -

re-s|:)e)iise eiirvt-.

O u r resu l t s a r e in aeeeirdiitiee- w i th t h o s e

obtained by Baxter & Adaniik (2) using ise)laled
rat masl eells. He)wever, te) elilTerentiate be-

tweet] atl e-f/eet e)ii the e-<-ll eir oti (he .s'(imtila(e)t',

the enzyme was in e)vir experiments washed

away be-lbre aelelitie)n of the stimulator. Tlie-

ex[)e-rmie-ttts ele-tne)iistritte- an e-ITeet e)l the- ee-ll.

Reiiien-al eil NANA from the eell tnenibraiie

thus seems to eause a generalized inerease in

he cellular response.

T h e lag phase in histamine release depends

on the eoneenlratiein of stimulator, i.e. increas-

ing concentrations eausitig decreasing lag phase

(l(i). In enir studies o{ lhe lime eentrse of his-

tatnine release we itse-el the ceincentratiem of

sliiimlator resulting in maximal histamine

rt-le-ase, aiiel ceimpareel the time course with that

e)btaitied in eells pretreated with l ieuramini-

dase. Thi.s partial removal of n iembrane NANA

re-suhed m a reehteeel lag phase as well as m an

inereased maximal histamine release, compared

wilh eoiitfol cells. The findings suggest a reg-

tilateiry role- eif NANA in the baseiphil cell tiiem-

lirane, since- a partial temoval renders the cell

me)t'(- alert. rhctx'f'c:)re, it cotild be expected th.U

an mere-ase m membrane- NANA cemtent weitild

e'atise- the e)ppe)site ert'eet, and since NANA can

be ce>valetitly bound te) gluco|M-oteitis iti the

absenee e)f enzyme (19), a peissible effect eif thc

additiem e)!' NANA It) the- cells was stuelied.

Lhese exi)eritiie-nts suppeirtee! euir hypeithesis,

since- jjretreattnent with NANA eattsed the

e)ppeisite e-flee t eif pretreatment with neiira-

minidase, i.e-. a eliminished aiiel delayed hist-

atiime release.

Otir fmelings may be elite- tei chatigcs in cell

sttrlaee- charge restilting iti an altere-il binding of

lhe stimulators lei the cell surfaee, sinee NANA

IS a eharged me>lee-ule iiixciKed in cell surface

charge (.'i, 13, 21). 'I'his was suggested by Cole-

tnaii (3) in rat experiments using charged mole-

cules as liberateirs of 3-hydroxytryptamine IVeiin

mast eells, aiiel might thus preivide a |ie)ssible

explanaliem e>f eiur findings. Heiwever, it ceitilel

also be- spectilaled whether NANA in the tiiem-

brane regulates the events eiee-urring between

sliintilatieiii e)f the tell membrane- and hi.slamine-

release. NANA teigether with membrane pheis-

pheilijiids prenieles a leiw aflitiity, high eapae'ity

resei'voir Ibr calcium (10, 13). It might there-

fore be |ireibable that NANA in the cell mem-

brane is inveilve-el in the- t rausmembraueous cal-

cnim (lttxes pt-eeeditig hi.s'taniinc t'elease (14).

Atl iticreased exchangeability for calcium induc-

ed by partial remeival eif membrane NANA has

be-eu she)wti in etiltttred heart eells and in
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guinea pig taenia coli (6, 10, 13). We therefore
examined whether pretreatment with neurami-
nidase or NANA would change the requirement
for extracellular calcium in the cellular respon-
se, and we found that removal of membrane
NANA diminished and addition of membrane
NANA increased the concentrations of calcium
necessary for histamine release. Alterations in
transmembraneous calcium fluxes might thus
be a possible explanation of our findings.
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