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Influence of Neuraminidase and
N-Acetylneuraminic Acid on Basophil
Histamine Release i Vitro

C. Junsen, U, Henrigsen, BT, Dani, Po Stan Skov and S. Norw

Department of Pharmacology, University of Copenhagen, Copenhagen, Denmark

Since  N-acetylneuraminic acid (NANA) in cell membrane glucocalyx mediates or
modulates a variety of actions, such as mediator release, we examined a possible
modulating role of this amino sugar in histamine release from human  basophil
leukocytes. Removal of NANA from the cell membrane by the enzyme neuraminidase
caused a dose-dependent histamine release. Removal of smaller amounts of NANA
enhanced histamine release induced by anti-Igk, Concanavalink A and the calcium
1onophore A23187 and reduced the interval between addition of antigen and initiation of
histamine release. Pretreatment with free NANA  had the opposite effects, i.e. a
diminished and defayed maximal histamine release. The hypothesis that NANA in the
cell membrane modulates the cellular response to stimulation was further substantiated
by demonstrating that the altered response was reflected by a change in the sensitivity of
the cell to extracellular caletum. NANA in the cell membrane glucocalyx thus seems (o
modulate the basophil response to stimulation by modulating transmembrancous calcium
transport.
Key words: basophil leukoceytes; histamine release; neuraminidase; N-acetylneuraminic
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The presence of a sialic acid N-acetylneura-
minic acid (NANA) i cell membrane gluco-
modulates  a

calyx mediates  or

actions, such as mediator release or smooth

muscle contraction (2, 20, 21). We therefore
investigated  a - possible  modulating

NANA in the cell

relcase from  human  basophil leukocytes by

membrane in histamine
enzymatic cleavage of NANA from the mem-
brane and by additton of NANA to the cells.

MATERIAL AND METHODS

Twelve healthy individuals aged between (8
and 39 years scerved as donors. None had any
previous history of atopy and they received no
medication.

N-acetylneuraminic acid, type 1V, N-acetyl-
neuraminlactose grade 11, phospholipase C (FC

variety  of

role  of

November 1985

3.1.4.3) type IX| and trypsin (EC 3.4.21.4)
type 1T were purchased from Sigma Chem. (St.
USA). Neuraminidase (EC 3.2.1.18)
from ClL  Perfringens was from Bochringer
(Mannheim, FRG), Concanavalin A (Con A)
from Pharmacia AB (Sweden), rabbit anti-
Igl  (e-chain) 400,000 TU/ml from
Behringwerke AG (FRG), and calcium iono-
phore A23187 from Calbiochem AG (Switzer-
land).

[ouis,

human

Preparation of cell suspension

Blood was drawn by venipuncture, anticoagul-
ated with EDTA 1n a final concentration of 0.01
M and mixed with double volume of 0.9 % NaCl.
Monocytes with approx. 2 % basophils were iso-
lated by the Ficoll-Hypaque gradient method, as
carlier (22). To histamine

described prevent
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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 TrissAMC (Albumin, Magne-
sium, Calcium) buffer containing Tris-(hydroxy-
methyl)-aminomethane 25 mM at pH 7.4, NaCl
0.12 M, KCI 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 in this buffer.

Pretreatment of cells

The cell suspension was divided into three parts
of 1.0 ml cach and incubated for 40 min at
37°C at pH 7.4 with neuraminidase (25 pU/10°
cells), NANA 8 mg/ml and without these agents
(control). Thercafter 9 ml of ice-cold Tris-AMC
was added and the cells were washed twice at
150 g at 4°C and kept at 4°C.

For the calcium experiments, the TrissTAMC
by Tris-A containing 1 mM
EDTA for the first wash and Tris-AM for the

second. These cells were resuspended in Tris-

was replaced

AMC with calctum in final concentrations vary-
ing between 0.018 and 18.0 mM.

Histamine release

Ninety ul leukocyte suspension containing
2000-8000 basophils was incubated in plastic
37°C 10 ul of the following
agents: neuraminidase, anti-Igk,, Con A, and
A23187. The

period was 40 min, unless otherwise stated. The

tubes at with

calcium ionophore incubation
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 spontancous histamine relecase and
for determination of the total histamine content;
in the latter case, the samples were left at 4° C.
The release of histamine was expressed as a
percentage of the total histamine content of the
sample. Since spontancous histamine releasc
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

pH 7.4 instecad of pH 5.0 where the enzyme
activity is maximal (4). To ensure that the
activity was adequate, it was determined at pH
7.4 and compared with that of pH 5.0. Four g
of N-acetylneuraminlactose was dissolved in
400 pul phosphate-buffered saline at pH 5.0 and
7.4. To these tubes enzyme was added in the
range of 0.5 to 50 mU. The samples were
incubated at 37°C for 60 min and the hydro-
lysis of N-acetylneuraminlactose to NANA was
assayed using the method described by Horgan
(8). NANA served as standard, and the enzyme
was omitted for blanks.

These experiments revealed that the activity
of the enzyme at pH 7.4 was adequate, i.c.
approx. 66 % of the activity at pH 5.0. A
possible contamination of the neuraminidase
preparation by NAN-aldolase would interfere
with the determination of the ncuraminidase
activity. Such a contamination could, however,
be excluded, since no difference was obtained in
NANA standards incubated with or without 0. |
U of neuraminidase at 37°C for 60 min.

Enzyme impurity assays

The commercially available neuraminidase prep-
aration may contain proteascs or phospholipase
C which might disturb the cell function and
thereby the histamine release. The actual ac-
tivities of these enzymes were therefore assayed
using methods including casein and phosphatidyl
choline as substrates (12, 24). Trypsin and pure
phospholipase C were used as standards. The
neuraminidase preparation  contained neither
detectable protease nor phospholipase C activity
(< 1 pU) when assayed in amounts up to 6 mU,
which is more than 25 times greater than the

maximal amount used in this study.

Statistics

Wilcoxon’s ranking test for paired data was
used.

RESULTS

The influence of pretreatment of basophils with
neuraminidase or NANA on histamine release
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Fig. 1. Basophil histamine release induced by incubation of

the cells with neuraminidase. Mean of 12 experiments +
SEM is given.

from normal individuals was examined n vitro.
A histamine releasing capability of the ncu-
raminidase was investigated in the range be-
tween 1.7 and 220 pU/10° cells. In all 12 per-
sons tested, no histamine release was found in
the range between 1.7 and 27.5 pU/10° cells,
whereas the enzyme caused dose-dependent his-
tamine release above this range (Fig. 1).
NANA in

centrations up to 10 mg/ml did not cause hist-

Incubation of the cells with con-
amine release in any of the persons investigated
(data not shown).

The effect of pretreatment of the cells with
amounts of the enzyme not causing histamine
release (25 pU/10° cells) and with free NANA
(8 mg/ml) was investigated. After this pretreat-
ment the cells were washed twice and chal-
lenged with cither anti-IglE, Con A, or calcium
ionophore A23187. These results are presented
in Fig. 2. The figure shows that pretreatment
with neuraminidase both enhanced the maximal
response and caused a shift to the left of the
dose-response curve for all the three stimula-
tors. Pretreatment with NANA, in contrast,
resulted in both a diminished maximal response
and a shift to the right of the dose-response

curve.,
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Fig. 2. Effect of pretreatment of the cells with neuraminidase
or NANA on histamine release induced by anti-Ighl, Con A
or A23187. A representative example of 8 experiments is
given. Histamine release was significantly enhanced and
reduced, respectively, in cells treated with neuraminidase
and NANA as controls (P < 0.01).
@ control; x: neuraminidase-treated; O: NANA-treated.

compared  with

Fig. 3 shows the time course of histamine
release induced by anti-IgE (400 TU/ml). Pre-
with reduced the
interval between addition of stimulator and ini-

treatment neuraminidase
tiation of histamine release (the lag phase),
whereas pretreatment with NANA increased
the lag phase. It should be noted that the con-
centration of anu-IgE giving maximal his-
tamine release was used in these experiments.

Since NANA in the cell membrane is known
to be a major calcium-binding site in other cell
systems (13) we examined the influence of
addition to the cells of

NANA on histamine release induced by anti-

removal from and
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Fig. 3. Effect of pretreatment with neuraminidase or NANA
on the

40 min.

time  course  of histamine release by anti-Ighi,
Histamine release is expressed as a percentage of control at
P =z 0.01;
with controls.

NANA-treated.

40 min. Mean of 6 experiments. * | ** and ***
0.02, and 0.05,
@®: control; x:

respectively,  compared

neuraminidase-treated; (O

[glt as a function of increasing concentrations of

extracellular calcium. After pretreatment with
NANA,
brane-associated calcium was removed by wash-
EDTA.

These experiments showed that pretreatment

enzyme or free both free and mem-

ing with buffer containing I mM of

with  neuraminidase increased  the

markedly
sensitivity of the cells to extracellular calcium
(Fig. 4). In concentrations between 0.018 and
0.06 mM Cat ', where the

unable to respond to stimulation, the enzyme-

control cells were

treated cells released histamine, thus showing a
shift to the left in the
curve.

calcium dependence
with pretreatment with NANA

the opposite picture was seen, i.c

Again,
higher con-

centrations of calcium were required for his-

tamine release than was the case with control

cells. Indeed, at a calcium concentration of 18

mM, NANA-treated cells showed the same his-
tamine release as scen with the control cells at
0.6 mM

of calcium. The inhibitory effect of
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Fig. 4. Effect of pretreatment with neuraminidase or NANA
on histamine release as a function of the calcium concentra-
tion. The cells were challenged with anti-1glt 40 TU/ml
Mean of 6 e P < 001 @:
x o nearaminidase-treated; O NANA-treated.

experiments. control;

addition of exogenous NANA could thus be
overcome by increasing the extracellular cal-
cium concentration.

It was demonstrated that the change in the
cell response induced by neuraminidase was
actually caused by the enzyme itself and not by
contaminating impurities such as NAN-aldo-
lase, proteases, and phospholipase C, since such

a (‘(m(umilmti(m

was not found

(data  not
shown). Furthermore, the enhancement of max-
imal response and the shift to the left of the
dose-response curve by pretreatment of the cells
with neuraminidase (Fig. 2) were competitively
inhibited by addition of substrate (N-acetyl-
neuraminlactose) to the cells together with the
cnzyme (data not shown).

DISCUSSION

NANA (N-acetylneuraminic acid) is present as
the ultimate carbohydrate moiety in cell mem-
brane glucoproteins and -lipids (21).
acid, which at physiological pH preferentially

binds calcium jons (11), is in part responsible

This weak

for cell surface negative charge, and is in many
cell systems involved in cell-to-cell interaction
and inﬂammmory cell responses (5, 7, 17, 21).

Removal of NANA by the enzyme neura-



INFLUENCE OF NANA ON BASOPHIL HISTAMINE RELEASE 155

minidase has been widely used for studying the
significance of NANA in the cell membrane.
The NANA has

enhance cellular reponses, such as lymphocyte

removal of been shown to
cytotoxicity  and

Bach &

proliferation,  ncutrophil

smooth muscle contraction (18, 25).

Brashler (1) have shown that pretreatment of

rat mast cells with ncuraminidase enhanced
antigen-induced  histamine  release when  the
enzyme was used in minute amounts, whereas
pretreatment of the cells with greater amounts
of the enzyme caused histamine release by
itself.

Similar to the effect on rat mast cells, we
found that (rcatment of the basophils with neu-
raminidase in greater ‘amounts caused the cells
to release histamine in a dose-dependent man-
ner. The amount of enzyme causing significant
histamine release was the same in all persons
tested. The release did not require the presence
of extracellular calcium (data not shown) and
might thus be due to an unspecific damage to
the cell, possibly induced by changes in the
surface charge and/or in conformation of cell
membrane constituents (6, 21).

The effect of pretreating the cell with neu-
raminidase in small amounts, insufficient to
induce histamine release themselves, was exam-
ined on the cellular response to different stim-
ulators, using the following three stimulators:
anti-Igll acting by cross-linking adjacent Ighl
molecules on the cell surface (9), the plant lectin
Con A shown to interact with carbohydrates on

the cell membrane regardless of the presence of

lelX molecules (23), and the calcium ionophore
g

A23187 which acts as a calcium carrier by-

passing the calcium channels (15). The effect of

pretreatment with neuraminidase on histamine

release  induced by these  three  stimulators
proved to be identical, 1.c. an increased maxi-
mal release and a shift to the left of the dose-
response curve.

Our
obtained by Baxter & Adamik (2) using isolated

results are in accordance with those

rat mast cells. However, to differentiate be-
tween an effect on the cell or on the stimulator,
the enzyme was in our experiments washed
The

experiments demonstrate an effect of the cell.

away before addition of the stimulator.

Removal of NANA from the cell membrane
thus seems to cause a generalized increase in
he cellular response.

The lag phase in histamine release depends
on the concentration of stimulator, i.e. increas-
ing concentrations causing decreasing lag phase
(16). In our studies of the time course of his-
tamine release we used the concentration of
stimulator resulting in maximal histamine
release, and compared the time course with that
obtained in cells pretreated with neuramini-
dase. This partial removal of membrane NANA
resulted in a reduced lag phase as well as in an
increased maximal histamine release, compared
with control cells. The findings suggest a reg-
ulatory role of NANA in the basophil cell mem-
brane, since a partial removal renders the cell
more alert. Therefore, it could be expected that
an increase in membrane NANA content would
cause the opposite effect, and since NANA can
be covalently bound (o glucoproteins in the
absence of enzyme (19), a possible effect of the
addition of NANA (o the cells was studied.
These experiments supported our hypothesis,
NANA

pretreatment

since  pretreatment  with caused the

opposite effect of with necura-

minidase, i.c. a diminished and delayed hist-
amine release.

Our findings may be due to changes in cell
surface charge resulting in an altered binding of
the stimulators to the cell surface, since NANA
is a charged molecule involved in cell surface
charge (5, 13, 21). This was suggested by Cole-
man (3) in rat experiments using charged mole-
cules as liberators of 5-hydroxytryptamine from
mast cells, and might thus provide a possible
explanation of our findings. However, it could
also be speculated whether NANA in the mem-
brane regulates the events occurring between
stimulation of the cell membrane and histamine
release. NANA together with membrane phos-
pholipids provides a low affinity, high capacity
reservolir for calectum (10, 13). It might there-
fore be probable that NANA in the cell mem-
brane is involved in the transmembrancous cal-
ctum fluxes preceding histamine release (14).
An increased exchangeability for calcium induc-
ed by partial removal of membrane NANA has
cultured heart cells and in

been shown 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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