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Human Lymphocyte Antigen Reactivity

Modified by Neuraminidase

Abstract. Human lymphocytes treated with neuraminidase (from Vibrio cholera)
are more susceptible to lysis with antiserums directed against HL-A antigens in the
cytotoxicity test than are the corresponding cells incubated in buffer. Enzyme-
treated cells are also lysed by antibodies other than those directed against HL-A,
but control cells are not. The extra sensitivity to antibody disappears after 2 to 6

days in tissue culture.

Blood and tissue cells of many types
and from diverse species show a change
in antigenicity after treatment with
neuraminidase (sialidase), an enzyme
known to cleave the 2,3- and 2,6-
glycosidic linkages between terminal
sialic acid residues and cell surface
mucopolysaccharides (I). Currie et al.
(2) showed that A,G mouse trophoblast
cells, treated with neuraminidase and
injected into CBA mice, would elicit
second-set responses when the mice
were tested 14 days later with A,G skin
grafts. Untreated trophoblasts ‘did not
elicit this response. Currie and Bag-
shawe (3) found that four out of five
methylcholanthrene-induced mouse tu-
mors failed to grow in compatible hosts
after treatment with neuraminidase,
although exposure to neuraminidase did
not kill the cells. Sanford reported that
6 percent of C3H mice were susceptible
to the allogeneic TA3 tumor after
neuraminidase treatment, compared
with a 56 percent susceptibility to this
tumor in mice injected with untreated
cells (4). Gasic and Gasic (5) used a
subline of the TA3 tumor, which has
a heavy sialomucin coat at the cell sur-
face, to demonstrate the removal of the
coating after neuraminidase treatment.
Kraemer (6) reported regeneration of
the sialomucin layer of a Chinese
hamster cell line 16 to 20 hours after
neuraminidase treatment. This regener-
ation could be inhibited by the addition
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of puromycin to the culture medium.
Although in vitro methods have been
used to study the removal and regen-
eration of sialomucin, antigen studies
have been largely inferential since they
have relied heavily on in vivo demon-
strations and changes in reactivity. We
now report our use of the two-stage
cytotoxicity test (7) to determine the
in vitro reactivity of neuraminidase-
treated human lymphocytes both before
and after they were placed in tissue
culture.

Lymphocytes taken for culture pur-
poses were prepared aseptically (7),
with buffered calcium saline (CBS)
(8) used as a final suspension medium
in place of barbital buffer.

Vibrio cholera neuraminidase (Beh-
ringwerke or Calbiochem) was used at
a concentration of 2 units per 5 X 108
cells suspended in 1 ml of CBS (9). An
equivalent volume of neuraminidase-
free CBS was added to the control cells
and both sets were incubated at 37°C
for 20 minutes. The cells were then
washed once in one volume of CBS and
resuspended in barbital buffer at the
original concentration of 53X 10¢ cell/
ml.

Both neuraminidase and sham-
treated cells were also washed once in
RPMI 1640 (Grand Island) before be-
ing cultured at a concentration of 1 X
106 cell/ml in this medium to which
the following were added: heat-inacti-

vated human serum (10 percent), 1 ml
of glutamine per 100 ml, 25 mg of
streptomycin per 100 ml, and 50,000
units of penicillin G per 100 ml. The
reactions of the cells in the two-stage
cytotoxicity test (7) were examined on
day O and at intervals of 1 to 2 days
during culture. In the cytotoxicity test,
1 pl of serum and 1 pl of lymphocytes
were incubated together in a microtiter
plate (Falcon) at 25°C for 15 minutes.
The cells were then washed with bar-
bital buffer, and 1 pl of rabbit serum,
which had been absorbed with 0.1 ml
of packed human lymphocytes or spleen
cells, was added as a source of comple-
ment. The plates were incubated at
37°C for 15 minutes, trypan blue—
ethylenediaminetetraacetate was added,
and the percentage of dead cells was
determined microscopically.

Over a wide range the amount of
neuraminidase and the time of incuba-
tion required to increase lymphocyte
sensitivity are not critical. Cells were
tested for sensitivity by the two-stage
cytotoxicity test at several dilutions of
antibody. To test for nonspecific cyto-
toxicity the same test procedure was
used except the cells were incubated in
barbital buffer instead of in antiserums.
One unit of neuraminidase produced
severe damage to 5 X 105 lymphocytes
within 20 minutes, as was evidenced by
an increase in the number of cells stain-
ing with trypan blue in control tests.
Although as little as 0.02 unit incu-
bated for 1 minute would increase sen-
sitivity in some tests, 0.2 unit for 20
minutes gave high sensitivity with little
or no loss of viability and was adopted
for regular use. The supernatant ob-
tained after exposing 5 X 105 lympho-
cytes to 0.2 unit of neuraminidase was
still active while enzyme heated at
37°C for 3 hours or in a boiling water
bath for 10 minutes failed to increase
lymphocyte sensitivity.

The type of suspension medium and
the absorption of the complement were
important to the stability of the cells.
Variability in trypan blue exclusion was
found when lymphocytes suspended in
saline, Hanks solution, or barbital buf-
fer were treated with meuraminidase.
Good viability was more consistently
obtained when the cells were prepared
in CBS. The volume of suspending me-
dium was not critical over the range of
10 to 200 pl of CBS per 5 X 105 cells
when 0.2 unit of enzyme were used.
Absorption of the rabbit complement
with human leukemic lymphocytes or
spleen cells was essential to avoid dam-
age from a heterophile antibody in nor-
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mal rabbit serum. This antibody will
kill 100 percent of enzyme-treated cells,
reaching a titer of 1:4 to 1:8, but is
readily removed by absorption.

Cells from 150 unrelated subjects
and from members of 22 families have
been tested against 11 serums that have
never reacted in direct tests with un-
treated cells and against 88 antiserums
directed wagainst HL-A. Every serum
showed an increased frequency of re-
activity. This increase was specific. The
HL-A haplotypes were detected in fam-
ilies by serums that failed to react with
untreated cells. Patterns were some-
times given by several serums which did
not coincide with the inheritance of
HL-A and the reciprocal of these pat-
terns could be discerned in certain fam-
ilies. The neuraminidase-dependent re-
actions were characteristic of the
individual and were consistent. That
the effect was not due to indiscriminate
killing of the cells was shown by ex-
periments in which enzyme-treated and
sham-treated cells from 11 donors were
placed in tissue culture. Figures 1 and
2 show the reactions obtained with cells
from two subjects. Twelve antiserums
reacted with saline-treated cells from

donor RC (Fig. 1), as compared to 44
with enzyme-treated lymphocytes. After
4 days in culture, most of the extra re-
activity was lost, and by day 7 the
reactions were almost identical to those
of the untreated original cells. Similar
changes are apparent with cells from
donor TCr (Fig. 2), but in two separate
experiments with these cells regenera-
tion appeared more quickly than in the
other ten subjects tested. Very little cell
proliferation was observed during any
of the cultured cell experiments.
Treating human lymphocytes with
neuraminidase increases the reactivity
of the cells with serums in the two-stage
cytotoxicity test. It is doubtful that the
increased sensitivity of treated cells is
caused by increased fragility. Enzyme-
treated cells give excellent negative con-
trols in the cytotoxicity test, will give
negative cytotoxicity reactions with
many serums, survive well in tissue cul-
ture for 6 to 8 days, and respond as
well to PHA stimulation as control
cells do. The regeneration time of sialic
acid on human cells .(in terms of a loss
of enzyme-induced sensitivity in the cy-
totoxicity test) appears to be longer
than the time reported for regeneration
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in mice (5) and hamsters (6). However,
we have not investigated the connection
between changes in the amount of sialic
acid on the cell and the loss of cyto-
toxicity sensitivity. Sialic acid does not
appear to be a part of the antigen, as
no cytotoxicity reactions disappeared
after enzyme treatment.

The removal of sialic acid by the en-
zyme may change the steric configura-
tion or the zeta potential of the mem-
brane to make antigens more accessible
to antibodies, thus increasing the bind-
ing of complement. The CYNAP re-
action (cytotoxicity negative-absorption
positive serum-cell reaction) (10) is evi-
dence that many HL-A antibodies can
combine with cells in the presence of
complement and not produce lysis. A
CYNAP cell will not react with a serum
in the two-stage cytotoxicity test, but
will absorb reactivity for other cells
from that serum. An example of such a
reaction in our experiments is the
heterophile antibody of normal rabbit
serum which can easily be removed by
absorption with untreated lymphocytes
or spleen cells, but which does not give
a cytotoxicity reaction with such cells.
Since the fixation of complement by im-
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Fig. 1 (left). Reaction of cells from donor RC with serum panel before tissue culture [day 0 (N) and day O (S)] and on days 4,
5, 6, and 7 after culture. (N), Neuraminidase-treated cells; (S), sham-treated cells; W, 60 to 100 percent lysis; @, 20 to 59 percent

lysis; @, 0 to 19 percent lysis.

Fig. 2 (right). Reaction of cells from donor TCr with serum panel before tissue culture [day O

(N) and day 0 (S)] and on days 2, 4, and 6 after culture. (N), Neuraminidase-treated cells; (S), sham-treated cells; M, 60 to 100
percent lysis; @, 20 to 59 percent lysis; ®, 0 to 19 percent lysis.
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munoglobulin G (IgG) is thought to
depend on the simultaneous attachment
of two IgG molecules (/1), perhaps
neuraminidase treatment allows more
antibody to attach to the cell in such a
manner that more complement can be
bound. It is also possible, since Ray
et al. (12) found that rabbit serum
treated with cobra venom used as com-

plement was fully lytic for neuramini-

dase-treated cells and that the removal
of sialic acid uncovers a site essential
for the completion of the lytic action
of complement rather than the initia-
tion step of complement fixation. What-
ever the mechanism causing the in-
crease in sensitivity of treated cells, it
appears from our studies that many
other CYNAP-like reactions are occur-
ring for both HL-A and other lympho-
cyte antigens and that these reactions
‘give positive cytotoxicity tests when
neuraminidase-treated lymphocytes are
used.
EMIiLY A. GROTHAUS
Division of Immunology,
Duke Medical Center,
Durham, North Carolina 27706
M. WayNE FLYE
Department of Surgery and
Division of Immunology,
Duke Medical Center
EMunDp Yunis

Blood Bank and Department
of Immunology,
University of Minnesota,
Minneapolis 55455
D. B. AMos

Division of Immunology,
Duke Medical Center

References and Notes

1. R. Drzeniek, Biochem. Biophys., Res. Com-
mun. 26, 631 (1967).

2. G. Currie, W. Doornich, K. Bagshawe, Na-

ture 219, 191 (1968).

G. Currie and K. Bagshawe, Brit. J. Cancer

23, 141 (1969).

. B. Sanford, Transplantation 5, 1273 (1967).

G. Gasic and T. Gasic, Nature 196, 170 (1962).

P. M. Kraemer, J. Cell Physiol. 68, 85 (1966).

. D. B. Amos, H. Bashir, W, Boyle, M. Mac-

Queen, A. Tiilikainen, Transplantation 17,

220 (1969).

8. The buffered calcium saline contained 0.145M
NaCl, 0.003M CaCl,, and 0.004M NaHCOs
in H,0.

9. One unit of enzyme activity is defined by
Behring Diagnostics, Inc., as the amount of
enzyme necessary to release 1 ug of N-acetyl-
neuraminic acid from an acid a-1-glycoprotein
substate in 15 minutes at 37°C and pH 5.5.
The original sample of Behring neuraminidase
used in the experiments (provided by Dr. B.
Sanford) was reported free of detectable pro-
teolytic activity by J. F. Codington [J. Nat.
Cancer Inst. 45, 673 (1970)].

10. R. Ceppellini, Histocompatibility Testing 1965
(Munksgaard, Copenhagen, 1966), p. 158.
11. P. L. Mollison, Brit. J. Haematol. 18, 249

(1970).

12. P. K, Ray, H. Gewurz, R. L. Simmons, Fed.

Proc. 29, 573 (Abstr.) (1970).

6 April 1971; revised 3 June 1971

»

=y

544

Oxidative N-Dealkylation: A Mannich Intermediate in
the Formation of a New Metabolite of Lidocaine in Man

Abstract. Evidence is presented for a new metabolite of lidocaine. Its struc-
ture, Ni-ethyl-2-methyl-N3-(2,6-dimethylphenyl)-4-imidazolidinone, suggests reac-
tive electrophilic intermediates for the oxidative removal of N-alkyl groups

in general.

The local anesthetic lidocaine 1 has
been useful for the control of acute
cardiac arrhythmias. However, despite
its extensive clinical use, little is known
about its metabelism in man.

CHs
R
CHa
1 R, NHCOCH,N(CH,CHa),
2 R, NHCOCH,NHCHCH3
3 R NH,
4 R, NH—C=0
5 R, NH*
6 R, +
7 R, NHCOCH,N !
/CHaCHg
8 R, NHCOCH,N
\CH=CH,
0
9 R,

)e
CHy N
3 TNCH,CH,

In 1966 Beckett et al. reported that
after intravenous administration of 1
(three subjects), under conditions where
the urine was maintained at constant
acidic pH, approximately 10 percent of
the administered dose could be ac-
counted for as 1; w-ethylamino-2,6-
dimethylacetanilide, 2; and 2,6-
dimethylaniline, 3 (7). To our knowl-
edge these are the only metabolites of
1 that have been reported as occurring
in man.

We now report our studies on this
problem, in particular the finding of a
new metabolite, and on the basis of the
structure of this new metabolite we sug-
gest the possibility of a reactive electro-
philic intermediate for enzymatically
mediated N-dealkylation reactions in
general.

Three normal subjects were given

500 mg, by mouth, of the hydrochlo-
ride of 1, containing 50 uc of randomly
tritiated 1 as hydrochloride. Feces and
urines of these subjects were collected,
frozen, and stored over a period of 72
hours at which time 50 percent of the
administered radioactivity had appeared
in the urine. Since most of the radio-

‘activity appeared in the urine within

the first 8 hours after administration
this fraction was selected for the initial
isolation of metabolites.

A fraction composed of organic
bases containing approximately 12 per-
cent of the activity present in the
urine was obtained by making the urine

basic, exhaustively extracting it with

ether, and the back extracting the
ether fraction with aqueous acid. The
ether was evaporated and the residue
contained little activity, as did the resi-
dues after evaporation of ether extracts
of urine obtained at various pH’s. In
addition, prior treatment of portions of
the urine with a mixture of glucuroni-
dase and sulfatase, followed by extrac-
tion with ether under a variety of
conditions yielded insignificant activity
in these organic extracts.

Since we expected to find 1 and 2
in the base-containing fraction, we
sought conditions that would allow
their separation and characterization by
means of gas-liquid chromatography
(GLC). Subsequently, a system (5
percent Carbowax on KOH-washed
Chromosorb W, 1.8 m, 165°C) that
gave excellent separation was found.
In addition a high-resolution mass
spectral study was made of 1 and 2
in order to elucidate the structures of
any unknown metabolites. The study
indicated that, as expected (2), both
compounds fragmented primarily by
homolytic cleavage of the carbon-
carbon bond between the carbonyl and
methylene groups to generate immo-
nium ions at m/e 86 (CzH;;N) and
m/e 58 (C3;HgN) as the base peak
ions in the spectra of 1 and 2, respec-
tively. Exact measurements of the ions
at m/e 148, 120, and 105 are con-
sistent with structures 4, 5, and 6, re-
spectively. These structures represent
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