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The immunogenici ty of cer tain cellular an- 
tigens can be increased by treatment of the 
cells with Vibrio cholerae neuraminidase 
(VCN) . Allogeneic (1-5) and syngeneic (6- 
8) tumors fail to grow in normally susceptible 
recipients if the cells are first treated with 
VCN in vitro. Furthermore, firmly estab- 
lished solid syngeneic tumors can be made 
to regress if the tumor-bearing mice are in- 
jected with VCN treated tumor (8). The lat- 
ter effect is totally immunospecific and regres- 
sion cannot be induced with an immunologi- 
cally distinct tumor. VCN treated mouse 
lymphoid cells (9) and embryonic tissues 
(10) have also been found to be more im- 
munogenic in allogeneic recipients. In vitro 
studies have further demonstrated that VCN 
treated stimulatory cells will elicit a much 
greater degree of transformation from allo- 
geneic responder cells in mixed lymphocyte 
culture ( 1 1). 

It is possible that this increased immuno- 
genicity of VCN treated cells is due to an 
unmasking of antigenic determinants on the 
cell surfaces. In  this regard, numerous inves- 
tigators (12-17) have shown that VCN 
renders cells increasingly sensi tive to lysis 
by specific antibody and complement; but at- 
tempts to detect unmasking of H-2 antigens 
(12, 18-20) and HL-A antigens (21, 22) 
which correlate with increased immunogenicity 
in vitro have thus far been unsuccessful. Kas- 
sulke, Stutman and Yunis (23) have, how- 
ever, demonstrated an increased number of 
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blood group isoantigens on human leukemic 
cells treated with VCN, and Schlesinger and 
Amos (15) and Schlesinger and Gottesfeld 
(16) have reported unmasking of antigens on 
mouse cells to which guinea pigs had pre- 
formed antibody. Rosenberg, Plocinik and 
Rogentine (21) have reported that VCN un- 
masks an antigen on human lymphoid cells 
against which normal rabbit serum has pre- 
formed antibodies. Reisner and Amos (22) 
have reported that human sera showing no 
detectable anti-HL-A activity gave strong 
cytotoxic reactions with almost all VCN treat- 
ed human lymphocytes. The present studies 
were designed to determine if VCN unmasks 
new xenoantigens on mouse lymphoid cell 
surfaces. 

&faterials and Methods. Animals. Adult 
C3H/HeJ (H-2k) male mice (Jackson Lab- 
oratory, Bar Harbor, ME) were used for 
lymph node cells. Normal adult New Zealand 
white rabbits were used for the preparation 
of normal rabbit serum (NRS). Adult male 
guinea pigs and adult men were utilized for 
the preparation of normal guinea pig serum 
(NGPS) and normal human serum (NHS). 

Preparation of normal rabbit, guinea pig, 
and human sera. Venous or cardiac blood was 
obtained from normal adult rabbits, guinea 
pigs or men and allowed to clot a t  room tem- 
perature (25") for 30 min and then at  0" 
for 1 hr. It was then centrifuged at  2500g for 
20 min at  0", the supernatant sera were 
stored a t  -20" until used. Complement was 
inactivated for selected experiments by heat- 
ing the sera to 56" for 30 min. 

Cell suspensions. C3H/He J lymph nodes 
were excised and teased apart in Medium 
199-IX (M199) (Grand Island, NY) con- 
taining 0.1% bovine serum albumin (BSA) 
(Sigma). The cell suspensions were centri- 
fuged a t  200g for 5 min at 4" and washed 
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three times in BSA + M199. After the last 
wash the cells were suspended in M199. 

Labeling of cells with V r .  The suspensions 
of cells (50 X 106/1.5 ml of M199) were 
mixed with 0.2 ml of NaZ6Tr04 (1.1 mCi/ 
ml) , ( Amersham/Searle) and incubated at  
37' for 45 min. After incubation, the excess 
Naz6Tr04 solution was removed by repeated 
washing with large volumes of M199. After 
labeling, the viability of the cells was mea- 
sured by their ability to exclude trypan blue 
(24). Only suspensions with greater than 
90% viability were used. The cell suspension 
was diluted with M199 + BSA to have a con- 
centration of 10 x lo6 cells/ml. 

Incubation with neuraminidase. Vibrio 
cholerae neuraminidase (VCN) was obtained 
either from General Biochemicals, Chagrin 
Falls, OH or from Behringwerke AG, Marburg 
Lahn, West Germany. No differences in the 
two products could be detected in the previous 
(7-14) experiments, so the former material 
was used throughout this study. The VCN 
was diluted with M199 (pH 7.2). One milli- 
liter of the enzyme solution containing 50 
units of enzyme w2s mixed with 1 ml (10 x 
lo6 cells) of cell suspension such that the 
final enzyme concentration was 25 units 
VCN/5 X lo6 cells/ml and incubated at  37' 
for 1 hr. A number of investigators have pre- 
viously shown that VCN will catalyze the re- 
lease of sialic acids from the surface of nor- 
mal and malignant cells under these condi- 
tions without affecting cell viability (3, 4, 
12-14, 18, 25, 26). After incubation, the ex- 
cess enzyme was removed by repeating wash- 
ing with M199 + BSA. Inactivation of VCN 
for control experiments was carried out by 
heating at  100' for 10 min (27). 

Cytotoxicity assay. VCN treated, heat-in- 
activated VCN treated, or untreated cells 
(0.05 ml containing 5 X lo6 cells) were in- 
cubated with serially diluted sera (0.05 ml) 
in tubes for 1 hr at 37'. After incubation all 
the tubes were diluted with 1.5 ml of Ca2+ 
and Mg2+ deficient phosphate buffered saline 
(pH 7.2) and centrifuged at 800g for 5 min. 
One milliliter of supernatant was taken out 
from each tube and counted in a gamma- 
radiation counter (Gamma/Guard, Tracer 
Labs, Division of Laboratory for Electronics 

Rabbit Serum 
100- .-.-. 

I l l  - 

80 

60 

40 

20 

- 

- 

- 

- 

100 c Human Serum 

Guinea Pig Serum 
100 l- 

o VCN Treated Cells 
o Inactivated VCN 

60 Treated Cells 

I 2 4 8 16 32 64 128 

Serum Dilution 
FIG. 1. Effect of xenogeneic sera on 61Cr release 

(lysis) from V. ckolerue neuraminidase (VCN) #treat- 
ed and untreated murine lymph node cells (mean of 
three determinations). 

Inc.) and the degree of cell lysis was deter- 
mined (28). 

Serum absorption studies. Unlabeled C3H/ 
HeJ cells (0.05 ml) were incubated with 
NRS, NGPS, or NHS (0.05 ml) for 1 hr 
a t  37'. The supernatant solutions were then 
removed for cytotoxicity assay using fresh 
labeled C3H/He J lymphoid cells. 

Results. Efec t  of xenogeneic sera on neu- 
raminidase treated cells. Radiolabeled 
C3H/HeJ lymphoid cells which had been 
treated with VCN or heat-inactivated VCN 
were incubated with serially diluted normal 
rabbit serum (NRS), normal guinea pig se- 
rum (NGPS) or normal human serum (NHS) . 
Cytotoxicity was measured in terms of radio- 
active chromium release. The results are 
shown in Fig. 1. VCN treated C3H/HeJ 
lymph node cells were more easily lysed by 
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normal xenogeneic sera than those exposed 
to heat-inactivated VCN. Mouse lymph node 
cells are particularly susceptible to lysis by 
normal rabbit or human sera, and less sus- 
ceptible to normal guinea pig sera. Heat-in- 
activation of the serum complement (56", 30 
min) in each serum totally abrogated its abil- 
ity to lyse both VCN treated or inactivated 
VCN treated normal mouse lymph node cells. 

The increased lysis of VCN treated mouse 
lymph node cells by xenogeneic sera could 
be due to; (a) their known increased sus- 
ceptibility to complement mediated lysis ( 13, 
14, 29) and/or (b) an unmasking of antigenic 
determinants on their cell surfaces for which 
antibodies were present in NRS, NGPS, or 
NHS. 

Comparative ability of VCN treated cells 
and untreated cells to absorb complement fix- 
ing natural antibodies from xenogeneic sera. 
C3H/HeJ lymph node cells were incubated 
with VCN or heat-inactivated VCN. Washed, 
treated cells were then incubated with un- 
diluted NRS, NGPS, or NHS, and the super- 
natant sera were tested for their cytotoxic 
effect against normal, untreated, 51Cr labeled 
C3H/HeJ lymph node cells. The results are 
shown in Fig. 2. VCN treated cells did not 
absorb more xenogeneic complement-fixing 
antibody than did normal cells or those ex- 
posed to heat-inactivated VCN. These findings 
suggest that the number of antigenic deter- 
minants on cell surfaces which normally bind 
complement-fixing natural xenogeneic anti- 
body were not increased on the cell surface 
by VCN treatment, i.e., there was no unmask- 
ing of additional antigenic sites previously 
available on the cell surface. Furthermore, ab- 
sorption with VCN treated cells did not lead 
to a greater loss of complement from the re- 
active sera than did absorption with normal 
cells. 

I t  was possible, however, that VCN treat- 
ment led to the "unmasking" of new anti- 
genic determinants for which xenogeneic anti- 
bodies were present; such antigens may not 
be available on normal cell surfaces and are 
only exposed after treatment with VCN. To 
test this hypothesis, VCN treated or untreated 
cells were incubated with undiluted NRS, 
NGPS, or NHS and the supernatant sera were 
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FIG. 2. Residual lytic activity against C3H/HeJ 

lymphoid cells of n o m d  rabbit serum, human serum 
and guinea pig serum after absorption with V .  chol- 
erae neuraminidase (VCN) treated or untreated 
C3H/HeJ lymphoid cells. The sera were allowed to 
react with cells. After absorption, the sera were re- 
acted against normal radiochromated C3H/He J cells. 

tested for cytotoxic effect against VCN 
treated, W r  labeled C3H/He J normal lymph 
node cells. The results are shown in Fig. 3. 
Sera absorbed with VCN treated cells lost 
much of their capacity to lyse VCN treated 
cells whereas sera absorbed with untreated and 
heat-inactivated VCN treated cells retained 
much of their ability to lyse VCN treated cells. 

Discussion. Our results suggest that cells 
possess antigens not normally available for 
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FIG. 3. Residual lytic activity against V .  cholerue 
neuraminidase (VCN) treated C3H/HeJ lymphoid 
cells of normal rabbit serum, normal human serum, 
or normal guinea pig serulm after -absorption with 
VCN treated or untreated C3H/HeJ cells. The sera 
were allowed to react with cells. Afcter absorption, 
the sera were reacted against VCN treated radio- 
chromated cells. 

antibody reaction. The lysis by VCN of the 
2-3’, 2-6’ and 2-8’ a-glycosidic linkages be- 
tween the terminal sialic acids and other car- 
bohydrates on the lymphoid cell membrane 
(13) apparently unmasks those sites per- 
mitting the binding of xenogeneic antibodies. 
Though preformed xenogeneic antibodies have 
been frequently described (30-34) , the anti- 
bodies which react specifically with VCN 
treated cells appear to be reactive with anti- 
genic components not normally exposed on 

the cell surface. 
These conclusions are consistent with in- 

dependent observations of other investigators. 
VCN treated cells are highly susceptible to 
lysis by antibody and complement (12-17). 
The increased susceptibility to alloantibody 
does not seem to be due to the unmasking of 
previously defined strong alloantigens either 
in mice (12, 18-20) or in man (21, 22).  
However, Schlesinger and Amos (15) and 
Schlesinger and Gottesfeld (16) reported an 
increased capacity of VCN treated cells to ab- 
sorb the cytolytic component of guinea pig 
serum for mouse thymocytes. Most recently 
Rosenberg, Plocinik and Rogentine ( 2 1 ) and 
Reisner and Amos (22) have independently 
reported that human lymphocytes treated with 
VCN are capable of absorbing antibodies from 
both xenogeneic ( 2 1 ) and allogeneic sera (22 ) 
which react primarly with VCN treated cells 
and less well, or not a t  all, with normal cells. 
Reisner’s studies suggest that the human 
leukocyte antigens exposed by VCN are not 
related to HL-A determinants and that the 
antigens may be pan-reactive, in that both 
VCN treated monkey and human erythrocytes 
can absorb them (22). This interpretation 
may also help explain the lysis of VCN treated 
cells by autologous serum ( 14, 20, 29) since 
au tologous sera may contain antibodies against 
cellular antigens on their own cells which are 
not normally available for reaction. The re- 
lationship of this kind of phenomenon to post- 
infectious “autoimmune” hemolytic anemias 
(35) is a matter for further investigation. 

These experiments do not completely re- 
solve the question regarding the mechanism 
of the increased lysis of VCN treated cells 
(12-1 7 )  by antibody and complement. The 
complement sensi tivity of these cells may be 
increased (13, 14, 29). On the other hand, it 
is possible that the increased complement 
sensitivity of VCN treated cells in autol- 
ogous plasma (13, 14, 29) could be at  least 
partly due to the increased ability of VCN 
treated cells to bind autologous antibody to 
unmasked components on cell surfaces. The 
early report of nalmasso and Muller-Eberhard 
(36) showing that VCN facilitates the binding 
of complement to cell membranes may merely 
reflect the binding of complement to cells 
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which have already bound antibody to un- 
masked neo-antigens. It is not known, there- 
fore, if VCN treated cells have an inherently 
greater complement sensitivity unrelated to 
the antibody content of serum. Experiments 
are in progress in this regard. 

The question remains whether the serologic 
behavior of VCN treated cells helps explain 
the increased immunogenici ty of such cells in 
vivo (1-10,37,38). Increased immunogenicity 
of embryonic ( lo) ,  lymphoid (9), and tumor 
cells (1-8, 37, 38) appears to be specific for 
antigens preexisting on the cell surface. It 
is possible that the unmasking of neo-antigens 
to which the recipient has preexisting anti- 
body would augment his immune response to 
other antigens on the cell surface. For ex- 
ample, VCN treated cells are more easily 
opsonized for phagocytosis than normal cells, 
and macrophages appear to be important in 
antigen handling and/or presentation (39). 
On the other hand, the mechanisms involved 
in antigen unmasking, increased complement 
sensitivity, and increased immunogenici ty may 
be to tally independent functions of the enzyme 
altered cell surfaces. 

Summary. C3H/He J mouse lymphoid cells 
treated with Vibrio cholerae neuraminidase 
(VCN) are more easily lysed by normal rab- 
bit, normal guinea pig, and normal human 
sera than are untreated cells or cells exposed 
to heat-inactivated VCN. 

Absorption studies suggest that VCN does 
not unmask a greater number of previously 
available xenogeneic specificities on the cell 
surface. Instead, VCN appears to unmask 
new antigens for which preformed antibodies 
also exist in xenogeneic sera. 
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