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Summary. Although cell membranes have potent inhibitors 
which protect the activation of complement on the self cell 
membranes, some viruses have been shown to activate 
complement via the alternative pathway on the virus-in- 
fected cells. Tumour cells have been made reactive to ho- 
mologous complement following treatment with such vi- 
ruses and became highly immunogenic to syngeneic host 
guinea pigs and mice. Vaccinia virus (VV) made murine 
tumour cells highly immunogenic thus generating comple- 
ment activating capacity on the infected cells. Since it has 
been suggested that VV can make some human tumour 
cells immunogenic to the cancer patients, we examined VV 
to see if the virus also has the capacity to make human tu- 
mour cells reactive with homologous human complement. 
Our present results indicate that not only is this the case 
but ultraviolet-treated VV also has the same effect. 
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Introduction 

Although the alternative complement pathway can be acti- 
vated in the absence of antibodies or foreign substances 
[5], activation on the membranes of homologous normal 
cells is strictly regulated [9, 11, 13]. It has been demonstrat- 
ed that restriction of the complement reaction on homolo- 
gous cell membranes is due to the presence of membrane 
inhibitors which preferentially inhibit the alternative path- 
way of homologous complement [9, 11, 13]. Since those 
membrane inhibitors also exist on most tumour cells, acti- 
vation of the alternative complement pathway homolo- 
gous to those tumour cells is also suppressed. However, 
some virus infections have been demonstrated to induce 
reactivity to the alternative complement pathway [4, 7, 8, 
10, 12, 16] on the infected cells. Tumour cells which have 
become reactive to complement following such virus treat- 
ment would induce inflammation around the tumour cells 
as a result of complement activation which generates che- 
motactic factors and vascoactive peptides [2]. In the locus 
of inflammation, polymorphonuclear leucocytes (PMN) 
and macrophages are activated to release mediators which 
stimulate lymphocyte response [6, 14]. Furthermore, the vi- 
ral antigens on the virus-treated cells might work as anti- 
genic determinants for helper T cells which support the 
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generation of cytotoxic T killer cells [15]. Therefore, we ex- 
pected that the tumour cells in the inflammation locus 
might be efficiently recognized by the immune system. Our 
experiments on guinea pig turnout cells [13] have demon- 
strated that this would be the case. Furthermore, vaccinia 
virus (VV), which can make murine turnout cells highly 
immunogenic [15], has been demonstrated to make the in- 
fected mouse tumour cells reactive with homologous 
mouse complement [17]. Since VV has been shown to in- 
crease the immunogenicity of human tumour cells to the 
autologous host in some patients [1], we investigated if VV 
has the capacity to make human tumour cells reactive with 
homologous human complement. 

Materials and methods 

Virus. The Ikeda strain of VV, formerly used as a seed vi- 
rus for smallpox vaccine in Japan, was grown in HeLa 
cells and purified after Joklik [3] with a slight modifica- 
tion. The purified virus had an infectious titer of 1 × 10 9 

plaque forming units (PFU)/ml and was frozen at - 80 ° C 
until use. Ultraviolet (UV)-irradiated VV (UV-VV) was 
prepared by irradiation with UV of 2 x 10 4 erg/cmZ/per s 
for 5 rain. The amount of UV-VV was expressed in terms 
Of PFU equivalent (PFUeq) which indicates the PFU be- 
fore UV irradiation. 

Cells. C24 is a human melanoma cultured cell line which 
had been cloned from Seki melanoma in the 24th genera- 
tion by Dr. M. Shimoyama (National Cancer Center, 
Tokyo). The C24 cells were maintained in RPMI 1640 
medium (Microbiological Ass., Bethesda, Md.) 
supplemented with 10% fetal calf serum (FCS) (Microbio- 
logical Ass., Bethesda, Md.), glutamine and antibiotics 
(100 units/ml penicillin and 100 ~tg/ml streptomycin). 

Treatment o f  tumour cells with VV or UV-VV. C24 cells 
washed with plain RPMI 1640 were infected with VV at 10 
PFU/cell and incubated at 37 ° C. Alternatively, C24 cells 
were incubated with UV-VV at 10 PFUeq/cell at 37 ° C for 
4 and 12 h. 

Diluents. Gelatin veronal buffered saline (GVB) contained 
0.1% gelatin, 148 mM NaC1 and 10 mM veronal buffer 
(pH 7.4). Mg-EGTA-GVB was prepared by mixing 9 vo- 
lumes of GVB and 1 volume of a solution containing 
20 mM MgC12 ans 100 mM ethyleneglycol-bis([3-amino- 



ethyl e ther)N,N'- te t raacetate  (EGTA).  EDTA-GVB was a 
mixture of  9 volumes of  GVB and 1 volume of  100 m M  
ethylenediaminete t raaceta te  (EDTA).  

Human plasma. A heal ty 2-year-old Rh ( + )  child with 
b lood  type 0 was selected as a source of  p lasma  comple-  
ment  since his serum conta ined no anti-VV ant ibody  de- 
tectable either by the haemagglut ina t ion  inhibi t ion test 
with chicken erythrocytes or by the immunof luoresce in  
test with acetone-f ixed vero cells (a cell line der ived from 
green monkey  kidney cells) which had  been infected with 
VV. The child was bled by venipuncture  with his parent ' s  
agreement  and used as a source of  complement  for in vitro 
experiments.  The b lood  was di luted immedia te ly  with an 
equal volume of  M g - E G T A - G V B  or EDTA-GVB.  The 
b lood  cells were removed by centr i fugat ion and human 
p lasma  (HP) in Mg-EGTA-GVB and EDTA-GVB was 
prepared.  The HP was at a 1:3 di lut ion in the respective 
diluents since the haematocr i t  of  the b lood  was approxi -  
mately 50%. The HP was a l iquoted and frozen at - 8 0 ° C  
unitl  use. 

Detection of complement activation. Complemen t  activa- 
t ion on test cells was evaluated by the deposi t ion  of  C3 
fragments  on the cell membranes  as a result of  comple-  
ment  activation.  The depos i ted  C3 was detected by immu- 
nof luorescence with f luorescein i sothiocyanate  (FITC)- la-  
bel led  an t ibody  to C3 (FITC-ant iC3)  as follows. Test cells 
at 5 x 106/ml in GVB were incubated  with an equal vo- 
lume of  HP in M g - E G T A - G V B  or  EDTA-GVB at 37°C 
for 30 min and washed twice with EDTA-GVB supple-  
mented  with 0.1% sodium azide (EDTA-GVB-Azide) .  The 
washed cells were incubated  with 15 ~tl of  10 m g / m l  nor-  
mal sheep IgG to block Fc receptors,  if  any,  and then 
mixed with 20 ~tl of  FITC-ant iC3 (Cappel  Lab., Chochran-  
ville, Pa., USA) di luted 1:10 in EDTA-GVB-Azide .  After  
incubat ion  at 37°C for 30 min, the t reated cells were 
washed with EDTA-GVB-Azide  and the extent of  fluores- 
cein staining was de te rmined  using an ul t raviolet  micro-  
scope and f luorocytometry.  F luorocytomet r ic  analysis was 
per formed  on a FACS analyzer  IV (Becton Dickinson,  
Mounta in  View, Calif., USA) with immunof luorescence  
measured on a logar i thmical ly  ampl i f ied  scale. 

Direct effect on VVofHP. A 50 I.tl sample  of  2 x 109 P F U /  
ml of  VV was mixed with 150 ~tl of  HP or heat - inact ivated 
HP (56 ° C for 1 h) in Mg-EGTA-GVB or EDTA-GVB.  Af- 
ter 1 h incubat ion at 37 ° C, the react ion mixtures were di- 
luted in plain Eagle 's  min imum essential med ium (MEM) 
and 0.1 ml of  each di lut ion was spread on vero cells in a 
24-well plate  (Falcon,  Cockeysvil le ,  Md.,  USA) which was 
then incubated  at 37°C for 1 h to adsorb  the virus to the 
cells. Fol lowing removal  o f  virus solution,  2 ml of  agar  
medium consist ing of  MEM,  2% FCS and 0.8% agar  was 
added.  The plate  was incubated  at 37 ° C in a CO2 incuba-  
tor  for 3 days,  and  then over layed with a second agar  me- 
d ium consist ing of  MEM,  0.8% agar  and 0.1% neutral  red 
to each well. After  2 h incubat ion,  the number  of  plaques 
were counted.  

Resu l t s  

C24 cells infected with VV (10 PFU/ce l l )  were harvested 
after  1, 4, 12, 24 and 48 h incubat ions  at 37 ° C. The t reated 

Table !. C3 deposition on vaccinia virus (VV)-infected C24 cells 
following human plasma treatment 

Pretreatment 
with human 
plasma in 

% of fluorescein isothiocyanate (FITC)-antiC3 
stained cells ~ infected for 

0 b 1 4 12 24 48 (h) 

Mg-EGTA-GVB 0 0.8 1.3 5.0 15.4 30.2 (%) 
EDTA-GVB 0 0 0 0 0.5 1.0 

~' % of stained cells was determined using flow cytometry 
b C24 cells were not mixed with VV 

Table 2. C3 deposition on ultraviolet (UV) VV-treated C24 cells 
following human plasma treatment 

Dose of UV-VV 
(PFUeq/cell) 

FITC-antiC3 stained cells" following 
human plasma treatment in 

Mg-EGTA-GVB EDTA-GVB 

o o (%) o (%) 
1 0.8 0 

10 1.7 0 
100 4.8 0 

% of stained cells was determined using flow cytometry 

cells were suspended at 5 × 106/ml in Mg-EGTA-GVB or 
EDTA-GVB and mixed with an equal volume of  HP in 
Mg-EGTA-GVB or in EDTA-GVB.  The mixtures were in- 
cubated at 37 ° C for 30 rain and the cells washed to deter- 
mine  the amount  of  C3 deposi ted  on the cell membranes  
as a result o f  complement  activation.  As shown in Table 1, 
VV-infected C24 cells had the capaci ty  to activate human 
complement  via the al ternative pa thway and the capaci ty  
was t ime-dependent .  To determine if UV-VV was also able 
to induce complement  reactivi ty on tumour  cells, C24 cells 
were t reated with UV-VV for 4 h. UV-VV also had the ca- 
pac i ty  to induce reactivi ty to complement  on the melano-  
ma  cells (Table 2). It required 4 h incubat ion to induce 
complement  activating capaci ty  on the UV-VV infected 
cells. However  further incubat ion up to 24 h did  not  in- 
crease the capacity.  

It was conceivable  that  the complement  activating ca- 
paci ty  on the VV-treated tumour  cells might be due to the 
complement  act ivat ion by viral  part icles generated on the 
infected cell membranes .  I f  the VV had the capaci ty  to ac- 
t ivate human complement  directly,  VV may be inact ivated 
by  human complement .  Therefore we incubated  VV with 
HP in Mg-EGTA-GVB and evaluated the infectivity o f  VV 
after the incubat ion.  Since essentially no reduct ion in in- 
fectivity was noted,  VV part icles had  no direct  reactivity to 
hards  human complement .  

D i s c u s s i o n  

Since virus infection of  tumour  cells generates virus-relat-  
ed antigens on the infected cells, the antigens may act as 
ant igenic determinants  for helper  T cells which may sup- 
por t  the p ropaga t ion  and different ia t ion of  effector T cell 
as well as B cells specific to the tumour  antigens on the 
cells [15]. Fur thermore ,  if  virus infect ion has the addi t ional  
capaci ty  to make the infected tumour  cells reactive with 



homologous  complement ,  an in f lammatory  react ion 
would  occur at the inocula t ion site of  the virus-infected tu- 
mour  cells because complement  act ivat ion generates in- 
f lammatory  mediators  such as chemotact ic  factors and an- 
aphylatoxins  [2]. Thus the in f lammat ion  generated might 
p romote  the host 's  immune  response to the tumour  cells 
since P M N  and macrophages  accumulated  and act ivated 
at the inf lammat ion  locus release mediators  such as inter- 
leukin 1 which stimulates prol i fera t ion of  lymphocytes  [6, 
14]. Therefore,  we ant icipate  that  the complement  activat- 
ing capaci ty  on tumour  cell membranes  induced by virus 
infection would efficiently st imulate the immune  response 
to the tumour  antigens caused by the effect of  helper  T 
cells which interact  with the viral antigens on the cell 
membranes.  We have demonst ra ted  that  Sendai virus-in- 
fected guinea pig tumour  cells [13] became reactive with 
homologous  complement  and highly immunogenic .  The 
effect of  complement  react ion on tumour  cells in vivo was 
verified by growth of  Sendai  virus-treated tumour  cells in 
guinea pigs depleted of  complement  by adminis t ra t ion  of  
cobra  venom factor [13]. 

Since VV infection of  murine  tumour  cells made  them 
so immunogenic  perhaps  VV might also make human tu- 
mour  cells immunogenic .  Some pre l iminary  trials to treat  
cancer  patients with VV-infected tumour  cell vaccines 
have indicated that  the vaccines may be able to induce an 
immunologica l  response to the tumours  in some instances 
[1]. We ant ic ipated that  VV might have increased the im- 
munogenici ty  of  tumour  cell vaccine by inducing the ca- 
pac i ty  to make human  me lanoma  cells reactive to homolo-  
gous human complement .  Advantageously ,  the present  re- 
sults demonst ra ted  that  VV and UV-VV can make C24 hu- 
man  melanoma cells reactive to homologous  complement .  
The same result was also obta ined  in experiments  with 
Molt  4F cells, a cul tured T cell leukaemia  cell line (data  
not  shown) indicat ing that  the phenomenon  described here 
is not  par t icular  to C24 cells. 
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