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Summary. Augmented tumor-specific T cell responses 
were observed against the high metastatic murine lympho- 
ma variant ESb when using as immunogen ESb tumor 
ceils that had been modified by infection with a low dose 
of Newcastle disease virus (NDV). Such virus-modified in- 
activated tumor cells (ESb-NDV) were potent tumor vac- 
cines when applied postoperatively for active specific im- 
munotherapy of ESb metastases. We demonstrate here that 
immune spleen cells from mice immunized with ESb-NDV 
contain enhanced immune capacity in both the CD4 +, 
CD8-  and the CD4-,  CD8 + T cell compartments to mount 
a secondary-tumor-specific cytotoxic T cell response in 
comparison with immune cells from mice immunized with 
ESb. ESb-NDV immune CD4 +, CD8-  helper T cells also 
produced more interleukin 2 after antigen stimulation than 
the corresponding ESb immune cells. There was no parti- 
cipation of either CD4 ÷ or CD8 + virus-specific cells in the 
augmented response. The specificity of the T cells for the 
tumor-associated antigen remaind unchanged. Thus, there 
is the paradox that the virus-mediated augmentation of the 
tumor-specific T cell response in this system involves in- 
creased T helper activity but does not involve the recogni- 
tion of viral epitopes as potential new helper determinants. 

Introduction 

In previous studies we have demonstrated that CD4 + help- 
er T cells were required (a) to establish resistance in 
DBA/2 mice against the syngeneic highly metastatic lym- 
phoma ESb and (b) to develop an ESb-specific cytolytic 
T lymphocyte (CTL) response in vitro mediated by CD8 ÷ 
T cells [22]. Furthermore, it could be shown that viral modifi- 
cation of ESb tumor cells by a low dose of Newcastle dis- 
ease virus (NDV) increases tumor immunogenicity in vivo 
[25] and the tumor-specific CTL response after sensitiza- 
tion in vivo and restimulation in vitro [24]. In a sensitive 
limiting-dilution, mixed leukocyte/tumor cell microcul- 
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ture system it was possible to demonstrate that viral modi- 
fication led to a selective augmentation of the frequency of 
tumor-specific CTL clones. No CTL clones directed 
against viral antigens or new antigenic determinants were 
detectable [14]. 

The present study aimed at elucidating whether viral 
modification affected only CD8 ÷ cytotoxic T cells or also 
CD4 + helper T cells. The experiments involve the use of 
CD4- or CD8-depleted immune spleen cells from mice im- 
munized with ESb or ESb-NDV cells and analyzing the 
specificity and the capacities to produce IL-2 and to coop- 
erate in the CTL response. The data will be discussed also 
in the context of the design of virus-modified tumor vac- 
cines for immunotherapeutic application. 

Materials and methods 

Mice. DBA/2 mice 8-10 weeks of age were obtained from 
Charles River (Sulzfeld, FRG) and NMRI (nu/nu) mice 
from Bomholtgard (Denmark). 

Antibodies and tumor cells. The rat monoclonal antibodies 
GK1.5 [6], RL172.4 [4] and 3.168.81 [20] were used after 
precipitation of ascites fluid from NMRI  (nu/nu) mice 
with 40% ammonium sulfate. The DBA/2-mouse-derived 
tumor line ESb is a spontaneous, highly metastatic variant 
of the methylcholanthrene-induced T cell lymphoma 
L 5178YE (Eb). The tumor cell lines Eb and ESb were pas- 
saged in RPMI 1640 (Gibco) containing 10% FCS [13]. 

Immunization o f  mice. DBA/2 mice were immunized 
by injection into the external ear of either 5 × 10 4 ESb or 
ESb-NDV cells or 2 x 105 syngeneic spleen cells coupled 
with NDV (SSC-NDV). Four to eleven days later their 
spleen cells were tested for anti-tumor cytotoxic activity 
after restimulation in vitro. 

In vitro induction o f  CTL. Nine days after priming the 
spleens were removed and CD4 + or CD8 + cells were eli- 
minated by monoclonal antibody (mAb) and complement 
treatment as described below. Untreated, CD4- or 
CD8-depleted spleen cells (1.5x 10 7) w e r e  restimulated 
with 1.5 x 10 6 inactivated ESb tumor cells (80 ~g/ml mi- 
tomycin C, from Roth, Karlsruhe, FRG, for 1 h at 37 ° C) 
for 5 days in 7 ml complete culture medium. Tumor-specif- 
ic cytotoxicity was then determined in a standard 4-h 
51Cr-release assay [13] against ESb and Eb tumor target cells. 
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For reconstitution of bulk cultures depleted of CD4 + cells 
either 1.2 × 10 7 CD8- or 3 × 10 6 C D 8  + spleen cells were 
added to 1.2 x 10 7 CD4-  spleen cells. CD4 + spleen cells 
were prepared as follows: spleen cells of normal and im- 
munized DBA/2 mice were enriched for T cells by passage 
over a nylon-wool column and CD8 + cells were eliminat- 
ed by treatment with mAb 3.168.81 and complement [22]. 

Elimination of CD4 + and CD8 + splenoeytes. CD4 + spleno- 
cytes were eliminated by sequential incubation with a mix- 
ture of mAbs GK1.5 ( IgGzb)  and RL 172.4 (IgM) (ascites 
fluid diluted 1:100) and rabbit complement (Cedar- 
lane Laboratories, Hornby, Canada, final dilution 1:20; 
2 ml/108 cells). For elimination of CD8 + cells, the mAb 
3.168.81 (IgM) (ascites fluid diluted l:100) was used. The 
efficiency of elimination was determined 4 days later by 
indirect immunofluorescence using the mAbs anti-CD4 
(GK1.5), anti-CD8 (clone 53-6.7) [5] and anti-Thyl.2 
(clone 30H12) [5] and, as second-stage reagent, a fluores- 
cein-isothiocyanate-conjugated mouse anti-(rat ~; chain) 
mAb. The number of CD4 +- or CD8+-positive cells was 
reduced by more than 98% following the respective anti- 
body treatment. The reduction of Thyl.2 + cells corre- 
sponded to the proportion of the respective T cell subsets. 

Virus propagation and infection. A stock of Newcastle dis- 
ease virus of the avirulent strain Ulster was kindly pro- 
vided by Dr P. J. Russel (Royal Veterinary College, Lon- 
don, UK) [10]. Virus was grown in tlae allantoic cavity of 
10-day-old embryonated chick eggs. After 60 h at 36 ° C, al- 
lantoic fluid was collected and freed of debris by centrifu- 
gation at 800 g for 15 min. Further purification was 
achieved by centrifugation at 50000 g for 1 h. Virions were 
finally suspended in phosphate-buffered saline with 0.1% 
EDTA and stored at - 70 ° C. For virus infection of stimu- 
lator or target cells 10 7 tumor or spleen cells were incubat- 
ed for 1 h at 37 ° C with 160 HAU NDV and washed three 
times with phosphate-buffered saline. 

Determination of  IL-2 amount in CD8- bulk cultures. The 
amount of IL-2 in CD8-  bulk culture supernatants was de- 
termined by measuring the proliferation of the IL-2-de- 
pendent growing T cell line w2 [18]. Surviving cell num- 
bers were determined by the enzymatic cleavage of the 
tetrazolium salt MTT [3-(4,5-dimethylthiazol-2-yl)-2.5-di- 
phenyltertazolium salt; Sigma no. M2928], which produces 
a dark-blue-coloured formazan derivative [17]. MTT clea- 
vage was proportional to the cell number. In brief: 10 4 W2 
cells were incubated with different dilutions of bulk cul- 
ture supernatants in 96-well flat-bottom plates in a final 
volume of 200 ktl/well. After 2 days 100 l.tl medium was re- 
moved and 20 ~xl MTT solution (5 mg/ml in phosphate- 
buffered saline) was added to each well. After 4 h 100 lxl 
acidic isopropanol (40 ml 1 N HCL in 1000 ml isopropa- 
nol) was added to the wells and optical density was mea- 
sured at 540 nm and 620 nm using a Flow MicroELISA 
reader. In the figures the difference between 540 nm and 
620 nm was plotted [11]. The recombinant IL-2 (rIL-2) 
used as a standard was kindly provided by Sandoz, Vien- 
na, Austria. It could be shown that the number of surviv- 
ing w2 cells was proportional to the IL-2 concentration. 
The results were calculated as "lab units" according to 
the method of Gillis et al. [9], the linear part of the curves 
being used for linear regression analysis. 

Results 

CD4 + T cell requirement for augmentation of the 
CTL response to ESb-NVD 

We showed in previous studies that modification of ESb 
tumor cells by infection with a low dose of NDV allows 
the production of a potent tumor vaccine, which can be 
used for postoperative immunotherapy of ESb microme- 
tastases [12, 24]. The following experiments were perform- 
ed to analyze the effects of viral modification on the tu- 
mor-specific immune response with regard to T helper cell 
involvement. Animals were immunized against either 
ESb-NDV or against ESb tumor cells alone. Nine days 
later the immune spleen cells were depleted of CD4 + cells 
and tested together with unfractionated immune cells for 
their capacity to mount a secondary-tumor-specific cyto- 
toxic T cell (CTL) response after in vitro restimulation with 
either ESb-NDV or ESb stimulator cells. The results are 
shown in Fig. 1. First it can be seen that the CTL activity 
of immune cells, sensitized and restimulated against 
ESb-NDV, was greatly augmented in comparison to that 
of immune cells sensitized and restimulated against ESb 
alone (cf. groups VII and I). Second, when CD4 + cells were 
depleted by pretreatment with the mAb GK1.5 and com- 
plement, the responses against unmodified tumor cells 
(group II) as well as the augmented response against virus- 
modified tumor cells (group VIII) were abrogated. There 
was thus a strict CD4 + T cell requirement both for the nor- 
mal anti-tumor CTL response and for the increased 
response achieved by viral modification. The results in 
Fig. 2 also show that the cytolytic activity generated in the 
CD4+-depleted cultures correlated inversely with the 
amount of antibody that was used together with comple- 
ment to deplete the cultures. The higher the dilution of 
GK1.5 mAb, the more CD4 + cells remained and the higher 
was the CD8 + T-cell-mediated anti-tumor CTL response. 

Comparison of  CD4 + .~nd CD8 + immune cells from 
ESb- or ESb-ND V-immunized mice in the cooperative 
CTL response 

To investigate the function of CD4 + and CD8 + cells in the 
immune response against virus-modified ESb cells we per- 
formed the following experiments. Spleen cells of ESb- or 
ESb-NDV-immunized DBA/2 mice were depleted of ei- 
ther CD4- or CD8-positive cells, and combinations of such 
treated spleen cells were restimulated in vitro with ESb 
stimulator cells and assayed for CTL activity. 

As can be seen from the control results displayed in 
Fig. 3, elimination of CD4- or CD8-positive cells totally 
abolished the in vitro CTL response of ESb- or ESb-NVD- 
immune cells. Tumor-specific CTL responses could be re- 
constituted, however, when CD4-depleted immune cells 
were coincubated with CD8-depleted immune cells in the 
presence of ESb stimulator cells. The extent of the CTL re- 
sponse was dependent on whether the cells were derived 
from ESb- or ESb-NDV-immune animals. A combination 
of CD4- and CD8-depleted spleen cells from ESb-NDV- 
immune animals showed the highest response, and those 
from ESb-immune mice, the lowest. An intermediate re- 
sponse was obtained from cocultures in which one T cell 
subpopulation was from ESb-immune and the other, from 
ESb-NDV-immune mice. These results thus clearly dem- 
onstrate that viral modification affected both CD4 + and 
CD8 + T cell subpopulations and that these subpopulations 
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Fig. 1. Effect o f  el imination of  CD4 + cells on the augmented  CTL 
response  after sensitization in vivo a n d / o r  rest imulat ion in vitro 
with virus-modif ied ESb tumor  cells. D B A / 2  mice were sensitized 
against  ESb (1 ° ESb) or ESb-NDV (1 ° ESb-NDV)  cells by inocula- 
t ion o f  5 × l04 live cells into the external ear. Nine  days later im- 
mune  spleen cells were p repared  and CD4 ÷ cells were el iminated 
as described. Normal  splenocytes and splenocytes t reated with 
mAb GKI .5  1:100 + complemen t  (C') were rest imulated with ESb 
(2 ° ESb) and ESb-NDV (2 ° ESb-NDV)  cells for 5 days. The anti-tu- 
mor  cytotoxicity was de termined  in a 4-h 5]Cr-release assay. The 
s tandard  deviat ion of  the ari thmetic mean of  three -eplicates was 
< 7%. This figure shows the lysis o f  ESb targets. Identical  values 
were obta ined for ESb-NDV cells. The lysis was ESb- tumor-spe-  
cific since a similar tumor  line with a different  tumor  antigen (Eb) 
was not  lysed 

Group 

J ! norrnol 

t o  

m 

6 30 
Q. 
to 

60 II 
CK1,5 1:100 

1][ @ GKI.5 1;1000 

50 

0 

40 

20 

10 

0 I i I 
50:1 25:1 12:1 6:1 

k i l l e r / t o rge t  roUo 

Fig. 2. Effect of elimination of CD4 + cells on the tumor-specific 
secondary CTL response in vitro: dependence on the amount of 
anti-CD4 ÷ antibody. DBA/2 mice were immunized with 5 x 104 
live ESb tumor cells intra pinna. After 9 days their spleens were 
removed and CD4 ÷ cells were eliminated with different dilutions 
of mAb GK1.5 in phosphate-buffered saline plus complement as 
described in Materials and methods. Untreated and GK1.5-treated 
splenocytes were restimulated with mitomycin-C-inactivated ESb 
cells for 5 days. Cytotoxicity was determined in a 4-h 51Cr-release 
assay using the parental tumor line Eb, ESb and ESb-NDV cells 
as targets. Spontaneous 51Cr release was < 10%. The values repre- 
sent the arithmetic mean of three cultures with standard deviation 
< 10%. The figure shows the lysis of ESb cells. Identical values 
were obtained with ESb-NDV target cells, while unspecific lysis 
of Eb cells was < 5% 

synergize, thereby giving rise to the augmented tumor-spe- 
cific CTL response. 

Comparison of  CD8- immune cells from ESb- or 
ESb-ND V-immunized mice with regard to IL-2 production 

Previous studies revealed that the defective CTL response 
in ESb-immune,  CD4-depleted spleen cells could be re- 
constituted not  only with CD4 + cells but also with 
rlL-2 [22]. In order to compare the capacity of CD4 + im- 
mune  helper cells to produce IL-2 after antigen contact we 
tested in the following experiments C D 8 -  spleen cells from 
ESb- or ESb-NDV-immunized mice for their ability to 
produce IL-2 after stimulation with ESb or ESb-NDV 
tumor cells. 

Supernatants from bulk cultures of C D 8 -  spleen cells 
of ESb- or ESb-NDV-immune mice, cocultured for 4 days 
with ESb or ESb-NDV, were tested for IL-2 content by ad- 
ding them to the IL-2-dependent  T cell line w2. After 24-h 

incubat ion the amount  of w2 was determined by measur- 
ing the enzymatic cleavage of the tetrazolium salt MTT. 

Figure 4a, b shows that immunizat ion and restimula- 
t ion with ESb-NDV (I) cells causes twice as much IL-2 
product ion (6.5 units per culture) as immunizat ion and re- 
stimulation with ESb cells alone (II) (3 units per culture). 
Besides the increased precursor CTL frequency [14], this 
increased IL-2 production may be a reason for the aug- 
mented CTL response. 

No participation of  virus-specific CD4 + cells 

The following experiments addressed the question as to 
whether the increased product ion of IL-2 and of CTL ac- 
tivity (Fig. 3) by ESb-NDV-immune cells was due to the 
participation of virus-specific CD4 + T cells. Such cells 
could have been activated after in vivo immunizat ion and 
in vitro restimulation with ESb-NDV cells. 

To exclude differences in the number  of CD4 + cells in 
spleen cells after pr iming with normal  or modified tumor 
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Fig. 4a, b. IL-2 production of CD8--immune splenocytes restimulated with ESb or ESb-NDV tumor cells• a DBA/2 mice were immu- 
nized with ESb cells and CD8- splenocytes were restimulated with ESb-NDV (I) or ESb (II) cells. After 4 days supernatants of these 
cultures were added to the IL-2-dependertt growing T cell line w2. b DBA/2 mice were immunized with ESb-NDV (I) or ESb ([I) cells 
and restimulated with ESb cells. IL-2 production was assayed as in a. Supernatants of bulk cultures not restimutated with ESb or ESb- 
NDV cells induced no proliferation of w2 cells. 

cells, and to eliminate a possible influence of macrophages 
on the CTL response, CD4 + cells were purified as de- 
scribed [22]. We added 3 x  106 CD4 + spleen cells to 
1.2 x t07 C D 4 -  spleen cells and they were restimulated in a 
bulk culture. Table 1 contains the results of CTL activity in 

terms of lytic units per culture of cocultures of differently 
immunized CD4-positive and -negative spleen cells. C D 4 -  
spleen cells from ESb-immune mice alone showed nearly 
no CTL activity, regardless of what cells were used for re- 
stimulation (Table 1, group I). The response could be 
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Table 1. Reconstitution of the CTL activity of ESb-immune, CD4- splenocytes with CD4 + immune cells from mice sensitized against 
ESb, ESb-NDV or syngeneic spleen cells plus NDV (SSC-NDV)~ 

Group Immune cells CTL activity (lytic units/culture) after restimulation with 

ESb ESb-NDV ESb + SSC-NDV 

I ESb, CD4- 0.8 0.1 0.7 
II ESb, CD4 +ESb, CD4+ 5.6 14.3 6.4 
III ESb, CD4- + ESb-NDV, CD4+ 10.6 23.8 9.6 
IV ESb, CD4- + SSC-NDV, CD4+ 0.3 1.7 1.2 

a DBA/2 mice were immunized with ESb cells, their spleens removed after 9 days and CD4 + cells eliminated. These cells (ESb, CD4-) 
were reconstituted with CD8- (CD4 +) cells of differently immunized mice and the cocultures were restimulated with ESb, ESb-NDV 
and SSC-NDV. Reconstitution and preparation of CD4 + cells is described in Materials and methods. Unspecific lysis of Eb cells was 
< 10%, spontaneous 5~Cr release from ESb cells was < 12%. The values show lytic units per culture with ESb cells as targets. Identical 
values were obtained for ESb-NDV target cells. Lytic activity was calculated as described in Materials and methods and Fig. 3 

reconstituted by the addit ion of CD4 + helper cells from 
ESb- or ESb-NDV-immune mice (groups II and III). 
CD4 + cells from ESb-NDV-immune mice (group III) gave 
a higher response than CD4 + cells from ESb-immune mice 
(group II) when restimulated with ESb cells. 

Coculture with CD4 + cells from mice immunized 
against NDV-spleen cells (SSC-NDV) induced no anti- 
ESb CTL response after restimulation with ESb or 
ESb-NDV cells (group IV). This suggests that the amount  of 
NDV used to modify the ESb cells or the normal  spleen 
cells (160 hemagglutination units/107 cells) does not in- 
duce virus-specific CD4 + helper cells. Also, when 
SSC-NDV were used as stimulator cells together with ESb 

cells there was no virus-specific helper effect to be seen in 
any of the cocultures (groups I I - I V ,  cf. E S b +  SSC-NDV 
and ESb-NDV). 

Nevertheless, when the same spleen cell combinations 
(groups II and III)  were restimulated with ESb-NDV cells 
the CTL response was augmented in comparison to using 
ESb stimulator cells (cf. ESb-NDV and ESb). Identical 
values were obtained for ESb and ESb-NDV target cells. 
Thus, no virus specificity was detectable either at the tar- 
get cell level or at the stimulator cell level; and at on the 
effector cell level, no virus-specific T helper cells or 
precursor CTL were detectable under  these immunizat ion 
condit ions [14]. 
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Fig. 6. Induction of CTL activity in CD4- splenocytes by CD8- 
spleen cells taken at different times after immunization with ESb 
or ESb-NDV cells. DBA/2 mice were immunized for 9 days with 
ESb cells and CD4 + cells were eliminated from their spleen cells. 
These CD4- splenocytes were reconstituted with CD8- DBA/2 
splenocytes immunized for 0, 2, 4, 7, 9, 11 and 13 days with ESb 
or ESb-NDV cells and restimulated with ESb stimulator cells. 
Spontaneous S~Cr release of ESb cells was < 12% and unspecific 
lysis of the parental Eb tumor was < 6% maximal release. The fig- 
ure shows lytic units per culture with ESb cells as targets. Identi- 
cal values were obtained for ESb-NDV target cells 



27 

In spite of the absence of virus-specific CD4 + cells, 
ESb-NDV-immune CD4 + cells contained more helper ac- 
tivity than ESb-immune CD4 + cells (cf. groups II and III, 
ESb), and ESb-NDV stimulator cells were more immuno- 
genic than ESb cells (cf. ESb-NDV with ESb of groups II 
and III). 

Time course o f  CD4 + and CD8 + immune cell activation 
in vivo after immunization with ESb or ESb-ND V 

Because of the different CTL activity at the peak of the re- 
sponse after immunization with ESib or ESb-NDV cells, 
we tried to analyze the time course of CD4 + T helper cell 
and CD8 + precursor CTL activation. Figure 5 shows the 
overall CTL activity of ESb-restimulated bulk cultures of 
immune DBA/2 spleen cells at different times after in vivo 
immunization with ESb or ESb-NDV cells. The maximum 
of the CTL response in both cases was seen with spleen 
cells from day 9, but the extent of the response of 
ESb-NDV-immune cultures was increased threefold in com- 
parison with ESb-immune cells. The ESb-NDV-immune 
response was higher over the whole time course, and a com- 
parison of the two areas of activity revealed a threefold 
higher total CTL activity. 

Similar results were obtained when we investigated the 
time course of CD4 + immune helper cell activation. The 
activation of CD4 + cells was determined as CTL activity 
obtained from bulk cultures where CD4-  spleen cells from 
9-day ESb-immune cells were combined with CD4 + spleen 
cells from mice taken at different times after immunization 
with either ESb or ESb-NDV cells (Fig. 6). When mice 
were immunized with ESb-NDV cells the immune helper 
cell activity was higher and could be detected earlier than 
after immunization with ESb cells alone. 

Discussion 

In a previous report we documented that CD4 + cells were 
required for induction of tumor resistance following intra 
pinna inoculation of 5 × 104 live ESb tumor cells in synge- 
neic mice. CD4 + immune cells were also necessary to en- 
able ESb-immune spleen cells to mount a secondary-tu- 
mor-specific cytotoxic T cell response in vitro [22]. The 
CTL response could be augmented by using NDV-modi- 
fled tumor cells as immunogen [25]. Here we have demon- 
strated that the augmented CTL response is strictly depen- 
dent on the presence of immune CD4 + T helper cells. 
Moreover, the CD4+-mediated heltz, er activity was itself 
affected by virus modification of the tumor cells. After im- 
munization or restimulation with ESb-NDV the helper 
cells produce more IL-2 and induce a higher CTL activity 
than after immunization or restimulation with ESb cells. 
The specificity of the CTL response was not changed at all. 
CD4 + cells, immunized with virus-modified syngeneic 
spleen cells, were not capable of inducing a CTL response 
when cocultured with ESb-NDV-immune CD4-  spleen 
cells and restimulated with ESb or ESb-NDV cells. This 
showed that no virus-specific helper cells were involved. 
The CTL response and the "helper activity" could be aug- 
mented even when ESb-NDV cells were used only once, 
either for immunization in vivo or for restimulation in vi- 
tro. But ESb-NDV cells or syngeneic spleen cells coupled 
with NDV induced no CTL activity in vitro in primary 
mixed lymphocyte/tumor cell cultures. Immunization and 
restimulation with ESb and/or  ESb-NDV cells was found 

necessary for induction and expression of tumor-specific 
immunity in both T cell compartments, the CD4 + T-helper 
cell compartment and the CD8 + CTL compartment. Since 
we could not detect any virus specificity we assume that 
the T-helper response of CD4-positive immune cells is tu- 
mor-specific just like the precursor CTL response of 
CD8-positive cells [14]. We showed before that ESb tumor 
cells express a distinct tumor-associated transplantation 
antigen, which induces protective immunity in vivo and 
tumor-specific CTL in vitro [2]. The recognition of the tu- 
mor-associated transplantation antigen on ESb target cells 
by CTL was restricted by the K ° class I MHC molecule [1]. 
The same or a different tumor-associated epitope may as- 
sociate on antigen-presenting cells with a class II MHC 
molecule and be recognized by tumor immune T helper 
cells. This assumption is supported by the observation that 
anti-(class II MHC) mAbs could block the induction of a 
secondary CTL response in vitro [21]. Also, depletion of 
macrophages from tumor immune spleen cells abolished 
their ability to mount a secondary CTL response to ESb 
tumor cells in vitro [21]. 

Augmented tumor-specific T cell responses to virus- 
modified tumor cells have also been reported by others 
[1, 8, 26, 27], and Kobayashi has introduced the term viral 
xenogenization for this phenomenon [15, 16]. Since we 
have demonstrated in our system that there was no im- 
munological recognition of foreign viral antigens either by 
CD4 + T helper cells or by CD8 + CTL immune cells, we 
think the term xenogenizatio n may be misleading. We be- 
lieve that the effect of modification of tumor cells by a low 
dose of NDV is more appropriately described as an effect 
of selective biological response modification of a tumor- 
specific immune response. The importance of virus dose 
has been emphasized before [12, 24]. The optimum of 
the therapeutic effect was seen with 160 hemagglutination 
units/107 ESb cells [12]. In order to induce a NDV-specif- 
ic CTL response, animals had to be immunized for about 
3 weeks with 8000 hemagglutination units of virus [14]. 

One explanation for the increased helper activity could 
be that viral hemagglutinins, which are sticky proteins, 
might facilitate the binding of adjacent tumor-associated 
transplantation antigens to the helper cell and thereby also 
activate CD4 + cells with low-affinity receptors. A slight 
augmentation could be observed when ESb-NDV cells 
were used once, for immunization or restimulation. But 
these effects seem to synergize, so that the activation of 
helper cells appeared best when ESb-NDV cells were used 
both for sensitization and restimulation. Other important 
aspects to explain the augmented CD4-mediated "helper 
capacity" and CD8-mediated CTL activity of ESb-NDV- 
immune cells are the increased IL-2 production and the 
observed changes in the kinetics of the immune responses 
to ESb and ESb-NDV. When ESb-NDV cells were used as 
immunogen, T helper cells were activated faster and their 
response was higher in comparison to ESb as immunogen 
(Figs. 5, 6). The peak of both responses was at day 9. There- 
after, both responses declined but those from ESb-NDV- 
immune cells were always higher. When comparing the 
areas under the curves for lytic activity over, the total time 
period (Figs. 5 and 6), it can be seen that the ESb-NDV- 
immune response starts earlier, reaches a higher peak and 
lasts longer. The accelerated and augmented activation of 
tumor-specific CTL and T helper cells may be one reason 
for the effectiveness of ESb-NDV vaccines for antimeta- 
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static immunotherapy [12, 24-27]. We believe that strategies 
for cell-mediated immunotherapy of cancer should involve 
the augmentat ion of T - T  cell interactions to increase tu- 
mor-specific delayed-type hypersensitivity responses [28] 
involving the recruitment and activation of host immuno-  
reactivity [7, 10, 23, 24-29]. 

References 

1. Altevogt P, Leidig S, Heckl-Oestreicher B (1984) Resistance 
of metastatic tumor variants to tumor specific cytotoxic 
T lymphocytes not due to defects in expression of restricting 
MHC molecules. Cancer Res 44:5305 

2. Austin FC, Boone CW (1979) Virus augmentation of the anti- 
genicity of tumor cell extracts. Adv Cancer Res 30:301 

3. Bosslet K, Schirrmacher V, Shantz G (1979) Tumor metasta- 
ses and cell-mediated immunity in a model system in DBA/2 
mice: VI. Similar specificity patterns of protective anti-tumor 
immunity in vivo and of cytolytic T cells in vitro. Int J Cancer 
24:303 

4. Ceredig R, Lowenthal JW, Nabholz M, MacDonald HR 
(1985) Expression of interleukin-2 receptors as a differention 
marker on intrathymic stem cells. Nature 314:98 

5. Cobbold SP, Nash AJ, Prospero TD, Waldmann H (1984) 
Therapy with monoclonal antibodies by elimination of T-cell 
subsets in vivo. Nature 312:1698 

6. Dialynas DP, Quan ZS, Wall KA, Pierres A, Quintans J, 
Loken MR, Pierres M, Fitch FW (1983) Characterization of the 
murine T cell surface molecule, designated L3T4, identified 
by monoclonal antibody GK1.5: similarity to the human 
Leu-3/T4 molecule. J Immunol 131:2445 

7. Forni G, Giovarelli M (1986) Strategies for cell-mediated im- 
munotherapy of cancer: killing or help? Immunol Today 7: 
202 

8. Fujiwara H, Yoshioka T, Shima J, Kozugi A, Itoh K, Hama- 
oka T (1986) Helper T cells against tumor associated antigens 
(TAA): preferential induction of helper T cell activities in- 
volved in anti-TAA cytotoxic T lymphocyte and antibody re- 
sponses. J Immunol 136:2715 

9. Gillis S, Frem MM, Ou W, Smith KA (1978) T cell growth 
factor: parameters of production and a quantitative microas- 
say for activity. J Immunol 120:2027 

10. Giovarelli M, Santoni A, Forni G (1985) Alloantigen-activat- 
ed lymphocytes from mice bearing a spontaneous "nonimmu- 
nogeneic" adenocarcinoma inhibit its growth in vivo by re- 
cruiting host immunoreactivity. J Immunol 133:3596 

11. Heeg K, Reimann J, Kabelitz D, Hardt C, Wagner H (1985) 
A rapid colorimetric assay for the determination of IL-2 pro- 
ducing helper cell frequencies. J Immunol Methods 77: 237 

12. Heicappell R, Schirrmacher V, von Hoegen P, Ahlert T, 
Appelhans B (1986) Prevention of metastatic spread by post- 
operative immunotherapie with virally modified autologous 
tumor cells. I. Parameters for optimal therapeutic effects. Int 
J Cancer 37:569 

13. Hoegen P von, Altevogt P, Schirrmacher V (1987) New anti- 
gens present on tumor cells can cause immune rejection with- 
out influencing the frequency of tumor specific cytolytic 
T cells. 1987. Cellular Immunol 109:338 

14. Hoegen P von, Weber E, Schirrmacher V (1988) Modification 
of tumor cells by a low dose of Newcastle disease virus: 
I. Augmentation of the tumor cell specific T cell response in the 
absence of an anti-viral response. Eur J Immunol 18: 
1159-1166 

15. Kobayashi H (1979) Viral xenogenisation of intact tumor 
cells. Adv Cancer Res 30:279 

16. Kobayashi H (1986) The biological modification of tumor 
cells as a means of inducing their regression: an overview. 
J Biol Resp Mod 5:1 

17. Mosmann T (1983) Rapid colorimetric assay for cellular 
growth and survival: application to proliferation and cytotox- 
icity assays. J Immunol Methods 65:55 

18. Reddehase M, Suessmuth W, Moyers C, Falk W, Droege W 
(1982) Interleukin 2 is not sufficient as helper component for 
the activation of cytotoxic T lymphocytes but synergizes with 
a late helper effect that is provided by I region-incompatible 
stimulator cells. J Immunol 128:61 

19. Russel PH (1984) Newcastle disease virus: the effect of mono- 
clonal antibody in the overlay on virus penetration and the 
immunoselection of variants. J Gen Virol 65:795 

20. Sarmiento M, Glasbrook AL, Fitch FW (1980) IgG or IgM 
monoclonal antibodies reactive with different determinants of 
the molecular complex bearing Lyt 2 antigen block T cell 
mediated cytolysis in the absence of complement. J Immunol 
125:2665 

21. Schild H-J (1987) The role of CD4 + T helper cells in the in- 
duction of killer cells against a syngeneic tumor. Diploma the- 
sis, Heidelberg 

22. Schild H-J, Kyewski B, Hoegen P von, Schirrmacher V (1987) 
CD4 + helper T cells are required for resistence to a highly 
metastatic murine tumor. Eur J Immunol 17:1863 

23. Schirrmacher V (1986) Postoperative activation of tumor-spe- 
cific T cells as a means to achieve immune control of minimal 
residual disease. In: Fortner JG, Rhoads JE (eds) Accom- 
plishments in cancer research 1986. General Motors Cancer 
Research Foundation, p 218-232 

24. Schirrmacher V, Ahlert T, Heicappell R, Appelhans B, 
Hoegen P von (1986) Successful application of non-oncogenic 
viruses for antimetastatic cancer immunotherapy. Cancer Rev 
5:19-49 

25. Schirrmacher V, Hoegen P yon, Heicappell R, Altevogt P 
(1987) Modulations of tumor cell immunogenicity leading to 
increased T cell reactivity and decreased metastases forma- 
tion. In: Herbermann RB, Wiltrout R, Gorelik E (eds) Im- 
mune responses to metastates. II. CRC Press, Boca Raton, 
p 1-11 

26. Schirrmacher V, Heicappell R (1987) Prevention of metastatic 
spread by postoperative immunotherapy with virally modified 
autologous tumor cells. II. Establishment of specific systemic 
immunity. Clin Exp Met 5, 147-156 

27. Schirrmacher V, Hoegen P yon, Heicappell R, Griesbach A, 
Altevogt P (1989) Prevention of metastatic spread by 
postoperative immunotherapy with virally modified autolo- 
gous tumor cells. III. Postoperative activation of tumor specif- 
ic CTLP from mice with metastases requires stimulation with 
the specific antigen plus additional signals. Inv Met (in press) 

28. Takai Y, Kosugi A, Yoshioka T, Tomita S, Fujiwara H, 
Hamaoka T (1985) T-T cell interaction in the induction of de- 
layed-type hypersensitivity (DTH) responses: vaccinia virus- 
reactive helper T cell activity involved in enhanced in vivo in- 
duction of DTH responses and its application to augmenta- 
tion of tumor-specific DTH responses. J Immunol 134:108 

29. Yoshioka T, Fukuzawa M, Takei Y, Wakamiya N, Ueda S, 
Kato S, Fujiwara H, Hamaoka T (1986) The augmentation of 
tumor specific immunity by virus help: III. Enhanced genera- 
tion of tumor-specific Lytl +2- T cells is responsible for aug- 
mented tumor immunity in vivo. Cancer Immunol Immuno- 
ther 21 : 193 

Received June 1, 1988/Accepted July 19, 1988 


