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Abstract  Treatment of renal cell carcinoma (RCC) by 
conventional chemotherapy and immunotherapy has re- 
sulted in minimal remissions. Alternative forms of therapy 
are therefore being sought. The present study investigated 
the sensitivity of RCC cell lines to several toxins used alone 
and in combination with other agents. RCC lines were 
relatively sensitive to the direct cytotoxic effect of diph- 
theria toxin (DTX), Pseudomonas aeruginosa exotoxin A 
(PEA) and ricin. Furthermore, DTX in combination with 
tumor necrosis factor-a (TNF-a) resulted in synergistic 
cytotoxic activity. The mechanism of synergy was exam- 
ined. A possible mechanism of resistance to TNF-~ in 
tumor cells is the expression of TNF-a mRNA or protein. 
R11 cells did not constitutively express mRNA for TNF-a, 
however, treatment of R l l  ceils with TNF-a induced the 
expression of TNF-a mRNA. When DTX was used in 
combination with TNF-e~, the level of TNF-~ mRNA 
induced by TNF-c~ was markedly reduced. These studies 
suggest that DTX in combination with TNF-a can over- 
come the resistance of RCC lines and that the marked 
downregulation of TNF-~ mRNA by DTX may play a role 
in the enhanced cytotoxicity seen with the combination of 
DTX and TNF-m Furthermore, the combination treat- 
ment might also potentiate the antitumor host responses. 
The implications of these findings in clinical therapy are 
discussed. 
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Currently, surgery remains the most effective form of 
therapy for renal cell carcinoma (RCC), although efficacy 
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has been only demonstrated for regional resectable dis- 
ease [4, 13]. Cytotoxic chemotherapy, an integral part of 
the therapeutic approach for many solid tumors, has 
shown little or no antitumor activity against RCC a n d  

has played no role in either adjuvant or neoadjuvant 
support therapy [39, 40]. Due to the absence of any 
significant antitumor response with the use of single 
therapeutic agents, the use of multidrug combination 
regimes also proved ineffective when evaluated in pro- 
spective trials against a single drug [19, 17]. Endocrine 
therapy is of only marginal benefit in RCC [14, 19]. 
Interferons (IFNs) has been proved to be efficacious with 
remissions in approximately 13% of > 400 cases [17, 22]. 
Almost all  responding cases have a small tumor burden 
a n d  have undergone nephrectomy. Although the use of 
interleukin-2 with or without lymphokine activated killer 
cells is a promising new area of therapy for RCC, the 
response rates vary between 0 and 35%, with complete 
remission CR being uncommon [3, 40]. Irradiation plays 
a limited role and has been used primarily for the 
treatment of central nervous system, spinal cord, osseous 
and selected soft tissue metastasis [16, 34]. Thus, a new 
therapeutic approach must be evaluated. 

Diphtheria toxin (DTX) is a toxin secreted by Coryne- 
bacterium diphtheriae, and inhibits protein synthesis by 
catalyzing the ADP ribosylation of elongation factor-2 
(EF-2) [18, 28]. This inhibition results in target cell death 
[11, 12]. Recent studies have demonstrated that DTX can  

also lyse target cells by inducing DNA fragmentation a n d  

subsequent programmed cell death or apoptosis [8, 9]. 
Tumor necrosis factor-c~ (TNF-a) is one of the effective 
anticancer agents against RCC [1, 36]. Previous studies 
have indicated that the mechanisms of DTX-mediated 
target cell lysis are similar to those of TNF-a-mediated 
lysis [2, 8, 10, 29]. Target cell lysis by DTX is time and 
concentration dependent and reaches a maximum level at 
24 h, similar to the effect of TNF-m Lysis by DTX or TNF- 

may not necessarily be linked to inhibition of protein 
synthesis, since several inhibitors of protein synthesis have 
no cytolytic activity against target cells and both DTX and 
TNF-c~ still kill in their presence. 
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Table 1 Sensitivity of RCC lines to lysis by DTX. The susceptibility 
of various RCC cell lines to lysis by DTX was determined in a 1-day 
MTT assay. Results are expressed as mean percentage cytotoxicity 
• SD of three different experiments 

Tumor 
cell line 

Concentration of DTX (ng/ml) 

1 10 100 

R4 22.9• 50.4• 77.7• 
R6 4.4• 48.9+1.3 73.8• 
Rl l  18.5• 46.6• 53.4• 

Table2 Time kinetics of DTX-mediated cytotoxicity against Rl l  
cells. The direct cytotoxic effect of DTX on R11 cells was assessed by 
the MTT assay. Results are expressed as mean percentage cytotoxici- 
ty _+ SD of three different experiments 

Time 
of exposure 
to DTX (h) 

Concentration of DTX (ng/ml) 

1 10 100 

4 1.5• 2.6• 4.0+2.6 
8 3.1• 3.4• 4.6• 

24 18.5• 46.6• 53.4+3.4 
48 39.5• 61.1• 66.7• 
72 40.1• 62.8• 66.8+3.7 

To date, there have been no reports of cytotoxic activity 
of D T X  against  RCC when used alone or in combina t ion .  
The present  s tudy investigates the sensitivity of RCC lines 
to the cytotoxic effect of  D T X  used alone and  in com- 
b ina t ion  with other therapeutic  agents ( IFN-a ,  IFN-7,  
TNF-c,, Adriamycin) .  

Materials and methods 

Tumor cells 

The human RCC cell lines, R4, R6 and Rl l  were supplied by Dr. 
Hans Stotter, Bethesda, Md., USA (Histopathology, Adenocarcino- 
ma) and were maintained in RPMI-1640 medium (MA Bioproducts, 
USA) supplemented with t % L-glutamine (Gibco, Bio-cult, Glas- 
gow, UK), 1% nonessential amino acid (Gibco), 1% Fungibact 
solution (Irvine Scientific, Calif., USA) and 10% heat-inactivated 
fetal bovine serum (Gibco), hereafter referred to as complete 
medium [25, 26]. 

Reagents 

Diphtheria toxin (lot. no. DT-11), Pseudomonas aeruginosa exotox- 
in A (PEA, lot. no. 18), pertussis toxin (PT, lot. no. PT-81A) and 
ricin (lot. no. 8822) were purchased from List Biological Laborato- 
ries, Campbell, Calif., USA. Adriamycin (ADR, lot. no. 61H0815), 
actinomycin D (Act D, lot. no. A4262), emetine (lot. no. E2375) 
and cycloheximide (CHX, lot. no. C6255) were purchased from 
Sigma, St.Louis, Mo., USA. TNF-a (5• 10 7 units/rag, lot. no. 
4906) was kindly supplied by Pepro Tech Inc., USA. IFN-a (lot. 
no. R410231) and IFN-7 (Lot. No. R508061) were obtained from 
Roche, Tokyo, Japan. TNF-a cDNA and ]3-actin cDNA used in 
making probes for Northern blot analysis were gifts from Smith- 
Kline-French. 

Cytotoxicity by the MTT assay 

Microculture tetrazolium dye (MTT) assay was used to determine 
tumor cell lysis as previously described [23, 26]. Briefly, 100 I11 target 
cell suspension (2 • 10 4 cells) was added to each well of 96-well flat- 
bottom microtiter plates (Coming Glass Works, Corning, N.Y., 
USA), and each plate was incubated for 24 h at 37~ in a humidified 
5% CO2 atmosphere. After incubation, 100gl drug solution or 
complete medium for control was distributed in the 96-well plates 
and each plate was incubated for 4-72h at 37~ Following 
incubation, 20 btl MTT working solution (5 mg/ml, Sigma) was 
added to each culture well and the cultures were incubated for 4 h at 
37 ~ in a humidified 5 % CO2 atmosphere. The culture medium was 
removed from the wells and replaced with 100 gl of isopropanol 
(Sigma) supplemented with 0.05 N HC1. The absorbance of each well 
was measured with a microculture plate reader (Titertek Multiskan 
MCC/340, Flow Laboratories, Finland) at 540nm. Percentage 
cytotoxicity was calculated with the following formula: Percentage 
cytotoxicity = [ 1 - (absorbance of experimental wells/absorbance of 
control wells)] x 100. 

Northern blot analysis 

Cytoplasmic RNA from tumor cells was prepared as described in 
detail elsewhere [23, 24]. Briefly, 10 or 40 gg/lane of tumor cell RNA 
was electrophoresed in 1.2% agarose-2.2M HCHO gels in 
l• sulfuric acid (MOPS) buffer [200mM 
MOPS, 50 mM sodium acetate, 10 mM sodium ethylenediaminete- 
tra-acetic acid (EDTA)]. The RNA was transferred to Zeta Probe 
nylon membranes (Bio Rad Laboratories, Calif., USA) in 20 • SSC 
(3 M NaC1, 0.3 M sodium citrate, pH 7.0). A quantity of 50-t00 ng 
cDNA probe was labeled with [~t32p] dCTP (NEN, Mass., USA) by 
random oligo-primer extension. The nylon filters were ultraviolet- 
cross-linked and then prehybridized at 45~ overnight in 50% 
formamide (Bethesda Research Laboratories, Md., USA), 
5 • Denhardt's (Ficoll, polyvinylpyrrolidone, bovine serum album- 
in), 0.1% sodium dodecyl sulfate (SDS, Bethesda Research Labora- 
tories), 100gg/ml salmon sperm DNA (Sigma), and 5• 
Radiolabeled probe was added at 1 • 106 cpm/ml of hybridized fluid 
(6• SSC, 0.5% SDS, 5x Denhardts, 100 gg/ml salmon sperm DNA) 
and blot was incubated overnight at 65~ Hybridized filters were 
then washed with 2 • SSC and 0.1% SDS twice for 20 min at room 
temperature and with 0.1 • SSC and 0.1% SDS twice at 65~ and 
exposed to Kodak XAR-5 X-ray film. 

Statistical analysis 

All determinations were made in triplicate, and the results were 
expressed as the mean _+ standard deviation (SD). Statistical signifi- 
cance was determined by Student's t-test. A P-value of 0.05 or less 
was considered significant. 

Results 

Susceptibili ty of various RCC cell lines 
to DTX-media ted  cytotoxicity 

R4, R6 and  R11 RCC cell lines were tested for sensitivity to 
D TX  cytotoxicity by the M T T  assay. The t umor  ceils were 
lysed by D T X  in a concen t ra t ion-dependent  fashion 
(Table 1).-There were some differences noted  in the relative 
susceptibil i ty of the cell lines to D T X  cytotoxicity. Treat-  
ment  of R11 ceils with D T X  for less than  8 h showed no 
significant lytic activity (Table 2). However,  fol lowing 24- 
72 h incuba t ion ,  D T X  exerted significant cytotoxic act• 
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Table3 Differential sensitivity of R l l  cells to various protein 
synthesis inhibitors. The susceptibility of R11 cells to various protein 
synthesis inhibitors at a concentration of 2 nM was analyzed by a 1- 
day MTT assay. Results are expressed as mean precentage cytotoxic- 
ity + SD of three different experiments 

Protein synthesis inhibitor % Cytoxicity (mean • SD) 

DTX 55.4 • 5.3 
PEA 23.2 ,+ 2.9 
PT 16.4 _+ 3.1 
Ricin 54.9 _+ 7.0 
Act D 14.6 + 1.9 
Emetine 5.5 + 1.2 
CHX 6.4 _+ 2.0 

Table 6 Synergistic cytotoxic effect of DTX and TNF-c~ on R6 cells. 
The cytotoxic effect of DTX and TNF-c~ on R6 cells was assessed in a 
1-day MTT assay. Results are expressed as means +SD of three 
different experiments 

DTX TNF-c~ (ng/ml) 
(ng/ml) 

0 10 100 

0 0 13.4+1.6 24.2+0.8 
1 7.2• 24.0• 42.2• a 

10 50.3+1.1 62.8• 90.4,+4.0 a 
100 71.1+3.0 83.8+2.2 94.7+0.5 

a The values are significantly higher than those obtained by 
treatment with DTX alone plus those obtained by treatment with 
TNF-a alone at P < 0.05 

Table 4 Synergistic cytotoxic effect of DTX and TNF-c~ on R11 cells. 
The cytotoxic effect of DTX and TNF-c~ on R11 cells was assessed in 
a 1-day MTT assay. Results are expressed as means • SD of three 
different experiments 

DTX TNF-~z (ng/ml) 
(ng/ml) 

0 10 100 

0 0 7.0• 0.7 11.5• 
1 18.4 • 1.7 37.4 • 5.3 a 38.0 • 5.4 

10 47.0 + 8.7 66.7 + 8.3 a 69.4 _+ 6.9 a 
100 56.8 • 5.8 77.7 + 10.1 a 86.2 • 7.0 a 

a These values are significantly higher than those obtained by 
treatment with DTX alone plus those obtained by treatment with 
TNF-cL alone at P < 0.05 

Table 5 Synergistic cytotoxic effect of DTX and TNF- on R4 cells. 
The cytotoxic effect of DTX and TNF- on R4 cells was assessed in a 
1-day MTT assay. Results are expressed as means _+SD of three 
different experiments 

DTX TNF-a(n~ml)  
(n~ml) 

0 10 100 

0 0 3.5• 8.3• 
1 21.6• 33.3• 43.2• a 

10 50.1• 59.6• 75.4+3.5" 
100 77.6• 90.4• 95.0+1.4 a 

a These values are significantly higher than those obtained by 
treatment with DTX. alone plus those obtained by treatment with 
TNF-~ alone at P < 10.05 

i ty (P < 0.05 vs con t ro l  to which no  D T X  was added) .  This  
cy to toxic  effect o f  D T X  reached  a m a x i m u m  p la t eau  af ter  
48h  incuba t ion .  Also ,  the R C C  cell lines were more  
sensitive to D T X  than  o ther  t u m o r  cell lines tes ted (da ta  
not  shown).  

C o m p a r i s o n  be tween D T X  and  o ther  toxins  
or  p ro t e in  synthesis  inh ib i tors  on cyto toxic  act ivi ty  
agains t  R11 cells 

Since D T X  was cy to toxic  to R C C  cell lines, we examined  
whether  the cy to tox ic i ty  was res t r ic ted  to  D T X  or  was 
genera l ized  to include o ther  toxins  and  p ro te in  synthesis  
inhibi tors .  D T X - m e d i a t e d  cy to toxic i ty  was c o m p a r e d  

with cy to tox ic i ty  m e d i a t e d  by  two bac te r i a  toxins,  P E A  
and  PT, and  one p lan t  toxin,  ricin. Ricin was as effective as 
D T X ,  bu t  P E A  and PT were less cy to toxic  (Table  3). 

The  p ro te in  synthesis  inh ib i to r  Ac t  D acts at  the level o f  
t r ansc r ip t ion ,  and  C H X  and emet ine  act at the level o f  
t r ans l a t ion  [35]. These three inhib i tors  were min ima l ly  
cytotoxic .  These f indings demons t r a t e  tha t  o ther  toxins  
aside f rom D T X  are cyto toxic  to R C C  and  tha t  the 
cy to toxic i ty  m a y  not  be due to p ro t e in  synthesis  inhi-  
bi t ion.  

Cy to tox ic  effect of  D T X  used in c o m b i n a t i o n  
with o ther  the rapeu t ic  agents  

We examined  the cy to toxic  effect of  D T X  used  incombina -  
t ion with TNF-c~, I F N - a ,  I F N -  7 or  A D R .  Trea tmen t  with 
D T X  in c o m b i n a t i o n  with  T N F - a  resul ted in synergist ic  
cy to toxic  act ivi ty  agains t  R11 cells in a 1-day M T T  assay 
(Table  4). The  synergist ic  cy to toxic  effect o f  D T X  and  
T N F - a  was also observed  with R4 cells and  R6 cells (Table  
5, 6). But the synergist ic  cy to toxic  effect on R6 cells was 
modest .  W h e n  ca lcula t ions  o f  synergist ic  cy to tox ic i ty  
were es t imated  accord ing  to  i sobo log raph ic  analysis  [23], 
c o m b i n a t i o n  t r ea tmen t  of  R11 cells, R4 cells or  R6 cells 
with D T X  and T N F - ~  also showed a synergist ic  cy to toxic  
effect (da ta  no t  shown).  In  cont ras t ,  t r ea tmen t  o f  R11 cells 
with D T X  in c o m b i n a t i o n  with I F N - a ,  I F N -  7 or  A D R  did 
not  overcome the resistance (da ta  no t  shown).  These 
f indings  demons t r a t e  tha t  D T X  can be used in con junc t ion  
with T N F - a  for  op t ima l  cy to toxic  ac t iv i ty  under  condi -  
t ions whereby  D T X  is used in smal l  concent ra t ions .  

Specific inh ib i t ion  of  T N F - a  m R N A  induc t ion  
fol lowing t r ea tmen t  with T N F - ~  and D T X  

It  has been r epo r t ed  tha t  one poss ible  mechan i sm of  
resis tance o f  t u m o r  cells to T N F - a  is the express ion o f  
T N F - a  m R N A  a n d / o r  p ro t e in  [29, 32]. The  role o f  T N F - a  
m R N A  in synergist ic  cy to toxic i ty  o f  D T X  and  T N F - ~  was 
examined .  Un t r ea t ed  R11 cells were negat ive  for  T N F - a  
m R N A  express ion (Fig.  1). However ,  t r ea tmen t  o f  R11 
cells with T N F - a  resul ted in the induc t ion  of  T N F - a  
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Fig. 1 Effect of DTX and/or TNF-c~ treatment on the level of TNF-c~ 
mRNA in R 11 cells: R 11 cells were treated with DTX and/or TNF-a 
at various concentrations for 1 h. Total RNA was then separated, 
Northern blotted (40 Hg/lane tumor cell RNA) and probed for TNF- 
eL and I]-actin as described in "Materials and methods". Each lane 
represents the mRNA for TNF-c~ and 13-actin of R11 cells following 
these treatments: lane 1, medium only; lane 2, DTX at 1 ng/ml; lane 
3, DTX at 10ng/ml; lane 4, DTX at 100ng/ml; lane 5, TNF-a at 
10 ng/ml; lane 6, DTX at 10 ng/ml and TNF-c~ at 10 ng/ml simul- 
taneously 

Fig. 2 Effect of CHX and/or TNF-c~ treatment on the level of TNF- 
c~ mRNA in R11 cells: R11 cells were treated with CHX and/or TNF- 
a at various concentrations for 1 h. Total RNA was then separated, 
Northern blotted (10 gg/lane tumor cell RNA) and probed for TNF- 
c~ and [3-actin as described in "Materials and methods". Each lane 
represents the mRNA for TNF-a and ~-actin of R11 cells following 
these treatment ; lane l, medium only; lane 2, TNF-a at 10ng/ml; 
lane 3, CHX at I gg/ml, lane 4, CHX at 1 gg/ml and TNF-c~ at 10 ng/ 
ml simultaneously 

mRNA. The optimal induction of TNF-a mRNA was 
observed following TNF-a treatment at 10 ng/ml for 1 h 
(data not shown). Treatment of R l l  cells with DTX 
alone did not induce TNF-(~ mRNA expression. How- 
ever, treatment with a combination of DTX and TNF-a 
inhibited the expression of TNF-a-induced TNF-a 
mRNA. In contrast, treatment of R l l  cells with DTX 
and/or  TNF-a had no effect on [3-actin mRNA levels. 
These findings demonstrate that the synergistic cytotoxic 
activity by DTX and TNF-a against R l l  cells may be 
due in part to the marked downregulation of TNF-a 
mRNA induction. 

DTX inhibits the expression of TNF-a mRNA induced 
by TNF-a. We examined whether CHX, another protein 
synthesis inhibitor, also blocks TNF-a  mRNA induction. 
Treatment of R11 cells with CHX resulted in the induction 
of TNF-~ mRNA expression (Fig. 2). Treatment with a 
combination of CHX and TNF-~ enhanced the expression 
of TNF-a-induced TNF-a mRNA. In contrast, treatment 
of R 11 cells with CHX and/or  TNF-(x had no effect on [3- 
actin mRNA levels. These findings demonstrate that CHX 
induces the level of TNF-a mRNA and enhances TNF-a  
mRNA expression induced by TNF-(z in R11 cells and that 
the block of TNF-a mRNA induction may be specific to 
DTX. 

Discussion 

The present study demonstrated that human RCC cell 
lines were sensitive to DTX-mediated cytotoxicity. The 
RCC lines were also sensitive to PEA and ricin. Further- 
more, treatment of R l l  cells with DTX in combination 
with TNF-a resulted in synergistic cytotoxic activity. 

R11 cells were relatively resistant to TNF-m R11 cells 
did not express TNF-a  mRNA constitutively. However, 
treatment of R l l  cells with a TNF-a induced TNF-~ 
mRNA expression, but treatment with DTX alone did not 
induce TNF-~ mRNA. Treatment of R l l  cells with 
combination of DTX and TNF-a markedly downregulat- 
ed the level of TNF-cx mRNA induced by TNF-~ alone. 
Previous studies have been demonstrated that there is a 
correlation between the expression of TNF-a  mRNA and/  
or TNF-a protein secretion in tumor cells and their 
resistance to TNF-a [29, 32]. Thus, one possible mechan- 
ism of the synergistic effect of DTX and TNF-a used in 
combination is the inhibition of TNF-a-induced TNF-~ 
mRNA. Conceivably, treatment of R11 cells with TNF-a 
induces mRNA for TNF-a  and R11 cells may become even 
more resistant to TNF-a, but the addition of DTX 
diminishes the TNF-a-induced resistance of R11 cells by 
marked downregulation of their TNF-a mRNA. 
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Biosynthesis of TNF-a is regulated at both the trans- 
criptional and post-transcriptional levels [5]. This regu- 
lation centers around the presence of a (U + A) exclusive 
element in the T-untranslated region in TNF-~ and other 
cytokines [7]. This element appears capable of directing 
mRNA degradation as well as suppressing translation 
[31]. Thus, the protein synthesis inhibitor CHX has been 
shown to superinduce the level of TNF-a  mRNA in tumor 
cell lines by supposedly inhibiting the production of a 
labile protein [33]. The current study also demonstrated 
that CHX induced the expression of TNF-a mRNA in R11 
cells. A previous study showed that CHX in combination 
with TNF-a resulted in no synergistic cytotoxic effect on 
ovarian cancer cells [27]. These results suggest that the 
mechanism responsible for the synergistic effect of DTX 
and TNF-a  that involves DTX inhibition of TNF-ct 
mRNA expression induced by TNF-a  may be specific to 
DTX, not a nonspecific effect of protein synthesis inhi- 
bition. 

It has been reported that the presence of mRNA for 
TNF-a  does not correlate with translation and secretion of 
TNF-~ protein [6, 21]. A preliminary experiment showed 
that TNF-a-treated R l l  cells did not secrete detectable 
levels of TNF-a protein. Therefore, their resistance may be 
related to TNF-a  mRNA induction in the absence of TNF- 

protein secretion. 
The precise mechanism of the synergistic cytotoxic 

effect of DTX and TNF-a  on R l l  cells is not fully 
understood, although the inhibition of TNF-a  mRNA by 
DTX is suggestive. It has been reported that the cytotoxic 
activity of DTX against tmnor cells results from its potent 
inhibitory activity of protein synthesis [11, 12, 18, 28]. The 
time kinetics of tumor cell lysis resemble those obtained 
with TNF-a [2, 10]. In addition, like TNF-a, DTX 
mediates target cell lysis by programmed cell death or 
apoptosis [9, 10, 15, 30, 38]. The close resemblance of 
DTX and TNF-a  in mediating cell lysis suggests that these 
cytotoxins may share a common lytic mechanism and may 
work in concert; thus they may complement each other in 
the pathway leading to lysis. This possibility may result in 
the synergistic cytotoxic effect of DTX and TNF-a  against 
R11 cells. 

This study suggests that the resistance of R11 cells to 
TNF-a  may be related to TNF-a  mRNA induction. Act D, 
a well known inhibitor of mRNA synthesis, may enhance 
the sensitivity of tumor cells to TNF-a. However, this 
possibility has been excluded, since a previous study has 
demonstrated that Act D does not enhance TNF-a  
cytotoxicity against ovarian tumor cells [27]. The discrep- 
ancy may be due in part  to non-specific downregulation of 
mRNA expression including TNF-a mRNA expression by 
Act D, or in part to the different tumor cells used. 

The findings presented here demonstrating that DTX 
alone or in combination is cytotoxic to RCC lines offer 
new scope for the treatment of RCC ceils. One possibility 
is the sequential or simultaneous administration of DTX 
and TNF-a. DTX can be used in conjunction with TNF-a  
for optimal cytotoxic activity under conditions whereby 
DTX is used in small concentrations in vitro, but toxicity 

needs to be determined in vivo. Clearly, aside from the 
direct effect of these combinations on the tumor cells, 
TNF-(x is also an immunoregulatory cytokine that can 
potentiate the antitumor host immune response. DTX 
may not be the best candidate, since most individuals are 
preimmunized and upon second exposure they will mount 
a secondary antibody response that will neutralize the 
DTX effects. DTX can be administered as shown here. 

The demonstration that the high level of resistance of 
RCC cells to chemotherapeutic drugs can be overcome by 
DTX and TNF-a opens the way to testing such combina- 
tions in overcoming drug resistance. In fact, the combined 
use of TNF-a  and drugs was shown to overcome drug 
resistance in RCC and ovarian cancer [23-26]. Since DTX 
is highly toxic in humans, the preparation of conjugates 
genetically engineered to form single-chain DTX-TNF-~ 
or DTX A-chain immunoconjugates is another possibility 
that needs to be explored. Thus, special delivery systems 
for DTX to tumor cells or the production of  cytotoxic 
toxins of less toxicity to normal tissues may overcome the 
toxicity in vivo. Several studies have shown that tumor- 
specific immunotoxins are produced by coupling the DTX 
fragment A with the monoclonal antibody against tumor 
cells and that they are very effective against tumor [20, 37]. 
The immunotoxins may be effective for the treatment of 
RCC by achieving relatively high local concentrations. 
The method of targeting of DTX to tumor cells is not 
clarified in the present study and awaits further investi- 
gation. 

Several toxins such as DTX and ricin are cytotoxic to 
RCC. Furthermore,  DTX has a significant augmenting 
effect on the direct cytotoxicity of TNF-a  against R11 
cells. Although the mechanisms involved in these pheno- 
mena have not been fully elucidated, the present findings 
suggest that toxins alone or in combination with TNF-a 
may be beneficial in overcoming the resistance of RCC to 
conventional forms of therapy. 
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