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SUMMARY

The effect of diphtheria toxin on tumor cells was studied
in mice with transplanted Ehrlich ascites or solid tumor.
For ascites tumor, the results were assessed on the bases of
the trend in body weight, the incidence of ascites on the 13th
day after transplantation, and the survival time. For solid
tumor, the results were assessed on the basis of the weights
of the dissected tumors. The results obtained demonstrate
inhibition of both ascites and solid tumors. Inhibition of
ascites tumor was dose dependent but the higher doses were
toxic. The treatment was most effective after i.p. adminis
tration and weakest after s.c. administration. The i.p. route
permitted a highly significant increase in survival time. The
effectiveness of s.c. administration was improved when a
given amount of diphtheria toxin was divided over several
administrations, one per day, rather than administered in a
single dose. Inhibition of solid tumor by i.p., i.m., and s.c.
treatment was approximately 70%. Some possible explana
tions for the difference in sensitivity between normal and
cancer cells are discussed.

We postulated that the toxin-resistant mouse cell be
comes much less resistant when modified by neoplastic fea
tures. The current study was undertaken to determine
whether DT exerts any detectable antitumor activity on
Ehrlich carcinomas in mice.
MATERIALS

AND METHODS

Mice. Experiments were carried out on male Swiss albino
(Charles River CD-I COBS) mice weighing 20 to 22g. The
animals were maintained in a thermostatically controlled
room at 23 Â±1Â°with a 12-hr light cycle. They were fed an
ordinary pellet diet (Charles River 4 RF) and tap water
ad libitum.
Determination of Antitumor Activity against Ehrlich As
cites Tumor. Ehrlich ascites tumor cells were maintained by
serial transplantation every 8 days. The ascites tumor cells
(1 x IO6 cells/mouse) were implanted i.p. into the mice.
Unless otherwise stated, treatment was initiated 24 hr after
tumor implantation, the DT being given once daily for 2
consecutive days. The toxin was dissolved in 0.9% NaCl
solution; all volumes injected were 0.2 ml or less. Unless
INTRODUCTION
otherwise stated, the animals were divided into groups of 20.
In order to make it possible to evaluate different parame
DT1 is a protein of about 62,000 daltons (4, 5, 9, 10) ters, each group of 20 animals was divided into 2 subgroups
secreted by lysogenic strains of Corynebacterium diphthe- of 10 animals each. In the 1st subgroup the effect of DT
riae. The active toxin catalyzes a reaction between NAD was evaluated on the basis of the incidence of ascites tumor
and Elongation Factor II to form nicotinamide and an en- at autopsy performed 13days after implantation. In the 2nd
zymically inactive adenosine diphosphoribosyl derivative subgroup the effect of DT was evaluated by taking into con
of Elongation Factor II (11, 13). This reaction inhibits cellu
sideration the changes in body weight and the survival times
lar protein synthesis in eukaryotic organisms. Labeled DT of the animals observed up to 50 days after implantation.
injected into guinea pigs and rabbits has a half-life of sev On the morning of 51st day the animals were sacrificed and
eral hr and reaches all the organs (2). DT powerfully inhibits examined for the presence of tumors.
protein synthesis which leads to cellular damage or death.
The Tukey wholly-significant-difference method (18)
It also affects the viral replication cycle in intoxicated cells was used for the multiple comparison among various ex
(6).
perimental groups. The other statistical evaluations were
The sensitivity of mammalian cells to DT varies over a performed using the Dunnett test (8). The survival rate was
wide range. Among rodentia the guinea pig is most sensitive expressed as (mean survival time of treated group/mean
and the mouse is least sensitive. Cell resistance to DT is survival time of untreated control group) x 100.
conceivably linked to the degree of macromolecular uptake
Determination of Antitumor Activity against Ehrlich
and to the cellular factors of self-defense against the action Solid Tumor. Ascites tumor cells (6 x IO6cells/mouse)
of microbial toxins. Presumably, among the most important were implanted s.c. on the back of the neck region. The
of these factors may be the ability of cell membrane to block treatment dose schedule was the same as that of the ascites
the entry of the toxin (16, 17), the activity of pinocytosis tumor. All mice were sacrificed 10 days after implantation
(14), and the degree of activation of DT within the cell.
of cells. The solid tumor was carefully dissected out and
'The abbreviations used are: DT, diphtheria toxin; MLD, minimal weighed. The wet weights of the treated groups were com
pared with that of untreated control group; the statistical
lethal dose.
Received March 7, 1973; accepted June II, 1973.
analysis was performed using the Dunnett test (8). The
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tumor inhibition rate was expressed as follows: (1 - mean
tumor weight of treated group/mean tumor weight of un
treated control group) x 100.
DT. A crude toxin, Lot 47-C (Sciavo Laboratories,
Sienna 53100, Italy) containing 120 limes of flocculation/
ml (1000 MLD guinea pig per ml), was used in these ex
periments.
Diphtheria Antitoxin. A horse purified antitoxin (Sciavo
Laboratories) containing 1000 i.u./ml was used in 1 experi
ment.
RESULTS
The antitumor activity of DT was investigated in 5 differ
ent experiments. In Experiments 1 to 4, animals with ascites
tumor were used, while in Experiment 5 the animals were
carriers of solid tumors.
In Experiment 1, the antitumor effect of the administra
tion of various doses of DT was investigated. One hundred
twenty male mice were subdivided at random into 6 groups
of 20 animals each; 5 groups were given Ehrlich ascites
tumor cells i.p., while the 6th group consisted of normal
animals. Of the 5 groups with tumor transplants, 4 were
treated with DT and 1 with 0.9% NaCl solution (untreated
control group). The normal group of animals not receiving
a tumor transplant was also treated with 0.9% NaCl solu
tion. The DT was administered i.p. at doses of 1, 3, 5, and
7 M LD guinea pig/mouse/day, once per day, for 2 consecu
tive days, beginning the treatment 24 hr after the trans
plantation of the tumor.
The changes in body weight of the animals are shown in
Chart \A. The animals were weighed on alternate days. In
order to maintain rigorous statistical comparison, weight
determinations were terminated in groups in which mor
tality reduced the number of animals to less than 5. Table
I shows the statistical evaluation of body weight at various
intervals after the tumor implant. The data reported show
that the body weight gain is affected by the administration
of DT in a dose-dependent manner. In the group treated
with 1 MLD/mouse/day of DT, the body weight at 7 days
after the transplant was 25.6 Â±0.8 (mean Â±S.E.). This
value is significantly lower (p < 0.01) than the body weight
of the untreated control group which had a mean weight of
29.8 Â±0.8 g but not significantly different from the body
weight of the normal group of mice (25.3 Â±0.5 g). The dif
ference found between the groups is temporary, however.
On the 13th day after implantation, the group treated with
toxin reached a weight of 32.7 Â±1.3 g which was not dif
ferent, therefore, from the 32.7 Â±1.6 g achieved by the un
treated control group. For all the other groups treated with
higher doses of DT, the body weight was increasingly lower
than the untreated control group. For all the groups, the
difference was significant both at the 7th and 13th day.
When the groups treated with toxin were compared with
the group of normal mice, it was observed that at a dose
of 3 MLD/mouse/day the body weight was slightly, but
not significantly, decreased; but at higher doses of 5 and 7
MLD/mouse/day
the inhibition in body growth became
more intense and was constantly significantly different. Fur
thermore, at the highest dose, neurological disorders such
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Chart 1. Antitumor activity of various doses of DT against Ehrlich
ascites tumor. The DT was administered once daily for 2 consecutive days
beginning 24 hr after the tumor transplant. Ten mice were used in each
group. A, body weight; B, survival rate. â€¢¿,
normal mice; A, untreated con
trol; O, DT, l MLD/mouse/day; â€¢¿
DT. 3 MLD/mouse/day; A, DT, 5
MLD/mouse/day: D, DT, 7 MLD/mouse/day.

as hind leg palsy and unidirectional circling became evident.
Regarding the effect of DT on the incidence of ascites tu
mor revealed by autopsy on the 13th day, it was observed
that, at the lowest dose (1 MLD/mouse/day), there was a
50% incidence of tumor; while for all the other groups
treated with higher doses of toxin, no animal presented
evidence of ascites tumor.
Chart \B shows the survival curve and Table 1 shows the
mean survival time. From the data obtained, it appears
that the effect of DT on the survival of the ascites tumorbearing animals is dose dependent. The most satisfactory
results were obtained at the 2 intermediate doses, 3 and 5
MLD/mouse/day. In fact, whereas the animals of the un
treated group had a mean survival time of 19.6 days, the
animals treated with 3 and 5 MLD/mouse/day survived
longer than 37 and 39 days, respectively. Also the animals
treated with 7 MLD/mouse/day survived more than 36
days but showed signs of toxicity. Conversely, the dose of
1 MLD/mouse/day had only a weak influence on animal
survival times. A total of 9 animals survived up to the 50th
day in these experiments, all pertaining to the groups
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Table l
AnÃ-itumor activity of various doses of DT against Ehrlich osciles tumor

toxin"Body

Tumor-bearing mice after following doses of diphtheria
MLD/mouse/day20.9MLD/mouse/day20.7MLD/mouse/day20.9 MLD/mouse/day21.2

(g)InitialDaywt

mice20.8
0.4Â»(10)25.3
Â±

0.3(10)29.8
Â±

0.2(10)25.6
Â±

0.3(10)23.6
Â±

0.3(10)22.4
Â±

0.5(10)19.9
Â±

7CDay

0.5"(10)28.0
Â±

0.8e(IO)32.7
Â±

0.8"(10)32.7
Â±

0.4"(10)25.8
Â±

'(10)22.9
Â±0.4*

0.8"-'(10)20.2
Â±

13Day

Â±0.5Â«(10)32.2

0.6"-'(10)25.1
Â±

1.4"-'(8)22.2
Â±

21Day

Â±0.5(10)33.1

Â±1.1(10)29.7

1.0-(9)27.7
Â±

2.1"(8)25.7
Â±

27Day

0.7(10)34.5
Â±

1.7(8)33.2
Â±

0.9'(8)28.6
Â±

Â±2.1'(6)27.2

35Tumor

Â±0.5"(10)29.9
1.6'(10)IO/IO19.61
Â±
1.3'(10)5/1022.23
Â±

0.8(10)Untreatedcontrol21.2
Â±

2.0(5)0/10>37.l5
Â±

1.2'(7)0/10>39.67
Â±

1.9'(6)0/10>36.3
Â±

incidence'1Mean
time(days)Normal
survival
" Treatment was initiated 24 hr after tumor implantation. The doses were administered i.p., once daily, for 2 consecutive days.
*Mean Â±S.E. Numbers in parentheses represent the number of mice per group.
' Day 0 signifies the day of tumor implantation.
"p < 0.01, relative to untreated controls.
'p < 0.01, relative to normal mice.
'p < 0.05, relative to normal mice.
'p < 0.05, relative to untreated controls.
* Number of animals with evident ascites tumor at autopsy/total number of animals autopsied.

treated with DT. At autopsy, 1 animal showed no sign of
tumor, while the other animals presented a solid s.c. ab
dominal tumor at the site in which the injections were made
for the tumor transplant and the toxin treatment.
The 2nd experiment was designed to investigate the ef
fect of DT on ascites tumor at various stages of develop
ment. One hundred male mice were given i.p. injections of
Ehrlich ascites tumor cells and subdivided at random into
5 groups of 20 animals each. One of the 5 groups was
treated with 0.9% NaCl solution and the other 4 groups
were treated with DT. The DT was administered to all the
groups at 3 MLD/mouse/day, once daily, for 2 consecu
tive days but the treatment was started at different days,
i.e., at the 1st, 2nd, 3rd, and 4th day after tumor implanta
tion. One-half of the animals in each group were taken for
autopsy on the 13th day. Chart 2 shows the survival curve.
The results obtained demonstrate that the effectiveness of
DT on survival of the animals with ascites tumor increased
with earlier treatment. The longest survival time, greater
than 39 days, was obtained in the group of animals in which
treatment was started on the 1st day after transplantation
of the tumor. The survival times for the groups treated 2,
3, and 4 days after transplant were greater than 30.7,
greater than 30.7, and 18.9 days, respectively. Untreated
controls survived 19.0 days. The incidence of ascites tumor
in the animals autopsied on the 13th day also increased as
the beginning of treatment was delayed. Tumor incidence
was, respectively, 0, 30, 70, and 100% for the 1- to 4-day
delay in treatment. Untreated controls showed 100% tumor
incidence. At autopsy on the 51st day, 5 of the 7 surviving

Chart 2. Antitumor activity of DT against Ehrlich ascites tumor in
various degrees of development. The DT was administered i.p. at a dose of
3 MLD/mouse/day, once daily for 2 consecutive days. Ten mice were
used in each group. A. untreated control: â€¢¿
treatment started I day after
tumor implantation: D, treatment started 2 days alter tumor implanation;
A, treatment started 3 days after tumor implantation: O, treatment started
4 days after tumor implantation.

animals presented a solid s.c. abdominal tumor at the in
jection sites. In 2 animate there was no evidence of solid or
ascitic tumor. The 3rd experiment was designed to inves
tigate the influence of the route of administration on the
antitumor activity of DT. Eighty mice, subdivided into 4
groups of 20 animals each, were used. Three of the groups
were treated with DT i.p., s.c., and i.m., respectively, at a
dose of 3 MLD/mouse/day, once daily, for 2 consecutive
days starting 24 hr after tumor transplant. From the results
obtained (Chart 3) it appears evident that only the i.p.
group demonstrated antitumor activity with a mean sur-
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vivai time greater than 35.7 days. The mean survival times
for the s.o.- and i.m.-treated groups were 22.1 and 21.6
days, respectively, not substantially different from the 19.2
days for the untreated group. The incidence of ascites tu
mor in the animals autopsied on Day 13 was 0% in the i.p.treated group and 80 and 100% in the s.c.- and i.m.-treated
groups, respectively. Untreated controls showed 100% tu
mor incidence. The 2 surviving mice in the group treated
with DT i.p. showed no evidence of solid or ascitic tumor
on final autopsy.
In Experiment 4, the effect of s.c. treatment was recon
sidered, changing the dosage schedule of the DT. Forty
mice were subdivided into 4 groups; 1 group acted as con
trol and the other 3 groups were treated s.c. with DT, 6
MLD/mouse. Of these 3 groups, 1 received the DT in a
single administration while the other 2 groups received the
total dose of DT subdivided, respectively, into 3 (once
daily for 3 consecutive days) and 4 (once daily for 4 con
secutive days) administrations. For all groups the treat
ment was started 24 hr after transplantation of the tumor.
Table 2 shows that the antitumor activity, although mod
erate, became evident only as the fractionation of the dose
increased.
The 5th experiment was designed to determine whether
100

the DT also possessed antitumor activity against Ehrlich
solid tumor. The results obtained (Table 3) demonstrate
that DT is capable of inhibiting solid tumor development
by 79, 64, and 73% when administered i.p., s.c., and i.m.,
respectively. The differences in tumor weights in the groups
treated with DT relative to the untreated control group
were highly significant (p < 0.01).
A further experiment was performed to determine
whether the antitumor activity of the crude toxin was
specifically due to the DT. The results showed that the
antitumor activity of crude DT was lost after incubation
with horse antitoxin for 3 hr at 37Â°at a ratio of 1 MLD
toxin/1 i.u. antitoxin.
DISCUSSION

Both Ehrlich ascites and solid tumor growths were in
hibited by DT. Although a crude toxin was used in these
experiments, the described effects were certainly toxin
dependent since incubation with antitoxin rendered the
crude DT completely ineffective. High doses of DT were
required to produce both effective and toxic activity, since
the mouse is the most toxin-resistant species among mam
mals. The inhibition of ascites tumor by DT was dose de
pendent, but increasing the dose produced signs of toxicity
as evidenced by loss in body weight and appearance of neu
rological disorders. Conversely, the intermediate doses

eo.

Table 3
Antilumor

co.

activity of DTÂ° against Ehrlich solid tumor

Tumori.p.s.c.i.m.Route
ofadministrationUntreated

40.

i79.6472.0;%)i28P><O.OI<0.01<0

20

o
10

15

20

25

30

35

40

45

50

controlinhibitionTumor4097015331962.5.5.8.6wtÂ±Â±Â±Â±(mg)66'118100.
Chart 3. Antitumor activity of DT administered by different routes
against Ehrlich ascites tumor. The DT was administered at a dose of 3
MLD/mouse/day once daily for 2 consecutive days. Treatment was begun
24 hr after the tumor transplant. Ten mice were used in each group. A. un
treated control: â€¢¿
DT i.p.; O, DT s.c.: A. DT i.m.

Effect of dose fraclionalion

"The DT was administered at a dose of 3 MLD/mouse/day, once
daily, for 2 consecutive days. The treatment was initiated 24 hr after
tumor implantation.
6Significance of the difference from untreated control values.
' Mean Â±S.E.: 10 mice were used in each group.

Table 2
on the anlitumor

activity of DT

Diphtheria toxin"

(g)Initial
Body wt
Day 9Day 13
Day 17
Mean survival time
(days)Untreated

control22.2
Â±0.2"
31.3 Â±0.9
39.2 Â±0.9
38.6 Â±0.7
19.91

dose
fraction22.4

dose
fractions"22.2

dose
fractions'22.4

Â±0.3
32.5 Â±0.7
38.0 Â±1.0
37.8 Â±0.8
20.03

Â±0.2
31.5 Â±0.9
34.5 Â±0.9'
36.4Â±0.721.14

Â±0.2
25.8 Â±0.8'
32.5 Â±1.2'
36.8 Â±1.4
26.3

" A total dose of 6 MLD/mouse was administered. The toxin was administered s.c. starting 24 hr alter the
tumor implantation. Ten mice were used in each group.
" DT was administered once daily lor 3 consecutive days.
' DT was administered once daily for 4 consecutive days.
"Mean Â±S.E.
'' Day 0 signifies the day of tumor implantation.
'p < 0.01, relative to untreated controls.

2352

CANCER RESEARCH

VOL. 33

Downloaded from cancerres.aacrjournals.org on June 21, 2021. © 1973 American Association for Cancer Research.

Antitumor Effect of DT
showed evident antitumor activity without marked signs of
toxicity. DT, in order to be effective in ascites tumor by the
s.c. route, had to be administered over several fractional
doses. It may be that fractional administration results in
the maintenance of effective blood levels of DT for a longer
period, thus affecting a greater number of cancer cells.
Similar observations regarding toxicity were made by other
workers in experiments with the guinea pig (15).
There are several possible mechanisms to explain the
damage to cancer cells by suitable doses of DT. For exam
ple, firstly, both the cell membrane and the vessel endothelium may be more permeable in cancerous than in
normal tissues, thereby causing an easier entry of DT. Sec
ondly, the inhibition of protein synthesis mainly affects the
cancer cells because of their high protein-metabolic activ
ity. Thirdly, the initial binding of toxin to the cell may be
electrostatic in nature. As both the toxin molecule and the
cell carry a negative charge, the attachment of the toxin
to the cell may be prevented. The binding of the toxin to
the cell membrane is partially inhibited by polyanions and
by high pH (7). Conversely, the binding is enhanced in the
presence of salts (7). Thus cations may facilitate toxin bind
ing to the cell by neutralization of some negative charges.
Since the cancer cells have a relatively low pH, the hydro
gen ions may facilitate the binding of the toxin to the cell
membrane.
Finally, DT is a mixture of 2 similar proteins. One con
sists of intact polypeptide chains (intact toxin), while the
other (nicked toxin) consists of 2 fragments of 24,000 and
38,000 dallons (A and B, respectively) linked to one another
by a disulfide bridge (4, 5, 9, 10). Neither intact nor nicked
DT has enzyme activity until after the disulfide bond hold
ing A and B together is broken (4, 5, 10). Most of the activ
ity of thiol-treated toxin was shown to be associated with a
subunit of the toxin molecule (3) and precisely with Frag
ment A (4, 5, 10). Linkage to Fragment B is apparently re
quired for toxicity, perhaps to facilitate entry of Fragment
A into the cell (5). In vivo, the toxin may be reduced within
cells through the action of â€”¿SH
groups or other reducing
agents, resulting in dissociation and hence release of active
Fragment A (5). In the absence of thiol-reducing agents,
trypsin also may hydrolyze the toxin molecule into the A
and B fragments (9). We know that cancer cells are a good
source of cathepsins (1, 12). Cathepsins are a mixture of
proteases and among them cathepsin II is homospecific
to trypsin (1). Thus, it may be that a greater content of
cathepsins could activate DT to a greater extent in cancer
than in normal cells.
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