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The course and outcome of lymphosarcoma, par-
ticularly its blast forms, are frequently unfavorable be-
cause of rapid dissemination in early development. As
a result, surgery and radiation are of little use as me-
thods of lymphosarcoma treatment. Chemotherapy is
regarded as an efficient strategy for their treatment, and
various therapeutic agents are being used. These in-
clude cyclophosphamide (CP), melphalan, doxorubi-
cin, among others; treatment with one of the agents
alone provided remission in 20�80% and a complete
remission in 10�20% of patients [1]. The percentage of

patients with complete remission rose to 30�50%, when
a combination of chemotherapeutic agents was ad-
ministered. For this reason, polychemotherapy is cur-
rently the method of choice for treating patients with
lymphosarcomas. The ACOP (adriamycin, CP, oncovin,
prednisolone) combination is most frequently applied.
We have used this combination of chemicals to affect
the development of a transplanted lymphosarcoma in
mice and thereby achieved complete remission in 100%
of those whose tumor volume was 3 cm3 and greater at
treatment onset. Here we show that regression of the
tumor in mice treated with this mixture of chemicals is
due to CP-induced apoptosis and that the other con-
stituents of the mixture fail to influence considerably
tumor growth.
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The antitumor activity of a four-drug combination, cyclophosphamide (CP), adriamycin, vincristine, and prednisolone,
was studied on a transplantable lymphosarcoma LS in CBA mice. A single injection of the drug mixture produced a
complete regression of the tumor transplants in all animals. The effect was found to be elicited by CP, not by any other
constituent of the mixture. Morphological analyses of tumor slices and DNA electrophoresis evidenced that tumors
regressed by apoptosis. The depth and duration of remission caused by CP were dose-dependent. Glucocorticoids and
ionizing radiation, known apoptosis inducers, did not evoke total tumor regression. The obtained data show that there
may be complete tumor regression due to apoptosis induced by a single constituent of the drug mixture.
Key Words: mice, lymphosarcoma, chemotherapy, apoptosis, cyclophosphamide, adriamycin, vincristine, prednisolone.

Íà ìîäåëè ëèìôîñàðêîìû LS ìûøåé ëèíèè ÑÂÀ èçó÷àëè ïðîòèâîîïóõîëåâóþ àêòèâíîñòü êîìáèíàöèè õèìèîïðåïà-
ðàòîâ öèêëîôîñôàìèä (ÖÔ)–àäðèàìèöèí–âèíêðèñòèí–ïðåäíèçîëîí. Îäíîêðàòíîå ââåäåíèå ñìåñè ïðåïàðàòîâ ïðè-
âîäèëî ê ïîëíîé ðåãðåññèè îïóõîëè ó âñåõ æèâîòíûõ; ïðè ýòîì ýôôåêò áûë ïîëíîñòüþ îáóñëîâëåí äåéñòâèåì ÖÔ, à
íå äðóãèõ êîìïîíåíòîâ êîìáèíàöèè. Ïðè ýëåêòðîôîðåçå ÄÍÊ è ìîðôîëîãè÷åñêîì èññëåäîâàíèè ñðåçîâ îïóõîëè
óñòàíîâëåíî, ÷òî åå ðåãðåññèÿ îñóùåñòâëÿåòñÿ ïóòåì àïîïòîçà, ïðè÷åì ãëóáèíà è ïðîäîëæèòåëüíîñòü ðåìèññèè çàâè-
ñÿò îò äîçû ÖÔ. Èçâåñòíûå èíäóêòîðû àïîïòîçà – ãëþêîêîðòèêîèäû è ãàììà-ðàäèàöèÿ – íå âûçûâàëè ïîëíîé
ðåãðåññèè îïóõîëè. Ñîãëàñíî ïîëó÷åííûì äàííûì, ïðè ïîëèõèìèîòåðàïèè îïóõîëåé ïîëíàÿ ðåìèññèÿ ìîæåò áûòü
äîñòèãíóòà çà ñ÷åò äåéñòâèÿ îäíîãî èç ïðåïàðàòîâ êîìáèíàöèè, èíäóöèðóþùåãî àïîïòîç îïóõîëåâûõ êëåòîê.
Êëþ÷åâûå ñëîâà: ìûøè, ëèìôîñàðêîìà, õèìèîòåðàïèÿ, àïîïòîç, öèêëîôîñôàìèä, àäðèàìèöèí, âèíêðèñòèí,
ïðåäíèçîëîí.
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 MATERIALS AND METHODS
Three-month-old males CBA/Lac (CBA) mice bred

at the laboratory facility of the Institute of Cytology and
Genetics (Novosibirsk, Russia) were used. They were
maintained in groups of 8�10 individuals in plastic cages.
The daylight conditions were normal. The mice had free
access to food and water. The experimental tumor used
was a transplantable lymphosarcoma LS initially induced
in a CBA mouse by nitrosomethylurea. After series of sub-
cutaneous passages, it was transformed into ascites form
and cryoconserved. The tumor was thawed when need-
ed, adapted to the mouse milieu during an intraperitoneal
passage and used subsequently for transplantation to
experimental animals. The tumor cells were transplanted
into the thigh muscles in the amount of 106 per mouse.
The three mutually perpendicular diameters of tumors
were measured and the tumor-bearers were assigned to
groups according to the volumetric data. In a number of
experiments, the tumors were measured regularly, with
the disappearance and appearance of a palpable tumor
nodule taken as reference points of the onset and termi-
nation of remission. Spontaneous regression of the tu-
mor did not occur in the untreated mice: they all died 18�
23 days after the tumor had been transplanted. In the
case when the experiments were terminated before natural
death, mice were sacrificed by dislocation of the cervical
vertebrates, and tumor weight was determined as the dif-
ference between the weight of the amputated tumor-bear-
ing limb and the tumor-free contralateral limb.

The chemicals used were CP (�Cyclophosphane�, Sa-
ransk, Russia), adriamycin (�Adriablastin�, Farmacea, Italy),
vincristine (�Citomid�, Lemery, Mexico) and prednisolone
(Hafslund Nicomed, Austria). The chemicals were dissolved
in saline just before their injection. They were injected as a
mixture, the constituents being as follows: adriamycin,
4 mg/kg, vincristine, 0.1 mg/kg, CP, 50 mg/kg. These are
about a quarter of their therapeutic doses. When a chemical
was injected alone, the doses of adriamycin and vincristine
were 16 mg/kg and 0.4 mg/kg of body weight, respectively,
and those of CP were 7.5�150 mg/kg. Mice received a sin-
gle injection of all the chemicals into the tail vein. Predniso-
lone  was injected intraperitoneally daily at a dose of 6 mg/kg
for 5 consecutive days. A suspension of hydrocortisone (Ser-
va, Germany), 9 mg/ml, and a solution of dexamethasone
(Hafslund Nicomed, Austria), 1 mg/ml, was also injected in-
traperitoneally in the amount of 1 ml per 100 g of body weight
two times with an interval of 48 hours between the injections.
Some tumors were locally γ-irradiated with IGUR-1 appa-
ratus (137Cs as the radiation source) using lead plates for
shielding the whole body except the tumor-bearing limb.
The dose was 12 Gy at the dose rate 1.45 Gy/min. The

tumor nodes, liver and thigh muscles into which the tumor
was transplanted were fixed in 10% formalin and standard
hematoxylin and eosin sections were made. For quantifica-
tion of apoptosis, tumor cell suspensions were fixed in Car-
nois solution and stained by 4% carmin in 45% acetic acid.
Genomic DNA was isolated as described [2] from the un-
fixed tumors of treated and control mice, and 2�3 µg of each
DNA sample was subjected to electrophoresis in 1.5% aga-
rose gel according to [3]. 100 bp DNA ladder N 3231L (Bi-
olabs, USA) was used as a marker. Thereafter the prepa-
rations were visualized by staining with ethidium bromide
and photographed in UV light.

Statistical analysis was performed by Student�s t-test.

RESULTS
After treatment with the mixture of chemicals, the tu-

mor completely regressed in 100% of mice. According to
their initial size, the tumors were not palpable any longer
4�5 to 6 days after treatment. The question was raised of
the relative contribution of each constituent of ACOP used
to tumor regression. By omitting, one by one, a constituent,
we obtained assurance that the observed tumor regres-
sion was completely due to the presence of CP in the mix-
ture: its omission from the mixture rendered it without anti-
tumor effect, while omission of any one of the other con-
stituents did not affect considerably the antitumor effect
(Table). Moreover, as Fig. 1 shows, an increase in the dose
of vincristine and adriamycin to the therapeutic level, when
each of the chemicals was applied alone, did not produce
complete regression of the tumor, although transiently sup-
pressing tumor growth by 22% (vincristine) and 92% (adri-
amycin). Glucocorticoids, too, exerted a weak effect on the
growth of tumor, as evidenced by its 24�28% growth sup-
pression; gamma-irradiation at a dose of 12 Gy also only
transiently inhibited tumor growth. It is noteworthy that ad-

Table. Regression and recurrence of inramuscular transplants of lymphosarcoma LS in mice treated with a complete drug combination containing adria-
mycin, CP, vincristine and prednisolone, and with one of the constituents omitted from the combination 

Tumor transplants 6 days after treatment Treatment 
Number of mice with tumor/total mice Mean tumor weight, g 

Tumor recurrence 21 days after treatment: 
number of mice with recurrence/total mice 

1. Control (without treatment) 7/7 3.5 ± 0.28 - 
2. Adriamycin + CP + vincristine + prednisolone 0/12 0 9/12 
3. CP + vincristine + prednisolone 0/12 0 7/12 
4. Adriamycin + CP + vincristine 0/12 0 5/12 
5. Adriamycin + CP + prednisolone 0/12 0 6/12 
6. Adriamycin + vincristine + prednisolone 12/12 3.2 ± 0.21 - 
 

Fig. 1. The time course of the growth of LS transplants after ad-
ministration of chemotherapeutic agents and g-irradiation. Mice
received a single injection of adriamycin, 16 mg/kg ( ), vincristine,
0.4 mg/kg ( ) or CP, 50 mg/kg ( ), on day 0 (a) or hydrocortisone
at 80 mg/kg ( ) and dexamethasone ( ) at 9 mg/kg, two times on
days 0 and 2 (b). The mice were irradiated at 12 Gy ( ) on day 0
(b). Control ( ) � without treatment. There were 6�8 mice per group
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ministration of CP at the same dose as present in the mix-
ture (50 mg/kg) had the same antitumor effect as when it
was administered in a mixture of chemicals (Fig. 2). Both
when the mixture of all the constituents was administered
and CP alone, tumor regression was not associated with
visible necrosis of malignant tissue or with skin ulceration.
It appeared that the LS regressed by tumor cell apoptosis.
In fact, microscopic examination of cells fixed at different
times in the course of tumor regression showed the pattern
characteristic of apoptotic cells: chromatin became con-
densed and, as a result, the nuclei reduced and broke apart.
72 h after administration of CP at 100 mg/kg, more than
90% of tumor cells were found to exhibit apoptotic chang-
es (Fig. 3). Histologically, in most mice after the tumor re-
gression, only single tumor cells were seen lying between
muscle fibers. Up to 50% of the areas of sections obtained
from the liver of the untreated mice consisted of tumor tis-
sue structurally similar to that in thigh muscle; liver me-
tastases also regressed as the intramuscular tumors dis-
appeared.

In separate experiments, mice were sacrificed 3 days
after they had received CP (50 mg/kg), when mean tumor
weight was 0.7 ± 0.10 g (3.0 ± 0.24 g in the control). DNA
was isolated from the tumor tissues and electrophoresed
in agarose gel (Fig. 4). While the DNA from the tumors of
control mouse was very homogeneous, and its molecular

weight was high, that from the tumors of treated mouse
broke down giving rise to the ladder figure characteristical-
ly produced by cells dying by apoptosis. Thus, CP-induced
LS tumor regression is undoubtedly effected by apoptosis.

The observed regression of the tumors was not taken
to mean that the mice were cured: tumors recurred in
many of them. Recurrence time was related to tumor
size at treatment onset and CP dose. Thus, in mice that
had received CP at 50 mg/kg, when tumor volume was
3.7 ± 0.40 cm3 and 0.4 ± 0.10 cm3, remission lasted for
17.0 ± 1.2 and 25.0 ± 0.5 days, respectively (p < 0.001).
It should be noted that the tumors recurred in all mice in
the former and 3 of the 5 were completely cured (sacri-
ficed 80 days later tumor-free) in the latter case.

The relation between the regression pattern of the tu-
mors that had a volume of 0.5-0.7 cm3 by treatment on-
set, remission and CP dose is shown in Fig. 5. Clearly, a
complete regression of the tumor is achieved more than
in a half of mice at a CP dose as low as 7.5 mg/kg and CP
at 15 mg/kg provided a complete regression in 100% of
mice. However, remission time was the same in both cas-
es, being 13.0 ± 4.7 and 12.0 ± 3.2 days, respectively;
there were also no considerable differences in the fre-

Fig. 3. Frequency of apoptotic cells in cell suspensions prepared
from LS tumor nodules at different time after CP injection at
100 mg/kg. At least 1000 cells were counted from each of 3�4
tumors, giving reproducibility to within 5%

 Fig. 4. An electrophoregram of the DNA from LS tumor cells of a
control mouse (lane 1) and mouse treated with CP at 50 mg/kg
48 h prior to sacrifice (lanes 2). Lanes 3 � 100 bp DNA ladder N
3231L

Fig. 2. The time course of the regression and recurrence of LS after
administration of the drug combination (adriamycin, 4 mg/kg, vinc-
ristine, 0.1 mg/kg, CP, 50 mg/kg, as a single injection, and pred-
nisolone, 6 mg/kg, daily for 5 consecutive days) ( ) or a single in-
jection of CP alone at 50 mg/kg ( ). There were 16 mice per group

Fig. 5. The time course of the regression and recurrence of LS
after treatment with different doses of CP. Mice received a single
injection of CP at doses: 7.5 mg/kg ( ), 15 mg/kg ( ), 25 mg/kg ( ),
150 mg/kg ( ), or repeated injections of CP (25 mg/kg x 6 times
weekly) ( ). There were 6�14 mice per group
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quencies of the tumor recurrence. At a single dose
25 mg/kg, CP only somewhat increased remission time
(to 17.0 ± 2.7 days); when 25 mg/kg  CP was injected
6 times, 100% of mice were cured. CP was just as bene-
ficial when it was singly injected at the dose of 150 mg/kg.

DISCUSSION
The results we obtained here demonstrated that the

cells of a highly malignant tumor, even after more than
50 passages in mice, are fully capable of suicide by the
apoptotic machinery. This means that, even if blocking of
apoptosis does play a role in carcinogenesis, a chemo-
therapeutic agent, CP in our case, may well eliminate it. It
is noteworthy that the complete regression of the tumor
was virtually achieved in 100% of mice treated with CP at
a dose less than 10% of the maximally tolerated. In con-
trast, the genotoxic gamma-irradiation and adriamycin at
therapeutic doses only reversibly delayed tumor growth.
It may be assumed that CP, which was generally be-
lieved to exert an antitumor effect by directly damaging
the dividing cells, in the given model acts as an epigeneti-
cally active agent triggering a programmed cell death.
What may be the target of the agent and the mode of its
action are unclear. There is an obvious need for contin-
ued efforts to elucidate them and we hope to succeed.

The apoptotic mechanism of drug-induced regression
is not unique to LS tumor. Other transplanted tumors be-
have similarly: Woker carcinosarcoma [4], lymphoma EL4
[5], leukemia P388 [6], Burkit�s lymphoma and many other
human lymphomas and lymphosarcomas [1]. The gener-
ally accepted method of treating the lymphoproliferative
disorders is polychemotherapy, the associated use of sev-
eral antitumor drugs. However, if there are human lym-
phoid tumors, in which the therapeutic effect is achieved
via apoptosis induced by a single drug, like in our model,
not by DNA damage, the concomitant use of a number of
other cytotoxic agents would not enhance tumor regres-
sion. Substitution of polychemotherapy by monotherapy
with the agent, inducing massive apoptosis of tumor cells,
would allow to apply it at higher doses and thereby to en-
sure a more stable and longer remission. Tests for the sen-
sitivity of tumor cells to apoptosis induced by a chemical
agent based on histochemical methods or electrophoresis
of DNA are now available [7], and they may be easily ap-
plied in the case of lymphomas. Using these tests, Havri-
levsky et al. [8] have studied chemotherapy-induced apo-
ptosis in epithelial ovarian cancers. They have observed
that, along with cancers insensitive to induction of apopto-
sis, there are cancers in which apoptosis is triggered by the
activated metabolite of CP, or cisplatin, or by both. If hu-

man lymphosarcomas are also heterogeneous with re-
spect to their sensitivity to apoptosis induction by various
drugs, then the apparent advantages of polychemothera-
py over monotherapy must reflect not the additive effect of
the components of drug combination in the same patient,
but rather the sum of selective effects exerted by each of
them in different patients in whom apoptosis can be in-
duced by different components. Our present understand-
ing of the mode of action of antitumor agents [9] and the
technical possibilities of detection of apoptosis justify a critical
reconsideration of polychemotherapy as an universal meth-
od for lymphosarcoma cure in favor for individually appro-
priate monotherapy by the agent inducing apoptosis in the
tumor under treatment.
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