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Alternative Production of Bcl-2 and Bax by Tumor Cells
Determines the Rates of In Vivo Tumor Progression:
Suggested Mechanisms
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Laboratory of Antitumor Immunity, Institute of Carcinogenesis, N. N. Blokchin Cancer Research Center,
Russian Academy of Medical Sciences, 115478 Moscow, Russia

Abstract The hypothesis tested in the study suggests that mechanisms of the earlier described delayed or
accelerated tumor progression may be regulated by the antiapoptotic and proapoptotic cellular programs activated in
stress reactions of transformed cells to the host normal cellular environment. Therefore, spontaneously transformed
hamster cell line STHE, its bcl-2-transduced line STHE-Bcl-2, and 64 of their descendant tumor cell variants naturally
selected in two in vivo regimes (local tumor growth versus dissemination) were examined. The role of Bcl-2 and the
possible activation of endogenous death-signaling Bax, Ras, and HSP90/HSP70 stress proteins in STHE (Bcl-2þ/�) tumor
cell variants were studied in dynamics of in vivo tumor progression. The data demonstrate: (1) Immediate in vivo activation
of Bax and of HSP90/HSP70 stress proteins in disseminated STHE cells on the background of accelerated tumor
progression; (2) No immediate activation of Bax and the gradual downregulation of Bcl-2 in STHE-Bcl-2 cells on the
background of delayed tumor progression; (3) Alternative and mutually suppressive character of Bcl-2 and Bax expression
in both regimes of tumor progression; (4) In the later stages of tumor progression, the regular transit of the initial Bcl-2
antiapoptotic, Bax-suppressing program, and the delayed tumor progression towards Bcl-2 loss, activation of Bax, and
acceleration of tumor progression. Thus, the delay of tumor progression is apparently determined by the ability of Bcl-2-
expressing tumor cells to extinguish the cell-damaging environmental stress signals and Bax activation, while its
acceleration correlates with Bcl-2 loss, activation of proapoptotic Bax, and tumor cells damage. J. Cell. Biochem. 101:
1148–1164, 2007. � 2007 Wiley-Liss, Inc.
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Genetic and epigenetic changes of trans-
formed cells during in vivo multistep tumor
progression towards higher malignancy occur
under conditions of natural selection of tumor
cell variants more resistant to almost any type
of cell DNA damaging factors, in particular to
the antitumor stress reactions of the host
normal cellular environment. These changes

are apparently highly influenced by the host
vital, organ-specific, hormonal, differentiation,
and death signals and involve a set of insuffi-
ciently studied biochemical reactions of tumor
cells (TC) to contact interaction with the host
cellular environment [Nowell, 1986; Dotto
et al., 1988; Weinberg, 1989; Bauer, 1996; Witz
et al., 1996; Hanahan and Weinberg, 2000;
Klein, 2002; Roskelley and Bissell, 2002; Fidler,
2003; Klein, 2004]. Surprisingly, the very
beginning (first hours and days) of in vivo
experience of syngeneic TC is followed by mass
death and damage to these cells, especially high
(near 100%) under conditions of dissemination
[Fidler, 1970; Poste and Fidler, 1980; Price
et al., 1984, 1986].

The majority of the host antitumor reactions
in vivo apparently represent the ancient,
immunologically nonspecific rejection reactions
directed against the cells recognized as diverse
(mutant, senile, damaged, etc.) [Klein, 2004;
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Klein and Klein, 2005]. Transformed cells
(TrC), as compared with normal cells, appeared
to be even more sensitive to the intercellular
and intracellular death signals, especially those
mediated by reactive oxygen and nitrogen
species [Bauer, 1996; Hanusch et al., 2000;
Heigold et al., 2002]. As shown earlier, during
in vivo natural selection, TrC regularly
acquire increased H2O2-catabolizing activity
and the resistance to damage by hydrogen
peroxide [Deichman and Vendrov, 1986; Deich-
man et al., 1989] and to hypoxia [Graeber et al.,
1996] together with significantly higher tumor-
igenicity.
During the last about 15 years, we have

addressed our studies to identification of the
earliest regular phenotypic and biochemical
changes acquired by Syrian hamster in vitro
TrC of different origin (spontaneous and virus-
induced transformation) and particularly, dur-
ing their in vivo subcutaneous (sc) growth and
intravenous (iv) dissemination. The dynamics
of in vivo natural selection of the descendant TC
variants towards higher tumorigenicity and
metastasizing was studied [reviewed by Deich-
man, 1988, 2000, 2002]. It has been demon-
strated that besides 10–100-times increased
tumorigenic activity (usually not yet followed
by spontaneous metastasizing activity), the
acquired resistance of TC to cytotoxic activities
of macrophages (Mph) and NK cells correlated
with their: (1) increased H2O2-catabolizing
activity (H2O2

CA); and (2) acquired ability to
release E2 prostaglandins (PGES) in contact
interaction with NK cells [Deichman et al.,
1989a; review by Deichman, 1988]. Unexpect-
edly, the co-expression of these two biochemi-
cally different cell properties was regularly
acquired by the descendant variants of TrC in
vivo at almost the same time of sc tumor growth
during 100� 20 days. We designated these
stable changes as (H2O2

CAþPGES) phenotype
(abbreviation HP-phenotype) and considered
them as a marker of possibly the earliest
(premetastatic) stage of in vivo tumor pro-
gression [review by Deichman, 2002].
Unexpectedly, with the use of HP-phenotype

as a stage marker iv disseminated STHE cells
demonstrated high acceleration of tumor pro-
gression as comparedwith sc grownSTHEcells.
In contrast, striking delay of tumor progression
was demonstrated in the case of bcl-2-trans-
duced STHE cells, disseminated iv or grown sc
[Deichman et al., 1998; Dyakova et al., 2001;

rev. Deichman, 2002]. However, the mecha-
nisms responsible for the delay in tumor
progression of Bcl-2-expressing TrC, as well as
for acceleration of this process in the case of Bcl-
2-non-protected STHE cells remained unclear.
Therefore, our present studies were addressed
to the mechanisms of the in vivo delayed and
accelerated tumor progression and particularly
to the suggested role of the in vivo activation
of antiapoptotic and proapoptotic programs of
Bcl-2-protected, or not protected TrC in their
direct contact interaction with the host normal
cellular environment.

Published data on the role of antiapoptotic
and proapoptotic tumor cell activities in tumor
progression are controversial. Several clinical
observations connect Bcl-2 expression with
favorable prognosis and suggest delayed cancer
progression. The loss of Bcl-2 in human breast
cancer increases TC death and proliferation
[van Slooten et al., 1998] and allows accumula-
tion of genetic alterations [Sierra et al., 2000].
The antiapoptotic Bcl-2 and proapoptotic Bax
activities have been considered as independent
cell functions [Knudson and Korsmeyer, 1997].
Hepatic carcinogenesis related to either c-myc,
or to TGFa were both delayed and altered by
Bcl-2 [de La Coste et al., 1999; Vail et al., 2001].
Also, Bcl-2 inhibited the development of
F-MLV-erythroleukemias [Howard et al.,
2001] and lymphoma development in Bax
transgenic mice [Luke et al., 2003]. In the
majority of experimental studies, the pro-survi-
val activity of Bcl-2 or mutational inactivation
of Bax are usually considered as factors a priori
promoting in vivo survival of TC and thus,
tumor growth and progression [Haldar et al.,
1994; Knudson and Korsmeyer, 1997; Ionov
et al., 2000; rev. in Adams and Cory, 1998;
Zornig et al., 2001; Yin, 2006; van Delft and
Huang, 2006]. On the other hand, in p53-
deficientmice acceleration of tumor progression
by Bax has been shown [Knudson et al., 2001].

The findings presented in this study support
the hypothesis that dynamics of in vivo tumor
progression (accelerated or delayed) correlate
with the ability of TC to follow either their Bcl-
2-antiapoptotic or Bax-proapoptotic cellular
programs; immediate in vivo activation (or
suppression) of a set of endogenous death-
signaling proteins, such as Bax, Ras, and
HSP90/HSP70 stress proteins is shown. In
contrast to awidely accepted opinion, activation
of endogenous Bax and correspondingly, worse
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survival of iv disseminatedTC invivo correlated
with highly accelerated tumor progression,
while expression of the prosurvival Bcl-2 activ-
ity inhibited activation of Bax and significantly
delayed tumor progression. In vivo expression
of Bcl-2 and Bax proteins appeared to be
alternative and mutually suppressive in both
STHE (Bcl-2þ/�) cell lineages and in both
regimes of tumor progression.

MATERIALS AND METHODS

Cells

Syrian hamster embryo cells spontaneously
transformed in vitro (STHE cell line), its bcl-2-
transduced cell line (STHE-Bcl-2), and a collec-
tion of 64 of their variant descendant cell lines,
naturally selected in two in vivo regimes (local
sc growth versus dissemination) and then
transferred in tissue culture were studied.
Details of STHE cells transduction with retro-
viral vector carrying cDNA for human Bcl-
2 gene (pLBSN), kindly performed by M.
Nikiforov and A. Gudkov, as well as some
original characteristics of these cell lines were
presented elsewhere [Deichman et al., 1998].
Briefly, both in vitro maintained STHE paren-
tal cell lines, (Bcl-2þ/�) were non-immuno-
genic, low-clonogenic, low-tumorigenic, non-
metastasizing spontaneously, and character-
ized by low basic levels of endogenous Bax, Ras,
and HSP90 and HSP70 stress proteins produc-
tion. After transduction with bcl-2, high and
stable level of Bcl-2 protein production was
characteristic for in vitro growing STHE-Bcl-2
cell line. Indirect data (high susceptibility to
oxygen stress, to g-irradiation, and to cytotoxi-
city of Mph and NK cells) suggested that STHE
parental cell line (examined before any in vivo
experience) retain wt p53 activity. Cell lines
were cultured in vitro as monolayers with the
use of DMEM culture media, adding 7–10%
fetal calf serum and antibiotics.

In Vivo Natural Selection of STHE (Bcl-2þ/�)
Variant Tumor Cells Lines From the sc Growing

or iv Disseminated TC

In contrast to conditions of sc local tumor
growth, where descendant TC variants could be
isolated only after the appearance of palpable
tumor nodules, the high experimental advan-
tage of the use of iv dissemination of TrC is the
possibility to isolate the surviving descendant
TC variants from different host tissues (for

instance, from lung tissues) at any time after iv
inoculation of TrC, that is, long before the
appearance of visible tumor nodules in these
tissues [Deichman et al., 1994; Dyakova et al.,
2001]. Descendant variants of STHE and
STHE-Bcl-2 cells were isolated at different
time intervals after either sc or iv inoculation
of normal adult Syrian hamsters in accordance
with Figure 1. While sc-transplanted TrC
undergo relatively moderate environmental
stress, when about 10–15% of inoculated TC
survive and grow, themass death (near 100%) of
the same cells take place under conditions of
dissemination. It apparently means that
environmental stress and, correspondingly,
the host in vivo selection pressure on iv

Fig. 1. Modeling of in vivo natural selection of Syrian hamster
in vitro transformed cells under conditions of moderate or high
environmental stress (local tumor growth vs. dissemination).
Single cell suspensions of two in vitro transformed tissue culture
cell lines of one origin (STHE and STHE-Bcl-2), in vitro
spontaneously transformed and Bcl-2 transduced, never before
selected in vivo, low-malignant, not expressing HP-phenotype,
were inoculated subcutaneously (sc) (2.0�104/0.2 ml), or
intravenously (iv) (2.0–5.0� 106/1.0 ml) into normal adult
Syrian hamsters. At different times of near 50 and 100 or more
days of sc growth and at 1 to >70 days after iv inoculation, 3–
5 animals were sacrificed and tumor cells (TC) were isolated from
individual sc tumor nodules; iv disseminated TC were isolated
from macroscopically normal lung tissues of individual inocu-
lated animals. Isolated descendant TC variant were grown in
tissue culture, extracted, and examined in sandwich ELISA for the
production of Bcl-2, Bax, Ras, and HSP90/HSP70 and on the
expression of HP-phenotype (details in Materials and Methods).
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disseminated TrC is significantly higher than
in the case of sc growing TC [discussed by
Deichman, 2002].
Isolation of TC Variants From sc Grown

Tumor. Briefly, the procedure used for natural
selection of STHE and STHE-Bcl-2 descendant
TC variants from the sc growing tumors in
normal Syrian hamsters was standard (Fig. 1,
left side) including: (a) the number of TrC in the
single cell suspensions (2.0� 104/0.2 ml/point)
sc inoculated into 5–6 normal 2-month old
hamsters; and (b) 45–60days of in vivo duration
of each sc growth cycle. All animals in these and
subsequent experiments were maintained
and used in accordance to the State Ethical
Guidelines for Animal Care. At 45–60 days of sc
tumor growth, the animals were sacrificed
using of ethyl ether. Tumor cells of 3–6 or more
sc tumor nodules, each from individual animal
of the same group, selected randomly, were
excised in sterile conditions, washed free from
blood, cut mechanically, and treated with
Versene solution (2% EDTA solution, Sigma);
cell suspensions were washed in PBS, resus-
pended in culture medium, and grown as
monolayers. After 3–5 in vitro passages, the
isolated TC variants were, as a rule, completely
cleared from the admixture of the host
stromal cells and could be further examined as
a descendant variants of the parental cell line.
The total duration of in vivo experience of each
tumor cell line passaged sc in several in vivo
cycles of sc growth was summarized.
Isolation of Descendant TC Variants

From Lung Tissues of Hamsters iv Inocu-
lated With TrC. For this purpose, the single
cell suspensions of TrC prepared from both
in vitro grown tissue cultures of STHE (Bcl-
2þ/�), were inoculated iv (2.0–5.0� 106/1.0 ml/
hamster) into the retroorbital venous cavity of
2-month-old normal Syrian hamsters (Fig. 1,
right side). At different time intervals after iv
inoculation (in the present study from 1 to
70 days), 3–6 animals from the group were sacri-
ficed under ethyl ether treatment and the indi-
vidual, macroscopically normal lungs (free
from visible metastasis) were excised in sterile
conditions, washed free from the blood, cut
mechanically, treated with 2% EDTA solution,
centrifuged, and resuspended inDMEMculture
medium supplemented with 10% fetal calf
serum and antibiotics. The majority of TC lines
isolated from the lung tissues of iv inoculated
animals were obtained in two following steps:

(1) enrichment in the lung cell suspension of
disseminated TC using a Percoll gradient (20–
24%) and (2) growth in tissue culture. During
the subsequent few culture media changes and
in vitro passages, the admixture of normal
stromal and lung cells are gradually eliminated,
while the lung-isolated TC dominantly grew in
tissue culture as amonolayer. All variants of TC
lines isolated from sc tumors and from the lung
tissues are stored under liquid nitrogen.

Expression of (H2O2
CAþ PGES) (HP) phenotype

Acquisition of HP-phenotype was determined
for the parental and for each in vivo naturally
selected descendant TC variant according to
Deichman et al. [1998]. This included the
simultaneous in vitro examination of the follow-
ing twoTCproperties: (1) the antioxidantH2O2-
catabolizing (H2O2

CA) activity; and (2) the
ability to release PGE2 (PGE2

S) in culture
medium immediately in response to contact
interaction with NK cells. Briefly, H2O2

CA

was determined using the luminol-dependent
chemiluminescence (LDC) test in standard
tumor cell extracts (adjusted to 2.0 mg/1.0 ml
protein), treated with standard doses of H2O2.
The thermostatted Biolumate model 9500
luminometer, Berthold, Gossheim, Germany)
was used. PGE2-releasing activity (PGES) of
in vivo selected TC variants was determined
by either RIA [Young and Knies, 1984] or by
biological test [Kluchareva et al., 1992]. In both
tests, as PGES controls, intact TC and TC pre-
treated with indomethacin (Serva) (20g/1.0 ml,
2 h at 378C) were examined in parallel.

Modified Sandwich ELISA Used for Determination
of Bcl-2, Bax, Ras, HSP90, and HSP70

Proteins in TC Extracts

Monoclonal antibodies (MABs). The fol-
lowing MABs of mouse IgG1 isotype (all
obtained from BD Bioscience, Pharmingen)
were used: anti-Bcl-2 (cat. No. 610539; clone
7); anti-HSP90 (cat. No. 610419, clone 68); anti-
HSP70 (cat. No. 610608; clone 7); purified
mouse anti-Bax (cat. No. 556467, clone 6A7);
mouse anti-Ras (cat. No. 610002, clone 18);
horseradish peroxidase (HRP)-conjugated rat
anti-mouse IgG1 MAB (cat. No. 559626, clone
X56). In accordance with the technical data of
BD Bioscience, Pharmingen, the specificity of
MABs against HSP90 (clone 68) and HSP70
(clone 7) was confirmed using Western blots
(WB) with lysates of HeLa cells demonstrating
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that the corresponding antibodies reveal anti-
gens of 90 kDa and 70 kDa, correspondingly,
and do not show cross reactions. Specificity of
anti-Bax MABs (clone 6A7) was challenged in
WB using Daudi human B cells and mouse
thymocytes, which both revealed Bax as a
21-kDa band. Specificity of anti-Bcl-2 MABs
were examined in a WB test using Jurkat cell
lysate, which revealed Bcl-2 as a 26-kDa band.
Specificity of anti-Ras MABs (clone 18) was
confirmed in WB using A431 cell lysate, which
reveal Ras as a 21-kDa band. The titers of anti-
HSP90 compared with anti-HSP70 MABs in
ELISA tests examined in the present study in
extracts of the same cell lines, as well as in their
variant cell lines, appeared to be practically the
same. Therefore, in Figures, they were pre-
sented as the titer of anti-HSP90/HSP70MABs.

Preparation of Cellular Extracts for
ELISA and WB Tests

Monolayer tissue cultures of in vitro grown
TrC of the parental STHE and STHE-Bcl-2 cell
lines and of their in vivo naturally selected TC
variants were taken from the glass using
Versene solution (EDTA, Sigma), twice washed
with PBS and extracted by freezing and thaw-
ing at �208C in PBS followed by centrifugation
(8,000g, 15 min, 48C) and the addition of Triton
X-100. For WB, the tumor cells extracts pre-
pared by freezing and thawing as for ELISA
were in addition treated with 1% SDS and
heating (958C), followed by electrophoresis in
accordance to Laemmli [1970] and preparation
of Western blots. Total protein content in TC
extracts was determined under cold conditions
according to Bradford, adjusted to 2.0 mg/1.0
ml, distributed inEppendorf vials in a volume of
50 ml/sample and frozen at �208C until use.
Before use in reactions, extracts were diluted
1:10 (to 0.2 mg/1.0 ml).

WB assay was mainly used for identification
of the proteins under study by molecular
weight. However, due to the unforeseen loss of
the proteins during the preparation of WB, and
particularly during their additional treatment
with SDS and heating, and then in electrophor-
esis and transfer, determination of proteins in
WB is rather more qualitative than quantita-
tive. Besides, the treatment of cell extracts with
SDS breaks the dimerized and heterodimerized
forms of Bcl-2 and Bax and thus apparently
alters the real composition of these protein
complexes in the tumor cell extracts. In contrast

to WB, in ELISA, one deals with significantly
less damaged proteins and identifies them
mainly in their free forms [especially as con-
cerns MABs used in the present study, Hsu and
Youle, 1997]. These technical differences make
determination of proteins in ELISA, as com-
pared with WB, more sensitive and quantita-
tive, especially in cases, when the expression
and production of these proteins varied widely.
Therefore, in the present study for evaluation of
the level of proteins expressed in the compared
cellular extracts, we used mainly ELISA in its
sandwich modification and the titration of the
correspondingMABs against one standard dose
of cell extract; in some experiments, the titra-
tion of standard cell extracts (diluted 1:2–1:8)
against one dose of MABs were used.

ELISA (Enzyme-Linked Immunosorbent Assay)

Slightly modified sandwich ELISA was used
for determination of Bcl-2, Bax, Ras, and
HSP90/HSP70 stress proteins in cellular
extracts of TC lines. In accordance to a mod-
ification of sandwich ELISA [Valdes et al.,
2003], the same MABs were used as a capture
(bottom) component, immobilized onto thewells
of 96-well tissue culture plates (Costar) and as
upper detection antibodies. The use in ELISA of
the same MAB as a capture and as upper
antibody appears useful in the cases when the
cell proteins under study normally exist in the
free, as well as in the aggregated forms of homo-
and heterodimers; the latter is especially true
for Bcl-2 and Bax [Oltvai et al., 1993; Yin et al.,
1994;HsuandYoule, 1997;Hirotani et al., 1999;
Yin, 2006; van Delft and Huang, 2006].

In majority of sandwich ELISA tests used in
the study, the capture antibody was diluted in
carbonate buffer (pH 8.4) 1:4,000; the upper
detection antibody of the same specificity was
twofold diluted in PBS from 1:1,000–1:2,000 to
1:16,000–1:32,000. After blocking with 1%BSA
in PBS and washings, the wells were covered
with 0.1 ml of cellular extract (adjusted to total
protein 0.2 mg/1.0 ml) or with 0.1 ml of its
diluted (1:2–1:8) samples.Then, after overnight
incubation at 48C and washings, the wells were
coated with different dilutions of upper (detec-
tion) MABs of the same specificity using three
wells for each dilution of antibodies. As controls,
the same dilutions of MABs free from the cell
extracts, as well as cell extracts free from
antibodies, were used. As other control (if
necessary), coating the wells with normal
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serum, instead of the specific MABs was
included. The quantification seems to be linear
in the interval between 1:2,000 to 1:8,000
dilutions of anti-Bcl-2 and anti-BaxMABs. This
makes it possible to semi-quantitatively com-
pare the levels of particular proteins deter-
mined in different standard cell extracts by
either of two approaches, that is, by the titration
of MABs against one dose of TC extracts, or by
the titration of TC extracts diluted 1:2–1:8
against one or more doses of MABs. The
modified sandwich ELISA used in the study
for determination of Bcl-2, Bax, Ras, and
HSP90/HSP70 mainly by the titration of upper
MABs against different undiluted TC extracts,
repeated 2–3 times, demonstrated stable and
highly reproducible results.
The rat antimouse HRP-labeled antibodies at

dilution 1:4,000 and o-phenylenediamine dihy-
drochloride (Sigma) were used for the display of
ELISA reaction (with absorbance at 492 nm)
with a Uniplan reader (Pikon, Russia). The
significant difference (P< 0.001) in the mean
(M�m) optical densities (OD) (usually near or
equal to 0.100 OD units) between the highest
dilution of corresponding MABs against the
standard dose of the cell extracts and the
parallel mean OD values of control wells
containing the same dilutions ofMAB, free from
the cell extract (minus OD of cell extract free of
antibodies) was considered as an end-point titer
of the upper MAB reaction in sandwich ELISA
characterizing the relative quantity of the
specific protein in the given cell extract. The
use of anti-Bcl-2 and anti-Bax MABs in ELISA
assay with the same TC cell extracts, undiluted
or diluted 1:2–1:8 allow evaluation of Bcl-2/Bax

and Bax/Bcl-2 indices of the compared cell lines
and thus, their dynamic changes in the same
cell lines during tumor progression/examples in
Tables I and II.

RESULTS

The experimental approach exploited in our
present studies is based on the use of: (1)
spontaneously transformed non-immunogenic
hamster cell line STHE, protected or unpro-
tected by Bcl-2 against apoptotsis and their in
vivo naturally selected TC variants; (2) two
standard regimes of tumor progression, physio-
logical for in vivo tumor development and
natural selection of TC variants (local tumor
growth vs. dissemination) (Fig. 1). These
regimes are significantly differing in the level
of the host antitumor environmental stress
(moderate or high), the corresponding better
orworse TC survival and the dynamics of tumor
progression; (3) mainly sandwich enzyme-
linked immunosorbent assay (ELISA) for detec-
tion of the possible in vivo activation of such
endogenous cell proteins as Bcl-2, Bax, Ras, and
HSP90/HSP70; in limited number of experi-
ments, Western blot (WB) assay was used; (4)
HP-phenotype as a marker of the early (pre-
metastatic) stage of in vivo tumor progression.

In the series of experiments, we compared the
use of WB and of sandwich ELISA for determi-
nation of the significantly varied quantities of
Bcl-2 and Bax proteins production by STHE
parental (Bcl-2þ/�) cell lines and their in vivo
selected TC variants. As shown inWB (Fig. 2A–
C), Bcl-2 and Bax proteins were determined as
p26 and p21 bands, correspondingly, with the

Fig. 2. Western blots of Bcl-2 and Bax expressed in STHE-Bcl-2
cell line and its in vivo selected tumor cell variants. A: Titration
(1:2–1:4) of Bcl-2 in extract of the parental STHE-Bcl-2 cell line
against anti-Bcl-2 MAB, clone 7 (1:500); (B) Expression of Bcl-2
p26 and of Bax p21 and p24 in STHE-Bcl-2 cells and their tumor
cell variants lung-isolated at 1–28 days after iv dissemination of

the parental cell line (anti-Bcl-2 MAB, clone 7, 1:500); (C)
Expression of Bax p21 and p24 and of Bcl-2 p26 in extracts of
STHE-Bcl-2 parental cell line and its variant tumor cells lines
isolated from sc growing tumors at different times of 96–257 days
(anti-Bax MAB 6A7, 1:500) (details in Materials and Methods).
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use of anti-Bcl-2 MAB (clone 7) and anti-Bax
MAB (6A7). In all WB tests, due to the known
high homology and co-immunoprecipitation of
these proteins by anti-Bcl-2 and anti-Bax
MABs, the cross-reactivity between Bcl-2 and
Baxproteinswas regularly observedwith either
of these MABs. However, in WB, in contrast to
ELISA, even the highest levels of the corre-
sponding proteins present in the TC extracts
could be determined using relatively high doses
of MABs (diluted not more than 1:500), while
lower doses of these proteins were less detect-

able (Fig. 2A). In contrast, in the modified
sandwich ELISA, Bcl-2 and Bax proteins in
the same TC extracts could be easily detected
using significantly lower doses ofMABs (diluted
up to 1:16,000) (Fig. 3A,B). Thus, due to the
higher sensitivity of ELISA, as compared with
WB, the former apparently provides better
possibilities to detect the lower quantities of
these proteins in the TC extracts. Therefore in
subsequent experiments, where we had to
compare different quantities of Bcl-2, Bax,
Ras, and HSP90/HSP70 proteins produced by
the large number of TC variants at the different
stages of tumor progression, we chose to use
ELISA in its most sensitive sandwich modifica-
tion (details in Materials and Methods).

In the first series of experiments (Fig. 3A,B),
groups of 2-month-old normal Syrian hamsters
were inoculated sc with the parental STHE and
STHE-Bcl-2 cells and at different time inter-
vals, the descendant TC variants were isolated
from the sc developing tumor nodules and
grown in vitro in tissue culture (Material and
Methods). As shown in Figure 3A, on the 55th
day of in vivo sc growth of STHE cells (the end of
the first in vivo passage of TrC) on the back-
ground of the non-expressed HP-phenotype
(empty triangles) and of the low basal levels of
Bcl-2 production all three isolated STHE TC
variants demonstrated the increase of Bax and
Ras production. This picture changed during
the second in vivo passage of these cells (ended
at 103 days of sc growth), when acquired
expression of HP-phenotype (black triangles)
coincided with downregulation of Bax and Ras
and the moderately increased levels of endo-
genous Bcl-2 and HSP90/HSP70 production.

In the case of STHE-Bcl-2 cells, the picture
appeared to be quite different (Fig. 3B). During,
257 days of in vivo sc tumor growth (during five
in vivo sc TCpassages), the initially high level of
Bcl-2 protein production gradually decreased,
while production of endogenous Bax and of
HSP90/HSP70 was simultaneously activated
and greatly increased. These dynamic changes
were registered in the sandwich ELISA by
twofold dilutions of anti-Bcl-2 and anti-Bax
MABs (diluted 1:2,000–1:32,000), challenged
against theundilutedTCextracts of 13different
cell lines (Fig. 3B, two lower panels).

The picture was principally the same when
some of the same cellular extracts of TC (diluted
1:2–1:8)were challengedagainst one dose of the
same MABs (diluted 1:4,000) (Table I). In the

Fig. 3. A, B: Dynamics of Bcl-2, Bax, Ras, and HSP90/HSP70
production by STHE cells and STHE-Bcl-2 cells under conditions
of sc tumor growth and acquisition of HP-phenotype (sandwich
ELISA data). Single cell suspensions of in vitro spontaneously
transformed tissue culture cells of STHE line (A) and STHE-Bcl-2
line (B) were inoculated sc (2.0�104/0.2 ml) into normal Syrian
hamsters. At different times of in vivo sc growth, the descendant
variant cell lines were isolated from the sc tumor nodules of 3–
5 individual animals, grown in vitro in tissue culture, extracted,
and examined. Production of Bcl-2, Bax, Ras, and HSP90/HSP70
by the parental and descendant variants of cell lines were tested
in sandwich ELISA with the corresponding MABs diluted
1:1,000–1:2,000 to 1:16,000–1:32,000 (axis of ordinates) and
on the expression of HP-phenotype. Abscissa—the denomina-
tions of the individual cell lines tested and the duration (in days)
of their in vivo experience period; 0 point represents the levels of
corresponding proteins in the parental TrC before inoculation
in vivo (for details see Materials and Methods). Designations:

—Bcl-2; —Bax; —HSP90/HSP70; —Ras; ~—HPþ

phenotype; ~—HP� phenotype.
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latter case, parental STHE-bcl-2 cell line and its
four variant tumor cell lines, selected by chance
from the same collection of the above 13 tumor
cell lines were examined in the same sandwich
ELISA, but the results were presented as the
mean OD values (M�m), with indication of the
levels of SE and the P-values of each measure-
ment (in comparison with the mean OD values
of corresponding controls). After 142–257 days
of in vivo sc tumor growth, significantly lowered
levels of Bcl-2 protein (up to its almost complete
loss) could be determined in the STHE-Bcl-2 TC
extracts challenged against anti-Bcl-2 MABs
(Table I), while the initial low basic level of free
Baxprotein in the same cell extracts at the same
time increased to a maximum. The latter data
demonstrated the coincidence of two opposing
processes in the same TC variants that is, the
gradual in vivo downregulation of Bcl-2 and the
alternative activation of Bax production.

Themean OD values (Table I) obtained in the
study of five extracts of above STHE-Bcl-2
variant TC lines, challenged in parallel against
anti-Bcl-2 and anti-Bax MABs, were used for
the estimation of Bcl-2/Bax and of Bax/Bcl-2
ratios determined in undiluted extracts of TC
samples in dynamics of in vivo sc tumor growth
and progression (Table II). The data demon-
strated that while Bcl-2 expression by STHE-
Bcl-2 parental cells gradually decreased during
their in vivo growth and the high initial Bcl-2/
Bax index correspondingly gradually falls to the

control level, activation of endogeneous Bax
protein production in extracts of the same
variants of in vivo experienced STHE-Bcl-2
cells resulted in simultaneously high increase
of Bax/Bcl-2 ratio.

In a series of parallel experiments, we
significantly extended our earlier observations
[Dyakova et al., 2001] on the dynamics of
acquisition of HP-phenotype by STHE and
STHE-Bcl-2 cell lines at different time intervals
after their iv dissemination. The summarized
data (Table III) confirmed that acquisition of
HPþ phenotype by several descendant variants
of the parental STHE cells was noted already at
5–15 days after iv inoculation, that is, its
appearance was 10–20 times accelerated com-
pared with acquisition of HP-phenotype at
100� 20 days by the same STHE (Bcl-2�) cells
grown sc. In contrast, all STHE-Bcl-2 lung-
isolated TC variants remained HP� during the
entire time of their in vivo experience between
1 and 70 days after iv dissemination.

Unexpectedly, STHE TC (Bcl-2�) in condi-
tions of iv dissemination demonstrated immedi-
ate and extremely high Bax and Ras protein
activation by all disseminated and lung-isolated
STHETC variants, beginning from the first day
of in vivo experience (Fig. 4A). In most cases, it
coincided with significantly increased produc-
tion of HSP90/HSP70 and with the highly
accelerated acquisition of HP-phenotype (black
triangles) by several STHE cell variants at the
period between 1 and 20 days after iv inocula-
tion. Some decrease of Bax and Ras, followed
with lowered levels of stressproteins production
in the majority of STHE variant cell lines was
noted in someTCvariants at 15–20days of their
in vivo experience, while acquired expression of
HP-phenotype remained stable (Fig. 4A). The
low basal levels of endogenous Bcl-2 protein
production by the parental STHE (Bcl-2�) cells
became even lower in almost all iv disseminated
lung-isolated TC variants during the first
10 days after iv inoculation; in all cases, it
coincided with the high activation of Bax
protein production (Fig. 4A). The slightly
increased levels of endogenous Bcl-2 protein
production (or its restoration to basal level)
were noted in some STHE cell variants between
the 5th and 20th days.

Surprisingly, beginning from the first 2 days
of in vivo experience of STHE-Bcl-2 cells under
conditions of dissemination, a gradual decrease
in initially high level of Bcl-2 was observed; it

TABLE II. Dynamics of Bcl-2/Bax and Bax/
Bcl-2 Ratios During In Vivo Experience of
STHE-Bcl-2 Cells Under Conditions of In

Vivo sc Growth and Progression

STHE-Bcl-2-a

variant cell
lines

In vivo
experience

(days)

Ratios

Bcl-2/
Bax

Bax/
Bcl-2

parental 0 3.29 0.30
2a 96 2.63 0.38
2a-2 142 1.30 0.76
2a-2a 184 0.54 1.84
2a-2b-3 257 0.14 6.76

aUndiluted extracts (0.2 mg/1.0 ml total protein) of STHE-Bcl-2
variant cell lines, parental and isolated from the sc growing
tumor nodules at different times (in days) of their in vivo growth
and progression, were examined in sandwich ELISA for the
production of Bcl-2 and Bax using the corresponding MABs
(anti-Bcl-2 and anti-Bax). Bcl-2/Bax and Bax/Bcl-2 ratios were
determined in accordance to the OD data presented in Table I
and the formula: mean values of OD (of Bcl-2, or Bax) minus
mean values of OD of corresponding control wells treated with
the same MABs, free of cell extracts, divided by the mean OD
values (of Bax or Bcl-2) minus mean OD values of the
corresponding extract-free control.
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was significantly lowered at the 20th and 28th
day cell samples (Fig. 4B) and comparable with
the loss of Bcl-2 in the same cells grown sc for
96 days (compare Figs. 3B and 4B). Thus, the

rate of Bcl-2 loss from iv disseminated TC seems
to be at least three times accelerated compared
with its loss under conditions of sc growth of the
same cells.

Fig. 4. A, B: Dynamics of Bcl-2, Bax, Ras, and HSP90/HSP70
production by iv disseminated STHE and STHE-Bcl-2 tumor
cells and acquisition of HP-phenotype (sandwich ELISA data).
Single cell suspensions of STHE cells (A) and STHE-Bcl-2 cells (B)
were inoculated iv (2.0–5.0� 106/1.0 ml) into the retroorbital
venous cavity of normal adult Syrian hamsters. At different times
(1–20 or more days) after iv inoculation, the descendant variants
of both parental cell lines were isolated from lung tissues

(free from visible metastases) of individual animals, grown
in vitro, and examined. The levels of Bcl-2, Bax, Ras, and HSP90/
HSP70 production by the parental and descendant variants of
tumor cell lines were tested in sandwich ELISA with the
corresponding MABs diluted from 1:1,000–1:2,000 to
1:16,000–1:32,000 (details in Materials and Methods) and
on expression of HP-phenotype. Designations: same as in
Figure 3A,B.

TABLE III. Dynamics of In Vivo Acquisition of HP-Phenotype by iv Disseminated
Lung-Isolated STHE and STHE-Bcl-2 Cells

Parental cellsa

Acquisition of HP-phenotype (in days) after iv inoculation

1 2 5 9–10 15 20 28–30 70

STHE 0/4b 0/5 1/5 2/3 5/6 4/6 n.d. n.d.
STHE-Bcl-2 0/3 0/3 0/4 0/3 0/1 0/3 0/6 0/4

aSingle cell suspensions of the parental STHE and STHE-Bcl-2 cell lines grown in vitro were inoculated (2.0–5.0�106/1.0 ml)
intravenously (iv) in normal Syrian hamsters. At the different time intervals after iv inoculation, the animals were sacrificed, tumor
cells were isolated from the macroscopically normal lung tissues (free from visible metastases) of individual animals, grown in tissue
culture, and examined in vitro on the expression of HP-phenotype (details in Materials and Methods).
bNumerator—number of lung-isolated TC variants that acquired the expression of HP-phenotype; denominator—number of TC
variants examined.
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In contrast to STHE cells, in iv disseminated
STHE-Bcl-2 cells, production of Bax protein
during the first 10 days in vivo remained
suppressed at near the control level; it slightly
increased in some cell samples examined
between the 10th and 28th days, which coin-
cidedwith thebeginningof theparallel decrease
in Bcl-2 protein production by these cells
(Fig. 4B). Almost no increase in production of
HSP90/HSP70was registeredduring1–28days
of in vivo experience of disseminated STHE-
Bcl-2.

In contrast to Bax, high and immediate
activation of endogenous Ras protein produc-
tion was induced in all disseminated cell
variants of both, STHE and STHE-Bcl-2 cell
lines beginning from the first day of in vivo
experience of these cells; it slightly decreased
during the 15th–28th day observation periods
(Fig. 4A,B). The relatively high initial activa-
tion of Ras production in sc grown STHE (Bcl-
2þ/�) cells later also gradually decreased
(Fig. 3A,B).

Thus, during in vivo experience of STHE
and STHE-Bcl-2 tumor cell lines (Figs. 3A,B
and 4A,B), the initially low basal Bcl-2 level of
STHE cells correlated with immediate and high
activation of Bax, Ras, and HSP90/HSP70 and
accelerated acquisition of HP-phenotype, while
the high initial expression of Bcl-2 protein
production by STHE-bcl-2 cells corresponded
to suppressed production of Bax and HSP90/
HSP70 and the delayed tumor progression
(Figs. 3A,B and 4A,B, Tables I, II, and IV). This
picture changes at the late progression stage of
STHE-bcl-2 cell line after 142–184 days of in
vivo sc tumor growth when the almost complete

loss of Bcl-2 correlated with the simultaneous
high activation of Bax production (Fig. 3B).

DISCUSSION

The data presented in the study seem to
contradict the following widely accepted points
of view in thisfield: (1) thebetter invivo survival
of Bcl-2þTC is usually considered as a condition
apriori promoting tumor progression.However,
if it is so, it should apparently decrease the level
of the host environmental selection pressure
against TC and thus, in opposite, may delay
tumor progression; earlier such delay was
demonstrated in our studies [Deichman et al.,
1998]; (2) in vivo host recognized tumor cells are
usually considered as a targets of different
growth and death factors produced by the host
effector cells [rev. in Dunn et al., 2002]. The
responses of TC to these signals are mainly
registered as better or worse survival, or
apoptosis. The possible ability and readiness of
TC to respond to the host environmental stress
by immediate primary reactions, expressed in
activation, or a suppression of a set of endogen-
ous death-signaling proteins as yet were not
regarded.

To our knowledge, this is the first study
describing the primary in vivo reactions of Bcl-
2-protected and not protected TC to the stress
signals of the host normal cellular environment,
expressed in immediate activation (or sup-
pression) of several endogenous proapoptotic
proteins, such as Bax, Ras and HSP90/HSP70.
The stress conditions of the local versus
disseminated tumor growth, examined in these
model experiments were almost physiological

TABLE IV. In Vivo Activation of Endogenous Death-Signaling Proteins in STHE Cells, Their
Inhibition in STHE-Bcl-2 Cells, and the Rates of Tumor Progression (Summarized Data)

Cells in vivo experience STHE (Bcl-2�) cells STHE (Bcl-2þ) cells

Apoptosis

Survival
Expression of

Bcl-2 � þþþ * �
Bax þþþ � * þþþ
HSP90 þþþ � * þþþ
HSP70 þþþ � * þþþ
Ras þþþ þþþ * þþ

Rates of tumor
progression Accelerated Delayed * Accelerated

Designations: - up- and downregulation of corresponding functions; þþþ or � activation or suppression of the corresponding
proteins in vivo in STHE (Bcl-2�) and STHE (Bcl-2þ) cells; *—transition in dynamics of tumor progression in vivo.
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and as near, as possible to conditions of the
natural in vivo tumor progression. The use in
these in vivo selection studies of non-immuno-
genicSTHEcells, as aparental ones, apparently
excluded involvement of the specific (adaptive)
immune antitumor reactions from the given
host-tumor cells interactions and demonstrated
TC primary reactions to the host normal
cellular environment.
The results of the present study demonstrate

the following new findings:

(1) Great qualitative differences between
Bcl-2-protected and unprotected STHE
cells in their primary in vivo reactions
to the contact interactionwith the host
normal cellular environment, espec-
ially evident in higher stress con-
ditions of dissemination (Figs. 3A,B
and 4A,B). Surprizingly, STHE cells not
protected by Bcl-2 in the latter conditions
demonstrated immediate (within a few
hours after iv inoculation) reaction ex-
pressed in activation of proapoptotic Bax,
Ras, and HSP90/HSP70 stress protein
production, maintained in vivo at a high
level for about 10 days, coincided in time
with accelerated acquisition of HP-pheno-
type by some of STHE (Bcl-2�) TC variants
(Fig. 4A). Apparently, activation of Bax
production (as well as of HSP90/HSP70
and Ras) represents the normal immediate
proapoptotic reaction of TrC not protected
by Bcl-2 to the stress signaling of the host
cellular environment. In time, it exactly
coincided with the in vivo mass death of iv-
inoculated TC demonstrated years ago
[Fidler, 1970; Poste and Fidler, 1980; Price
et al., 1984, 1986]. In contrast, STHE-Bcl-2
cells under the same conditions demon-
strated no immediate activation of Bax and
of stress protein production, as well as the
highly delayed acquisition of HP-phenotype
and tumor progression. It follows, that
besides the antiapoptotic activity, STHE-
Bcl-2 cells appear to be capable of suppres-
sing immediate activation of endogenous
Bax and thus of the normal proapoptotic
reaction of unprotected STHE TrC to the
host cellular environment (Fig. 4A,B).

(2) The unexpected gradual in vivo down-
regulation of Bcl-2 production by
STHE-Bcl-2 cells during tumor pro-
gression up to almost complete loss.

This process, slow under conditions of sc
tumor growth, was about three times
accelerated under higher stress conditions
of TC iv dissemination. The mechanisms
determining the gradual downregulation of
Bcl-2 production in STHE-bcl-2 tumor cells
in both in vivo regimes is unclear, but it
suggests at least three different possibili-
ties: [A] the constant environmental stress-
signaling of the host normal cells, at last
leading to Bcl-2 suppression and simulta-
neous activation of endogenous Bax; [B].
the formation of heterodimers between Bcl-
2 and Bax modulating functional cellular
antiapoptotic and proapoptotic activities of
the corresponding tumor cells; [C] the Bax-
activating stress reaction of wt p53.

As shown earlier, due to heterodimerization
the excess of Bcl-2 protein rendered low levels of
free proapoptotic Bax and expressed anti-
apoptotic activity, while high levels of pro
apoptoic Bax were inhibiting Bcl-2 antiapopto-
tic activity [Oltvai et al., 1993; Yin et al., 1994;
Hsu and Youle, 1997; Otter et al., 1998; rev in
Adams and Cory, 1998; Hirotani et al., 1999;
Yin, 2006; and in van Delft and Huang, 2006].
This is reminiscent of the following two opposite
situations (Fig. 4A,B) observed in our present
studies with disseminated STHE and STHE-
Bcl-2 cells, when: (1) high initial level of Bcl-2
and the low basal Bax of STHE-bcl-2 cells
creates disbalance between Bcl-2 and Bax in
favor of antiapoptotic Bcl-2 (Fig. 4B); corre-
spondingly, high Bcl-2/Bax ratios and antiapop-
totic activity are characteristic for these cells
(Table I); (2) immediate activation and high
production of Bax in Bcl-2� STHE cells creates
opposite disbalance between the high level of
activated Bax and the low basal level of Bcl-2;
correspondingly the Bax/Bcl-2 ratio in these
cells changes in favor of proapoptotic Bax
(Fig. 4A and Tables I and II). In both of these
situations, the proportion of Bcl-2-Bax equimo-
lar heterodimeres in TC extracts should be
relatively low. It may be suggested that in
ELISA, the corresponding MABs apparently
determine mainly the free forms of these pro-
teins, while the heterodimerized forms of Bcl-2
and Bax may be less accessible for these MABs.

A strong positive correlation between p53
overexpression and Bax expression levels was
recently recorded in patients with the pancrea-
tic adenocarcinoma [Magistrelli et al., 2006].
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The normally low level of wt p53 as a rule
increases following different stress signals and
DNA damage of TC. Earlier shown activation of
endogenous Bax (downstream to wt p53) at the
protein and mRNA levels may apparently also
be involved in downregulation of Bcl-2 produc-
tion [Haldar et al., 1994; Miyashita and Reed,
1995; Zornig et al., 2001].

Recently, some data in favor of the possible
restriction by Bcl-2 of the mutated p53 appear-
ance in STHE-Bcl-2 cells, as a condition leading
to the delay of tumor progression were pre-
sented [Gurova et al., 2002; rev in Gurova and
Gudkov, 2003]. The data of our present study
favor a different explanation of this phenom-
enon and consider the delay of tumor progres-
sion as a consequence of the demonstrated
ability of Bcl-2 in STHE-bcl-2 cells to suppress
activation of Bax and its proapoptotic activity.
Moreover, the earlier shown opposite effect,
that is, acceleration of STHE tumor progression
under conditions of dissemination, that is, of
higher environmental stress, as shown in the
present study correlated with the immediate
activation of endogenous proapoptotic Bax,
downregulation of Bcl-2 and acceleration of
tumor progression (Fig. 4A and Table IV). This
allows to connect the mechanisms of the in vivo
delayed or accelerated tumor progression corre-
spondingly with the suppression, or activation
of proapoptotic Bax. In vivo sublethal damage
of STHE cell DNA by activated endogenous
Bax, and the repair of the damaged cell proteins
by immediately activated HSP90/HSP70
chaperones, may be the prerequisites for the
accelerated appearance of genetically altered
variants of TC and the subsequent selective
competition of the variety of phenotypically
diverse TC variants, including those of HP-
phenotype. This suggestion is in line with
the recently shown accelerated development of
lymphoma in Bax transgenic mice, inhibited by
Bcl-2 and associated with aneuploidy and
chromosome instability [Luke et al., 2003].

(3) The alternative character of Bcl-2 and
Bax proteins production by TC and
their double role in tumor progres-
sion. The dynamic relationships between
Bcl-2 and Bax production by STHE-Bcl-2
tumor cell variants examined at the level of
individual cell lines during their in vivo
progression (up to 257 days of sc growth),
demonstrate the alternative character and

the mutual dependence of the expression of
these two proteins (Figs. 3A,B and 4A,B,
Tables I, II, and IV). As in the case of Bax
immediate in vivo activation in dissemi-
nated STHE (Bcl-2�) cells, Bax activation
in the late progression stages of STHE-bcl-2
cells also took place on the background
of completely suppressed Bcl-2 protein
(Fig. 3B).

Apparently, Bcl-2 and Bax both play
double and opposite roles in tumor develop-
ment and progression. The delayed tumor
progression of Bcl-2-producing cells is
apparently connected not only with Bcl-2
direct antiapoptotic activity/that is, better
in vivo survival of TC and the lower host
selection pressure/, but, particularly, with
Bcl-2 Bax-suppressing activity, thus pre-
venting its proapoptotic DNA damaging
activity. In contrast, acceleration of tumor
progression of Bax-producing TC is appar-
ently associated with its direct proapoptotic
activity and, indirectly, with the suppres-
sion of Bcl-2 prosurvival activity. Corre-
spondingly, the alternative expression of
either Bcl-2-antiapoptotic or of Bax-proa-
poptotic cellular programs may apparently
significantly narrow, or highly extend the
field of the in vivo natural selection of the
malignant TC variants and thus influence
the rates of tumor progression.

(4) Regular in vivo transition of antiapop-
totic cell program of STHE-Bcl-2 cells,
responsible for the delay of tumor
progression, to Bcl-2 downregulation
and alternative activation of pro-
apoptotic Bax program, accelerating
the process of tumor progression.
The study demonstrated (Figs. 3B and
Table IV) that in vivo at the later stages
of sc tumor growth after the almost com-
plete loss of Bcl-2 from STHE-Bcl-2 cells
the rate of tumor progression regularly
change from initially delayed to acceler-
ated, apparently due to the transit of
the Bcl-2-antiapoptotic cell program to
the alternative Bax-proapoptotic one
(summarized in Table IV).

(5) Immediate in vivo activation of
HSP90/HSP70 stress proteins produc-
tion following activation of Bax pro-
tein production. As shown (Fig. 4A,B),
immediate increase of HSP90/HSP70 pro-
duction follows the immediate in vivo
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activation of endogenous Bax in STHE TC
not protected by Bcl-2. While the majority
of in vivo disseminated unprotected TC die
during the first 12–96 h [Fidler, 1970;
Poste and Fidler, 1980; Price et al., 1984,
1986], a few TC would be rescued and
recover, possibly due to the chaperone
activity of stress proteins [reviewed by
Jolly and Morimoto, 2000]. In contrast,
the depletion of stress proteins promotes
tumor specific death program, which is
independent of caspases and bypasses Bcl-
2 [Nylandsted et al., 2000].

(6) Immediate in vivo activation of endo-
genous Ras protein production in both
STHE (Bcl-2þ/�) cell lines. Apparently,
immediate in vivo activation of Ras also
represents earlier unknown normal pri-
mary in vivo reaction of STHE and STHE-
Bcl-2 TrC to the host cellular environment
(Fig. 4A,B). However, in contrast to Bax,
immediate activation of Ras was equally
highly expressed in both, STHE (Bcl-2þ/�)
parental cell lines. This apparently means
that the host environmental signals leading
to activation of endogenous Ras, in contrast
to Bax activation, are not controlled by Bcl-
2. Earlier, we demonstrated that trans-
fection by N-ras or by Ha-ras of STHE
cells leads to almost complete transient
suppression of TC catalase activity and,
correspondingly, to lowered antioxidant
activity of these cells [Deichman et al.,
1996; Kashkina et al., 2004]. It seems likely
that immediate in vivo activation of proa-
poptotic Bax and of catalase-suppressing
Ras in TC not protected by Bcl-2 are
possibly both relevant to the earlier
described mass in vivo death (mass sui-
cide?) of TC observed during the first hours
and days after iv inoculation of 125IuDR-
labeled TC [Fidler, 1970; Poste and Fidler,
1980; Price et al., 1984, 1986]. The immedi-
ate in vivo activation of endogenous death-
signaling Bax and Ras (Fig. 4A), as a
primary response of unprotected TC to the
stress signals of the normal cellular envir-
onment may represent an essential part of
the host antitumor strategy leading to
activation of the suicide program in the
majority of TC, but as well, to selection of
the rare and more resistant TC variants.

(7) The suggestedmechanisms of the delay
of tumor progression may elaborate

some new approaches for human can-
cer treatment directed towards inhibi-
tion of tumor progression. Recently, the
quite opposite approach was used in order to
suppress the growth of some TC lines in vivo
and in vitro with the use of a small-molecule
inhibitor of antiapoptotic Bcl-2 production,
leading to regression of some solid tumors
and lymphoma [Oltersdorf et al., 2005]. It
remained unclear, if the treatment of TC
with ABT-737 inhibitor not only suppressed
Bcl-2 protein production, but also, led to
the Bax activation. In the latter case, the
cytotoxicity of the inhibitor used for the
treatment of the target TC would appar-
ently greatly increase due to activated Bax.

In general, the comparison of the in vivo
dynamic behavior of STHE (Bcl-2þ/�) cells
suggests that high initial expression in these cells
of either Bcl-2, or Bax may represent two
alternative cell programs, which lead to the
opposite consequences for in vivo tumor progres-
sion corresponding to either the delay or accelera-
tionof thisprocess.Thesummarized results of the
study are illustrated in Table IV demonstrating
the coincidence of the immediate activation of
several endogenous death-signaling proteins in
STHE cells, and particularly of Bax, with their
accelerated invivoprogression. Incontrast, initial
high expression of Bcl-2 and the suppression of
proapoptotic Bax production in STHE-Bcl-2 cells
corresponded to the delay of in vivo tumor
progression, which later, in the case of Bcl-2 loss,
would inevitably transit intoactivationofBaxand
acceleration of tumor progression.

In conclusion, the data presented demon-
strate that during in vivo development of TrC,
not protectedagainst apoptosis byBcl-2, there is
a relatively short initial period of about
100 (�20) days for the locally growing tumors
and a much shorter (few days) period for
disseminated TC, when the rare sublethaly
damaged cells, would apparently repair DNA,
begin to proliferate, and undergo natural selec-
tion of some genetically unstable TC variants
possessing selective advantages in vivo. High
acceleration of tumor progression under condi-
tions of dissemination as compared with the
local tumor growth suggests that this seemingly
shortest step of in vivo tumor development
apparently represents the period when TC are
most vulnerable for the environmental stress-
induced DNA damage and the subsequent
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phenotypic changes of TC. As shown in this
study, the immediate reaction of unpro-
tected TrC to normal cellular environment
expressed in activation of proapoptotic Bax,
Ras, and HSP90/HSP70 production and the
early appearance of HP-phenotype-expressing
variants among disseminated TC develop
synchronously with accelerated tumor progres-
sion. In contrast, the antiapoptotic and Bax-
suppressing activities of Bcl-2-expressing TrC
apparently represent another cell program
responsible for extinguished environmental
stress signals, decreased selective pressure of
the host against these cells and significantly
delayed tumor progression. Thus, in accordance
with the experimental model examined in this
study, tumor progression in vivo begins imme-
diately in contact interaction of TrC with
the host normal cellular environment and
proceeds depending on: (a) the initial anti- or
pro-apoptotic programs of TrC, responsible for
either its delay or acceleration, and (b) the
regular in vivo transition of the initial Bcl-2
antiapoptotic cells program into the Bax proa-
poptotic program, apparently followed ‘‘on half
of the way’’ with the corresponding change in
the rate of tumor progression from delay
towards acceleration. The hypothesis predicts
that process of tumor progression in vivo can be
regulated by manipulation of the anti- and
pro-apoptotic activities of tumor cells.
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