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Tumor reversion is the process by which some cancer cells lose their
malignant phenotype. This study was aimed at defining some of
the molecular and phenotypic properties of this process. Biological
models of tumor reversion were isolated from human leukemia
and breast cancer cell lines by using the H-1 parvovirus as a
selective agent. Differential gene expression analysis was per-
formed between the parental malignant cells and their revertants
or alternatively between these parental cells and their SIAH-1
transfectant counterparts. These SIAH-1 transfectants have a sup-
pressed malignant phenotype and were used as a control for a
viral-free system. Two hundred sixty-three genes were found to be
either activated or inhibited during the reversion process, as
confirmed by Northern blot analysis or quantitative PCR. Of these,
32% were differentially expressed in all systems, irrespective of
whether parvovirus-selected, SIAH-1 overexpressing, or p53 mu-
tant or wild-type cell lines were used, suggesting the existence of
a universal mechanism underlying tumor reversion. Translationally
Controlled Tumor Protein (tpt7/TCTP) has the strongest differen-
tial expression, down-regulated in the reversion of U937- and
SIAH-1-overexpressing cells. Inhibition of TCTP expression by
anti-sense ¢DNA or small interfering RNA molecules results in
suppression of the malignant phenotype and in cellular reorgani-
zation, similar to the effect of SIAH-1. Hence, tumor reversion can
be defined at the molecular level, not just as the reversal of
malignant transformation, but as a biological process in its own
right involving a cellular reprogramming mechanism, overriding
genetic changes in cancer, by triggering an alternative pathway
leading to suppression of tumorigenicity.

ost cancer research is primarily focused on understanding

how normal cells become malignant and on what the
genomic alterations that underlie tumor formation are. By
examining the problem of “Expression genetics in cancer: Shift-
ing the focus from DNA to RNA” (1), research was already
striving to understand the consequences of gene expression
variations by making a comparison between tumor cells and
“well matched normal counterparts.” However, these normal
counterparts never acquired the know-how to quit cancer.

As an alternative, we suggest that the study of tumor reversion
can ultimately enable us to understand how a tumor cell acquires
the molecular knowledge of how to quit malignancy. We thus
suggest the use of biological models of reversion, as will be
described in this study, to proceed with an adequate comparison,
namely between parental tumor cells and derived daughter cells
that display a reverted malignant phenotype. This approach is to
prevent us from missing the crucial events involved in the process
of quitting the malignant phenotype.

Tumor reversion has so far been widely studied for “single
oncogene” transformed cells, because they can easily be detected
due to their specific ““ flat” morphology (2, 3). A more compre-
hensive study of reversion can be achieved by using, as starting
material, cells reverted from human tumors. This possibility, so
far, has been almost entirely ignored because of the unavailabil-
ity of proper biological models. Our initial hypothesis (4, 5) that
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the H-1 parvovirus selects for revertant cells was based on
experiments demonstrating that it preferentially kills tumor cells
while sparing their normal counterparts (6, 7).

The differential gene expression screening between the pa-
rental tumor cells and the H-1 parvovirus selected revertants was
complemented by the differential gene expression analysis be-
tween the human leukemia U937 and breast cancer MCF7 cells
and their counterparts, stably transfected with the human
SIAH-1 gene (8, 9), the homologue of the Drosophila seven in
absentia (sina) (10). SIAH-1 is a p53-inducible gene, active in the
process of cell death and tumor suppression by a mechanism
consisting of ubiquitination and proteasomal degradation of
specific target proteins (5, 11-18). We compared the pattern
generated by differential gene expression analysis between the
tumor cells and revertants to the one between the tumor cells
versus SIAH-1 stable transfectants to understand whether there
was a common core of effector genes in tumor reversion in a
parvovirus-free environment, and whether this core was at least
partially achieved by reexpression of a single gene, like SIAH-1.
This study takes into account that the gene profiling in SIAH-1
reexpressing cells will be the consequence and reflects the
reorganization due to the elimination of target proteins by the
proteasomal machinery, accounting for both the direct interac-
tion with SIAH-1 targets and also the indirect consequences that
such interaction could generate on gene expression.

We found the Translationally Controlled Tumor Protein
(tpt1/TCTP) to be the most strikingly down-regulated in tumor
reversion. #ptl /TCTP is highly conserved and abundantly ex-
pressed across a wide range of eukaryotes (19-22), and its
function has been associated with cell growth. Indeed, the
expression at the protein level is up-regulated by growth
stimuli and repressed when growth arrest is induced. TCTPs
were found among the 20 most abundantly produced proteins
during exponential growth in Saccharomyces cerevisiae
(100,000 copies per cell compared with 60,000 for actin). It was
shown that tpt1 /TCTP form a structural superfamily with the
MSS4/DSS4 proteins that bind to the GDP/GTP-free form of
Rab proteins (22).

From the data presented, it appears that in the process of
reversion, the imbalance in gene expression produced by the
cancer cell would be at least partially corrected by (i) inhibition
of tpt1/TCTP, and (ii) activation of SI4H-1. Ultimately, tumor
reversion may take advantage of an existing alternative pathway
that is dormant in the tumor cells but, once activated, could lead
to suppression of tumorigenicity.

Abbreviation: siRNA, small interfering RNA molecules.

Data deposition: The sequences reported in this paper have been deposited in the GenBank
database (accession nos. BQ739779-BQ739784).
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Materials and Methods

Revertant Cells. The tumor cells K562, U937, T47D, MDA-
MB231, BT20, and 184B5 were obtained from the American
Type Culture Collection. Isolation of revertants started 12-18
weeks after routine culture. Different concentrations of H-1
parvovirus were used to infect the tumor cells (multiplicity of
infection 10-1,000 plaque-forming units per cell). The plates
were observed and the medium replaced once per week. The
adherent tumor cell lines were isolated with cloning cylinders
(Sigma) by using collagenase/dispase (Roche Diagnostics). Iso-
lated revertants and parental tumor cell lines were tested for
their ability to form colonies in semisolid medium (agar-noble,
Difco). For in vivo tumorigenicity, female scid/scid mice were
injected with 10 X 10° cells per site. Statistical analysis on the
growth curves was performed as described (23). H-1 parvovirus
DNA was amplified by using as primers: 5'-CTAGCAACTCT-
GCTGAAGGAACTC-3'and 5'-TAGTGATGCTGTTGCTG-
TATCTGATG-3', giving rise to a PCR product of 254 base pairs.

Differential Gene Expression Analysis. Differential cDNA display
was performed as described (24). MEGASORT and Massively
Parallel Signature Sequencing (MPSS) were performed at Lynx
Therapeutics (Hayward, CA) as described (25, 26). Quantitative
PCR (Applied Biosystems 7900) were performed following the
manufacturer’s instructions. Northern and Western blot analyses
were performed as described (23). Western blot, with the series
of tumors from patients and normal controls, was purchased
from Geno Technology (St. Louis). The following probes,
tpt1 /TCTP and GAPDH, and antibodies were used: antihista-
mine-releasing factor (Medical and Biological Laboratories,
Nagoya, Japan), anti-parp clone C2.10 (Enzyme Systems Prod-
ucts, Livermore, CA), anti-actin (Santa Cruz Biotechnology),
and anti-B tubulin (ICN). Flow cytometry was performed as
described (23).

Transfectants and tpt1/TCTP Small Interfering RNA Molecules (siRNA)
Knock Down. U937 (8) and MCF7 (9) stably transfected with
SIAH-1 were described before. Transfection of U937 cells with
anti-sense TCTP was performed by using Lipofectin (Invitro-
gen). The cDNA corresponding to the coding region of tptl was
cloned in an inverted way in pBK-RSV (Stratagene), and the
transfection was followed by selection with 1.5 mg/ml G418. tpt1
was knocked down with siRNA (27). RNA duplex with 3’ dTdT
overhang directed against fptI mRNA 5'-AAGGTAC-
CGAAAGCACAGTAA-3'(siRNA1), or 5'-AACCATCACCT-
GCAGGAAACA-3" (siRNA2) were synthesized (Dharmacon
Research, Lafayette, CO). Mouse #rt/TCTP siRNA duplex
5'-AACCATCACTTACAAGAAACC-3" was used as control.
Cells were transfected with 1 nM siRNA by using oligofectamine
(Invitrogen). Cells were further incubated for 3 days, detached,
counted, and mixed 1:1 with matrigel (Becton Dickinson),
resulting in a final concentration of 2 X 10° cells per ml, matrigel
concentration 6.25 mg/ml. Cells were stained with anti-E-
cadherin antibodies (Transduction Laboratories, Lexington,
KY), and nuclei were propidium iodide-stained and analyzed by
confocal microscopy.

Results

Models of Tumor Reversion. Five models of tumor reversion were
obtained by using as selective agent the H-1 parvovirus. The
rescued clones are thus resistant to the cytopathic effect of the
virus. The whole procedure, including the assessment of tumor-
igenicity in scid/scid mice in selecting a biological model using
this methodology, takes between 10 and 12 mo, depending on the
cell type. The final clones retain many of the properties of the
parental transformed cells, such as capacity to undergo multiple
passages, abnormal chromosome number, and chromosomal
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Fig. 1. Characterization of the revertant cells. (A) In vitro soft agar assay
measuring, respectively, the number of colonies (Upper) and mean colony
diameter (Lower). (B) In vivo tumorigenicity after injection of 10-106 cells per
site. (C) PCR analysis specific for a region of 254 base pairs of the H-1 parvovirus
in NBE cells uninfected (CTR—), in parvovirus infected (CTR+), and in the
studied cells and their revertants.
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translocations (data not shown). For human leukemia cell lines,
the same approach was used as the one we described previously
(4,5). The KS6 clone was isolated from K562 cells and the US4.2
clone from U937 cells. The KS6 clone differs from KS cells (4)
by having a significantly more suppressed malignant phenotype
and by lack of reexpression of p53. The US4.2 clone has a
malignant suppressed phenotype similar to the US cells (5). For
the three solid tumors, we chose breast carcinoma cell lines
BT20, T47D, and MDA-MB231. One should note that all these
cell lines, whether hematopoietic or of breast cancer origin, have
amutant p53, and that as a consequence, the revertant cells were
obtained in a p53 mutant background. K562 /KS6, BT20/BT20S,
and T47D/T47DS were tested in soft agar, whereas the U937
and MDA-MB231 cell lines do not grow in these conditions. As
shown in Fig. 14, both the number and size of the colonies are
significantly lower for the revertant clones.

In vivo tumorigenicity in scid/scid mice was tested for the
K562/KS6, U937/US4.2, BT20/BT20S, and MDA-MB231/
MDA-MB231S, whereas T47D did not grow at all in the scid /scid
animals. For all of the revertants tested, the in vivo tumorige-
nicity was highly decreased (Fig. 1B). BT20S revertants do not
form any tumors when injected into scid/scid mice; KS6 form
four tumors of 20 injections; US4.2 form two tumors on 20
injections; and MDA-MB231S form 19 tumors on 20 injections,
but the size of the tumors is significantly lower. Our previous
results indicated that both the KS revertants from K562 cells and
US revertants from U937 cells continue to produce functional
H-1 parvovirus for years after the initial infection (4, 5). This is
the reason we isolated the new clones, KS6 and US4.2, to check
whether they would also continue to produce the parvovirus. The
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newly isolated KS6 and US4.2 revertants continue to produce
parvovirus (Fig. 1C). However, for the breast cancer cells, only
the revertants derived from the MDA-MB231 produced parvo-
virus, whereas BT20S and T47DS did not produce any viral
particles detectable by PCR (Fig. 1C) or in functional assays
examining the supernatant for viral cytopathic activity (data not
shown). For further molecular analysis of tumor reversion, we
also used the U937 (8) and the MCF?7 cells (9) stably transfected
with the human SIAH-1 gene. We have, in fact, previously
described the inhibition of tumorigenicity by STAH-1 in U937
cells (8), and Fig. 1 shows the inhibition of tumorigenicity in the
MCEF7 cells when transfected with SL4H-1. These MCF7 SIAH-1
transfected cells did not grow when injected into scid/scid mice
(data not shown).

Differential Gene Expression Analysis in Tumor Reversion. This study
was performed in two parts. First, all of the expression analysis
was done on the U937/US4.2 system, then on the six other
systems, including the K562 /KS6, BT20/BT20S, T47D/T47DS,
MDA-MB231/MDA-MB231S, U937/U937-SIAH-1, and
MCF7/MCF7-SIAH-1 (illustrated as two separate columns in
Table 1, which is published as supporting information on the
PNAS web site, www.pnas.org; yellow is used for the first part
and blue and light blue for the second part). All of the data
presented for the U937/US4.2 system in Table 1 were confirmed
by Northern blot analysis or real-time PCR. The gene expression
pattern for the U937/US4.2 was first analyzed by differential
display (24). We identified 600 bands whose expression varied
between the U937 and US4.2. One hundred seven genes were
isolated, 35 of which showed differentially expressed mRNAs
(listed in Table 1). Most of the other 72 genes were either
undetectable by Northern blot (59) or showed a difference in
expression that was considered as nonsignificant (13 were less
than 1.5-fold increased or decreased). We further performed the
screening by MEGASORT (25), which generates as results cDNA
sequences, and MPsS (26), which generates signatures. Only the
most significant differences as selected by the highest scores for
differential expression combined with the most significant P
value (<0.001) were further taken into consideration. The
MEGASORT analysis indicated 855 sequences, of which 185 were
clusters (the most differentially expressed genes). Of these
clusters, 148 encoding for human genes were included in Table
1 after confirmation by Northern blot analysis. MPSS generated
3,246 signatures that were differentially expressed, of which
1,638 correspond to genes, 1,558 have no match in the nonre-
dundant database (GenBank, European Molecular Biology Lab-
oratory, DNA databank of Japan, Protein Data Bank), and 50
correspond to ALU sequences. Of these 1,638 signatures, 134
corresponded to human genes that were differentially expressed
by Northern blot analysis or real-time PCR and thus are listed
in Table 1). The three technologies together generated 263
human genes that were differentially expressed in the U937/
US4.2 system and listed in the left part of Table 1. Discrepancies
were found between the results of the Northern blots or real-time
PCR and those generated by the MEGASORT (47 genes) and MPSS
(34 genes). These inconsistencies are either due to the fact that
the probe did not detect the specific gene whose expression was
too low to be seen on the Northern blot, or because of errors in
sampling for MEGASORT and MPSS.

For the second part of the study, we used only the MPSS method
for the analysis of gene expression in the six model systems. Table
1 (second part, blue and light blue) contains genes that are
differentially expressed but match already with a gene that was
differentially expressed in the U937/US4.2 system. This part of
the study was aimed at investigating whether there are common
effector genes between the different biological model systems.

As illustrated in Table 1, almost all of the vital processes of the
cell participate in tumor reversion. More than 12% of the genes
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Fig.2. Schematicrepresentation of the differential gene expression analysis
in tumor reversion. (The complete data are in Table 1, which is published as
supporting information on the PNAS web site, www.pnas.org.)

identified encode for ribosomal proteins. Besides providing a
global view of tumor reversion, the most striking and surprising
finding was that 32% of all of the genes are differentially
expressed in all of the biological models, whether parvovirus
selected, hematological, or breast malignancies, or transfectants
of U937 and MCF7 cells with the SI4H-1. When one is com-
paring only the gene differences between the U937/US4.2
system and U937-SI4H-1 transfectants, one finds 144 on the 263
genes (55%) (summary in schematic Fig. 2) to be differentially
expressed in both systems. Besides the genes that form the
“common core” of reversion, it was striking to see that they
fluctuate in their expression from one biological model to the
other and form a “variable ensemble.” The biological models
selected by parvovirus share also a large part of their repertoire
with the SIAH-1 transfectants. We did not include in Table 1 the
25 genes that we previously isolated by differential screening
analysis (8, 28). Classification for function was performed by
using the Online Mendelian Inheritance in Man, GeneOntology,
and Golden Path databases and further extensively checked by
reviewing the literature. By no means do the 263 genes that we
identified form an exhaustive list of genes involved in tumor
reversion; they are meant only to provide a global view of gene
variations that can occur in the tumor reversion process.

Inhibition of tpt1 Expression by Anti-Sense ¢cDNA or Knock Down by
siRNA. The most differentially expressed gene, using first the
MEGASORT technology between the U937 and US4.2 cells, was
tpt] for having detected the signal 124 times in the malignant
cells versus once in the revertant US4.2 cells (numbers for the
MEGASORT not shown in Table 1). This strong differential
expression was also confirmed by Northern and Western blot
analyses (Fig. 3 4 and B).

tpt1 /TCTP is also inhibited in its expression in the U937 and
MCEF7 cells transfected with SIAH-1, which also have a sup-
pressed malignant phenotype (Fig. 3 4 and B). Although this
inhibition of #pt1 /TCTP expression is already clearly present, at
the transcriptional level we tested whether SIAH-1 could bind
and degrade TCTP via the ubiquitination pathway, which is not
the case (L.S., data not shown). Interestingly, in the LTR6 system
(29) after activation of wild-type p53 function, expression of
tpt] /TCTP is drastically inhibited (Fig. 3B, last gel). To mimic
this inhibition of #pt/ /TCTP as shown in the biological systems
above, U937 cells were stably transfected with #pt1 /TCTP anti-
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Fig. 3. tpt1/TCTP expression and functional analysis. (A) Northern blot analysis of U937 cells, US4.2 revertants (first gel), U937 cells and U937 SIAH-1 stable
transfectants (second gel), MCF7 cells, and MCF7 cells stably transfected with SIAH-1 (third gel). (B) Western blot analysis for the expression of tpt1/TCTP protein
in U937 cells, US4.2 revertants (first gel), U937 cells and U937 SIAH-1 stable transfectants (second gel), MCF7 cells, and MCF7 cells stably transfected with SIAH-1
(third gel). The fourth gel is a Western blot analysis of tpt7/TCTP in the M1 cells and LTR6 cells stably transfected with the temperature-sensitive p53 val135
mutant. (C) Western blot analysis of tpt7/TCTP in U937 cells stably transfected with the vector alone (first lane) or anti-sense tpt1/TCTP cDNA (second and third
lanes). Second gel: analysis of Parp cleavage in U937 cells transfected with the vector alone or anti-sense tpt7/TCTP c¢cDNA. Positive control, last lane.
(D) Percentage of annexin V in U937 cells transfected with the vector alone or anti-sense tpt1/TCTP. (E) Terminal deoxynucleotidyltransferase-mediated dUTP
end labeling (TUNEL) assay in U937 transfected with the vector alone or anti-sense tpt7/TCTP. TUNEL-positive cells are in green. (F) In vivo tumorigenicity assay
after injection of 10-108 cells per site into scid/scid mice of U937 cells, U937 cells stably transfected with anti-sense PS1, U937 cells stably transfected with SIAH-1,
U937 cells stably transfected with anti-sense tpt7/TCTP. (G and H) Western blot analysis of tpt7/TCTP in human tumor tissues. The expression at the protein level

was analyzed in different normal and tumor tissues, as indicated. Tubulin was used as a control for equal loading.

sense cDNA. As shown in Fig. 3C, Western blot analysis of two
transfected clones shows a significant decrease in the ¢pt1 /TCTP
protein. This decrease in TCTP has as consequence an increased
rate of apoptosis as confirmed by PARP cleavage (Fig. 3C,
second gel), annexin V (Fig. 3D), and terminal deoxynucleoti-
dyltransferase-mediated dUTP end labeling staining (Fig. 3E).
This increase in apoptosis, although moderate (15%), was re-
producible. When these transfectants were injected into scid/
scid mice, they showed a robust inhibition in tumorigenicity (Fig.
3F). After 3 weeks of 20 injections of 10-10° cells, clone I formed
four tumors, and clone III formed eight tumors, but extremely
small ones at the limit of being palpable, whereas the parental
U937 cells formed tumors in 90% of the injections, which were
so large that the animals had to be killed. This inhibition of
tumorigenicity was also more profound than in the U937 cells
stably transfected with SIAH-I or anti-sense PSI (Fig. 3F); for
both genes, we previously described their effect on tumorige-
nicity (8, 23). Importantly, tpt1 /TCTP is also up-regulated at the
protein level in most of the tumor samples we have tested (Fig.
3 G and H).

To exclude that the difference in tumorigenicity of the stable
U937 tpt1 /TCTP transfectants was due to a clonal difference, we
investigated changes in 3D reconstituted basement membrane
(3DrB-M) (30) matrigel cultures of MCF7 and T47D by using
knock-down ptl /TCTP by siRNA (27) (Fig. 4). The siRNA
inhibited the expression of #pt1/TCTP (Fig. 44) in both the
MCEF7 and T47D cells, as compared with the clones transfected
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with control mouse #rt/TCTP siRNA, which differs in 4 bp from
the human one. Both MCF7 and T47D cells transfected with a
specific tptl/TCTP siRNA (Fig. 4 F and H) showed drastic
changes in the matrigel and formed structures reminiscent now
of the growth of 184 B5 cells (Fig. 4B), which are considered as
the normal control. Because MCF7 cells stably transfected with
SIAH-1 show a strong down-regulation of tpt1 /TCTP (Fig. 3 A
and B), and because the SIAH-1 pathway shares 55% of differ-
entially expressed genes with the U937/US4.2 cells (Table 1), we
investigated whether these SIAH-1 stables have a modified
growth in 3DrB-M matrigel cultures. As shown in Fig. 4D, the
MCF7-SIAH-1 transfectants are reorganized in structures very
similar to the MCF7 cells transfected with #pt1/TCTP siRNA.

Discussion

Two fundamental questions in cancer research are: (i) how does
a normal cell become malignant, and (i) how does a malignant
cell revert and lose its aggressive phenotype? There have been
only a few attempts to answer the second question, and these
were oriented mainly to the analysis of flat revertants (2, 3). A
different aspect of tumor reversion was discovered by using
blocking antibodies against integrin (30) and by analyzing the
phenotype of breast cells in a three-dimensional culture. These
studies suggested that the phenotype generated by reversion is
dominant over the genotype.

The most direct way to approach reversion is to identify how
it occurs in a way dictated by nature, like reversion of bacterial
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strains, yet in an extremely rare fashion. The process of reversion
is so rare that one could not simply take a tumor from a patient
and just look for revertants, because they could be mistaken for
any normal cells, such as those forming blood vessels and the
blood cells. One feasible approach is to obtain from a cancer
sample a cell line representative of the specific tumor, and only
then to derive the revertants (4).

By using the H-1 parvovirus as a tool to kill the malignant cells,
we isolated clones resistant to this cytopathic effect. As dem-
onstrated here, these resistant cells have a suppressed malignant
phenotype. Revertants derived from K562 and U937 cells con-
tinued to produce the H-1 parvovirus, raising the possibility that
the virus itself could play a dominant role in the reversion. By
expanding the study to other systems like breast cancer cells, we
found that the BT20S and T47DS revertants do not harbor the
virus, and that only the MDA-MB231S continue to produce it.
These results indicate that the BT20S and T47DS revertants are
not induced but selected by the H-1 parvovirus. However, even
in these cells, the parvovirus selection process may have initiated
changes that we were unable to detect, but that are part of the
tumor reversion process. This is why we compared in the gene
expression analysis U937 or MCF7 cells to their counterparts,
stably transfected with the SI4H-1 gene. This gene was previ-
ously described as playing a role in programmed cell death and
in controlling the fate of cancer cells by promoting, among
others, B catenin and numb degradation (5, 8, 11-13, 15-17, 28).
These two stable SIAH-1 transfectants also show inhibition of
their tumorigenicity. In addition, the MCF7-SI4H-1 transfectant
cells have a wild-type p53, indicating that the reversion process
can override the oncogenic events, even in the presence of
wild-type p53, which is of interest for the further study of tumors
that do not have a mutation in this gene.

By applying a large-scale screening analysis for variation in
gene expression, 263 genes were identified as differentially
expressed when confirmed by Northern blot analysis or real-time
PCR. Although every compartment of the cell seems to partic-
ipate in the reversion, it is noteworthy to observe how the
mRNAs coding for the ribosomal proteins are reorganized in
their expression. Some of the oncogenes, like myb, are down-
regulated during the reversion process. The expression of the
amyloid precursor protein (APP) also varies in the reversion.
However, these changes may equally be a consequence of the
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reversion program and not a contributor to this program. A
cause—effect conclusion can be made only on the basis of further
functional studies, although previous data on Presenilinl (a
predisposition gene for a familial form of Alzheimer’s disease
that cleaves the APP) already indicated that it participates in the
regulation of programmed cell death and tumor suppression (23,
31). Most striking is the fact that 32% of the genes we identified
are differentially expressed in all of the biological systems
analyzed. Also, the stable U937 transfectants overexpressing
SIAH-1 have 55% of their changes in gene expression, matching
those obtained by selecting for U937 revertants with H-1 parvo-
virus. These findings could indicate the presence of a “common
core” of genes intervening in all situations of suppression we
tested. The differential expression of this core of genes does not
always follow the same direction (activated or inhibited) in all of
the models presented here, which may indicate that leukemia
cells or different types of breast tumor cells do not require the
same modifications to revert. Thus, these data suggest the
presence of a “variable ensemble” of genes that are responsible
for reversion. Every cell system would choose among these genes
the most adequate ones to perform the definitive task.

The most differentially expressed gene is tptl/TCTP. The
magnitude in differential gene expression for tpt1 /TCTP that we
initially found in the U937/US4.2 system, and that was con-
firmed to be strongly decreased by Northern and Western blot
in different systems, including after induction of wild-type p53
function in the LTR6 system (29) and after overexpression of the
SIAH 1 gene in U937 and MCF7 cells, prompted us to further
study tpt]/TCTP to validate the experimental strategy that
unravels effector genes of tumor reversion. The mainstream
research for the role of ipt1/TCTP is in allergic response (21).
tpt] /TCTP was identified as the human histamine releasing
factor. It has been shown to be one of the first proteins to be
induced in Ehrlich ascites tumor cells after mitotic stimulation
(20). tptl1/TCTP was also described as binding in a yeast
two-hybrid assay MCL1, a Bcl-2 homologue, and identified as an
antiapoptotic protein (32).

We demonstrate that inhibition of pt1/TCTP expression by
anti-sense cDNA and siRNA suppresses the malignant pheno-
type. U937 leukemic cells stably transfected with anti-sense
tpt] /TCTP generate significantly less tumors when injected in
scid/scid mice. We observed phenotypic changes in MCF7 or
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T47D cells transfected with tpt1/TCTP siRNA by using three-
dimensional reconstituted basement membrane matrigel cul-
tures. More organized ductal-like structures similar to those
generated by down-regulation of 81 integrin were evident (30).
When stably transfected with SIAH-1, these MCF7 cells also
show this striking change in morphology. These SIAH-I trans-
fected cells have a strong down-regulation of tpt1 /TCTP expres-
sion. The above-described results indicate that lowering of
tpt] /TCTP expression in different types of cancer cell lines, such
as a leukemic and breast cancer cell lines, is a critical factor to
allow the cell to revert to a suppressed malignant phenotype.
They further provide the argument toward a common mecha-
nism of reversion underlying activation of SIAH-1 pathway or
reduction of tpt1/TCTP. However, one suspects that the com-
plexity of the process may be higher than presently envisaged,
and that other genes described in Table 1 may be as important
in controlling reversion as the particular genes targeted in the
present study: SIAH I and ptl /TCTP.

In conclusion, by using the H-1 parvovirus as a sift to isolate
single revertants among millions of tumor cells, we provided a
tool to study global tumor reversion. The gene expression profile
suggests that it is not the processes per se of cell cycle arrest,
apoptosis, and terminal differentiation, that matter here, and
that provide by themselves the framework for reversion. It is
rather a “reorganizing” function of all these processes as a form
of rerouting and trigger of the whole machinery that enables the
tumor cells to quit the malignant pathway, even bypassing
mutant or wild-type p53. It is possible that activation of SIAH-1
or inhibition of #pt] expression is related not only to a pro- or
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antiapoptotic process but rather an organizing function such as
seen in the development of the ommatidia in Drosophila. We
suggest that reversion as described here operates through at least
three mechanisms. The first one would involve the inhibition of
mRNA synthesis for genes encoding ribosomal proteins. The
second mechanism is powerfully inhibiting expression of ptl/
TCTP. The third one would involve the SIAH-1 pathway, as
presented in this study, the result of a more specific protein
targeting toward proteasomal degradation. All three mecha-
nisms combined would reprogram the cancer cell to recover
some of its normal functions, such as for breast cells to form
ductal-like structures. There is no evidence to rule out that the
three mechanisms are at least partially redundant. In fact, the
data do suggest that SIAH-1 is dominant over #ptI /TCTP and
can reduce its expression, consistent with SIAH-1 being up-
stream of 7pt1/TCTP in the same pathway. This mechanism of
reversion could be an alternative pathway that forms the “in-
tracellular defense system against cancer,” a function inhibited
in the tumor. Such a system could override the genetic changes
in cancer without necessarily correcting the causal mutation,
deletion, or translocation but by bypassing them.
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