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The RIZ gene in Human Breast Cancer, Final Report 1998, PI. Shi Huang 

Introduction: 

The retinoblastoma protein (Rb)-interacting zinc finger gene RIZ was isolated in a 
functional screening for Rb-binding proteins [1], and independently as a GArA-3-binding protein 
G3B [2] and as a DNA-binding protein MTB-Zf [3]. RIZ contains extensive sequence and 
antigenic similarity to the El A viral oncoprotein, including the LXCXE Rb-binding motif [4]. The 
physiological role of the binding to Rb is not yet defined because relatively little is known about the 
biological function of RIZ. There are several other interesting motifs in RIZ, including eight zinc 
finger motifs and a PR (PRDI-BF1-RIZ homology) domain of -100 amino acids which defines a 
sub-family of Kruppel-like zinc finger genes. The RIZ gene normally produces two different 
products, RIZ1 and RIZ2, which differ in length by the presence or absence of the PR domain [5]. 
An internal promoter generates RIZ2 which lacks the amino terminal PR domain of RIZ1 but is 
otherwise identical to RIZ1. Both products are widely expressed in normal tissues [5]. They are 
both located in the nucleus and may function as GC-element DNA binding transcription repressors 
[6], or as MTB-element binding activators [3]. Other members of the PR family include the 
MDS1-EVI1 breakpoint gene involved in human leukemia and the PRDI-BF1 or BLIMP 1 
transcription repressor which can drive B cell maturation [7-10]. RIZ is remarkably similar to 
MDS1-EVI1 which also gives rise to a PR lacking product, the EVI1 oncoprotein, through an 
internal promoter [7]. PR domain appears to function as a protein binding interface and is related to 
the SET domain involved in chromatin-mediated gene expression [11]. 

Several lines of observation suggest that PR genes or the PR-containing products of these 
genes are negative regulators of cell growth and tumorigenesis. The PR region of MDS1-EVI1 is 
often disrupted by leukemia associated chromosomal insertions and translocations, resulting in the 
activation of the PR deficient EVI1 gene which is considered oncogenic [12]. MDS1-EVI1 is 
functionally different from EVI1, which may be the basis for the selective activation of EVI1 in 
tumor cells [13]. A tumor suppressor role for RIZ is suggested by its chromosomal location at the 
distal short arm of human chromosome 1 next to the marker D1S228 on lp36.23 [3, 14], which 
commonly undergoes deletions, rearrangements, or loss of heterozygosity in a broad spectrum of 
human tumors, including those of breast [15, 16], liver [17], colon [18], and neurocrest tissues 
[19, 20]. 

To assess the role of RIZ gene in tumorigenesis, we have examined RIZ gene expression in 
tumor tissues and tissue derived cell lines. The results show that RIZ1 expression is decreased or 
lost in human breast cancer whereas RIZ2 expression is normal. Consistent with what appears to 
be negative selection for RIZ1 in tumor cells, forced expression of RIZ1 causes cell cycle arrest in 
G2/M and/or apoptosis. 

Materials and Methods: 

RNase protection, RT-PCR, immunoblot, and in situ hybridization analysis. 
Human cell lines were grown in Dulbecco's modified Eagle medium (DMEM) plus 10% 

fetal calf serum. RNA was prepared and used for RNase protection analysis as described 
previously [5]. For RT-PCR analysis, reverse transcription was performed using M-MLV reverse 
transcriptase (NEB) and oligonucleotide primer RP217 located in coding exon 7 (5'-CCT CTG 
AGC AGT CTT CAA GAG T-3'). The first strand cDNA sample was then amplified using two 
different sets of primers, one set (RP168 + RP217) was specific for RIZ1 and the other (RP216 + 
RP217) for RIZ2+RIZ1. RP168 primer is located within exon 4 (5'-TGG CTG CGA TAT GTG 
AAT TG-3'). RP216 primer is located within exon 6 (5'-CAA CTG AAG ACA AGT GAG CCA 
GA-3'). The     primers     for     amplification      of     human      beta-actin      are      5'- 
GTGGGGCGCCCCAGGCACCA-3' and 5'-CTCCTTAATGTCACGCACGATTTC-3'. PCR 
reactions were run for 15-20 cycles. The PCR products were analyzed by agarose gel 
electrophoresis followed by ethidium bromide staining or by Southern blotting using RIZ cDNA 
probe.  Band intensities were quantitated using the Molecular Analysis software and a Phospho- 
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imager (Bio-Rad). Immunoprecipitation and immunoblot analysis of RIZ proteins were performed 
as described previously [1,5]./« situ hybridization analysis of fixed breast tissues was carried out 
as described previously using digoxigenin-labeled probes [21]. The RIZ1 antisense probe was a 
0.6 kb fragment generated by SP6 transcription of the amino terminal region of RIZ1 upstream of 
coding exon 1 [5]. The exon 7 antisense probe was a 0.5 kb fragment corresponding to amino 
acids 700-866 and was generated by Sp6 transcription. 

Construction of recombinant adenovirus vector encoding RIZ1. 
The full length rat RIZ1 cDNA in the plasmid p3RIZr was isolated by Nrul and Xhol 

digestion and was cloned into the vector pXCJLl[22]. The resulting plasmid pAdRIZl and the 
adenovirus packaging plasmid pJM17 [22] were cotransfected into the El trans-complementing cell 
line 293 using calcium phosphate. High-titered stocks of recombinant adenoviruses were grown in 
293 cells and purified by density gradient ultracentrifugation. Adenovirus mediated RIZ1 
expression was examined by immunoblot analysis. 

Development of cell lines with inducible RIZ1 expression 
The cell line UTA6 derived from U20S was a kind gift of Dr. D. Haber [23]. Construct 

ptetRIZl was constructed by cloning the full-length rat RIZ1 cDNA into the vector pUHD10-3 
kindly provided by Dr. H. Bujard [24]. The founder cell lines were transfected with ptetRIZl and 
pBK-hygro. Drug resistant colonies were isolated in the presence of tetracycline, and screened for 
RIZ1 expression by immunostaining or immunoblot upon withdrawal of tetracycline. Three clones 
demonstrating regulated induction of the transfected gene were selected for further study, and 
representative results were described for one of these, RIZ 1-29. 

Growth, cell cycle, and apoptosis assays 
Cells were seeded at 2 xlO5 cells in 6 cm dishes. After overnight culture, the cells were 

incubated with recombinant adenovirus for 1 hr at a MOI of 50 in serum free media. The virus 
containing media was then supplemented with serum to 10%, and the culture was continued for 
various times up to 72 hr. At each time point, live cell numbers were counted by trypan blue 
exclusion, and all cells were processed for DNA histogram analysis as follows. Cells were 
detached from the plate by trypsin and were pooled with cells in the culture medium. These cells 
were washed twice with PBS, and were fixed with 70% ethanol overnight.    Cells were then 
washed once in PBS and incubated in propidium iodide solution (50 [ig/ml in PBS) containing 
RNase (10 |ig/ml) for at least 30 min. The stained cells were analyzed with a FACscan (Becton- 
Dickinson) using a CellQuest program. 

DNA fragmentation was performed 72 hr after infection with recombinant adenovirus. 
Adherent and nonadherent cells were pooled and genomic DNA was isolated and analyzed using 
standard procedures. TUNEL analysis was performed as described [25]. Cells grown on 
coverslips were infected with adenovirus and were fixed 72 hr post infection. Apoptotic cells were 
labeled with biotin-conjugated dUTP using terminal deoxynucleotidyl transferase (Boehringer 
Mannheim) and fluorescein-conjugated ExtrAvidin (Sigma), and visualized by fluorescent confocal 
microscopy.  To demonstrate nuclear fragmentation, cells were co-stained with propidium iodide 
(250 |ig/ml) for 5 min at room temperature before the final washes. 

Results: 

Decreased RIZ1 expression in breast cancer 
To study whether the RIZ gene may play a role in human neoplasia, we first examined the 

expression of the two alternative forms of RIZ, RIZ1 and RIZ2, in breast cancer cell lines using a 
previously described RNase protection assay [5]. A representative result of this analysis is shown 
in Fig. 1A. RIZ1 and RIZ2 mRNAs were found in an immortalized normal mammary epithelial 
cell line 184A1N4.   However, two breast cancer cell lines, SK-BR-3 and MDA-MB-435, had 
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reduced or undetectable levels of RIZ1 relative to beta-actin. In contrast, RIZ2 transcripts were 
readily detected and no significant differences in RIZ2 levels were observed. This 
underexpression of RIZ1 but not RIZ2 was also confirmed by RT-PCR analysis as in Fig. IB, 
which showed loss of RIZ1 in MDA-MB-435 and decreased RIZ1 expression in SK-BR-3 and 
MDA-MB-231 cells. Immunoblot analysis showed that RIZ2 protein was normal consistent with 
mRNA expression (Fig. IC). RIZ1 protein was normally expressed at lower levels than RIZ2 as 
seen in 184A1N4 cells. Reduced RIZ1 protein levels consistent with lowered mRNA levels was 
observed in SK-BR-3 cells. We examined a large set of cell lines or tissues of various tumor types 
by RNase protection and RT-PCR assays. Similar levels of RIZ2 mRNA were found in all cases 
examined. In contrast, low or absent RIZ1 mRNA expression was found in 4 of 8 breast cancer 
cell lines, 2 of 5 lung cancer cell lines, 4 of 14 neuroblastoma cell lines and tissue samples, and 1 
of 2 osteosarcoma cell lines (Table 1). The results indicate that decreased expression of RIZ1 but 
not RIZ2 may be a common feature for a subset of human cancers. 

To further confirm loss of RIZ1 mRNA expression in tumor tissues, we performed in situ 
analysis of RIZ gene expression in breast carcinoma specimens. Fixed breast sections from 5 
infiltrating carcinomas and 7 benign breast lesions (reduction mammoplasty specimens) were 
examined using procedures described previously [21]. Anti-sense probe derived from a 5'-end 
cDNA fragment of RIZ1 was used to specifically hybridize to RLZ1 mRNA. Because RIZ2 
mRNA does not contain unique sequences not present in RIZ1, a cDNA fragment of coding exon 7 
was used to detect both RIZ1 and RIZ2 transcripts. Positive RIZ1 hybridization signal was found 
in normal epithelial cells in 6 of 7 normal breast tissues or benign lesions. No RIZ1 expression 
was found in the neoplastic epithelial cells in 4 of 5 infiltrating breast carcinomas. Representative 
positive RIZ1 hybridization in normal ductal breast epithelial cells and in normal lobular cells are 
shown in Fig. 2A-C (2C but not 2A-B were counter stained with hematoxylin). Representative 
negative RIZ1 hybridization in carcinoma samples is shown in Fig. 2D (with hematoxylin counter- 
stain). Similar sections of the same normal (Fig. 2E) or tumor samples (Fig. 2F) showed positive 
staining for the coding exon 7 probe, indicating RIZ2 expression in transformed breast epithelial 
cells. We conclude from these studies that RIZ1 underexpression may be a common change 
associated with breast cancer. 

Forced RIZ1 expression induces cell growth arrest and/or apoptosis 
The specific underexpression of RIZ1 in tumors suggests that RIZ1 function may be 

incompatible with tumor cell growth. To explore this possibility, we developed a recombinant 
adenovirus, AdRIZl, that lacks the E1A and E1B regions and contains a rat RIZ1 cDNA 
transcribed from the cytomegalovirus (CMV) promoter. An osteosarcoma cell line U20S which 
expressed low levels of RIZ1 was initially used for determining the effects of RIZ1 expression. 
Adenovirus-mediated RIZ1 protein expression can be detected at 24 hr and peaked at 48 hr post 
virus infection (Fig. 3A). AdRIZl infected cells grew more slowly than cells infected with control 
virus AdGFP (expressing green fluorescent protein) and cell death became apparent 72 hr post 
AdRIZl infection (Fig. 3B). 

To examine RIZ1 activity on cell cycle progression, DNA histogram analysis was 
performed on AdRIZl infected U20S cells (Fig. 3C and D). The results showed that a majority of 
cells were arrested at G2/M at 48 hr post AdRIZl virus infection. At 72 hr post infection, a 
significant fraction of AdRIZl infected cells had sub-Gl DNA content indicating apoptotic cell 
death. In contrast, AdGFP virus infected cells were mostly at Gl and did not show sub-Gl DNA 
content. In addition to the sub-Gl DNA content, several other observations also show that RIZ1 
induced cell death through the apoptotic process. DNA from dying cells 72 hr post infection 
revealed fragmentation of chromatin into nucleosome ladders (Fig. 3E). Double staining of 
individual cell nuclei with propidium iodide and TUNEL (DNA terminal transferase nick-end 
translation) reagents demonstrated nuclear condensation and fragmentation, and presence of free 
DNA 3'-OH ends (Fig. 3F) [25]. Together, these results suggest that RIZ1 inhibits cell 
proliferation by inducing cell cycle arrest in G2/M and programmed cell death. 

U20S osteosarcoma cells express wild type Rb and p53 proteins. We next examined 
whether RIZ1 can also induce growth arrest and cell death in SAOS2 osteosarcoma cells that do 
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not express wild type Rb and p53 proteins. Similar to results in Fig. 3, AdRIZl virus infection of 
SAOS2 cells also led to accumulation of cells with G2/M DNA content and with sub-Gl DNA 
content (Table 2). The results show that RIZ1 can induce G2/M arrest and apoptosis in the 
absence of p53 and Rb proteins. 

We also expressed RIZ1 in breast cancer cell lines as shown in Table 2. AdRIZl infection 
led to cell death but no significant G2/M arrest in SK-BR-3 cells. In contrast, primarily G2/M 
arrest but no cell death was found for T47D cells infected with the same amount of AdRIZl virus. 
The results show that forced RIZ1 expression induced cell death or G2/M arrest in breast cancer 
cells. 

To study the role of RIZ1 in cell growth control using a different approach, we established 
RlZl-inducible cell lines, using a tetracycline-regulated transactivator [24]. In this system, 
expression of a tetracycline-repressible transactivator allows tight regulation of a promoter 
containing tet operator sequences. Construct containing RIZ 1 under control of this promoter was 
stably transfected into founder cell lines expressing the transactivator. The U20S derived founder 
cell line UTA6 was used to derive RIZ1 expressing cell lines [23]. Results from a representative 
cell line tetRIZ1.29 are presented in Fig. 4. Withdrawal of tetracycline led to induction of RIZ1 
expression, detectable at 9 hr and peaking at 24 hr. While uninduced cells grew normally, RIZ1 
expressing cells grew slower and by 4 days post induction of RIZ1, only 5% of the cells survived 
(Fig. 4). DNA histogram analysis showed G2/M delay and apoptosis (data not shown). These 
results are consistent with those described for adenovirus mediated RIZ1 expression. 

Discussion: 

A role for RIZ1 but not RIZ2 product of the RIZ locus as a negative regulator of 
tumorigenesis is suggested by two previous observations: RIZ maps to human chromosome band 
lp36 and the RIZ 1-related MDS1-EVT1 gene is often disrupted in myeloid leukemia. We provide 
here several direct lines of observation further supporting a role for RIZ1 as a suppressor of cell 
growth and tumorigenesis. 

Our data indicate that underexpression of RIZ1 but not RIZ2 may be common in human 
breast cancer. RIZ1 underexpression was also found in neuroblastoma and lung cancer, and may 
be expected to occur in other malignancies as well. In contrast to RIZ1, the alternative product of 
the same gene, RIZ2, is uniformly present in all normal and tumor samples examined. We are 
aware that it is not uncommon for tumor cells to show non-specific changes in the expression of a 
particular gene. However, the exclusive alteration of one but not the other product of the same 
gene is highly unusual. The uniform presence of RIZ2 suggest that loss of RTZ1 is not a random- 
occurring event. There may be a specific negative selection for RIZ1 versus RIZ2 in tumors. Since 
the PR domain is similar to the SET domain involved in chromatin remodeling [11], it is likely that 
RIZ1 and RIZ2 may differ significantly in their functions in regulating chromatin-mediated gene 
expression. This may underlie the apparently opposite roles of RIZ1 and RIZ2 in tumorigenesis. 

Inactivating gene expression rather than mutating protein structure appears to be the basis 
of RIZ1 alteration in malignant cells. Southern blot analysis did not show evidence of gross 
alterations of RIZ1 genomic DNA in tumor cells (not shown). Whether tumor associated lp36 
alterations may inactivate RIZ1 expression requires future investigation. Relative to the RTZ1 
abnormality, the uniform presence of RIZ2 is striking, and may indicate a need for RIZ2 in 
oncogenesis. Two alternative forms of the RlZl-related PR domain gene MDS1-EVI1 have 
previously been proposed to play opposite functional roles in transformation [5, 13]. A need to 
maintain RIZ2 expression in tumor cells may explain the lack of gross mutations in RIZ because 
RIZ2 shares 89% of coding region with RIZ1. Of course, mutations in the PR region of RIZ1 
should not affect RIZ2. Such mutations, however, must be subtle (undetectable by Southern-blot 
analysis). Moreover, if such mutations exist, they are likely to be rare because tumors primarily 
display RIZ1 underexpression. However, it is possible that certain nucleotide changes could lead 
to destabilization of transcripts. Given that RIZ1 and RIZ2 are produced by different promoters, it 
seems likely that RIZ1 promoter may represent a specific target of inactivation in tumor cells. 
Future study of this promoter may reveal insights into the decreased RIZ1 expression in tumors. 
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The activity of RIZ1 in inducing cell cycle arrest and/or apoptosis described here provides a 
molecular mechanism for a negative role of RIZ1 in tumorigenesis. RIZ1 induced both cell cycle 
arrest and cell death in certain cell lines (U20S and SAOS2) but either arrest or apoptosis in other 
cell lines (arrest in T47D and apoptosis in SK-BR-3). The data suggest that induction of apoptosis 
by RIZ1 is unlikely a result of induction of cell cycle arrest. Also, RIZ1 induced cell death 
independent of the endogenous expression of Rb and p53, suggesting that RIZ1 can function 
independent of Rb and p53. However, the data do not exclude the possibility that RIZ1 function 
may be regulated by Rb and p53. The amount of RIZ1 expressed by adenovirus may exceed that 
of endogenous Rb or p53 for their effects on RIZ1 to be observed. Forced RIZ1 expression also 
induced apoptosis and growth arrest independent of endogenous levels of RIZ1. This is not 
unexpected because forced expression of Rb or p53 has also been shown to cause cell growth 
inhibition independent of endogenous levels of expression [26,27]. 

That RIZ1, which binds to Rb, induces apoptosis suggests a potential mechanism of RIZ1 
action in the context of the Rb suppressor pathway. Several lines of investigation show that Rb 
plays a role in inhibiting apoptosis [28-30]. The apoptosis inducing activity of E2F1, which is 
negatively regulated by Rb [30], is thought to mediate E2Fl's role as a tumor suppressor [31]. 
Clearly, it is an important future goal to determine whether Rb may inhibit RIZ1-mediated 
apoptosis. 

Recommendations in relation to the Statement of Work: 
Our revised Statement of Work has two technical objectives. We believe that we have now 

largely accomplished these objectives in a positive fashion. Our results suggest that the hypothesis 
that this proposal is addressing is likely to be correct. 

Objective 1 studies whether RIZ gene alteration occurs in breast cancer. We have 
uncovered one form of RIZ gene alteration to be common in breast cancer. Thus, one of the two 
products of RIZ gene, RIZ1, is underexpressed in breast cancer. Given the limited resources, we 
have only performed a small scale screening of RIZ1 gene mutation screen which have not yet 
uncovered any mutations in RIZ gene except some apparent polymorphisms. Also, given our 
focus on the loss of RIZ1 expression analysis, the experiments on allelic expression were beyond 
our capacity to do. We believe that our most important objective has been accomplished which is 
to establish an alteration of RIZ in breast cancer. 

Objective 2 (revised) studies tumor suppression by RIZ1 in cell culture and in nude mice. 
We have constructed a recombinant adenovirus expression RIZ1. This virus was shown to cause 
growth arrest and apoptosis in breast cancer cells in tissue culture. Experiments using nude mice 
tumor models are in progress. 

Conclusions: 

Our results suggest that alteration of RIZ1 may play an important role in breast cancer 
development. RIZ1 is commonly underexpressed in breast cancer, and forced RIZ1 expression 
can induce breast cancer cell cycle arrest and apoptosis. The data identify a new candidate breast 
cancer suppressor. Given that RIZ1 gene lacks apparent mutations in cancer, we are establishing 
knock-out animal models in order to prove unequivocally that loss of RIZ1 causes tumorigenesis. 
Based on the encouraging results so far from the RIZ 1-deficient animal model, we believe that 
RIZ1 is an authentic tumor suppressor in both human and mice. Recent data also indicate a role for 
RIZ1 in connecting the Rb and p53 tumor suppressor pathways, which would explain the anti- 
neoplastic function of RIZ1. Future study of RIZ1 would advance our understanding of the Rb 
and p53 pathway. RIZ1 has real implications for breast cancer prevention and treatment. The 
recombinant RIZ1 adenovirus can be directly used for clinical trials of breast cancer gene therapy. 
We have demonstrated the anti-growth power of this virus in tissue cultured breast cancer cells. 
We are presently testing the tumor suppression activity of this virus in nude mice tumor models. 
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Appendices: 

Table 1.   Analysis of RIZ gene expression. 
a RT-PCR and RNAse protection assay (RPA) as described in Fig. 1 were performed on 

total RNAs from cell lines and tissues as listed. RIZ2 transcripts can not be differentiated from 
PJZ1 by RT-PCR assay; RIZ2+RIZ1 represents RIZ gene common exon 7 derived transcripts. To 
compare RIZ1 and RIZ2 levels of different samples, beta-actin mRNA expression was used as 
internal control for variations in the amount of RNA used. The ratio of RIZ1 to beta-actin of each 
tumor sample was quantitated and was normalized to that of 184A1N4 cells which was arbitrarily 
defined as 1. The normalized ratio is shown. Similarly, the ratio of RIZ2 or RIZ2+RIZ1 versus 
beta-actin of each sample was normalized to that of 184A1N4 cells and the normalized ratio is 
shown. ND, not done. 

b Samples with the MYCN gene amplification. 

Table 2.   Forced RIZ1 expression in osteosarcoma and breast cancer cell lines. 
a 72 hours post AdRIZl or AdGFP virus infection, DNA histogram analysis was 

performed as described in Fig. 3. Value shown represents difference in percentage of cell 
populations between AdRIZl and AdGFP infected cells. Increase caused by AdRIZl over AdGFP 
is indicated by a plus sign, and decrease by a minus sign. Value represents mean with standard 
deviation of three independent experiments. 
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Figure Legends: 

Fig. 1. Analysis of RIZ gene expression. (A) RNase protection analysis of normal breast 
epithelial cell line (184A1N4) and breast cancer cell lines (SK-BR-3, MDA-MB-435, and BT474) 
as indicated on top of each lane. (B) RT-PCR analysis of RIZ gene expression in breast cancer 
cell lines. RIZ2 transcripts can not be differentiated from RIZ1 by RT-PCR assay because of their 
sequence overlap; RIZ1+RIZ2 represents PCR products derived from the overlapping common 
coding-exon 7. Shown are Southern blots of RIZ gene PCR products and ethidium bromide 
stained PCR products of beta-actin. (C) Immunoblot analysis of RIZ protein expression in breast 
cancer cell lines as indicated. Cell extracts were prepared from exponentially growing cells and 
were immunoprecipitated with rabbit serum recognizing both RIZ1 and RIZ2 proteins. The 
precipitated proteins were analyzed on 5% SDS gel followed by immunoblot using mouse serum 
recognizing both RIZ1 and RIZ2 proteins. 

Fig. 2. RIZ gene expression in human breast tissues by in situ hybridization. RIZ1 
probe hybridized to normal ductal breast epithelial cells (A) and normal lobular cells (B), shown 
without hematoxylin counter stain. RIZ1 probe hybridized to normal ductal breast epithelial cells 
(C) but not to breast carcinoma cells (D), shown with hematoxylin counter stain. Exon 7 probe 
hybridized to normal ductal breast epithelial cells (E) and to carcinoma cells (F), shown without 
hematoxylin counter stain. Arrows indicate cells showing positive hybridization signals. 

Fig. 3. Induction of cell growth arrest and cell death by RIZ1. (A) RIZ1 protein 
expression in AdRIZl infected cells. U20S cells infected with AdRIZl or AdGFP virus (50 MOI) 
and cell lysates were analyzed by 5% SDS gel analysis followed by immunoblot using RIZ1 
antibodies. (B) Growth rate analysis of AdRIZl infected U20S cells. Live cell numbers were 
counted at different days post virus infection. Shown is a representative of three independent 
experiments. (C) DNA histogram analysis. At different times post adenovirus infection, cells 
were analyzed for DNA content by propidium iodide staining followed by FACScan. A 
representative of three independent experiments is shown. (D) Quantitative analysis of the number 
of cells in different phases of the cell cycle for the experiment shown in (C). A: Sub-Gl or 
apoptosis peak. (E) DNA fragmentation gel electrophoresis analysis was performed at 72 hr post 
virus infection of U20S cells. (F) TUNEL analysis of AdRIZl infected cells. 72 hr post virus 
infection, cells were fixed and the fixed cells were double-stained with propidium iodide (PI) and 
FITC-labeled TUNEL reagents as described in Methods. Shown are images from a fluorescent 
confocal microscope. 

Fig. 4. Growth inhibition by inducible RIZ1 expression. (A) RIZ1 protein expression 
in RIZ 1-29 cells induced by withdrawal of tetracycline (tet). Protein extracts were prepared at 
different times following tetracycline withdrawal and were analyzed by immunoblot analysis. (B) 
Growth curve of RIZ 1-29 cells in the presence or absence of tetracycline. Live cells were counted 
at each time point using the trypan blue exclusion method. 
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Table 1. Analysis of RIZ gene expression 

Samples Tissue types RT-PCR RT-PCR RPA RPA 

RIZ1/actina (RIZ2+RIZ1)/actin RlZI/actin RIZ2/actin 
Normal tissues and cell lines 

184A1N4 mammary cell line 1 1 1 1 
F20 placental tissue 1.12 1.21 1.11 1.16 
WI38 lung fibroblast 0.87 0.82 0.91 0.85 

Breast cancer cell lines 
MB231 0.11 1.02 0.1 1.05 
MB468 0.14 1.13 0.12 1.08 
MCF7 0.87 0.97 0.92 0.97 
T47D 0.94 0.93 0.96 0.95 
SK-BR-3 0.07 1.21 0.18 1.32 
MB435 0 1.22 0 1.24 
BT474 ND ND 1.1 0.98 
BT549 ND ND 0.92 1 

Neuroblastoma cell lines 

LAN-1(MYCN)b 0.96 0.95 1.02 0.94 
SHEP-17 1.03 1.02 0.98 1.21 
SK-N-BE2 (MYCN) 0.98 1.12 0.93 0.97 
IMR-32 (MYCN ) 1.21 1.01 1.15 1.07 
SY5Y 0.17 1.02 ND ND 
NGP (MYCN) 0.97 1.03 1 0.98 
SMS-KCN (MYCN) 0.12 1.14 ND ND 

Primary neuroblastoma 
N-31 stage I 1.02 1.1 ND ND 
N-59 0.96 1.02 ND ND 
N-106 stage II 0.15 1.01 ND ND 
N-63 stage III 1.02 0.98 ND ND 
N-111 1.1 1.02 ND ND 
N-11 stage IV 0.99 1.14 ND ND 
N-75 (MYCN) stage IVS 0.11 0.96 ND ND 

Lung cancer cell lines 
A549 1.01 0.97 ND ND 
Calu6 1.1 1.08 ND ND 
H460 0.98 0.99 ND ND 
H292 0.1 1.21 ND ND 
H441 0 1.02 0 1.13 

Osteosarcoma cell lines 
U20S 0.12 0.96 ND ND 
SAOS2 1.14 1.09 ND ND 

He  et   al.   Table   1 



Table 2. Forced RIZ1 expression in osteosarcoma and breast cancer cell lines 

Cell Lines Apoptosis Gl S G2/M Rb p53 RIZ1 

U20S +17.4±3.1a -29.7 ± 4.6 -7.012.1 +20.1 ± 3.0 + + weak 

SAOS2 +20.3 ± 4.2 -36.1 ± 5.2 -1.1 ±2.0 +14.9 ± 3.7 - - + 

SK-BR-3 +41.5 ± 7.7 -33.8 ± 4.0 -5.2 ± 3.3 +1.2±0.8 + mut weak 

T47D +1.2+ 1.0 -44.0 + 8.3 -1 ± 0.6 +43 ± 7.8 + mut + 

He  et   al.   Table   2 
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