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Abstract
RMI1/BLAP75 (RecQ-Mediated Genome Instability 1/Bloom Associated protein 75) is an OB-
fold protein highly conserved from yeast to human. Previous studies showed that RMI1 is required
for the stability of the BLM/RMI1/TopIIIα complex and for the suppression of elevated sister
chromatids exchange (SCE). The presence of RMI1 strongly stimulates the Holliday dissolution
activity of the Bloom helicase in vitro. The in vivo function of RMI1, however, remains largely
undefined. To address this question, we generated RMI1 knockout mice through homologous
replacement targeting. We found that, while RMI1+/− mice showed no obvious developmental
phenotype, deletion of both mRMI1 alleles resulted in early embryonic lethality before
implantation. To determine whether RMI1 plays a role in tumorigenesis, we generated RMI1/p53
double heterozygous mice and analyzed their onset of ionizing radiation-induced tumor
development. RMI1+/−/p53+/− mice succumbed to tumor with a higher frequency and exhibited a
substantially shortened survival when compared to the wild type, RMI1+/− and p53+/− cohorts.
These results demonstrated a dual-role of RMI1 in embryonic development and tumor
suppression.
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Introduction
Bloom syndrome (BS) is a rare autosomal recessive disorder featured by sun sensitivity,
male infertility, immune deficiency, and predisposition of a broad spectrum of cancers [1].
BS is caused by defects in the BLM helicase gene, a member of the RecQ helicase family
conserved from bacteria to human [2]. Cells derived from BS patients are characterized by
drastically elevated Sister Chromatin Exchange (SCE) level, which indicates an important
function of BLM in controlling homologous recombinations between sister chromatids [3].
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BLM is also suggested to be involved in the activation of S-phase checkpoint under
replication stress [4,5], and sister chromatid decatenation in anaphase [6]. Biochemical and
genetic studies showed that BLM is able to prevent strand crossing caused during repair of
DNA double strand breaks (DSB). Upon formation of a double Holliday junction (HJ)
intermediate during DSB repair, the BLM/RMI1/TopIIIα complex acts to facilitate the
migration and dissolution of HJs in a non-crossover manner [7,8].

RMI1/BLAP75 is an OB-fold-containing protein identified as a BLM-interacting protein
through biochemical purification [9]. RMI1 forms an evolutionarily conserved complex
(BTB complex) with BLM and Topo3. Mutations in the RMI1 gene in yeast result in
genomic instability and elevated SCE [9–11]. This complex is involved in the BLM-
dependent dissolution of double Holliday junctions during homologous recombination [11–
14]. Recently, RMI2, an additional component of the BLM-RMI1-Topo3α complex, was
identified [11,15]. RMI1 interacts with RMI2 through its C-terminal OB2 (RPA1-C)
domain, whereas it binds to BLM and Topo3α through its N-terminal region, which contains
the OB1 (RecG) domain [11].

RMI1 is required for the BTB complex stability. Knocking down of RMI1 diminished
protein levels of other components of the complex, especially Topo3α and RMI2 [9,11]. It is
also involved in BLM function. Depletion of RMI1 led to increased SCE level similar to
BLM knockdown [9]. Biochemical studies indicated that RMI1 regulates BTB complex
activity. RMI1 stimulates branch migration of BLM protein on single HJs, promotes DNA-
binding and catalytic activity of Topo3α, and facilitate BLM-Topo3α complex in double HJ
dissolution [11,13,15,16].

Knockout mouse strains of BLM and Topo3α have been established. Complete disruption of
either gene leads to embryonic lethality [17–19] [20]. Whereas Topo3α mice exhibited no
haploinsufficiency, BLM+/− mice die early than wild type controls after murine leukemia
virus (MLV) injection, and develop enhanced gastrointestinal tumor formation when crossed
with APC+/− mice [17]. To explore the function of RMI1 in vivo and its potential impact on
the maintenance of genomic stability and tumorigenesis, we generated RMI1 knockout mice
via homologous targeting. We show that the RMI1 gene is required for early embryonic
development as embryos die before implantation. Moreover, RMI1+/−/p53+/− double-
heterozygous mice developed a phenotype of accelerated tumor formation when mice were
exposed to ionizing radiation. These results indicate that RMI1 function in both early
embryonic development and tumor suppression.

Material and Methods
Generation of RMI1 +/− mice

The mouse RMI1 gene is located on chromosome 13 (spanning from 57519450 to
57528410). A full-length cDNA sequence (BC037694, purchased from MGC) was used as a
probe to screen a mouse BAC library RPCI-22 generated by Pieter De Jong. Three BAC
clones (444B20, 369A5, and 444P22) were identified and further verified for containing
undisrupted RMI1 genomic sequences by Southern blotting. To generate the knockout
construct, a 4.5kb fragment upstream of RMI1 exon3 released by BamHI digesting was
cloned into pBS-PGK-neo-bpA-LoxP vector [21] (a kind gift from Richard Behringer,
MDACC). A 1.7kb fragment down stream of exon 3 served as the short arm was cloned by
PCR with embedded Pvu II site at 5′, and ligated into the pMCI-TK-pA vector [22]. The
final targeting vector was constructed by joining the 5′ arm-Neo and the 3′ arm-TK
fragments. Transfection of ES (129 G4 and TC1) cells was carried out by the Genetically
Engineered Mouse Facility (GEMF) at MDACC. RMI1+/− ES cell clones were selected for
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blastocyst injection to produce chimeras. These mice were then backcrossed with c57/BL6
for 5 generations.

Southern blot genotyping for ES cells
G418-resistant ES cell colonies were isolated and propagated in 96-well plates. Two probes,
Probe1 and Probe3, were used in Southern blot genotyping from either 5′ or 3′ end,
respectively. For 5′ end, Probe1 was amplified by PCR (primer 1A,
5′CCGCCTTTGGTCGTGACTGACAAC; primer1B,
5′GCTCGGCGGACCTGTTAACACCAG). Genomic DNA was digested with NheI, and
transferred to membrane before hybridized with p32-labeled probe1 at 63°C overnight. The
membrane was washed twice before exposed to film. For the 3′ end, probe3 was PCR-
amplified (probe3A, 5′CTGTGGCTAGAAAGATGGTTCAGC; probe3,
5′GAGGGCATGGCCCAGACTTG), labeled, and hybridized overnight at 65°C with PvuII
digested genomic DNA.

PCR genotyping for mice and embryos
Genomic DNA was extracted from tail or toe snips. Tissues were first incubated with 250uL
lysis buffer (10 mM Tris-HCl pH8.0, 100mM NaCl, 2.5mM EDTA, 0.5%SDS) and 10uL
Proteinase K (20ug/mL) at 55°C overnight. Then, proteins were removed by 100uL tail salt
buffer (4.21M NaCl, 0.63M KCl, 10mMTrisHCl PH8.0). Genomic DNA then was
precipitated by 400 μl EtOH and washed by 70% EtOH before dissolved in 200uL ddH2O.
A PCR based RMI1 genotyping procedure was performed. Following primers were used:
LWT3A, 5′ CTTTAAGTATCGCCCTCCGTTTTG; LWT3B,
5′CTTAACATGCCATGTTGCCAAAAG; NS3A, 5′
AGCAAGGGGGAGGATTGGGAAGACA; NS3B,
5′GCGGAGCTGCCCCAGCTTTAAGCT. Three primers were used in p53 genotyping, all
were obtained from genetically Engineered Mouse Facility at MDACC: X6,
5′AGCGTGGTGGTACCTTATGAGC; 7, 5′GGATGGTGGTATACTCAGAGCC; neo19,
5′GCTATCAGGACATAGCGTTGGC. E3.5 embryos were flushed out of the uterus using
the PBS buffer and genotyped by a nested PCR strategy. First round PCR primers were
described below: LWT1A, 5′CTCATCCCAGAGTAAGGTGGCCGACTAT; LWT1B,
5′CACAAGCTTCCAGCCACATTGGAGGTAC; NS2A,
5′TTCGCAGCGCATCGCCTTCTATCG; NS2B,
5′AGCAGGGTCTCGCCTTTTGCCTCGAGAG. LWT3 and NS3 primer pairs were used in
the second round of PCR. Statistical analyses for the P values were carried by Person’s Chi
square test.

Cell culture and Clonogenic survival assay
HCT116 strains were maintained in 10% fetal bovine serum and grown in a humidified 5%
CO2-incubator at 37°C. RMI1 shRNA transfection and clonogenic assay were performed as
described previously [9]. Briefly, cells were transiently transfected with either RMI1 shRNA
or control luciferase shRNA expressed from a NeoR and U6 promoter-driven vector [23],
then counted and seeded onto 100 mm plates in the presence of G418. Colonies were
allowed to grow for 2 weeks before counting.

Ionizing radiation treatment and tumor analyses
Littermates from RMI1+/−p53+/− intercrossing were subjected for IR irradiation at 4 Gy
(Nasatron) at 6 weeks of age, followed by daily observation for at least 1 year. Mice with
visible tumor phenotype or morbidity were sacrificed by CO2 asphyxiation. Tissue samples
were preserved in 10% formalin and embedded in paraffin cassettes prior to slide cutting
and staining with hematoxylin and eosin (H&E). Survival rate was estimated by the Kaplan-
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Meier method. P-value was derived from the log-rank test embedded in the GraphPad Prism
package.

Results
Generation of an RMI1 Knockout Mouse Model

To study the physiological function of RMI1 in vivo, we generated a knockout mouse strain
of RMI1 by replacement targeting of exon 3, which contains the entire RMI1 coding
sequence. RMI1 exon 3 was replaced by a Cre-floxed neomycin selective cassette to create a
null-allele (Fig. 1A). ES cells carrying the targeted allele were selected by southern blot
using probes located both 5′ and 3′ to the targeted region, respectively (Fig. 1B). RMI1+/−

ES cells were used to generate chimeras through standard blastocyst injection. Germline
transmission was confirmed by PCR genotyping (Fig. 1C). Mice heterozygous for RMI1
were obtained by backcrossing the chimeras with C57BL/6 strain for 5 generations

RMI1−/− embryos failed to pass implantation stage
Mice with a RMI1+/− genotype were healthy and fertile throughout the duration of this study
(24 months). Long-term observation showed no sign of shortened life span or increased
spontaneous tumor formation. However, crossing between RMI1+/− mice yielded no
RMI1−/− offspring, which indicates that deletion of both RMI1 alleles leads to embryonic
lethality. To further investigate this, we performed embryo dissection at various stages of
development. Initially, genotyping of embryos from RMI1+/− intercrossing recovered
neither RMI1−/− embryo nor absorbed residuals between 8.5 to 13.5 day post coitum, an
indication that RMI1−/− embryos may die at an early stage of embryonic development.
Subsequently, we harvested blastocysts at 3.5 dpc. Again, neither RMI1−/− nor abnormal
blastocysts were present in the blastocyst stage (Table 1). On the other hand, RMI1 wild
type and heterozygous embryos were recovered at or near Mendelian ratio. Collectively,
these results suggest that RMI1 is essential for early embryonic development and viability.
Homozygous deletion of RMI1 most likely leads to pre-implantation lethality.

p53 deletion alleviated cellular lethality caused by RMI1 loss, but has no detectable effect
on embryonic lethality

The early embryo lethality may reflect that RMI1 function is critical in the maintenance of
genomic integrity in the context of the BLM/RMI1/TopIIIα complex. Previously, we have
shown that cells with reduced RMI1 level led to the disruption of the BLM/RMI1/TopIIIα
complex and display elevated SCE similar to BLM mutant cells. Complete knockdown of
RMI1 resulted in severe inhibition of cell proliferation in tissue culture cells [9]. To
determine whether increased genomic instability is a primary cause of cellular lethality, we
tested whether p53 deficiency could rescue the cellular lethality of RMI1 knockdown cells.
We transfected RMI1 and control (luciferase) shRNA vectors into isogenic p53+/+ and
p53−/− HCT116 cells derived from somatic cellular targeting [24]. Cells were grown in
G418-containing media to select for the presence of shRNA vectors in the clonogenic assay

As shown in Figure 2, p53+/+ cells transfected with RMI1 shRNA exhibited a drastic
reduction in clonogenic survival compared with cells transfected with control shRNA, a
result consistent with our previous observations [9]. In contrast, clonogenic survival
increased markedly in p53−/− cells. This result indicates that RMI1 loss most likely
compromises the integrity of genomic DNA and leads to cell growth inhibition, which can
be alleviated by loss of the p53-dependent surveillance mechanisms.

Given that p53 deficiency was able to mitigate the cellular lethality caused by RMI1 loss,
we asked whether the early mouse embryonic lethality could be similarly alleviated in a
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p53−/− background. We performed intercross between double heterozygous (RMI1+/−/
p53+/−) male and female mice and collected 47 blastocysts for RMI1 genotyping. Of the 47
blastocysts, 19 were found to be wild type (RMI1+/+) and 28 were heterozygous (RMI1+/−).
This result indicates that p53 deletion is unlikely sufficient in extending the viability of
RMI1−/− embryos beyond the implantation stage (P<0.05).

Double heterozygosity of RMI1 and p53 led to shortened half life of radiation-induced foci
The Bloom helicase has been suggested to play a role in preventing genomic instability by
promoting dissolution of double Holliday junctions during DNA double strand break repair
[12,25]. Thus, interruption of the BLM/RMI1/Top3α complex function likely impacts
radiation-induced DSB repair, and such impact may be exaggerated by p53 heterozygosity.
We therefore measured the ionizing radiation-induced nuclear focus formation in MEF cells
derived from litter-mates with the following genotypes, wt, RMI1+/+/p53+/−, RMI1+/−/
p53+/+, and RMI1+/−/p53+/−.

Each MEF cell culture was subjected to 1.5 Gy of ionizing radiation, the nuclear focus
formation of γ-H2AX and 53BP1, two surrogate markers indicative of DSB processing, was
scored at different time points to monitor the processing of DSBs. The initial onset of foci
formation, as detected 30 minutes post IR, was similar among MEF cells with all four
genotypes (data not shown). At 24 and 48 hours post IR (Figure 3), RMI1+/−/p53+/+ MEF
cells showed similar percentage of foci negative cells as the wt cells. The RMI1+/+/p53+/−

genotype also did not affect the loss of foci as previously reported [26]. However, double
heterozygous RMI1+/−/p53+/− MEF cells showed much reduced foci number for both
53BP1 and γH2AX compared to wt, RMI1+/+/p53+/−, and RMI1+/−/p53+/+ MEF cells, as
indicated by the percentages foci-negative cells. This result suggest that double
heterozygosity in RMI1 and p53 impacted the processing of DSBs and is likely give rise to
genomic instability.

RMI1 heterozygosity enhanced radiation-induced tumor development in p53+/− mice
Since p53 deletion alleviates cellular lethality caused by RMI1 depletion and p53+/−

heterozygosity facilitates IR-induced foci loss in RMI1+/− cells, we reasoned that reduced
p53-dependent surveillance, in the form of p53 heterozygosity, may amplify the radiation-
induced tumor development in RMI1+/− mice. To test this hypothesis, four cohorts of mice,
RMI1+/−/p53+/−, RMI1+/−/p53+/+, RMI1+/+/p53+/−, and RMI1+/+/p53+/+, were exposed to 4
Gy of gamma radiation at the age of 6 weeks. Tumor development was monitored for 54
weeks after irradiation following standard observation procedures (supplementary material).
Mice developed visible tumors or suffered from morbidity were sacrificed and examined for
gross and histologic analyses. All mice were euthanized at the conclusion of the tumor
monitoring.

As shown in Figure 4 and Table 2, RMI1+/−/p53+/+ mice displayed a tumorigenesis rate (23
%, 5/22 mice) similar to that of the RMI1+/+/p53+/+ wild type controls (31 %, 8/26),
suggesting that loss of one RMI1 allele alone does not lead to a significant increase in
radiation-induced tumorigenesis. In addition, the 50% survival periods of both the WT and
RMI1+/− mice are beyond 55 weeks. Mice in the RMI1+/+/p53+/− control cohort more
frequently succumbed to tumor (50%, 10/20 mice or 13 tumors in 20 mice) with an average
tumor free rate of 45 weeks. Importantly, RMI1+/−/p53+/− double heterozygous mice
exhibited a much higher tumor incidence (74%, 17/23 mice or 21 tumors in 23 mice) and a
markedly decreased survival (average 27 weeks). The difference of average tumor free time
between the RMI1+/−/p53+/− and RMI1+/+/p53+/− cohorts is statistically significant
(P<0.02). Importantly, mice in the RMI1+/−/p53+/− group died of tumor much sooner (52%
within 35 weeks) than the control groups (10% in p53+/−, 14% in the RMI1+/− and 4% in the
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WT groups, respectively). These results clearly indicate a cooperation of p53 and RMI1
deficiency.

Lymphoma is known to be the primary tumor developed from IR irradiated p53+/− mice.
The percentage of lymphoma incidences could vary from 48% to 90%, depending on
different mouse inbred strains [27–30]. In the current study, we observed a similar trend.
Tumors derived from p53+/− group consisted mainly of lymphomas (47%, 7/15), more than
the combined percentage of carcinomas and sarcomas. Similarly, RMI1+/−p53+/− mice
frequently developed lymphoma (57%, 12/23). Of note, four of the RMI1+/−/p53+/− mice
and three of the p53+/− mice developed sarcoma or carcinoma in addition to lymphoma. In
comparison to the control groups, RMI1+/−p53+/− mice seemed much more prone to
aggressive tumor types, including high grade lymphoma, invasive carcinoma and invasive
osteosarcoma (Figure 5). On the H & E sections, there is effacement of nodal architecture
and lymphocytic infiltrate composed of intermediated to large sized lymphoid cells with
distinct nuclei, brisk mitotic figures and frequent apoptotic debris inside histiocytes (Figure
5A and B). Figure 5C and D show small intestinal neoplasm, ranging from epithelial
dysplasia to predominantly aggressive adenocarcinoma, infiltrating deeply into the intestinal
wall. Invasive osteosarcoma is observed in a femur bone and infiltrating into adjacent
skeletal muscle (Figure 5E and F). Frequent pleomorphic neoplastic cells are present, which
frequently produce osteoid. Moreover, IR irradiated RMI1+/− or WT mice also developed
lymphoma and sarcoma. However, the average survival rates from either RMI1+/− or WT
groups were much longer than that of p53+/− or RMI1+−/p53+/− mice. Taking together, these
results suggest RMI1 cooperate with p53 in suppressing tumor formation.

Discussion
The mouse model constructed in this study allowed us to demonstrate that RMI1 is essential
for early embryo viability and attenuation of radiation induced tumor formation in p53
heterozygous background. These observations provide the first evidence in an animal model
that RMI1 plays a role in the maintenance of genomic stability.

Studies by Chester et al showed that complete inactivation of the BLM loci resulted in
embryonic growth retardation and lethality at day 13.5 [18]. Compared to BLM−/− mice,
embryonic lethality of RMI1 homozygous mice occurred at a much earlier stage since no
RMI1−/− blastocysts could be recovered. This phenotype is reminiscent of the Topo3α mice
which exhibit a pre-implantation embryonic lethality [19]. Several factors could contribute
to the early death of RMI1−/− embryos. RMI1 is found in two independent complexes, one
consists of BLM, RMI1, RMI2, and Topo3α, the other contains RMI1, RMI2, and Topo3α
without the Bloom helicase [11]. The presence of the second RMI1-containing complexes
suggests that these OB-fold proteins may play an important role in Topo3α function, which
is believed to carry out chromosome separation during mitosis. Thus it is plausible that the
lethality of RMI1−/− embryos could arise from mitotic dysfunction. This notion is supported
by studies of yeast Topo3 mutants, which displayed reduced sporulation and ineffective
chromosome separations during mitosis [31–34].

Our previous studies indicated that the entire RMI1-RMI2 module is important for the
integrity of the BLM-RMI1-RMI2-Topo3α complex and the stability of other components in
this complex. Loss of RMI1 leads to significant reductions of BLM and Topo3α at the
protein level [9,11]. Therefore, it is likely that RMI1−/− mouse embryos have insufficient
levels of Topo3α and BLM. This would implicate that the resulting embryonic lethality
could also reflect the compounded outcome of both functional and physical deficits of
Topo3α and BLM.
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We showed that the cellular lethality of RMI1 knockdown cells could be significantly
alleviated by the absence of p53. This genetic interaction served as a key rationale for
examining tumor development in RMI1+/−/p53+/− mice. It also prompted us to examine
whether loss of p53 could rescue the embryonic lethality. Multiple attempts at isolating
RMI1−/−/p53−/− embryos failed to yield any surviving blastocysts from intercrossing
between RMI1+/−/p53+/− mice (P<0.05). Thus, it appears that the embryonic lethality could
not be effectively mitigated by the loss of p53, further suggesting that cells deprived of
RMI1 may have severely compromised genomic integrity and/or cell cycle transition
difficulties. It also suggests that RMI1 function is more strictly required during embryonic
development than in cultured cells.

We found that radiation-induced foci were resolved with an accelerated rate in RMI1+/−/
p53+/− double heterozygous cells. This observation is unlikely attributed to cell death as
apoptotic analysis showed no significant difference among the 4 different MEF cells when
treated with the same dose of IR (1.5 Gy) as in the foci staining experiment. One plausible
mechanism for the reduced foci is that the intermediate joint molecules during DSB repair is
resolved more readily due to the compromised BLM/RMI1/TopIIIα complex function,
which normally suppresses cross over resolution of Holliday junctions. This may in turn
causes elevated translocations and gives rise to genomic instability. However, the exact role
of p53 in promoting this process is unclear.

Our tumorigenesis study demonstrates that loss of one RMI1 allele exerts a significant
impact on radiation-induced tumorigenesis in a p53+/− background, whereas RMI1
heterozygosity alone did not show a detectable enhancement of radiation-induced tumor
development or progression. In particular, the median tumor-free survive age is 35 weeks
from RMI1+/−p53+/− mice, comparing to 53 weeks from p53+/− Despite the earlier onset,
the tumor spectrum of RMI1+/−p53+/− mice showed no major alteration from that of the
p53+/− mice. This result suggests a recessive haploinsufficiency of RMI1 as a tumor
suppressor, which impacts tumor development when coupled with p53 heterozygosity or
other prevailing genetic backgrounds. Most likely, the reduced function of the BLM/RMI1/
TopoIIIα complex creates a low level of genetic instability which is augmented by the
partial loss of p53 function. Consistently, SNPs in the RMI1 gene and the BLM/RMI1/
TopIIIα complex have been linked to the elevated risks of several malignancies [35,36].
However, the exact molecular mechanism of the RMI1-p53 interaction depends on further
delineation of the molecular nature of genomic instability arisen from BLM/RMI1/TopIIIα
defects. Recently, RMI1 heterozygosity has been found to be sensitive to high-fat diet-
induced obesity [37]. But the link between RMI1 and metabolic control remains to be
established.

Pathological analyses revealed a trend that RMI1+/−p53+/− mice were more susceptible to
aggressive forms of lymphoma, osteosarcoma and adenocarcinoma (Table 2). This
observation suggests that RMI1 heterozygosity may facilitate the progression of
malignancies in additional to promoting early tumor onset. However, additional studies with
larger cohort sizes are required to firmly establish this notion. Collectively, our results
indicate a dual-role of RMI1 in vivo, its essentiality for early embryo viability and a
potential tumor suppressor.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Targeting of the RIM1 locus. A. RMI1 replacement targeting strategy. Solid boxes depict
the three RMI1 exons (I, II, and III) with exon III being the only coding exon. Neo:
Neomycin selection marker (positive marker). Open triangles: CreLoxP sites. TK: TK
cassette (negative selection marker). B. Southern blot of Pvu II-digested RMI1+/+ and
RMI1+/− ES cells with the 3′ probe. WT: wild type allele. KO: Targeted allele. C. typical
PCR genotyping results of RMI1+/+ and RMI1+/− mice using genomic DNA extracted from
tail clips.
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Figure 2.
Clonogenic survival assay of HCT116 cells subjected to RMI1 shRNA expression. A.
Colony formation in parental or p53−/− HCT116 cells transfected with RMI1 shRNA or
control (Luciferase) shRNA. B. Colony numbers from each group were counted and
normalized against the parental HCT116 transfected with control shRNA. Error bars were
derived from three independent experiments.
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Figure 3.
IR-induced foci exhibit shortened half life in RMI1+/− p53+/− MEF cells. MEF cells
generated from litter mates were exposed to 1.5 Gy of gamma radiation. Cells were fixed at
0, 6, 24 and 48 hours and immunohistochemistry was performed to visualize and monitor
the disappearance of 53BP1 and γH2AX foci. Foci-negative cells are defined by less than 2
foci per nuclei for 53BP1 and less than 5 foci per nuclei for γH2AX, respectively. Data
points were derived from three independent experiments with duplicated samples. Error-bars
represented standard deviations.
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Figure 4.
Exacerbation of IR-induced tumorigenesis in RMI1+/− p53+/− mice. Four cohorts with the
indicated genotypes were exposed to 4 Gy of ionizing radiation at the age of 6 weeks. “n”
indicates the final size of each cohort. Tumor-free survival was monitored for 54 weeks.

Chen et al. Page 13

Mol Carcinog. Author manuscript; available in PMC 2012 March 20.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 5.
Aggressive tumors derived from the RMI1+/− p53+/− mice, H & E stains. A and B, High
grade lymphoma involving a lymph node (A, 100× ; B, 400× ). C and D, Aggressive and
invasive adenocarcinoma of small intestine (C, 100× ; D, 400× ). E and F, Aggressive and
invasive osteosarcoma involving skeletal muscle (E, 100× ; F, 400× ).
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Table 1

Genotype analyses of Rmi1+/− intercross. Embryos were harvested from day E8.5 to E10.5

Date RMI+/+ RMI+/− RMI−/−

E3.5 7 11 0

E8.5 11 18 0

E9.5 6 12 0

E10.5 2 6 0

Combined 19 36 0
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