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Abstract
The p53 tumor suppressor exerts a variety of cell-autonomous effects that are aimed to thwart
tumor development. In addition, however, there is growing evidence for cell non-autonomous
tumor suppressor effects of p53. In the present study, we investigated the impact of stromal p53 on
tumor growth. Specifically, we found that ablation of p53 in fibroblasts enabled them to promote
more efficiently the growth of tumors initiated by PC3 prostate cancer-derived cells. This
stimulatory effect was dependent on the increased expression of the chemokine SDF-1 in the p53-
deficient fibroblasts. Notably, fibroblasts harboring mutant p53 protein were more effective than
p53-null fibroblasts in promoting tumor growth. The presence of either p53-null or p53-mutant
fibroblasts led also to a markedly elevated rate of metastatic spread of the PC3 tumors. These
findings implicate p53 in a cell non-autonomous tumor suppressor role within stromal fibroblasts,
through suppressing the production of tumor-stimulatory factors by these cells. Moreover,
expression of mutant p53 by tumor stroma fibroblasts might exert a gain of function effect, further
accelerating tumor development.
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Introduction
Stromal input is critical for the development of many organs [1]. Likewise, the progressing
tumor can be viewed as a growing organ with contribution of the immune system,
vasculature, fibroblasts and extracellular matrix [2]. Indeed, tumorigenesis is regulated by
reciprocal interactions between cancer cells and the dynamic microenvironment (stroma) in
which they reside.

Cancer associated fibroblasts (CAFs) are a major component of the tumor microenvironment
[3]. While fibroblasts derived from the stroma of prostate carcinomas appear normal, large
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tumors nevertheless evolve following their co-inoculation into mice together with
transformed, non-tumorigenic epithelial cells, whereas fibroblasts from a healthy prostate
fail to support tumor growth [4]. A direct pro-metastatic effect of CAFs, through
mechanism(s) involving the chemokine CCL5, was recently reported for mesenchymal stem
cells co-injected into mice together with breast cancer cells [5]. CAFs are an established
source of classical growth factors, known to possess tumor-promoting roles [3] including
migration, proliferation and invasiveness [6-11].

p53 is a potent tumor suppressor. The TP53 gene is mutated in about half of all human
cancers. Most of p53 research has focused on its cell-autonomous functions. However, it is
conceivable that p53 may also impact tumor-stroma cross-talk [12]. Indeed, Kiaris et al [13]
found that inoculation of cancer cells into p53-null mice reduced the latency for tumor
development relative to wild-type mice, and that the fibroblastic compartment is sufficient to
modulate both tumor latency and the morphology of the resulting tumors in a p53-dependent
manner [13]. Thus, p53 activity in the host stroma may exert an inhibitory influence on
cancer progression, and attenuation of this activity may favor tumor progression.

Further indication that stromal p53 may negatively affect tumor growth is provided by
studies reporting a loss of p53 function in tumor-associated stroma. In a mouse model of
prostate cancer, Hill et al. [1] showed that tumor progression imposed a strong selective
pressure for loss of p53 in CAFs. Furthermore, several studies described TP53 gene
mutations or LOH (loss of heterozygosity) in CAFs of various human cancers [14-20].
These findings, however, are still subject to ongoing debate [21-24]. Moreover, activation of
p53 was shown to be attenuated in CAFs, even though the TP53 gene sequence was
unaltered [25]. Finally, we reported that tumor cells acquire the ability to inhibit p53
induction in adjacent fibroblasts [26]. Interestingly, CAFs were more susceptible to this
inhibitory mechanism than their normal counterparts, suggesting that the ability of tumor
cells to emit signals that quench p53 activation in adjacent fibroblasts and the ability of the
tumor-associated fibroblasts to respond to such inhibitory signals co-evolve during tumor
progression [26]. Altogether, stromal p53 is implicated as a relevant inhibitor of epithelial
tumor progression.

As a first step towards elucidating the mechanistic basis for the tumor-inhibitory effects of
stromal fibroblasts, we found that p53 can repress the expression of the chemokine SDF-1/
CXCL12 in cultured human and mouse fibroblasts [27]. Since SDF-1 is known to exert a
variety of pro-cancer effects, particularly at late stages of the disease, its downregulation
within the tumor microenvironment might contribute to tumor inhibition by stromal p53. In
the present study, we explored the in-vivo relevance of the loss of p53 in stromal fibroblasts,
and the role of SDF-1 in such context. Furthermore, we investigated the biological impact of
the presence of mutant p53 in the fibroblasts surrounding the tumor.

Experimental procedures
Cell culture

Primary mouse embryonic fibroblasts (MEFs) were prepared from wild type (WT), p53
knockout and p53 mutant (515A) [28,29] C57/BL day 13.5 embryos according to standard
protocols [30]. All MEFs were grown in DMEM (Gibco, Carlsbad, CA) supplemented with
beta mercaptoethanol (60μM, Sigma, Israel). PC3 human prostate adenocarcinoma-derived
cells co-expressing luciferase and GFP (kindly provided by Dr. Amnon Peled, Hebrew
University, Jerusalem) were grown in RPMI with sodium pyruvate. The identity of these
cells was authenticated at start of project, by the National Center of Forensic Medicine,
Israel, by matching the genetic profile against the ATCC profile. All media were
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supplemented with 10% FCS, L-glutamine solution (Beit HaEmek), non-essential amino
acids and antibiotics.

Tumor models
Animal experiments were approved by the Weizmann Institutional Animal Care and Use
Committee. Procedures were performed under anesthesia [100 mg/kg ketamine i.p. (Fort
Dodge Animal Health, Fort Dodge, IA); 20 mg/kg xylazin i.p. (XYL-M2, V.M.D.,
Arendonk, Antwerp, Belgium). PC3 cells were inoculated either alone or together with
MEFs, either subcutaneously in the back of male SCID mice (C.B-17/Icr-scid-bg; Harlan
laboratories, Israel) or orthotopically: a small transverse incision was performed under
anesthesia in the abdomen next to the linea alba, the prostate was exposed and cells were
injected into the left side of the prostate in a volume of 20μl.

In-vivo imaging
Tumor development was monitored using the IVIS spectrum bioluminescence imaging
system (Caliper Life Sciences, Hopkinton, MA). Mice were imaged once a week, following
IP injection of 1.5mg D-luciferin (Caliper Life Sciences.). Measurements were performed
when signal reached maximal plateau, ROI was defined for each tumor and average radiance
(p/sec/cm2/sr) values were extracted for quantification. To detect spontaneous metastasis,
light emission from the primary tumor was shielded with black tape to prevent detector
saturation. Each mouse was scanned separately in supine position, using high exposure
parameters.

See Supplementary Materials and Methods for additional information.

Results
Loss of p53 in stromal fibroblasts enhances tumor growth

The effect of stromal p53 on tumor development was studied in a xenograft model
composed of the human prostate epithelial cancer cell line PC3 coinjected with fibroblasts of
different p53 status. We employed PC3 cells co-expressing firefly luciferase and GFP,
enabling us to monitor tumor development in-vivo over time by bioluminescence imaging.
Importantly, the bioluminescence signals are contributed solely by the cancer cells, and
therefore their intensity reflects directly the number of cancer cells within the tumor.

PC3 cells were inoculated into male SCID mice, either alone or together with wild type
(WT) or p53 knockout (p53-KO) MEFs. Bioluminescence imaging was performed weekly.
The first set of experiments employed subcutaneous injection into the back of the mouse. As
shown in Fig 1 and 2A-C, addition of WT MEFs to PC3 cells appeared to exert a small
positive effect on their in-vivo growth, although the difference between tumors induced by
such combination and tumors induced by injection of PC3 cells alone was not statistically
significant. Most notably, p53-KO MEFs significantly increased the bioluminescence of
PC3 tumors, relative to WT MEFs. Statistically significant difference between the two
groups of tumors was evident already after 4 weeks, and was maintained until the end of the
experiment. Hence, absence of p53 in the MEFs markedly promoted tumor growth.
Histopathological examination revealed that tumors generated by PC3 cells alone exhibited
a modest stromal response (Fig 1D). Tumors generated by co-inoculation of PC3 cells with
MEFs displayed a higher density of stroma; however, there was no detectable difference
between WT and p53-KO fibroblasts in that regard.

Tumor vascularization is a critical component of tumor development; furthermore, p53 can
exert anti-angiogenic activities, e.g. by inducing the expression of TSP-1 [31] and
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downregulating VEGF [32]. However, CD34 staining of tumor specimens revealed
comparable vascularization in all three experimental groups (Supplementary Fig 1)

To further substantiate the impact of fibroblast p53 status on tumor growth, we repeated the
experiment in an orthotopic model employing direct inoculation of the tumor and stroma
cells into the prostate. As shown in Fig 2, p53-null MEFs strongly enhanced tumor growth
also in this model, whereas WT MEFs failed to do so.

Thus, in both subcutaneous and orthotopic prostate tumors, loss of p53 in fibroblasts
adjacent to the cancer cells can accelerate tumor growth.

Excess exogenous fibroblasts abolish the differential impact of their p53 status on tumor
growth

We next wished to explore whether the relative numerical ratio of cancer cells to fibroblasts
affects the impact of fibroblast p53 on tumor growth. An experiment similar to that
illustrated in Fig. 1 was performed, except that different PC3-to-fibroblasts ratios (1:2 versus
2:1) were compared. The first bioluminescence imaging was carried out 3 weeks post-
inoculation. Again, p53-KO MEFs significantly increased cancer cell proliferation at both
PC3:MEF ratios tested, (Supplementary Fig 2 A,B). However, when tumor monitoring was
continued for up to 12 weeks post-injection, the differential effect of the p53-KO MEFs was
gradually lost when the fibroblasts were in excess over the PC3 cells (Supplementary Fig. 2
C,D). Under such conditions, both WT and p53-KO MEFs strongly stimulated tumor
growth. In contrast, when the number of fibroblasts was limiting (ratio of cancer cells to
MEFs = 2:1), the differential stimulatory effect of the p53-KO MEFs was maintained for the
entire duration of the experiment. These observations are consistent with the notion that
MEFs emit a signal, presumably a secreted factor(s), which enhances tumor growth, and
whose expression is higher in p53 KO MEFs than in WT MEFs. A sufficient excess of WT
MEFs presumably compensates for the relatively low level of factor(s) per individual
fibroblast, allowing the factor(s) to reach a critical local concentration sufficient for optimal
tumor promotion.

p53-mediated repression of SDF-1 expression in stromal fibroblasts attenuates tumor
growth

p53 represses the expression and secretion of the chemokine SDF-1/CXCL12 in cultured
fibroblasts, resulting in the attenuation of adjacent cancer cell migration and invasion invitro
[27]. Furthermore, in myofibroblasts isolated from surgically resected breast cancer
specimens, SDF-1 expression is significantly upregulated relative to myofibroblasts from
normal breast tissue; moreover, these cancer-associated fibroblasts can enhance SDF-1-
dependent growth of human breast cancer cells in-vitro and in a mouse model [9,33]. PC3
cells express functional CXCR4 (the SDF-1 receptor) [34-36]; hence, it was plausible that
the SDF-1/CXCR4 axis play a role also in our in-vivo model. We therefore investigated
whether quenching of SDF-1 expression by p53 in the stromal cells might underlie, at least
in part, the differential effects of WT and p53-null fibroblasts on tumor growth. SDF-1
expression was stably knocked down in a pool of WT and p53-KO MEFs with the aid of a
recombinant retrovirus expressing SDF-1-specific shRNA (sh-SDF-1). When assayed
invitro, WT and p53-KO MEFs expressing sh-SDF-1 displayed a 8-fold and 13-fold
reduction, respectively, in the amounts of SDF-1 mRNA, as compared to MEFs expressing
control shRNA (sh-lacZ)(Fig. 3A).

Next, these fibroblasts were compared with regard to their effect on PC3 tumor growth
invivo. As expected, control p53-KO MEFs expressing sh-lacZ significantly augmented
tumor growth relative to control WT MEFs expressing sh-lacZ (Fig 3B and C). However,
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SDF-1 knockdown strongly attenuated the positive impact of the p53-KO MEFs on tumor
growth; furthermore, the difference between WT and p53-KO MEFs became statistically
insignificant. This suggests that SDF-1, produced abundantly by p53-KO MEFs but less so
by WT MEFs, is at least partly responsible for the stimulatory effect of p53-KO MEFs on
PC3 tumor growth. Thus, p53-mediated repression of SDF-1 expression in stromal
fibroblasts represents a molecular mechanism for cell non-autonomous tumor suppression
by stromal p53.

Mutant p53 in fibroblasts exerts a gain of function effect on tumor growth
As discussed above, it has been reported that cancer-associated fibroblasts may sometimes
harbor p53 mutations. When expressed within cancer cells, such mutant p53 (mut-p53)
proteins may exert cell-autonomous oncogenic gain of function (GOF), resulting in
enhanced proliferation, resistance to apoptosis, invasiveness and metastatic potential
[37-41]. We therefore evaluated whether mut-p53 protein may also exert cell non-
autonomous GOF effects when expressed in stromal cells. Specifically, we asked whether
the presence of mut-p53 in fibroblasts adjacent to tumor cells would further enhance tumor
development beyond the effects elicited by p53-null fibroblasts. To that end MEFs were
prepared from the 515A mut-p53 “knock-in” mouse [29]; these mice express constitutively,
within all their cells, p53R172H, the mouse equivalent of the human cancer-associated hot-
spot mutant p53R175H. WT, p53-KO and p53-mutant (515A) MEFs were then employed
for PC3 tumor progression analysis as in Fig. 1 As seen in Fig 4A and B, p53-mutant MEFs
accelerated tumor growth significantly more than p53-KO MEFs, suggesting that stromal
mut-p53 has a GOF effect on the growth of PC3 epithelial tumors.

Interestingly, p53-mutant MEFs exhibited a further upregulation of SDF-1 expression,
beyond the levels found in p53-KO MEFs (Fig. 5A). Furthermore, reconstitution of p53-KO
MEFs with cancer-associated human p53 mutants revealed that p53R175H brought about a
modest, yet significant, elevation of SDF-1 mRNA levels (Fig. 5B). A similar trend was
observed at the level of the secreted protein (Supplementary Fig 3A). This elevation
appeared to be dependent on the nature of the p53 mutant, as expression of a different
hotspot human p53 mutant, p53R273H, did not cause a similar increase in SDF-1 mRNA.
Moreover, p53-mutant MEFs also overexpressed another chemokine, CXCL1 (Fig. 5C and
Supplementary Fig 3B), known to be associated with tumorigenesis [42-44]. Hence, mutant
p53 exerts a GOF effect on SDF-1 and CXCL1 expression in fibroblasts, which may
contribute to their ability to augment tumor growth. Thus, if p53 mutations occur within the
stroma, the ensuing non cell-autonomous GOF may provide a selective advantage to
adjacent cancer cells.

Loss of p53 in the primary tumor stroma promotes metastasis
Next, we evaluated the impact of stromal p53 on metastasis. Employing the same
experimental model as in Fig. 1, PC3 cells were inoculated either alone or together with
WT, p53-KO or p53-mutant MEFs, and metastatic spread was monitored by masking the
high bioluminescence arising from the primary tumor and imaging of each mouse separately
(Fig. 6A). The first metastatic events became detectable 7 weeks post injection, and were
localized to the inguinal lymph nodes only, as confirmed subsequently by H&E staining (Fig
6B). At later time points, the disease could be found to spread along the lymph node axis, in
some cases also reaching the lungs (Fig 6A). Importantly, when assayed 7 weeks post
infection, mice with tumors generated by inoculation of PC3 cells alone did not exhibit any
detectable metastases (Fig. 6C and Supplementary Table 1). A low metastasis incidence was
observed in mice with tumors generated by co-inoculation of PC3 cells together with WT
MEFs. In contrast, when the primary tumors were induced in the presence of p53-null
fibroblasts, a clearly higher metastatic load was evident. Interestingly, the mutant p53 MEFs
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exhibited a substantial further increase in metastasis incidence. Hence, loss of WT p53 in the
stroma of the primary tumor can increase metastatic spread, and this is further exacerbated
by acquisition of stromal p53 mutations.

Discussion
Tumor associated fibroblasts have been implicated in various steps of tumor progression.
Notably, within the tumor microenvironment, such fibroblasts often acquire altered
properties driven by epigenetic and sometimes perhaps also genetic events. In particular,
recent studies have raised the possibility that tumor-associated fibroblasts may undergo
changes that affect the functionality of their endogenous p53 protein. In the present work,
we sought to determine whether and how the status of p53 in tumor-associated fibroblasts
impacts tumor progression. Our findings support the conjecture that, in addition to the
classical cell-autonomous role of p53 as a tumor suppressor within incipient tumor cells, it
can also exert cell non-autonomous effects on tumor growth and metastasis when expressed
by tumor-associated fibroblasts. These results raise the intriguing possibility that
reactivation of p53 in tumor fibroblasts with defective p53 function may inhibit further
tumor growth; such possibility may be approached experimentally through the use of MEFs
derived from mice with switchable p53 [45].

One may question the biological relevance of studying the consequences of genetic
alterations in stromal p53. Thus, while several reports have concluded that p53 mutations
and consistent patterns of loss-of-heterozygosity are common events in stromal cells
obtained from microdissected tumors as well as in cultured CAFs [14,16,18,24], others have
seriously challenged those conclusions [21-23]. Nonetheless, there remains a possibility that
only a small number of CAFs actually acquire genetic alterations, making their detection
difficult, yet this minority population may still exert a significant effect on the growing
tumor. Alternatively it is conceivable that, unlike the characteristic clonality of advanced
cancer cells, fibroblasts with mutant p53 may arise at a high frequency but not be
extensively clonally expanded. This might result in a heterogeneous population of cells
carrying a plethora of different p53 mutations, rendering such mutations hard to detect by
standard sequencing approaches. Even more likely is the possibility that in many cases the
primary sequence of the p53 gene is not altered at all in the CAFs, but its expression is
quenched to some degree through epigenetic mechanisms. In that regard, it is noteworthy
that reduced basal levels of p53 and compromised activation of p53 by genotoxic stress were
found in a set of cultured breast CAFs [46], as well as in stromal cells expanded in vitro
from several mouse tumor models [25], while no structural alterations in the p53 gene were
found. Furthermore, recent work from our laboratory demonstrated that tumor cells acquire
the ability to suppress p53 activation in adjacent fibroblasts [26]. Hence, studying the effects
of fibroblasts with abnormal p53 status may indeed be biologically relevant. Under standard
cell culture conditions, p53-null MEFs usually proliferate faster than WT MEFs.
Furthermore, unlike their WT counterparts, p53-null MEFs don't undergo cellular
senescence in culture. One could therefore argue that, if the same phenotypic differences are
maintained also in-vivo, then the greater effect of p53-KO MEFs on tumor growth may be
due to their ability to increase rapidly in number, while the WT MEFs presumably fail to do
so. Yet, such conclusion was not supported by histological comparison of tumors induced
with p53-KO MEFs to those induced by WT MEFs, performed by either H&E staining
(which monitors both endogenous host stroma and the exogenous MEFs) or by specific
detection of GFP-positive MEFs (Supplementary Fig 4). Furthermore, if p53-KO MEFs are
indeed more abundant in the tumor relative to WT MEFs, this may reflect a biologically
relevant scenario, where in the course of tumor progression there is selection for stromal
cells with defective p53 function. Such selection may enable the cancer cells to elicit a more
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effective stromal reaction and create a microenvironment that is more supportive of their
proliferation and survival.

Regardless of the above considerations, our data strongly suggest that there is also a
profound qualitative difference between WT and p53-KO MEFs with regard to their
competence to promote tumor growth. This appears to be underpinned, at least in part, by
elevated production of secreted tumor-promoting factors by the p53-deficient fibroblasts. In
the PC3 model, SDF-1 is a major contributor to this differential effect. Thus depletion of
SDF-1 did not affect the proliferation rate of either WT or p53-KO MEFs (data not shown),
but it strongly compromised the ability of p53-KO MEFs to promote tumor growth while
hardly affecting the impact of WT MEFs on this process.

Several recent studies have raised the possibility that stromal p53 inactivation or mutation
may increase tumor metastasis [17,47,48]. Kang et al. reported that elevated expression of
prosaposin by prostate cancer cells led to induction of p53 within the tumor stroma, which
resulted in increased Tsp-1 production by the stromal fibroblasts both locally and in the
lungs, with consequent attenuation of metastatic spread [48]. Patocs et al [17] reported that
p53 mutation rates in stromal cells of sporadic breast cancers are positively correlated with
lymph node metastasis. Similarly, Hasebe et al [47] reported that enhanced p53
immunohistochemical staining in breast cancer stromal cells correlates with nodal metastasis
and worse prognosis. Although the TP53 gene was not sequenced in that study, enhanced
p53 staining is often indicative of the presence of mutations and excessive accumulation of
mutant p53 protein. These correlative studies suggest that loss of stromal p53 function may
augment metastatic spread.

Our data provide a direct experimental link between stromal p53 dysfunction and metastasis.
Specifically, we found that loss or mutation of p53 in co-injected fibroblasts accelerated the
formation of lymph node metastases. Since fibroblasts with p53 gene aberrations accelerated
also primary tumor growth, their effect on metastasis may largely be a consequence of
increased tumor size. However, p53-defective stroma may also have additional, more direct
effects on the metastasis process. For instance, by modulating the expression of secreted
factors, stromal p53 at the site of the primary tumor may restrict the invasive capacity of the
tumor cells and their ability to disseminate away into the lymphatic system. The
downregulation of SDF-1 by WT p53, previously shown to restrict the migration and
invasiveness of adjacent cancer cells in vitro [27], is a likely candidate to play a role also in
this process.

Our findings also reveal a GOF effect of mutant p53 on tumor growth when acting within
the tumor-associated stroma. As noted above, there is still an uncertainty with regard to the
actual existence and relative abundance of p53 mutations within the stromal compartment of
tumors. However, if such mutations do indeed exist, our study provides a possible
mechanism whereby they may benefit the growing tumor. Previous studies have
demonstrated that tumors arising within mutant p53 knock-in mice tend to be more
aggressive and metastatic [29,49]. Of note, all stromal cells in such mice also carry the same
p53 mutation. It will be of interest to determine whether, and to what extent, the presence of
mutant p53 in the stroma of those mice contributes to the observed increase in tumor
aggressiveness.

In conclusion, the findings described in this study suggest that p53 may act within stromal
fibroblasts to restrict the availability of secreted factors that are required to support cancer
cell proliferation, survival and invasiveness. Loss of p53 function in such fibroblasts may
therefore contribute to tumor growth as well as to metastasis. This contribution can be
augmented, via a GOF mechanism, when p53 becomes mutated in such fibroblasts. Some
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cancer cells, exemplified here by PC3, may be more sensitive to the restrictive effect of
stromal p53, and may therefore benefit more significantly from local alterations in stromal
p53 function. Subsequently, probably as part of the tumor progression process, cancer cells
may acquire an ability to suppress p53 function in adjacent stromal cells [27]. Alternatively,
they may develop an increased capacity to elicit a vigorous stromal response, ensuring by
mass action an abundant supply of the necessary factors even if stromal p53 is not
inactivated. Either way, these findings raise the possibility that pharmacological boosting of
WT p53 activity in stromal cells may help restrict tumor growth and metastasis.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig 1. Effect of stromal p53 on PC3 tumor growth
PC3 cells (2×106) expressing luciferase were inoculated subcutaneously, either alone or
together with WT MEFs or p53-KO MEFs (1×106), in the back of male SCID mice (n=8 per
group; total inoculation volume 30 μl). Every 1-2 weeks tumor load was measured by
bioluminescence imaging of luciferase activity. A. Color-coded luciferase bioluminescence
images acquired 6 weeks after inoculation. B. Distribution of luciferase bioluminescence
values for individual mice 6 weeks post tumor inoculation is presented. P-value; * = 0.0097
‡ = 0.16 C. Kinetics of tumor growth. For each time point the fold of change in luciferase
bioluminescence intensity of each mouse was calculated relative to the initial luciferase
signal of the same mouse, which was measured one week post inoculation. The average
tumor load of all mice in the same group was calculated for each time point and plotted. P-
values: 1 = 0.318, 2 = 0.025, 3 = 0.01; p-values relate to the last time point (6 weeks). D.
H&E staining of histological sections from a representative tumor of each group, acquired 7
weeks post inoculation.
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Fig 2. Effect of stromal p53 on orthotopic PC3 tumor growth
PC3 cells (1×106) expressing luciferase were inoculated either alone or together with WT
MEFs or p53-KO MEFs (0.5×106), in the prostate left lobe of male SCID mice (n=10 per
group; total inoculation volume 20μl). Tumor growth was measured weekly by
bioluminescence imaging. A. Color-coded representative bioluminescence images, 5 weeks
after inoculation. B. Distribution of luciferase bioluminescence values in each group, 5
weeks after inoculation. ** p= 9×10-5 C. Kinetics of tumor growth. Analysis performed as
in Fig1C.** p= 2×10-4 ;p-values relate to the last time point (5 weeks).
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Fig 3. p53-mediated repression of SDF-1 expression in stromal fibroblasts attenuates tumor
growth in-vivo
A. In-vitro evaluation of the efficacy of SDF-1 knockdown. WT and p53-KO MEFs were
infected with retroviruses expressing either SDF-1 shRNA (sh-SDF1) or control shRNA (sh-
lacZ). Following 48 hr of selection with puromycin, the pool of cells were harvested and
RNA expression analysis was carried out. Real-time qPCR was preformed on cDNA
prepared from total RNA using primers specific for SDF-1 and beta actin. Relative levels of
SDF-1 mRNA are shown after normalization to the β-actin control. C,B. PC3 cells (2×106)
expressing luciferase were inoculated subcutaneously either alone or together with the
indicated types of MEFs as in Fig. 1 (n=8 per group). Prior to inoculation, expression of
SDF-1 in the MEFs was knocked down by stable infection with a recombinant retrovirus
expressing SDF-1 shRNA (sh-SDF1). Tumor progression was monitored as in Fig. 1. The
data shown is from the same experiment as in Fig 1.
B. Kinetics of tumor growth. Analysis was performed as in Fig. 1C. p-values: 1= 0.336, 2=
0.025.
C. Luciferase bioluminescence of each group of mice, determined 6 weeks post inoculation.
On each box, the central mark is the median, the edges of the box are the 25th and 75th
percentiles, whiskers extend to the most extreme data points not considered outliers.
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Fig 4. Mutant p53 in stromal fibroblasts exerts a gain of function effect on tumor growth
PC3 cells (2×106) expressing luciferase were inoculated subcutaneously, either alone or
together with p53-KO or p53-mutant MEFs (1×106) as in Fig. 1. (n=12 per group).
A. Luciferase bioluminescence of each group of mice, determined 7 weeks post inoculation.
Boxes are as in Fig. 3C. * p= 0.02
B. The average luciferase bioluminescence of all mice in the same group was calculated for
each time point and plotted.
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Fig 5. Mutant p53 augments the expression of SDF-1 and CXCL1 mRNA in fibroblasts
A. Primary MEFs were isolated from 13.5 days old embryos of wt, p53-KO or mutant p53
(515A) mice and harvested for RNA and protein analysis at passages 3-4. Real-time qPCR
was preformed on cDNA prepared from total RNA using primers specific for SDF-1,
CXCL1 and HPRT. Relative levels of SDF-1 mRNA are shown after normalization for
HPRT mRNA. Lower panel shows a Western blot analysis of WTp53 and mutant p53
levels.
B. p53-KO MEFs were infected with recombinant retroviruses encoding two different
cancer-associated human p53 mutants (p53R175H and p53R273H, respectively) or with
control retrovirus. Following puromycin selection the cells were harvested for RNA and
protein analysis. Real-time qRT-PCR was preformed and relative SDF-1 mRNA levels
determined as in (A). Lower panel shows a Western blot analysis of exogenous mutant p53
levels.
C. The same RNA samples as in (A) were analyzed for relative CXCL1 mRNA levels.
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Fig 6. Loss of WTp53 and expression of mutant p53 in the primary tumor stroma promote
metastasis
PC3 cells (2×106) expressing luciferase were inoculated subcutaneously into mice, either
alone or together with WT, p53-KO or p53-mutant MEFs (1×106) as in Fig. 1 (n=12 per
group).
A. Color-coded luciferase bioluminescence image acquired with the IVIS system 7 weeks
post inoculation, showing bioluminescence from the lymph nodes and lungs. Black tape was
used to block the high bioluminescence originating from the primary tumor.
B. Representative H&E staining of the excised metastasized inguinal lymph node.
C. Average bioluminescence of lymph node metastases calculated for each group of mice 7
weeks post inoculation. p-values: # =0.056; *=0.025.
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