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Abstract
Previous studies have shown that the Ron receptor is overexpressed in prostate cancer and Ron
expression increases with disease severity in humans and the mouse TRAMP model. Here, the
causal role of Ron overexpression in the murine prostate was examined in the development and
progression of prostate cancer. Transgenic mouse strains were generated which selectively
overexpressed Ron in the prostate epithelium and prostate histopathology was evaluated and
compared to wild type controls. Ron overexpression led to the development of prostate
intraepithelial neoplasia (mPIN) with local invasion and was associated with increases in prostate
cell proliferation and decreases in cell death.
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1. Introduction
Prostate cancer is the second leading cause of cancer-related death among men in the United
States with a 5-year survival rate of less than 31% in patients with metastatic disease [1].
While current treatments such as radiation therapy and radical prostatectomy prove useful in
the early stages of the disease, the long-term prognosis for prostate cancer is poor, given that
many tumors will reoccur following a post-treatment remission period. It is therefore critical
to understand the biological and physiological mechanisms that govern the initiation of
prostate tumor growth and metastasis. One such mechanism involves the role of aberrant
receptor tyrosine kinase signaling, which is emerging as a potential therapeutic target in
prostate cancer.
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Inhibition of receptor tyrosine kinases such as the insulin-like growth factor 1 receptor [2],
Her2/neu receptor [3] and the epidermal growth factor receptor [4] reduces both tumor
growth in mouse xenograft models as well as prostate cancer cell proliferation, in vitro. In
addition, use of the tyrosine kinase inhibitor gefitinib has shown some efficacy in clinical
trials when used alone, or in combination with the anti-androgen bicalutamide [5],
suggesting that receptor tyrosine kinase signaling is important in both androgen-dependent
and androgen-independent prostate cancers.

The Ron receptor tyrosine kinase belongs to a family of tyrosine kinases of which the
hepatocyte growth factor receptor (c-Met) is also a member [6]. Activation of Ron involves
the binding of its ligand, hepatocyte growth factor-like protein (HGFL), which induces
receptor dimerization and phosphorylation of intracellular tyrosine residues.
Phosphorylation of the C-terminal tyrosine residues of Ron leads to the recruitment of
downstream signaling molecules such as PI3-K/Akt, MAPK, Ras, Src and β-catenin [6] and
activation of numerous signaling paradigms. Ron has been shown to be overexpressed in
several cancers including breast, ovarian, colon, pancreas and prostate [7; 8; 9; 10; 11]
where it regulates a variety of cellular functions relevant to cancer including invasion,
angiogenesis and proliferation.

With regard to prostate cancer, our laboratory has shown previously, using a panel of human
prostate tissues, that Ron is highly expressed in human prostate adenocarcinoma and
metastatic lymph nodes compared to normal prostate or benign prostate hyperplasia [11]. In
addition, we have also demonstrated that Ron promotes the production of angiogenic
chemokines in an NF-κB-dependent manner which leads to endothelial cell migration and
tumor vascularization [11]. Moreover, we have also shown using the TRAMP model of
prostate cancer that not only is Ron expression elevated in the prostates at 30 weeks of age,
but that deleting Ron signaling in these mice leads to a decrease in prostate tumor size,
vascularization and NF-κB activation compared to age-matched wild-type TRAMP mice
(23). Given this data, we therefore hypothesized that overexpression of the Ron receptor
tyrosine kinase in the mouse prostate plays a role in the development and progression of
prostate cancer. To test this hypothesis, we generated transgenic mice that selectively
overexpress Ron in the prostate epithelium and evaluated prostate histopathology
temporally.

2. Materials and Methods
2.1. Cloning and Generation of a Prostate Specific Ron Transgene

The murine Ron minigene plasmid was created as previously published [12]. Briefly, 5′
genomic DNA and 3′ cDNA fragments of the mouse (m) Ron gene were utilized (accession
numbers U65949 and X74736, respectively; see Figure 1A) [13; 14; 15]. A 3.2-kb SpeI/
EcoRI fragment of mRon genomic DNA encompassing exon 1 and intron 1 was cloned into
pBluescript. Subsequently, a 3.2-kb EcoRI mRon genomic DNA fragment encompassing
exons 2 to 6 was cloned into the EcoRI-site of this plasmid. A 2.8-kb AgeI/XhoI fragment of
mRon cDNA encoding exons 4 to 19 was directionally cloned into AgeI/XhoI-digested
plasmid, generating a vector harboring a full-length mRon minigene. The rat short probasin
promoter [16] was cloned into the pIND vector at the KpnI and EcoR1 sites and the murine
Ron minigene was cloned into the same vector at the NotI site. The transgene was removed
by digestion with PmeI and the resulting mice are referred to as Pb-Ron mice. A second
construct was created in a similar manner by inserting the ARR2Pb promoter [17] into the
pIND vector at the BamH1 and Nhe1 sites. The mouse Ron minigene was then cloned into
the same vector at the Not1 site. The promoter-gene section of the vector was then cut out
with Pme1. These animals are referred to as ARR2Pb-Ron mice.
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2.2. Generation and Identification of Transgenic animals
Both constructs were injected into the pronucleus of fertilized eggs from FVB/N mice.
Transgenic founder mice were crossed with wild type (WT) FVB/N mice to create the F1
generation which were then crossed with WT littermates in order to generate mice for
analysis. Transgene confirmation was conducted by both PCR and Southern blotting
analyses. For PCR analysis, previously published primers (forward: 5′-
TGGGTGGTGAGGTCTGCCAACATGAGCTCC-3′ and reverse: 5′-
CCGTCTTCGGGAGTTAAAGATCAGGGCAAC-3′) were used to generate a 331-bp
product corresponding to the endogenous mRon allele and a 251-bp product corresponding
to the mRon minigene [12]. Transgene transmission was further confirmed by Southern Blot
using a 708-bp probe as previously described [12]. Briefly, DNA was digested with BamHI
and the Southern membrane was probed with a PCR-generated fragment (5′-
TCCCCAACAACACTCTCTGACATCA-3′ and 5′-
ACAAAGGACCTGCAGCCTGAGGTCA-3′). This probe generates bands of 4.4 kb and 3.3
kb corresponding to the endogenous allele and transgenic construct, respectively. Copy
number was estimated by densitometric analysis of the endogenous Ron allele compared to
the transgenic band from the Southern blot analyses.

2.3. Mice
Transgenic positive and WT controls were allowed to age from 365 days to 720 days. At the
appropriate time point animals were euthanized and the prostate was removed, along with a
variety of other organs to examine metastasis, and either fixed for histological examination
or frozen for further protein and RNA analysis. Tissues were processed and paraffin
embedded as previously described [15] and cut into 4 micron sections for further staining
and analysis. All animal procedures were approved by the University of Cincinnati Animal
Care and Use Committee.

2.4. Quantitative Real-Time (qRT-)PCR
RNA was isolated from whole prostates from mice utilizing Trizol Reagent (Invitrogen,
Carlsbad, CA) according to manufacturer's directions. Complimentary DNA was created
using the High Capacity cDNA Reverse Transcription kit (Applied Biosystems, Foster City,
CA, USA) according to manufacturer's directions and SYBR green (Roche, Indianapolis,
IN) incorporation was used to measure mRon mRNA levels in each founder line. Primers
specific to mouse Ron [18], mouse c-Met (foward: CATTTTTACGGACCCAACCA,
reverse: TGTCCGATACTCGTCACTGC) and mouse β-glucuronidase (Gus) (forward:
TTGAGAACTGGTATAAGACGCATCAG, reverse:
TCTGGTACTCCTCACTGAACATGC) were utilized.

2.5. Western Analysis
Prostate, bladder, testes, lung, kidney and spleen were isolated from approximately 365 day
old mice and homogenized in RIPA buffer and then briefly sonicated. Protein concentrations
were determined using the MicroBCA kit (Pierce Biotechnology, Rockford, IL) per
manufacturer's instructions. 50–200ug of protein extracts were loaded onto an 8%
polyacrylamide gel and run for approximately 2 hours at 60–100 volts. The protein was then
transferred onto a PVDF membrane by submersible transfer overnight at 30 volts.
Membranes were probed with antibodies against Ron (1:400, Santa Cruz Biotechnology,
Santa Cruz, CA), phospho(p)-ERK1/2 (1:2,000, Cell Signaling, Boston, MA), total ERK1/2
(1:1,000, Cell Signaling, Boston, MA), β-Catenin (1:1,000, Cell Signaling, Boston, MA), or
Actin (1:40,000 a gift from Dr. James Lessard, Cincinnati Children's Hospital Medical
Center, Cincinnati, OH) overnight followed by either peroxidase-conjugated Goat Anti-
Rabbit or peroxidase-conjugated Donkey Anti-Mouse (Jackson ImmuoResearch
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Laboratories, West Grove, PA). Final detection was conducted with the ECL reagent (GE
Healthcare, Piscataway, NJ) followed by visualization of the proteins by exposure to film.

2.6. Prostate Histology and Immunohistochemistry
Formalin-fixed paraffin embedded prostate sections from all lines and time points were
stained with Hematoxylin and Eosin and then evaluated for specific histological
abnormalities. Prostates were graded into one of 5 categories: typical, atypical hyperplasia,
mPIN (mouse Prostate Intraepitheial Neoplasia), mPIN with invasion [19], and
adenocarcinoma (as defined in Table I and displayed in Figure 3C). All lobes of the prostate
were examined for each mouse. No pathology was observed in the anterior prostate lobes. In
order to analyze proliferation, two hours before sacrifice, transgenic positive and WT
control mice were injected intraperitoneally with bromodeoxyuridine (BrdU) and paraffin
embedded prostate sections were stained using a BrdU staining kit (Amersham, Piscataway,
NJ). Manufacturer's directions were followed except for using a sub-boiling antigen retrieval
modification. The percent of positive cells was determined by blind count for each section
and related to histological grade. From WT mice, 53.15 ± 5.1% of the prostate epithelial
cells from glands classified as typical were positive for BrdU staining per 0.25mm2 area. To
monitor changes in BrdU incorporation versus prostate pathology, the % BrdU positive cells
from typical glands was normalized to 1 for each genotype. The fold change in BrdU
incorporation for each transgenic line for each pathological classification is provided. For
TUNEL analyses, prostate sections from transgenic and WT control mice were stained using
the In Situ Cell Death Detection Kit, AP (Roche Applied Science, Indianapolis, IN)
according to the manufacturer's directions, with a 1:2 dilution of TdT enzyme. The number
of TUNEL-positive cells was blindly counted and changes were analyzed at 720 days. Ron
immunohistochemistry was performed essentially as previously described [11; 20].

2.7. Statistical Analyses
Data are expressed as mean ± standard error (SE). Statistical significance for BrdU staining,
TUNEL staining and qRT-PCR analyses were determined by Student's t-tests with a Welch
correction applied to comparisons with unequal variances. All analyses were performed
utilizing GraphPad Prism software (San Diego, CA). Differences between groups were
accepted as significant when P<0.05.

3. Results
3.1. Generation and characterization of transgenic animals expressing Ron in the prostate
epithelium

The Ron receptor tyrosine kinase has recently been shown to play an integral role in prostate
cancer with Ron being highly expressed in human prostate adenocarcinomas and playing an
important role promoting prostate tumor growth in the TRAMP model of prostate cancer in
mice (11, 23). To directly test the significance of Ron receptor overexpression in prostate
cancer, transgenic mice that selectively overexpress Ron in the prostate epithelium were
generated. To accomplish this, two independent transgene constructs were generated (Pb-
Ron and ARR2Pb-Ron) and are depicted in Figure 1A. One construct utilized the rat short
probasin promoter (Pb) to drive Ron expression in the prostate and the second construct
contained a prostate-specific promoter with two androgen response elements from the
probasin promoter arranged back to back (ARR2Pb). Each transgene was subsequently
injected into blastocysts of FVB/N mice (Figure 1A). Founder mice were crossed with wild
type (WT) FVB/N mice to generate offspring for analyses. Only male mice were utilized in
subsequent experiments. Four independent transgenic lines were generated from the Pb-Ron
construct (lines 39, 42, 81 and 95) and two founder lines were derived from the ARR2Pb-
Ron construct (lines A and B). Transgene integration was confirmed by Southern blotting
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(Figure 1B and 1C) and PCR (Figure 1D) analyses. The Southern analysis was also used to
estimate the number of transgene copies which ranged from approximately 2–4 copies of the
Pb-Ron transgene (39-3; 42-3; 81-4; 95-2) and 1–2 copies of the ARR2Pb-Ron transgene
(A-2; B-1). This estimation was accomplished by comparison of the endogenous Ron bands
from the Southern analysis to the transgenic bands by densitometry analysis (data not
shown).

To examine Ron expression in the prostate, Western analysis and quantitative RT-PCR were
performed. Figure 2A depicts the levels of Ron protein expression observed in the prostates
of mice containing transgene A, B, 42 and 95 compared to prostates of wild type mice.
Figure 2B shows the relative levels of Ron mRNA expression detected in all lines by qRT-
PCR. Western analysis and qRT-PCR failed to detect Ron expression in lines 39 and 81
(data not shown) and these animals were eliminated from further analyses. Thus, compared
to wild type mouse prostate, Ron expression is dramatically increased in the prostates of
mice containing transgenes A, B, 42 and 95. To examine selectivity of transgene expression,
we ascertained Ron expression in a variety of organs of the transgenic mice compared to
wild type animals. As illustrated in Figure 2C, endogenous Ron expression is present in the
spleen, testes and kidney of wild type mice (WT) by Western analysis and the levels of Ron
expression in these tissues were not significantly altered in the transgenic mice. Ron levels
were not detectable in the bladder or lungs of any of the mice analyzed by Western analysis.
Shown is a representative Western analysis depicting Ron expression in tissues derived from
the 42 line with similar results observed in the other transgenic lines (data not shown). The
testes, spleen and mesenteric lymph nodes of the transgenic mice were also examined and
compared to wild type mice by histological analyses. No differences were observed in the
testes, spleen or lymph nodes of the transgenic mice or wild type at any time point analyzed
(data not shown). Representative histological sections are depicted in Supplementary Figure
S1. For comparison, we also examined Ron expression in a separate murine model of
prostate tumorigenesis as well as examined the levels of the c-Met receptor, a promiment
member of the Ron receptor tyrosine kinase family, in our transgenic lines. As depicted in
Figure 2D (left), Ron expression is significantly increased in prostates taken from 30-week-
old TRAMP mice compared to age-matched controls. In addition, the levels of the closely
related c-Met receptor, do not change significantly in the probasin driven Ron transgenic
lines (Figure 2D, right). This data demonstrate that Ron is selectively overexpressed in the
prostates of our transgenic mice, with similar compensation of the related c-Met receptor,
and that Ron is also observed to be upregulated in other murine models of prostate cancer,
consistent with previous data [21].

3.2. Ron overexpression in the prostate epithelium induces prostatic intraepithelial
neoplasia (PIN)

To determine the role of Ron overexpression in mediating prostate tumorigenesis, we
examined the histopathology of transgenic lines 42, 95, A and B temporally at 365, 450, 540
and 720 days. Prostate histopathology was graded according to characteristics observed as
outlined in Table I. Five levels of histopathology were scored: Typical, atypical hyperplasia,
mouse prostate intraepithelial neoplasia (mPIN), mPIN with invasion (mPINi), and
adenocarcinoma and are depicted in Figure 3. Figure 3A demonstrates the combined
histopathology observed as a percentage in the transgenic lines 42, 95, A and B compared to
that observed in WT mice at 450 days and over. The percentage of histology is
representative of the most severe phenotype observed in a given prostate for each mouse
with each individual prostate represented once. The most phenotypically dramatic line with
respect to prostate histology was the B line. This line was the only one that displayed
prostate adenocarcinoma in 20% of the prostates with every other animal in this line
containing either mPIN (10%) or mPINi (70%). In line A, only 10% of prostates were
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typical with the remainder displaying an abnormal histopathology. Lines 42 and 95 did not
exhibit the same level of pathology as that derived from lines A and B, but still progressed
to the category of mPINi (18% in both lines). By 365 days, 100% of the A line had
measurable histopathology (i.e., atypical hyperplasia, mPIN, mPINi, and adenocarcinoma)
and the B line had 75% with histopathology over typical (Figure 3B). This is a marked
increase over the Pb-Ron lines 42 and 95, wherein none of the mice had any histopathology
at this same time frame similar to WT controls. Figure 3C depicts the various levels of
histopathology observed in the transgenic mice (top) along with the expression levels of Ron
as detected by immunohistochemistry in each of these stages. Of note, the expression of Ron
increases in accordance with the severity of pathology.

3.3 Ron overexpression is associated with temporal increases in prostate pathology and
downstream signaling

To examine the development of prostate pathology over time, prostates from wild type mice
and the transgenic lines were evaluated histologically at specific time points. Figure 4A
depicts the percent prostate pathology observed per animal per genotype at the times noted.
WT prostates displayed typical histology through 520 days and 40% of the mice developed
atypical hyperplasia by 720 days. Prostates from lines 42 and 95 displayed typical histology
at 365 days whereas the A and B lines displayed considerable pathology at this time frame
which progressed in the B line to adenocarcinoma. To examine signaling cascades that are
associated with the increased pathology and increased Ron expression in the transgenic
lines, Western analysis was performed on prostates isolated at 450, 540 and 720 days. As
depicted in Figure 4B and 4C, increases in the phosphorylation of Erk (p42/p44) and
increase in the levels of β-catenin were observed in the prostate from the transgenic lines
compared to wild type prostates at the corresponding time points. Similar increases were
observed in all of the lines (data not shown).

3.4. Ron overexpression increases prostate epithelial cell proliferation and reduces cell
death

Based on the prostate histology observed in the transgenic lines, we next examined whether
Ron overexpression in the prostate would lead to changes in cell turnover. To accomplish
this, we evaluated prostate epithelial cell proliferation in histological sections of prostates
taken from mice with varying pathologies utilizing BrdU immunohistochemistry (Figure 5).
As shown in Figure 5A and 5B, a trend toward increases in cell proliferation that correlated
with the severity of the pathology was observed in the prostates of mice overexpressing Ron.
The 42 line exhibited the most proliferation at its highest pathological level. Cell death was
evaluated utilizing TUNEL staining on sections of prostates. As depicted in Figure 6, Ron
overexpression also correlated with a decrease in TUNEL staining.

4. Discussion
Previous studies have shown that the Ron receptor tyrosine kinase is highly expressed in
approximately 90% of human prostate cancers compared to non-diseased prostate tissue [11;
22]. Moreover, we have also shown that Ron is overexpressed in tumor bearing prostates
from TRAMP mice compared to age matched prostates from wild type mice and that loss of
Ron in the TRAMP model leads to decreases in prostate tumor mass. Combined, these
studies suggest that Ron overexpression contributes to the growth of prostate tumors in both
mice and humans. To elucidate the role of Ron overexpression in potentiating prostate
cancer, we generated transgenic mice that selectively overexpress Ron in this organ through
the use of two prostate epithelial specific promoters. Analyses of these transgenic mice
demonstrated that Ron overexpression, under the control of the ARR2Pb promoter, leads to
the development of prostate adenocarcinoma and also microinvasive mPIN to a high degree
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when compared to wild-type control mice. Similarly, Ron overexpression under control of
the Pb promoter induced a high level of both mPIN and microinvasive mPIN when
compared to wild-type controls but unlike the ARR2Pb-Ron mice, prostate adenocarcinomas
were not observed. In addition, Ron overexpression was associated with increases in both
prostate epithelial cell proliferation and decreases in cell death in vivo with these changes
coinciding with severity of prostate pathology. In the study presented here, we report an
increase in both the phosphorylation of ERK and in the level of β-catenin in prostates of the
transgenic animals compared to controls. Interestingly, these same signaling pathways were
associated with breast tumor formation in transgenic mice which overexpress Ron in the
breast epithelium [12] and suggests a common signaling paradigm utilized by this receptor
in vivo. Several recent studies have also reported an increase in pERK and β-catenin in
relation the Ron receptor [15; 20; 22; 23; 24; 25]. Both ERK and β-catenin are well
established inducers of cellular proliferation and survival of which both processes may play
an important role in this model of Ron-induced pr ostate cancer. In total, the data herein
supports the hypothesis that Ron overexpression in the prostate is important in the
development of prostate cancer and that Ron may be an important new target for prostate
cancer therapy.

Several in vivo murine models of prostate cancer have been developed but the development
of prostate adenocarcinoma and mPIN have proven difficult to induce through the
overexpression of endogenous genes. Based on this difficulty, our studies suggest that the
models presented in this report represent effective new in vivo models to examine the
development of both prostate cancer (ARR2Pb-Ron) as well as precancerous lesions (Pb-
Ron). In the Pb-Ron transgenic mice, microinvasive mPIN was the most severe pathology
observed. The AAR2Pb-Ron transgenic mice also developed prostate pathology over a long
time frame but the development of adenocarcinoma was further observed. This slow
progression of prostate tumor formation in this model is amenable for further studies in
combination of genes that may associate with Ron overexpression.

Along with the long term progression of tumors in the Ron overexpressing models, the
TUNEL data on prostates taken at 720 days show dramatic decreases in the death of prostate
epithelial cells compared to age matched control prostates. Interestingly, however, the
TUNEL positive cells in the Ron overexpressing prostates are not confined to a specific area
of the gland but are sporadically spread throughout the prostate. Similarly, wild type glands
exhibit increased TUNEL staining distributed throughout the gland. This data suggest that
the prostates from the transgenic Ron overexpressing animals, even in areas that do not
show aberrant pathology, are different from wild type cells with respect to overall cell
turnover. The new transgenic Ron overexpressing murine lines also replicate aspec ts of the
human histology and represent a considerable difference between murine prostate cancer
models that involve the overexpression of viral oncogenes. For example, TRAMP mice,
wherein the simian virus (SV) 40 early genes are driven by the rat probasin promoter,
develop prostate tumors which contain a neuroendrocrine phenotype that is not observed in
the Ron overexpressing models in this report [26]. The parallel to human morphology may
allow further studies to identify Ron-mediated target genes that may also be important
factors in human disease.

Another model that also closely replicates human prostate cancer was recently generated
through the overexpression of the transcription factor Myc in the prostate epithelium [27].
This model is very similar to the data obtained from Ron overexpression. Both the Myc and
Ron models utilize the same promoters to drive overexpression and both models develop
similar endpoints. Interestingly, there are also differences between these models. First, the
Myc model has a higher penetrance and shorter time frame for the development of prostate
tumorigenesis than the Ron overexpression models. Myc overexpression leads to mPIN by 6
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months of age and adenocarcinoma by 12 months in 100% of the animals. Ron
overexpression leads to mPIN with close to 100% penetrance (depending on the transgenic
line) but the latency for this phenotype is approximately 12 months. Similar to the long
duration of prostate tumor development in our model, men develop prostate cancer later in
life and not at 100% penetrance. Second, while the Myc model has a higher percentage of
animals with prostate disease, this molecule may not be as amenable to targeting as the cell
surface receptor tyrosine kinase Ron, which is emerging as a new cancer target.

The studies in the report are novel in that they represent the first report to examine the role
of Ron overexpression in the development and progression of prostate cancer. These results
support the role of the Ron receptor as an oncogene in prostate cancer, as suggested by our
previous studies (11, 23). Our data show that Ron overexpression is sufficient to induce
prostate cancer in mice. Several studies support the contention that tyrosine kinase inhibitors
are effective as chemotherapeutic agents in prostate cancer which raises the possibility that
Ron may be an important new drug target for prostate cancer. Moreover, recent studies by
O'Toole et al. demonstrated that a Ron receptor blocking antibody is an effective inhibitor
against various protumorigenic properties mediated by Ron overexpression including tumor
growth and invasion [22]. Combined with the studies present in this report, Ron may not
only be a targetable protein in prostate cancer but may represent an important protein with
significance in promoting prostate tumorigenesis.

In conclusion, selective overexpression of the Ron receptor tyrosine kinase in the murine
prostate leads to the development of prostate intraepithelial neoplasia (mPIN) with and
without invasion as well as the development of adenocarcinomas. Ron overexpression is
associated with increases in prostate cell proliferation that coincide with severity of prostate
histopathology. Ron overexpression also leads to decreases in prostate cell death. This is the
first report which demonstrates that Ron overexpression is sufficient to induce prostate
cancer in mice. Given that tyrosine kinases are attractive targets for cancer therapy, the
potential therapeutic utility of inhibiting the Ron receptor in prostate cancer may provide
important new advancements for treatment of this disease.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Generation of transgenic mice overexpressing Ron driven by rat probasin promoters
A, Schematic representation of the Ron expression cassette utilized for the generation of the
transgenic mice. The top diagram represents the endogenous (WT) wild type mouse (m) Ron
gene. The middle diagram represents the Ron minigene construct driven by the rat probasin
promoter (Pb mRon). The bottom diagram depicts the Ron minigene driven by ARR2Pb
promoter as described in Materials and Methods. The mRon transgene harbors the first three
exons and introns of WT mRon genomic DNA followed by, in the correct reading frame,
exons 4 to 19 of WT mRon cDNA. The location of a 706-bp genomic DNA probe utilized
for Southern analyses to differentiate transgenic from endogenous WT mRon is noted
(probe). Restriction enzyme sites are as follows: A, AgeI; B, BamHI; E, EcoRI; K, Kpn1,
N', Nhe1, N, NotI; P, PmeI; S, SpeI; X, XhoI. B and C, Southern analysis of the founder
transgenic lines demonstrating the endogenous Ron gene and transgenic construct. Each lane
represents an independent sample of genomic DNA. D, PCR analysis of genomic DNA from
wild type mice and the transgenic lines depicting the endogenous Ron gene (top band) and
the transgenic allele (bottom band).
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Figure 2. Transgenic Ron expression
A, Western analysis depicting Ron expression in the prostates of the transgenic lines listed
compared to undetectable levels of Ron from WT prostates. Actin serves as a loading
control. B, Quantitative Real-Time (qRT)-PCR shows elevated levels of Ron mRNA in the
transgenic lines compared to WT controls. C, Ron is endogenously expressed in spleen,
testes and kidneys of WT and transgenic mice. Representative data is shown from the 42
line. Actin serves as a loading control. D, (Left panel) qRT- PCR comparing Ron expression
in the TRAMP model of prostate cancer to wild type prostates from 30-week-old mice.
(Right panel), qRT-PCR was performed for c-Met expression on prostates isolated from WT
mice and the transgenic lines relative. Levels of the Ron related receptor, c-Met, are not
significantly altered following Ron overexpression. All qRT-PCR data are expressed as
mean ± standard error from at least 3 independent samples per groups analyzed in duplicate.
*P<0.05 compared to WT.
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Figure 3. Prostate pathology in probasin driven Ron transgenic mice
A, Prostate histology of wild type mice compared to that of mice overexpressing Ron in the
prostate. The percent of each type of prostate pathology is pooled and noted after 450 days.
Of note, the extent of neoplasia worsens in all of the transgenic lines compared to WT
prostates. n=16–20 prostates evaluated per line. B, The percent of prostates observed at 365
days with histopathology over typical. Of note, the ARR2Pb-Ron transgenic lines displayed
a marked increase in prostate pathology over the Pb-Ron mice at this time point. All mice in
the A line exhibited pathology over typical at 365 days. n=4–6 mice per line evaluated at
365 days. In comparison with Figure 3A, there was one animal that had typical prostate
pathology at the later time point. C, Representative pictures of the five histopathological
prostate grades observed and subsequent Ron immunohistochemical staining.
Immunohistochemical staining suggests increased Ron expression as pathology worsens. All
images were captured at the original magnification of 20× or 40× and insets are at 63×.
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Figure 4. Temporal comparison of pathology and signaling factors in prostates of WT and Ron
transgenic mice
A, The transgenic lines have increases in prostate pathology over time compared to WT
prostates. Of note, the Pb derived lines exhibited only typical pathology at 365 days and
only progressed to mPINi stages at the latter time points. The ARR2Pb derived lines
exhibited the more severe prostate pathology at earlier time points compared to WT
prostates and the 42 and 95 lines with the majority of ARR2Pb lines exhibiting mPINi or
adenocarcinoma by the end stage time point. (n=3–5 prostates per group/time point). B and
C, Prostate lysates isolated from WT and the transgenic lines at the time points noted were
evaluated by Western analysis. Increases in the phosphorylation of ERK1/2 (pERK1/2) per
total ERK (B) as well as increases in β-catenin expression (C) were observed in the 95
transgenic line. Samples are shown from two separate mice for each time point. Similar data
was obtained for all the transgenic lines. Actin serves as a loading control.
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Figure 5. Ron overexpression in the prostate increases cell proliferation
A, The extent of cell proliferation in prostates containing each pathology [Typical, atypical
hyperplasia (AH), mPIN, mPINi, and adenocarcinoma] for the select transgenic line is
depicted. The extent of proliferation observed in WT prostates with a typical pathology was
normalized to 1 and the fold-change over typical pathology is depicted. Of note, as the
severity of pathology increases, the extent of cell proliferation increases in the prostates of
transgenic mice compared to wild type prostates. *P<0.05 compared to typical. B, Pictures
showing representative staining of a transgenic prostate and a corresponding negative
control. All four transgenic lines demonstrate increased proliferation at all histological
stages when compared to wild type. Original magnification was taken at 40× and insets at
63×.
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Figure 6. Ron overexpression in the prostate decreases prostate cell death
A, TUNEL data depicting increased cell death in wild type prostates compared to prostates
taken from Ron overexpressing transgenic lines at 720 days. Prostates from the ARR2Pb-
Ron animals displayed even further decreases in the amount of cell death over the Pb-Ron
mice. Data is expressed as mean ± standard error. *P<0.05 compared to WT. B, Pictures
showing TUNEL staining in all transgenic lines evaluated compared to wild type. Original
magnification was taken at 40×.
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