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Abstract
The incidence of human urinary bladder cancer increases markedly with age, suggesting a
mechanistic connection between aging and bladder carcinogenesis and a potential use of anti-
aging agents in bladder cancer chemoprevention. Rhodiola rosea, growing in high-altitude or cold
regions of the world, has been reported to have anti-aging effects in Drosophila. We demonstrated
that a R. rosea extract and one of its bioactive components, salidroside, inhibited the growth of
bladder cancer cell lines with a minimal effect on non-malignant bladder epithelial cells TEU-2.
Interestingly, the R. rosea extract and salidroside component exhibited a selective ability to inhibit
the growth of p53 knockout primary mouse embryo fibroblasts (p53−/− MEFs) compared to their
wild type counterparts. The growth inhibitory effects of the R. rosea extract and salidroside were,
however, attenuated in TSC2 and p53 double knock MEFs (TSC2−/−, p53−/− MEFs), suggesting
that TSC2 protein is, at least in part, required for the growth inhibitory effects of the R. rosea
extract and salidroside. The R. rosea extract and salidroside treatment of UMUC3 cells resulted in
an increase of AMP-activated protein kinase (AMPK)-α phosphorylation and a decrease of 4EBP1
phosphorylation, leading to increased binding of 4EBP1 to m7GTP. These results indicate that the
R. rosea extract and salidroside inhibit translation initiation. Furthermore, both the R. rosea extract
and salidroside treatment of UMUC3 cells caused a significant percentage of cells undergoing
autophagy. Therefore, the R. rosea extract and salidroside deserve further study as novel agents
for chemoprevention of bladder carcinogenesis.
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Introduction
Bladder cancer arises most commonly in the elderly with over 71% of first diagnoses and
85.5% of deaths occurring in patients older than 65 years old [1,2]. Although cigarette
smoking and occupational exposure to aromatic amines are known risk factors for bladder
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cancer [1,2], many bladder cancer cases occur with no apparent exposure to these
carcinogens [3], suggesting that aging or other factors also play an important role.
Therefore, anti-aging may represent a unique approach to delay or prevent the onset of
bladder cancer in the elderly.

So far, long-term calorie restriction (CR) without malnutrition and inhibition of the activity
of nutrient-sensing pathways (insulin/IGF-1/mTOR signaling pathways) by mutations or
chemical inhibitors consistently and robustly delay aging and extends life span in diverse
species [4-8]. In addition, both CR and decreased nutrient-sensing pathway activity can
delay the onset of age-related diseases, including diabetes, cancer, cardiovascular disease
and brain atrophy [4-8]. In a 20-year longitudinal study of adult-onset CR in rhesus
monkeys, Colman et al. [4] demonstrated that moderate CR reduced the incidence of cancer
by 50%. However, given severe CR can lead to several harmful health effects such as
amenorrhea, infertility, sarcopenia, osteoporosis, and immune deficiencies, CR is not likely
a practical option for cancer prevention in an extended period. Alternatively, agents that
target nutrient-sensing pathways, such as the mTOR pathway, could potentially mimic the
benefit of CR for cancer prevention [9]. CR is critically involved in the mTOR pathway.
Since the mTOR pathway is one of the most commonly deregulated pathways in human
urinary bladder cancer through Ras oncogene activation or via gene mutations in PIK3CA,
TSC1/2, and PTEN [10-14], agents that have anti-aging properties by targeting the mTOR
pathway could be ideal candidates for bladder cancer chemoprevention.

Rhodiola rosea L, also known as “golden root”, is a perennial herbaceous plant of the
Crassulaceae family, widely distributed at high altitudes (up to 2280 m) in the arctic and
mountainous regions throughout Europe and Asia [15]. R. rosea extracts are commercially
available as nutrient supplements and primarily used to reduce the effect of fatigue on
physical and mental performance [15]. The R. rosea extract SHR-5 is the only one that has
passed extensive toxicological studies and has been certified safe for both animals and
humans [15,16]. Rhodiola has a history of centuries of folk use and has been the subject of
many clinical studies. No side effects or drug interactions have been reported [15,17]. In a
screen for anti-aging compounds using Drosophila melanogaster model systems, a R. rosea
extract was found to significantly increase both mean and maximum life span of the fly [18].
A further study using SHR-5 with increased contents of its bioactive compounds, salidroside
and/or rosavin, resulted in an increased efficacy of the R. rosea extract in extending mean
and maximum life span of the fly [19]. Consistent with the above report, a R. rosea extract
was also shown to significantly increase mean and maximum life span of C. elegans [20].
These results indicated the anti-aging property of R. rosea extracts and its potential
usefulness in maintaining and promoting general health of the elderly.

There are a few studies demonstrating the anticancer activities of R. rosea extracts against
liver tumors, breast cancer cells, and others [21,22]. Anecdotal evidence from a study in
Russia involving 12 patients with superficial bladder cancer showed that a R. rosea extract
decreased the average frequency of cancer relapse by half [23]. However, mechanisms of R.
rosea extracts’ anticancer action remain little known, and none of these studies has linked
the anticancer effects of R. rosea extracts to its anti-aging property.

In this study, we examined the effect of the R. rosea extract, known as SHR-5, and one of its
chemical component salidroside on the growth of cancer cell lines derived from different
stages of human urinary bladder cancer and on the mTOR pathway, a conserved longevity
pathway. We found that SHR-5 and salidroside preferentially inhibited the growth of
bladder cancer cell lines and p53 deficient cells with minimal effects on non-malignant cells.
The growth inhibitory effect of SHR-5 and salidroside on p53 deficient fibroblasts requires,
at least in part, the existence of TSC2 expression. In addition, we showed that SHR-5 and
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salidroside activated AMPK and decreased the phosphorylation levels of S6 and 4E-BP1,
leading to inhibition of translational initiation and induction of autophagy. These results
suggested a novel mechanistic link between the anti-aging and anti-cancer effects of SHR-5
and calls for further studies for the potential usefulness of SHR-5 or bioactive components
of SHR-5 in bladder cancer prevention.

Materials and methods
Cell lines, compounds and reagents

The RT4, T24, UMUC3, 5637, and J82 cell lines were obtained from American Type
Culture Collection (Manassas, VA). RT4 and T24 cells were maintained in McCoy’s 5A
medium containing 10% fetal bovine serum (FBS). UMUC3 cells were cultured in EMEM
medium with 10% FBS. 5637 and J82 cells were cultured in RPMI 1640 medium with
10%FBS. Normal bladder epithelial cells immortalized by viral proteins E6/E7 (TEU-2)
were obtained from Dr. David J. Klumpp (Northwestern University Medical School,
Chicago, Illinosis). p53 +/+, p53−/−, p53−/−TSC2−/−, p53−/−TSC2+/+, TSC1−/− and
TSC1+/+ mouse embryonic fibroblasts (MEFs) were generous gifts from David
Kwiatkowski (Brigham Women’s hospital) and MEFs were maintained in DMEM
supplemented with 10% FBS. The R. rosea extract (SHR-5) was obtained from the Swedish
Herbal Institute (Göteborg, Sweden) and dissolved in DMSO, aliquoted, and stored at
−80°C. The DMSO in culture medium never exceeded 0.1% (v/v), a concentration known
not to affect cell proliferation. Pure salidroside, rosin, rosavin, and rosarin (99%) were
obtained from Chromadex (Irvine, CA). The pEGFP-LC3, PcDNA3-TSC1, and PcDNA3-
TSC2 constructs were purchased from Addgene (Cambridge, MA). Antibodies for phospho-
AMPK α, AMPK α, 4E-BP1, phospho-4E-BP1, TSC1, TSC2, eIF4G, eIF4E,
phosphorylated p70S6K (Thr389), p70S6K, phosphorylated rpS6 (Ser240/244), rpS6, p62,
ACC and phospho-ACC were from Cell Signaling Technology, Inc. (Beverly, MA). Beta-
actin antibody, protein A/G-plus agarose and protein A-plus agarose beads were from Santa
Cruz Biotechnology, Inc. (Santa Cruz, CA). m7βGTP Sepharose and ECL detection system
were from Amersham Biosciences (Arlington Heights, IL). Thymidine, 3-(4, 5-
dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) was obtained from Sigma
(Saint Louis, MO). RNAazol B was purchased from Tel-Test (Friendswood, TX.). The
Reverse Transcription System kit was from Promega (Mandison, WI).

MTT assay [24]
TEU-2, RT4, T24, UMUC3, 5637, J82, and p53 KO and wild-type HCT116 cells, as well as
p53 +/+, p53−/−, p53−/−TSC2−/−, p53−/−TSC2+/+, TSC1−/− and TSC1+/+ MEFs were
plated at a density of 2 × 105 per well in 24-well culture plates in medium containing 10%
FBS. After 24 hours, the medium was refreshed with fresh medium and left untreated or was
treated as indicated in the figures or table legends. After treatment, MTT was added to the
wells at a final concentration of 1 mg/mL and incubated at 37°C for 3 hours. The absorbance
was determined at 570 nm.

Colony Formation Assay [25]
UMUC-3 cells were seeded in top agar containing 0.35% agar with EMEM and 10% FBS.
Bottom agar is consisted of 0.8% agar, EMEM and 10% FBS. Cultures were maintained
under standard culture conditions. Media with 0.1% DMSO or indicated doses of SHR-5 or
salidroside was added and replaced every 3 days. After 3 weeks, the number of colonies was
determined with an inverted phase-contrast microscope at ×100 magnification where a group
of >10 cells was counted as a colony. Crystal violet (0.1%) in methanol was used to stain the
6-well plates. After washing in PBS, colonies were photographed.
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Western blot analysis
Cells were treated with 0.1% DMSO, SHR-5, or salidroside under each experimental
condition. After treatment, clarified protein lysates (20-80 μg) were denatured at 95 °C for 5
min and resolved by 8-16% SDS-PAGE. Proteins were transferred to nitrocellulose
membranes, and probed with antibodies and visualized by an enhanced chemiluminescence
detection system.

7-Methyl-Guanosine Cap Binding Assay
Total of 1 mg of cellular proteins in lysis buffer (20mM Tris-HCl, pH 7.5, 150mM NaCl,
1mM EDTA, 1mM EGTA, 1% Triton, 2.5mM sodium pyrophosphate, 1mM β-
glycerophosphate, 1mM Na3VO4, 1μg/ml leupeptin) was mixed with 50μl of 7-methyl-GTP-
Sepharose-4B bead suspension (Amersham Biosciences) and incubated overnight. After
washing the pellet, the affinity complex was recovered and boiled with SDS sample buffer.
The supernatant was recovered after centrifugation and subjected to SDS-PAGE. The
amount of 4E-BP1 or eIF4E in the bound fraction was detected by Western blotting using
specific antibodies.

Stable transfection [25]
UMUC-3 or J82 cells were plated at 1 × 106 per 100-mm dish. At 60% confluency, cultures
were transfected with PCDNA3.1, pEGFP-LC3, or TSC1 using FuGENE 6 (Roche,
Indianapolis, IN). Transfected cells were selected with G418 (800 μg/mL) starting at 48
hours after transfection, and all of the stable transfectants were pooled to avoid cloning
artifacts. Pooled stable clones of UMUC-3 or J82 cells expressing pEGFP-LC3, TSC1 or
PCDNA3.1 were maintained in RPMI containing 10% FBS and 500 μg/mL G418.

Fluorescence microscopy
UMUC-3/ pEGFP-LC3 cells were cultured in chamber slides (Lab-Tek). After treatment
with different concentrations of SHR-5, salidorside and chloroquine, cells were fixed in 4%
paraformaldehyde solution for 20 min and methanol for 2 min. Slides were mounted in
Vectashield (Vector Laboratories Inc.). Immunostaining was analyzed with a Nikon Eclipse
TE2000-S fluorescent microscope (magnification, 200×) using the 488-excitation
wavelength. For quantification of autophagic cells, cells with >10 GFP-LC3 punctuate dots
were considered positive. Data obtained from counting triplicates of 100 cells was average
(mean ± SD).

Electron microscopy
After treatments, cell pellets were collected, fixed with 1.6% glutaraldehyde, post-fixed in
1% OsO4, dehydrated in alcohol series, and embedded in epoxy resin. Thin sections were
contrasted with uranyl acetate and lead citrate. Preparations were observed either with a
Philips CM12 electron microscope operating at 80 kV (FEI) or with a Jeol 1400 mounted
with CCD cameras (Morada, Olympus SIS). Percentage of cell with autophagosomes
obtained from counting triplicates of 30 cells was average (mean ± SD).

Statistics
Microsoft Excel software was used to calculate the mean and the standard error of the mean.
Comparisons of cell viabilities, number of colony formation in soft agar and number of
positive cells with LC3-GFP puncta between treatment and control were conducted using
analysis of variance (ANOVA) or Student’s t test. All statistical tests were two sided. P
values <0.05 were considered significant.
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Results
SHR-5 inhibits anchorage-dependent and –independent growth of bladder cancer cell lines
with minimal effect on the growth of non- malignant bladder epithelial cells

SHR-5 is a standardized Rhodiola R. extract made by the Swedish Herbal Institute (the SHI,
Gothenburg, Sweden) according to Good Manufacturing Practice [15]. The bioactive
components of SHR-5 have been thought to be the rosavins (rosin, rosavin and rosarin) and
salidroside. SHR-5 is reported to contain a 1.7% of salidroside and a 4.5% of total rosavins
[19]. To examine the potential anti-bladder cancer effects of SHR-5, human papillary (RT4)
and muscle-invasive (T24, UMUC3, J82 and 5637) bladder cancer cell lines, as well as a
non-malignant human bladder epithelial TEU-2 cell line were treated with different doses of
SHR-5. Cell viabilities were measured by a MTT assay. Percentage of cell viabilities
relative to their vehicle controls for different treatments was calculated. Figure 1A shows
that SHR-5 differentially inhibits the growth of tested cell lines. IC50s in RT4, J82, T24,
UMUC3, and 5637 cell lines are estimated to be 264,165, 71, 100 and 151μg/ml,
respectively, whereas the same doses of SHR-5 treatment doesn’t significantly inhibits the
growth of TEU-2 cells. In addition, J82 and RT4 cells are less sensitive to SHR-5 treatment
compared to other bladder cancer cell lines (T24, UMUC3, and 5637) (Figure 1A). Figure
1B shows that J82 and RT4 cells have no, or minimal, expression of TSC1 and TSC2
proteins. In addition, RT4 cells have wild-type p53 [25]. T24 and UMUC-3 cells harbor
TP53 mutations in the NH2-terminal transactivation domain [25]. 5637 and J82 cells contain
TP53 mutations in the core domain [25]. Taken together, it appears that the growth
inhibitory effect of SHR-5 on bladder cancer cell lines may be related to both p53 status and
TSC1/2 expression (Table1).

Figure 1C &D shows that compared to control, treatment of UMUC-3 cells with 100 μg/mL
SHR-5 resulted in 79% inhibition of colony formation in soft agar (P <0.01, Student’s t test).
Since anchorage-independent growth predicts in vivo tumor growth of cancer cell lines, this
result may suggest a potential in vivo anti-tumor effect of SHR-5.

Salidroside, an bioactive component of SHR-5, similarly inhibits anchorage-dependent and
–independent growth of bladder cancer cell lines with minimal effect on the growth of non-
malignant bladder epithelial cells

The bioactive components (rosin, rosavin, rosarin and salidroside) of SHR-5 belong to the
family of phenylpropanoid glycosides [15] (Figure 2A). We next examined the effect of
rosin, rosavin, rosarin and salidroside on the growth of bladder cancer T24 cells. Figure 2B
shows that salidroside and rosarin are the most effective agents among tested compounds in
inhibition of T24 cell growth. Given salidroside is a major compound for standardizing
SHR-5 [15], we chose salidroside for our further study in comparison with SHR-5. Figure
2C shows that salidroside inhibits the growth of bladder cancer cell lines in a similar pattern
to that of SHR-5. RT4 and J82 cells that express no or minimal TSC1/2 are relatively
resistant to the growth inhibitory effect of salidroside compared to other bladder cancer cell
lines (T24, UMUC3, and 5637) expressing high levels of TSC1/2 proteins. Salidroside also
exhibits no inhibitory effect on the growth of TEU-2 cells. In addition, 5 and 25 μg/ml
Salidroside inhibits the anchorage-independent growth of UMUC-3 cells by 58 and 78%,
respectively (ANOVA, P<0.01, Figure 2D and insert).

SHR-5 selectively inhibits the growth of MEF p53−/− cells and this inhibitory effect of
SHR-5, at least in part, requires the existence of TSC2

P53 alterations in bladder cancer plays a major role in disease progression [26] and the
mTOR pathway is deregulated in cells with loss of p53 function [27]. We therefore
examined whether SHR-5 can selectively inhibit the growth of p53 defective cells by
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targeting the mTOR pathway. Figure 3A shows that treatment of MEF p53−/− cells with
SHR-5 caused a dose–dependent cell growth inhibition, whereas there is no inhibition on the
growth of MEF p53+/+ cells. However, by employing MEF p53 −/−/TSC2+/+ and p53−/−/
TSC2−/− cell lines, we further shows that loss of TSC2 in p53−/− MEFs significantly
attenuates the growth inhibitory effect of SHR-5 on p53 deficient MEFs by about 30%
(Figure 3B). These results suggest that the growth inhibitory effect of SHR-5 on p53
deficient MEFs, at least in part, requires the existence of TSC2, which also suggests a novel
role of TSC2 in the growth of p53 null or deleted cells. In addition, gene transfer and
overexpression of TSC1 in J82 cells which normally lack TSC1/2 expression increases the
sensitivity of J82 cells to the growth inhibitory effect of SHR-5 (Figure 3C). Figure 3D also
shows that p53 −/−/TSC2+/+ MEFs are relatively more resistant to the growth inhibitory
effect of salidroside compared to p53 −/−/TSC2−/− MEFs. This pattern of SHR5 and
salidroside’s growth inhibitory effect on MEFs with genetic knockout of p53 and/or TSC2
(Figure 3) is consistent with their effect on the native bladder cancer cell lines (Figure 1 and
2). Therefore, our results suggested that SHR-5 and salidroside selectively inhibit the growth
of p53 defective cells via a TSC2-dependent mechanism. Since the major function of
TSC1/2 is to inhibit the mTOR pathway, we examined whether the mechanism of SHR-5 or
salidroside’s action is associated with the mTOR pathway.

SHR-5 and salidroside activate AMPK α., inhibits mTOR, and dephosphorylates 4E-BP1,
leading to increased binding of 4E-BP1 to m7 GTP in UMUC-3

We first have examined the effect of SHR-5 and salidroside on the up-stream and down-
stream events of TSC1/2 along the mTOR pathway. Figure 4 A and B show that both SHR-5
and salidroside increase the expression of phospho-AMPKα and ACC without a change in
their total protein levels. A protein degradation band of ACC appears to be associated with
SHR-5 and salidroside treatments. Consistent with the result described above, SHR-5 and
salidroside decrease the phosporylation levels of mTOR at serine 2448 in a dose-dependent
manner in UMUC-3 cells. Phosphorylations of rpS6 and 4E-BP1 represent major effectors
of the mTOR pathway, which directly regulate translation initiation. SHR-5 and salidroside
treatment caused a significant decrease in the phosphorylation of rpS6. In addition, three
differentially phosphorylated forms of 4E-BP1 were detected in control, SHR-5 and
salidroside treatment. 100 and 200 μg/ml SHR-5 and 50 μg/ml salidroside treatment caused
a marked decrease in the levels of slower migrating bands γ and β corresponding to the
hyperphosphorylated forms of 4E-BP1. This result indicates that SHR-5 and salidroside
inhibit 4E-BP1 phosphorylation. Consequently, SHR-5 treatment resulted in a decreased
binding of translational initiation factor eIF4G and an increased binding of 4EBP1 (a rate-
limiting translation initiation blocker) to m7 GTP (Figure 4C). This result suggests that
SHR-5 may inhibit cap-dependent translation initiation.

SHR-5 and salidroside induce autophagy in UMUC-3 cells
The mTOR pathway critically regulates autophagy as a cell survival mechanism under stress
conditions induced by nutrient deprivation, hypoxia and drug treatments [28]. We examined
the cellular consequences of SHR-5 and salidroside inhibiting the mTOR pathway in
UMUC-3 cells. Electron microscopy photographs show that UMUC-3 cells treated with
chloroquine (which is known to increase the numbers of autophagosomes in cells by
blocking the fusion of autophagosome with lysosome), SHR-5 or salidroside exhibits a
significant increase in the percentage of UMUC-3 cells with typical double-membrane
autophagic vesicles compared to control (Figure 5A). In addition, the redistribution of LC3
protein from the cytoplasm to autophagic vesicles is a hallmark of autophagy [28]. We
therefore have established stable UMUC-3 cell line expressing pEGFP-LC3 for studying
cellular distribution of LC3. After treatment with chloroquine, SHR-5 or salidroside, LC3 in
UMUC-3/ LC3-EGFP cells redistributed from a diffuse cytoplasmic staining to punctate
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structures (Figure 5B). Quantitative analysis of the percentage of UMUC-3 cells with LC3-
EGFP puncta staining reveals that 100 μg/ml of SHR-5 and treatment for 8 hours increased
the presence of LC3-GFP puncta in UMUC-3 cells by about 76% and 64%, respectively,
whereas control treatment only have about 8% cells with LC3-GFP puncta (Figure 5C,
ANOVA, Ps<0.01). Furthermore, Western blotting analysis revealed that SHR-5 and
salidroside treatments increased the cleavage of LC-3II (data not shown) and p62
degradation (Figure 5D).

Discussion
R. Rosea has been in use for centuries to increase physical endurance, work productivity,
resistance to high altitude sickness and extremely cold environments, to treat fatigue,
depression and others including increasing longevity [15]. In recent clinical studies, R.
Rosea extracts, particularly SHR-5, have shown their exceptional safety profile without any
reported side effects or drug interactions [16,29-31]. We demonstrated that SHR-5 and one
of its major components, salidroside, selectively inhibit the growth of cancer cell lines
derived from different stages of human urinary bladder cancer with minimal effect on a non-
malignant bladder epithelial cell line. Since SHR-5 is conveniently ingested via in liquid
form, our study suggests that SHR-5 deserves further study as a novel chemopreventive
dietary supplement agent for both bladder cancer prevention and anti-aging in the elderly.

Mechanisms of R. rosea extracts’ action remain largely unknown. In this study, we provided
the first evidence that R. rosea extract SHR-5 and salidroside inhibit the mTOR pathway and
translational initiation via activation of AMPK α in bladder cancer UMUC-3 cells. In
addition to gluconeogenesis, a major role of AMP kinase is to act as an energy (AMP/ATP
ratio) sensor to inhibit energy-consuming processes, including cellular proliferation, under
energy deprivation in order to maximize chance of survival [32]. Therefore, further studies
are in process to determine whether the growth inhibitory effect of the R. rosea extract and
salidroside on bladder cancer cells is dependent on AMP kinase–dependent pathways /AMP
kinase activation. Schriner et al. [19] observed that the R. rosea extract feeding to the fruit
fly lowered superoxide (O2

•−) generated within isolated mitochondria. R. rosea extracts
have been shown to improve endurance exercise performance [33]. Therefore, it is plausible
to assume that a decreased production of O2

•− by R. rosea extracts is due to its effect on
oxygen consumption and thus a resulted change in ATP production and uncoupling in the
mitochondria. Further studies are in progress to examine a potential link between cellular
oxygen consumption and the R. rosea extract-induced AMP kinase activation.

“Superficial” and muscle-invasive bladder cancer develops along two major molecular
pathways: the activation of the Ras pathway through mutations in the H-Ras, FGFR-3 and
PI3K genes and loss of major tumor suppressors (p53, Rb, and PTEN), respectively [34-40].
The activation of the Ras pathway occurs in 70-90% of “superficial” bladder tumors
[35-37], whereas the loss of p53 function was reported in more than 50% muscle-invasive
transitional cell carcinoma [38-40]. Importantly, these pathways (Ras, p53 and PTEN)
commonly cross-talk with the mTOR pathway [27,34-35], and thus alterations of these
pathways (Ras, p53 and PTEN) are expected to affect the activity of the mTOR pathway.
Therefore, the mTOR pathway represents a critical target in bladder cancer prevention and
treatment. Although currently there is no active clinical trial of mTOR inhibitors in bladder
cancer, Seager et al. [38] recently reported that intravesical delivery of rapamycin resulted in
a striking inhibitory effects on tumor progression in a bladder-specific PTEN and p53
knockout transgenic mouse model that produces carcinoma in situ lesions and develop
muscle-invasive tumors. This study has provided a “proof of principle” evidence for the
promising of mTOR inhibitors in bladder cancer prevention. However, concerns about the
potential side effects (immunosupression) of prolonged exposure to rapamycin may preclude
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its widespread use for cancer prevention in human [41]. To this end, agents (e.g. R. rosea
extracts) that can inhibit the mTOR pathway and have an excellent safety profile for long-
term use may be desirable for bladder cancer prevention in the elderly.

Protein translation in mammalian cells is initiated by the formation of the eIF4F translation
initiation complex, which binds to the cap structure (m7·GTP) at the 5′ end of mRNAs to
recruit 40S ribosomal subunit. The eIF4F complex consists of the cap-binding protein
eIF4E, an ATP-dependent helicase eIF4A and a scaffolding protein eIF4G that provides the
docking site for the 40 S ribosomal subunit [42].The mTOR is a master regulator of
translation initiation via phosphorylation of its direct downstream targets, S6K and eIF4E/
4E-BP for controlling the recruitment of ribosomes to mRNA templates [43].
Hypophosphorylated 4E-BP1 inhibits cap-dependent translation initiation by competing
with eIF4G for binding to eIF4E. We showed that inhibition of mTOR by a R. rosea extract
and salidroside resulted in a conversion of hyperphosphorylated γ form to the hypo- or non-
phosphorylated α form, which may allow 4E-BP1 to sequester eIF4G from its binding to
eIF4E, and then block cap-dependent translation. It has been suggested that high levels of
eIF4E activity favor the translation of a specific subset of genes with growth-promoting and
oncogenic functions, such as cyclin D1 and c-Myc [42,43]. Therefore, it is necessary to
determine whether the growth inhibitory effect of R. rosea extract and salidroside in bladder
cancer cells is associated with affecting the mTOR pathway mediated translation of mRNAs
that encode specific oncogenic and growth promoting proteins.

We observed that the R. rosea extract and salidroside selectively inhibited the growth of
MEFs with p53 deletion and that this effect of the R. rosea extract, at least in part, requires
the existence of TSC2 expression. As p53 mutations occurs in more than 50% bladder
cancer patients, our results suggest a potential benefits of the R. rosea extract and salidroside
specifically for those bladder cancer patients with p53 deficient tumor cells. In addition, our
result also suggested that TSC2 is a critical regulating point for the growth inhibitory effect
of the R. rosea extract. In addition to AMPK, TSC2 is phosphorylated at multiple sites and
regulated by multiple other pathways, including Wnt/GSK3β, Insulin/AKT, growth factors/
Ras/ERK or RSK, growth factors/AKT or hypoxia/Redd1 pathways [44,45]. Therefore, in
order to identify pathways by which the R. rosea extract inhibit the mTOR pathway through
TSC2, further studies are in progress to determine what phosphorylation sites of TSC2 are
affected by the R. rosea extract.

In summary, the concept of prevention of bladder cancer by inhibiting aging is attractive as
aging is a major risk factor for human urinary bladder. We demonstrated that the R. rosea
extract selectively inhibit the growth of bladder cancer cell lines and p53 defective cells with
minimal effect on non-malignant bladder epithelial cells. In addition, we have shown for the
first time that mechanisms of the R. rosea extract and salidroside are associated with
inhibition of the mTOR pathway and translation initiation and induction of autophagy.
Given R. rosea extracts also have anti-aging property and outstanding safety profiles in
clinics, R. rosea extracts may represent a promising bladder cancer chemopreventive dietary
supplement agent. Therefore, R. rosea extracts deserve further preclinical and clinical
studies in animals and humans for determining its preventive efficacy against human urinary
bladder cancer.
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Figure 1.
The effect of SHR-5 on anchorage-dependent growth of malignant and non-malignant
bladder epithelial cell lines and anchorage-independent growth of UMUC-3 cells. A:
TEU-2, RT4, T24, UMUC3, 5637 and J82 cells were treated with vehicle control (0.1%
DMSO), different doses of SHR-5 as indicated. After 72 hours of treatments, cell viabilities
were measured by a MTT assay. The growth inhibitory effects of these treatments are
expressed as percentage of cell viabilities relative to their vehicle controls. Points, mean of
four independent plates; bars, SE. B: Western blotting analysis of TSC1 and TSC2 protein
expression. A representative of three independent experiments. C&D: A soft agar colony
formation assay with indicted treatments of UMUC-3 cells was performed using 6-well
plates. The data are presented by bar figures and mean ±SE of four independent wells at an
optimum time of 21 days post cell seeding; Pictures are qualitative analysis of colony
formation.
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Figure 2.
The growth inhibitory effect of phenylpropanoids on malignant and non-malignant bladder
epithelial cell lines. A: Chemical structures of phenylpropanoids in the R. rosea extract
SHR-5. B: T24 cells were treated with vehicle control (0.1% DMSO), different doses of
salidroside, rosavin, rosarin and rosin as indicated. After 72 hours of treatments, cell
viabilities were measured by a MTT assay. Points, mean of four independent plates; bars,
SE. C: TEU-2, RT4, T24, UMUC3, 5637 and J82 cells were treated with vehicle control
(0.1% DMSO), different doses of salidroside as indicated. After 72 hours of treatments, cell
viabilities were measured by a MTT assay. Points, mean of four independent plates; bars,
SE. D: A soft agar colony formation assay with indicted treatments of UMUC-3 cells was
performed using 6-well plates. The data are presented by bar figures and mean ±SE of four
independent wells at an optimum time of 21 days post cell seeding; Pictures are qualitative
analysis of colony formation.
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Figure 3.
The growth inhibitory effect of SHR-5 and salidroside is associated with p53 and TSC2
expression. MEFs were treated as indicated for 72 hours. J82 cells were stably transfected
with TSC1 or PCDNA3.1 (vector control). Cell viabilities were measured by a MTT assay.
Points, mean of four independent plates; bars, SE. A. The effect of SHR-5 on the growth of
MEFs p53+/+ and p53−/− cells. B. The effect of SHR-5 on the growth of MEFs TSC2−/−
(p53−/−) and TSC2 +/+ (p53−/−). C. The effect of SHR-5 on the growth of J82/PcDNA3.1
and J82/TSC1 cells. D. The effect of salidroside on the growth of MEFs TSC2−/− (p53−/−)
and TSC2 +/+ (p53−/−).
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Figure 4.
The effects of SHR-5 and salidroside on AMPKα, mTOR and protein translation initiation in
UMUC-3 cells. UMUC-3 cells were treated with vehicle control or indicated doses of
SHR-5 or salidroside for 24 hours. At the end of each treatment time, cell lysates were
prepared as mentioned in Materials and Methods. A & B: Western blotting analysis of
phospho-AMPKα, AMPKα, phosphor-ACC, ACC, mTOR, phospho-mTOR, Phospho-rpS6,
and 4E-BP1, and membranes were stripped for reprobing with anti-tubulin antibody for
protein loading correction. A representative blot was shown from three independent
experiments. C: eIF4E was purified from cell extracts by m7GTP affinity chromatography
and probed with antibodies against eIF4E, eIF4G and 4E-BP1. A representative blot was
shown from three independent experiments.
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Figure 5.
SHR-5 and salidorside induce autophagy in bladder cancer UMUC-3 cells. A: UMUC-3
Cells were treated with vehicle control, 50 μM Chloroquine, 200 μg/ml SHR-5, or 50 μg/ml
salidroside for 8 hours. After treatments, cells are fixed and examined by an electronic
microscopy for the presences of autophagosomes. B: UMUC-3 Cells stably expressing
pEGFP-LC3 were treated with vehicle control, 50 μM Chloroquine, 100 and 200 μg/ml
SHR-5, or 25 and 50 μg/ml salidroside for 8 hours. After treatments, cells were examined by
a fluorescence microscopy. C: Quantitative analysis of percentage of UMUC-3 cells with
LC3-puncta. Bar: mean ±SE. D: Western blotting analysis of p62.
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