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Abstract Survival following diagnosis of liver metastasis

remains poor and improved treatment strategies to combat

liver metastases are needed. Synthetic triterpenoids, inc-

luding 1-[2-cyano-3-,12-dioxooleana-1,9(11)-dien-28-oyl]

imidazole (CDDO-Imidazolide or CDDO-Im), have been

shown to inhibit primary tumor growth and lung metastasis

in experimental models. Oral administration of CDDO-Im

results in relatively high liver concentrations, suggesting that

CDDO-Im may provide an approach to treatment of liver

metastases. Here we assessed the effect of CDDO-Im on

liver metastasis, using B16F1 (mouse melanoma) and HT-29

(human colon carcinoma) cells. In vitro, nanomolar con-

centrations of CDDO-Im arrested proliferation or induced

cell death in both cell lines. In vivo, cells were injected via a

surgically exposed mesenteric vein to target cells to the liver

of mice. Mice were then treated with CDDO-Im (800 mg/kg

diet) or vehicle control. Livers were removed at endpoint and

metastatic burden was quantified by standard histology.

In addition, a novel whole liver magnetic resonance imaging

(MRI) technique was used to assess the effect of CDDO-Im

on growing metastases as well as on non-dividing, solitary

cancer cells present in the same livers. CDDO-Im treatment

significantly decreased liver metastasis burden in both HT-

29 (n = 8 treated, 10 control) and B16F1 (n = 15 treated, 16

control) injected mice ([60%, P \ 0.05), but did not reduce

the numbers of solitary B16F1 cancer cells (hypo-intensity)

in the same livers (P = 0.9). This study demonstrates that

CDDO-Im may be useful for the treatment metastatic liver

disease as it successfully inhibits growth of actively prolif-

erating liver metastases.
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Introduction

Liver is a common site of metastatic disease from a number

of cancers, including colon and melanoma, and is associ-

ated with poor survival [1–3]. Improvements in surgical

techniques and chemotherapy treatment have increased

mean survival times, however 5 year survival rates remain

low even after all clinically detectable metastases are sur-

gically removed and adjuvant therapy administered [4–6].

Thus, new approaches to treat liver metastases are needed.

The synthetic triterpenoid 1-[2-cyano-3-,12-dioxoole-

ana-1,9(11)-dien-28-oyl]imidazole (CDDO-Imidazolide or

CDDO-Im) is one of a number of synthetic oleanane trit-

erpenoids that have been shown to elicit multifunctional

effects dependent on both cell type and drug concentration

[7]. These effects include the potential to induce cell dif-

ferentiation, cell cycle arrest [8] and apoptosis (indepen-

dent of multidrug resistance status) [9, 10] in a number of
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different cancer cell lines [7, 11]. Pharmacodynamic

characterization of CDDO-Im following oral dosing has

revealed that CDDO-Im is stable in the digestive system,

readily absorbed and pharmacologically active in a number

of organs including the liver [12], suggesting a potential

role for CDDO-Im in treatment of liver metastases. Yet

while synthetic triterpenoids have been shown to success-

fully inhibit orthotopic and ectopic tumors, lung metastasis

and carcinogen induced primary tumor growth in multiple

experimental models [8, 10, 13–16], their effect on meta-

static liver disease is unknown.

Although liver metastasis is often fatal, experimental

models have revealed that metastasis is an inefficient pro-

cess whereby the majority of metastatic cells that arrive in

the liver do not form large vascularized metastases [17–21].

Instead, many cells arriving in a secondary site will undergo

apoptosis, and some may remain, often for extended periods

of time, as solitary dormant cells alone or amidst prolifer-

ating metastases [17–19, 22–28]. The heterogeneous nature

of the metastatic cell population makes it unlikely that all

cells will respond uniformly to treatment. This situation has

been demonstrated in experimental metastasis model in

which doxorubicin significantly inhibited the growth of

large actively growing metastases, but had no effect on the

number and viability of solitary cells or their ability to form

late occurring metastases following treatment [29, 30].

Thus, new therapies should be tested for their effects on

both sub-populations of metastatic cells, those that are

actively proliferating and those that are dormant, in order to

better understand and use new treatments.

Here we assessed the effect of the synthetic triterpenoid

CDDO-Im on the metastatic cell lines B16F1 (murine

melanoma) and HT-29 (human colon carcinoma) in 2D

culture and in experimental liver metastasis models in vivo.

We found that CDDO-Im inhibited proliferation and

induces cell death of HT-29 and B16F1 cells in culture, in a

concentration dependent manner, similar to findings

reported for other cell lines [7, 11, 14, 31–36]. We used

standard histology to assess the effect on metastatic burden,

and found that CDDO-Im inhibited growth of metastasis

from both cell lines. We also used a novel MRI technique

to simultaneously quantify the effect of CDDO-Im on both

actively proliferating B16F1 metastases as well as solitary,

dormant cells in whole livers. This approach confirmed the

results from standard histology, showing that CDDO-Im

treatment significantly decreased metastatic tumor burden,

size and volume, and further showed that treatment had no

effect on the numbers of dormant cells present in the livers.

These results suggest that while additional treatment

strategies are likely required to kill solitary dormant met-

astatic cells, CDDO-Im may have a role to play in the

treatment of actively proliferating liver metastases from

multiple tumor types.

Materials and methods

Cell culture and MPIO labeling

Cell culture and MPIO labeling were performed as

described previously [19, 24, 37]. Briefly, B16F1 (ATCC

CRL-6323) murine melanoma and HT-29 (ATCC HTB-38)

human colon carcinoma cells (both from the American

Type Culture Collection, Manassas, VA) were maintained

in alpha-minimal essential media (a-MEM) (Invitrogen,

Burlington, Canada) containing 10% fetal bovine serum

(FBS) (Sigma, Mississauga, Canada) at 37�C and 5% CO2.

As recommended by ATCC, cell morphology, rate of

growth and mycoplasma testing were routinely performed.

B16F1 cells were labeled with micrometer-sized iron oxide

nanoparticles (MPIO) in a T75 tissue culture flask using

media with FBS when 70–90% confluent. MPIO beads

(312.5 ll, 0.9 lm diameter, 63% magnetite, labeled with

Dragon Green, catalog #MC05F; Bangs Laboratories Inc,

Fishers, IN, USA) were then added to 10 ml of media with

FBS/flask and incubated for 24 h, as described [26, 30].

Cells were washed thoroughly with serum free a-MEM

then centrifuged and resuspended in serum free a-MEM at

the appropriate concentration for injection.

CDDO-Im treatment, imaging of 2D culture

and flow cytometry

Details regarding the synthesis of a number of synthetic

triterpenoids, including CDDO-Im (1-[2-cyano-3-,12-di-

oxooleana-1,9(11)-dien-28-oyl]imidazole), has been pub-

lished previously [13, 38, 39]. Stock vials of CDDO-Im

were kept frozen in DMSO and diluted to the appropriate

concentration in cell culture media as required. To deter-

mine the effect of CDDO-Im on HT-29 and B16F1 cells in

2D cell culture, cells were seeded in a 6 or 24 well tissue

culture plates. 48 h following seeding of cells, CDDO-Im

in DMSO (or DMSO alone) was diluted with alpha-MEM

plus 10% FBS to the appropriate concentration and added

to each well. As triterpenoids exhibit time and concentra-

tion dependent effects on cell cycle progression, cell sur-

vival and morphology, cell populations were monitored

longitudinally. Images were acquired from each well, using

a Zeiss Axiovert 200 incubated (CO2, humidity and tem-

perature control) inverted microsope system, every

24–48 h following treatment until day 9. Three images per

well (3–4 wells per concentration) were analyzed in order

to determine the number of cells per field of view (109).

Analysis of cellular cleaved Caspase-3 was performed

48 h after exposure to CDDO-Im for both cell lines. Cells

were trypsinized, washed and harvested into single-cell

suspensions in ice-cold flow buffer (phosphate-buffered

saline [PBS] ? 2% FBS). An unconjugated anticaspase-3
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antibody used was to bind cleaved Caspase-3 (Asp175—

Rabbit mAb) (Cell Signaling Technologies, Boston, MA),

following the manufacturer’s protocol. The secondary

antibody used was a phycoerythrin (PE) conjugated anti-

rabbit antibody (R&D Systems, Minneapolis, MN). Non-

specific binding was accounted for using the secondary

antibody alone. Samples were incubated sequentially with

primary and secondary antibodies and re-suspended in cold

flow buffer prior to analysis on an EPICS XL-MCL flow

cytometer (Beckman Coulter, Mississauga, ON).

Experimental metastasis assay and in vivo

CDDO-Im treatment

Female 6–10 weeks old C57BL/6 (for the B16F1 cells)

(Harlan, Indianapolis, IN) or immunocompromised NIH III

mice (for the HT-29 cells) (Charles River, Wilmington,

MA) were cared for in accordance with the Canadian

Council on Animal Care, under a protocol approved by the

University of Western Ontario Council on Animal Care.

For experimental liver metastasis assays, mice were anes-

thetized with an i.p. injection of xylazine/ketamine (2.6 mg

ketamine and 0.13 mg xylazine per 20 g body mass).

Anesthetized mice received mesenteric injections of 100 ll

of B16F1 (3 9 105 cells) or 200 ll of HT-29 (2 9 106

cells) cells suspended in alpha-MEM to target cells directly

to liver as described previously [19]. Mice were then

treated with CDDO-Im (800 mg/kg diet) mixed in a pow-

dered diet (NIH-31 modified mouse diet, Harlan). NIH III

mice were treated with CDDO-Im 5 days a week while

C57BL/6 mice were treated continuously for the duration

of the experiment. Treatment schedules differed between

mouse strains due to the 5–8 fold difference in length of the

experiments. Controlled quantities of diet with CDDO-Im

or vehicle control (ethanol and neobee oil) were replaced

every 48 h for NIH III mice and every 72 h for C57Bl/6

mice, and consumption was approximately 4.5 and 3.5 g

per day per mouse, respectively. Treatment via diet com-

menced immediately following surgery, however mice did

not begin to consume significant amounts of food until at

least 24 h following surgery. Weight of all mice was

recorded prior to cell injection, throughout experiments and

at the time of sacrifice. At endpoint (56 days for HT-29 and

7–11 days for B16F1) mice were sacrificed, livers were

removed and fixed in formalin for at least 48 h prior to

sectioning for histology or imaging by MRI.

Tumor burden, volume and solitary cell

quantification and statistics

Metastatic tumor burden from histological sections was

determined by quantifying the area of tumor and normal

tissue from at least 5 random hematoxylin and eosin (H&E)

stained sections of the liver as described previously [29].

Liver tumor volume (apparent as signal hyperintensity; i.e.,

dark regions) and MPIO labeled cells/signal void area

(signal hypointensity; i.e., white regions) were also quan-

tified in some experiments using a novel MRI technique we

recently developed [30]. Briefly, at endpoint livers were

removed and fixed in 10% neutral buffered formalin for at

least 48 h. Intact livers were then scanned using a clinical

3T GE EXCITE whole body MR system with customized

animal gradient insert coil and radiofrequency (RF) coil.

Tumor volume and signal void area were quantified using a

semi-automated procedure in which a fixed pixel intensity

was manually defined and subsequent volume and area

measurements were automated using VgStudio (Dresden,

Germany) or Image J (NIH, Bethesda, MD) software,

respectively.

All statistics were performed with GraphPad Prism

software (La Jolla, CA). T-tests were performed to deter-

mine if significant differences existed in observed means of

tumor burden, tumor volume and solitary cell signal void

area. All statistics are reported as mean value ± standard

error.

Results

CDDO-Im inhibited growth, altered morphology

and induced cell death in B16F1 and HT-29

cells in vitro

To determine the effects of CDDO-Im on B16F1 and

HT-29 cells in 2D cell culture, cells were treated with

CDDO-Im or vehicle control as described above. Dose

dependent and multifunctional effects of CDDO-Im were

observed in the response of both B16F1 (Fig. 1a–c) and

HT-29 cells (Fig. 1d–f) to treatment. Longitudinal obser-

vation of cells following exposure to CDDO-Im revealed

readily apparent changes in morphology as well as growth

arrest at concentrations between 100 and 200 nM. As seen

in Fig. 1a and d, cell morphology and growth arrest were

evident by 48 h following CDDO-Im treatment. At higher

concentrations (greater than 200–400 nM), CDDO-Im

induced cell death (cell shrinkage, rounding, detachment

and apoptotic bodies observed) in both B16F1 and HT-29

cells (Fig. 1a, d). Cell death was verified by trypan blue

staining (data not shown). The ability of CDDO-Im to

cause cell death by apoptosis was confirmed by flow

cytometry analysis of cellular cleaved Caspase-3. 48 h post

treatment an increased percentage of cleaved Caspase-3

positive cells was observed in the 200 nM (B16F1) and

400 nM (B16F1 and HT29) treatment groups when com-

pared to the no treatment groups (Fig. 1c, f). These results

are consistent with results depicted in Fig. 1b and e,
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indicating growth inhibition at lower doses (200 nM—HT-

29) and apoptosis at higher doses.

CDDO-Im inhibited in vivo growth of HT-29 liver

metastases

To determine the effect of CDDO-Im treatment on liver

metastases from HT-29 human colon carcinoma cells, we

used an experimental liver metastasis model. NIH III mice

were first injected with 2 9 106 HT-29 cells via the

mesenteric vein to target liver and then treated with

CDDO-Im (800 mg/kg diet) or vehicle control commenc-

ing immediately following cell injections and continued

for 56 days. At endpoint livers were removed, weighed

and fixed for histological analysis. CDDO-Im treatment

resulted in a decrease in the size of metastases (white areas

on liver surface) that were apparent in surface images of

whole intact livers (Fig. 2a, b—arrows). Subsequent

quantification of tumor burden from random histological

samples (Fig. 2a, b—right panels) showed that CDDO-Im

treatment significantly decreased metastatic burden by

more than 70% (t-test, P \ 0.05, Control n = 10,

31.9 ± 9.4%, Treated n = 8, 8.5 ± 3.5%) (Fig. 2c). No

significant difference in total mouse weight was observed

at endpoint in this or any subsequent in vivo experiments

(P [ 0.05).

Fig. 1 CDDO-Im inhibited

growth and induced apoptosis in

B16F1 and HT-29 cells in vitro.

Nanomolar concentrations of

CDDO-Im arrested growth or

induced apoptosis in both

B16F1 (a–c) and HT-29

(d–f) cells. 200 nM CDDO-Im

was sufficient to inhibit

proliferation and alter cell

morphology (arrows) while at

300–400 nM apoptosis was

induced (b, c, e, f). Flow

cytometry to detect cleaved

caspase-3 positive cells was

used to confirm apoptosis in

both B16F1 (c) and HT-29

(f) cells
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CDDO-Im inhibited growth of B16F1 liver metastases

but did not decrease the number of solitary cells

To determine the effect of CDDO-Im treatment on liver

metastases from B16F1 mouse melanoma cells, C57BL/6

mice were injected with 3 9 105 B16F1 cells via the

mesenteric vein to target liver and treated with CDDO-Im

(800 mg/kg diet) or vehicle control. Treatment commenced

immediately following surgery and lasted for the duration

of the experiment. At endpoint livers were removed, fixed

and scanned using a 3T clinical MR scanner as described

above. As apparent in images of whole livers (Fig. 3a, b),

CDDO-Im treatment resulted in an observable decrease in

the size of metastases apparent on the surface of the liver.

Inhibition of metastasis growth was quantified by analysis

of MR images in order to determine tumor burden (tumor

volume/total volume). Liver tumor burden in CDDO-Im

treated mice was found to be decreased by 50% compared

to vehicle control treated mice (t-test, P \ 0.05, Control

n = 10, 30.5 ± 3.9%, Treated, n = 10, 14.7 ± 3.0%)

(Fig. 3c).

In order to assess the effect of CDDO-Im treatment on

the majority of the metastatic cell population, including

both macroscopic metastases as well as solitary cells, we

Fig. 2 CDDO-Im inhibited HT-29 liver metastasis growth in vivo.

2 9 106 HT-29 cells were delivered to the liver via mesenteric vein

injection. CDDO-Im treatment, or vehicle control, via diet (800 mg/

kg diet) immediately following cell injection and continued 5 days a

week until endpoint. Metastasis burden was determined histologically.

Livers were removed at day 56, fixed, sectioned and stained by H&E.

At least 5 liver sections per mouse were used to determine liver

metastasis burden. CDDO-Im treatment significantly decreased (t-test,

P \ 0.05, Control n = 10, 31.9 ± 9.4%, Treated n = 8, 8.5 ± 3.5%)

Fig. 3 CDDO-Im inhibited

B16F1 liver metastasis growth

in vivo. B16F1 metastases are

apparent on the surface of whole

livers as black areas (a, b).

Metastases on the surface (white
arrows) of whole livers appear

to be smaller in CDDO-Im

treated (b) than vehicle control

(a) groups. Metastasis burden

was determined by MRI.

Analysis of MR images of

whole livers

(100 9 100 9 200 lm)

revealed that CDDO-Im

treatment significantly reduced

B16F1 liver metastases burden

(c) (t-test, P \ 0.05,

Control n = 10, 30.5 ± 3.9%,

Treated n = 10, 14.7 ± 3.0%)
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used a recently developed MRI technique capable of

quantifying both tumor volume and the number of MPIO

labeled solitary cells (signal void area) in the same liver.

3 9 105 B16F1 cells labeled with MPIO and injected via

the mesenteric vein. Livers were recovered at day 11 and

MR images were subsequently acquired by a single 6 min

scan of whole livers described above. Images were then

analyzed to determine tumor volume (image hyperintensity

volume) and signal void area from MPIO labeled cells

(image hypointensity) as recently described (30). A

reduction in size of B16F1 metastases was once again

apparent in examination of the surface of whole livers

(Fig. 4a). This decrease in metastasis size was also

apparent in 2D MR images as the areas of hyperintensity,

due to B16F1 metastases, were decreased in images of

CDDO-Im treated mice (Fig. 4b—arrows). 3D images of

whole intact livers, in which metastases are pseudocolored

green, were rendered from 2D images (Fig. 4c). MR ima-

ges of the entire liver were used in order to quantify total

metastatic tumor volume and signal void area (i.e., number

of MPIO labeled cells). CDDO-Im treatment resulted in a

more than 60% reduction in tumor volume quantified

from the MR images of the entire liver (t-test, P \ 0.05,

Control n = 6, 4577 ± 1001 mm3, Treated, n = 5, 1640 ±

498 mm3) (Fig. 5a). Despite the significant reduction in

metastatic tumor volume, no significant change in the

number of solitary dormant cells (signal void area) was

observed (t-test, P = 0.9, Control = 747 ± 122 mm2,

Treated = 770 ± 105 mm2) (Fig. 5b).

Discussion

While members of the synthetic triterpenoid family have

been shown to inhibit primary tumor growth and subsequent

spontaneous lung metastasis [8, 10, 13, 16], the effect of

CDDO-Im on metastasis growth of liver metastasis was

unknown. Because CDDO-Im can accumulate in liver tis-

sue following oral administration, here we assessed the

ability of this compound to inhibit liver metastasis. We

showed that CDDO-Im arrested proliferation of and/or

induced apoptosis in a concentration dependent manner in

metastatic cell lines of two tumor types, B16F1 melanoma

and HT-29 colon carcinoma, consistent with results

described previously in other cancer cell lines [7, 11, 14,

31–36]. Oral treatment of mice injected with cancer cells

via the mesenteric vein (experimental metastasis assays)

with CDDO-Im (800 mg/kg diet) was found to significantly

inhibit liver metastasis growth from both cell lines in vivo

by 50–70%, as detected both as surface metastases and by

histology. We then used a novel MR procedure, able to

simultaneously quantify total whole-liver metastatic vol-

ume from growing B16F1 metastases, as well as the pop-

ulation of non-dividing cancer cells that persist in the liver.

This approach confirmed the results from histology, that

CDDO-Im significantly reduced metastatic burden

by *60%, and further showed that the population of soli-

tary B16F1 cells present in the same livers was not reduced.

Fig. 4 CDDO-Im inhibited B16F1 liver metastasis growth. The

reduction in metastasis size is readily apparent from surface image of

whole livers (a). The reduction is also apparent as smaller areas of

hyperintensity (arrows) in 2D MR images (b) and in green pseudocol-

ored tumor on the surface of rendered 3D images of whole livers (c)

Fig. 5 CDDO-Im inhibited B16F1 liver metastasis growth but did

not affect the number of solitary dormant cells (signal void area) in

vivo. Tumor volume, quantified from signal hyperintensity in MR

images, was significantly reduced in CDDO-Im treated mice (t-test,

P \ 0.05, Control n = 6, Treated n = 5). No significant difference

was observed in signal void area (MPIO labeled cells) in liver from

CDDO-Im treated versus vehicle control mice (t-test, P = 0.9)
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Liver is the second most common organ in which met-

astatic disease is found to occur and is significant cause of

cancer related deaths [1]. Even after initial treatment that

leaves no clinically apparent metastases, recurrence and

limited 5 year survival remain significant problems [4–6].

As such, new treatment strategies are needed in order to

more successfully treat metastatic liver disease. The ability

to be dosed orally, to induce apoptosis or arrest growth in a

variety of cancer cell lines, and the relatively high con-

centration that can accumulate in liver make CDDO-Im a

logical candidate for study as a treatment of liver metas-

tasis. Additionally, as CDDO-Im is capable of both

inhibiting proliferation and inducing apoptosis in cancer

cells (depending on concentration) it has a useful thera-

peutic property in that even at doses that are not lethal to

cancer cells, CDDO-Im may inhibit tumor growth by

causing growth arrest or differentiation.

The mechanisms by which synthetic triterpenoids exert

their diverse effects remain incompletely understood [7].

This complexity is amplified by the cellular responses that

differ based on concentration (not simply increasing the

same effect) and on cell type. Synthetic triterpenoids may

have an inhibitory affect on the growth of tumors via a

number of mechanisms that include, inhibition of angio-

genesis [40], pro-apoptotic signaling via both intrinsic and

extrinsic (increase DR4 and DR5 expression/decrease

activity of the anti-apoptotic protein cFLIP) pathways

[9, 15] and inhibition of HER2 tyrosine kinase activity [16].

In addition to the ability to inhibit tumor growth, synthetic

triterpenoids have been shown to have a cytoprotective

effect on non-cancer cells in experiments in which orally

administered treatment reduced aflatoxin induced liver

metastases [41] and vinyl carbamate induced lung tumors

[42]. Thus, synthetic triterpenoids have multifunctional

treatment potential as they reduce carcinogenesis [41],

inhibit growth [8, 16] and induce apoptosis in cancer cells

[7, 11]. Such multi-functional treatment strategies will

likely be necessary to target the entire metastatic cells

population.

It has been established previously that treatment with the

cytotoxic chemotherapy doxorubicin is capable of reducing

liver tumor burden and volume, but does not affect the

number of dormant metastatic cells or their ability to

proliferate and form late developing metastases [29, 30].

Here we show that CDDO-Im significantly inhibits meta-

static tumor burden (HT-29—by histology) and volume

(B16F1—by MRI) by 50–80%, but does not decrease the

number of solitary cells. However, as evident in the 2D

culture treatment of HT-29 and B16F1 cells, at concen-

trations insufficient to induce apoptosis, cellular prolifera-

tion is inhibited. Thus, while the number of solitary

dormant metastatic cells was not affected by CDDO-Im

treatment, it is possible that continued treatment would

maintain some of these cells in a dormant state. Indeed, the

synthetic triterpenoid CDDO-Me has recently been shown

to inhibit growth and induce apoptosis via Akt and mTOR

[10], the later having recently been shown to promote

survival of dormant cells in vivo [43]. It is worth noting

that while the size of metastases appear smaller in surface

images of livers from CDDO-Im treated mice, consistent

with the reduction in histologically determined metastatic

burden in the liver in both models, a significant number of

metastases are still visible (Figs. 2 and 3), suggesting the

slowing of growth, not the elimination of metastatic cells.

Further studies with models of metastatic dormancy are

required to more precisely address any effect of CDDO-Im

treatment on individual solitary cells.

Here we have shown that the synthetic triterpenoid

CDDO-Im significantly inhibits growth of metastases, with

no effect on the number of solitary cells, in experimental

metastasis models in which cells are injected directly to

target them to the liver. It may be that in order to further

reduce the number of macroscopic metastases and/or soli-

tary dormant metastatic cells, other synthetic triterpenoids

or combination treatment may be required. Indeed, pre-

vention and treatment effects of synthetic triterpenoids

have both been found to be synergistic with the rexinoid

LG100268 [44, 45]. Limitations and further characteriza-

tion required for the MRI technique used here have been

discussed previously [30]. In particular, while the ultimate

fate and rate of iron clearance remain to be fully under-

stood, greater than two thirds of the initial signal voids

(iron loaded B16F1 single cell population) are no longer

apparent at endpoint, consistent with rate of loss of cells

reported in the liver by previous optical and MRI quanti-

fication experiments [19, 30]. Our work presented here

with CDDO-Im suggests that synthetic triterpenoids are

able to inhibit liver metastasis growth and that they deserve

further evaluation and development as a treatment for

metastatic disease.
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