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Primary versus secondary malignant brain tumors

Primary malignant brain tumors Brain metastases

From cancers in lung (50%), breast (20%), skin (10%). 
170 000 new patients/year in the US. 
Occur in around 30% of all cancer patients. 
2/3 of the patients have multiple brain metastasis. 
Median survival ranges from  2.3 to 13.5 months. 
Increasing incidence. 
 
 
Daphu I, …, Thorsen F, Clin & Exp Metastasis 2013 
Norden A et al, Curr Opin Neurol  2005

Estimated ≈ 24 600 new cases in the US in 2013. 
Gliomas ≈ 80% of all malignant primary brain tumors. 
GBMs ≈ 54% of all gliomas (≈10 600/yr in the US). 
Median survival < one year. 
 
 
 
 
http://www.abta.org/news/brain-tumor-fact-sheets/ 

http://www.abta.org/news/brain-tumor-fact-sheets/


Brain metastasis growth model in nude rats



Ectopic brain metastasis model in NOD/SCID mice



Prelabeling brain metastasis cells with low dose SPIOs

Sundstrøm T, …, Thorsen F, Cancer Res 2013

10 ug/mL

Control                   Labeled



Single prelabeled cells can be detected in vivo by MRI

Sundstrøm T, …, Thorsen F, Cancer Res 2013



Ultrasound guided injections of prelabeled cells

5 X 105 H1_DL2 melanoma brain metastases cells are injected into the left cardiac ventricle. 

Vevo 2100 small animal  
ultrasound scanner. 
(Visualsonics, Toronto, 
Ontario, Canada).

10 µg/ml SPIOs 24 hr

Sundstrøm T, …, Thorsen F, Neuro-Oncol 2014



Study of BBB using different sized contrast agents

1wk

2wks

3wks

Thorsen F et al, J Contr Rel 2013

D-Luciferin (MW 302Da): 1 week

18F-FLT (MW 244Da): 4 weeks

Prohance (566Da), C3 (2066Da)

64Cu-BSA (65.55kDa): 6 weeks
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Genes involved in brain metastasis

Bos PD et al, Nature 2009 
Stemmler HJ et al, Breast 2006

Daphu I, …, Thorsen F. Clin Exp Metastasis 2013



Is there a specific gene signature for melanoma brain 
metastases, compared to tumors in other organs?
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Sundstrøm T, …, Thorsen F, Manuscript



Determination of our 108-gene signature

Sundstrøm T, …, Thorsen F, Manuscript



Contains more than 7000 expression profiles involving 1309 compunds. 
Treatment vs. control experiments followed by microarray analysis on MCF7 (breast),  
ssMCF7 (breast), HL60 (leukemia), PC3 (prostate) and SKMEL5 (melanoma) cell lines.
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Sundstrøm T, …, Thorsen F, Manuscript



Genes involved, and top ten drug candidates

Cholesterol reducing 
 
Alzheimer disease 
 
Aromatase inhibitor 
 
Antibiotic

Sundstrøm T, …, Thorsen F, Manuscript



In vitro screening of drug candidates

Sundstrøm T, …, Thorsen F, Manuscript



Screening 3 drugs in vivo using H1_DL2 cells

Sundstrøm T, …, Thorsen F, Manuscript



Treatment of subcutaneous melanoma tumors

Sundstrøm T, …, Thorsen F, Manuscript



Treating with β-sitosterol in a preventive setting  

Sundstrøm T, …, Thorsen F, Manuscript



Treatment of lung adenocarcinoma brain mets

Sundstrøm T, …, Thorsen F, Manuscript



β-sitosterol (C29H50O)

✓ β-sitosterol is the most abundant phytosterol (plant sterol). The proportion of 
sterols in plants are 65% β-sitosterol, 30% campesterol and 5% stigmasterol.
 

✓ MW 414.71 g/mol (crosses an intact BBB and accumulate) (Vanmierlo, 2012). 
 
✓ Structurally similar to cholesterol (extra ethyl group). 

 
✓ Cannot be synthesized by humans. 

 
✓ Found in many plants, seeds and fruits, e.g. wheat germ, corn oils, soybeans, 

rice bran, saw palmetto, avocados, tree nuts. 
 

✓ Used as an additive in cosmetic products, and as a nutritional supplement.

Duester JADA 2001



β-sitosterol – consumption and absorption

✓ Phytosterol consumption (Messina JNCI 1991; Ostlund ARN 2002) 
✓ Asians and vegetarians 345-400 mg/day 
✓ Western societies 80 mg/day 

 
✓ Uptake and transport 
✓ Takes the place of cholesterol in the intestinal micelles (Moreou PLR 2002) 
✓ Competes with cholesterol for uptake via the intestinal NPC1L1 transporter (Davis JBC 2004) 
✓ Most β-sitosterol is re-secreted in the intestine (Graf JCI 2002; Yu PNAS 2002) 
✓ Some β-sitosterol is transported by lipoproteins and incorporated into cell membranes (Awad JN 2000) 
 

✓ Absorption 
✓ β-sitosterol <5% and cholesterol 45-54% (Salen JCI 1970)
✓ β-sitosterol plasma levels < 1 mg/dL (Graf JCI 2002; Yu PNAS 2002; Yu JCI 2002)
✓ 2-3 g β-sitosterol ! 30% increase in serum levels (Hallikainen EJCN 2000; Weststrate EJCN 1998) 

 
✓ Bioavailability in healthy subjects (Duchateu DMD 2012) 

✓ Oral administration 
✓ Metabolic turnover 5.8 mg/d (6-12 mg/d in Salen JCI 1970) 
✓ Half-life 72.4h (mean T1/2) 
✓ Regarded as “safe” by FDA (3 g/day for 3 years).



Nut consumption and health effects
✓ Reduction in mediators of chronic disease 

✓ Oxidative stress (Jenkins JN 2006; Torabian JHND 2009) 
✓ Inflammation (Jiang AJE 2006) 
✓ Blood cholesterol (Sabaté AIM 2010) 
✓ Visceral adiposity (O’Neil JACN 2011) 
✓ Hyperglycemia (Jenkins JN 2006; Jiang AJE 2006; Jenkins DC 2011) 
✓ Insulin resistance (Casas-Agustench NMCD 2011; Tapsell EJCN 2009) 
✓ Endothelial dysfunction (Ma DC 2010) 

 
✓ Increased nut intake associated with reduced risk of 

✓ Coronary heart disease (Kris-Etherton JN 2008) 
✓ Major cardiovascular events (Estruch NEJM 2013) 
✓ Diabetes mellitus type 2 (Jiang JAMA 2002; Villegas AJCN 2008; Pan JN 2013) 
✓ Metabolic syndrome (Fernández-Montero PHN 2013) 
✓ Weight gain/obesity (Mozaffarian NEJM 2011; Salas-Salvadó AIM 2008; Bes-Rastrollo Obesity 2007) 
✓ Colon cancer (Singh AJE 1998) 
✓ Hypertension (Tsai AJE 2004) 
✓ Gallstone disease (Tsai AJE 2004; Idem AJCN 2004) 
✓ Diverticulitis (Strate JAMA 2008) 
✓ Death from inflammatory diseases (Gopinath AJCN 2011) 

 
✓ Nut consumption and reduced mortality from heart/cardiovascular disease, cancer (Goldstein AIM 1992; 

Fraser 1997; Mann Heart 1997; Ellsworth NMCD 2011; Baer AJE 2011; van den Brandt AJCN 2011)



β-sitosterol – epidemiological studies

✓ Phytosterols reduce breast cancer risk (Torres-Sanchez PHN 2009; Cui CEBP 2007) 
✓ High plant sterol intake reduces lung cancer risk (Mendilaharsu LC 1998) 
✓ High phytosterol intake associated with reduced stomach cancer risk (De Stefani NC 2000) 
✓ Plant sterols not associated with lower risk of colon and rectal cancers (Normén AJCN 2001)

✓ MCF-7 breast cancer cells: Reduced xenograft growth (Ju JN 2004) 
✓ MDA-MB-231 breast cancer cells: Reduced xenograft growth (Awad AR 2000; Ju JN 2004) 
✓ 4T1 breast cancer cells: Reduced xenograft growth and increased survival (Kazlowska 

EBCAM 2013) 
✓ NMBA-induced oesophagus cancer: Reduced tumor formation and progression (Stoner NC 

2006) 
✓ B16BL6 melanoma cells: Reduced metastasis (Imanaka BPB 2008) 
✓ Unknown breast cancer cells: Reduced metastasis (Qin PC 2011) 
✓ PC-3 prostate cancer cell: Reduced metastasis (Awad EJCP 2001) 
✓ ApcMin colon mice: Induced adenoma formation (Marttinen JNB 2013; Marttinen NC 2014)

β-sitosterol – experimental in vivo data



Biological processes and signaling pathways

Sundstrøm T, …, Thorsen F, Manuscript

Protein Analysis Through Evolutionary Relationships (PANTHER) classification system.



Protein interactions and biological processes– β-sitosterol

Sundstrøm T, …, Thorsen F, Manuscript



β-sitosterol targets mitochondrial respiration through  
Complex I inhibition

Suggests that Complex I 
is a likely target for 
β-sitosterol

Basal  
respiration

Basal glycolysis and 
glycolytic capacity 
unaffected by β-sitosterol

Basal  
glycolysis

Sundstrøm T, …, Thorsen F, Manuscript



β-sitosterol stimulates ROS production and induces apoptosis

Mitochondria are major  
producers of ROS. 
 
Inhibition of CI is known to 
stimulate ROS production

Sundstrøm T, …, Thorsen F, Manuscript



Clinical relevance of brain metastasis signature

Sundstrøm T, …, Thorsen F, Manuscript

cbioportal.org 
 
TCGA dataset 
278 mel. pat. 
 
Top 8 genes-11%

Prognostic potential: 
PROGene system.



Associations between gene expression and survival

Sundstrøm T, …, Thorsen F, Manuscript



Conclusions

We have developed representative animal models for studying brain mets. 

In our models, the BBB breaks down late in tumor development. 

A 108-gene brain metastatic gene signature was found. 

Based on this signature, several drugs currently used for treating other 

conditions than cancer were predicted to have anti-metastatic effects. 

In particular, β-sitosterol were shown inhibit brain metastatic growth. 

β-sitosterol extensively suppressed the MAPK pathway.

β-sitosterol reduced mitochondrial respiration.

Our results strongly encourages further assessment of β-sitosterol as an 

adjuvant to established MAPK-targeted therapies.
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