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Title 

The effect of R (+)-enantiomer propranolol on the metastatic niche in 

melanoma: A randomized controlled trial. 

Short Title 

The MELPROP Trial 

Note: this ethics application addresses Aim 4 only of the original (attached) Grant Proposal 

Molecular characterisation and targeting vessels of the metastatic niche in melanoma. 

The lethal aspect of solid cancers such as melanoma relies on the ability of the tumour to 

disseminate to secondary organs. This metastatic potential is primarily under the governance 

of the aberrant growth of both blood and lymphatic vessels within the tumour site and at the 

future site of metastasis. Every year over 10,000 patients are diagnosed with melanoma. The 

current paradigm for these patients with locally invasive disease comprises improved staging 

through sentinel node biopsy and surveillance to detect tumour recurrence in the form of 

regional or distant metastasis. There is no intervention that would reduce their risk of 

progression and this research project is designed at filling this gap.  

Recent discoveries from our team have redefined some aspects of cancer biology:  

1) Identification and characterisation of a novel vessel-resident endothelial progenitor 

(endovascular progenitors, EVPs) that is required to establish the neo-formed vasculature at 

the tumour site (1)  

2) Discovery of 2 genetic pathways (SOX18 and RBPJ transcription factors) that are essential 

for EVPs to differentiate into blood vessels. Genetic disruption of either SOX18 or RBPJ in the 

host results in a dramatic reduction in metastatic potential of tumours and significantly 

increased survival and is accompanied by a loss of activity of endothelial progenitors.  

3) Discovery and validation of an FDA approved compound that disrupts SOX18/RBPJ 

interaction promising rapid clinical translation through drug repurposing. This compound is 

the R(+)-enantiomer of the drug, Propranolol. Propranolol is a beta-adrenergic blocking 

agent which has been used clinically for decades to treat high blood pressure, irregular 

heartbeat and severe chest pain but also benign conditions such as migraine or social 

anxiety. Propranolol is composed of both R and S enantiomers that are mixed in equal 

quantities in the currently available form. The S(-)-enantiomer of Propranolol has the beta-

adrenergic activity  (and subsequent potential toxicity) but does not have the anti-vascular 

activity (19,20,21). The R-enantiomer (R-Propranolol) inhibits Sox18/RBPJ interaction but 

does not act on adrenergic receptors. 
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Excitingly, upon primary tumour formation, we have identified the activation of EVPs at 

distant sites in the metastatic niche (e.g. the lungs).  In this project, we propose to investigate 

the functional importance of pharmacologically disrupting SOX18 and RBPJ pathways in the 

vascularisation of the metastatic niche in melanoma patients. 

Background 

Over-production of new blood vessels is a feature of cancer progression: solid tumours induce 

the growth of blood vessels. The role of blood vessels in supplying nutrients and in permitting 

tumour growth has been well documented and forms the basis for a number of anti-tumour 

therapies (2). Similarly, the metastatic process starts with an increase in blood and lymphatic 

vasculature at the site of future metastasis forming the metastatic niche (3, 4). This process 

has been shown essential in numerous models of solid cancer metastasis. Currently novel 

anti-angiogenic molecules have been used with moderate success against certain types of 

solid tumours (5). For decades, identifying, characterizing and targeting the cellular and 

molecular pathways responsible for blood vessel remodelling in disease has become an 

essential adjunct to tailor personalized medicine. Recently the research team has made the 

seminal discovery that during tumour-induced angiogenesis a vessel-resident progenitor 

contributes to de novo blood vessel formation (6). 

A landmark finding in 1997 suggested that endothelial progenitor cells (EPCs) had the capacity 

to generate new blood vessels, a process called neo-vasculogenesis (7), in a variety of 

situations including tumours. This finding stimulated numerous studies on the role of these 

cells but was greatly hampered by the lack of a functional definition. Therefore, many studies 

revolved around cells that, despite being called EPCs, were hematopoietic in nature and able 

to promote angiogenesis without themselves participating in vessel formation (CIA)(8). We 

have recently published and characterised a stem/progenitor cell among endothelial cells 

based on functional and fate tracing studies in vivo in both mice and humans. These cells 

called endovascular progenitors (EVPs) reside in blood vessels, are slow cycling and can be 

activated to give rise to transit amplifying (TA) and differentiated cells (D) (6). We have made 

very similar observations in the human term placenta (9). We have also demonstrated the 

importance of SOX18 in the activation and progression of EVP cells towards TA and D in the 

context of skin wounds (6). Also we have published the role of NOTCH signalling in self-

renewal of EVPs (10). Our work among a handful of other groups has consequently 

contributed to an international consensus on the definition of endothelial progenitors (8).  

The research team has previously gathered evidence that EVPs also exist in tumours and are 

essential in tumour vascularization (32). On this basis we propose to inhibit the pathways that 

were identified as important for EVP function in tumours and apply our findings to the 

metastatic niche.  
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Hypothesis 

Molecular disruption of SOX18 or RBPJ in the pre-metastatic niche results in defective 

vascularisation and reduces the spread of tumour. 

 

Aim  

To evaluate the effect of R-Propranolol, a pharmacological inhibitor of SOX18/RBPJ, on 

sentinel node vascularisation in patients with stage T1b – T4b, N0, M0 melanoma (2018 AJCC 

classification) 

 

Trial Design 

Rationale: A recent study has reported the use of propranolol as an adjuvant therapy in a 

cohort of stage IB and stage II melanoma patients. This study showed a major benefit in 

progression free survival (hazard ration=0.18) in those taking propranolol (22). The study was 

not randomized nor was treatment attribution blinded and patients could choose to take 

propranolol (80mg per day, a standard dose) or not. As this is likely to represent an exciting 

strategy for adjuvant treatment of high-risk locally invasive melanomas, we propose to 

conduct an investigative randomized trial to establish the effect of R-Propranolol on the 

sentinel node vasculature of the metastatic niche by inhibiting SOX18/RBPJ without anti-

adrenergic effects. 

Eligible participants: patients will be recruited from the Melanoma Clinic of the Princess 

Alexandra Hospital (PAH), a referral centre in Queensland for sentinel node biopsy. Previous 

studies conducted by the research team have shown that about 90 sentinel node procedures 

are performed each year at the PAH for locally invasive melanomas corresponding to the 

stages T1b-T4b, N0, M0. Patients newly diagnosed with a primary cutaneous melanoma that 

is ulcerated and/or thicker than 1mm and who elect to undergo a sentinel node biopsy 

procedure will be considered. Patients will be excluded if they (1) have clinical or imaging 

signs of regional or distant disease at diagnosis or (2) are currently prescribed any beta-

blockers such as Propranolol or (3) have a contra-indication to beta-blockers or (4) are 

pregnant 

Study Design: a randomized placebo controlled trial with a self-control design.  

Intervention: Consenting patients will be randomized 1:1 to receive 80mg of R-Propranolol or 

a placebo (both from Aurigene GLP grade) during the time leading up to the sentinel node 

biopsy (usually 2-3 weeks). Patients and the surgical team will be blinded to the treatment 

regimen. Patients will be stratified based on sex (2 males for 1 female reflecting the 

population data diagnosed at this stage) and tumour thickness and presence of ulceration 

(<1.0mm; 1-2mm; 2-4mm; >4mm reflecting the 2018 T stage classification).  

Once collected the sentinel node will undergo pathology review. A small 1mm punch biopsy 

will be performed on the fresh tissue for gene expression studies. After pathological 
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examination, paraffin embedded sections will be obtained and stained for CD31, D2-40 and 

Ki67. In addition, expression of Sox18, VCAM, IL33, Notch1, VEGFR2, considered as targets of 

Sox18 and RBPJ will be evaluated at RNA and protein level.  

Outcome Measures: the primary outcome measure will be signs of activation of genes 

induced by Sox18/RBPJ activity: IL33 and VCAM reflecting Sox18 re-expression and RBPJ 

activity. This will be measured as surface of staining. Secondary outcome measures will be 

the number and proportion of staining of VCAM and IL33 in CD31+ endothelial cells; surface 

of CD31+ vessels (blood vascularisation) and surface of D2-40+ vessels (lymphatic 

vascularisation). 

Analysis: primary and secondary outcomes will be compared between groups treated, or not 

treated, with R (+) Propranolol. 

Subgroup analysis: subgroup analysis will be performed on sentinel nodes that are devoid of 

any tumour deposit (negative SLNB: 85% of cases) to ensure that vascular changes reflect a 

metastatic niche phenomenon and are not the results of direct tumour deposits in lymph 

nodes. 

Power calculation: Given our pre-clinical findings, we expect a 50% decrease in expression of 

Sox18 target genes. Groups of 12 patients (3 per stratum, 2 males 1 female) ensure 80% 

power to detect a significant difference at p=0.05 level. 

Expected results: This trial will validate in vivo in patients the molecular mechanism of action 

of R-Propranolol through Sox18/RBPJ inhibition. It will also establish the grounds for a 

randomized trial testing the efficacy of this enantiomer as adjuvant therapy for disease free 

survival. However this is a separate project beyond the aims of the current proposal. 

Timeline: This is a 3-year project.  

 

Significance and innovation 

The incidence of melanoma in Australia has been increasing and this is mostly true for thin 

melanomas (26, 27)*. This translates into a lifetime risk of one in every 16 Australians being 

diagnosed with an invasive melanoma. Of all cancers in Australia, cutaneous melanoma ranks 

fourth in incidence (after colorectal, breast and prostate cancer). In a recent European study, 

melanoma had the highest mortality related cost among all cancers examined due to lost 

productive years in young adults (€312,798 per death)(28). In particular, early locally invasive 

melanomas contribute a large proportion of years of life with disability and years of life lost 

in the disease (29).  

Although patients diagnosed with thin melanomas (<1mm thickness) enjoy a high survival of 

96% at 20 years (30), those individuals with thicker locally invasive melanoma (>1mm, stage 

II) or with ulceration (IB or II) of their tumour are at much higher risk of recurrence and death 

(70.8% melanoma specific survival at 10 years) (31). These high-risk individuals are often 

offered sentinel node biopsy as an additional means to evaluate their prognosis. However, 



5 
 

The effect of R (+) propranolol on the metastatic niche in melanoma: A randomized controlled trial
 3rd April 2019    
 Version 1.1 

there are currently no adjuvant strategies to try to increase disease free survival in patients 

with locally advanced disease. Recently developed therapies for advanced disseminated 

melanoma, such as immune checkpoint inhibitors and Braf and MAP kinase pathway 

inhibitors, would be too expensive and too toxic to employ long term in this large population 

where 70% are long-term survivors. 

We here propose a novel adjuvant strategy to reduce chances of tumour dissemination by 

altering the vascularization of the metastatic niche through disrupting biological function of 

recently uncovered endothelial progenitors. Innovative genetic models and small molecule 

screens ensure the high quality, visibility and translatability of this work. Importantly, the use 

of R-Propranolol, an enantiomer with decades of safety data, ensures the immediate 

translation of these findings in a repurposing drug strategy, devoid of any anti-adrenergic side 

effects. 

Overall, we believe strongly that this work will change the way that high risk locally invasive 

melanomas are managed and is likely to result in high impact publications and international 

presentations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



6 
 

The effect of R (+) propranolol on the metastatic niche in melanoma: A randomized controlled trial
 3rd April 2019    
 Version 1.1 

References 

1. Patel J, Baz B, Wong HY, Lee JS, Khosrotehrani K. Accelerated Endothelial to 

Mesenchymal Transition increased fibrosis via deleting Notch signalling in wound vasculature. 

J Invest Dermatol. 2017. 

2. Folkman J. Angiogenesis. Annu Rev Med. 2006;57:1-18. 

3. Skobe M, Hawighorst T, Jackson DG, Prevo R, Janes L, Velasco P, et al. Induction of 

tumor lymphangiogenesis by VEGF-C promotes breast cancer metastasis. NatMed. 

2001;7(2):192-8. 

4. Liu Y, Cao X. Characteristics and Significance of the Pre-metastatic Niche. Cancer Cell. 

2016;30(5):668-81. 

5. Bareschino MA, Schettino C, Colantuoni G, Rossi E, Rossi A, Maione P, et al. The role 

of antiangiogenetic agents in the treatment of breast cancer. Curr Med Chem. 

2011;18(33):5022-32. 

6. Patel J, Seppanen EJ, Rodero MP, Wong HY, Donovan P, Neufeld Z, et al. Functional 

Definition of Progenitors Versus Mature Endothelial Cells Reveals Key SoxF-Dependent 

Differentiation Process. Circulation. 2017;135(8):786-805. 

7. Asahara T, Murohara T, Sullivan A, Silver M, van der Zee R, Li T, et al. Isolation of 

putative progenitor endothelial cells for angiogenesis. Science. 1997;275(5302):964-7. 

8. Medina RJ, Barber CL, Sabatier F, Dignat-George F, Melero-Martin JM, Khosrotehrani 

K, et al. Endothelial Progenitors: A Consensus Statement on Nomenclature. Stem Cells Transl 

Med. 2017;6(5):1316-20. 

9. Shafiee A, Patel J, Hutmacher D, Fisk N, Khosrotehrani K. Meso-Endothelial bipotent 

progenitors from human placenta display distinct molecular and cellular identity. Stem Cell 

Report. 2018 Accepted;In Press. 

10. Patel J, Wong HY, Wang W, Alexis J, Shafiee A, Stevenson AJ, et al. Self-Renewal and 

High Proliferative Colony Forming Capacity of Late-Outgrowth Endothelial Progenitors is 

Regulated by Cyclin-Dependent Kinase Inhibitors Driven by Notch Signaling. Stem Cells. 2016. 

11. Darby IA, Bisucci T, Raghoenath S, Olsson J, Muscat GE, Koopman P. Sox18 is 

transiently expressed during angiogenesis in granulation tissue of skin wounds with an 

identical expression pattern to Flk-1 mRNA. Lab Invest. 2001;81(7):937-43. 

12. Duong T, Proulx ST, Luciani P, Leroux JC, Detmar M, Koopman P, et al. Genetic ablation 

of SOX18 function suppresses tumor lymphangiogenesis and metastasis of melanoma in mice. 

Cancer research. 2012;72(12):3105-14. 

13. Young N, Hahn CN, Poh A, Dong C, Wilhelm D, Olsson J, et al. Effect of disrupted SOX18 

transcription factor function on tumor growth, vascularization, and endothelial development. 

J Natl Cancer Inst. 2006;98(15):1060-7. 



7 
 

The effect of R (+) propranolol on the metastatic niche in melanoma: A randomized controlled trial
 3rd April 2019    
 Version 1.1 

14. Harrell MI, Iritani BM, Ruddell A. Tumor-induced sentinel lymph node 

lymphangiogenesis and increased lymph flow precede melanoma metastasis. AmJPathol. 

2007;170(2):774-86. 

15. Bald T, Quast T, Landsberg J, Rogava M, Glodde N, Lopez-Ramos D, et al. Ultraviolet-

radiation-induced inflammation promotes angiotropism and metastasis in melanoma. 

Nature. 2014;507(7490):109-13. 

16. Fontaine F, Overman J, Moustaqil M, Mamidyala S, Salim A, Narasimhan K, et al. Small-

Molecule Inhibitors of the SOX18 Transcription Factor. Cell Chem Biol. 2017;24(3):346-59. 

17. Overman J, Fontaine F, Moustaqil M, Mittal D, Sierecki E, Sacilotto N, et al. 

Pharmacological targeting of the transcription factor SOX18 delays breast cancer in mice. 

Elife. 2017;6. 

18. Stoschitzky K, Lindner W, Rath M, Leitner C, Uray G, Zernig G, et al. Stereoselective 

hemodynamic effects of (R)-and (S)-propranolol in man. Naunyn Schmiedebergs Arch 

Pharmacol. 1989;339(4):474-8. 

19. Stensrud P, Sjaastad O. Short-term clinical trial of phopranolol in racemic form 

(Inderal), D-propranolol and placebo in migraine. Acta Neurol Scand. 1976;53(3):229-32. 

20. Pham-Huy C, Sahui-Gnassi A, Massicot F, Galons H, Dutertre-Catella H, Radenen B, et 

al. Analysis of (S)- and (R)-propranolol in human plasma and urine by a specific 

immunoenzymatic assay versus HPLC. Arch Toxicol Suppl. 1995;17:522-7. 

21. Stoschitzky K, Lindner W, Egginger G, Brunner F, Obermayer-Pietsch B, Passath A, et 

al. Racemic (R,S)-propranolol versus half-dosed optically pure (S)-propranolol in humans at 

steady state: Hemodynamic effects, plasma concentrations, and influence on thyroid 

hormone levels. Clin Pharmacol Ther. 1992;51(4):445-53. 

22. De Giorgi V, Grazzini M, Benemei S, Marchionni N, Botteri E, Pennacchioli E, et al. 

Propranolol for Off-label Treatment of Patients With Melanoma: Results From a Cohort Study. 

JAMA Oncol. 2018;4(2):e172908. 

23. Shaashua L, Shabat-Simon M, Haldar R, Matzner P, Zmora O, Shabtai M, et al. 

Perioperative COX-2 and beta-Adrenergic Blockade Improves Metastatic Biomarkers in Breast 

Cancer Patients in a Phase-II Randomized Trial. Clin Cancer Res. 2017;23(16):4651-61. 

24. Cardwell CR, Pottegard A, Vaes E, Garmo H, Murray LJ, Brown C, et al. Propranolol and 

survival from breast cancer: a pooled analysis of European breast cancer cohorts. Breast 

Cancer Res. 2016;18(1):119. 

25. Le CP, Nowell CJ, Kim-Fuchs C, Botteri E, Hiller JG, Ismail H, et al. Chronic stress in mice 

remodels lymph vasculature to promote tumour cell dissemination. Nat Commun. 

2016;7:10634. 



8 
 

The effect of R (+) propranolol on the metastatic niche in melanoma: A randomized controlled trial
 3rd April 2019    
 Version 1.1 

26. Helvind NM, Holmich LR, Smith S, Glud M, Andersen KK, Dalton SO, et al. Incidence of 

In Situ and Invasive Melanoma in Denmark From 1985 Through 2012: A National Database 

Study of 24,059 Melanoma Cases. JAMA dermatology. 2015;151(10):1087-95. 

27. Baade P, Meng X, Youlden D, Aitken J, Youl P. Time trends and latitudinal differences 

in melanoma thickness distribution in Australia, 1990-2006. Int J Cancer. 2012;130(1):170-8. 

28. Hanly P, Soerjomataram I, Sharp L. Measuring the societal burden of cancer: the cost 

of lost productivity due to premature cancer-related mortality in Europe. Int J Cancer. 

2015;136(4):E136-45. 

29. Tromme I, Legrand C, Devleesschauwer B, Leiter U, Suciu S, Eggermont A, et al. 

Melanoma burden by melanoma stage: Assessment through a disease transition model. Eur J 

Cancer. 2016;53:33-41. 

30. Green AC, Baade P, Coory M, Aitken JF, Smithers M. Population-based 20-year survival 

among people diagnosed with thin melanomas in Queensland, Australia. Journal of clinical 

oncology : official journal of the American Society of Clinical Oncology. 2012;30(13):1462-7. 

31. Youlden DR, Baade PD, Aitken JF, Green AC, Khosrotehrani K. Prognostic importance 

of a second invasive primary melanoma according to tumour stage. The British journal of 

dermatology. 2017;177(6):e336-e7. 

32.     Donovan P, Patel J, Dight J, Wong HY, Sim SL,  Murigneux V, Francois M, Khosrotehrani 

K.  Endovascular progenitors infiltrate melanomas and differentiate towards a variety of 

vascular beds promoting tumor metastasis. Nat Commun. 2019 Jan 3;10(1):18. doi: 

10.1038/s41467-018-07961-w.  

 

 

 


