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Protease Activated Receptor 1 elevation in circulating tumor cells 

increases migration, invasion, and clustering efficiency 

Keyata N. Thompson1 , Julia A. Ju1, Stuart S. Martin1,2,3 and Michele I. Vitolo1,2,3

1Marlene and Stewart Greenebaum Comprehensive Cancer Center, University of Maryland School of Medicine. 655 West Baltimore St. Baltimore, MD 21201 USA,  
2Department of Pharmacology, University of Maryland, 655 W. Baltimore St. Baltimore, MD 21201 USA, 3Graduate Program in Molecular Medicine, University School of 

Medicine, 800 West Baltimore St. Baltimore, MD 21201 USA

Background: To determine essential regulators of metastasis, we created and characterized a

progressive cell system of TNBC metastasis with minimal oncogenic mutations and determined PAR1

(Protease Activated Receptor 1), a GPCR, was overexpressed in the metastatic line. PAR1

overexpression promotes breast cancer tumorigenesis and is correlated with breast cancer cell

migration, invasion, and cancer progression.

Methods: We have isolated and expanded MDA-MB-231 cells from primary xenografts, as circulating

tumor cells (CTCs), and from the lung, each harvested from distinct environments during the

metastatic process. Our studies focus on elucidating mechanisms of attachment, migration, invasion,

and CTC production to identify targets for inhibition of metastatic dissemination. We first determined

the microtentacle frequency for each variant and measured migration and invasion capabilities using

the xCELLigence impedance assay. To gauge metastatic progression and CTC production, each 231

variant was reinoculated into mice. Vortex Biosciences VTX-1 will be used to capture live cells from

blood samples for confocal microscopy to rapidly enumerate circulating tumor cell formation.

Results: We demonstrate that Protease Activated Receptor 1 (PAR1) expression progressively

increases with each variant (parental MDA-MB-231 cells < tumor derived MDA-MB-231cells (231TD) <

231lung<231CTCs). Increasing PAR1 also correlates with increasing microtentacle (McTN) activity.

We found that the tumor and lung-derived MDA-231 cells had comparable McTN characteristics, but

the CTC-derived cell line exhibited McTNs that were significantly higher in number and longer in

length. Moreover, when comparing the ability to invade and migrate, the CTC-derived line surpassed

the other MDA-231 variants. Microtentacle expression and the enumeration of live tumor cells from

reinoculated animals with each variant were isolated from blood samples and analyzed with confocal

microscopy for McTNs on TetherChip microfluidic surfaces.

Abstract

Background 

Figure 1: Model cell system of breast cancer progression. The Basal-B MCF10A and 3 genetically manipulated

MCF10A lines (homozygous loss of PTEN, constitutively active KRas (G12V), and combined PTEN-/-KRas(G12V)) (A)

Primary tumor formation (mammary fat pat injection). (B) Western blot of EMT markers. (C) Metastatic recurrence (Tail

vein injections).

Figure 2: Disease free and

overall survival from upper

and lower quartile of high vs

low PAR1 expression (116

total TNBC patients’ samples

from cbioportal.org). Median

months of disease free is

53.0. Median months of

overall survival is 97.4.

Figure 3: PAR1 expression in MCF10A and MDA-MB-231 variants. PAR1 highly expressed in the metastatic

MCF10A variant, PTEN-/-KRas and in the MDA-MB-231 variants expanded from collected CTCs and lung

metastases. Depending on culture conditions, the MCF10A/KRas cells can express higher levels of PAR1 than seen

in this representative blot.

Results 

Conclusions and future directions: We have established that both PAR1 expression and McTNs production increase at

progressive stages of metastasis. We will next determine if PAR1 is responsible for the increase in McTNs, migration,

invasion, and/or CTC production, and examine each variant for increased metastatic potential in our preclinical mouse

models.

Table 1: MDA-MB-231 variant comparison
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Figure 5: MCF10A variants expressing PAR1-GFP or GFP control. To examine the effect of PAR1 on tumorigenicity,

McTNs production, migration, invasion, CTC production and metastasis, PAR1-GFP was overexpressed in the low

PAR1 expression MCF10A variants. A. PAR1-GFP localizes to the cell membrane in the MCF10A and PTEN-/- lines

but not as distinctly in the 10A/Kras(G12V) and PTEN-/-KRas cells. B. To test the effect of PAR1-GFP on

tumorigenicity, each variant (1x106 cells in 50% Matrigel) was injected into the mammary fat pad of NSG mice.

Bioluminescent imaging was measured weekly and normalized to the initial bioluminescent reading of the same animal.

One representative animal is shown for each variant expressing GFP or PAR1-GFP. C. Graphical representation of the

bioluminescence average for 5 test animal.
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Figure 4: PAR1 activation promotes cofilin phosphorylation and cell invasion, while PAR1 inhibition decreases cell

invasion. The MDA-231 cells were plated in starvation media (DMEM only) overnight, treated with TRAP6 (10mM), and

harvested in RIPA lysis buffer at 0, 0.5, 1, 2, and 4hrs. Preliminary (A) Western blot and densitometry analysis (B) (n=2)

reveals TRAP6 treatment increases cofilin phosphorylation (pcofilin=inactive). Starved MDA-231 cells (40,000 cells/well)

were plated into a Matrigel coated (1mg/ml) xCELLigence cellular invasion-migration (CIM) plate in TRAP6 (10mM) (C),

vorapaxar (0.5mM) (D), or vehicle control added to both the top and bottom chambers. For PAR1 activation with TRAP6,

no attractant was added in the bottom wells. However, for PAR1 inhibition, 5% charcoal dextran stripped serum was

added as an attractant in the bottom wells.
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