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• Although ovarian cancer is only the 17th most 
common cancer, it is the leading cause of 
gynecologic cancer-related death1.

• Has poor prognosis due to late diagnosis, 
chemoresistance, metastasis, and 
recurrence2,3.

• Tumors primarily metastasize along ascitic 
currents in the peritoneal cavity3.

• OVCAR3 cells and ES2 cells on PA gels 
(400 – 22,000 PA) and glass coated with 
fibronectin or collagen in the presence 
and absence of serum

• Watershed Segmentation Technique 
using distance transform of binary 
images and imposing local minima as 
nuclei to diminish over-segmentation
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• A significant determinant of tumor 
behavior, the tumor microenvironment 
(TME) is characterized by cellular and 
noncellular components as well as 
various mechanical stresses, including 
interstitial fluid pressure, solid stress, 
and flow-induced shear stress2, 5.

• OVCAR3 and CaOV3 cells in perfusion 
models under flow and static conditions 
at various cell densities (100k-500k)

• Watershed segmentation technique 
adjusted due to the challenge of 
binarizing high cell density images.

• Input is the gradient of grayscale actin 
with both background and foreground 
(nuclei) markers imposed as minima.

Marker-Controlled Watershed Segmentation
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Figure 8. Flow-Induced Shear Stress Image Set (a) Original image of cell with both channels. (b) Dapi channel 
corresponding to the nuclei of cells. (c) Binarization of nuclei through Otsu’s method after one application of 
contrast-limited adaptive histogram equalization. (d) Marker-controlled watershed transform of nuclei by imposing 
local minima on a distance transform of the binarization to produce a label matrix. (e) Label matrix applied to 
binarized image to produce nuclei markers. (f) Phalloidin channel corresponding to the actin in the cell. (g) 
Grayscale image of the actin. (h) Binarization of actin with manual thresholding; threshold derived from 
histograms of pixel intensity of the grayscale image of actin. (i) Inverted image of actin with smaller regions 
removed to produce background markers. (j) Marker-controlled watershed transform of actin by imposing nuclei 
and background markers on the gradient of the grayscale image of actin to produce final segmented image of actin 
with centroids labeled as dots.

Figure 1. Ovarian Cancer 
Metastases with tumor cells in 
yellow and ascitic currents in 
green (Nath et al., 2020).

Figure 4.
a. Original actin
b. Distance 
Transform
c. Watershed 
Transform
d. Split actin

Figure 5. (a) Original actin with nuclei. 
(b) Gradient of grayscale actin. (c) 
Final segmented actin.

Figure 6. Substrate Stiffness Image Set (a) Original image was classified after thresholding according to its entropy. 
(b) Phalloidin (actin) and Dapi (nuclei) channels were equalized with different clip limits through a contrast-limited 
adaptive histogram equalization according to entropy classification. (c) Binarization of actin and nuclei through 
Otsu’s method. (d) Marker-controlled watershed transform of nuclei by imposing local minima on a distance 
transform of the binarization. (e) Marker-controlled watershed transform of actin by imposing nuclei on a gradient 
of the grayscale actin image. (f) Actin removed through filtration algorithm if it did not contain the centroid of a 
nucleus.
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• Through a novel application of the marker-controlled watershed 
segmentation technique, we developed a workflow to analyze images of cells 
under various conditions and derived phenotypic metrics.

• Not only did this method quantify visible trends such as increases in cell 
area, but it also captured metrics, such as major axis length and orientation, 
that could not have been found otherwise.

• Our analysis showed us that flow-induced shear stress increases cell area and 
eccentricity in perfusion models at high densities, while the presence of 
serum on PA gels did not affect cell area.

• These metrics can provide important insights into molecular mechanisms 
and mechano-transduction to inform improved treatments for ovarian 
cancer.

• This workflow can be adjusted and applied to a variety of cell images for 
future development.

Ovarian Cancer

Tumor Microenvironment

• The TME has elevated interstitial fluid flow, which can affect cell migration 
through mechano-transduction6.

• Mechano-transduction regulates cellular responses to the microenvironment as 
mechanical forces can drive signaling, function, cell adhesion, and proliferation7.

• Both substrate stiffness and flow can mimic the mechanical microenvironment 
and modulate cell shape, adhesion and spreading4,7.

Figure 2. Tumor microenvironment and 
its components: stromal, extracellular 
matrix, solid stress, interstitial fluid 
pressure, fluid flow (Sorrin et al., 2020).

• The watershed segmentation technique is an 
established algorithm for image segmentation.

• It is derived from the topographical concept of a 
watershed and separates an image into catchment 
basins8.

• The algorithm calculates watershed lines of a 
grayscale image, producing a label matrix8.

• Pixel values of 0 correspond to watershed lines, while 
pixel values of 1+ correspond to catchment basins8.

Figure 3. Watershed 
Catchment Basin 
(MathWorks, 2020).
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Figure 7. Cell count of OVCAR-3 cells on PA gels increases in the 
presence of serum due to increased adhesion. However, the cell 
area of OVCAR-3 cells is unaffected by the presence of serum. 

Figure 7. Cell area of OVCAR-3 cells under flow is higher than 
cell area under static conditions at both 200k and 500k density. 
Eccentricity of OVCAR-3 cells under flow is also higher than cell 
area under static conditions at both 200k and 500k density. 


