
Biodiversity, the presence of many phenotypes and 

species, is a ubiquitous feature of nature. Species 

coexist by preferentially consuming different foods 

(diet separation), occupying different times and places 

(habitat separation), or varying in their capacities to 

avoid hazards and exploit opportunities (predation-

based or food-safety trade-offs).

Over 50 years ago, ecologists showed how temporal 

fluctuations in resource or environmental conditions 

could permit coexistence of multiple species.  Such 

coexistence results from non-linearities in the way 

resource supply translates into fitness. These non-

linearities reflect tradeoffs where one species benefits 

more than the other during good periods and suffers 

more (or does less well) than the other during less 

good periods, be the periods stochastic or seasonal. 

We suggest here that different cancer cell 

types may equate to biodiversity in nature.

In cancer ecosystems, variation in environmental 

favorability and resource abundances appears to be 

the norm. Within tumors, nutrient availability, oxygen, 

and pH can fluctuate stochastically or periodically, with 

swings occurring on scales of seconds to minutes to 

hours and varying among spatial locations (Michiels et 

al., 2016; Gillies et al., 2018; Saxena and Jolly, 2019). 

Also in cancer ecosystems, diversity or heterogeneity 

of cell types within tumors is the norm and correlates 

with resistance of tumors to therapies (Marusyk and 

Polyak, 2010; Robertson-Tessi et al., 2015; Lloyd et al., 

2016). Despite considerable interest in tumor 

heterogeneity and how it may promote coexistence of 

different cell types, coexistence of cancer cell types as 

morphological phenotypes has not been explored. 
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background methods
We 1) established that the conditions in tumors are 

conducive for this mechanism (angiogenesis, hypoxia), 

2) empirically explored biomarkers indicative of the 

two phenotypes (HIF-1; GLUT-1; CA IX; CA XII), 3) and 

compare these strategies in ecology in nature to the 

cancer histologies to provide cross-disciplinary insights 

into this mechanism of coexistence.

High-expressing CAIX cells were virtually absent (<5%), rare (5–

10%), and common in 18, 8, and 1, respectively, of the 27 

quadrats at the interior of the tumor (low resources), while 0, 2, 

and 25, respectively, at the edge of the tumor (high resources). 

Low expressing CAIX cells always comprised at least 10% of the 

cancer cell population. Low CAXII expressing cells always 

comprised > 10% of the cancer cell populations both in the 

interior and edge of the tumors. High expressing CAXII cells 

(crumb pickers?) always comprised > 10% of cancer cells in the 

tumors’ interiors, but at the edge were <1% in 2 samples, 

between 1 and 5% in 7 samples, and 5–10% in 6 samples. GLUT-

1 and HIF-1α data also available in Table 02.

Table 01. Biomarkers evaluated for 
spatial orientation and expression 
levels from 10 invasive ductal 
carcinoma stage III patients.  

~ HIF-1ɑ

~ GLUT-1

~ CA-IX

~ CA-XII
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We used histologies from 10 breast cancer patients 

and segmented the cancer regions of interest. For 

each of the stains, we identified a subsample in a 

region with numerous cancer cells. From this 

cancerous region we created a smaller 500μm x 

500μm quadrats.  We collected quatrants from regions 

with access to rich resources (edge) and sparse 

resource (center).  Next, we segmented the individual 

cells and measured the expression level of the stains.

In total, these data provided 60 500 × 500 μm sample 

quadrats (10 patients × edge versus interior habitats 

of the tumor × 3 replicates per habitat).

Figure  01. Segmentations from patient 5888 wherein adipose 
(light blue), adjacent normal (blue), and cancer (orange) regions 
were isolated.  

results

conclusions

CA-IX CA-IX GLUT-1 HIF-1α

Figure  02. Patient 5888 IDC sample 
stained with CA-IX, CA-XII, Glut-1, 
and HIF-1α each demonstrate 
regions of variable biomarker 
expression. (A–D) display a larger 
number of cells wherein (E–H) are 
expanded views of selected regions 
of interest (black bounding boxes). 
(E–H) demonstrate both high (black 
arrows) and low (white arrows) 
expression levels (brown stain) in 
co-mingled populations of cancer 
cells. All scale bars = 20 μm

Identifying and studying morphological phenotypes could hel[p to explain 

intratumoral heterogeneity.  Understanding these variations would provide 

(1) direct applications and tests of ecological principles in a simpler yet 

complete ecosystem, (2) applications of consumer-resource models to the 

diversification of cancer cells within and between patients, (3) explicit 

uptake and cost parameters that have not been, but can be, measured for 

cancer cells, and (4) insights to possible therapeutic implications.


