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Background and aim: Intratumor heterogeneity (ITH) contributes to the lethal outcome of cancer, therapeutic failure, and 
drug resistance. Next-generation sequencing improved our understanding of tumor initiation, development, and interaction 
with immune-microenvironment. Despite this, knowledge of ITH, clonal evolution, and the potential for competitive release 
of resistant subclones is infrequently considered in clinics. Cancer cells share some “trunk” mutations (usually those are driver 
mutations), which are considered to be clonal and virtually present in each cell of a given tumor mass. On the other hand, it 
is well known that different intratumor subpopulations of cells have a more “private” mutational landscape, the function of 
which is not fully understood yet. It is not trivial to investigate the possibility, which indeed seems to be backed up by both basic 
research evidences and clinical data, that this “private” mutations play a relevant role in primary and secondary resistance to 
therapy. To gain a better comprehension of ITH dynamics, we took advantage of single-cell copy number variation (scCNV) 
analysis, DNA barcoding, and machine learning-governed mathematical modeling, in order to identify tumor subpopulations 
in patient-derived metastatic colorectal cancer organoids (mCRC-PDOs). We tracked their evolutionary trajectory overtime, and 
ranked the subpopulations itself for their responsiveness to different  anticancer drugs. The final goal is to better understand 
ITH evolutionary dynamics, and how they impact the phenomenon of pharmacological resistance.

Methods: Four different, KRAS-positive, mCRC-PDOs from our collection were DNA-barcoded employing the ClonTracer 
lentiviral barcode library from Frank Stegmeier Lab, following their protocol, at MOI 0.1(to ensure that a single cell will integrate 
a single barcode). Organoids were then let grow for 5months in 3D colture conditions, untreated and under cetuximab 
pulsed treatment (starting from day 30 after lentiviral infection; each pulse lasting 30 days, followed by 30 days-long relapse). 
We tracked the subpopulations via barcodes deep-seq, by using a longitudinal non-destructive monitoring of cancer clones. 
Furthermore, we applied scCNV analysis on the resulting leftover cells after splits (with a 30 days resolution), in order to gain an 
additional parameter to be used during  subpopulations analysis. This analysis were performed on both untreated and treated 
mCRC-PDOs.

Results: From all of each 4cases, we were able to detect distinct subpopulations, both by DNA barcoding and scCNV. Their 
evolution overtime showed a significant reshuffling of each sub clonal component, in terms of representativeness among 
the total population; this occurred with minimal loss of complexity when PDOs were left free from treatment. On the other 
hand, the organoids under treatment showed an expected, drug-induced, shift in subpopulation composition compared to 
untreated counterparts, and a reduction in population complexity. This is explainable, considering the selective pressure exerted 
by each cycle of treatment. Interestingly however, each case showed a distinct pattern in terms of scCNVs of the surviving 
subpopulations. Even more intriguing was the observation that some of the subpopulations supposedly extinguished by the 
treatment, showed up again after each relapse period (a phenomenon detected by the rise up in allelic frequency of their 
barcodes via deep sequencing).

Conclusion: Our preliminary data highlight to us two distinct phenomena. First, the fact that every mCRC-PDO seems to follow 
a different “strategy” in terms of evolutionary steps leading to therapy resistance. Second, that the resistance seems to derive by 
both darwinian evolution and lamarckian induction. However, our observations are still preliminary, and need to be confirmed 
on a larger cohort of samples, as well as from additional, more powerful, methodological approaches.


