Drugs modulating stochastic gene expression affect
the erythroid differentiation process
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Abstract

It has been established that isogenic cells display an heterogeneous phenotype in an ho-

mogeneous environment. The main source of this variability arises in eukaryotic cells from
the transcriptional processl,2 through stochastic gene expression (SGE).
To understand how a metazoan cell takes the decision to differentiate, we study the role of
SGE during the erythroid differentiation process. Our hypothesis is that SGE could posi-
tively participate in decision making for each cell3. We obtained experimental evidence that
is fully compatible with such a view (Richard et al., submitted), but the conclusive demon-
stration for a causative role for SGE would require to be able to experimentally manipulate
the amount of SGE.

To do so in our cellular system, we tested 10 drugs known to modify expression noise in a
LTR driven reporter gene in human lymphocytes4 on a chicken erythroid progenitor cell line
harboring a fluorescent reporter gene5. We obtained evidence that two drugs, Artemisinin
and Indomethacin, significantly decreased SGE in these cells. In order to get a better un-
derstanding of their molecular action, we fitted a two-state model of gene expression. This
led to the conclusion that the two drugs acted via different mechanisms.

We then asked whether or not such a drug-induced modulation of SGE could affect the
differentiation process. We observed that indeed both drugs were able to significantly reduce
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the amount of differentiated cells. This provided the first evidence that the modulation of
SGE can result in impairment of the differentiation process.

We then analyzed what might be the cellular basis for such an effect. After fitting a dynam-
ical model of erythroid cell differentiation on control untreated cells, we used it to estimate
which parameters were modified by Artemisinin treatment. We observed that most of the
parameters of the differentiation process were affected, including the death rate of differenti-
ated cells, as well as the rate of differentiation from the committed cell compartment toward
the differentiated cells compartment.

We recently showed that cell-to-cell variability (as assessed by a measure of entropy at
the single cell level) was significantly increased during the differentiation process, before re-
turning to much lower values at the end of the process (Richard et al. submitted). We are
now in the process of analyzing how such cell-to-cell variability is affected by drugs treatment.

1 Elowitz, M. B., Levine, A. J., Siggia, E. D. & Swain, P. S. Stochastic gene expression
in a single cell. Science 297, 1183-1186 (2002).

2 Ozbudak, E. M., Thattai, M., Kurtser, I., Grossman, A. D. & van Oudenaarden, A. Reg-
ulation of noise in the expression of a single gene. Nat Genet 31, 69-73, do0i:10.1038 /ng869
(2002).

3 Huang, S. Cell Lineage Determination in State Space: A Systems View Brings Flexi-
bility to Dogmatic Canonical Rules. PLOS Biol 8, €1000380 (2010).

4 Dar, R. D., Hosmane, N. N., Arkin, M. R., Siliciano, R. F. & Weinberger, L. S. Screening for

noise in gene expression identifies drug synergies. Science 344, 1392-1396, doi:10.1126/science.1250220
(2014).

5 Vinuelas, J. et al. Quantifying the contribution of chromatin dynamics to stochastic gene

expression reveals long, locus-dependent periods between transcriptional bursts. BMC Biol-
ogy 11, 15 (2013).



