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An alteration of the dopamine synthetic pathway is possibly
involved in the pathophysiology of COVID-19

To the Editor,

| have read with great interest the paper by Li et al® entitled “The
neuroinvasive potential of SARS-CoV2 may be at least partially re-
sponsible for the respiratory failure of COVID-19 patients.” | would like
here to provide arguments indicating that an alteration of the dopamine
synthetic pathways is possibly involved in the pathophysiology of
COVID-19. A simple bioinformatics approach to predict new roles for any
given gene consists in identifying the coexpression network it integrates
with. To unravel putative neural impacts of SARS-CoV2 infections, such a
“culprit-by-association” strategy may be applied to Angiotensin | Con-
verting Enzyme 2 (ACE2), the gene encoding the main receptor to
SARS-CoV2, SARS-CoV, and MERS-CoV. To this aim, multiexperiment
matrix (MEM)? is a robust web tool allowing to combine and integrate
correlation links between messenger RNA (mRNA) levels across a large
number of human microarray datasets (precisely 2811). Surprisingly, ac-
cording to MEM, the gene exhibiting the most statistically significant
coexpression link with ACE2 is Dopa Decarboxylase (DDC) (P: 2.39E-61;
Pearson correlation test). Based on the hypothesis put forward by
Li et al’, this observation is possibly interesting for several reasons. DDC
is indeed a major enzyme of both the dopamine and the serotonin syn-
thetic pathways as it converts L-3,4-dihydroxyphenylalanine (L-DOPA)
into dopamine and L-5-hydroxytryptophan into serotonin. In addition,
DDC also supports the conversion of histidine into histamine. That ACE2
coregulates with DDC indicates a possible functional link between the
ACE2-mediated synthesis of angiotensin 1-7 and the DDC-mediated
synthesis of dopamine and serotonin. Arguing for the existence of such a
link, brain dopamine contents were shown to be increased following in-
fusion of angiotensin 1-7 in the hypothalamus of rats.®> Along this line,
angiotensin 1-7 was shown to stimulate the renal synthesis of dopamine.”
Conversely, that ACE2 coregulates with DDC also implies that any
SARS-CoV2-induced downregulation of ACE2 expression, a process
previously demonstrated for SARS-CoV,” might be paralleled by altera-
tions of both the dopamine and serotonin synthetic pathways. Supporting
this view, ACE2 knockout (KO) mice were reported to exhibit dramati-
cally low serotonin levels in both the blood and brain.® Dopamine levels
were not assessed in this study but should be explored in future studies.
While patients with COVID-19 might suffer from of a central autonomic
failure of respiratory functions, it is important to keep in mind that ACE2
and DDC may coexpress and coregulate in nonneuronal cell types. Indeed,
among the microarray datasets compiled in MEM, the most significant
correlations between ACE2 and DDC mRNA levels are found in studies
exploring colorectal adenocarcinoma samples. Confirming this observa-

tion, a survey of the database “Human Protein Atlas,” the currently

largest protein expression atlas of normal human tissues, shows that
ACE2 and DDC are both highly expressed in intestinal epithelial cells.
Since intestinal epithelial cells were shown to convert L-DOPA into do-
pamine® and to provide an important source of blood-circulating dopa-
mine,” one may hypothesize that a defective expression of ACE2 and DDC
in intestinal cells may translate into altered levels and/or regulation of
dopamine in the blood of patients with COVID-19. This is all the more
interesting as experiments performed in mice demonstrate that dopa-
mine may shape lung immunity via dopamine receptors expressed by
alveolar epithelial cells,® lung macrophages,? and lung terminal nerves.” In
particular, in a murine model of endotoxin-induced acute lung injury, the
dopamine D1 receptor agonist fenoldopam was shown to dampen in-
flammation as well as lung permeability and pulmonary edema.® The
potential protective role of dopamine in the context of viral infections has
been poorly investigated until now. In this regard, it is worth noting that
in a recent work, DDC was found to negatively regulate the replication of
the Flaviviridae viruses dengue and hepatitis C.’° Experimental research
works are needed to clarify the links between ACE2 and DDC during
SARS-CoV2 infection. Moreover, in patients suffering from severe forms
of COVID-19, the hypothesis of a systemic failure of the dopamine

synthetic pathway should be taken into account and further explored.
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