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Introduction  Autosomal dominant polycystic kid-
ney disease (ADPKD) is the most common genetic
renal disorder. Its prevalence is estimated at 1:500
to 1:4000. In a substantial number of adult pa-
tients, ADPKD leads to end-stage kidney disease
(ESKD)." Autosomal dominant polycystic kidney
disease is caused by a mutation in the PKDI or
PKD2 genes that encode polycystin 1 (PC1) and
polycystin 2 (PC2), respectively.? Polycystin 1 is
expressed in many tissues.® Therefore, the clinical
presentation of ADPKD is not limited to the kid-
neys and numerous extrarenal manifestations of
the disease can be observed.

Both PC1 and PC2 form a complex to play a role
in intracellular calcium homeostasis. The loss of
function of the PC1/PC2 complex leads to upreg-
ulated cAMP signaling, which ultimately results in
ADPKD through a myriad of signaling pathways.
Autosomal dominant polycystic kidney disease
is genetically dominant at the organismal level,
but cystogenesis requires the inactivation or se-
vere reduction of functional activities of alleles of
both PKD1 or PKD2. The critical level of decline in
the functional activity of these genes, required for
the initiation of cystogenesis can vary depending
on different factors, such as kidney developmental
stage, environmental effects, and genetic variants
at modifier loci.Z However, the mechanism of se-
lective inhibition of activity of the normal copy of
PKD1 or PKD2 in an individual patient with an in-
herited mutation in the second copy of the gene
remains unclear. Due to the fact that ADPKD is
observed worldwide, the mechanism of inhibition
of the normal haplotype gene should be univer-
sal. That is why we speculated that it may be a di-
etary component that causes the inactivation of
the normal copy of the gene.
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MicroRNA (miRNA) are short RNA molecules
that are present in eukaryotic organisms and
regulate the post-transcriptional expression of
genes through target mRNA translation inhibi-
tion or degradation. As a result, miRNAs control
crucial biological processes such as metabolism,
apoptosis, developmental timing, cell prolifer-
ation, immune responses, and differentiation.*
It was shown that exogenous plant miRNAs ac-
quired by ingesting food are present in sera and
tissues of animals and may decrease the expres-
sion of target genes in mammals.® Other stud-
ies also support the opinion that plant miR-
NAs can effectively regulate the expression of
human genes in a cross-kingdom manner.*¢
That led to the hypothesis that vegetable miR-
NAs supplied with food interact with a normal
copy of the PKD1 gene leading to its inactivation
and, ultimately, to the clinical manifestations of
ADPKD. To test our hypothesis, we performed
an in silico study in which vegetable miRNAs
potentially interacting with the PKDI gene were
sought. The term ‘in silico’ denotes studies per-
formed on a computer that model natural or
laboratory processes, reducing the need for lab-
oratory work or clinical trials. In silico stud-
ies are among major experimental methods in
genomics.

Methods To search for plant miRNAs interact-
ing with human PKD1 mRNA, we searched for
potential miRNAs targeting 2 isoforms of PKD1
mRNA. For further analyses, we considered only
miRNA-mRNA pairs predicted in at least 4 out
of 8 tools used. In the next step, we restrict-
ed our analyses only to the miRNAs from edi-
ble plants. The list of edible plants is shown in



Supplementary material, Table S1. Finally, we
checked which of the miRNAs found can be con-
sidered as plant-derived xenomiRs.

Due to the robust number of predicted
miRNAs, we decided to repeat prediction using
stricter parameters. The predictions were followed
by the manual verification of miRNAs and the tar-
get’s binding sites.

Detailed data from the bioinformatic analysis
are presented in Supplementary material. No ad-
ditional statistical analysis was performed in this
study, as it was found to be redundant.

The study was conducted in accordance with
the principles of the Declaration of Helsinki. Due
to study design, the approval of the ethics com-
mittee was not necessary.

Results Using psRNATarget, we found 709 and
711 miRNAs potentially interacting with the first
and second variant of the PKDI gene, respectively
(Supplementary material, Table S2 and Table S3).
Among those, we found 341 unique miRNA fam-
ilies (ie, miRNAs with the same sequence found
in the same and/ or different species) potentially
interacting with PKDI variant 1 and 343 unique
miRNA families potentially interacting with PKD1
variant 2 mRNA.

All miRNA family-PKD1 mRNA pairs predict-
ed in the previous step were validated with 8 ad-
ditional tools. In Supplementary material, Tables
S4 (variant 1) and S5 (variant 2), we present-
ed the most potentially interesting miRNAs:
the ones predicted to be binding to PKDI mRNA
by more than 5 out of the 9 tools used, found in
at least a single species that is considered to be
edible and/ or drug for humans, and supposed
to be plant-derived xenomiRs in the study by
Zhao et al (Supplementary material, Reference
M12). An additional column (“strict parame-
ters”) informs whether the given finding was
also confirmed by the second, stricter approach
and highlights the most promising targets for
future experimental validation. The results for
all miRNA families can be found in Supplemen-
tary material, Tables S6 (variant 1) and S7 (vari-
ant 2). MicroRNAs identified in our study have
origins in corn, potato, cabbage, barley, soya,
Asian rice, grapes, cassava, artichoke, melon,
milo (sorghum), marsh pine, reed fescue, barrel-
clover, peanuts, and common radish. The most
promising plant miRNAs, potentially interact-
ing with the PKDI gene include zma-miR164e-
-5p, stu-mir408a-3p, hvu-miR6187, and hvu-
-miR6186, originating from corn, potato, and
barley, respectively.

Discussion According to the literature data,
miRNAs are involved in the pathophysiology of
ADPKD.”® Plant miRNAs are supplied orally, with
food. They are quite stable and do not undergo
degradation during boiling or at low pH in the
stomach. They can be detected in serum and tis-
sues and decrease the expression of mammalian
genes.’ The results of our in silico study suggest
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that it may also be the case in ADPKD. MicroRNAs
present in plants that constitute a basis of diet
in different parts of the world, may potentially
decrease PKD1 expression, leading to the occur-
rence of ADPKD symptoms. Our findings show
that these miRNAs are found in such plants as
corn, potato, cabbage, barley, soya, Asian rice,
milo, grapes, and cassava. It corresponds with
the fact that ADPKD is present worldwide, in
patients of all races. It may also explain individ-
ual differences in the course of ADPKD in mem-
bers of particular families who inherited the same
mutation. In those cases, various dietary habits
would be responsible for differences among dis-
ease phenotypes.

The dietary origin of disease manifestations
would also explain the cystic rebuilding of the liv-
er, which is the most common extrarenal mani-
festation of ADPKD.’® The liver is significantly ex-
posed to plant miRNAs, absorbed by the gut, and
supplied via the portal vein. Liver cystogenesis oc-
curs later in the course of ADPKD compared with
renal cystogenesis and undergoes other regula-
tion processes; however, as mentioned above, nu-
merous additional factors play a role in the initi-
ation of this process.?

Similarly, the presence of plant miRNAs in se-
rum leads to the exposure of endothelial cells to
them, which may explain why the endothelium
is disturbed very often and early in the course
of ADPKD."? Finally, the filtration of blood in
the kidney leads to exposing the epithelial cells
of renal tubules to plant miRNAs,'" which may ac-
count for renal involvement in ADPKD.

Due to the common exposure of the whole pop-
ulation to plant miRNAs, supplied with food, our
results are not limited to people with ADPKD,
but may also explain the pathogenesis of con-
ditions different than ADPKD, eg, simple cysts
of the kidney. They are not hereditary, and their
prevalence increases with age. Ultimately, 50%
of people at 50 years or older have simple renal
cysts. Their pathophysiology remains unclear.'?
Based on our findings, one can speculate that it
may be the decreased PKDI expression, caused
by long-time exposure to plant miRNAs provid-
ed with food, that leads to cystogenesis. Howev-
er, in people with 2 normal copies of the PKD1
gene, the severity of dysfunction is milder com-
pared with those with an inherited mutation of
a single copy of the gene, and the condition nev-
er becomes clinically significant.

The main limitation of our study was the fact
that it was an exclusively in silico study, which
might have been influenced by the availability
and incompleteness of datasets and deficiencies
in bioinformatic algorithms. Therefore, further in
vitro and in vivo studies are needed to confirm
our findings. They should include the detection
of predicted plant miRNAs in human tissues and
provide the evidence of their influence on the ac-
tivity of target genes, as well as the association of
clinical data on the progression of ADPKD with
those on dietary habits.
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Conclusions Exogenous plant miRNAs, acquired
with food, may interfere with the PKDI gene ac-
tivity, decreasing its expression and being respon-
sible for the clinical presentation of ADPKD. Our
findings require further validation in experimen-
tal studies.

SUPPLEMENTARY MATERIAL

Supplementary material is available at www.mp.pl/paim.
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