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An exciting new study by Cui et al. (1) “miR-194 suppresses 
epithelial-mesenchymal transition of retinal pigment 
epithelial cells by directly targeting ZEB1” published in 
Annals of Translational Medicine adds pieces in the framework 
of the regulation of cellular plasticity of retinal pigment 
epithelial (RPE), a commitment necessary to maintain a 
properly functioning and organized retina. Proliferative 
vitreoretinopathy (PVR) is main cause of failure of surgical 
treatment of rhegmatogenous retinal detachment (2). 
PVR is characterized by epithelial-mesenchymal transition 
(EMT) and hypertrophy of RPE. Clinical and experimental 
evidence has shown that RPE cells undergo EMT to adopt 
a fibroblastic phenotype, indicating that intact cell-cell 
adhesions and functioning signaling pathways such as Wnt 
and Hippo signaling, as well as EMT proteins, are essential 
for the maintenance of the RPE phenotype (3). 

MiR-194 had previously been found expressed in the 
epithelia of organ sensor, the inner ear membrane and the 
retina of developing mice (4,5). The work of Cui et al. (1) 
confirms the abundance of miR-194 in the rat retina and 
human ARPE-19 cells and provides an overview of the role 
of miR-194 in the EMT of ARPE-19 cells. Notably, miR-
194 overexpression is shown for the first time to suppress 
effectively EMT of RPE by targeting the EMT regulator 
zinc finger E-Box binding homeobox 1 (ZEB1). Cui et al. (1)  
develop in vitro and in vivo experiments coming to 
conclusion that miR-194 is a potential therapeutic tool 

in PVR. Profiling of mRNA expressions in RPE cells 
overexpressing miR-194 shows enrichment for genes 
involved in infection, inflammation, Hippo pathway, NF-κB 
pathway, and for pathways closely related to RPE functions 
as phagocytosis, cell adhesion and interaction with extra-
cellular matrix (1). Furthermore, miR-194 overexpression 
suppresses proliferation and migration of RPE cells. 
Overall, miR-194 promises to act as an EMT modulator 
and on specialized functions of RPE.

The molecular and cellular mechanisms underlying 
an EMT can be initiated by multiple extracellular signals 
depending on the physiological or pathological context (6-9).  
In RPE cells, various signals induce EMT (10-14). The 
proven connection between miR-194 and ZEB1 in RPE 
cells by Cui et al. (1) represents a milestone for a better 
understanding of EMT. ZEB1 is believed an essential 
driver of cellular plasticity and consequently of progression 
from EMT activation and tumorigenesis to advanced 
metastases (15,16). In addition to the mutually stimulating 
and coherent loop TGFβ-ZEB1, ZEB1 transcription 
in RPE cells undergoing EMT could be mediated by 
Hippo pathway activation (17). ZEB1 promotes EMT by 
repressing stemness-inhibiting microRNAs including miR-
200 family, miR-203, miR-183 and miR-141 (18). By means 
of these mechanisms, ZEB1 links the activation of EMT 
and the maintenance of mobile cells. 

Transforming growth factor-β proteins (TGF-β) oversee 
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and direct many aspects of cell development, differentiation, 
and homeostasis (19,20).  miR-194 overexpression 
suppresses TGF-β1-induced EMT and restricts ZEB1 
mRNA and protein levels in ARPE-19 cells. Thus, Cui  
et al. (1) hypothesize and confirm that ZEB1 is a direct 
target of miR-194. To further support the importance 
of ZEB1 inhibition by miR-194 in RPE’s EMT, ZEB1 
silencing also attenuates TGF-β1-induced EMT and 
promotes cell growth arrest, independently from classical 
TGF-β1 pathway. Interestingly, ZEB1-regulated genes 
in RPE cells show changes that counteract what has been 
observed in other cell types, implying context-dependent 
regulation of the ZEB1 pathway (1). We represent a possible 
scenario based on experimentally validated target genes of 
miR-194-5p. Figure 1 shows the interaction network among 
proteins controlled by hsa-miR-194-5p and others involved 
in EMT and Hippo pathways. ZEB1 cross-talks with typical 
EMT proteins and others as BMI1, EP300, IGFR1R and 

FOXM1, which connect with Hippo pathway mainly via 
SNAI1 and SNAI2. In summary, miR-194 can modulate 
EMT and Hippo pathways through different routes 
although ZEB1 remains central for this outcome. 

On a more practical level, the work of Cui et al. (1) 
demonstrates effectiveness of miR-194 manipulation 
in RPE cells. A rat PVR model was created by vitreous 
injection of platelet-rich plasma added with human ARPE-
19 cells combined to miR-194 or miR-194-inhibitor. In 
line with expectations, miR-194 supplied exogenously 
attenuates ZEB1 immunostaining and EMT of RPE cells 
in the rat retina. This discovery brings together two new 
potential targets for the PVR care. In the future, it would 
be important to investigate the context dependency of miR-
194 action, identifying proteins cooperating with miR-194 
and its target genes other than ZEB1 yet to be ascertained.

MicroRNAs are pleiotropic agents each of which 
potentially acts on many target genes and diverse cellular 

Figure 1 Network of interactions among hsa-miR-194-5p target proteins and members of the EMT and Hippo pathways. Experimentally 
validated target genes of human hsa-miR-194-5p with strong evidence were obtained from MiRTarBase.org (asterisk) (21). Network analysis 
was performed on string-db.org using medium confidence level (22). Disconnected nodes have been removed.  
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functions. The overall profile of microRNAs expressed in 
a cell context integrates signals and modulate regulatory 
circuitries, cooperating with transcription factors in 
dynamically establishing mRNA levels (23,24). Future 
researchers should aim at improving understanding the role 
of ZEB1 and miR-194 in RPE and testing effectiveness of 
miR-194 modulation alone and in combination with other 
agents. Elevating or inhibiting the level of microRNAs 
targeting known genes and signaling pathways could reveal 
strategic for restoring homeostasis and functions in the cell. 
Precisely because they are supported by multiple targeting 
capability, certain microRNAs could be capable to subvert 
the hierarchical relationships among diverse regulation 
levels in certain pathological contexts.
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