
 

 

 University of Groningen

Molecular mechanisms of platelet-mediated liver regeneration after partial hepatectomy
Kirschbaum, Marc

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2017

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Kirschbaum, M. (2017). Molecular mechanisms of platelet-mediated liver regeneration after partial
hepatectomy. [Thesis fully internal (DIV), University of Groningen]. Rijksuniversiteit Groningen.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://research.rug.nl/en/publications/47abb3b9-fd76-4add-911c-c708c502da14


the role of 
platelets 
In lIver 
regeneratIon – 
what don’t we 
know?
Ton Lisman
marc Kirschbaum
roberT J. PorTe

PubLished in JournaL of hePaToL. 

2015;63(6):1537-8

2



Chapter 2 The role of plaTeleTs in liver regeneraTion – whaT don’T we know?

2

18 19

In an elegant review published in the Journal, Meyer and coworkers summarize current 
knowledge on the role of blood platelets in liver regeneration (1). Better insight in how 
platelets act in amplifying liver regeneration following a partial hepatectomy might have 
important clinical consequences. Currently, no strategies to enhance liver regeneration 
to treat or avoid the ‘small for size syndrome’ are clinically available. Platelets are an 
unexpected, but interesting new target for clinical intervention aimed at accelerating liver 
regeneration. Given the vast clinical experience with platelet-modulating drugs in treatment 
of platelet-associated bleeding disorders or arterial thrombosis, implementation of platelet-
targeted therapy for stimulation of liver regeneration is a realistic scenario. Nevertheless, 
many questions of the mechanism by which platelets promote liver regeneration remain 
unsolved.
In their review, Meyer and coworkers combine knowledge obtained from in vitro models 
with in vivo studies on liver regeneration after partial hepatectomy and in vivo studies on 
liver inflammation (notably lipopolysaccaride-induced liver injury). The authors propose 
that following partial hepatectomy, platelets are recruited to the liver sinusoids and the 
space of Disse by a yet unidentified mechanism after which they release molecules (notably 
proteins) that directly or indirectly stimulate liver regeneration. Internalization of platelets 
by liver endothelial cells or hepatocytes is proposed to contribute to platelet-mediated liver 
regeneration.
Although we agree with these proposed mechanisms, we would like to stress that many of 
these proposed steps have not yet been shown to contribute to liver regeneration in vivo 
as they are extrapolated from either in vitro models or in vivo models of inflammation, 
in which regeneration was not a primary read-out. It has yet to be demonstrated that 
release of alpha and dense granule content (containing growth factors and serotonin, 
respectively) within the liver remnant is required for platelet-mediated liver regeneration in 
vivo. Although it appears plausible that platelets deliver liver-directed mitogens to support 
regeneration, alternative scenarios deserve attention. For example, a role for serotonin in 
liver regeneration has been clearly established (2), and it has been reported that serotonin 
levels within platelets decrease following a partial hepatectomy in humans, which supports 
the theory that platelet granule excretion drives liver regeneration (3). However, a study 
from our center found no evidence for serotonin consumption in this setting (4). In addition, 
as indicated by Meyer, the reported role of serotonin in liver regeneration in animal models 
may not only be explained by a direct mitogenic effect of serotonin on liver cells, but can 
also be explained by functional defects of serotonin deficient platelets. Importantly, platelet 
serotonin depletion by selective serotonin reuptake inhibitors has clinically relevant effects 
on platelet function resulting in an increased bleeding risk and a protection from arterial 
thrombosis (5).
Thus, although increasing clinical and experimental evidence supports the stimulatory 
role of platelets in liver regeneration, the mechanisms remain incompletely identified. 
As the manuscript by Meyer and coworkers was under review, we have published a study 

proposing an alternative scenario for the role of platelets in liver regeneration (6). Using in 
vitro models, we demonstrated that internalization of platelets by hepatocytes contributes 
significantly to platelet-mediated hepatocyte proliferation. In addition, we demonstrated 
that platelets internalized by hepatocytes transfer RNA to the hepatocyte. Transfer of RNA 
from platelets to hepatocytes contributed significantly to platelet-mediated hepatocyte 
proliferation. Platelets contain ~9500 mRNA and ~500 miRNA species (7), and we propose 
that functional transfer of either or both coding and regulatory RNA species from platelets 
to hepatocytes may be important drivers of platelet-mediated liver regeneration. It is 
conceivable that delivery of platelet-derived RNA to liver cells alters the phenotype of these 
cells to support the regenerative process, and an increasing literature on the role of miRNAs 
in liver regeneration supports this theory. Importantly, our studies also demonstrated 
platelet internalization in hepatocytes following a partial hepatectomy in mice, suggesting 
that RNA transfer also occurs during liver regeneration  in vivo.
We fully agree with Meyer and coworkers that we need to expand our knowledge on 
mechanisms of platelet-mediated liver regeneration. In designing future experiments we 
should acknowledge that we are as yet unsure whether factors secreted by platelets (proteins 
or RNA) are relevant for platelet-mediated liver regeneration or that other properties of 
platelets drive liver regeneration. We should take effort to design rigorous in vivo studies to 
validate data obtained in cell culture models. Finally, we should realize that the mechanism 
of platelet-mediated liver regeneration may be different in the various clinical scenarios in 
which liver regeneration occurs. Therapies aimed at simulation of liver regeneration are 
not only relevant in the context of a partial hepatectomy, but also in settings of acute liver 
failure, ischemia-reperfusion injury, and liver fibrosis. Future research should focus on the 
mechanisms of platelet-mediated liver regeneration in these distinct contexts.
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