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Intercellular communication constitutes a fundamental mechanism underpinning diverse physiological processes and
coordinated multicellular systems. The intercellular propagation of miRNAs via extracellular vesicles has garnered
significant attention for non-cell autonomous gene regulation. Using a co-culture system of mouse and human pluripotent
stem cells, we discovered that cytoplasmic mRNAs are bidirectionally transferred in a contact-dependent manner,
translated in the recipient cells, and induce cell fate conversion. This finding led us to further hypothesize that
physiological mRNA transfer could be leveraged for cellular reprogramming and genome editing. Our study aimed to
provide a proof-of-concept for two applications of contact-dependent intercellular mRNA transfer: (i) cell fate
reprogramming in vitro and (ii) functional genome editing in vivo.

While mouse embryonic stem cells (ESCs) represent the naive state, conventional human ESCs and induced
pluripotent stem cells (iPSCs) correspond to the primed post-implantation epiblast stage. The maintenance of each state
requires distinct culture conditions, and primed human cells typically lose pluripotency when exposed to 2i+LIF, a
medium optimized for naive mouse ESCs. We found that direct co-culture with mouse ESCs enabled a subset of human
ESCs/iPSCs to maintain expression of core pluripotency markers and sustain their survival even under 2i+LIF conditions.
To determine whether mRNA transfer takes place in this setting, we employed in situ hybridization to detect mouse-
derived mRNAs within human cells. Using fluorescent reporter constructs or MS2-tagged endogenous transcripts
introduced into mouse ESCs, we confirmed the presence of mouse-specific mRNAs in human cells only under direct co-
culture conditions. Approximately 7.1% of donor cell mRNA content was transferred to recipient cells. RT-qPCR with
species-specific primers following FACS-based separation further validated the bidirectional transfer of endogenous
mRNAs such as f-actin. RNA sequencing of FACS-isolated human cells revealed a broad spectrum of mouse mRNAs,
including those encoding transcription factors associated with pluripotency and stress-coping pathways.

To establish a causal link between transferred mRNAs and reprogramming, we generated human iPSCs expressing
RNAI constructs that selectively knock down mouse-specific transcripts of key naive TFs (TFCP2L1, TFAP2C, KLF4).
When co-cultured with mouse ESCs, these knockdowns abolished naive marker induction and dome-shaped colony
formation, without affecting intrinsic human pluripotency or small-molecule—driven reprogramming. These results
demonstrate that transferred mRNAs encoding key transcriptional regulators are required for the subsequent naive-like
reprogramming in human cells (Yoneyama et al., PNAS 2025).

To extend this mechanism toward gene therapy applications, we explored whether mRNA transfer could be
mediated by anucleate cells such as platelets. As platelets are commonly used in clinical transfusions, we hypothesized
that engineered platelets could serve as biocompatible RNA delivery vehicles. We developed methods to load synthetic
mRNAs and CRISPR-Cas9 ribonucleoprotein (RNP) complexes into platelets and established co-culture conditions with
human cells. Fluorescent reporter assays demonstrated successful mRNA delivery from platelets to various human cell
types, including iPSCs/ESCs, hepatoma cells, and endothelial cells. Furthermore, we tested whether genome editing
could be achieved via platelet-mediated delivery. Using a Cre-reporter system inserted at the AAVS1 locus in human
ESCs, we observed fluorescent color switching and confirmed precise genome edits following co-culture with platelets
loaded with Cre mRNA or CRISPR-Cas9 RNPs. In vivo studies further validated this approach. Platelets carrying Cre
mRNA were injected via the splenic route into transgenic reporter mice. Post-injection analysis revealed Cre-dependent
reporter activation in the spleen, indicating successful in vivo RNA delivery and genome editing. These findings suggest
that platelets can be harnessed as a platform for targeted RNA delivery and therapeutic genome editing. Future efforts

will focus on enhancing transfer efficiency and engineering organ-selective delivery strategies.



