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Disease modeling using patient iPS cells is useful to elucidate molecular mechanisms of pathogenesis
and drug efficacy analysis based on genotype-Phenotype. However, in female (type XX) human
pluripotent stem cells (hPSCs), irreversible erosion of X chromosome inactivation controlled by
epigenomic modifications is inevitable. This results in aberrant expression of X-linked genes and
obstacle for proper disease modeling using female hPSCs. Thus, in many hPSC studies, male lines are
preferentially used, which has stalled genoetype-phenotype studies that include sex differences. There
have been many indications of false positive and false negative results in ex vivo modeling of the effects
of X chromosome inactivation disruption. Therefore, it has been reported that accurate disease modeling
cannot be reproduced in X-linked diseases, and a drastic solution is needed.

Recently, we have succeeded in understanding the molecular mechanism of irreversible X chromosome
Inactivation disruption and its reactivation in female pluripotent stem cells.

In this study, we generated patient-iPS cells with normal X chromosome inactivation in female-specific
X-linked diseases, PCDH19-related and Rett syndrome. Using these patient-specific iPS cells with
normal dosage compensation of X-linked genes, we conducted proper disease modeling to elucidate

molecular mechanisms of pathogenesis.

(1) PCDH19-related syndrome
Using a mathematical approach and iPS cells retaining proper X-chromosome inactivation derived
from patients with PCDH19-missense mutation, we found that the heterotypic conditions, which
are composed of wild-type and missense PCDH19, led to significant cell-to-cell proximity and
impaired neuronal differentiation accompanied by the aberrant accumulation of Doublecortin, a
microtubule-associated protein. Our findings suggest that ease of adhesion between cells expressing
either wild-type or missense PCDH19 might form aberrant cell aggregation in early embryonic

phases, causing poor neuronal development.

(2) Rett syndrome

In this study, we used two different patien-specific iPS cells with mutation of MECP2 gene (RTT-
iPSCS). First, we performed neurodevelopmental modeling in RTT-iPSCs with a missense mutation
(R306H); The analysis revealed that R306H RTT-iPSC clones were significantly impaired in
development into cortical neurons, but were able to differentiate normally by reacquisition of X-
chromosome inactivation. These results demonstrate that the X chromosome inactivation state
significantly affects neuronal differentiation, which has been overlooked in many disease iPSCs,
and report that the X chromosome inactivation state is also important for neurogenesis in Rett
syndrome (Motosugi et al. Cell Reports Methods. 2022).

Regarding another RTT-iPSCs with missense mutation (hereafter called as type A), Surprisingly,

epigenomic abnormalities were identified in specific gene regulatory regions in RTT-iPSCs (type A).
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The single cell RNA-sequencing analysis revealed that differentiation into neural stem cells was
markedly impaired in both populations. In particular, the phenotype was found to be significantly
stronger in the RTT-iPSC-derived neural population (type A). These results with clinical

information of the patient are now preparation for paper.



