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QbD (Quality by Design Approach)

nature
biotechnology

PERGP EGTIVE

Quality cell therapy manufacturing by design

Yonatan Y Lipsitzl, Nicholas E Timmins? & Peter W Zandstra!~*

Transplantation of live cells as therapeutic agents is poised

to offer new treatment options for a wide range of acute

and chronic diseases. However, the biological complexity

of cells has hampered the translation of laboratory-scale
experiments into industrial processes for reliable, cost-effective
manufacturing of cell-based therapies. We argue here that

a solution to this challenge is to design cell manufacturing
processes according to quality-by-design (QbD) principles.

QbD integrates scientific knowledge and risk analysis into
manufacturing process development and is already being
adopted by the biopharmaceutical industry. Many opportunities
to incorporate QbD into cell therapy manufacturing exist,
although further technology development is required for full
implementation. Linking measurable molecular and cellular
characteristics of a cell population to final product quality
through QbD is a crucial step in realizing the potential for cell
therapies to transform healthcare.

In 2002, the US Food and Drug Administration (FDA) introduced the
Pharmaceutical current good manufacturing practice (¢cGMP) Initiative
to address inefficiencies and challenges in identifying the underlying
cause of drug manufacturing failures, and in 2006, the International
Conference on Harmonisation” outlined the QbD framework, a sys-
tematic approach to process and product management based on scien-
tific knowledge and risk assessment. Today, following the widespread
adoption of QbD by manufacturers of small-molecule pharmaceuticals,
biopharmaceutical manufacturers are now increasingly implementing
QbD principles in their processes’. Although some regulatory agen-
cies, such as Health Canada, currently accept QbD-based submissions
only for well-characterized chemical and biological drugs, application
of QbD to cell-based therapies would greatly improve process and prod-
uct understanding and outcomes. Indeed, the biological complexity of
CTPs is what makes the iterative philosophy of QbD especially relevant
to this therapeutic modality and indeed critical to the success of the
CTP industry.

NATURE BIOTECHNOLOGY VOLUME 34 NUMBER 4 APRIL 2016  393_400
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SALL3 expression balance underlies lineage biases
in human induced pluripotent stem cell
differentiation

Takuya Kuroda', Satoshi Yasuda® ", Shiori Tachi'<, Satoko Matsuyama'?, Shinji Kusakawa', Keiko Tano',
Takumi Miura', Akifumi Matsuyama® & Yoji Sato2+>

Clinical applications of human induced pluripotent stem cells (hiPSCs) are expected, but
hiPSC lines vary in their differentiation propensity. For efficient selection of hiPSC lines
suitable for differentiation inte desired cell lineages, here we identify SALLY as a marker to
predict differentiation propensity. SALL3 expression in hiPSCs correlates positively with
ectoderm differentiation capacity and negatively with mesoderm/endoderm differentiation
capacity. Without affecting self-renewal of hiPSCs, SALL3 knockdown inhibits ectoderm dif-
ferentiation and conversely enhances mesodermal/endedermal differentiation. Similarly,
loss- and gain-of-function studies reveal that SALL3 inversely regulates the differentiation of
hiPSCs into cardiomyocytes and neural cells. Mechanistically, SALL3 modulates DNMT3B
function and DNA methyltransferase activity, and influences gene body methylation of Wt
signaling-related genes in hiPSCs. These findings suggest that SALL3 switches the differ-
entiation propensity of hiPSCs toward distinct cell lineages by changing the epigenetic profile
and serves as a marker for evaluating the hiPSC differentiation propensity.
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¢ selection of human induced pluripotent stem cell (hiPSC) lines with high cardiac differentiation

: potential is important for regenerative therapy and drug screening. We aimed to identify biomarkers

¢ for predicting cardiac differentiation potential of hiPSC lines by comparing the gene expression profiles
of six undifferentiated hiPSC lines with different cardiac differentiation capabilities. We used three

: platforms of gene expression analysis, namely, cap analysis of gene expression (CAGE), mRNA array,

- and microRMA array to efficiently screen biomarkers related to cardiac differentiation of hiP5Cs.

© Statistical analysis revealed candidate biomarker genes with significant correlation between the gene

¢ expression levels in the undifferentiated hiPSCs and their cardiac differentiation petential, Of the

: candidate genes, PF4 was validated as a biomarker expressed in undifferentiated hiPSCs with high
potential for cardiac differentiation in 13 additional hiPSC lines. Our observations suggest that PF4 may

: be auseful biomarker for selecting hiPSC lines appropriate for the generation of cardiemyocytes,
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