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A B S T R A C T

Haematopoiesis, the process of blood production, occurs from a tiny contingent of haematopoietic stem cells
(HSC) in highly specialised three-dimensional niches located within the bone marrow. When haematopoiesis is
replicated using in vitro two-dimensional culture, HSCs rapidly differentiate, limiting self-renewal. Emulsion-
templated highly porous polyHIPE foam scaffolds were chosen to mimic the honeycomb architecture of human
bone. The unmodified polyHIPE material supports haematopoietic stem and progenitor cell (HSPC) culture, with
successful culture of erythroid progenitors and neutrophils within the scaffolds. Using erythroid culture meth-
odology, the CD34+ population was maintained for 28 days with continual release of erythroid progenitors.
These cells are shown to spontaneously repopulate the scaffolds, and the accumulated egress can be expanded
and grown at large scale to reticulocytes. We next show that the polyHIPE scaffolds can be successfully func-
tionalised using activated BM(PEG)2 (1,8-bismaleimido-diethyleneglycol) and then a Jagged-1 peptide attached
in an attempt to facilitate notch signalling. Although Jagged-1 peptide had no detectable effect, the BM(PEG)2

alone significantly increased cell egress when compared to controls, without depleting the scaffold population.
This work highlights polyHIPE as a novel functionalisable material for mimicking the bone marrow, and also
that PEG can influence HSPC behaviour within scaffolds.

1. Introduction

Most if not all cells in the body reside in a 3D environment where an
array of cell signals, extracellular matrix, cytokine and chemokine
signalling are likely presented simultaneously and are tightly regulated.
The bone marrow is an example of such a complex 3D environment,
where the human body efficiently compartmentalises the multi-stage
process of haematopoiesis. Here, normal blood production occurs
continually at an impressive rate, using only a tiny contingent of hae-
matopoietic stem cells for an individual's entire lifetime. This contrasts
to current state of the art planar two-dimensional (2D) liquid cultures,
where the process of erythropoiesis is routinely replicated in a labora-
tory setting using culture systems that have been optimised over 15–20
years. To date, 2D culture systems have generated a dose of 2.5 mL

packed reticulocytes to provide a proof of principal autologous trans-
fusion into a single patient [1] and more recently stirrer flask cultures
have generated 10 mL volume of leukofiltered packed reticulocytes [2].
Although the cell numbers produced by erythroid 2D cultures are im-
pressive, nutrients, cytokines and growth factors are provided in excess
and in a relatively uncontrolled fashion, reducing cellular expansion
potential. These limitations to the current 2D culture process mean that
the manufacture of a standard adult therapeutic dose in the region of
2 × 1012 cRBCs remains an extensive bioengineering and logistical
challenge.

A wide range of materials have been utilised for the engineering of
biomimetic materials for 3D culture of haematopoietic lineages to try
and better reflect the in vivo situation, with examples including; poly-
urethane (PU) [3–6], fibrin [7], bio-derived bone [8], poly(ethylene
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