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Designing a defined matrix for stem cell culture and 
differentiation requires special biomaterial that can provide 
simultaneous supports for cell adhesion, proliferation and 
differentiation.  In fact, despite introducing many synthetic and 
semisynthetic biomaterials alone or as a blend as cell-culture 
substrate, successful stem cell culture condition with high 
pluripotency were rarely achieved.  Therefore designing such a 
biomaterial remains as a difficult and rewarding task.  Our lab 
has introduced cell recognizable Fc-chimeric protein, where Fc 
domain of IgG is fused with a target protein, as a highly 
effective novel class of defined biomaterials for stem cell 
technology.  Over the last decade, pioneering work from our 
group has established several Fc-chimeric proteins such as 
epithelial cadherin (E-cad) and IgG Fc (E-cad-Fc), EGF and 
Fc, (EGF-Fc), LIF and Fc (LIF-Fc), HGF and IgG Fc (HGF-Fc), 
VEGF and IgG Fc (VEGF-Fc), neural cadherin (N-cad) and IgG 
Fc (N-cad-Fc) as novel cell-recognizable biomaterials in stem 
cell technology.  Recently we have also introduced Fc-chimeric 
protein for adrenomedullin 1 (AM1) – a multipotent ligand for a 
G protein-coupled receptor (GPCR), namely, calcitonin 
receptor like receptor (CLR) in stem cell technology.  These 
advance biomaterials have shown tremendous potential for 
advancing stem cell technology closer to application in 
regenerative medicine and tissue engineering in multiple ways 
namely, feeder-cell free ESC culture, simplified and 
cost-effective culture system for stem cell, directed 
differentiation of stem cell, and on-site stress-free purification of 
target cells and deserve scientific recognition for practical 

Schematics of Fc-chimeric protein

Chronology of Fc-fusion proteins in stem cell technology established by Akaike et. al.

Fig 2: ECad-Fc is a defined matrix for culturing monolayer 
of iPS cels.

Mouse EB3 cells were successfully cultured on ECad-Fc-coated surface 
that showed monolayer phenotype (C and D) compare with compact 
colony phenotype (A and B) for general protocol, which was significantly 
advantageous for faster growth, (E) higher transfection (F), and 
homogeneous differentiation.  
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Fig. 1: Schematics of Fc-chimeric protein, and 
its molecular function.

(A) Functional domain of target protein is fused as 
N-terminal with the Fc domain of IgG.  E-Cadherin 
(ECad) is shown here as an example. (B) 
Plasma-membrane localized E-Cad dimer can 
interact with apposing E-Cad dimer and form high 
affinity binding that makes cell-cell and cell-surface 

(4) Application as long-lasting 
functional cytokine for cell culture
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(5) Application as e�ective 
di�erentiation matrix for target lineage

(6) Application as in-situ non-stressed 
cell puri�cation system

(7) Application as multifunctional 
G protein-coupled receptor ligand

Fig 3: LIF-Fc provides 
high-affinity long-lasting 
functional cytokine for 
culturing monolayer of iPS 
cels.

Mouse EB3 cells were successfully 
cultured on ECad-Fc-coated surface 
along with soluble or immobilized 
LIF-Fc that showed significant higher 
level of pluripotency marker 
expression (A), sustained 
downstream signaling efficacy (B), 
and higher cell population in the 
culture system compare with the 
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Fig 4: NCad-Fc, and ECad-Fc promote directed differentia-
tion of target lineage from iPS cell.

Mouse EB3 cells were successfully differentiated on either ECad-Fc- or 
NCad-Fc- or dual-coated surface that showed significant higher population 
of  target lineages. A, Neural lineage; B, Hepatocyte ; C, Blood vessel (in vivo).
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Fig 6: AM1-RAMP2-Fc chimeric protein is a novel type 
ligand for GPCR activation and regulation.

Schematics of AM2-RAMP2-Fc (A). The chimeric protein was tested for  
ligand-induced cAMP assay in CLR-RAMP2-expressing HeLa cells (B) or for 
binding onto indicated cells (C). 

Fig 5: ECad-Fc matrix provides non-stressed one-step in-situ 
purification of hepatocyte from iPS cell

Mouse EB3 cells were differentiated to hepatocyte on indicated matrices, and 
on 24th day evaluated for hepatocyte purity and functionality. ECad-Fc alone 
or with PVLA produced high purity hepatocyte compare to standard protocol.  

.

(iii) Fc-chimeric protein maintains directional conformation.

(iv) Fc-chimeric protein binds with high affinity  to its receptors.

(i) Fc-domain of IgG can strongly binds with polystyrene.

(ii) Fc-chimeric protein preserve functional activities.
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E-Cad: E Cadherin

MSC: Mesenchymal Stem Cell

ESC: Embryonic Stem Cell

EC: Embryonic Cell

N-Cad: N Cadherin

Fc: Fc domain of IgG EGF: Epidermal Growth Factor

LIF: Leukocyte Inhibitory Factor

HGF: Hepatocyte Growth Factor

VEGF: Vascular Endothelial Growth Factor

HUVEC: Human Umbilical Vascular 
Endothelial Cell
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