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Differentiation of human induced pluripotent stem cells into 

oligodendrocyte progenitor cells is currently an inefficient process. 

These cells are required for myelination, which is crucial for 

proper brain and nerve cord function. The ability to manufacture 

these cells allows for the study and potential treatment of 

demyelinating conditions. In-vivo development can be 

recapitulated in-vitro using pluripotent stem cells to produce cells 

of interest, including OPCs.  Generally, formation of a single germ 

layer is promoted, and this germ layer is educated by molecular 

equivalents—substituting for the other germ layers—to derive a 

pure cell type of interest. To investigate the developmental 

genesis of these cells, this project approaches this issue from a 

different viewpoint and instead incorporates the cellular 

progenitors of those layers to test if they contribute to an 

accelerated protocol. Should they do so, we aim to reverse-

engineer this process and determine what molecular equivalents 

are necessary. In order to generate a timeline, cells will be split 

off from the main culture and characterized using immunostaining. 

With multiple cell lines at multiple time points, this study aims to 

carefully characterize cells at each step. 
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In all three of the observed fixation sites, no cells were found that 

were both OLIG2 and SOX10 positive, which would indicate no 

Oligodendrocyte Progenitor Cells. One explanation as to why this 

happened is cells simply need more time to differentiate. The 

cells demonstrate earlier markers in OPC development. Compared 

to most protocols, it is unexpected to find this combination this 

early in cell development. If we do find OPCs in the future of this 

project, we hope to closely investigate cells immediately next to 

them and speculate on how these non-OPC cell types may have 

contributed to their development. As the project is ongoing, 

further analysis can be done in the future that may provide further 

insight.
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Contact

Feel free to email me with any questions or comments at 

hovla052@umn.edu Thank you!

Figure 2. Overall Timeline

This timeline describes the long term milestones in my URS 

project. Three cell lines (6B4, 2B6, and 9-1) were taken from a 

frozen stock and spontaneously differentiated into embryoid 

body sphere cultures. These cells were grown as spherical 

cultures to promote multi-germ layer embryoid bodies, 

differing from most protocols (4). Roughly every two weeks, 

cells were split off from the main culture and stained to track 

the progress of cell differentiation. At day 40, the culture was 

split in two to allow for separate test and “control” conditions. 

The introduction of FGF and PDGF, potent OPC mitogens (3), is 

hoped to further differentiate the ventral neural tube cells 

observed at Day 40. These sphere cultures will be compared to 

cells left in E6 + 2% FBS to see the effect of these mitogens on 

OPC differentiation. 

Figure 3. Results of Fixation Antibody Staining

Day 12 antibody staining revealed cells that were positive for 

SOX1 (Primitive ectoderm), TUJ1(Mature neuron), 

SOX9(Progenitor marker/endoderm), SOX17(Primitive endoderm), 

and SOX10 (Indicates neural crest without OLIG2 co-expression). 

Without any T (Brachyury) we suspect that no primitive 

mesoderm exists at this time point. Day 28 antibody staining 

revealed cells that were positive for SOX1, TUJ1, SOX9, NKX2.2 

(P3 cells, neural tube), and OLIG2 (Ventral neural tube). While 

many primitive ectoderm markers persisted, some cells displayed 

neural tube development (PMN domain cells) based on NKX2.2 

and OLIG2 stains. Day 40 had identical staining results as Day 28, 

indicating cells are still primarily ventral neural tube along with 

the retained primitive ectoderm and endoderm.

Figure 6. Ectoderm and Oligodendrocyte Progenitor Cell 

Differentiation Steps.

While not all of the steps were seen during our fixation time-

points, the end-stages of development may be seen in the future 

in the fixations after split media conditions.

Figure 4. Immunohistochemistry Antibody Staining for Fixation 2. Antibody Stains were positive for TUJ1, but not SOX17. The 

residual red coloration is due to background noise. The cell line 9-1 was used for this particular well.

Figure 5. Immunohistochemistry Antibody Staining for Fixation 3. Similar to the above figure, PAX6 is negative with a large amount 

of residual green coloration. However, SOX1 is positive. The cell line 9-1 was used for this particular well.

*Modified for the specific direction of this project.

For my URS project, I developed skills involved with in-vitro cell 

culturing. In addition, analytical skills were utilized in order to 

discuss the implications of the results. These skills included:

• Customized Media Creation

• Frozen Stem Cell Culture 

• Cell Culture Passaging

• Morphological Characterization of Neurological Cells

• Plating sphere cultures in order to be stained and 

photographed

• Immunohistochemistry including: Fixation, Permeabilization, 

and Intracellular Antibody Staining

• Fluorescent Microscopy

Skills Developed

Results

Figure 1. Modified iPSCs Differentiation Pathway Adapted 

from a Cell publication, this figure shows the primary focus of 

differentiation for this research project.

Figure 7. Comparison of Length of Time to OLIG2 and SOX10 

Positive Expression. This is a visual representation of other 

successful OPC (OLIG2+ and SOX10 +) generation protocols.
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