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Optic Nerve Head  
scRNA-Seq enables a strategy to identify tissue-specific neural progenitor functions 

Purpose 

Steven L. Bernstein MD, Ph.D 1; Zara Mehrabyan Ph.D.1 Yan Guo MD1; Thanh Hoang 2, Seth Blackshaw 2 

1. Department of Ophthalmology and Visual Sciences, University of Maryland School of Medicine, Baltimore, MD 
2. Departments of Neuroscience and Ophthalmology, Johns Hopkins University School of Medicine, Baltimore, MD 

ONHs (1mm between retina and distal ON) 
from 20d Sprague-Dawley rats were 
digested using papain (Worthington). Cells 
were further purified using gradient 
centrifugation. 20,000 counted cells were 
loaded onto a 10X Genomics Chromium 
system with RNA V3.1 kit. cDNA was 
amplified and purified. Library was prepared 
and sequenced at ~50,000 reads/cell. Data 
analysis was performed using 10x 
Cellranger and Seurat. Antibodies to SOX2, 
Nestin and LHX2 were purchased from 
Abcam. CSF drug was administered using 
an Alzet pump with CNS kit #3. Cerebral 
spinal fluid (CSF) distribution through the 
optic nerve was mapped using sodium 
fluorescein and imaged using a Heidelberg 
spectral-domain optical coherence 
tomograph (SD-OCT), set to blue peak, with 
a custom contact lens. 

This study was supported by the Maryland Stem Cell Research 
Fund, MSCRF (2016-MSCRF-2614), for SLB and additional 
funding from The Donner Foundation. 

Figure 2. tSNE plots of:  A. All groups. B. Groups after clean-up and removal of 
poor quality cells. The initial 14 groups resolved into 10 groups, with a flow of 
expression from OPCs to oligodendrocytes. NPCs (arrows) were a distinct group 

Figure 1: A. Sox2 and nestin expression in the retina, ONLR 
and ON. Nestin expression is focused in the ONLR region, 
with Sox2(_) nuclei concentrated in this area, but with 
Sox2(+) nuclei distributed through the retina and ON. B. 
Nestin-Tk-(GFP) transgenic (60d) mouse. GFP(+) cells are 
concentrated in the ONLR.  
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We are evaluating Lhx2(+) as a gene to target NPC 
elimination without systemic/off target effects. Lhx2 is 
expressed in ONLR-NPCs but not in the ON (Fig 6A). 
Fig 6B shows the mouse retina and ONH evaluated with 
fluorescent light (Bluepeak). A CNS-Alzet pump loaded 
with fluorescein, reveals that we can selectively target 
the ONH without drug leakage into the retina (Fig 6C). 

Conclusions 

Nestin(+)/Sox2(+) optic nerve head (optic 
nerve laminar region: ONLR) NPCs are a 
distinct cell set  (Bernstein et al, PNAS 2020). 
ONH deep sequencing differentially compared 
with retina and distal optic nerve (ON) gives 
only a blurred picture of cellular activity. 
Selectively eliminating NPCs using either 
knockin Sox2-Cre, Tg-Nestin-Cre or Tk-GFP 
(Fig.1) gives cellular depletion in the retina, 
ONLR and ON, because Sox2 is expressed in 
multiple cell types in the retina ONLR, and 
ON-oligodendrocyte progenitors (OPCs) 
(Fig1A). Tg-Nestin-Tk-GFP mice express TK 
only in a subset of ONLR cells (Figure 1B). To 
evaluate expression in ONLR-NPCs and 
identify appropriate Tg tools,  we used 
scRNA-Seq, identifying potential candidate 
genes for use in a strategy to selectively 
deplete these cells. 

Methods 

Figure 6: Strategy to selectively eliminate ONLR-NPCs using an 
intrathecal Alzet pump. A. Lhx2 immunohistochemistry. Lhx2(+) 
cells are present in the retina and ONH. B. Bluepeak evaluation 
of animal without fluorescein-loaded Alzet pump. The retina 
and ONH are dark. B. ONH and retinal fluorescence analysis 
with Alzet pump loaded with 0.5% fluorescein. The ONH is 
fluorescent, but not in the retina.  
 

1. Standard transgenic promotor strains have 
wildly different ocular expression patterns and 
must be examined at the ONLR to determine 
suitability. 
2. ONH scRNA-Seq enables a fine-grained 
understanding of the gene functions in each 
component of the ONH cell populations and 
identified suitable candidates for use in NPC 
manipulation.   
3. We can positively confirm isolated ONH 
treatment using intrathecal fluorescein, to 
generate a strategy to selectively eliminate 
ONLR-NPCs. 

ONH sc-seq analyzed by Loupe browser revealed ~14 different 
cell groups (Fig 2A), with identification of 30,561 genes. 10 
groups of cells remained after clean-up (Fig 2B). A majority of 
cells were myelination-related,  with OPCs, differentiating 
oligodendrocytes and oligo-dendrocytes, forming a pattern of 
progression (Fig 2B). Neural progenitor cells (NPCs; 106 cells) 
were a distinct group in both analyses (Arrows, 2A and B). 
Myelination-related cells showed expression of appropriate 
myelin-related genes (Fig 3). There were 1531 upregulated NPC 
genes, with 840 having >2.0 fold expression or greater. >34 NPC 
genes showed >10 fold expression compared with other groups. 
An ONH sc-seq heat map is shown (Fig 4).  
    
 

Figure 3. tSNE plots of myelination-related genes. Olig1, CSPG4 and Tcf7l2. Olig1 is 
found in all myelin-related cells, while CSPG4 (Ng2) is found only in OPCs. Tcf7l2 is 
found only in immature oligodendrocytes 

Figure 5. tSNE plots of Sox2, Nestin and Lhx2. Sox2 and Nestin 
expression are found in multiple groups, while Lhx2 expression is 
NPC-specific in ONH 
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Figure 4: Gene 
expression heat map  
of the different ONH 
cell types. ONLR-
NPCs express a 
distinct set of genes, 
with both astrocytic-
specific (GFAP/S100b/ 
Aqp4) and other 
proteins. OPCs have 
an expression pattern 
distinct from either 
differentiating or 
mature 
oligodendrocytes 

Figure 4. 
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Results 
We identified potential targets for manipulation by relative 
expression (Sox2, Nestin, Lhx2). Lhx2 was NPC specific, 
with minimal expression in the other groups (Fig 5).  
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