
Supplemental figure legends 

 

Supplemental Fig. 1. SEM analysis of advanced retinoblastoma. (A) A late stage 

retinoblastoma was analyzed by scanning electron microscopy (SEM). This tumor fills 

the posterior portion of the eye with no visible anterior chamber invasion. (B) 

Enlargement of the remaining normal retina (enlargement 1) showing the morphological 

features of the INL cells (arrows) and IPL processes (open arrowheads).  (C,D) 

Enlargement of the retinal tumor (enlargement 2) showing the morphological features of 

the tumor cells (arrows) and their associated processes (open arrowheads). These features 

of the retinoblastoma differentiation are similar to those seen in the early stage tumor 

presented in Fig. 1. Scale bars are indicated in each panel. 

 

Supplemental Fig. 2. SEM analysis of anterior chamber invasive retinoblastoma. (A) 

A low magnification image of an advanced stage retinoblastoma with anterior chamber 

invasion (box). (B) Magnification of the boxed region in (A) showing individual tumor 

cells between the cornea and the lens. (C) Magnification of the boxed region in (B) 

showing the morphological features of individual invading retinoblastoma cells (arrows). 

In contrast to the early and later stage tumors (Fig. 1 and Sup. Fig. 1) there are no 

processes or morphological features of differentiated tumor cells at the level of SEM.  

Scale bars are indicated in each panel. 

 

Supplemental Figure 3. Mouse retinoblastomas express markers of 

amacrine/horizontal cell differentiation. (A) GAD65 immunofluorescence in 



retinoblastoma from Chx10-Cre;RbLox/–;p53Lox/–;p107–/– mice. Arrows indicated 

immunopositive plexus in the region of tumor cell differentiation.  A higher 

magnification view of the boxed region is shown on the right. GAD65 is expressed in the 

plexus associated with the tumor cells undergoing differentiation. In the normal retina, 

GAD65 is expressed in the plexiform layers. (B)  Snap25 immunofluorescence in 

retinoblastoma from Chx10-Cre;RbLox/–;p53Lox/–;p107–/– mice. Arrows indicate 

immunopositive plexus in the region of tumor cell differentiation. A higher magnification 

view of the boxed region is shown on the right. Snap25 is expressed in the plexus 

associated with the tumor cells undergoing differentiation. In the normal retina, Snap25 is 

expressed in amacrine and horizontal cells. (C)  vGlut-1 immunofluorescence in 

retinoblastoma from Chx10-Cre;RbLox/–;p53Lox/–;p107–/– mice. Arrows indicated 

immunopositive plexus in the region of tumor cell differentiation.  A higher 

magnification view of the boxed region is shown on the right. vGlut-1 is expressed in the 

plexus associated with the tumor cells undergoing differentiation. In the normal retina, 

vGlut-1 is expressed in synaptic densities associated with the plexiform layers. (D,E) E-

cadherin and N-cadherin immunofluorescence in retinoblastoma from Chx10-Cre;RbLox/–

;p53Lox/–;p107–/– mice. Arrows indicated immunopositive plexus in the region of tumor 

cell differentiation. A higher magnification view of the boxed region is shown on the 

right. E-cadherin and N-cadherin are expressed in the plexus associated with the tumor 

cells undergoing differentiation. Scale bars: 25µm. 

 
Supplemental Figure 4. Real time RT-PCR analysis of mouse retinoblastomas. 6 

eyes with retinoblastoma were used for RT-PCR analysis of markers of retinal progenitor 

cells and differentiated neurons. These tumors were divided into 3 groups (Stage I, Stage 



II and Stage III) based on the stage of the tumor. Stage I tumors have visible tumors 

emerging from the retina but they have not filled the vitreous or invaded the optic nerve 

or anterior chamber. Stage II tumors are more advanced often filling the vitreous but no 

invasion. Stage II tumors are often accompanied by increased intraocular pressure. Stage 

III tumors have filled the entire vitreous and have anterior chamber invasion. (A) 

Representative examples of Stage II and Stage III tumors used for these analyses. (B) 

Real time RT-PCR analysis of retinoblastomas and control samples for photoreceptor 

markers (cone arrestin and recoverin) and differentiated bipolar cells and progenitor cells 

(Chx10). There is very little photoreceptor gene expression in the tumors and expression 

decreases as the tumors advance in stage.  These data are consistent with the 

immunostaining data. Similarly, Chx10 expression decreases with advancing tumor stage. 

The control for these samples was a pair if adult eyes. All data represent duplicate RT-

PCR for two independent tumors or control eyes and are normalized to Gapdh 

expression. (C) Retinal progenitor cell markers Eya2, Sfrp1 and Fgf15 were analyzed and 

for controls, embryonic retinae (E14.5) were used for these experiments. There is 

significant expression of Eya2 and Sfrp1 especially in the early stages of tumorigenesis 

but very little Fgf15 expression. (D) Syntaxin and calbindin are amacrine/horizontal cell 

markers. Importantly, these markers increase in expression during early stages of 

tumorigenesis but later drop off as the tumors invade the anterior chamber (Stage III). 

These data are consistent with the immunostaining data and the EM analysis showing that 

invasion is accompanied by decreased differentiation along the amacrine/horizontal cell 

lineage. 

 



Supplemental Figure 5. Expression of differentiation markers in proliferating 

mouse retinoblastoma cells.  (A) 4 independent mouse retinoblastomas (7-68L, 7-68R, 

4-43L, 4-43R) were pulse labeled for 1 hour with [3H]-thymidine, dissociated and 

immunostained using antibodies that recognized proteins found in the different types of 

neurons and glia in the normal retina. 250 cells were scored in duplicate for each sample 

and each antibody. The proportion of [H3]-thymidine labeled cells varied from 7-28% 

across the 4 tumors analyzed in this experiment (see Fig. 2). The vast majority of 

proliferating retinoblastoma cells expressed markers found in amacrine/horizontal cells 

and retinal progenitor cells. An example of a GFAP immunopositive cell that 

incorporated [H3]-thymidine is shown along with a Pax6 immunopositive cell that 

incorporated  [H3]-thymidine. GFAP is expressed in astrocytes and activated Müller glia. 

Pax6 is expressed in retinal progenitor cells and amacrine cells. (B) The total proportion 

of GFAP immunopositive cells (histogram) and the proportion of GFAP immunopositive 

cells that also incorporated [H3]-thymidine is shown in white for each sample. Data on 

other cell type specific markers including Pax6 is presented. Cells expressing bipolar 

(PKC-α), photoreceptor (recoverin, cone arrestin) and Müller glia (glutamine synthetase) 

markers rarely if ever divide in these tumors. In contrast, cells expressing 

amacrine/horizontal cell markers (calbindin, Pax6, Snap25) are dividing in the tumors. 

Scale bars: 10µm. 

 

 

Supplemental Figure 6. Differentiation in Chx10-Cre;RbLox/–;p53Lox/– 

retinoblastomas. (A-C) Mouse retinoblastomas lacking Rb, p107 and p53 invaded the 



retina, the subretinal space, the sub-pigmented epithelial space and the anterior chamber. 

These tumors contained regions of plexus that exhibited neurite extension and 

synaptogenesis as seen in the Chx10-Cre;RbLox/–; p107–/– tumors. (D,E) However, there 

were more abundant regions of plexus including the central portion of rosettes that 

completely lacked synaptic densities and synaptic vesicles. The tumor cells in these 

regions resembled the less-differentiated Stage II cells suggesting that synaptogenesis is 

associated with Stage I cells and is more abundant in Chx10-Cre;RbLox/–; p107–/– mice. 

 

Supplemental Figure 7. Synaptic structures in Chx10-Cre;RbLox/–; p107–/–  and 

Chx10-Cre;RbLox/–; p107–/– ;p53Lox/Lox retinae resemble those found in amacrine and 

horizontal cells. (A-E) Plexus areas in all three genotypes were examined by TEM at a 

magnification of 10,000X, and were found to contain numerous synapses, identifiable by 

pre- and/or post-synaptic densities, a distinct synaptic cleft, and clusters of synaptic 

vesicles. Synapses were present in the central core regions of rosettes formed by tumor 

cells but not in those formed by photoreceptors where there was remaining ONL. 

Photoreceptor rosettes contained inner and outer segments. Synapses were also present in 

broad expanses of plexus as well as in small plexus areas interspersed with stage I and 

stage II cells. Many types of synaptic connections were present, including en passon, 

axo-dendritic, serial, and calycal; however there were no clear examples of axo-somatic 

synapses.  The only somatic membrane densities appeared to be desmosome-like 

adjoining two tumor somata.  Taken together, our observations suggest that 

retinoblastoma tumors contain amacrine and/or horizontal cell-like synapses and not 

bipolar, ganglion cell or photoreceptor synapses. 



Supplemental Figure 8. TEM analysis of junctional complexes in mouse 

retinoblastoma. (A) Low power transmission electron microscopy of a retinoblastoma 

from Chx10-Cre;RbLox/;p107–/–;p53Lox/– mouse. In this undifferentiated region of the 

tumor, junctional complexes were identified between individual tumor cells. A region 

with a cell containing mitotic figures is included in the low power micrographs to 

illustrate that this is an actively growing region of the tumor. (B) A higher magnification 

view of the region boxed in (A) showing 4 junctional complexes (open arrowheads).  

(C,D) Higher magnification view of the junctional complexes between retinoblastoma 

cells in (B). Scale bars are indicated in each panel. These junctions were found in all of 

the tumors analyzed from each of the genotypes.  Scale bars are indicated in each panel. 

 

 


