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Analysis of progress characteristics of retinoblastoma based
on single cell transcriptome sequencing
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Abstract: Retinoblastoma (RB) is the most common intraocular malignant tumor in infants and young
children. The key causative factors in the progression of RB remain unclear. Therefore, identifying genes
closely associated with RB progression may provide important clues for disease diagnosis and gene therapy.
However, tumor tissues have strong cellular heterogeneity. There may be significant differences in cell
function and gene expression among cells in different pathological states. In this study, we downloaded
single-cell transcriptome sequencing data of RB tumors and adjacent tissues from the GEO public database.
Subsequently, we analyzed RB tumor transcriptional profiles with different disease duration at the single-cell
level and identified cell groups and gene sets potentially associated with RB progression. The results showed
that the tumor tissue and the adjacent tissues had overall consistency in the single-cell transcriptional map,
but there were obvious differences in the distribution proportions of G1 phase cells, G2 phase cells, and
microglia cells of cone precursors in RB tumor and the adjacent tissues. Furthermore, the role of three cell
populations in the progression of RB tumors was emphatically analyzed. We found that in the early stage of
RB tumors, cone precursor cells proliferated abnormally in G1 phase. With the progression of RB tumors,
the proportion of cone precursor cells in G2 phase increased significantly. Meanwhile, the results of
differential analysis of microglial populations during RB progression showed that the key genes mainly
involved in immune response include RPL23, B2M, and HLA superfamily genes. This study provides new

perspectives and data resources for the research of RB pathogenesis and progress.

Keywords: retinoblastoma; scRNA-seq; tumor heterogeneity; tumor; cones
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Table 1  Analysis software
Software/package Version
R 4.1.2
Seurat 4.0.5
ggplot2 3.35
dplyr 1.0.7
tidyverse 1.3.1
GSEABase 1.56.0
patchwork 1.1.1
clusterProfiler 4.2.0
KEGG.db 1.0
harmony 0.1.0
SingleR 1.8.0
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Figure 1 Cell clustering and annotation. (A) The results after batch effect corrected (by orig.ident). (B) The

results after batch effect corrected (by group). (C) Dimensional reduction and clustering on the data after QC.
(D) Add annotation for clustering results. (E) The heatmap of top5 marker gene in each cell type. (F) The
violinplot of topl marker gene in each cell types.
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Table 2  Statistics of cell type from different component

4M_normal 4M_tumor 2Y normal 2Y tumor
Gl 0 (0) 1 065 (0.349) 126 (0.096 9) 120 (0.206 5)
G2 29 (0.080) 1 060 (0.348) 247 (0.190 0) 289 (0.497 4)
Muller Glia 138 (0.410) 222 (0.072 9) 514 (0.395 4) 50 (0.086 1)
G1+S+G2/M 5(0.010) 430 (0.141) 27 (0.020 8) 29 (0.049 9)
PMEL+ 0 (0) 90 (0.029 5) 163 (0.125 4) 2(0.003 4)
Astrocytes 129 (0.385) 35(0.011°5) 10 (0.007 7) 3 (0.0052)
Microglia 10 (0.030) 61 (0.020) 99 (0.076 2) 30 (0.051 6)
G1+S 3 (0.009) 51(0.017) 17 (0.013 1) 15 (0.025 8)
G1+G2/M 0 (0) 1 (0.000 3) 46 (0.035 4) 32 (0.051 6)
Endothelium 16 (0.040) 16 (0.005 3) 22 (0.073 3) 8(0.013 8)
RGS5+ 5(0.010) 13 (0.004 3) 29 (0.022 3) 3 (0.005 2)
Total 335 3 044 1300 581
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Table 3  Statistics analysis of cell cycle of each group between two tissue

Original.ident ~ Group G1 phase G2M phase S phase
Normal 4M_normal 322 (96.1%) 11 (3.3%) 2 (0.6%)
(1635) 2Y normal 828 (63.7%) 287 (22.1%) 185 (14.2%)
Tumor 4M_tumor 1 114 (36.6%) 742 (24.4%) 1 188 (39.0%)
(3 625) 2Y _tumor 183 (31.5%) 217 (37.3%) 181 (31.2%)
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Figure 2 Cell abundance stackbarplot. Cell type composition and content between tumor and normal tissue
(A) and among four small samples (B).
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Figure 3 Enrichment analysis for cones cell in G1 phase of different RB developmental stage. (A)
Visualization for GO analysis of differential expressed genes. (B) Visualization for KEGG enrichment
analysis of up-regulated and down regulated. (C) Visualization for GSEA analysis of differential exgenes. (D)
Gseaplot for G2/M_CHECKPOINT. (E) Gseaplot for E2F_ TARGETS.
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Figure 4 Enrichment analysis for cones cell in G2 phase of different RB developmental stage. (A)
Visualization for GSEA analysis of differential genes. (B) Visualization for KEGG enrichment analysis of
up-regulated and down regulated genes.
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Table 4 TOP6 up-regulated and down regulated
gene in microglia related to the progress of RB

tumor
TOPG6 up-regulated and

down regulated gene Avg_log,FC

Up-regulated gene
HLA-C 2450 1
1FI6 24307
HLA-A 2.3302
B2M 2.265 1
HLA-B 2,144 3
ANXAI 1.924 3

Down-regulated gene
RPLI3A4 1422 4
RPS§20 ~1.634 9
HSP90AAI 17483
TGFBI -1.788 3
ARL4C -1.9210
HSPALA 2285 1

FC refers to fold change, log, FC can represent the relative
change trend of the difference gene, negative numbers
represent downward regulation, positive numbers represent
upward regulation.

B<: cjb@im.ac.cn



3822 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

A B2M

HLA-A
Antigen processing and presentation of endogenous antigen

Size
Antigen processing and presentation of endogenous peptide antigen e 30
Antigen processing and presentation of peptide antigen via MHC class I : 4313
®:s
. : . S @50
Antigen processing and presentation of endogenous peptide antigen via MHC class I
Antigen processing and presentation of peptide antigen
HLA-C
TAP1
B Negative regulation of ubiquitin protein ligase activity . . ——
\ Negative regulation of protein ubiquitination
HSP90AALI
Regulation of protein modification by small protein conjugation or removal
HSPAIA
RPS20
RPL23 i
RPLI3A Size
e 2
Regulation of protein ubiquitination @ 3
04
;s
‘ . : ®s
Cytoplasmic translation
RPS11
RPL27A
RPS16
C
4M_tumor |- . . . ® Percent expressed
0
* 20
o 40
>, 4M normal | - . . . . ° ° @ . ® 60
2z !
g ® 30
=) Average expression
2Y tumor @ ° .
- 1.0
0.5
0.0
2Y normal + @ . . ® o é —0.5
-1.0
| 1 1 | | 1 1 | 1 1

Features

Bs5 NREARTEEREAREFIRN RBWEEAPEESH
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