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[ Abstract] Objective To explore the potential biomarkers for the metastasis and prognosis of uveal melanoma
(UM) from molecular genetics. Methods The data of 80 UM samples including 18 metastatic cases and 62 non-
metastatic cases between 2007 and 2019 were downloaded from The Cancer Genome Atlas database. The tumor mutation
burden and gene mutation information,including mutant genes,variant type,the proportion of single nucleotide variation
(SNV) and mutation proportion, were analyzed using maftools package in R software, and the differentially expressed
genes ( DEGs) between the two groups were screened using edgeR package. The Kyoto Encyclopedia of Genes and
Genomes enrichment analysis based on the DEGs was performed to screen prognosis-associated genes using KOBAS. Cox
regression model was established using survival package in R software to verify the association between gene mutation
and DEGs and the prognosis of UM patients. Results  The mutation analysis showed that missense mutation
accounted for a large proportion in the mutation of UM samples, and the main variant type was SNV, and the mutation

burden of UM was low. Compared with the non-metastatic UM samples,562 DEGs were identified in the metastatic UM
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samples. Three pathways, including vitreoretinal degeneration, proteoglycans in cancer, and PI3K-Akt pathway, were
significantly enriched. The expression levels of BAPI, FOX0O3 and ITPR2 were 2 982.50 (1 251.50,5 637.00),
1223.00 (914.75,2 706.25) and 2 201.50 (570.75,4 814.00) in the metastatic group,and 5 225.00 (2 281.25,
8784.00),2293.50 (1254.25,3693.75) and 474.00 (153.00,1437.75) in the non-metastatic group,respectively.
The expression of BAPI and FOX03 among the DEGs were significantly down-regulated and ITPR2 expression was
significantly up-regulated in the metastatic group in comparison with the non-metastatic group (Z =-1.786,~-1.982,
=3.065;all at P<0.10). The survival analysis revealed BAPI mutation,decreased FOXO3 expression and increased ITPR2
expression were associated with inferior survival of UM patients (all at P<0.10). Conclusions BAP!I mutation, up-
regulation of FOXO3 and down-regulation of ITPR2 might be potential biomarkers for the metastasis and prognosis of UM.
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Figure 1 Mutation characteristics of mutated genes in UM samples from the two groups A :non-
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Table 2 Comparison of gene expression levels between the two groups of UM samples( M(Q,,0,) |

21 51 FEA & BAPI A SF3B1 3 EIFIAX 3£H GNAQ A

L 4| 18 2982.50(1251.50,5637.00) 9587.00(5306.00,15143.75) 2383.50(1361.00,3280.00) 4 332.50(2306.50,5313.75)
R4 62 5225.00(2281.25,8784.00) 6107.50(2820.25,13 118.50) 1400.50( 589.00,3 041.75) 3 275.50(1656.50,4 766.75)
VA -1.786 -1.648 -1.636 -1.613

P4 0.074 0. 099 0.102 0.107

2 5 B A i GNAII 3£ COL2A1 3£ [A FOX03 3£ ITPR2 3£

AU 18 4.815.00(4 014.75,6 665.50) 295.50(23.50,403.50)  1223.00( 914.75,2706.25)  2201.50(570.75,4 814.00)
Hfed 62 5431.00(4 049. 50,6 429. 00) 105.00(33.75,535.50)  2293.50(1254.25,3693.75) 474.00(153.00,1437.75)
Z {4 -0.092 -0.259 -1.982 -3.065

P 1 0.927 0.795 0. 048 0. 002

T (Wilcoxon FRAIAGERY) R IE T TCCA BdmlE UM -4 44 I 8 0 2%

Note: ( Wilcoxon rank sum test) The data came from TCGA database UM :uveal melanoma
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Table 3 Association between sex,gene mutations or gene

expression levels and prognosis of UM patients 0251 P=0.006 — 025+ p=0.350
R R R AR HIARK2 95% F 95% L§ P ' : —_
YR EA R B R o T oL fii 0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
51 1.743 0. 574 0.643 4719 0.27 i (C) ihd (D)
E RTRE ix 5]
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TMB . Ji g 5 728 1 fif
BAPI _var 2. 645 0.378 0. 880 7.954 0.08 Figure 5 The survival curves of UM patients with BAPI mutation,
differentially expressed FOX3 and ITPR2 and different TMB values
SF3BI var 5.650 0.177 0.616 51.815 0.13 A :Mutated or non-mutated BAPI gene B:Different values of differentially
expressed FOXO3 gene  C: Different values of differentially expressed
EIFIAX var 2.590 0.386 0.247 27.136 0.43 ITPR2 gene D:Different TMB values TMB :tumor mutation burden
TMB 2.933 0.341 0.986 8.721 0. 05 3 .L-‘-J- i@
CO02A1_exp 0.785 1.274 0.277 2.226 0. 65 - "
AWFFE XS TCCA B dfa 4 vh 80 1] UM i & A Jik A
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ITPR2_exp 6.207 0. 161 1.633  23.598 0.01 AR AE L ge AR oy £, FEEAS B A SNV, H A
VUM R SR s _var: JE AT/ T s _exp: ik /R C>T N EEE R, il DEGs & KEGG il % & 4 /%
TMB : Jif 8 58 28 111 fif 8 N
\ Br TEFE RS UM BEAAH XS T AR SRS 1 UM HEACHY 218

Note ; UM : uveal melanoma;_var:with or without gene mutation;_exp: with

high or low expression level ; TMB : tumor mutation burden /|\—F‘U§J% ﬂ:‘u 344 /I\J: i}%] % ':F‘ s %’g% tH 3 /I\ 5 EE%{S
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UM 5 A BB &, AT s pL A 0 F < IGF-1 52 K18
UM o BF 2635 IF Fr 42 0% , FOX03 3% IGF-1R/PI3K/
Akt 3 B80T o B RR AL, B B o A0 A% 2k R Y BE
M UM 20 i f {22 28 RO 3% RE 30 7 s M,
Mkl PI3K/ Akt ji % 7T 39 58 FOXO03 3% #4£" . FOXO03
Z 57 IGF-1 % 519 UM 40 Jfg 8% 4 , DR o 2% il 3% 4 56
B FAT R A ) UM TG A 55 % (B TR 10 T S5

ITPR2 7K [/ IP3 32 /K (9 A 0 , & 45 B 1 165 i
32 37 P A 6 R R I, 7 4 g A o o
PR AR T A I, TTPR2 R S Py I 199 45
F3E TR 0 A 1, S T T4 M A
HIREHAE S A, A BT IRE ITPR2 AT 45 40
L 3 2 T 50 e P 20 1 I A B S s R AR
PIkREW ' o SR, MR BT IEAR R ITPR2 I %
K5 UM Z IR o ASHFSE & B ITPR2 JENTERE 7
PE UM Hp ik B3 18, A 7840 B o ITPR2 9 %3k
HAIASR RLBUG A S, X o R RIS S 5 2 S5
UM 381 B B A G ML At 1T 3 0 S %

AW FE 38 33 % TCGA $da g o UM BEAS 1 3L 1M %6
A5 B BE T 30T R B, BAPT JE R 15 % % AR 6 7
20 G AR R BAPT JER B 578 S 5% 00 UM 1S A
R Z X5 2 5 IFsT 45 R4 (0 BAPL 240
T E2 I UM )55 B P 8 5 32 10— B P98 . Be b, A HF
FE 3k 077 0% B A% 41 A0 I B B 41 19 DEGs, 3 j B¢ T
FOX03 J: N3k F R M ITPR2 BEHFik FE S ¥ B
P UM £ 1138 i AR 56 4, Horp FOXO03 5 UM /956 R 4%
W HORTHEAUA 1R AF9E s FOX03a 1 i
RIS T UM MR R BT R X 5AB
iR BUE R R P UM Hh FOXO03 JE R 363k 8 3% F I ix
—ZE A LI AR AR FE . 4 T ITPR2, A BF 58 %
W7 LS UM ) i 2 186, 7656 B UM o ITPR2 f1)
FEEE LI, AR W T K E X 80 4 &
F UG 5 8B 4 r 4 L fgig kX 3 A
XPRERSVE UM I 520 o A BIF 5 M 2848 | 26 15 01 I IR 45
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ZAYERE IR 70X 3 AR XA L UM ) Y
Wi o FEJE SR ST b, 2 AT A O A A s Bk, o
UM 5 it D 5 428 80 i R 8l W 6 TR0, 7 R P 60 I ok 4
FLINXT UM 2% i ) 72 3o

2 BPTIR AT L X 80 i UM I [ REAS 1 73
Mrk BL, BAPI JE N % 7%\ FOX03 % [ K35 T 3 H
ITPR2 FEN 35 EES UM AL M AR 5%, nI 1y UM
B FE R BN A BUS BV AE AR A, A BT UM B
P i) L0 W AG 7, %) 2 SR G ) AR A R AR
HEF L
FlEEmM R BrA 1R & 275 WA AE R 4 vh 5%
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AMD : 4F % A1 & 1 35 B A8 4 (age-related macular degeneration)

ANOVA ; H[F & J7 22 /3 #7 ( one-way analysis of variance)

BUT : iH i 24 65} [&] ( breakup time of tear film)

DR ;B bR 95 #5955 4% ( diabetic retinopathy)

EAU . 5256V F B G 58 35 25 I % (experimental autoimmune uveitis )

EGF . £ 2 4 K [Fl T (epidermal growth factor)

ELISA . i B £ 9% W B ) %2 ( enzyme-linked immunosorbent assay )

ERG : 4% I} % H, [5] ( electroretinogram )

FFA . %¢ 6 % MR 1148 1% 52 (fundus fluorescein angiography)

FGF : i 21 4E 4l i £ K K F (fibroblast growth factor )

GFP . 43 {4, 7%¢ ) 25 4 ( green fluorescent protein)

IFN-vy .y T4 & (interferon-v)

IL: [9 40l ffd 5 % (interleukin)

I0L: A\ T f4 4R 1K (intraocular lens)

IRBP ; ¥ [a] 37 {4 1L 35 25 9 Jii 45 4 25 [ (interphotoreceptor retinoid
binding protein)

LASIK ; ¥ 43 T34 ' Ff I A7 B 5 R (laser in situ keratomileusis)

ICGA . 15| W3 2% [ 45 1% 52 (indocyanine green angiography)

LECs : ff IR & | 572 41 it (lens epithelial cells)

miRNA : #%/]" RNA ( microRNA)

MMP . 5 if 4> J& 3 [ [ ( matrix metalloproteinase )

mTOR i L zh ¥ 25 & WA & K #' & 9 ( mammalian target of

rapamycin)

MTT ; Y F 3L A8 5wk &5 ( methyl thiazolyl tetrazolium)
NF : % %5 5% A 7 ( nuclear factor)
OCT : Y640 T Wr )2 41 4ifi ( optical coherence tomography)
OR: {3t (odds ratio)
PACG . J& %& P4 A i B 95 Y HR ( primary angle-closure glaucoma)
PCR : 3 4 it 5% 2 2 1 ( polymerase chain reaction)
RGCs : £/ ¥ 55 41 it (retinal ganglion cells)
POAG : J5 & P 1 f A 75 6 R ( primary open angle glaucoma)
RB : ¥ % 15 £J: 2 U 983 ( retinoblastoma)
RPE : #8  Ji& {6, 2% | J% (retinal pigment epithelium)
RNV . 40 % 5587 A= I 4 ( retinal neovascularization)
RP . #0 ) I {5, 25 A% 1 ( retinitis pigmentosa)
STt JETlTH I 53 W B (Schirmer ] test)
shRNA ; /N % & RNA (short hairpin RNA)
SIRNA : /T4 RNA (small interfering RNA)
a-SMA ; o- -5 LWL 3 2 1 ( a-smooth muscle actin)
TAO ; FR IR #H ¢ AR 9% ( thyroid-associated ophthalmopathy)
TGF . #44k 4= K [ 7 ( transforming growth factor)
TNF : 198 ¥R FE [ T ( tumor necrosis factor)
UBM : i## 75 A ¥ B 35 5% (ultrasound biomicroscope )
VEGF: Il 48 N % 4 K A F (vascular endothelial growth factor)
VEP : #1375 & 3, {37 ( visual evoked potential )
(7 F) i 2750 )





