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Abstract; Pediatric’s tumors have the characteristics of embryonic origin,strong spatial heterogeneity and
scarce clinical samples. Traditional uniomics and limited target detection are difficult to meet the needs of ac-
curate diagnosis, classification and prognosis evaluation. With the development of precision medicine, spatial
multi-omics technology can in situ analyze the multi-dimensional molecular information and spatial distribu-
tion characteristics such as genome, transcriptome, proteome and metabolome in tumor tissues, providing a
new way to reveal the pathogenesis of pediatric’s tumors and explore the diagnosis and treatment targets;
However,conventional imaging and sequencing technologies have bottlenecks such as insufficient throughput.,
spectral overlap, large sample consumption, and difficult data integration. With the advantages of sequence
programmable, precise self-assembly,and adjustable fluorescence signal, DNA encoding technology can achieve
parallel detection of ultra-high weight targets in a small number of samples,and has become a key means to
break through the bottleneck of multi-omics imaging of pediatric’s tumors. This paper systematically reviews
the research progress of spatial multi-omics and DNA encoding technology in the field of children’s tumors,
analyzes the existing challenges and puts forward the optimization direction,so as to provide theoretical refer-
ence and strategic support for the accurate diagnosis and transformation of children’s tumors. At present,spa-
tial multi-omics has been widely used in children with neuroblastoma, thyroid cancer, glioma and other solid
tumors. With the help of multiplexed error-robust fluorescence in situ hybridization, digital spatial profiling,
10X Visium and other technologies, the space transcriptome can realize tumor regionalization,immune cell in-
teraction and molecular subtype localization analysis. The spatial proteome relies on the methods of CODEX
and mass spectrometry imaging to complete the construction of multiple protein maps at the single cell level,
which helps to develop the risk stratification model. The spatial metabolome revealed the metabolic differences
between the edge and core regions of the tumor by matrix-assisted laser desorption/ionization,desorption elec-
trospray ionization and other mass spectrometry imaging,and established an accurate diagnosis and prognosis
evaluation model. Multi-omics fusion analysis can more comprehensively describe the dynamic interaction of
tumor microenvironment, but it is still faced with problems such as insufficient resolution,complex analysis of
massive data,inconsistent technical standards,and high cost,which are difficult to directly adapt to the clinical
transformation needs of small samples of children. The DNA encoding technology is based on base comple-
mentary pairing,and realizes signal amplification through constant temperature amplification such as hybrid-
ization chain reaction and rolling circle amplification. Combined with strategies such as fluorescence proportion
encoding, sequence coding and chain displacement encoding,it breaks through the limitations of traditional flu-
orescence channels and realizes in-situ parallel imaging of dozens to hundreds of targets. This technology can
transform information such as nucleic acid modification, protein expression, metabolic molecules into recogniz-
able DNA barcodes. It has been successfully applied to multi-level imaging of single-cell transcriptome,appar-
ent modification, multiple proteins, etc. , significantly improving the detection flux and sensitivity, especially
suitable for multidimensional information mining of small samples of children’s tumors. However.,the existing
DNA encoding imaging still has many problems,such as cumbersome operation, easy sample damage caused
by cyclic imaging,insufficient stability of coding system,and insufficient clinical verification, which restrict its
large-scale application in clinical pathological samples. For clinical transformation,in the future,we should fo-
cus on improving the throughput and resolution of DNA encoding multi-omics imaging,and develop high-di-
mensional coding strategy and super-resolution imaging fusion scheme, establish a standardized experimental
process and data analysis system to reduce the technical threshold and cost, expand the panel of exclusive
tumor markers for children,and promote large sample clinical verification and intelligent image analysis. To
sum up,the collaborative application of spatial multi-omics and DNA encoding technology can accurately ana-
lyze the spatial heterogeneity and multidimensional molecular networks of children’s tumors, provide innova-
tive tools for early diagnosis, molecular typing and efficacy monitoring, promote the upgrading of pediatric’s
tumor precise diagnosis and treatment system,and serve the "Healthy China" strategy.
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DNA Zi itk &k B 2 E 2 55 1 HCR 5Bk
A R BRI R, T X R A 2

=[39]
=
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3Xn AN CEEMEARAZR 3 NE LG n 163 &
PEAT BAR 43 A 38 3 9050 mT 4 R R0 a9 A 28O [ 5 ik
11 B A ZR B T AAE ) A L o ae R B A A% 1R 25
Wit kR T AR5 S (CCFB) , SE 8L 1 £ bp
el BT ) toehold 413 f 4 5 4 )2 1 , CCFB
B & S B R DA e B T 1 R B 0 B AR L A Y T
ORI 14 A B BE T LUIF & 27 FhOR TR Y
CCFB #pic. %4 CCFB 5#iik4s & Af. CCFB Al H F
I A6 1000 200 L P 2 P R
3 DNARBHEAEZTEESAZESHTHAOHE

23 |7 22 4 2 7 g F 5 490 90 Hh B RV L
FI i H: 2 R AT i i — 2R 90 R Pk A . X sk R
TEW K F AR Gy HE R B i B S b o Ak R S T
(D338 0 30, A8 A 30 4 4 R A8 52 B0 40 i 2 4y
B SR AR F AR JZ 10 AT A AE TR R X DL AE 40 i P
o TR A )2 T G v A R O .k kT RE B Al
eSO R e DL A B 40 B 0 23 18] AR b K 4 i T
BEE AT/ 25 50 (20 B0 A B8 5 it B AL . 25 ] &2
Y2y 2 7 A U B L X X AR BE ) B U o b
THARB T R, SRS B8 e — k&
it 1 A R R O R AL Lk B T AR W 2 R
S, BV 2 () 42 BE 0 R By B 2 TR o A S
B E R X B A A S A M T RE LA AR & A
2 Y TA) R DG I L K TH 2 AN BT G TRl A, (3) HE R
PR SR B M T M 2 E AL, =
45— BB AL HLE L 33k (1 75 AR T) 52 56 3 A0 F o 4% SR
PAEAT b, 7™ F5 il 29 7 R i v] 5 &k R AT R
LR & B B AR Ko Xt 2H 20 288 U 1% i 44 of Pk Lt B K
HBHAG TIZF AR 2 B AR, 2 A L 4%
fR) 42 JB T 0K AR T I iR PR DA b 2 T R
AEEME fERE RS R, B A A L
Z A 2E A B G RIAIT 5 8. o8 3 S B MR & A K
(14 Sh 25 AR RS 1 325 Jik e 98 3 97 10 TR E A L A B e
ARACKG W27 I R 48T A%

by —J7 L DNA S i F A B g8 sh v T
BT A A3 () 2 2 A AT (E A 0 B A A R v 4 T
A T R R B Th 2 ), e 2 AR Y S R A
B, W BT 28 R . TR RO
B X — [ A B A A ASE R X 4r 3~ 5 Ff
bR, HZ L Z WA AR, I8 25 5) T B0 i 25
Fa) AR FE RIS 5 2 B, DN 52 Wi 45 [) 45 5L %) v 0 ke
Uk, AT 7 2 5 M M 1 B A 5 R DA g b S B K B 4T
Y T SR T | 0 N A1 LB e A/ )
TR PR Y 0TI | 40 43 0 A 1 R 1B B A0 i SR A 1Y
PR I R A O A A TR AR AR AR I R L SR ) e
R g i ta: | DR B2 N S NS RE S 7R ik 7/ e |
DL AN (5 5 0 B 2 B 9 06 2R . i T B = X b
CH AU HEAT PR 20 B AR 2 R B A M 1) vl & 7 vk I TR L

X DNA i i 57 A #EA7 R AR 58 530, L H 2
X NEREA 0 Hr . 78 AR 5 B 20 i o0 Bk 2
FUAR AN 2 B2 R E 3 I T LIRS AT TR A
85 A g e A L A Je O AL R L O 4R I B 2 B PR AE 12
JrTERMAE 2%
4 N F

AERR T 2 M Z 42 K DNA i 3R AE L
i T8 A5 R B L . s ) 22 4] A T ik AR DR i AR R 2R
i Ak AU A A VR R T AR S e B
W 2 AR S ) TR SR R BE A A R AL R AR
TR v LLTE 240 5 ) 140 o % 3R (] A e i i
PRNA E H AR 25 2 B 1 0 9 19 25 18]
RS IRSE FONCN (P SN O L 53 N il o U R & 1B
FIT L EE s o 52 (X JL 28 i 968 22 8 JIe i 517
Je L2 M S S AR e, L e R 4 5 T LR S5
AN e B AN L LA PN R A0 IR Y s T G IR
S WA P E JE 536 07 WA L . 5 G [R] B, DNA 4 5 452
ARBYGIA N L2 i 988 79 22 50 AR o A 4243 1 5 R T
Heo i BOR T i B — Bl U R BT CAn AR B R 5
BT 245 1) DNA JPFIbREE  SCBE 1% il i b T Fif
AW 31 ) TR A R X — P A L 28 i R AT 5 v
T S L A g L B il 98 R A A AR AR B GRS Cn 25 )
AL H 5 WA R AR 22, 15 Gt B 5 A G 00 X LA 58
SMEIEEA TR YR R

AR T LA iE — 25 7E AR T R BR o B R ER
B RN S5 07 W AT IR AR E ST . HAOR UL 1R K
{53 k7 T 308 5 R AN ] 1) 2 B 5 s T LA i i AT
B Z s E e Sy . Be b R AT Lo D9
A& — g B SR WS R M N 9 O AT 1 Y L ) — Fip
M T R £ K Je HCR A T 19 56 4 9, 58 % BHL
AR 2 ALE 4 f IS A R — LT R TE 2 6 1.8
A7 9 5 25 DT B2 T A58 B, A AR 23 B R 5 I
A AE R PRt L n] LSRR 20 B SO It IR AR I 6k
BEAE o AR T e SRR T 1) 3 5 o s )
SFRUAR AT PO LA L LAARAS T i AY  B  ER . A
TARTEBE HEIDLF HE R MEARFEART RS
LA HOL I IR AR WA A A AT, OF X SO bR o
T HEAT AR A L DT G B X B4 i A ] 4 o AT
R BRS04 B st AR A SR i . (e R
RETFUN 5 i o AR AT LA — 28 51 A ML LS8 5 A A
Brop A BB ER LB 9O e R A9 RE U LB RE R 2
SR REB 28 B R B o AT RCR S HER

£ LT = 6] 20 2 2 1R G I AR P 2 S A
SSIRT R AR T L E MR S Ak 005 1 23 (8] W)
2 T DNA & % 157 A DU 30 3k 5 ke 2 S A 0 ) 50 52
BT X RO AR A T 2 YE AR YR B R .
B PRI ST AAHE Sl T L i 8 2 s LAY TR A
figt T S AR T 3 R B A B 1 YR T S B T
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B E:BH Kt circFAMI69A EILEAF @A (HB) P oy KA IE AW F e B L E 5 FH
#, HiE RIAEELZZ PCR(GPCR) %M circFAMI69A /£ HB & J)Lils R R & m e Z b o R ik K,
BRI E B CGR R @A (CCK-8 %5, L& & 5% 1) B Ak MAR R R 98 % 3, 7% 4% circFAMI69A *t2m e
P A G R K 0 Heh, AR R IR I ik Fr qPCR 27 circFAMI69A 3+ DNA i 45 5 2538 % % 4 & F
KK ok, @it %K FEHIRE AR £ qPCR & % %% 9 i ik B9k, 48 % 4 4 4 ) RNA(miRNA) i# 4
854N R RNA #9L4], B8R circFAMI69A £ HB B ILA R A ML 2 P F RS AL, A s TLFE
AEE FAMI69A, 8K circFAMI69A 3T 2 40 ) 4 BL38 78 5 50 % T4 k., FH 3 F @0 B B =, e 4k W B AR 24
B A K, Audl B, T circFAMI69A 7T % DNA Hi45 & £ 8 %, circFAMI69A T A 4% M miR-1253, A M
i miR-1253 #F - F 77 ¥2 K B CDK6 &9 47 4] 4F A , 7 M circFAMI169A/miR-1253/CDK6 2 & 4, 4518 circ-
FAMI69A £ HB "W 4F 4 8 & 4 F . i@ i 4 4) DNA 4445 2 %4 circFAM169A/miR-1253/CDK6 4k 3K 3h it 7§ 2
B RABNGLWAFEH LA LER T A HB BILGY de b 36 7 AL BB IR B,
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Expression levels and clinical significance of circFAM169A in pediatric hepatoblastoma
JIN Yiying'* ,PAN Qiuhui'*"
1. Department o f Clinical Laboratory sShanghai Children’s Medical Center ,Shanghai
Jiao Tong University School of Medicine ,Shanghai 200127 ,China ;2. College of
Health Science and Technology ,Shanghai Jiao Tong University School of
Medicine s Shanghai 200025 ,China
Abstract: Objective To investigate the expression characteristics, biological functions,and potential mo-
lecular mechanisms of circFAMI169A in pediatric hepatoblastoma (HB). Methods The expression levels of
circFAMI169A in clinical HB tissues and cell lines were detected using quantitative real-time polymerase chain
reaction (qPCR). Through in vitro functional experiments (flow cytometry, CCK-8 experiment, and colony
formation assays) and in vivo tumor xenograft experiments in nude mice, the effects of circFAMI169A on ap-
optosis, proliferation,and tumor growth were evaluated. Western blotting and qPCR were employed to analyze
the impact of circFAMI69A on the expression of key molecules in the DNA damage response pathway. Dual-
luciferase reporter assays,along with qPCR and Western blotting, were used to investigate its mechanism as a
competitive endogenous RNA sponge for microRNA (miRNA). Results CircFAMI169A was specifically over-
expressed in tissues of HB patients and cell lines,independent of its parental gene FAMI169A. Knockdown of
circFAMI169A significantly inhibited cell proliferation and colony formation while inducing apoptosis, with
similar effects observed in vivo to suppress tumor growth. Mechanistically, interference with circFAMI169A
activated the DNA damage response pathway. Further studies revealed that circFAMI169A directly binded to
miR-1253, thereby relieving inhibitory effect of miR-1253 on its downstream target gene CDK6,forming the
circFAM169A/miR-1253/CDK6 functional axis. Conclusion This study elucidates the role of circFAMI169A
as an oncogenic molecule in HB,driving tumor progression by suppressing the DNA damage response and the
circFAM169A/miR-1253/CDK6 axis. It identifies circFAMI169A as a potential diagnostic biomarker and pro-
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