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[ Abstract | Background and purpose: Leptomeningeal metastasis is a form of central nervous system metastasis of melanoma.
High mobility group A2 (HMGAZ2) has been proven to play an important role in the occurrence and development of various tumors,
but its biological functions in leptomeningeal metastatic melanoma cells remain unclear. On the basis of building mouse models of

central nervous system metastasis of melanoma, this study investigated the differences in cell migration and cell proliferation among

HEWH: EXRARBAES (32200640)
B—AEH . 2204 (ORCID: 0009-0006-2715-9427 ) , Hii-H-HFF8AE1E1E,
EIE1EE . Bt (ORCID: 0000-0002-4566-3305) , 5751, E-mail: chiy@fudan.edu.cn.



390 THEE, 5 INCAVRNRESRORBATBIIZENZN

leptomeningeal metastatic melanoma cells, primary site melanoma cells and brain parenchymal metastatic melanoma cells, and
further clarified the effects of differentially expressed gene HMGA2 on cell migration and proliferation of leptomeningeal metastatic
melanoma cells. Methods: B16 mouse melanoma cells (B16-parental cells, B16-Par) stably expressing tdTomato and luciferase were
generated by lentiviral infection. Subsequently, B16 specific brain parenchymal metastatic cells (B16-brain metastatic cells, B16-
BrM) and B16 specific leptomeningeal metastatic cells (B16-leptomeningeal metastatic cells, B16-LM) were collected after adaptive
screening of metastatic sites in vivo. The differences in migration and proliferation among B16-Par, B16-BrM and B16-LM were
assessed by wound healing assay and cell counting kit-8 (CCK-8). RNA sequencing (RNA-seq) was used to analyze differential gene
expression in B16-Par, B16-BrM and B16-LM, and HMGA2 gene specifically upregulated in B16-LM was screened out. The results
were verified by real-time fluorescence quantitative polymerase chain reaction (RTFQ-PCR) and Western blot. Gene ontology (GO)
analysis was performed for genes which were upregulated in B16-LM specifically. siRNA was used to interfere with the expression
of HMGA?2 gene in B16-LM, and the knock-down effect was verified by RTFQ-PCR and Western blot. The effects of knocking down
HMGA?2 on cell migration and proliferation were detected by wound healing assay and CCK-8 assay. Using GSE174401 data in Gene
Expression Omnibus (GEO), the specificity of HMGA?2 gene expression in leptomeningeal metastatic melanoma cells from patients
was verified. Results: Compared with Par cells, tumor cells screened by the brain environment were more likely to colonize the
central nervous system. B16-LM had stronger migration and proliferation abilities, and upregulated the expression of HMGA?2 gene.
GO analysis revealed that HMGA2 was associated with many biological processes such as angiogenesis and cell proliferation. When
the expression of HMGA2 gene was knocked down, the migration and proliferation of B16-LM could be inhibited. HMGA2 was
upregulated in leptomeningeal metastatic melanoma cells from patients. Conclusion: Leptomeningeal metastatic melanoma cells had
relatively unique cellular characteristics, which promoted cell migration and proliferation by upregulating HMGA2 gene expression.

[ Keywords | Melanoma; Central nervous system metastasis; Leptomeningeal metastasis; Brain metastasis; HMGA2
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Fig. 1 Construction of mouse models of melanoma brain metastasis and leptomeningeal metastasis

A: Screening steps for metastatic cell lines targeting central nervous system; B: Bioluminescence imaging showed that the cell lines passed through
the screening for central nervous system metastasis exhibited a stronger ability to metastasize to the central nervous system; C: Immunofluorescence
staining revealed that mice injected with B16-BrM cells exhibited brain parenchymal metastasis, while mice injected with B16-LM showed
leptomeningeal metastasis. Cancer cells were labeled with mCherry antibody in red, and the nuclei were labeled with DAPI in blue. n=3 per group.

Scale bars, 60 pm.
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Fig.2 B16-LM cells exhibited enhanced migration and proliferation abilities

A, B: Wound healing assay was performed to assess the migration capacity of B16-Par, B16-BrM and B16-LM. Scale bars, 200 um; C: CCK-8 assay
was conducted to evaluate the proliferation potential of B16-Par, B16-BrM and B16-LM. **: P<<0.01, compared with B16-Par or B16-BrM; ***:
P <<0.001, compared with B16-Par or B16-BrM; ****: P<0.000 1, compared with B16-Par or B16-BrM. ns: No significance.
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Fig. 4 Characteristics analysis of melanoma cells

A: Differential gene analysis showed that 1 211 genes exhibited increased expression levels in B16-LM compared with B16-Par (P<<0.05,
[log,FoldChange| > 1); B: Differential gene analysis showed that 153 genes in B16-BrM exhibited increased expression levels compared with B16-Par
(P<<0.05, [log,FoldChange|>1); C: The Venn diagram showed that 1 097 genes were specifically up-regulated in B16-LM.
&1 B16-LMBT100™ 451 K ER
Tab.1 Top 100 genes specifically up-regulated in B16-LM cells
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Ahnak, Coldal, Myof, Hmga2, Colda2, Axl, Lamb1, Plec, Nptx1, Finc, Capg, Ank, Vcan, Slc30a4, Unc5b, Hmgal, Car6, Cavl, Itga3, Lrpl, Nidl,
Slc27al, Cd109, Itpr3, Epha2, Lgals3, Empl, Ehd2, Ctsl, Zcche24, Peakl, Fscnl, Pam, Rinl, Col18al, Lrigl, Etv4, Cavinl, Slc5a3, Ubqin2, Fnl,
Sh3bgri2, Arhgap45, Tagin2, Nfix, H2-D1, Nptxr, Igf2bp2, Kitl, Clu, Xist, Itga5, Ptk7, Mast4, Ank3, Aprt, Itgh7, Slc25a24, Btgl, Hkl, Capnl,
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Fig. 5 The expression level of HMGA2 was up-regulated in B16-LM

A: The mRNA level of HMGA?2 gene was detected by RTFQ-PCR; B, C: The expression of HMGA?2 protein was measured by Western blot. **: P
<0.01, compared with B16-Par or B16-BrM; ***: P<{(0.001, compared with B16-Par or B16-BrM.

2.5 HMGA2ERH5B16-LMAE N EHFidi2 GOMr, Z5R xR, 2R SHMGA2
% B FEIRAI G, o G 55 45 A A . 40 i 3 i 4
XIB16-LMH M EIERIT 0974 FE gk 7 (P<0.05, Kl6) , XHHMGA2FELEB16-



396

s

THEE, 5 INCAVRNRESRORBATBIIZENZN

LM R (14 37 I 5 SR A G
2.6 HMGA2{Z#B16-LM T2 FIiL5H

W ULERHMGA2HE P 3R 3A Y siRNAFE YL A
B16-LMJ7, i RTFQ-PCRflWestern blotSZ 56 Xif
HMGA2FE A TR K V- SR AT I IE . 4558
7, SXTERAARL, HMGA2RARA I mRNA ik

—_
(3]
1

0.9F

0.6

of HMGA?2

Relative mRNA expression »
=)
)

o

si-NC

si-HMGA?2 |

* %k

si-NC si-HMGA2

0h

Enrichment result

Reproductive system development

Positive regulation of angiogenesis
Reproductive structure development

Positive regulation of vasculature development
Regulation of epithelial cell proliferation
Regulation of angiogenesis

Epithelial cell proliferation

Regulation of vasculature development

Angiogenesis

FEAACFA P B TR (P<0.01, KI7A~C) .
YRR SEER R, SXIRAAA L, mRHMGA2
JEHIB16-LMAERRE 1328 79I, Z5A%5
JteFE X (P<0.05, K7D, E) . CCK-845H3%
B, si-HMGA2Z A Kz 3] 17, 2
SAG R (P<0.05, KTF) .

Gene number

83.0
58.5
8] ® 40
P value
3e-10
O I
2e-10
O le-10
@ 0.00
®
@
@®

0.02 0.04 0.06 0.08 0.1

Gene ratio

E6 B16-LMH5HMGA2FK XM XK LY FETTE
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