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ABSTRACT Objective: This study is to obtain the gene expression profiles of human umbilical vein endothelial cells (WUWVECs) un-
der different shear stress by RNA-Sequencing (RNA-Seq), and provide evidence for further exploring the mechanism on morphological
and functional changes in endothelial cells affected by flow shear stress. Methods: A 6-channel streamer system was used to establish the
hydrodynamic cell model with adjustable shear stress in hUVECs. Laminar shear stress (15 dynes/cm?) was used as control group and low
shear stress (0.1 dynes/cm?) was used as experimental group. All cells were loaded for 18 h respectively; total RNA was extracted and
synthesized by reverse transcription. The library was constructed and sequenced using Illumina HiSeq. Results: Sequence alignment
showed that there were 19986 gene alignments, and the number of new transcripts in each group was about 50% of the total transcripts.
Differential expression analysis of genes showed that, compared with control group, there were 983 up-regulated genes and 701
down-regulated genes in low shear stress group. 18499 genes were classified and annotated, GO analysis showed that most of the genes
were enriched into biological process. KEGG analysis showed that Top20 enrichment signal pathway is related to cell cycle, DNA repli-
cation, cell division, cell stress and apoptosis. Conclusion: Low shear stress not only activates proliferation-related genes in endothelial
cells, but also involves DNA damage repair and apoptosis-related genes.
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Fig.1 Schematic diagram of fluid shear loading system
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Fig. 2 Quality inspection chart of initial data
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Table 2 Statistics of RNASeq Map

Sample Map events count Total Mapped % Uniquely Mapped % Mapped to Genn % Mapped to exon %
0.1 dynes/cmS1 44240688 91.97 97.55 96.77 94.71
0.1 dynes/cm®S2 46442780 92.30 97.51 96.26 94.18
0.1 dynes/cm’S3 45951078 91.67 97.49 96.36 94.09
15 dynes/cm’S1 4439251 91.78 96.97 95.59 95.32
15 dynes/cmS2 45066008 91.90 97.01 95.12 94.26
15 dynes/cm’S3 46385672 92.34 97.38 96.62 94.91
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Fig.3 Gene expression analysis

A. RPKM density distribution, gene expression patterns of the whole sample, the majority of genes are moderately expressed, with a small number of low

and high expression genes; B. RSeQC sequencing saturation analysis, the horizontal coordinate is the ratio of resampling and the vertical coordinate is the

relative error; C. Gene coverage analysis, the transverse coordinate is the relative position from the 5 'end of the transcript, and the vertical coordinate is

the average of the coverage depth; D. Sample correlation test, the red represents the high correlation coefficient, and the blue represents the low correlation

coefficient.
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Pk P-value<0.05 , 25 Rk I HF G T4 R R, B R4 (R Y]

PAIER Z T T IREEA (& 4).
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Table 3 Statistics of expression difference analysis

Case Control Up-regulated Genes Down--regulated Genes Total DEGs
0.1 dynes/cm? 15 dynes/cm? 983 701 1684
A B
®
] # S
i - "

Lo = ]

4 £RFEERNLEES MA
Fig.4 Volcanography and MA Map of differential expression gene
A. Volcanic map of differential gene( 14k kR4 5 ik £ RS EIEN log2 FIEE , JLIRARIZE R EE M p-value B -logl0 FI#1E, BHRR&H 2 4E
RikEREE; EEH P-value=0.05 FHE, AR TEZERREER, ERRxREEELERRIEER, );B. MA Map of differential gene( 44
RAFWHEREERRIZEZH, A log2(A)+ log2(B), A f1 B 3 BIRFEREFHERNRILE , PBIRARIZEZ Z , B log2(A)-log2(B), LK
REERFREER, ERR T EREE

A. Volcanic map of differential gene (Abscissa indicate the value of log2 expressed as the multiple of difference, and the ordinate is the value of -log10 for

expressing the significant difference of p-value. The vertical line is 2 times the difference threshold, and the horizontal line is P-value 0. 05. Red dots

indicate significantly differentially expressed genes and blue dots indicate non-significant differentially expressed genes.); B. MA Map of differential gene

(The horizontal coordinate is the sum of the gene expression in the two samples, that is, log2(A)+ log2(B), A and B respectively represent the expression

amount of the gene in the two samples, and the vertical coordinate is the difference of the expression amount, that is, log2 (A) -log2 (B). Red dots mean

significantly differentially expressed genes, blue dots mean non-significant.)
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Fig.5A Go enrichment analysis map
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Fig.5B Acyclic graph of Go enrichment analysis
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Fig.6 KEGG signal pathway for enrichment of Top20 under low shear stress compared with laminar shear stress

& 4 KEGG E4 Top 10 B{5 S #( 0.1 dynes/cm? vs.15 dynes/cm?)
Table 4 KEGG enriched Top 10 signaling pathway (0.1 dynes/cm? vs.15 dynes/cm?)

Pathway DEG
D Pathway GO richment umber P value
ko04110 Cell cycle Cell growth and death 46 4.46E-18
k003030 DNA replication Replication and repair 19 1.75E-11
ko04111 Cell cycle - yeast Cell growth and death 25 4.95E-10
ko04113 Meiosis - yeast Cell growth and death 18 1.09E-06
ko04115 p53 signaling pathway Cell growth and death 18 1.41E-05
k003460 Fanconi anemia pathway Replication and repair 15 3.71E-05
k003440 Homologous recombination Replication and repair 9 0.000479443
ko00670 One carbon pool by folate Metabolisrr? of c.ofactors and 7 0.001165994
vitamins
ko04114 Oocyte meiosis Cell growth and death 21 0.001353547
ko04668 TNF signaling pathway Signal transduction 19 0.002547359
RS BRAGITR
Table 5 Statistical table of transcripts
S SRA TR AR WA
0.1 dynes/cm? 35241.67 18043.33 17198.33
15 dynes/cm? 36969.33 17731.67 19237.67
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Fig.7 Statistics on the number of variable splicing events
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PO R .
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i FSS fEFHANML, Ik FSS /EH F Y4l SNP HAT i 25 5 i
£ 5 R IBAHT R AR FSS /E R Y 3k B % ik
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