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[ Abstract]  Objective

To analyze the influence of arbidol ( ARB) on HCoV-0OC43-induced activation of host

signaling pathways and to explore the correlation between the anti-inflammatory activity of ARB and its effect on the

neurotrophin signaling pathway. Methods HRT-18 cells were infected with OC43 and treated with ARB. After 96 hours,

total RNA was extracted, transcriptomic analysis was performed to identify differentially expressed genes (DEGs), and

Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes ( KEGG ) enrichment analyses were performed to

identify potential biological processes and signaling pathways related to ARB treatment. RT-qPCR was used to verify the

inhibitory effect of ARB on the expression of important molecules in the neurotrophin pathway. Results ARB treatment at
high, medium, and low doses(6, 2 and 0. 67 pg/ml) resulted in 9459, 4186, and 1744 DEGs, respectively, compared

with the virus-infected control group. GO analysis showed that ARB mainly affected biological processes of cotranslational

protein targeting to membrane, cellular components such as focal adhesion and cell-substrate junction, and molecular

functions such as cadherin binding. KEGG analysis showed that apoptosis and neurotrophin signaling pathways related to

coronavirus infection were significantly enriched, and ARB had a significant inhibitory effect on MAPK, PI3K, and NF-kB

in the neurotrophin signaling pathway. RT-qPCR analysis revealed that ARB significantly inhibited mRNA expression of

PIK3CA, AKT, TRAF-6, Bax, p38, and c-Jun. Conclusions

neuroinflammation caused by coronavirus infection.
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This study suggests that ARB can be used for treatment of
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ML 2 6 LAk, AR B H0)R R IG R,
FH PBS ¥k 2 WA, A 100 4~ TCID,, i) HCoV-
0C43, 34CHEE 2 h )5, 7K LI, PBS BEik 2 Ik
Ja, T R AR WM #E. s A 6 pug/mL
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FRAFIR N G1Y), 78 M-MuLV 30554 S EHA 2 b4
cDNA 25— 4%4% , Bifi 5 Fl RNaseH [%f# RNA £, 376
DNApolymerase 1 K ZF, L ANTPs J J5 K&
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SR FEA(E (FPKM) #E4T PCA 43 #r, K Br 7 g
HMZERIEHNBOMEZ JGE N 22 5 HHE, R
FERAYZ R BIT HE R A FPKM {E 17 R0 M1,
XTAT (row ) AT — AL AL B ( Z-score) .
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Table 1 Primer sequence for the molecules in signaling pathways
T 510
Gene Primer
5’ -GAAGCACCTGAATAGGCAAGTCG-3’
PIK3CA
5’ -GAGCATCCATGAAATCTGGTCGC-3’
AKT 5’ -TGGACTACCTGCACTCGGAGAA-3’
5’ -GTGCCGCAAAAGGTCTTCATGG-3’
s 5’ -GAGCGTTACCAGAACCTGTCTC-3’
p
5’ -AGTAACCGCAGTTCTCTGTAGGT-3’
5’ -CAATGCCAGCGTCCCTTCCAAA-3’
TRAF6
5’ -CCAAAGGACAGTTCTGGTCATGG-3’
I 5’ -CCTTGAAAGCTCAGAACTCGGAG-3’
c-Jun
5’ -TGCTGCGTTAGCATGAGTTGGC-3’
B 5’ -TCAGGATGCGTCCACCAAGAAG-3’
ax
5’ -TGTGTCCACGGCGGCAATCATC-3’
5’ -GTCTCCTCTGACTTCAACAGCG-3’
GAPDH
5’ -ACCACCCTGTTGCTGTAGCCAA-3’

A - B | C

= 7P value<0.05 5. P value<0.05 >
£ - |log,(Fold Change)>0 < llog,(Fold Change)/>0 =

= - UP6515 < UP4722 <
3 - DOWN 6894 = - DOWN 4737 B3
= © NO 14561 oF - NO 17308 o
g & &

log, Fold Change log, Fold Change

raw reads 7F 4. 1x10" ~4.3x107, &1tk 63.2x107,
2t AR L U S, 29 58.9x107(93. 2% ) 1Y)
W VE 81 B 12 Bt (clean reads) B - B T
Koo 15 DMAEESL T reads 2257887V, Q20 =96. 96, Q30
=92. 09, B 3 25 R 80 4r, v FH T )5 2209 40 B
(%£2),
2.2 mRNA iFIERERRIEZER D

fdi ] DESeq2 #4: (1. 20. 0) 4T A4S L8 2H &
Z A2 53238007 . i Benjamini & Hochberg fiY)
IRV RS P, | log, (Fold Change) | =1
& padj<0.05 B EEFRBEMBE, 45RER, 5
Cul b4, HCoV-0C43 JE YL 41 V i gk 1 13 409 4>
DEGs, H:H i FF VA9 DEGs 43 %1 4 6515 4~ Al
6894 > (K 1A), 5 V M, ARB ) DEGs Ky
9456 />, Horh L IEAT T IH A DEGs 435128 4722 4~ F
4737 4~(E 1B) ., ARB2 i) DEGs iy 4186 4>, Hirp
AR E Y DEGs 435128 2187 A4~F1 1999 4~ (&
1C) ,ARBO67 [ DEGs Ky 1744 4~ FHorp 80T
# DEGs 2314 1011 /N1 733 4~ (E 1D)
2.3 EHHFMBRESW

PCA W5 — A~ & (PC1) 5 B 22 1)
69.39% , Mi%H — A0 (PC2) WEE T 9. 56% 1) ) 2%
(E2A), PCA 7R HCoV-0C43 &Y HAEAR 5 1E
TN MR AEA Y B, 5 Ab FRLH A N REA B A AR
SAMTiER,V 5 ARB2 Fil ARB067 255, 5 ARB6 4
PR AR, RIS ARB W] RE 35 R0 T R
Yv HRT-18 45| AL i L A 5A (K 2B) .

D .
P value<0.05 5 P value<0.05
log,(Fold Change)]>0 .= log,Fold Change|>0
" UP2187 é a UP 1011
* DOWN 1999 o © DOWN 733
© NO 21974 ° * NO 24408
b
-mm,;;ééi;,_; e
log, Fold Change log, Fold Change

WA RFRE vs IEH4L;B: ARB6 vs JR#:4H ; C: ARB2 vs JREE4 ;D : ARBO67 vs JG R4, 7 P<0.05 1 | log,(Fold Change) | =1 A h 5
K255 M RE IR 1 AR AR R 2 R A 2R B K (log, Fold Change) , P\ AFRF78 F 1K 22 S 1 BB VKT (~logy, Padj) 3 ZL €0 MR (0 573 B

PR AR,

1 ARB 1% HCoV-OC43 /&Yt HRT-18 i) 2 5 35 KL P K 1L &]
Note. A, Virus vs normal control. B, ARB6 vs virus. C, ARB2 vs virus. D, ARBO67 vs virus. Significantly differentially expressed genes were defined

as having a P<0. 05, | log,( Fold Change) | =1. X axis represents fold changes in gene expression( log, Fold Change) , while Y axis shows significance

levels of DEGs. Red and green dots represent up- and down-regulated genes, respectively.

Figure 1 Volcano plots map of DEGs in HCoV-0C43-infected HRT-18 cells treated with ARB
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T2 AUMIREA cDNA SCERDN P At
Table 2 The ¢cDNA sequencing data of cell samples

A JE iR A EEE AL FEIRZFE (%) Q20 H(%) Q201H(%) GC (%)
Samples Raw reads Clean reads Clean bases Error rate Q20 Q30 GC content
Ctrl-1 42 168 068 38 650 830 5. 80G 0.03 97.15 92.48 50. 87
ARB6-1 42 542 216 39 046 794 5. 86G 0.03 97.08 92.11 46.07
ARB2-1 41 454 118 38 884 308 5.83G 0.03 97.03 92.09 47.62
ARBO067-1 43 745 898 39 994 102 6.00G 0.03 97.17 92.43 47.34
V-1 41 336 374 38 015 590 5.70G 0.03 97. 09 92.30 48.03
Ctrl-2 42 208 406 38 170 680 5.73G 0.03 97.08 92.28 48.71
ARB6-2 41 763 494 41 687 318 6.25G 0.03 97.04 92.13 46.73
ARB2-2 43 141 988 40 309 962 6.05G 0.03 96.97 92.10 48.71
ARB067-2 41 625 968 38 577 392 5.79G 0.03 97.03 92.19 49.11
V-2 41 904 598 39 003 642 5.85G 0.03 97.03 92. 14 49.12
Ctrl-3 41 441 876 38 712 530 5.81G 0.03 96. 96 92.10 50. 87
ARB6-3 41 680 700 38 779 652 5.82G 0.03 97.11 92.28 48.19
ARB2-3 42 240 354 39 133 272 5.87G 0.03 97.13 92.37 48.54
ARBO067-3 41 881 500 39 571 018 5.94G 0.03 97. 19 92.49 48.24
V-3 43 017 748 40 578 528 6.09G 0.03 97.07 92.17 48. 60
A 1 e B
S o
L ]
. -
‘ Group

® cul
v

@ ARB6

® ARB2

® ARB087

PC2 (9.56%)

-25
PC1 (69.39%)

Curl ARB6 v ARB2 ARBO67

B2 ARB T HCoV-0C43 J& %t HRT-18 £ 2550 (1) 3 o 00 (PCA) 15 ARB U5 22 5 RIAFE N I R0 Hr
Figure 2 PCA of RNA-seq data from HCoV-OC43-infected HRT-18 cells with ARB treatment and Cluster analysis of DEGs
regulated by ARB treatment
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Figure 3 GO enrichment of DEGs and KEGG enrichment of downregulated pathways regulated by ARB treatment

MAPK14.

. A:STRING 4% 24T ( 25 53 3 T8 DA A 1) 2 1 5 - 28 (1 S A B AR 45 ) s B2 ARB 100 HCoV-0C43 & Ys HRT-18 4l Jifl i) 2% 5

FIRFEH HAE ML KR Degree” 174 €0, B AR IR RN Degree i

3 C o S DR AR LA 0 2%

4 ARB T i HCoV-0C43 &Yt HRT-18 4l A4 25 5 32 0k 35 R T A M 4%

Note. A, STRING network analysis.

B, Interaction network of DEGs in HCoV-OC43-infected HRT-18 cells with ARB treatment. The

network was colored according to the level of Degree value. The higher the Degree value, the darker the color. C, Interaction network of key

genes.

Figure 4

Interaction networks of DEGs in HCoV-0C43-infected HRT-18 cells with ARB treatment
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Figure 5 [Effects of ARB treatment on mRNA expressions of molecules in neurotrophin pathway were detected by RT-qPCR assay
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