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Application of Dynamical Network Biomarker analysis
to dengue fever virus infection data

KADOWAKI MAKOTO?

Abstract: Dynamical Network Biomarker (DNB) can detect pre-disease (* Mibyou” ) state between health
and disease states from the fluctuation of biomarkers and the correlation between them. Recently, the appli-
cation of DNB analysis into various biological open data has been attempted to detect the pre-disease state.
In this study, we performed the DNB analysis on the dengue fever virus infection data obtained by Cytometry
by Time Of Flight (CyTOF) instrument, and then examined whether DNB proteins can be extracted and
whether the pre-disease state can be detected. These numerical results showed that the virus Envelope, and
the immune proteins IL-18 and TNFa were obtained as DNB proteins at 8 hours after infection with the
dengue fever virus serotype 2. Therefore, we suggest that this time point (8h) indicates the pre-disease state
of the initial infection after the dengue fever virus.
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Table 1 Python library and its version

Python version 3.5.3

Python package  version

numpy 1.10.4
scipy 0.18.1
pandas 0.21.0
networkx 2.0
python-louvain 0.10
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Table 2 The number of the samples which DNB protein was
extracted in 7 samples: 3 or more is shown by bold

font.

Protein Time point
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after then infection: The colored lines represent each

sample.
0.50
+* sample num
0.45 4 e 758 )|
764 —+— 772
©r 765 773
= 1 C
£ 040 = 766
5 1
g
@ 0.35
c
S
®
5 030
s .
o 0254 & +
o ~
® " - <
L] - -
% 020 Q . £
015 7%
0.10 — T T T
8h 24h 48h 72h
Time point

04 00000 8hOOOODODOOOODO DNBUOOOOO En-
velopeJIL-180 TNFa 0 OO0 0000000000000
gooooooooo

Fig. 4 Time series of average correlation strength of DNB pro-

teins Envelope, IL-15 and TNFa in each sample at 8h
after then infection: The colored lines represent each

sample.

OoOO0OC DNBOOOOOOODOODOODOODOO
ooooOoOOOshOOOoOOOOOOOO 20000000
oobooooooooobooooon

42 00O0OOO0OO0OCO 20000000000

020 00000 m2h0000000000OC0OCO
oooooooooboooooooooo IL-1pOo 400B
oo0oooooooooo IL-6e0 5000000000
ooooooooo IL-8s0 4000000000000



gooooooood
IPSJ SIG Technical Report

0.80

sample num
0754 e 758 - 171
764 —+— 772
& 765 773
5 0.70 £ 766
T
2
B 065 1 5
3 ?
T 0.60
8 ~
2 0.554 /Q'b £
o \
i + ¥
2 O
T 0504 T3 - - A
0.45 - 9 — &
¥
0.40 -— T T T
8h 24h 48h 72h

Time point

05 00000 72h000000000OO0 DNBOOOODO IL-
180 1L-60 IL-80 TNFa OO OO OO0OOOOOOOOOO
ooooooooooo

Fig. 5 Time series of the average standard deviation of DNB

proteins IL-13, IL-6, IL-8 and TNF« in each sample
at 72h after then infection: The colored lines represent

each sample.

sample num
0.7 A
e 758 V- T
764 —+— 772
= 0.6 ) 765 773
‘gn = 766
£
2 05
c
=
B ¥
L 04
o
bt —
u
g 034 W ©
2 -+ £]
o b — \
021 FH—— O
2
#
0.1+ T T T
sh 24h 48h 72h

Time point

06 00000 72h000000000OO DNBOOOODO IL-
180 IL-60IL-80 TNFae 00000000000 OOOODO
goooooooooo

Fig. 6 Time series of the average correlation strength of DNB

proteins IL-13, IL-6, IL-8 and TNF« in each sample
at 72h after then infection: The colored lines represent

each sample.

cooooooooocoobooOoOoooOoocOoobooooo
OOO0OO0OO0O0OO0 TNFeO 3000000000

050 DENV20O0O 72h00000000CO00O DNBO
o000 IL-1p01IL-601IL-80 TNFa 00O DO O0O0OOO
cob0o200000000CCO0000O000OO0000
coooooooo300o0omoooo 78000 60
coooooOooODOO00O0O0o0o0o0 r2h00ooooooo
coooocooo

060 DENV20OO 72h0000000CO0 DNB

© 2020 Information Processing Society of Japan

Vo0l.2020-BIO-61 No.2
2020/3/12

oooo0o IL-1801IL-601IL-S0 TNFae 0D OO OOOOO
oo0o00oo000oooboboO0o0o4000mOo0ooo0n
OO0 78000 600000000000C00ODOO 72h
goooooobooooooocooooooooboooo
gooooooboooooobooooooooobooooo
oooOoOoOO0OO0OO0ODENV20O0OO0D00O 72h0000000O
obo200000000000000O00000000

5. OO0

O00000CyTOFODODODOOO DNBODODOO
goddddoooooooooobobobooooood
godddoooooooooooboboobobooooood
gooogo
(1)DOOOOD 200000000000 8OO0 0.0%0

0000000 EnvelopeOOOOOOOOODOOOO
0 IL-160 TNFeOOODOOOOooOoOooooooo
0000 20000000000000000000O
oooo
(2)0000200000000000 72h000000
000000000 IL-1p01L-60 IL-80 TNFa O O
0000000oO0o0o0o0oo0oUo 2000000
o0ooUoooOoOooooooooo
(3)DNBOOOOOODODODOOODODODOOOOOOOO
O000oo0oooooooooooon
oooooOoOoO0OCyTOFOOOOOOO DNBOOO
o0o0o0oooooooooo

O00DNBOOOOODOOODODODmMOUOoOOOoooOO
O M Synchronously Flctuated GenesO SFGsO O OO OO
O000000 [12I0SFGs000000000DDOO0
00000o00000oo0o0oooooooooooooo
ooooo

gooo

1] 0O OO0 O0DO0OO0OO0OO0OO0OO0O0D0OoOo0oOOao
oo0b 20 7v0 2000000000
<https://www.kantei.go.jp/jp/singi/kenkouiryou/
suisin/ketteisiryou/kakugi/170217senryaku.pdf >
000 2020-01-230 .

[2] 000000 ooboboooboboooo: oooobooo
0000,00 00:00000,pp3-4, 0000000
000000 (2018).

[3] Henry, N., Hayes, D.: Cancer biomarkers, Molecular
Oncology, Vol. 6, Issue 2, pp 140-146 (online), DOL:
10.1016/j.molonc.2012.01.010 (2012).

[4]  Chen, L., Liu, R., Liu, Z., Li, M., Aihara, K.: De-
tecting early-warning signals for sudden deterioration
of complex diseases by dynamical network biomarkers,
Sci. Rep., Vol. 2, Article number 342 (online), DOIL:
10.1038 /s1ep00342 (2012).

[5] goodobooobboooboouoo boooo o
000 ooog oobo oboboooboboooooooo
goobbOooobobooooboboboooobobobooo
000 P5963198, O O O O 2016-08-03.



gooooooood
IPSJ SIG Technical Report

(6]

(7]

(11]

(12]

Koizumi, K., Oku, M., Hayashi, S., et al.: Identifying
pre-disease signals before metabolic syndrome in mice by
dynamical network biomarkers, Sci. Rep., Vol. 9, Article
number 8767 (online), DOI: 10.1038/s41598-019-45119-
w (2019).

Spitzer, M., and Nolan, G.: Mass Cytometry: Single
Cells, Many Features, Cell, Vol. 165, Issue 4, pp. 780-791
(online), DOI: 10.1016/j.cell.2016.04.019 (2016).
FlowRepository: FlowRepository - CyTOF analysis of
dengue virus-infected human moDCs, available, from
<https://FlowRepository.org/id/FR-FCM-ZY87> (ac-
cessed 2020-01-23)

WHO: Dengue and severe dengue, available,

from <https://www.who.int /news-room/fact-
sheets/detail/dengue-and-severe-dengue> (accessed
2020-01-23)

Hamlin, R., Rahman, A., Pak, T., et al: High-
dimensional CyTOF analysis of dengue virus-infected
human DCs reveals distinct viral signatures, JCI
Insight, Vol. 2, Issue 13, 92424 (online), DOL
10.1172/jci.insight.92424 (2017).

00 O00: FCMOOODOOODO DNBOOOODOOODO
gooooO0ooObOobOobOO0oo0 obobob oboobo
0020180 .

Oku, M.: Two Novel Methods for Extracting Syn-
chronously Fluctuated Genes, IPSJ TBIO, Vol. 12, pp.
9-16 (online). DOI: 10.2197 /ipsjthio.12.9 (2019).

© 2020 Information Processing Society of Japan

Vo0l.2020-BIO-61 No.2
2020/3/12



