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ABSTRACT

Reproduction rates of three mutants containing one or two nucleotide substitution (D2/1C69,
D2/IC60 and D2/IC5758) were investigated in comparison to wild-type DENV 16681 in Vero
cells. The amounts of the infectious virion released in supernatants of Vero cell culture were
monitored throughout a 4-day period of infection. Similar patterns of viral reproduction were
reported amongst three strains of the mutant and did not differ to that of a wild-type cohort.
However, by plaque forming assay, we could detect larger plaques generated from a
D2/IC5758 virus compared to those from a wild type strain. In addition, effect of DENV infection
on the expression of Matrix metalloproteinase (MMP) -2 and MMP-9 was also examined in
HepG2 and U937 cells. The expressions of MMP-2 and 9 in HepG2 cells infected wild type
DENV 16681 were comparable with those of non-infected cells. Mutation in 5’NCR also caused
no apparent difference in both MMP-2 and MMP-9 expression in this cell type. In contrast,
following DENV infection, U937 cells down regulated their MMP-2 and MMP-9 expressions.
Zymographic analysis demonstrating gelatinolytic activities of MMP-2 and -9 showed that, in
comparison with uninfected control cells, infected U937 cells reduced their secretion of MMP-2
and -9. Results of significantly decreased MMP-9 production were confirmed by quantitative
ELISA. Manipulation of MMP-9 expression has believed to involve with the function of tissue
inhibitor of metalloproteinase-1 (TIMP-1). We were able to detect the expression of TIMP-1
mRNA in U937 cells; however, levels of expression were similar in both dengue virus-infected
and control cells. These results suggested that DENV elicited different responses in MMP

production in different cell types

Keywords: dengue, 5’NCR, MMP
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szidaulsIvY
1. samhimasn &l 2 SUWUT 16681 wild-type LAz sidanlhsaniianalelng g 5
NCR asuutasly (mutant) 50 3 sowug e
hh$andfealondduns 69 1Wasuan AlluwT 13801 D2/IC-69
h$andfiaealondduns 60 1Wasuan Alu G (3ani1 D2/IC-60
hsansifanalelnadunis 57 usr 58 wWasuain C uaz G 1ilu T uas C Bund
D2/1C5758
Lﬁaamﬂﬁwamsﬁﬂmm%ﬂuLﬁnuqmawﬁamaﬂﬁa lulsas LLC-MK, Wz neurovirulence 310
#o9UPUANMIITB Ve 30, a7 IRanuanyal (Sirigulpanit et. al., 2007) wui1 13
mutant sEWUE D2/IC-69 Ju11@ plaque IndiAe aowuiUnd ue ﬁﬂﬁﬁmﬁmimﬂww‘ﬁ
nhaewugdnd  1h3a mutant sneWug D2/IC-60 Huu1a plaque 1ANNTY auRUTUNG wel vin
Idannanslunylndidssmeiuging
a3 mutant auWus D2/IC-5758 Huwia plaque Twaindt sewuiund waz vilidasnises
Tunugenimupiutng
2. samumaanaasmyanelaun
Lma§ﬁﬁﬁ%’ULLauaua€1 (FcR+ cells) laun wraalalugos (human monocyte cell line ;U937)
IAe9LTasaIn RPMI A8 115 mM HEPES, 10% FBS twuildau 100 wiho/us. uazaiaslle
Judu 100 lalasnsw/as. waan Winsutenduaaiiu (FCR cells) ldun 1oas Vero uas
human hepatocellular carcinoma (HepG2) Lgﬂdmaﬁﬁ’w Modified Eagle’s Medium (MEM) Y
115 mM HEPES, 10% FBS twufidau 100 wiio/ua. wazaasuladiodu 100 lulasnin/

4R,



3. MybnnsamdSunalsalasis Plaque forming assay LWioas Vero aduaan da Ui

® w8 Vero LRUIMAINIALALITRNUIUIN 75 NN. 928 MEM N3 115 mM HEPES,

10% FBS wuiifau 100 mio/ws. uazamasyladodu 100 lalasniwms. 1 37°C,
5% CO,

o ﬁnmaﬁmgmdalummﬁmLmaﬁ"nﬁ@ 6 way (6-well plate) ABNNT trypsinization
(% 0.25% trypsin PBS-EDTA) lagiuiaad fianunuiuin 1.5 x 10° Loas/ua. LANaT
luaﬁuLgnaLmaﬁﬁqwaz 4 38, (Judman 6x10° LTAR/AYN)

o nmaasawasaailuim 24 $2lus wieawmasiiU3u1ms 90-95% confluent 71 37°C
5% CO,

® NMiWNETMIRBITRs MEM sanuasviimisansfiaimadeds PBS uasin PBS
28NIINNAN

° ﬁ’]vlfa%‘aﬁl,ﬁumﬂﬁlﬁu -80°C v dilution 10 winlu MEM 1§ 2% FBS, inuiifau
100 whe/ua. wazaastlasedu 100 lulasnswaa. wastdshSaudas dilution aaluue
AzRquURILTAN Vero 13313 200 lulasias

° ﬁﬂmmgﬂoLsﬁaéﬁﬁ"h%'aagjivlﬂlﬁg'ﬂ,gmmaﬁ 37°C 5% CO, Lﬁalﬂwl,’a%'aﬁw;jmaaiﬂu
1281 90 WA I@UﬁﬁﬂﬁswaﬂﬂﬁumﬂuLﬁsaLﬁﬁaﬁnﬂ6] 30 W

e {jonTuaaein Methyl cellulose U313 4 wa. adlUluudaznqu (14 1% Methyl

cellulose azane/li MEM N3 2% FBS, lWwik@a1 100 ®128/4a. hazaiayllasdadu 100
lalasnsw/aa. uazsihmas lWiaeesdan 37°C, 5% CO, Huan 10 %

® {aAvL 10 U L@ fixative leilri 4% formaldehyde lu PBS asluudaznguinuim 4
A, a9 Lingungiiiasnu 2 Tala

2

A & & Y & v o
® LUAATULIRNILNRITREAN ﬂluﬁnul,a galranaanlaza Nl raanl18i1Y sz

® GusInzany Methylene blue 2 Wa. aaluLL@ianu LLﬁaﬁqﬁovﬁﬁamwgﬁﬁaoaﬂ'n

q

wae 30 w17
® 319 Methylene blue aanalaiindszi
:; v ,_-3' 6 v
o ainliuRuITasLta
® unalasnsiudnmin plaque Nwuluudas dilution vad3w
fumaUSinahsa (titer) a8 plaque forming unit (PFU) /8. =  (31%3u

plaque slumj&l x dilution factor) x 5
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4. maIsuisunsaaigeluaasn WANTULaUGLEA (FCR cells) loun 1aa Vero va9l3a

SUWUT 16681 wild-type WAz mutant 19 3 MIUWUT léuA D2/1C69, D2/IC60 way D2/IC5758

o ¥ a \ o 5
° 'mmaﬁmLﬁﬁﬂuﬁnu%qmﬁmmmﬁmm 24 nau I@mmawguﬁmaﬁmmu 1.5 x 10
LIRS WAZLREY P naunsaasa TR 24 TN 7 37°C, 5% CO,
e ynmigaamIRBITaRaan

o Gulaiasn Flanwdl 2 AUWUE 16681 USu1a 7 bitAn 200 lulasaasle MEM A%

2% FBS, INWiG8% 100 wie/da. uazatastlanvodu 100 lulasnsu/ua.

o hudndiduaaad 37°C, 5% CO, Liuam 2 Talus iivalwhiimdusadyinnmsndnau
\Wesad ldamne 30 wifl
[ dl A U a 6 v A 6‘:
e qaalhisfindeaanuazdifduaasdis MEM 8n 5-6 A
® LAy R TaaLazinNTIasIaan 37°C, 5% CO, tHuwan 7
o luudaziurmigaviidsasasd (supematant) aaniwnied 500xg NiTE R
supernatant 1 -80°C
o o A ' ' 2’ & 6 v ad . 3
o ymianamhiiaNgnidesagluinidosaas a3 plaque forming assay @it

& a A o A a £
LR Vero LLazL‘LhTUULY]EJU“IJ%’]@@’J’]&JH’J’N"D?N plaque NNV

o

5. ¥inMsALpalTaaNaNTukauAUed (FR) leun  myelomonocytic (U937)  lapandw

a a
Lalauaa

® tumad U937 $1wan 7x10° 1aas resuspend 1w RPMI A% 10% FBS 158163 50

lalasdas

o hdufiBeaslwianuenudududinin PRNT,, (Iufiitld 1 : 2,500) wauivlhimas
Aglaviod 2 SEWUT 16681 $117% 7x10° PFU (MOI = 1) lui/Sanasfitvinnu incubate 7
37°C Tu water bath 1Dwaan 1 Tlud lagyhmsiagdmne 15 wfl

e Haasuniadu mixture hiisuazdiuadlwaad U937 ddsslihimdhgiadn 37°C
e 1.5 alad N3t g 30 Wi uahldamlsaasuuy 24 nau

® 5y RPMI A1 10% FBS wniidan 100 wiae/ua. wazaasdlagodu 100 lulasaay

A, AUdlLTNaINUaT 500 lalavaay

® ynnsasaras U937 @ia"l,ﬂ@nwnmﬁﬁmu@luﬁlﬁmwmﬁﬁ 37°C, 5%CO,

10



6. NAALTaLTANN ANTULEWALEA (FcR) lawA  human hepatocellular  carcinoma
(Hep G2)

o & & & & A ) A o 5

® YLmal Hep G2 &nLﬂUGI%%W%WQNLQUGL%@@%%@ 24 ‘Vﬁ;gll I@ULL@@&%QNNMWJ% 7x10

6
LTAR
° 'ﬁ’]msg@mvﬁ’mﬁmmaﬁua:ﬁwmaﬁﬁqsJ PBS
o 163 YriasnUSum 200 lulasdas laaiidn Mol = 1
® dgiAsamad 37°C, 5%CO, iua 1.5 Tlus ivalihiadisadimandnam
g & P
\ReaLmasnN ¢ 30 wifl
. LA RLILTaaanIUSNIm 500 lulasaas ‘V‘hmilﬁmmaﬁ@ialu@ﬁmmaﬁﬁ 37°C,
5%CO,

7. N38Na RNA Laz@323w1USun RNA 289 3aUazMMPs @38 Reverse Transcription —

Polymerase Chain reaction (RT-PCR)

® ¥inn15an@ RNA 3 nwmas U937 way Hep G2 lagld lllustra RNAspin Mini RNA
Isolation kit (GE Healthcare, UK) LazAIIIAUIUI RNA ﬁlaﬁ'ﬂvlﬁﬁ’m Biophotometer
i1 RT-PCR @28 lllustra Ready — To — Go RT — PCR Bead (GE Healthcare,

UK) PCR primers #llaun i) 1himasn forward, 5-AAG GTG AGA TGA AGC TGT
AGT CTC -3’ ; reverse , 5'-CAT TCC ATT TTC TGG CGT TCT ii) human
glyceraldehydes — 3 — phosphate dehydrogenase (GAPDH) forward, 5'-GAA GAA GGT
CGG AGTC-3'; reverse, 5'-GAA GAT GGT GAT GGG ATT TC-3'; iii) Matrix
metalloproteinase-9 (MMP-9) forward, 5'-GAA GAT GCT GCT GTT CAG CG-3';
reverse, 5'-ACT TGG TCC ACC TGGTTCAA-3' , iv) MMP-2 forward, 5- GTG TTC TTT
GCA GGG AAT GAA T -3’; reverse, 5-ACG ACG GCA TCC AGG TTA TC -3’ uaz
v)Tissue Inhibitor of Metalloproteinase-1 (TIMP-1) forward, 5-GGT ACC ATG GCC CCC
TTT GAG CCC CT-3 ; reverse primer: 5-AAG CTT TCA CAA GCA ATG AGT GCC
ACT CTG-3

® PCR amplification #w3uhimash, GAPDH 14 40 seufigaimadl 94°C 3 wfi, 64.9°C

(h3aiasf), 57.8°C (GAPDH) 1.5 wfl, 72°C 2 Wit & w3y MMP-9 14 40 sau ﬁ'qmugﬁ

95°C 20 Su1fl, 53°C 20 unfl, 72°C 20w wazdwsu MMP-2 14 40 seu 7

9Nl 95°C 1 PN 55.5 °C 1.5 W, 72°C 1.5 w1

® %1n173 run gel lawld 2% agarose % ethidium bromide

11



8. MyaNzATouRsumMIHaaLan bl MMP-2 waz MMP-9 31nwwas HepG2 kaz U937 310
msaatehiainsfisess gelatin zymography
o A9 Tad HepG2 waz U937 Afuleluusasinanunnasuiy non-reducing sample
buffer uaz load adlu 10% polyacrylamide gel ‘ﬁﬁ 2.65 mg/ml gelatin W82 run

electrophoresis 7 30 mA 111381 1 72109

® PINUUYINULHULARNILT I SDS removal buffer (2.5% Triton X-100, 50 mM Tris, 5 mM

CaCl,, 1 uM ZnCl,) ﬁqm%{]ﬁﬁmlﬂunm 1 2139

® WAIINNASUHWIAFIBINUEI T enzyme activating buffer (50 mM Tris, 5 mM
CaCl,, 1 um ZnCly) 7 37°C, 12-18 2 las

® ymIdaul{wlang 8 0.25% Coomassie Blue R-250 ﬁqm%gﬁﬁaaﬂﬁzmm 30 W7

® §9lasnIUTLaa bk Destaining buffer @73311 band 2848 bk MMP-2 waz MMP-9

9. IMTaTzaU MMP-9 lutiniResinas U937 a3 sandwich ELISA 14 Human MMP-9
ELISA kit (Bender MedSystems, Austria)

NAN13798

1. wansnaassndIanoahiia (titer) auWug wild-type uaz mutant léln D2/1IC-69, D2/IC60 uaz

D2/IC5758 lag3s plaque forming assay M8 LR Vero a901319

aﬂﬂ‘ﬁ%ﬁ: lot titer
D216681(WT) 30/7/2004 LLC3-4 7 x 10° PFU/mI
D2/I1C-69 2/8/2004 LLC1-2 3.6 x 10° PFU/mI
D2/1C-60 2/8/2004 LLC1-2 5x 10° PFU/mI
D2/IC-5758 27/9/2004 6 x 10° PFU/mI

12



2. MIATIANMIAALTa TRLAIN Tlanail 2 SUWUS 16681 Uaz mutant 1éun D2/1C-69,
D2/IC60 Waz D2/IC5758 lultad Vero M iwd 3 Badn13aaita a283% Immunofluorescence
assay lasa1de mouse anti-DEN2-E protein antibody clone 3H5 L@z goat anti-mouse

immunoglobulin §aaan FITC WIsuiaunuiuksnNad lwunsuaadaanvadldsfuainann

6
mulwras

Day 0 Day3 16681(wt) Day 3 D2/IC-69

Day3 D2-IC-60 u
Isotype control ¥y Day 3 D2AC-5758

3. wamulSpufisunmseite liiaauwug 16681 wild-type Uaz mutant N9 3 BWUT leiur
D2/IC69, D2/IC60 waz D2/IC5758 (MOI winnu 1) luiwas Vero las3T Plaque forming assay

Iut932021981 4 % 99NN

1.0E+08

1.0E+07 -

1.0E+06 -

1.0E+05 -

1.0E+04 -

PFU/mI

1.0E+03 -

1.0E+02 -

1.0E+01 -

1.0E+00

0 1 2 3 4

Day(s) post-infection
13
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[ 1 { a £ o % . &
4. LLﬁ@G“ll%’]@]LﬁuN’]ﬂuﬁﬂﬂ’]d plaque ALAAUH mﬂ"hsamslwuij 16681 wild-type LAz mutant 13

3 suwug leun D2/IC69, D2/1C60 waz D2/IC5758 luwiaaa Vero lauiT Plaque forming assay

lasuuwa Plaque 189 D2/IC5758 Juwalngnin wild-type agnsfivpday (***, P<0.001)

0.8

0.7

0.6

05

0.4

03

Plaque size {mm)

0.2

0.1

Aok

DV-
16681

DvV-60 DV-69 DV-5758

5. W& RT-PCR ugad mRNA 2891 5aasf SUWUT 16681 wild-type lulmad U937 #aInida

Walasandulanduad wiwd 0, 1 uas 3

DO

D1 D3

Wild type

GAPDH

14



6. NB RT-PCR uaad mRNA 183 MMP-2, MMP-9 luimag uo37 %é’amsam%avh%'mmﬁmu

WT 16681 wild-type lasanduuaufvad Tw3u7i 0, 1 use 3

GAPDH

15
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7. MIIATITAIZAULEW LD MMP-2 (72 kDa) wae MMP-9 (92 kDa) ¢1837 gelatin zymography
lushifesias U937 °?'iLﬁuﬁéﬁmia@L%avlfs%'mmﬁmﬂﬁ'uf 16681 wild-type T3l 0, 1 uaz 3

uaaduaulavas gelatin Atasaniawlsoing 2 wia

Do D1 D3

MOCK DV MOCK DV MOCK DV

MMP-9

MMP-2

8. NINTIMATZAULAW kTS MMP-9 Tuiitasdiras U937 MAURaINIIaaLa lYRLaInae

Wuf 16681 wild-type w5l 0, 1 uaz 3 law3% sandwich ELISA

1000 -

900 -

800 -

700 -
. 600 -
£ 500 -
> .
£ 400 - B Mock infected
3 300 - Infected
= 200 -
=

100 -

*kk
o - I i s
0 1 3

Day(s) post-infection
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9. Wa RT-PCR u&a3 mRNA 424 TIMP-1 lulnas U937 ué’omsa@L%avh%'mmﬁmﬂﬂ'uﬁf

16681 wild-type lapadauandvad luind 0, 1 uaz 3

Do Da

w
w

TIMP-1

GAPDH

i

10. WA RT-PCR u&@d mRNA 283113madn auwus 16681 wild-type luiarad HepG2 #aan3
@aLa 0, 3 Uaz 5 I

Do D3 DS

Wild-type

GAPDH

11. WA RT-PCR U&@d mRNA 283 MMP-9 lwiarad HepG2 waamidaia liimasnanowus

16681 wild-type lapaduuanived 1wind 0, 3 usz 5

Do D3 D5

MMP-9

GAPDH

17



12. MIIANLHITAULEW bl MMP-2 (72 kDa) kaz MMP-9 (92 kDa) #8371 gelatin
zymography usiRaaiTas HepG2 “?'iLﬁuﬁé'amiam%avh%'mmﬁmﬂﬁ'uif 16681 wild-type 11

N 0, 3 ua 5

DO D3 D5

Mock Mock DV Mock DV

MMP-9

MMP-2

13. WA RT-PCR u&ad mRNA 284 TIMP-1 lulead HepG2 nainisfaiza hiimasnauiug

16681 wild-type lanarduanivad luiud 0, 3 uaz 5

DO D3 D5

TIMP-1

GAPDH

18



14. Wa RT-PCR u&ay mRNA pa9lhiaiadn SUWUE 16681 wild-type LAz mutant 2 BT

ldun D2/1C69, D2/1C60 luiwas HepG2 #RINIAALTD 0, 3 UaT 5 T4

WT D2/1C-60 D2/1C-69

CONTROL D3 D5 D3 D5 D3 D5

15. W& RT-PCR u&ad mRNA 289 MMP-9 luias HepG2 1&é’am‘s&m%a"b%’mmﬁmﬂﬁuﬁ
16681 wild-type Waz mutant 2 suWug ldun D2/1C69, D2/IC60 lasandbuaudved Tu3udi 0, 3

Wae 5

WT D2/IC-60 D2/IC-69

CONTROL D3 D5 D3 D5 D3 D5

[ e . L el  GAPDH

19



16. mMyaNzKIzautanlyd MMP-2 (72 kDa) uwaz MMP-9 (92 kDa) @833 gelatin
zymography luihiAE9LTas HepG2 MliunaInsdaita i imainanuwus 16681 wild-type uaz

mutant 2 sevug ldun D2/1C69, D2/1C60 luiuil 0, 3 usz 5

WT D2/1C-60 D2/IC-69

CONTROL D3 D5 D3 D5 D3 D5

MMP-9

MMP-2

ayUuazinnsalnanisnaaas

1. l%a mutant ATmMs1aswuLasfinnaleng U3tims 5 NCR 119 3 SuWUS laun D2/1C69,
D2/IC60 uaz D2/IC5758 aansitnuastinswinlumas Vero ldladuandrsanansnug 16681
wild type

= = o v ' 6 A a ; 6 A a
2. mMmaSgunsuIwIaved plaque (amaumg{uﬂﬂma plague) NLNATHINNLTIN Vero NONAG

u
\Tad1e mutant D2/IC5758 lwnnd1 1w1awa9 plaque NiinanmMadallia wild type e mutant
D2/1C60 l¥uu1a plaque ARUWILHNLANNIN HaNINARBIfaannaaINUANE MY plague 7
3 .. . & A e a A a
FBNWINLTAR LLC-MK2 1849 Sirigulpanit et al., 2007 Hunmsbuduinmadfouudasfinile
& A a , a | A o o . =2 A a , [
Induuuunuiyusiim 5 NCR finadamstAins 1 winlasa in vitro MsAnwndudalin e
1 é‘ a a A n' o U a v 04 e 6 = =) 04
mutant nguiazldsziniawlunsdindwnuaznizduniduinludainaasSouiisuiy
wild type 3z R ladszloaidanmswauinduilasnulsaluamaa
2 y g { N . d ' +
3. mifaralhiaiasn auwug 16681 wild type luimas U937 Fudwaaslungy FeR™ uuy.

a

odanaudued wuin hismuniadussiniwnluoadafiiadile

4. ﬁ%ﬂﬁ’m’mﬁﬂmLﬁmamﬁmsam%mmﬁ Tuemad U937 asiinalwiiamaasuulasns
naaLawlod MMP-2 was MMP-9 Safimanuiniuilesusassunmsiansnsaninaas dengue
haemorhagic fever (DHF) (Lupertlop et al., 2006) wowasmsaaahiasd 3 Su 1rag
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