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ABSTRACT

Dengue disease is a highly prevalent mosquito-borne infection-causing millions of infections
annually. The global rapid emergence and distribution of dengue in tropical and sub-tropical
regions are exposing almost half of the world’s population to the threat. Dengue virus
(DENV) causes the overexpression and secretion of many proinflammatory cytokines,
including high-mobility group box-1 protein (HMGB1). HMGBL1 is the most abundant,
extremely conserved, ubiquitously expressed nuclear protein that executes the localization-
dependent function. HMGB1 translocation and secretion have been implicated in many
chronic infections, metabolic disorders, cancer, and viral and inflammatory diseases. In this
study, we explored the contribution of HMGB1 in dengue virus replication in A549 cells.
Results showed that HMGBL1 is translocated and secreted out during dengue infection.
Moreover, blockage of HMGBL1 release using ethyl pyruvate resulted in enhanced dengue
replication and the knockdown of HMGB1 abolished viral replication. In-silico, in-
vitro assays, and co-immunoprecipitation revealed the binding of HMGB1 to both
untranslated regions of viral RNA. This interaction further induces the expression of
proinflammatory cytokines like TNF-a, IL-6, and IL-1B which contributes to the severity of
DENYV disease. Therefore, our study suggests that the DENV tweaks HMGB1 translocation
and its interaction with the DENV genome to stimulate proinflammatory cytokines

expression in Ab49 cells.

DENV exploits various cellular pathways including autophagy to assure enhanced virus
propagation. The mechanisms of DENV-mediated control of the autophagy pathway are
largely unknown. Our investigations have revealed a novel role for HMGBL1 protein in the
regulation of the cellular autophagy process in the DENV-2 infected A549 cell line. While
induction of autophagy by rapamycin treatment resulted in enhanced DENV-2 propagation,
the blockade of autophagy flux with bafilomycin Al suppressed viral replication.
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Furthermore, siRNA-mediated silencing of HMGBL significantly abrogated DENV-induced
autophagy, while LPS-induced HMGB1 expression counteracted these effects. Interestingly,
silencing of HMGB1 showed a reduction of BECN1 and stabilization of BCL-2 protein. On
the contrary, LPS induction of HMGBL1 resulted in enhanced BECN1 and a reduction in
BCL-2 levels. This study shows that the modulation of autophagy by DENV-2 in A549 cells
is HMGB1/ BECN1 dependent. In addition, glycyrrhizic acid (GA), a potent HMGB1
inhibitor suppressed autophagy as well as DENV-2 replication. Altogether, our data suggest
that HMGB1 induces BECN1-dependent autophagy to promote DENV-2 replication.
Therefore, we postulate HMGBL1 as a crucial host element promoting viral propagation and
must be considered as an alternative approach for targeting DENV infection. The complex
pathogenesis of DENV infection can be better resolved by understanding the complicated

correlation between the DENV virus and its host factors.

Growing pieces of evidence demonstrate the importance of metabolic control on
proinflammatory response, however, the regulatory mechanism is not known. Here, we
suggest a novel mechanism for pyruvate kinase M2 (PKM2) in mediating HMGB1 release
during DENV infection. Results showed that the PKIM2 expression and nuclear localization
were increased in the DENV-2 infection group. Inhibition of PKM2 nuclear translocation by
DASA-58 and ML-265 results in decreased HMGBL1 release in the supernatant. Furthermore,
we observed that DASA-58 and ML-265 resulted in reduced viral protein expression and
autophagy. Altogether, our results shed light on an important process for metabolic regulation
of proinflammatory response by controlling HMGBL release and emphasize the role of a

metabolic enzyme in understanding the DENV disease pathogenesis.

Collectively, we have deciphered the proviral mechanism of HMGB1 in DENV virus

replication by its interaction with the viral genome to induce a proinflammatory response and



inducing autophagy. Furthermore, we unravelled that release of HMGB1 during DENV
infection is controlled metabolically by a glycolytic enzyme PKM2 expression and its nuclear
translocation. Therefore, the molecular mechanisms associated with host factors that regulate
inflammation must be further explored to understand the pathogenesis of severe DENV

disease.
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HRIer

ST 9T FEH HTUF gafed Ao Alid JaTarRe HHAT § foraed HROT gfaay arar
HHAUT g1t & | SUh et 3N SuTsornfeatiy 13T 7 397 &7 df¥as deir § 39T 3R
fraeoT gfetam & orarsrar 3l JTarey S ST@H A STer T §1 S A=A (DENV) 3=
ATrRfeTdT Hog e -1 HIEIT (HMGB1) AT g TSFeIHATY ATSCITehed i 37Teehdr 3R
A1 T HROT FcT ¢ HMGBL HSH T AT A, Icdd FfaTd, Fdeardt &9 § eded
TLAT] e § S FATAIRIOT-TAIR R bl Te el el &1 HMGB1 3ieTareet iR &1a b
&5 NI HhAUT, TAT Fael TR, FaT, arader 3R gorat Feeh SRt & Garr
AT §| 57 HEAAT H, §HN A549 HIRAHT3 7 397 arRE FAF A H HMGBL F ANTETeT T
Tl ST | IRUTAT & T AT fob ST HHHOT oh GRIT HMGB1 T FUTAT=ROT 3R F1d
BIT ¢ | S 37eITaT, UTdel UIS®dc &l 3UINT ieh HMGB1 HTd o FhIAC o TROTHTTRT
ST TRl 7 geftr g8 3R HMGB1 & wAlehsr3a & araRel Gfchic I FaTed T feram| gei-
faferel, 3o-fagr 9ra1oT 3R F-UfaveT e HA TIaTOT o arRRe 3IRTAT & glell HACTelcs
&A1 & HMGB1 & SIeT T GelTdT fhaT| TE 3T TNF-0, IL-6, 3 IL-1B S SFeIA
arscliehed i fAcafed s IR AT § ST S AT AT THRAT 7 AR1Er Hdr gl
$ATIT, AR YT H Il Teldl ¢ foh ST dRRA HMGB1 SellanelsT 3R SI] St &
ATY SHPT YRETR TohaT I A549 HITAFI3T H GIStetd el Arscifched TRATFT ST
WrcaTfgd el & T AT Sar g |

SI] ATIRE TER &l AR iet & foIw Faraesiidr (3iferthel) afg faffie saenrdar
TTohaT T 2NYUT T &1 3Terthely Ufshar & DENV HAEITYAT =0T & dF FHIPI gg dh
AT 8 | §ANT ST o ST ATIRE HehdA0T YR JTerthall Tfshar o g et 7 HMGB1 TiésT
o oI Teh 518 ${{HehT T GorraT fohalT 8| YATATS AT 3UER E@RT 3iTerthall &l gefer aidel &
%ﬁmwﬁqﬁﬁ,mmméimamﬁbwq o IR
Uil &1 haT THaT| S8 3TeTaT, HMGB1 T siRNA T HETEACT dTell AIgelTHaT o S|
IRA 3iTertheft Ft w1 g de fOed & ear, Fafe Lps F HMGB1 3iffcafad &1 s
3Tat T Yfaeer fohar| e a1d I8 & fF HMGB1 T TTSoif&eT & BECN1 T T 3k
BCL-2 UIEIT o TEUIhoT &l fTe@rar| s@eh faudid, HMGB1 & LPS URUT & IRUTHETET
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BECNlﬁagﬁrﬁﬁTBCL-z%Wﬁanfrmél 3 7ETTT H Il Toldhl ¢ [oh A549
HITARIHT # SI[ IR GaRT Terthelt T fAIT0T HMGB1 / BECN1 TR faR &1 38 3retrar,
T AfFARMMAT HMGB1 e ToTsaRISToteh Ufas (GA) o 3ifeithel & HTY-HT2 DENV-2
fciepict st §fT gaT fe2T| el AR, EART ST & YT Torell & T HMGB1 S9] arRd
Sfciepfel T Serar &1 & TolT BECN1 TR To¥31X fietthalt st U &l & | SHTAT, 7 HMGB1
I IR TER &l TGTAT el dTel Teh AGcAYUT ASEleT ded & §9 H A & 3R 38 59
HHHUT T ATETIT il o TeIT Teh dehioTeh TISCehIUT & &Y H AT SIlell MGV | SI] ArEH
HR S8 ASTETT HRbI & ST STiCel HEHH Sl HHSTHT ST HhHUT & STTeel UdTleted i
B &IT A gl TohdT ST AhT B |

Ted A NeFerAed FfAfshar w ==y =07 & Aged 1 Weidd #d g, 8Telifeh
fogeres o AT €t €1 Fgl, §H SI) dRRY HhAUT & aRTeT HMGB1 &1 & fagH= &
qEEAC FMSatal M2 (PKM2) & T &1$ o{fRenT &1 omra &l &1 el @ fh 397 ans
HSHHUT & GRTeT PKM2 3TTHcTFT AR RIRIHT hereh TATAT-cROT H & €5 | DASA-58 3R
ML-265 GaRT PKM2 ShITRISAT shgeh EATeATec0T I Udhel T HITAAT ATETH H HMGBL 1T
HH g1 STaT g1 ST 37T, §He) QT f& DASA-58 3T ML-265 & IRUTHEIET IR
IENT 1 Jifdrcatead iR 3ietthal A g 7| FHel AN, AR TROTH HMGB1 T T
TG ahteh MSTFAed Tidfhar & Taad fafaga = & foav T HAgcaqul wihar ©
RIRT STeTdt & 31X SI[ aRE V3T AITSTeTel Bl HHAST H TATTAT TSATSH I AT 1
IR A & |

AHfEH T F, §A 59 aRRH Fldhid # HMGB1 & arIRE AT $fAHT &l arel
ST & H1Y GEIR 9 GaRT NgFerAcyl Fiafshar s 9Rd set 3T 3ieithel s 9T
A & TTHT @l Gefdd foham 81 $He 3relrd, A T6 Yot fohar foh Sa HehaAoT &
&R HMGB1 T UTd &I TSI [Ceh TasH PKM2 ITHcaidd 3R saeh HIfer g
FUTATcRUT SART T & § AT fohar Srdr g1 saferw, aefiv Sap Qer & Aarateter
&I A & [T TR=T veTg 1 AT Hel aTed ATl HReb! A 53 0TS o
3R 318 @rer ST anfg vl
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HIGHLIGHTS

The salient findings of this work are as follows:

DENV-2 infection modulates HMGB1 protein expression and translocation in human
lung epithelial A549 cell line.

HMGBL1 exerts a proviral effect to facilitate DENV-2 propagation via interaction with
the untranslated regions of the viral genome.

HMGB1-DENV-2 UTRs interaction mediates proinflammatory cytokine response
which further contributes to DENV pathogenesis.

HMGBL1 also induces a BECN1-dependent cellular autophagy pathway to assure
enhanced DENV replication.

PKM2 is the metabolic key enzyme that regulates the HMGB1 release during DENV
infection.

Targeting HMGB1 is a promising treatment approach for DENV disease

management.
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