gMQ

;f Kobe University Repository : Kernel

R
S
4oge

PDF issue: 2025-12-05

Human herpesvirus 6A nuclear matrix protein U37
Interacts with heat shock transcription factor
1 and activates the heat shock response

Huang, Jing Rin

(Degree)
Bt (BEF)

(Date of Degree)
2023-09-25

(Resource Type)
doctoral thesis

(Report Number)
HZE87325

(URL)
https://hdL. handle. net/20.500. 14094/0100485916

X HAVFT VY RMPFREZOZMERTY. BNER - TEFASZELEY. ZEEETROON TV ZEENT, BIICTRHACEIW,

KOBE

\j].\]\'l:lihl'[ Y
J

%)



(RRFE 1 BEER)

AL X DN R EE

Human herpesvirus 6A nuclear matrix protein U37
interacts with heat shock transcription factor 1 and

activates the heat shock response

B RA~LRRA T AV 6A KEH 737 U37 1. heat shock factor 1

EFHAEAER L. heat shock 2 #1&EMAL4 5

PR RS KR A Ze R Bl s
BER 7 A LA
(FeEHE . & FEr #R)

Huang Jing Rin

SRR



Introduction

Human herpesvirus 6A (HHV-6A) is a dsDNA virus belonging to the Roseolovirus genus within
the Betaherpesvirinae subfamily. It is frequently found in patients with neuroinflammatory
disease, although its pathogenetic role, if any, awaits elucidation.

Nuclear egress complex (NEC), which consists of the nuclear matrix protein and the nuclear
membrane protein, which is required for nascent nuclear capsid export by budding through the
inner nuclear membrane into the perinuclear space between the inner and outer nuclear
membranes. Here, we focus on the role of the HHV-6A nuclear matrix protein U37 in intracellular
signaling.

The heat shock response is important for cell survival under stressful conditions that disrupt
homeostasis, which is regulated by heat shock transcription factor 1 (HSF1). The heat shock
response induces expression of heat shock proteins (HSPs), such as Hsp27, Hsp40, Hsp70 and
Hsp90, most of which are molecular chaperones that function to prevent protein misfolding and
aggregation. In infected cells, HSPs are known to be important for the precise function of viral
proteins. In this present study, we focus on a novel function of nuclear matrix protein U37 in heat

shock signaling.

Materials and Methods

To determine the role of U37 in heat shock signaling, initially, we conducted a luciferase reporter
assay in HEK293T cells by transfecting the cells with plasmids carrying U37 together with a set
of firefly luciferase reporter plasmids harboring responsive element for HSE, NF-xB, IFN-£, and
CRE. To confirm the specificity of U37 in such signaling, another round of luciferase reporter
assay was performed with inhibitor. We also included homologue protein of human
cytomegalovirus, belonging to the Betaherpesvirinae subfamily. To determine whether U37
induced HSPs accumulation, we performed immunofluorescent assays. To investigate whether
U37 activates HSF1, we performed immunoblotting using antibody against phosphorylated HSF1.
The interaction between U37 and HSF1 is confirmed by NanoBit assay as well as
immunofluorescence assay. Finally, we focused on the importance of heat shock signaling in
HHV-6A replication by analyzing the virus protein accumulation and genome copy number in

virus infected cells under drug treatment including HSPs and HSF1 inhibitors.

Results

HHV-6A U37 activates the HSE promoter.

Ectopic expression of HHV-6A U37 significantly stimulated the activity of HSE-luc. Of note, heat
shock increased the HSE-luc activity in the presence or absence of HHV-6A U37, suggesting that



heat shock and HHV-6A U37 synergistically activate the HSE promoter. Furthermore,
accumulation of Hsp90 was significantly increased in Flag-HHV-6A U37-expressing cells
compared to the mock transfected cells. These results suggest that HHV-6A U37 specifically
activates the cellular heat shock response system.

HSE is not activated by HHV-6A U34/U37 complexes or by HCMYV ULS53.

To investigate the region in HHV-6A U37 responsible for HSE stimulation, we constructed a series
of truncated HHV-6A U37s and analyzed their effects on HSE-luc. As result, C-terminal region of
HHV-6A U37 was deleted, still enhanced HSE-luc to similar levels as wild-type U37. In contrast,
HHV-6A U37 90-264, in which the N-terminal region of HHV-6A U37 was deleted, was expressed
properly but failed to activate the HSE, similar result is obtained when U34/U37 complexes is
expressed. These results indicate that the N-terminal region of HHV-6A U37 is important for
activation of the HSE. By the other hand, ectopic expression of HCMV ULS53, which is the
homologue of HHV-6A UL37, did not increase HSE-luc activity in the presence or absence of the
other NEC component HCMV ULS53. These results indicate that the ability of HHV-6A U37 to
stimulate the HSE is not conserved in the other herpesviruses.

The role of HSF1 in activation of the HSE promoter by HHV-6A U37.

HEK293T cells were transfected with the expression plasmid for HSF1 in the presence or absence
of plasmids expressing HHV-6A U37. The phosphorylation of HSF1 at Ser-326 was enhanced in
cells transfected with the HHV-6A U37 expression plasmid compared to control, whereas the
accumulation of HSF1 was not affected. This finding suggests that HHV-6A U37 mediates
activation of HSF1. Next, interactions between HHV-6A U37 and HSF1 were investigated by the
NanoBiT assay, which enables measurement of protein-protein interactions in cells. Co-
expression of HHV-6A U37 and HSF1 significantly increased luminescence compared to HHV-
6A U37 with the control protein, suggesting that HHV-6A U37 interacts with HSF1. Furthermore,
HSF1 inhibitor impaired HHV-6A-dependent stimulation of HSE-luc. These observations suggest
that HHV-6A U37 specifically stimulates the HSE via the transcription factor HSF1. Taken
together, this series of observations suggests that HHV-6A U37 interacts with and activates HSF1
to increase the expression of HSPs.

The role of heat shock signaling in HHV-6A replication.

JJhan cells were mock-infected or infected with HHV-6A U1102 for 72 h and then analyzed.
Accumulation of Hsp90 was significantly enhanced in the HHV-6A infected cells, compared to
the uninfected cells. Lastly, we tested different inhibitors of heat shock response on HHV-6A
infected cells. Treatment of inhibitors of HSF1 or HSPs reduced the accumulation of viral proteins

and viral yields.



3. Discussion

Our results emphasize the importance of heat shock signals in the viral life cycle. The region
responsible for HSE activation in HHV-6A U37 was mapped to its N-terminus. However, this region
in U37 homologues is less conserved, which may account for these differences. We propose a model
in which HHV-6A U37 activates the heat shock response to support viral gene expression and
replication. However, we cannot exclude the possibility that other viral proteins also contribute to this
activation in infected cells, in addition to HHV-6A U37. Further studies are required to determine how
and when HHV-6A U37 activates the HSE in infected cells. Our findings will provide important
insights into novel interactions between herpesviruses and the heat shock response, and may suggest

new targets for antiviral therapy against HHV-6A.
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