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Australia tackles HTLV-1

HTLV-1 research has long been under-funded, hampering research and control. A new Australian
taskforce aims to change the situation at home and abroad. Karl Gruber reports.
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Funding to combat Human T-cell Lvmphotropic Virus-1 in remote
communities

The Turmnbull Government will provide $8 million to form a taskforce, in collaboration with
the states and termitories, to combat Human T-cell Lymphotropic Vims-1 (HTLV-1) and other
emerging commumicable diseases in remote communities.
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Rapid rebound of HIV when ART Is stopped
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HIV persists on ART in multiple forms
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There is a spectrum of HIV transcriptional
activity on ART: why?
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®
Variation in cell associated unspliced HIV RNA

INn HIV-infected individuals on ART
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N=30 participants in a randomised clinical trial. B1 = screening; B2 =
between screening and enrolment; B3 = day of administration of disulfiram

Elliott et al., Lancet HIV 2015


Presenter
Presentation Notes
In a recent clinical trial examining the efficacy of disulfiram as an LRA performed in our laboratory, we observed that cell associated unspliced HIV RNA in CD4+ T-cells from blood was variable at different time points prior to the administration of the drug. More specifically, CA-US HIV RNA was measured on three occasions, once at screening (B1), once prior to administration of disulfiram (B3) and at a point in between (B2). At the timepoint immediately prior to the administration of disulfiram (B3), CA-US HIV RNA was 2.5 to 3-fold higher than the other timepoints. It was also found that these samples were collected significantly earlier during the day compared to the other timepoints. We therefore hypothesised that there was an association between basal levels of HIV transcription on ART and time, which would involve the circadian cycle. 


Does HIV transcription
have a circadian rhythm?
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Clock-controlled genes |

Nobel Prize 2017
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CYTOPLASM

« CLOCK and BMALL1 heterodimers bind to an E-box to drive transcription
e Control is mediated through Per and Cry genes

Gekakis et al., Science 1998; Hogenesch et al., PNAS 1998; Kume et al., Cell 1999; Jin et al., Cell 1999


Presenter
Presentation Notes
Many organisms display behavioural and physiological changes over the 24-hour day. These rhythms are controlled by the suprachiasmatic nucleus (SCN) in the brain. The SCN is entrained by light and then goes on to entrain various peripheral clocks throughout the body. In these peripheral tissues, cell-autonomous circadian clocks consist of numerous interacting feedback loops. In the primary loop, clock and bmal1 heterodimerise to bind gene promoters and initiate transcription. Specifically, they bind to E-box sequences which are a stretch of 6 nucleotides, CANNTG. Two of the proteins whose expression is induced by CLOCK:BMAL1 are Cry and Per which also heterodimerise and then inhibit clock:bmal1 function. That is to say, they inhibit their own production and once the proteins degrade, CLOCK:BMAL1 are no longer inhibited and thus initiate the cycle again. 


Why would this be relevant to HIV
transcription?

 The HIV LTR has 4 E-box binding sites with two flanking the TATA
bindings site

» E-boxes are palindromic sequence motifs (CANNTG) for basic helix-
loop-helix (bHLH) class of DNA-binding proteins

* Important for the regulation of transcription of multiple retroviruses
including HIV-1 and HTLV-1

* CLOCK proteins have intrinsic histone acetyl transferase activity and
can mediate chromatin re-modelling through histone acetylation

 Inindividuals off ART, plasma HIV RNA has circadian variation

Terme et al., Retrovirology 2009; Ou et al., J Virol 1994; Doi et al., Cell 2006; Zeichner et al., Pathobiology
1996;


Presenter
Presentation Notes
In the context of HIV, four E-boxes have been described in the HIV promoter, the long terminal repeat. All E-boxes are within the U3 region, upstream of the transcription start site. One is in the negative regulatory element, another is in the core enhancer region, and two are within the core promoter region, flanking either side of the TATAA box. Various transcription factors have been shown to bind some of these sequences, including CLOCK:BMAL1. Furthermore, a knockdown of clock led to a log decrease in HIV infectivity


Visit related changes in expression of
genes controlling circadian rhythms
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Chang et al., AIDS 2018



Increased cortisol and thyroid
stimulating hormone at B3

Plasma Cortisol (nmol/L)
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Measurement of T-cell numbers, T-cell subsets, activation markers and H3
acetylation showed no change at the three baseline timepoints

Chang et al., AIDS 2018



Major effect of “visit” and modest effect
of “time” on unspliced HIV RNA

Parameters ‘ Estimate ‘ Standard Error P-value

K, Intercept 0.80 0.33 0.016
v, Time of blood collection 0.051 0.026 0.046

(per hour of day)

B,, Visit 2 0.10 0.07 0.119

B3, Visit 3 0.62 0.10 9 x 1010

Using a path analysis, we replaced the time of blood draw in the mixed effects
model with the expression levels of the CLOCK-associated genes.

BMAL1 was the only gene that had a statistically significant effect on log CA-US
HIV RNA, with an effect size of 8.508 (SE 3.777, p-value = 0.028).



Evaluation of changes in HIV transcription over
24 hours
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Prospective study of HIV-infected individuals on ART (n=17). Strict attention to
lights, diet and other stimulants (University of Wisconsin - Madison)
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Cell-Associated Unspliced HIV RNA

Circadian variation of HIV RNA over a 24
hour period in individuals on ART
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CLOCK/BMAL-1 together increase HIV

transcription

dedek
¥

Ak
I
|
&
»

*kk
odr
NN

F . i

:
| 1 1 ] |

%._‘a.p.a4321

(auoje anj-417 0} paisedwon abueyn pjod)
Aunnoy asesayionT

O
-
s> _

o =

S

g

* ] Hek 293T

[

IS

— <

= ¢

==

Chang et al., AIDS 2018



Increase in HIV transcription initiation with
CLOCK/BMAL-1 in J-Lat cell line
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E-box2 is required for CLOCK/BMAL-1
mediated HIV transcription
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E-box mutants Chang et al., AIDS 2018



Summary

e Natural variation in CA-US HIV RNA in individuals on ART
with a clear relationship to time over a 24 hour period

« BMAL-1 was the only circadian gene that was associated with
both CA-US HIV RNA and time.

« BMAL-1/CLOCK forms a heterodimer and activated HIV
transcription through binding to the second E-box

« The CLOCK/BMAL-1 pathways could be exploited to identify
new latency reversing agents (LRA) or potentially enhance
activity of LRAs based on time of administration



Effect of stress on HIV
transcription




Evaluation of stress: control and stress day
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N=25 HIV-infected individuals on ART, CD4 current = 637 cells/ul; nadir = 240 cells/ul




Evaluation of stress: Trier Socilal Stress Test

Physiological evaluation:
Heart rate variability= parasympathetic

Respiratory Sinus Arrhythmia (RSA) = vagal tone

Impedance cardiography = sympathetic

Pre-ejection period (PEP)
Cardiac output

HIV evaluation

Virology:

« HIV DNA and US
RNA

Immunology

e T-cell subsets

 Activation markers



Respiratory sinus arrhythmia,

TSST induces physiological stress
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Unspliced HIV RNA, copies/million 18S

Significant increase in unspliced HIV RNA with

® TSST Visit = Control Visit
w
3
404 300
p=0.001 +
T <
o
304 c p=0.95
9 500 p=-(')_75 ‘{ p=0.12
1 = I
2 _pz-q‘O?s % J \j
p=0.058 @
Q.
8 100
10 -
. - <
zZ
()
0- >
=0 =30 =65 I o1 ‘ .
Time Point S = E =65
-'6 Time Point
=

No significant changes in T-cell subsets or activation following stress



Autonomic nervous system (ANS) changes

associated with changes in unspliced HIV RNA

but not HIV DNA

Fold change in unspliced HIV RNA
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Summary and implications

 Significant natural variation of cell associated unspliced HIV RNA in
individuals living with HIV on ART with a clear effect of time
andstress. This needs to be considered in the design of clinical trials
of LRAs

* The circadian transcription factors, CLOCK and BMAL1, upregulate
HIV LTR-mediated transcription initiation and this upregulation
requires an intact E-box 2 motif

« Circadian proteins and or stress represent pathways that could
potentially be exploited for latency reversal through development of
novel drugs or optimising the timing of administration of LRAs

« Other cell associated markers of RNA transcription such as multiply
spliced RNAs may be better biomarkers of latency reversal in clinical
trials
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