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SHORT COMMUNICATION

HIV Tat protein affects circadian rhythmicity by
interfering with the circadian system
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Objectives

Sleep disorders are common in patients with HIV/AIDS, and can lead to poor quality of life.
Although many studies have investigated the aetiology of these disorders, it is still unclear
whether impaired sleep quality is associated with HIV itself, social problems, or side effects of
antiretroviral therapy (ART). Moreover, despite its known neurological associations, little is
known about the role of the trans-activator of transcription (Tat) protein in sleep disorders in
patients with HIV/AIDS. The purpose of this study was to test the hypothesis that the sleep
quality of patients with HIV/AIDS affected by an altered circadian rhythm correlates with
cerebrospinal HIV Tat protein concentration.

Methods

Ninety-six patients with HIV/AIDS between 20 and 69 years old completed the Pittsburgh Sleep
Quality Index. Their circadian rhythm parameters of blood pressure, Tat concentration in
cerebrospinal fluid, melatonin concentration, CD4 cell count and HIV RNA viral load in serum
were measured.

Results

The circadian amplitude of systolic blood pressure and the score for sleep quality (Pittsburgh
Sleep Quality Index) were negatively correlated with HIV Tat protein concentration, while the
melatonin value was positively correlated with Tat protein concentration.

Conclusions

The HIV Tat protein affects circadian rhythmicity by interfering with the circadian system in
patients with HIV/AIDS and further increases the melatonin excretion value. A Tat protein-
related high melatonin value may counteract HIV-related poor sleep quality during the
progression of HIV infection. This study provides the first clinical evidence offering an
explanation for why sleep quality did not show an association with progression of HIV
infection in previous studies.

Keywords: circadian rhythm, HIV/AIDS, sleep, Tat protein.
Accepted 23 February 2014

quality is associated with CD4 cell count, HIV RNA viral
load, social problems or antiretroviral therapy (ART) [2,4-

About 70% of adult patients with HIV/AIDS experience 7]. The circadian rhythm, a major regulator of sleep timing
sleep difficulties, such as insomnia, daytime sleepiness and (8,9], was found to coordinate body temperature, hormone

fragmented sleep [1-5]. It is still unclear whether poor sleep ~ secretion and the production of circulating immune cells
abnormally in HIV-infected patients. However, the rela-
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The HIV trans-activator of transcription (Tat) protein, which
is released from HIV-infected glial cells and macrophages in
the brain, plays a pivotal role in HIV replication. HIV Tat is
known to directly affect the mammalian master circadian
pacemaker located in the hypothalamic suprachiasmatic
nucleus (SCN), which underlies lentiviral circadian rhythm
dysfunction [10]. This circadian rhythm dysfuntion may result
from Tat protein-induced activation of N-methyl-d-aspartate
receptors and alteration of the light entrainment pathway.
Recently, chronic Tat exposure in the brain has been found
to decrease locomotor activity and the amplitude of its circa-
dian rhythm in Tat transgenic mice [11]. In the light of these
previous findings, we elected to study the relationships
between circadian rhythm-related poor sleep quality and HIV
Tat protein concentrations in HIV-infected patients. We there-
fore utilized a clinical epidemiology approach to assess the
circadian amplitudes of blood pressure and heart rate, Pitts-
burgh Sleep Quality Index score, melatonin value and Tat
protein concentration in patients with HIV/AIDS.

Methods

Subjects and setting

Ninety-six patients with HIV/AIDS between 20 and 69 years
old were recruited for the study from Chengdu Infectious
Diseases Hospital, Chengdu, China. Exclusion criteria were
as follows: (1) a previous diagnosis or history of obstructive
sleep apnoea; (2) a family history of sleep disorders; (3) a
change in ART within the past 30 days; (4) being currently
on any medication, such as sedating or stimulant drugs,
other than anti-infective medications; (5) use of any recrea-
tional drugs in the past 30 days; (6) a history of neurological
disorders or diseases impacting sleep.

Design and procedures

After the patients had signed informed consent forms, their
blood pressure and heart rate were recorded using ambu-
latory blood pressure monitors to assess circadian rhythms
of systolic blood pressure, diastolic blood pressure and
heart rate in Chengdu Infectious Diseases Hospital over
the course of 3 days. On day 1 of the hospital stay, the
Pittsburgh Sleep Quality Index questionnaire was filled out
by patients, and on day 2, at between 7:00 and 8:00 am,
cerebrospinal fluid or blood was drawn from each patient
for determination of HIV Tat protein concentration,
melatonin concentration, CD3/CD4/CD8 cell count, HIV
RNA viral load and IgG/IgA/IgM concentration.

Statistical analysis

To determine MESOR (M), amplitude (A) and acrophase (¢),
serial data for blood pressure and heart rate for each patient
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over time were analysed with the least-squares fit of a
24-hour period cosine function, f{t) = M + Acosin(t + ¢),
i.e. a single cosinor analysis [12,13]. Briefly, the data were
analysed as described [12,13] to yield the estimated param-
eters of circadian rhythm: M [midline estimating statistic of
rhythm (MESOR)], A (amplitude) and ¢ (acrophase). Of note,
the relative amplitude was computed as A/M to account for
inter-individual differences in the MESOR.

A linear regression analysis was used to calculate the
correlation of HIV Tat protein concentration with the A/M of
blood pressure and heart rate, Pittsburgh Sleep Quality Index,
melatonin value, and HIV RNA viral load, respectively. The
data distribution was analysed using the D’Agostino—Pearson
normality test. A P value <0.05 was considered statistically
significant, and P < 0.01 highly significant.

Ethics statement

This study was approved by the authorities of the ethics
committee of Chengdu Infectious Diseases Hospital accord-
ing to the principles of clinical research enacted by the
China Health Ministry. All participants provided informed
consent prior to the study.

Results

A total of 96 HIV-infected patients were recruited for our
clinical study. The mean age of our recruited patients with
HIV/AIDS was 38.55 (+ 10.62, mean * SD) years; the mean HIV
RNA viral load was 57426 (+ 153634, mean + SD) HIV-1 RNA
copies/mL; the mean CD4 count was 89.16 (+ 114.24, mean +
SD) cells/uL; the mean melatonin value was 66.67 (£ 55.75,
mean + SD) pg/ml; and the mean score on the Pittsburgh Sleep
Quality Index was 11.97 (+ 4.87, mean * SD) (Table 1).

The demographic characteristics of three patients with Tat
concentration outliers were representative of those of the
entire sample. Thus, we analysed our data with and without
the Tat concentration outliers. As shownin Fig. 1, we found

Table 1 Baseline characteristics of patients with HIV/AIDS

Variable Mean £ SD

Age (years) 38.55+10.62
Viral load (copies/ml) 57426+ 153634
CD4 count (cells/uL) 89.16+114.24
CD3 count (cells/uL) 654.58 + 570.93
CD8 count (cells/uL) 541.07 +484.22
Melatonin (pg/ml) 66.67 +55.75
Pittsburgh Sleep Quality Index score 11.97 £4.87
IgG (g/U) 16.74+6.08
IgA (g/L) 4.66+2.63
IgM (g/L) 1.69+1.83

The values given are mean + standard deviation (SD). Ig, immunoglobulin.
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Fig. 1 Correlation of trans-activator of transcription (Tat) protein concentration with circadian parameters [amplitude/midline estimating statistic
of rhythm (A/M)] in patients with HIV/AIDS, including Tat concentration outliers. (a) The Tat protein level was negatively associated with the A/M of
systolic blood pressure (SBP) in patients with HIV/AIDS (R? = 0.081; F=8.37; P=0.0047). (b) The association between Tat protein concentration and
the A/M of diastolic blood pressure (DBP) in patients with HIV/AIDS was not statistically significant (R? = 0.0053; F=0.504; P=0.479), but showed
a negative trend. (c) The association between Tat protein concentration and the A/M of heart rate (HR) was not statistically significant (R” = 0.0331;

F=4.504; P=0.200), but showed a negative trend.

that, when the data were analysed with the outliers, the Tat
protein concentration was negatively associated with the
circadian parameter A/M of systolic blood pressure (Fig. 1a;
R?>=0.081; F=8.37; P=0.0047). There was not a statisti-
cally significant correlation between Tat protein level and
the A/M of diastolic blood pressure (Fig. 1b; R? = 0.0053;
F=0.504; P=0.479) or the A/M of heart rate (Fig. 1c;
R?=0.0331; F=4.504; P=0.200), but there were clear
negative trends. The analyses without the outliers revealed
the same trends for the A/M of systolic blood pressure
(Fig. S1a; R*=0.067; F=6.61; P=0.0012), the A/M of
diastolic blood pressure (Fig. S1b; R*=0.0069; F = 0.63;
P =0.42) and the A/M of heart rate (Fig. S1c; R? = 0.014;
F=1.230; P=0.260). As Tat protein concentration indi-
rectly reflects HIV viral reproduction in the central nervous
system, these data suggest that circadian parameters exhib-
ited a stage-dependent decrease in patients with HIV/AIDS.

A total of 93 patients with HIV/AIDS completed the
Pittsburgh Sleep Quality Index questionnaire. Interestingly,

© 2014 The Authors.

the collected data unexpectedly indicated that patients
with HIV/AIDS with higher Tat protein concentrations had
better sleep quality (Fig.2a; R*=0.0912; F=11.272;
P=0.001). We also found that secretion of melatonin
from the pineal gland was greater when more Tat protein
was present in the cerebrospinal fluid, when we analysed
the data with (Fig. 2b; R* =0.29; F =38.17; P<0.001) or
without (Fig. S1d; R*=0.359; F=51.12; P<0.001) Tat
concentration outliers. Of note, the Tat concentration,
the A/M ratios of circadian parameters, and melatonin
were all converted into their logtransforms, because the
D’Agostino—Pearson normality test suggested that our data
were not normally distributed.

Discussion

A total of 96 patients with HIV/AIDS were enrolled in the
study following the principles of clinical epidemiology.
These patients with HIV/AIDS had high HIV RNA viral
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Fig. 2 The relationship between trans-activator of transcription (Tat) protein concentration, sleep quality and melatonin levels in HIV-infected
patients. (a) Tat protein level was negatively associated with sleep quality in HIV-infected patients, as indicated by the Pittsburgh Sleep Quality Index
(R?=0.0912; F=11.272; P=0.001). (b) Tat protein level was positively associated with melatonin level (R?=0.29; F=38.17; P<0.001).

loads and CD4 counts < 200 cells/uL, and were considered
to have advanced AIDS. We demonstrated that, in these
patients with HIV/AIDS, HIV Tat protein disrupts the cir-
cadian rhythm, as indicated by the decrease in the A/M of
blood pressure with increasing Tat concentration. In con-
trast, the results from the Pittsburgh Sleep Quality Index
questionnaire showed that patients with HIV/AIDS with
higher Tat protein concentrations had better sleep quality.
Furthermore, we also detected increased melatonin secre-
tion from the pineal gland correlated with increasing Tat
protein expression in the cerebrospinal fluid.

Our finding that HIV Tat protein concentration was
negatively correlated with the patients’ circadian amplitude
of blood pressure is consistent with the results of animal
experiments carried out by Duncan et al. [11], which dem-
onstrated that transgenic mice with SCN Tat expression
showed a decrease in the amplitude of the circadian
rhythm, suggesting that the expression of the Tat protein in
the brain affects the circadian rhythm. We also observed
trends for negative correlations between Tat protein con-
centration and the A/M of diastolic blood pressure and the
A[M of heart rate. The statistical nonsignificance of these
data may be attributable to the small sample size. More-
over, other studies found that both adult patients with
HIV/AIDS and mammals infected with related lentiviruses
had irregularities in physiological functions related to
circadian rhythms, such as locomotor activity, immune
cell levels and body temperature [11,14-17]. However,
these studies were focused on the effects of HIV itself or
cytokines that interrupt circadian modulation of the SCN.

© 2014 The Authors.

This study, for the first time, determined the relationship
between the HIV Tat protein and the circadian rhythm
in HIV-infected patients in a clinical study. Determining
which circadian clock genes are affected by the Tat protein
will be the objective of future studies.

Sleep disorders are one of the most common symptoms
in patients with HIV/AIDS. Unexpectedly, the Pittsburgh
Sleep Quality Index scores suggested that HIV-infected
patients with higher HIV Tat protein concentrations had
better sleep quality. This contrasts with the findings of
previous studies which suggested poor sleep quality in
HIV-infected patients [2,4-7,17-19]. However, Fig. 2b
shows that the melatonin value was significantly positively
associated with Tat protein level, indicating that more
melatonin is secreted from the pineal gland when Tat
protein levels increase. A limitation here could be that
melatonin in blood is usually elevated at night. Melatonin
is usually increased at around 9 pm and stays elevated for
about 12 h until dawn, when it falls back to low daytime
values by about 9 am. In our study, melatonin values
were measured in the early morning to avoid interfering
with patients’ sleep. Even though we measured patients’
melatonin values before they fell to low daytime values,
this may not have been the optimal time to determine
melatonin levels. Melatonin, secreted from the pineal gland
as a hormone, not only has a function involving coordi-
nation of the circadian rhythm, but also has the effect
of promoting sleep and controlling the sleep—wake cycle
[20-22]. Circadian melatonin secretion is a well-known
output signal from the circadian pacemaker in the SCN.
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Through a polysynaptic projection, the SCN functionally
inhibits the activity of the superior cervical ganglion (SCG),
which supplies the pineal gland with an excitatory,
noradrenaline (NA)-containing input. This allows light to
suppress the production and release of melatonin from the
pineal gland but to induce melatonin secretion during
dark periods. Melatonin reciprocally activates neurons in
the SCN through activation of melatonin 1 (MT1) and MT2
receptors, and serotonergic input from the raphe nucleus
modulates the SCN via interactions with the serotonin [also
known as 5-hydroxytryptamine (5-HT)] receptor 5-HT2C
and other classes of 5-HT receptor [23-27]. As the master
clock located in the SCN of the hypothalamus coordinates
circadian rhythms, Tat protein-induced SCN dysfunction
may interfere with SCN function in inhibiting SCG.
Thus, increased melatonin secretion from the pineal gland
in patients with HIV/AIDS further affects their sleep
quality. Previous studies suggested that the poor sleep
quality of HIV-infected patients was associated with
HIV and changes in the condition of the immune system,
but sleep quality is not significantly associated with the
progression of HIV infection [2,28-30]. Our unexpected
finding represents important evidence offering an expla-
nation for why HIV-related clinical variables (e.g. duration
of HIV infection, CD4 count and viral load) were not
significantly associated with sleep quality in those studies:
Tat protein-related high melatonin values may counteract
the poor sleep quality caused by HIV during the progres-
sion of HIV infection.

In this study, we have concluded that the HIV Tat protein
impairs the circadian rhythm in patients with HIV/AIDS,
by decreasing the circadian amplitudes of blood pressure
and heart rate. However, this impairment of the circadian
rhythm also increases melatonin secretion levels from the
pineal gland to further affect sleep quality in patients with
HIV/AIDS.
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Supporting information

Additional Supporting Information may be found in the
online version of this article at the publisher’s web-site:

Fig. S1 Correlation of trans-activator of transcription
(Tat) protein concentration with circadian parameters
[amplitude/midline estimating statistic of rhythm (A/M)] in
patients with HIV/AIDS, without Tat concentration outliers.
(a) Tat protein level was negatively associated with the
A[M of systolic blood pressure (SBP) in patients with HIV/
AIDS (R? =0.067; F=6.61; P=0.0012). (b) The association
between Tat protein concentration and the A/M of diastolic
blood pressure (DBP) in patients with HIV/AIDS was not
statistically significant (R* = 0.0069; F=0.63; P=0.42),
but showed a negative trend. (c) The association between
Tat protein concentration and the A/M of heart rate (HR)
was not statistically significant (R?>=0.014; F=1.230;
P =0.260), but showed a negative trend. (d) Tat protein
level was positively associated with melatonin level in
HIV-infected patients (R? = 0.359; F = 51.12; P < 0.001).
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