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Abstract

Human herpes virus 8 (HHV-8) is known to be reactivated in immunocompromised situations and it is asso-
ciated with Kaposi’s sarcoma (KS) and some hematological diseases. The aim of this study was to analyze the
effect of HHV-8 on HIV-1 infection, especially on thrombocytopenia complicated with HIV infection. The HHV-8
DNA load was determined by a quantitative real-time PCR, using leukocytes from 125 HIV-1-infected indi-
viduals. HHV-8 DNA was detected in 37 individuals. The increased HIV-1 load and reduced percentage of CD4-
positive T cells were significantly associated with the presence of HHV-8. The prevalence and load for HHV-8
are higher in patients with KS than in patients without KS, but the difference is not significant. The increased
HHV-8 DNA load was significantly correlated with thrombocytopenia, and platelet counts were significantly
lower in individuals with HHV-8 than in individuals without HHV-8. We also obtained the negative correlations
between changes in platelet counts and changes in HHV-8 DNA loads. The association between thrombocy-
topenia and HHV-8 has never been reported previously, apart from some case reports of Castleman’s disease
and KS. Various cytokines or chemokines are produced by HHV-8-infected cells, some of which have been
reported to inhibit hematopoiesis. This may be one of the mechanisms by which HHV-8 infection induces
thrombocytopenia. These results indicate that HHV-8 DNA in leukocytes may provide useful information for the
assessment of the clinical appearance of HIV-1 infection.

Introduction 80 open reading frames, including several homologues of
oncogenes, cytokine, and cytokine response genes. During
HV-8, A NEW MEMBER OF THE GAMMAHERPESVIRINAE, latent and lytic infection, some viral genes are expressed and
was identified as the etiologic agent of Kaposi’s sarcoma  play a causative role in the genesis of some diseases, such as
(KS). The main transmission routes of human herpes virus 8 AIDS and non-AIDS-related KS, multicentric Castleman’s
(HHV-8) seem to be sexual contact,' but transmission by sa-  disease, body cavity-based lymphoma, and some lympho-
liva,? blood products, and organ graft>* has also been pro-  proliferative diseases. Our previous study reported a case of
posed. The distribution of HHV-8 is related to a combination =~ Castleman’s disease with HIV-1 infection in which repeated
of geographic and behavioral risk factors. Serological studies  episodes of thrombocytopenia were correlated with an in-
have shown that HHV-8 seroprevalence is high in Africa crease in HHV-8 DNA loads in leukocytes.”® The aim of this
and the Middle East and low in Europe and the United States.  study was to determine the prevalence and loads of HHV-8
In Japan, it is reported that HHV-8 seroprevalence among DNA in peripheral blood leukocytes in HIV-1-positive indi-
healthy controls is 0.2-1.4% and HHV-8 seroprevalence viduals and to investigate the correlation with the clinical
among HIV-1-positive homosexual men is 11.6-63.6%.>° appearance of HIV-1 infection, especially with thrombocyto-
HHV-8 .can infect circulating B cells, monocytes, macro- penia.
phages, T cells, and KS-like spindle cell progenitors,” and
usually persists in a latent state in these cells. The reactivation =~ Materials and Methods
of this latent HHV-8 infection can be induced by a number of
conditions, including superinfection by other viruses, stress,
chronic illnesses, malignancies, and immunosuppressive All consecutive HIV-l-infected patients who attended
disorders, such as HIV infection. HHV-8 contains more than ~ Kyushu Medical center between April 2005 and August 2006

Patients and samples

Internal Medicine, Clinical Research Institute, National Hospital Organization, Kyushu Medical Center, Fukuoka, Japan.
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were eligible for this study. The exclusion criteria were HCV
infection, active hepatitis, and treatment for antiherpes ther-
apy at the time of sampling. Nine HIV-1-positive individuals
were analyzed longitudinally before and after the initia-
tion of antiretroviral therapy (ART). For controls, 12 HIV-
1-seronegative patients with autoimmune thrombocytopenia
and 17 HIV-1-seronegative healthy volunteers were sampled
for baseline comparisons. Informed consent for blood sam-
pling was obtained from all participants. The study was
conducted according to the ethical guidelines of the hospital
and was approved by an authorized representative of the
hospital. EDTA-ireated blood was taken from the subjects,
and leukocytes were collected after removing red blood cells
with hemolysis buffer (155mM NHyCl, 10mM KHCO;,
0.1 mM EDTA). Cell pellets were stored at —20°C until use.

Real-time quantitative PCR

DNA was extracted from the cell pellets using a QlAamp
Blood Mini kit (QIAGEN Inc., Tokyo, Japan). Real-time PCR
was conducted with the LineGene33 (BioFlux, Tokyo, Japan)
using Premix Ex Taq (TAKARA, Shiga, Japan). As an internal
control measurement, to normalize for input DNA, copy
numbers of B,-microglobulin (8,M) were determined in every
sample tested. The primers used for amplification were as fol-
lows: HHV-8 forward, 5-CCTCTGGTCCCCATTCATTG-3/,
and reverse, 5-CGTTTCCGTCGTGGATGAG-3', and probe
5-FAM-CCGGCGTCAGACATTCTCACAACC-TAMRA-3;!!
Epstein-Barr virus (EBV) forward, 5-CGGAAGCCCTCTGGA
CTTC-%, and reverse, ¥-CCCTGTTTATCCGATGGAATG - 3,
and probe 5-FAM-TGTACACGCACGAGAAATGCGCC-
TAMRA-3;1? 8 )M forward, 5-CAGCAAGGACTGGTCTTT
CTATCTCT-3/, and reverse, 5~ACCCCACTTAACTATCTIT
GG-3, and probe 5'-FAM-CACTGAAAAAGATGAGTATG
CCTGCCGTGT-TAMRA-3"."® Standards were obtained by
amplification of a control sample in a polymerase chain re-
action (PCR) reaction using the same primers. The data were
normalized as copies/10° cells by measuring copy numbers
of the 8,M gene, since two 8,M copy numbers correspond
to one cell. The lower limit of detection was defined as
1 copy/10° cells.

Statistical analyses

Frequency analysis was performed using Fisher's exact test
for 2x2 tables. The viral DNA copy numbers of HHV-8, EBV,
and HIV-1 were loge transformed and compared between
different groups by means of the Mann-Whitney U test. The
associations between them were determined using an analysis
of covariance (ANCOVA), with EBV-DNA and HIV-RNA as
covariates, where HHV-8 DNA was adjusted on the bases of
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EBV-DNA and HIV-RNA. Spearman’s rank correlation coef-
ficient was used to compare changes in platelet counts and
changes in HHV-8 DNA loads. A partial correlation was used
to assess this relationship, while controlling for any changes in
HIV-RNA and EBV-DNA.

Results
Subjects characteristics

A total of 125 patients fulfilled the inclusion criteria. De-
mographic and clinical characteristics of the subjects included
in this study are shown in Table 1. There were 8 women and
117 men, 112 of whom were men who have sex with men; the
others were heterosexual. These patients were ranged from 20
to 69 years of age (mean age, 37.8 years). Of these, 58 received
ART and 67 remained untreated. The duration of ART was 3
months to 9.5 years (mean 3.25 years). Nine HIV-1-positive
individuals were analyzed longitudinally before and after the
initiation of ART. Among 125 HIV-1-positive subjects in-
cluded in our study, we evaluated 97 subjects for the preva-
lence of splenomegaly by means of an abdominal ultrasound
examination; 23 subjects were thus found to have spleno-
megaly.

HHV-8 qualitative and quantitative DNA analysis

The presence and load of HHV-8 DNA were investigated in
125 HIV-1-positive subjects and 17 HIV-1-negative healthy
controls (Fig. 1). HHV-8 DNA was detected in 37 of 125
(29.6%) leukocyte samples from HIV-1-positive subjects, with
values ranging from 2 to 91,171 copies/10°® leukocytes. HHV-8
DNA was not detected in any healthy controls.

Relationship between HHV-8 DNA and KS

HHV-8 DNA was detected in three of five (60%) HIV-
infected subjects with KS, whereas they were found in 34 of
120 (28.3%) subjects without KS (p=0.15). Figure 2 shows
that the HHV-8 DNA load of subjects with KS to be higher
than that of the subjects without KS, but not significantly so.

The correlation between HHV-8 DNA
and HIV-1-related immunovirological parameters

The HIV-RNA load in the serum of HHV-8 DNA-positive
subjects was significantly higher than that of HHV-8 DNA-
negative subjects (Fig. 3a). In addition, the correlation be-
tween HHV-8 DNA and hypergammaglobulinemia (the
percentage of gammaglobulin is more than normal range)
was examined, which is often observed in HIV-1-positive
subjects. The HHV-8 DNA load in leukocytes in subjects with

TaBLE 1. DEMOGRAPHIC AND CLINICAL CHARACTERISTICS OF 125 HIV-Positive SuBJjECTS®

Total Pretreatment of ART Treatment of ART p
N (male/female) 125 (117/8) 67 (63/4) 58 (54/4)
Age (years) 378+104 343+82 4214112 <0.001
CD#4 (cells/ml) 3964218 387 £226 407 4211 0.616
Viral load (copies/ml) (logio) 4.36:0.86 Under detection limit
Duration of ART (years) 0 3.254+2.68

2The mean values & SE are shown. Pretreatment of ART versus treatment of ART.
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FIG. 1. Quantification of HHV-8 DNA by real—hme PCR.
Logo-transformed HHV-8 copy numbers per 10° leukocytes
are shown. The bar shows the mean and standard devia-
tions. The dotted line shows the detection limit of the assay.

hypergammaglobulinemia was significantly higher than in
subjects without hypergammaglobulinemia (Fig. 3b). HHV-8
DNA was detected in 24 of 44 (54.5%) HIV-infected subjects
with hypergammaglobulinemia, whereas it was found in 13
of 81 (16.0%) subjects without hypergammaglobulinemia
(p<0.0001). We could not find any significant correlation
between HHV-8 DNA loads and CD4-positive T cell counts.

The effect of ART on HHV-8 DNA

HHV-8 DNA load in leukocytes in subjects with ART was
significantly lower than in subjects without ART (Fig. 4a).
HHV-8 DNA was detected in 12 of 58 (20.7%) HIV-infected
subjects with ART, whereas it was found in 25 of 67 (37.3%)
subjects without ART (p=0.042). There was no difference in
the duration of ART between HHV-8 DNA-negative and
HHV-8 DNA-positive subjects with ART (3.161 £2.764 vs.
3.575+2.439 years, p=0.624). HHV-8 DNA loads (logip)
per 10° leukocytes in subjects with a short duration of ART
(<6 months) were higher than in subjects with a long duration
of ART (=6 months), but the difference was not statistically
significant (0.758 + 0.447 vs. 0.32340.111, p = 0.309).
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FIG. 2. HHV-8 DNA loads among the HIV-1-positive
subjects with or w1thout KS. Logs-transformed HHV-8 copy
numbers per 10° leukocytes are shown. The bar shows the
mean and standard deviations. p-values were estimated by
the Mann-Whitney U test. The dotted line shows the detec-
tion limit of the assay.

Longitudinal analysis of HHV-8 DNA loads
after initiation of ART

The longitudinal profiles of HHV-8 DNA loads were ex-
amined in nine subjects after initiation of ART (Fig. 4b).
Within 1 month after starting ART, HHV-8 DNA transiently
increased in three patients (Fig. 4b, black straight lines); in two
of the three patients, KS had progressed transiently. These
findings show the reactivation of HHV-8 by initiation of ART.
Three months after the initiation of ART, all nine patients had
achieved and maintained the decreased levels of HHV-8
DNA.

The influence of EBV on HHV-8 infection

Like HHV-8, EBV is lymphotropic and is a member of
the gammaherpesvirinae; it is reactivated by HIV-1 infec-
tion. Therefore, the influence of EBV on HHV-8 infection
was investigated. EBV-DNA loads (logo) per 10° leukocytes
were significantly higher in HHV-8 DNA-positive subjects
(0.69£0.11 vs. 1.46 + 0.21, p = 0.0007) and EBV DNA was de-
tected in 32 of 88 (36.4%) HHV-8-negative subjects, whereas
they were found in 25 of 37 (67.5%) HHV-8-positive subjects
(p=0.002).

Relationship between HHV-8 DNA
and thrombocytopenia

Figure 5 shows a case of Castleman'’s disease in which the
platelet counts changed in inverse association with HHV-8
DNA in the leukocytes. Therefore, the association between
platelet counts and HHV-8 DNA in leukocytes was examined.
First, the changes in platelet counts and HHV-8 DNA were
analyzed in the nine subjects before and after the initiation
of ART (Fig. 6). Both the decrease in HHV-8 DNA and the
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FIG. 3. The correlation between HHV-8 DNA and HIV-1-related immunovirological parameters. (a) HIV-RNA loads among
the HIV-1-positive subjects with or without HHV-8 DNA. Loge-transformed HIV-1 copy numbers/ml of serum are shown.
The bar shows the mean and standard deviation. p-values were estimated by the Mann-Whitney U test. (b) HHV-8 DNA
loads among the HIV-1-positive subjects with or without hypergammaglobulinemia. HHV-8 copy numbers per 10° leuko-
cytes are shown. The bar shows the mean and standard deviations. p-values were estimated by the Mann-Whitney U test.
The dotted line shows the detection limit of the assay.

increase in platelet counts were significant. Furthermore, the
correlation between changes in platelet counts and changes in
HHV-8 DNA was obtained (Spearman; r =-0.783, p = 0.0267).
Patients with HIV infection sometimes develop thrombocy-
topenia, and EBV is also reported to cause mild thrombocy-
toperda. Therefore, partial correlations were also used to
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assess this relationship while controlling for EBV-DNA and
HIV-RNA, and the correlation between the change in HHV-8
DNA and platelet counts was obtained (partial correlation
coefficient; » =-0.733, p =0.0219).

Next, all 125 subjects with HIV infection were analyzed.
There was no significant difference between the group with
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FIG. 4. The effect of ART on HHV-8 DNA. (a) HHV-8 DNA load in PBMCs in subjects with or without ART. HHV-8 copy
numbers per 10° leukocytes are shown. The bar shows the mean and standard deviation. p-values were estimated by the
Mann-Whitney U test. (b) HHV-8 DINA load after initiation of ART. HHV-8 DNA loads of the nine subjects were measured at
the indicated time points. The dotted line shows the detection limit of the assay.
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thrombocytopenia and the group without thrombocytopenia
in terms of the number of subjects with ART, the duration of
ART, and the prevalence of subjects with splenomegaly (with
thrombocytopenia vs. without thrombocytopenia; 30.8% vs.
22.6%, p=0.520). Similarly, no significant difference was ob-
served between the group with HHV-8-DNA and the group
without HHV-8-DNA in terms of the duration of ART and the
prevalence of subjects with splenomegaly (with HHV-8 vs.
without HHV-8; 26.7% vs. 22.4%, p=0.647). The effects of
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HHYV-8 DNA in leukocytes on platelet counts were examined
using ANCOVA, with EBV-DNA as a covariate. ANCOVA
revealed a significant interaction between EBV-DNA and
HHV-8 DNA but no significant interaction between throm-
bocytopenia and EBV-DNA. Post hoc tests revealed that
HHV-8 DNA was significantly higher in subjects with platelet
counts <150,000 platelets/ul than in subjects with platelet
counts =150,000 platelets/ul (Fig. 7a). HHV-8 DNA was de-
tected in 11 of 14 (78.6%) subjects with low platelet counts,
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counts (a), HHV-8-DNA (b), EBV-DNA (c), and HIV-RNA (d) of the nine subjects were analyzed before (pre) and after 2 or 3
months of initiation of ART (post). The viral loads were logo transformed. Bar shows the mean and standard deviation.
p-values for the difference between the two time points were estimated by the Wilcoxon signed rank test.
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whereas it was found in 26 of 111 (23.4%) of subjects with
normal platelet counts (p=0.0059: estimated by post hoc
test after ANCOVA with the prevalence of EBV-DNA as a
covariate). The platelet counts were lower in HHV-8 DNA-
positive subjects than in HHV-8 DNA-negative subjects, but
. not significanlyt (Fig. 7b). In subjects without ART, HIV-RNA
might be a confounding factor, and thus ANCOVA was con-
ducted with HIV-RNA and EBV-DNA as covariates.

In subjects without ART, HHV-8 DNA was also signifi-
cantly higher in subjects with mild thrombocytopenia with an
adjustment for EBV-DNA and HIV-RNA (p = 0.013, data not
shown). HHV-8 DNA was not detected in the 12 subjects with
autoimmune thrombocytopenia. We also examined the cor-
relation between HHV-8 DNA loads and platelet counts in
subjects without KS, because the subject with KS might have
occult Castleman’s disease, which can cause thrombocyto-
penia. HHV-8 DNA was significantly higher in subjects with
platelet counts of <150,000 platelets/ul than in subjects with
platelet counts of =150,000 platelets/ul flogie (HHV-8)=
2.103 4+ 1.797 vs. 0.438 :0.924; p =0.0285]. HHV-8 DNA was
detected in 9 of 12 (75.0%) subjects with low platelet counts,
whereas it was found in 25 of 108 (23.1%) subjects with normal
platelet counts (p =0.0002). The platelet counts were signifi-
cantly lower in HHV-8 DNA-positive subjects than in HHV-8
DNA-negative subjects (21.5+8.61/ul vs. 25.0+5.56/ul;
p=0.1319).

Discussion

Some previous studies have examined the prevalence of
HHV-8 infection in HIV-1-infected subjects. A unique aspect
of this study is that the effect of HHV-8 DNA in the peripheral

blood leukocytes on HIV-1 infection was examined; a signif-
icant association between HHV-8 DNA and the clinical ap-
pearance of HIV-1 infection, especially thrombocytopenia
complicated with HIV-1, was found.

Some reports have shown that the presence of KS was as-
sociated with the prevalence of HHV-8 DNA in leukocytes'
and the severity was associated with HHV-8 DNA loads in
leukocytes.'® The current data also showed a certain associ-
ation with the presence of KS and HHV-8 DNA load, but in
this study there were only five subjects with KS, because the
prevalence of KS in HIV-1-infected patients in Japanislow. As
a result, it was impossible to determine whether the HHV-8
DNA load predicted the onset and severity of KS. To draw
any conclusions concerning the clinical and prognostic utility
on KS, more subjects with KS need to be analyzed.

HHV-8 encodes homologues of cytokine and cytokine re-
sponse genes, such as viral interleukin-6 (VIL-6)'® and viral
interferon regulatory factor (vIRE). vIL-6 can bind the gp130
receptor to activate IL-6 response genes and promote B cell
activation, which is the mechanism of hypergammaglobuli-
nemia induced by HHV-8 infection. It was also found that
HHV-8 plays an important role in hypergammaglobulinemia,
which is often found in subjects with HIV-1 infection.

The current data showed that HIV-RNA load in the serum
of HHV-8 DNA-positive subjects was significantly higher
than that found in the serum of HHV-8 DNA-negative sub-
jects. HHV-8 replication is activated by HIV-Tat,"” and it has
been reported that HHV-8 reactivation is associated with
HIV-1 acute infection.'® Furthermore, an open reading frame
(ORF), the major transactivator of the HHV-8 lytic cycle, can
also induce increased levels of HIV replication. In conclusion,
these findings show that HHV-8 coinfection is associated with
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immunological characteristics and disease severity of HIV
infection.

ART reduced HHV-8 DNA loads as well as HIV-RNA
(Fig. 4). The inhibition of HIV-1 replication with ART probably
leads to the reconstitution of the immune system and regen-
erates effective immune responses against HHV-8. Moreover,
protease inhibitors block the production of inflammatory cy-
tokines,'® which in turn may result in the downregulation of
HHV-8 replication. In this longitudinal study during ART,
HHV-8 DNA loads transiently increased in three subjects
soon after the initiation of ART. This might be due to the
disorder of cytokine balance, which occurs transiently in the
process of the reconstitution of the immune system, and this
might be one of the explanations for the immune reconstitu-
tion syndrome of KS. Some inflammatory cytokines are in-
duced in immune reconstitution syndromes. It has recently
been reported that some cytokines, which are associated with
the development of KS, were elevated in other reconstitution
syndromes.? It is possible that reactivation of HHV-8 by ART
might activate the inflammation of the other reconstitution
syndromes by the increase in vIL-6 or other cytokines.

The difference between HHV-8 DNA in the subjects with
platelet counts of <150,000 platelets/ul and in the subjects
with platelet counts of =150,000 platelets/ul was significant,
but the difference between the platelet counts in the HHV-8
DNA-positive subjects and the platelet counts in the HHV-8
DNA-negative subjects was not significant. This is because
HHV-8 DNA correlates with “mild” thrombocytopenia.

This is the first report that analyzed the association be-
tween HHV-8 DNA and thrombocytopenia in HIV-1-infected
subjects, though there are a few studies that showed the
relationship between HHV-8 infection and hematological
disorders® or posttransglantaﬁon bone marrow failure in
HIV-1-negative subjects.”” Some case reports have described
thrombocytopenia complicated with HHV-8-induced Castle-
man'’s disease, hemophagocytic syndrome, or other inflam-
matory syndromes. The HIV-1-positive subjects sometimes
develop thrombocytopenia, which has been thought to be
caused by an autoimmune mechanism. Recently, antibody
cross-reactivity between a known epitope region of HIV-1
proteins and platelet GPIlla49-66 has been reported to be
responsible for HIV-1-associated thrombocytopenia.”? How-
ever, the present study showed that HHV-8 also contributes
independently to the thrombocytopenia complicated in HIV-1
infection.

The molecular mechanism of thrombocytopenia induced
by HHV-8 remains to be established, but it is possible that
some cytokines or chemokines induced by HHV-8 might be
involved in thrombocytopenia. For example, interleukin-8
(IL-8), which is induced by HHV-8 infection,?* binds the re-
ceptors on megakaryocytes and platelets and inhibits mega-
karyocytopoiesis.”® Furthermore, HHV-8 is reported to infect
CD34-positive hematopoietic progenitor cells?*?’; HHV-8
harboring CD34-positive cells might also contribute to hema-
tological disorders including thrombocytopenia.”® Another
possible explanation for thrombocytopenia is an autoim-
mune mechanism such as immune thrombocytopenia (ITP).
Chronic stimulation of the B cell clones induced by HHV-8
could favor the production of autoantibodies, some of which
might react against platelet. In fact, Evan’s syndrome com-
plicating multicentric Castleman’s disease?” and ITP compli-
cating KS have been reported.*’
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In Italy, the area of subendemicity of HHV-8, the presence
of HHV-8 DNA in HIV-1-negative elderly people has been
reported to be associated with mild thrombocytopenia.’! In
Japan, HHV-8 infection in HIV-1-negative subjects is rare; as a
result, when the 12 subjects with autoimmune thrombocyto-
penia were examined, the association between HHV-8 and
autoimmune thrombocytopenia in HIV-1-negative subjects
was not distinct. However, the fact that HHV-8 DNA was not
detected in the HIV-l1-negative subjects with autoimmune
thrombocytopenia suggests that HFHV-8 is not a main causa-
tive agent of autoimmune thrombocytopenia.

In conclusion, a significant association was observed be-
tween HHV-8 infection and the clinical appearance of HIV-1
infection, especially in regard to mild thrombocytopenia, hy-
pergammaglobulinemia, and disease severity. It is possible
that some of these effects of HHV-8 infection are related
to other independent etiological cofactor or some other
viruses. However, it may be useful to monitor HHV-8 DNA in
leukocytes of HIV-1-positive subjects to assess and predict
disease severity and to select the optimal treatment modali-
ties.
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in Antiretroviral Drug-induced Dyslipidemia

in HIV-Infected Japanese Individuals Based
on in vivo and in vitro Analyses
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Abstract

Objective High molecular weight (HMW)-adiponectin has been found to be a better negative regulator of
insulin resistance than total adiponectin. The aim of this study was to investigate the influence of HMW-
adiponectin on antiretroviral therapy (ART)-induced dyslipidemia in Japanese human immunodeficiency virus
(HIV)-infected individuals. We also examined the effect of some antiretroviral drugs (ARVs) on adipocytes in
vitro.

Patients and Methods Fifty-seven HIV-infected patients were enrolled in four clinical groups; (I) patients
who started ART containing efavirenz (EFV); (II) patients who started ART containing a protease inhibitor
without atazanavir (ATV); (I) patients who started ART containing ATV; (IV) patients who switched from
ART without ATV into ART containing ATV. We measured the serum HMW-adiponectin before and one year
after starting or changing ART, using an enzyme-linked immunoSorbent assay (ELISA). Furthermore, we
treated the mouse adipocytes (3T3-L1) with some ARVs. The lipid content was assessed using Oil Red O
staining. The expression of adiponectin was measwred by quantitative real-time PCR.

Results  The serum HMW-adiponectin decreased significantly in groups (I) and (II) after starting ART, and
increased significantly in group (IV) after changing from ART without ATV to ART with ART. EFV, rito-
navir (RTV) and nelfinavir (NFV) inhibited the expression of adiponectin mRNA in mature 3T3-L1 and to a
greater extent in pre-mature 3T3-L1. This phenomenon was reversible when ARV was changed to ATV.
Conclusion Effects of the ARVs on adiponectin may vary depending on the administration of different
drugs. These data suggest that the distinct metabolic effects of ARV could therefore be a consequence of
their differential effects on the production of adiponectin.

Key words: HMV-adiponectin, antiretroviral therapy, dyslipidemia
(Inter Med 48: 1799-1875, 2009)

(DOI: 10.2169/internalmedicine.48.2340)

tors and stimulates AMP-activated protein kinase, one of the

Introduction

Adiponectin is an adipokine secreted exclusively by adi-
pocytes: this protein plays an important role in the control
of systematic lipid metabolism and insulin sensitivity (1).
Adiponectin forms multimers and is present in the serum as
a trimer, hexamer, or as a high molecular weight (HMW)
form (2). The HMW isoform most avidly binds to its recep-

key molecules mediating the metabolic actions of adi-
ponectin.

Antiretroviral therapy (ART) has prolonged survival in
human immunodeficiency virus (HIV)-infected individuals,
but most individuals receiving ART develop metabolic ab-
normalities, which include dyslipidemia (elevated plasma tri-
glycerides and cholesterol), increased visceral and dorsocer-
vical adipose tissue and peripheral lipoatrophy (3). Although
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HIV infection itself (4) and nucleoside reverse transcriptase
inhibitors (NRTI) (5-7) have been associated with metabolic
abnormalities, there are increasing clinical and epidemiologi-
cal data that suggest a central role for HIV protease inhibi-
tors (PIs) in the causation of metabolic complications (8)
and atazanavir (ATV) use has been associated with a de-
crease in hyperlipidemia, less insulin resistance and reversal
of lipodystrophy (9).

Several recent clinical studies suggest that hypoadi-
ponectinemia might play an important role in the causation
of metabolic abnormalities associated with HIV infected in-
dividuals treated with PI-based ART, especially for those
with lipodystrophy (8, 10, 11), but to date, limited data have
been published whether this hypoadiponectimia is due to a
disturbance of adipocyte differentiation, or to the decrease in
the number of adipose cells number, or a dysfunction of adi-
pocytes. In addition, there are still no data regarding the in-
fluence of antiretroviral drugs (ARVs) on serum HMW-
adiponectin levels in Japanese, about 40% of whom have a
genetic variation in the adiponectin gene associated with a
reduced adiponectin level (12).

This study compared the effect on HMW-adiponectin
level between ATV, Pls (except for ATV), ATV replacement
therapy and non-nucleoside reverse transcriptase inhibitors
(NNRTI), efavirenz (EFV) in HIV-infected Japanese sub-
jects. In addition, the influence of each of the ARVs on adi-
pocyte development and the expression of adiponectin were
evaluated, using in vitro models.

Materials and Methods

Study population

The subjects evaluated in this study consisted of 57 HIV-
positive patients admitted to National Hospital Organization
Kyushu Medical Center, who started ART or were changing
the ART combination. The present study was conducied in
accordance with the regulations of the institutional ethics
comniittee. These individuals were enrolled into four clinical
groups; (1) patients who started ART containing EFV; (II)
patients who started ART containing PIs without ATV; (1)
patients who started ART containing ATV; (IV) patients who
replaced the ART without ATV into ART containing ATV.
The Body Mass Index (BMI), serum triglyceride, low den-
sity lipoprotein (LDL) cholesterol, high density lipoprotein
(HDL) cholesterol, HMW adiponectin were measured before
and one year after starting or changing ART. HMW-
adiponectin was measured by enzyme-linked immunosorbent
Assay (ELISA), using the Human Adiponectin ELISA kit
for Total and Multimers (Daiichi Pure Chemicals Co., To-
kyo, Japan). Lipodystrophy was determined by a standard-
ized, lipodystrophy-specific physical examination which re-
corded lipoatrophy and/or diffuse fat accumulation in the
face, neck, dorsocervical spine, arms, breasts, abdomen, but-
tocks and legs.

Cells

The 3T3-L1 cells were purchased from the Japanese Col-
lection of Research Bioresources. The cells were maintained
in DMEM supplemented with 10% fetal bovine serum. For
differentiation, post confluent cells were induced by incuba-
tion with 0.5 mM 3-isobutyl-methylxanthine and 1 pM
dexamethasone for 2 days. This is followed by incubation
with 10 pug/mL insulin for 2days. The cells were then main-
tained in Dulbecco’s Modified Eagle Medium (DMEM)
with 10% fetal bovine serum (FBS) for another 2 days. To
investigate the effects of ARVs on adipogenesis, and to in-
vestigate the difference between the effect of ARVs on
preadipocytes and the effect on mature adipocytes, several
ARVs were added to the medium before and after differen-
tiation of 3T3-L1 celis.

Antiretroviral drugs

Efavirenz (EFV), ritonavir (RTV), nelfinavir (NFV) were
purchased from Toronto Research Chemicals Inc. (Ontario,
Canada). ATV was provided by Bristol-Myers Squibb Com-
pany (NY, USA). Drug stocks in dimethyl sulfoxide
(DMSO) were stored at -20°C and diluted into culture me-
dia. Vehicle control incubations received the same final
DMSO concentration as all drug-treated incubations (0.1%).
The IC50 /IC95 and the Cmax of each drug are as follows;
EFV (IC95=1.7-25nM, Cmax= 14.2-28.8 uM), RTV (IC50=
65-289nM, Cmax= 0.84-21.9 pM), NFV (IC50=30-60nM,
Cmax= 5.0-8.6 uM), and ATV (IC50=2-5nM, Cmax=4.96-
8.38 uM). The cells were treated with 20 pM of EFV, RTV
and ATV and 10 pM of NFV.

Quantitative real time RT-PCR

Total cellular RNA was isolated from 3T3-L1 cells, using
QIAamp RNA Blood Mini (QIAGEN, Tokyo, Japan), in-
cluding treatment with DNase. cDNA was generated from
the RNA using TAKARA RNA PCR kit (TAKARA BIO,
Shiga, Japan). Real time PCR was conducted with the
LineGene33 (BioFlux, Tokyo, Japan) using SYBR Green
Realtime PCR Master Mix (TOYOBO Co, Osaka, Japan).
As an internal control measurement, to normalize for input
DNA, copy numbers of B-actin were determined in every
sample tested, The ratio of the normalized mean value for
drug-treated samples was calculated and is given in the
graphs.

Measurement of adiponectin levels in culture me-
dium

The secretion of adiponectin from 3T3-L1 cells were de-
termined by measuring the adiponectin concentration of cul-
ture medium, using the Mouse Adiponectin/Acrp30 Immu-
noassay (R&D systems, Mimmeapolis, USA).

Oil Red O staining

The cellular lipid content was assessed by lipid staining
with Oil Red O. Staining was quantified at 520 nm after
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Table L.

Characteristics of 57 HIV-infected Individuals and the Changes of Metabolic Markers

group | group il group i group IV (pre}  group IV (post)
Number of cases (M/F) 15 (13/2) 14 (13/1) 14 (13/1) 14 (12/2)
Mean age (SD) (years) 37.7 {10.8) 42.1(14.2) 383 (9.1) 46.1(12.6)
NRT! combination (number)(frequency %)
Abacavir/ lamivudine 0(0) 0(0) 1(7.1) 0(0) 2(14.3)
Zidovudine/ lamivudine 4 (26.7) 0 (0) 4 (28.6) 5(35.7) 4 (28.6)
Stavudine/ famivudine 7(46.7) 7 (50) 5(35.7) 6 (42.9) 4 {28.6)
Didanosine/ famivudine 0 (0) 0(0) 0 (0) 2(14.3) 2(14.3)
Didanosine/ zidovudine 0(0) 2{14.3) a(0) 0(0) 0 (0)
Tenofovir/ emtricitabine 4 (26.7) 5(35.7) 4(28.6) 171 2{14.3)
the ratio of after to bebore
staring or changing ART [mean (SE}]
Body Mass Index 1.00 (0.01) 0.99(0.01) 1.02 (0.01) 0.98 (0.04)
Tryglyceride 1.63(0.19Y 1.72 (0.24) 1.22(0.17) 1.00 (0.304)
HDL-cholesterol 1.29{0.12) 1.17 (0.16) 1.14 (0.11) 1.01(0.07)
LDL-cholesterol 1.17 (0.12) 1.27(0.12Y 1.10 (0.05) 0.85 (0.06)
HWMW-adiponectin 0.61(0.24) 0.85 (0.09) 1.18(0.20) 1.61{0.11)

P values are evaluated by one sample sign tesl. * indicates significant difference (* p<0.001, ** p<0.05)
NRTI, nucleotide reverse transcriptase inhibitor; ART, antiretroviral therapy
“pre” indicales before changing ART, and “post’indicates after changing ART.

solubilization, using an Adipogenesis Assay Kit (Chemicon
International Temecula, CA, USA)

Statistical analysis

To evaluate the changes of BMI, serum triglyceride, LDL-
cholesterol, HDL-cholesterol, HMW-adiponectin after start-
ing or changing ART, the one sample sign test was applied.
The Mann-Whitney test was used to compare the serum
HMW-adiponectin according to lipodystrophy. In vitro ex-
periments were reproduced in at least three independent ex-
periments. The results are presented as the mean + SD. Sig-
nificance was determined as described in the figure legends.

Results

The effect of ARV on the lipid profile and HMW adi-
ponectin

The demographic and clinical characteristics for the 57
patients included in the study are shown in Table 1. There
were no significant differences in the age and the NRTI
combinations used as the backbone of Pls or EFV among
the four groups ()-square test). The serum triglycerides and
LDL-cholesterol increased significantly in individuals in
groups I and II and LDL-cholesterol decreased significantly
in individuals with group IV. The serumn HMW-adiponectin
decreased significantly in individuals in groups I and II and
increased significantly in individuals with group IV. On the
other hand, there was no change in the triglyceride, LDL-
cholesterol, and HMW-adiponectin levels in individuals in
group III (Table 1). These results show that serum HMW-
adiponectin level decreased in individuals with ART includ-
ing EFV or Pls except ATV, but the decrease was reversible
and il was recovered by changing the ART into that includ-
ing ATV.

HMW-adiponectin and lipodystrophy

The development of lipodystrophy was observed in 14 of
the 43 patients who newly initiated ART (the patients of
groups I, II, and III). Lipodystrophy was more prevalent in

group I (53.3%) and group II (28.6%) than in group II
(14.3%). The differences in lipodystrophy were not driven
by the overall weight gain. There was no significant differ-
ence in the serum HMW-adiponectin before ART between
individuals with and without lpodystrophy followed by
ART, but the serum HMW-adiponectin after starting ART
and the ratio of HMW-adiponectin after to before starting
ART decreased significantly in individuals with lipodystro-

phy (Fig. 1).

The effect of ARV on adiponectin mRNA levels in
differentiating 373-L1 cells

As shown in Table 1, the effect of ART on dyslipidemia
and lipodystrophy differed among the ART menus, but it is
nearly impossible to fully separate the effects of the diug
classes in the clinical data, because the patients received a
combination of several classes of ART. As a result, in vitro
models were used to examine the precise influence of these
drugs on adipocyte development or metabolism, using well-
characterized preadipocyte 3T3-LI cells. The concentrations
of ARVs used in this assay were within the range (RTV,
EFV) or a little higher (ATV, NFV) than what is generally
observed in plasma from individuals receiving therapeutic
doses of ARV. Considering that some ARVs can accumulate
in fat tissue, it is possible that the effects of ARVs on 3T3-L
1 cell lines observed in vitro may also occur in vivo. When
pre-adipocytes were (reated with ARV, lipid accumulation
was severely reduced by EFV and NFV (Fig. 2A). The adi-
ponectin mRINA level was reduced by RTV, EFV, NFV, and
was not affected by ATV (Fig. 2B). Similar results were ob-
tained concerning the secretion of adiponectin into the cul-
ture medium (Fig. 2C). Since it is possible that the effect of
ARV on the adipocyte metabolism is known to differ be-
tween preadipocytes and mature adipocytes, the mature adi-
pocytes were also treated with ARVs. Mature adipocytes
were less sensitive (o ARVs' effects on lipid accumulation
and adiponectin mRNA level than premature adipocytes.
Lipid accumulation was reduced by EFV, RTV and NFV
(Fig. 2A). The adiponectin mRNA level was reduced by
RTV, EFV, and NFV, whereas ATV did not affect the adi-
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Figure 1.
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The levels of serum HMW-adiponectin in HIV-infected individuals with/without

lipodystrophy. (A) HMW.adiponectin before starting ART, (B) HMW-adiponectin after starting
ART, (C) the ratio of HMW-adiponcectin after starting ART to that before starting ART. The medi-
ans are indicated with horizontal bars. The vertical bars indicate the range between 10% and 90%

and the horizontal boundaries of the boxes represent the interquartile range. P values are evalu-
ated by the Mann-Whitney U-test. * p<0.01, **p<0.05 versus individuals without lipodystrophy.

LD: lipodystrophy

ponectin mRNA level (Fig. 2B). Similar results were ob-
tained concerning the secretion of adiponectin into the cul-
ture medium (Fig. 2C).

The effect of changing PI/EFV to ATV on adiponectin
mRNA levels in 3T3-L1 celis

In the clinical study, the decreased adiponectin induced by
PI/EFV was restored by switching the drugs to ATV. In ad-
dition, the precise effect of ATV on decreased adiponectin
mRNA induced by PVEFV was examined in vitro, using
3T3L1 cells. Adiponectin mRNA recovered significantly in
mature adipocytes after switching drugs from EFV and NFV
to ATV, but it did not recover on EFV- and NFV-treated pre-
adipocytes and RTV-treated pre- and mature adipocytes
(Fig. 3).

Discussion

Several studies have reported that metabolic syndrome is
more common in subjects with HIV infection than in HIV-
negative individuals. Although uncontrolled HIV replication
can cause an adverse modification of the lipid metabolism,
these modifications can be mainly induced by ART. The
present study described the lipid abnormalities and lipodys-
trophy associated with ART. Hypertriglyceridemia was more
common than abnormalities of HDL cholesterol and LDL
cholesterol. LDL cholesterol increases were only observed
in the population of group II (PI without ATV). These ab-
normalities were recovered by changing ART to the ATV
containing regimen. In HIV-negative populations, the most
common features associated with metabolic syndrome are
obesity and hypertension. On the other hand, in HIV-
positive populations, hypertriglyceridemia and hypertension
are reported lo be common components and the most fre-
quent abnormalities that lead to metabolic syndrome (3).

That is why HIV-positive patients might need to have their
ART regimen tailored to their lipid abnormalities.

In this study, we also investigated the effect of ARVs on
serum HMW-adiponectin, which has been reported to be a
useful marker for evaluating insulin resistance and metabolic
syndrome. This is the first study fo investigate the influence
of ARVs on the serum HMW-adiponectin levels in Japanese
HIV-infected individuals. In general, the serum adiponectin
levels are known to be inversely related to the adipose tissue
mass (13). The serum adiponectin levels have been reported
to rise when obese persons lose weight (14). We showed
that adiponectin levels are relatively low in HIV-infected in-
dividuals with lipodystrophy who have a low fat mass, and
this is consistent with previous reports (7, 10). These results
suggest that the normal relationships between adiponectin
concentration and adipose droplets appear to be lost or re-
versed in HIV-infected individuals. Since adiponectin ex-
pression is higher in subcutaneous fat than in visceral fat in
humans (15), visceral fat accumulation and subcutaneous fat
loss may thus lead to decreased adiponectin production both
in lipoatrophic and lipohypertrophic patients. Therefore, fat
redistribution may actually be responsible for the decreased
adiponectin levels in HIV patients with lipodystrophy. As
shown in Fig. 1(C), it is certain that some of the patients
without lipodystrophy had a decrease in serum HMW-
adiponectin levels, but these patients had dyslipidemia more
frequently than the patients with either normal or high se-
rum HMW-adiponectin without lipodystrophy (data not
shown). Considering the fact that clinical HIV lipodystrophy
has been reported to be associated with dyslipidemia, these
patients might thus have the potential to be complicated by
lipodystrophy. Therefore, the low levels of serum HMW-
adiponectin are correlated with lipodystrophy and/or dyslipi-
demia induced by PIs and NNRTT (EFV).

The present study also showed the direct effects of ARVs

1802

223



Inter Med 48: 1799-1875, 2009 DOI: 10.2169/internalmedicine.48.2340

Oil Red O staining
% control

Normalized mRNA
Ratio to control

b

Ratio to control/10° cells

vehicle ATV RTV NFV EFV vehicle ATV RTV NFV EFV

Concentration of adiponectin

The effect of ARV in pre-adipocytes and mature
adipocytes. From confluence (day 0), 3T3-L1 cells were
treated with differentiation medium in the absence (control)
or in the presence of vehicle or various ARVs, Ta compare

Figure 2.

the effects of ARVs on preadipocytes with mature adipocytes,
ARVs were added to the medium on day ¢, when 3T3-L1
cells are still preadipocytes (gray bar) or on day 6, when 3T3-
L1 cells differentiate to mature adipocytes (white bar). (A)
The effects of ARVs on triglyceride accumulation during 3T3-
1.1 adipose conversion. On day 7, the cells were stained with
Oil red O. Staining was quantitied at 520 nm after solubiliza-
tion and expressed as %=SE of the control on day 7. (B) The
ctfect of ARV on adiponectin mRNA levels in 3T3-L1 cells.
On day 7, total RNA was prepared and mRNA levels were de-
termined by real time RT-PCR. The results shown are after
correction for the levels of B actin mRNA and normalized to
the controls and represent the meanSE. (C) The effect of
ARY on adiponectin secretion in 3T3-L1 cells. At day 7, cach
supernatant was collected. Then, concentrations of the adipo-
nectin were determined using an ELISA. Results shown are
normalized to the controls and represent the meantSE, Sig-
nificance of difference between vehicles and other ARVs was
evaluated by using the Dunnett test. EFV: efavirenz, RTV: ri-
tonavir, ATV: atazanavir, NFV: nelfinavire

on the expression of adiponectin mRNA. In 3T3-L1 cells,
the expression of adiponectin mRNA was decreased by
RTV, NFV and EFV, but not by ATV. These data are consis-
tent with our in vivo data. The pre-mature adipocytes were
more sensitive to the effect of NFV and EFV on adiponectin
mRNA and lipid accumulation than mature adipocytes.

Since adiponectin is mainly produced from mature adipo-
cytes, some factors, such as the regulatory mechanisms for
the differentiation of adipocytes, might be involved in the
expression of adiponectin. In fact, in subcutaneous fat from
individuals from HIV-associated lipodystrophy, decreased
expression of some differentiation-associated gene, such as
sterol regulatory element binding protein 1, CAAT enhancer
binding protein ¢, and peroxisome proliferators-activated
receptor-y have been described (16). On the other hand, the
effects of RTV and ATV on the expression of adiponectin
mRNA and lipid accunmlation were not significantly differ-
ent between pre-mature adipocytes and mature adipocytes.
Further, the effects of RTV, NFV, and EFV on adiponectin
expression were observed also in mature adipocytes, though
to a lesser extent than in NFV- and EFV-treated pre-mature
adipocytes. These results showed some mechanisms other
than differentiation-associated gene might be involved in the
expression of adiponectin. Adipose cells are highly sensitive
to oxidative stress, and it has been reported that oxidative
stress is one of the mechanisms that regulates adiponectin
expression. Using a reporter construct containing the adi-
ponectin promoter, reactive oxygen species (ROS) have been
shown to reduce the transcriptional activity of the adi-
ponectin gene in 3T3-L1 adipocytes (17). From the current
data, it is certain that various mechanisms are involved in
the regulation of adipokine expression and that the effects of
ARVs on adipogenesis and adiponectin expression may vary
among different drugs. The distinct metabolic effect of
ARVs could therefore be a consequence of their differential
effects on both the production of adiponectin and the adipo-
cyte physiology.

We have shown that ATV, in comparison to RTV, NFV
and EFV, causes less inhibition of adiponectin secretion and
lipid accumulation. Furthermore, the replacement of RTV,
NFV, and EFV to ATV did not decrease the serum HMW
adiponectin level and ATV replacing therapy has been asso-
ciated with a decrease in hyperlipidemia and an increase in
serum HMW adiponectin in HIV-infected patients. In the
same way, ATV leads to a reversal in the impairment of adi-
ponectin secretion or other metabolic abnormalities in 3T3-L
I cells. These properties could underlie the favorable meta-
bolic side effect profile of ATV observed in its clinical use.

This study showed the direct effect of ARV on the lipid
metabolism, but it is possible that such abnormalities in adi-
ponectin and lipid metabolism in HIV-infected individuals
are the result of either the consequence of HIV infection it-
self or of cytokine/chemokine released from infiltrating
macrophages, or several other factors.

This study provides important new information for clini-
cians and patients regarding the relative risk and benefits of
available antiretroviral regimens for the initial therapy of
HIV-1 infection. EFV and some PIs except for ATV contain-
ing ART decreased serum HMW-adiponectin, which is asso-
ciated with dyslipidemia and lipodystrophy. Some ARVs,
with the exception for ATV decreased the expression of adi-
ponectin in adipocytes in vitro and the phenomenon seems
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Figure 3.

The effect of replacing ARVs with ATV on adiponectin mRNA levels in 3T3-L1 cells.

From confluence (day 03}, 3T3-L1 cells were treated with differentiation medium in the absence
(control) or in the presence of vehicle (o) or various ARVs, which were added to the medium at day
0, when 3T3-L1 cells are still preadipocytes, (#)(A), or on day 6, when 3T3-L1 cells differentiate to
mature adipocytes (o) (B). On day 7, the cells were washed and then treated with the medium con-
taining ATV( a) or with the medium with the same ARY as used until day 7 (o, 0). On days 7 and
9, total RNA was prepared and mRNA levels were determined by real time RT-PCR. Results
shown are after correction for the Ievels of B actin mRNA and normalized to the control and repre-
sent the mean + SE. P values are evaluated by Student’s t-test. *p<0.01 versus the same ARV as

used until day 7. EFV: efavirenz, RTV: ritonavir,

to be caused by several different mechanisms. A greater un-
derstanding of the mechanisms underlying the development
of this metabolic effect could lead to safer ARVs, and at the
same time lead to the most appropriate treatment for these
metabolic side effects of ARVs.
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