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Table 1. Characteristics of 57 HIV-infected Individuals and the Changes of Metabolic Markers

group | group Il 1T} group IV {pre) __ group IV (post)
Number of cases (MIF) 15{13/2) 14 (131} 14 (131) 14 {122}
Maan age (SD) (years) 37.7 (10.8) 42.1(14.2) 38.3(9.1) 46,1 (12,6}
NRTI combination {(number){frequency %)
Abacavir! lamivudine 0(0) 0{0) 1Ty 0(0) 2(14.3)
Zidovudine! lamivuding 4(26.7) 0(0} 4(28.6) 5(35.7) 4(28.6)
Stavudine/ lamivuding T(46.7) 7(50) 5(35.7) 6(42.9) 4 (28.6)
Didanosine/ lamivudine (o) 0{0) 0{0) 2(0143) 2(14.3)
Didanosine/ zidovudine 00} 2{14.3) 0{0) 0(0) 0(0)
Tenofovia/ embricitabine 4(26.7) §(35.7) 4(28.6) 1(7.1) 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)
Tryglycenda 1.53 {0.19) 1.72 (0.24) 1.22 (0.17) 1.00 (0.304)
HDL-cholesterol 1,29 (0.2 1,17 (0,16) 1,14 (0.11) 1.01 (0.07)
LOL-cholesterol 1.17 (0.12) 1.27 (0.12) 1.10 (0.05) 0.85 (0.06)
HMW-adiponectin 0.61{0.247 0.65 (0,09) 1.19 (0,20) 1.61(0.11)

P values are evalualed by one sample sign test, © indicates significant dfferance {* p<0.001, ** p<0.05 }
NRTI, nucleotde reverse ranscriptase inhibitor; ART, antiretroviral therapy
“pre” indicates before changing ART, and “postiindicates after changing ART.

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

Statistical analysis

To evaluate the changes of BMI, serum triglyceride, LDL-
cholesterol, HDL-cholesterol, HMW-adiponectin after star-
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 resulls 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 (y-square test). The serum triglycerides and
LDL-cholesterol increased significantly in individuals in
groups [ and 1I and LDL-cholesterol decreased significantly
in individuals with group IV. The serum HMW-adiponectin
decreased significantly in individuals in groups I and Il 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 it 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, 11, and IHI). Lipodystrophy was more prevalent in

group | (53.3%) and group II (28.6%) than in group III
(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 lipodystrophy 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 3T3-L1 cells

As shown in Table I, the eiffect of ART on dyslipidemia
and lipodystrophy differed among the ART menus, but it is
nearly impossible to fully separate the effects of the drug
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-L1 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
I cell lines observed in virre may also occur in vive. When
pre-adipocytes were treated with ARV, lipid accumulation
was severely reduced by EFV and NFV (Fig. 2A). The adi-
ponectin mRNA 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 to ARV effects on lipid accumulation
and adiponectin mRNA level than premature adipocyltes.
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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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-adiponectin 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 909
and the horizontal boundaries of the boxes represent the interguartile 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 373-L1 cells

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 PUVEFV 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 1I (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, hypentriglyceridemia and hypertension
are reported to 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 to investigate the influence
of ARVs on the serum HMW-adiponectin levels in Japanese
HiV-infected individuals. In general, the serum adiponectin
levels are known 1o 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. I(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 polential to be complicated by
lipodystrophy. Therefore, the low levels of serum HMW-
atliponectin are correlated with lipodystrophy and/or dyslipi-
demia induced by Pls and NNRTI (EFV).

The present study also showed the direct effects of ARVs
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Figure 2. 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. To compare
the effects of ARVs on preadipocytes with mature adipocytes,
ARVs were added to the medium on day 0, 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-
L1 adipose conversion, On day 7, the cells were stained with
Oil red O. Staining was quantified at 520 nm after solubiliza-
tion and expressed as %xSE of the control on day 7. (B) The
effect 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 meansSE. (C) The effect of
ARY on adiponectin secretion in 3T3-L1 cells, At day 7, each
supernatant was collected. Then, concentrations of the adipo-
nectin were determined using an ELISA. Results shown are
normalized to the controls and represent the mean2SE. 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-LI 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 vive 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 o, 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 accumulation were not significamly differ-
ent belween pre-mature adipocytes and mature adipocytes.
Further, the effects of RTV, NFV, and EFV on adiponectin
expression were observed also in mature adipocytes, though
1o 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-L.1 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
1 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-
selfl 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 Pls 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 fn vitro and the phenomenon scems
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‘ipure 3. The elfect of replacing ARVs with ATV on adiponectin mRNA levels in 3T3-L1 cells.

From confluence (day 0), 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( 2 ) or with the medium with the same ARV as used until day 7 (#,2). 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 levels of [} actin mRNA and normalized to the control and repre-
sent the mean x 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, ATV: atazanavir, NFV: nelfinavir

0 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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Abstract Antiretroviral therapy for HIV infection is
associated with lipodystrophy. However, raltegravir (RAL),
a new integrase inhibitor, and atazanavir (ATV), a new
generation of protease inhibitor (PI), have not been reported
to significantly induce metabolic abnormalities in some
clinical studies. The aim of this study was to investigate the
influence and molecular mechanisms of RAL and compared
it with the other three classes of ARVs (nucleoside reverse-
transcriptase inhibitors; NRTI, nonnucleoside reverse-
transcriptase inhibitor; NNRTI, and PI) on adipogenesis
using 3T3-L1 cells. RAL and ATV had minimal effects on
the lipid metabolism of 3T3-L1 cells. NRTI induced a
moderate change, and NNRTI and some PIs induced a severe
reduction in cell lipid content. These ARVs induced a
decrease in the expression of genes associated with lipogenic
transcription factors (sterol regulatory-element-binding
protein-1c, CAAT box enhancer-binding protein-o, and
peroxisome proliferator-activated receptor-y). The differ-
entiated 3T3-L1 cells were less sensitive to ARV-induced
metabolic disturbance than were predifferentiated cells.
RAL and ATV did not significantly affect the lipid metab-
olism in our in vitro study. The other ARVs had a direct
influence on adipocytes. Degree and underlying mechanisms
of metabolic disturbance differed among different ARVs.
These data suggest that the distinct metabolic side-effect
profiles of ARVs are a consequences of their differential
effects on the adipocyte physiology. A better understanding
of the mechanism of ARV-induced metabolic abnormalities
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could lead to safer use of ARVs or selection of alternative
agents for further clinical development.

Keywords HIV-1 - Antiretrovirals - Adipocyte -
Lipodystrophy

Introduction

Highly active antiretroviral therapy (HAART) has helped
to control HIV infections and the development of AIDS.
However, this antiretroviral therapy (ART) is often asso-
ciated with severe lipodystrophy, such as peripheral lipo-
atrophy, central fat accumulation, and hyperlipidemia, but
the use of new-generation protease inhibitors (PIs) ataz-
anavir (ATV), and the integrase inhibitor raltegravir
(RAL), has been reported to be associated with a decrease
in hyperlipidemia [1] and reversal of lipodystrophy [2].
The cellular and molecular mechanisms underlying the
metabolic abnormalities induced by ART are unclear, but
many studies have shown that the pathogenesis of adipose
cell dysfunction includes adverse effects on adipocyte
differentiation status [3], survival [4], ability to secrete a
variety of adipokines [5], mitochondrial function [6], and
recovery from oxidative stress [7] induced by antiretrovi-
rals (ARVs). Different ARVs might induce lipid abnor-
malities to a different degree though distinct mechanisms,
and these properties could underlie the metabolic side-
effect profile observed from the use of ARVs.

Adipocyte differentiation involves sequential and coor-
dinated action of several transcription factors that regulate
expression of adipocyte-specific genes [8]. Following the
initial and transient increase in CAAT box enhancer-binding
protein (C/EBP)-f and -0, peroxisome-proliferator-acti-
vated receptor (PPAR)-y, and C/EBP-o promote expression

@ Springer



HIV 28Ry ND—U%ZFRLIE

BRSO ERICE Y DR 221

J Infect Chemother

of a number of adipose-specific markers, allowing acquisi-
tion of an enlarged, rounded shape and progressive accu-
mulation of cytoplasmic triacylglycerol droplets. C/EBP-a is
expressed early during adipogenesis and is involved in the
induction of PPAR-y. Coexpression of C/EBP-« and PPAR-
7 has synergistic effects on adipogenic conversion, including
lipid metabolism, adipokine secretion, and insulin sensitiv-
ity. Adipocyte differentiation is also enhanced by sterol
regulatory-element-binding protein (SREBP)-1c. SREBP-
lc activates PPAR-y or related adipogenic transcription
factors, thus leading to defective adipogenesis and insulin
resistance. Therefore, PPAR-y, C/EBP-u, and SREBP-1c act
in concert to induce and maintain the adipocyte phenotype.

Many studies provide evidence that some PIs influence
lipid metabolism by inhibiting degradation of adipogenic
transcription factors, such as SREBPs [9, 10], C/EBP-a [11],
and PPAR-y [12, 13]. On the other hand, treatment with
nucleoside reverse-transcriptase inhibitors (NRTIs) has
been reported to affect mitochondrial functions [2, 14] by
depleting mitochondrial DNA (mtDNA) and inhibiting
transcription. Integrase inhibitor and the newer genera-
tion of PIs have been reported to exhibit antiviral effi-
cacy without adverse affects on lipid metabolism [2, 15].
A re-examination of the molecular pharmacology and tox-
icology of ART, including these new drugs, may help
explain the differences in the metabolic profiles observed
among ART in clinical use and lead to the discovery of new
drugs that will reduce the incidence of lipodystrophy and
related metabolic complications in HIV-infected patients
receiving HAART. This study first examined the influence
of RAL and then compared it with the four classes of ARVs
(NRTI, NNRTI, PI, and integrase inhibitor) with regard to
lipid metabolism using well-characterized 3T3-L1 adipo-
cytes [16].

Materials and methods
Cells

This study used the 3T3-L1 cell line, which is one of the
most widely used and well-characterized models for
studying adipocyte differentiation and function. After
stimulation, 3T3-L1 preadipocytes show changes in gene
expression and acquire adipocyte characteristics, such as a
spherical shape and accumulation of triglyceride-rich lipid
droplets, as signs of differentiation. The 3T3-L1 cells were
purchased from the Japanese Collection of Research Bio-
resources (Tokyo, Japan) and maintained in Dulbecco’s
modified Eagle medium (DMEM) supplemented with 10%
fetal bovine serum (FBS). Postconfluent cells were induced
to differentiate by incubation with 0.5 mM 3-isobutyl-
methylxanthine and 1 pM dexamethasone for 2 days. This

@ Springer

was followed by incubation with 10 pg/ml insulin for
2 days. The cells were then maintained in DMEM with
10% FBS for another 2 days. Antiretroviral drugs were
added to the medium before and after the differentiation of
3T3-L1 cells.

Antiretroviral drugs

Zidovudine (AZT) was purchased from Calbiochem-
Novabiochem. (California, USA). Abacavir (ABC), stavu-
dine (d4T), didanosine (ddI), lamivudine (3TC), efavirenz
(EFV), ritonavir (RTV), and nelfinavir (NFV) were pur-
chased from Toronto Research Chemicals Inc. (Ontario,
Canada). Atazanavir (ATV) was provided by Bristol-Myers
Squibb Company (New York, USA). Lopinavir (LPV) was
provided, by Abbott Laboratories (Illinois, USA). Ampre-
navir (APV) was provided by Glaxo SmithKline (North
Carolina, USA). Raltegravir (RAL) was provided by Merck
(New Jersey, USA). Drug stocks in dimethyl sulfoxide
(DMSO) were stored at —20°C and diluted into culture
media. Vehicle controls received the same final DMSO
concentration as all drug-treated incubations (0.1%).
The peak serum concentration (Cy,..) of each drug are
as follows: AZT 1.07-3.03 pM, ABC 3.4-8.19 uM, d4T
2.14 pM, ddI 6.95 pM, 3TC 7.89-15.6 uM, EFV
14.2-28.8 pM, RTV 0.84-21.9 uM, NFV 5.0-8.6 uM,
ATV 496-8.38 uM, LPV 8.22-22.2 uM, APV 6.68-
16.2 pM, and RAL 10.44-11.15 pM. Cells were treated
with 10 pM of ABC, AZT, d4T, ddl, 3TC, and NFV; and
with 20 uM of EFV, RTV, ATV, LPV, APV, and RAL.

Quantitative real-time RT-PCR

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

Oil red O staining

The cellular lipid content was assessed by lipid staining
with Oil red O. Staining was quantified at 490 nm after
solubilization using an Adipogenesis Assay Kit (Chemicon
International, California, USA).
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Quantitation of 8-OHdG in culture medium

The levels of 8-hydroxy-2'-deoxyguanosine (8-OHdG) in
the culture medium were determined using a competitive
enzyme-linked immunosorbent assay (ELISA) kit (DNA
Damage ELISA Kit; Assay Designs Stressgen, Michigan,
USA).

Statistical analysis

Results were reproduced in at least three independent
experiments and are presented as mean =+ standard error
(SE). The Fisher least significant difference (LSD) post hoc
test was used for multiple comparisons if analysis of var-
iance (ANOVA) was significant. In all statistical compar-
isons, a P value of <0.05 was considered to be significant.

Results
Effect of ARVs on lipid content in 3T3-L1 cells

Effects of ARVs on dyslipidemia and lipodystrophy differ
among ART regimens, but it is nearly impossible to fully
assess the separate effects of each class of drug from the
clinical data because patients almost always receive a
combination of several classes of ARVs. As a result, in
vitro models were used to examine the exact influence of
the individual drugs on adipocyte development or metab-
olism using well-characterized preadipocyte 3T3-LI cells.
Lipid accumulation in predifferentiated 3T3-L1 cells was
dramatically decreased by NFV and mildly decreased by
ABC, AZT, d4T, EFV, LPV, and APV (Fig. 1).

100 $52
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Fig. 1 Effect of antiretrovirals (ARVs) on triglyceride accumulation
during 3T3-L1 adipose conversion. From confluence (day 0), 3T3-L1
cells were treated with differentiation medium in the absence
(control) or presence of vehicle or various ARVs. To compare the
effects of ARVs on preadipocytes with mature adipocytes, ARVs
were added to the medium on day 0, when 3T3-L1 cells were still
preadipocytes (white bar), or on day 6, when 3T3-L1 cells differen-
tiate into mature adipocytes (gray bar). On day 7, the cells were
stained with Oil red O. Staining was quantified at 490 nm after
solubilization and expressed as percent + standard error (SE) of the
control. P values were evaluated by the Fisher least significant
difference (LSD) post hoc test. V vehicle, ABC abacavir, AZT
zidovudine, d4T stavudine, 37C lamivudine, EFV efavirenz, RTV
ritonavir, ATV atazanavir, NFV nelfinavir, LPV lopinavir, APV
amprenavir, RAL raltegravir. *P < 0.01

It is possible that the effect of ARVs on adipocyte
metabolism is different between preadipocytes and differ-
entiated mature adipocytes because the differentiation of
adipocytes involves the sequential and coordinated action
of several transcription factors that regulate the expression
of adipocyte-specific genes and proteins. Therefore, dif-
ferentiated 3T3-L1 cells were also treated with ARVs and
assessed for effects on lipid accumulation. The differenti-
ated 3T3-L1 cells were less sensitive to the effects of
ARVs on lipid accumulation level than on immature 3T3-
L1 cells. Lipid accumulation in mature 3T3-L1 cells was
reduced by EFV, RTV, NFV, LPV, and APV (Fig. 1). On
the other hand, RAL had little effect on lipid accumulation
in both the immature and mature 3T3-L1 cells.

Effect of ARVs on lipogenic gene expression in 3T3-L1
cells

As shown in Fig. 1, several ARVs reduced lipid accumula-
tion to different degrees. This suggests that various mecha-
nisms are involved in the regulation of lipid accumulation
and that different drugs might induce lipid abnormalities
through distinct mechanisms. The key lipogenic transcrip-
tion factors, including SREBP-1c (Fig. 2a), C/EBP-u
(Fig. 2b), C/EBP-$ (Fig. 2c), and PPAR-y (Fig. 2d) were
investigated to determine the primary cellular mechanisms
that underlie these ARV-mediated lipid abnormalities.
Treatment with several of the ARVs resulted in marked
decreases in the expression of messenger RNAs (mRNAs)
for C/EBP-a and SREBP-1c in predifferentiated 3T3-L1
cells (ABC, AZT, d4T, EFV, NFV, LPV, and APV for
C/EBP-o; ABC, AZT, d4T, 3TC, EFV,NFV, LPV, and APV
for SREBP-1c¢), and differentiated 3T3-L1 cells (AZT, d4T,
EFV, RTV, NFV, LPV, and APV for C/EBP-«; ABC, d4T,
3TC, EFV, NFV, LPV, and APV for SREBP-1c) (Fig. 2).
Expression of C/EBP-o and SREBP-1c was not affected by
RTV, ATV, or RAL in predifferentiated 3T3-L1 cells. Pre-
differentiated 3T3-L1 cells were more sensitive to these
ARYVs than differentiated 3T3-L1 cells, but only RTV had a
little stronger effect in the differentiated 3T3-L1 cells than in
the predifferentiated cells on C/EBP-a expression. Effects of
ARVs on C/EBP-a were similar to those on SREBP-1c.
PPAR-y was also down-regulated by EFV and some Pls
(NFV, LPV, APV) but not by NRTIs (ABC, AZT, d4T,
3TC). ATV- and RAL-treated cells remained relatively
quiescent. C/EBP-f, which is expressed early during adi-
pogenesis, was not affected by any of the ARVs.

Effect of ARVs on oxidative stress in 3T3-L1 cells
Increased oxidative stress is associated with obesity-related

disorders [17], and some ARVs increase oxidative stress in
adipocytes in vitro [18] and in vivo [19]. Our study

@ Springer



HIV 828R v b —5 %5/ LTS RES OF ERICE T 2% 223

J Infect Chemother

>

~
—
w

-
—
3
-
-

Nownalzed mRNS ~

Ratio to control

@ W

——

o

~—
-
w

-

Nomalzed mRNA
Ratio to control

o

&

-
- N

Nomaleed mRNA

Ratio to conbrol

o w»

=

—
—
o

Ia

»
.

Nomalzed mRMNS —~

Ratio to control

o

" 1
|1 ﬁ
=
[«
=

=3
e

;-.-»::..J
€353

a4t
3TC
EFV
M’U
LPV

Fig. 2 Effect of antiretrovirals (ARVs) on lipogenic gene expression
in 3T3-L1 cells. From confluence (day 0), 3T3-L1 cells were treated
with differentiation medium in the absence (control) or presence of
vehicle or various ARVs. To compare the effects of ARVs on
preadipocytes with mature adipocytes, ARVs were added to the
medium on day 0, when 3T3-L1 cells are still preadipocytes (white
bar), or on day 6, when 3T3-L1 cells differentiate into mature
adipocytes (gray bar). On day 7, total RNA was prepared, and
messenger RNA (mRNA) levels were determined by real-time
reverse-transcriptase polymerase chain reaction (RT-PCR). The
results shown are after correction for the levels of f-actin mRNA
and were normalized to the controls. P values were evaluated by
Fisher’s least significant difference (LSD) post hoc test. a sterol
regulatory-element-binding protein, b CAAT box enhancer-binding
protein-o, ¢ C/EBP-f, d peroxisome-proliferator-activated receptor-y.
V vehicle, ABC abacavir, AZT zidovudine, d4T stavudine, 3TC
lamivudine, EFV efavirenz, RTV ritonavir, ATV atazanavir, NFV
nelfinavir, LPV lopinavir, APV amprenavir, RAL raltegravir.
*P < 0.01, **P < 0.05

investigated the influence of the four classes of ARVs on
the production of oxidative stress by measuring 8-OHdG in
the culture medium. This compound is a modified nucle-
oside base, which is associated with reactive oxygen spe-
cies (ROS) and used as a biomarker of oxidative stress. The
level of 8-OHdG was increased in the culture medium of
predifferentiated 3T3-L1 cells by d4T, RTV, NFV, LPV,
and APV and was increased in differentiated 3T3-L1 cells
by RTV and NFV (Fig. 3a). Expression of antioxidant
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Fig. 3 Effect of antiretrovirals (ARVs) on oxidative stress in 3T3-L1
cells. From confluence (day 0), 3T3-L1 cells were treated with
differentiation medium in the absence (control) or presence of vehicle
or various ARVs. To compare the effects of ARVs on preadipocytes
with mature adipocytes, ARVs were added to the medium on day 0,
when 3T3-L1 cells are still preadipocytes (white bar), or on day 6,
when 3T3-L1 cells differentiate to mature adipocytes (gray bar).
a For the assay of 8-OHdG, each supernatant was collected at day 7.
Then, concentrations of 8-OHdG were determined using an enzyme-
linked immunosorbent assay (ELISA). Results shown were normal-
ized to the controls and represent the mean =+ standard error (SE). On
day 7, total RNA was prepared, and messenger RNA (mRNA) levels
were determined by real-time reverse-transcriptase polymerase chain
reaction (RT-PCR). Effects of the drugs on b superoxide dismutase
(SOD) and ¢ catalase (CAT) were also examined. The results shown
were obtained after correction for the levels of f-actin mRNA and
were also normalized to the controls. Data are presented as the
mean = standard error (SE). P values were evaluated by the post hoc
test. V vehicle, ABC abacavir, AZT zidovudine, d4T stavudine, 37C
lamivudine, EFV efavirenz, RTV ritonavir, ATV atazanavir, NFV
nelfinavir, LPV lopinavir, APV amprenavir, RAL raltegravir.
*P < 0.01

enzymes, including superoxide dismutase (SOD, Fig. 3b)
and catalase (CAT, Fig. 3c) was also investigated. Gener-
ally, oxidative stress, such as that induced by the free-
radical superoxide, stimulates the expression of SOD and
CAT. Expression of SOD mRNA was increased by the
addition of AZT, d4T, RTV, LPV, and APV in prediffer-
entiated 3T3-L1 cells; and d4T, RTV, and LPV in differ-
entiated 3T3-L1 cells. Expression of CAT mRNA was
increased by the addition of AZT, d4T, RTV, and LPV in
predifferentiated 3T3-L1 cells and of d4T and RTV in
differentiated 3T3-L1 cells. Neither SOD mRNA nor CAT
mRNA was increased by the addition of ABC, 3TC, EFV,
ATV, NFV, or RAL in predifferentiated and differentiated
cells. These results and previous studies indicate that the



224 T 20-22 FE EEHFBFNFMARME T 7 ANHRHARE

J Infect Chemother

influence of ARVs on oxidative stress or the antioxidant
system differs based upon the class and particular structure
of the ARV.

Discussion

ART has been involved in the emergence of a metabolic
disorder with potentially severe consequences, but the use of
new-generation PIs ATV and the integrase inhibitor RAL
has been reported to be associated with a decrease in
hyperlipidemia [1] and a reversal of lipodystrophy [2]. Most
previous studies examined one or a few classes of ARV, and
each study used different cell systems. Therefore, it is dif-
ficult to compare the effects of each drug. Our study inves-
tigated the effect of four classes of ARVs (NRTIs, NNRTI,
PIs, and integrase inhibitor) using pre- and post-differenti-
ated 3T3-L1 cells. We were especially interested in deter-
mining the effects of RAL and ATV compared with other
ARVs in order to obtain a better understanding of the
molecular basis for the more favorable metabolic side-effect
profile associated with RAL and ATV. This is the first study
to investigate the effects of RAL on the cellular and
molecular regulation of adipocytes.

Expression of C/EBP-o, PPAR-y, and SREBP-1c were
strongly inhibited by some PIs, mildly inhibited by NNRTI
and NRTIs, and minimally affected by ATV, RAL, and
RTV. These results and the fact that RTV decreased lipid
accumulation and increased oxidative stress in mature 3T3-
L1 cells more than in predifferentiated cells suggest that
the effect of RTV occurs relatively late in adipocyte dif-
ferentiation. C/EBP-f, which is expressed during early
adipogenesis, was not affected by ARVs, suggesting that
molecular targets affected by the antiadipogenic properties
of ARVs are probably located downstream of this adipo-
genic transcription factor. This is consistent with previous
reports that some ARVs block adipocyte differentiation by
inhibiting the expression of C/EBP-o and PPAR-y [3, 12,
13] or by impairing SREBP-1 intranuclear localization
[9, 20]. These findings indicate that altered functions of
PPARy, C/EBP-o, and SREBP-1c play a role in ARV-
related dystrophy.

Increased oxidative stress is also considered to contrib-
ute to metabolic abnormalities caused by ARVs. Several
reports indicate that ROS production in response to ARVs
probably results from increased mitochondrial oxidative
stress [7, 14]. The marker of oxidative stress, 8-OHdG, was
increased by d4T, RTV, NFV, LPV, and APV, and the
antioxidant pathway was impaired by NFV. These results
indicate that increased oxidative stress by ARVs is due to
activation of ROS production and an impaired antioxidant
system. Oxidative stress also contributed to ARV-induced
lipogenic abnormalities.

Mature 3T3-L1 cells were less sensitive to the lipid-
reducing effect of ARVs than were predifferentiated 3T3-L1
cells, and similar results were obtained with regard to the
inhibitory effect of ARVs on the expression of lipogenic
transcription factors and some oxidative stress markers. One
explanation for the differences between preadipocytes and
mature adipocytes is that the more differentiated adipocytes
have pathways that could enable cells to escape from ARV-
induced blockade of the lipogenic pathway, or they may
have a system that inactivates and/or decreases the intra-
cellular level of ARVs.

It is notable that the intracellular events reflect lipoat-
rophy in the form of depleted adipocyte triglyceride stores,
and the extent that each ARV influences the adipocytes was
in proportion to that observed in clinical manifestations,
although functional links between the molecular mecha-
nism and the observed metabolic alterations are still not
fully understood. It is certain that metabolic disorder is
affected by numerous other modifiers, including genetic
predisposition, diet and lifestyle, and HIV-1 infection.
However, some features can be avoided by careful selec-
tion of ARVs and thus can be effectively treated.

In conclusion, different ARVs acted through distinct
mechanisms to induce disruption of adipocyte differentia-
tion and function to different degrees through distinct
mechanisms. Whereas most of ARVs affected lipid accu-
mulation, RAL and ATV had no influence on lipid
metabolism in our in vitro study. A greater understanding
of the mechanisms underlying the development of this
metabolic effect could lead to safer ARVs while indicating
the best treatment for these metabolic side effects of ARVs.
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ELISA (ELISA), patterns of Western blot resulis are shown,
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muncsorbent assay.
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A Case of THYV-1 Infection that Showed Western Blot Analysis for HIV-]
Negative After Antiretroviral Therapy

Rumi MINAML Soichiro TAKAIIAMA, Hitoshi ANDO & Masahiro YAMAMOTO
internal Medicine, Clinical Research Institute, Nativnad Hospital Organizuion, Kyushuy Medical Center
Western blot (WB) is the most widely accepred confirmatory -s‘aj: for detecting antibodies to the hu-
man immunodeficieney virus L (HIV-1). We report the case of an HIV-T patient whose WH was negarive for
OVer two years,

A dl-vearold Japancse man with Pneumocystis preumonia ('CF) and pulmenary mberculusis referred
in March 2005 was found to have positive HIV-1 ELISA and HIV RNA PCR. but HIVAD WH with only two
bands, at gpl60 and plI8, and no WB HIV-2 band, The CD1 count was 47 ul. and rotal inmunoglobulin, 1gG,
1M, and 1gG subclasses were normal. The man was treated for PO P and pulmonary tuberculosis, then un-
derwent antiretroviral therapy. e had taken short-terms steroids W treat a drug allergy and mmune re-
constitution syndrome. Six months later, his serological ELISA tests for HIV-D and HIV DNA PCR were
negative and WH showed no positive band. The CD4 count recovered gradually, and exceeded 350 pl. two
veurs later, but WEB remained negative. Lymphoproliferative assays and interferon y expression against
HIV-pl7, p24. and pll were studied and compared to those of other HIV-1 infected patients. Our patient
showed no response to pl7 or p2l and only a weak response to p4l, Other paticnts showed a response Lo
HIV-antigens, but patients with antiretroviral therapy or with histories of steroid use responded more
weakly than those with neither. These findings show that HHV-spee ific lymphoeytes decline with antiretrovi-

-al therapy and steroid Lreatment within early HIV infection, It is thercfore important to interpret negative
serological tests carefully in patients such as ours.

(LJA. Inf. 1. 83 1 251~255, 2009]
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CASE REPORT (]

Pulmonary Mycobacterium parascrofulaceum Infection
as an Immune Reconstitution Inflammatory
Syndrome in an AIDS Patient

Hiromitsu Teruya', Masao Tateyama', Kenji Hibiya', Yuichiro Tamaki', Shusaku Haranaga',
Hideta Nakamura', Daisuke Tasato', Futoshi Higa', Tsuneo Hirayasu®, Tomonori Furugen®,
Seiya Kato®, Yuko Kazumi®, Shinji Maeda® and Jiro Fujita'

Abstract

Nontuberculous mycobacterial (NTM) infection in HIV (human immunodeficiency virus)-infected patients
who have started highly active antiretroviral therapy (HAART) is well known to be one scenario of immune
reconstitution inflammatory syndrome (IRIS). We encountered the first case in Japan of an HIV-infected pa-
tient with pulmonary Mycobacterium parascrofilaceum infection as IRIS. A 34 year-old man with acquired
immunodeficiency syndrome (AIDS) was receiving highly active antirctroviral therapy. Lymphadenopathy
was observed at the left pulmonary hilum. IRIS was suspected and thoracoscopic surgery was performed to
diagnose the cause of lymphadenopathy. Granulomas were observed histologically, and M. parascrofulaceum
was cultured. This organism was susceptible to Clarithromycin, rifampicin and levofloxacin, After the opera-
tion and without treatment, recurrence of M. parascrofulacenm infection was not observed. M. parascrofu-
laceum was isolated from several clinical specimens for the first time in 2004, To date, only five cases have

been reported.

Key words: Mycobacterium parascrofulacetm, immune reconstitution inflammatory syndrome, AIDS

(Inter Med 49: 1817-1821, 2010)
(DOI: 10.216%internalmedicine.49.3616)

Introduction

Nontuberculous mycobacterial (NTM) infection in HIV-
infected patients who have started highly active antiretroviral
therapy (HAART) is well known to be one scenario of im-
mune reconstitution inflammatory  syndrome  (IRIS). M.
parascrofulacerun infection was first reported in 2004 (1).
There has been liule information about M. parascrofilaceum
infection or therapies for treating this organism. We encoun-
tered a case of pulmonary M. parascrofulacenm infection in
an HIV-infected patient, and describe the clinical features of
M. parascrofilacewm infection. In addition, since it was

possible to culture M. parascrofiulacewm, the results of the
drug sensitivity test are also reported.

Case Report

A 34-year-old man with pneumonia was admitted to the
hospital in 2008. He was diagnosed as having pnewmocystis
Jirovecii pneumonia (PCP) as well as acquired immunodefi-
ciency syndrome (AIDS). His CD4 count was 9/uL and the
HIV-RNA load was very high (128,000 copiesfmL) (Ta-
ble 1). PCP was completely cured by trimethoprim-
sulfamethoxazole (TMP-SMX) and prednisolone. Then,
TMP-SMX was used for the prophylaxis of PCP.
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Table 1. Laboratory Findings on Admission
___Blood cell count Blood chemistry Serology
WBC 3600/mm? AST 36 UL HBsAg {-)
co4 3Amm? ALT 291U HCVADb 0.1cal
RBC 398X 10Mmm?  LDH 431un HTLVA “
HGB 124 glar T8Il 0.3 mgldL RPR 06RU.
HCT 35.0% BUN 8.0 mgldL TPLA 11T,
MCV gaf Cre 047 mgldl
MCH 304 pg MNa 139 mEqiL
MCHC 346% K 4.1 mEqiL genetics
PLT 13.1%10%mm?  Cl86mEqL HIV-RNA 128,000 coplesimL
ESR 82 mmh CRP 5,68 mgfdL
KL& 1523 UimL
Beta-D-glucan 1472 pgimL

HGB, hemoglobln; HCT, hematocrit; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin;

MCHC, mean corpuscular hemoglobin concentration; PLT, platelets; ESR, erythrocyte sedimentation rate;

AST, aspartate aminotransferase; ALT,alanine aminotransferase; LDH, lactate dehydrogenase; T-Bil, total bilirubin;
BUN, blood urea nitrogen; Cre, creatinine; CRP, C.reactive protein; HTLV-1, human T cell lymphotropic virus type-1;
RPR, rapid plasma reagin test; TPLA, toreponema pallidum latex immunoassay

COl, cut off index; R.U., RPRUNITS;T.U.; TITER UNITS

Pt

Ik,

Figure 1.
mulation at the left hilum.

In January 2000, highly active anti-retroviral therapy
(HAART), raltegravir (RAL) + stavudine (d4T) + lami-
vudine (3TC), was started. HAART was effective and the
counts of CD4 increased to 42/pl. The HIV-RNA load de-
creased to 300 copies/mL in February 2009. Although there
were no certain symptoms, IRIS was suspected because the
CD4 count was low so a gallium scan to monitor the total
body was needed in February 2009, Positive accumulation

Gallium accumulation at the left hilum (Day 32 after HAART). Arrows: Gallium accu-

of gallium was observed at the left hilum (Fig. 1). A chest
CT scan revealed lymphadenopathy in the left hilum region
where there was a low density area, suggesting a necrotic
lesion within it. Then, the size of lymphadenopathy enlarged
from 11 mm in diameter to 22 mm. As the cause of lym-
phadenopathy infection, M. ruberculosis, NTM, Cryprococ-
cus or Nocardia lymphadenopathy was suspected (Fig. 2).
HIV-infected patients might develop disseminated discase



