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Abstract

Objective: We aim to evaluate the mechanisms of rosiglitazone-induced fat recovery in HIV+ patients with
lipoatrophy on thymidine Nucleoside Reverse Transcriptase Inhibitors (NRTI) sparing regimens.

Method: Measures of limb fat (DXA), oxidative stress (F2 isoprostanes) and inflammation [High-sensitivity C
- reactive protein (hsCRP), soluble Tumor Necrosis Factor Receptors (sTNFR)-I, sTNFR-II, and interleukin (IL)-6]
were performed. Gluteal fat mitochondrial DNA (mtDNA) and peroxisome proliferator-activated receptor (PPAR)-y
RNA [expressed as PPAR-y/Glyceraldehyde 6-Phosphate Dehydrogenase (GAPDH) RNA ratio] were measured by
quantitative PCR.

Result: 71 patients on thymidine NRTI-sparing regimens were randomized to rosiglitazone vs. placebo for 48
weeks. Duration off thymidine NRTIs was similar between groups. From week 0-48, limb fat increased significantly
(p=0.02) more in the rosiglitazone than in the placebo group. Within both groups, F2-isoprostanes, sTNFR-l and
sTNFR-Il increased significantly (p < 0.003), hsCRP decreased significantly (< 0.02), and IL-6 did not change. No
differences were seen between groups in any of the inflammation markers. Fat mtDNA (copies/ cell) increased
nonsignificantly: +41(p=0.08) and +29(p=0.38) within rosiglitazone and placebo group; respectively. PPAR-y/
GAPDH ratio did not change within or between groups.

Conclusion: Limb fat improvements seen after rosiglitazone were not associated with changes in mtDNA,
oxidative or inflammation markers, or PPAR-y expression. F2 isoprostanes and some of the inflammation markers
worsened over time in these subjects on stable ART, regardless of the rosiglitazone assignment. Thus, lipoatrophy
can be in part overcome by a separate pathway independent of mitochondrial DNA depletion, such as PPAR-y.

Gaining understanding of the underlying causes of lipoatrophy
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Introduction

Lipoatrophy is subcutaneous fat wasting of the face, arms, buttocks
and/or legs which has been described in HIV-infected individuals with
or without associated central fat accumulation, insulin resistance, and
dyslipidemia. While sufficiently distressing from a cosmetic standpoint
alone, lipoatrophy can be stigmatizing as a prominent and visible
association with HIV/ AIDS. Furthermore, lipoatrophy decreases
the quality of life of HIV-infected individuals and threatens the
effectiveness of AntiRetroviral Therapy (ART) [1].

The mechanism of antiretroviral-associated lipoatrophy remains
poorly defined. Data has increasingly implicated thymidine Nucleoside
Reverse Transcriptase Inhibitors (NRTI) via mitochondrial toxicity [2-
4]. As NRTI down-regulation of the peroxisome proliferator-activated
receptor (PPAR)-y has also been implicated as a cause in vitro [4],
thiazolidenediones, potent agonists of PPAR-y, would be expected
to reverse lipoatrophy. However, these data have been conflicting;
but, most of these studies had not excluded thymidine NRTI’s [5-11].
Concurrent usage of rosiglitazone and thymidine NRTIs has been
shown to blunt rosiglitazone’s activity on PPAR-y [12]. We previously
reported that rosiglitazone improved lipoatrophy in HIV-infected
patients with lipoatrophy in the setting of thymidine NRTI-sparing
regimens [13]. In this present substudy, we have aimed to evaluate the
underlying mechanisms of these fat changes with rosiglitazone.

would help target new treatment options. In addition to the increasingly
clear implication of thymidine NRTIs [2-4], measures of oxidative
stress and inflammation have also been associated with lipoatrophy.
Elevated F2 isoprostanes levels have been associated with lipoatrophy
[14]. The prostaglandin-like compounds F2 isoprostanes are accurate
measures of oxidative stress in vivo [15]. Lipoatrophy has also been
associated with abnormal inflammatory markers in comparison to
individuals without lipoatrophy [16]. In order to gain insight into the
underlying mechanisms of the observed fat changes after rosiglitazone
in these subjects with ART-associated lipoatrophy, we evaluated
changes in oxidative and inflammation markers, mitochondrial (mt)
DNA levels, and PPAR-y transcripts.
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Materials and Methods
Subjects

This randomized double-blind placebo-controlled trial evaluated
baseline and 48-week measurements of limb fat (DXA), oxidative stress
(F2 isoprostanes), inflammation [high-sensitivity C-Reactive Protein
(hsCRP), soluble Tumor Necrosis Factor Receptors (STNFR-)I, sTNFR-
11, and InterLeukin (IL)-6], and gluteal fat mitochondrial indices [DNA
and PPAR-y RNA expressed as PPAR-y/GlycerAldehyde 6-Phosphate
DeHydrogenase (GAPDH) RNA ratio] in HIV-infected patients
with lipoatrophy receiving rosiglitazone or placebo for 48 weeks. The
participants were enrolled at the John T. Carey Special Immunology
Unit of University Hospitals Case Medical Center and at the Cleveland
Clinic in Cleveland, Ohio, USA. The Institutional Review Board (IRB)
Committees of both institutions approved the study. All patients gave
written informed consent.

Study Population

HIV-infected men and women > 18 years old with clinical
lipoatrophy were enrolled. Clinical lipoatrophy was defined as fat loss of
at least moderate severity in at least two different areas of the following
body areas: face, arms, legs, or buttocks. Self-reports were confirmed
by a physician. Inclusion criteria included a past history of receiving
thymidine NRTI (stavudine or zidovudine) for at least 12 cumulative
months, discontinuation of thymidine NRTI therapy and receipt of
a stable thymidine NRTI-sparing regimen for at least 24 weeks prior
to study entry, HIV-1 RNA < 5000 copies/mL, and no intent on the
part of the subject or provider to alter ART over the study period. In
addition, women of childbearing potential were required to have a
negative pregnancy test at study entry and to use strict contraception
during the study.

Individuals were excluded if they had liver cirrhosis, heart failure
of New York Heart Association class 3 or 4, diabetes mellitus, or were
receiving metformin or glitazones. Individuals who were pregnant or
breastfeeding, or who were receiving any hormonal supplementation
with recombinant growth hormone, anabolic steroids, estrogen or
testosterone (except at replacement doses) were excluded. Additionally,
subjects were excluded if they had serum transaminases greater than 2
times the Upper Limit of Normal (ULN), lipase > 2.5 ULN, creatinine
> 3 ULN, PT/PTT greater than 1.2 ULN, absolute neutrophil < 750/
mm?, hemoglobin < 9.0 g/dL, platelet count < 75,000/ mm?, or glucose
<70 mg/dL.

Intervention

The subjects were centrally randomized in a double-blinded
fashion to receive either rosiglitazone or matching placebo for 48
weeks. Both the study drug and matching placebo were provided by
GlaxoSmithKline, Research Triangle, NC. In the dose-escalation
period, subjects received rosiglitazone 4 mg daily for 4 weeks. The dose
was then increased to 4 mg twice daily for the remainder of the study.
All subjects tolerated the lead-in period and none dropped out during
the lead-in period. Participants continued their present antiretroviral
regimens and were advised to maintain their current diet and exercise
habits.

All visits included assessment for clinical adverse events, use of
concomitant medications, targeted physical examination and complete
blood count, biochemistry (including electrolytes, liver transaminase
levels, and creatinine concentration). In addition, CD4+ cell count and
HIV-1 RNA were concomitantly measured as markers of HIV disease

status. Adherence to study medication was determined by pill count of
dispensed versus returned pills at each study visit. Permanent cessation
of the drug was mandatory for grade 4 adverse events or pregnancy.

Assessment of changes in body fat

Assessments of changes in body fat included physical examination
and whole body Dual-energy X-ray Absorptiometry (DXA) at study
entry, weeks 24, and week 48. To evaluate subjective assessments of fat
changes by both physicians and subjects, we evaluated the changes in
clinical lipoatrophy scores. Clinical lipoatrophy scores were obtained
by questionnaires at study entry and at weeks 24 and 48. These
questionnaires rated the loss of fat in predefined body areas: arms,
legs, buttocks and the face. Assessments within each of these sites
were rated “0” for “absent”, “1” for “mild”, “2” for “moderate”, and
“3” for “severe”. These scores were summed for a lipoatrophy self-rated
score. Thus, the lipoatrophy score could vary between 0-12. The same
questionnaire was completed separately and independently by the
subject and the physician.

Total body DXA scans were performed at a single site (Case) on
all study subjects using a Hologic QDR-4500A (Hologic Inc, Bedford,
MA). The DXA were assessed with a dedicated scanner and technologist
who were blinded to treatment allocation. Analysis of overall and body
site-specific fat were performed on the basis of the standard protocol
for body composition examination.

Oxidative stress

Measures of oxidative stress (F2 isoprostanes) were assessed
at study entry and week 48. Blood was drawn into tubes containing
EDTA and immediately centrifuged to separate the plasma. An aliquot
of plasma was then removed and immediately stored at -70°C until
measurements of F2-isoprostanes were performed at the Vanderbilt
University laboratory. The F,-isoprostanes are quantified in biologic
fluids after Sep-Pak and TLC purification as pentafluorobenzyl
ester, trimethylsilyl ether derivatives utilizing stable isotope dilution
techniques with deuterated 15-F2t-IsoP (Cayman Chemical, Ann
Arbor, MI) as an internal standard. The precision of the assay is 4%,
the accuracy + 95%, and interassay variability is less than 8% [14].

Inflammatory markers

At weeks 0 and 48, the following biomarkers were measured in
blood: hsCRP, sTNFR-I and -II, and IL-6. The markers were measured
in duplicate and averaged using commercially available enzyme-
labeled immunosorbent sandwich assays (Searchlight; Thermo Fisher
Scientific, Wobern, MA). The median intra-assay coefficients of
variation for hsCRP, sTNFR-I, sSTNFR-II, and IL-6 were 6.9%, 8.8%,
8.6%, and 11.7% respectively. The median interassay coefficients of
variation for each assay were 4.5%, 10.8%, 6.0%, and 10.4%, respectively.

Tissue sampling and measures of fat mtDNA and PPAR-y
RNA

Study subjects underwent gluteal fat biopsies at study entry and
week 48. Fat biopsies were optional and not mandatory for enrollment
into the study. The fat was obtained by 6-mm skin punch biopsies
under local anesthesia and trimmed from under the skin portion.
All tissue samples were stored in a -70°C freezer at the local site. Fat
mtDNA and PPAR-y RNA (expressed as PPAR-y/ GAPDH RNA
ratio) were evaluated by real-time quantitative PCR. The mtDNA
assays were performed on batched specimens at the end of the study
as described previously [17]. The laboratory personnel were blinded
to all sample characteristics. Briefly, total DNA was extracted with the
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QIAamp DNA isolation kit (Quiagen, Hilden, Germany). MtDNA
and nDNA copy numbers were determined by quantitative PCR using
the ABI 7700 sequence detection system (Applied Biosystems, Foster
City, CA) .The mtDNA ATP-6 gene was amplified and quantified with
a FAM-fluorophore labeled probe. For the quantification of nDNA,
exon 8 of the GAPDH-gene was amplified and quantified using a VIC-
fluorophorelabeled probe. Amplifications of mitochondrial and nuclear
products were performed separately in optical 96-well plates (Applied
Biosystems). All samples were run in triplicate. Absolute mtDNA and
nDNA copy numbers were calculated using serial dilutions of plasmids
with known copy numbers of mtDNA and nDNA.

RNA was extracted (RNeasy Kit, Qiagen, Hilden, Germany) and the
quantity and integrity of the RNA were verified using RNA 6000 nano
chips (Agilent 2100 Bioanalyser, Palo Alto, CA). 5 ug RNA from each
sample was reverse transcribed using 200 U Superscript I (Invitrogen,
Carlsbad, CA) and 100 uM oligo (dT) (Invitrogen Carlsbad, CA) as
primer.

Gene expression was quantified using the Light Cycler 480 (Roche,
Germany) on a 384 well plate. 10 pl reactions contained 5 pl of SYBR
Green I Master mix (Roche, Mannheim, Germany), 50 ng cDNA
template and 0.5 pM of each primer. Target gene PPAR-y was amplified
(forward  5"-GACCTGAAACTTCAAGAGTACCAAA;  reverse
5'-TGAGGCTTATTGTAGAGCTGAGTC) in duplicate and the light
cycling conditions were as follows: activation (95°C for 10 sec.), 40
amplification cycles (95°C for 10 seconds, 52°C for 5 seconds, and 72°C
for 12 seconds). Melting curve analysis was done to ensure that the
investigatedgeneswererepresentedbyasinglepeak,indicatingspecificity.
Gene expression was calculated from the real-time PCR efficiency in
relation to GAPDH gene (forward 5-TGCACCACCAACTGCTTAG;
reverse 5'-AGAAACCGACCTGGATTGCTC).

Statistical analysis

Continuous variables were summarized as means and standard
deviations or median and inter-quartile ranges, and categorical
variables were summarized as frequencies and percentages. T-tests and
Wilcoxon tests were used to compare the change of variables over time
within and between groups as appropriate. Pearson correlation was
calculated to assess the association between variables. All p-values are
two-sided. All analyses were carried out by using SAS 9.2 (Cary, NC).

Results

Seventy-one patients with clinical lipoatrophy were enrolled; 57
agreed to enroll in the biopsy substudy. Baseline characteristics were
similar in those who enrolled in the biopsy study versus those who
refused to have the biopsies performed. Seventeen percent were female;
51% were white. The baseline parameters were similar between the two
groups and detailed in Table 1. The durations off thymidine NRTIs
were similar between the rosiglitazone and placebo groups: 47 vs. 42
months, respectively.

At 48 weeks, DXA-measured limb fat increased significantly
(p=0.02) more in the rosiglitazone than in the placebo group: 448 grams
vs. 153 grams, respectively as detailed in Table 2. The increases within
both groups from baseline to 48 weeks were also significant (p<0.03).
Facial atrophy was evaluated clinically. The clinical lipoatrophy scores
have been reported previously [13]. There was no difference in facial
atrophy scores between the groups in either subject or physician scores
at 24 or 48 weeks. Within only the rosiglitazone group, subject facial
lipoatrophy scores changed significantly (p<0.001), from a baseline
score median (IQR) 2 (1,2) by -1 (-1, 0) at 48 weeks.

The median F2 isoprostanes, sTNFR-I and sTNFR-II levels
increased significantly (p<0.003) within both groups over the 48 weeks
of the study but not between the groups. hsCRP decreased significantly
(<0.02) within both but not between the groups. IL-6 levels did not
change within or between groups. In the 57 patients with fat biopsy
results, the fat mtDNA content were assessed. The median values were
not significantly (p=0.58) different at study entry: 168 copies/ cell in
the rosiglitazone group vs.205 copies/cell in the placebo group. Over
48 weeks, the median fat mtDNA values trended upwards approaching
significance in the rosiglitazone group: +41 (p=0.08) in the rosiglitazone
group vs. +29 (p=0.38) in the placebo group, respectively. The changes
in mtDNA did not correlate with change in hsCRP.

The PPAR-y/GAPDH ratio decreased by a non significant 6.8% and
0.5% within the rosiglitazone and placebo groups, respectively. Percent
changes in PPAR-y/ GAPDH ratio did not significantly correlate with
either changes in limb fat (r = -0.17, p = 0.33) or mtDNA (r = -0.01, p
=0.98). Changes in F2-isoprostanes correlated significantly (r = 0.35, p
=0.011) with changes in limb fat. The correlation between changes in
hsCRP and changes in limb fat approached significance (r = 0.27, p =
0.052), reflecting a smaller decrease in hsCRP correlating with a larger
increase in fat limb. Changes in other inflammation markers did not
correlate with changes in limb fat. None of the subjects reported adverse
events as a result of the procedures. HIV-1 RNA levels remained stable
throughout the study. At week 48, 98% of the study subjects had HIV-1
RNA levels less than 400 copies/ mL.

Discussion

We have evaluated rosiglitazone’s effect on fat changes in HIV-
infected patients with lipoatrophy who were receiving thymidine NRTI
sparing regimens. We previously reported that lipoatrophy improved
after rosiglitazone at 48 weeks in comparison to placebo in the primary
study [13]. Our finding of improvement of lipoatrophy from baseline

Median (IQR) Rosiglitazone (n=34) Placebo (n=37)
Age in years 47 (44, 52) 52 (44, 54)
Men, N (%) 29 (85) 30 (81)

White, N (%) 19 (56) 17 (45)

CD4+ cell count, cells/mm? 596 (437, 706)
Nadir CD4+ cell count, cells/ mm® 205 (98, 271)
HIV-1 RNA <50 copies/mL, N (%) 28 (82)
Duration HIV diagnosis (months) 146 (122, 194)
Duration on ART (months) 114 (96, 127)

690 (422, 860)
123 (64, 247)
29 (78)

170 (122, 231)
105 (74, 123)

Duration on tNRTI (months) 65 (48, 59) 69 (24, 83)
Duration off tNRTI (months) 47 (14, 59) 42 (11, 64)
NNRTI at study entry, N (%) 15 (44) 14 (37)

Pl at study entry, N (%) 19 (56) 23 (62)

Limb fat, grams 4695.9 (3643.6, 7758.3) gggg';)(3514'3'
BMI, kg/m? 25.3 (22.5, 30.8) 25.8 (22.8, 27.9)
STNFR-, pg/mL 7735 (597.0,957.0) b1 'g)(573'1'
STNFR-I, pg/mL 564.0 (232.0, 1247.0) ?2(5).802(;’515.0,
IL-6 , pg/mL 6.0 (2.0, 13.3) 6.0 (3.0, 10.5)
hs CRP, mg/L 7.6 (4.1,18.1) 3.2(1.2,14.7)
F2 isoprostanes, ng/mL 0.032 (0.024, 0.043) 8'82§)(°'027'

mtDNA, copies/ cell 168 (143, 214) 205 (166,222)

# Significant difference between the groups (p=0.04)

Table 1: Baseline characteristics.
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Median (IQR) Rosiglitazone (n=29) P (within group) Placebo (n=32) P (within group) P (between groups)
Limb fat, grams +448 (138, 1670) <0.001 +153 (-100, 682) <0.03 0.02
BMI, kg/m? +0.9 (0.08, 1.6) <0.001 +0.5(-0.08, 1.3) 0.03 0.24
F2 isoprostanes, ng/mL +0.019 (-0.002, 0.036) 0.003 +0.017 (-0.003, 0.032) 0.001 0.078
STNFR-I, pg/mL +733.8 (318.5, 9891.3) <0.001 +973.3 (373.3, 8662.9) <0.001 0.98
STNFR-II, pg/mL +1722.4 (872.9, 5951.9) <0.001 +1586.9 (994.7, 5552.8) <0.001 0.97
IL-6 , pg/mL +0.2 (-9.0, 34.2) 0.30 +1.4 (-5.2, 16.9) 0.29 0.92
hs CRP, mg/L -4.6 (-11.1,-0.9) <0.001 -1.5(-8.8,0.18) 0.02 0.11
mtDNA, copies/cell (n=57) +41 (-14, 66) (n=27) 0.08 +29 (-36, 67) (n=30) 0.38 0.54
PPAR-y/ GAPDH ratio (n=57) -6.8% (-7.2%, -0.4%) (n=27) 0.32 -0.5% (-7.4%, 4.3%) (n=30) 0.86 0.54

Table 2: Changes over 48 weeks.

in both arms is consistent with discontinuation of tNRTT as reported in
prior studies [2,3,18-20]. In addition, lipoatrophy improvements were
significantly greater in the rosiglitazone arm, consistent with an effect
of the study drug beyond that of tNTRI discontinuation. Additionally,
variationsininflammatorymarkerswere observedaspreviouslyreported
[21]. Several of the inflammatory markers (hsCRP, sTNFRI, sTNFRII)
did not differ significantly between arms, but changed significantly in
both arms over time and independent of lipoatrophy status as expected
and consistent with prior studies [22-24]. In this present substudy,
we evaluated oxidative and inflammation and mitochondrial indices
in these subjects in order to evaluate the underlying mechanisms of
these observed fat changes. Fat mtDNA and mtDNA-encoded protein
levels have been shown to be decreased in subcutaneous fat tissue from
HIV-infected individuals with lipoatrophy receiving thymidine NRTI
[25-27]. MtDNA levels increased after discontinuation of tNTRI [26].
However, in our study during which DXA-measured limb fat increased
after rosiglitazone for 48 weeks in patients receiving thymidine
NRTI-sparing regimens, we did not detect significant differences in
fat mtDNA levels or PPAR-y transcripts. Similarly, though possibly
related to concomitant thymidine NRTI exposure, Mallon and others
also observed no difference between rosiglitazone and placebo in
adipocyte mtDNA or PPAR-y gene expression [12].

Although the fat biopsy investigations which were assessed in this
study did not clearly elucidate the mechanism of the concurrently
observed changes in DXA-measured limb fat, mtDNA levels did
trend upwards from baseline to 48 weeks. This increase did approach
significance (p=0.08) in the rosiglitazone group. Thus, reversal
of mitochondrial content may have been a factor in the observed
improvement of lipoatrophy in these subjects. This observation
is consistent with prior studies which showed that mitochondrial
DNA and RNA alterations were linked to antiretroviral-associated
lipoatrophy [2,28].

F2 isoprostanes are formed from peroxidation of essential fatty
acids and are an accurate measure of oxidative stress in vivo [15]. Levels
of F2 isoprostanes increased over the 48 weeks of the study regardless
of the rosiglitazone assignment. These increases significantly correlated
with the observed changes in limb fat. As elevated F2- isoprostanes
have been associated with lipoatrophy in comparison to individuals
without lipoatrophy [14], we would have expected F2 isoprostanes
levels to improve or decrease in the setting of improvement in
lipoatrophy. However, the levels increased over time in these study
subjects. F2 isoprostane levels have been reported to increase with
age in HIV-negative individuals [29]. While aging may be a possible
mechanism to explain this increase, it does not likely explain fully this
observed increase in F2 isoprostane level over the 48 week study given
the relatively short duration of the study. In HIV-infected individuals,
F2 isoprostanes may be associated with viremia. F2 isoprostanes have
been reported to be higher in HIV-infected subjects with lower viral

loads [30] and to increase over time in subjects initiating ART [31].
Additional studies would be needed to characterize oxidant stress in
HIV-infected individuals. To our knowledge, oxidative markers have
not been previously investigated or reported in HIV-infected subjects
on stable ART.

Some of the inflammation markers also worsened over time in
these subjects on stable ART. This finding is consistent with the results
of prior studies [22-24]. However, two of these prior studies suggest
that the increased immune activation and enhanced inflammatory
state are related to uncontrolled viremia. In contrast in our trial, the
TNF-receptors increased significantly over 48 weeks in the setting of
continuous ART and controlled viremia. We acknowledge that there
are limitations to this study. The investigations of mitochondrial
indices, oxidative and inflammatory markers presented here were
secondary endpoints of a trial designed and powered to evaluate
changes in DXA-measured limb fat. Although our data do not support
that the observed changes in limb fat were associated with changes
in mitochondrial indices, we cannot completely preclude a smaller
effect. Although relatively small sample size is a limitation, the biopsies
and markers were obtained in a randomized trial over 48 weeks with
consistent outcomes.

Conclusion

In summary, in our study of HIV-infected patients with
lipoatrophy, limb fat improvement was seen after rosiglitazone.
However, mitochondrial indices, oxidative, and inflammatory markers
were no different between those who received rosiglitazone and those
who did not. This suggest that lipoatrophy may in part be able to be
overcome by a separate pathway independent of mitochondrial DNA
depletion, such as the PPAR-y pathway. Further studies are needed to
further define the mechanism of ART-associated lipoatrophy.
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