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Abstract

Depletion of mitochondrial DNA (mtDNA) and mtDNA-encoded respiratory chain proteins in subcutaneous
(SC) fat from patients with HIV lipoatrophy have clearly demonstrated the role of mitochondrial dysfunction
in this syndrome. Research in HIV lipoatrophy, however, has been severely hampered by the lack of a suitable
surrogate marker in blood or other easily obtained clinical specimens as fat biopsies are invasive and mtDNA
levels in peripheral blood mononuclear cells (PBMC) do not consistently correlate with the disease process. We
used a simple, rapid, quantitative 2-site dipstick immunoassay to measure OXPHOS enzymes Complex I (CI)
and Complex IV (CIV), and rtPCR to measure mtDNA in 26 matched SC fat and PBMC specimens previously
banked from individuals on potent antiretroviral (ARV) therapy with HIV lipoatrophy, on similar ARV ther-
apy without lipoatrophy, and in HIV seronegative controls. Significant correlations were found between the
respective PBMC and fat levels for both CI (r = 0.442, p = 0.024) and for CIV (r = 0.507, p = 0.008). Both CI and
CIV protein levels were also significantly reduced in both PBMCs and fat in lipoatrophic subjects compared to
HIV seronegative controls (p = 0.05), while a comparative reduction in mtDNA levels in lipoatrophic subjects
was observed only in fat. We conclude that CI and CIV levels in PBMCs correlate to their respective levels in

fat and may have utility as surrogate markers of mitochondrial dysfunction in lipoatrophy.

Introduction

IV LIPOATROPHY, TYPICALLY CHARACTERIZED BY LOSS OF
SUBCUTANEOUS (sc) FAT in the face, buttocks, arms, and
legs, is a distressing syndrome seen in HIV-infected subjects
following initiation of antiretroviral (ARV) therapy. The
syndrome may lead not only to negative self-perception and
nonadherence to HIV ARV therapy!~ but to adverse meta-
bolic abnormalities such as insulin resistance, type 2 dia-
betes, and hypertriglyceridemia, which may result in in-
creased cardiovascular risk.*® Convincing evidence now
links development of HIV lipoatrophy to mitochondrial dys-
function in adipose tissue associated with use of certain nu-
cleoside reverse transcriptase inhibitors (NRTIs), in particu-
lar with the use of stavudine (d4T) or zidovudine (ZDV).”-?
Research in this field has been severely hampered by the
lack of a suitable surrogate marker in blood or other easily
obtained clinical specimens.!® NRTIs are known to inhibit

mitochondrial DNA (mtDNA) replication through interac-
tion with mitochondrial DNA polymerase-y.'! mtDNA is the
most widely assayed mitochondrial parameter in HIV lipoa-
trophy. Unfortunately, while mtDNA levels have been con-
sistently demonstrated to be depleted in adipose tissue of
lipoatrophic subjects,”!>"1* mtDNA levels in peripheral
blood mononuclear cells (PBMCs) do not correlate well with
either clinical lipoatrophy or with mtDNA levels in fat.1315-18
Mitochondrial protein levels, and in particular levels of en-
zyme complexes of the oxidative phosphorylation system
(OXPHOS), may be more informative indicators of mito-
chondrial function than are measurements of mtDNA. The
mitochondrial OXPHOS system is essential for energy me-
tabolism and normally provides more than 95% of ATP used
for cellular energy. OXPHOS enzymes complexes I, III, IV,
and V contain cores of mtDNA-encoded subunits and so are
affected by mtDNA depletion.'®?° Moreover, protein levels
can be regulated by other means including both transcrip-
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tional and translational control and OXPHOS protein tran-
scripts have been shown to be reduced in the absence of mea-
surable effects on mtDNA levels in HIV-negative individu-
als exposed briefly (2 weeks) to NRTIs.?! Finally, these
complexes are sensitive to oxidative stress and other envi-
ronmental factors, including the direct action of many ther-
apeutic drugs.??

In this pilot study, we assayed levels of OXPHOS enzymes
Complex I (CI) and Complex IV (CIV) in matched sc adipose
tissue and PBMC specimens by a novel two-site immunoas-
say dipstick methodology. We report that CI and CIV en-
zyme levels correlate well in PBMCs and adipose tissue. Fur-
thermore, compared to specimens from HIV seronegative
controls, depletion of both CI and CIV can be demonstrated
in both PBMCs and adipose tissue from HIV lipoatrophic
subjects on highly active antiretroviral therapy (HAART).
These quantitative, simple, and rapid assays performed in
PBMCs deserve further study as potential suitable surrogate
markers for mitochondrial toxicity in fat.

Materials and Methods

The study was conducted utilizing matched PBMCs and
sc adipose tissues available as part of banked specimens from
patients who previously participated in a cross-sectional
lipoatrophy study conducted by the Hawaii AIDS Clinical
Research Program at the University of Hawaii. Consent to
utilize banked specimens for future studies related to HIV
lipoatrophy was part of the original informed consent doc-
ument approved by the Committee on Human Studies of the
University of Hawaii, Manoa and signed by all participants.
Available specimens were from subjects who could be di-
vided into the following cohorts: (1) lipoatrophic cohort: HIV-
infected individuals on older NRTI-containing [ZDV, d4T,
and/or didanosine (ddI)] potent ARV therapy (three or more
drugs) for more than 6 months with self-reported and in-
vestigator-confirmed changes of lipoatrophy defined as thin-
ning of the face and/or extremities that temporally began af-
ter initiation of such NRTI-containing ARV therapy; (2)
nonlipoatrophic cohort: HIV-infected individuals on similar
NRTI-containing ARV therapy for more than 6 months with-
out self-reported changes of lipoatrophy; and (3) HIV
seronegative controls recruited primarily from friends and
partners of HIV-infected patients seen by our program. Sub-
jects were excluded if they had an acute illness within 2
weeks of study entry, persistent or unstable chronic infec-
tions or illnesses other than HIV, a history of diabetes mel-
litus or hypogonadism, or receipt of any anabolic agents, glu-
cocorticoids, appetite stimulants, or lipid-lowering agents
within 2 months prior to study entry.

Blood was obtained in each subject in a fasting state de-
fined as nothing by mouth except water for =12 h prior to
the blood draw. Blood for lactate was collected in sodium
fluoride (gray-top) tubes and maintained on ice until the
plasma was separated from cells within 30 min of the blood
draw. The lactate assays were then performed in real time
by a local CLIA and CAP-certified commercial laboratory.
For PBMCs, blood was collected in EDTA vacutainer tubes.
PBMCs were isolated over a Ficoll-Paque and washed three
times with phosphate-buffered saline (PBS). An aliquot of
cells was counted using trypan blue and a hemacytometer.
Cells were then viably cryopreserved at a concentration of
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10 million/1 ml freezing media [10% fresh dimethyl sulfox-
ide (DMSO)/90% heated fetal bovine serum (FBS)] in 0.5-ml
aliquots (5 million cells each) in 1.5-2 ml O-RINGED screw-
capped cryovials.

Subcutaneous adipose tissue was obtained by an open bi-
opsy technique at the same visit as the blood draw. Follow-
ing betadine prep and local 1% lidocaine injection, a 1.5-cm
linear incision was made along the gluteal fold in the lateral
buttock-thigh area. Approximately 500 mg of fat was then
retrieved and the wound closed with two or three resorbable
sutures. Twenty to forty milligrams of adipose tissue was
used for these studies. This tissue was placed in cryovials
and frozen in liquid nitrogen and then stored at —70°C.

OXPHOS CI and CIV protein quantitation dipstick im-
munoassays were performed as suggested by the manufac-
turer (MitoSciences, Inc., Eugene, OR). Each vial of viable
PBMC was thawed and washed in 0.5 ml of PBS twice be-
fore the addition of 0.5 ml of ice-cold extraction buffer [1.5%
lauryl maltoside (LM), 25 mM HEPES (pH 7.4), 100 mM
NaCl, plus protease inhibitors (Sigma, P-8340)]. Fat samples
were thawed on ice in extraction buffer (1:10 wet weight:vol-
ume) and homogenized briefly with an ultra-turrax homog-
enizer. Samples were then mixed gently and kept on ice for
20 min after which they were spun in a microcentrifuge at
16,400 rpm for 20 min at 4°C to remove insoluble cell debris.
The supernatant, an extract of detergent-solubilized cellular
proteins, was then assayed with the OXPHOS dipstick as-
says. Protein levels were determined by BCA using bovine
serum albumin (BSA) as a reference protein (Pierce Biotech-
nology, Inc., Rockford, IL) and samples were then loaded on
dipsticks at set amounts for each tissue and assay, using
amounts previously determined to fall within the linear
range of each assay. For CI levels, PBMC proteins were
loaded at 6 ug/dipstick (linear range: 1-8 ug/test) and adi-
pose tissue proteins were loaded at 20 ug/dipstick (linear
range: 4-60 ug/test). For CIV levels, PBMC proteins were
loaded at 1 ug/dipstick (linear range: 0.125-2.0 ug/test) and
adipose tissue proteins were loaded at 5 ug/dipstick (linear
range: 1.25-20 ug/test). All dipstick tests were run in du-
plicate.

The CI and CIV dipstick protein quantitation assays uti-
lize a two-antibody sandwich methodology in which the tar-
get antigen is “sandwiched” between two capture monoclo-
nal antibodies (mAbs) that bind different epitopes on the
same target antigen. One mAb is immobilized in a zone
drawn perpendicularly across the narrow width of a 0.5 X
4-cm rectangular nitrocellulose membrane affixed to a ridged
plastic backing. When the free long end of the membrane is
dipped in a liquid sample (0.025-0.1 ml), the sample is
wicked up laterally along the membrane into an adsorbent
pad and the entire sample must pass through the narrow
zone of immobilized capture mAb. The target antigen, e.g.,
CI or C1V, if present in the sample, is immunocaptured and
concentrated in this zone generating an intense colored line
due to the simultaneous capture of the antigen and the la-
beled detector mAb. The intensity of the line is proportional
to the amount of antigen in the sample and can be estimated
visually or measured precisely with a densitometric reader.
In the present study, dipstick signals were quantitated using
an HP Scanjet 3970 flat bed scanner (Hewlett-Packard USA,
Houston, TX) and analyses were conducted with NIH
Image densitometry software (http://rsb.info.nih.gov/nih-
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DemocGrarHIC, HIV TREATMENT, AND METABOLIC CHARACTERISTICS OF SUBJECTS BY COHORT?

HIV-infected HIV-infected

HIV seronegative nonlipoatrophic lipoatrophic
Number of participants 7 4 15
Age (years) 43 (36-56) 50 (38-62) 51 (34-61)
Male/female 7/0 4/0 14/1
Body mass index (kg/m?) 26.7 (23.6-29.6) 22.8 (20.1-32.8) 24.9 (20.1-34.3)
NRTI in use at time of study (on — 0/3/1 6/8/1

d4T/on ZDV /on ddlI)

Median exposure time to NRTI (years) — 4.5 (1.0-7.0) 5.0 (1.0-7.0)

Patients (number) with Hx NNRTI
exposure/median exposure time
to NNRTI (years)

Patients (number) with Hx PI exposure/
median exposure time to PI (years)

CD4 (cells/mm?)

HIV RNA (number of patients <50 copies/ml)

ALT (IU/liter)

Fasting total cholesterol (mg/dl)

Fasting triglycerides (mg/dl)

Fasting lactate (mg/dl)

Fasting glucose (mg/dl)

HOMA IR

26 (24-49)
208 (155-264)
72b (51-244)
1.1 (0.6-1.8)

94 (80-100)
1.53 (0.59-1.90)

4/4.5 (1.0-7.0) 11/5.0 (1.0-7.0)

1/7 5/5 (2.0-7.0)
334 (282-389) 488 (122-771)
4 13
25 (10-50) 42 (12-68)

194 (143-215)
146 (65-565)
1.6 (0.7-2.4)
96 (83-111)

0.91 (0.68-5.95)

167 (109-310)

176 (53-502)
1.5 (0.6-2.6)
86 (60-107)

1.69 (0.27-7.43)

2Data are median values unless otherwise specified. The range in values is presented in parentheses.

bValues are significantly different by Mann-Whitney test at p < 0.05.

image/). Intraassay CVs (n = 4) were 7.5% for CI assays and
3% for CIV assays. Interassay CVs (1 = 3) were 9% for CI as-
says and 7% for CIV assays. The intraassay and interassay
CVs were determined using whole cell protein extracts from
cultured human skin fibroblasts extracted as described for
PBMCs,

The Cl-specific and CIV-specific mAbs that form the ba-
sis of the dipstick assays were generated by immunizing
mice with biochemically purified bovine CI or CIV, hy-
bridomas prepared, and the resulting mAbs screened for the
ability to immunocapture fully assembled CI or CIV. The
specificity of each mAD for its respective complex was con-
firmed by sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis (SDS-PAGE) analysis of the resulting immuno-
precipitate as described previously for CI capture mAbs??
and for CIV mAbs.?* CI (45 subunits) and IV (13 subunits)
each has distinct, unique SDS-PAGE subunit protein band-
ing patterns, and the identification of each band can be con-
firmed by mass spectrometry.23-2% The subunit specificity of
the capture mAbs has not been established because they bind
native and not denatured antigens, and by design they im-
munocapture intact, fully assembled enzymes.

Analysis of mtDNA copies/cell in our laboratory is now
conducted by absolute quantitative real-time PCR. This tech-
nique provides rapid and quantitative analysis of mtDNA
copies/cell in cells and tissue. DNA was extracted from
frozen PBMCs or adipose tissue at —70°C using a Qiagen
DNA kit (Qiagen, Inc). Standardization of real-time PCR was
performed using LightCycler FastStart DNA Master SYBR
Green I with the Roche LightCycler instrument (Roche, In-
dianapolis, IN). A dilution series of the control plasmid?®
containing the 90 bp mtDNA NADH dehydrogenase, sub-
unit 2 and the 98 bp Fas Ligand gene was prepared to set up
the standard. Each sample and standard were run in dupli-

cate (20 ml reaction volume) containing SYBR Green Master
Mix, 10 pmol of each primer, and an approximately 10 ng
sample of DNA. PCR cycling conditions were 95°C for 10
min followed by 40 cycles of 95°C for 3 s, 58°C for 5 s, and
72°C for 5 s. At the conclusion of the PCR, a melt curve anal-
ysis was immediately begun with the following conditions:
beginning at 65°C, the temperature increased half a degree
every 30 s for 60 cycles. The results were then analyzed with
Version 4.0 LightCycler software.

Correlations between values were assessed utilizing Pear-
son correlations after log transformation of the data. Differ-
ences between the cohorts were analyzed utilizing the
Mann-Whitney U nonparametric test for two independent
samples (SPSS Version 15 for Windows).

Results

The analyses were conducted in matched sc fat and PBMC
specimens from a total of 26 subjects consisting of 15 HIV-
infected lipoatrophic subjects, 4 HIV-infected nonlipoat-
rophic subjects, and 7 HIV-seronegative controls. The char-
acteristics of these subjects are shown in Table 1. No
significant differences were found among the three groups
in terms of age, gender, and body mass index. No difference
was found between the lipoatrophic and nonlipoatrophic
groups in CD4 count, HIV RNA levels, current ARV use, or
years of exposure to NRTIs, NNRTs, or protease inhibitors
(PIs). All subjects were on three drug combination regimens
containing either an NNRTI or PI. One subject each in the
nonlipoatrophic and lipoatrophic group was on ddI-con-
taining HAART without the concomitant use of d4T. Evalu-
ation of fasting metabolic parameters showed that fasting
triglycerides were higher in the lipoatrophic group com-
pared to the HIV-seronegative control group.
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As shown in Fig. 1, statistically significant correlations
were demonstrated between fat and PBMCs in CIV levels
(r =0.507, p = 0.008) and in CI levels (r = 0.442, p = 0.024).
The correlation between fat and PBMC mtDNA levels failed
to reach statistical significance. No significant correlations
were found between mtDNA levels in either adipose tissue
or PBMCs and the corresponding compartment’s CI or CIV
values. However, good concordance was found between CI
and CIV values in each respective compartment (fat r =
0.404, p = 0.041; PBMC r = 0.723, p < 0.001).

Assessment for correlations between mtDNA and OX-
PHOS protein levels and various fasting metabolic blood pa-
rameters found no significant correlations with serum lac-
tate or total cholesterol. A trend toward significance was seen
between HOMA IR and PBMC CI (r = -0.365, p = 0.067).
Significant correlations were found between triglyceride and
fat CI(r = -0.401, p = 0.038), fat CIV (r = -0.379, p = 0.051),
and fat mtDNA (r = -0.466, p = 0.014).
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Median values for mtDNA, CI, and CIV levels by HIV
and lipoatrophy status are shown in Table 2. The adipose
tissue mtDNA levels in HIV-seronegative subjects were
higher than in either lipoatrophic or nonlipoatrophic HIV-
infected subjects, but no difference among the groups was
seen in mtDNA levels performed in PBMCs. In contrast,
statistically significant depletions in CI and in CIV levels
were noted in both fat and in PBMCs of lipoatrophic sub-
jects compared to seronegative controls. The CI median
levels in lipoatrophic subjects were 72% and 70% of re-
spective fat and PBMC levels in HIV-seronegative sub-
jects. The CIV median levels were 56% and 70% of re-
spective fat and PBMC levels in HIV-seronegative
subjects. Values in the nonlipoatrophic group showed a
significant difference only for CIV when compared to the
lipoatrophic group. The results of these analyses were not
altered when the two subjects on ddI-containing therapy
were excluded.
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FIG. 1. Pearson correlations between respective log-trans-
formed mitochondrial DNA, Complex I and Complex IV val-
ues in PBMC and sc fat. (A) mtDNA: r = 0.360, p = 0.071;
(B) CL: r = 0.442, p = 0.024; (C) CIV: r = 0.507, p = 0.008.
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Discussion

In this pilot study utilizing convenience samples of banked
PBMC and sc fat specimens, good correlations were observed
between PBMC and fat values for CI and CIV enzyme lev-
els, with CIV showing the strongest correlation. Lipoatrophic
subjects showed significant depletion of both CI and CIV en-
zyme levels in PBMCs as well as in fat when compared to
HIV-seronegative controls. In contrast, the correlation be-
tween PBMC and fat mtDNA values was poor and no dif-
ferences in mtDNA levels could be demonstrated in PBMCs
of subjects with HIV lipoatrophy compared to HIV-seroneg-
ative control despite clear differences in fat.

Lipoatrophy is a common syndrome in HIV-infected sub-
jects and is estimated to develop in approximately 40-50%
of HIV-infected adults treated with ARV therapy.?” The syn-
drome is strongly associated with mitochondrial toxicity re-
lated to the use of d4T and ZDV.%!” While less clear, the use
of ddI has also been reported to be associated with lipoat-
rophy and with depletion of mtDNA in fat.?2° In our study,
the exclusion of the two patients on ddI (one nonlipoatrophic
and one lipoatrophic) did not change the results of any analy-
ses.

Considerable evidence already exists at the fat tissue level
to suggest a mitochondrial basis for lipoatrophy. The mito-
chondrial architecture is disrupted within adipose tissue.!?
Consistent with the known ability of NRTIs to inhibit mito-
chondrial DNA polymerase v, a key regulatory enzyme of
mitochondrial DNA replication, depletion in adipose tissue
mtDNA content has been noted in subjects with HIV lipoa-
trophy.”17 In addition, depletion in mitochondrial RNA
(mtRNA)% as well as in mtDNA-encoded respiratory chain
proteins has been reported.3'-33 Interestingly, decreased
transcription of mitochondrial RNA without significant de-
pletion of mtDNA has been found in HIV seronegative sub-
jects 2 weeks after initiating dual-NRTI therapy.?!

Other factors besides NRTIs may be responsible for alter-
nations in adipose tissue mitochondrial function in the HIV-
infected population. A possible role for both protease inhib-
itors* and nonnucleoside reverse transcriptase inhibitors
(NNRTIs)* has been suggested. Protease inhibitors may al-
ter expression of mitochondrial genes through nuclear res-
piratory factor (NRF) 1 and 2, which regulate mitochondrial
transcription factor A (mtTFA).?! Substantial alterations of
mitochondrial gene expression have been found in adipose
tissue of ARV-naive patients suggesting that HIV infection
per se may also affect the mitochondria.3®

Mitochondrial toxicity is tissue specific, however, and the
study of mitochondrial abnormalities and its association
with lipoatrophy have been hindered by the need to assay
for such abnormalities in fat tissue. Even relatively simple
biopsy techniques, such as the retrieval of fat by use of skin
punch biopsies, are invasive, carry a small risk of infection,
leave residual scars, and are not conducive to large-scale
studies of lipoatrophy or for use in clinical care. Thus, a re-
liable surrogate marker of lipoatrophic tendencies that can
be assayed in blood is attractive if it can be validated to
closely correspond to mitochondrial assays in fat and to the
clinical development of sc fat loss.

Surrogate markers assessed to date include serum lactate
measurements, which have proven to have limited utility in
guiding HIV/AIDS therapy.3”-* Alternative attempts to uti-
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lize surrogate markers in blood have predominantly exam-
ined mtDNA levels in PBMCs. However, most published
studies, as well as the results in this current study, indicate
that mtDNA levels in PBMCs perform poorly in identifying
mitochondrial toxicity in fat.!315-1839-41 This may be due in
part to the difficulty in purifying PBMCs consistently with-
out platelet contamination. Platelets have mitochondria (and
mtDNA) but lack nuclei and variable platelet contamination
may result in erratic mtDNA:nDNA ratio measurements.!342

There are few data to date on respiratory chain enzyme or
activity levels in PBMCs from subjects with lipoatrophy.
Such studies have been hampered by the complexity and la-
bor-intensive nature of conducting traditional OXPHOS en-
zyme assays and by the need to purify mitochondria. One
study reported no difference in the COXII/COXIV ratio in
PBMCs between HIV-infected lipoatrophic subjects and
HIV-seronegative controls, although differences were noted
in fat.3? In another study, activities of OXPHOS complex III
and CIV were decreased in mitochondria purified from
PBMCs of HIV lipoatrophic subjects.3

In our current study, CI and CIV levels were measured
with novel OXPHOS dipstick assays that are simple, rapid,
and quantitative and can be done using whole cell and tis-
sue extracts without the need to purify mitochondria. These
protein quantitation assays use a two-antibody sandwich
methodology and are reproducible with low intraassay and
interassay CVs (<10%). Platelet contamination is not an is-
sue for these protein-based assays as both nucleated cells and
platelets contain mitochondria and the assay is normalized
to total cell protein, not nuclear DNA. Despite the limited
sample size of this preliminary study, good correlation was
observed between PBMC and fat values for both CI and CIV
values suggesting that these assays may be useful as surro-
gate markers of mitochondrial function in fat. A correlation
trend with insulin resistance and some significant correla-
tions with serum triglycerides, both well described in asso-
ciation with lipoatrophy, add strength to the hypothesis that
CI and CIV are markers integrally related to this process.
Furthermore, analyses by HIV and lipoatrophy status dem-
onstrated that CI and CIV levels were statistically lower in
the lipoatrophic cohort compared to the HIV-seronegative
control group as can be expected from our understanding of
the role of mitochondrial dysfunction in the development of
lipoatrophy. The small sample size in our nonlipoatrophic
group likely limited our ability to demonstrate differences
in enzyme levels between the nonlipoatrophic and lipoat-
rophic groups. However, while not significant, some deple-
tion of adipose OXPHOS levels was noted in nonlipoatrophic
subjects suggesting that this decrease is more likely related
to the adverse effects of older NRTIs than to fat loss per se.

The results of this pilot study are limited by its cross-sec-
tional nature, the lack of assessment in HIVT ARV-naive sub-
jects, and in the overall small sample size, especially in the
number of HIV* nonlipoatrophic subjects. Nevertheless, the
significant correlations between CI and CIV enzyme levels
in PBMCs and fat and the ability to demonstrate depletions
of CI and CIV in PBMCs and in fat of lipoatrophic subjects
are encouraging. The study suggests that assessments of CI
and CIV in PBMCs may be useful as surrogate markers for
mitochondrial toxicity leading to lipoatrophy in HIV-in-
fected subjects. We plan to prospectively study the utility of
these dipstick immunoassays in a 150 patient ARV therapy
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trial of treatment-naive HIV-infected subjects (SEARCH 003)
which opened in Thailand in early 2008.

In summary, we report our preliminary observations that
CI and CIV enzyme levels in PBMCs correlate to their re-
spective levels in sc fat, and that significant depletion of these
mitochondrial-specific enzymes can be demonstrated in both
PBMCs and fat from subjects with HIV lipoatrophy com-
pared to HIV-seronegative controls. Further evaluation is
warranted to assess the utility of the OXPHOS protein quan-
titation dipstick immunoassays to monitor lipoatrophic ten-
dencies or other dysfunctions associated with mitochondrial
function in HIV-infected subjects.
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