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BACKGROUND

Study Purpose and Rationale

HIV lipodystrophy is increasingly recognized as a common and clinically significant long-
term sequelae of HIV treatment. In the HIV lipodystrophy lipohypertrophy phenotype, which we
will study, VAT is increased and this is associated with reduced GH secretion (1, 2). Mounting
evidence also links this phenotype with dyslipidemia, insulin resistance, subclinical atherosclerosis
and CV disease in patients with HIV disease (3-8). The etiology of HILVD with central adiposity
is unclear, but this phenotype is increasingly common with newer, less lipotoxic combination anti-
retroviral therapy (cART) use (9). VAT and hepatic lipid accumulation, are important health
concerns for HIVLD patients (10-12).

GH modulates fat metabolism and is known to be lipolytic (13-15), especially in VAT (16-
21). Other evidence also suggests that GH reduces hepatic fat content, which seems to track with
VAT mass in other clinical settings. Rodent and GH deficiency (GHD) data suggest that reduced
GH action in liver increases hepatic lipid. Mice with impaired GH signaling or receptor deletion
have increased hepatic lipid and steatosis (22, 23) and in case reports hepatic lipid was increased
in GHD patients (24-26). This is a clinically important, but under-recognized feature of GHD,
which may progress to NASH. A few small studies found that GH therapy reduced VAT (27-29),
but liver fat changes were inconclusive (29, 30). GH therapy effects on liver fat require further
study.

This project will test our primary hypothesis that GH is a negative regulator of liver fat in
HIVLD patients by testing for a reduction of liver fat with GHRH analogue treatment. A GHRH
analogue (tesamorelin) stimulates GH secretion and reduces VAT in HIVLD patients (31, 32).
Tesamorelin therapy stimulates pituitary GH secretion and restores the deficient GH secretion seen
in HIVLD. This is demonstrated by a rise of IGF-1 levels, a marker of overall GH secretion, in
patients with HIVLD. Tesamorelin therapy of HIVLD with central adiposity has been shown to
reduce VAT (31, 32). However, studies to date used only single slice abdominal CT and DXA to
assess body composition (32-34). Recently, in a IH MRS study tesamorelin reduced liver fat(32).
Our study adds to this work with its total body MRI assessments combined with direct examination

of biopsied adipose tissue before and after tesamorelin. Whole-body scanning is advantageous and



more accurate than single-slice imaging (35-37). Our study will provide novel data on
tesamorelin’s effects on HIVLD and liver fat accumulation, both increasingly recognized as
important long-term complications of HIV infection (10-12). Our findings will help elucidate GH’s
role in liver fat accumulation, a precursor to hepatic steatosis and NASH (38), a significant health
problem in the general population.

The actions of GH in adipose tissue are central to its effects to reduce adipose tissue mass.
GH may have effects both on adipocytes as well as inflammatory cells in adipose tissue. Thus GH
effects in adipose tissue may importantly relate to adipose tissue and thus circulating inflammation
in disorders of GH secretion. In our ongoing study examining the effects of GH excess on adipose
tissue changes in acromegaly, our preliminary identified that GH produces a unique adipocyte-
immune cell phenotype that contributes to circulating inflammation and insulin resistance and may
alter adipose tissue energy metabolism. Our hypothesis stems from our identification in
preliminary work of a novel and unexpected GH-induced dissociation of inflammatory & immune
phenotypes. Specifically, we found a pro-inflammatory pattern of adipocyte activation yet
suppression of macrophage inflammation that reverses with acromegaly treatment.GH-induced
increased lipolysis may initiate these effects. GH increases HSL, reduces LPL activity and
activates the —adrenergic 3 receptor (18, 39-44). GH also inhibits lipogenesis and reduces AT mass
(41, 45). In other models, disordered lipid metabolism promotes lipolysis and FFA release leading
to pro-inflammatory cytokine release. This inflammatory response then promotes insulin
resistance in adipose tissue (46-55). Thus, cytokines released by inflamed adipose tissue may play
arole in GH induced insulin resistance. The effect of GH excess on AT inflammation had not been
examined before our study. By contrast, in other models, activation of inflammatory (adipocyte
cytokine) and immune (macrophage) components of AT parallel each other. Our findings are
supported by recent in vitro data that GH induces pro-inflammatory cytokines in pre-adipocytes
yet suppresses inflammatory cytokines in macrophages (56). This study examined isolated cells
(56, 57), ours provides evidence of this effect in vivo. In this study, we will test the effect of
restoration of GH secretion through administration of GHRH analogue therapy on AT
inflammation in HIVLD groups. In patients with GHD with central obesity, as shown in a cross-
sectional study, SAT phenotype may be similar to that of general obesity, namely increased

adipocyte size and expression of pro-inflammatory factors and macrophage infiltration (58).



Effects of GH therapy are unknown, but it may reduce both adipocyte and macrophage
inflammation.

This study will determine the effects of GHRH analogue therapy on adipose

tissue inflammation in HIVLD. In patients with GHD and central obesity, as shown in a
cross-sectional study, SAT phenotype may be similar to that of general obesity, namely increased
adipocyte size and expression of pro-inflammatory factors and macrophage infiltration (58).
Effects of GH therapy are unknown, but it may reduce both adipocyte and macrophage
inflammation. In the few studies that directly examined SAT in patients with the HIVLD and the
central lipohypertrophy phenotype, induction of pro-inflammatory cytokines such as TNF,
macrophage infiltration and impaired mitochondrial function were present in both abdominal SAT
and VAT (59-61). However, VAT was hypertrophied, but central SAT may not be, possibly
reflecting greater sensitivity of SAT to toxic inflammation(59, 62, 63). Our study is unique since
the direct effects of tesamorelin on adipose tissue have not been studied. We will focus on how
tesamorelin modulates the adipose tissue inflammatory/immune phenotype. Animal models
suggest that GH sufficiency is needed to maintain an anti-inflammatory phenotype in adipose
tissue (57, 64). Thus, restoration of GH action in adipose tissue in HIVLD may be important to
reducing inflammation in adipose tissue and thus systemically and reducing these patients’ long-
term CV risk.

We will also test for new mechanisms by which GH supplementation with tesamorelin may
alter lipid and energy metabolism in adipose tissue in HIVLD. Genes implicated to mediate these
processes have never before been studied in paired adipose tissue samples from before and after
GHRH analog treatment in HIVLD patients. Utilizing our unique tissue set, we will examine
expression of genes for enzymes believed to mediate GH-induced reduction in adipose tissue lipid
stores and others recently found altered by GH therapy including CIDEA (lipolysis and energy
balance regulator) and PLPLA3 (lipid hydrolase) (41). We will examine expression of genes for
fatty acid desaturases. These are linked to diabetes (65) and increased in GH transgenic mice (66)
and acromegaly in a small cross sectional study (67). We will study the gene for PIK3R1 (p85), an
enzyme important to insulin’s metabolic actions and that was induced by GH in mouse adipose
tissue (68), and the gene for TCF7L2, a transcription factor insulin resistance and upregulated in
SAT in patients with insulin resistance(69) and acromegaly(67). We will explore the possible effect
of HIVLD and its treatment with GHRH analog therapy on the transformation of white adipose



tissue (WAT) to the more energetically favorable brown adipose tissue (BAT). GH deficiency may
have a negative impact on the WAT to BAT transition. Emerging evidence links immune cell
phenotype, in particular that of macrophages with M2 characteristics, to regulation of WAT
“browning” (70-72). With GHRH analog therapy, alternative M2 macrophage recruitment into
adipose tissue may be associated with a relative “browning” of WAT. To test this hypothesis we
will examine relative expression of genes associated with this process before and after GHRH
treatment. These studies will provide valuable new insights into the mechanisms by which GH
deficiency its therapy with tesamorelin disrupt adipose tissue health in HIVLD.

GH effects on circulating inflammatory cells in GH disorders may relate to their associated
CV risk. Thus, we test our Hypothesis that the inflammatory profile of circulating monocytes
mirrors that of adipose tissue macrophages (ATMs) before and after tesamorelin therapy. A
significant portion of ATMs are derived from circulating monocytes(73). Thus, we hypothesize
that GH’s anti-inflammatory effect on ATMs will be detectable in circulating monocytes. We will
examine circulating monocytes for our adipocyte-immune cell pattern before and after tesamorelin
treatment. GHD and HIVLD increase CV risk. In a prior study, GH therapy in patients with GH
deficiency due to pituitary disease had reduced peripheral monocyte TNF and IL-6 expression
(74), supporting our hypothesis that GH suppresses monocyte and macrophage inflammation.
Since monocytes and macrophages play key roles in atherosclerosis development (75, 76), an
activated, pro-inflammatory monocyte profile in HIVLD with central adiposity could lead to
circulating inflammation and increase CV risk in these patients. GH supplementation with GHRH
therapy could help reverse this pattern. These data may help elucidate the nature of the relationship
between circulating immune cells and atherosclerosis in disorders of GH secretion or action.

Thus, the purpose of this project is to examine the effect of GHRH analog therapy
(tesamorelin) on liver fat and central adiposity in patients with HIV lipodystrophy. This project
also examines adipose tissue macrophage infiltration, pro-inflammatory cytokine, adipokine and
macrophage activation marker gene expression as well as circulating adipokine and inflammatory
cytokine levels before and after GHRH analog therapy.

With the collaboration and expertise of Dr. Ferrante, this project will be the first to directly
examine the effect of HIV lipodystrophy with central adiposity and its treatment with the GHRH

analog tesamorelin on adipose tissue macrophage infiltration and inflammatory cytokine and



adipokine expression, which are now recognized to have a central role in insulin resistance,

diabetes, vascular disease and fatty liver, all relevant to morbidities of HIV lipodystrophy.

Research Aims & Abstracts

The primary hypothesis to be tested is that therapy with the GHRH analog tesamorelin,
which augements GH secretion), will reduce hepatic lipid and visceral adipose tissue mass in
patients with HIV lipodystrophy and central adiposity. The second hypothesis to be tested is the
tesamorelin therapy will reduce adipose tissue inflammation and circulating pro-inflammatory

markers on macrophages in these patients.

STUDY DESIGN

The CORE study is an open-label, single arm prospective study of tesamorelin therapy of
patients with HIV lipodystrophy.

Enrolled subjects will have a screening visit and 6 visits - a baseline visit before starting
tesamorelin, a visit at 1 month, 3 months, 6 months, 9 months and at 1 year of tesamorelin (GHRH
analogue) therapy. Blood sampling for safety labs and clinical examinations will be performed at
each visit. At the baseline, 6 month and 1 year visits subjects will also undergo body composition
testing by total body MRI/MRS, adipose tissue biopsy, indirect calorimetry, FSIGT and additional
blood sampling. Tesamorelin is being used in this study as per its FDA approved indication and
dosing for treatment of HIV lipodystrophy with central adiposity. Tesamorelin, 2 mg, will be taken
daily by patients by subcutaneous self-injection

Subject Inclusion Criteria:

e HIV-infected subjects with HIV lipodystrophy (HIVLD) and abdominal fat
accumulation.

e Males and females

e Ages 18-65 years

o Waist Circumference (WC): 102 cm for men, 88 cm for women (ethnicities except
East/South Asians) 90 cm for men, 80 cm for women (East/South Asians)

e (CD4 count >100 cells/mm3.

e HIV RNA load <400 copies/mL



e Fasting glucose <150 mg/dL
o Patients with mild diabetes (HbA1c<7%) that is well controlled with diet and/or
oral diabetic agents besides TZDs are eligible.

e Stable antiretroviral therapy for 8 weeks (any regimen).

Exclusion criteria;

e Diabetes mellitus that is not well controlled

e History of malignancy

Study procedures

Patients who are interested in the study will first undergo screening. Screening which
consist of a telephone interview to further explain the study and confirm the subjects’ interest and
eligibility and a review of medical records for the above entry inclusion and exclusion criteria. If
needed to obtain information on entry criteria not available from the medical record, subjects will
have a brief screening visit in person to obtain additional information. If subjects meet all entry
criteria and agree they will be enrolled.

Enrolled subjects will have 6 visits - a baseline visit before starting tesamorelin, a visit at
1 month, 3 months, 6 months, 9 months and at 1 year of tesamorelin (GHRH analogue) therapy
Blood sampling for safety labs and clinical examinations will be performed at each visit. At the
baseline, 6 month and 1 year visits subjects will also undergo body composition testing by total
body MRI/MRS, adipose tissue biopsy, indirect calorimetry, FSIGT and additional blood
sampling.

Study Drug Tesamorelin is being used in this study as per its FDA approved indication and
dosing for treatment of HIV lipodystrophy with central adiposity. Tesamorelin, 2 mg, will be taken
daily by patients by subcutaneous self-injection at rotating sites on the abdomen. Safety
assessments including measurements of fasting blood glucose and liver function tests and clinical
examinations for signs and symptoms of GH excess or local injection site reactions will be
performed at 1 month and every 3 months of therapy.

At the baseline, 6 month and 1 year visits subjects will undergo body composition testing,
adipose tissue biopsy, indirect calorimetry for measurement of REE (resting energy expenditure),

FSIGT and fasting blood sampling.



Body composition testing: Anthropometrics and total body MRI and 1H-MRS after a 12
hour fast.

Anthropometric measurements: Subjects will have measurements of waist circumference
with a tape measure and height and body weight will be measured.

Total body MRI: Quantification of total and regional body composition by whole body
multi-slice MRI, liver fat by Modified DIXON method (35, 79), and 1H-MRS (magnetic resonance
spectroscopy) assessment of intra-hepatic lipid (IHL) and IMCL of the anterior tibialis muscle will
be performed at the Columbia Hatch MR Research Center as previously described (80, 81).
Analyses will be done in the NY Obesity Research and Nutrition Center Image Analysis Lab on
the CUMC campus and under the direction of Dr. Shen( 80, 81). The analysis will include
measurement of inter-muscular AT (IMAT)(AT between muscle groups and beneath the fascia (82,
83), which is distinct from intra-myocellular lipid (IMCL)(lipid in myocytes). MRIs will be
analyzed by the same experienced reader blinded to study conditions using SliceOmatic software
(TomoVision) (82, 84). Liver fat will also be determined by Modified DIXON method performed
during the total body MRI sequences. It has advantages of not requiring ROI selection during
acquisition and measures fat for the entire liver. DIXON is validated against MRS (35, 79).

Adipose tissue biopsy: After a 12-hour fast, subjects will undergo abdominal subcutaneous
AT biopsy by the PI at the umbilicus level. Alternating sides of the abdomen will be samples on
serial biopsies. After local anesthesia, 2-4g of AT will be using aspirated using a 15g needle. Pieces
will be immediately frozen in liquid nitrogen & stored at —80°C, others are fixed for
immunohistochemistry.

Indirect Calorimetry (TrueOne2400, ParvoMedics) will measure resting energy
expenditure (REE) after an overnight fast (12hr.) and 30 min. of rest with subjects still, awake and
supine in a thermoneutral environment. REE will be determined from the last 20 minutes of 30
minutes of gas exchange results (85). The cart is calibrated prior to each test (86).

Insulin-modified frequently sampled intravenous glucose tolerance test (FSIGT) with
reduced sample number (n=12)(87) will be performed to assess insulin sensitivity. In this protocol,
a 300 mg/kg bolus of glucose will be administered after an overnight fast followed by an infusion
0f 0.03 units/kg of insulin 20 minutes later. In the reduced sample model, 12 blood samples (insulin
and glucose) will be drawn at times 0, 2, 4, 8, 19, 22, 30, 40, 50, 70, 90 and 180 minutes (22). The

data will be analyzed by Bergman Minimal Model to calculate our outcome measures, insulin



sensitivity index (Si) and disposition index (DI) to estimate B-cell function (87-92). FSIGT is used
extensively to assess insulin sensitivity and provides estimates that correlate well with those of the
clamp in non-diabetics (87, 91, 93).

Blood Sampling: Fasting serum or plasma samples will also be obtained for IGF-1, GH,
leptin, FFA, glucose, TNF, IL-6, hsCrp, adiponectin (high molecular weight & total), leptin and
lipid panel.

Peripheral blood mononuclear cell collection: A sample (2 tbsp.) of heparinized blood will
be obtained. Peripheral blood mononuclear cells will be isolated by density centrifugation using
Ficoll (Life Technologies). Recovery of highly purified monocytes will be performed by flow
cytometry with florophore conjugated anti-CD14 primary antibody. Cells will be analyzed on a
FACSCalibur and analysis performed using CellQuest software (Becton Dickinson). Monocytes
will be separated using a FACSAria cell sorter (BD Biosciences). CD14+ cells will be centrifuged
and immediately frozen for later gene expression analysis. PCR will be performed in batches for
gene expression of TNF, IL6, MCP-1, IL1-B, IL-4. A complete blood count will be performed
from this sample.

The total amount of blood drawn at baseline, 6 month and 1 year visits will be 4 tablespoons
and at the other visits it will be 2 tablespoon.

Blood sampling for safety labs and physical examinations: At each visit, blood will be
drawn for liver function tests (AST, ALT), and fasting blood sugar. Subjects will also have a
physical examination including measurement of vital signs, temperature and examination for signs
and symptoms of GH excess such as edema and local skin reactions.

Adipose Tissue Analyses: Frozen and fixed adipose tissue samples will be later analyzed
in batches.

Immuno-histochemical analysis: Macrophage antigen, CD68, expressing cells
fraction/sample will be calculated to determine macrophage content (94). Adipocyte size will be
measured (Image-Pro Plus, Media Cybernetics, Bethesda, MD) (95) and size distribution will be
quantified (96). Adipocyte count, counts of crown-like structure and other immune (T, NK) cells
and fibrosis analysis will be conducted (97). Sample processing and analyses will be uniform and
paired samples will be directly compared. Quantitative RT PCR will be performed on total RNA
extracted from frozen AT as described (94). Relative expression values will be determined for:

adipocyte-specific genes adiponectin (ADIPOQ) and leptin (LEP), proinflammatory genes (TNF,



IL6), genes of macrophage activation markers (CD11c, CD68, MCP-1, IL1- Genes associated with
AT “browning” (UCP-1, DIO2, CIDEA, PGC-1, PRDM-16), and lipid metabolism, (CIDEA,
PLPLA3, SCD, PIK3R1, TCF7L2). We will use control genes to normalize data (94). Samples are
analyzed in labs of Dr. Ferrante and NYONRC AT core.

HORMONE ASSAYS: Hormones and other markers will be measured with the following
assays: IGF-1 (WHO 02/254) & GH (WHO 98/574, 22kDa GH specific antibody), IDS-iSYS
chemiluminescence assay; IGF-1 & GH (WHO 98/574, 22kDa & 20kDa antibody), Insulin,
IGFBP-3, hsCRP - chemiluminescent immunometric (Immulite,Siemens); HbA1C, glucose, lipids
(Cobas Integra, Roche); Adiponectin (total & HMW)- ELISA (Millipore); Leptin- RIA (Millipore);
FFA - enzymatic colorimetric (WAKO); IL-6 & TNF -ultrasensitive ELISAR & D.

STATISTICAL PROCEDURES

The primary outcome to be examined will be change in hepatic lipid content and the
secondary outcome will be change in VAT mass with tesamorelin therapy. Additional outcomes
examined will be changes in relative gene expression of adipose tissue genes, change in Si, REE
and changes in other hormones and markers with tesamorelin therapy.

The general analytic approach will be to compare baseline to post-therapy parameters in
each subject by paired t-test. Repeated measures ANOVA will test adipose tissue mass change over
time. Correlations between variables will be tested by Pearson’s correlation. Non-normally
distributed data will be log-transformed or nonparametrics used. Multiple comparisons corrections
and post-hoc tests will be used. Macrophage content (% CD68 positive cell per sample) and
average adipocyte cross-sectional area will be compared in HIV lipodystrophy patients adipose
tissue before vs. after tesamorelin therapy by paired t-test. Adipocyte area and macrophage content
will be correlated with BMI and fat mass. Correlations between gene expression data and body
mass or AT mass will be compared by a nonparametric approach. Ratios of macrophage content or
relative gene expression per kg AT will be compared in patients before & after treatment by
appropriate t-tests. For analysis of the blood samples differences between baseline and final study
visit for each marker will be compared by paired t-test. Patterns and time course of change in serum
and adipose tissue inflammation will be descriptively compared. Matching serum/gene expression

marker changes will be correlated.



Sample Size is based on the number of subjects needed to detect a significant decrease in
hepatic lipid with tesamorelin therapy. Preliminary data from our acromegaly treatment study were
used for this estimation. Sample size of 24 pairs has 88% power to detect a hepatic lipid change of
2% with a SD of 3% at alpha= .05 and 12 pairs of each gender has 80% power to detect this hepatic
lipid change within gender group with a within-gender SD of 2% at alpha= .05 using a two-sided
paired t-test.
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