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Abstract

Objective—Fetuin-A may mediate cross-talk between the liver and adipose tissue. We studied
the physiologic regulation of fetuin-A and explored its potential regulation by leptin.

Design and Methods—Fetuin-A levels were measured in three interventional studies as well as
in in vitro experiments. Study 1: 15 lean subjects received placebo or physiologic replacement-
dose recombinant human leptin (metreleptin) following short term complete caloric deprivation to
induce severe hypoleptinemia; Study 2: 7 women with relative leptin deficiency due to strenuous
exercise or low weight received 3 months of metreleptin; Study 3: 17 women with relative leptin
deficiency were randomized to receive metreleptin or placebo over 9 months. In study 4 human
hepatoma Hep G2 cells were treated with leptin. Fetuin-A mRNA expression and secretion were
measured.

Results—Complete caloric deprivation significantly decreased leptin but had no effect on fetuin-
A levels. Normalizing leptin levels with metreleptin in hypoleptinemic subjects had no effect on
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circulating fetuin-A levels. Leptin treatment had no effect on fetuin-A mRNA expression and
secretion /n vitro.

Conclusions—Circulating fetuin-A levels are not affected by short and long-term energy
deprivation. Furthermore, both in vivo and /n vitro experiments confirm that fetuin-A is not
regulated by leptin.
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1. Introduction

As the epidemic of obesity continues to spread worldwide, understanding the underlying
mechanisms which regulate energy homeostasis is of critical importance. In particular, there
is a strong need for increased understanding of the interactions between the liver and adipose
tissue as disruptions in these interactions can lead to non-alcoholic fatty liver disease
(NAFLD), insulin resistance and obesity.

Recently, fetuin-A (a2-Heremans-Schmid Glycoprotein, AHSG) has garnered significant
scientific interest as an important factor in the association between fatty liver disease,
obesity and insulin resistance. Fetuin-A is secreted predominantly from the liver and mRNA
expression is elevated in patients with NASH (Non-alcoholic steatohepatitis) and NAFLD
[1]. In rodents, fetuin-A knock-out animals have improved insulin sensitivity driven by
increased insulin stimulated phosphorylation of the insulin receptor in both liver and muscle
[2], and fetuin-A infusion results in increased insulin resistance, decreased adipose tissue
expression of adiponectin and increased proinflammatory cytokine expression [3]. In
humans, numerous studies have shown that higher fetuin-A levels are predictive of type 2
DM [4-7]. Furthermore, one recent study found that fetuin-A levels decreased significantly
following 12 weeks of caloric restriction in overweight women with type 2 DM [8].

Leptin, one of the most important adipokines, regulates energy homeostasis by serving as a
signal between the adipose tissue and the brain. Furthermore, leptin plays an important role
in orchestrating the cross-talk between fat and liver [9]. In mice, fasting leads to suppression
of hepatic sympathetic activity and elevated hepatic triglyceride content and steatosis. These
effects are blunted in mice with deficient leptin signaling in the AGRP neurons in the
hypothalamus [10]. In humans, congenital leptin deficiency is associated with severe hepatic
steatosis, which can be treated with metreleptin [11].

Given the associations between fetuin-A, hepatic steatosis and insulin resistance, in this
study, we seek to investigate the interactions between adipose tissue and liver by examining
the interactions between leptin and fetuin-A in healthy individuals with either short-term
(72-h of complete caloric deprivation) or longer term (weeks or months) energy deprivation.

2. Methods and procedures

The study protocols were approved by the Institutional Review Board of Beth Israel
Deaconess Medical Center (BIDMC) and written informed consent was obtained from all
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participants. Clinical quality metreleptin was supplied by Amylin Pharmaceuticals (a
wholly-owned subsidiary of Bristol-Myers Squibb) and administered under an
Investigational New Drug application submitted to the Food and Drug Administration by
Christos Socrates Mantzoros.

2.1. Study 1: Short-term complete energy deprivation induced hypoleptinemia with and
without metreleptin administration in replacement doses

15 healthy lean (BMI <25 kg/m?) subjects, 8 men (age 23.3 + 1.2 years) and 7 eumenorrheic
women (age 23.7 £ 1.5 years) were admitted to BIDMC General Clinical Research Center
and studied during three separate admissions [12,13]. All female subjects were studied in the
early follicular phase (6th to 11th day of menstrual cycle). The subjects were not on any
medications (including oral contraceptive pills in females for at least 6 months). Activities
and light/dark intervals were standardized for all subjects. These subjects were studied
during 3 separate admissions (baseline fed condition; fasting with administration of placebo;
and fasting with administration of subcutaneous replacement-dose metreleptin designed to
normalize the fasting-induced decline in leptin levels) as described below. The same subjects
participated in all three admissions. Each admission was separated by at least 7 weeks to
permit recovery of hematocrit and leptin levels, and to assure that weight was similar to
weight at baseline. Blood samples were obtained at 0800 h on day 1 and 0800 h on day 4 for
measurement of leptin and fetuin-A levels in all states.

In the baseline fed state study, subjects were placed on an isocaloric diet to maintain their
admission body weight, with four standardized meals per day; 20% of the calories were
from breakfast (8:00 am), 35% from lunch (1:00 pm), 35% from dinner (6:00 pm), and 10%
from a snack (10:00 pm).

In the leptin/placebo replacement in fasting study, the same 8 male and 7 female subjects
from the baseline fed study participated on two separate admissions, during which they were
randomized to receive either metreleptin or placebo during a 72-h fasting. During both
fasting studies, subjects received only calorie-free liquids, NaCl (500 mg), KCI (40 meq),
and a standard multivitamin with minerals daily. Cross over of subjects now to the opposite
arm occurred in the latter admission separated by at least 7 weeks. In the fasting/leptin
admission metreleptin was administered at dose 0.04 mg/kg/day (men) or 0.08 mg/kg/day
(women) on day 1, increased to 0.1 mg/kg/day (men) or 0.2 mg/kg/day (women) on days 2—
3 to account for declining leptin levels with additional fasting, administered as 4 equal doses
given subcutaneously every 6 h, starting at 8 a.m. on day 1. These replacement dose
regimens for men and women have been validated in our previous pharmacokinetics studies
[14]. During the fasting/placebo admission a buffer solution of similar volume was
administered subcutaneously every 6 h, similar to the leptin/fasting arm. 2 male subjects and
1 female subject did not complete the placebo study and thus data for only 6 males and 6
females are presented.
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2.2. Study 2: Open label clinical trial of metreleptin replacement in hypoleptinemic women
with chronic energy deprivation

Seven otherwise healthy lean (BMI <25 kg/m? and age = 25.0 + 2.2 years) women with mild
chronic energy deficit related to either strenuous exercise (running >20 miles per week or
equivalent) or low weight for at least 6 months (resulting in hypothalamic amenorrhea (HA))
and relative leptin deficiency (baseline leptin level < 5 ng/ml) were evaluated as part of a
larger study on the effects of metreleptin on neuroendocrine function [15]. All had stable
weight for six months, had no eating disorders and were not on any other medication
including estrogens for three months.

It is known that as compared with controls matched for weight and body composition,
women with HA have low leptin levels [16-18] and absence of diurnal variation [19]. Thus
in this study subjects were given exogenous recombinant leptin replacement with the
expectation that leptin would improve reproductive and neuroendocrine function in women
with HA. Subjects self-administered metreleptin (0.08 mg/kg/day for 2 months, then 0.2
mg/kg/day for the third month) subcutaneously twice daily to mimic the normal diurnal
variation of leptin levels. Blood samples for measurement of leptin and fetuin-A were
obtained at an initial screening visit one month prior to the study and after 1, 3, 7, and 11
weeks of metreleptin treatment.

2.3. Study 3: Randomized, placebo controlled clinical trial of 17 hypoleptinemic women
with chronic energy deprivation

Seventeen otherwise healthy lean (BMI <25 kg/m? and age = 26.1 + 3.9 years) women with
secondary HA for at least 6 months and with mild chronic energy deficit related to either
strenuous exercise or low weight and relative leptin deficiency (baseline leptin level < 5
ng/ml) were evaluated as part of a larger study on the effects metreleptin on bone health,
neuroendocrine and immunological function [20,21]. All had stable weight for six months,
had no eating disorders and were not on any other medications known to affect bone health.

The subjects enrolled in the larger study on HA were randomized into either metreleptin or
placebo treated groups. Metreleptin/placebo was self-administered subcutaneously once
daily for 36 weeks. As this was a longer study, once daily regimen was chosen for ease of
administration and this has been previously shown to achieve physiological or supra-
physiological levels of leptin [14]. The initial dose for all subjects was 0.08 mg/kg/day for
12 weeks. At the end of 12 weeks, subjects who had started menstruation would continue on
this dose, whereas subjects who had not started menstruating would increase the dose to
0.12 mg/kg/day. If weight dropped below 5% of baseline weight, the dose was decreased by
0.04 mg/kg. Blood samples for measurement of leptin and fetuin-A were obtained at a
baseline visit (before initiation of metreleptin/placebo) and after 12, 24, and 36 weeks of
metreleptin treatment.

2.4, Study 4: In Vitro Study: Leptin treatment of human HepG2 cells and Fetuin-A mRNA
expression and secretion

a. Measurement of /n vitro Fetuin-A secretion from HepG2 Cell Line Media:
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HepG2 human hepatoma cells were purchased from American Type Culture
Collection (ATCC; Manassas, VA). Cells were cultured in Dulbecco’s modified
Eagle’s medium containing 10% fetal bovine serum (FBS), and 1% penicillin/
streptomycin. Treatments were carried out in minimal essential medium
containing 10% FBS (= control) or containing 5 ng/ml,10 ng/ml, 20 ng/ml
and100 ng/ml leptin (prospecbio) for 12 h, 24 h, 36 h and/or 48 h. All
experiments were performed at 75% confluence. Supernatants were collected and
stored at —80 °C until analysis.

b. Determination of Fetuin A mRNA via Real Time PCR (RT-gPCR)

Total RNA was extracted from HepG2 cells using Trizol reagent (Invitrogen,
Grand Island, NY) and quantified spectrophotometrically at 260 nm. Integrity
was confirmed by visualization of 18S and 28S rRNA on the Flash-Gel system
(Lonza, Rockland, ME). cDNA was synthesized using High Capacity cDNA
Reverse Transcription Kit (Applied Biosystems, Foster City, CA). Quantification
of mMRNA expression was done by Real Time PCR (RT-gPCR) using human-
specific TagMan® Gene Expression Assays (Assay 1D, AHSG (Fetuin-A) primer
is: Hs00155659 m1 Applied Biosystems, Foster City, CA) in 7500 Fast Real-
Time PCR system using Standard real-time 7500 protocol. Data were analyzed
using 7500 system software (Applied Biosystems, Foster City, CA) and relative
quantification was done using AACt method with 18S as the internal control and
the 12-h control cells (without leptin) group as the reference control.

2.5. Hormone assays

All samples used were stored at —80 °C. Fetuin-A was measured in human serum and
HepG2 supernatant by ELISA (BioVendor, Candler, NC) with sensitivity of 0.35 ng/ml.
Leptin levels were measured by radioimmunoassay (Millipore; Billerica, MA) with a
sensitivity of 0.5 ng/ml as previously described [22,23].

2.6. Statistical methods

Data are expressed as mean + SEM. Statistical analyses were conducted using SPSS 11.5
(Chicago, IL) and SAS. Differences in hormone levels were analyzed across time points and
between groups using repeated measures ANOVA in the chronic energy deficit studies. For
the short-term complete energy deprivation study, nonparametric Wilcoxon rank sum and
paired t-tests were used to assess change in hormone levels for each condition. One-way
ANOVA was used to determine whether changes in hormone levels varied between
conditions. Statistical analyses of /n vitro experiments were performed using one-way
ANOVA followed by post-hoc test for multiple comparisons.

3. Results

3.1. Fetuin-A levels are not affected by short-term complete energy deprivation or
metreleptin replacement

Fetuin-A levels remained stable during the fed condition (first day 291.9 + 17.3 pg/ml; final
day 270.8 + 29.4 pg/ml, £=10.31). We then evaluated effects of 72 h of complete fasting on
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fetuin-A levels and whether potential fasting-induced changes are mediated by leptin in lean
subjects (BMI 23.5 + 0.4 kg/m? [men], 21.7 + 0.8 kg/m? [women]) (Fig. 1 A). There were
no differences between men and women, and data are shown together. Furthermore, there
was no difference across the first day of all three conditions, indicating that parameters had
normalized to baseline between interventions (£ = 0.13).

As previously reported, leptin levels decreased after 72 h of complete fasting, from 8.5 + 2.3
ng/ml on the first day to 1.8 + 0.4 ng/ml on the final day (£=0.002) [22]. The fasting-
induced decrease in leptin was normalized to within the physiologic range with
administration of metreleptin (first day, 7.0 = 1.7; final day, 15.9 + 3.8 ng/ml, £=0.002).
After fasting alone, there was no change in fetuin-A levels (first day, 268.2 + 24.8 pg/ml;
final day, 265.0 + 15.4 pg/ml, A= 0.81). Furthermore, administration of metreleptin to
normalize the fasting-induced leptin levels had no effect on fetuin-A (first day, 316.2 + 23.1
pg/ml; final day, 302.2 £ 29.7 pg/ml, P=0.60).

relative leptin deficiency and/or leptin replacement has no effect on fetuin-A

In an open-label clinical trial, we then examined effects of metreleptin administration on
fetuin-A levels in 7 women with strenuous exercise or low weight and chronic relative leptin
deficiency. Over 7 weeks of metreleptin treatment, leptin levels returned to physiologic
levels, and by week 11, levels were mildly supraphysiologic (baseline, 3.9 £ 0.8 ng/ml; week
1,8.9 + 1.4 ng/ml; week 3, 10.0 + 1.8 ng/ml; week 7, 22.1 + 7.3 ng/ml; week 11, 39.1 £ 13.1
ng/ml). There was no significant change in fetuin-A levels over the 11 weeks of metreleptin
treatment (P=0.29).

Furthermore, in a randomized, placebo controlled trial of 17 women with chronic leptin
deficiency and strenuous exercise/low weight, randomized to receive metreleptin or placebo
over 36 weeks, we found that treatment with metreleptin had no effect on serum fetuin-A
levels over time (Fig. 1 B, baseline, 219.8 + 22.9 pug/ml; week 12, 222.3 + 32.5 ug/ml; week
24, 232.0 + 43.1 pg/ml; week 36, 253.5 + 63.3 pg/ml, £=0.19). Leptin levels continued to
rise throughout treatment (baseline, 4.55 + 0.64 ng/ml; week 12, 44.51 + 8.74 ng/ml; week
24,57.26 + 11.36 ng/ml; week 36, 59.33 + 14.15 ng/ml, P = <0.0001).

3.3. Fetuin A secretion/mRNA expression from liver cells is not altered by leptin

We also conducted an /n vitro experiment, exposing human hepatoma cells, Hep G2, with
control (= 0 ng/ml), low (5 ng/ml, 10 ng/ml, 20 ng/ml) and high (100 ng/ml) dose leptin for
12, 24, 36 and 48 h. Quantification of fetuin-A expression from the HepG2 culture showed
no statistically significant difference with any dose of leptin (0 ng/ml, 5 ng/ml, 10 ng/ml, 20
ng/ml and 100 ng/ml) as compared to different treatment times, 12 h (p = 0.45), 24 h (p =
0.58), 36 h (p = 0.34) and 48 h (p = 0.31) (data not shown). Similarly, leptin had no
significant effect on HepG2 Fetuin-A secretion /n vitro at any dose.

4. Discussion

In this study, we investigate the physiology of fetuin-A in states of short and long term
energy deprivation resulting in leptin deficiency. Furthermore, we directly examine the
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effects of leptin treatment (with metreleptin) on fetuin-A levels. We show that despite 72 h
of complete caloric deprivation induced hypoleptinemia, there is no change in fetuin-A
levels. Furthermore, we show that replacement of leptin over a few days to normalize levels
in the serum does not affect fetuin-A levels. Similarly, mild hypoleptinemia (leptin levels <5
ng/ml) reflecting relative chronic energy deficiency and replacement of leptin levels over a
few weeks (open-label clinical trial) or over a few months (randomized, placebo controlled
trial) had no effect on fetuin-A levels despite supra-physiological levels of leptin achieved in
the serum. These findings are also supported with our in vitro experiments, as fetuin-A
secretion and mRNA expression in liver cells also remain unaltered for up to 48 h with either
low or high dose metreleptin treatment.

Leptin has been shown to play an important role in orchestrating the cross-talk between fat
and liver. In mice, deficient leptin signaling in the hypothalamus blunts the fasting lead
suppression of hepatic sympathetic activity and elevation of hepatic triglyceride content and
steatosis [10]. Furthermore, severe hepatic steatosis seen in congenital lipodystrophies can
be treated with metreleptin [11,24]. Several studies have shown that fetuin-A levels decline
along with improvement with hepatic steatosis; however, whether fetuin-A levels are also
impacted by fat mass regardless of intra-hepatic fat remains unclear. One study involving
obese but non-diabetic women showed that despite a significant decrease in BMI after 3-
months of exercise fetuin-A levels did not change significantly [25]. Another recent study
showed that fetuin-A levels fell after 12-weeks of caloric restriction in over-weight women
with type-2 diabetes [8]. In this study visceral fat area was shown to decrease with weight
loss [8]. Another longitudinal study with obese children showed that fetuin-A levels were
higher only in obese children with NAFLD and decreased with substantial weight loss. The
decrease in fetuin-A levels was accompanied by a reduced prevalence of NAFLD [26]. Our
study eliminates the potential confounding effect of a potential decrease of fetuin-A due to
alterations in liver fat in response to energy deprivation given that the study subjects are
lean, do not lose weight and their baseline fat mass or liver fat is not expected to be altered.
In this way we are able to directly examine the effect of metreleptin treatment on fetuin-A.

In summary, we show for the first time that fetuin-A is not affected by short-term complete
caloric/energy deprivation and long term energy deficiency which induce hypoleptinemia
with metreleptin administration in replacement doses, in otherwise healthy lean humans with
stable weight. Both obesity and insulin resistance involve an orchestrated action of a web of
interacting adipokines [27,28] and other factors [29] such as fetuin-A. Understanding the
interrelationships between these proteins may provide deeper insights into the body’s
physiological regulation of glucose metabolism and may pave the way for the development
of future therapeutics and treatments for type 2 diabetes. This study contributes to the effort
to map out the interrelationships between peripherally secreted molecules important in
regulating metabolism by providing interventional evidence that leptin does not have a
significant effect on the regulation of fetuin-A levels. Future studies need to focus on
changes of fetuin-A levels with patients with lipodystrophy who are known to have ectopic
fat deposition in the liver or obese subjects with visceral fat mass. In addition, future studies
should be focusing on potential interactions between fetuin-A and/or leptin administration in
such subjects with insulin resistance.
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RT-gPCR Real Time PCR

References

1. Kahraman A, Sowa JP, Schlattjan M, Sydor S, Pronadl M, Wree A, et al. Fetuin-A mRNA
expression is elevated in NASH compared with NAFL patients. Clin Sci. 2013; 125:391-400.
[PubMed: 23627434]

2. Mathews ST, Singh GP, Ranalletta M, Cintron VJ, Qiang X, Goustin AS, et al. Improved insulin
sensitivity and resistance to weight gain in mice null for the Ahsg gene. Diabetes. 2002; 51:2450-8.
[PubMed: 12145157]

3. Hennige AM, Staiger H, Wicke C, Machicao F, Fritsche A, Haring HU, et al. Fetuin-A induces
cytokine expression and suppresses adiponectin production. PLoS One. 2008; 3:1-9. e1765.

4. Stefan N, Haring HU, Schulze MB. Association of fetuin-A level and diabetes risk. JAMA. 2008;
300:2247-8. [PubMed: 19017904]

5. Stefan N, Fritsche A, Weikert C, Boeing H, Joost HG, Haring HU, et al. Plasma fetuin-A levels and
the risk of type 2 diabetes. Diabetes. 2008; 57:2762—7. [PubMed: 18633113]

6. Ix JH, Wassel CL, Kanaya AM, Vittinghoff E, Johnson KC, Koster A, et al. Fetuin-A and incident
diabetes mellitus in older persons. JAMA. 2008; 300:182-8. [PubMed: 18612115]

7. Sun Q, Cornelis MC, Manson JE, Hu FB. Plasma levels of fetuin-A and hepatic enzymes and risk of
type 2 diabetes in women in the U.S. Diabetes. 2013; 62:49-55. [PubMed: 22923470]

8. Choi KM, Han KA, Ahn HJ, Lee SY, Hwang SY, Kim BH, et al. The effects of caloric restriction on
fetuin-A and cardiovascular risk factors in rats and humans: a randomized controlled trial. Clin
Endocrinol. 2013; 79:356-63.

9. Sahin-Efe A, Katsikeris F, Mantzoros CS. Advances in adipokines. Metab Clin Exp. 2012; 61:1659—
65. [PubMed: 23021039]

10. Warne JP, Varonin JM, Nielsen SS, Olofsson LE, Kaelin CB, Chua S Jr, et al. Coordinated
regulation of hepatic energy stores by leptin and hypothalamic agouti-related protein. J Neurosci
Off J Soc Neurosci. 2013; 33:11972-85.

11. von Schnurbein J, Heni M, Moss A, Nagel SA, Machann J, Muehleder H, et al. Rapid
improvement of hepatic steatosis after initiation of leptin substitution in a leptin-deficient girl.
Horm Res Paediatr. 2013; 79:310-7. [PubMed: 23651953]

Metabolism. Author manuscript; available in PMC 2017 July 07.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hwang et al.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Page 9

Chan JL, Heist K, DePaoli AM, Veldhuis JD, Mantzoros CS. The role of falling leptin levels in the
neuroendocrine and metabolic adaptation to short-term starvation in healthy men. J Clin Invest.
2003; 111:1409-21. [PubMed: 12727933]

Chan JL, Matarese G, Shetty GK, Raciti P, Kelesidis I, Aufiero D, et al. Differential regulation of
metabolic, neuroendocrine, and immune function by leptin in humans. Proc Natl Acad Sci U S A.
2006; 103:8481-6. [PubMed: 16714386]

Chan JL, Wong SL, Mantzoros CS. Pharmacokinetics of subcutaneous recombinant methionyl
human leptin administration in healthy subjects in the fed and fasting states: regulation by gender
and adiposity. Clin Pharmacokinet. 2008; 47:753-64. [PubMed: 18840030]

Welt CK, Chan JL, Bullen J, Murphy R, Smith P, DePaoli AM, et al. Recombinant human leptin in
women with hypothalamic amenorrhea. N Engl J Med. 2004; 351:987-97. [PubMed: 15342807]

Miller KK, Parulekar MS, Schoenfeld E, Anderson E, Hubbard J, Klibanski A, et al. Decreased
leptin levels in normal weight women with hypothalamic amenorrhea: the effects of body
composition and nutritional intake. J Clin Endocrinol Metab. 1998; 83:2309-12. [PubMed:
9661600]

Warren MP, Voussoughian F, Geer EB, Hyle EP, Adberg CL, Ramos RH. Functional hypothalamic
amenorrhea: hypoleptinemia and disordered eating. J Clin Endocrinol Metab. 1999; 84:873-7.
[PubMed: 10084564]

Thong FS, McLean C, Graham TE. Plasma leptin in female athletes: relationship with body fat,
reproductive, nutritional, and endocrine factors. J Appl Physiol. 2000; 88:2037-44. [PubMed:
10846016]

Laughlin GA, Yen SS. Hypoleptinemia in women athletes: absence of a diurnal rhythm with
amenorrhea. J Clin Endocrinol Metab. 1997; 82:318-21. [PubMed: 8989281]

Chou SH, Chamberland JP, Liu X, Matarese G, Gao C, Stefanakis R, et al. Leptin is an effective
treatment for hypothalamic amenorrhea. Proc Natl Acad Sci U S A. 2011; 108:6585-90. [PubMed:
21464293]

Sienkiewicz E, Magkos F, Aronis KN, Brinkoetter M, Chamberland JP, Chou S, et al. Long-term
metreleptin treatment increases bone mineral density and content at the lumbar spine of lean
hypoleptinemic women. Metab Clin Exp. 2011; 60:1211-21. [PubMed: 21741057]

Hwang JJ, Chan JL, Ntali G, Malkova D, Mantzoros CS. Leptin does not directly regulate the
pancreatic hormones amylin and pancreatic polypeptide: interventional studies in humans.
Diabetes Care. 2008; 31:945-51. [PubMed: 18252898]

Mantzoros CS, Liolios AD, Tritos NA, Kaklamani VG, Doulgerakis DE, Griveas |, et al.
Circulating insulin concentrations, smoking, and alcohol intake are important independent
predictors of leptin in young healthy men. Obes Res. 1998; 6:179-86. [PubMed: 9618121]

Foo JP, Mantzoros CS. Leptin in congenital or HIV-associated lipodystrophy and metabolic
syndrome: a need for more mechanistic studies and large, randomized, placebo-controlled trials.
Metab Clin Exp. 2012; 61:1331-6. [PubMed: 22592129]

Yang SJ, Hong HC, Choi HY, Yoo HJ, Cho GJ, Hwang TG, et al. Effects of a three-month
combined exercise programme on fibroblast growth factor 21 and fetuin-A levels and arterial
stiffness in obese women. Clin Endocrinol. 2011; 75:464-9.

Reinehr T, Roth CL. Fetuin-A and its relation to metabolic syndrome and fatty liver disease in
obese children before and after weight loss. J Clin Endocrinol Metab. 2008; 93:4479-85.
[PubMed: 18728159]

Mantzoros CS. Role of leptin in reproduction. Ann N'Y Acad Sci. 2000; 900:174-83. [PubMed:
10818404]

Mantzoros CS, Li T, Manson JE, Meigs JB, Hu FB. Circulating adiponectin levels are associated
with better glycemic control, more favorable lipid profile, and reduced inflammation in women
with type 2 diabetes. J Clin Endocrinol Metab. 2005; 90:4542-8. [PubMed: 15914524]
Mantzoros CS, Moschos S, Avramopoulos I, Kaklamani V, Liolios A, Doulgerakis DE, et al.
Leptin concentrations in relation to body mass index and the tumor necrosis factor-alpha system in
humans. J Clin Endocrinol Metab. 1997; 82:3408-13. [PubMed: 9329377]

Metabolism. Author manuscript; available in PMC 2017 July 07.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hwang et al.

Page 10

>

400
350
300 | I
250 -4
200 A
150
100 -
50 4

Fetuin-A (ug/ml)

Fed Fasting Fasting+Leptin

oy

350 4

300
250 _ E i i
200

150 4
100
50

Fetuin-A ug/ml

Weeks

Fig. 1.

A:gMeasurement of Fetuin-A at the beginning (day 1) and end (day 3 or 4) of a baseline fed
condition, 72-h complete fasting with administration of placebo, and 72-h complete fasting
with administration of metreleptin (n = 8 normal-weight men and 7 normal-weight women).
B day 1; O final day, p = 0.13. B: Measurement of Fetuin-A in 17 women with chronic
leptin deficiency and HA randomized to receive metreleptin or placebo for 36 weeks. —
Placebo—Metreleptin, repeated measures ANOVA, p = 0.19.
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