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ABSTRACT

Leptin is a hormone that regulates energy balaBitee its discovery two decades ago, several sffave
been made to fully understand its role in metabrdigulation of feeding behavior, reproduction, gise
homeostasis, immune function, bone formation, ligidtabolism, among others. Its use as a therapeutic
option in obese patients is still limited due te $yndrome known as Leptin resistance. In thisystua
determined that the treatment of a soluble formumhan Leptin (W100E) reduced food intake, body tteggnd
triglycerides levels, but increased HDL-cholestdeokls on obese mice subjected to high-fat/higietirse
diet. In contrast, treatment with soluble human tireincreased food intake but did not increase body
weight and total-cholesterol in mice with norma¢tdiwhen stopping the treatment with human W100E-
Leptin, it was detected a significant increase @ayoweight in all groups of mice apart from the ttoh
indicating a rebound effect. The results contriliatéhe understanding of how to increase Leptisisegity and

in consequence to overcome Leptin resistance symerdhis might be relevant in offering more evidenc
of the potential use of the Leptin in the treatresgdinst obesity and overweight conditions.

Keywords: Leptin, W100E, Triglycerides Levels, HDL-CholesteHigh-Fat/High-Fructose Diet

1. INTRODUCTION (http://www.who.int/topics/obesity/en/). Both cotidns
are associated to the development of chronic diseas
Overweight and obesity are major health problemssuch as hyperlipidemias, type Il diabetes and

spread worldwide. It is estimated that in some toes cardiovascular complications (Sowers, 2003; Séanchez
the prevalence of obesity is higher than 30% ofrthe 2005; Carrillo-Vazquezet al., 2013) implying high
populations, some examples are Mexico (32.8%), USAeconomic costs to health systems of mentioned m&tio
(31.8%), Siria (31.6%), Venezuela and Libia (30.8%) It is well recognized that obesity and overweight a
(http://www.who.int/topics/obesity/en/; complex health problems than a mere balance between
httRp://www.fao.org/publications ISSN  0081-4539; food intake and energy expenditure (Shagptral., 2008;
Barrera-Cruz et al., 2013). In addition, overweight Ahima and Flier, 2000) and that they cannot be exblv
accounts for similar percentages in these countriesby solely trusting in the willpower of individuals.
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Several hormones have been described to regulateve were interested in to describe in a comprehénsib
appetite and metabolism involving Leptin, ghrelin, manner the antiobesity effects of the construct BELO
insulin, Peptide YY3-36 (PYY3-36), Chole Cysto Kini Leptin on mice feed with normal or high fat/high
(CCK) among others (Be#t al., 2005). Leptin is one of fructose diets. These results are helpful to better
the most influential adipose derived hormones thatunderstand how to overcome short circulating half-

participate in energy balance (Houseknesttal., 1998). life, low potency and poor solubility of human Lept
The Leptin gene encodes for a 167 amino acid protei In consequence, they bring us closer to spreadirg t
with 21 amino acid signal sequence (Varneginal., use of this hormone as a therapeutic option against

1998). Leptin is mainly produced in white adipossue, obesity and overweight.

followed by brown adipose tissue, placenta, ovaries

skeletal muscle, stomach, mammary epithelial cbtisg 2. MATERIALSAND METHODS
marrow, pituitary and liver (Prins, 2002; Masuzakial.,

1997; Paz-Filhoet al., 2010). The effect of Leptin in 2.1. Human W100E-L eptin

energy balance is evidenced by the extreme obese the gene encoding for human Leptin was cloned in a
phenotype caused by Leptin scarcity and by the dt@m  qgified version of pET19b vector (Novagen). This
decrease in food intake and body weight that occursyector encodes for a 10-His-tag protein and a ResBa
upon treatment of this condition with Leptin protease (GE Health Care Life Sciences) cleavage si
administration (Morrison, 2008). Even though, obese The W100E mutant construct was obtained by Quik
individuals usually show increased levels of Ledtin  Change (Stratagene) site-directed mutagenesisskigu
serum and respond unsuccessfully to Leptin treatmenthe oligonucleotides Fw 5 AGC TGC CAC TTG CCG
(Bence et al.,, 2006). In addition, some studies have GAG GCC TCT GGC CTG GAG 3' and Rv 5 CTC
shown that exogenous Leptin administration instead CAG GCC AGA GGC CTC CGG CAA GTG GCA
providing a cure, it might contribute to obesityjg#ietal., ~ GCT 3" and following the manufacturer's protocol. E
2013). It has been observed that Leptin worsensigbe coli cells strain BL21 (DE3) pLysS (Novagen) haibgr

of high-fat diet-induced animals, whereas rats dove e PET19b-human-W100E-Leptin- plasmid were grown

fat diet exhibited the expected Leptin-induced idun at 3700 in 2X YT medium complemented with
in body weight (Florest gl., 2006).pAIso, it seems that ampicillin (100ug mL") to an OD600 of 0.6 followed

: . . . ; by induction with 1 mM IPTG and further incubatifor
increasing energy expenditure by exercise mighe @y 16 h at 37°C. After harvesting by centrifugatidme tells
synergetic effect to improve the response to exogen X

i - ) were disrupted by sonication. Crude inclusion body
Leptin administration (Loet al., 2005). Some authors pellets were obtained and washed twice with 50 mM

havg proposed that_ the reduped c_IinicaI ef_ficacy of Tris-HCI 100 mM NaCl, 1mM EDTA pH 8.0, 1% Triton
Leptin results from its short circulating half-lifdow X100 at 4°C. The remaining insoluble inclusion pod
potency and poor solubility (Let al., 2005). Also, poor  pellet was dissolved in 50 mM Tris-HCI, pH 8.0,
solubility hindered to readily crystallize wild tyghuman  complemented with 8 M urea and centrifuged to tlari
Leptin. However, this hormone could be structurally Afterwards, the sample was extensively dialyzedrega
described by substituting Trp for Glu at positioB01 a solution with composition 4.3 mM Na2HPO4, 1.4 mM
(Zhanget al., 1997). Leptin W100E is the first soluble KH2PO4, 137 mM NaCl and 2.7 mM KCI (solution A)
Leptin described and it has been mentioned asradie ~ Mixture of oxidized (0.2 mM) and reduced (2 mM)
with similar biological activity but higher propdtysto  glutathione was added to the protein preparati@ptin
crystallize (Zhanget al., 1997; Haglundet al., 2012). protein was purified by nickel-affinity ch_romatoghy
Nevertheless, to our knowledge, the effect of W100E (NI-NTA Agarose QIAGEN). After extensively washing

. - with 50 mM imidazole, bound protein was eluted wath
:;ﬁgﬂg trgg;r;ewe(izf]?uzggel;)ril((j)wrr:cl)%lel),oonn :Tr]]iec;m\i\?ith solution A complemented with 250 mM imidazole and 2

normal and hypercaloric diets has not been exjlicit M NaCl. For the removal of the 10-His tag, the ped
yp proteins were dialyzed against buffer solution aoribhg

presented. Indeed, most reports showing the usepiin 10 mM KH2PO4, 10 mM K2HPO4 pH 8.0 (solution
treatment against obesity utilize recombinant roetii B) and treated with Pre Scission Protease (GE
human Leptin depicted as metre Leptin (Vasteal.,, 2012, Heajthcare Life Science), following the manufactisre
Seuk Moornet al., 2011; US 2013/0203661 Al). As one protocol. His tags and non-cleaved Leptin were
single amino acid mutation can alter physicochemica eliminated by high resolution ion exchange
properties, conformation, as well as biologicaliaist, chromatography (Mono Q 5/50 GL, GE Healthcare Life
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Science) eluting with solution B complemented vat Male ICR mice (Biorepository of the National Schabl
NaCl to form a saline gradient. After cleavage, the Biological Sciences) weighing 25-30 g were housed i
resulting sequence contains a Gly and a Pro afNthe room at a constant temperature of 22+1°C and a 12 h
terminus as describing Fig. 1. light/dark cycle (lights on at 9: 00 AM) and weriven
Homogeneity of Leptin-W100E was confirmed by food and watead libitum.

SDS-PAGE. The purified protein was extensively  All experiments were approved by the Laboratory
dialyzed against with solution B. All reactants wer Animal Care Commit-tee of the national school of
molecular biology grade and the water used wasBiological Sciences (National Polytechnic Instijutend

distilled and deionized.
2.2. High-Fat/High Fructose Diet

The high-fat food was made by supplementing 3
lard to a ground standard diet. Fructose (Cedrosa S
Mexico) solution (60%) was given daily by gavage.

Food consumption was measured every day and bod
weight was measured once each two days.

composition of the diets is presentediiable 1.

W100BE
Metreleptin = MVEIQEVODDTETLIET
40 S0 &0
S [ [ [ [
W100E VSERDRVTCLDFIPCLHECILTLSREMDQTL
Metreleptin VSSKQEVTGLDFIPGLHEILTLSKMDQTLA
eo 20
.o se s leaawa ]l anaalaanal
W100B WO PIVIQISHDLEMLED LLEV

Metreleptin VYRQILTSME SR

W100E

10
P I I
VEIQRVODDTRTLIRT

Metreleptin
150 140
R Iy [ [T R
W100E ETEVVALSRLOCELODMLWQLDLEPCC
Hetreleptin TEVVALSRELOGS LODMLWQLD LSPGO
Fig. 1. Sequence alignment of Human Leptins. W100E

corresponds to the construct described by X-ray

crystal-lography (Loet al., 2005), MetreLeptin is the
most widely used is Leptin treatments and the secpie
of W100E Leptin mutant used in this study.

Table 1. Composition of the control and test diets

Control (%)* HF (%)**
Protein 28.05 18.23
Fat 12.14 7.89
Lard 0.00 35.00
Carbohydrate 59.81 38.88
Total 100.00 100.00
Calories (kcal) 467.50 314.50
% Science Publications
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were conducted in compliance with the Mexican Qffic
standard (NOM-062-200-1999) technical specificatifor
the production, care and use of laboratory aninkaistly,

5%mice were distributed into four groups of 10 animal

each and nourished with either standard or High-gtt
Fructose diet (HFHF), for four weeks. Afterwards,
roups 3 and 4 were dosed with human W100E-Leptin

Thedaily subcutaneous injection of 30y per mouse, at eight

o'clock) for ten days while nurture was continuadall
mice. During the whole experiment food intake aodyb
weight gain were recorded. At the end of treatmerst,
continued to record these variables daily for themrweek.

2.3. Lipid Profile

After ten days of treatment, blood was collecteddiso
orbital puncture and serum was prepared by cegitnifLthe
blood at 3000 rpm for 20 minutes. The levels ofalot
Cholesterol (TC), HDL Cholesterol (HDL-C) and
Triglycerides (TGs) were determined by using the
automatic Selectra analyzer (Model Vitalab 2), with
commercial kits (RANDOX). After the whole treatment
animals were fasted for eight hours and then gzeulif The
retroperitoneal and periepididymal fat were weighed

2.4. Statistical Analysis

Data were analyzed with one-way ANOVA followed
by Holm-Sidak post hoc tests, with significance et
p<0.05. Food consumption was analyzed using two-way
ANOVA repeated measures tests followed by Tukey's
post hoc tests, with significance set to p<0.05l Al
analyses were performed using Sigma Stat (10.0).

3.RESULTS

3.1. Food Intake

In Fig. 2, we show food intake during the 10 days
of treatment with human Leptin W100E. The mice
that received standard diet and treated with Leptin
(W100E) significantly increased their food intake
(above 5 grams per day), compared to the other
groups. Meanwhile, those given a diet high in fad a
Fructose and Hormone treatment (HFHF + W100E)
decreased their food consumption (below 4.5 g per
day), but their calorie intake was higher.
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3.2. Body Weight

In Fig. 3 the body weight of mice on a high-calorie
diet during treatment with W100E-Leptin is showrdan
compared with the other groups. Although, no sigaift
differences were found, it is still observed thaicen
subjected to a High Fat/High Fructose diet plus &om
W100E-Leptin (HFHF + W100E) gained less weight
than mice of the other treatments.

3.3. Retroperitoneal and Periepididymal Fat

The effect of human W2100E-Leptin on
retroperitoneal and epididymal fat of mice subjdcte
standard and high-calorie diets are showFim 4. It is
observed that the mice receiving the High-calorigt d
(HFHF) had higher fat content (c.a., 1.1 g) thae th
control group (approximately 0.55 g).

On the contrary, the mice receiving the W100E-
Leptin and High Fat/High Fructose diet (HFHF +
W100E) presented less fat (about 0.85 g) but did no
differ significantly from group with hyper caloritiet or
from the control group.

3.4. Lipid Profile

Figure 5 shows the lipid profile of mice subjected to
normal or high-calorie diets with and without human
W100E-Leptin treatment and no significant differesndn
levels of total cholesterol between groups of migere
observed Kig. 5a). Regarding the triglyceride levelsig.
5b), there was a significant increase on mice fech wit
HFHF diet. In turn, those mice with the standaret dind

7.517

Food ingestion (g)

human W100E-Leptin treatment showed a slight irserea
but not significantly different from the controlpmfrom the
HFHF diet group. Interestingly, mice receiving thigh-
calorie diet and human W100E-Leptin showed a Sagmit
decrease in triglyceride's levels compared with greup
HFHF. Fig. 5¢c shows HDL cholesterol levels for the four
groups. The opposite effect to that described for
triglycerides levels was detected, since the micat t
received the HFHF diet complemented with human
W100E-Leptin showed a significant increase in this
variable. Variations of LDL-cholesterol between
groups were not significant, even though the highes
levels for the HFHF + W100E group were observed,
whereas the lowest value obtained for mice with the
standard diet and W100E-Leptin treatment.

3.5. Rebound Effect

In Fig. 6, the results of food consumption during the
following week after W100E-Leptin treatment was
completed are shown. It is observed that mice vetgi
human W100E-Leptin with normal diet show alterasion
in food intake since oscillations in this varialkdee
observed after stopping treatment. The mice who
received the HFHF diet and human WZ100E-Leptin
decreased their food intake the following two dafter
treatment, but in subsequent days they increaseid th
consumption to normal levels.

In Fig. 7, the increase in body weight of mice one
week after treatment completion with Leptin W100E
is shown.

—e—Control
—C—HFHF
—y—WI100E
—4&—HFHFE + W100E

(5]

F T

Time (days)

Fig. 2. Food intake of mice subjected to normal or higlomaldiet (HFHF) with and without treatment withgdtie W100E. Significant

difference *p<0.05 Vs. Control and HFHF, HFHF +QUE. +
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p<0.05 Vs. Con-trol. Two-factor ANOVA, pt&ic Holm Sidakt
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Fig. 3. Body weight of mice on a High-calorie diet (HFHF)ring treatment with and without Leptin W100E. Ffeator ANOVA
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Fig. 4. Retroperitoneal and epididymal fat of mice on a kiglorie diet with and without Leptin treatment VOED Different letters
define differences between groups (p<0.05). OneANQVA, post hoc Holm Sidak test
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3004

ab
2001

Triglycerides (mg/dl)

100 4 o

Control HFHF diet WI00E  HFHF diet + W100E

(b)

30 4

HDL-Cholesterol (mg/dL)

Control HFHF diet WI100E HFHF diet + W100E

(©)

100 4

HDL-Cholesterol (mg/dL)

Control HFHF WI00E HFHF + W100E

(d)

Fig. 5. Lipid profile of mice subjected to a high-calorietdand after treatment with or without W100E LaptA) To-tal- Cholesterol,
(B) Triglycerides, (C) HDL-cholesterol and (D) LOtholesterol. Different letters define differencestiveen groups (p<0.05).
(A) One-way ANOVA, post hoc Holm Sidak test; (B})(@nd (D) ANOVA on Ranks, Dunn’s post hoc test
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& —a—Control
—o—HFHF
6.0 —v—W100E
4—HFHF +~ W100E

3 5.5
2 501
S 4.5
=
= 4.0

3.51

3‘0 T L} Ll T T T 1

0 1 2 3 4 5 6 7

Time after Leptin W100E treatment (dayvs)

Fig. 6. Food intake one week after completion of Leptin-\W&Otreatment. *p<0.05 Vs. HFHF and control groupvoiway
ANOVA RM, post hoc Holm-Sidak test

Lh

Body weight gain {g)

. F

Control HFHF WI100E HFHF + W100E

Fig. 7. Body weight gain one week after Leptin W100E treatimfinished. Different letters define differencestleen groups
(p<0.05). One-way ANOVA, pot hock Holm-Sidak test

All groups significantly increased the body weight their body weights compared with control, althoubh
compared with the control, though a lower weighinga increase was lower in the latter group.
corresponded to HFHF + W100E group. Also, the gain

in body weight of mice is shown one week after 4. DISCUSSION
completing the treatment with human W2100E-Leptin.
Mice subjected to HFHF diet (without Leptin), stand Obesity is a complex multi factorial chronic diseas

diet with human W2100E-Leptin and HFHF diet with that develops from an imbalance between energy
human W100E-Leptin treatment significantly increhse intake and energy expenditure. Abnormal or excessiv
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accumulation of energy as fat in adipose tissuéhés These data complement our knowledge about
result of a combination of physiological, psychétag, ~ soluble Leptin usage as treatment against obesity a
metabolic, genetic, socioeconomic, cultural and @ssociated pathologies.

emotional factors (Blancas-Floresal., 2009). It is well

recognized that combating obesity is a difficulblgem 5. CONCLUSION
that cannot be solely solved by trusting in thel wil The effect of W100E-Leptin is different in mice
obese and overweight individuals. Therefore, Séverareceivingastandard diet from that receiving higierie
efforts are in progress to propose plausible aiires o diet. In animals with standard diet W100E-Leptinised
help in obesity treatment. Among them Leptin, siitce greater food consumption as well as total-choletter
discovery (Zhangt al., 1995), has been considered as alevels, but body weight remained unchanged. In alim
potential  alternative treatment against obesity. with high calorie diet, W100E-Leptin treatment
Nevertheless, the original enthusiasm towards wasdecreased food intake and body weight as well as
vanished, when it was observed that commonly obesdriglycerides, ~while HDL-cholesterol levels were
and overweight individuals show augmented levels ofincreased. When stopping W100E-Leptin treatment the

circulating Leptin. During these two decades, weeha food consumption pattern was affected, which caases

learned about signaling pathways, Leptin resistance. 1~ ca>c 1N body weight in all groups comparedhi t

h . lationshi ith oth . control group. The rebound occurred in animals with
phenomenon, its relationship -with other important ,ma) diet as well as high-calorie diet. In cosabm,

hormones and how it might participate in other thege results show that the use of recombinantri.épt
physiological processes, like bone formation, gahad murine models weight loss occurs accompanied by an
development, among many other functions. improvement in lipid profiles. However, subsequent

Regarding the structure of Leptin, the only studies W100E administration in humans is requtaed
crystallographic coordinates available of this honen  determine their therapeutic potential for the tmesit of
peptide have been obtained by substituting a tpfta ~ Obesity and its comorbidities.

at position 100 by a glutamic acid (Zhaetgal., 1997).
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