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Abstract

Diabetes and cardiovascular disease are the two most common deleterious side effects in the first line complications of
chronic human obesity. Hyperleptinemia, hyperinsulinemia and hypercholesterolemia are the reported proximal
outbreaks in progressive human obesity. Leptin, insulin and LDL remain interacted through their cognate receptors. A
phase matched comparison has been conducted in present study between expressions of cognate receptors and plasma
profile of their respective ligands in three human male groups viz. normal (18.5< BMI < 25), obese (25< BMI <40) and
morbid obese (BMI > 40). Our study shows a declined leptin receptor concentration on peripheral blood mononuclear
cells (PBMC) with a meagre change in its soluble counterpart (sOR/ OB-Re) in blood circulation, averring the outbreak of
hyperleptinemia with obesity. Simultaneously, a cumulative decline of concentrations of LDL receptor (LDLR) and insulin
receptor (IR) in PBMC are the reasons behind hypercholesterolemia and hyperinsulinemia cum insulin resistance in

human obesity.
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and demographic groups. Besides genetic predisposition,
high calorie intake and disease associated secondary

Abbreviations: PBMC: Peripheral Blood Mononuclear
Cells; IR: Insulin Receptor; RED: Relative Expression

Density; LDLR: LDL Receptor; BMI: Body Mass Index; IHC:
Immunohistochemistry.

Introduction

Obesity is an emerging health pandemic in modern
world. According to the Centers for Disease Control and
Prevention, obesity is rapidly spreading across all regions
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outbreaks are also the reasons in precipitating human
obesity. Obesity is an excess of total body fat, which
normally results from high caloric intake that exceeds
energy usage [1]. Body Mass Index (BMI) is a clinical
guide to assess the risk of developing obesity. The
American Obesity Association has reported 50-100%
increased risk of death for obese individuals as compared
to their normal counterparts. This substantial increase in
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health-risk has made obesity the second leading cause of
preventable death. Type-2 diabetes mellitus and cardio-
vascular atherosclerosis are the two most reported
disorders among many other compounding risks in
human obesity like arthritis, hypertension, anomalies in
gallbladder, cancer (e.g. breast, uterine, colon), digestive
disorders (e.g., gastroesophageal reflux disease, or GORD),
breathing difficulties (e.g, sleep apnea, asthma),
psychological problems such as depression, problems
with fertility and pregnancy, and urinary incontinence.
Studies in last decade have also included the evidence of
leptin resistance oriented hyperleptinemia as an
additional risk factor along with type-2 diabetes and
cardiovascular complicities in human obesity [2-5].

Leptin is a 16 kDa protein secreted by adipocytes [6].
Circulating plasma leptin levels correlate with the BMI in
normal weight and obese humans [7]. Although leptin is a
satiety factor that normally reduces appetite and
promotes energy expenditure; obese individuals are
found to be hyperleptinemic and are considered leptin
resistant [8]. There are six isoforms of leptin receptor
known as obese receptor (Ob-R). The long form of the
receptor (Isoform-B or Ob-Rb) has a cytoplasmic tail and
participates in intracellular signalling. The long form is
highly expressed in hypothalamic neurons [9]. The other
short forms are Ob-Ra, Ob-Rc, Ob-Rd and soluble form Ob-
Re [10]. The short forms are present in different tissues
and the soluble form is present in plasma and act as a
carrier protein for leptin.

To understand the plausible interlink in obesity
related complications and to aim the therapeutic
intervention to the disease, the present study is intended
to assess the expression of cognate receptors of three
respective ligands viz. Insulin, LDL and leptin in normal,
obese and morbid obese human subjects.

Materials

The primary antibodies [LDLR (N-17):SC-11822, Ob
(H-146):SC-9014, Ob-R (M-18):SC-1834, INSULIN Rf (C-
19): SC-711] and secondary antibodies( anti-goat, anti-
rabbit and anti-mouse IgG-HRP conjugates) and Enhanced
Chemi Luminescence reagent were purchased from
Santacruz Biotechnology, Inc. CA, USA. Acrylamide, bis-
acrylamide and colorburst protein molecular weight
standards were purchased from Sigma, St. Louis , USA.
Coomassie brilliant blue R-250 was purchased from Bio-
Rad laboratories, Hercules, USA. Dab substrate kit for
peroxidase enzyme and secondary antibodies with
streptavidin peroxidase kit was brought from Vector,
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Laboratories, Inc,Burlingame, La, U.S.A. Optiprep solution
was obtained from Axis-Shield PoC AS, Oslo Norway.
Nitrocellulose membrane was a product of Genotech
Incorporation, CA, USA. Kodak XK-5 X-Ray films were got
from Kodak corporation, USA. The details of the kits used
are as shown in parentheses: Cholesterol, LDL, HDL and
triglyceride (Erba Diagnostics Mannheim Gmbh,
Germany); glucose (Dia Sys Diagnostic Systems Gmbh,
Holzheim, Germany); insulin (Mercodia  Ab,
Sylveniusgatan 8a, Se-754 50 Uppsala, Sweden); leptin
(Diagnostics Biochem Canada Inc) and soluble leptin
receptor (R&D Systems; USA and Canada).

Methods

Patient Selection Criteria

Male persons having 18-60 years of age were included
in the study and classified into three groups according to
their BMI (BMI = body weight in kg/ height in metre?2).
Control gr.: 25>BMI>18.5 and not suffering from any
ailments. Obese gr.: 40 > BMI>25; Morbid obese gr.: BMI
> 40. Besides obesity, these two later groups were also
free from any ailments. The people with any acute illness
or infection or medication were excluded from the study.
The selection of subjects was cleared through the ethical
guidelines of the AIIMS New Delhi, India, where the
research work was conducted.

Peripheral Blood Mononuclear Cells Isolation

Solutions Required: A: Optiprep (Axis-Shield). B: Diluent:
1.0%(w/v) NaCl, ImM EDTA,10 mM Hepes- NaOH, pH-
7.4, containing 0.5% (w/v) bovine serum albumin. C:
1.068 g/ml density solution prepared by mixing 1 vol of
Optiprep and 4 vol of Solution B. D: 1.084 g/ml density
solution prepared by mixing 1 vol of Optiprep and 3 vol of
Solution B.

Procedure: Whole blood was centrifuged at 400 x g at 20
oC for10 min. The buffy coat obtained was removed in a
fresh falcon, over layered with 0.8 ml of B, 1.5 ml of D & 4
ml of C and centrifuged again at 800 x g for 25 min at 20°C
without any brake. The two layers from the top were
collected in a fresh falcon, mixed with an equal volume of
RPMI and centrifuged at 2000 rpm for 10 min. The pellet
was collected after repeating the process twice more and
washed twice with ice cold 1X PBS by centrifuging at
2000 rpm for 10 min each. The lysate was prepared by
treating the pellet with lysis buffer (containing 50 mM
Tris-HCIl (pH=7.4), 300 mM NaCl, 0.5% (v/v) Triton X-
100, 5 mM EDTA) in presence of proteinase inhibitors (2
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mM PMSF, 10mg/mL leupeptin and 10U/mL aprotinin)
and then lysed by strong vortexing. The volume of the
lysis buffer used was approximately 5 - 10 times the
volume of the pellet. This lysed suspension was kept on
ice for 30 minutes and then centrifuged at 12000 rpm for
15 minutes at 49C. The supernatant was taken and stored
at 49C.

Western Blotting

PBMC was isolated from blood and lysed as before.
The lysate containing 30 - 100 pug protein was used for
SDS-PAGE. For identification, the proteins were
transferred onto nitrocellulose membranes. Transfer was
performed at 35 V for 16 hours at 4°C in a transfer buffer
containing 48mM Tris Base, 39mM glycine, and 20%
methanol, pre-chilled at 49C. The membranes were
incubated with blocking buffer [1.5% BSA in 0.01 M PBS
containing 0.05% Tween-20] for 2 hours to 4 hours at
room temperature on a gel rocker and then washed thrice
in 0.01 M PBS-0.1% Tween-20, for 10 min each. Anti
LDLR mouse monoclonal antibody, anti-insulin receptor 3
chain rabbit polyclonal antibody, anti Leptin receptor goat
polyclonal antibody and f-actin mouse monoclonal
antibody diluted in 0.01 M PBS-0.1% - Tween-20 were
added at 1: 3000, 1: 8000, 1: 750 and 1: 2000 dilutions
respectively as per the appropriate blots and the
membrane was incubated at room temperature for 2
hours. The membrane was then rinsed thrice with 0.01 M
PBS-0.1% -Tween-20, for 10 min each. Anti-mouse HRP
conjugate, anti-rabbit HRP conjugate and anti-goat HRP
conjugate were added at 1: 8000(anti mouse) and
1:10000 (both anti-rabbit and anti-goat) dilutions and
incubated for 2 hours at room temperature. This was
followed by three washes in the same PBS-Tween buffer.
The blots were then developed by Enhanced Chemi
Luminescence in the dark and the bands were captured
on a Kodak XK-5 X-Ray film.

Immunohistochemistry: Surgically removed adipose
tissue was obtained from the Department of SURGERY,
AIIMS and MAX HOSPITAL, New Delhij, India. All samples
were carried in ice during transportation. The tissues
were rinsed thoroughly in normal saline to remove the
adhered blood. For immunohistochemistry (IHC), small
1cm3 cubes were dissected out of the adipose tissue. They
were then immediately stored frozen in liquid nitrogen
and then used for block preparation using the cryogel at (-
) 259C. Once the blocks were ready, 5um - 10pm thick
sections were cut and lifted on glass slides. The slides
were then air-dried and fixed with absolute acetone at 4°C
for 10 minutes. After fixation, they were again rinsed

Beriwal P and Chandra NC. Human Obesity: A Noxious Sequel of Inverse

Intents of Ligands and Receptors. Obes Int ] 2019, 4(4): 000217.

thrice with PBS, each for 5 minutes at room temp.
Endogenous peroxidase activity was quenched by treating
the cells with 4% H;0; in methanol for 30 min at room
temp. Following three PBS wash, non-specific blocking
was performed with 1% BSA in PBS for 1 hour at room
temp. Washing was carried out thrice with 0.01M PBS -
0.01% Triton X-100 (PBST), each wash for 5 minutes, at
room temp. Anti-insulin receptor rabbit polyclonal
antibody (1: 10 dilution in PBS) or anti leptin rabbit
polyclonal antibody(1:50 dilution in PBS) were added on
respective tissues followed by 2 hr incubation at room
temp or overnight at 4°C in a humid chamber. The
incubation was followed by 3x PBST wash. The sections
were then incubated with biotinylated secondary
antibody for 1 hour at room temp. Following three times
PBST wash, the sections were incubated half an hour with
avidin-HRP followed by PBST wash and treatment with
DAB buffer [0.06% DAB, 50 mM Tris-HCl, (pH=7.6), 1%
H,0;] for 3-5 min at room temperature for visualization
of antigen-antibody complex. Finally, the slides were
counterstained with Mayer's hematoxylin for 1 min and
after clearing the excess stain with water the slides were
mounted with a DPX mountant after air-drying and
dehydrating in xylene for 5 min. Photographs were taken
after observation at a fixed magnification by a Nikon DXM
1200 digital camera attached to a Nikon Microphot FXA
microscope. The quantitative evaluation of the protein-
stain on the histogram was performed by determining the
integrated optical density (IOD) of the protein-stain as
reported previously [11].

Kit based estimation: Respective Kkits were used for the
estimation of plasma glucose (glucose oxidase method)
[12], total cholesterol (modified Roeschlau’s method)
[13,14], triglycerides (Wako and the modification by
mcgowan, et al. and Fossati, et al.) [15,16] and HDL-
cholesterol concentrations (Burstein et al) [17].
Concentration of LDL-cholesterol was determined by
Fredrickson-Freidwald formula [18]. Elisa based Kkits (see
materials) were used for the estimation of insulin, leptin
and soluble leptin receptor concentrations.

Results

A pilot study was conducted on total 60 male human
subjects including normal, obese and morbid obese
having 20 subjects in each group. The aim of this study
was to verify the existence of any inter-relation between
the observed plasma leptin profile and associated other
plasma risk factors, normally gets predominant in human
obesity, alongwith their respective cognate receptors.
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Plasma Variants

Male subjects of normal (BMI: 21.72 + 1.98), obese
(BMI: 29.59 + 3.4) and morbid (BMI: 45.8 + 5.14) class in
the age group of 18 to 60 years were included in this
study. Our study had shown a trend of increasing plasma
parameters like glucose, triacylglycerol and LDL-
cholesterol concentration (Table 1A) on the progress of
obesity from normal to morbid class. In addition, a 2-3
fold increase in plasma leptin concentration was also
reflected in the obese groups as compared to the normal
counterparts (Table 1A & 1B). Leptin, a 16 kD protein
secreted by fat cells, was reported earlier as a major
regulator of adiposity and energy balance [8,9]. On the
other hand the existing level of the leptin binder, the
soluble leptin receptor (sOR / OB-Re), was found to
remain practically unchanged with minor variation in the

blood circulation of all the three groups of participants
(Table 1A). A shift of plasma insulin concentration to its
upper limit was also noticed in the obese group in parallel
to their acquired leptin value (Table 1A). Comparison of
plasma insulin and leptin concentrations among the study
groups using Kruskal Wallis test [multiple comparison
was done by using Wilkonson Ranksum’s test with
Bonferroni correction] gave a signal of developing insulin
resistance or the sign of type-2 diabetes with progress of
obesity and hyperleptinemia (Table 1B). While increase of
triacylglycerol from normal to obese groups was an
earmark of developing obesity, the changing profile of
LDL-cholesterol among the gruoups assigned the tint of
atherogenesity with the wake of obesity (Table 1A).

Plasma parameters in different study groups.

Parameters 1.Normal 2.0bese 3.Morbid P Value
(n=20) Normal range (Mean%SD) (Mean%SD) (Mean%SD) (1vs3)
BMI: 21.72 + 1.98 BMI: 29.59 + 3.4 BMI: 45.8 £ 5.14
GLU 70-110mg/dL 96.52 +34.72 112.45 +£39.82 119.74 £57.14 0.428
T.chol 25-160mg/dL 164.5+ 53.91 172.32+ 45.55 169.84+ 39.02 0.9032
TAG 140-250mg/dL 108.82+42.86 157.88+ 66.8 187.89+89.8 0.017*
HDL 30-65mg/dL 37.70 £12.8 32.4 ¥13.5 29.02 #12.60 0.2836
LDL <130 mg/dL. 104.99+ 47.10 108.29 + 42.27 124.11 £38.70 0.5199
sOR 12.6-49.6ng/mL 38.95+11.74 35.216 #9.31 31.60 £10.65 0.253
Leptin 2.0-5.6 ng/mL 4.37+ 3.55 15.23+15.75 10.6 3.5 0.003*
Insulin 2-25mU/L 17.06+£17.3 21.04+14.6 25.8+12.6 0.384

p value calculated using ANOVA (1vs 3). *p < 0.05: significant.
Table 1A: Triacylglycerol has been increased significantly in obese and morbid obese subjects. A trend on increase has
been observed also for plasma glucose, total cholesterol, leptin and insulin concentrations with the progress of obesity.
Conversely soluble leptin receptor concentration remained more or less constant or slightly decreased with the

advancement of obesity.

Comparison of plasma insulin and leptin concentrations
among various study groups using Kruskal Wallis test.

Parameter W fensie (i) 2.0bese (n=15) 3.Morbid(n=15) P-value
Median(min-max) | Median(min-max) Median(min-max) [*p<0.05: significant.
Insulin(2-25mU/L) 9.7(4-55.9) 14.25(8.5-66.3) 28.6(12.6-45.2) Lvsz=0076
Leptin(2.0-5.6ng/mL) | 2.43(1.03-11.8) 9.1(1.66-54.8) 14.5(6.8-29.6) 1v52=0008

Table 1B: A trend on parallel increase of insulin and leptin concentration has been observed as the obesity advances
towards morbid side. The parentheses show the range of data obtained in each case.
Multiple comparisons done by using Wilkonson Ranksum’s test with Bonferroni correction.

Beriwal P and Chandra NC. Human Obesity: A Noxious Sequel of Inverse
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Leptin in Adipocytes

The principal site of biosynthesis of leptin is white
adipose tissue. Immunohistochemistry was performed for
identification of leptin protein within white adipose
tissue. Concentration of leptin was determined by
measuring the I0D (integral optical density) of protein
stain [11]. It was apparent that intracellular leptin
concentration was gradually fallen down as compared to
normal in obese to morbid obese sbujects (Figure 1A). On
the other hand, in the extracellular environment of

adipocytes the leptin concentration was elevated with the
enhancement of obesity (Figure 1B). Therefore, it was
clear from the histogram that with the advancement of
obesity leptin came out of the fat vaccuoles and thus
became responsible for its increase in blood stream.
Hence, hyperleptinemia was found to be an associated
incidence of obesity. A positive correlation was observed
between plasma levels of triacylglycerol (sign of obesity)
and leptin among different groups of study subjects
(Figure 2).

Immunohistochemistry of Storage of leptin in adipose tissue among the groups.
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Extracellular leptin in adipose tissue mass with increasing obesity.
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Figure 1: Immunohistochemistry was performed to see leptin level in adipose tissue. Intracellular leptin level was
found declining with an increase at extracellular surface as the obesity advances to more severe stage viz. obese to
morbid obese.

Intracellular leptin: pon = 0.005 pmy = 0.001.

Extracellular leptin: pon = 0.008 pmn = 0.003.

n: Normal, o: Obese, m: Morbid obese. p < 0.05: significant.
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Figure 2: Both leptin and triacylglycerol were increased as obesity advanced. A positive correlation was found
between leptin and triacylglycerol with the progress of obesity.
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Receptor Protein Expressions on Peripheral capturing their band by treatment with specific
Blood Mononuclear Cells antibodies followed by HRP (horse raddish peroxidase)
mediated femtoluminicent reaction. Expression of insulin
receptor (IR) was found to be increased in obese subjects
as compared to normal group and morbid group had the
maximum expression among the three classes (Figure 3).

Densitometry was done to assess the expression of
different receptor proteins on the surface of peripheral
blood mononuclear cells (PBMC) isolated from the blood
samples of the subjects under study. Expressioin of
receptor proteins were compared on western blot after

IR

Normal Obese Morbid

B actin

70
I

B0
I

50
1

40
I

:

Figure 3: Expression of insulin receptor (IR) on the peripheral blood mononuclear cells (PBMC) was increased as
obesity advances.

Pon = 0.676; 1 Normal, 2: Obese, 3: Morbid

Kruskal Wallis test was used; multiple comparisons were done by using Wilkonson Ranksum’s test with Bonferroni
correction.

Since the variation in relative expression density extreme values of the series. Expression of beta-actin was
(RED) among the subjects was relatively large, non- used as internal standard in this evaluation process.
parametric analysis was done considering the median and Although insulin receptor (IR) protein was highly
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expressed in obese subjects, the earlier report [19] from
our laboraory had shown a remarkable reduction of
tyrosine phosphorylation of IR in obese group than
normal subjects. Decreased tyrosine phosphorylation
antagonizes IR from sensing its ligand and thus the ligand
becomes incapable in sending intracellular signal to gene
activation. On the other hand, the relative expression
density of LDLR was found to be significantly decreased
on the PBMCs of the obese and especially in morbid
subjects as compared to normal group (Figure 4). Again
the significance of data has been represented by non-
parametric analysis as subject to subject variation was
inappropriate for parametric analysis. These differences
could be related to the gene regulated biological
variations. The continuing decreased expression of LDLR
with the advancement of obesity would be responsible for
the poor clearance of vessel LDL. The non-parametric

analysis of leptin receptor (Ob-R) expression on PBMC
also showed a steep fall in obese groups (Figure 5)
indicating less interaction of vessel leptin with its cognate
receptors on the surface of PBMCs with the advancement
of obesity. Also the soluble leptin receptor (sOR)
concentration was found to be remained, on an average,
to a constant limit in normal and obese groups; rather
there was a slight deline in receptor (sOR) concentration
with the progress of obesity. In contrast of having a mere
fall of sOR in blood plasma between normal and obese
group, the plasma leptin level increased 2-3 fold in obese
groups as of its concentration in control subjects (Table-
1A). Therefore, development of human obesity alongwith
of having a propensity of diabetes and atherosclerosis
was found to be due to the capture of vessel-leptinemia,
insulin receptor hypophosphorylation [19] and declined
expression of leptin receptor on PBMC surface.

r

normal obese

morbid

normal to obese to morbid obese type.

&

Figure 4: Expression of LDL receptor (LDLR) on the peripheral blood mononuclear cells (PBMC) was decreased from

Pmn = 0.016; pon = 0.045 p < 0.05: significant. n: Normal, o: Obese, m: Morbid.
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Figure 5: Expression of leptin receptor (LR) on the peripheral blood mononuclear cells (PBMC) was decreased in

Discussion

Hyperleptinemia in human obesity is the
consequences of a state of imbalance of body mass
equilibrium by the newly found 16 kDa cytokine LEPTIN
and considered to be as one of the diagnostic parameters
of obesity in late last decade [20]. Animal studies on
obesity had shown leptin as a master regulator of body’s
energy balance [21] and serum leptin concentration was
taken as a biological monitor of adipose mass [22-24 ].

Beriwal P and Chandra NC. Human Obesity: A Noxious Sequel of Inverse

Intents of Ligands and Receptors. Obes Int ] 2019, 4(4): 000217.

The in vivo studies have confirmed the inate ability of
leptin to reduce adipose fat mass through its potent
interaction with a hypothalamic receptor protein known
as Ob-Rb or leptin receptor [25]. Although it is apparent
from model animal studies that the raised serum leptin
level would reduce the energy intake by the body and
thus facilitates hydrolysis of adipose fat to regain the
normal body mass; the scenerio is different in human
obesity [26-28]. Keeping untamed the high adipose mass,
leptin resistance and hyperleptinemia are the common
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existing features in human obesity. Since hypothalamic
leptin receptor was beyond the scope of approach in live
human subjects, the present study was restricted only
with the peripheral blood mononuclear cells (PBMC)
isolated from collected blood samples. In addition to
target the Ob-Ra (isoform of leptin receptor), the other
proteins of interest of this study included the expression
of insulin- and LDL-receptors on PBMC (Figure 3 and
Figure 4) The main purpose of this study was to explore
the reasons of occurrence of insulin resistence and
atherorosclerosis in human obesity side by side with the
outbreak of leptin resistance.

The estimation of plasma constituents in normal and
obese subjects had shown an increase of four components
viz. glucose, triacylglycerol, Leptin and LDL-cholesterol in
obese subjects as compared to control group (Table 1).
Increase of glucose relates to diabetes melitus, whereas
triacylglycerol and LDL-cholesterol precipitate
dyslipidimia and hyperlipoproteinimia. Dyslipidimia and
hyperlipoproteinimia are the predecessors of the onset of
atherosclerosis. The increase of leptin concentration in
human obesity infers an incidence of imbalance in energy
metabolism. Although an onshore consequence of
diabetes melitus (commonly type-2 DM) and
atherosclerosis with the occurrence of leptin resistance in
human obesity has been documented in the latter half of
the last decade [28-30], the pixel(s) of molecular
impediment(s) for these associated outbreaks remained
dizzy till the date.

It is only the complete Ob-Rb at the hypothalamic
base, which is functionally compatible for sending signal
from leptin to reduce energy intake by increasing the
systemic satiety [10,31]. No other isoforms of Ob-R on
other tissues are equally competent for leptin generated
signal transport . The only known Ob-R next to Ob-Rb that
has been partially characterized for its functional activity
is soluble leptin receptor [Ob-Re] [32,33]. Ob-Re is
basically a leptin transporter available in blood
circulation as a carrier protein to ferry the leptin
molecules to the periphery of blood brain barrier (BBB)
so that it can cross BBB for its interaction with
hypothalamic Ob-Rb  [34,35]. Leptin cannot be
transported in free state through the blood vessel. We
found no significant change in the plasma level of soluble
leptin receptors in obese subjects as compared to control
group. This tendered stagnate leptin crowd in the
situation of leptin resistance or hyperleptinimia. Since
adipose tissue is the sole place of origin for leptin;
abundance of adipose mass with developing obesity acts
as a supplier of excess leptin in blood vessels (Figure 1). A
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positive correlation was found between accumulation of
triacylglycerol and leptin in blood vessels (Figure 2).
Eventually the quantitative analysis of leptin
concentration in adipose tissue in present study has
shown a fall of the intracellular leptin level with the
booming of obesity (Figure 1A). On the other hand, the
extracellular leptin concentration was increased (Figure
1B). This impress the event of leptin secretion from the
intracellular cavity of fat cells to extracellular medium
and hence in blood circulation. The declined expression of
PBMC bound leptin receptors [Ob-Ra] (Figure 5) in
obesity may be the reason for declination of transpoter
leptin receptor (truncated form) level, the soluble leptin
receptor, in Dblood circulation. Thus vascular
transportation of leptin gets detained and may remain
responsible for stagnation of leptin in blood vessels. This
situation refrains vascular leptin molecules to interact
with its hypothalamic receptor.

Previous reports have shown the inductive effect of
leptin on insulin secretion [36-38]. Joslin studies [5] and
reports from other laboratories have also shown the
incidence of insulin resistance along with hyperleptinimia
in human obesity. Our study has also shown a higher
median for the insulin lelvel of the obese group (Table 1B)
compared against normal humans. Our earliar report had
shown declined tyrosine-phosphorylation of insulin
receptor in the PBMC of obese subjects [19]. This shows
the reason of hyperinsulinemia and insulin resistance in
obese subjects. Although future studies are needed to
confirm whether high leptin concentration has any
negative role on the phosphorylation of tyrosine residue
in insulin receptor; our study has atleast shown that the
reason of type-2 diabetes in human obesity might be the
result of inactive insulin receptor to process the signal
from insulin to intracellular cytosolic components. In
addition, declined LDL receptor expression was observed
in PBMC among the obese as compared to normo group
(Figure 4). Recent studies from our laboratory has shown
the insulin dependency of LDL receptor activity for LDL
clearance from extracellular space [19,39,40]. Declined
LDL receptor expression and inability of inactive insulin
receptor for sending signal from insulin to activate LDL
receptor promote deposition of LDL particles in blood
vessels. The increased LDL concentration in blood vessels
with the progress of obesity makes the subject prone to
athero-thrombosis related disorder. Thus the risque
troika in human obesity are insulinemia, leptinemia and
hypercholesterolemia, which are originated from the
impaired cognate receptors of respective ligands. These
receptors are insulin receptor (IR), LDL receptor (LDLR),
and leptin receptor (LR). A more detail study to
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understand the interrelation of the trio may help to evict
the risk of human obisity in forcible future.
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