
INTRODUCTION

Leptin is a circulating hormone that is expressed abun-

dantly and specifically in the adipose tissue. A gene named

ob (obese) determines the protein sequence. The mouse ob
gene was discovered in 1994 through positional cloning34.

Human ob genes have been localized to chromosome

7q31.317, 20, 34. The ob gene encompasses 650kb and con-

sists of 3 exons separated by 2 introns. The coding region

for leptin is located in exons 2 and 3. The ob gene encodes

a 4.5-kilobase mRNA which is processed to 504 bp long

mature RNA. Analysis of the ob gene product revealed

characteristics consistent with a secreted protein. After

translation and processing of 21 aminoacids long signal,

16kDa protein consisting of 146 amino acid residues, is

produced.

Several regulatory elements have been identified within

the ob gene promoter, e.g. cAMP and glucocorticoid res-

ponse elements, and CCATT/enhancer and SP-1 binding

sites14. The sites responsible for adipose-specific expressi-

on and for regulated expression in responses to changes in

adipose size and energy balance have not been identified

yet. Regulation of adipose leptin expression by hormones

and other factors is likely to be mediated by these DNA se-

quences2.

Leptin is synthesized mainly, but not exclusively by

white adipose tissue and is considered to play an important

role in appetite control, fat metabolism and regulation of

body weight. There is a strong positive correlation between

leptin mRNA and protein levels in adipose tissue and cir-

culating leptin levels9, 12, 19, 23, 25. So far, it is not known

whether leptin is secreted by constitutive or regulated

mechanisms; however, the former means is thought to be

more likely because leptin does not appear to be stored in

substantial amounts4. Available information confirms that

leptin affects a lot of functions of peripheral target tissues

- liver, pancreas, kidney, bone marrow, cells of blood ves-

sels, ovaries, lung. It affects fetus growth, growth and

aging of adults, hematopoiesis. It is a pleiotropic hormo-

ne13, 18.

Leptin expression is influenced by the status of energy

stores in fat, as evidenced by increased adipose ob mRNA

and serum leptin levels in obese humans and other mam-

mals9, 12, 23. Moreover, adipocyte size is an important de-

terminant of leptin synthesis, as larger adipocytes contain

more leptin than smaller adipocytes in the same individual15.

Leptin levels in blood correlate with total body fat stores9,

12, 23. Leptin levels increase within hours after a meal in

rodents and after several days of overfeeding in humans16, 29.

Leptin levels decrease within hours after initiation of

fasting29.

Regulation of leptin expression by nutrition is probably

mediated in part by insulin. Leptin expression increases af-

ter peak insulin secretion during the feeding cycle29, 31.

Leptin is decreased in low insulin states and increases after

insulin treatment22. In human leptin expression is correla-
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ted with insulin levels, increases several days after insulin

infusion, and may be predictive of insulin resistance6, 30.

In rodents fasting, cold exposure, β3-adrenergic recep-

tor antagonists, and the insulin sensitising agent troglitazo-

ne decrease expression of leptin mRNA in adipose tissue

and adipose cell lines from rats and mice, whereas feeding,

dexamethasone, and insulin increase expression27. Short

fasting reduced leptin mRNA expression in adipose tissue

of prepubertal heifer3.

Leptin levels are regulated by other factors. Glucocorticoids

directly stimulate leptin synthesis in cultured adipocytes10.

Leptin expression increases in response to chronic eleva-

tion of cortisol in humans8. In contrast to this positive rela-

tionship, plasma leptin and glucocorticoid levels are inver-

sely related21. Leptin levels are higher in prepubertal

rodents and boys and do not appear to be dependent on adi-

pose mass or triglyceride level. The prepubertal increase in

leptin expression precedes the rise in testosterone and estra-

diol and is postulated to be involved in the maturation of the

gonadal axis24. Females have higher leptin levels36 than

males when matched by age, weight, or body fat. This may

be attributable to sex differences in body fat distribution and

testosterone level28. Subcutaneous adipose tissue is more

abundant and contains higher levels of leptin in females.

Leptin synthesis is inhibited by testosterone but is not af-

fected by ovarian sex steroids5. Administration of thyroid

hormone decreases leptin levels in rodents11.

Leptin synthesis is stimulated by infection, endotoxin,

and cytokines1.

Initial studies indicated that leptin expression was

synthesized only in adipose tissue. However, leptin is also

synthesized in extra-adipose tissues including placenta, ga-

stric fundic mucosa, skeletal muscle, and mammary epit-

helium1. A possible presence of leptin in human stomach

has been reported32. Leptin expression in rat cerebral cor-

tex, cerebellum, hypothalamus and anterior pituitary has

been confirmed33.

MATERIALS

Expression of ob gene coding the production of the hor-

mone leptin, i.e. detection of mRNA gene for leptin in hu-

man liver tissue was performed in the set of 10 samples of

liver biopsy with liver steatosis documented by biopsy and

explicit sonography. As a control comparative material was

used excision from liver tissue of a proband without patho-

logical finding in the histological and laboratory examina-

tions. The bioptic and section sample was directly at the site

of removal washed by a cooled physiological solution and

then several sec. after removal was kept in the aluminium

foil in liquid nitrogen. Such a stored sample was immedia-

tely after excision, several months after biopsy, subjected

to analysis for detection of mRNA gene for leptin.

Characteristics of liver biopsies: 10 patients (2 women,

8 men) with liver steatosis, mean age of 46.7 years.

Diabetes mellitus was diagnosed in 60 %. According to case

history, alcohol abuse was present in 40 %. We examined

the classical liver tests, lipids, and glycemia, BMI, body fat %.

Serum leptin concentrations and free leptin receptor in the

serum were determined with the following results: serum

leptin concentration was increased in 60 %, decreased in

10 %, mean value was 8.86 ng/ml, variation was 1.9–17.3

ng/ml. The level of free leptin receptor was increased in 60

%, decreased in 20 %, mean was 58.17 U/ml, variation of

26,2–101 U/ml. The ratio of serum leptin/ leptin receptor in

the serum was 0.19 on average. The limit for serum leptin

was according to Nystrom (1997), the limit for leptin re-

ceptor according to Bartek (2000)38. Mean BMI was 28.7,

ratio of serum leptin/ BMI was 0.30, transaminases (ALT)

were increased in 70 %, bilirubin was increased in 20 %, al-

kaline phosphatase (ALP) was increased in 10 %, mean fat

content in the body was 25 %. Cholesterol increased in

70 %, mean value was 5.72 mmol/l. Triacylglycerols were

increased in 30 %, mean value was 2.99 mmol/l.

Characteristics of the control sample of liver tissue:

man, 48 years. Histological finding in the tissue and labo-

ratory examination in the serum were identical with the set

of biopsies within the limits. Analysis of the mean fact con-

tent in the body was not performed.

METHODS

Isolation of total mRNA from tissue

To obtain good preparations of eukaryotic mRNA, it is

necessary to minimize the activity of RNAases liberated

during cell lysis using inhibitors of RNAases. By RNeasy

Mini Kit (QIAGEN) following the instruction of supplier,

total RNA was isolated from tissue. Briefly, to release all

the RNA contained in the samples we disrupted cells walls

and plasma membranes by grinding 20 mg of the frozen

material to a fine powder under liquid nitrogen. We trans-

ferred the suspension into a liquid-nitrogen-cooled tube

and allowed the liquid nitrogen evaporate without allowing

the sample to thaw. Homogenisation was done by

QIAshredder – the lysate was loaded onto spin column,

spun for 2 min. at maximum speed and the homogenized

lysate was collected. The total RNA from the lysate was

binding onto silica-gel-based membrane washed and eluted

using solutions from the kit.

Alternatively a manual method7 was used.

Briefly: The cells walls were disrupted and the RNA was

released by grinding 20 mg of the frozen material to a fine

powder under liquid nitrogen. We have added denaturing

solution with β-mercaptoetanol and transferred the suspen-

sion into RNase free centrifugation bottle. Then 20ul of

2M sodium acetate (pH = 4), 200 ul of phenol (pH = 4.3)

and 40 ul of chloroform: isoamylalcohol mixture (49:1) was

added. The same volume of DEPC water was added and the

mixture was carefully but thoroughly mixed for 10s, then

left stand for 15 min on ice. Aqueous phase with RNA was

separated by centrifugation 10 000g/20 min/4°C. RNA was

precipitated by equal volume of isopropanol at 60

min/–20°C. Residual ions and salts were washed by 75%

ethanol. The resulting RNA was dissolved in DEPC-water.

The isolated RNA was stored at –70°C in DEPC-water.

Denaturing-agarose gel electrophoresis and ethidium bro-

mide staining checked the integrity and size distribution of

total purified RNA. Usually 2 bands, corresponding

28S and 18S rRNA were visible.
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Preparation of cDNA

There are three ways to prime the mRNA for cDNA

synthesis. In the first, a 3’(antisense) gene-specific primer

is annealed to the mRNA and extended with reverse tran-

scriptase. This generates a specific cDNA template for the

5’(sense) primer. In the second and third methods, the en-

tire population of mRNA molecules is converted into

cDNA by priming with oligo(dT) or random hexamers.

Two gene-specific primers are then added for amplificati-

on. With the latter two methods, several different genes can

be amplified from the same pool of cDNA when primed

with random hexamers or oligo(dT) primers.

We started with olido(dT) priming, which was found to

be more sensitive and on average to yield fewer non-speci-

fic PCR products than random priming. We used 1st-strand

cDNA Synthesis Kit (Clontech). The total RNA was dena-

tured at 70°C for 2 min., cooled immediately and reverse-

transcribed using 200 units of MMLV reverse transcriptase,

10 units of ribonuclease inhibitor, 100 pmol of poly(dT)

primer and 10nmol of dNTP in a total volume of 20ul at

42°C for 1h. Enzyme was inactivated by heating at

94°C for 5 min. The resulting cDNA molecules were sto-

red at –70°C before next using.

PCR for housekeeping G3PDH gene

The efficiency of the cDNA synthesis was estimated by

using primers for amplification housekeeping gene for gly-

cerol-3-phospho dehydrogenase. The absence of a specific

band 983bp long suggests that a component of the cDNA

synthesis reaction or PCR reaction was omitted. PCR was

carried out in the final volume 20 µl consisting of 2 µl of

cDNA, 10 pmol of each primer and 17,8 µl HotStarTaq

DNA Polymerase Mix Kit(QIAGEN). DNA samples were

first denatured completely by incubation at 94°C for 3 min

before the amplification cycle then DNA was amplified by

subjecting it to 25 cycles of (i) denaturation at 94°C for

45 sec, (ii) primer annealing at 60°C for 45s, and (iii) elon-

gation at 72°C for 2min, using a Thermocycler (model MJ

Research PTC150). After the last amplification cycle, the

samples were further incubated at 72°C for 3 min for com-

plete elongation of the final PCR products. After the PCR,

the amplification results were visualized by performing

1–1,2 % agarose gel electrophoresis in (voltage: 5V/cm; time:

30–45 min) 1x TBE buffer and ethidium bromide staining.

As a marker was used 100bp ladder.

Amplification for ob gene

Primers for leptin were chosen to cross an intron/exon

boundary to ensure that the amplified product was not de-

rived from genomic DNA. Consequently, samples were

amplified in the absence of reverse transcriptase to estab-

lish the maximum number of cycles, which could be used

while minimizing DNA contamination.

PCR was carried out in the final volume 20 µl consis-

ting of 2 µl of cDNA, 10 pmol of each primer and

17.8 µl HotStarTaq DNA Polymerase Mix Kit(QIAGEN).

Amplification was done with the primers based on se-

quence ob (obese) gene (Acc No. D49487, ) resulting in

a 547bp specific PCR product.

The following primers were used:

LEP2 (2-21): 5’- cttcttgggaaggaaaatgc - 3’

LEP530 (528-549): 5’- tagtcttgcaggaagagtgacc- 3’

As a positive control, 250fg cDNA from human placen-

ta containing specific sequence and a negative control, ste-

rile water, were included in each PCR. DNA samples were

first denatured completely by incubation at 94°C for 5 min

before the amplification cycle then DNA was amplified by

subjecting it to 40 cycles of (i) denaturation at 94°C for

30 s, (ii) primer annealing at 58°C for 30 s, and (iii) elon-

gation at 72°C for 1 min, using a Thermocycler (model MJ

Research PTC150). After the last amplification cycle, the

samples were incubated further at 72°C for 5 min for com-

plete elongation of the final PCR products. After the PCR,

the amplification results were visualized by performing

1.2% agarose gel electrophoresis(voltage: 5V/cm; time:

30–45 min) in 1x TBE buffer and ethidium bromide stai-

ning. As a marker was used 100bp ladder.

Control cDNA preparation

The coding sequence of the ob (obese) gene (Acc No.

D49487, , position 2-549) was amplified and cloned to

multiple cloning site polylinker of pUC18-T vector. In

short, 10ul of ligation mixture (amplicon + T-vector) was

incubated overnight at 14°C and 3ul of the mixture was

then heat-shock transformed into bacterial cells

Escherichia coli DH5α, that were used for propagation of

plasmid constructs. Screening of bacterial colonies for the

presence of specific inserts was performed by specific PCR

using sequencing primers M13 forward (–40) and M13 re-

verse for the plasmid pCR2.1. The presence of insert in the

vector was indicated by the length of amplicons, which

was longer than the 219bp – length of amplicon after am-

plification from empty vector pUC18. The presence of spe-

cific primer sequences in the constructs was confirmed by

amplification by specific primers (see above). Mini-scale

isolation of specific recombinant plasmid DNA was used

for the preparation of recombinant plasmid for sequencing.

The presence of specific sequences in the vector pUC18

was also confirmed by sequencing. The molecule is doub-

le-stranded circle, 3 233 bp in length. The length of the gene

insert is 547bp.

Laboratory examination of patients

The level of serum leptin and of free (soluble) leptin re-

ceptor in the serum (i.e. extracellular binding domain of

leptin receptor) was determined by ELISA method35

(BioVendor). Analyses of ALT, bilirubin, glucose, ALP,

cholesterol and triacylglycerols were made by kits ROCHE

on an analyzer HITACHI 917. Percentage of body fat was

determined by the apparatus Omron BF 302. The steatosis

was diagnosed in specimens fixed in 10 % phosphate buf-

fered formalin, processed by standard histological methods,

embedded in paraffin and stained by haematoxylin-eosin .
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RESULTS

Isolation of total mRNA from tissues

From 20mg of tissue approximately 8-40ug of RNA

was isolated, in dependence of tissue. The best material

from this point of view was human placenta. The worst re-

sults were received from the fat cells. Gel electrophoresis

of RNA isolated from different human tissues is demon-

strated in Fig. 1.

18

100 bp ladder (1),

RNA isolated from placenta (2),

muscle (3)

adipose tissue (4),

liver (5),

kidney (6).

cDNA preparation and control PCR for G3PDH

Usually 0,2–1,0 ug of total RNA were used in reversi-

on transcription. The efficiency of the cDNA synthesis was

estimated PCR on housekeeping gene for glycerol-3-

phospho dehydrogenase. The specific 983bp long band re-

sults in all tissues – see Fig. 2.

Specific 983bp long

fragment:

from placenta (1),

muscle (2),

adipose tissue (3),

liver (4),

kidney (5),

negative amglification

control (6),

100bp ladder (7).

Sensitivity of PCR

Our system was tested to define the amount of recom-

binant plasmid molecules that should be added to PCR

mixture so that visible amplicon can be identified on aga-

rose gel. We found such amplicon when 103 molecules of

recombinant plasmid were used in the PCR. This amount

represents sensitivity of our amplification – see Fig. 3. The

PCR reaction was completely inhibited by DNA in con-

centrations over 55 ng/ul.

Specific 547bp long

fragment:

100bp ladder (1),

negative amplification

control (2),

number of recombinant

plasmid molecules 108

(55ng/reaction) (3),

107 (4), 106 (6), 104 (7),

103 (8), 102 (9), 101 (10),

100bp ladder (11)

Detection of ob-mRNA in tissues

Using our amplification system, we were able to iden-

tify specific amplicon in placenta, fat cells and from skele-

tal muscle. No signal was received when liver and kidney

were used as a source of RNA. We received 2 times higher

yield when the manual method was used for isolation of

RNA from fat cells. For isolation from the other tissue the

RNeasy Mini Kit (QIAGEN) yielded in higher amount

RNA. No pseudogen was amplified in any tissue.

Specific 547bp long fragment:

100bp ladder (1),

negative amplification control (2),

Amplification from human tissues:

placenta (specific fragment) (3),

muscle (negative) (4),

adipose tissue (specific fragment) (5),

liver (nonspecific fragments) (6),

and kidney (negative) (7),

100bp ladder (8).

1   2   3   4   5   6

1   2   3   4   5   6   7

1  2  3  4  5  6  7  8  9 10 11

1  2  3  4  5  6  7  8

Fig. 1: Gel electrophoresis of RNA isolated from human tissues

Fig. 2: Gel electrophoresis of PCR for G3PDH Fig. 4: PCR detection of ob -gene in human tissues

Fig. 3: Sensitivity of PCR - amplification from recombinant plasmid



In the studied set of liver biopsies of patients with veri-

fied liver steatosis, no transcript of ob gene was demon-

strated even in the control material of liver tissue without

pathological finding. Therefore it is concluded that we did

not find expression of ob gene coding the production of

leptin in hepatocytes of liver with steatosis even in the

sample of liver without pathological finding. 

DISCUSSION

Correlations between ob gene expression and steatosis

and correlation between leptinemia and free leptin receptor

have not been reported in the literature. Expression of ob

gene for leptin is mostly situated in adipose tissue with the

effect of leptin particularly on control of food intake, fat re-

gulation and regulation of body mass. Other localisation of

ob gene expression and other possible effects of leptin38

were documented. A liver cell with developed steatosis re-

presents a cell metabolism similar to metabolism of cells of

adipose tissue.

In liver tissue with verified steatosis, we did not proved

detection of mRNA gene for leptin; such expression of ob

gene for leptin was not found even in the liver tissue without

steatosis. However, in the absence of ob gene transcript, li-

ver samples showed the presence of non-specific transcripts

whose correct identification could be provided by analysis

of sequences. Interesting enough is the finding that non-spe-

cific transcripts do not occur also in other tissues with nega-

tive expression of ob gene (Fig. 4). Analyses of serum leptin

and free leptin receptor in the serum of patients with steato-

sis show significant variations from reference limits of nor-

mal values. However, with respect to the absence of ob ge-

ne expression, the direct effect of ob gene expression on

other parameters of leptin metabolism cannot be evaluated.

The most promising the methodological aspect is the pre-

sented method with verified specificity (Fig. 2) and satisfy-

ing sensitivity of l000 molecules of recombinant plasmid

(Fig. 3). The removal of bioptic material and immediate

freezing in liquid nitrogen minimise false negative results.

The results obtained from analysis of serum leptin and

free leptin receptor in the serum are presented and evalua-

ted. The authors verified the used methods35 and for Czech

population defined the reference limits in dependence on

age38 and on other clinical parameters36.
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