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Abstract

Background The enzyme 11-f3-hydroxysteroid dehydroge-
nase type 1 (113-HSD1) catalyzes intracellular glucocorti-
coid reactivation by conversion of cortisone to cortisol in
different tissues and have been implicated in several
metabolic disorders associated with obesity. The aim of
this study was to evaluate the 113-HSD1 expression in
liver, visceral adipose tissue (VAT), and subcutaneous
adipose tissue (SAT) in morbidly obese patients undergoing
bariatric surgery and its correlations with clinical, anthro-
pometric, and biochemical variables.

Methods A prospective study was conducted over a 27-month
period. Hepatic, VAT, and SAT samples were obtained at the
time of surgery. 113-HSD1 and 18S gene expression was
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measured using real-time quantitative reverse transcriptase-
polymerase chain reaction.

Results Forty nine patients met the inclusion criteria [mean
age: 42.2£10 years, body mass index (BMI): 42+6 kg/m?,
71% women and 63% with metabolic syndrome (MS)].
113-HSD1 mRNA levels were higher in liver than fat tissue
(»<0.001), being higher in SAT than in VAT (p<0.001)
without gender-specific differences. Hepatic expression of
113-HSD1 correlated positively with SAT and VAT, alanine
aminotransferase (ALT), and serum glucose and was
inversely associated with BMI. 113-HSD1 mRNA in VAT
correlated positively with insulinemia, ALT, and LDL choles-
terol. There were no associations between 113-HSD1 mRNA
in SAT and the variables analyzed.

Conclusions 113-HSD1 expression is higher in liver in
comparison to adipose tissue in obese patients. The observed
correlations between hepatic and VAT 113-HSD1 expres-
sion with dyslipidemia and insulin resistance suggest that
this enzyme might have a pathogenic role in obesity and
related metabolic disorders.

Keywords Obesity - Glucocorticoids -
Local metabolism - Abdominal obesity - Adipose tissue -
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Abbreviations

GC glucocorticoid

113-HSD1 113-hydroxysteroid dehydrogenase type 1

HOMA-IR  homeostasis model of assessment insulin
resistance index

VAT visceral adipose tissue

SAT subcutaneous adipose tissue

hs-CRP high-sensitivity C-reactive protein

MS metabolic syndrome
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In the past few decades, there has been a worldwide
increase in the prevalence of obesity and associated
metabolic disorders including glucose intolerance, insulin
resistance [1], dyslipidemia, hypertension, and visceral
adiposity [2, 3]. In clinical practice, the presence of these
conditions defines the metabolic syndrome (MS), which,
independently of the criteria used for its diagnosis (WHO,
NCEP: ATP III, EGIR) [4], is associated with an increased
risk of cardiovascular events, a proinflammatory and
prothrombotic state, and the occurrence of nonalcoholic
fatty liver disease [2, 5-7].

Several authors have noticed clinical similarities between
hypercortisolism effects seen in the Cushing syndrome and
the group of disorders related to MS and central obesity,
postulating that MS could be conceived as a subclinical form
of Cushing's syndrome with normal plasma glucocorticoid
levels [8, 9]. In fact, a decade ago, Bujalska et al. suggested
that central obesity might be a “Cushing's disease of the
omentum” [8]. In this view, visceral adipose cells would
produce cortisol, which would act in an autocrine or
paracrine manner in the splachnic territory, thus promoting
abdominal obesity and associated metabolic disorders [8].

Recent studies have demonstrated that intracellular
glucocorticoid metabolism is regulated at a prereceptor level
by the activity of two isoforms of the 11{-hydroxysteroid
dehydrogenase enzyme: 113-Hydroxysteroid dehydroge-
nase type 1 and 2 (113-HSDI1 and 11p3-HSD2) [10-13].
113-HSD1 is a microsomal enzyme, which acts mainly as a
NADP (H)-dependent reductase converting inactive corti-
sone to active cortisol, thus regulating intracellular activa-
tion of the glucocorticoid receptor [14]. This enzyme is
widely expressed not only in liver and adipose tissue, but
also in adrenal, ovary, decidua, and dendritic cells [11, 15].

The pathogenic role of 113-HSD1 in the development of
the key features of metabolic disorders of central obesity
has been demonstrated in transgenic mice models. Selective
overexpression of 11(3-HSD1 in adipose tissue is associated
to visceral obesity, pronounced insulin-resistant diabetes,
and dyslipidemia [16]. Hepatic overexpression of 11[3-
HSDI1 in mice also produced MS without obesity, associ-
ated with fatty liver, dyslipidemia, mild insulin resistance,
and increased angiotensinogen expression [17]. The oppo-
site effects are seen in 11[3-HSD1 knock-out mice that,
under hypercaloric diets, did not develop insulin resistance
or glucose intolerance [18]. Furthermore, human studies
had confirmed these results, and available clinical data have
shown a potential pathogenic role of 113-HSD1 in type 2
diabetes and MS [19-22], dyslipidemia [23], hypertension
[24], and osteoporosis [25].

Obesity in humans appears to be associated with increased
113-HSD1 activity in adipose tissue compared with lean
subjects or patients with Cushing syndrome [26, 27], with
portal and splanchnic hypercortisolism but normal systemic
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cortisol [21, 28]. Recently, our group demonstrated that
113-HSD1 expression levels were higher in subcutaneous
adipose tissue (SAT) compared with visceral adipose tissue
(VAT) of morbidly obese patients [29].

The aim of the present study was to evaluate the hepatic
expression of 113-HSD1 in morbidly obese patients, to
compare this with the expression of 113-HSD1 in VAT and
SAT, and to establish the presence of correlations with clinical,
anthropometric, and biochemical values in these patients.

Materials and Methods
Patients

All patients were prospectively recruited from September
2004 to December 2006 from the Department of Digestive
Surgery Obesity Program of the Pontificia Universidad
Catdlica de Chile. Patients that met criteria for surgical
treatment of morbid obesity were evaluated by a multidis-
ciplinary team and underwent a complete clinical and
biochemical work-up, including a liver ultrasound (US) as
part of routine clinical examination [30]. Only morbidly
obese patients with no endocrine or genetic disease causing
their obesity were enrolled in this study.

This study was approved by the Institutional Review
Board for Human Studies of the Pontificia Universidad
Catolica de Chile and all patients provided informed
consent prior to laparoscopic Roux-en-Y gastric bypass
(LRYGBP) or laparoscopic sleeve gastrectomy (LSG).

The database included age, gender, preoperative body
mass index (BMI), and associated diseases (hypertension,
dyslipidemia, diabetes mellitus, glucose intolerance, obstruc-
tive sleep apnea, and cholelithiasis or fatty liver).

Blood samples for each individual were obtained. Serum
fasting glucose, serum levels of alanine aminotransferase
(ALT), and serum lipid profile measurements were per-
formed in an automatized Roche Hitachi Modular chemis-
try analyzer (Hitachi, Tokyo, Japan). Fasting insulin serum
level was measured with the Immulite 2000 equipment with
DPC reactive (Diagnostics Product, Los Angeles, CA,
USA). Insulin resistance was estimated using the homoeo-
stasis model assessment-insulin resistance (HOMA-IR)
method, according to the formula: insulin (IU/mL)x
fasting plasma glucose (mmol/L)/22.5. Insulin resistance
was defined in Chile by Acosta et al. according to the WHO
criteria. HOMA-IR >2.6 is considered insulin resistance in
non-diabetic subjects in Chile [31]. Determination of serum
high-sensitivity C-reactive protein (hs-CRP) was performed
with a latex particle enhanced nephelometric immune assay,
in BN ProSpec equipment, Dade Behrings (Deerfield, IL,
USA) and adiponectin by ELISA Quantikine™ [Human
Adiponectin] (R&D Systems, Minneapolis, MN, USA).
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Patients were classified as having MS if they had at least
three of the following variables, according to modified
NCEP-ATP 1II criteria: (a) waist circumference>40 in.
(102 cm, males) or >35 in. (88 cm, females), (b) HDL
cholesterol<1.03 mM (40 mg/dL, males) or <1.3 mM
(50 mg/dL, females) or taking medication for reduced HDL
cholesterol, (c) triglycerides>1.7 mM (150 mg/dL) or
taking medication for elevated triglycerides, (d) systolic
blood pressure (BP)>130 mmHg or diastolic BP>85 mmHg
or taking antihypertensive medication, and (e) fasting
glucose>5.6 mM (100 mg/dL) or taking medication for
hyperglycemia [32]. All patients were considered positive
for the waist circumference criteria if they had preoperative
BMI>35 kg/m’.

Tissue Biopsies

Paired sample biopsies of liver, SAT, and VAT were obtained
at the moment of surgery. Liver samples were obtained by
intraoperative biopsy and VAT samples were obtained from
greater omental fat. Liver biopsies were examined by a
single pathologist using the classification for nonalcoholic
fatty liver disease (NAFLD) developed by Kleiner and co-
workers [33]. SAT samples were obtained by biopsy from
the abdominal port-site insertion. Approximately, 400—
500 mg of each fat tissue depot and 50 mg of liver tissue
were retrieved and immediately stored with RNAl/ater®
(Ambion, Austin, TX, USA). All samples were collected
and stored at —80°C until further analysis.

Total RNA Isolation and Quantitation

Total RNA was extracted from 50-200 mg of liver, VAT,
and SAT using RNA kit (SV Total RNA Isolation System,
Promega, Madison, WI, USA). RNA integrity was assessed
by electrophoresis on 1% (w/v) agarose gels, and quantity
was determined spectrophotometrically in a NanoDrop
ND-1000 (NanoDrop Technologies, Wilmington, DE,
USA). One microgram of total RNA was reverse-transcribed
in 25 ul total volume (Improm II system, Promega) and
150 pmol random hexamers according to the manufacturer's
guidelines. The reaction was terminated by heating the
c¢DNA to 70°C for 5 min and stored at —80°C until required.

Gene Expression Analysis of 113-HSD1

For Tagman™-based real-time PCR, gene-specific reverse
transcribed products were amplified with Taq DNA
polymerase kit (Fermentas, Hanover, MD, USA) using the
113-HSD1 gene-specific primers and probe (113-HSDI1
sense primer 5-AGGAAAGCTCATGGGAGGACTAG-3',
113-HSD1 antisense primer 5'-ATGGTGAATATCATCAT
GAAAAAGATTC-3', and 11(3-HSD1 probe 5-6FAM-

CATGCTCATTCTCAACCACATCACCAACA-TAMRA-
3") in a 72-well disk Rotor-Gene 6000 real-time Termo-
cycler (Corbett, Concorde, Australia). Reaction conditions
were 3 min at 95°C followed by 40 cycles of 15 s at 95°C
and 30 s at 60°C. Real-time data were obtained during the
extension phase and threshold cycle values were obtained at
the log phase of each gene amplification. PCR product
quantification was performed by the relative quantification
method [34] and standardized against 18S RNA (18S sense
primer 5'-AGGGAATTCCCGAGTAAGTGC-3', 18S anti-
sense primer 5'-GCCTCACTAAACCATCCAATC-3’, and
18S probe 5'-JOE-CATAAGCTTGCGTTGATTAAGTCC
CTGC-TAMRA-3"). Efficiency for each primer pair was
assessed by using serial dilutions of reverse transcriptase
product. Results are expressed as arbitrary units (AU) and
normalized against 18S RNA expression. The specificity of
the PCR products was confirmed by melting temperature
determination of the PCR product and high-resolution
electrophoretic analysis in 4% agarose gels (Invitrogen,
Carlsbad, CA, USA). Gene-specific primers were obtained
from IDT (Coralville, ID, USA).

Statistical Analysis

Continuous variables are presented as meanzstandard
deviation and were compared with categorical variables
using Mann—Whitney nonparametric test. Gene expression
is expressed as median value and was compared with
continuous variables using Spearman correlation test. To
compare tissue gene expression in liver, VAT, and SAT, we
used a generalized linear model. A two-tailed p value <0.05
was considered statistically significant. Statistical analysis
was performed using a commercially available software
package (SPSS version 15.0 for Windows).

Results

A total of 49 patients met the inclusion criteria (mean age
of 42.1+10.1 years, mean BMI of 42.1+6.1 kg/m?); 35/49
(71%) of female gender and 31 out of 49 (63%) patients
had MS. The variables associated with MS were male
gender, low serum HDL cholesterol and adiponectin levels,
and elevated triglycerides. Baseline characteristics of
morbidly obese patients according to MS are shown in
Table 1.

113-HSD1 Expression in Liver, VAT, and SAT Depots
in Patients with Morbid Obesity

Hepatic mRNA levels of 113-HSD1 gene in morbidly

obese patients were significantly higher [31.03+16.4 AU,
range (2.6-90.4)] than those seen in VAT {1.36+1.09 AU,
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Table 1 Baseline characteristics
of patients according to MS

HOMA-IR homoeostasis model
assessment-insulin resistance,
ALT alaninoaminotransferase,
hs-CRP high-sensitivity
C-reactive protein

*Eight patients had type 2
diabetes mellitus, five in the

Total MS (+) MS () p

N 49 31 18

Age (years) 42.1£10.1 41.4+£10.9 43.5£8.8 0.488
BMI (kg/m?) 42.1+6.1 42.9+7.0 40.7+3.8 0.550
Gender (M/F) 14/35 13/18 1/17 0.007
Plasma glucose (mg/dL)* 136.9+78.5 143.7+82.9 125.1£71.1 0.437
Plasma Insulin (uIU/mol) 17.2+12.8 18.7+15.2 14.5+6.3 0.481
HOMA-IR 5.24+3.9 5.8£4.6 4.1+£2.3 0.135
Cholesterol (mg/dL) 201.1+41.5 197.2+41.4 207.9+41.8 0.388
LDL cholesterol (mg/dL) 127.5+38.6 123.3+41.5 134.1+33.7 0.383
HDL cholesterol (mg/dL) 49.6+12.1 45.3+9.8 56+12.8 0.004
Triglycerides (mg/dL) 133.8+54.1 146.4+58.7 112.1+£37.1 0.03
ALT (IU/) 444258 46.4+30.8 40+13.2 0.38
hs-CRP (mg/L) 4.9+4.0 5.8+4.6 34+24 0.05
Adiponectin (pug/mL) 4.1£1.9 3.3£1.6 52«19 0.001

MS (+) group and three in the
MS (), p 0.628

range [0.2-4.6, (»<0.001)]} and SAT [5.24+4.89 AU,
range (0.8-23.9) (p<0.001)], being higher in SAT than in
VAT (p<0.001), with no gender-related differences (Fig. 1).
We also found that liver 113-HSDI mRNA correlated
positively with SAT mRNA levels (#=0.61, p<0.001) and
VAT mRNA levels (r=0.44, p=0.003).

11B-HSD1 Expression in Liver, VAT, and SAT According
to Clinical and Anthropometric Variables

Hepatic 113-HSD1 decreased consistently with the obesity
status according to BMI (r=—0.32, p=0.05) (Fig. 2), and a
trend toward higher expression of the enzyme was seen in
hypertensive patients (»p=0.05). On the other hand, no corre-
lation was observed between hepatic 113-HSD1 expression
and co-morbidities such as obstructive sleep apnea or
presence of gallstone disease or fatty liver. In addition,
VAT 113-HSD1 and SAT 113-HSD1 expression did not

50 + Liver-VAT p<0.001
— Liver-SAT p<0.001
3 J VAT-SAT p<0.001
s 40
()]
© 30 +
hy
o
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=" =
h
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Fig. 1 113-HSDI expression in analyzed tissues. To compare tissue
gene expression in liver, VAT, and SAT, we used a generalized linear
model observing that hepatic mRNA levels of 113-HSD1 in morbidly
obese patients were significantly higher [31.03£16.4 AU, range (2.6—
90.4)] than those seen in VAT [1.36+1.09 AU, range (0.2-4.6)] and SAT

[5.24+4.89 AU, range (0.8-23.9)] with no gender-related differences
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correlate with any clinical features or anthropometric
variables. There was no statistical correlation between
gender and age regarding 113-HSD1 mRNA expression in
liver, SAT, or VAT.

11B-HSD1 Expression in Liver, VAT, and SAT According
to Biochemical Variables

We found significant correlations between hepatic 11[3-
HSD1 expression and biochemical variables such as fasting
glucose (r=0.29, p=0.05) and ALT (»=0.36, p=0.01). An
inverse trend between liver 11(3-HSDI1 expression and
adiponectin was observed (r=—0.265, p=0.07). Significant
correlations were found between VAT 11(3-HSDI1 expres-
sion and biochemical variables such as fasting plasma
insulin (=0.48, p=0.005), ALT (»=0.36, p=0.02), total

100 -
80 4 .
604 .

40

20 -

118-HSD1/18S (AU)

30 40 50 60
BMI (kg/m?)

Fig. 2 Correlation between hepatic 11(3-HSD1 and BMI. Hepatic
expression of 113-HSDI was inversely associated with the obesity
status according to BMI (r=— 0.30, p=0.05, Spearman correlation
test). We hypothesize that a down regulation of liver enzyme occurs as
a result of long-term overstimulation secondary to increased visceral
adiposity and probably portal hypercortisolism
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cholesterol (»=0.37, p=0.02), and LDL cholesterol (»=0.36,
p=0.03). SAT 113-HSD1 expression did not correlate with
any of the biochemical variables analyzed.

11B-HSD1 Expression in Liver, VAT, and SAT According
to the Presence of MS

The 113-HSDI expression in liver, VAT, or SAT had no
statistical differences when comparing patients with or
without MS. However, MS had significant correlation with
serum levels of HDL-cholesterol (p=0.04), triglycerides
(»=0.03), hs-CRP (p=0.048), and adiponectin (p<0.001)
(Table 1). Because the MS (—) group consists of one man
and 17 women, while the MS (+) group consists of 13 and
18, respectively, we performed correlations by gender.
When analyzing female patients with and without MS, the
associations that remained with a positive correlation were
hs-CRP (p=0.01) and HDL-cholesterol (p=0.05) and a
trend with adiponectin (p=0.081).

Discussion

In the present study, we found that, in obese subjects, hepatic
mRNA 11(3-HSD1 expression levels were more than 20
times greater than the expression levels seen in adipose tissue,
and consistent with our previous report, SAT was statistically
higher than VAT [29]. The greater expression of 113-HSD1
is related to the important physiologic role of glucocorti-
coids in regulating gluconeogenic enzymes, hepatic glucose
output, and glycogen stores [35, 36]. Expression of 11[3-
HSDI in liver correlated positively with SAT and VAT 11§3-
HSD1 mRNA levels, and VAT 113-HSD1 expression was
positively correlated with SAT, suggesting important genetic
and/or systemic regulation of enzyme expression.

We found that higher expression of 113-HSD1 mRNA
in the liver positively correlated with fasting glucose levels
and serum ALT. We also observed a trend to a higher
hepatic 113-HSD1 expression in those patients who had
diagnosis of hypertension, which could be explained by
higher angiotensinogen production secondary to hepatic
hypercortisolism, as was observed in the transgenic mice
model with selective overexpression of 113-HSD1 in liver
[17, 37, 38]. We also found that hepatic 113-HSDI
expression positively correlated with higher levels of
fasting glucose, which could be related to an increase in
hepatic gluconeogenesis induced by portal and paracrine
hypercortisolism secondary to local reactivation of corti-
sone. The finding of an association between increased
levels of serum ALT with liver and VAT 113-HSD1 may be
due to the high prevalence of NAFLD in morbidly obese
patients [39]. Preliminary data from our laboratory suggest
that patients with NAFLD exhibit significantly higher

levels of 113-HSD1 mRNA in VAT when compared with
obese patients without NAFLD (Riquelme et al., unpub-
lished results). However, this finding needs to be confirmed
in larger series of patients. Of note, this observation could
be also related with enhanced cortisol reactivation as seen
in the rodent models and human studies analyzing hepatic
histopathology of morbidly obese patients [40—42]. More-
over, the fact that hepatic 113-HSD1 mRNA decreased
consistently with BMI suggests the occurrence of a down
regulation of the liver enzyme as a result of long-term
overstimulation secondary to increased visceral adiposity
and probable portal hypercortisolism. This hypothesis is
supported by data published on Cushing syndrome where
the 113-HSD1 mRNA expression is lower when compared
with idiopathic obesity [26].

The 113-HSD1 expression in VAT correlated with insulin
resistance and dyslipidemia. Similar findings have been
described in transgenic rodent models overexpressing 11[3-
HSDI in adipose tissue that develop obesity and insulin
resistance [17]. Conversely, 11betaHSD1-knockout mice are
protected from both [18]. In humans, the nonselective
11betaHSDI1 inhibitor carbenoxolone improves insulin sen-
sitivity [43], and studies analyzing glucocorticoid metabo-
lism in male subjects with type 2 diabetes have detected
a decrease in 1lbeta-HSD1 down-regulation that may
potentiate dyslipidemia, insulin resistance, and obesity
[22, 44, 45]. These studies may also explain our observation
that increased total cholesterol and LDL cholesterol are
associated with higher expression of 113-HSD1 in VAT.
However, there is some controversy about lipid metabolism in
endogenous hypercortisolism, with some authors describing
features similar to MS with elevated total cholesterol and
triglycerides [46], while others suggest increased LDL
cholesterol [47, 48]. New findings demonstrate that 11[3-
HSD1 inhibition reduced liver VLDL cholesterol secretion
and partitions lipids toward oxidative tissues [23, 49]. In a
previous study, we did not find association with VAT
expression with metabolic parameters probably because we
included patients with lower BMI, and it is known that the
prevalence of co-morbidities increase in parallel with the
obesity status.

The associations of VAT to metabolic dysregulation occur
despite lower expression in this tissue compared to SAT,
which was not associated to any clinical or biochemical
variables. This finding could be explained by two factors: fat
mass and localization. In obese patients, the splachnic and
portal hypercortisolism is mainly the result of 11(3-HSD1
activity in VAT. In fact, it has been estimated that approxi-
mately two-thirds of the splanchnic cortisol appears to
originate from VAT secretion, sufficient to allow VAT, and
not SAT, to increase cortisol input to the liver and pancreas
via the portal vein [21, 28]. In humans, the rate of cortisol
regeneration in peripheral tissues is of similar magnitude to
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adrenal secretion of cortisol and occurs principally in the
splanchnic circulation [21]. With these data, we can
hypothesize that increasing VAT during lifetime in patients
with higher expression of 11(3-HSD1 in VAT starts a vicious
circle because this enzyme was shown to promote increased
visceral adiposity [50].

One limitation in the interpretation of our results is the
fact that, in these patients, we could only evaluate 11[3-
HSD1 mRNA expression. Previous studies have addressed
this issue and have found a good correlation between 11 3-
HSD1 mRNA and protein levels in adipose tissue [26]. A
complementary assessment of 113-HSDI activity in vivo
has been performed by a determination of urinary cortico-
steroid metabolites [26, 51, 52] using the ratio of
tetrahydrometabolites of cortisol (THF+5aTHF) to those
of the cortisone (THE). Moreover, unpublished data of our
group have shown reliable assessment of 113-HSDI
activity in ambulatory patients.

In conclusion, our results suggest that liver and VAT
expression of 113-HSD1, through a higher reactivation of
cortisone to cortisol in these tissues, might have a
pathogenic role in obesity and related metabolic disorders,
such as hypertension, dyslipidemia, and insulin resistance.
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