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Abstract

Background: 11B-hydroxysteroid dehydrogenase type 1 (118-HSD1) is an enzyme greatly expressed in the adipose tissue
and acts as a reductase (convert inactive cortisone into active cortisol). Previous study assumed that the pathophysiology of
obesity might be elaborated by tissue-specific dysregulation of cortisol metabolism. Numerous studies have assessed 1103-
HSD1 gene polymorphisms and obesity risk. However, there is still a lack in the published literature evaluating the
association between 11B-HSD1 gene expression and the risk of obesity and its related diseases.

Objective: This study was carried out to investigate the relationship of 113-HSD1 gene expression with obesity, diabetes, and
hypertension in subcutaneous adipose tissue. Moreover, this study correlates 11B3-HSD1 gene expression with various
parameters in obese patients.

Patients and methods: Our study was conducted on 74 subjects; they were selected from kasr Al Aini Hospital, Surgical
Department. Obese patients (n=56) with BMI >30 kg/m* were divided according to obesity complications into obese (n=26),
obese hypertensive (n=14) and obese diabetic (n=16) groups beside 18 age- and sex-matched normal weight healthy subjects
as control group. The expression of 113-HSD1 was evaluated with real-time PCR.

Results: There was a significant difference between obese and controls in HSD11B1 gene expression level and we found a
significant difference in obese patients with diabetes and hypertension compared to normal weight healthy controls.
Furthermore, the correlation and regression analysis showed that the 113-HSD1 gene expression was correlated with fasting
blood glucose and triglycerides levels in obese patients.

Conclusion: The study shows a significant association between subcutaneous adipose tissue 113-HSD1 gene expression and
obesity. Moreover, the subcutaneous adipose tissue expression level of 113-HSD1 gene was correlated to fasting plasma
glucose level and also correlated to triglycerides. So the 11B-HSD1 gene expression is significantly increased the risk of
diabetes mellitus and hypertension in obese individuals.

Keywords: 11B-HSD1, gene expression; obese; diabetes mellitus; hypertension.

1. Introduction accumulation or irregular body fat (BF) distribution,

Obesity has become an accumulative public health
problem worldwide over the last few decades, and its
linked disorders vary by region. For instance obesity
is related to diabetes, hypertension, angina and
arthritis in China, Russia and South Africa; however
it is linked to hypertension in India [1]. More so
obesity could lead to a varied range of other diseases
[2, 3]. Obesity is generally defined as an extreme

disturbing health [4]. Primarily, obesity is classified
via a very limited criterion which is the body mass
index (BMI, kg/m®) [5]. Obesity is related to other
diseases as hypertension, cardiovascular diseases,
stroke, type 2 diabetes mellitus (T2DM),
dyslipidaemia, hepatic steatosis, gallbladder issues,
osteoarthritis, sleep apnea, and other breathing
difficulties as well as specific types of cancers like
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endometrial, breast, ovarian, prostate, liver,
gallbladder, kidney, and colon, all of these disorders
could increase the risk of mortality [6]. Some cases
correlated to disorders of the pituitary, thyroid, and
adrenal glands are considered an independent
pathology but may point to obesity [7, 8].

Numerous genes polymorphisms are involved in
multifactorial polygenic obesity, environmental
factors such as diet, absence of exercise, ultra-
processed meals, fast food, microbiome, and
chemical pollutants have an impact on this subtype
that could change gene expression [9]. 11-
hydroxysteroid dehydrogenase type 1 (118-HSD1), is
a microsomal enzyme that is extremely expressed in
critical metabolic tissues as well as adipose tissue, the
liver, and the central nervous system. Inside these
tissues, 11 —HSD1 converts the inactive cortisone to
active cortisol, a member of the family of short-chain
dehydrogenases that stimulates glucocorticoid
receptors [10]. Glucocorticoids play a significant role
in controlling the metabolism of proteins, lipids and
carbohydrates. Therefore, elevated glucocorticoids
levels could be a contributing factor in the
development of obesity, hypertension and type 2
diabetes mellitus [11].

The circulating cortisol levels are normal or even
reduced in common obesity, but the high exposure of
tissue to active glucocorticoids due to increase the
activity of 11 B -HSD1 might elucidate the similarity
between idiopathic obesity and Cushing’s syndrome
[12]. Numerous studies in rodents and humans have
clarified the involvement of 11 f -HSDI1 in the
etiology of obesity and the difficulties associated
with it. Many characteristics of the metabolic
syndrome, including BMI [13, 14], insulin sensitivity,
and blood pressure, have been linked positively by a
number of findings in humans [15, 16].
Consequently, 11B-HSD1 and its inhibitors are both
attractive targets in the pharmacotherapy of obesity,
type 2 diabetes mellitus, and hypertension due to the
involvement of 11-HSD1 enzyme in the development
of these disorders [11].

Furthermore, recently it has been shown that there is
a positive correlation between 11 B-HSD1 and
obesity in the adipose tissue of obese women [15],
which proposed that glucocorticoids could have an
essential role in the disturbance of fatty acid
recycling detected in idiopathic obesity. In humans
short-term studies concerning to weight loss revealed
no alterations in 11 f- HSD1 gene expression in the
whole AT [17, 18] however a significant rise in
mRNA levels of 11B- HSD1 in isolated adipocytes
[18]. According to a study by Purnell et al. [19],
men's adipose 11B-HSD1 gene expression
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significantly reduced after six months of established
weight loss.

This study was carried out to investigate the
relationship of 118 HSD1 gene expression with
obesity, T2DM, and hypertension in subcutaneous
AT from obese subjects with or without diabetes or
hypertension. This study also correlates 11B-HSDI1
gene expression with various parameters in obese
patients.

2. Subjects and Methods

The study conducted on 56 obese patients with or
without type-2 diabetes or hypertenssion (BMI >30
kg/m®) from kasr Al Aini Hospital, Surgical
Department (patients scheduled for bariatric surgery
for obesity), Body weight (kg) divided by height
squared (m?) was used to calculated the body mass
index (BMI). Obese patients were divided into obese,
obese with hypertention, obese with diabetes groups
(n=26;14;16; respectively) according to obesity
complications. We also classified obese patients
according to BMI [20] into normal weight: BMI <
30kg/m’; class I obesity: BMI 30-34.9 kg/m’; class II
obesity: BMI 35-39.9 kg/m?; class IIT obesity: BMI >
40 kg/m’. Beside 18 normal weight healthy
individuals matching the age and sex distributions of
the obese patients (underwent an elective minor
surgical operations i.e hernia) were served as control.
Obese patients with hepatic or renal disease, hypo- or
hyperthyroidism, acute or chronic infectious or
immunological illnesses, growth hormone
insufficiency, pregnancy, cancer, and breastfeeding
women were all excluded from this study. The
National Research Centre's Medical Ethics
Committee approved the study protocol, and each
participant in this investigation provided written
consent. Blood and subcutaneous tissue samples were
taken from every participant. All individuals
subjected to physical examinations and routine
biochemical analyses of their blood samples after an
overnight fasting. In the current study, quantitative
real-time PCR (qRT-PCR) was carried out to
investigate 11- hydroxysteriod dehydrogenase 1
(11B-HSD1) gene expression in subcutaneous
adipose tissue from obese subjects.

RNA extraction, reverse transcription and real-time
PCR

Following the manufacturer's instructions, RNA was
extracted from 1 g of tissue from each participant
using a qiazol extraction kit from Qiagen. The
extracted RNA concentration was then measured by a
nanodrop spectrophotometer, and the quality was
assessed using an A260/A280 ratio of 1.8-2.0 and
agarose gel electrophoresis. The resulting cDNA was
diluted 20 times with double-distilled water for
reverse transcription using an archive RT kit (Qiagen,
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Hilden, Germany), reactions include 15-ul RNA, 4-ul
5x Buffer containing nucleics mix and 1pl reverse
transcriptase. Relative qRT-PCR was carried out as
described previously, the thermocycling conditions
for RT-qPCR were as follows: Preheating for 10 min
at 95°C; followed by 40 cycles at 95°C for 15 sec and
60°C for 60 sec [21]. Target gene 11B-HSD1 primers
were: F: 5-AGCGAGGTCAAAAGAAACTCTA-3'
R: 5-TGAGAATGAGCATGTCTAGTCC-3" [22]
and endogenous control F 5'-
GAGTGTAAGGACCCATCGGA-3' R 5'-
CCTCCAATGGATCCTCGTTA-3', the 18S
ribosome sequence (Hs99999901_s1), were both
subjected to SYBR green master mix gene expression
tests (Applied Biosystems, Foster City, CA). Every
reaction was carried out in triplicate, and in every
replicate plate both non-template and non-polymerase
controls were incorporated. Data were normalized
against the lowest coefficient of variation, 18S, and
show statistical differences with 2**CT equation.

Statistical analysis

All data were transformed and operated using
SPSS (20.0) software program. ANOVA test was
used for comparison between the studied groups and
data are presented as mean + SE. A linear regression
analysis and Pearson’s-test were used to find out
various parameters affecting the gene expression
levels. P-values < 0.05 were considered significant.
Significant expression levels were graphically
represented by error bars graphs.

3. Results

3.1. Clinical characteristics of obese patients and
normal weight controls

The anthropometric and clinical data of the subjects
enrolled in the study are summarized in table (1).
There were no substantial differences in age or
gender between the obese participants and normal
weight controls. The BMI, fasting glucose, insulin,
HOMA-IR, total cholesterol (TC), triglycerides (TG)
and LDL-cholesterol (LDL-c) were significantly
higher in the obese subjects compared with controls
(Table 1).

3.2. Validation of 11-Beta-hydroxysteroid
dehydrogenase type 1 (11p-HSD1) gene expression
in individual tissue samples

To wvalidate the possibility of using 11-Beta-
hydroxysteroid dehydrogenase type 1 (11B-HSDI)
gene as a marker for obesity, the expression levels of
11B-HSDI in tissue of participants were assesed by
real-time quantitative PCR (qRT-PCR). The results
showed that the 11B-HSD1 expression levels were
increased in the obese patients than in normal weight
subjects (P value = 0.038; Figure 1), the means of
gene expression values were 2.52 and 1.88 in obese
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and normal weight subjects respectively. Indeed the
obesity complications, 11B-HSD1 expression levels
in obese patients with hypertension and type 2
diabetes  (MeansxSE=2.9+0.2 and 2.86%0.25;
respectively) were more significantly higher
compared to controls (P=0.01; Table 2 &Figure 2).
To further explore the correlation between 11p-HSD1
expressions and obesity, we stratified the grade of
obesity using BMI. In comparison with the normal
weight controls, class I (n=11), class II (n=19) and
class IIl (n=26) obese patients had significantly
higher levels of 113-HSDI1 gene expression in obese,
obese hypertensive and obese diabetic with P value =
0.02; 0.043; 0.005; respectively (Fig. 3). The
expression levels of 11B-HSDI gene revealed a
tendency to gradual elevated significantly with class I
& II of obesity, although this expression was
increased in class III obese patients but not a
gradually significant (Figure 3).
3.3. Correlation of tissue
expression levels with obesity
The expression levels of 11B-HSDI1 gene were
positively significantly correlated with fasting blood
glucose (r = 0.296* and P value = 0.027; Table 3) so,
the higher the fasting glucose, the higher the 11(3-
HSD1 gene expression levels in obese patients.

3.4. Linear regression analysis of 115-HSD1 gene
expression and lipid profile in obese patients
Linear regression was established in order to examine
the linear relationship between the expression of 11§-
HSD1 gene and lipid profile in the obese subjects. In
table 4, 11B-HSD1 gene expression levels and
triglycerides regression analysis showed a linear
positive association between 11B-HSD1 expression
and triglycerides, in which the triglycerides was the
independent variable and 11B-HSD1 was the
dependent variable so, the greater the triglycerides,
the greater the 11B-HSD1 expressions in obese
patients at significant level = 0.012.

11p-HSD1 gene
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Figure 1: The gene expression of 11-Beta-hydroxysteroid
dehydrogenase type 1 in obese and control groups
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Mean values of indicated 11B3-HSD1gene expression
and error bars indicating SEM are shown with p
value = 0.038.

Control group: Healthy subjects with normal weight
BMI 20-29.9 kg/m’.

Obese group: Total obese patients BMI > 30 kg/m”.

3.50 P =0.01
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Figure 2: The gene expression of 11B-HSDI in obese,
hypertension, diabetic and control groups

Mean values of indicated 11B3-HSD1gene expression
and error bars indicating SEM are shown with p
value = 0.01.

Control group: Healthy subjects with normal weight.
Obese group: Obese patients without complications
(Without hypertension or type two diabetes mellitus).
Hypertension  group:  Obese  patients  with
hypertension as obesity complication.

Diabetic group: Obese patients with type two
diabetes mellitus as obesity complication.
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Figure 3: The gene expression of 11-Beta- HSD1 according to
obesity classes in obese, obese hypertensive, obese diabetic and
normal weight controls

Mean values of indicated 113-HSD1gene expression
and error bars indicating SEM.

Normal weight: BMI < 30kg/m2

Class I obesity: BMI 30-34.9 kg/m’

Class II obesity: BMI 35-39.9 kg/m’

Class III obesity: BMI > 40 kg/m?
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Table 1

Clinical characteristics of obese patients and normal weight controls

Obese Obese with Obese with diabetes
Variables hypertension (n=14) (n=16) Control (n = 18) P value

(n=26)
Age 37.04+1.4 39.07+1.86 38.56+1.39 33.44+1.47 0.07
Sex (male/female) 6/20 5/9 3/13 711 0.4
BMI (kg/m?) 42.5+1.4 40.7+2.7 39+1.3 21.93+0.61 <0.001
Insulin (u1U/ml) 5.95+0.64 4.66+0.7 8.87+0.5 3.29+0.17 <0.001
FG (mg/dL) 94.85+0.7 96.43+2.3 124.56+2.4 88.67+1.58 <0.001
HOMA-IR index 1.26+0.13 1.0240.16 2.48+0.16 0.73+0.04 <0.001
TC (mg/dL) 170+8.8 178.6+7.3 224.5+4.3 147+2.39 <0.001
TG (mg/dL) 136.6+9 170.4+8 172.4+4 94.28+2.54 <0.001
HDL-c (mg/dL) 57+1.4 55+1.2 57+0.9 53.39+0.86 0.14
LDL- ¢ (mg/dL) 85.9+8.7 89.3+7.6 132.95+4.4 74.75+2.03 <0.001

Numeric variables are presented as mean + SE or numbers.
P value for comparison between obese and control groups.
P value <0.05 are represented in bold font and considered as statistically significant.

BMI: Body mass index
Total cholesterol

FG: Fasting glucose
TG: Triglycerides

LDL-c: Low density lipoprotein-cholesterol

Table 2

HDL-c: High density lipoprotein-cholesterol

The gene expression of 11-Beta-hydroxysteroid dehydrogenase type 1 (113-HSD1) in obese and control groups

HOMA-IR: homoeostasis model assessment-insulin resistance TC:

_ Obese with hypertension Obese with diabetes Controls
Gene Obese (n=26) (n=14) (n=16) (n=18) P value
Mean +SE  95% CI Mean+SE  95% CI Mean + SE 95% CI Mean +SE  95% CI
11p-HSD1 2102 1.6-26 29402 24-33 2.86+0.25 2.3-34 1.8+0.3 1324 0.01

Numeric variables are presented as mean + SE and 95% Confidence Interval (95% CI).
P value for comparison between obese and control groups.
P value <0.05 are represented in bold font and considered as statistically significant.

Table 3

Pearson’s correlation of 11-Beta-hydroxysteroid dehydrogenase type 1 gene with insulin, fasting glucose and HOMA-IR index

Pearson’s correlation

Co-variables r P value
Insulin (u1U/ml) 0.074 0.588
Fasting Glucose (mg/dL) 0.296* 0.027
HOMA-IR index 0.12 0.378

P value <0.05 are represented in bold font and considered as statistically significant
HOMA-IR: homoeostasis model assessment-insulin resistance
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Table 4

Linear regression analysis of 11-Beta-hydroxysteroid dehydrogenase type 1 gene and lipid profile in obese patients

Unstandardized Coefficients | Standardized Coefficients 95% Confidence Interval for B
Variables B Standard Error Beta t Significant Lower Bound Upper Bound
TG 0.009 0.004 0.340 2.607 0.012 0.002 0.016
HDL 0.035 0.024 0.194 1.484 0.144 -0.012 0.083
LDL 0.000 0.004 -0.012 -.094 0.926 -0.007 0.007

Dependent variable: 113-HSD1

P value <0.05 are represented in bold font and considered as statistically significant

TG: Triglycerides HDL: High density lipoprotein

4. Discussion

The HSD11B1 gene encodes the bidirectional enzyme
hydroxysteroid (11-beta) dehydrogenase type 1 (11p-
HSDI1), which is extremely expressed in adipose
tissue (AT) [18]. In human studies, overexpression of
11-BHSD1 is associated with obesity, metabolic
syndrome, diabetes and hypertension. However, this
established association is still unclear [23, 24]. In this
concern, multiple genomic studies containing greater
and additional homogeneous populations are
necessary to recognize exact genetic biomarkers in
these disorders [25]. The purpose of this study is to
present genetic marker associated to the pathogenesis
of obesity and some related diseases in Egyptian
patients.

This study showed that there was a statistically
significant difference between 11B-HSD1 gene
expression level in subcutaneous adipose tissues
(SAT) of obese patients and normal weight healthy
controls in Egyptian patients. In accordance with our
results, a systematic review was conducted in other
populations to assess the potential relationship of 11-
BHSD1 gene expression in adipose tissue with
obesity [23]. Conversely, some research did not
support a link between HSD11B1 expression in SAT
and central or generalized obesity [26, 27]. From our
study and the previous findings, 11B-HSDI1 might
support preadipocyte differentiation and might be
elaborated in the progress of obesity. This could be
explained as adipose cells in early differentiation
stage displayed a switch from dehydrogenase activity
(which inactivates cortisol to cortisone) to reductase
activity (which produces active cortisol from inactive
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LDL: Low density lipoprotein

cortisone), certifying autocrine generation of cortisol,
that induced adipocyte differentiation  [28].
Therefore, the fact that 11BHSD1 appeared to be
crucial for adipocyte development and for controlling
adipose tissue depots suggested that inhibiting 11B3-
HSD1 could be a successful therapy in obesity [29].
Additionally in this study, 11B-HSDI1 expression
levels reported highly significant increase in obese
patients with hypertension and diabetes, as obesity
complications, compared to healthy controls. These
results of the current study were consistent with
another study by Shukla et al. [30], who found that
11BHSD1 activity is increased in type 2 diabetes
mellitus (T2DM). Similarly, genetic association
studies were done in in Pima Indians and South
Indian populations to study the association of
HSDI11p1 gene polymorphisms with T2DM and the
results showed that HSD11B1 gene was associated
with T2DM [31, 32]. Furthermore, Szweda-Gandor et
al. provided a basic research on the role of the
HSDI11B1 gene in the pathogenesis of insulin
resistance [33]. Concerning the relation of 113-HSD1
with hypertension, Bailey [34] study was in
agreement with our results who found that 11fHSD1
contributes to hypertension. On the contrary, the
association between HSD11B1 polymorphisms and
T2DM and metabolic phenotypes were studied in
Korean and no substantial link was found [35, 23].
Moreover, the association of HSD11B1 gene variants
with diabetes, hypertension, and obesity was
examined in a longitudinal population study of
American Indians, the results showed that the
associations between HSD11B1 gene with diabetes
were not statistically significant [36].

Our study suggested that 118-HSD1 is probable to
play a multiple role in adiposity determination and its
complications as diabetes and hypertension that
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might be owing to tissue-specific regulation of this
enzyme. This finding proposed that both adiposity-
dependent and independent mechanisms underlie
11B-HSD1 activity's effects on early insulin
secretion, insulin resistance, and ultimately improved
risk of diabetes in humans [37]. Indeed, raised
11BHSD activity could cause metabolic syndrome
development; the metabolic syndrome defined a
concurrence of interrelated abnormalities, including
dyslipidaemia, visceral obesity, hypertension, and
insulin resistance [38]. An 11B-HSDI inhibitor has
been proposed to reverse metabolic syndrome in mice
over expressing 11BHSD1 since 11 B HSD knockout
transgenic animals show greater insulin sensitivity
and are moreover resistant to progress metabolic
syndrome when put on a raised fat diet [39]. This has
led to the suggestion that elevated 11 HSD1 activity
contributes to the progress of T2DM and the
metabolic syndrome. Though, future studies in the
Egyptian population, other than replication of our
results in other metabolically characterized
populations are essential to support this suggestion.
The putative important function of 11p-HSDI1 in the
pathogenesis of visceral obesity and metabolic
syndrome has been highlighted in previous human
and animal research. As a result of its direct and
indirect effects on the kidney and vascular system,
11B-HSD1 increases the glucocorticoid's effect in
cells and leads to hypertension [34], more so mice
that over expressed 11BHSDI have severe
hypertension as result of elevated angiotensinogen
production by the liver [40]. Increased the levels of
11B-HSD1 activity in AT were positively correlated
with blood pressure, insulin sensitivity, and markers
of central fat storage [41]. The idea that lower
glucocorticoid activity in AT may have positive
impacts on body composition and the metabolic
profile is supported by the concept that gene
modification research in rodents and associational
studies in humans have emphasized the role of 11B-
HSDI on energy metabolism pathways. Due to the
fact that pharmacological inhibition of 118-HSD1
enhanced lipid profiles, insulin sensitivity, and
glucose tolerance in rodents, it has been suggested as
an attractive goal [42].

In this study, we stratified the degree of obesity by
BMI in order to further investigate the association
between 11B-HSD1 expressions and obesity.
Compared to the controls with normal weight, class I,
class II and class III obese patients had significantly
higher levels of 11B-HSD1 gene expression. The
expression levels of 11B-HSD1 gene had shown a
tendency to elevate gradually with class I & II of
obesity, although this expression was improved in
class III obese patients but not a gradually significant.
In the same line with our study prior studies reported
a linear relationship between subcutaneous 11B-
HSD1 and BMI [43, 14, 44]. However in Simonyte et
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al. [45] investigation, this was detected only after
weight loss, when the physiological status had altered
from morbid obesity to overweight. This may imply
that the link between 11p -HSD1 and BMI disappears
above a certain BMI threshold and there are variables
other than weight gain may affect disturbances in
glucocorticoid metabolism, these disturbances in
glucocorticoid metabolism may therefore be seen as
more of a response to obesity than a cause.
Additionally in the current study, 11B-HSD1 gene
expression levels and triglycerides regression
analysis showed a linear positive association between
11B-HSD1 expression and triglycerides. Consistent
with the finding of the present study, free fatty acid
(FA) and triglyceride levels in serum were elevated
when 11B-HSD1 was overexpressed in fat; in
contrast, 113-HSD1 knockout mice that were fed ad
libitum had much reduced plasma triglyceride levels
[46, 47]. Regarding to the correlation between 11f-
HSD1 gene expression and fasting blood glucose
levels, the expression level of 113-HSD1 gene was
positively correlated with fasting blood glucose this
observation was in consistent with Baudrand et al.
[48] who found that HSD11B1 expression increased
respectively with increasing fasting plasma glucose in
morbid obese subjects.

5. Conclusions

The present study demonstrated a significant
association between 11B-HSDI1 gene expression and
obesity. Elevation of 118-HSD1 gene expression in
subcutaneous adipose tissue appears to improve its
involvement in severe obesity. Additionally, the
expression level of 113-HSD1 gene was correlated to
fasting plasma glucose level and also correlated to
triglycerides. So thel1B-HSD1 gene expression level
was significantly increase the risk for diabetes
mellitus and hypertension in obese individuals. These
findings reinforce the importance of 118-HSD1 as a
mediator and can be used as therapeutic target in
obesity and its related diseases.

6. The limitation of the study:

In order to find the genetic biomarkers that underlie
the relationship between obesity and its
complications, more research with larger and more
homogeneous populations is required. To eliminate
false-positive relationships and to decrease systemic
biases and technical errors, the findings from these
researches should be replicated in several populations
with appropriate sample size.

7. Abbreviations: 11-BHSD1: Hydroxysteroid (11-
beta) dehydrogenase type 1; IR: Insulin resistance;
T2DM: Type 2 diabetes mellitus; BMI: Body mass
index; SAT: subcutaneous adipose tissue; AT:
adipose tissue; PEPCK: phosphoenol pyruvate
carboxykinase C; FA: fatty acid.



172 H. A. Aziza et.al.

8. Competing interests: The authors declare that
they have no competing interests.

9. Author contributions: Contributed equally to the
work and have approved the final version submitted
for publication.

10. Ethical approval: The study was approved by
the ethical committee of the National Research
Centre, Egypt (Registration number 19-162).

11. Acknowledgements: The authors gratefully
acknowledge the financial support from the National
Research Centre (NRC) [Project no. 12060170]. We
thank the patients and subjects who participated in
the study.

12. References

1. Shukla, A., Kumar, K. & Singh, A. Association
between obesity and selected morbidities: A
study of BRICS countries. PLoS One 9, €94433
(2014)

2. Cabrera-Fuentes, H.A., et al. From basic
mechanisms to clinical applications in heart
protection, new players in cardiovascular diseases
and cardiac theranostics: Meeting report from the
third international symposium on ‘New frontiers
in cardiovascular research’ Basic Res
Cardiol 111, 69 (2016)

3. Cabrera-Fuentes, H.A., et al. Meeting report from
the second international symposium on new
frontiers in cardiovascular research. Protecting
the cardiovascular system from ischemia:
Between bench and bedside. Basic Res Cardiol
111,7 (2016)

4.Bray GA. Evaluation of obesity. Who are the
obese? Postgrad Med 114, 19-27 (2003)

5. Romero-Corral A., et al. Accuracy of body mass
index in diagnosing obesity in the adult general
population. Int J Obes (Lond) 32, 959-66 (2008)

6. Purnamasari, D., Badarsono, S., Moersadik, N.,
Sukardji, K. & Tahapary, D.L. Identification,
evaluation and treatment of overweight and
obesity in adults: Clinical practice guidelines of
the obesity clinic, Wellness Cluster Cipto
Mangunkusumo Hospital, Jakarta,
Indonesia. JAFES 26, 117-21 (2011)

7. Sidhu, S., Parikh, T., Burman, K.D. Endocrine
Changes in Obesity. In: Feingold, K.R. et al.
editors. Endotext South Dartmouth (MA),
MDText.com

8. Alvarez-Castro, P., Sangiao-Alvarellos, S.,
Brandon-Sanda, 1. & Cordido, F. Endocrine
function in obesity. Endocrinol Nutr 58, 422-32
(2011)

9. Muioz Yifez, C., Garcia Vargas, G.G. & Pérez-
Morales, R. Monogenic, polygenic and

Egypt. J. Chem. 66, No. 7 (2023)

10.

11.

12.

13.

14.

15.

16.

17.

18.

20.

21.

multifactorial obesity in children: Genetic and
environmental factors. Austin J Nutr Metab 4,

1052 (2017)

White, P.C., Mune, T. & Agarwal, A.K. 11 beta-
Hydroxysteroid dehydrogenase and the syndrome
of apparent mineralocorticoid excess. Endocrine
Reviews 18 (1), 135-56 (1997)

Kupczyk, D., et al. 11B-HSD as a New Target in
Pharmacotherapy of Metabolic Diseases. Int J
Mol Sci 23, 8984 (2022)

Wake, D.J. & Walker, B.R. 11-Hydroxysteroid
dehydrogenase type 1 in obesity and the
metabolic syndrome. Mol Cell Endocrinol 215,
45-54 (2004)

Lindsay, R.S. et al. Subcutaneousadiposell-
hydroxysteroid dehydrogenase type 1 activity and
messenger ribonucleic acid levels are associated
with adiposity and insulinemia in Pima Indians
and Caucasians. J Clin Endocrinol Metab 88,
2738-2744 (2003)

Rask, E., et al. Tissue-specific changes in
peripheral cortisol metabolism in obese women:
increased adipose 11-hydroxysteroid
dehydrogenase type 1 activity. J Clin Endocrinol
Metab 87, 3330-3336 (2002)

Goedecke, J.H., et al. Glucocorticoidmetabolism
within superficial subcutaneous rather than
visceral adipose tissue is associated with features
of the metabolic syndrome in South African
women. Clin Endocrinol (Oxf) 65, 81-87 (2006)

Simonyte, K., et al. Obesity is accompanied by
disturbances in  peripheral  glucocorticoid
metabolism and changes in FA recycling. Obesity
(Silver Spring) 17, 1982—1987 (2009)

Engeli, S., et al. Regulation of 113-HSD genes in
human adipose tissue: influence of central obesity
and weight loss. Obes Res 12, 9—17 (2004)

Tomlinson, J.W., et al. Weight loss increases
11B-hydroxysteroid  dehydrogenase type 1
expression in human adipose tissue. J Clin
Endocrinol Metab 89(6), 2711-2716 (2004)

. Purnell, J.Q., et al. Enhanced cortisol production

rates, free cortisol, and 11 B -HSD-1 expression
correlate with visceral fat and insulin resistance
in men: effect of weight loss. Am J Physiol
Endocrinol Metab 296, E351-E357 (2009)

Jacob, C.S. & Katherine, M.F. Assessing obesity:
classification and epidemiology. British Medical
Bulletin (1997)

Liu, K., Zhang, L., Li, X. & Zhao, J. High
expression of HSD11B1-AS1 indicates favorable
prognosis and is associated with immune
infiltration in cutaneous melanoma. Oncol Lett
23(2), 54 (2022)



11B HYDROXYSTEROID DEHYDROGENASE TYPE 1 GENE.. 173

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Han, D., et al. Microenvironment-associated gene
HSD11B1 may serve as a prognostic biomarker
in clear cell renal cell carcinoma: a study based
on TCGA, RT-qPCR, Western blotting, and

immunohistochemistry.  Bioengineered 12(2),
10891-10904 (2021)
Do Nascimento, F., et al. Association of

HSD11B1 polymorphic variants and adipose
tissue gene expression with metabolic syndrome,
obesity, and type 2 diabetes mellitus: a systematic
review. Diabetology & Metabolic Syndrome 7
(1), 38-43 (2015)

Elhalawany, S.H., Botros, R.M., Fahmy, E.M.,
Younis, A.T. & Hendawy, L.M. Association of
11beta-hydroxysteroid dehydrogenase type 1
(HSD11B1) gene polymorphism with Type 2
Diabetes Mellitus in a sample Egyptian
Population. Egyptian J Hospital Medicine 83,
1050-1055 (2021)

Lee, S., et al. Genetic Diversity of Insulin
Resistance and Metabolic Syndrome. Genetic
Variation DOI: 10.5772/intechopen.93906 (2020)
Michalaki, M., et al. The expression of omental
11beta-HSD1 is not increased in severely obese
women with metabolic syndrome. Obes Facts
5(1), 104-11 (2012)

Tomlinson, J.W., Sinha, B., Bujalska, I.,
Hewison, M. & Stewart, P.M. Expression of
11beta-hydroxysteroid dehydrogenase type 1 in
adipose tissue is not increased in human obesity.
J Clin Endocrinol Metab 87(12), 5630-5 (2002)
Bujalska, I.J., Kumar, S., Hewison, M. & Stewart,
P.M. A switch in the dehydrogenase to reductase
activity of 11pB-hydroxysteroid dehydrogenase
type 1 upon differentiation of human omental
adipose stromal cells. J Clin Endocrinol Metab
87:1205-10 (2002)

Espindola-Antunes, D. & Kater, C.E. Adipose
Tissue Expression of 11B-Hydroxysteroid
Dehydrogenase Type 1 in Cushing’s Syndrome
and in Obesity. Arq Bras Endocrinol Metab
51(8), 1397-1403 (2007)

Shukla, R., et al. 11p Hydroxysteroid
dehydrogenase — 1 activity in type 2 diabetes
mellitus: a comparative study. BMC Endocrine
Disorders 19, 15 (2019)

Nair, S., et al. 11B-Hydroxysteroid
dehydrogenase Type 1: genetic polymorphisms
are associated with Type 2 diabetes in Pima
Indians independently of obesity and expression
in adipocyte and muscle. Diabetologia 47(6),
1088-1095 (2004)

Devang, N, et al. Association of HSD11B1 gene
polymorphisms with type 2 diabetes and
metabolic syndrome in South Indian population.

Egypt. J. Chem. 66, No. 7 (2023)

33.

34.

35.

36.

37.

38.

39.

40.

41.

42

43.

Diabetes Research & Clinical Practice 131, 142-
148 (2017)

Szweda-Gandor, N., “Snit, M. & Grzeszczak, W.
Association between Selected Polymorphisms
rs12086634, rs846910, rs4844880, rs3753519 of
11-Hydroxysteroid Dehydrogenase Type 1
(HSD11B1) and the Presence of Insulin
Resistance in the Polish Population of People
Living in Upper Silesia. Int J Environ Res Public
Health 18(19), 10168 (2021)

Bailey, M.A. 11B-Hydroxysteroid
Dehydrogenases and Hypertension in the
Metabolic Syndrome. Curr Hypertens Rep 19,
100 (2017)

Moon, S., et al. Relationship of 11f-
hydroxysteroid dehydrogenase type 1 and
hexose-6-phosphate dehydro-genase gene

polymorphisms with metabolic syndrome and
type 2 diabetes.
https://doi.org/10.1507/endocrj.EJ11-0035 (2011)
Devang, N, et al. Association of HSD11B1 gene
polymorphisms with type 2 diabetes and
metabolic syndrome in South Indian population.
Diabetes Research & Clinical Practice 131, 142-
148 (2017)

Yun, L.I.U.,, Wen-lan, S.U.N., Yan, S.U.N,,
Gang, H.U. & Guo-xian, D.ILN.G. Role of 11-
beta-hydroxysteroid dehydrogenase type 1 in
differentiation of 3T3-L1 cells and in rats with
diet-induced obesity. Acta Pharmacologica
Sinica 27(5), 588-596 (2006)
Robert, C., et al. Abnormal cortisol metabolism
and tissue sensitivity to cortisol in patients with
glucose intolerance. J Clin Endo Metab 87(12),
5587-93 (2002)
Hermanowski-Vosatka, A., et al. 11Beta-HSD1
inhibition ameliorates metabolic syndrome and
prevents progression of atherosclerosis in mice. J
Exp Med 202, 517-27 (2005)
Masuzaki, H., et al. Transgenic amplification of
glucocorticoid action in adipose tissue causes
high blood pressure in mice. J Clin Invest 112,
83-90 (2003)

Kershaw, E.E., et al. Adipocyte-specific
glucocorticoid inactivation protects against diet-
induced obesity. Diabetes 54, 1023-1031 (2005)

. Berthiaume, M., et al. Depot-specific modulation

of rat intraabdominal adipose tissue lipid
metabolism by pharmacological inhibition of 11-
hydroxysteroid dehydrogenase type 1. Endocrinology
148, 2391-2397 (2007)

Lindsay, R.S., et al. adiposel 1-
hydroxysteroid dehydrogenase type 1 activity and
messenger ribonucleic acid levels are associated with
adiposity and insulinemia in Pima Indians and

Subcutaneous



174

H. A. Aziza et.al.

44,

45.

46.

47.

48.

Caucasians. J Clin Endocrinol Metab 88, 2738-2744
(2003)

Rask, E., et al. Tissue-specific dysregulation of cortisol
metabolism in human obesity. J Clin Endocrinol
Metab 86, 1418-1421 (2001)

Simonyte, K., et al. Weight Loss after Gastric Bypass
Surgery in Women Is Followed by a Metabolically
Favorable Decrease in 11-Hydroxysteroid
Dehydrogenase 1 Expression in Subcutaneous Adipose
Tissue. J Clin Endocrinol Metab 95, 3527-3531
(2010)

Masuzaki, H., et al. A transgenic model of visceral
obesity and the metabolic syndrome. Science
294(5549), 2166-2170 (2001)

Morton, N.M., et al. Improved lipid and lipoprotein
profile, hepatic insulin sensitivity, and glucose
tolerance in 11-hydroxysteroid dehydrogenase type 1
null mice. J Biol Chem 276, 41293-41300 (2001)
Baudrand, R., et al. Overexpression of 1lbeta-
hydroxysteroid dehydrogenase type 1 in hepatic and
visceral adipose tissue is associated with metabolic
disorders in morbidly obese patients. Obes Surg 20(1),
77-83 (2010)

Egypt. J. Chem. 66, No. 7 (2023)



