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Obesity is a complex disease considered as a global epidemic which has been associated with
elevated levels of inflammatory cytokines and Ghrelin. Of all the bariatric procedures, laparoscopic
sleeve gastrectomy is the most widely used procedure across the globe. This study sought to assess
the efficiency of laparoscopic sleeve gastrectomy surgery by measuring long-term changes in
inflammatory cytokines and ghrelin levels, in visceral and subcutaneous adipose tissue, at protein
and gene expression level. The results showed that protein and gene expressions of inflammatory
cytokines in visceral and subcutaneous adipose tissues fall significantly 5 years postoperatively
(p<0.05). At gene expression level, Ghrelin concentration may decrease by 37% and 31% in VAT and
SAT tissues, respectively. However, the protein expression of Ghrelin in VAT tissue may increase by
approximately 44%, 5 years after LSG surgery (p>0.05). To the best of our knowledge, this is the first
study to demonstrate the efficiency of the laparoscopic sleeve gastrectomy surgery by investigating
the concentration of inflammatory cytokines and ghrelin, 5 years after surgery.

Introduction
Obesity is a chronic disease with increasing prevalence in adults, adolescents and children.
At present, obesity is increasing at a rapid rate since it affects 604 million adults across the globe
[1,2]. According to recent epidemiologic data, over 30% of adults reported themselves as obese
with a Mean Body Mass Index (BMI) greater than 30 kg/m2 in the United States [3]. Further, the
obesity rate has increased by approximately 27.2% in low- to middle-income countries [2]. Obesity
contributes significantly to the associated comorbidities, such as cancer, cardiovascular diseases,
and diabetes mellitus, making this modern epidemic one of paramount importance [4,5].
In general, management of obesity can be mainly achieved via two approaches, namely the
conservative approach (i.e. diet and exercise) and the surgical approach (i.e. bariatric surgery).
Bariatric surgery has been considered an effective treatment option for obese people with a variety
of procedures available to date [6]. Surgical options include Roux-en-Y gastric bypass, adjustable
gastric banding and Laparoscopic Sleeve Gastrectomy (LSG) surgery. LSG remains the most
favourable option due to its low cost and efficiency in weight loss [7]. The underlying mechanisms
associated with weight loss include reduction of gastric volume and most importantly, its hormonal
effect on appetite and energy homeostasis [8,9]. It has been noted that several hormones are major
regulators of hunger and appetite, which in turn, are affected by bariatric operations such as LSG.
In this study, Ghrelin (Ghr) and inflammatory cytokine (IL-6, IL-1b, TNFa) level changes
have been measured in visceral (VAT) and subcutaneous (SAT) tissue samples at protein and gene
expression (mRNA) level following LSG surgery. To the best of our knowledge, this is the first study
to assess and demonstrate the efficiency of the LSG technique 5 years post-surgery.
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Materials and Methods

cDNA was synthesized using SuperScriptTM Reverse Transcription
Kit (Thermo Fisher Scientific, Waltham, Massachusetts, USA).
Quantitative RT-PCR amplifications of IL-1b, IL-6, TNFa and Ghr
were carried out using PCR detection systems mix kit (Thermo Fisher
Scientific, Waltham, Massachusetts, USA). Specificity analysis was
performed with High Resolution Melt curves (HRM).

Study subjects and tissue specimens
A multicenter cross-sectional study was conducted in order
to evaluate the postoperative physiological changes in obese
patients undergoing bariatric surgery. The study was performed at
Hippokration General Hospital, Evgenidion Clinic of Athens and
General Hospital of Athens “Georgios Gennimatas” between 2014
and 2020. The protocol obtained approval from the Local Research
Ethics Committee. Written informed consent/assent was obtained
from all participants.

Statistical analysis
All statistical analyses were performed using MS-Excel (Microsoft,
Redmond, WA, United States). Control group (Group A) and study
group (Group B) were compared by performing a Student’s t-test. All
the tests applied were two-tailed. The summary statistics for variables
were reported as mean ± Standard Error of the Mean (SEM). The level
of statistical significance was set at 5% level (i.e. p value <0.05).

Thirty-five patients who underwent LSG surgery and subsequently
abdominoplasty was included in this study (Group A). The BMI
values of the study group were greater than 40 kg/m2 or 35 kg/m2 with
obesity associated comorbidities. Although exercise and improved
dietary habits was emphasized before the procedure, all participants
were unsuccessful to permanently lose weight with conservative
treatment. These aspects were closely observed through the process.
Prolonged weight loss, prevention of weight regains and remission of
obesity-induced co morbidities was achieved by increasing awareness
towards these factors. Patients with uncontrolled psychiatric disease,
malignancies or chronic inflammatory conditions, with alcohol
or drug abuse, underage, pregnant women and patients who did
not discipline with the dietary habits and intake frequency were
excluded. The control group (Group A, BMI<30 kg/m2) consisted of
15 participants who underwent elective abdominal surgery.

Results
All patients were screened by measuring weight, height and waist
circumference (Table 1). In this study, control group (Group A) was
assumed to be normal and it was consisted of 15 patients. A total of 11
males (31.2%) and 24 females (68.5%) were included in group B, with
no difference in gender distribution between the two groups (p>0.05).
As shown in Table 1, all patients were screened by measuring weight,
height and waist circumference. As can be seen in Table 1, weight loss
percentage 5 years following LSG surgery was substantially notable
and well sustained.
Inflammatory cytokines, such as IL-6, TNFa and IL-1b, Ghr were
analyzed at the protein and gene level (mRNA) in adipose tissues. The
presented data show that pro-inflammatory cytokine levels associated
with obesity subside after surgery. (Figure 1a, 1b) reveals that
protein concentration values of TNFa in the VAT and SAT tissues
were lower, by approximately 47.7% and 88.8%, respectively, when
compared to IL-6 in the study group. In addition, it was observed that
protein concentration values of IL-1b in the VAT and SAT tissues
were also lower, by approximately 92% and 78.1%, respectively, when
compared to IL-6 in the study group.

Samples of SAT and VAT adipose tissue were obtained from
the abdominal incision sites. First, elective abdominal surgery was
performed to obtain samples of gastric tissue, fundus, fat and rectus
abdominis muscle (Group A). Second, the aforementioned samples
were obtained during LSG surgery (Group A). Further, these samples
were also obtained during abdominoplasty surgery (Group B), 5
years after the initial procedure (i.e. LSG). All samples were washed
in saline buffer, frozen in liquid nitrogen and stored at -80°C until
analysis.

At the protein level, IL-6 showed a substantial decline in VAT
as well as SAT tissues 5 years postoperatively when compared to the
pre-op (LSG surgery), especially in VAT tissues, IL-6 is lower by
60% while in certain cases IL-6 may decrease by up to 72% (Figure
2) (p<0.05). Furthermore, Ghr at protein level, 5 years after LSG,
showed a significant increase by 43.5% in VAT tissue (Figure 3). It
was observed that Ghr in VAT tissue may increase by up to 400% in
certain cases. TNFα and IL-1b also decreased in VAT and SAT tissues
after LSG surgery, but not as significantly as IL-6 (Table 2). Notably,
the values of Ghr, 5 years postoperatively in VAT and SAT tissues fell

Human inflammatory Cytokine multiplex ELISA kit (Arigo
Biolaboratories, Taipei, Taiwan) and Human Ghr ELISA kit
(MyBioSource Inc., San Diego, CA, USA) were utilized to accurately
measure cytokines and Ghr, respectively. Samples were tested
together with standards diluted with a similar matrix provided with
each kit. Optical Density (O.D) vs. cytokine concentration (pg/
mg) was produced with the kit. Concentration of cytokines was
determined by comparing the O.D. to the standard curve. Total
RNA was extracted from the adipose tissue samples using Invitrogen.
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Figure 1: Protein concentration (pg/mg) values of inflammatory cytokines in a) visceral (VAT) and b) subcutaneous (SAT) tissues.
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Table 1: Demographics and weight loss percentage 5 years following Laparoscopic Sleeve Gastrectomy (LSG).
Patients

Number of Patients

Age

BMI (kg/m2)

Waist circumference (cm)

Weight loss percentage (%)

Male

11

36.82 ± 2.04

41-49.2

130.1-150.8

41.23 ± 2.7

Female

24

41.63 ± 0.99

38.2-48.9

112.5-137

38.17 ± 3.1

Control Group

15

44.27 ± 1.11

20.7-27.2

74.5-92.9

Table 2: Protein expression levels in control and study group.
Tissue Sample

Visceral

Subcutaneous

Control Group

Pre-op

Post-op

Control Group

Pre-op

Post-op

IL-6

3.89 ± 0.594

34.27 ± 4.658

13.68 ± 1.502

16.94 ± 2.406

14.91 ± 1.840

11.34 ± 1.758

TNFa

0.41 ± 0.095

1.31 ± 0.199

1.20 ± 0.182

0.25 ± 0.049

0.36 ± 0.020

0.33 ± 0.022

IL-1b

1.34 ± 0.105

2.51 ± 0.167

2.35 ± 0.158

1.12 ± 0.143

3.27 ± 0.429

2.98 ± 0.386

GHR

0.73 ± 0.093

0.39 ± 0.055

0.56 ± 0.042

0.43 ± 0.057

0.49 ± 0.031

0.54 ± 0.035

Table 3: Gene expression (mRNA) levels in control and study group.
Visceral

Subcutaneous

Tissue Sample
Control Group

Pre-op

Post-op

Control Group

Pre-op

Post-op

IL-6

4.31 ± 1.188

8.02 ± 0.895

6.26 ± 0.652

3.29 ± 0.666

29.97 ± 3.426

22.71 ± 3.182

TNFa

3.61 ± 0.543

7.19 ± 0.813

6.89 ± 0.722

0.54 ± 0.044

17.94 ± 3.540

14.42 ± 2.934

IL-1b

0.75 ± 0.052

3.60 ± 0.643

2.88 ± 0.492

0.84 ± 0.116

14.24 ± 1.581

11.47 ± 1.378

GHR

1.13 ± 0.171

2.03 ± 0.258

1.68 ± 0.175

0.83 ± 0.115

0.7 ± 0.047

0.63 ± 0.036
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Figure 3: Protein concentration (pg/mg) values of Ghr in visceral (VAT)
tissues.
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Figure 2: Protein concentration (pg/mg) values of IL-6 in visceral (VAT)
tissues.
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Figure 4: Gene expression (mRNA) values of Ghrelin (Ghr) in a) visceral (VAT) and b) subcutaneous (SAT) tissues.

within the range of the values of the control group. In certain cases,
the values of IL-6 in SAT tissue and Ghr in VAT tissue were even
lower when compared to the values of the control group (p>0.05).

expressed low levels of transcripts for IL-6, IL-1b, TNFα markers that
have been associated with chronic inflammation related to obesity.
Ghr expression also expressed low transcript levels (Figure 4a, 4b).
In particular, significant decrease of the inflammatory cytokines
was observed mainly in SAT tissue. For instance, Il-6, TNFa and
IL-1b in SAT tissue, may decrease by approximately 24%, 20% and
19%, respectively. In contrast to Ghr at protein level which showed

At mRNA level, the inflammatory cytokines (i.e. IL-6, TNFa and
IL-1b) showed a decline 5 years postoperatively in both VAT and
SAT tissues (Table 3) (p<0.05). A large proportion of obese patients
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an increase in SAT and VAT tissues, Ghr at mRNA level showed a
decrease in both tissues. The decrease of Ghr after LSG may be up
to 37% and 31% in VAT and SAT tissues, respectively. It should
be noted that Ghr values 5 years postoperatively in SAT tissue, fell
within the range of the values of the control group (Table 3) (p>0.05).

was downregulated [32,33]. Even though gene expression levels of
Ghr were similar with previous studies [31], protein concentration of
Ghr levels showed significant increase 5 years following LSG surgery.
The reason for this increase in Ghr expression is probably due to
altered expression of Ghr-regulating molecules and/or from glucose
levels along with improved dietary habits [34].

Discussion

Findings suggest that chronic inflammation associated with
obesity subsides 5 years following sleeve gastrectomy surgery and
that can be seen by the decrease in gene expression and protein levels
of classical pro-inflammatory cytokines. Furthermore, Ghr protein
concentration levels in adipose tissues (i.e. VAT, SAT) fell within the
values of control group. Ghr postoperative alteration levels seem to
play a key role to weight reduction and maintenance following sleeve
gastrectomy.

LSG surgery has been successfully applied in long-term weight
loss and sustainability [10-13]. LSG promotes weight loss through
restriction of gastric volume (mechanical) but mainly, through
hormonal alterations (endocrine) to the advantages of weight loss
[8,9]. Tissue sample values for both gene expression (mRNA) and
protein levels have been analyzed, in order to assess the efficiency of
the technique along with the sustained cytokine and Ghr changes,
5 years after LSG surgery. In this study, the protein concentration
levels of pro-inflammatory cytokines subside postoperatively, while
Ghr showed a significant increase in antipose tissues. At mRNA level,
proinflammatory cytokines (IL-6, IL-1b, TNFa) as well as Ghr showed
a decrease in both VAT and SAT tissues. The results of cytokines are
in agreement with similar findings by Rakotoarivelo [14].

Conclusion
It has been shown that LSG surgery is an effective weight loss
surgery in obese individuals. At protein and mRNA expression levels,
cytokines fall significantly in both VAT and SAT tissues 5 years
postoperatively. For instance, the protein expression of IL-6 in VAT
tissues may decrease by up to 72% (p<0.05).

Proinflammatory cytokines play a significant role in the
development of obesity and the associated disorders, namely type 2
diabetes, dysmetabolic syndrome X and hypertension. These cytokines
regulate energy balance and carbohydrate metabolism [15,16]. They
are expressed in VAT and SAT adipocytes [17]. IL-6 is responsible for
immune response activation and is related to the synthesis of acute
phase proteins in liver. IL-1b is a cytokine produced within cells of
the innate immune system, such as monocytes and macrophages and
it is responsible for host-defence responses to infection and injury
[18]. TNFa, another proinflammatory cytokine, is mainly secreted
by macrophages and lymphocytes in response to cell damage [19].
The functions of TNFa include cytotoxic and cytostatic effects
against cancer cells [20]. Ghr is produced from the stomach fundus
and proximal intestine [21]. Ghr levels increase prior to meals and
are suppressed postprandially [22]. Obese individuals have lower
fasting levels and reduced postprandial Ghr suppression compared to
normal weight individuals [23].

In contrast to previous studies, the protein expression of Ghr in
VAT tissue may increase by 43.5%, 5 years after LSG surgery. The
reason for the increase is probably due to altered expression of Ghrregulating molecules and/or from glucose levels along with improved
dietary habits. It has also been found that the protein concentration
levels of Ghr in adipose tissues fell within the range of the control
group. In certain cases, the concentration of Ghr in VAT tissue was
lower when compared to the values of the control group (p>0.05).
At mRNA level, Ghr showed a decrease by 37% and 31% in VAT
and SAT tissues, respectively. In particular, mRNA expression of Ghr
in SAT tissue, fell within the range of the values of the control group
(p>0.05). However, further studies are required to elucidate better the
long-term changes in Cytokine and Ghr levels after LSG.
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The relationship between inflammation and obesity is supported
by the post-bariatric surgery decrease of those markers, which
subsequently results in weight loss and mainly, improvement in
metabolic function [15,24,25]. Obesity-associated inflammation is
complex and mediated from a variety of cytokines within and outside
the adipose tissues. There are several reports providing evidence
for the presence of a low-grade systemic inflammation in adipose
tissue of obese individuals with an increase in the values of different
adipokines [26-28]. Numerous studies [23-25] assessing the effects of
various bariatric surgery techniques with correlation between levels
of cytokines and Ghr have been conducted, in order to elucidate the
mechanism that leads to sustained weight loss. According to previous
work [23,29-31], the concentration of Ghr is known to decrease after
LSG procedures. In contrast to previous studies, simultaneous analysis
of IL-6, IL-1b, TNFa and Ghr in VAT and SAT tissues was performed
in obese patients who underwent LSG surgery. Findings suggest that
5 years postoperatively, inflammatory cytokines subside at protein
level and their expression is downregulated. In this study, data come
in agreement with past findings of Rakotoarivelo et al. [14] who has
shown reduced protein levels and inflammatory gene expression of
IL-6, IL-1b after bariatric surgery. Ghr showed an increase of up to
450% at protein level following surgery, while Ghr gene expression
Remedy Publications LLC., | http://surgeryresearchjournal.com
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