Pre prints.org

Article Not peer-reviewed version

The Influence of Bariatric Surgery on
Matrix Metalloproteinase Plasma Levels
in Patients with Type 2 Diabetes Mellitus

Jodo Kleber Aimeida Gentile " , Renato Migliore , Jagues Waisberg,
Marcelo Augusto Fontenelle Ribeiro Junior

Posted Date: 30 October 2024
doi: 10.20944/preprints202410.2251.v1

Keywords: Bariatric surgery; Morbid obesity; Matrix metalloproteinases; Gastric bypass; Gastroplasty;
Diabetes mellitus

Preprints.org is a free multidiscipline platform providing preprint service that
is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.



https://sciprofiles.com/profile/3943032
https://sciprofiles.com/profile/552809
https://sciprofiles.com/profile/3754452

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 October 2024 d0i:10.20944/preprints202410.2251.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article
The Influence of Bariatric Surgery on Matrix

Metalloproteinase Plasma Levels in Patients with
Type 2 Diabetes Mellitus

Joao Kleber de Almeida Gentile ¥, Renato Migliore 2, Jaques Waisberg 3
and Marcelo Augusto Fontenelle Ribeiro Junior ¢

1 Departament of Surgery, Institute of Infectology Emilio Ribas (IIER), Sao Paulo, SP, Brazil

2 Department of Surgery, Hospital Sao Camilo, Sao Paulo, SP, Brazil; renato.migliore.@hotmail.com

3 Department of Surgery, Professor of ABC Medical School, Santo André, Sao Paulo, Brazil;
jaqueswaisberg@uol.com.br

4 Department of Surgery. University of Maryland. R Adams Cowley Shock Trauma Center, Professor of

Surgery. Baltmore, USA; mfribeiro@som.umaryland.edu

Correspondence: joao.gentile@emilioribas.sp.gov.br

Abstract: Background: Bariatric surgery is a safe and effective procedure for treating obesity and
metabolic conditions such as type 2 diabetes mellitus (T2DM). Remodeling of the extracellular
matrix (ECM) supports adipose tissue expansion and its metabolic activity, where matrix
metalloproteinases (MMPs) play a key role in ECM regulation. The substrates of MMPs, particularly
MMP-2 and MMP-9, are elevated in patients with morbid obesity, metabolic syndrome, and T2DM.
Objectives: To evaluate the effect of weight loss in bariatric surgery patients using oxidative stress
markers and to compare MMP levels in patients undergoing Roux-en-Y gastric bypass (RYGB) and
vertical gastrectomy (VG). Methods: This was a prospective, controlled study including 45 morbidly
obese patients with T2DM (BMI > 35 kg/m?) who underwent RYGB (n=24) or VG (n=21). Weight loss
was assessed through anthropometric measurements (weight, height, BMI). MMP-2 and MMP-9
levels were measured preoperatively and at 3 and 12 months postoperatively. Results: Significant
and sustained weight loss was observed after surgery in both groups, with reductions in BMI. MMP-
2 and MMP-9 levels decreased significantly after one year of follow-up. Conclusions: Bariatric
surgery is an effective long-term intervention for weight loss and associated comorbidities,
including T2DM. MMP-2 and MMP-9 proved to be effective inflammatory markers, with significant
reductions following surgery.

Keywords: bariatric surgery; morbid obesity; matrix metalloproteinases; gastric bypass;
gastroplasty; diabetes mellitus

1. Introduction

Type 2 diabetes mellitus (T2DM) and morbid obesity are well-known clinical conditions that
continue to raise significant global health concerns [1-4]. Obesity is defined as the excessive
accumulation of fat in various parts of the body or organs. It is a chronic, progressive, and relapsing
disease with multifactorial causes, leading to adverse metabolic and psychosocial health
consequences. One of the primary causes of obesity is an imbalance between excess stored energy
and energy expenditure, which disrupts nutrient signaling and results in insufficient energy use. The
evaluation of adiposity involves measuring height, weight, body mass index (BMI), waist
circumference, and body fat percentage. Obesity diagnosis is primarily based on BMI thresholds,
which take into account body weight and fat distribution patterns, though BMI alone is now
considered insufficient for a full assessment, as obesity is a multifactorial condition.
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According to data from 2017 to 2020, 42.4% of adults in the U.S. have a BMI greater than 30
kg/m?, while 20.9% of young people fall into the same category. Furthermore, the age-adjusted
prevalence of severe obesity (BMI > 40 kg/m?) is 9.2% [1,2]. Currently, only around 30% of the adult
population in the U.S. has a normal BMI (18-25 kg/m?). When race and ethnicity are considered, the
highest rates of obesity are found among Black women, Native Americans, and Hispanics. It is
predicted that by 2023, approximately 50% of the U.S. adult population will be obese, with 25%
experiencing severe obesity [2].

In Brazil, the prevalence of obesity has risen by 72% in the last 13 years, from 11.8% in 2006 to
20.3% in 2019. It is estimated that 55.4% of the Brazilian population has a BMI over 25 kg/m?, with
47.1% of these being men and 53.9% women. Patients with a BMI over 30 kg/m? account for 19.8% of
the population [3]. By 2030, it is projected that approximately 14% of men and 20% of women globally
will develop clinical obesity. Furthermore, 18% of individuals are expected to have a BMI over 30
kg/m?, 6% a BMI over 35 kg/m?, and 2% a BMI over 40 kg/m? [3].

Obesity is closely associated with T2DM, a condition that has been described as a global
pandemic. T2DM presents one of the greatest challenges to human health, with its rapid global
spread. The prevalence of T2DM increased from 5.7% of the population in 1985-1989 to 8.7% between
2005-2011. In 2015, the International Diabetes Federation reported that approximately 415 million
people worldwide were living with T2DM, a figure projected to rise to 642 million by 2040 [1-4].

T2DM is characterized by varying degrees of pancreatic beta-cell dysfunction and insulin
resistance, and its development may also be influenced by hormonal systems such as the incretin axis
[5,6]. The relationship between obesity and T2DM appears to be strongly connected to the increased
concentration of adipocytes, where insulin resistance is more pronounced. Although the connection
between adipose tissue and the synthesis of matrix metalloproteinases (MMPs) remains unclear, a
deficiency of MMPs in adipose tissue is thought to contribute to the development of T2DM. Both
diabetes mellitus (DM) and obesity are primary risk factors for cardiovascular diseases. While recent
studies have highlighted the significant role of extracellular matrix metalloproteinases (MMPs) in
atherosclerosis, little is known about the effects of hyperglycemia on MMP regulation in vascular
cells [7].

Bariatric surgery, particularly Roux-en-Y gastric bypass (RYGB) and vertical gastrectomy (VG),
is one of the most effective treatments for morbid obesity, significantly reducing weight and
improving clinical comorbidities, including T2DM [5-8]. MMPs are calcium- and zinc-dependent
proteases involved in extracellular matrix (ECM) synthesis, basement membrane degradation, and
tissue growth factor stimulation, all of which contribute to adipogenesis and adipose tissue expansion
[9,10].

MMPs were first identified in the early 1960s for their role in ECM protein degradation [10]. As
members of the metzincin superfamily of proteases, MMPs have evolved into a family of
endopeptidases called matrixins. MMPs are highly homologous multidomain metalloproteinases
that break down various ECM proteins through their zinc-dependent catalytic activity. The MMP
family is classified into six subgroups based on their substrate specificity and homology: collagenases
(MMP-1, MMP-8), gelatinases (MMP-2, MMP-9), stromelysins (MMP-3, MMP-11), matrilysins
(MMP-7, MMP-26), and membrane-type MMPs (MMP-14, MMP-15, MMP-16, MMP-17, MMP-24)
[9,11-13].

In 2001, Bouloumié et al. first described MMP-2 and MMP-9 production by human adipocytes
and pre-adipocytes, identifying them as potential regulators of adipocyte differentiation [14]. MMPs
have been widely studied in other medical fields and are recognized as biomarkers for oxidative
stress-related diseases, including coronary heart disease and heart failure. Plasma levels of MMPs
can be detected in peripheral blood or histopathologically identified in cell membranes. MMP levels
are significantly increased in patients with T2DM and obesity [14-16].

It has been hypothesized that obesity and T2DM increase plasma MMP concentrations,
especially gelatinases and matrilysins. Therefore, bariatric surgery may reduce MMP plasma levels,
and serum MMP concentrations could potentially serve as markers of surgical efficacy in controlling
metabolic diseases [18-20]. Several studies have shown that bariatric surgery significantly reduces
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morbidity and mortality in obese patients and improves cardiovascular risk factors [12,15]. However,
few studies have explored changes in MMP-2 and MMP-9 levels after bariatric surgery [21-25].

This study aims to determine plasma concentrations of MMP-2 and MMP-9, as well as clinical
and laboratory parameters related to obesity throughout the follow-up period, to investigate the
associations between these markers and the effects of weight loss in patients undergoing bariatric
surgery.

2. Materials and Methods
2.1. Patient Recruitment and Grouping

This prospective, controlled study was conducted at Sdo Camilo Hospital — Pompeia Unit, Sao
Paulo, Brazil. The study included adult patients of both sexes diagnosed with morbid obesity and
type 2 diabetes mellitus (T2DM) who had undergone bariatric surgery. Eligible patients met the
World Health Organization (WHO) diagnostic criteria for morbid obesity, defined as a BMI > 40
kg/m?2 or BMI > 35 kg/m? with comorbidities, and were aged between 18 and 65 years. Additionally,
patients had to have been diagnosed with T2DM for at least six months and have undergone either
Roux-en-Y gastric bypass (RYGB) or vertical gastrectomy (VG). Only patients with glycosylated
hemoglobin (HbAlc) levels greater than 6.5% and who had been receiving regular follow-up care
with appropriate treatment were included in the study.

Patients with a history of malignant neoplasms within the last five years, human
immunodeficiency virus (HIV) infection, cardiovascular diseases, pulmonary embolism, acute or
chronic renal failure, viral hepatitis, liver cirrhosis, inflammatory bowel diseases, or a history of
alcohol abuse or illicit drug use were excluded.

The study evaluated patients who had undergone RYGB or VG, with weight loss assessed using
anthropometric data (weight, height, and BMI). Plasma levels of matrix metalloproteinase-2 (MMP-
2) and matrix metalloproteinase-9 (MMP-9) were measured at three time points: one week before
surgery (M0), 3 months after surgery (M3), and 12 months postoperatively (M12) (Appendix 1).
Patients were followed for 12 months and were grouped based on the surgical technique: RYGB
(Group 1) or VG (Group 2). Blood samples for laboratory analysis were collected from the median
cubital vein between 8:00 a.m. and 11:00 a.m., and measurements included plasma levels of MMP-2,
MMP-9, glycemia, and other routine tests used in the follow-up of bariatric patients.

2.2. MMPs Data

Peripheral blood samples were collected in Eppendorf pressure tubes for the determination of
MMP-2 and MMP-9 levels. These levels were measured using the enzyme-linked immunosorbent
assay (ELISA) method, specifically the Sandwich-ELISA technique, followed by spectrophotometric
analysis. The plasma/serum concentration of MMPs was determined by calculating optical density
(OD) compared to the standard deviation of the ELISA kit.

The following ELISA kits were used: Human MMP-2 (Matrix Metalloproteinase 2) EL-H1445
and Human MMP-9 (Matrix Metalloproteinase 9) EL-H6075, both from ELABSCIENCE (California,
LA, USA). The ELISA was conducted using a microplate pre-coated with a specific antibody for
human MMP-2. Standards or samples were added to the wells of the micro-ELISA plate, which
combined with the antibody. A biotinylated detection antibody specific for human MMP-2 and an
Avidin-Horseradish Peroxidase (HRP) conjugate were successively added to each well, followed by
incubation. After the incubation period, unbound components were washed away. A substrate
reagent was then added, resulting in a blue color in wells containing human MMP-2, the biotinylated
detection antibody, and Avidin-HRP conjugate. The enzyme-substrate reaction was halted with the
addition of stop solution, turning the wells yellow. OD was measured by spectrophotometry at a
wavelength of 450 nm + 2 nm. The OD value was proportional to the concentration of human MMP-
2. Concentrations in the samples were calculated by comparing sample OD values to a standard
curve.

d0i:10.20944/preprints202410.2251.v1
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2.3. Bioinformatics and Statistical Analysis

Descriptive and inferential statistical methods were employed to analyze the sample of 45
morbidly obese diabetic patients who underwent RYGB (n =24) or VG (n = 21). Qualitative variables
were presented as absolute and relative frequency distributions, while quantitative variables were
summarized using measures of central tendency and variation.

For the inferential analysis, the following statistical methods were applied:

e  The Shapiro-Wilk test was used to assess the normality of quantitative variables.
e  Fisher’s exact test was applied to compare the categorical variable of gender between the

RYGB and VG groups.

e  The Mann-Whitney U test was used to compare quantitative variables between the RYGB and

VG groups.

e Longitudinal comparisons between the time points (M0, M3, and M12) were conducted using
the Friedman test.

The alpha error was set at 5% for rejecting the null hypothesis. Statistical processing was
performed using Bioestat version 5.3 and SPSS version 27 (IBM, New York, NY, USA).

3. Results
3.1. Characteristics of the Study Population

The groups differed significantly by gender (p = 0.0018*). However, there was no significant
difference in age between the RYGB and VG groups (p = 0.6409) (Table 1).

Table 1. Gender and age of patients operated on using the RYGB (Group 1) or VG (Group 2)

techniques.
Operative techniques
Features RYGB (Group 1) VG (Group 2) p-value
Patients no. 24 21
Sex 0.0018*
Male 9 0
37.5% 0.0%
Female 15 21
62.5% 100%
Age 0.6409**
Minimum 30 23
Maximum 67 54
Median 40.5 43.0
Average 41.4 40.7
Standard Deviation 7.9 9.1
RYGB: Roux-en-Y gastric bypass. VG: vertical gastrectomy. *p by Fisher’s exact test. **p by Mann-Whitney U-

test.

3.2. The BMI Analysis

At baseline (MO0), there was a significant difference in BMI (kg/m?) between the RYGB and VG
groups (p = 0.0003). This difference remained significant at the 3-month follow-up (M3) (p = 0.0022).
By the 12-month follow-up (M12), the difference between groups was not statistically significant (p =
0.0571).

Within the RYGB group, BMI decreased significantly over time (p < 0.0001), with a reduction
from a median of 41.9 kg/m? at MO to 39.5 kg/m? at M3 and 28.4 kg/m? at M12. This represents a 32.2%
reduction in BMI after 12 months. Similarly, in the VG group, BMI also decreased significantly over
time (p < 0.0001), with a reduction from a median of 38.2 kg/m? at MO to 32.0 kg/m? at M3 and 27.6
kg/m? at M12, representing a 27.7% reduction in BMI after 12 months (Figure 1).
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Figure 1. Median, 1st quartile and 3rd quartile BMI (kg/m2) at MO, M3 and M12 in diabetic patients,
according to surgical technique. RYGB (n=24) and VG (n=21). (a, b): indicate a statistically significant
difference when comparing RYGB and VG at each time point, using the Mann-Whitney U-test. (A, B,
C): comparison within the same group, considering the differences between M0, M3 and M12, using
the Friedman test.

3.3. MMP Analysis

MMP-2 levels did not differ significantly between the RYGB and VG groups at MO (p = 0.4528),
M3 (p = 0.7074), or M12 (p = 0.4949). Similarly, there were no significant differences in MMP-9 levels
between the two groups at M0 (p = 0.2192), M3 (p = 0.5390), or M12 (p = 0.2279) (Table 2).

Table 2. BMI, MMP2 and MMP9 values in diabetic patients according to surgical technique: RYGB
(n=24) and VG (n=21).

BMI (kg/m2) MMP-2 (ng/mL) MMP-9 (ng/mL)
RYGB VG p-value | RYGB VG p-value RYGB VG  p-value
MO0 MD 419 38.2  0.0003* 17.7 229 0.4528 4.7 3.3 0.2192
Average| 44.0 38.0 19.6 225 4.7 3.7
DP 49 2.2 11.0 12.6 2.7 2.7
M3 MD 359 32.0 0.0022* 14.1 13.8 0.7074 2.5 2.2 0.5390
Average| 29.3 27.5 12.2 13.5 2.7 2.7
DP 2.9 14 8.5 6.7 1.7 24
D(0,3) [F14.3% -16.2% -20.3%  -39.7% -46.8% -33.3%
M12 MD 28.4 27.6 0.0571 5.1 9.5 0.4949 14 0.7 0.2279
Average| 28.8 27.5 8.1 8.5 14 1.3
DP 2.7 14 6.9 49 1.0 15
D(0,12) |-:32.2%  -27.7% -71.2%  -58.5% -70.2%  -78.8%
p-value <0.0001* <0.0001* <0.0001* <0.0001* <0.0001* <0.0001*

RYGB: Roux-en-Y gastric bypass. VG: vertical gastrectomy. BMI: body mass index. MMP-2: metalloproteinases-
2. MMP-9: metalloproteinase-9. p: Mann-Whitney test (p-value), comparing the RYGB and VG groups p (0,3,12):
Friedman test (p-value), comparing the times: M0 x M3 x M12. D(0,3): Percentage difference between M0 and
M3. D(0,12): Percentage difference between M0 and M12.
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3.4. MMP-2 Analysis

In the RYGB group, MMP-2 levels decreased significantly over time (p < 0.0001), from a median
of 17.7 ng/mL at MO to 14.2 ng/mL at M3 and 5.1 ng/mL at M12. This represents a 71.2% reduction in
MMP-2 levels after 12 months. Similarly, in the VG group, there was a significant reduction in MMP-
2 levels over time (p <0.0001), from a median of 22.9 ng/mL at MO to 13.8 ng/mL at M3 and 9.5 ng/mL
at M12, representing a 58.5% reduction in MMP-2 levels after 12 months (Figure 2).

50+

E-S
(=]
1

[+ ]
(=]
1

AT
1

MMP2 (ng/mL)

]

HH -

—

I I 1
RYGB VG RYGB VG RYGB VG
L ] L ] L J

MO M3 M12

Figure 2. Median, 1st quartile and 3rd quartile of MMP2 (ng/mL) at MO, M3 and M12 in diabetic
patients, according to surgical technique. RYGB (n=24) and VG (n=21). (A, B, C): comparison within
the same group, considering the differences between M0, M3 and M12, using the Friedman test.

3.5. MMP-9 Analysis

MMP-9 levels also decreased significantly in the RYGB group over time (p < 0.0001), from a
median of 4.7 ng/mL at MO to 2.5 ng/mL at M3 and 1.4 ng/mL at M12, resulting in a 70.2% reduction
after 12 months. In the VG group, MMP-9 levels decreased significantly as well (p < 0.0001), from a
median of 3.3 ng/mL at MO to 2.2 ng/mL at M3 and 0.7 ng/mL at M12, representing a 78.8% reduction

after 12 months (Figure 3).
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Figure 3. Median, 1st quartile and 3rd quartile of MMP9 (ng/mL) at MO, M3 and M12 in diabetic
patients, according to surgical technique. RYGB (n=24) and VG (n=21). (A, B, C): comparison within
the same group, considering the differences between M0, M3 and M12, using the Friedman test.

4. Discussion

Obesity results from lipid accumulation in adipose tissue, which triggers extracellular matrix
(ECM) remodeling to accommodate tissue growth. Our study demonstrated that bariatric surgery
effectively facilitates significant and sustained weight loss, as reflected in the reduction of BMI. This
supports existing literature showing that bariatric surgery is the most effective long-term treatment
for weight loss and improvement of comorbidities associated with obesity, including type 2 diabetes
mellitus (T2DM).

Oxidative stress and tissue inflammation in obesity lead to pathological ECM expansion,
characterized by collagen deposition and increased lipid accumulation. These processes contribute
to adipocyte necrosis and macrophage infiltration, which exacerbates insulin resistance. Matrix
metalloproteinases (MMPs), a group of zinc-dependent endoproteases, play a critical role in ECM
remodeling, tissue repair, angiogenesis, and immune response modulation. Their dysregulation in
obesity has been associated with insulin resistance, tissue inflammation, and impaired glucose
uptake.

In our study, we observed significant reductions in MMP-2 and MMP-9 levels postoperatively
in both the RYGB and VG groups. These findings align with previous studies suggesting that elevated
MMP levels in obesity contribute to ECM remodeling and metabolic dysfunction. While some studies
have reported conflicting results regarding MMP activity in obesity, our data supports the notion
that bariatric surgery effectively reduces MMP levels and improves metabolic outcomes.

Compared to the VG group, patients undergoing RYGB showed a more pronounced reduction
in MMP levels, although the difference was not statistically significant. Both surgical techniques,
however, effectively reduced MMP-2 and MMP-9 levels after 12 months, suggesting that the impact
of bariatric surgery on MMP regulation is not dependent on the specific surgical technique. This is
consistent with findings by Wu et al., who reported no significant differences in MMP values between
RYGB and VG techniques.

Our results align with those of Lee et al., who also found significant reductions in MMP-2 and
MMP-9 levels following bariatric surgery in diabetic patients. These findings further reinforce the
association between weight loss, MMP reduction, and improved insulin sensitivity in patients with
T2DM. Additional studies, such as those by Roumans et al. and Garcia-Prieto et al., have
demonstrated the role of MMPs in ECM remodeling and insulin resistance, supporting the
importance of MMP regulation in metabolic health.

The potential role of integrins in MMP-mediated metabolic pathways has also been highlighted
in rodent studies, where integrins were shown to modulate glucose transporter activity and influence
insulin sensitivity. This mechanism was further corroborated by findings that integrin genetic
alterations contribute to ECM remodeling and metabolic dysregulation in obese individuals.

Our study contributes to the growing body of evidence suggesting that MMPs, particularly
MMP-2 and MMP-9, are important biomarkers in obesity and metabolic diseases. The reduction in
MMP levels following bariatric surgery may serve as an indicator of improved ECM function and
metabolic health in patients with T2DM. However, further research is needed to confirm these
findings and explore the potential of MMPs as therapeutic targets for the management of obesity-
related complications, including cardiovascular disease and T2DM.

5. Conclusions

This study demonstrates that oxidative stress markers, particularly MMP-2 and MMP-9,
significantly decrease after bariatric surgery in both RYGB and VG groups. These findings suggest
that bariatric surgery is an effective intervention for controlling metabolic conditions such as T2DM.
Although no significant differences were found between the two surgical techniques in terms of MMP
reduction, both RYGB and VG effectively reduced MMP levels over time. This highlights the potential
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role of MMPs as important biomarkers for ECM remodeling and metabolic improvements post-
surgery. Further studies are warranted to explore the association of MMP reduction with
cardiovascular risk and chronic disease management in obese patients.
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