COVER, DEWAN EDITOR, DAFTAR ISI Reports of Biochemistry & Molecular Biology

RBMB.et G

ISSN: 23223480

} : Reports of Biochemistry and Molecular Biology | (

Journal impact factor 2023: 1.6

¥ 0000000000

Journal Information v v

Pubmed & Scopus & Doaj & ISI

T central Scopus’ DOAJ
view RBMB in PubMed Central and Scopus and Doaj

Reports of Biochemistry and
Molecular Biology

Biochemistry

best quartile

S|R 2023 .
0.43 _/v_

powered by scimagaojr.com



Editors & Board

| Post date: 2016/08/6 |

Editor—-in—Chief

AbdolReza Varasteh (Ph.D.)

Professor of Immuno-Biochemistry
Varastegan Institute for Medical Sciences
Editor-in—-Chief@rbmb.net

Co-Editor-in—Chief
Fatemeh Vahedi (Ph.D.)
Varastegan Institute for Medical Sciences

vahedif@rbmb.net

Co—Editor—-in—Chief Associate
Mazila Ariaese Masab (Ph.D.)

English Editors
James McocCoy (Ph.D.}), USA

Journal Assistant
Golsa Khajeh—-Nezam
Varastegamn Institute for Medical Sciences

Web Editor

MNarges Mohamadzadeh
Varastegamn nstitute for Medical Sciences



Founder

Varastegan Institute for Medical Sciences

http:/ /www.varastegan.ac.ir/en/

Editors
Adnan, Tarek
Benamar, Saad
Ciardiello, Maria Antonietta
Ferns, Gordon
Jalali, Mahmoud
Khelifi, Lakhdar
Koliakos, George
Krishnamurthy, Ajay
Larché, Mark
Mel, Maizirwan
Perilvarez-Marin, Alejandro
Pomes, Anna

Siest, Gerard

Bibliotheca Alexandrina

Ecole Nomnale Supériere de Fés Biology
Institute of Protem Biochemistry
University of Keele

Tehran University of Medical Sciences
Ecole Nationzle Supérieure Agronomique
Anistotle University of Thessalonild
Swinbume University of Technology
MeMaster University

Intemnational [zlamic University of Malaysia
Universitat Autonoma de Barcelona
INDOOR Biotechnologies Inc.

Université Henri Poincaré

Egmd)
(Morocca)
(taly)
(England)
(Iran)
(Algeriz)
(Greece)
{Australiz)
(Canadda)
(Malaysiz)
(Spam)
Usa)

(France)

View:
119273
Time(s) |
Print: 1928
Time(s) |
Email: 0
Time(s) |
]



Volume 13, Issue 1(Vol.13 No.1 Apr 2024)

Expression Levels of miR -124a, miR-545-3p and BDNF in the Peripheral Blood Mononuclear Cells Are Associated with the Severity P. 1-12

of Autism

Safa Jasim Tuama Ali @ m Mohammad Khalaj-Kondori ) @ [m, Mohammad Ali Hoseinpour Feizi @ [m, Mehdi Haghi @ [m

Abstract (602 Views) | Full-Text (PDF) (142 Downloads)

Catechin Hydrate Improves Hypertrophic Scar in Rabbit Ear Model via Reduction of Collagen Synthesis P.13-22

Sina Goudarzi Afshar @ [m. Pari Tamri * @[m, Alireza Nourian @ [m, Ayoub Mahmoudi @ [m

Abstract (613 Views) | Full-Text (PDF) (131 Downloads)

Evaluate the Serum of Irisin, Omentin-1, and Oxidative Status in Males with Prostatic Cancer P.23-30

Malik Musa Sultan @ lm’ Talib Hussein Abdullah @ lﬁl’ Mohammed Abbas Abdullah @ lm’ Waleed Al-Darkazali @ lm’ Nazar Sattar Harbi ~ @ lﬁl

Abstract (671 Views) | Full-Text (PDF) (118 Downloads)

TH1/TH2 Cytokine Profile and Their Relationship with Hematological Parameters in Patients with Acute Limb Ischemia P.31-39
Jamal Jalili Shahri @ m Mohammad Hadi Saeed Modaghegh @ [m, Hamid Tanzadehpanah @ [m, Metahare Ebrahimnejad @ [m, Hanie Mahaki ~ @ [m

Abstract (385 Views) | Full-Text (PDF) (99 Downloads)

Evaluation the Effect of Supplements Containing Vitamin D and Trace Elements in Patients with Moderate to Severe Asthma P. 40-50

Mansoor Ahoon @ [m, Reza Farid-Hosseini @ [m Hooman Tehrani @ [m, Houshang Rafat-Panah @ [m, Hamid Ahanchian @ [m Hadis Yousefzadeh @ [m

Seyed Abdalrahim Rezaee @ lﬁl’ Maral Barzegar-Amini @ [m, Farahzad Jabbari-Azad @ lﬁl



@ SARS-COV-2 ORF9b Dysregulate Fibrinogen and Albumin Genes in a Liver Cell Line P. 51-58
Shirin Jalili * @ [m, Seyed Mohammad Ali Hashemi @ [m, Jamal Sarvari*® @ m

Abstract (337 Views) | Full-Text (PDF) (80 Downloads)

Association of IncRNA ANRIL rs10757278 A>G Variant, Tumor Size, Grading, Tumor Site, and Tumor Stage in Oral Squamous Cell P. 59-66
Carcinoma Patients

Maryam Salah @ [m, Mostafa Rezaee @ lm’ Mohamad Javad Fattahi @ lml’ Abbas Ghaderi @ 'm’ Bijan Khademi @ 'm’ Mchammad Javad Mokhtari ~ @ [m

Abstract (318 Views) | Full-Text (PDF) (79 Downloads)

Association of ABCB1(Rs10276036, C/T) Gene, IL-18, and TNFa as Risk Factors for Nephrotic Syndrome Incidence P. 67-78

Eglal Aly Hassan @ Iy Afaf Mohamed Elsaid @ Iy Ahmed Mahmoud El-Refaey @ Iy Mchammed Abou Elzahab @ Iy Magdy Mahfouz Youssef @ Iy Rehab Elmougy " @
I

Abstract (316 Views) | Full-Text (PDF) (79 Downloads)

Expression Patterns of Leptin, Leptin Receptor, Kiss1, and HOTAIR Genes in Blood and Semen of Infertile Males with Oligospermia P. 79-86

Fatemeh Khademi @ [m, Parimah Pournaghi @ [m, Ali Vafaei @[m, Kamyab Hassanpour @[m, Mitra Bakhiari @'ﬁl’ Kamran Mansouri @ [m, Bijan Soleymani * @ lm

Abstract (388 Views) | Full-Text (PDF) (96 Downloads)

Determining the Reference Range of Amino Acids in Healthy Neonatal Blood Samples in Northeast Iran Using LC-MS/MS P. 87-98

Zeinab Saeed ™ @ [m, Baratali Mashkani @ [m, Amin Alaei @ [m, Abdol Reza Varasteh @ [m, Fatemeh Keyfi @ [m

Abstract (545 Views) | Full-Text (PDF) (112 Downloads)

Role of Serum Interleukin-10 and Interleukin-27 Levels in the Prognosis of Immune Thrombocytopenia in Iraqi Children P. 99-105
Huda Khudhyer Abbas @ [m, Basil Oied Saleh ™ @ m, Hasanein Habeeb Ghali @ m

Abstract (372 Views) | Full-Text (PDF) (113 Downloads)



Association of Serum Anti-Mullerian Hormone and Free Testosterone with Different Phenotypes of Polycystic Ovary Syndrome P. 106-113
Zainab Gihad Falh * @ m Basil Oied Mohammed Saleh @ m Afraa Mahjoob AL-Naddawi @ [m

Abstract (308 Views) | Full-Text (PDF) (72 Downloads)

Investigate Freshwater Algae Extract's Efficacy in Treating Diabetes Ulcers and Its Anti-Staphylococcal Properties P. 114-123

Alwan Qader Ahmed @ 'm' Nyan Jasim Mohammed @ 'm Zean Fetehallah Zefenkey * @ 'm Shilan Farhad Mamand @ lm Sahar Hassannejad @ 'm’

Abdullah Othman Hassan @[m Rawaz Rizgar Hassan @[m

Abstract (239 Views) | Full-Text (PDF) (80 Downloads)

Investigation of the Mutations in the SARS-CoV-2 Envelope Protein and Its Interaction with the PALS1 by Molecular Docking P. 124-136

Maryam Ajel @ [m, Seyed Mohammad Jazayeri @ [m‘ Emad Behboudi @ tm Mansour Poorebrahim @ tm Mahin Ahangar Oskouee @ [m, Hossein Bannazadeh Baghi @ m

, Alka Hasani @ m Mojtaba Varshochi @ tm Ali Akbar Shekarchi @ tm Mohammad Sabbaghian @ tm Vahdat Poortahmasebi = @ m

Investigation of the Mutations in the SARS-CoV-2 Envelope Protein and Its Interaction with the PALS1 by Molecular Docking P 124136

Maryam Ajel @ [m Seyed Mohammad Jazayeri @ m, Emad Befboudi @ ma, Mansour Poarebrahim @ [m, Mahin Ahangar Oskouse @ [m, Hossein Bannazadeh Baghi @ [m

, Alka Hasani @ w Majtaba Varshochi @ m Ali Akbar Shekarchi @ [m, Mohammad Sabbaghian @ [m, Vahdat Poortahmasebi - @ [m

Abstract (243 Views) | FullText (PDF) (61 Downloads)

Association of Body Mass Index with Matrix Metalloproteinase-9, Tissue Inhibitor of Metalloproteinase-1, and Interleukin-6 Based P. 137-143

on Blood Pressure

Tjam Diana Samara ) @ lﬁ! Magdalena Wartono @ Im, Adrianus Kosasih @ Im, Alvina Alvina @ lm

Abstract (126 Views) | Full-Text (PDF) (52 Downloads)



BacKkgrouna: Nign poay mass INaex (BIM1) 1S KNOWN [0 De assOCIated Wit Nign DIO0a pressure. Levels or
matrix metalloproteinase-9 (MMP-9), tissue inhibitor of metalloproteinase-1 (TIMP-1), and interleukin-6 (IL-6)
are also increased in hypertensive patients. The aim of this study was to determine the correlation of BMI
with MMP-9, TIMP-1, and IL-6 based on blood pressure.

Methods: The study design was cross-sectional with subjects aged >= 36 years, male and female and
divided into 3 groups: group with normal blood pressure (NBP), group with controlled hypertension (CHT),
and group with uncontrolled hypertension (UcHT). Height, weight, and blood pressure were measured, as
well as serum levels of MMP-9, TIMP-1 and IL-6 using the ELISA method. The correlation was considered
significant at p-value of < 0.05.

Result: The BMI in group UcHT was higher than in the other groups. THERE was a positive correlation
between BMI and MMP-9; BMI and TIMP-1; and BMI and IL-6 (r=0.480, p=0.007; r=0.620; p=0.000; r=374,
p=0.042 respectively) in group UcHT.

Conclusions: An increase in BMI is accompanied by an increase in levels of MMP-9, TIMP-1, and IL-6 in

group UcHT, signifying that it is necessary to control BMI to maintain stable levels of MMP-9, TIMP-1, and IL-
6, thereby keeping blood pressure under control.

Keywords: Body mass index (BMI), Blood pressure, Interleukin-6 (IL-6), Matrix metalloproteinase-2 (MMP-9), Tissue inhibitor of

metalloproteinase-1 (TIMP-1)
Full-Text [PDF 252 kb] (80 Downloads)

Type of Article: Original Article | Subject: Molecular Biology
Received: 2024/03/8 | Accepted: 2024/06/9 | Published: 2024/10/22



[ Downloaded from rbmb.net on 2024-10-27 ]

Reports of Biochemistry & Molecular Biology ¢
Vol.13, No.1, Apr 2024 _r,;n?J

Original article www.RBMB.net

Association of Body Mass Index with Matrix
Metalloproteinase-9, Tissue Inhibitor of
Metalloproteinase-1, and Interleukin-6

Based on Blood Pressure

Tjam Diana Samara*!, Magdalena Wartono!, Adrianus Kosasih?, Alvina Alvina®*

Abstract

Background: A high body mass index (BMI) is known to be associated with high blood pressure.
Levels of matrix metalloproteinase-9 (MMP-9), tissue inhibitor of metalloproteinase-1 (TIMP-1), and
interleukin-6 (IL-6) are also increased in hypertensive patients. The aim of this study was to determine
the correlation of BMI with MMP-9, TIMP-1, and IL-6 based on blood pressure.

Methods: The study design was cross-sectional with subjects aged >= 36 years, male and female and
divided into 3 groups: group with normal blood pressure (NBP), group with controlled hypertension
(CHT), and group with uncontrolled hypertension (UcHT). Height, weight, and blood pressure were
measured, as well as serum levels of MMP-9, TIMP-1 and IL-6 using the ELISA method. The
correlation was considered significant at p-value of < 0.05.

Results: The BMI in group UcHT was higher than in the other groups. There was a positive correlation
between BMI and MMP-9; BMI and TIMP-1; and BMI and IL-6 (r=0.480, p=0.007; r=0.620; p=0.000;
r=374, p=0.042 respectively) in group UcHT.

Conclusions: An increase in BMI is accompanied by an increase in levels of MMP-9, TIMP-1, and IL-
6 in group UcHT, signifying that it is necessary to control BMI to maintain stable levels of MMP-9,
TIMP-1, and IL-6, thereby keeping blood pressure under control.

Keywords: Body mass index (BMI), Blood pressure, Interleukin-6 (IL-6), Matrix metalloproteinase-9
(MMP-9), Tissue inhibitor of metalloproteinase-1 (TIMP-1).

Introduction

Hypertension is a cardiovascular disease and triple the risk compared to underweight

the most common non-communicable disease
experienced by the public. About 46% of
adults with hypertension are not aware that
they have this condition (1). Hypertension is
an important risk factor for cardiovascular
disease, chronic kidney disease, and stroke
(2). One of the risk factors for hypertension is
obesity (3,4).

Being overweight will double the risk of
cardiovascular disease, while being obese will

individuals (4).

Increased levels of matrix
metalloproteinase-9 (MMP-9) in circulating
blood are found in patients with systemic
hypertension or isolated systolic hypertension
(5). Research conducted by Ritter et al. on
treatment-resistant  hypertension  patients
found that the increase in MMP-9 levels was
influenced by obesity (6). Likewise, research
conducted by Boumiza et al. found a
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correlation of MMP-9 with several obesity-
related parameters including BMI, waist
circumference, blood  pressure, and
endothelium-dependent responses (7).

The relationship between MMP-9 and
tissue inhibitor of metalloproteinase-1 (TIMP-
1) in patients with essential hypertension has
shown that after antihypertensive treatment,
circulating levels of these molecules are
significantly  higher in  subjects with
hypertension than in normotensive controls.
The dynamic balance between MMPs and
TIMPs controls extracellular matrix turnover
and maintains tissue homeostasis. Meanwhile,
changes in the balance between MMPs and
TIMPs are involved in the pathogenesis of
cardiovascular  disease  (8).  Research
conducted by Boumiza et al. found an increase
in TIMP-1 levels in obese patients (7).

IL-6 production is regulated by TIMP-1,
which exerts its effects via activation of
downstream  signals and activator of
transcription 3 (STATS3) signalling (9). IL-6
has been linked with impaired immune control
in the adipose tissue of obese patients (10).

There have been no studies about the
correlations between BMI and MMP-9, BMI
and TIMP-1, BMI and IL-6 based on blood
pressure. Therefore, the aim of this research
was to determine the correlation between
these parameters. Hopefully, the results of
this research will increase our knowledge
regarding the pathogenesis of hypertension so
that better management of hypertension can
be carried out.

Materials and Methods

Study Design and Subjects

The research design was cross-sectional with
analytical observation. The research subjects
were patients seeking treatment at Sumber
Waras Hospital, Jakarta, Indonesia. The
inclusion criteria were males and females, 36
years old or older, and willing to participate
in the research study by signing an informed
consent form. The exclusion criteria were
patients with a history of chronic kidney
failure, fever, infections, and inflammation.
Sample collection was carried out by

138 Rep. Biochem. Mol. Biol, Vol.13, No.1, Apr 2024

consecutive sampling resulting in a total of 80
subjects, who were divided into three groups,
namely group NBP with normal blood
pressure, group CHT with controlled
hypertension, and group UcHT with
uncontrolled hypertension. Hypertension was
based on the 8th Joint National Committee
(JNC 8) criteria namely systolic blood
pressure (SBP) >140 mmHg and diastolic
blood pressure (DBP) >90 mmHg. Subjects
with blood pressure <140/90 mmHg were
grouped as NBP. Group CHT consisted of
subjects with a history of hypertension who
had received antihypertensive treatment for at
least one month prior and had normal blood
pressure  when measured. Meanwhile,
subjects with a history of hypertension who
received antihypertensive treatment for at
least one month prior but still had high blood
pressure were assigned to group UcHT. The
demographic data included age, gender, body
weight, and height. The clinical data included
blood pressure and serum levels of MMP-9,
TIMP-1, and IL-6.

MMP-9, TIMP-1, and IL-6 measurement
Three milliliters of blood were taken from
each subject, processed into serum and then
stored at -20 °C until the samples were
needed. Serum concentrations of MMP-9
(R&D, Minneapolis), TIMP-1 (R&D,
Minneapolis, USA), and IL-6 (R&D,
Minneapolis, USA) were measured using
enzyme-linked immunosorbent assay
(ELISA).

Statistical analysis

Statistical analyses were performed using
IBM SPSS Statistics 22.00 software. The
normality of the data distribution was
determined using the Kolmogorov-Smirnov
test. he Kruskal-Wallis test was used to assess
differences between the blood pressure
groups UcHT, CHT, and NBP. Spearman's
correlation test was used to determine the
correlation of BMI with MMP-9, TIMP-1,
and IL-6 levels in each blood pressure group.
Statistical significance was set at p<0.05.
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Results

In this study, there were 30 subjects in group
NBP, 20 subjects in group CHT, and 30
subjects in group UcHT. BMI, SBP, and DBP
differed significantly between groups NBP,
CHT and UcHT as shown in Table 1.
Meanwhile, age, levels of MMP-9, TIMP-1,
and IL-6 did not differ significantly between
the three groups. The groups were not matched
for gender and age.

In patients with normal blood pressure, a
correlation study using Spearman's test
between BMI and MMP-9 revealed no
correlation between the two variables
(r=0.277; p=0.138). Similar results were seen
in patients with controlled hypertension (r=-
0.191; p=0.420). However, a moderate
positive correlation was found between BMI
and MMP-9 in patients with uncontrolled
hypertension (r=0.480; p=0.007) (Fig. 1).

Table 1. Comparison of subject characteristics and examination results by blood pressure group.

NBP CHT UcHT
Variables Mean+SD Mean+SD Mean+SD P value

(N=30) (N=20) (N=30)
Age (years) 55.13+11.40 61.05+10.74 59.50+10.451 0.095
Gender
Male 13 (43.3%) 11 (55%) 13 (43.3%) 0.667
Female 17 (56.7%) 9 (45%) 17 (56.7%)
BMI 24.02+3.14 25.92+6.24 27.87+5.16 0.012*
SBP (mmHg) 120.90+10.57 128.90+8.82 160.07+14.17 0.000*
DBP (mmHg) 68.65+7.69 68.28+9.83 84.95+16.27 0.000*
MMP-9 (ng/mL) 1031.70+499.51 1236.10+521.21 1080.07+396.36 0.329
TIMP-1 (ng/mL) 222.69+93.92 217.95+64.24 218.75+39.21 0.366
IL-6 (pg/mL) 4.82+9.36 4,50+7.09 4.04+4.25 0.961

NBP: normal blood pressure; CHT: controlled hypertension; UcHT: uncontrolled hypertension; BMI: body mass index;
SBP: systolic blood pressure; DPB: diastolic blood pressure; MMP-9: matrix metalloproteinase; TIMP-1: tissue inhibitor
pf metalloproteinase; IL-6: Interleukin-6; p values with Kruskal Wallis test, significant value <0.05.

MNP 2 [ngin)

aml

Fig. 1. Correlation between body mass index (BMI) and matrix metalloproteinase-9 (MMP-9). Normal blood pressure: r=0.277;
p=0.138 (a). Controlled hypertension: r=-0.191; p=0.420 (b). Uncontrolled hypertension: r=0.480; p=0.007* (c).

The study analysis also revealed that there is
no correlation between BMI and TIMP-1 in
normal blood pressure patients (r=0.089;
p=0.639) and in controlled hypertension
patients (r=-0.059; p=0.806), whereas a
moderately positive correlation was found in
uncontrolled hypertension patients (r=0.620;
p=0.000) (Fig. 2).

The correlation study between BMI and IL-6
also showed similar results, with no correlation
in patients with normal blood pressure (r=0.028;
p=0.882) and controlled hypertension (r=0.182;
p=0.060). However, a weak positive correlation
was found in patients with uncontrolled
hypertension (r=0.374; p=0.042) (Fig. 3).
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Fig. 2. Correlation between body mass index (BMI) and tissue inhibitor of metalloproteinase-1 (TIMP-1). Normal blood
pressure: r=-0.089; p=0.639 (a). Controlled hypertension: r=-0.059; p=0.806 (b). Uncontrolled hypertension: r=0.620;

p=0.000* (c).

IL& (pgimL)
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Fig. 3. Correlation between body mass index (BMI) and interleukin-6 (IL-6). Normal blood pressure: r=0.028; p=0.882(a).
Controlled hypertension: r=0.182; p=0.060 (b). Uncontrolled hypertension: r=0.374; p=0.042* (c).

Discussion

In the present study, we found that there was a
positive correlation between BMI and MMP-
9, BMI and TIMP-1, and BMI and IL-6 in
group UcHT, which showed an increase in
BMI followed by an increase in MMP-9,
TIMP-1 and IL-6 levels. However, there was
no correlation between BMI and MMP-9, BMI
and TIMP-1, and BMI and IL-6 in groups NBP
and CHT. This showed that patients whose
hypertension was not well controlled had
increased BMI and were associated with

140 Rep. Biochem. Mol. Biol, Vol.13, No.1, Apr 2024

increased levels of MMP-9, TIMP-1 and IL6.
It is known that an increase in BMI results in
an increase in blood pressure (4). A study
conducted by Sushith et al. showed that BMI
is higher in type 2 diabetics with hypertension
than in healthy controls and type 2 diabetics
without hypertension (11).

Meanwhile, increases in MMP-9, TIMP-1,
and IL-6 play arole in cardiovascular disorders
(12-15). Therefore, it is very important to
control BML. In this way, it is hoped that the
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levels of MMP-9, TIMP-1, and IL-6 will also
be controlled.

The results of our study showed a positive
correlation between BMI and MMP-9 in group
UcHT. It is known that increasing MMP-9 will
induce epithelial mesenchymal transition
(EMT) which is a potentially significant stage
in fibrosis (16). Fibrosis that occurs in blood
vessels will cause vasoconstriction of arteries
and venules, which can cause hypertension
(17). In addition, other studies show that
increased plasma MMP-9 levels correlate with
increased cardiovascular risk, myocardial
infarction mortality, cardiac dysfunction, and
arterial wall remodeling (17,18).

Our study also showed a correlation
between BMI and TIMP-1 in group UcHT.
Research  conducted by  Glowinska-
Olszewska and Urban found a correlation
between MMP-9 and BMI (r=0.33, p=0.005)
and between TIMP-1 and BMI (r=0.35,
p=0.006) in obese children with coexisting
hypertension (19). Likewise, in children with
obesity and hypertension, a correlation was
found between MMP-9 and BMI (r=0.41,
p=0.001) and between TIMP-1 and BMI
(r=0.33; p=0.025) (19). Our study found
similar results in adults but further studies
are still needed to obtain a clearer
understanding regarding this issue. Kostov et
al. state that high TIMP-1 leads to collagen
accumulation in cardiovascular extracellular
matrix and the development of pathological
remodeling and fibrosis of the heart and
arteries. Therefore, in order to control TIMP-
1 levels properly, it is necessary to control
the patient's BMI (20).

Finally, the results of this study reveal a
correlation between BMI and IL-6 in group
UcHT. IL-6 is a pleiotropic cytokine, with
proinflammatory and  anti-inflammatory
effects and has many physiological roles
(21,22). Approximately, thirty percent of
circulating IL-6 originates in adipose tissue
(22). That is why patients with high BMI will
have increased production of IL-6 in adipose
tissue and will increase circulatory IL-6. It is
known that a high BMI, as in obesity, can
cause adipose tissue dysfunction, which

triggers the release of pro-inflammatory
adipose tissue cytokines which can directly
affect cardiovascular tissues and lead to
disease (23). Expansion of adipose tissue
accompanied by excessive adipocyte lipolysis
and subsequent increase in free fatty acid
levels will promote adipocyte IL-6 secretion
(24). Comparable to obesity, the chronic
proinflammatory state commonly found in old
age is largely caused by a variety of factors
including atherosclerosis, age-related
pathological  processes, and increased
abdominal fat, all of which lead to increased
circulating IL-6 levels (25,26). Research
conducted by Tadi found that serum IL-6 was
positively correlated with BMI, cholesterol,
triglyceride, and sodium levels and negatively
correlated  with  potassium levels in
prehypertensive and hypertensive patients
(27). Similarly, other studies show that there is
no significant correlation between IL-6 and
anthropometric parameters (BMI, SBP, DBP).
However, IL-6 is found to increase in the
presence of hypertension (25). Mohammadi et
al. in their research found that patients with
metabolic syndrome experienced increased IL-
6. Metabolic syndrome is hypertension with
abdominal obesity, hyperlipidemia, and
insulin resistance (28).

The limitation of this study was that it did
not include the types of antihypertensive drugs
or other drugs consumed by the patients that
might affect MMP-9, TIMP-1, and IL-6 levels.

In conclusion, this study shows that an
increase in BMI is accompanied by an increase
in levels of MMP-9, TIMP-1, and IL-6 in
group UcHT. This means that it is necessary to
control BMI so that it can maintain stable
levels of MMP-9, TIMP-1, and IL-6 thereby
keeping blood pressure under control. Further
research is needed on BMI and the
mechanisms of changes in MMP-9, TIMP-1
and IL-6 levels at the biomolecular level so
that a clearer pathogenesis can be obtained in
cases of hypertension.

Ethical clearance
Ethical clearance
no.007/RSSW/KoM.EP/EC/IVV/2022 was

Rep. Biochem. Mol. Biol, Vol.13, No. 1, Apr 2024 141


https://rbmb.net/article-1-1357-en.html

[ Downloaded from rbmb.net on 2024-10-27 ]

Tjam Diana s et al

obtained from Sumber Waras Hospital,
Jakarta, Indonesia. All participants signed
written informed consent.

Acknowledgments

The researchers would like to thank Sumber
Waras hospital for providing laboratory
facilities and equipment for this research.

References

1. World Health Organization. Hypertension.
https://Amww.who.int.

2. Fuchs FD, Whelton PK. High blood pressure
and cardiovascular disease. Hypertension.
2020;75(2):285-92.

3. Gelzo M, Cacciapuoti S, Pinchera B, De Rosa
A, Cernera G, Scialo F, et al. Matrix
metalloproteinases (MMP) 3 and 9 as biomarkers
of severity in COVID-19 patients. Sci Rep.
2022;12(1):1212.

4. Singh S, Shankar R, Singh GP. Prevalence and
Associated Risk Factors of Hypertension: A
Cross-Sectional Study in Urban Varanasi. Int J
Hypertens. 2017;2017:5491838.

5. Midha T, Krishna V, Shukla R, Katiyar P,
Kaur S, Martolia DS, et al. Correlation between
hypertension and hyperglycemia among young
adults in India. World J Clin Cases.
2015;3(2):171-9.

6. Ritter AM, de Faria AP, Barbaro N, Sabbatini
AR, Corréa NB, Brunelli V, et al. Crosstalk
between obesity and MMP-9 in cardiac
remodelling -a cross-sectional study in apparent
treatment-resistant hypertension. Blood Press.
2017;26(2):122-129.

7. Boumiza S, Chahed K, Tabka Z, Jacob MP,
Norel X, Ozen G. MMPs and TIMPs levels are
correlated with anthropometric parameters, blood
pressure, and endothelial function in obesity. Sci
Rep. 2021;11(1):20052.

8. Ma Y, de Castro Bras LE, Toba H, lyer RP,
Hall ME, Winniford MD, et al. Myofibroblasts
and the extracellular matrix network in post-
myocardial infarction cardiac remodeling.
Pflligers Archiv-European Journal of Physiology.
2014;466(6):1113-27.

9. Xiao W, Wang L, Howard J, Kolhe R, Rojiani
AM,  Rojiani  MV.  TIMP-1-Mediated

142 Rep. Biochem. Mol. Biol, Vol.13, No.1, Apr 2024

Funding
Funding was provided by the Faculty of
Medicine, Universitas Trisakti, Jakarta,
Indonesia.

Conflict of interest
The authors declare no conflict of interest

Chemoresistance via Induction of IL-6 in
NSCLC. Cancers. 2019;11(8):1184.

10.Minafra AR, Chadt A, Rafii P, Al-Hasani H,
Behnke K, Scheller J. Interleukin 6 receptor is not
directly involved in regulation of body weight in
diet-induced obesity with and without physical
exercise. Front Endocrinol. 2022;13:1028808.
11. Sushith S, Krishnamurthy HN, Reshma S,
Janice D, Madan G, Ashok KJ, et al. Serum
Ischemia-Modified Albumin, Fibrinogen, High
Sensitivity C- Reactive Proteins in Type-2
Diabetes Mellitus without Hypertension and
Diabetes Mellitus with Hypertension: A Case-
Control Study. Rep Biochem Mol Biol.
2020;9(2):241-249.

12. Landi F, Calvani R, Picca A, Tosato M,
Martone AM, Ortolani E, et al. Body mass index
is strongly associated with hypertension: Results
from the longevity check-up 7+ study. Nutrients.
2018;10(12):1976.

13. Tan J, Hua Q, Xing X, Wen J, LiuR, Yang Z.
Impact of the metalloproteinase-9/tissue inhibitor
of metalloproteinase-1 system on large arterial
stiffness in patients with essential hypertension.
Hypertens Res. 2007;30(10):959-63.

14. Lindsey ML, Yabluchanskiy A, Ma Y. Tissue
Inhibitor of Metalloproteinase-1: Actions beyond
Matrix Metalloproteinase Inhibition. Cardiology.
2015;132(3):147-50.

15. Ishikawa J, Hirose H, Ishikawa S. Tissue
Inhibitor of Matrix Metalloproteinase 1 Increases
With Ageing and Can Be Associated With Stroke
- Nested Case-Control Study. Circ Rep.
2019;1(11):502-507.

16. Hashmat S, Rudemiller N, Lund H, Abais-
Battad JM, Van Why S, Mattson DL. Interleukin-
6 inhibition attenuates hypertension and
associated renal damage in Dahl salt-sensitive
rats. Am J Physiol Renal Physiol.
2016;311(3):F555-61.


https://rbmb.net/article-1-1357-en.html

[ Downloaded from rbmb.net on 2024-10-27 ]

BMI, IL-6, & MMPs Association with Blood Pressure

17. Bisogni V, Cerasari A, Pucci G, Vaudo G.
Matrix Metalloproteinases and Hypertension-
Mediated Organ Damage: Current Insights. Integr
Blood Press Control. 2020;13:157-1609.

18. Prado AF, Batista RIM, Tanus-Santos JE,
Gerlach RF. Matrix Metalloproteinases and
Arterial Hypertension: Role of Oxidative Stress
and Nitric Oxide in Vascular Functional and
Structural Alterations. Biomolecules.
2021;11(4):585.

19. Zhu JJ, Zhao Q, Qu HJ, Li XM, Chen QJ, Liu
F, et al. Usefulness of plasma matrix
metalloproteinase-9 levels in prediction of in-
hospital mortality in patients who received
emergent  percutaneous  coronary  artery
intervention following myocardial infarction.
Oncotarget. 2017;8(62):105809-105818.

20. Glowinska-Olszewska B, Urban M. Elevated
matrix metalloproteinase 9 and tissue inhibitor of
metalloproteinase 1 in obese children and
adolescents. Metabolism. 2007;56(6):799-805.
21. Kostov K, Blazhev A. Changes in Serum
Levels of Matrix Metalloproteinase-1 and Tissue
Inhibitor of Metalloproteinases-1 in Patients with
Essential Hypertension. Bioengineering.
2022;9(3):119.

22. Krittgen A, Rose-John S. Interleukin-6 in
sepsis and capillary leakage syndrome. J
Interferon Cytokine Res. 2012;32(2):60-5.

23. Tanase DM, Gosav EM, Radu S, Ouatu A,
Rezus C, Ciocoiu M, et al. Arterial Hypertension
and Interleukins: Potential Therapeutic Target or
Future Diagnostic Marker? Int J Hypertens.
2019;2019:3159283.

24. Fuster JJ, Ouchi N, Gokce N, Walsh K.
Obesity-Induced Changes in Adipose Tissue
Microenvironment and Their Impact on
Cardiovascular Disease. Circ Res.
2016;118(11):1786-807.

25. Chait A, den Hartigh LJ. Adipose Tissue
Distribution, Inflammation and Its Metabolic
Consequences,  Including  Diabetes and
Cardiovascular Disease. Front Cardiovasc Med.
2020;7:22.

26. Oluboyo A, Okoro C, Ekpo V, Oluboyo B.
Assessment of interleukins 1 and 6 in
hypertensive subjects. Int J Biol Chem Sci.
2019;13(6):2513-20.

27.Tadi S. Interleukin-6, uric acid, and
electrolytes for the detection of endothelial
dysfunction in pre-hypertensive and hypertensive
patients. Int J Med Sci Public Health. 2019; 8(3):
248-254.

28. Mohammadi M, Gozashti MH, Aghadavood
M, Mehdizadeh MR, Hayatbakhsh MM. Clinical
Significance of Serum IL-6 and TNF-a Levels in
Patients with Metabolic Syndrome. Rep Biochem
Mol Biol. 2017;6(1):74-79.

Rep. Biochem. Mol. Biol, Vol.13, No. 1, Apr 2024 143


https://rbmb.net/article-1-1357-en.html
http://www.tcpdf.org

Association of Body Mass Index
with Matrix Metalloproteinase-
9, Tissue Inhibitor of
Metalloproteinase-1, and
Interleukin-6 Based on Blood
Pressure

by dr.Alvina

Submission date: 29-Oct-2024 03:28PM (UTC+0700)
Submission ID: 2305823617
File name: Artikel_Diana,Magdalena,_Adrainus,_. Alvina.pdf (266.09K)

Word count: 3434
Character count: 18586



[ Downloaded from rbmb.net on 2024-10-27 ]

Reports of Biochemistry & Molecular Biology CQ

Vol.13, No.1, Apr 2024 ETMES

Original article www.RBMB.net

Association of Body Mass Index with Matrix
Metalloproteinase-9, Tissue Inhibitor of
Metalloproteinase-1, and Interleukin-6

Based on Blood Pressure

Tjam Diana Samara*', Magdalena Wartono', Adrianus Kosasih?, Alvina Alvina®*

Abstract

Background: A high body mass index (BMI) is known to be associated with high blood pressure.
Levels of matrix metalloproteinase-9 (MMP-9), tissue inhibitor of metalloproteinase-1 (TIMP-1), and
interleukin-6 (IL-6) are also increased in hypertensive patients. The aim of this study was to determine
the correlation of BMI with MMP-9, TIMP-1, and IL-6 based on blood pressure.

Methods: The study design was cross-sectional with subjects aged >= 36 years, male and female and
divided into 3 groups: group with normal blood pressure (NBP), group with controlled hypertension
(CHT), and group with uncontrolled hypertension (UcHT). Height, weight, and blood pressure were
measured, as well as serum levels of MMP-9, TIMP-1 and IL-6 using the ELISA method. The
correlation was considered significant at p-value of <0.05.

Results: The BMI in group UcHT was higher than in the other groups. There was a positive correlation
between BMI and MMP-9; BMI and TIMP-1; and BMI and 1L-6 (r=0 480, p=0.007; r=0.620; p=0.000;
=374, p=0.042 respectively) in group UcHT.

Conclusions: An increase in BMI is accompanied by an increase in levels of MMP-9, TIMP-1, and 1L~
6 in group UcHT, signifying that it is necessary to control BMI to maintain stable levels of MMP-9,
TIMP-1, and IL-6, thereby keeping blood pressure under control.

Keywords: Body mass index (BMI), Blood pressure, Interleukin-6 (IL-6), Matrix metalloproteinase-9
(MMP-9), Tissue inhibitor of metalloproteinase-1 (TIMP-1).

Introduction

Hypertension is a cardiovascular disease and
the most common non-communicable disease
experienced by the public. About 46% of

triple the risk compared to underweight
individuals (4).
Increased levels of matrix

adults with hypertension are not aware that
they have this condition (1). Hypertension is
an important risk factor for cardiovascular
disease, chronic kidney disease, and stroke
(2). One of the risk factors for hypertension is
obesity (3.4).

Being overweight will double the risk of
cardiovascular disease, while being obese will

metalloproteinase-9 (MMP-9) in circulating
blood are found in patients with systemic
hypertension or isolated systolic hypertension
(5). Research conducted by Ritter et al. on
treatment-resistant  hypertension  patients
found that the increase in MMP-9 levels was
influenced by obesity (6). Likewise, research
conducted by Boumiza et al. found a
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correlation of MMP-9 with several obesity-
related parameters including BMI, waist
circumference, blood pressure, and
endothelium-dependent responses (7).

The relationship between MMP-9 and
tissue inhibitor of metalloproteinase-1 (TIMP-
1) in patients with essential hypertension has
shown that after antihypertensive treatment,
circulating levels of these molecules are
significantly  higher in subjects with
hypertension than in normotensive controls.
The dynamic balance between MMPs and
TIMPs controls extracellular matrix turnover
and maintains tissue homeostasis. Meanwhile,
changes in the balance between MMPs and
TIMPs are involved in the pathogenesis of
cardiovascular  disease  (8). Research
conducted by Boumiza et al. found an increase
in TIMP-1 levels in obese patients (7).

IL-6 production is regulated by TIMP-1,
which exerts its effects via activation of
downstream  signals and activator  of
transcription 3 (STAT3) signalling (9). IL-6
has been linked with impaired immune control
in the adipose tissue of obese patients (10).

There have been no studies about the
correlations between BMI and MMP-9, BMI
and TIMP-1, BMI and IL-6 based on blood
pressure. Therefore, the aim of this research
was to determine the correlation between
these parameters. Hopefully, the results of
this research will increase our knowledge
regarding the pathogenesis of hypertension so
that better management of hypertension can
be carried out.

Materials and Methods

Study Design and Subjects

The research design was cross-sectional with
analytical observation. The research subjects
were patients seeking treatment at Sumber
Waras Hospital, Jakarta, Indonesia. The
inclusion criteria were males and females, 36
years old or older, and willing to participate
in the research study by signing an informed
consent form. The exclusion criteria were
patients with a history of chronic kidney
failure, fever, infections, and inflammation.
Sample collection was carried out by

138 Rep. Biochem. Mol. Biol, Vol.13, No.1, Apr 2024

consecutive sampling resulting in a total of 80
subjects, who were divided into three groups,
namely group NBP with normal blood
pressure, group CHT with controlled
hypertension, and group UcHT with
uncontrolled hypertension. Hypertension was
based on the 8th Joint National Committee
(JNC 8) criteria namely systolic blood
pressure (SBP) =140 mmHg and diastolic
blood pressure (DBP) =90 mmHg. Subjects
with blood pressure <140/90 mmHg were
grouped as NBP. Group CHT consisted of
subjects with a history of hypertension who
had received antihypertensive treatment for at
least one month prior and had normal blood
pressure  when measured. Meanwhile,
subjects with a history of hypertension who
received antihypertensive treatment for at
least one month prior but still had high blood
pressure were assigned to group UcHT. The
demographic data included age, gender, body
weight, and height. The clinical data included
blood pressure and serum levels of MMP-9,
TIMP-1, and IL-6.

MMP-9, TIMP-1, and IL-6 measurement
Three milliliters of blood were taken from
each subject, processed into serum and then
stored at -20 °C until the samples were
needed. Serum concentrations of MMP-9
(R&D, Minneapolis), TIMP-1 (R&D,
Minneapolis, USA), and IL-6 (R&D,
Minneapolis, USA) were measured using
enzyme-linked immunosorbent assay
(ELISA).

Statistical analysis

Statistical analyses were performed using
IBM SPSS Statistics 22.00 software. The
normality of the data distribution was
determined using the Kolmogorov-Smirnov
test. he Kruskal-Wallis test was used to assess
differences between the blood pressure
groups UcHT, CHT, and NBP. Spearman's
correlation test was used to determine the
correlation of BMI with MMP-9, TIMP-1,
and 1L-6 levels in each blood pressure group.
Statistical significance was set at p<0.05.




[ Downloaded from rbmb.net on 2024-10-27 ]

BMI, IL-6, & MMPs Association with Blood Pressure

Results

In this study, there were 30 subjects in group
NBP, 20 subjects in group CHT, and 30
subjects in group UcHT. BMI, SBP, and DBP
differed significantly between groups NBP,
CHT and UcHT as shown in Table 1.
Meanwhile, age, levels of MMP-9, TIMP-1,
and IL-6 did not differ significantly between
the three groups. The groups were not matched
for gender and age.

In patients with normal blood pressure, a
correlation study using Spearman's test
between BMI and MMP-9 revealed no
correlation between the two variables
(r=0.277; p=0.138). Similar results were seen
in patients with controlled hypertension (r=-
0.191; p=0.420). However, a moderate
positive correlation was found between BMI
and MMP-9 in patients with uncontrolled
hypertension (r=0.480; p=0.007) (Fig. 1).

Table 1. Comparison of subject characteristics and examination results by blood pressure group.

NBP CHT UcHT
Variables Mean+SD Mean+SD MeanxSD P value

(N=30) (N=20) (N=30)
Age (years) 55.13+11.40 61.05+£10.74 59.50+10.451 0.095
Gender
Male 13 (43.3%) 11 (55%) 13 (43.3%) 0.667
Female 17 (56.7%) 9 (45%) 17 (56.7%)
BMI 24.02+3.14 25.92+6.24 27.87+5.16 0.012%
SBP (mmHg) 120.90+10.57 128.90+8.82 160.07+14.17 0.000*
DBP (mmHg) 68.65+£7.69 68.28+9.83 84.95+16.27 0.000%*
MMP-9 (ng/mL) 1031.70+499 51 1236.10+521 .21 1080.07+396 .36 0.329
TIMP-1 (ng/mL) 222.69+93.92 217.95+64 24 218.75+39.21 0.366
IL-6 (pg/mL) 4.8249.36 4.50+7.09 4044425 0.961

NBP: normal blood pressure; CHT: controlled hypertension; Uc¢HT: uncontrolled hypertension; BMI: body mass index;
SBP: systolic blood pressure; DPB: diastolic blood pressure; MMP-9: matrix metalloproteinase; TIMP-1: tissue inhibitor
pf metalloproteinase; IL-6: Interleukin-6; p values with Kruskal Wallis test, significant value <0.05.

MNP [ngivd |
-

Fig.1.Correlation between body mass index (BMI) and matrix metalloproteinase-9 (MMP-9). Normal blood pressure: r=0.277;
p=0.138 (a). Controlled hypertension: r=-0.191; p=0.420 (b). Uncontrolled hypertension: r=0.480; p=0.007* (c).

The study analysis also revealed that there is
no corrclation between BMI and TIMP-1 in
normal blood pressure patients (r=0.089;
p=0639) and in controlled hypertension
patients (r=-0059; p=0.806), whereas a
moderately positive correlation was found in
uncontrolled hypertension patients (r=0.620;
p=0.000) (Fig. 2).

The correlation study between BMI and IL-6
also showed similar results, with no correlation
in patients with normal blood pressure (r=0.028;
p=0.882) and controlled hypertension (r=0.182;
p=0.060). However, a weak positive correlation
was found in patients with uncontrolled
hypertension (r=0.374; p=0.042) (Fig. 3).
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Fig. 2. Correlation between body mass index (BMI) and tissue inhibitor of metalloproteinase-1 (TIMP-1). Normal blood
pressure: r=-0.089; p=0.639 (a). Controlled hypertension: r=-0.059; p=0.806 (b). Uncontrolled hypertension: r=0.620;

p=0.000* (c).
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Fig. 3. Correlation between body mass index (BMI) and interleukin-6 (IL-6). Normal blood pressure: r=0.028; p=0.882(a).
Controlled hypertension: r=0.182; p=0.060 (b). Uncontrolled hypertension: r=0.374; p=0.042% (c).

Discussion

In the present study, we found that there was a
positive correlation between BMI and MMP-
9, BMI and TIMP-1, and BMI and IL-6 in
group UcHT, which showed an increase in
BMI followed by an increase in MMP-9,
TIMP-1 and IL-6 levels. However, there was
no correlation between BMI and MMP-9, BMI
and TIMP-1, and BMI and IL-6 in groups NBP
and CHT. This showed that patients whose
hypertension was not well controlled had
increased BMI and were associated with

140 Rep. Biochem. Mol. Biol, Vol.13, No.1, Apr 2024

increased levels of MMP-9, TIMP-1 and IL6.
It is known that an increase in BMI results in
an increase in blood pressure (4). A study
conducted by Sushith et al. showed that BMI
is higher in type 2 diabetics with hypertension
than in healthy controls and type 2 diabetics
without hypertension (11).

Meanwhile, increases in MMP-9, TIMP-1,
and IL-6 play a role in cardiovascular disorders
(12-15). Therefore, it is very important to
control BMI. In this way, it is hoped that the
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levels of MMP-9, TIMP-1, and IL-6 will also
be controlled.

The results of our study showed a positive
correlation between BMI and MMP-9 in group
UcHT'. It is known that increasing MMP-9 will
induce epithelial mesenchymal transition
(EMT) which is a potentially significant stage
in fibrosis (16). Fibrosis that occurs in blood
vessels will cause vasoconstriction of arteries
and venules, which can cause hypertension
(17). In addition, other studies show that
increased plasma MMP-9 levels correlate with
increased cardiovascular risk, myocardial
infarction mortality, cardiac dysfunction, and
arterial wall remodeling (17,18).

Our study also showed a correlation
between BMI and TIMP-1 in group UcHT.
Research  conducted by  Glowinska-
Olszewska and Urban found a correlation
between MMP-9 and BMI (r=0.33, p=0.005)
and between TIMP-1 and BMI (r=0.35,
p=0.006) in obese children with coexisting
hypertension (19). Likewise, in children with
obesity and hypertension, a correlation was
found between MMP-9 and BMI (r=041,
p=0.001) and between TIMP-1 and BMI
(r=033; p=0.025) (19). Our study found
similar results in adults but further studies
are still needed to obtain a clearer
understanding regarding this issue. Kostov et
al. state that high TIMP-1 leads to collagen
accumulation in cardiovascular extracellular
matrix and the development of pathological
remodeling and fibrosis of the heart and
arteries. Therefore, in order to control TIMP-
1 levels properly, it is necessary to control
the patient's BMI (20).

Finally, the results of this study reveal a
correlation between BMI and IL-6 in group
UcHT. IL-6 is a pleiotropic cytokine, with
proinflammatory and  anti-inflammatory
effects and has many physiological roles
(2122). Approximately, thirty percent of
circulating IL-6 originates in adipose tissue
(22). That is why patients with high BMI will
have increased production of IL-6 in adipose
tissue and will increase circulatory IL-6. It is
known that a high BMI, as in obesity, can
cause adipose tissue dysfunction, which

triggers the release of pro-inflammatory
adipose tissue cytokines which can directly
affect cardiovascular tissues and lead to
disease (23). Expansion of adipose tissue
accompanied by excessive adipocyte lipolysis
and subsequent increase in free fatty acid
levels will promote adipocyte IL-6 secretion
(24). Comparable to obesity, the chronic
proinflammatory state commonly found in old
age is largely caused by a variety of factors
including atherosclerosis, age-related
pathological  processes, and increased
abdominal fat, all of which lead to increased
circulating IL-6 levels (2526). Research
conducted by Tadi found that serum 1L-6 was
positively correlated with BMI, cholesterol,
triglyceride, and sodium levels and negatively
correlated with  potassium levels in
prehypertensive and hypertensive patients
(27). Similarly, other studies show that there is
no significant correlation between IL-6 and
anthropometric parameters (BMI, SBP, DBP).
However, IL-6 is found to increase in the
presence of hypertension (25). Mohammadi et
al. in their research found that patients with
metabolic syndrome experienced increased [L-
6. Metabolic syndrome is hypertension with
abdominal obesity, hyperlipidemia, and
insulin resistance (28).

The limitation of this study was that it did
not include the types of antihypertensive drugs
or other drugs consumed by the patients that
might affect MMP-9, TIMP-1, and IL-6 levels.

In conclusion, this study shows that an
increase in BMIis accompanied by an increase
in levels of MMP-9, TIMP-1, and IL-6 in
group UcHT. This means that it is necessary to
control BMI so that it can maintain stable
levels of MMP-9, TIMP-1, and IL-6 thereby
keeping blood pressure under control. Further
research is needed on BMI and the
mechanisms of changes in MMP-9, TIMP-1
and IL-6 levels at the biomolecular level so
that a clearer pathogenesis can be obtained in
cases of hypertension.
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