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ABSTRACT

Background: Chronic kidney disease (CKD) is diagnosed when there is a
sustained decrease in the estimated glomerular filtration rate (EGFR) over
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chronic kidney disease, a period of more than 3 months. While Pentraxin-3 (PTX-3) and Matrix
pentraxin-3, Metalloproteinase-9 (MMP-9) levels increase during the acute phase of the

matrix metalloproteinase-9,

estimated glomerular filtration rate kidney injury, chronic conditions often exhibit alteration in the epithelial

mesenchymal transition (EMT).

Objectives: This study aimed to elucidate the correlation between serum
PTX-3, MMP-9, and eGFR in patients with CKD.

Method: Thirty hypertensive patients with CKD stages 3, 4, and 5, aged
between 16 and 65 years, were enrolled in the study (15 males and 15
females). Diagnosis of CKD was based on the 2012 Kidney Disease
Improving Global Outcomes (KDIGO) criteria, utilizing serum creatinine,
and CKD-epidemiology Collaboration (CKD-EPI) estimates. Subsequently,
serum MMP-9 and PTX-3 levels were quantified.

Result: Patients with CKD exhibited significantly higher serum levels of
PTX3 and MMP9. Furthermore. a significant negative connection between
PTX-3, MMP-9, and EGFR was observed. Additionally, CKD patients
displayed a correlation between PTX-3 and MMP-9 concentrations.
Conclusion: Plasmalevels of PTX-3 and MMP-9 serve as unique, promising,
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and important markers that contribute to the pathogenesis of CKD.

INTRODUCTION

Chronic kidney disease refers to an anomaly
in kidney structure or function persisting for
more than three months. Diagnosis is based on
criteria including albuminuria of more than 30
mg/24 hours, urine sedimentation abnormalities,
electrolyte imbalances, histological findings,
imaging abnormalities, a history of kidney
transplantation and a decrease in glomerular
filtration rate (GFR) of less than 60 ml/min/1.73
m?. The CKD progression is is irreversible and
leads to complications and increasing morbidity
and mortality rates.'?

The CKD poses a significant global health
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burden, ranking as the sixth leading cause of
mortality in 2017, with 697.5 million affected
individuals and 35.8 million people undergoing
hemodialysis.? The prevalence of CKD,especially in
its end stages requiring renal replacement therapy,
is rising, with an estimated 3 million patients
currently receiving treatment and projected
increases by 50 to 100% by 2030.* Data from the
Indonesian Nephrology Association (PERNEFRI) in
the 2018 Indonesian Renal Registry (IRR) Program,
reported a doubling of CKD incidence compared to
the previous year and recorded 66,433 new CKD
patients in Indonesia. The most common etiologies
of CKD are hypertension (36%), diabetes mellitus
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(DM) (28%), followed by other causes such as
primary glomerulopathy (10%), pyelonephritis
(3%), and obstructive nephropathy (3%).°

One of the inflammatory marker proteins
that play a role in the development of CKD is
PTX-3, which belongs to the extended pentraxin
group.6 Increased levels of PTX-3 will reduce the
synthesis of nitric oxide (NO), thereby inhibiting
cell proliferation and inhibiting the effects of
fibroblast growth factor-2 (FGF-2) and interacting
with P-selectin. Additionally, pentraxin-3 promotes
matrix metalloproteinase production, which
directly prevents the synthesis of NO, continues to
resultin increased proteinuria, and accelerates the
progression of CKD.” One of the MMPs produced by
kidney nephron cells, especially in the glomerular
basement membrane, is MMP-9. The MMP-9 is a
proteinase belonging to the collagenase group
that binds to gelatin and breaks down to the
gelatin structure, further breaking down collagen
fragments denatured by interstitial collagenase. At
the glomerular level, inflammatory cell infiltration,
the release of inflammatory mediators, and first,
as a compensatory measure to lessen excessive
collagen production and prevent the development
of renal fibrosis, the release of reactive oxygen
species (ROS) can boost the synthesis and activity
of MMP-9. However, as CKD progresses, MMP-9
activity begins to decrease, which is associated
with podocyte loss. Podocyte damage can occur
due to adhesion molecule dysfunction, decreased
podocyte density, and cell apoptosis due to
oxidative stress. As a result, an accumulation of
components in the extracellular matrix (ECM)
causes increased glomerular permeability,
albuminuria, and decreased GFR. Furthermore,
there is also activation of the transition from
the EMT and the processes of apoptosis and
proliferation, which cause foot processes and
slit diaphragm in podocytes which lead to the
condition of renal fibrosis.?

According to Provenzano et al., the increase in
MMP-9 levels was estimated to be around 30-50%
of CKD stage 4 and 5 patients.’ Rodriguez-Sanchez
et al. found that patients with hypertension and
reduced GFR had higher levels of tissue inhibitor
of metalloproteinase-1 (TIMP-1) and serum MMP-
9.1%Several experimental animal studies showed
MMP-9 expression mainly in the glomerulus and
the proximal and distal tubules. Similar research by
Valente et al. found that persistent inflammation,
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characterized by elevated PTX-3 levels, disrupts
MMP-9/TIMP-1 balance, promoting renal
fibrosis.!?

Despite numerous studies on CKD progression,
few elucidate the initial inflammatory processes
involving PTX-3 and MMP-9 markers and their
association with degree of kidney damage.
Understanding the correlation between serum
PTX-3, MMP-9, and eGFR in CKD patients can
enhance treatment strategies for GFR decline.'?
Thus, this study aims to comprehensively
understand the correlation between serum PTX-
3, MMP-9, and eGFR in patients with CKD.

METHODS
Study design

This analytical observational investigation was
conducted at the biomedical laboratory of the
Faculty of Medicine, Andalas University, and the
outpatient and inpatient installations of Dr. M.
Djamil Hospital Padang from April to September
2022. The study employed a cross-sectional
research design.

Population and sample

The sample size was calculated using the
formula for a correlational study, enrolling 30
CKD patients aged between 16 and 65 years old
from the outpatient and inpatient Nephrology
Departments of Internal Medicine, General
Hospital Center Dr. M. Djamil Padang, Indonesia.
Inclusion criteria comprised patients willing to
provide informed consent and diagnosed with
stage 3 to 5 CKD according to the 2012 KDIGO.
Exclusion criteria included CKD patients
undergoing renal replacement therapy, those
with type I DM, using nephrotoxic agents, septic,
malignancy, autoimmune disease, cirrhosis of the
liver, chronic obstructive pulmonary disease, and
acute coronary syndrome (ACS). Sampling was
conducted consecutively.

Data collection

Detailed medical histories, patient age, and
other relevant information were collected. Venous
blood samples were obtained upon admission
to assess biochemical markers and creatinine
serum levels, including PTX-3 and MMP-9. Serum
separator tubes were used to collect blood samples
left to coagulate at room temperature. The serum
was isolated by centrifugation at 1,500 g for 10
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min before analysis, and it was stored at -80° C
for a maximum of one month. Plasma PTX-3 and
MMP-9 concentrations were measured using the
ELISA Bioassay Technology Lab (Ray BioTech Life
Inc, Georgia, USA), with results presented in ng/ml.

Measurement of eGFR
The CKD-EPI formula was employed to estimate
the eGFR and it is as follows:

GFR =141 x min (serum creatinine/k.1)*x max
(serum creatinine/k.1)12% x 0.993%°x 1.018 (for
female) x 1.159 (for black person).

The k values were 0.7 for female and 0.9 for
male patients. The a values were -0.329 for female
and -0.411 for male patients. "Min" represented
the minimum value of serum creatinine/k or 1,
while "max" represented the maximum value of
serum creatinine/k or 1.

Ethics
Ethical clearance was obtained from the Ethics

Committee of Universitas Andalas, Padang, West
Sumatra, Indonesia (No.LB.02.02/5.7/117/2022).

Table 1. Characteristics of the participants
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Statistical analysis

Descriptive analysis was performed on primary
data, representing numerical data with mean and
standard deviation, and categorical variables with
frequencies and percentages. Serum PTX-3 and
serum MMP-9 were correlated, and the estimated
glomerular filtration rate was represented as the
Spearman correlation test in the case of non-
normally distributed data or as the Pearson
correlation coefficient in the case of normally
distributed data. A p-value of less than 0.05
was used to determine the significance of data
processed using SPSS 22.0.

RESULTS
General Characteristics of the Participants
Thirty hypertensive patients with CKD stages
3,4, and 5 were evaluated using serum creatinine
levels, the 2012 KDIGO criteria, and the CKD-EPI
estimate for diagnosis. The mean serum urea
level was 180.77 + 110.90 mg/dl, and the mean
serum creatinine level was 10.58 + 8.24 mg/dl.
Participant characteristics are summarized in
Table 1.

Parameter n (%) Mean * SD

Sex

Female 15 (50)

Male 15 (50)
Age (years) 4790 = 13.35
Office SBP (mmHg) 154.33 +14.78
Office DBP (mmHg) 93.00 £ 4.66
Urea (mg/dl) 180.77 £ 101.90
Creatinine (mg/dl) 10.58 £ 8.24

Values are present as mean * standard deviation (SD); SBP: systolic blood pressure; DBP: diastolic blood pressure.

ELISA analysis for PTX-3 and MMP-9 serum
levels and eGFR by CKD-EPI equation

Plasma PTX-3 and MMP-9 activities were
analyzed by an ELISA kit. The median PTX-3 level
was 4.46 (2.68-5.71) ng/ml were shown in Table
2 , while the median MMP-9 level was 201.34
(190.15-279.62) ng/ml. The mean eGFR in CKD
patients was 6.00 ml/min/1.73m? ranging from
1 to 48 ml/min/1.73m? (Table 2).
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Correlation Between PTX-3, MMP-9 Serum
Levels, and eGFR in CKD Patients

Table 3 illustrates the correlation between the
level of serum MMP-9, PTX-3, and eGFR. Serum
MMP-9 showed a significant inverse correlation
with eGFR in CKD patients (Y = -0.280 MMP-9
+71.662, R = -0.746, p < 0.000), as revealed by
linear regression analysis. Similarly, a significant
correlation between serum PTX-3 and eGFR in
CKD patients was observed (Figure 1).
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Table 2. The PTX3, MMP-9 concentrations, and eGFR by chronic kidney disease-epidemiology equation

Variables

Median (IQR)

PTX-3 (ng/ml)
MMP-9 (ng/ml)
eGFR (ml/min/1.73m2)

446 (2.68 - 5.71)
201.34 (190.15 - 279.62)
6.00 (1 - 48)

eGFR: estimated glomerular filtration rate; PTX-3: pentraxin-3 (PTX-3); MMP-9: matrix metalloproteinase-9,

IQR: Interquartile range.

Table 3. Correlation between PTX-3, MMP-9, and eGFR in CKD patients

Variable PTX-3

MMP-9 eGFR

PTX-3

eGFR

r=-0.795

r2 =0.587
p <0.000

r=-0.477
r’=0.234
p<0.008
r=-0.746
r2=0.166
p<0.025

r=-0.795
r>=0.587
p <0.000

eGFR: estimated glomerular filtration rate; PTX-3: pentraxin-3; MMP-9: matrix metalloproteinase-9
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Figure 1. Analysis of the association between serum PTX-3 and eGFR (A) and between MMP-9 and eGFR
(B) using linear regression. eGFR: estimated glomerular filtration rate; PTX-3: pentraxin-3

DISCUSSION

This study was conducted on 30 samples of
CKD patients, where the number of male samples
was comparable to female samples. This finding
aligns with previous study by Hockham et al. which
obtained the results of comparing CKD patients
based on gender, where slightly more than half of
the sample were male, and the rest were female.13
Likewise, research 14 conducted a cohort study
with a larger number of CKD population and found
that the number of female patients was higher.

Additionally, a study conducted by Golberg
and Krause highlighted the significant role
of sex hormones in CKD. In his research using
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experimental animals, it was shown that there is
an adverse effect of testosterone and the protective
effect of estrogen on kidney damage. Both proximal
tubule cells and podocytes experienced increased
apoptosis due to the testosterone induction
process, which led to increased renal fibrosis, while
estrogen was observed to inhibit the process.'
The mean age of participants in this study
was 47 years , with a majority falling within the
56-65 age range. These findings are consistent
with previous research by Hockham et al. with an
average patient age of 41 years.!* While Dubey et
al. obtained an average age of 50 years,¢ another
study with a larger sample size, conducted by Xu
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et al. found that the average age of the stage 3, 4,
and 5 CKD groups was 50 years; 48 years, and 50
years.!” A higher mean age difference compared
to this study was reported by Kranowski et al.
with a mean age value in CKD patients of 59
years.!® The difference in this average is due to
differences in research inclusion and exclusion
criteria. Age is a risk factor for CKD. Renal structure
and function changes will worsen with age, even
in healthy individuals, such as renal vascularity,
filtration process, and tubulointerstitial function.
In addition, it is also associated with an increase
in the prevalence of CKD etiologies such as DM
and hypertension, which also increase with age.'’
The average blood pressure was 93 mmHg at the
diastoliclevel and 154 mmHg at the systolic level.
The Joint National Committee (JNC) VIII states
that a patient has hypertension if their diastolic
blood pressure (DBP) is 90 mmHg or higher and
their systolic blood pressure (SBP) is 140 mmHg
or higher.?’ This finding aligns to the research of
Rodriguez-Sanchez et al., who obtained a mean
SBP of 141 mmHg and a mean DBP of 85 mmHg."?
Liu et al. in their research obtained a mean SBP
value of 139 mmHg and DBP 77 mmHg.* While
Unger et al. obtained a mean SBP of 133 mmHg
and a mean DBP of 81 mmHg.?’ These differences
are due to differences in sample size and different
exclusion criteria.

Sarnak et al. reported that a decrease in GFR <
60 ml/min/1.73m? is a risk factor for increasing
the incidence of cardiovascular disease in the form
of new or recurrent cases, thus requiring further
evaluation and treatment.?! This is under data
from the IRR in 2017 which places hypertension
as the first etiology in CKD patients by 36%.% In
this study, the mean ureum level was 180.77 mg/
dl and the mean creatinine level was 10.59 mg/
dl. This study is not much different from a study
by Natalia, with a mean ureum level of 145.53
mg/dl, and a mean creatinine level of 3.36 mg/
dL.? In research by Hockham et al. a higher mean
creatinine level was obtained at 249.50 mg/dl and
amean creatinine of 13.70 mg/dl.!* The difference
in means is due to differences in the characteristics
of the study sample.

Based on the stage of CKD in this study, there
were more patients with stage 5 compared to
stages 3 and 4. This is because patients in the final
stage of CKD or stage 5, have clinical complaints
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that encourage patients to seek treatment, so
more are found in outpatient and inpatient care
compared to CKD patients in stages 3a, 3b, and
4. Based on the glomerular filtration rate (GFR)
and the extent of kidney damage, chronic kidney
disease is classified into five stages: 1, 2, 3a, 3b,
4, and 5. Stage 5 is a form of total kidney failure
in carrying out the main function of metabolic
homeostasis and requires renal replacement
therapy.'’In the early stages, CKD does not cause
symptoms and signs; even though up to 60% of
GFR patients are still asymptomatic, there is an
increase in urea and creatinine levels. As the GFR
decreases, complaints such as nocturia, weakness,
nausea, decreased appetite, and weightloss begin
to appear, the patient notices the symptoms and
signs of uremia.

The increasing incidence of CKD due to various
etiologies, especially in end-stage renal disease
(ESRD), will remain a major clinical problem,
which requires important attention to prevention
to inhibit the progressivity of the disease.?** High-
risk groups for CKD include DM, hypertension,
heart disease, structural kidney disease, systemic
disease, family history of CKD, old age, and use of
nephrotoxic drugs or opportunistic hematuria or
proteinuria. Beyond these factors, there are non-
traditional factors involved, namely evidence of
the role of inflammation and vascular damage
in CKD.?

A member of the pentraxin subfamily, PTX-
3 is an acute and chronic phase protein that
contributes to the inflammatory process of chronic
kidney disease. Interleukin-1 (IL-1) and tumor
necrosis factor-alpha (TNF-a) PTX-3 play a role
in activating PTX-3, but interleukin-6 (IL-6) or
interferon can activate PTX-3. The PTX-3 is also
expressed and released from endothelial cells,
which is associated with renal fibrosis in chronic
CKD." The normal value of PTX-3 is 0.15 - 0.33
ng/ml. In this study, the mean PTX-3 value was
4.45 ng/ml. The median PTX-3 value was 4.46
ng/ml, with a minimum level of 2.68 ng/ml and
amaximum of 5.71 ng/ml. Levels of PTX-3 in CKD
patients in this study were higher and significant
when compared with normal average values. In
this study, PTX-3 levels in CKD patients were
higher than the normal average value.

Assessed serum PTX-3 levels obtained a median
0f 5.92 ng/ml.* Research results from Wardoyo et
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al. obtained a lower median value of 0.93 ng/ml
and also used a cut-off value for serum PTX-3 levels
of 2.3 ng/ml.?” Research by Gursu et al. reported a
mean value of serum PTX-3 levels in patients who
have not undergone hemodialysis (HD) of 1.29
ng/ml, compared to serum PTX-3 of HD patients
with a much higher mean value of 3.58 ng/dl.?®
The difference in mean serum PTX-3 levels in
this study was due to differences in inclusion and
exclusion criteria and treatments on the research
samples. Previous research showed that in CKD
patients there was an increase in serum PTX-3
levels, as were the findings in this study.

The results of this study showed higher mean
serum MMP-9 levels in CKD patients compared
to normal values, which is by research conducted
by Miljkovié et al., who also reported an increased
MMP-9 value of 376 ng/ml in CKD patients who
had not been HD, and in the CKD group that
received HD treatment, the MMP-9 value was
304 g/ml.?°

The study's results differ from research
conducted by Mudatsir et al. who reported
differences in the mean value of serum MMP-9 in
CKD patients and the control group. The decrease
in mean MMP-9 was associated with decreased
antifibrotic potential in CKD patients with DM
comorbid. The difference in the mean value of
MMP-9 may be due to differences in the inclusion
and exclusion criteria of the study.*

Other possibilities that may affect serum
MMP-9 levels in this study are hypertension,
dyslipidemia, and obesity, which are also causes of
renal vascular endothelial damage. Hypertension
is closely associated with CKD, which is the cause
of glomerulosclerosis, interstitial fibrosis, and
atherosclerosis. The MMP-9 in the acute process
plays arole in vascular remodeling in the heartand
kidney, activating cardiorenal system pathways.
However, ECM degradation causes changes in
EMT conditions in the form of increased collagen/
scarring in conditions of renal fibrosis.!° The
increase in mean serum MMP-9 levels in this study
isin line with several previous studies, which show
the occurrence of renal fibrosis in CKD patients.

The mean eGFR value in this study was 13.60
ml/min/1.73m? Dubey et al. obtained a median
eGFR value of 29.2 ml/min/1.73m?2.!¢ This study
is different from that conducted by Hockham et

65

Harun, et al. The correlation between pentraxin....

al. who obtained a lower mean GFR value of 6.53
ml/min/1.73m?2.!3 Liu et al. obtained a mean eGFR
of 24.6 ml/min/1.73m%* Previous studies have
shown an increase in serum PTX-3 levels in CKD
patients. Likewise, many studies have also shown
a decrease in eGFR values in CKD patients. In this
study, the findings of the analysis demonstrated
a high and negative connection, as well as a
significant relationship, between PTX3 levels and
GFR in individuals with chronic kidney disease.
It can be concluded that an increase in PTX-3 in
CKD patients causes a decrease in eGFR value.

Pentraxin-3 playsarolein theimmunoregulatory
mechanism of acute inflammation and chronic
kidney damage. PTX-3 levels can be detected
normally, but the levels are very low in both serum
and tissue. However, the value of PTX-3 increases
due to inflammatory stimulation.?! Research by Dai
etal. states that the cause of inflammation in CKD is
multifactorial, one of which is due to an imbalance
between increased inflammatory production
such as due to oxidative stress, acidosis, fluid
overload, infection, and comorbidities such as
hypertension which will cause a decrease in GFR.
Chronic conditions, known as chronic low-grade
inflammation, are important from initiation to
renal fibrosis.3

Increased serum PTX-3 levels were inversely
correlated with GFR values in the elderly, and
serum PTX-3 levels predicted the incidence of
CKD five years in the future.® Research by Hung
et al. using recombinant PTX3 seen in proximal
tubule epithelial cells in mice, found an increase
in PTX-3 levels induced by cell migration through
the upregulation of EMT in the c-Jun NH2-terminal
kinase (JNK)-dependent pathway.*

The mechanisms underlying the role of PTX-3
in the reduction of GFR are still unclear; however,
the following mechanisms may explain the
increase in PTX-3 levels. Firstly, PTX-3 activates
and regulates the complement cascade, which
functions as a regulator of inflammation in
response to stimulation by cytokines. Second,
PTX-3 is involved in the regulation of the immune
system, which not only protects against certain
infections but also against the development of
atherosclerotic lesions.*? Based on the results of
this study and several previous studies compared
with the theory, the researcher found that as serum
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PTX-3 levels increase in CKD patients, there will
be a significant decrease in eGFR values.

Serum MMP-9 levels are higher in CKD patients
according to earlier research. Moreover, a decline
in eGFR levels in CKD patients has been reported
in numerous investigations. Serum MMP-9 levels
and eGFR values in individuals with chronickidney
disease (CKD) were shown to be significantly
correlated in this investigation. The association
was quite high and had a negative direction.
According to this data, the glomerular filtration
rate decreases in CKD patients when MMP-9 levels
rise.

Rodriguez-Sanchez et al. reported a correlation
between serum MMP-9 activity and decreased
renal function in hypertensive patients with
impaired function. This research explains that
the increase in MMP-9 levels is higher than its
inhibitor TIMP-1 as a cause of CKD progressivity,
and it appears that the increase in MMP-9 occurs
since the early stages of CKD.!° Research by Garcia-
Tejeda et al. stated that there was a relationship
between urinary MMP-9 and decreased GFR
values.®

Li et al. revealed different research findings:
they treated diabetic rats after they were
streptozotocin-induced, and when they were
evaluated in vitro, they discovered increased MMP-
9 synthesis along with increased albuminuria,
glomerular hypertrophy, and thickening of the
glomerular basement membrane. However; as the
overexpression of endogenous MMP-9 increased
podocyte cell differentiation, compromising
podocyte cell integrity and increasing albumin
permeability and ECM protein synthesis, the
nephropathic alterations in diabetic mice were
dramatically mitigated by MMP-9 deletion. It was
discovered that MMP-9 increased significantly
earlier in diabetic patients than microalbuminuria,
suggesting that MMP-9 may be involved in the early
onset of CKD, particularly diabetic nephropathy. 3
This work supports the development of treatments
that can stop the progression of renal fibrosis in
individuals with chronic kidney disease (CKD) and
highlights the significance of measuring serum
MMP-9 levels and eGFR in these patients.

Previous studies have shown an increase in
serum PTX-3 levels in CKD patients. Likewise,
many studies have also shown an increase in
serum MMP-9 levels in CKD patients. However,
so far, no studies have directly linked serum PTX-3
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levels with serum MMP-9 levels in CKD patients.
So, the author has not found comparative research
for this study. The results of the data analysis
showed a significant correlation between PTX-3
levels and MMP-9 levels in CKD patients with
a positive correlation direction and moderate
correlation strength. This shows that the higher
the serum PTX-3 level, the higher the serum MMP-
9 level in CKD patients.

Several genetic, inflammatory, comorbid, and
hormonal factors can influence the increase in
renal fibrosis markers. Pentraxin-3 synthesis by
the kidney is triggered due to several pathological
conditions, including pro-inflammatory cytokines
(TNF-a and Interleukin-1 beta (IL-1f8)), hypoxia,
ROS, profibrotic cytokines, hyperglycemia,
acidosis, and angiotensin II which later induces
continuous regulation (chronic inflammation)
resulting in decreased cell regeneration ability and
renal fibrosis. Pentraxin-3 interacts with MMPs
either directly or indirectly through NO, leading
to the activation and migration of progenitor cells
and fibroblasts, followed by ECM repair through
vascular remodeling and endothelial dysfunction.
Pentraxin-3 alters NO synthesis by reducing NO
signaling in blood vessels and increasing MMP-9
production by activating nuclear factor kappa-
light-chain-enhancer of activated B cells (NF-
kf) or reducing MMP messenger-RNA (mRNA)
stability.37-38

A study like this study reported by Ma et al.
assessed the relationship between PTX-3 with
CRP and MMP-9 in patients with acute coronary
syndrome and proved that there was a positive
correlation between PTX-3 and MMP-9 and was
significant. Animportant factor in this inflammatory
condition is the process of atherogenesis, which
causes PTX-3 activation in smooth muscle cells
through atherogenic lipoproteins and endothelial
cell tissue factors, as well as monocyte activation
that causes the formation of atherosclerotic plaque.
Atherosclerotic plaque triggers ECM degradation,
which can trigger plaque rupture as the cause of
thrombus in myocardial infarction.®

Compensatory mechanisms to stop the
formation of renal fibrosis and reduce excessive
collagen synthesis. However, MMP-9 activity is
linked to podocyte loss as CKD worsens. where
podocytes detach from the basement membrane.
Podocyte loss can occur due to adhesion molecule
dysfunction, decreased podocyte density, and cell
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apoptosis due to oxidative stress. As a result, an
accumulation of components in the ECM causes
increased glomerular permeability, albuminuria,
and decreased GFR. Furthermore, there is also
activation of EMT and apoptotic processes as well
as proliferation that causes foot processes and slit
diaphragm in podocytes that cause renal fibrosis.8
Limitations of this study were no investigation
regarding genetic factors and other inflammatory
factors that can also affect serum PTX-3 levels
and serum MMP-9 levels in CKD patients and
only focuses on the increase in serum PTX-3 and
serum MMP-9 levels in CKD patients and does not
look at the relationship with other organ/tissue
damage conditions .

CONCLUSION

In individuals with chronic kidney disease
(CKD), amodest positive association is observed
between serum PTX-3 and serum MMP-9, while
avery strong negative correlation exists between
serum PTX-3 and serum MMP-9 with eGFR. Future
research should therefore investigate additional
variables that influence blood PTX-3 and serum
MMP-9 levels in CKD patients.
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species; SBP: systolic blood pressure; TIMP-1: tissue
inhibitor of metalloproteinase-1; TNF-a: tumor necrosis
factor alpha.
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