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ABSTRACT

Background: Diabetic retinopathy (DRP) is one of the most common microvascular com-
plications of diabetes. Microvascular complications of diabetes, such as diabetic macu-
lar edema and proliferative DRP, are among the major causes of vision loss in the active
working-age population. Pentraxin 3 (PTX3) is a protein that is rapidly released during
local inflammatory processes in the body. Increased inflammation in diabetes damages
the capillaries in the eye, thereby laying the groundwork for retinopathy.

Materials and Methods: A total of 82 participants were included in the study. Twenty of
these were healthy volunteers. Of the 62 diabetic patients, 41 had DRP and 21 did not. PTX
3 levels were compared between the groups with DRP, without DRP, and the healthy group.
The patient group comprised 28 patients with non-proliferative DRP (NPDRP), 13 patients
with proliferative DRP (PDRP) and 21 diabetic patients without DRP. The PTX 3 levels of
the four groups were compared to assess the severity of DRP. PTX 3 levels in patient serum
samples were determined using the ELISA method.

Results: PTX3 levels did not show a statistically significant difference between the three
study groups. It has been observed that PTX3 levels decrease as the severity of retinopathy
increases in patients with diabetes; however, this decrease is not statistically significant.
The reduction was not statistically significant, even when compared with the healthy con-
trol group.

Conclusion: PTX3 levels did not increase in patients with DRP. Furthermore, PTX3 levels
did not rise as the severity of DRP increased.

Keywords: diabetes mellitus, diabetic complications, diabetic retinopathy, pentraxin 3

Introduction

Diabetic retinopathy (DRP) is a microvascu-
lar complication of diabetes. Microvascular
complications of diabetes such as diabet-
ic macular edema and proliferative DRP are
among the leading causes of vision loss in
working-age population. These complica-
tions require regular monitoring and treat-
ment.! Irreversible vision can occur in pa-
tients who are not monitored regularly or
managed properly.

Pentraxin 3 (PTX3) is from a subgroup of
pentraxins referred to as long pentraxins.
PTX3 is an acute phase reactant structurally
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and functionally similar to C-reactive pro-
tein (CRP), although PTX3 differs from CRP
in its gene organization and chromosomal
location and cellular origin, inducibility and
ligand binding characteristics. PTX3 acti-
vates the complement system via classical,
alternative or lectin pathways. PTX3 can be
used to measure disease severity in inflam-
matory or infectious conditions. PTX3 has
been considered as a rapid marker of innate
immunity and primary local activation of in-
flammation.?

PTX3 has been used as a marker in the dif-
ferential diagnosis of chronic inflammatory
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conditions as well as an acute phase reactant during exacerba-
tions. Previous studies on PTX3 demonstrated that PTX3 levels
increased with the violence of inflammatory response and PTX
levels correlated with disease activity level in several rheumat-
ic conditions. PTX3 levels were significantly higher in patient
groups compared to control groups in studies in patients with
rheumatoid arthritis or familial Mediterranean fever.**

PTX3 is released by two structures in the retinal tissue: retinal
pigment epithelial cells and vascular endothelial cells.®

This protein produced in the eye plays a role in tissue homeo-
stasis by alleviating overactivation of the complement system
in a neurodegenerative ophthalmic condition referred to as
macular degeneration, which is of the major basis of eyesight
loss in older adults.”

Currently, very limited data are available on the role of PTX3 in
the pathogenesis of DRP. There are controversial data on po-
tential associations between plasma PTX3 concentrations and
disease status.®?

Age-related macular degeneration and DRP have been linked
to cellular and molecular components of major inflammatory
pathways that also involve PTX3, which has long been recog-
nized as an important mediator of vascular or complement-re-
lated inflammation and has recently been implicated in retinal
neurodegeneration.'o

However, local PTX3 grades in the ocular fluid of diabetic pa-
tients with DRP are greater compared to diabetic patients with-
out DRP or non-diabetic volunteers.”” Despite these data, bio-
logical connection of PTX3 in DRP has remained unknown.

Materials and Methods

This cross-sectional study was managed by the Internal Medi-
cine and Ophthalmology Clinics. This study contained total of
82 individuals who presented to our hospital between Novem-
ber 2019 and October 2020; 41 DRP, 21 diabetic patients without
DRP, and 20 healthy volunteers.

All participants underwent a complete ophthalmological exam
in the Ophthalmology Clinics. Chronic diseases and previous
medications were recorded. All patients exhibiting evidence of
DRP in the fundoscopic exam underwent a Fundus Fluorescein
Angiography (FFA) to determine the stage of DRP. Diabetic ret-
inopathy was divided into two categories based on FFAs find-
ings. Patients with hyperfluorescence leakage due to neovas-
cularization in FFA were considered proliferative DRP (PDRP)
(13 patients), and patients without leakage were considered
non-proliferative DRP (NPDRP) (28 patients). Blood samples for
serum PFX3 testing were collected from all study participants
in the Internal Medicine Clinics. Body mass index (BMI) was
calculated in the study population using the formula kg/m>.

Adult individuals identified with Type 2 DM were included
in the study. Pregnant women and minors, with a history of
coronary artery disease, cerebrovascular or peripheral artery
disease, type I diabetes mellitus, patients with macrovascular
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complications (diabetic foot, chronic kidney and/or liver fail-
ure) were not included. Patients with uveitis, glaucoma, and
non-diabetic retinopathy were also excluded from the study.

The study was approved by the Clinical Research Ethics Com-
mittee of Hitit University (Decision date: 18.09.2019, Decision
number: 50) and was conducted in line with the principles of
the Declaration of Helsinki. All study participants gave in-
formed consent.

Laboratory analysis

Once the routine tests were performed, remnant blood speci-
mens were centrifuged for 10 minutes at 3.500 Relative Centrif-
ugal Force (RCF). Centrifuged serum was placed in Eppendorf
tubes and was frozen at -80 °C for testing. Serum samples and
kits were allowed to stand at room temperature (+25 °C). PTX3
serum levels were measured utilizing the Enzyme-Linked Im-
munosorbent Assay (ELISA).

Pentraxin-3 analysis

The Human Pentraxin 3 ELISA kit of the Bioassay Technology
(BT) Laboratory was used and PTX3 results were expressed in
ug/mL.

Statistical Analysis

Statistical analyses were performed using the SPSS (Version
22.0, SPSS Inc., Chicago, IL, USA) software package. The Kolm-
ogorov Smirnov test evaluated the conformity of the groups to
normal distribution. Continuous variables were expressed as
means + standard deviations in normally distributed groups,
and continuous variables that did not follow normal distribu-
tion were expressed as medians. The Student’s t-test was used
for the comparisons between patient and control groups if the
variables were normally distributed, and the The Mann-Whit-
ney U test was used to compare groups for variables that do
not follow a normal distribution. The chi-square test was per-
formed for the comparison of categorical variables between
groups. The One-way ANOVA was used for three-way compari-
sons of the groups with normally distributed data and the Kru-
skal-Wallis test was used for non-normally distributed data.
The Pearson’s test was used if the data showed normal distri-
bution in correlation analysis; otherwise, the Spearman’s cor-
relation test was used. Any p value less than 0.05 (p<0.05) was
considered statistically significant.

Results

The study population consisted of 82 individuals. 62 were dia-
betic patients, and 20 were healthy volunteers without any un-
derlying disease. Of the 62 diabetic patients, 41 had retinopathy,
while 21 did not. Among 41 patients with DRP, 28 had NPDR and
13 had PDR.

There were no significant differences between the study groups
in terms of age, BM], systolic and diastolic blood pressure val-
ues (Table 1).

An analysis of biochemical data revealed that fasting blood
glucose (FBG) and HbAlc values were remarkably higher in
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Figure 1. PTX3 levels by disease severity

PTX-3: pentraxin 3; DRP: Diabetic retinopathy; NPDRP: non-proliferative DRP; PDRP: proliferative
DRP

patient groups with diabetes +/- DRP compared to healthy con-
trol group (p < 0.001 for both FBG and HbA1lc). However, these
two parameters did not significantly differ between the patient
group with DRP and the patient group with diabetes without
DRP (p > 0.05). Lipid parameters were similar among study
groups. Moreover, serum creatinine levels did not statistically
significantly differ among three study groups and PTX3 lev-
els did not statistically significantly differ among three study
groups (Table 1).

PTX3 levels were found to reduce as the severity of retinopa-
thy increased in patients with diabetes, although this reduction
was not statistically significant. The reduction was not statis-
tically significant even in comparison with the healthy control
group (Table 2) (Figure 1).

Discussion

Study groups did not significantly differ in age and gender dis-
tribution in our study. PTX3 levels did not significantly differ
among three study groups (p = 0.081). PTX3 levels were found
to reduce as the severity of retinopathy increased. However,
this reduction was not statistically significant (p = 0.065).

Diabetes is a complex metabolic disorder. Hyperglycemia re-
sults in oxidative stress in retinal tissues, triggering an inflam-
matory response in patients with diabetes.” Numerous studies
have shown that inflammatory processes play a central role in
the various pathogenic mechanisms underlying DRP.*16

As a glycosylated protein, PTX3 is produced acutely during
inflammatory reactions. Increased oxidative stress in retinal
tissues activates inflammatory signaling pathways in diabetic
conditions and various inflammatory cytokines, such as IL-1
and TNF-q, are secreted. PTX3 molecules are locally expressed
by immune and non-immune cells at infectious sites and pro-
tect the host against opportunistic bacteria in those sites.”

In addition to its role in natural immunity against infections,
it has been observed to activate inflammation in several in vi-
tro models such as myocardial infarction, gut ischemia or acute
lung injury models.!s2°

Evidence suggests that PTX3 is found in the eyes of humans
and is synthesized by various cell types, such as retinal pig-
ment epithelial cells, endothelial cells and myeloid cells. Pro-
duced locally, this protein plays a role in tissue homeostasis; for
instances, by alleviating the excessive activation of the com-
plementary system, PTX3 can mitigate age-related macular
degeneration (AMD), which is a neurodegenerative condition
and one of the main causes of visual impairment in older peo-
ple

Table 1. Demographic clinical and biochemical characteristics of study participants

Variables Diabetes with Diabetes without Control p-value
DRP (n=41) DRP (n=21) (n=20)
Gender, female/male 21/20 14/7 13/7 0.448
BMI, kg/m2 30+£4.6 31.8+£5.6 28.3+34 0.069
Age, years 60.14 £ 8.82 60.19 £ 10 57.10 £ 6.95 0.400
SBP, mmHg 127.6 +12.3 126.5+10.4 1254+9.6 0.424
DBP, mmHg 78.1 8.8 76.3+7.8 75.6+74 0.321
Total Cholesterol, mg/dL 222 +59 207 +41 220+ 37 0.540
Triglycerides, mg/dL 203 +171 169 + 63 152+ 71 0.316
LDL-cholesterol, mg/dL 131 +7? 120 + 32 138 +31 0.334
HDL-cholesterol, mg/dL 49 +£28 53+13 51+7 0.401
FBG, mg/dL 203 +102 17771 98+ 10 <0.001
HbAlc, % 9.30 £2.54 8.14+1.77 5.17+0.34 <0.001
Creatinine, mg/dL 0.77 +£0.16 0.74 £0.19 0.78 £0.17 0.772
PTX-3, ng/mL 1.47+0.16 3.18+0.95 1.65+0.33 0.081

FBG: fasting blood glucose; LDL: low density lipoprotein; HDL: high density lipoprotein; BMI: body mass index; DBP: diastolic blood pressure; SBP: systolic
blood pressure; PTX-3: pentraxin 3; DRP: Diabetic retinopathy; NPDRP: non-proliferative DRP; PDRP: proliferative DRP

tFor FBG and HbAlc, the p-value is reported as pairwise comparisons rather than an overall value: Diabetes without DRP vs. Control, p < 0.001; Diabetes with

DRP vs. Control, p < 0.001
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Table 2. PTX3 levels by disease severity

Variable PDRP group NPDRP group | Diabetes without DRP Control p-value
(n:13) (n:28) group (n:21) group (n:20)
PTX3 (ng/mL) 1.1940,04 1.60+0.23 3.18+0.95 1.65+0.33 0.065

PTX-3: pentraxin 3; DRP: Diabetic retinopathy; NPDRP: non-proliferative DRP; PDRP: proliferative DRP

A study conducted on diabetic patients in Egypt found that se-
rum PTX3 levels were substantially more elevated with DRP
than without the DRP; a cut-off value of 1150 pg/mL (1.15 ng/
ml) provided a sensitivity of 93.3% and a specificity of 72%.>
In contrast to that research, serum PTX3 levels were higher in
the group of patients without DRP compared to the group of
patients with DRP in our study, although intergroup difference
was not statistically significant.

In a meta-analysis of 15 studies, Mohammadpour Fard et al.
demonstrated that PTX3 was a promise biomarker for the
prompt recognition and follow-up of DRP.» Moreover, consid-
ering that PTX3 concentrations were substantially elevated in
the PDRP and NPDRP, they emphasized potential clinical utility
of PTX3 in detecting the condition and assessing disease sever-
ity. However, in our study, PTX3 levels were found to reduce as
the severity of retinopathy increased, although this reduction
was not statistically significant. In a meta-analysis conduct-
ed by Mohammadpour Fard and colleagues, four clinical trials
were reviewed to investigate circulating PTX3 concentration
levels in patients with PDRP and NPDRP; the findings suggest-
ed a probable increase in PTX3 levels in PDRP patients com-
pared with NPDRP patients, but, as with the results of our study,
the increase was not statistically significant.?

Despite the large body of evidence demonstrating the release
of PTX3 by various leukocytes, including monocytes, macro-
phages, dendritic cells and neutrophils, in the presence of in-
fections or sepsis, investigations into blood PTX3 levels in dia-
betics have failed to arrive at a definitive result.?»?*

However, PTX3 levels in the aqueous humor were found to be
higher in patients with diabetes compared to controls with-
out diabetes.” It was remarkable that there were no differenc-
es between patients with diabetes with DRP and with diabetes
without DRP. The findings confirm significance of PTX3 initial
phases of DRP, as reflected by the locally elevated PTX3 levels in
the ocular compartment.?

In our study, no significant difference was found between pa-
tient with DRP and without DRP in PTX3 levels. However, we
could not determine whether PTX3 levels were increased in the
aqueous humor or not, as we were not able to measure PTX3
levels in the aqueous humor.

However, serum PTX3 levels (3.18 + 0.95 ng/ml) were higher in
the group of patients without DRP than in the group with DRP.
The findings might indicate that PTX3 levels might have in-
creased in the aqueous humor previously and PTX3 might play
arole during early stages of DRP.

Although the root cause of these inconsistencies between the
studies could not be determined, sample sizes, race or speci-
men (plasma vs. aqueous humor) differences could play a role

European Journal of Innovative Medical Research

59

in conflicting results.

PTX3 can be secreted by various cell types in sites of inflam-
mation sites and plasma PTX3 concentrations are highly sensi-
tive to systemic conditions. Therefore, a more detailed analysis
of the aqueous humor during different disease stages will be
crucial to the investigation of the potential role of PTX3 in the
development of DRP.»

In a study, Jiang Y et al. suggested that PTX3 might have a sig-
nificant inhibiting effect on angiogenesis in the retina.”> Neo-
vascularization is a complex process involving multiple signal-
ing pathways, including, epidermal growth factor (EGF), VEGEF,
insulin-like growth factor 1 receptor (IGFIR), platelet-derived
growth factor (PDGF) and others. Conversely, PTX3 expression
was upregulated on high glucose situations and the inhibition
of PTX3 expression upregulated fibroblast growth factor-(F-
GF) mediated angiogenesis whereas excess expression of PTX3
suppressed FGF-mediated angiogenesis. In light of these find-
ings, further research is required to demonstrate potential ef-
fects of PTX3 on DRP and retinal neovascularization.?®

Further studies are needed to observe PTX3 expression in ret-
inal tissue in diabetic mice at different disease stages, PTX3
overexpression in animal models of oxygen-induced retinop-
athy and effects of PTX3 overexpression on retinal neovascu-
larization.?

Limitations of our study includes our inability to measure PTX
levels in the aqueous humor and limited number of patients
in the PDRP group The small sample size (n=13) in the PDRP
subgroup is one of the limitations of the study. Lipid metabo-
lism markers, CRP and other markers similar to CRP were not
included in our study and this might be another limitation of
our study.

Conclusion

This study did not reveal any significant intergroup differences
in serum PTX3 levels at any stage of diabetic retinopathy. How-
ever, based on the results of our study, we believe that there is
no association between serum PTX3 levels and retinopathy in
patients with type 2 diabetes, independently from macrovas-
cular disease. Further studies with larger sample size and mea-
surements of PTX3 levels in the aqueous humor are needed to
determine if PTX3 contributes to the pathogenesis of DRP.
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