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Original Article

Searching for Biomarkers in Proliferative Diabetic
Retinopathy: Amphiregulin and Progranulin

Proliferatif Diyabetik Retinopatide Yeni Biyomarker Arayisi:
Amphiregulin ve Progranulin
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ABSTRACT

Objective: Diabetic retinopathy is a common diabetic microvascular
problem. Its diagnosis and classification are based on visible changes in
clinical fundus examination. However, the discovery of possible vitreous
biomarkers in patients with proliferative and nonproliferative diabetic
retinopathy may guide both the differentiation and degree of retinopathy.
Biomarkers that will be accepted can be also a treatment target.
Amphiregulin (AREG) promotes proliferative and regenerative activity
and repairs most cell types by binding and activating epidermal growth
factor receptors. Progranulin (PGRN) has complex functions in many
physiological and pathological processes. Thus, this study aimed to report
vitreous AREG and PGRN levels in patients with diabetes and proliferative
retinopathy and compare the results with those without diabetes.
Methods: Thirty-three eyes of 33 patients with proliferative diabetic
retinopathy and 31 eyes of 31 patients without diabetes were included in
this study. Vitreous humor samples were collected from all patients at the
time of pars plana vitrectomy surgery immediately before the surgical
procedure. Vitreous AREG and PGRN values were determined by the
ELISA method.

Results: The mean AREG and PGRN values were similar in the groups
(p=0.427, p=0.459, respectively).

Conclusions: The results demonstrated that vitreous AREG and PGRN
levels have no significant relationship with proliferative diabetic
retinopathy.

Keywords: Amphiregulin, progranulin, vitreous, diabetes mellitus,
proliferative diabetic retinopathy

(o)A

Amag: Diyabetik retinopati, diabetes mellitusun yaygin bir
mikrovaskiiler komplikasyonudur. Hastaligin teshisi ve siniflandirilmasi,
klinik  fundus muayenesindeki gozle gorullir degisikliklere
dayanmaktadir. Ancak proliferatif diyabetik ve diyabetik olmayan
retinopatili hastalarin olasi vitreus biyobelirteglerin kesfedilmesi hem
retinopatinin ayrimi hem de derecesi hakkinda yol gosterici olabilir.
Ayrica kabul gérecek biyomarkerler birer tedavi hedefi de olabilir.
Amfiregilinin  (AREG), epidermal buyime faktorti reseptérlerini
baglayarak ve aktive ederek cogu hiicre tipinin c¢ogalmasini,
yenilenmesini ve onarimini uyardigi bilinmektedir. Progranilin (PGRN),
bircok fizyolojik ve patolojik stirecte karmasik fonksiyonlara sahiptir.
Bu calismada, proliferatif diyabetik retinopatili hastalarda vitreus
AREG ve PGRN diizeylerinin raporlanmasi ve sonuglarin diyabetik
olmayan kisilerle karsilastirilmasi amaglandi.

Yontemler: Bu calismaya 33 proliferatif diyabetik retinopatili hastanin
33 gozu ve 31 diyabetik olmayan bireyin 31 gézii dahil edildi. Pars
plana vitrektomi ameliyati sirasinda cerrahi islemden hemen 6nce
tim hastalardan vitreus ornekleri toplandi. Vitreus AREG ve PGRN
seviyeleri ELISA yontemi ile dlgildi.

Bulgular: Ortalama AREG ve PGRN seviyeleri gruplarda benzerdi
(sirasiyla p=0,427, p=0,459).

Sonuglar: Vitreus AREG ve PGRN duzeylerinin proliferatif diyabetik
retinopati ile anlamli bir iliskisinin olmadig gosterildi.

Anahtar kelimeler: Amfiregilin, progranilin, vitreus, diabetes
mellitus, proliferatif diyabetik retinopati
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INTRODUCTION

Diabetic retinopathy (DR) is a common diabetic
microvascular problem. Its diagnosis and classification are
based on visible changes in clinical fundus examination.
If needed, treatment decision is also based on clinical
examination. An inflammatory process begins long
before the visible anatomical changes in which trophic
factors, complements, cytokines, and many mediators
are important in DR development. Inflammatory changes
increase endothelial dysfunction, and the DR process
starts'2. The inflammatory process appears to be the
main contributor to microvascular damage, which finally
results with ocular complications of diabetes mellitus
(DM). The activation of growth and trophic factors,
cytokines, and mediators may cause inflammatory cells
to move into the retinal microvasculature, contributing
to DR development.

About 30 years ago, amphiregulin (AREG) was first
identified as a member of the epidermal growth factor
(EGF) family®*. Members of the EGF family are known
to stimulate cell proliferation, differentiation, and
regeneration. Originally referred to as an epithelial cell-
associated factor, recently, AREG was reported to express
in many activated immune cells such as monocytes, brain
tissue, central nervous system, ovary, testis, placenta,
pancreas, heart, kidney, spleen, bone marrow, lung, colon,
breast, and blood®>’. Many studies have reported that
AREG participates in various physiological processesé.
Currently, AREG is thought to promote the proliferation,
regeneration, and repair of most cell types by binding
and activating EGF receptors®.

Progranulin (PGRN), also known as pro-epithelium,
is a multifunctional protein expressed in various cell
types, including immune and epithelial cells, adipocytes,
neurons, reproductive organs, gastrointestinal tract,
and retina®'*B. PGRN has complex functions in many
physiological and pathological processes®“. After it
was first identified in the early 90s, many studies have
investigated its growth factor-like trophic properties
and role in wound repair and tissue remodeling’>".
PGRN was found related to the pathogenesis of diabetic
microangiopathies such as retinopathy and its severity
because of its roles in glycometabolism, insulin resistance,
and inflammatory response®”. Increased serum PGRN
levels have also been reported in patients with type 2 DM
(T2DM) compared with individuals without DM2°-22,

To our knowledge, no data have been published
regarding vitreous concentrations of AREG and PGRN
in patients with DM. Thus, this study aimed to measure
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the intravitreal levels of AREG and PGRN in patients
with proliferative DR and compare them with healthy
individuals.

MATERIALS and METHODS

The study adhered to the Declaration of Helsinki's
principles and was approved by the Kahramanmaras
Sutcu Imam University Clinical Research Ethics
Committee (decision no: 03, date: 10.10.2018). All
participants signed an informed consent form. This study
included 33 eyes of 33 patients with proliferative DR and 31
eyes of 31 patients without DM. The case group consisted
of patients with proliferative DR who had undergone
pars plana vitrectomy (PPV) surgery for tractional
retinal detachment. The control group included patients
without DM who had undergone PPV surgery for other
reasons such as rhegmatogenous retinal detachment,
macular hole, and epiretinal membrane. The exclusion
criteria were as follows: history of previous PPV surgery,
intravitreal hemorrhage, active inflammation, retinal
laser photocoagulation in the past 3 months, intravitreal
injection of corticosteroids in the past 6 months, and
intravitreal injections of anti-VEGF agents in the past 3
months.

Material Collection and Handling

All vitreoretinal surgery procedures and collection of
vitreous materials were performed by the same operator
(M.G.). Special care was taken to avoid bleeding, which
may cause contamination of the samples. In this study, 1
mL of vitreous humor was collected, transported to the
laboratory on ice, and divided into two Eppendorf tubes
of 0.5 mL each. Vitreous samples were stored at -80 °C
following the collection.

Measurement of AREG and PGRN

Vitreous humor samples, previously frozen at -80 °C,
were incubated at room temperature for 2 h before assay.
After defrosting, the samples were added to microplate
wells in a short time for quantitative measurement. All
reagents were brought to room temperature before use.
The tests were conducted at room temperature. AREG
and PGRN levels were determined with the ELISA kit,
according to the manufacturer’s guidelines (Quantikine
R&D Systems, MN, USA) with catalog nos. DAROO and
DPGRNO, respectively. The program of the Biotek_
ELx808 (Winooski, Vermont, USA) device was used to
plot all concentration and absorption graph curves of
the data obtained from AREG and PGRN measurements.
All measurements were performed twice. The lowest
detectable value of human AREG level was 3.56 pg/mL,
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and the standard curve range was 15.6-1000 pg/mL. The
intra and inter-assay coefficients were 8.7% and 9.3%,
respectively. The lowest detectable value of the human
PGRN level was 0.54 ng/mL, and the standard curve range
was 1.6-100 ng/mL. The intra and inter-assay coefficients
were 7.7% and 8.9%, respectively.

Statistical Analysis

SPSS Statistics version 17 was used to analyze data.
The Shapiro-Wilk test was used to determine normality.
Normally distributed data were compared using
independent samples t-test. Nonnormally distributed
data were compared using the Mann-Whitney U test.
The Mann-Whitney U test was also used to compare
AREG and PGRN levels. Independent samples t-test was
performed to compare the age of the patients between
the two groups. The chi-square test was performed to
compare the sex of the patients between the groups.
Statistical significance was defined as a p-value of <0.05.
Minimum and maximum values of age and AREG and
PGRN levels are shown in parenthesis.

RESULTS

The DM group consisted of 16 (48.5%) female and 17
(51.5%) male patients. The control group consisted of
14 (45.2%) female and 17 (54.8%) male patients. The sex
distribution in both groups was comparable (p=0.808).
The mean age values were 61.45+9.18 (43-79) years in the
DM group and 61.54%8.54 (48-82) years in the control
group. The average age of the groups was comparable
(p=0.966). The mean AREG levels were 23.55+5.81
(13.71-32.88) pg/mL in the DM group and 26.76+9.20
(16.01-52.93) pg/mL in the control group. The mean AREG
levels were comparable in both groups (p=0.427). The
mean PGRN level was 13.78+3.87 (6.80-19.83) ng/mL in the
DM group and 15.85+5.93(8.66-32.36) ng/mL in the control
group. The mean PGRN levels were comparable in both
groups (p=0.459). The demographic characteristics of the
patients and results are shown in Table 1. Comparison
of AREGamphiregulin and progranulin levels between
the diabetic and control groups was demonstrated in
Figure 1. As regards vitreal AREG and PGRN levels, no
significant difference was found between the groups.

DISCUSSION

The DR process starts with inflammatory changes,
which will later cause endothelial dysfunction and
microvascular damage'2. Many inflammatory molecules,
cytokines, and factors have been studied in human
vitreous, and their roles in DR were investigated. AREG
and PGRN have previously been studied in the blood
samples of patients with DM; however, no study has
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Progranudin {ng/mL)

Figure 1. Comparison of amphiregulin and progranulin
levels between the diabetic and control groups.

Cl: Confidence interval, SD: Standard deviation

Table 1. Demographic characteristics of the patients and results.

Patient demographics Diabetic group Control group p-value

Mean age 61.4519.18 61.54+8.54 0.966
17 men 17 men

Sex 0.808
16 women 14 women

Mean amphiregulin levels 23.55+5.81 26.7619.20 0.427

Mean progranulin levels 13.78+3.87 15.85%£5.93 0.459
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investigated the vitreous levels of these proteins in the
literature®?°-22, This prospective study analyzed patients
with PPV whose vitreous levels of AREG and PGRN
were measured and compared between those with
proliferative DR and those without DM. In this study,
we hypothesized that vitreous AREG and PGRN levels
of patients with proliferative DR would be higher than
those without DM, and these molecules may be used as
potential biomarkers or predictors of DR.

AREG is member of the EGF family*. Similar to
other members of the EGF family, it plays a role in the
stimulation of cell proliferation, differentiation, and
regeneration by binding and activating EGF receptors®”’.
Evidence suggests that AREG is generated in many cell
types®’. Harmed epithelial cells produce IL-25, IL-33, and
some other cytokines that cause AREG release. AREG
starts recovery from injury by binding EGF receptors
and stimulating proliferation and regeneration?24
Stressful conditions, such as ischemia, hypoxia, and
inflammation, result in AREG expression in the brain to
provide protection against neuronal cell death?. The
retina is an extension of the central nervous system, both
physically and developmentally. The central nervous
system includes retinal ganglion cells and the axons
that make up the optic nerve. Surface molecules and
cytokines in the retina and response to injury are similar
to those in the brain and spinal cord?. Therefore, DM-
induced retinal inflammation, ischemia, and hypoxia
would cause a similar response by the retina, such as
upregulating AREG expression. However, we have not
found a significant difference in vitreous AREG levels of
patients with DM compared with those without DM.

PGRN is a multifunctional protein that acts in
various physiological and pathological processes®. It
is expressed in various cell types such as the retina®.
PGRN is closely associated with DR pathogenesis and
its severity by taking roles in glycometabolism, insulin
resistance, and inflammatory response'®'®. Recent studies
have found that PGRN promotes IL-6 expression, which is
linked to obesity, dyslipidemia, glucose metabolism, and
insulin resistance?®?2?7, T2DM is characterized by resistant
response to insulin, leading to hyperglycemia?. In many
studies, a positive correlation was reported between
PGRN and hemoglobin Alc and fasting glucose?°22%,
Several studies have reported that serum PGRN levels
are significantly increased in patients with DM20303! Finch
et al.3 reported that the increase in serum PGRN levels
was 1.4 fold in patients with DM compared to healthy
controls. Xu et al.”? also showed that PGRN levels and
other inflammatory mediators such as IL-6 and TNF-a
are significantly increased in the serum of patients
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with T2DM and micro-angiopathic complications. As
mentioned in previous studies, the relationship between
serum PGRN levels and diabetic microangiopathy caught
our attention because no study has investigated vitreous
PGRN levels in patients with DM. Thus, we hypothesized
that vitreous PGRN levels would be higher in patients
with DM than in those without DM. However, we have not
found a significant difference in vitreous PGRN levels of
patients with DM compared with healthy subjects.

The strengths of this study are the strong hypothesis
and the fact that this was the first study investigating
vitreous AREG and PGRN levels in patients with DM
and healthy individuals. However, this study has some
limitations. Simultaneous measurement of serum AREG
and PGRN levels would make the results stronger. We
have not assessed the presence or absence of a posterior
hyaloid detachment, which was reported to affect
cytokine levels®.

To our knowledge, we demonstrated for the first time
that vitreous AREG and PGRN levels have no significant
relationship with proliferative DR. Further prospective
research with larger populations is necessary to better
understand the molecular aspect of proliferative DR.

CONCLUSION

The inflammatory process appears to be the major
mechanism that contributes to microvascular damage
resulting from ocular complications of DM. In various
studies, blood serum AREG and PGRN levels are elevated
in patients with DM. We found no significant difference
in vitreous AREG and PGRN levels between patients with
and without DM.
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