
RETINAL DISORDERS

The influence of systemic renin-angiotensin-inhibition on ocular
cytokines related to proliferative vitreoretinopathy

Robert Hoerster1 & Sascha Fauser1 & Claus Cursiefen1
& Bernd Kirchhof1 &

Ludwig M. Heindl1

Received: 21 March 2017 /Revised: 10 May 2017 /Accepted: 30 May 2017 /Published online: 9 June 2017
# Springer-Verlag Berlin Heidelberg 2017

Abstract
Purpose The renin-angiotensin system is involved in the
pathogenesis of fibrosis in several organs via induction of
transforming growth factor (TGF) beta. In the pathogenesis
of proliferative vitreoretinopathy (PVR) TGF-beta plays a piv-
otal role, promoting transition of retinal pigment epithelial
(RPE) cells into myofibroblasts. We studied the influence of
angiotensin converting enzyme-inhibition (ACEI) on cyto-
kines and growth factors, related to PVR in aqueous humor.
Methods We performed a post hoc analysis of a prospectively
conducted interventional case series. From patients with
rhegmatogenous retinal detachment (RRD) aqueous humor
was obtained during primary surgery and analyzed using mul-
tiplex bead analysis for interferon gamma, tumor necrosis fac-
tor alpha, CC-chemokine ligand (CCL) 2 / monocyte
chemoattractant protein (MCP)-1, interleukin (IL)-1 beta, IL-
2, IL-4, IL-6, IL-8, vascular endothelial growth factor
(VEGF)-A, platelet derived growth factor (PDGF)-aa, TGF-
beta 1, TGF-beta 2, TGF-beta 3, fibroblast growth factor
(FGF)-aa, and FGF-bb. We recorded information about sys-
temic ACEI from the medical history.
Results In the primary study elevated levels of TGF-beta 1
and 2, IL 6 and 8 and CCL2/MCP-1 were a risk factor for
later PVR development. Here, systemic ACEI neither influ-
enced levels of these cytokines and growth factors, nor of any
other tested in this study (p ≥ 0.438, respectively). Also the
incidence of PVR development was unaffected (p = 0.201).

Conclusion The systemic intake of ACEI for arterial hyperten-
sion does not influence levels of profibrotic cytokines/growth
factors in aqueous humor. Further studies need to clarify if rele-
vant levels of ACEI accumulate in the eye, and if direct admin-
istration of ACEI in experimental PVR could be beneficial.
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Introduction

Proliferative vitreoretinopathy (PVR) is the leading cause for
failure of vitreoretinal surgery [1, 2]. Transforming growth
factor (TGF) beta plays a key role in the pathogenesis of
PVR [3–9]. An important step in the development of the char-
acteristic tractional PVR membranes is the epithelial to mes-
enchymal transition (EMT) of retinal pigment epithelial (RPE)
cells into contractile myofibroblasts [9–11]. Several groups
showed that TGF-beta isotypes 1 and 2 induce EMT
in vitro, as well as in vivo [5, 8–10, 12, 13].

The same pathomechanism underlies renal fibrosis. Here,
TGF-beta induces EMT of renal tubular epithelial cells [14,
15]. Pharmacological inhibition of the angiotensin converting
enzyme (ACEI) counteracts the EMTand eventually renal fibro-
sis [15, 16]. Causative could be that ACEI seems to inhibit the
pronounced TGF-beta expression during renal fibrosis [15, 16].

In 2013, we conducted a prospective interventional case
series enrolling patients with rhegmatogenous retinal detach-
ment (RRD). We found that elevated aqueous flare values, as
well as elevated profibrotic cytokines and growth factors in
the aqueous humor constitute a risk factor for later PVR de-
velopment. TGF-beta 1 but not TGF-beta 2 was one of the
factors endangering patients for later PVR.
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In this post-hoc analysis of the described population, we
aimed to study the influence of systemic ACEI medication for
arterial hypertension on aqueous flare and profibrotic cyto-
kines and growth factors, which were formerly identified as
risk factors for later PVR.

Materials and methods

In this post hoc analysis of a prospective interventional case
series [6], 62 consecutive patients with primary rhegmatogenous
RDwere included in the analysis. The protocol was approved by
the institutional review board of the University of Cologne and
followed the tenets of the Declaration of Helsinki.

Exclusion criteria of the primary study were any uncon-
trolled ocular disease including: active vasculitis, active uve-
itis, proliferative diabetic retinopathy, diabetic macular edema,
neovascular age-related macular degeneration, retinal vein oc-
clusion, and preoperative PVR.

We determined aqueous flare levels in photon counts per
millisecond (pc/ ms) preoperatively after pupillary dilatation
with 0.5% tropicamide and 5% phenylephrine hydrochloride,
using the Kowa FM-500 Laser Flare-Cell Meter (V.1.0; Kowa
Company Ltd., Tokyo, Japan). Ten measurements of each eye
were averaged. Measurements with artifacts were excluded.
We applied the previously defined threshold [17] of 15 pc/ms
as cut-off value for elevated flare levels.

Past studies showed that protein levels of the vitreous
corresponded well with protein levels in aqueous humor [9].
However, the examination of the aqueous humor instead of in-
vestigating the vitreous might be a weakness of our study. We
obtained aqueous humor samples using a 1 ml syringe with a 30
gauge needle in the still native eye (before pars plana vitrectomy,
scleral buckling or any othermanipulation). Samples were stored
at −80 °C for a maximum of 3 months. The presence of PVR
was evaluated at 6 weeks and 3 months postoperatively.

By means of multiplex fluorescent bead-based immunoas-
says (Luminex, Austin, TX, USA) using Human Cytokine
Custom Premix Fluorokine MAP Kit A, Human
Angiogenesis Custom Premix Fluorokine MAP Kit and
Fluorokine MAP 3-plex Kit (R&D Systems, Wiesbaden,
Germany) we analyzed the cytokines and growth factors in-
terferon (IFN) gamma, tumor necrosis factor alpha (TNF-al-
pha), CC-chemokine ligand (CCL) 2 / macrophage
chemoattractant protein (MCP)-1, interleukin (IL)-1 beta, IL-
2, IL-4, IL-6 and IL-8, vascular endothelial growth factor
(VEGF)-A, platelet derived growth factor (PDGF)-aa,
transforming growth factor beta (TGF-beta) isoforms 1, 2, 3
and fibroblast growth factor (FGF)-aa and FGF-bb. We used
50 μl of aqueous humor, for each Luminex panel. Analysis
was performed according to the manufacturers’ instructions.
Results are given in pg/ml.

From the medical history of the patients, we obtained data
about accompanying systemic medication with ACEI. The
respective patients were treated with ACEI continuously
throughout follow-up. The used ACEIs were Ramipril,
Enalapril, Lisinopril and Captopril.

Statistical analysis was performed using commercially avail-
able software (GraphPad Prism, La Jolla, CA, USA).
Significance levels for the frequency of postoperative PVR
were performed with the Fisher exact test. Subgroup compari-
sons of flare, cytokine and growth factor levels were performed
with non-parametric tests, not assuming Gaussian distribution.

Results

Baseline characteristics

In this post hoc analysis of a prospective interventional case
series we enrolled 62 patients with RRD. Forty patients were
male, 22 were female. Mean age was 59 ± 13 years (range,
23–83 years). We estimated the duration of the retinal detach-
ment by anamnestically determined onset of symptoms. Patients
described having symptoms 8 ± 12 days (range, 1–60 days) on
average before reporting to the clinic. The amount of retinal
detachment in quadrants was 2 ± 1 (1–4) on average. Themacula
was involved in 28 cases. Patients were phakic in 41 cases and
pseudophakic in 21 cases. All patients received a preoperative
laser-flare analysis. Laser-flare-values were 13.27 ± 12.52 pc/ms
(range, 2.60–74.30 pc/ms) on average. We present the mean
values of themicrobead-analysis of growth factors and cytokines
in Table 1. During the follow up of 3 months, nine patients
(15%) developed PVR grade CP1, four patients had a tractional
retinal re-detachment due to PVR.

Influence of systemic ACEI medication on PVR
development

Fifteen of 62 patients (24%) received systemic medication
with ACEI. Four of these 15 (27%) developed PVR. Five of
the 47 patients (11%) without ACEI developed PVR. This
difference was not significant (p = 0.201) (Fig. 1a).

Mean flare values of patients with ACEI medication were
15.95 ± 13.61 pc/ms (range, 5.00–44.50 pc/ms). Mean flare
values of patients without ACEI medication were
12.47 ± 12.21 pc/ms (range, 2.60–74.03pc/ms). The differ-
ence was not significant (p = 0.309). In our primary results
from the study, we found a cut-off 15pc/ms as a good discrim-
inator to determine the risk for later PVR. Four of 15 (27%)
patients with ACEI medication had a flare value of over
15pc/ms. Four of 47 (9%) patients without ACEI medication
had flare values over 15pc/ms. This difference was also not
significant (p = 0.088) (Fig. 1 B).
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None of the tested cytokines or growth factors was affected
by the systemic ACEI medication. Results are given in
Table 1. The levels of IFN gamma, TNF alpha, IL-1 beta,
IL-2, IL-4, TGF-beta 3 and FGF-aa and FGF-bb were below
detection-threshold.

Discussion

In the primary study, we determined profibrotic cytokines
and growth factors, which could serve as a predictor for later
PVR in patients with rhegmatogenous retinal detachment. In
this post hoc analysis of a prospectively conducted study on
patients with retinal detachment [6], we investigated the

effect of systemic ACEI medication on profibrotic cytokine
and growth factor levels in the aqueous humor of the eye.
TGF-beta isotype 1 but not isotype 2 was among these
growth factors [6]. The literature provides evidence that in-
hibition of the renin-angiotensin system prevents fibrosis by
down-regulation of TGF-beta [14–16]. There is evidence for
the presence of the renin-angiotensin system in the eye and
its humors [18]. Therefore, it is tempting to analyze the
effect of systemic ACEI medication on the incidence of
PVR in the eye. However, in this post hoc analysis, we
did not find any effect of the systemic ACEI medication
on cytokine and growth factor levels including TGF beta
isotypes in the aqueous humor. We also did not find any
effect on the incidence of PVR.

Table 1 Mean values ± standard
deviation (Range) andP-values of
Laser-Flare analysis [pc/ms],
cytokines and growth factors [pg/
ml] in aqueous humor

Systemic

ACEI medication

No systemic

ACEI medication

P-value Detection-threshold

Flare 15.95 ± 13.61

(5.00–44.50)

12.47 ± 12.21

(2.60–74.30)

0.309

PDGF aa 22.99 ± 19.00

(0–69.58)

18.03 ± 14.47

(0–57.03)

0.601 1.47

VEGF-A 79.18 ± 74.83

(0–248.00)

78.20 ± 95.28

(0–421.80)

0.682 2.26

IL-6 707.50 ± 2393.00

(5.18–9345.00)

495.60 ± 1256.00

(0–6100.00)

0.997 6.77

IL-8 38.91 ± 51.69

(5.37–210.20)

37.33 ± 55.74

(3.53–329.90)

0.794 4.05

CCL2/MCP-1 1857.00 ± 1639.00

(418.20–6409.00)

1638.00 ± 1459.00

(237.00–6276.00)

0.557 2.88

TGF-beta 1 28.38 ± 58.30

(0–207.80)

20.24 ± 31.59

(0–148.90)

0.759 33.22

TGF-beta 2 817.00 ± 268.90

(448.00–1326.00)

891.00 ± 315.70

(145.60–1741.00)

0.438 14.64

Footnote: Levels of Interferon (IFN) gamma, tumor necrosis factor (TNF) alpha, interleukin (IL)-1 beta, IL-2, IL-
4, transforming growth factor (TGF) beta isoform 3 and fibroblast growth factor (FGF)-aa and FGF-bb were
below detection-threshold (detection thresholds: 4.46 (IFN-gamma), 6.12 (TNF alpha), 3.29 (IL-1 beta), 3.11 (IL-
1 beta), 5.14 (IL-4), 56.07 (TGF-beta 3), 29.50 (FGF-aa), 3.25 (FGF-bb).

Abbreviations: ACEI: angiotensin-converting-enzyme-inhibitor; IL: interleukin; CCL: CC-chemokine ligand;
MCP: macrophage-chemoattractant-protein; PDGF: platelet derived growth factor; TGF: transforming growth
factor; VEGF: vascular end othelial growth factor

Fig. 1 a: Proportion of retinal detachment patients [%] with or without
later PVRwith or without concomitant systemicACEImedication did not
differ significantly; P-value: 0.201. b: Proportion of retinal detachment
patients [%] with Flare values over and under 15pc/ms with or without

concomitant systemic ACEI medication did not differ significantly; P-
value: 0.088. Abbreviations: ACEI: angiotensin-converting-enzyme-
inhibitor; PVR: proliferative vitreoretinopathy
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Angiotensin 2 promotes TGF-beta release and TGF-beta
dependent synthesis of collagen IV and extracellular matrix
proteins [15, 19, 20]. Consecutively, this system could be at
least partly involved in the upregulation of TGF-beta and the
formation of tractional retinal membranes during the patho-
genesis of PVR. Interestingly, inhibition on angiotensin 2 via
systemic ACEI medication affects TGF-beta isotype 1 expres-
sion, rather than TGF-beta isotype 2 [15]. Our results from
former studies also suggest a pronounced role of TGF-beta
isotype 1, rather than isotype 2 [6, 9]. The fact that systemic
ACEI medication did not influence cytokine and growth fac-
tor levels could be due to a lack of penetration of the ACEI
medication into the eye. Alternatively, the systemic levels of
ACEI could be too low to inhibit the renin-angiotensin system
within the eye. Consecutively, inhibition of the renin-
angiotensin system in the eye could be only minor. A major
limitation of our study includes the relatively small number of
cases. Future and larger studies need to clarify whether sys-
temic ACEI medication leads to relevant levels of ACEI with-
in the eye and to relevant inhibition of the ocular renin-
angiotensin system. In this context concentrations of ACE in
the aqueous humor need to be analyzed. In addition, direct
application of ACEI into the eye in an experimental setting
could be a worthwhile attempt to prevent PVR in the future.
Inhibition of the renin-angiotensin system could prove bene-
ficial not only to patients at risk for PVR, but also to the large
group of patients with Fuchs endothelial dystrophy (FED).
This disease is also characterized by EMTof endothelial cells.
Similar cytokines have been related to EMT in FED patients
as well as in PVR patients [21, 22].
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