
Page 1/19

The Impact of Rheohaemapheresis on the
Proprotein Convertase Subtilisin Kexin 9 (PCSK9) in
Age-Related Macular Degeneration
Vladimír Blaha 

University Hospital Hradec Kralove: Fakultni Nemocnice Hradec Kralove https://orcid.org/0000-0001-
8088-9919
Hana Langrová 

University Hospital Hradec Kralove: Fakultni Nemocnice Hradec Kralove
Milan Blaha 

University Hospital Hradec Kralove: Fakultni Nemocnice Hradec Kralove
Jan Studnička 

University Hospital Hradec Kralove: Fakultni Nemocnice Hradec Kralove
Alexander Stěpanov 

University Hospital Hradec Kralove: Fakultni Nemocnice Hradec Kralove
Ctirad Andrýs 

University Hospital Hradec Kralove: Fakultni Nemocnice Hradec Kralove
Veronika Loe�erová 

Regional Hospital Liberec: Krajska Nemocnice Liberec as
Miriam Lánská 

University Hospital Hradec Kralove: Fakultni Nemocnice Hradec Kralove
Eva Vejražková 

University Hospital Hradec Kralove: Fakultni Nemocnice Hradec Kralove
Petr Dulíček  (  petr.dulicek@fnhk.cz )

University Hospital Hradec Kralove: Fakultni Nemocnice Hradec Kralove

Research

Keywords: Proprotein convertase subtilisin/kexin 9, age-related macular degeneration,
Rheohaemapheresis, LDL-cholesterol

Posted Date: November 6th, 2020

DOI: https://doi.org/10.21203/rs.3.rs-101210/v1

https://doi.org/10.21203/rs.3.rs-101210/v1
https://orcid.org/0000-0001-8088-9919
mailto:petr.dulicek@fnhk.cz
https://doi.org/10.21203/rs.3.rs-101210/v1


Page 2/19

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://creativecommons.org/licenses/by/4.0/


Page 3/19

Abstract
Background. Age-related macular degeneration (AMD) is a progressive chronic disease with resulting
visual impairment or even blindness with limited therapeutic options. Because hyperlipidemia is a
signi�cant risk factor for AMD development we investigated long-term effects of rheohaemapheresis in
the dry form of age-related macular degeneration on the lipid related parameters including PCSK9.

Methods. This study evaluates 31 patients with age-related macular degeneration (AMD), treated with
rheohaemapheresis. The followed-up period was 7 years. Average age was 69.1 ± 4.9 years. Each treated
patient received a series of 8 sessions of rheohaemapheresis. 2 additional procedures within 1-week
procedures were performed to boost the effect after the 2-year period. We measured the drusenoid
pigment epithelium detachment (DPED), best-corrected visual acuity (BCVA), electroretinography (ERG),
lipid, in�ammatory, endothelial dysfunction and rheologically important parameters.

Results. Rheohaemapheresis treatment in AMD patients was associated with a signi�cant decrease of
total cholesterol, LDL-C, HDL-C, apoprotein B, and lipoprotein (a) levels, biomarkers of in�ammation,
endothelial dysfunction (CD40L, MCP-1) and rheologically important parameters, and serum PCSK9
(P<0.001). The patients were further divided into 2 groups based on the ophtalmological examination.
Successfully treated patients (n=10, with at least a 5-year follow-up) had signi�cantly lower baseline LDL-
C and ApoB (P<0.05) and their serum PCSK9 signi�cantly decreased after rheohaemapheresis (P<0.001)
in comparison to the patients where treatment failured (n=4).

Conclusion. Over the long term, rheohaemapheresis reduced the DPED, improved the function of
photoreceptors, and prevented the decline of BCVA. BCVA improvement was accompanied by lowering of
LDL-C and PCSK9 and improvement of endothelial dysfunction. We suggest that rheohaemapheresis and
other novel anti-PCSK9 therapies may be used synergistically to reduce severity, slow down or even
induce regression of AMD.

Introduction
Age-related macular degeneration (AMD) is a progressive chronic disease, and despite the best care, it
remains a leading cause of visual impairment in the elderly. Moreover, the therapeutic options are limited.
A hypothesis implicating hyperlipidemia/hypercholesterolemia as a risk factor in AMD has arisen from
the observation that AMD and cardiovascular disease share a number of risk factors and
pathophysiological pathways [1]. Hyperlipidemia is a signi�cant risk factor for the development of a
number of vascular diseases in the eye, such as retina atherosclerosis and AMD [2]. The retina has been
shown to uptake circulating low density lipoprotein (LDL) [3], providing blood-borne lipids to all the
cellular layers of the retina. The retina can also synthesize cholesterol to maintain its dynamic steady-
state lipid composition [4]. To perform these tasks, the retina expresses the same molecules used in
blood-borne lipoprotein uptake and in intraretinal lipoprotein-based lipid transport process [5] including
the proprotein convertase subtilisin/kexin type-9 cascade [6].
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Proprotein convertase subtilisin/kexin type 9 (PCSK9) is a pivotal regulator of low-density lipoprotein
(LDL) receptor, and thus of LDL-cholesterol levels (LDL-C) [7]. When cell cholesterol depletion or inhibition
of intracellular synthesis occurs, PCSK9 promoter activity is raised, leading to an increased transcription
[8]. A second transcription factor involved in regulation of PCSK9 is the hepatocyte nuclear factor 1 alpha
(HNF1 alpha) [9]. Once secreted, PCSK9 binds the epidermal growth factor-like repeat homology domain
A (EGFA-like) of the LDL receptor (LDLR) through its catalytic domain. This phenomenon fosters the
degradation of LDLR in lysosomes, instead of allowing it to recycle on the cell surface. This degrading
activity reduces the number of LDLR on hepatocytes, and thus the uptake of circulating LDL particles by
the liver. For this reason, greater PCSK9 activity associates with higher circulating levels of LDL
cholesterol, and its pharmacological inhibition has been considered as a new line of intervention for
preventing cardiovascular diseases [10].

In spite of the important role of PCSK9 in LDL-C metabolism in coronary heart disease, its impact on
other diseases that stem from LDL-C overload and subsequent oxidation, such as age-related macular
degeneration (AMD), has thus far not been studied. The progression of AMD involves the transition from
an early or intermediate stage, when extracellular deposits called drusen accumulate on the inner surface
of Bruch’s membrane, to an advanced stage featuring photoreceptor and retina pigment epithelium (RPE)
atrophy and/or choroidal neovascularization (CNV), leading to central vision loss [11]. While the
mechanisms that drive this progression are unknown, they have been linked to lipid transport and lipid
metabolism in the retina, as variants in genes involved in these processes have been found to confer
increased risk of AMD progression in several genome-wide association studies [12–14]. In addition,
histological studies have demonstrated the accumulation of phospholipids and cholesterol in Bruch’s
membrane-retinal pigment epithelium complex, which increases with aging and the AMD stage [15, 16]. In
the highly oxidative environment of the outer retina, these lipids have been noted to undergo conversion
to oxidized species, which exert deleterious changes resembling those found in advanced AMD [17, 18].

Rheohaemapheresis is an extracorporeal membrane �ltration method for the elimination of high
molecular weight proteins (i.e., �brinogen, 2-macroglobulin, immunoglobulin M, thrombomodulin), which
also signi�cantly decreases low-density lipoprotein cholesterol [19]. This method can normalize
rheologically important parameters (the viscosity of blood and plasma as well as erythrocyte
aggregability), can improve erythrocyte �exibility, and could lead to substantial improvement of visual
functions in people suffering from AMD [20]. Consequently, this could improve blood �ow in the choroid,
which is reduced in the dry form of AMD [21]. Therapy using rheohaemapheresis in AMD patients may
have the in�uence also on other proteins like PCSK9.

Primary objective of this study was to investigate for the �rst time whether the AMD associates with
increased plasma PCSK9 which is linked to the regulation to the metabolism of LDL-C. Secondary
objective was to evaluate whether the treatment of AMD by rheohaemapheresis reduces plasma PCSK9
levels as it removes LDL, and whether this will have the positive and persistent effect on the course of
AMD.
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Materials And Methods

Methods/Patients
The project was a prospective, open-label, controlled study involving patients with AMD. The protocol was
carried out according to the Declaration of Helsinki. All examined individuals were Caucasians, and all
signed informed consent forms, which, together with the protocol of the study, were approved by the
institute's ethics committee (approval number 201607 S03P).

We treated 31 patients with AMD, using rheohaemapheresis between March 2012 and September 2019.
The group consisted of 20 females and 11 males. Average age was 69.1 ± 4.9 years. The patients were
treated for coronary heart disease, n = 2 (6%); cerebrovascular disease, n = 2 (6%); hypertension, n = 14
(45%); hyperlipoproteinemia, n = 14 (45%). None of the patients was treated for peripheral artery disease
or diabetes mellitus. Statins were used in 11 patients (35%) and ezetimibe in 1 patient (3%) for the
treatment of hyperlipoproteinemia.

The patients were followed up for a long period of time. Inclusion criteria were: Patients with AMD in the
soft drusen stage, grade 1–3 according to the EURYEYE study [22], body weight over 50 kg and with other
feasible indications for apheresis therapy (peripheral veins allowing vascular access to establish the
extracorporeal circuit). Exclusion criteria were: study eye with exudative AMD, study eye with concomitant
retinal or choroidal disorder other than AMD, study eye with signi�cant central lens opacities and/or
conditions that limit the view of the fundus, uncontrolled diabetes, uncontrolled arterial hypertension,
insu�cient antecubital venous access, haemato-oncological malignancies, patients who were unwilling
to adhere to the examination visit schedule or who were in poor general condition (serious diseases –
infections, cardiovascular or cerebral insu�ciency, severe CAD).

For the studies examining PCSK9 levels, a group of 53 healthy blood donors (age 55.0 ± 6.7 years, 26
females, 27 males) was included.

Ophthalmological examination
An ophthalmological examination was carried out, using best-corrected visual acuity (BCVA) and
ophthalmoscopy. Also, the development of soft drusen, DPED and the area of RPE atrophy was
monitored using fundus photography in 7 areas, performed with the digital fundus camera (Zeiss FF 450 
+ IR; Zeiss, Jena, Germany). For quanti�cation of size changes (DPED, RPE atrophy) during the course of
treatment [mm2], the VISUPAC program (Zeiss, Jena, Germany) was used. For electrophysiological
examination of the retina, we used electroretinography: �ash ERG for rod and cone systems, pattern ERG
for ganglion cells and multifocal ERG for central retinal activity (RETI-port plus mfERG System; Roland
Consult, Germany). Progression of the disease to its wet form was evaluated by �uorescein angiography
(FAG; Zeiss FF 450 + IR, Zeiss, Jena, Germany). Spectral domain optical coherence tomography (Cirrus,
Zeiss, Jena, Germany) was used to verify the position of drusen and to determine anatomical changes in
the layer of photoreceptors, focusing on the integrity of the outer and inner segment junctions: OS / IS. An
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advanced 5-line SD-OCT raster scan was used to assess disorders of photoreceptor junctions, which are
important for vision.

The patients were further divided into 2 groups based on the ophtalmological examination. The �rst
group consisted of patients who were clinically successfully treated, and the second group included
patients with therapeutic failure. Patients whose disease became stable or improved (visual acuity,
morphological ocular �ndings) were considered as being successfully treated. (Note: the group of
successfully treated patients is numerically larger, as it includes patients who were found to have
improved, as well as those with a stable disease. Generally, long-term stabilization is considered as
successful therapy in the case of AMD). Out of 31 patients in this study, 14 patients who completed
rheohaemapheresis treatment using the predetermined scheme, with at least a 5-year follow-up, were
included for evaluation. Among them, 10 patients were evaluated as successfully treated, 4 patients as
treatment failure.

Clinical evaluation of the patients (visual acuity,
morphological ocular �ndings):
The most important criterion, especially from the patient's point of view, is visual acuity: this was
evaluated as stabilization if the visual acuity was within ± 10 letters of the original value on a speci�ed
date (i.e. change of maximum of 2 lines of the ETDRS optotypes). Improvement of visual acuity by 11 or
more letters was evaluated as an improvement; deterioration by 11 or more letters was evaluated as a
worsening. Stabilization of the morphological �nding was evaluated as a change in the original area of
pathological changes (drusenoid pigment epithelium detachment, area of soft drusen, area of RPE-
atrophy) by ± 25%. A decrease of more than 25% in the pathological changes was considered as an
improvement; analogical increase by more than 25% from the baseline was considered as a worsening.
The effect of the therapy was evaluated by an experienced ophthalmologist.

Rheohaemapheresis
The method of rheohaemapheresis in the treatment of the AMD has been used for more than 10 years in
our hospital. In the present study, the data from 31 patients with AMD, treated using rheohaemapheresis
between March 2012 and September 2019 are evaluated, as mentioned above. All patients completed the
full protocol according to our study. Rheohaemapheresis therapy was used according to Borberg et al.
with our own modi�cation [23, 20]. To obtain plasma, we used continuous separators (Cobe Spectra or
Spectra Optia, Terumo BCT, Lakewood, Co, USA) and Eva�ux 4A �lters (Kawasumi, Tokyo, Japan) to
wash the obtained plasma were used. The �ow through the �lter was controlled, using the CF100
automatic machine (Infomed, Geneva, Switzerland). Anticoagulation was performed using a combination
of heparin and ACD-A (Baxter, Munich, Germany). 1-1.5 l of blood was washed. The procedures were
performed from the peripheral vein in the elbow pit or in the forearm. We presented some more detailed
data separately [24–26]. The treatment scheme was performed for patients with AMD according to the
MIRA-1 study [27]; 8 procedures in 10 weeks, i.e. 2 aphereses weekly at intervals of 2–4 days, followed by
a break of 14 days, followed by another series of aphereses. The patients were then followed up every
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6 months. The effects of a successful treatment last from 2 to 2.5 years usually, according to our
experience. It is recommended (based on the literature data and our experience [19, 26] that 1–2
additional procedures are performed to boost the effect (“booster therapy”) after this 2-year period. For
our group of patients, we decided on 2 procedures within 1 week.

Plasma samples and blood analysis
Blood samples were collected immediately before and after rheohaemapheresis in EDTA-containing tubes
and centrifuged within 30 minutes at 1500G for 15 min at room temperature. Plasma samples were
aliquoted and stored at -80 °C before the proteomic analysis. The analysis was performed periodically
with a consistent methodology. Sampling was done at the baseline before therapy, in the middle of the
protocol (after 4th rheohaemapheresis) and at the end of the protocol (after 8th rheohaemapheresis).

TC, LDL-C, HDL-C, apoprotein B, and triglycerides were determined using a commercial kit with a Modular
Roche analyzer. Haematological parameters were assessed using routine laboratory techniques
(�brinogen, viscosity of the blood and plasma).

Analysis of PCSK9
Serum concentrations of PCSK9 were analyzed using Quantikine Human Proprotein Convertase 9/PCSK9
produced by company R&D Systems (USA). Instructions from the producer were always respected. Serum
samples were diluted 20x and the range of measurement was 0.3 to 40 ng/ml.

Biomarkers of in�ammation and endothelial dysfunction
The levels of hsCRP were assessed by immunonephelometry with analyzer IMMAGE 800 (Beckman,
USA), and results were expressed in milligrams per liter (mg/L) of serum with a detection limit of
1.0 mg/L.

The serum concentrations of the human soluble form of P-selectin were determined by sandwich
enzyme-linked immunosorbent assay technique (ELISA) with Human Quantikine P-Selectin/CD62P ELISA
commercial kit (R&D Systems, MN, USA) according to the manufacturer’s instructions. The limit of
detection of sP-Selectin was 0.05 ng/mL. Samples were diluted 1:20. Absorbance values were measured
at 450 nm/620 nm by Multiskan RC ELISA reader (Thermo Fisher Scienti�c, MA, USA).

The level of monocyte chemoattractant protein-1 (MCP-1) was evaluated by ELISA using Quantikine
Human CCL2/MCP-1 ELISA kit (R&D Systems, MN, USA) according to the manufacturer’s instructions.
The concentration was expressed in picograms per milliliter (pg/mL) of serum, with a detection limit of
1.7 pg/mL. Samples were diluted twice (1:1) with speci�c diluent. The absorbance values were measured
at 450 nm by a Multiskan RC ELISA reader (Thermo Fisher Scienti�c, MA, USA).

The levels of CD40 ligand (CD40L) were detected by ELISA kit Quantikine Human CD40 Ligand/TNFSF5.
The kit was manufactured by R&D Systems, MN, USA. The assay was run according to the instructions
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for use provided by the manufacturer. Absorbance was measured at 450 nm with the microplate reader
Multiskan RC ELISA reader (Thermo Fisher Scienti�c, MA, USA). Serum samples were 1:5 diluted, and the
concentration of CD40L was expressed in pg/mL of serum, with a detection limit of 4.2 pg/mL.

Statistical analyses
Apart from absolute and relative patient frequencies, data are presented as mean (standard deviation). T-
tests and (mean values with SDs) and Wilcoxon matched-paired signed rank tests were used for
intergroup comparisons. A value of P < 0.05 was the minimum requirement for a statistically signi�cant
difference. GraphPad Prism 8.0 software (La Jolla, CA, USA), JMP (2012 SAS Institute, Inc.) and
SigmaPlot 12.5 (2013 Systat Software, Inc.) statistical software were used for the statistical analyses.

Results
Rheohaemapheresis reduces total cholesterol, LDL-C, HDL-C, apoprotein B, and lipoprotein (a) levels

Rheohaemapheresis treatment was associated with a signi�cant decrease of total cholesterol, LDL-C,
HDL-C, apoprotein B, and lipoprotein (a) levels in AMD patients after all 8 rheohaemaphereses (100%
cases) (Table 1) and also after every single rheohaemapheresis (P <0,0001, results not shown) during the
monitored interval of 7 years.

Simultaneously, treatment by rheohaemapheresis resulted in different results based on the baseline lipid
values. Thus, the baseline LDL-C and ApoB were signi�cantly higher in AMD patients with therapeutic
failure (Table 2). Hyperlipidemia treated with statins was more frequent in the group of successfully
treated patients (n=5; 50%) than in the patients with therapeutic failure (n=1; 25%).

The effects of rheohaemapheresis in AMD patients on biomarkers of in�ammation, endothelial
dysfunction and rheologically important parameters

Rheohaemapheresis treatment was associated with a signi�cant decrease of biomarkers of in�ammation
and endothelial dysfunction (CD40L, MCP-1) during the monitored interval of 7 years. The levels of
hsCRP and sP-selectin did not change signi�cantly. The concentration of the rheologically important
parameters (�brinogen, viscosity of the blood and plasma) decreased signi�cantly after
rheohaemapheresis (Table 3).

The effects of rheohaemapheresis in AMD patients on the levels of PCSK9

The levels of serum PCSK9 were signi�cantly higher in AMD patients than in the healthy control group
(P<0.001). Rheohaemapheresis treatment was associated with a signi�cant decrease of serum
concentration of PCSK9 during the monitored interval of 7 years. The levels of serum PCSK9 decreased
signi�cantly after each rheohaemapheresis (Figure 1).

Simultaneously, treatment by rheohaemapheresis resulted in different results based on decrease of
PCSK9 values post-rheohaemapheresis. Thus, the decrease of serum PCSK9 was signi�cant post-
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rheohaemapheresis in AMD patients with successful treatment, but not in patients with therapeutic
failure (Table 4). The concentration of PCSK9 before rheohaemapheresis was not statistically different
between AMD patients with successful treatment and patients with therapeutic failure.

Discussion
In this paper, we aimed to analyze the data collected in last 7 years from patients with AMD treated with
rheohaemapheresis in order to elucidate the bene�t of this procedure with respect to plasma lipids,
selected biomarkers of in�ammation, endothelial dysfunction, and a novel regulatory protein of lipid
metabolism - PCSK9.

There are three main �ndings in this study. (i) Treatment with rheohaemapheresis was associated with
the long-lasting, signi�cant and desirable improvement of visual acuity concomitantly with the decrease
in the original area of pathological changes (drusenoid pigment epithelium detachment, area of soft
drusen, area of RPE-atrophy) in 10 from the total of 31 patients (32.2%), while therapeutic failure was
present in 4 from 31 patients (12.9%). 17 patients (54.8%) did not have at least a 5-year follow-up,
therefore they were not included for this evaluation. (ii) Treatment with rheohaemapheresis was
associated with the signi�cant reduction of lipids (TC, LDL-C, HDL-C, apoB, Lp(a)) and PCSK9; biomarkers
of endothelial dysfunction (CD40L, MCP-1); and rheologically important parameters (�brinogen, blood
and plasma viscosity) after each procedure. (iii) The improvement of the best-corrected visual acuity and
ophthalmoscopic �ndings in successfully treated AMD patients was associated with signi�cantly lower
lipid parameters (LDL-C, apoB and PCSK9).

We have shown in the present study, that the treatment of the in patients with advanced dry AMD by
rheohaemapheresis resulted in the BCVA improvement during long-term follow up. These results
con�rmed our previous �ndings, where we demonstrated improved BCVA in the group of treated patients
and statistically signi�cant deterioration in the control group of patients [26]. Similar results published the
authors of the MAC-I study from the University of Cologne, MAC-II study from the University of Frankfurt,
and MAC-III study from the University of Hamburg [19].

While the use of rheohaemapheresis was associated with successful treatment of AMD, the precise
mechanisms have to be established. There are several plausible explanations resulting from this study
with regard to lipid metabolism. The retina has multiple physiological demands for cholesterol utilization.
There are physiological changes in cholesterol metabolism that occur with aging, and these affect the
RPE. Drusen and basal linear deposit are quite speci�c for AMD, and cholesterol is present in drusen,
which are pathognomonic disease markers both on clinical examination and in histopathological study
[28]. Eye pathology studies demonstrate a high cholesterol concentration in classical AMD lesions, such
as drusen, aging BM, and newly discovered subretinal lesions [1]. Numerous cholesterol and lipoprotein-
related proteins and genes are expressed in human RPE and retina [29].

The bene�cial effects of rheohaemapheresis treatment was associated with a signi�cant decrease of
total cholesterol, LDL-C, HDL-C, apoprotein B, and lipoprotein (a) levels in AMD patients after all
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rheohaemaphereses during the monitored interval of 7 years. Moreover, the baseline LDL-C and ApoB
were signi�cantly higher in AMD patients with therapeutic failure than in successfully treated patients in
our study. One explanation could be that treatment with statins was more frequent in the group of
successfully treated patients (n = 5; 50%) than in the patients with therapeutic failure (n = 1; 25%). There
are a number of mechanisms by which statins may exert protective effects in AMD. These include, but are
not limited to, serum lipid-lowering that may alter BM lipid deposition [30]; preservation of the outer retinal
and choroidal vascular supply by an anti-atherogenic effect [31]; anti-in�ammatory properties [31];
antioxidant effects that may counter increased plasma levels of oxidized LDL [32]; and inhibition of
metalloproteinases that may contribute to �ssuring and rupture of plaques that lead to
neovascularization [33]. HMG-CoA reductase inhibition may also have direct effects on cholesterol
processing by outer retinal cells. The RPE is a native secretor of lipoproteins, and statins may affect
lipidation of lipoproteins directly [34]. However, a number of studies have examined the relationship
between AMD and statin effectiveness compared to other treatment options, absence of treatment, or
placebo, but the results remain mixed [35].

We have shown for the �rst time that another key regulator of lipid metabolism which is serum PCSK9,
has been signi�cantly higher in AMD patients than in the healthy control group. This is unique �nding
with further implication into the possible pharmacological treatment of AMD by novel class of
hypolipidemic drugs - inhibitors of PCSK9. So far, there are not any data in the literature studying the
involvement of PCSK9 in the development of AMD. One experimental study used minipigs overexpressing
a gain-of-function mutant (D374Y) of the human gene PCSK9 with a consequent experimental
hypercholesterolemia and found advanced atheromatosis of retinal arterioles caused by lipid overload
[36]. The �nding of increased plasma PCSK9 in the AMD patients predispose them to the long-lasting
hypercholesterolemia and related atherogenic changes in the retinal arteries. On the other hand, e�cient
removal of LDL-C during the treatment by rheohaemapheresis (LDL-C is rapidly reduced on average by
40% per one session) will deplete cholesterol cell content and, via upregulation of sterol regulatory
element binding protein (SREBP) [37] will down-regulate PCSK9 gene expression and thus lead to the
decreased formation of PCSK9. In fact, rheohaemapheresis treatment in AMD patients was associated
with a signi�cant decrease of serum concentration of PCSK9 during the monitored interval of 7 years. We
assume that the PCSK9 particles had been removed by the rheohaemapheresis �lters, although we did
not measure PCSK9 concentration directly in the adsorbers. However, we measured the difference of the
PCSK9 concentration in the plasma at the in�ow of the adsorbers and in the plasma out�ow just after the
adsorber in random 6 patients. We found that the immediate retention of PCSK9 in the adsorbers is in the
range of 17%. Regardless the mechanism the resulting decrease of PCSK9 should lead to the decrease of
LDL-C, similarly as does the therapy with PCSK9 inhibitors [38]. Moreover, treatment by
rheohaemapheresis also resulted in different results based on decrease of PCSK9 values post-
rheohaemapheresis. Thus, the decrease of serum PCSK9 was signi�cant post-rheohaemapheresis in
AMD patients with successful treatment, but not in patients with therapeutic failure. These �ndings
further imply that not only lower plasma LDL-C, but also lower plasma PCSK9 should be bene�cial in
order to successfully treat AMD. We assume that the signi�cant decrease of PCSK9 after individual
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rheohaemapheresis is not long-lasting, similarly as the decrease of LDL-C. The rebound of LDL-C post
LDL-apheresis occurs in 13 days post-treatment [39], and similar kinetics should be expected post-
rheohaemapheresis. Body stores would be quickly depleted if not replaced by absorption of dietary
cholesterol or newly synthesized cholesterol. The data has been shown indicating a threshold effect:
reduction of LDL cholesterol to levels below 1.0 mmol/l induces an upregulation of the cholesterol
biosynthesis in normocholesterolemic subjects [40]. In our study LDL cholesterol was lowered to
0.92 mmol/l immediately after rheohaemapheresis. Despite prolonged, aggressive lipid lowering with
rheohaemapheresis which should stimulate cholesterol biosynthesis and thus increase LDL-C, this was
not noted in our present study. Most probable explanation is the frequency of aphereses (2 aphereses
weekly at intervals of 2–4 days), which prevented the increase of LDL-C.

The bene�cial impact of lowering LDL-C and PCSK9 by means of rheohaemapheresis in AMD patients
was accompanied also with signi�cant decrease of biomarkers of in�ammation and endothelial
dysfunction (CD40L, MCP-1) during the monitored interval of 7 years. We previously evaluated MCP-1
during our earlier research of rheohaemapheresis use due to the signi�cant importance of macrophages
in the microcirculation and we found a signi�cant decrease in patients with AMD [26]. This study
demonstrated its decrease in patients with AMD. As stated in the literature, this may be a signi�cant
factor, indicating e�cacy of the impact on activity of the in�ammatory process or atherosclerosis [19].
The mechanism of the in�ammatory process modulation by rheohaemapheresis in the pathogenesis of
AMD could also be documented by a signi�cant decrease in in�ammatory marker sCD40L in case of
atherosclerotic mechanism, respectively. Evaluation of rheologically important parameters before and
immediately after rheohaemapheresis showed signi�cant decrease after rheohaemapheresis (�brinogen
decreased by 48%, viscosity of the blood by 9% and viscosity of plasma by 12%). The result is
undoubtedly an improved microcirculation �ow, which is also a basic prerequisite for increased �ow in
the choroid and improved retinal metabolism.

Study limitations

Our study had a small sample size, includes only the treatment group, and we did not incorporate a
control treatment arm in this study. The patients were compared based on results of ophtalmological
examination as the subjects who were clinically successfully treated and/or the individuals with
therapeutic failure which shortened even more the number of evaluated patients. The small number of
participants in the present study may affect the accuracy of our results. Furthermore, since the lipoprotein
apheresis treatment technique is carried out only in our medical centers in the Czech Republic because of
the technical and economic reasons, many AMD patients are unable to receive apheresis treatment,
resulting in a particular bias in patient selection. Moreover, it is necessary to diagnose AMD disease in the
early stage of the dry form, which is not frequently possible. Our study's strength is the collection of a
large set of data comprising the long-term monitored interval of 7 years. We have experience with the
rheohaemapheresis therapy in AMD patients in our center for more than 10 years, the total number of
treated patients is 74, and the PCSK9 concentration was evaluated from the year 2012 on in 66 patients.
To assess the outcome in AMD it is necessary to respect its slow progression rate, therefore we set up the
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interval of 5 years of follow-up and evaluate �nally 31 patients who completed it. Finally, our study group
is unique also because of the evaluation of the relationship of PCSK9 concentration to the AMD
prognosis, markers of endothelial dysfunction, in�ammation and rheologically important parameters. The
results obtained in this study are valuable and will be evolved in our further research.

Conclusion
In our study we demonstrated the bene�cial long-term effects of rheohaemapheresis on the dry form of
AMD. BCVA improvement was accompanied by lowering of LDL-C and PCSK9 and improvement of
markers of endothelial dysfunction. Anti-PCSK9 therapies, such as antibodies, are approved for
cholesterol control in patients with hypercholesterolemia and atherosclerotic diseases [38]. The anti-
PCSK9 therapies may reduce also the burden of AMD in patients treated by rheohaemapheresis therapy.
Rheohaemapheresis and other anti-PCSK9 therapies may be even used synergistically to reduce severity,
slow down or even induce regression of AMD. Further research, motivated by our �ndings of the effects of
rheohaemapheresis on lipid-related and atherosclerotic markers, could contribute to the improved
knowledge of AMD etiopathogenesis and treatment.
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Table 1. The effects of rheohaemapheresis in AMD patients on total cholesterol, LDL-C, HDL-C,
apoprotein B, and lipoprotein (a) levels. TC, total cholesterol; LDL-C, low density lipoprotein cholesterol;
HDL-C, high density lipoprotein cholesterol; apoB, apoprotein B; Lp (a), lipoprotein (a).

    Before rheohaemapheresis After rheohaemapheresis P

    N Mean SD N Mean SD  

TC mmol/l 94 4.22 0.94 94 2.15 0.43 < 0.0001

LDL-C mmol/l 94 2.30 0.80 94 0.93 0.35 < 0.0001

HDL-C mmol/l 94 1.60 0.37 94 1.09 0.24 < 0.0001

ApoB mmol/l 94 1.20 2.99 94 0.39 0.95 0.0011

Lp (a) nmol/l 94 20.85 31.52 94 8.06 11.88 < 0.0001

Table 2. The lipid values in successfully treated AMD patients and in patients with therapeutic failure. TC,
total cholesterol; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol;
apoB, apoprotein B; Lp (a), lipoprotein (a).

    Successfully treated Therapeutic failure P

    N Mean SD N Mean SD  

TC mmol/l 10 4.03 0.87 4 4.34 0.87 NS

LDL-C mmol/l 10 2.03 0.60 4 2.46 0.71 0.0499

HDL-C mmol/l 10 1.72 0.42 4 1.49 0.21 NS

ApoB mmol/l 10 0.65 0.17 4 0.85 0.15 0.0019

Lp (a) nmol/l 10 13.53 22.53 4 19.65 36.28 NS

Table 3. The effects of rheohaemapheresis in AMD patients on biomarkers of in�ammation, endothelial
dysfunction and rheologically important parameters. CD40L, CD40 ligand; hsCRP, high sensitivity C-
reactive protein; MCP-1, monocyte chemoattractant protein-1; sP-selectin, soluble plasma selectin; B
viscosity, viscosity of the blood; P viscosity, viscosity of the plasma.
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    Before rheohaemapheresis After rheohaemapheresis P

    N Mean SD N Mean SD  

CD40L pg/mL 90 4540.68 2130.63 90 3776.32 2196.83 0.0093

hsCRP mg/L 90 2.83 2.15 90 2.43 1.82 NS

MCP-1 pg/mL 90 306.33 128.46 90 259.55 103.76 0.0140

sP-selectin ng/mL 90 99.83 47.37 90 94.47 47.41 NS

Fibrinogen g/L 94 2.97 0.61 94 1.43 1.39 < 0.0001

B viscosity mPa.s 93 6.14 1.04 93 5.58 0.69 < 0.0001

P viscosity mPa.s 94 2.05 0.29 94 1.82 0.26 < 0.0001

Table 4. The concentration of serum PCSK9 in successfully treated AMD patients and in AMD patients
with therapeutic failure.  PCK9, proprotein convertase subtilisin kexin 9. Sampling for analysis of PCSK9
was done in the AMD patients before and after each rheohaemapheresis. Results are shown as mean +
SD in successfully treated patients (n=10) and in patients with therapeutic failure (n=4).

    Successfully treated Therapeutic failure

    Before After P Before After P

PCSK9 ng/mL 282 ± 115 175 ± 127 < 0.001 234 ± 86 184 ± 166 NS

Figures
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Figure 1

The effects of rheohaemapheresis in AMD patients on serum concentrations of PCSK9 Sampling for
analysis of PCSK9 was done in the AMD patients at the baseline before therapy by rheohaemapheresis;
Baseline), in the middle of the protocol (after 4th rheohaemapheresis; Middle) and at the end of the
protocol (after 8th rheohaemapheresis; End). The boxes represent analysis before (Before) and after
(After) rheohaemapheresis. Control group are healthy blood donors. Signi�cant differences are marked by
*** (P<0.001) for AMD patients versus control group; +++ (P<0.001) for AMD patients before versus after
rheohaemapheresis.


