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Abstract

Background
Recently, evidence has arisen supporting a signi�cant role for immune and oxidative mediated damage
underlying the pathogenesis of different types of retinal diseases, including retinitis pigmentosa (RP). Our
study aims to evaluate the possible presence of immune cells and mediators in patients affected by RP
using �ow cytometric analysis of the aqueous humour (AH).

Methods
We recruited 12 patients affected by RP and 9 controls undergoing cataract surgery. All patients
underwent a complete ophthalmological examination, fundus color photography, optical coherence
tomography (OCT), Goldmann kinetic perimetry, electroretinographic and genetic tests. Flow cytometric
analysis of of peripheral blood (PB) and AH samples provided a membrane staining which targeted
surface molecules (CD14, CD16, CD19, CD3 and CD4, CD8, CD161) identifying monocytes, natural killer
(NK), B, T cells, and T subpopulations respectively. Moreover, lymphocytes were polyclonally stimulated
to evaluate cytokine (CK) production at single cell level.

Results
The circulating immune-cell distribution was comparable between RP patients and controls. Conversely,
in the AH of controls we could detect no cells, while in the RP AH samples we found in�ltrating
leucocytes, consisting of T (CD3+), B (CD19+), NK (CD16 + CD3-) cells and monocytes (CD14+). In the RP
patients the frequency of most in�ltrating cell populations was substantially comparable between the AH
and PB, while among T subpopulations, the frequency of CD3 + CD4 + T cells was signi�cantly reduced in
the RP AH compared to PB, and CD3 + CD4-CD8- double-negative (DN) T cells resulted markedly and
signi�cantly increased in the RP AH. The analysis of the cytokine production showed a trend towards an
increased frequency of CD3 + CD8-CD161 + IFN- -producing cells and a decrease of CD3 + CD8 + IL-4-
producing cells in the RP AH.

Conclusions
The detection of immune cells in the AH of patients with RP is consistent with the hypothesis of an
immune-mediated pathogenesis of the disease. The presence of CD3 + CD4-CD8- DN T cells and of a
Th1-skewed phenotype in the AH could be related to a potential involvement of immune-mediated and
in�ammatory mechanisms in the disease. A better understanding of the fundamental features of
in�ammation pathways will provide signi�cant insights in the pathogenesis of RP, and a possible avenue
toward new therapeutic approaches.
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1. Background
Retinitis pigmentosa (RP) is the term given to a group of inherited retinal dystrophies characterized by the
degeneration of rod and cone photoreceptors (1).

Recent evidence has supported a prominent role for in�ammation and oxidative stress underlying the
pathogenesis of a wide array of retinal diseases, including diabetic retinopathy (2), age-related macular
degeneration (AMD) (3), retinal vein occlusion (4), and retinitis pigmentosa (5), suggesting a potential role
for anti-in�ammatory treatments to modify the severity and course of these disorders. Unlike AMD, where
in�ammation and immune response have a well-established role, the contribution of in�ammation in the
pathogenesis of hereditary retinal dystrophies, like RP, has never been clari�ed, although this theme has
gained increasing attention in the last few years. As seen in the term retinitis, in the past it was thought
that in�ammation was an important pathogenetic factor of RP. Although the primary causes of RP are
now recognized as genetic defects in photoreceptors or the retinal pigment epithelium, recent studies
have focused on the in�ammatory response as a possible factor in the pathogenesis of the disease.

We aimed at studying the possible role of in�ammation in the pathogenesis of this disease, evaluating
potential markers of in�ammation in patients affected by RP using laboratory strategies (presence of
in�ammatory cells and intracellular cytokine pro�le in the aqueous humour of RP patients). We measured
the biochemical pro�le of aqueous samples of these patients determining the in�ammation-related
cellular pro�les and the intracellular in�ammatory cytokines, in order to evaluate a possible role of
in�ammation in the pathogenesis of the disease.

2. Materials And Methods

2.1. Study Design
This interventional study recruited 12 patients affected by typical retinitis pigmentosa undergoing
cataract surgery (14 eyes, 2 patients were operated on in both eyes) referred to the Hereditary Retinal
Degenerations Referring Center of the Eye Clinic, University of Florence, AOU Careggi, Italy.

This study adhered to the tenets of the current version of the Declaration of Helsinki (52nd WMA General
Assembly, Edinburgh, Scotland, October 2000), and written informed consent was obtained from all
patients prior to participation in the study. Approval from the Institutional Review Board/Ethics
Committee (AOU Careggi) was obtained.

Criteria for the RP phenotype included the following: 1) history of nyctalopia; 2) peripheral visual �eld
constriction; ophthalmoscopic �ndings: 3) bone spicule–like pigment clumping; 4) vessel attenuation; 5)
waxy pallor of the optic disc; 6) marked reduced or non-recordable a- and b-wave amplitudes on
electroretinogram testing. All the patients carried genetic mutations. The control group consisted of 9
healthy volunteers affected by age-related cataract, unrelated to the patients of the previous group. All the
RP patients included in the study were clinically evaluated using a standard ophthalmologic examination,
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fundus photography, OCT scan (Nidek, RS3000 Advance 2, Gamagori, Japan) and �uorescein
angiography (Zeiss Retinography with Image Processing Software Visupac, Carl Zeiss, Dublin, CA, USA).
Baseline acuity for Best-Corrected Visual Acuity (BCVA) was measured for all patients using Early
Treatment of Diabetic Retinopathy Study (ETDRS) charts and then converted into a logarithm of the
minimum angle of resolution for statistical evaluation. ERG (Electrophysiological Diagnostic Unit
Retimax, Roland Consult, Brandenburg, Germany) was performed on RP patients according to the existing
ISCEV Guidelines (6). The controls underwent a standard ophthalmological examination and OCT.

Exclusion criteria consisted in myopia > 8 diopters, hyperopia > 5 diopters, ocular disorders other than RP
and signi�cant systemic diseases, a history of in�ammation-associated diseases, such as uveitis or
proliferative diabetic retinopathy, history of intraocular surgery. Information was also obtained about
relevant past medical history, smoking history, ocular history, use of medication, vitamin or dietary
supplementation. All patients underwent standard phacoemulsi�cation with insertion of an intraocular
lens (IOL) for their cataract removal procedure. Cataract surgery was performed by the same surgeon (LV)
who carried out a standard phacoemulsi�cation and implantation of an intraocular lens through a
superior corneal incision in all patients. Yellow-coloured acrylic foldable intraocular lenses were used in
all cases. The microscope light was reduced to 60% of normal intensity during the surgery, and the light
was covered between different cataract steps to minimize photic exposure. Standard post-cataract
medication included a topical antibiotic drop (moxi�oxacin hydrochloride 0.5%) for 1 week and a tapering
dose of topical steroids (prednisolone acetate 1%) and a topical nonsteroidal anti-in�ammatory (NSAID)
agent (nepafenac 0.1%) 3 times daily for 1 month. No surgery-related complications were observed
during surgery or the 3-month follow-up period.

2.2 Sample collection
Aqueous humour samples (150–200 µl) were collected during the beginning of a cataract extraction just
before capsulorexis, while replacing the AH with a viscoelastic chamber maintainer, avoiding any contact
with the intraocular tissues. Immediately after collection the �rst operator carried out the rest of the
surgical procedure, while a second operator handled the sample. Samples were immediately placed in
sterile 1.5 ml polypropylene tubes. Samples with obvious bleeding were excluded.

Peripheral blood (PB) samples were paired with the AH of the RP patients and controls.

Flow cytometric analyses were performed in the Department of Experimental and Clinical Medicine,
University of Florence, Italy. The peripheral blood was layered on density gradient to obtain mononuclear
cells (PBMNC) for a phenotypic evaluation by �ow cytometric analysis: the sample of aqueous humour
was centrifuged at 2500 rpm x 8 minutes: the supernatant was removed and the cells were resuspended
to obtain phenotypic assessment by �ow cytometric analysis.

Flow cytometric analysis of both cellular samples (PB and AH) provided a membrane staining which
targeted surface molecules, and an intracytoplasmic staining which targeted cytokines. The evaluation of
the surface molecules (namely CD14, CD16, CD19, CD3, CD4, CD8, CD161) permitted the identi�cation of
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monocytes, NK, B, T cells, and T cell subpopulation. The study of cytokine production was performed to
identify the different type of T-helper cells (Th1, Th2 and Th17) in the different samples.

2.3 Reagents
The medium was RPMI 1640 (Seromed, Germany), with 2 mM L-glutamine, 1% non-essential amino
acids, 1% pyruvate, 2 x10-5 M 2-mercaptoethanol (all from Gibco Laboratories, NY), and 10% Fetal Calf
Serum (Euroclone). Fluorochrome-conjugated mAbs and isotype-matched control mAbs were from BD
Biosciences (Mountain View, CA) or Miltenyi Biotec (Bergisch Gladbach). Phorbol 12-myristate 13-acetate,
Ionomycin, Brefeldin A, Formaldehyde and Saponin were from Sigma Aldrich Co. (St. Louis, MO).

MNC (Mononuclear Cell) suspension was obtained from PB by centrifugation on Ficoll-Hypaque gradient,
whereas cell suspension from the AH samples were obtained by centrifugation and pellet cells were
resuspended in 0.5 ml of RPMI plus 10% FCS.

2.4 Surface markers evaluation
To evaluate cell surface markers by �ow cytometry, 0.5 106 MNCs from PB and 1/3 of the total cells
recovered from the AH, were saturated with rabbit IgG and then incubated for 15 min on ice in the dark
with speci�c �uorochrome-conjugated mAbs listed in Table 1. Cells were then washed and analyzed on
�ow cytometry (BDLSR II with FACSDiva software); a total of 104 events for each PB sample were
acquired, while for the AH samples all events in each sample were recorded.

Table 1
List of �uorochrome-conjugated mAbs used for surface

markers evaluation
Antigen Fluorochrome Clone Company

CD16 FITC 3G8 BDBioscience

CD3 Paci�c Blue UCHT1 BDBioscience

CD8 PerCP SK1 BDBioscience

CD4 PE-Cy7 SK3 eBioscience™

CD14 APC MΦP9 BDBioscience

CD19 APC-Cy7 SJ25C1 BDBioscience

2.5 Intracellular cytokine evaluation
To perform �ow cytometry analysis of the intracellular cytokines, 1 106 MNCs from PB and 2/3 of the
total cells recovered from the AH, were stimulated with PMA (10 ng/mL) plus ionomycin (1 µM) for 6 h,
the last 4 in the presence of Brefeldin A (5 µg/mL), in RPMI FCS 10% in incubator 5% CO2 at 37°C. After
stimulation, the cells were washed twice with PBS, pH 7.2, �xed 15 min with formaldehyde (2% in PBS, pH
7.2), washed twice with 0.5% BSA in PBS, pH 7.2, permeabilized with PBS, pH 7.2, containing 0.5% BSA
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and 0.5% saponin, and then incubated for 15 min at room temperature in the dark with the speci�c
�uorochrome-conjugated mAbs listed in Table 2. Cells were then washed and analyzed on �ow cytometry
(BDLSR II with FACSDiva software); a total of 104 events for each PB sample were acquired, while for the
AH samples all events in each sample were recorded.

Table 2
List of �uorochrome-conjugated mAbs used for surface

markers and intracellular cytokines evaluation
Antigen Fluorochrome Clone Company

IFN-γ FITC 25723.11 BDBioscience

IL-4 PE 3010.211 BDBioscience

IL-17 PerCP-Cy5.5 eBio64DEC17 eBioscience™

CD3 Paci�c Blue UCHT1 BDBioscience

CD8 APC-Cy7 SK1 BDBioscience

CD4 PE-Cy7 SK3 eBioscience™

CD161 APC DX12 BDBioscience

2.6 Statistics
Mann-Whitney or Paired Student t-test was used for statistical analysis using Origin Software. P values of
0.05 or less were considered signi�cant. * p ≤ 0.05; ** p ≤ 0.01; *** p ≤ 0.001.

Data Availability statement
The datasets used and/or analysed during the current study available from the corresponding author on
reasonable request.

3. Results

3.1. Patient characteristics
The RP group consisted of 12 patients (6 males and 6 females); 14 eyes were considered since 2 patients
were operated on in both eyes. A total of 14 AH and PB samples were obtained.

The mean age was 57.1 years (+/- 8.2 years) (range 45–73 years) (variable inheritance, including
autosomal dominant, autosomal recessive, and sporadic and 2 eyes with Usher type 1). For our study we
considered 14 eyes, because 2 patients underwent bilateral cataract surgery.



Page 8/20

The control group included 9 patients (4 males and 5 females). A total of 9 AH and PB samples were
obtained. The mean age was 77.11 years (+/- 9.8 years) (range 63–92)

Patient characteristics are summarised in Table 3.

Table 3
Patient characteristics

  RP group Control group

Total number of patients N = 12

(N = 14 eyes)

_N = 9

(N = 9 eyes)

Median age (years) +/- SD 57.1 (+/- 8.2) 77.11 (+/- 9.8 years)

Gender (M:F) 6:6 3:6

Of these 12 RP patients, 4 eyes exhibited Cystoid Macular Edema (CME) as a complication of the retinal
dystrophy.

In the RP group the most common indications for cataract surgery were a slow decline in central vision
affecting ability to read (11 eyes) and increased glare (3 eyes).

In the control group the most common indications for cataract surgery were slow decline in vision (8
eyes) and increased glare (1 eye). No intraoperative complications were reported in either group.

In the control group the ophthalmologic examination was unremarkable and mean preoperative BCVA
was 20/50 (logMAR 0.4 +/- 0.31). The 1-month postoperative mean BCVA was 20/20 (logMAR 0 +/-
0.10).

In the RP group mean preoperative BCVA was 20/200 Snellen (logMAR 0.99 +/- 0.51) (range of visual
acuity, from hand motions to 20/40). The 1-month postoperative mean BCVA was 20/100 (logMAR 0.73
+/- 0.60) (range of visual acuity, from �nger count at 2 feet to 20/25). Mean postoperative vision
improved compared with preoperative vision but without signi�cative difference. The most common
postoperative �nding was posterior capsular opacity in 5 eyes (33.3%), and 2 eyes (13.3%) underwent
YAG laser capsulotomy at a mean of 2.2 months after surgery.

CME persisted in 4 eyes (26.6%) of 3 patients and was treated with a tapering dose of steroids and NSAID
over 3 months and a topical carbonic anhydrase inhibitor twice daily for 3 months, postoperatively.

3.2. Aqueous humour of RP patients contained
mononucleated leukocytes
The AH samples from RP patients (n = 14) and from controls (n = 9) were analysed using �ow cytometry.
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No events referable to granulocyte populations, evaluated on the bases of physical parameter scatters,
were detectable in any of the acquired samples, while it was possible to identify elements referable to
mononucleate cells (MNC) in the RP group. On the contrary, the AH from the control group resulted
virtually devoid of cells (p = 0.01, Fig. 1).

3.3 Phenotypical characteristics of leukocytes in�ltrating
the aqueous humour of RP patients
PB and AH samples from RP patients (n = 14) were analysed using �ow cytometry for surface marker
expression to permit the identi�cation of T (CD3+), B (CD19+), NK (CD16) cells, monocytes (CD14), and T-
cell subpopulations (CD3 + CD4 + CD8, CD3 + CD4-CD8 + and CD3CD4-CD8-).

In all AH samples (n = 14) of the RP patients we found the presence of in�ltrating leucocytes with lympho-
monocyte characteristics, mainly consisting of T lymphocytes, including CD4+, CD8 + but also CD4-CD8-
subpopulations, and in lower quantity B lymphocytes, NK cells and monocytes.

The frequency of cell subsets present in the AH was different from the PB with a signi�cant reduction of
NK cells in the AH (10.9% ± 6.7 SE in PB vs 7% ±5 SE in AH, p < 0.01), and of CD4 + T cells (56.9% ± 3.1 SE
in PB vs 38.4% ± 6.2 SE in AH, p < 0.05). Finally, a signi�cant increase in the frequency of CD4-CD8- T-cells
was evident in the AH compared to the PB (6% ± 0.7 SE in PB vs 20.2% ± 4.3 SE in AH, p < 0.01);
interestingly these cells mainly consisted of TCRαβ lymphocytes (≥ 70%). Data reporting the cell
composition of AH and PB samples are shown in Fig. 2.

3.4 Cytokine production pro�le of T cells in�ltrating the
aqueous humour of RP patients
The MNCs in the PB and AH samples from the RP patients were stained for surface markers and
intracellular cytokines after polyclonal stimulation, as described in Material and Methods, for the
evaluation of cytokine production at single cell level, using multiparametric �ow cytometry. Lymphocytes
were gated on the basis of CD3 expression, permitting the identi�cation of T cells, and on the basis of
CD8 expression, permitting the identi�cation of CD8 + T cells (cytotoxic T lymphocytes –CTL-) and CD8-
T cells (T-helper lymphocytes -Th-). Due to the few cells obtained from the AH the cytokine production
analysis was performed only on 5 out of 14 samples; the CK production was not evaluated on the CD3 + 
CD4-CD8- subpopulation for this reason.

The analysis of cytokine production showed that the T cells deriving from the AH were able to produce a
cytokine panel that was similar to that found in the PB; however, there was a slight trend towards an
increase in the frequency of CD161 + IFN- +-producing T-helper cells among the CD3 + CD8- T cells, (4.8%
± 1 SE in PB vs 7.4% ± 2.3 SE in AH; p = not signi�cant). Moreover, in the group of CD3 + CD8 + T cells we
found a signi�cant reduction of the frequency of IFN- /interleukin(IL)-4-producing cells (1.8% ± 0.59 SE in
PB vs 0,1% ± 0,1 SE in AH; p = 0.05), and a trend towards a decrease in the frequency of IL-4-producing
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cells (2.8% ± 0.7 SE in PB vs 0.9% ± 0.8 SE in AH; p = 0.08). Data reporting the �ow cytometry analysis of
intracellular cytokine production are shown in Fig. 3.

4. Discussion
Retinitis pigmentosa is a group of inherited disorders characterized by progressive peripheral visual �eld
loss, abnormal ERG responses and variable clinical presentation, severity, age of onset, and progression.
Early symptoms can occur in childhood or adolescence and usually consist of night blindness due to loss
of the rods. It may lead to a gradual reduction of the visual �eld, and total blindness due to cone
involvement in the late stage of the disease (1).

Although several genetic mutations have been identi�ed in patients with RP, the mechanisms through
which these mutations lead to photoreceptor apoptosis remain largely unknown.

Rod death is a consequence of genetic mutations and about 80 RP causative genes have been identi�ed.
Conversely, cone degeneration is a late event and thought to result from oxidative damage and
in�ammation caused by rod loss.

In�ammation is now considered a crucial hallmark of chronic disorders, including cardiovascular disease
(7), neurodegenerative diseases (8, 9,10), diabetes (11), metabolic syndrome (12), and cancer (13).
Furthermore, recent basic and clinical studies have suggested the importance of chronic in�ammation in
the pathogenesis of neurodegenerative disorders such as Alzheimer’s disease (14), Parkinson’s disease
(15), and degenerative retinal diseases, including RP.

Investigations of in�ammatory alterations in RP patients have been discussed in recent literature (16)
and previous studies have reported the presence of an in�ammatory reaction in the eyes of patients with
RP, suggesting a potential role of �ogosis in RP (17).

Some studies showed the presence of various lymphocyte subsets in vitreous samples obtained from RP
patients (18). Yoshida N. et al., by assessing the anterior vitreous of 371 RP patients with slit-lamp
biomicroscopy, found a substantial number of cells in the vitreous cavity in 30% of patients with RP.
Moreover, they observed that younger patients with an active disease process were more frequently
associated with stronger in�ammatory reactions and RP patients with more vitreous in�ammation had
signi�cantly lower visual function. Moreover, the levels of a variety of proin�ammatory cytokines and
chemokines, including monocyte chemotactic protein-1 (evaluated by a multiplex enzyme-linked
immunosorbent assay (ELISA)) increased both in the aqueous humour and vitreous �uid of RP patients
compared with controls (19).

These �ndings suggest that intraocular in�ammatory reactions may contribute to the progression of RP.

More studies con�rm that the progression of many inherited retinal dystrophies is in�uenced, among
other factors, by the activation of the immune cells and the release of in�ammatory molecules such as
chemokines and cytokines (20). A recent study revealed that in RP patients intraocular levels of
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in�ammatory cytokines such as IL-2, IL6, MCP1 (monocyte chemoattractant protein1), PIGF (placental
growth factor) exceeded the levels of serum, indicating intraocular production (21). A further study
con�rmed that serum in�ammatory cytokines (such as IL8 and RANTES) levels were signi�cantly
increased in patients with RP compared with controls and the levels of IL8 were negatively correlated with
visual acuity, retinal sensitivity, the central sub�eld thickness and ellipsoid zone width (22).

In our study, we have investigated the presence and nature of immune cells in the eyes of RP patients
using �ow cytometry; we also evaluated the functional property of these cells by performing the cytokine
pro�le at single cell level.

We have detected in RP aqueous samples the presence of in�ltrating leucocytes with lympho-monocyte
characteristics, consisting of T lymphocytes (CD3+, both CD4 + and CD8+, and CD4-CD8-), B lymphocytes
(CD19+), natural killer cells (CD16 + CD3-) and monocytes (CD14+), while no cells were present in the
aqueous humour of the controls. Of note, red blood cells were virtually absent in all the samples
evaluated, thus excluding blood contamination. Therefore, our data support the hypothesis of a role of
in�ammation in the pathogenesis of RP, in agreement with literature (23)

Interestingly, the cell composition of AH was limited to MNCs; moreover, lymphocyte composition was
different from that found in the blood sample of the same patients, with a signi�cant reduction of NK
cells, of CD4 + Th cells and with a signi�cant increase of CD3 + CD4-CD8- T cells, mainly made up of
TCRαβ lymphocytes.

These data suggest the hypothesis of an impairment of the blood-retinal barrier allowing the migration of
circulating in�ammatory cells toward the intraocular �uids. We can speculate that these cells migrate
from the bloodstream into the eye, recruited by an as yet unknown pathologic process which could be due
either to cell damage of degenerative origin, such as rod death, followed by antigen spreading and
consequent MNC in�ltration, or could be due to a primary autoimmune insult.

In our analysis the frequency of NK cells was signi�cantly inferior in the AH compared to the PB,
rendering improbable a possible role of these cells in the local in�ammatory process. The eye is
characterised by immune-privilege, and the absence of a lymphatic system is important to isolate it from
the immune system and to avoid a possible damage due to immune reaction. Alteration of this
physiologic condition leads to immune-mediated disease of the eye involving both innate and adaptive
immune response. Moreover, the corneal endothelium and retina do not express the Major
histocompatibility complex (MHC) class I molecules and are a potential target of cytotoxic activity by NK
cells; this could represent the starting point or the progression of an in�ammatory condition. It has been
shown that the aqueous humour contains a wide range of soluble factors inhibiting immune response, in
particular NK-mediated cytotoxicity, the main being represented by TGF-b (23, 24). We could speculate
that the ocular micro-enviroment contributes to reducing the frequency of NK cells in order to maintain
tissue protection and support the immunological privilege.
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Similarly, the frequency of the CD3 + CD4 + T cell (T helper Lymphocytes) subset was signi�cantly
reduced in the AH compared to the PB with a very strong increase of the CD3 + CD4-CD8- T cell
subpopulation.

Double negative (DN) CD4-CD8- T cells, which compose approximately 1–3% of total T cells in healthy
human Peripheral Blood Mononuclear Cells (26), have been recently described as a cell population of
circulating mature T cells of unclear origin. According to emerging data these cells may be involved in the
pathogenesis of different kinds of autoimmune/in�ammatory systemic diseases, including systemic
lupus erythematosus (SLE), Sjögren's syndrome, and psoriasis, through the induction of systemic
in�ammation and tissue damage (27).

In particular, DN T cells neither express γδTCR, nor NK cell markers, they do not have regulatory T cell
markers such as FOXP3, CD25, or CTLA-4 (27, 28). Moreover, these cells show a reduced/absent
expression of the co-stimulatory molecule CD28 (28). Of note, CD28-de�cient T cells are generally
considered antigen-experienced and differentiated elements; accordingly, DN T cells are CCR7 + CD45RA−,
thus they display phenotypic characteristics of terminally differentiated and “exhausted” T cells (27). To
our knowledge this is the �rst description of DN CD4-CD8- T cells in RP patients.

With regard to CK production by in vitro stimulated T cells, we obtained only preliminary data showing
some interesting trends, with no statistical signi�cance due to the low number of experiments (n 5) in
which the cell number was su�cient to perform the cytokine stimulation assay. For the same reason the
CK measurement was performed on CD3 + CD8- and CD3 + CD8 + T cells, but not on the less frequent
CD3 + CD4-CD8- T cell subpopulation. In particular, we found a slight increase in the frequency of CD161 
+ CD4 + T cells producing IFN-  in the AH, as compared with circulating lymphocytes, and a trend toward
a decrease in CD3 + CD8 + T cells producing IL-4 and double producing IFN-  plus IL-4. These data
together are in favour of a cytotoxic cell pro�le in the AH, that is consistent with a pathogenetic role for
these in�ltrating lymphocytes. Of note the CD161 + CD4 + IFN- + T cell population has already been
described, by our group and others, as a Th17 derived phenotype, involved in the tissue damage during
various autoimmune/in�ammatory diseases (29, 30). The Th1-oriented response leads to
monocyte/macrophage activation, with subsequent oxidative stress of the tissue.

In general, all our data agree with the hypothesis of a pathogenetic role for immune cells, and therefore
in�ammation, in RP. The initial mechanism which may lead to ocular in�ammation in RP patients is not
clear at the moment, but some hypotheses may be made.

First, most dystrophic and degenerative diseases are accompanied by low-grade in�ammation. It is well
known that in RP increased retinal lipofuscin �uorophores may determine damage, disturbed polarity,
death of the RPE, and apoptosis of photoreceptors (31). In response to this stimulation, the RPE
synthesises and releases a wide variety of in�ammatory molecules such as cytokines and chemokines
(32), with microglial activation contributing to a proin�ammatory phenotype. These events may promote
the recruitment of in�ammatory cells that leak into the vitreous and may reach the aqueous, as there is
no barrier separating the posterior from the anterior segment (33). Secondly, as blood retinal barrier
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breakdown occurs both in retinal vessels and in the RPE (34,35), even the blood aqueous barrier (BAB)
may be affected, leading to an increased number of in�ammatory components in the aqueous.

Neuroin�ammation is currently considered an early event in the pathophysiology of many
neurodegenerative disorders: despite its essential role in protecting tissue at the beginning of disease, the
continuous presence of proin�ammatory stimuli eventually induces cellular damage (36, 37). It is
generally accepted that astrocytes and microglia are the cells that in the central nervous system (CNS)
play a critical role in the neuroin�ammation preceding neurodegenerative diseases. In this scenario,
activated microglia contribute to the release of different in�ammatory mediators, including cytokines,
chemokines, reactive oxygen species (ROS), and nitric oxide (NO), all of them participating in maintaining
an oxidative stress and chronic neuroin�ammatory milieu that ultimately could be responsible for
oxidative stress and neurotoxic damage in the CNS (38).

In this context, hyperactivation of microglial cells has been shown to play an important role in
photoreceptor neurodegeneration in animal models of RP (39). A recent study using live-cell imaging in
the rd10 mouse model of RP has identi�ed that the initiation of rod degeneration is accompanied by early
in�ltration of microglia, upregulation of phagocytic molecules in microglia, and presentation of “eat-me”
signals on mutated rods. During the early stages of the disease microglia is able to migrate, interact with,
and phagocyte nonapoptotic photoreceptors, after which it becomes hyperactivated and promotes the
loss of non- and apoptotic photoreceptors (40). The Authors of this study propose that primary microglial
phagocytosis may be a contributing mechanism underlying cell death in retinitis pigmentosa and
microglia as a potential cellular target for therapy. Since activated microglia releases neurotoxic and/or
in�ammatory mediators including TNF-α, interleukin-1β (IL-1β), IL-6, and glutamate and increases the
expression of inducible nitric oxide synthase (iNOS), all of them exacerbating the death of retinal neurons,
this could contribute to the breakdown of the BRB. The outer BRB expresses immunoregulatory molecules
that inhibit lymphocyte activation, while the RPE of the BRB secretes immunomodulatory mediators that
control the immune and in�ammatory responses within the eye/into the aqueous humour (41). Therefore,
in physiological conditions, PB immune cells are not able to enter the retina to mediate endogenous
insults; instead, after BRB breakdown a recruitment of in�ammatory cells from the bloodstream occurs,
attracted by chemokines probably produced by activated microglial cells, leading to an increased number
of in�ammatory components in the aqueous. A simpli�ed hypothesis is that the underlying genetic defect
is the trigger of rod degeneration, which drives a concomitant microglial activation and local increase in
production of in�ammatory species. In the long run, in�ammation may become detrimental for all the
cells, and particularly for the cones, known to be especially vulnerable because of their elevated
metabolism and high degree of specialisation. This would concur to their degeneration, thus conferring to
a secondary process (in�ammation) a major role in cone vision loss, which is the most severe
consequence of RP for humans. The importance of research aimed at understanding the function of the
different in�ammatory processes in the retina, and especially the contribution of the microglial-mediated
neuroin�ammation that precedes neurodegeneration, could provide useful knowledge to implement new
therapies. Potentially, primary microglial phagocytosis could be a potential cellular target for therapy.
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However, more research is needed to detect further molecular mechanisms involved in microglial
activation in degenerative retinal diseases.

Unfortunately, in our study we could not �nd any correlation in RP between the humoral and cellular
immunological alterations and the genotype and clinical phenotype. We can hypothesise that these
�ogistic abnormalities could be more signi�cant in patients with macular oedema (commonly considered
of �ogistic origin) but at present we have no conclusive data on this issue.

We are aware of some limitations of our study. First, the sample size is relatively small, but we must
consider that RP is a rare disease and that aqueous samples can be obtained only during surgery.
Moreover, our groups are not age-matched and the controls are signi�cantly older than the RP patients.
However, this difference should not interfere with the report on in�ammatory cells in the aqueous humour
of RP patients, as it has been ascertained in literature that increasing age is associated with increasing
levels of intraocular cytokines and probably of in�ammatory cells (42).

Sustained chronic in�ammatory reaction may therefore underlie the pathogenesis of RP, suggesting
interventions modulating ocular in�ammatory reactions as potential treatment for patients.

Lymphocytes are critically involved in the pathogenesis of several neurodegenerative diseases, such as
multiple sclerosis, and clarifying the role of lymphocytes in RP pathogenesis may lead to the
identi�cation of a common signature of lymphocytes in neurodegeneration and thus show the way
towards new treatment options.

5. Conclusions
Our study showed the presence of signi�cant numbers of lympho-monocytes in the aqueous humour of a
cohort of RP patients that were completely absent in the control group, with a signi�cant enrichment of a
CD3 + CD4-CD8- DN T cell subpopulation, suggesting that an immune response, and the consequent
intraocular in�ammation, may be involved in the pathogenesis of RP. This observation may open a
clinically-relevant therapeutic window for this disorder.
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Figures

Figure 1

Flow cytometry «counts» of cellular events in aqueous humour sample.
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A)  Aqueous humour samples from RP patients (n=14) and from controls (n=9) were analysed using �ow
cytometry in order to identify the presence of cells in each sample. The columns represent the mean value
+ SE of the total number of events recorded in the P1 gate, de�ned in the plot of physical parameters
scatter (FSC/SSC) as classic MNC gate.

B)  Flow cytometric dot plots of physical parameters scatter (FSC/SSC) representative of one RP sample
(left panel) and one control sample (right panel)

Figure 2

Flow cytometry analysis of immune cell phenotypes at AH and PB levels in RP patients.

Peripheral blood (black columns) and aqueous humour (white columns) samples from RP patients (14)
were analysed using �ow cytometry for surface marker expression to permit identi�cation of (A) T cells
(CD3+), B cells (CD19+), NK cells (CD3-CD16), and monocytes (CD14) in the MNCs, and of the different T-
cell subpopulations (CD3+CD4+, CD3+CD8+ and CD3+CD4-CD8-) in the T cells (B). Columns represent the
mean values +SE of the frequency of the indicated cell population and lymphocyte sub-population.
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Figure 3

Flow cytometry analysis of intracellular cytokine production.

Peripheral blood (PB, black columns) and aqueous humour (AH, white columns) samples from the RP
patients (5) were stimulated with PMA and Ionomycyn for 6 h, the last 4 in the presence of Brefeldin A,
then �xed and stained for intracellular cytokines associated with surface markers. The �ow cytometry
analysis was performed on CD3+CD8-, panel A and CD3+CD8+, panel B, gated cells. The columns
represent the mean values + SE of the frequency of positive cells for the indicated cytokine.


