
Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalInformation?journalCode=ierm20

Download by: [University Library Utrecht] Date: 02 December 2016, At: 13:51

Expert Review of Clinical Immunology

ISSN: 1744-666X (Print) 1744-8409 (Online) Journal homepage: http://www.tandfonline.com/loi/ierm20

Systemic inflammatory immune signatures in a
patient with CRB1 linked retinal dystrophy

Fleurieke Verhagen, Jonas Kuiper, Stefan Nierkens, Saskia M. Imhof, Timothy
Radstake & Joke de Boer

To cite this article: Fleurieke Verhagen, Jonas Kuiper, Stefan Nierkens, Saskia M. Imhof,
Timothy Radstake & Joke de Boer (2016) Systemic inflammatory immune signatures in a
patient with CRB1 linked retinal dystrophy, Expert Review of Clinical Immunology, 12:12,
1359-1362, DOI: 10.1080/1744666X.2016.1241709

To link to this article:  http://dx.doi.org/10.1080/1744666X.2016.1241709

Accepted author version posted online: 03
Oct 2016.
Published online: 06 Oct 2016.

Submit your article to this journal 

Article views: 26

View related articles 

View Crossmark data

http://www.tandfonline.com/action/journalInformation?journalCode=ierm20
http://www.tandfonline.com/loi/ierm20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/1744666X.2016.1241709
http://dx.doi.org/10.1080/1744666X.2016.1241709
http://www.tandfonline.com/action/authorSubmission?journalCode=ierm20&show=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=ierm20&show=instructions
http://www.tandfonline.com/doi/mlt/10.1080/1744666X.2016.1241709
http://www.tandfonline.com/doi/mlt/10.1080/1744666X.2016.1241709
http://crossmark.crossref.org/dialog/?doi=10.1080/1744666X.2016.1241709&domain=pdf&date_stamp=2016-10-03
http://crossmark.crossref.org/dialog/?doi=10.1080/1744666X.2016.1241709&domain=pdf&date_stamp=2016-10-03


ORIGINAL RESEARCH

Systemic inflammatory immune signatures in a patient with CRB1 linked retinal
dystrophy
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aDepartment of Ophthalmology, University Medical Centre Utrecht, Utrecht, The Netherlands; bLaboratory of Translational Immunology, University
Medical Centre Utrecht, Utrecht, The Netherlands; cU-DAIR, University Medical Center Utrecht, Utrecht, The Netherlands

ABSTRACT
Background: In this report we describe, for the first time, the activation of the peripheral immune
compartment in a patient with a CRB1 linked retinal degenerative disease, masquerading as intermedi-
ate uveitis.
Methods: To monitor the immune system during systemic immunosuppressive treatment, given for the
initial diagnosis of intermediate uveitis, blood samples were taken before and during therapy, for
analysis of peripheral blood mononuclear cell-subsets and circulating immune mediators.
Results: The levels of various pro-inflammatory immune mediators (including MIF, TSLP, CCL2/MCP-1,
CXCL9, CXCL10, IFN-β, IL-6, IL-17, IL-21, IL-22, and IL-23) were elevated in serum at the first time point,
and decreased under immunosuppressive treatment. In parallel, the frequency of activated (CD86+)
CD1c+ myeloid dendritic cells in blood was proportional to the central foveal thickness measured by
optical coherence tomography.
Conclusions: These observations challenge the current view on the distinct pathophysiology of retinal
degenerative and retinal inflammatory conditions in this patient.
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1. Introduction

Retinal dystrophies are a heterogeneous group of severe
inherited retinal diseases characterized by progressive dete-
riorating of photoreceptors that are visually debilitating and
potentially blinding. One of the more than 200 genes linked to
retinal dystrophies is the retinal gene Crumbs homologue 1
(CRB1) that encodes a protein critical to canonical retinal
development [1]. Over 150 genetic mutations in CRB1 have
been reported in patients with retinal dystrophies. The clinical
manifestation of retinal dystrophies linked to mutations in
sequence of the CRB1 gene may vary considerably and
includes conditions such as retinitis pigmentosa, Leber con-
genital amaurosis, and cone–rod dystrophy [2]. Although the
CRB1-related disease spectrum hallmarks fundus-specific pat-
terns and retinal dysfunction typical to ‘degenerative’ condi-
tions, recently Hettinga et al. [3] described several patients
with among others CRB1-related retinal dystrophy masquerad-
ing as intraocular inflammation. Here, we performed longitu-
dinal immunophenotyping in the blood of one of the patients
from this series and report on hitherto unknown activation of
various pro-inflammatory pathways and immune cells in
blood.

1.1. Case description

A 14-year-old girl, without medical history, was referred to our
tertiary hospital with visual complaints including blurred

vision and floaters. At presentation, the best corrected visual
acuity (BCVA) was 20/32 and 20/25 (Snellen equivalent) for the
right and left eye, respectively. Ophthalmological examination
revealed inflammation of the vitreous, cystoid macular edema
(CME), and multifocal choroiditis-like lesions, indicative for
intraocular inflammation (Figure 1(a,b)). Screening by a pedia-
tric rheumatologist and clinical immunologist did not detect
any underlying systemic disease. Diagnostic screening
included extensive laboratory testing (including full blood
count, C-reactive protein, blood sedimentation rate, angioten-
sin converting enzyme, antinuclear antibodies, human leuko-
cyte antigen typing, antibody titers for various infectious
agents, and liver and kidney function tests), urine screening
for proteins, tuberculin skin test for tuberculosis, X-ray and
computed tomography imaging of the lungs, and magnetic
resonance imaging of the brain. The patient was initially diag-
nosed with idiopathic intermediate uveitis, which was sup-
ported by a second opinion at another tertiary referral
center. Consequently, she was treated with several local and
systemic anti-inflammatory and immunomodulatory agents,
including systemic corticosteroids, methotrexate, mycofeno-
late mofetil, tumor necrosis factor-α inhibitors, and eventually
tocilizumab. All therapies were equally ineffective in control-
ling the disease. During tocilizumab therapy (the period
described in this study), BCVA of both eyes increased slightly
from 20/50 to 20/40 (Snellen equivalent) for the right eye and
from 20/66 to 20/33 for the left eye. However, though
improvements in visual acuity were seen, the overall clinical
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picture did not show any permanent improvement, and visual
acuity continued to decrease. Subsequent genetic testing
revealed a heterozygous mutation in the CRB1 gene, and the
diagnosis of retinal dystrophy was established.

2. Methods

During this period, we monitored the circulating immune com-
partment of this patient. After informed consent, blood was
drawn before the start of tocilizumab therapy (time point I)
and after 2, 5, and 6 months (time points II–IV, respectively).
Peripheral blood mononuclear cells (PBMCs) were isolated by
Ficoll-Paque density gradient centrifugation and analyzed by
multicolor flow cytometry (Fortessa, BD Biosciences, San Jose,
CA, USA). PBMCs were directly stained with fluorochrome-con-
jugated antibodies to analyze myeloid dendritic cells (anti-CD3-
PerCP-CY5.5, anti-CD19-PerCP-CY5.5, anti-CD56-PerCP-CY5.5,
anti-HLA-DR-PB, anti-CD16-BV500, anti-CD14-APC-H7, anti-
CD141-PE, anti-CD303-FITC, anti-CD86-PE-Cy7, and anti-CD1c-
APC; BD Biosciences). Acquired data were analyzed using
FlowJo software (FlowJo, LLC, OR, USA). Forty-six immune med-
iators were simultaneously measured in undiluted serum using
our in-house developed and validated (ISO9001 certified) multi-
plex immunoassay based on Luminex technology [4].

3. Results

The levels of various pro-inflammatory immune mediators
(including macrophage migration inhibitory factor, thymic
stromal lymphopoietin, chemokine CC ligand-2 [also known
as monocyte chemoattractant protein-1], CXCL9 (chemokine
CXC ligand) and CXCL10, interferon-beta, and interleukin [IL]-
6, IL-17, IL-21, IL-22, and IL-23) were elevated in serum at the
first time point and decreased in subsequent time points (see
also Table 1). In parallel, the frequency of activated (as indi-
cated by CD86+) CD1c+ myeloid dendritic cells in blood was

proportional to the central foveal thickness measured by opti-
cal coherence tomography (Figure 1(c)).

4. Discussion

Retinal dystrophies comprise a group of progressive retinal
disorders frequently caused by mutations in the CRB1 gene
[2]. Studies on the CRB1 gene revealed its critical role in retinal
development and homeostasis, and an extensive line of

Figure 1. Cystoid macular edema at several time points during immune-monitoring. (a) Upper left and right: fluorescein angiography of the right and left eye of an
patient with retinal dystrophy at presentation revealing extensive fluorescein leakage in the macular area. Lower left en right: fundoscopy color images of the right
and left eye of the same patient at presentation. (b) Optical Coherence Tomography images of the macula of the right (upper image) and left (lower image) eye at
presentation revealing CME. (c) Dynamics of foveal thickness (measured by OCT), the frequency of CD1c+ mDC cells in blood and their activation status (measured
by expression of activation marker CD86) through time.
CME: Cystoid Macular Edema; mDC: myeloid dendritic cell; MFI: mean fluorescence intensity; OCT: Optical Coherence Tomography.

Table 1. Cytokine analysis in serum of a patient with retinal dystrophya.

Immune
mediator

Time point I
(pg/mL)

Time point II
(pg/mL)

Time point III
(pg/mL)

Time point IV
(pg/mL)

IL-1β 110.4 112.9 < <
IL-6 39.5 64.9 4.0 4.2
IL-13 552.2 569.3 46.1 35.8
IL-17 815.6 865.0 < <
IL-21 57,060.4 67,640.9 353.6 256.9
IL-22 337.2 356.7 < <
IL-23 53.0 7.8 < <
IL-29 345.6 286.5 < <
TNF-α 7.1 11.5 < <
TNF-β 53.8 46.0 < <
IFN-α 16.9 15.8 < <
IFN-βb 857.1 1339.7 10.9 6.1
IFN-γ 134.7 118.9 < <
MIF 15,529.3 17,133.9 144.3 213.3
TSLP 193.9 248.6 0.9 0.5
CCL2/MCP-1 702.9 691.5 35.0 45.5
CCL25/TECK 1232.5 1347.3 107.0 111.7
CXCL8/IL-8 111.4 109.4 11.1 9.9
CXCL9/MIG 5077.2 6155.2 31.9 25.1
CXCL10/IP-10 3387.9 3352.5 155.6 147.4
CXCL13/BLC 779.1 908.3 26.5 30.2

aSelection of serum cytokines showing largest decrease or direct relation to
other cytokine pathways.

bU/mL.
< Indicates below detection limit.
IL: interleukin; TNF: tumor necrosis factor; IFN: interferon; MIF: migration inhibitory
factor; TSLP: thymic stromal lymphopoietin; CCL: chemokine CC ligand; MCP:
monocyte chemoattractant protein; TECK: thymus-expressed chemokine; CXCL:
chemokine CXC ligand; MIG: monokine induced by gamma interferon; IP-10:
interferon gamma-induced protein 10; BLC: B lymphocyte chemoattractant.
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evidence demonstrates that genetic disruption of the function
of this retinal gene results in the death of photoreceptors and
progressive deterioration of retinal function with associated
vision loss [1]. Consequently, efforts for better understanding
the CRB1-linked degenerative disease are mostly focused on
studying the molecular implications of genetic mutations on
retinal dysfunction. However, endogenous or environmental
factors outside the retina may also play a significant role in
modulating the phenotype in patients, complicating its diag-
nosis, and potentially alter its clinical evolution.

Indeed, recent studies have revealed circumstantial evidence
that suggests a contributing role of inflammatory pathways in
retinal dystrophies: Patients with retinal degeneration may man-
ifest with inflammation of the vitreous and show elevated levels of
pro-inflammatory cytokines and chemokines in ocular fluids.
Curiously, as described for ocular inflammatory diseases, patients
with retinal dystrophies may show peripheral immune responses
toward retinal antigens – indicating co-occurring and possible
harmful autoimmune mechanisms directed against the retina
[5–7].

In this study, we further substantiate this concept and describe
additional hitherto unknown inflammatory changes that can be
detected in the blood of such a patient. Most strikingly, cytokines
such as IL-17 and IL-23, which are hallmark cytokines for T-helper
17 cells, a subset of T cells that are considered to play a central role
in autoimmune uveitis [8], were elevated in blood and decreased
after immunosuppressive/modulatory treatment that included
tocilizumab. In addition, activated CD1c+ myeloid dendritic cell
frequency was proportional to the degree of foveal thickness,
which makes it tempting to suggest a role for this cell subset in
the development of CME in this patient. Interestingly, this immune
cell was recently linked to disease activity in noninfectious uveitis
commonly associated with macular edema [9,10]. These findings
support a role of several inflammatory factors in the pathogenesis
of retinal dystrophies. The inflammatory signatures may perhaps
be the result of a (secondary) immune response directed against
the damaged ocular tissues. The exact mechanism remains poorly
understood; however, pro-inflammatory cytokines and chemo-
kines produced by activated retina resident microglia [11–14],
Müller cells, and the retinal pigment epithelium have been impli-
cated [15]. Whether the activation of microglia is induced by
photoreceptor cell death or actually causes this photoreceptor
cell death remains to be determined [12]; however, accumulating
evidence supports the concept that activated microglia play an
active role in photoreceptor cell death through phagocytosis and
the production of pro-inflammatory mediators [13,14].

Although the influence of inflammation on the natural
course of disease remains to be elucidated, the here described
case reveals that various inflammatory signatures are well
observed at the clinical and molecular levels, which is a
thought-provoking observation that makes it tempting to
speculate on its implications for the care of this subgroup of
patients. Considering it is a primary ocular genetic defect, anti-
inflammatory therapy is currently not indicated for retinal
dystrophy because it will not resolve the cause of disease.
However, the emerging role of inflammation in retinal dystro-
phies may provide opportunities for influencing the natural

course and secondary complications of this group of diseases.
Although we are at the dawn of gene therapy to correct the
genetic defect in retinal dystrophies, currently, gene therapy is
not yet widely available. In contrast, various potent immuno-
modulatory agents are available that could potentially be used
to influence the inflammatory responses to prevent secondary
complications (macular edema) to delay vision loss and
improve quality of life. Research in this area, which is currently
lacking, is likely to receive more attention in the near future
[16,17]. In the past, treatment with intravitreal corticosteroid
has been applied for treatment of secondary macular edema
in retinitis pigmentosa patients with mixed results [18,19]. It is
important to note that the temporary improvements in visual
function in the case described here may also be the reflection
of the natural disease course, and further studies are necessary
to further elucidate the contribution of inflammation on the
clinical course of CRB1-linked retinal dystrophies.

In summary, these observations substantiate that in our patient
with CRB1-linked retinal dystrophy masquerading as intraocular
inflammation, the disease is accompanied by molecular activation
of inflammatory cytokine pathways and immune cells in the blood.
As such, these results challenge the current view on the distinct
pathophysiology of retinal degenerative and retinal inflammatory
conditions in this patient.

Key issues

● This report describes laboratory evidence of systemic activation
of the immune system in a patient with a CRB1 linked retinal
degenerative disease.

● The here reported case substantiates a role for the inflam-
mation in the pathogenesis of retinal dystrophy.

● The frequency of CD1c+ myeloid dendritic cells in the
peripheral blood, and their activation status, was propor-
tional to central foveal thickness, an important clinical para-
meter with serious potential consequences for visual acuity
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