
Frontiers in Immunology

OPEN ACCESS

EDITED BY

Jian Gao,
Shanghai Children’s Medical Center, China

REVIEWED BY

Graham Wallace,
University of Birmingham, United Kingdom
Yong Tao,
Capital Medical University, China
Uwe Pleyer,
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Purpose: Non-infectious uveitis is a complex disease characterized by

intraocular inflammation of the uveal area and the leading cause of vision

impairment and blindness in young people globally. However, what triggers

inflammation and contributes to its recurrence remains unclear. The

complement system has been linked to various immunological and

inflammatory conditions. In the present study, we have systematically

evaluated the role of the alternative complement pathway in the pathogenesis

of non-infectious uveitis.

Methodology: Quantitative PCR was done in the peripheral leukocytes to study

the expression of genes and regulatory miRNA in both anterior and posterior

uveitis (n=28 in each category). Multiplex ELISA was performed to measure

alternative pathway complement components, such as C3b, factor B, and CFH,

and aqueous humor of infectious and non-infectious uveitis patients and non-

inflammatory controls (n=10 each). Western blotting was done to validate the

ELISA findings in a subset of patients and controls.

Results: Downregulation of C3 and CFHmRNA in the peripheral blood was shown

by quantitative PCR in the group of anterior uveiits (AU), while the opposite result was

found in the group of posterior uveitis (PU). ELISA levels of C3b and CFH proteins

were significantly higher in aqueous humor of infectious and non-infectious uveitis

(*p = 0.03 and **p = 0.0007 respectively) as compared to the control group.

Western blotting further validated (VitH) the activation of the complement cascade in

the aqueous (AH) and vitreous humor of patients with non-infectious uveitis, with an

increased level of C3b (n=6) and CFH (n=4) in aqueous humor. C3b level was

significantly increased while CFH was reduced relative to controls in the vitreous

humor (VitH) of posterior uveitis patients compared to controls (n=27 in each

category). A C3b to CFH ratio was computed to assess the regulation of

complement activation and this index was several folds higher in both anterior

and posterior uveitis (n=10 each). The expression of miRNA-hsa-miR-146a and
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miRNA-hsa-miR-155-5p that regulates CFH was downregulated and nicely

correlated with the increased complement proteins in both anterior and posterior

uveitis (n=10 each).

Conclusion:Our results demonstrate a clear role of CFH and the activation of the

alternative complement pathway in the pathogenesis of non-infectious uveitis;

however, its therapeutic potential warrants further investigations.
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Introduction

Uveitis is a major sight-threatening disorder. The term uveitis

defines the process of inflammation in the uvea area of the eye,

which includes the iris, ciliary body, and choroid. However, if

uveitis remains untreated it can affect any area of the eye.

Anatomically, uveitis can be divided into four categories primarily

based on the location of inflammation in the eye, i.e., anterior,

intermediate, posterior, and pan-uveitis (1). Symptoms and

consequences can range from pain, photophobia, watering, and

redness to complete vision loss. It can be further divided into two

subtypes: infectious (IU) and non-infectious uveitis (NIU). Bacteria,

viruses, or any other infectious agent may induce infectious uveitis

(2). While non-infectious uveitis can be largely autoimmune or

idiopathic in nature, it is also reported to be associated with other

systemic conditions (e.g., sarcoidosis and Behcet’s disease) that are

known to result from immune dysregulation (3, 4).

Non-infectious uveitis is usually T cell–mediated and includes a

heterogeneous group of sight-threatening immune-mediated ocular

and systemic disorders. (e.g., sarcoidosis and Behcet’s disease).

While the pathophysiology of non-infectious uveitis is not

completely clear, it is assumed that it could be a multifactorial

autoimmune disease, or caused by an imbalance of anti-

inflammatory and inflammatory cells that leads to the release of

several cytokines. These released cytokines further recruit

leucocytes and neutrophils from the circulation and enhance

inflammation, causing tissue damage (5–7). While the exact

trigger and cause of the disease remain unknown, many studies

based on different animal models showed that autoimmune

responses to various ocular antigens triggered inflammation, as

seen in non-infectious uveitis (8–11). Some recent studies that were

focused on the underlying mechanisms of uveitis, indicated that

complement proteins could be involved in the pathogenesis of

uveitis. Besides, the IgG-containing circulating immune

complexes in patients with uveitis were found to have

significantly increased levels of C3d (12). A study showed that

depletion of the host’s complement system resulted in the complete

inhibition of experimental autoimmune anterior uveitis (EAAU)
02
(13). Introducing the soluble complement inhibitor (sCrry) was also

shown to suppress EAU (14). Elevated levels of C3a, C3c, and CFB

proteins have also been reported in the aqueous humor of uveitis

patients (15, 16). While these studies have indicated the role of

complement proteins in uveitis associated with other related

pathologies, their exact role in non-infectious uveitis remains

unclear. Complement factor H (CFH) is a potent inhibitor of the

C3 alternative complement pathway, and its role has also not been

explored in detail. Furthermore, it would be worthwhile to study the

epigenetic regulation of complement pathway genes by miRNA

that act by binding to the complementary regions of the target gene,

causing either its suppression or degradation. MiR-155 and miR-

146 are known to regulate inflammation and autoimmunity.

Increased miR-146a could enhance the expression of IL-1b and

suppress the expression of CFH in the hippocampi of chronic

temporal lobe epilepsy rat models, whereas reduced miR-146a

could suppress the expression of IL-1b and enhance the

expression of CFH (17). In the context of autoimmune diseases,

such as Bechet diseases, the downregulation of both these

microRNAs was seen in the blood samples of patients as

compared to controls. While miR-146a was significantly

downregulated, miR-155-5p showed a downregulation that was

not statistically significant (18). Another study, conducted by

Zhou et al., also reported a reduced expression of miR-146a and

miR-155-5p that further contributed to an abnormal Treg

phenotype in patients with active rheumatoid arthritis (RA). It

was also observed that the pro-inflammatory effect of reduced miR-

146a expression prevails over the counteracting impact of reduced

miR-155-5p expression, leading to pro-inflammatory alterations of

the phenotype of Tregs in RA (19).

Based on all this evidence, we proposed if the alternative

complement pathway has a major role in the pathogenesis of

human non-infectious uveitis. We also evaluated the estimation

of major alternative complement pathway components, namely, C3

and CFH, in the aqueous and vitreous humor of anterior and

posterior uveitis patients, as well as their expression and regulation

by miRNAs. The results from this study are expected to expand and

better our understanding of the disease pathophysiology and

provide possible therapeutic manipulation of complement activity

for checking inflammation and disease progression/recurrence.
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Materials and methods

Enrollment of study participants and
sample preparation

The study adhered to the tenets of the Declaration of Helsinki

and was approved by the Institutional Review Board of L V Prasad

Eye Institute, Hyderabad, India (Ethical reference no. LEC-09-18-

134). The study cohort comprised a total of 188 samples. The

inclusion criteria for the patients with uveitis were diagnosis based

on a standardized set of criteria as per the SUN classification system

for grading the four aspects of intraocular inflammation

(“Standardization of Uveitis Nomenclature for Reporting Clinical

Data. Results of the First International Workshop,” 2005). Active

uveitis is defined as having > 1+ AC cells and/or a vitreous haze

score (SUN scale) and other signs of activity such as choroiditis,

macular edema, and vasculitis. Anterior uveitis is defined based on

the anterior chamber as the site(s) of inflammation, while posterior

uveitis is defined based on the retina or choroid as the primary site

of inflammation. Infectious and non-infectious uveitis were

distinguished based on specific ocular signs, review of systems (by

internists), and specific laboratory investigations (wherever

applicable). These were broadly based on the Standardization of

Uveitis Nomenclature for Disease Classification Criteria (SUN Part

2) for different uveitis entities. The aqueous humor samples were

taken from patients who had cataract surgery, namely, from the

control group. The control vitreous humor samples were obtained

from individuals who were having macular hole surgery or surgery

for rhegmatogenous retinal detachment.

Medical therapy for non-infectious and infectious uveitis: All

patients with anterior uveitis received topical prednisolone acetate

1% eyedrops, instilled every 2 to 4 hours in the first week after

diagnosis and then tapered over the next 6 to 8 weeks. Atropine

(1%) or homatropine (2%) eye drops were added as cycloplegic

agents. All patients were evaluated by a physician and were cleared

medically to receive oral immunosuppression. The topical

medication was discontinued if cells were absent at the end of 6-8

weeks. In the case of intermediate and posterior uveitis and

recalcitrant anterior uveitis, oral corticosteroid medication

(prednisolone) was administered in the dose of 1mg/kg body

weight at the time of diagnosis and then tapered every week or

based on clinical response.

Immunomodulator therapy was started with oral methotrexate at

the dose of 10 mg once a week and was stepped up to a maximum

dose of 20 mg once a week as necessitated for control of inflammation

on a case-to-case basis. The indications for oral immunomodulators

were: 1) as a steroid-sparing agent; 2) where the disease mandated

more than 2 to 3 months of immunosuppressive therapy; 3) when the

disease at onset was severe and the treating physician anticipated a

prolonged course; 4) as immunosuppressants in patients intolerant to

oral steroids; and 5) as additional inflammatory control in cases where

the inflammation did not subside at the end of 3months. The duration

of the immunomodulator therapy ranged from 6 months to 2 years.

All cases of infectious uveitis (presumed ocular tuberculosis)

were started on four drug-antitubercular therapy (isoniazid and

rifampin for two months and ethambutol and pyrazinamide for 9
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pulmonary tuberculosis.

The side effects of all the medications were evaluated by

periodically monitoring serological parameters such as complete

blood counts, liver function tests, and renal function tests.
Biological sample collection

A prior informed written consent was taken from the patients

undergoing cataract surgery. To remove any kind of cellular debris,

aqueous humor samples were centrifuged at 12,000 rpm for 10 min

at 4°C. The supernatant was collected, aliquoted, and stored at -80°

C for further experiments. Similarly, vitreous humor samples (100

ml) were collected from patients with uveitis undergoing vitrectomy.

There were 57 patients and 47 healthy controls. The demographical

details of the subjects used for protein and gene expression are given

in Supplementary Tables 1-4. All the samples were processed in the

same manner as mentioned above to remove any cellular debris and

the supernatant collected was aliquoted and stored at -80°C for

further experiments. Protein lysis was performed by adding an

equal volume of RIPA buffer followed by precipitation using ice-

cold acetone overnight at -80°C. On the following day, the protein

lysate was centrifuged at 13,000 rpm for an hour and protein pellets

were dissolved in RIPA buffer. The total protein concentration was

estimated by bicinchoninic acid (BCA) assay. For quantification of

mRNA and miRNA expression, the blood samples were collected in

K3EDTA-coated vacutainers from patients with anterior uveitis

(n=28), patients with posterior uveitis (n=28), and controls (n=28).

The blood samples were further processed for RNA using a kit

method as described in the next section below.
RNA isolation and quantitative real-time
PCR for mRNA and miRNA

Total RNA was isolated by using a Pure link mini-RNA

isolation kit (Catalog no. 12183018A; Thermo Fisher Scientific).

The quantity of RNA was measured using nanodrop. In all, 600ng

of total RNA was converted into cDNA using the verso cDNA

conversion kit (Catalog no. AB1453B; Thermo Fisher Scientific) as

per the manufacturer’s protocol. Quantitative real-time PCR was

performed on a 7900 HT platform using SYBR green (F-416

Thermo Fisher Scientific) chemistry for C3, CFH, IL6, IL4, IL1b,
and CD11b. b-actin was used as the internal control. For miRNA,

600ng of total RNA was converted into cDNA using the miScript II

RT Kit (Catalog no. 218161; Qiagen) as per the manufacturer’s

instructions. quantitative PCR was performed on the same platform

again using the SYBR green chemistry by miScript SYBR Green

PCR Kit (Catalog no. 218173; Qiagen) for hsa-miR146a-5p and hsa-

miR155-5p. U6 was used as the internal control. Primer sequences

for mRNA and miRNA are provided in Supplementary Tables 5

and 6. The cycle threshold (Ct) values calculated for each test gene

and miRNA were obtained for each sample using SDS2.3 software,

and fold change was calculated using 2−DDCt. A p-value of less than

0.05 was considered significant.
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MiRNA-mRNA target interaction network

The interaction network for MiRNA, alternative complement

components, and inflammatory gene targets was made with the help

of miRNet 2.0 software (https://www.mirnet.ca/).
Enzyme-linked immunosorbent assay

A multiplex ELISA assay (Catalog no. HCMP2MAG-19K-03;

MERCK Millipore) was used to assess the differential expression of

C3b, CFH, and CFB (complement factor B) in aqueous humor

samples of patients with non-infectious anterior uveitis (n=10),

patients with infectious anterior uveitis (n=10), and controls (n=10)

following the manufacturer’s protocol. To begin with, each sample

(20 µl) was diluted with 40 µl of assay buffer in a ratio of 1:3. The

standards were prepared by adding 250 µL of deionized water. The

96-well plate containing the suspension captured the antibody

coated onto the bead. Samples were incubated with beads specific

for cytokines of interest in a single well of a 96-well plate followed

by washing steps to remove unbounded antibodies. Biotinylated

detection antibodies were added to each well containing samples

and then Streptavidin-Phycoerythrin (Strep-PE) antibody was

added, binding to the biotinylated detection antibodies. The

remaining wells were assigned for the standard controls

containing a known amount of each cytokine. The plate was

scanned on MAGPIX® with xPONENT v4.3 software.
Western blotting

The protein expression of C3 and CFH in the aqueous and

vitreous humor samples of non-infectious uveitis and healthy

patients was further validated by western blotting (Ms-C3,

Catalog no. sc-28294, Santacruz; Ms-CFH, Catalog no. sc-166613,

Santacruz). Under non-reducing conditions, the activated

proteolytic fragments of C3 were observed in the aqueous and

vitreous humor of the non-infectious uveitis and control subjects

(Ms-C3, Catalog No. sc-28294, Santacruz). The details of the

concentration of proteins and antibody dilutions are given in

Supplementary Table 7.

SDS-PAGE was used to separate the protein samples. For the

analysis, 15 µg of protein was loaded for C3 detection, and 30 µg of

protein was loaded for CFH detection in separate wells/gel. Then,

the separated proteins on the gel were transferred to a PVDF

membrane (Catalog no. IPFL00010; Millipore) at a constant

voltage of 25 V by wet transfer for a period of 1–2 hrs. Ponceau

staining was done to determine equal loading of proteins.

Furthermore, the primary antibody was added and incubated

overnight at 4°C. After incubation was done, the blot was washed

with PBST and 1x-PBS thrice and incubated with secondary

antibodies (anti-Ms. 680RD, Catalog no. 926–68070, LI-COR,

anti-Rb 800CW, Catalog no.926–32211, LI-COR) for 1 hr at

room temperature. The blot was scanned, and bands were
Frontiers in Immunology 04
visualized using a LI-COR image scanner. The band intensities

were quantified using Image J software (v1.4.3.x).
Statistical analysis

The average band intensity for each protein in each group was

calculated and a bar graph was plotted. A t-test was performed to

estimate the significance between cases and controls. A p-value ≤ 0.05

was considered significant.
Results

Quantitative assessment of the alternative
complement pathway in non-infectious
anterior uveitis

Quantitative real-time PCRwas performed for the candidate genes,

i.e., C3 and CFH, in the peripheral leukocytes of patients with non-

infectious anterior uveitis and control subjects (Figure 1). The

expression of C3 and CFH genes was significantly downregulated in

the patients with non-infectious uveitis as compared to controls (C3,

AAU vs. controls, FC -5.0 ± 0.7; *p = 0.03; CFH AAU vs. controls, FC

-6.67 ± 1.0; *p = 0.04). An enzyme-linked immunosorbent assay

(ELISA), performed for the assessment of complement activation in

the aqueous humor of patients with anterior uveitis, showed

significantly higher expression of activated fragment of complement

component C3b in non-infectious (28906.0 ± 6556; **p = 0.0007) and

infectious uveitis (24823.2 ± 9382; *p = 0.03) as compared to controls

(1868± 1439). In addition, a significant increase in the level of CFHwas

also observed in the non-infectious (455± 70; **p = 0.0001) and

infectious uveitis (391 ± 147; *p =0.004) as compared to controls

(104.3 ± 18.2). However, a non-significant difference was seen for the

CFB levels among both non-infectious (126.8 ± 6.2; p = 0.3) and

infectious uveitis (141.5 ± 53; p = 0.5) vs. controls (135 ± 6.2). The

validation of the multiplex ELISA results by western blotting confirmed

multiple bands of activated C3b (185 kDa) and a few others in the

patients with non-infectious uveitis and in controls. However, the

intensity of these bands was significantly higher in anterior NIU

patients compared to controls (NIU, 4952.5 ± 452.5; *p = 0.01;

Controls, 889 ± 348.1). A higher expression of CFH was also

observed in the anterior NIU patients as compared to controls (NIU,

3119 ± 49.6; *p = 0.002); (Controls, 441.6 ± 1.5). Since complement

activation is known to activate microglia leading to an increased

expression of pro-inflammatory cytokines, expressions of cytokines

genes and CD11b, a marker of activated microglia, were analyzed

subsequently among patients with non-infectious anterior uveitis vs.

controls. Quantitative real-time PCR was performed for several

interleukin genes including IL6, IL4, IL1b, and CD11b in the

peripheral leukocytes and showed an upregulation of pro-

inflammatory cytokine IL1b (AAU vs. control, FC 1.22 ± 0.4; p =

0.6) and significant downregulation of IL6 (AAU vs. control, FC-6.3 ±

0.7; **p = 0.006), CD11b (AAU vs. control, FC-18.8 ± 1.2; **p = 0.004),
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and anti-inflammatory IL4 (AAU vs. control, FC-52 ± 1.4; ** p = 0.005)

among NIU patients.
Are there any specific regulators that
mediate the aberrant alternative
complement pathway activation in uveitis?

To identify the possible regulators, we performed an in-silico

analysis for the predicted interactions between miRNA and genes in

the alternate complement component and inflammatory pathways

for their possible roles in uveitis pathogenesis. The MiRNA-Gene-

Network was built using the gene list and predicted interactions

among them using the TargetScan database. Figure 2 shows the

miRNA–mRNA network showing their possible interactions. The

center of the network represents the degree (i.e., the interaction of
Frontiers in Immunology 05
one miRNA with the genes around and the interaction of a gene

with the miRNAs around). The key miRNAs and genes in the

network had the highest degrees. Four out of five key miRNAs,

namely, hsa-miR-146a-5p, hsa-miR-155-5p, hsa-miR-30a-5p, and

has-miR-20a-5p, as shown in Figure 2, were seen to directly interact

with CFH, C3, TLR4, and MMP9 genes. hsa-miR-146a-5p and hsa-

miR-155-5p were already reported to be differentially expressed in a

study on uveitis and are known to regulate the activity of CFH for

AMD and other diseases, therefore, we selected these to investigate

their role in alternative complement pathway regulation in uveitis

patients. quantitative PCR experiment was compared across non-

infectious anterior uveitis patients and controls. Both miRNAs hsa-

miR-146a-5p and hsa-miR-155-5p were downregulated in the

anterior uveitis category (hsa-miR-146a-5p, AU vs control; FC-

2.8 ± 0.4; *p = 0.03; hsa-miR-155-5p AU vs control; FC -2.1 ± 0.7 p

= 0.2).
B C D

E F G H

I

A

FIGURE 1

(A) Differential expression based on quantitative PCR for complement C3 and CFH in non-infectious anterior uveitis category (n=18) vs. non-inflammatory
controls (n=18), (AU corresponds to non-infectious anterior uveitis). Histogram showing the quantitative estimation of complement components (B) C3b, (C)
CFH, (D) CFB in the aqueous humor samples based on multiplex ELISA from non-infectious uveitis (n=10), infectious uveitis (n=10) vs. non-inflammatory
controls (n=10). (E) Representative western blot of total CFH in aqueous humor of non-infectious uveitis and non-inflammatory controls. (F) Graph
representing the quantification of total CFH in aqueous humor of non-infectious uveitis and non-inflammatory controls by densitometry (NIU, n=4 and
controls, n=4). (G) Representative western blot of total C3b in aqueous humor of non-infectious uveitis and non-inflammatory controls. (H) Graph
representing the quantification of total C3b in aqueous humor of non-infectious uveitis and non-inflammatory controls by densitometry (NIU, n=6 and
controls, n=6). (I) Differential gene expression based on quantitative PCR for non-infectious anterior uveitis category (n=15) vs. non-inflammatory controls
(n=15). In the western blotting experiments, C represents control aqueous humor; P, NIU aqueous humor; L, protein ladder. For all the experiments data are
represented as mean ± SEM. *p ≤ 0.05, **p ≤ 0.01, ns, p > 0.05.
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Involvement of the alternative complement
pathway in non-infectious posterior uveitis

Quantitative real-time PCR for the candidate genes, i.e., C3 and

CFH, in the peripheral leukocytes showed an upregulation of both C3

and CFH genes (FC-4.5 ± 0.8; * p = 0.04 and FC-7.09 ± 1.1; *p = 0.04

respectively) in the patients with non-infectious posterior uveitis as

compared to controls (Figure 3). Likewise, a significant upregulation of
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IL1b, IL6, and CD11b (IL1b- PU vs. control, FC-4.4 ± 0.6; *p = 0.01;

IL6- PU vs. control, FC-6.8 ± 1.2; *p = 0.04; CD11b- PU vs. control, FC-

14.8 ± 1.3; *p = 0.02) was observed in the posterior uveitis category,

while IL4was downregulated (PU vs. control, FC -2.8 ± 0.9; p = 0.3). To

further assess the complement activation at the protein level in the

vitreous humor of patients with posterior uveitis, a western blot was

performed for CFH and C3 in patients with non-infectious posterior

uveitis and non-inflammatory controls, and a lower expression of CFH
B

C D

E F

G

A

FIGURE 3

(A) Differential expression based on quantitative PCR for complement C3 and CFH in the non-infectious posterior uveitis category (n=18) vs. non-
inflammatory controls (n=18). (B) Differential gene expression for cytokines and CD11b based on quantitative PCR for the non-infectious posterior
uveitis category (n=15) vs. non-inflammatory controls (n=15). (C) Representative Western blot of CFH in the vitreous humor of non-infectious
posterior uveitis and non-inflammatory controls. (D) Graph showing the quantification of total CFH in non-infectious posterior uveitis and non-
inflammatory controls by densitometry (NIU, n=12 and Controls, n=12). (E) Western blot of C3 in the vitreous humor of non-infectious posterior
uveitis and non-inflammatory controls. (F) Graph showing the quantification of total C3b in vitreous humor of non-infectious uveitis and controls by
densitometry (NIU, n=15 and Controls, n=15) (G) Differential expression based on quantitative PCR for hsa-miR-146a-5p and hsa-miR-155-5p in the
posterior uveitis category (n=10) vs. non-inflammatory controls (n=10). For western blotting, C represents control; P, non-infectious posterior
uveitis; L, protein ladder. For all the experiments, data was represented as mean ± SEM. *p ≤ 0.05, **p ≤ 0.01, ns p > 0.05.
BA

FIGURE 2

(A) miRNA-mRNA interaction network. This network was constructed using the differentially expressed complement component and inflammatory
genes and their regulatory miRNAs. Red color indicates genes, blue color indicates miRNAs, and black lines indicate interactions between genes and
miRNAs. (B) Differential expression based on quantitative PCR for hsa-miR-146a-5p and hsa-miR-155-5p in the non-infectious anterior uveitis
category (n=10) vs. non-inflammatory controls (n=10). Data represented as mean ± SEM. *p ≤ 0.05 ns, p > 0.05.
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protein was observed in PU patients as compared to the controls

(CFH- PU, 3199 ± 548; controls 13605 ± 1244 *p = 0.04); whereas a

higher expression of C3 was observed in patients as compared to

controls (C3- PU, 17027 ± 1011; controls 7510± 454 p= 0.04). Next, the

regulation of C3 activation was assessed by performing the differential

expression of hsa-miR-146a-5p and hsa-miR-155-5p. Both miRNAs,

namely, hsa-miR-146a-5p and hsa-miR-155-5p, were downregulated

in the posterior uveitis category (hsa-miR-146a-5p PU vs control; FC-

3.3 ± 0.8 *p- value = 0.05, and hsa-miR-155-5p PU vs. control FC -4.2 ±

1.4 p = 0.4), as shown in Figure 3.
Assessment of the inhibitory role of CFH
on complement activation in anterior and
posterior uveitis

Since complement factor H is known to inhibit the excess

complement activation by a feedback loop, we next computed the

ratio of an activated fragment of complement C3, i.e., C3b with

CFH in both non-infectious aqueous humor sample for anterior

uveitis and non-infectious vitreous humor sample for posterior

uveitis. As shown in Figure 4, the C3b:CFH ratio in patients of

anterior uveitis in terms of median values (first–third quartiles) was

61.69 (31.33–71.05) as compared to the control group, 4.41 (3.93–

6.22). This ratio was significantly higher for anterior NIU patients

(***P =0.000004). Likewise, the C3b:CFH ratio in patients was

significantly (3.05 [1.82–4.12]; **P =0.0001) higher in patients as

compared to the control group, (0.55 [0.17–1.11]).
Discussion

The human eye employs many ways to protect itself from any

endogenous and exogenous insults, which not only decreases the

risk of infection but also helps in preventing inappropriate immune

responses, thereby plummeting the risk of inflammation–mediated

retinal damage. However, ocular inflammation leading to a

dysregulated immune system is still a major sight-threatening

condition and concern. Uveitis represents an inflammatory

condition of the uveal tract known to be associated with various

etiology, such as systemic diseases, be they idiopathic or infectious.
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Among all forms of uveitis, anterior uveitis accounts for more than

75% of cases (20). Inflammation of the anterior uveal tract,

categorized by the presence of leukocytes in the anterior chamber

of the eye, is also known as iritis. When the adjacent ciliary body is

also inflamed, the process is known as iridocyclitis. The

immunological response during an episode of anterior uveitis

might draw neutrophils to the region of inflammation, which

further contributes to the formation of pus cells in the front area

of the eye, and is known as hypopyon. Although neutrophils have

been implicated in the pathophysiology of anterior uveitis, it is

important to understand that the disease is complex and

multifactorial and that the particular processes driving its

development might differ across individuals (21). The presence of

leukocytes in the vitreous humor and evidence of active

chorioretinal inflammation are diagnostic of intermediate uveitis

and posterior uveitis, respectively (1, 22). Posterior uveitis, on the

other hand, can be divided into ischemic and non-ischemic

posterior uveitis. Ischemic posterior uveitis represents a lack of

oxygen in the afflicted region due to compromised blood flow, via

vascular blockage, vasculitis (inflammation of the blood vessels),

and other vascular illnesses. Ischemic posterior uveitis triggers an

inflammatory response characterized by an abundance of

inflammatory cells such as lymphocytes, macrophages, and

neutrophils in the cellular infiltrate. Posterior uveitis that does

not have an underlying ischemic cause is called non-ischemic

posterior uveitis and is usually triggered by infections,

autoimmune diseases, and idiopathic (unknown) factors.

Lymphocytes, and in particular T cells, tend to dominate the

cellular infiltration seen in these situations (23).

In the human eye, the complement pathway is seen to be

constantly activated at low/basal levels and is tightly regulated by

complement regulatory proteins. Previously, the complement

pathway and its regulatory proteins were reported to maintain

homeostasis during intraocular inflammation (13, 24).

Polymorphisms in CFH, CFB, and CFI were shown to be

associated with an increased susceptibility to uveitis and its many

subtypes, while the C3 gene showed no association (25). However,

their exact involvement in uveitis pathogenesis is yet unclear. A

proteomic analysis of AH also showed differential expression of AH

proteins involved in many biological functions including

complement activation, humoral immune response, and
FIGURE 4

The representative box plot showing the ratio of C3b:CFH in non-infectious (A) anterior uveitis (n=10) and non-inflammatory controls (n=10), (B) posterior
uveitis (n=10) and non-inflammatory controls (n=10). Data represented as mean ± SEM. **p ≤ 0.01, ***p ≤ 0.0001.
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proteolysis (26). Activation of the complement cascade produces

mediators that directly damage cells by a consequential

development of the membrane attack complex or targets the

complement by activating the innate immune pathway.

Furthermore, increased levels of C3, factor B, C4, and C5, as well

as autoantibodies against ocular proteins, were found in AH of

idiopathic uveitis. Based on this evidence, the present study

hypothesized that a dysregulation of the complement system

plays a role in the pathogenesis of autoimmune anterior uveitis.

Since most of the samples used in the study were obtained from

patients on steroid treatment. We checked if the activated

complement pathway is the result of the underlying disease

pathology and not due to varied treatment strategies, however, no

differences with respect to the use of steroids and length of usage

were noticed among our cohort. Thus, our study results might be

reflective of underlying disease pathology and not a response to

varied treatment strategies (12, 15, 26).

CFH is a negative regulator/inhibitor of the alternative

complement pathway as it competes with FB for C3b binding and

acts as a co-factor for factor I to degrade C3b to C3bi (27, 28). In

contrast to our expectation, we noticed a downregulation of C3 and

CFH expression in peripheral leukocytes of patients with anterior

uveitis as compared to controls. However, a higher expression of C3

and CFH proteins was observed in the aqueous humor, indicating

that the inflammation seen in uveitis is a localized change in the

anterior chamber of the eye and cannot be seen in the blood unless

there is a blood-retinal barrier breakdown. Low levels of

complements have also been reported to be early signs of

autoimmune diseases such as systemic lupus erythematosus and

rheumatoid arthritis (29–31). Thus, it is likely that the low level of

complements in the serum indicates the initiation of anterior

uveitis. Since complement activation leads to activation of

macrophages/microglia, which further secrete anti and pro-

inflammatory cytokines under stress, gene expression of the pro-

inflammatory cytokines IL1b, IL6, and anti-inflammatory IL4 was

assessed along with CD11b, which is the marker for microglia

activation. A slight upregulation of the IL1b and downregulation

of IL6, IL4, and CD11b further confirmed a basal complement

activation in the blood of patients with anterior uveitis.

The multiplex ELISA experiments in the aqueous humor of

patients with anterior uveitis showed a definitive activation of the

alternative complement pathway with significantly increased C3b in

both infectious and non-infectious uveitis. A significant increase

in the level of CFH in non-infectious uveitis as compared to that in

infectious cases further confirmed the role of alternate complement

pathway activation in NIU. A previous study by Mondino et al. also

reported increased levels of activated complement fragments in the

aqueous humor of eyes in patients with anterior uveitis (15). Next,

we performed western blotting of aqueous humor (anterior uveitis)

and vitreous humor (posterior uveitis). Upregulation of C3 and

CFH in the aqueous humor was seen both by western blotting and

multiplex ELISA. Since C3b complex formation is regulated by

CFH, an increase in CFH could represent the underlying regulatory

feedback mechanism of CFH to check further C3 activation and

conversion to C3b complex.
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It is also widely known that microRNAs regulate both at the

level of gene transcription and protein translation, an in-silico

analysis was performed to further understand the regulation of

C3 and CFH genes by miRNA. Four miRNAs, namely, hsa-miR-

146a-5p, hsa-miR-155-5p, hsa-miR-30a-5p, and has-miR-20a-5p,

were found directly interacting with Complement factor H and C3

genes. Among these, hsa-miR-146a-5p and hsa-miR-155-5p are the

known regulators of inflammatory response (32). In some studies

on uveitis-associated syndromes, a reduced expression of both hsa-

miR-146a and hsa-miR-155-5p was noted, however, these studies

have not correlated their expression with CFH levels (18, 19). In the

context of the miRNAs regulating the CFH gene expression, miR-

146a-5p and miR-155-5p and their mimics were shown to reduce

CFH expression in neuronal and glial cells via 3 -UTR pairing. Both

miR-146a and miR-155-5p are known negative feedback-based

regulators of neuroinflammation and epileptogenesis via targeting

CFH (33). This explains the significant downregulation of hsa-miR-

146a in anterior uveitis. Hsa-miR-155-5p was also downregulated

but not significantly. Furthermore, the downregulation of their

targeted genes suggests that these microRNAs do not act at the

transcriptional level but at the translational level. Overall, the results

from present study support that complement activation in anterior

uveitis is a more localized phenomenon restricted to the anterior

chamber of the eye.

In the case of posterior uveitis, upregulation of both C3 and

CFH genes could be an indicator of a blood-retinal breakdown

(BRB). BRB is controlled by the tight junctions at the level of the

retinal pigment epithelium (RPE) and becomes leaky (breaks)

during inflammation. BRB causes the release of retinal

autoantigens that further activate the small number of self-

antigen reactive T cells that seem to have escaped thymic deletion

and circulate in the periphery. This leads to an increase in number

of autoreactive T cells and autoantibodies to retinal antigens (34).

Based on this understanding, we speculate that it is likely that the

ocular changes in the posterior uveitis will be reflected in the blood

too. An upregulation of IL1b, IL6, and CD11b in the case of

posterior uveitis could be due to an increased alternative

complement pathway activation that further activates microglia,

leading to increased secretion of pro-inflammatory cytokines such

as IL1b and IL6 and decreased expression of the anti-inflammatory

cytokine IL4.

Thus, anterior and posterior uveitis seems to represent two

different etiologies. A higher expression of C3b and lower

expression of CFH in the vitreous humor samples of patients

with posterior uveitis could be explained by the fact that a larger

part of the uvea tends toward the posterior end of the eye where the

inflammation is in the ciliary body, choroid, and retina. Besides in

PU, both microglia and retinal pigmented epithelium are known to

secrete complements and inflammatory cytokines (35), thus the

reduced production of CFH by RPE cells could be due to some

underlying pathological changes with defective autophagic changes.

In AU, the levels of complements are majorly/entirely known to be

contributed by the inflammatory cells and inflamed iris (36). A

reduced expression of CFH could offer less inhibition to

complement activation, leading eventually to a higher synthesis of
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the C3bBb complex. Previously, in the case of AMD Y402H, a single

nucleotide variation in the CFH gene was shown to be associated

with increased complement activation. The decreased CFH levels

and activity also result in increased secretion of inflammatory

cytokines, chemokines, and growth factors (37).

In the alternative complement pathway, C3b is a crucial

component that helps amplify the complement response by

binding to target surfaces and recruiting additional complement

proteins to the site of activation (38, 39). However, uncontrolled

activation of C3b can lead to tissue damage and inflammation and

its lower amount can cause an immune-compromised condition.

CFH binds to C3b through various domains and controls its

activation. Factor H acts as a regulatory protein that helps in the

degradation of C3b by promoting the cleavage of C3b into inactive

fragments and preventing its accumulation in host cells. Factor H

accomplishes this by binding to C3b on the surface of host cells (40,

41). Thus, an estimation of the C3b:CFH ratio in both anterior and

posterior uveitis can act as a surrogate measure of immune

activation. Our result showed a higher C3b:CFH ratio for both

anterior and posterior uveitis patients as compared to controls. This

higher range of the C3b:CFH ratio indicates the insufficient level of

CFH needed to combat the aberrant activation of C3b. This further

strengthens our findings on the potential role of alternative
Frontiers in Immunology 09
complement pathway activation in the pathogenesis of non-

infectious uveitis (Figure 5). A further validation of complement

proteins in ocular specimens from non-infectious uveitis across

populations globally could help in establishing it as a predictive

biomarker for disease prognosis and as a novel therapeutic target

for effectively checking the inflammation and recurrence of

the disease.
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FIGURE 5

This figure demonstrates the possible mechanisms involved in the pathogenesis of anterior uveitis and posterior uveitis. In anterior uveitis, activated
uveitogenic Tcells (escaped from Thymus) migrate to the eye. These uveitogenic Tcells undergo clonal expansion into Th1 and Th17 cells, which
further secretes inflammatory cytokines, leading to the activation of microglia. The activated microglia further secretes C3 and other pro-
inflammatory cytokines. An increase in C3 upregulates CFH as a feedback loop mechanism, which is also regulated by hsa-miR146 and hsa-miR155.
In the case of posterior uveitis, the activated Th1 and Th17 cells activate microglia, which further activates the alternative complement pathway. C3b
activation is regulated by CFH, which has the target site for hsa-miR146 and hsa-miR155. Apart from this, C3 is also secreted by retinal pigment
epithelium (RPE). Formation of C3b and then membrane attack complex leads to an increase in the level of inflammatory cytokines and contributes
to inflammation.
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Fontenla JR, et al. Characterization of isolated retinal vasculitis. Analysis of a cohort
from a single center and literature review. Autoimmun Rev (2017) 16(3):237–43.
doi: 10.1016/j.autrev.2017.01.006

24. Chen M, Muckersie E, Luo C, Forrester JV, Xu H. Inhibition of the alternative
pathway of complement activation reduces inflammation in experimental autoimmune
uveoretinitis. Eur J Immunol (2010) 40(10):2870–81. doi: 10.1002/eji.201040323

25. Yang MM, Wang J, Dong L, Kong J, Teng Y, Liu P, et al. Lack of association of
C3 gene with uveitis: additional insights into the genetic profile of uveitis regarding
complement pathway genes. Sci Rep (2017) 7(1):879. doi: 10.1038/s41598-017-00833-1

26. Choi JA, Ju H-H, Lee J, Kim J-E, Paik S-Y, Skiba NP, et al. Increased
complement-associated inflammation in cytomegalovirus-positive hypertensive
anterior uveitis patients based on the aqueous humor proteomics analysis. J Clin
Med (2022) 11(9):2337. doi: 10.3390/jcm1109233731

27. Schmidt CQ, Herbert AP, Hocking HG, Uhrıń D, Barlow PN. Translational mini-
review series on complement factor H: structural and functional correlations for factor
H. Clin Exp Immunol (2008) 151(1):14–24. doi: 10.1111/j.1365-2249.2007.03553.x

28. Shahulhameed S, Vishwakarma S, Chhablani J, Tyagi M, Pappuru RR, Jakati S,
et al. A systematic investigation on complement pathway activation in diabetic
retinopathy. Front Immunol (2020) 11:154. doi: 10.3389/fimmu.2020.00154

29. Macedo AC, Isaac L. Systemic lupus erythematosus and deficiencies of early
components of the complement classical pathway. Front Immunol (2016) 7:55.
doi: 10.3389/fimmu.2016.00055
Frontiers in Immunology 11
30. Pettigrew HD, Teuber SS, Gershwin ME. Clinical significance of complement
deficiencies. Ann New York Acad Sci (2009) 1173:108–23. doi: 10.1111/j.1749-
6632.2009.04633.x

31. Bryan AR, Wu EY. Complement deficiencies in systemic lupus erythematosus.
Curr Allergy Asthma Rep (2014) 14(7):448. doi: 10.1007/s11882-014-0448-2

32. Testa U, Pelosi E, Castelli G, Labbaye C. miR-146 and miR-155: two key
modulators of immune response and tumor development. Non-Coding RNA (2017)
3(3):22. doi: 10.3390/ncrna3030022

33. He F, Liu B, Meng Q, Sun Y, Wang W, Wang C. Modulation of miR-146a/
complement factor H-mediated inflammatory responses in a rat model of temporal
lobe epilepsy. Bioscience Rep (2016) 36(6):e00433. doi: 10.1042/BSR20160290

34. Forrester JV, Kuffova L, Dick AD. Autoimmunity, autoinflammation, and
infection in uveitis. Am J Ophthalmol (2018) 189:77–85. doi: 10.1016/
j.ajo.2018.02.019

35. Kim YH, He S, Kase S, Kitamura M, Ryan SJ, Hinton DR. Regulated secretion of
complement factor H by RPE and its role in RPE migration. Graefe’s Arch Clin Exp
Ophthalmol = Albrecht von Graefe’s Archiv für Klinische Experimentelle
Ophthalmologie (2009) 247(5):651–9. doi: 10.1007/s00417-009-1049-y

36. Sohn JH, Kaplan HJ, Suk HJ, Bora PS, Bora NS. Chronic low level complement
activation within the eye is controlled by intraocular complement regulatory proteins.
Invest Ophthalmol Visual Sci (2000) 41(11):3492–502.

37. Armento A, Schmidt TL, Sonntag I, Merle DA, Jarboui MA, Kilger E, et al.
CFH loss in human RPE cells leads to inflammation and complement system
dysregulation via the NF-kB pathway. Int J Mol Sci (2021) 22(16):8727.
doi: 10.3390/ijms22168727

38. Manickam B, Jha P, Hepburn NJ, Morgan BP, Harris CL, Bora PS, et al.
Suppression of complement activation by recombinant crry inhibits experimental
autoimmune anterior uveitis (EAAU). Mol Immunol (2010) 48(1–3):231–9.
doi: 10.1016/j.molimm.2010.08.006

39. Harboe M, Mollnes TE. The alternative complement pathway revisited. J Cell
Mol Med (2008) 12(4):1074–84. doi: 10.1111/j.1582-4934.2008.00350.x

40. Parente R, Clark SJ, Inforzato A, Day AJ. Complement factor H in host defense
and immune evasion. Cell Mol Life Sciences: CMLS (2017) 74(9):1605–24. doi: 10.1007/
s00018-016-2418-4

41. Wu J, Wu Y-Q, Ricklin D, Janssen BJC, Lambris JD, Gros P. Structure of
complement fragment C3b-factor H and implications for host protection by
complement regulators. Nat Immunol (2009) 10(7):728–33. doi: 10.1038/ni.1755
frontiersin.org

https://doi.org/10.1186/s43042-020-00085-1
https://doi.org/10.1186/s43042-020-00085-1
https://doi.org/10.1136/annrheumdis-2013-204377
https://doi.org/10.1001/jamaophthalmol.2016.3229
https://doi.org/10.3390/ijms24044108
https://doi.org/10.1016/j.autrev.2017.01.006
https://doi.org/10.1002/eji.201040323
https://doi.org/10.1038/s41598-017-00833-1
https://doi.org/10.3390/jcm1109233731
https://doi.org/10.1111/j.1365-2249.2007.03553.x
https://doi.org/10.3389/fimmu.2020.00154
https://doi.org/10.3389/fimmu.2016.00055
https://doi.org/10.1111/j.1749-6632.2009.04633.x
https://doi.org/10.1111/j.1749-6632.2009.04633.x
https://doi.org/10.1007/s11882-014-0448-2
https://doi.org/10.3390/ncrna3030022
https://doi.org/10.1042/BSR20160290
https://doi.org/10.1016/j.ajo.2018.02.019
https://doi.org/10.1016/j.ajo.2018.02.019
https://doi.org/10.1007/s00417-009-1049-y
https://doi.org/10.3390/ijms22168727
https://doi.org/10.1016/j.molimm.2010.08.006
https://doi.org/10.1111/j.1582-4934.2008.00350.x
https://doi.org/10.1007/s00018-016-2418-4
https://doi.org/10.1007/s00018-016-2418-4
https://doi.org/10.1038/ni.1755
https://doi.org/10.3389/fimmu.2023.1222998
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Exploring the involvement of the alternative complement pathway in non-infectious uveitis pathogenesis
	Introduction
	Materials and methods
	Enrollment of study participants and sample preparation
	Biological sample collection
	RNA isolation and quantitative real-time PCR for mRNA and miRNA
	MiRNA-mRNA target interaction network
	Enzyme-linked immunosorbent assay
	Western blotting
	Statistical analysis

	Results
	Quantitative assessment of the alternative complement pathway in non-infectious anterior uveitis
	Are there any specific regulators that mediate the aberrant alternative complement pathway activation in uveitis?
	Involvement of the alternative complement pathway in non-infectious posterior uveitis
	Assessment of the inhibitory role of CFH on complement activation in anterior and posterior uveitis

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


