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C-reactive protein
conformations and their
association with the
IL-1b/IL-6 pathway in ocular
inflammatory conditions
Mercedes S. Nabaes Jodar1, Vı́ctor Llorenç1,2,
Marc Figueras-Roca1,2, Maite Sainz de-la-Maza1,2,
Alfredo Adán1,2 and Blanca Molins1*

1Group of Ocular Inflammation, Clinical and Experimental Studies, Institut d’Investigacions
Biomèdiques Agustı́ Pi i Sunyer (IDIBAPS), Barcelona, Spain, 2Institut Clı́nic d’Oftalmologia (ICOF),
Hospital Clı́nic de Barcelona, Barcelona, Spain
Introduction: C-reactive protein (CRP) plays a critical role in the innate immune

system and serves as a biomarker for various inflammatory conditions. CRP is a

dynamic protein undergoing conformational changes between pentameric

(pCRP) and monomeric (mCRP) conformations. pCRP is the well-established

systemic marker of inflammation, while mCRP is associated with localized

tissue inflammation.

Methods: This study aimed to evaluate systemic levels of pCRP, mCRP,

interleukin-6 (IL-6), and interleukin-1b (IL-1b) in patients with a variety of

intraocular inflammatory conditions, including diabetic macular edema (DME)

and non-infectious uveitis such as Behçet ’s disease (BD), Birdshot

retinochoroidopathy (BSRC), HLA-B27-associated uveitis, and undifferentiated

uveitis (UU).

Results: A total of 77 subjects were included. mCRP levels were significantly

elevated in BD, DME, and UU compared to controls (p = 0.014, p = 0.036, and p =

0.031, respectively). The mCRP/pCRP ratio was also significantly higher in DME

and UU (p = 0.035 and p = 0.011, respectively). In addition, a strong positive

correlation was observed between IL-6 and IL-1b (r = 0.638, p <0.0001). No

significant differences in serum levels of pCRP, IL-6, or IL-1b were observed

among the groups.

Conclusions: These findings suggest that mCRP, rather than pCRP, may be amore

specific systemic biomarker for certain intraocular inflammatory conditions. The

involvement of the CRP axis and the strong correlation between IL-6 and IL-1b
underscore the interaction of these key inflammatory mediators, providing further

insight into the targeting of CRP axis for therapeutic purposes.
KEYWORDS

C-reactive protein (CRP), interleukin-1b (IL-1b), interleukin-6 (IL-6), ocular
inflammation, uveitis, diabetic macular edema
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1 Introduction

The acute phase reactant, C-reactive protein (CRP) is a key

regulator of the innate immune system and a sensitive biomarker of

several inflammatory disorders. It has been traditionally linked to

inflammatory conditions, including cardiovascular disease (1),

autoimmune diseases (2), cancer (3) and COVID-19 (4). CRP is

mainly synthesized in the liver under transcriptional control of

interleukin-6 (IL-6) and, to a lesser extent, interleuquin-1b (IL-1b)
and tumor necrosis factor-a and is typically found in plasma as a

115 kDa cyclic pentamer (pCRP) composed of five 23 kDa subunits

(5). Under acidic conditions, oxidative stress or by means of

bioactive lipids from the surface of activated or damaged cells,

this pentameric conformation can dissociate into its 23 kDa

monomeric subunits (mCRP) (6). This monomeric form, which

represents the tissue-associated form of CRP, shows different

biological properties and antigenicity, making it a more specific

marker of localized inflammation and a key player in complement

system activation, tissue damage, and the progression of chronic

inflammation (7–9). In vitro and in vivo studies have demonstrated

a broad spectrum of proinflammatory activities attributed to

mCRP. These include recruitment of monocytes and

lymphocytes, upregulation of proinflammatory cytokines such as

CCL2 and IL-8, polarization of macrophages and T-cells towards a

proinflammatory phenotype, and promotion of angiogenic

processes (10, 11). In addition, mCRP plays a dual role in

modulating the complement system by both recruiting

complement proteins, such as C1q, to the surface of damaged

cells, initiating complement activation and amplifying the

inflammatory loop (9), and interacting with complement

inhibitors like C4b-binding protein (C4BP) and complement

factor H (FH), disrupting the local balance between complement

activation and inhibition (7, 12).

Whether systemic mCRP can serve as an appropriate biomarker

of ongoing local inflammation is a matter of debate. In the last years,

some studies have determined systemic mCRP levels in different

inflammatory disorders including cardiovascular disorders (13),

autoimmune diseases (14), and age-related macular degeneration

(15), a chronic degenerative disorder of the outer retina. Indeed,

both CRP conformations, pCRP and mCRP, have been detected in

the subretinal space (16). The specific contribution of local versus

systemic CRP to ocular inflammation remains an area of ongoing

investigation. It has been suggested that pCRP in the choroidal

circulation may dissociate locally into mCRP, activating

complement at the site and potentially contributing to retinal

inflammation. Alternatively, mCRP may be primarily generated

on the surface of activated choroidal endothelial cells, subsequently

traversing the outer blood-retinal barrier and promoting a chronic

inflammatory response within the retinal pigment epithelium

(RPE)-Bruch’s membrane complex (17).

Non-infectious uveitis is a heterogeneous group of sight-

threatening inflammatory conditions involving intraocular or

chorioretinal tissues, suspected to be autoimmune or immune

mediated (18). Non-infectious uveitis represents a collection of

over 30 conditions that may present as isolated ocular disorders,
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such as Birdshot retinochoroidopathy (BSRC) or as manifestations

of systemic syndromes such as Behçet’s disease (BD) or Vogt

Koyanagi Harada syndrome. Nonetheless, many cases of

noninfectious uveitis remain unclassifiable and are referred to as

‘undifferentiated’. In addition, macular edema stands for the leading

cause of visual impairment in both diabetic retinopathy (19) and

non-infectious uveitis (20), caused by blood-retinal barrier

breakdown and increased vascular permeability, orchestrated by

inflammatory mediators (21).

In this study, we aimed to evaluate the systemic levels of CRP

axis, including pCRP, mCRP, IL-6 and IL-1b in various intraocular

inflammatory conditions including diabetic macular edema (DME)

and several types of non-infectious uveitis, comprising BD, BSRC,

human leukocyte antigen (HLA)-B27-associated uveitis, and

undifferentiated uveitis (UU). The findings could contribute to

the understanding of the CRP axis in these pathologies from a

systemic perspective which could offer novel therapeutic

approaches for intraocular inflammation.
2 Methods

2.1 Study design, patients, and data
collection

A retrospective observational study was conducted on 77

Caucasian patients with a variety of intraocular inflammatory

disorders admitted to the Ophthalmology Department of Hospital

Clinic of Barcelona, Spain, including BD (n=12), BSRC (n=10), UU

(n=11), HLA-B27+ associated uveitis (n=16) and DME (n=12), and

healthy control subjects (n=16). For patients with BD, HLA-B27+,

BSRC, and UU, only those with active uveitis were included.

Subjects were included between 2013 and 2017, and the study was

approved by the local Institutional Review Board (Ethics and

Clinical Investigation Committee, Hospital Clıńic of Barcelona)

and carried out according to the Declaration of Helsinki. All

participants provided written informed consent to join the study.

Data on age, sex, date of sample collection, current medication, and

uveitis status (if applicable) were retrospectively collected for all

patients in the study. The control group was geographically and

socio-economically matched and consisted of 16 individuals with

no history of cancer within the past 10 years, no immune-mediated

disorders and not currently undergoing treatment with anti-

inflammatory drugs, including corticosteroids, non-steroidal anti-

inflammatory drugs, immunosuppressants, or biologic therapies.
2.2 Determination of pCRP, mCRP, IL-6
and IL-1b levels in serum samples

Serum samples were obtained from peripheral blood from

venous puncture and stored at -80°C until use. pCRP was

determined using a commercial ELISA kit specific for human

CRP (high-sensitivity CRP, IBL International GmbH). IL-6 and

IL-1b concentrations were determined using the ELISA DuoSet
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Human IL-6 and Human IL-1 beta/IL-1F2 kits (R&D Systems,

Minneapolis, MN, USA), respectively. All tests were performed

following the manufacturer’s instructions.

Serum mCRP was detected with an ELISA assay following the

protocol described by Zhang et al. with some modifications (22). For

this purpose, the mouse anti-human CRPmonoclonal antibody CRP-

8 (Sigma-Aldrich, C1688) was used as a capture antibody and

immobilized at a dilution of 1:1,000 in coating buffer (10 mM

sodium carbonate/bicarbonate, pH 9.6) overnight at 4°C. This

commercially available monoclonal antibody is known to

specifically bind to mCRP without cross-reacting with pCRP (23).

The plates were washed three times, each for 2 minutes, using TBS,

followed by blocking of non-specific binding sites with filtered 1%

BSA-TBS for 1 hour at 37°C. Samples, diluted 1:20 in blocking buffer,

were then added to the wells and incubated for 1 hour at 37°C. After

repeating the washing steps, samples were treated with a sheep anti-

human CRP polyclonal antibody (MBS223280, MyBioSource) at a

dilution of 1:5,000 in blocking buffer for 1 hour at room temperature.

Subsequently, an HRP-conjugated donkey anti-sheep IgG (Abcam),

diluted 1:10,000 in blocking buffer, was applied. Signal detection was

performed using a VersaMax Microplate Reader, and the optical

density (OD) of each sample was calculated as OD450–OD570 nm.

A standard curve was generated by performing serial dilutions

of mCRP (ranging from 0 to 100 ng/mL) prepared by urea-

chelation of pCRP (Calbiochem) in a blocking buffer containing

1% BSA-TBS and reference diluted sera at a 1:20 ratio. Control

experiments with purified pCRP at a concentration of 1 mg/mL

produced only background signals, confirming the assay’s

specificity for mCRP.
2.3 Statistical analysis

Descriptive statistics, including the median, minimum, and

maximum values, were calculated for pCRP, mCRP, IL-6, IL-1b
and the mCRP/pCRP ratio within each pathology group and

controls. Additionally, the detection rate of mCRP, IL-6 and IL-

1b was calculated for each group. Pairwise comparisons between

pathology and control groups were performed using the Mann-

Whitney U test (Wilcoxon rank-sum test) for each variable. P-

values were adjusted for multiple comparisons using the Benjamini-

Hochberg method to control the false discovery rate (FDR). Fisher’s

exact test was used to compare the detection rates of mCRP, IL-6

and IL-1b across groups, with p-value adjustments for FDR.

Spearman’s correlation coefficient was used to assess the

relationship between variables. The age distribution and sex ratio

were analyzed by reporting the median, range, and percentage of

male and female participants for each group. Differences in mCRP

levels by age and sex were examined using the Kruskal-Wallis test

for age groups and the Mann-Whitney U test for sex-based

comparisons. All statistical tests were two-tailed, with significance

set at p < 0.05. Statistical analysis was conducted using R software (R

Foundation for Statistical Computing, Vienna, Austria). Data

visualization was conducted using the ggplot2 package to facilitate

results interpretation.
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3 Results

The study population consisted of 77 patients, including 12 with

BD, 12 with DME, 16 with HLA-B27, 10 with BSRC, 11 with UU, and

16 healthy controls (Table 1). Control and DME subjects were

significantly older than BD, HLA-B27, BSRC, and UU patients. No

significant differences in sex distribution were observed across groups.

Out of the 77 patients, data on medication treatment was available for

66 individuals, of whom 39 (59.09%) were undergoing some form

of therapy, including corticosteroids, immunosuppressants,

and antidiabetics.

Serum levels of pCRP, measured by hsCRP ELISA, were similar

across pathology and control groups, with all p-values exceeding

0.05. The distribution of pCRP concentrations across the study

participants is shown in Figure 1A.

Compared to the control group, mCRP levels in BD, DME and

UU were significantly higher. The adjusted p-values for the

comparisons were as follows: BD vs. control (p = 0.014), DME vs.

control (p = 0.036), UU vs. control (p = 0.031), while no significant

differences were observed for HLA-B27-associated uveitis (p = 0.127)

and BSRC (p = 0.290) (Figure 1B). Furthermore, when comparing

mCRP/pCRP ratio between pathology groups and controls, DME

and UU demonstrated a significantly different ratio compared to

controls (p = 0.035 and p = 0.011, respectively) (Figure 1C). The

detection rate of mCRP was significantly higher in all groups as

compared to the control group. The adjusted p-values for the

comparisons were as follows: BD vs. control (p = 0.006), DME vs.

control (p = 0.020), HLA-B27-associated uveitis vs. control (p =

0.032), BSRC vs. control (p = 0.040), and UU vs. control (p = 0.006)

(Figure 1D). No differences in mCRP levels were observed between

males and females (p = 0.676). Similarly, mCRP levels were

comparable across different age ranges (20-30, 31-40, 41-50, 51-60,

61-70, 71-80, 81+) as determined by a Kruskal-Wallis test (p = 0.988).

IL-6 was detected in 55 out of 77 samples (71.4%), while IL-1b
was detected only in 15 out of 77 samples (19.5%). No significant

differences were observed in systemic levels of IL-6 and IL-1b
between pathology and control groups (all p-values > 0.05)

(Figures 1E, F). Similarly, detection rates of IL-6 and IL-1b did

not differ significantly across groups (all p-values > 0.05).

Spearman correlation analysis was conducted to evaluate the

relationships between pCRP, mCRP, IL-6, and IL-1b within the

disease group. A strong and statistically significant positive

correlation was observed between IL-6 and IL-1b (r = 0.638,

p <0.0001). Additionally, a positive trend was noted between pCRP

and IL-6 (r = 0.219), suggesting a potential, though non-significant,

relationship (p = 0.090). No significant correlations were found for the

other correlations: pCRP vs. mCRP (p = 0.177), pCRP vs. IL-1b (p =

0.852), mCRP vs. IL-6 (p = 0.504), and mCRP vs. IL-1b (p = 0.639).
4 Discussion

This study aimed to analyze systemic mCRP and the overall

status of the CRP pathway in a variety of intraocular inflammatory

disorders, including DME and various types of non-infectious
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uveitis. We observed that systemic mCRP, but not pCRP, IL-1b, and
IL-6, was detectable and significantly higher in some intraocular

inflammatory disorders compared to healthy subjects.

The inflammatory profile of the included inflammatory

intraocular conditions varies in terms of ocular localization,

severity, and systemic involvement. In DME, which manifests as

localized retinal inflammation, the condition is intrinsically linked

to systemic metabolic disturbances, particularly the chronic low-

grade inflammation associated with diabetes mellitus (24).

Metabolic changes, such as elevated levels of advanced glycation

end-products, drive oxidative stress and endothelial dysfunction,

triggering an inflammatory cascade that disrupts both the blood–

retinal barrier and the blood–aqueous barrier (21). This breakdown

increases vascular permeability, leading to fluid accumulation in the

retina and the development of macular edema. In parallel, non-

infectious uveitis represents a diverse group of immune-mediated

diseases, with varying degrees of systemic manifestations. BD is a

systemic vasculitis that affects not only the eye but also skin, mucous

membranes, and other organs, often leading to severe ocular

inflammation and retinal vasculitis (25). The pathophysiology of

BD is strongly influenced by the interaction between innate and

adaptive immunity. Regarding HLA-B27-associated uveitis, it

typically presents as recurrent, acute anterior uveitis and is

frequently associated with systemic diseases such as ankylosing
Frontiers in Immunology 04
spondylitis, reactive arthritis, inflammatory bowel disease, and

psoriatic arthritis (26). Nevertheless, it can also manifest as an

isolated ocular disorder without systemic involvement. On the other

hand, BSRC is strictly localized to the eye with no extraocular

manifestations or systemic disease associations. This disease

manifests as chronic, bilateral, posterior uveitis characterized by

multiple white-creamy choroidal spots. HLA-A29 is strongly linked

to BSCR, indicating that T-cells may play a central role in its

pathogenesis (27). Finally, UU, characterized by diverse ocular

inflammatory patterns and the absence of a clear systemic

association, may result from immune system dysregulation (28).

This could be due to underlying systemic diseases that are either

undiagnosed or not sufficiently advanced to be classified, potentially

influencing the inflammatory response (29). The inflammatory

component of the included disorders, although through different

mechanistical pathways, can result in detectable levels of mCRP in

the systemic circulation and in altered levels of pCRP, IL-1b and

IL-6.

Serum levels of pCRP might be expected to correlate with the

presence of systemic inflammatory diseases, as pCRP is a marker of

systemic inflammation that is often elevated in such conditions.

However, in our study, despite higher median serum levels in

certain conditions, no significant differences in pCRP levels were

observed between any disease and control groups. Indeed, elevated
TABLE 1 Descriptive analysis of control and intraocular inflammatory disorders.

Variable Control
(N=16)

Disease Cohorts

Combined
(N=61)

BD
(N=12)

DME
(N=12)

HLAB-27
(N=16)

BSRC
(N=10)

UU
(N=11)

Age, median (min-
max), years

70 (63-81) 47 (20-79) 37.5 (20-47) 75 (57-79) 36 (33-69) 48.5 (30-63) 48 (31-66)

Male (%) 31.3 52.6 66.7 50.0 62.5 20.0 54.5

Systemic treatment

Yes, N 0 39 10 11 7 7 4

No, N 16 11 0 1 5 0 5

No data, N 0 11 2 0 4 3 2

Analytical Variables, median (min-max)

pCRP, µg/ml
2.29

(0.35-7.17)
2.28

(0.19-20.5)
1.49

(0.19-20.5)
2.35

(0.44-5.49)
6.51

(0.18-16.6)
3.57

(0.37-15.61)
0.90

(0.12-6.06)

mCRP, ng/ml
10.0

(10-1335)
277.1

(10-5881)
424.1

(10-1865)
292.7

(10-5881)
224.1

(10-1536)
139.7

(10-433)
403.1

(10-670)

mCRP/pCRP ratio 0.01 0.10 0.2 0.13 0.02 0.06 0.26

mCRP detection rate, %, (N) 25.0 (4) 75.4 (46) 83.3 (10) 75.0 (9) 68.7 (11) 70.0 (7) 81.8 (9)

IL-6, pg/mL
0.74
(0.01-
2318)

0.676
(0.01-1879)

0.82
(0.01-24.0)

0.835
(0.01-6.28)

3.24
(0.01-1879)

0.73
(0.01-92.0)

0.22
(0.01-1135)

IL-6 detection rate, %, (N) 75.0 (12) 70.5 (43) 50.0 (6) 91.7 (11) 87.5 (14) 60 (6) 54.5 (6)

IL-1b, pg/mL
0.01

(0.01-164)
0.01

(0.01-903)
0.01

(0.01-0.63)
0.01

(0.01-13.2)
0.01

(0.01-903)
0.01

(0.01-6.02)
0.01

(0.01-103)

IL-1b detection rate, %, (N) 25.0 (4) 18.0 (11) 16.7 (2) 8.3 (1) 31.3 (5) 10 (1) 18.2 (2)
Statistically significant values vs. control are highlighted in bold.
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circulating pCRP levels have been reported in active BD (30) and in

a cohort of non-infectious uveitis (31). Such differences can be

attributed to differences in medication regimens. Indeed, although

non-statistically significant, we observed increased pCRP levels in

patients with HLA-B27-associated uveitis (median 6.51 µg/ml)

compared to the control group (median 2.29 µg/ml, p = 0.086).

Previous studies have reported that pCRP alone may not be a

reliable marker of disease activity in HLA-B27-associated uveitis

and BD, as no correlation was found between CRP levels and the

clinical presentation of uveitis (32). Instead, the CRP/albumin ratio

was proposed as a more sensitive marker for identifying acute

uveitis in patients with these conditions (31, 32).

While pCRP is routinely measured in clinical practice, mCRP

represents the proinflammatory conformation released at sites of

local inflammation (33). Upon dissociation, mCRP predominantly

remains bound to cell membranes at these sites. Due to its insoluble

nature, it is challenging to detect mCRP in serum. Some authors
Frontiers in Immunology 05
have detected circulating mCRP associated to microparticles (34)

and also in serum using different experimental approaches, such as

flow cytometry (13) and immunoassays (35–37). In our study, we

adapted the ELISA protocol described by Zhang et al. (22),

employing a capture antibody (clone CRP-8) that prevents cross-

reactivity with pCRP. Noteworthy, we detected mCRP in 64.1% (50/

78) of analyzed samples, with a detection rate significantly higher in

all disease groups compared to the control group.

Systemic levels of mCRP have only been reported in a small

number of disorders. Acute inflammatory disorders such as

COVID-19 (38), myocardial infarction (37, 39), chronic

obstructive pulmonary disease (36) or autoimmune disorders

including systemic lupus erythematosus (14) and adult Still’s

disease (35) have shown detectable levels of systemic mCRP.

Instead, age-related macular degeneration which is associated

with a milder systemic inflammation has shown low detection

rates of systemic mCRP (15). Indeed, in our study we observed a
FIGURE 1

Systemic levels of CRP-axis in intraocular inflammatory conditions: (A) pCRP levels, (B) mCRP levels, (C) mCRP/pCRP ratio, (D) mCRP detection rate
(%), (E) IL-6 levels, and (F) IL-1b. levels in intraocular inflammatory conditions and control group. *P<0.05 vs. control.
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significantly higher detection rate of mCRP in the pathology group

compared to the control group (75% vs. 25%, p=0.016). Although,

differences in mCRP detection rate can be attributed to

methodological differences, it is also conceivable that systemic

mCRP is only detectable upon certain inflammatory threshold. In

our study, we included diseases such as BD and HLA-B27-

associated uveitis, that are characterized by systemic involvement

resulting in an inflammatory state, which may explain the higher

mCRP detection rate. Nonetheless, we also included patients with

BSCR, where the manifestations are confined to ocular structures,

or in the case of UU, where no systemic manifestations have been

clearly linked. This suggests that the elevated mCRP detection rate

could be related not only to systemic manifestations but also to the

development of ocular inflammation that somehow is eventually

reflected in higher levels of circulating mCRP. Of note, when all

disease groups were combined (n = 61) and compared to the control

group, a significant increase in mCRP serum levels was observed

(277.1 ng/ml vs. 10 ng/ml, p = 0.009). Subsequently, we evaluated

each disease group individually against the control group and found

that mCRP serum levels were significantly elevated in BD, DME,

and UU groups, suggesting that mCRP may serve as a more specific

marker of inflammation in these diseases. Notably, we did not

observe neither age- nor sex-related differences in mCRP levels.

Nevertheless, the lack of commercially available assays for

measuring serum mCRP limits its potential translation to the

clinical practice and restricts the comparability across studies due

to methodological inconsistencies. The development of a

standardized method to detect circulating mCRP would be highly

beneficial to implement mCRP as a more specific biomarker of

ongoing inflammation in certain conditions.

Because mCRP dissociates from pCRP under proinflammatory

microenvironments we determined mCRP/pCRP as an additional

measure of ongoing inflammation (ongoing CRP dissociation).

When all disease groups were combined and compared to the

control group, we observed a significantly higher mCRP/pCRP ratio

in the pathology group (0.01 vs. 0.1, p = 0.037). Then, upon

analyzing each disease individually, we observed that the mCRP/

pCRP ratio was significantly higher in DME and UU groups,

suggesting its potential role as a biomarker or distinguishing

factor for these conditions.

In the present study, no significant differences were observed in

serum levels of IL-6 and IL-1b between each disease group and the

control group. For non-infectious uveitis, limited and

heterogeneous findings have been reported regarding the systemic

levels of IL-1b. Previous studies found no significant differences in

serum levels of IL-1b in patients with BD (30). However, specific

interleukin-1 gene polymorphisms have been associated with

increased susceptibility to BD (40). In our cohort, the low

detection rate of IL-1b (19.5%) might have limited our ability to

identify significant differences. On the other hand, increased IL-6

levels have been reported in the serum of patients with active non-

infectious uveitis (41), but more consistent findings have been

observed in local ocular samples (42, 43). Indeed, tocilizumab, a

neutralizing monoclonal antibody that targets the IL-6 receptor (IL-

6R), has been reported to be effective for the treatment of uveitis and
Frontiers in Immunology 06
its associated macular edema (43, 44) and ongoing clinical trials are

testing the efficacy of vamikibart, an intravitreal monoclonal

antibody targeting IL-6 for the treatment of both, uveitic macular

edema and DME (45).

A key finding of our study was the strong positive correlation

between IL-6 and IL-1b (r = 0.638, p <0.0001) in our cohort. The

robust relationship between IL-6 and IL-1b suggests a coordinated

inflammatory response, where the activation of one cytokine may

amplify the activity of the other, thereby contributing to the

progression of inflammation. This interplay is likely mediated by

the activation of the NLRP3 inflammasome, which responds to

endogenous damage-associated molecular patterns (DAMPs) and

triggers IL-1b activation. IL-1b then stimulates the cellular release

of IL-6, which in turn promotes pCRP synthesis in hepatocytes (46).

Nevertheless, in our study, we did not observe a significant

correlation between IL-6 and pCRP levels (r = 0.219, p = 0.090).

Also, mCRP levels were not associated neither with pCRP nor with

IL-6 and IL-1b. Given that mCRP dissociates from pCRP one might

expect a strong correlation between mCRP and pCRP. It could be

that mCRP correlates with pCRP only above a certain threshold of

systemic pCRP, sufficient to result in increased mCRP. Indeed,

mCRP has been shown to correlate with pCRP in acute

inflammatory disorders with high pCRP levels such as COVID-19

but not in AMD patients with low levels of pCRP. The lack of a

linear relationship between mCRP and pCRP may be due to their

distinct synthesis mechanisms. Although mCRP is mostly generated

from pCRP dissociation in proinflammatory microenvironments

(47), it can also be locally synthesized by macrophages and

adipocytes (48, 49). It is also plausible that certain inflammatory

ocular conditions provide the scenario for CRP dissociation

whereas healthy subjects cannot provide the conditions for CRP

dissociation, despite having similar levels of pCRP, which could

explain the non-linear relationship between mCRP and pCRP

levels, which can vary depending on the disease and patient

population. Whether CRP dissociates locally at the site of ocular

inflammation and is released into the systemic circulation (likely

associated to microparticles) or it is generated in the circulation

through binding to activated cells warrants further investigation

that would certainly shed light on the dynamics of CRP dissociation

under pathophysiological conditions. The lack of correlation

between systemic CRP conformations and IL-1b or IL-6 may be

attributed to the low levels of these cytokines detected in our cohort.

All these mediators are interrelated, but it is unknown the exact

timeline of this relationship in ocular inflammatory disorders and it

is also likely that the local expression (either in aqueous humor or at

the tissue level) are more strongly associated than the

systemic levels.

The main limitations of this study include the small sample size for

each disease group and the retrospective nature of the study that could

introduce bias, as the findings may not fully represent a broader patient

population. Nevertheless, by evaluating different pathologies together,

we aim to standardize the results, allowing for meaningful comparisons

across various groups. Additionally, though clinically active at the time

of sample collection, the treatment of some patients with

corticosteroids and immunosuppressants may have influenced CRP,
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IL-6 and IL-1b systemic levels. These factors should be considered

when interpreting the results, and future studies with larger sample

sizes and multi-center designs would be valuable to further explore

these findings. Despite the limitations of our study, our results support

the role of the IL-1b/IL-6/CRP axis in certain intraocular inflammatory

disorders, with local and/or systemic involvement.

The potential to associate serum levels of mCRP with the

development of local manifestations such as DME or certain

forms of non-infectious uveitis could represent an important

advance in evaluating disease progression and, even more so, a

potential target for therapeutic purposes.
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