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Abstract
Introduction: Ocular involvement is quite common in Behçet’s disease (BD) and may cause crucial 
functional complications. Even though the mechanisms of BD remain unclear, advances in gene­
tic and immunological fields have improved our understanding of the immunopathogenesis of BD 
ocular involvement. Little is known about the expression of a proliferation-inducing ligand (APRIL) 
in terms of ocular involvement in BD. The objective of this study was to determine whether serum 
APRIL concentrations are associated with ocular involvement in patients with BD. 
Material and methods: The study included 60 patients diagnosed with BD matched by age and sex 
to 30 healthy individuals. Every patient underwent a clinical evaluation, and the Behçet’s Disease 
Current Activity Form (BDCAF) was utilized to quantify disease activity. All patients underwent a com­
prehensive ophthalmological assessment. Serum APRIL was assessed for patients as well as controls.
Results: One or more ocular manifestations were found in 42 BD patients (70%), while 18 patients 
(30%) had no ocular involvement. The mean level of serum APRIL levels was markedly elevated in BD 
patients, particularly those with ocular involvement, compared to both BD patients without ocular 
involvement and healthy individuals. A statistically significant association was determined between 
high APRIL concentration and development of uveitis, cataract, and hypopyon. Cutaneous lesions 
and arthritis were strong independent predictors for ocular involvement in BD patients.
Conclusions: Overexpression of APRIL in patients with BD, particularly in terms of uveitis, cataract, 
and hypopyon, lends credence to the idea that B cell activating factors have an important function 
in BD. These findings may indicate that serum APRIL concentrations can differentiate a clinical sub­
group of BD patients with ocular disease. As a result, finding a new therapeutic strategy targeting 
the APRIL pathway might be beneficial in BD patients suffering from ocular involvement. 
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Introduction 

Behçet’s disease (BD) is a  long-term, multisystemic  
illness characterized by a  variety of  symptoms, including 
relapsing-remitting oral ulcers, genital ulceration, ocular in­
volvement, skin lesions, and numerous manifestations [1]. 
Behçet’s disease is more common among nations across 
the  old Silk Route that extended from Eastern Asia to 
the Mediterranean area [2]. In a large multicenter study 
in BD, the  male-to-female ratio was estimated to be 

2.6 to 1, and there was a gender-driven effect on illness 
phenotype [3]. Ocular involvement is the presenting fea­
ture in fewer than 20% of all BD diagnoses, while 70% 
of patients report eye symptoms around 2–4 years from 
the onset of the disease [4], with a prevalence that rang­
es from 40 to 70% [5, 6].

Ocular involvement compromises bilateral recurring 
non-granulomatous pan-uveitis as well as occlusive reti­
nal vasculitis. Bouts of inflammation that affect the pos­
terior segment can cause irreversible visual impairment 
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owing to involvement of the retina that is accompanied by 
macular scarring, together with optic atrophy [7]. Homo­
cysteine [8] and apoptosis markers [9] were identified to 
take part in ocular involvement and uveitis in BD patients.

A proliferation-inducing ligand (APRIL), also referred 
to as tumor necrosis factor ligand superfamily member 
thirteen (TNFSF13), is a tumor necrosis factor (TNF) su­
perfamily protein which binds to cell surface receptors. 
The APRIL gene is found on human chromosome 17 [10]. 
It is regarded as a critical survival factor during B-cell ma- 
turation and plays a vital role in the formation of B-cell 
tolerance. It affects the content and size of the B-cell com- 
partment that is a  key driver of  B-cell hyperplasia and  
auto-antibody synthesis in auto-immune disorders [11].

Serum APRIL concentrations have been reported 
to be elevated in individuals diagnosed with the auto- 
immune disorders systemic lupus erythematosus [12],  
IgG4 related-diseases [13], and primary Sjögren’s syn­
drome [14]. However, it is currently unclear whether APRIL 
has a role in auto-immunity in people with BD, and wheth­
er its circulating level correlates with ocular involvement.

The objective of the study was to find out whether 
serum concentrations of APRIL are associated with ocu­
lar involvement in BD patients.

Material and methods 

Study population

Sixty patients who fulfilled the diagnostic Internatio­
nal Criteria for Behçet’s Disease (ICBD) [15], were recruit­
ed from Rheumatology and Ophthalmology out-patient 
clinics, Minia University Hospital, from January 2023 to 
November 2023. Thirty age- and sex-matched healthy in­
dividuals were enrolled as a control group. Patients were 
excluded if they were under the age of 18, had other con­
nective tissue disease or vasculitis, had diabetes or hyper­
tension, had malignancy, had a past history of intraocular 
surgery, or had precluding problems such as media opacity 
and severe glaucoma.

Clinical assessments

Complete history taking, thorough clinical examina­
tion, patients’ medications were documented, and dis­
ease activity was evaluated using the  Behçet Disease 
Current Activity Form (BDCAF) [16]. A  rheumatologist 
performed a  clinical examination on each patient, fol­
lowed by an ophthalmologist’s evaluation.

Ophthalmological assessment

All patients underwent thorough ophthalmologi­
cal examination including unaided visual acuity, best 
corrected visual acuity, refraction utilizing an autore­

fractometer, full slit-lamp biomicroscopy, intraocular 
pressure applying Goldmann applanation, ocular ultra­
sonography, and optical coherent tomography. 

Investigations

Laboratory tests including complete blood count, 
first hour erythrocyte sedimentation rate (ESR) (Wester­
gren), C-reactive protein (CRP), serum aspartate trans­
aminase and alanine transaminase, blood urea and 
serum creatinine were performed for all patients. Both 
patients and controls had their serum APRIL levels mea­
sured using the ELISA method.

Statistical analysis

Analysis of the study data was done with IBM SPSS 
Statistics version 20 for Windows. Categorical data are 
presented as numbers and percentages. The χ2 test  
compared two sets of categorical data. The quantita­
tive data were tested for a normal distribution using 
the Kolmogorov-Smirnov test. For quantitative variables 
that followed a normal distribution the three groups were 
compared using the one-way ANOVA test. Numerical data 
were correlated using either Pearson’s or Spearman’s cor­
relation (r). The ultimate cut-off level of serum APRIL that 
can differentiate patients from controls, and differentiate 
patients with ocular involvement from those without, was 
determined using receiver operating curve (ROC) analysis. 
The dependent and independent risk variables were ex­
amined using logistic regression analysis. The p-value is 
always 2-tailed and significance was set at the < 0.05 level. 

Bioethical standards

All participants provided informed written consent. 
The study was authorized by the Faculty of Medicine’s 
Research Ethics Committee of the Minia University (No. 
542/11/2022).

Results 

Among the  60 BD studied patients, there were 36 
men (60%) and 24 women (40%) with a  ratio 1.5 : 1. 
The  mean age of  the  patients was 37.1 ±5.59 years, 
ranging from 28 to 52 years, vs. 35.23 ±5.05 years in the 
controls, and the mean disease duration was 5.8 ±3.99 
years, ranging from 1 to 17 years, with a  mean age at 
onset of 31.3 ±6.1 years, ranging from 19 to 44 years.

When the study was conducted, 34 patients (56.7%) 
were receiving steroids, 32 (53.3%) were on immuno­
suppressive drugs (azathioprine or cyclophosphamide), 
30 patients (50%) were taking adalimumab, 29 patients 
(48.3%) were on colchicine and only 9 patients (15%) re­
ceived cyclosporine. 
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One or more ocular manifestations were found in  
42 BD patients (70%), while 18 patients (30%) had no 
ocular involvement. There was a  no significant diffe­
rence regarding sex distribution, age of onset, or disease 
duration between patients with ocular disease and pa­
tients without ocular disease. Among the 42 BD patients 
who had ocular involvement, bilateral eye involvement 
was reported in 33 patients (78.6%) and unilateral eye 
involvement in 9 patients (21.4%) with complete visual 
loss in three eyes out of 84 eyes.

Uveitis was the most prevalent sign in our BD pa­
tients, being reported in 50% of the patients, with 12 
patients (20%) having anterior uveitis, 10 patients (16.7%) 
having posterior uveitis and 8 patients (13.3%) developed 
panuveitis. Retinal detachment was reported in 17 pa­
tients (28.3%), and vitreous with subhyaloid hemorrhage 
and vitritis were found in 7 patients each (11.7%). Corneal 
ulcers, retinal vasculitis with optic atrophy, and cataract 
were detected in 6 patients each (10%), lamellar hole in  
5 patients (8.3%), while hypopyon, neovascular glau­
coma and macular degeneration were documented in  
3 patients each (5%) (Table I). 

The mean level of serum APRIL was statistically sig­
nificantly higher in BD patients, with a mean of 39.48 
±9.29 ng/ml, than in controls, with a  mean of  4.83  
±1.67 ng/ml (p < 0.001). By analyzing serum APRIL concen­
trations in BD patients based on the existence of ocular 
involvement, we found a statistically significantly higher 
serum APRIL in BD patients with ocular involvement than 
those without (43.91 ±7.38 ng/ml vs. 29.16 ±2.67 ng/ml,  
p < 0.001). For testing the differences in the means of se­
rum APRIL among the three groups, BD patients with 
ocular involvement, BD patient without ocular involve­
ment, and healthy controls, we used the one-way anal­
ysis of variance (ANOVA), and the difference was highly 
statistically significant (p < 0.001) (Table II).

Among different clinical manifestations, serum APRIL 
levels were statistically significantly higher in BD patients 
with oral ulcers, arthritis, patients who experienced cuta­
neous involvement, and those who had ocular involvement 
in general, and uveitis in particular, either anterior, poste­
rior or panuveitis (p < 0.005, p < 0.005, p < 0.05, respec­
tively). In addition, serum APRIL levels were significantly 
higher in patients with hypopyon (p < 0.05) and cataract 
(p < 0.05) (Table III). 

Although serum APRIL level was higher in BD pa­
tients compared to the control group, no correlation was 
found between APRIL level and BDCAF sore. Additionally, 
no correlation was found between serum levels of APRIL 
and corticosteroids or immunosuppressant drug usage. 
No correlation was found between APRIL level and any 
of  the  laboratory parameters except for ESR (r = 0.29,  
p < 0.05) and CRP (r = 0.31, p < 0.05).

When we applied logistic regression analysis, cuta­
neous lesions and arthritis were strong independent 
predictors for ocular involvement in our BD patients. 
The existence of skin lesions increases the risk of ocular 
involvement by 47-fold, while the presence of arthritis in­
creases the risk of ocular involvement by 22-fold (Table IV).

A  ROC curve was constructed, and serum APRIL at 
a cutoff point of 11.5 ng/ml could distinguish BD patients 
from controls. A cutoff point of 33.4 ng/ml could distin­
guish between BD patients with and without ocular af­
fliction with a sensitivity of 97.6%, specificity of 94.4%, 
and area under the curve (AUC) of 0.976 (Table V). 

Discussion

Behçet’s disease is a chronic multi-systemic disease 
featured by relapsing-remitting systemic manifestations, 

Table I. Frequency of ocular involvement in patients with 
BD (n = 60)

Eye manifestations BD patients (n = 60)

Frequency Percentage

Uveitis 30 50

Anterior 12 20

Posterior 10 16.7

Pan   8 13.3

Retinal detachment 17 28.3

Vitreous and subhyaloid 
hemorrhage

7 11.7

Vitritis 7 11.7

Corneal ulcers 6 10

Retinal vasculitis 6 10

Optic atrophy 6 10

Cataract 6 10

lamellar hole 5 8.3

Hypopyon 3 5

Neovascular glaucoma 3 5

Macular degeneration 3 5

Patient may have more than one ocular involvement.

Table II. Mean values of  serum APRIL in the  studied 
groups (n = 90)

Serum APRIL One-way ANOVA

Mean ±SD F p

BD with ocular 
involvement (n = 42)

43.91 ±7.38 478.39 0.0001

BD without ocular 
involvement (n = 18)

29.16 ±2.67

Healthy controls (n = 30) 4.83 ±1.67

APRIL – a proliferation-inducing ligand, BD – Behçet’s disease
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Table III. Comparison between mean values of serum APRIL level in BD patients with different clinical and ocular 
manifestations (n = 60)

Serum APRIL,
mean ±SD

Difference

t p

Oral ulcer 

Absent (n = 3) 39.48 ±9.50 2.734 0.023*

Present (n = 57) 45.97 ±9.05

Genital ulcer

Absent (n = 24) 37.67 ±10.57 –1.181 0.244

Present (n = 36) 40.69 ±8.27

Cutaneous involvement

Absent (n = 40) 37.79 ±9.97 –2.324 0.024*

Present (n = 20) 42.87 ±6.79

Central nervous system involvement

Absent (n = 30) 38.70 ±9.33 –0.648 0.519

Present (n = 30) 40.27 ±9.34

Vascular involvement

Absent (n = 34) 38.17 ±9.45 –1.265 0.211

Present (n = 26) 41.20 ±8.97

Arthritis

Absent (n = 42) 32.13 ±1.19 –2.444 0.018*

Present (n = 18) 44.95 ±9.01

Ocular involvement

Absent (n = 18) 29.16 ±2.67 11.338 0.0001**

Present (n =  42) 43.91 ±7.38

Anterior uveitis

Absent (n = 48) 38.13 ±9.40 –2.878 0.008**

Present (n = 12) 44.92 ±6.70

Posterior uveitis

Absent (n = 50) 38.26 ±9.50 –3.543 0.002**

Present (n = 10) 45.59 ±4.97

Pan-uveitis

Absent (n = 52) 38.62 ±9.31 –2.253 0.046*

Present (n = 8) 45.14 ±7.33

Corneal ulcers

Absent (n = 54) 38.96 ±9.43 –1.677 0.136

Present (n = 6) 44.17 ±6.92

Hypopyon

Absent (n = 57) 38.96 ±9.20 –3.997 0.024*

Present (n = 3) 49.50 ±4.05

Retinal vasculitis

Absent (n = 54) 38.83 ±9.27 –1.909 0.100

Present (n = 6) 45.40 ±7.85
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Serum APRIL,
mean ±SD

Difference

t p

Vitreous and subhyaloid hemorrhage

Absent (n = 53) 39.54 ±9.48 0.242 0.815

Present (n = 7) 38.76 ±8.33

Retinal detachment

Absent (n = 43) 38.25 ±9.92 –1.964 0.056

Present (n = 17) 42.62 ±6.73

Vitritis

Absent (n = 53) 39.15 ±9.56 –1.140 0.278

Present (n = 7) 42.04 ±5.73

Optic atrophy

Absent (n = 54) 39.33 ±9.71 –0.732 0.478

Present (n = 6) 40.90 ±4.15

Cataract

Absent (n = 54) 38.55 ±9.11 –3.080 0.017*

Present (n = 6) 47.88 ±6.77

lamellar hole

Absent (n = 55) 39.50 ±9.44 –0.732 0.478

Present (n = 5) 39.30 ±8.39

Neovascular glaucoma

Absent (n = 57) 39.27 ±9.44 –0.051 0.961

Present (n = 3) 43.67 ±5.09

Macular degeneration

Absent (n = 57) 39.22 ±9.38 –1.371 0.281

Present (n = 3) 44.57 ±6.40

*p < 0.05, **p < 0.001. APRIL – a proliferation-inducing ligand, BD – Behçet’s disease

Table III. Cont.

Table IV. Logistic regression analysis showing risk factors of ocular involvement in BD patients 

Parameter B S.E. Wald p OD 95% CI for EXP(B)

Lower Upper

Cutaneous involvement 3.856 1.368 7.941 0.005 47.271 3.235 690.689

Arthritis 3.108 1.325 5.499 0.019 22.369 1.666 300.36

Oral ulcers 0.172 1.203 0.02 0.887 1.187 0.112 12.55

ESR 0.231 0.992 0.054 0.816 1.259 0.18 8.806

CRP –0.810 0.975 0.69 0.406 0.445 0.066 3.008

Constant –3.052 2.09 2.131 0.144 0.047

CRP – C-reactive protein, ESR – erythrocyte sedimentation rate

frequent visual system abnormalities, and symptoms 
of neurological and other internal organs [17]. However, 
some findings, such as uveitis flares, vascular or neuro­
logic symptoms, may result in irreversible tissue dam­
age, increasing morbidity and mortality [18].

Ocular involvement is prevalent in BD, results in 
significant functional impairments [19], and is thought 
to be a major contributor to patient morbidity [20]. In 
the present study, one or more ocular impairment was 
reported in 42 of  our BD patients (70%), in alignment 
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with the prevalence found in a multicenter nationwide 
study on 1526 adult patients with BD which reported oc­
ular involvement in 70.8% of their studied population [3], 
and a  prevalence of  73.7% in the  El-Najjar study [4]. 
Our finding was slightly lower than the  prevalence  
of 80% in a  Brazilian study of  BD patients [21]. How- 
ever, in 2014, Shaker et al. reported that only 40% of pa­
tients with BD had ocular involvement [22]. Likewise, 
Allam et al. [8] reported a  prevalence of  44.4% of  pa­
tients with BD. 

Uveitis was the most common ocular involvement, 
being noted in 50% of our BD patients, with 20% hav­
ing anterior uveitis, 16.7% having posterior uveitis, and 
13.3% having panuveitis. Gheita et al. [9] in 2013 reported 
that anterior uveitis was the commonest, being detect­
ed in 32.7% of BD patients, followed by posterior uveitis 
in 22.4%, and 17.2% developed panuveitis, which agrees 
with our results. Our finding was lower than the  pre­
valence of uveitis of 85% in a study of 40 BD patients [23]. 
However, a  recent study in 2024 found that panuveitis 
was the  most prevalent presentation, accounting for 
64.4%, whereas 22.6% had isolated posterior uveitis 
and 12% had anterior uveitis [24]. 

As a  matter of  fact, BD can affect several parts 
of  the  eye, with uveitis being the  most prevalent eye 
involvement. Other major problems include retinal de­
tachment, hemorrhage, and optic nerve injury. The vari­
ation in the prevalence of ocular involvement might be 
attributed to the  disease’s nature, marked by periods 
of  exacerbation and remission. The  frequency and se­
verity of these flares might differ amongst patients, in­
fluencing the progression and severity of ocular symp­

toms over time. In addition, data on the optimal duration 
of immunosuppressive medication in patients with ocu­
lar BD are scarce. As a result, the choice to escalate or 
deescalate therapy based on the severity of the ocular 
clinical presentation remains not fully elucidated in 
the majority of studies.

Among different clinical manifestations of BD, serum 
APRIL level was statistically significantly raised in BD 
patients manifesting arthritis; moreover, serum APRIL 
was positively correlated with arthritis. Our results are 
congruent with those reported by Koyama et al. [12], 
who studied serum APRIL in SLE patients and observed 
a strong correlation between serum APRIL levels and 
musculoskeletal involvement in SLE, primarily arthritis. It 
has been observed that TACI-immunoglobulin, an APRIL 
and BAFF antagonist, can reduce joint inflammation and 
degeneration in collagen-induced arthritis, a type of non­
infectious inflammatory arthritis [25]. Additionally, it had 
been shown that BLyS and APRIL can control T and B cell 
activity and may possess pro-inflammatory properties  
in the presence of synovitis in rheumatoid arthritis 
patients [26]. In individuals with inflammatory arthritis, 
APRIL and BAFF levels were found to be higher in the sy­
novial fluid but not in the serum, indicating enhanced 
local synthesis of that complex in the presence of ar­
thritis [27].

Based on the current study, BD patients with cuta­
neous involvement had statistically significantly higher 
serum APRIL levels than those without. Analogous re­
search revealed that individuals suffering from vitiligo 
and atopic dermatitis had greatly raised levels of  se­
rum APRIL [28]. It was proposed that keratinocytes in 

Table V. Sensitivity and specificity for serum APRIL in detecting ocular involvement in BD patients

Symptoms/disease Area under 
curve

Cutoff 
point

Sensitivity% Specificity% 95% CI

Upper Lower

Ocular involvement 0.976 33.4 97.6 94.4 0.930 1.000

Anterior uveitis 0.718 38.8 75.0 54.2 0.572 0.864

Posterior uveitis 0.727 41.5 80.0 62.0 0.597 0.857

Panuveitis 0.690 38.8 75.0 51.9 0.523 0.857

Corneal ulcers 0.653 39.1 66.7 51.9 0.454 0.849

Hypopyon 0.836 45.5 66.7 70.2 0.684 0.988

Retinal vasculitis 0.696 38.8 83.3 51.9 0.507 0.885

Vitreous, subhyaloid hemorrhage 0.476 40.4 57.1 54.7 0.279 0.672

Retinal detachment 0.629 38.6 88.2 58.1 0.482 0.776

Vitritis 0.582 39.6 57.1 52.8 0.415 0.750

Optic atrophy 0.535 39.1 66.7 51.9 0.383 0.688

Cataract 0.784 41.5 83.3 61.1 0.629 0.939

Neovascular glaucoma 0.637 39.6 66.7 52.6 0.469 0.806

Macular degeneration 0.678 40.3 66.7 54.4 0.459 0.898
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the skin, in addition to providing a barrier function, may 
produce a variety of cytokines, chemokines, and growth 
factors that may control barrier homeostasis. Further­
more, the capacity of keratinocytes was dysregulated in 
afflicted skin [29].

Little information has hitherto been available about 
circulating APRIL levels with ocular involvement in BD 
patients. Our study results showed that serum APRIL 
was significantly higher in our BD patients than controls. 
Meanwhile, serum APRIL levels were significantly higher 
in patients with ocular involvement than in patients 
without ocular involvement. This is in line with the work 
of Gheita et al., who found significantly higher serum 
APRIL concentrations in their BD patients than in their 
controls, and their levels were clearly elevated in those 
with panuveitis [9]. In contrast, Shaker et al. [22] found  
no significant difference in blood levels of BAFF, APRIL, and 
BCMA between patients with and without ocular disease, 
indicating that these TNF family members have a small 
role in the pathophysiology of BD visual symptoms. 

In the current study, there were statistically signifi­
cant associations between higher APRIL level and de­
velopment of uveitis, cataract, and hypopyon. The most 
likely explanation is that serum APRIL level might have 
a  role in the  underlying inflammatory processes that 
contribute to these conditions; hence, it could potential­
ly be used as a biomarker for predicting or monitoring 
the development of these eye-related complications in 
Behçet’s patients.

Although there were previous reports that investi­
gated the role of APRIL in BD, and APRIL (and BCMA) 
might contribute to the pathogenesis of BD as well as 
by collaborating with other inflammatory cytokines to 
promote the activation and differentiation of effecter 
immune cells, it is worth noting that APRIL presents an 
attractive strategy for targeted intervention.

Our study showed that cutaneous involvement and 
arthritis were strong independent predictors for the de­
velopment of ocular involvement in BD patients, which 
is a novel finding in this study, which requires more ver­
ification. To the best of our knowledge, no other stud­
ies have investigated this link before. Meanwhile, BD 
disease activity measured by BDCAF had no significant 
association with ocular manifestations. These data may 
suggest that serum APRIL might not be a reliable indica­
tor of BD disease activity. 

Study limitations

The  current study’s limitations were its relatively 
small sample size and the fact that it was conducted in 
a single center. More research with larger sample sizes is 
required to corroborate our findings and address other 
risk factors of ocular involvement in BD. 

  Conclusions

We found that serum APRIL levels were markedly 
elevated in BD patients, particularly those with ocular 
manifestations, compared to both BD patients without 
ocular involvement and healthy individuals. The  over­
expression of APRIL in BD patients, particularly in terms 
of uveitis, cataract and hypopyon, supports the notion 
of a critical role for B cell activation factors in BD. These 
data may suggest that serum APRIL concentrations 
may distinguish a  clinical subset of  BD patients with 
ocular involvement. As a  result, finding a  new ther­
apeutic strategy targeting the  APRIL pathway might 
be beneficial in BD patients with ocular involvement. 
In the  future, it might be possible to apply antibody- 
directed neutralization of APRIL not only in treatment 
of IgA nephropathy but also in BD. Current research in 
a mouse disease model and humanized anti-APRIL anti­
body VIS649 in nonhuman primates points to a poten­
tial therapeutic option. Especially, a strategy targeting 
the APRIL pathway might be beneficial in BD patients 
with ocular involvement.
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