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Abstract
Purpose  To determine the correlation of angiogenic growth factors and inflammatory cytokines with the clinical phenotype 
of ocular tuberculosis (OTB).
Methods  Vitreous fluid was analysed for cytokines in patients with OTB and non-OTB uveitis using multiplex fluorescent 
bead-based flow cytometric assay. The clinical phenotypes were recorded and correlated with vitreous biomarkers.
Results  Vitreous humour from OTB patients had elevated levels of interleukin-10 (IL-10), IL-17-A, interferon-gamma 
(IFN-γ), and tumour necrosis factor-alpha (TNF-α). Angiopoietin (Ang-2) levels were higher in the panuveitis phenotype. 
OTB posterior uveitis phenotype had relatively higher vascular endothelial growth factor (VEGF) levels and lower fibroblast 
growth factor (FGF) levels. Additionally, eyes with choroiditis and vasculitis had elevated levels of VEGF and Ang-2 with 
FGF downregulation. Both IFN-γ and IL-10 were upregulated in the choroiditis phenotype of OTB.
Conclusion  Angiogenic growth factors and inflammatory cytokines were altered in the vitreous humour of OTB patients. 
IFN-γ, VEGF, and IL-10 levels are increased in choroiditis and vasculitis phenotypes. Receiver operating characteristic 
(ROC) curve analysis further emphasized the importance of the IFN-γ assay in the diagnosis of OTB.

Keywords  Ocular tuberculosis · Growth factors · Inflammatory cytokines · Uveitis · Serpiginous like choroiditis · 
Angiopoietin

Introduction

Uveitis, an intraocular inflammation, is a leading cause of 
blindness worldwide [1]. Uveitis can be infectious, auto-
immune, or idiopathic, depending on its aetiology. Ocular 
tuberculosis (OTB) is a chronic, granulomatous condi-
tion caused by Mycobacterium tuberculosis (MTB) that 
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accounts for approximately 5–10% of uveitis cases [2, 3]. 
OTB-induced uveitis i.e. tubercular uveitis (TBU) is a pain-
ful devastating disease. Retinal and choroidal blood vessels 
are often involved, and vasculitis, serpiginous choroiditis, 
choroidal tubercles, or granuloma, and subretinal abscesses 
are the typical clinical presentation of the disease [4, 5]. 
Tubercular uveitis usually develops due to hypersensitivity 
reactions or hematogenous dissemination after a distant TB 
infection [6, 7]. Owing to a flared immune response, patients 
are often treated with corticosteroid therapy in addition to 
anti-TB treatment, indicating complex pathogenesis of OTB 
involving various chemokines and cytokines that mediate the 
inflammatory cascade [8, 9]. Pulmonary TB patients have 
been reported to have elevated serum angiogenic markers 
that increase with disease severity [10]. Angiogenesis signal-
ling has been shown to play a critical role in TB granuloma 
formation as well as the dissemination of the MTB [11]. 
Infectious uveitis patients had elevated tumour necrosis fac-
tor-alpha (TNF-α), interferon-gamma (IFN-γ), interleukin-2 
(IL-2), IL-4, IL-5, IL-18, and IL-10 cytokines in the aqueous 
humour compared to non-infectious uveitis [12]. Recently, 
Fukunaga et al. measured 33 inflammatory molecules from 
the vitreous fluid of uveitis patients with various aetiolo-
gies such as intraocular lymphoma, sarcoidosis, bacterial 
endophthalmitis, acute retinal necrosis, and found disease-
specific patterns of biomolecules [13]. Several studies have 
reported cytokine changes in uveitis patients, and a few have 
further correlated with phenotypes of uveitis although there 
are still limited in OTB [14–16]. Ocular TB has protean 
manifestations that can vary from purely infective pheno-
types, such as TB abscess or tuberculoma, to immune-medi-
ated manifestations like serpiginous choroiditis or retinal 
vasculitis. Since retinal and choroidal blood vessels are often 
involved in TBU, understanding angiogenic biomarkers is 
key to pathophysiology. Furthermore, the uvea takes the 
brunt of inflammation due to extreme vascularity. We have 
previously reported the significance of vascular endothelial 
growth factor (VEGF) and fibroblast growth factor (FGF) 
as important mediators in MTB-infected retinal pigmented 
epithelial (RPE) cells and vitreous humour of patients with 
OTB [17]. In the present study, we measured the levels of 
key angiogenesis and inflammatory mediators in the vitreous 
humour samples of OTB and non-OTB uveitis patients and 
further correlated them with the clinical phenotype of OTB 
to assess their clinical implications.

Material and methods

This study was approved by the PGIMER Institute Ethics 
Committee and conducted in accordance with the tenets of 
the Declaration of Helsinki. After obtaining the informed 
consent, patients were enrolled at the uveitis clinic of 

Advanced Eye Centre, PGIMER, Chandigarh. The demo-
graphic details and clinical histories of all patients were 
recorded for analysis.

Subjects

The study included 48 patients with uveitis who underwent 
diagnostic pars plana vitrectomy (PPV) for different indica-
tions; 35 were subsequently diagnosed with OTB, and 13 
were non-OTB uveitis controls. Patient vitreous humour 
samples were stored at − 80 °C as part of the ocular bio-
repository bank maintained at our centre.

The patients were diagnosed and classified into confirmed 
and probable OTB according to the classification system of 
OTB by Gupta et al. 2015, which is based on clinical signs 
suggestive of OTB, ocular laboratory examinations includ-
ing PCR for detection of MTB or MTB culture, immuno-
logical test (PPD and IGRA) along with radiologic features 
(CXR or CT) [4]. Confirmed OTB is the patients with clini-
cal signs suggestive of OTB and confirmation of MTB from 
ocular fluids by PCR or microbiological culture. Probable 
OTB is patients with clinical signs suggestive of OTB and 
evidence of immunological test (PPD and IGRA) along with 
radiologic features ( chest CXR or CT) suggestive of TB. 
Patients with OTB showed no signs of extraocular TB or 
indications of TB in other body parts. The disease spectrum 
in the non-OTB uveitis group included idiopathic panuveitis 
(n = 1), pars planitis (idiopathic intermediate uveitis) (n = 2), 
retinal vasculitis (n = 4), vitreous haemorrhage (n = 2), cho-
roiditis (n = 1), tractional retinal detachment (n = 1), acute 
retinal necrosis (n = 1), and toxocariasis (n = 1). No differ-
ence was observed in the age distribution among the groups, 
excluding age as a causative agent of immune responses. 
Furthermore, for cytokine profiling purposes, the patients 
were classified based on disease phenotype, i.e. the clinical 
presentation and anatomy of the disease, viz, anterior, pos-
terior, and intermediate uveitis. The patients were followed 
up with an average duration of 11.4 months to establish the 
clinical significance of cytokine levels with OTB.

Angiogenic growth factors and inflammatory cytokines 
quantification

Angiogenesis growth factors: angiopoietin-2 (Ang-2), FGF, 
platelet-derived growth factors (PDGF-AA and PDGF-BB), 
VEGF, and granulocyte–macrophage colony-stimulating 
factor (GM-CSF) and inflammatory cytokines; IL-10, IFN-
γ, TNF-α and IL-17A levels were quantified in the vitreous 
fluids using bead-based multiplex assay (LEGENDplex, 
BioLegend Inc, San Diego, CA, USA), quantified by flow 
cytometry (BD FACS LSR Fortessa). All kit reagents and 
standards ranging from 12.2 to 50,000 pg/ml were pre-
pared according to the manufacturer’s instructions. Briefly, 
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twenty-five microliters of each vitreous sample were used 
in the assay. The samples or standards were combined with 
conjugated fluorescent beads labelled with a particular ana-
lyte and detection antibody. The samples were incubated for 
2 h in the dark at room temperature. Twenty-five microliters 
of streptavidin–phycoerythrin (SA-PE) reagent were added 
to the biotinylated detection antibodies, giving fluorescent 
signal intensities to the number of bound analytes. Beads 
were spun down and washed with wash buffer before being 
suspended into the final 200 µl of the buffer. All samples 
were analysed on BD FACS LSR Fortessa flow cytometer 
equipped with FACS DIVA 7.0 software (BD Biosciences, 
CA, USA). Unlabelled and PE beads were used as negative 
and positive controls, respectively. Setup beads were used to 
set the channel’s PMT voltages, and kit-provided standards 
were serially diluted to generate a standard curve for each 
analyte. FCS files were exported, and LEGENDplex™ data 
analysis software was used to analyse the data. The beads 
were segregated according to size and internal fluorescence 
intensity using a flow cytometer. Analyte-specific popula-
tions were separated and quantified using PE fluorescent 
signal. The exact concentration of analyte in the sample was 
calculated using a standard curve.

Statistical analysis

GraphPad Prism 8 was used for statistical analysis. Numeri-
cal data were represented as mean ± SEM in independent 
sample tests. The Kolmogorov–Smirnov test was used 
to check the normality of data. The Mann–Whitney was 
used to compare the groups, while a one-way ANOVA or 
Kruskal–Wallis test was performed to determine the signifi-
cance level for more than two groups based on the normality 
distribution. A receiver operating characteristic (ROC) curve 
was generated to determine the optimal cut-off level, and the 
area under the curve (AUC) was assessed to check the diag-
nostic performance of the marker. p < 0.05 was recognized 
as statistically significant.

Results

The study included 48 patients with uveitis, of whom 35 
were subsequently diagnosed with OTB, and 13 patients 
were non-OTB uveitis controls. The patients were fur-
ther sub-classified into confirmed OTB (n = 15), prob-
able OTB (n = 20), and non-OTB (n = 13) based on 
our previously published OTB classification system [4, 
18]. There were 29 men and 19 women, with a male-to-
female ratio of 1.5:1. The mean age of subjects with 
confirmed OTB was 37.92 ± 15.78 years, and probable 
OTB was 38.4 ± 15.7 years, and the non-OTB group was 
44.9 ± 18.7 years. The disease spectrum in OTB included 

panuveitis (n = 16), intermediate uveitis (n = 3), choroidal 
granuloma (n = 1), retinal vasculitis (n = 7), and serpiginous 
choroiditis (n = 8). The detailed clinical parameters of all 
patients are provided in Table 1.

Overall, ten inflammatory and angiogenic growth factors 
in the vitreous fluid of patients with uveitis were analysed 
using flow cytometry. All the molecules viz Ang-2, FGF, 
PDGF-AA, PDGF-BB, VEGF, IL-10, IFN-γ, TNF-α, and 
IL-17A were detectable except, GM-CSF. Among angio-
genic growth factors, levels of Ang-2 and VEGF were found 
to be elevated in the OTB group compared to the non-OTB 
group, but the data were not statistically significant; at the 
same time, inflammatory molecules IL-10, TNF-α, IFN-γ, 
and IL-17A were significantly augmented in OTB patients 
compared to non-OTB uveitis controls (Fig. 1). FGF levels 
were lower in patients with OTB than in the non-OTB uvei-
tis controls. Furthermore, IL-10 and IFN-γ showed differen-
tial patterns among the confirmed OTB, probable OTB, and 
non-OTB uveitis control groups, with the highest levels in 
confirmed OTB, followed by probable OTB, and least in the 
non-TB uveitis control group, indicating their role in clinical 
stratification (Fig. 1).

Next, we analysed the relevance of molecules to the clin-
icopathological features of the disease, based on the anatomy 
of the disease, to establish their clinical importance. Ang-2 
and FGF-2 levels were significantly higher in patients with 
panuveitis than those with intermediate or posterior uveitis. 
Surprisingly, FGF levels were reduced in posterior uveitis 
with a concomitant increase in VEGF compared to inter-
mediate and pan-uveitis. No correlation was found between 
inflammatory mediators and disease anatomy (Fig. 2). We 
also examined the relationship between immune mediators 
with disease phenotypes to establish their prognostic sig-
nificance. VEGF and Ang-2 were generally upregulated in 
serpiginous choroiditis and vasculitis disease phenotypes. 
However, FGF expression was found to be suppressed 
in these phenotypes. In addition, IL-10 and IFN-γ levels 
were elevated only in patients with serpiginous choroidi-
tis (Fig. 3). Similarly, Ang-2 levels were higher in patients 
with longer disease duration (> 3 months) than in those with 
shorter disease duration; however, the difference was not 
statistically significant. Among the inflammatory molecules, 
IL-17A levels were significantly elevated with disease dura-
tion (Fig. 4). The mean values of all growth factors and 
inflammatory cytokines are listed in Table 2.

A ROC curve was plotted for each analyte to evaluate 
whether these molecules could serve as indicators for dif-
ferentiating probable OTB, confirmed OTB, and non-OTB 
uveitis controls. All four inflammatory markers, IL-10 
(p = 0.007), IL-17A (p = 0.018), IFN-γ (p = 0.011), and 
TNF-α (p = 0.022), had a good AUC with a significant 
p-value for differentiating the probable OTB group from 
the non-OTB group. Similarly, to distinguish confirmed 
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Table 1   Clinical characteristics 
of all the patients

Patient 
number

Age/gender Anatomy Type of Uveitis Classification Laterality Follow-up 
(months)

1 42/M Posterior Multifocal choroiditis Confirmed Unilateral 9
2 32/F Panuveitis Panuveitis Confirmed Unilateral 10
3 61/M Panuveitis Panuveitis Confirmed Bilateral 2
4 54/M Posterior Multifocal choroiditis Confirmed Bilateral 1
5 45/M Posterior Multifocal choroiditis Confirmed Unilateral 12
6 32/M Posterior Multifocal choroiditis Confirmed Bilateral 5
7 60/F Panuveitis Panuveitis Confirmed Bilateral 6
8 47/F Panuveitis Panuveitis Confirmed Bilateral 42
9 55/M Posterior Multifocal choroiditis Confirmed Bilateral 132
10 17/M Panuveitis Panuveitis Confirmed Bilateral 8
11 34/M Panuveitis Panuveitis Confirmed Unilateral 2
12 19/F Posterior Choroidal granuloma Confirmed Unilateral 12
13 32/F Posterior Multifocal choroiditis Confirmed Unilateral 12
14 20/F Panuveitis Panuveitis Confirmed Bilateral 6
15 41/M Posterior Retinal vasculitis Confirmed Bilateral 25
16 57/M Posterior Retinal vasculitis Probable Unilateral 6
17 25/M Posterior Retinal vasculitis Probable Unilateral 1
18 40/M Panuveitis Panuveitis Probable Bilateral 3
19 24/M Posterior Multifocal choroiditis Probable Bilateral 2
20 30/F Panuveitis Panuveitis Probable Bilateral 28
21 26/F Intermediate Intermediate uveitis Probable Bilateral 18
22 45/F Panuveitis Panuveitis Probable Bilateral 5
23 35/F Panuveitis Panuveitis Probable Bilateral 11
24 45/M Intermediate Intermediate uveitis Probable unilateral 1
25 40/F Intermediate Panuveitis Probable Unilateral 26
26 20/F Posterior Retinal vasculitis Probable Bilateral 16
27 62/M Panuveitis Panuveitis Probable Unilateral 8
28 30/M Posterior Retinal vasculitis Probable Bilateral 9
29 21/M Panuveitis Panuveitis Probable Bilateral 4
30 40/M Posterior Retinal vasculitis Probable Unilateral 4
31 13/M Panuveitis Panuveitis Probable Unilateral 8
32 29/M Posterior Retinal vasculitis Probable Unilateral 6
33 07/M Intermediate Intermediate uveitis Probable Unilateral 3
34 36/F Posterior Multifocal choroiditis Probable Bilateral 3
35 61/F Panuveitis Panuveitis Probable Unilateral 12
36 49/M Intermediate Intermediate Non-OTB Bilateral 3
37 54/M Panuveitis Panuveitis Non-OTB Unilateral 12
38 60/F Intermediate Intermediate Non-OTB Unilateral 8
39 61/F Posterior Retinal vasculitis Non-OTB Unilateral 1
40 65/M Posterior Retinal vasculitis Non-OTB Unilateral 4
41 19/M Posterior Toxocara Non-OTB Unilateral 15
42 40/M Posterior Vitreous haemorrhage Non-OTB Unilateral 4
43 21/M Posterior Choroiditis Non-OTB Unilateral 5
44 78/F Posterior Vitreous haemorrhage Non-OTB Unilateral 7
45 40/M Posterior Tractional retinal 

detachment
Non-OTB Unilateral 7

46 48/F Posterior Acute retinal necrosis Non-OTB Unilateral 7
47 27/M Posterior Retinal vasculitis Non-OTB Bilateral 6
48 22/F Posterior Retinal vasculitis Non-OTB Bilateral 14
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OTB from the non-OTB uveitis control group, IL-10 
and IFN-γ showed AUC of 0.783 and 0.828, respectively 
(p = 0.047, p = 0.022, respectively). At the cut-off value 

of 280.95 pg/ml, IFN-γ showed 73.3% sensitivity and 
83.3% specificity in differentiating confirmed OTB from 
non-OTB. Similarly, IL-10 had a sensitivity of 53.3% and 

Fig. 1   Levels of immune mediators in the vitreous fluids of patients with confirmed OTB (n = 15), probable OTB (n = 20), and non-OTB uveitis 
control (n = 13). Statistical analysis was performed using the Kruskal–Wallis test. A p-value < 0.05 was considered significant
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Fig. 2   Angiogenesis growth factors and inflammatory cytokines 
in the vitreous samples of OTB patients based on anatomical loca-
tions of disease; intermediate, posterior, and pan-uveitis. One-way 

ANOVA or Kruskal–Wallis tests were used depending on the normal-
ity of the data. A p-value < 0.05 was considered significant



1375Graefe's Archive for Clinical and Experimental Ophthalmology (2023) 261:1369–1380	

1 3

specificity of 83.3% at a cut-off value of 20.03 pg/ml for 
confirmed OTB from non-OTB uveitis control cases. For 
differentiation of probable OTB group from non-OTB uve-
itis controls, IFN-γ had a sensitivity of 85% and specificity 

of 66.7% at a cut-off value of 252.6 pg/ml, while for IL-10, 
sensitivity and specificity were 75% and 83.3%, respec-
tively, at 19.94 pg/ml cut-off level (Fig. 5).

Fig. 3   Levels of angiogenesis growth factors and inflammatory mediators in OTB patients based on clinical phenotypes of the OTB. One-way 
ANOVA or Kruskal–Wallis tests were used depending on the normality of the data. A p-value < 0.05 was considered significant
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Discussion

OTB often involves inflammation of retinal and choroidal 
blood vessels. TBU diagnosis is challenging and usually 

requires 6–9  months of longer antitubercular therapy 
(ATT) and systemic corticosteroid treatment. The involve-
ment of angiogenesis and inflammatory immune mediators 
in the pathophysiology of OTB and their association with 

Fig. 4   Angiogenic growth factors and inflammatory molecules with the OTB duration. The Mann–Whitney test was used for the statistical com-
parison. A p-value of < 0.05 was considered statistically significant



1377Graefe's Archive for Clinical and Experimental Ophthalmology (2023) 261:1369–1380	

1 3

OTB-induced uveitis phenotypes are poorly understood. 
In this study, the levels of inflammatory cytokines were 
higher in the OTB group than those in the non-OTB uveitis 
control group. Interestingly, IFN-γ levels were the highest 
in confirmed OTB patients, followed by probable OTB 
patients, and lowest in the non-OTB uveitis control group. 
These findings reemphasize the importance of IFN-γ in 
disease pathophysiology and the significance of the Quan-
tiFERON-TB Gold test for the diagnosis of OTB. The 
IL-10 levels showed a differential pattern between OTB 
and non-OTB uveitis control groups. IL-10 is produced 
by macrophages, activated T cells, NK cells, dendritic 
cells, and B cells [19]. Animal studies have demonstrated 
that IL-10 is a protective cytokine in uveitis [20]. Many 
human studies have reported that elevated IL-10 levels 

in uveitis are mainly attributed to a feedback mechanism 
in tandem with inflammation [21]. Elevated IL-10 lev-
els have also been linked to the ability of MTB to evade 
immune responses and chronic infections and mediate 
long-term infections [22]. IL-17A levels were also sig-
nificantly higher in the OTB group than in the non-OTB 
uveitis control group and increased with disease dura-
tion. IL-17A, a member of the Th17 pathway, is a criti-
cal mediator of immunity, and protective and pathologi-
cal roles have been shown for Th17 cells and IL-17A in 
mycobacterial infections [23]. MTB manipulates the Th17 
pathway for survival, and dysregulated Th17 T-cell subsets 
have been reported in patients with pulmonary TB [24]. 
IL-17A is activated in the early stages of M. tuberculosis 
infection, and the IL-17R pathway is critical for immune 

Table 2   The growth factors and inflammatory molecules level in different uveitis etiologies

* Values are reported as mean (pg/ml) ± SEM

Cytokines OTB Non-OTB Intermediate uveitis Posterior uveitis Pan-uveitis Vasculitis Serpiginous-
like choroiditis

Ang-2 70.05 ± 18.04 30.79 ± 17.47 25.19 ± 9.64   61.7 ± 24.56 88.34 ± 28.32 74.52 ± 35.24   48.65 ± 35.82
FGF 9.39 ± 1.79 38.01 ± 12.60 23.67 ± 12.36   7.21 ± 0.44 36.89 ± 25.98   6.88 ± 0.5     7.37 ± 0.77
PDGF-AA 89.08 ± 12.06 70.24 ± 29.37 52.84 ± 11.96 75.85 ± 13.1 111.9 ± 21.06   61.7 ± 18.07   89.72 ± 18.94
PDGA-BB     20.6 ± 7.14 14.04 ± 3.03     7.9 ± 2.52 19.35 ± 5.43 25.8 ± 13.73   15.0 ± 5.36   23.16 ± 9.61
VEGF 53.43 ± 18.92 25.69 ± 19.32 12.19 ± 4.8 65.78 ± 28.75 45.72 ± 25.26 71.99 ± 40.76     58.0 ± 43.15
IL-10 49.94 ± 17.52 5.85 ± 2.54 58.75 ± 35.54 57.68 ± 32.98 27.67 ± 4.33 17.69 ± 5.74   96.73 ± 64.89
IFN-γ   932.9 ± 219 92.68 ± 31.58 648.8 ± 278.9  1075 ± 396.7 646.8 ± 172.5 360.9 ± 102.7 1761.0 ± 736.1
TNF- α   150.1 ± 22.9 33.68 ± 13.36 185.6 ± 66.35 107.8 ± 18.6 147.3 ± 39.13 87.29 ± 29.09   117.6 ± 26.68
IL-17 44.85 ± 4.35 12.58 ± 4.53 35.52 ± 6.77 44.37 ± 3.5 42.03 ± 8.12 42.74 ± 7.1   42.88 ± 3.22

Fig. 5   ROC curve evaluating the performance of inflammatory molecules as a marker for differentiating non-OTB uveitis control from A prob-
able OTB and B confirmed OTB



1378	 Graefe's Archive for Clinical and Experimental Ophthalmology (2023) 261:1369–1380

1 3

surveillance, resulting in neutrophil recruitment [25, 26]. 
In an experimental autoimmune uveitis (EAU) model, 
Th17 cells were enough to induce uveitis which could be 
blocked with the treatment using an anti-IL17 antibody 
[27, 28]. In human subjects, increased levels of IL-17 have 
been found in autoimmune uveitis and are associated with 
active disease in patients with Bechet’s uveitis [29, 30]. A 
novel association has been reported between IL-17A locus 
polymorphisms and panuveitis, suggesting that IL-17A is a 
genetic risk factor for panuveitis [31]. IFN-γ has been well 
established and is central to MTB pathogenesis, increased 
concentrations of IFN-γ are a hallmark of TB infection. 
IFN-γ levels were higher in aqueous and serum samples of 
uveitis patients [32]. In OTB, IFN-γ levels were elevated 
in aqueous humour and positively correlated with disease 
activity [33]. The ROC curves in the present support the 
role of IL-10 and IFN-γ as promising diagnostic markers 
for OTB. Recently, Fukunaga et al. showed the value of 
inflammatory cytokines as diagnostic markers for differ-
ent types of uveitis [13]. This differential pattern of IFN-γ 
and IL-10 could be of clinical interest as the diagnosis and 
management of OTB are challenging task.

Similar to our previous report, an elevated VEGF level 
trend was observed in the OTB group compared to that in 
the non-OTB uveitis controls. Interestingly, in this study, 
FGF was also reduced in the OTB group, consistent with 
our previous study, where we showed that MTB modulated 
VEGF and FGF for the growth and evasion of host defence 
mechanisms [17]. Furthermore, Ang-2 showed a differen-
tial pattern, depending on the anatomical location of the 
disease. FGF was reduced in posterior uveitis compared 
to that in intermediate and pan-uveitis.

VEGF and Ang-2 levels were also elevated, and FGF 
was downregulated in choroiditis and vasculitis presenta-
tion of tubercular uveitis. Since choroiditis and vasculitis 
phenotypes are vascular pathology-specific phenotypes 
of OTB, VEGF and Ang-2 angiogenic growth factors 
are augmented in these types. There have been multiple 
reports of patients with tubercular granulomas treated 
with anti-VEGF agents who showed clinical regression 
of the granuloma [34, 35]. A case of multiple bilateral 
tubercular granulomas with an exudative retinal detach-
ment was reported with elevated levels of VEGF in the 
aqueous humour, treatment with weekly intravitreal anti-
VEGF bevacizumab reduced VEGF levels and granuloma 
regression [36].

Among the inflammatory mediators, IL-10 and IFN-γ lev-
els showed a sudden spike only in choroiditis. Furthermore, 
the ROC curve showed that IL-10 and IFN-γ cytokines can 
be used to differentiate OTB phenotypes with high sensi-
tivity and specificity. This study further emphasizes the 
importance of the QuantiFERON assay for the diagnosis of 
OTB. Additionally, IL-10 and IFN-γ cytokine levels could 

be clinically helpful in differentiating OTB phenotypes from 
non-OTB patients, with good sensitivity and specificity.

In conclusion, the vitreous local environment of patients 
with OTB reveals the significance of several cytokines in 
OTB pathogenesis and clinical presentation of the disease. 
IL-10 and IFN-γ levels could be used as adjuvants to differ-
entiate probable or confirmed OTB uveitis from non-OTB 
uveitis. Ang-2 might be useful for the prognosis of severe 
presentations of the disease such as choroiditis and vascu-
litis; however, further studies are required for validation.
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