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Abstract
Purpose Regulatory T cells (Tregs) have been intensively studied in a myriad of autoimmune diseases. As for noninfectious
uveitis (NIU), results have been contradictory, and studies have failed to demonstrate a consistent reduction in Treg cell frequency
in patients with active disease. The present study aims to characterize T lymphocyte subsets, including naïve and memory Tregs
as well as their respective CD39 expression, in the peripheral blood of NIU patients. Inflammatory as well as suppressive
cytokine profiles were also evaluated.
Methods T cell subpopulations were evaluated by multiparametric flow cytometry using anti-CD3, anti-CD4, anti-CD45, anti-
CD45RA, anti-CD197, anti-CD25, anti-CD127, and anti-CD39. Treg cells were defined as CD3 + CD4+CD25hiCD127low. A
multiplex bead-based immunoassay was used to determine TNF-α, IFN-ɣ, IL-17A, IL-10, and TGF-β levels.
Results Twenty-nine patients with active NIU were included as well as 15 sex- and age-matched controls. There were no
significant differences in T lymphocyte subsets, including Tregs, between patients and controls. However, patients with a lower
grade of anterior chamber or vitreous inflammatory cellular reaction showed higher memory Treg counts than controls, with no
respective increase in CD39+ expression, and a tendency for higher IL-17A levels (p = 0.06). This IL-17A elevation was present
in the total NIU group (p = 0.08) as well as a positive correlation between IL-17A levels and the absolute counts of memory Tregs
(p = 0.013; R = 0.465). Patients with higher IL-17A levels also showed higher serum concentrations of memory (p = 0.001) and
naïve (p = 0.003) Tregs as well as elevated TNF-α (p < 0.0001) and IFN-ɣ (p = 0.016) levels. Negative correlations were
observed between IL-10 and TGF-β levels and the percentages of memory (p = 0.030; R = − 0.411) and total CD39+ Tregs
(p = 0.051; R = − 0.373) in the peripheral blood of NIU patients.
Conclusion Our results showed that total Treg levels were not reduced in patients with NIU. Further characterization of Treg
subsets, including memory Tregs and respective CD39 expression, may provide additional insight on the role of Treg cells in
NIU. Consistent high levels of circulating IL-17A in NIU patients are in accordance with previous studies and reinforce this
cytokine’s vital role in uveitis pathogenesis and its possible use as a therapeutic target.
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Introduction

Noninfectious uveitis (NIU) is a potentially blinding disease
affecting the anterior and/or posterior segments of the eye
causing up to 10% of legal blindness in developed countries
[1–3].

It can be either idiopathic, mostly local, or secondary and
associated with a systemic disease. Human leucocyte antigen-
B27 (HLA-B27)-associated uveitis is the most common cause
of acute anterior NIU and may (or not) be a part of a systemic
inflammatory condition, most frequently an axial
spondyloarthritis. Other causes include a myriad of diseases
like Behçet’s disease (BD), ocular sarcoidosis (OS), and Vogt-
Koyanagi-Harada disease (VKH).
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The role of regulatory Tcells (Tregs) in the pathogenesis of
NIU has been accessed by several studies showing that these
cells may be decreased in patients with active uveitis [4], BD
[5], and VKH disease [6]. Tregs are responsible for the pro-
duction of anti-inflammatory cytokines, which include
transforming growth factor-β (TGF-β) and interleukin-10
(IL-10) and have a potential suppressive role in disease activ-
ity. Unfortunately, these results have been difficult to interpret
since other studies failed to show this reduction [3, 7].

CD4 + CD25 + Foxp3+ T cells are widely considered to be
the classic Treg population. However, Foxp3 is an intracellu-
lar molecule, and its detection requires fixation and perme-
abilization of cells. Consequently, some authors took advan-
tage of an alternatively described phenotype: the co-
expression of CD4 and CD25 associated with the absence or
the low expression of CD127 (α-chain of IL-7 receptor). A
good correlation between these two phenotypes was reported
in healthy subjects, autoimmune diseases, and HIV infected
patients [8–11].

Besides CD4, CD25, and CD127, the expression of CD39
has been considered to be of interest in this population. To
avoid ATP-induced pathological effects, ATP can be hydro-
lyzed into adenosine and phosphate by a cascade of enzymes,
of which CD39 is the most important. CD39 has been reported
to be found on the surface of human and murine naive Tregs.
More importantly, CD39+ CD4 + T cells do express Foxp3,
and it has been confirmed that CD39 is predominantly
expressed on human CD4+ Foxp3+ Tcells and that its expres-
sion level is proportional to the Foxp3 expression level [12,
13]. These findings suggested that the CD39 surface marker
can be successfully used for routine isolation of functionally
active human Tregs [13].

Further differentiation of Treg subsets has also been
accessed in autoimmune disease. A previous study addressing
resting, effector, and memory Tregs as well as CD39 expres-
sion in Tregs of type 1 diabetes patients (T1D) [14] found that
in these patients, Tregs contained a higher percentage of mem-
ory Tregs than healthy controls and that CD39 expression on
Tregs and memory Tregs was lower than controls. The authors
concluded that a defective suppressive function of Tregs in
T1D patients was due to a reduced CD39 expression on mem-
ory Tregs. Another study assessing CD39 expression by Treg
lymphocytes in patients with inflammatory bowel disease
(IBD) also found that CD39 expression was lower in active
disease and increased significantly after treatment [15]. To our
knowledge, Treg subsets and CD39 expression have not been
previously studied in NIU.

Regarding Th17 cells and IL-17 expression, an increase on
the Th17/Treg cells ratio has been recently demonstrated in
patients with HLA-B27-associated uveitis [16]. These patients
also showed a positive correlation between this ratio and dis-
ease activity score. When analyzing this Th17/Treg balance in
BD, another study showed a disturbed ratio and increased IL-

17 levels as well as decreased IL-10 levels when comparing to
controls [17]. In fact, interleukin-17 (IL-17), as well as other
pro-inflammatory cytokines in the IL-17 pathway, seems to
play a key role in uveitis pathogenesis [18]. Previous studies
have shown an elevated IL-17 expression in VKH [19], BD
[20], birdshot retinochoroidopathy [21], and HLA-B27-
associated uveitis [22].

Besides IL-17, tumor necrosis factor-α (TNF-α) expres-
sion may also account for disease progression and severity
[3, 23, 24], and TNF-α antagonists are frequently used as
rescue therapy in a clinical setting.

The purpose of the present study was to evaluate different
T lymphocyte subpopulations, including CD4+ Tregs and
their subsets as well as the respective CD39 expression in
the peripheral blood of patients with active NIU. Although
different etiologies were included, a subset of patients with
HLA-B27-associated uveitis was analyzed separately. The cy-
tokine expression profile of patients with active disease was
also evaluated for inflammatory (IL-17A, TNF-α, interferon-
ɣ (IFN-ɣ)) and anti-inflammatory (TGF-β and IL-10)
cytokines.

Methods

Patients

Patients were recruited from the Ophthalmology Department
of Egas Moniz Hospital, West Lisbon Hospital Center, be-
tween October 2014 and October 2016.

All patients presented with active NIU from multiple
causes. The diagnosis of active NIU followed the clinical
criteria based on inflammatory cell reaction in the anterior
chamber or vitreous as per standardization of uveitis
nomenclature (SUN) and National Eye Institute (NEI)
grading systems [25, 26]. Active chorioretinal lesions
and vasculitis were evaluated by indirect ophthalmosco-
py, fundus autofluorescence, and fluorescein angiogra-
phy. Any mentioned inflammatory sign (i.e., anterior
chamber cell ≥ 0.5+, vitreous cells ≥ 0.5+, active retinal
vasculitis, or active chorioretinal lesions) was enough to
be eligible.

VKH disease was diagnosed according to the criteria
established at the International Workshop on VKH disease
[27]. HLA-B27-associated AAU was diagnosed by HLA typ-
ing of peripheral blood cells and typical ocular manifestations
[28]. BD was diagnosed according to the criteria of the
International Team Group for the Revision of the
International Criteria for BD [29]. Tubulointerstitial nephritis
and uveitis syndrome (TINU) was diagnosed based on the
reports of Mandeville et al. [30] and Mackensen and Billing
[31].
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Data collected from patients included demographic infor-
mation, diagnosis, anatomical location according to the SUN
criteria [26], and disease activity.

The control group included sex- and age-matched healthy
subjects without any history of autoimmune disease or intra-
ocular inflammation.

Detecting T lymphocyte subpopulations by flow
cytometry

Tenmilliliter of fasting blood were collected from patients and
controls using ethylene diamine tetraacetic acid (EDTA)
tubes. Multiparametric flow cytometry was performed,
100 microliters (μL) of all samples were labeled with the
antibody combinations in one tube as follows: CD197
BV241 (Clone 150,503), CD45 V500 (Clone 2D1),
CD45RA FITC (Clone HI100), CD25 PE (Clone M-
A251), CD4 PerCP-Cy5.5 (Clone SK3), CD39 PE-Cy7
(Clone A1), CD127 APC (Clone A019D5), and CD3
APC-H7 (Clone SK7).

Reagents were purchased from either Becton-Dickinson
Biosciences or BioLegend. All incubations were performed
at room temperature in the dark. Cells were incubated with
appropriately titrated, fluorescently labeled antibodies for
15 min. Cell suspensions were then lysed and fixed with 2
milliliters (mL) of FACS Lyse (Becton Dickinson) and centri-
fuged for 240 s at 1200 g. The supernatant was aspirated and
discarded. The cells were then washed with 2 mL of CellWash
(Becton Dickinson) and resuspended with 500 μL of
FACSFlow (Becton Dickinson) prior to analysis. For each
measurement more than 400,000 events were typically ac-
quired on a 3-laser FACSCanto II flow cytometer (Becton
Dickinson, San Jose, CA, USA) with BD FACSDiva soft-
ware. The flow cytometry data was analyzed using Infinicyt
2.0 software (Cytognos S.L., Spain).

The T lymphocyte subpopulations analyzed included
CD4+ T cells, naïve CD4+ T cells (CD3 + CD4 +
CD45RA+CD197+), memory CD4+ T cells (CD3 + CD4 +
CD45RA-CD197± ), and effector CD4+ T cells (CD3 +
CD4 + CD45RA +CD197−). Tregs were defined as CD3 +
CD4+CD25hiCD127lowcells as previously described [23].
Naïve andmemory Treg subsets were also identified including
their respective CD39 expression (Fig. 1).

For each sample, the absolute cell counts were calculated
by multiplying the fraction of each population by the total
white blood cell count derived from the complete blood count.

Quantification of serum cytokine levels
by multiplexed flow cytometry

A multiplex bead-based immunoassay (BD CBA Flex Set,
BD Biosciences, San Jose, CA, USA) was used to determine
the serum levels of TNF-α, IFN-ɣ, IL-17A, and IL-10. A

similar single-plex bead-based immunoassay was used for
TGF-β.

The protocol was performed following the instructions of
the manufacturer. In brief, standards and serum samples were
incubated with specific capture beads for 1 h at room temper-
ature. After adding the detection reagent, the mixtures were
incubated for 2 h at room temperature in the dark. After a final
wash, beads were acquired in a BD FACS Canto II, previously
set up for the BD CBA Flex Set. For each cytokine, a mini-
mum of 300 beads were acquired per sample. The FCAP
Array Software (BD Biosciences) was used for data analysis.
Standard curves covered a 0–2500 pg/mL concentration range
and the minimum detection levels were 0.13 pg/mL for IL10;
0.3 pg/mL for IL17; 1.8 pg/mL for IFN-γ; and 0.7 pg/mL for
TNF-α.

For TGF-β, analyzed separately, samples were previously
activated with the Sample Activation Kit 1 (R&D,
Minneapolis, MN, USA) according to the recommended pro-
cedure. After activation, samples were incubated with capture
beads for 2 h, washed, and incubated with detection reagent.
Acquisition and analysis were performed as described above.
For TGF-β, standard curves covered a 0–10,000 pg/mL con-
centration range, and minimum detection level was 14.9 pg/
mL.

Statistical analysis

Categorical variables were expressed as absolute frequencies
and percentages and analyzed using the Fisher’s exact test.
Normality of distribution was assessed using the D’Agostino
and Pearson test. Normally distributed data are presented as
mean (SD) and nonnormally distributed data as median (IQR).
The unpaired t test or Mann-Whitney test were used to com-
pare each 2 independent groups. A p value of < 0.05 indicated
the presence of a statistically significant difference. The
Spearman’s rank correlation test was used to analyze correla-
tions between cytokine levels and T lymphocyte subsets. Data
were analyzed using GraphPad Prism, version 6.01 for
Windows (GraphPad Software, La Jolla, CA, USA).

Results

A total of 29 patients with a clinical diagnosis of active non-
infectious uveitis were recruited. Regarding the different di-
agnosis, 3 had idiopathic disease, 20 had HLA-B27-
associated uveitis, 3 had BD, 2 had VKH disease, and 1 had
TINU. Patients with HLA-B27-associated disease were also
analyzed separately.

Patient demographics are listed in Table 1. NIU patients
included 13 males and 16 females, with an average age of
47 (range, 24–80 years old). At the time of sampling, all pa-
tients had active disease, and blood samples were collected at
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presentation. This was the first episode of symptomatic intra-
ocular inflammation for all the patients included, and none
had received previous topical or systemic treatment for ocular
and/or extraocular symptoms.

Characterization of lymphocyte subsets in NIU
patients and controls

In this study, we characterized several circulating T cell sub-
sets, but no significant differences were found between pa-
tients and controls for any of the studied CD4 subpopulations,
including the regulatory subsets and respective CD39 expres-
sion (Table 2).

Taking in consideration the distinct etiologies present in the
NIU group, we further isolated HLA-B27+ patients and com-
pared it both to healthy controls and to other causes of NIU.
However, again, no differences were found in both compari-
sons for any of the studied T cell subsets.

Serum cytokine levels in NIU patients and controls

As for cytokine evaluation (Fig. 2), a tendency for increased
levels of IL-17Awas found in the NIU group (p = 0.08) com-
pared to healthy controls (Fig. 3). No further differences were

observed for the other cytokines evaluated. Again, we per-
formed similar comparisons for the HLA-B27-associated sub-
group. However, no differences were encountered in these
comparisons for any of the cytokines evaluated.

We then assessed how cytokine levels correlated to the cel-
lular subsets studied. As for the control group, only a positive
correlation was observed between TGF-β levels and the per-
centages of total CD4 Tregs (r = 0.604; p = 0.017).
Interestingly, the NIU group presented a distinct profile of cor-
relations. We observed a negative correlation between IL-10
levels and the percentages of memory Tregs in the peripheral
blood of NIU patients (p = 0.030; R = − 0.411). This correlation
was also present in the HLA-B27-associated uveitis subset (r =
− 0.411; p = 0.007). Similarly, we observed a tendency for a
negative correlation between TGF-β and the percentages of
total CD39+ Tregs in the NIU group (r = − 0.373; p = 0.051).

Regarding the evaluated pro-inflammatory cytokines, a
positive correlation between IL-17A levels and the absolute
counts of memory Tregs was found (r = 0.465; p = 0.013) in
the NIU group (Fig. 4a). We also observed a positive correla-
tion between TNF-α and the absolute counts of both total
memory Tregs and CD39+ memory Tregs (r = 0.418; p =
0.027) in the NIU group (Fig. 4b).

The inflammatory (TNF-α + IFN-ɣ + IL-17A)/anti-inflam-
matory (IL-10 + TGF-β) cytokine ratio showed a positively
correlation with the absolute counts of both memory Tregs
and CD39+ memory Tregs in the NIU group (r = 0.406; p =
0.032). In line with this, the IL-17A/IL-10 ratio was also pos-
itively correlated with the absolute counts of memory Tregs
(r = 0.417; p = 0.030).

Age and T lymphocyte subsets and cytokine levels

Since the mean age in both the patient and healthy donors
group was similar (47.2 for patients and 44.7 for controls)

Table 1 Study participants demographic characteristics

NIU patients
n = 29

Healthy controls
n = 15

p value

Age (years)
(Mean ± SD)

24–80
(47.2 ± 14.4)

20–86
(44.7 ± 18.6)

0.683a

Male sex
(%)

13
(44.8%)

8
(53.3%)

0.752b

a Unpaired t test
b Fisher’s exact test

Fig. 1 a CD4 + CD3+ auxiliary T-cells in red, CD4 + CD3 +
CD25hiCD127low Treg population in violet. b Naïve (CD45RA +
CD197+) CD4+ T cells in purple, memory (CD45RA-CD197± ) CD4+
T cells in brown and effector (CD45RA + CD197-) CD4+ T cells in

green. The Treg population in gold is mostly concentrated in the memory
subset. c The CD39+ Treg cell subset in turquoise overlaying the previ-
ously displayed subsets
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but with a big interval between minimum and maximal ages
included (24–80 for patients and 20–86 for controls), we fur-
ther separated both the patient and the control groups in two
subsets–below (patients n = 15, controls n = 10) and over (pa-
tients n = 14, controls n = 5) 45 years old (y.o.) and compared
cytokine levels as well as T lymphocyte subpopulations.

We found a significant increase in total memory CD4+ T-
cells in NIU patients younger than 45 years old that was not
present in controls (p = 0.009) as well as an increase in IFN-ɣ
levels (p = 0.004).

IL-17A levels and T lymphocyte subsets
and other cytokine levels

As to evaluate IL-17A levels in NIU-patients, we separated
both patients and controls in two groups–below (patients n =
14, controls n = 10) and over (patients n = 15, controls n = 5)
2.17 pg/mL (mean + S.E.M. for IL-17A levels in the control
group)–and analyzed possible correlations with T lymphocyte
subsets and other cytokine levels in peripheral blood.

We found that patients with higher IL-17A levels also
showed higher serum concentrations of memory (p = 0.001)

and naïve (p = 0.003) Tregs as well as higher TNF-α
(p < 0.0001) and IFN-ɣ (p = 0.016) levels.

Anterior chamber cellular reaction or vitreous haze
severity and T lymphocyte subsets and cytokine levels

Patients were further divided according to inflammatory cell
reaction in the anterior chamber or vitreous as per standardi-
zation of uveitis nomenclature (SUN) and National Eye
Institute (NEI) grading systems [25, 26] in two groups:

– High severity (tyndall grade > 2+ cell reaction or Vitreous
Haze > 2+)

– Low severity (tyndall grade <= 2+ cell reaction or
Vitreous Haze <= 2+)

Sixteen patients were included in the NIU-high severity
group (HLA-B27-associated uveitis, n = 12; BD, n = 1;
TINU, n = 1; idiopathic disease, n = 2) and thirteen in the
NIU-low severity group (HLA-associated uveitis, n = 8; BD,
n = 2; VKH, n = 2; idiopathic disease, n = 1) (Table 2).

Comparing to controls, there was a tendency for increased
memory Treg counts in the NIU-low severity group (p =
0.053) but with no difference in CD39+ memory Treg counts.
There were also no differences in both these subsets between
NIU-high severity patients and healthy subjects. Moreover,
when analyzing percentages of Treg subsets within total
Tregs, a tendency for higher levels of naïve Tregs (p =
0.068), lower memory Tregs (p = 0.068), and CD39+memory
Tregs (p = 0.062) were also present in the NIU-low severity
group compared to high severity patients.

Regarding serum cytokine levels, a tendency for higher IL-
17A concentrations was also found in the NIU-Low severity
group when comparing to controls (p = 0.06).

Finally, in the serum of NIU-low severity patients, positive
correlations were found between IL-17A and TNF-α levels
and memory Treg (respectively, r = 0.767; p = 0.005 and r =
0.826; p = 0.002) and CD39+ memory Treg counts

IL-10 

IL-17A 

IL-17A 

IL-10 

Fig. 2 Representation of serum
cytokine levels measurement by
multiplexed flow cytometry. a
Identification of IL-17A (dark red)
and IL-10 (red) CBA beads. b
Determination of IL-17A and IL-10
serum sample concentration
through PE fluorescence intensity

Fig. 3 Scatter dot plot (median with IQR) of serum IL-17A levels in NIU
and HC groups. NIU, noninfectious uveitis; HC, healthy controls
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(respectively, r = 0.586; p = 0.049 and r = 0.714; p = 0.012).
As for the NIU-high severity group, a negative correlation
was found between serum IL-10 levels and both percentages
of total Tregs and memory Tregs (respectively, r = 0.518; p =
0.042 and r = 0.553; p = 0.029) (Fig. 5).

Discussion

Regulatory T (Treg) cells are important for the regulation of
the immune response and are responsible for the production of
anti-inflammatory cytokines, which include transforming
growth factor-β (TGF-β) and interleukin-10 (IL-10) and have
a potential suppressive role in disease activity.

In the present work, we analyzed Treg cell levels and sub-
sets as well as cytokine production in the peripheral blood of
patients with active NIU, including a subset of 20 patients
with HLA-B27-associated uveitis.

Several studies have found decreased levels of Treg cells in
patients with active uveitis from various causes [4–6] which
led to a growing interest in establishing Tregs as biomarkers in
uveitis and possibly as a future therapeutic target [32].
However, results have been contradictory as other authors
did not find this association [3, 7].

While looking at 20 patients with active HLA-B27-
associated uveitis, a previous study found an increased fre-
quency of CD4+IL-17+ T cells, a decreased percentage of
CD4+CD25+Foxp3+ Treg cells, and an increase in the Th17/
Treg ratio when comparing patients to healthy subjects [16].
In the present work, when studying CD4+CD25hiCD127low

cell levels in NIU patients, we did not find significant differ-
ences from controls, although this may be related to a different
strategy used to characterize Tregs.

A recent study has also assessed different Treg subsets in
autoimmune disease and found that the Treg compartment of
patients with T1D Tregs contained a higher percentage of
memory Tregs than healthy controls [14]. When analyzing
the CD39 expression of these Treg subpopulations, the same
authors observed that there was a decreased expression of this

surface marker in memory Tregs, concluding that this may
impair their suppressive function. A lower expression of
CD39 in Tregs was also found in patients with active IBD
[15]. To our knowledge, the memory Treg subpopulation
and respective CD39 expression has never been studied in
NIU. In our patients, there were no significant differences in
memory Treg levels (percentage and absolute counts) between
patients and controls. However, when further analyzing pa-
tients with a lower grade of anterior chamber or vitreous in-
flammatory cellular reaction, we found a tendency for higher
memory Treg counts in these patients compared with controls
with no respective increase in CD39+ expression. This may be
related to an impaired memory Treg function since there was
also a tendency for higher IL-17A levels in this group. The
fact that these differences were not found in the NIU-high
severity group may be related to the different distribution
and heterogeneity of the uveitic conditions included in each
group.

We also observed a negative correlation between IL-10
levels and the percentages of memory Tregs in the peripheral
blood of NIU patients, including in the HLA-B27-associated
subgroup. A tendency for a negative correlation was also
found for TGF-β and the percentages of total CD39+ Tregs
in the NIU group. Although IL-10 and TGF-β are suppressive
cytokines and produced by Tregs, this may be explained by
the fact that all these patients were in a very early stage of
disease and Treg induction or that there is in fact an impaired
regulatory cytokine production by Tregs in NIU patients.

It would therefore seem reasonable to conclude that, when
studying autoimmune diseases, it is insufficient to only assess
total Treg levels, although more studies are needed to verify
the possible association betweenmemory Treg (and respective
CD39+ expression), regulatory cytokine production, and
NIU.

Regarding inflammatory cytokine expression, a tendency
for IL-17A elevation was found in the NIU group (p = 0.08),
and it would have been interesting to study CD4+IL-17+ T
cells frequency in these patients. The Th17/Treg ratio may
be more specific for disease activity than isolated Treg levels,
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and further studies can possibly warrant its usage as an active
disease biomarker. Although we did not have data on Th17
cell levels, when analyzing the inflammatory (TNF-α + IFN-
ɣ + IL-17A)/anti-inflammatory (IL-10 + TGF-β) cytokine ra-
tio and the IL-17/Il-10 ration, we did find a positive correla-
tion with the absolute counts of memory Tregs in the NIU
group. We also found that higher IL-17A levels were associ-
ated with higher serum concentrations of memory and naïve
Tregs as well as higher TNF-α and IFN-ɣ levels. This may
represent a Treg cell induction in an effort for suppressive
cytokine production in early stages of intraocular inflamma-
tion or activation of a specific IL-17-producing Treg subset. In
fact, although conventional Tregs exert their suppressive

effect via production of anti-inflammatory cytokines such as
IL-10 and TGF-β, there is growing evidence that these cells
also secrete pro-inflammatory cytokines in inflammatory con-
ditions [33] and a distinct population of Treg cells that are
FoxP3+ and produce IL-17 that has already been identified
in patients with Crohn’s disease [34] although, to our knowl-
edge, this has never been described in uveitis. Nevertheless,
evaluation of Th17 levels could have given further insight on
this correlation between IL-17 and memory Tregs.

Finally, we have observed a positive correlation between
TNF-α and the absolute counts of both total memory Tregs
and CD39+ memory Tregs in the NIU group. In fact, together
with IL-17A, TNF-α is a key cytokine in uveitis pathogenesis
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[3, 23, 24], and it is understandable that it may show an ele-
vated frequency when there is active disease and memory
Treg upregulation.

The main limitation of our study is the small sample size.
Moreover, since most patients had untreated concomitant sys-
temic disease at the time of inclusion, it is reasonable to as-
sume that IL-17A and TNF-α levels were also affected by
active systemic inflammation. Despite these limitations, re-
sults presented here suggest that IL-17A is associated with
active NIU and that Treg cell levels alone are insufficient for
use as a biomarker for active disease. The further characteri-
zation of the interactions between Treg subsets, including
memory Tregs and respective CD39 expression, and inflam-
matory and anti-inflammatory cytokines profiles is mandato-
ry. Finally, the IL-17A elevation present in these patients un-
derlines the importance of the IL-17 pathway in the pathogen-
esis of NIU and reinforces the possibility of this cytokine use
as a future therapeutic target.
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