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ABSTRACT

Objective. The mechanisms underlying 
increased cardiovascular risk in prima-
ry Sjögren’s syndrome (pSS) remain un-
clear. Since the recently discovered an-
giogenic T cells (Tang) may participate 
in endothelial repair by cooperating 
with endothelial progenitor cells (EPC), 
we aimed to quantify and characterise 
Tang in the peripheral blood and minor 
salivary glands (MSG) of pSS patients.
Methods. Tang (CD3+CD31+CXCR4+) 
and EPC (CD34+CD133+VEGFR-2+) 
were quantified by flow cytometry in 
peripheral blood samples from 36 pSS 
patients and 20 healthy donors. Tang 
subsets were assessed on the basis 
of CD4, CD8 and CD28 expression. 
Labial MSG sections from 10 pSS pa-
tients and 12 non-pSS sicca syndrome 
controls were subjected to immuno-
fluorescence staining to investigate the 
presence of Tang and the expression of 
the CXCR4-ligand stromal cell-derived 
factor-1 (SDF-1)/CXCL12.
Results. Circulating Tang cells were 
expanded and directly correlated to 
EPC in pSS. Both Tang and EPC di-
rectly correlated with disease activity 
as calculated with the EULAR Sjögren’s 
syndrome disease activity index (ESS-
DAI). In pSS, the majority of Tang cells 
were CD4-CD8- double negative (DN) 
and lacked CD28 revealing a senescent 
phenotype. A subset of CD4+, CD8+ and 
DN Tang cells produced interleukin-17. 
Immunohistology revealed the exclu-
sive presence of periductal and perivas-
cular infiltrating Tang cells along with 
increased SDF-1/CXCL12 expression 
in pSS MSG compared to non-pSS sicca 
syndrome controls. 
Conclusion. In pSS, Tang cells are ex-
panded in peripheral blood and infil-
trate MSG. Tang may be novel actors 
in pSS-related endothelial dysfunction 
and glandular neo-angiogenesis and 
inflammation.

Introduction

Primary Sjögren’s syndrome (pSS) is a 
systemic autoimmune disease mainly 
targeting exocrine glands and leading 
to progressive secretory impairment (1-
3). A consistent number of patients also 
experiences extraglandular manifesta-
tions, with lymphoma being the one 
that mostly worsens the disease prog-
nosis (4). Similar to other systemic au-
toimmune diseases, pSS is burdened by 
increased cardiovascular (CV) risk and 
growing evidence supports a remark-
able endothelial dysfunction as well 
as increased prevalence of CV events 
compared to the general population in 
this disease (5-7). 
In physiological conditions, endothe-
lial cells may be damaged by several 
stimuli including shear stress and trans-
mural pressure, but they are promptly 
replaced thanks to the release from the 
bone marrow of endothelial progenitor 
cells (EPC) which migrate to the site 
of injury and undergo a full maturation 
process. Endothelial dysfunction is a 
pathological condition characterised by 
abnormalities of structure and function 
of endothelial cells allowing the persis-
tency of arterial wall damage and there-
fore providing favourable conditions 
for the formation of atherosclerotic 
plaques (8). The assessment of circu-
lating EPC along with circulating en-
dothelial microparticles (EMP), which 
act as surrogate biomarkers of endothe-
lial dysfunction, allowed to verify that 
this process is occurring in pSS (5). In 
particular, an increase in EPC in paral-
lel to an increase in EMP may suggest a 
compensatory mechanism to overcome 
endothelial cell damage (5). 
In recent years, another leading actor 
in the scenario of endothelial repair has 
been identified, the so-called angio-
genic T cells (Tang) characterised by 
the co-expression of CD3, CD31 and 
CXCR4 (9). Tang cells are required for 
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EPC colony formation and differen-
tiation and secrete consistent amount of 
proangiogenic factors including vascu-
lar endothelial growth factor (VEGF). 
Therefore, Tang cells also promote en-
dothelial cell proliferation and function 
and display an angiogenic potential (9). 
Circulating Tang cells are reduced in 
rheumatoid arthritis (RA) and compara-
ble to normal controls in systemic lupus 
erythematosus (SLE) (10, 11). Of inter-
est, a population of immunosenescent 
CD28- Tang cells has been observed 
in SLE but not in RA (12). An expan-
sion of immunosenescent CD4+CD28- 
cells has been described in RA and it 
has been associated with the presence 
of endothelial dysfunction and carotid 
artery wall thickening (13). The lack of 
CD28 in a proportion of Tang cells may 
raise the hypothesis that they might be 
a reliable indicator of endothelial dys-
function. 
Since to date no evidence about Tang 
cells is available in pSS, we aimed to 
quantify and characterise Tang cells in 
the peripheral blood and target organs 
of patients with this disease. 

Materials and methods

Patients and healthy donors
Thirty-six female patients with pSS 
(mean±standard error of the mean 
�6(0� age, ���� \eaUs� classified ac-
cording to the American-European crite-
ria (14) and 20 age-matched healthy fe-
male donors (mean±SEM age, 55.3±2.8 
years) were enrolled for analyses on pe-
ripheral blood samples. Clinical and se-
rological records were collected at the 
time of enrolment. Disease activity was 
measured using the EULAR Sjögren’s 
syndrome disease activity index (ESS-
DAI) (15). All patients were receiving 
topical medications for sicca symptoms 
and 19 patients (53%) were on hydrox-
ychloroquine 200 mg/day. None of the 
patients was taking corticosteroids or 
immunosuppressive therapies. None of 
the patients had history of CV events. 
With regard to CV risk factors, 3 pa-
tients were current smokers, 5 patients 
were former smokers, 10 patients had 
systemic arterial hypertension and 2 
patients had hypercolesterolaemia. No 
patient was diagnosed with diabetes 
mellitus. The study was approved by 

the local ethics committee, and written 
informed consent was obtained from 
each participant in accordance with the 
declaration of Helsinki.

Flow cytometry evaluation
Peripheral blood mononuclear cells 
(PBMC) were isolated by density gra-
dient from heparinised venous blood 
samples. In selected experiments, CD3+ 

cells were magnetically sorted (Human 
T Lymphocyte Enrichment Set-DM, 
BD Biosciences, San Jose, CA, USA). 
Either total PBMC or CD3+ sorted 
cells ZeUe SUocessed IoU ÁoZ c\toP-
etry analysis. Surface staining was per-
IoUPed Xsing ÁXoUescein isothioc\anate 
(FITC)-, phycoerythrin (PE)-, PE-Cy7- 
or Alexa Fluor-647-labelled anti-hu-
man CD3, CD31, CXCR4, CD4, CD8, 
CD28, CD34, CD133 and VEGFR-2 
(all from BD Biosciences, or Miltenyi 
Biotec, Bergisch Gladbach, Germany). 
Tang cells were those positive for CD3, 
CD31 and CXCR4, while EPC were 
those positive for CD34, CD133 and 
VEGFR-2. When required, cells were 
stimulated for 4 hours at 37°C and 5% 
CO2 prior to surface staining with 25 
ng/ml phorbol myristate acetate (PMA, 
Sigma-Aldrich, St. Louis, MO, USA), 
� ƫg�Pl ionoP\cin and bUeIeldin $ 
(BD GolgiPlug™, BD Biosciences). 
Subsequently, surface staining was per-
IoUPed, cells ZeUe fi[ed Zith �� SaUa-
formaldehyde and permeabilised with 
0.1% saponin blocking buffer. Alexa 
Fluor-488-labelled anti-human interleu-
kin (IL)-17 and respective isotype were 
used for intracellular staining. Up to 4 
ÁXoUochUoPes ZeUe Xsed in the saPe 
vial and samples were acquired with a 
)$&6calibXU ÁoZ c\toPeteU eTXiSSed 
with the CellQuestPro™ software (BD 
Biosciences). 

Salivary gland specimens and 
immunofluorescence analysis
Labial minor salivary gland (MSG) bi-
opsies from 10 patients with pSS were 
collected and compared to samples 
from 12 age- and sex-matched non-pSS 
patients with sicca syndrome symptoms 
and eitheU non-sSecific chUonic sialad-
enitis (NSCS) or normal parenchyma 
(n=6 each) as described elsewhere (16). 
)oUPalin-fi[ed and SaUaIfin-ePbedded 

MSG sections were subjected to histo-
pathological analyses to assess focus 
score, Tarpley biopsy score (0–4 scale), 
7 and % cell infiltUation and l\PShoid 
organisation according to previously 
published protocols (17). For immuno-
ÁXoUescence staining, 06* sections �� 
ƫP thicN� ZeUe deSaUaIfinised, boiled 
for 10 minutes in 10 mM sodium citrate 
buffer (pH 6.0) for antigen unmasking, 
incubated in 2 mg/ml glycine for 10 
PinXtes to TXench aXtoÁXoUescence and 
then blocked for 1 hour at room temper-
ature with 1% bovine serum albumin in 
phosphate-buffered saline. The slides 
were subsequently incubated overnight 
at 4°C with the following primary an-
tibodies: mouse monoclonal anti-CD3 
(prediluted; catalogue number ab7507, 
Abcam, Cambridge, UK), rabbit poly-
clonal anti-CD31 (1:50; catalogue num-
ber ab28364, Abcam), rabbit mono-
clonal anti-CXCR4 (1:100; catalogue 
number ab124824, Abcam) or mouse 
monoclonal anti-stromal cell-derived 
factor-1 (SDF-1)/CXCL12 (1:50; cata-
logue number MAB350, R&D Sys-
tems, Minneapolis, MN, USA) antibod-
ies. The day after, MSG sections were 
washed and incubated for 45 minutes at 
room temperature in the dark with Alexa 
Fluor-488-conjugated goat anti-mouse, 
Rhodamine Red-X-conjugated goat an-
ti-rabbit or Alexa Fluor-488-conjugated 
goat anti-rabbit IgG (all 1:200; Invit-
rogen, San Diego, CA, USA). Double 
iPPXnoÁXoUescence staining Zas SeU-
formed by mixing mouse and rabbit 
primary antibodies and subsequently 
Pi[ing ÁXoUochUoPe-conMXgated ,g*� 
Irrelevant isotype-matched and concen-
tration-matched mouse and rabbit IgG 
(Sigma-Aldrich) were used as negative 
controls. Nuclei were counterstained 
with 4’,6-diamidino-2-phenylindole 
(DAPI) (Chemicon International, Te-
mecula, CA, USA) and the immu-
nostained sections were photographed 
under a Leica DM4000 B microscope 
equipped with a DFC310 FX 1.4-meg-
apixel digital colour camera and LAS 
V3.8 software (Leica Microsystems, 
Mannheim, Germany).

Statistical analysis
Data were analysed with SPSS v. 23.0 
software (Statistical Package for the 
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Social Sciences, Chicago, IL, USA). 
Mann-Whitney U-test, Spearman’s 
coUUelation coeIficient, .UXsNal-:allis 
test and Dunn’s post-hoc test were ap-
plied as needed. All tests were two-
tailed and values of p<0.05 were con-
sideUed statisticall\ significant�

Results

Circulating Tang cells are expanded, 
correlate with EPC and disease 
activity and are mainly immuno-
senescent double negative cells in 
patients with pSS
Demographic and clinical character-
istics of pSS patients enrolled in the 
study are summarised in Table I. Hep-
arinised venous blood samples from 
36 pSS patients and 20 age- and sex-
matched healthy donors (HD) were 
subjected to PBMC isolation followed 
b\ ÁoZ c\toPetU\ eYalXation oI the 
CD3+CD31+CXCR4+ Tang cell popula-
tion. Since previous studies have shown 
that Tang cells may be linked to the 
EPC population (9, 10, 18), the possible 
relationship between circulating Tang 
cells and CD34+CD133+VEGFR-2+ 
EPC was also explored.

As depicted in Figure 1A, the number of 
ciUcXlating 7ang cells Zas significantl\ 
higher in pSS patients compared to HD 
(p<0.0001) and, of interest, it was di-
rectly correlated with the number of 
EPC in the same samples (Spearman’s 
rho=0.33, p=0.04) (Fig. 1B). Moreo-
ver, both cell types positively correlated 
with disease activity as calculated with 
the ESSDAI (Spearman’s rho=0.35, 
p=0.04 for Tang; Spearman’s rho=0.67, 
p<0.0001 for EPC) (Figs. 1C and D). 
Neither circulating Tang cells nor cir-
culating EPC correlated with patient 
age, disease duration and autoantibody 
titres. In addition, no differences in ei-
ther Tang cells or EPC were observed 
when dividing patients according to the 
serological status (i.e. seropositive vs. 
seronegative patients). As far as CV risk 
factors are concerned, we found no dif-
ference in both cell types according to 
the presence of systemic arterial hyper-
tension, while the possible association 
with other factors could not be assessed 
due to the small numbers of patients. 
We subsequently explored the pheno-
type of Tang cells in pSS by evaluating 
the expression of CD4, CD8 and CD28 

based on previous literature (11, 12, 
18). All previous studies agree that in 
normal subjects Tang cells are mainly 
CD4+ lymphocytes that co-express 
CD28 (11, 12, 18). We observed that in 
pSS the majority of Tang cells lacked 
CD4 and CD8, therefore they were 
double negative (DN) (Fig. 2A). Fur-
thermore, 50-80% of Tang cells lacked 
CD28 being consistent with a senescent 
phenotype (Fig. 2B). Since it has been 
demonstrated that Tang cells are able to 
produce IL-17 (9) and we reported that 
in pSS DN cells are major producers of 
this cytokine (19), we assessed if and 
which Tang cell subsets produce IL-17. 
We studied 3 pSS patients and found 
that a subset of CD4+, CD8+ and DN 
Tang cells produce IL-17 (Fig. 3). The 
proportions of IL-17-producing cells 
among CD4+, CD8+ and DN Tang did 
not statistically differ.

Tang cells infiltrate 06* in 
patients with pSS
Immunohistological analyses were car-
ried out on labial MSG sections from 
10 patients with pSS (i.e. displaying 
focal lymphocytic sialadenitis) and 12 

Table I. Demographic and clinical charac-
teristics of pSS patients enrolled for collec-
tion of peripheral blood.

Number of patients 36
Age, years* 57 ± 2
Disease duration, years* 11 ± 1
Xerostomia 31 (86)
Xerophthalmia  32 (89)
Salivary gland enlargement 15 (42)
Extraglandular manifestations# 25 (69)
Lymphoma 0
Hypocomplementaemia 24 (67)
Leukopenia 4 (11)
Hypergammaglobulinaemia 22 (61)
Antinuclear antibodies 36 (100)

Autoantibodies
   Neither anti-Ro/SSA nor anti-La/SSB 10 (28)
   Anti-Ro/SSA only 12 (33)
   Anti-Ro/SSA and anti-La/SSB 14 (39)
Rheumatoid factor 20 (56)
Hydroxychloroquine 200 mg/day 19 (53)
ESSDAI, median (range) 2 (0-12)

*These values are reported as mean ± standard 
error of the mean. Unless otherwise stated, all 
other values are reported as number (percent-
age) of patients. #Twenty patients with articular 
inYolYePent and fiYe Satients Zith 5a\naXd·s 
phenomenon. All other extraglandular manifes-
tations were ruled out.
pSS: primary Sjögren’s syndrome; ESSDAI: EU-
LAR Sjögren’s syndrome disease activity index.

Fig. 1. Circulating angiogenic T cells (Tang), endothelial progenitors cells (EPC) and their relation-
ship with disease activity in primary Sjögren’s syndrome (pSS). (A) CD3+CD31+CXCR4+ Tang cells 
are expanded in the peripheral blood of patients with pSS (n=36) compared with healthy donors (HD) 
(n=20). Data are mean ± SEM (p<0.0001 by Mann-Whitney U test). (B) In pSS patients, Tang cells 
are directly correlated with CD34+CD133+VEGFR-2+ EPC (Spearman’s rho=0.33, p=0.04). (C and D) 
Both Tang cells (C) and EPC (D) are directly correlated with disease activity as calculated with the 
EULAR Sjögren’s syndrome disease activity index (ESSDAI) (Spearman’s rho=0.35, p=0.04 for Tang; 
Spearman’s rho=0.67, p<0.0001 for EPC).
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age- and sex-matched non-pSS sicca 
syndrome controls. Of these, six in-
dividuals displayed normal MSG and 
six displayed a certain degree of MSG 
inÁaPPation �i.e. NSCS), but no evi-
dence of focal lymphocytic sialadeni-
tis (16, 17). Representative images of 
haematoxylin- and eosin-stained MSG 
sections are shown in Figures 4A-C.
MSG sections were subjected to im-
PXnoÁXoUescence staining to assess 
the presence of CD3+CD31+CXCR4+ 
Tang cells and the expression of the 

CXCR4-ligand SDF-1/CXCL12. As 
displayed in Figs 4D–F, numerous 
CD3+CD31+ T lymphocytes were ob-
served in periductal and perivascular 
inÁaPPatoU\ infiltUates oI S66 06*, 
while they could not be detected in nor-
mal and NSCS MSG. Moreover, CD3/
&;&5� and &'�� iPPXnoÁXoUes-
cence performed on serial tissue sec-
tions clearly demonstrated the presence 
of CD3+CD31+CXCR4+ Tang cells in 
pSS MSG (Figs. 4G-I). As far as SDF-
1/CXCL12 expression is concerned, 
this chemokine was barely detectable in 
ductal epithelial cells and microvessels 
of either normal or NSCS MSG (Figs 
4J and K). Conversely, in pSS MSG, a 
strong SDF-1/CXCL12 immunostain-
ing was found in ductal epithelial cells, 
PicUoYessels and infiltUating inÁaPPa-
tory cells (Fig. 4L).

Discussion

Endothelial dysfunction and accelerat-
ed atherosclerosis are common features 
of rheumatic diseases and to the best of 
oXU NnoZledge this is the fiUst stXd\ in-
vestigating Tang cells, a leading actor 

in this scenario, in patients with pSS. 
We previously demonstrated that al-
though consistent endothelial damage 
is ongoing in pSS as proven by an in-
creased amount of circulating EMP 
compared to HD, a counteracting mech-
anism leading to EPC release from the 
bone marrow is also taking place (5). 
The question remains on if and how this 
mechanism is actually effective since 
pSS patients still display a higher CV 
risk compared to the general population 
(6, 7). The current observation that also 
circulating Tang cells are raised in pSS, 
that the\ aUe significantl\ coUUelated to 
their partners EPC, and that both Tang 
and (3& aUe significantl\ associated 
with ESSDAI unmasks another facet 
of this complex process. However, this 
PaNes eYen PoUe diIficXlt to XndeUstand 
why although the endothelial repair ma-
chinery seems to be fully working, still 
pSS patients display higher CV risk and 
those with higher disease activity even 
more than those with a milder disease. 
A lesson that we learnt in the context of 
regulatory T cells (Treg) could possibly 
help to explain this apparent paradox. 
Indeed, many patients with rheumatic 
conditions display high proportions of 
circulating Treg cells that upon isola-
tion effectively suppress effector lym-
phocytes in vitro (20, 21). Nonetheless, 
the disease is active and therefore a 
reasonable explanation may be that the 
local inÁaPPatoU\ PicUoenYiUonPent 
prevents Treg cells to exert their func-
tion. Based on this, one could speculate 
that although Tang cells and EPC are 
both expanded in the circulation of pSS 
patients, their in vivo function might be 
hampered by local stimuli. According 
to a recent study on SLE (12), the evi-
dence that the majority of Tang cells in 
pSS are CD28- might alternatively sug-
gest c\toto[ic and SUo-inÁaPPatoU\ 
rather than protective effects of these 
cells on the endothelium. Furthermore, 
this and previous studies (9) demon-
strated that Tang cells can produce IL-
17 and although the pathogenic role of 
this cytokine in pSS is now well estab-
lished (19), the actual role of IL-17 in 
atherosclerosis and cardiovascular dis-
ease is still a matter of debate (22).
On a different note, the observation of 
Tang cells also in the context of MSG 

Fig. 2. Phenotype of angiogenic T cells (Tang) in 16 representative primary Sjögren’s syndrome (pSS) 
patients. (A) The majority of Tang cells in pSS are CD4-CD8- double negative (DN) cells, while only a 
small fraction expresses either CD4 or CD8 (% CD4+ Tang vs. % CD8+ Tang vs % DN Tang, p<0.0001 
by Kruskal-Wallis test; % DN Tang vs. % CD4+ Tang, p<0.0001; % DN Tang vs. % CD8+ Tang, 
p<0.0001; % CD4+ Tang vs. % CD8+ 7ang, not significant� all coPSaUisons b\ .UXsNal-:allis test and 
Dunn’s post-hoc test). (B) The majority of Tang cells in pSS lack the expression of CD28 being consist-
ent with a senescent phenotype (% CD28- Tang vs. % CD28+ Tang, p<0.0001 by Mann-Whitney U-test). 

Fig. 3. IL-17+ cells among CD4+, CD8+ and dou-
ble negative (DN) angiogenic T cells (Tang) in 
primary Sjögren’s syndrome (pSS) patients. His-
tograms represent the mean ± SEM of 3 different 
experiments.
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Fig. 4. ,nfiltUating angiogenic 7 cells �7ang� and incUeased e[SUession oI the &;&5�-ligand 6')-��&;&/�� chePoNine in PinoU saliYaU\ glands �06*� 
from patients with primary Sjögren’s syndrome (pSS). (A–C� 5eSUesentatiYe PicUoShotogUaShs oI noUPal, non-sSecific chUonic sialadenitis �16&6� and 
S66 06* sections stained Zith haePato[\lin and eosin �+	(�� S66 06* disSla\ SeUidXctal inÁaPPatoU\ aggUegates �Ioci� UeSlacing the secUetoU\ Xnits� 
(D–F� 5eSUesentatiYe ÁXoUescence PicUoShotogUaShs oI noUPal, 16&6 and S66 06* sections doXble iPPXnostained IoU the San-7 l\PShoc\te PaUNeU 
CD3 (green) and CD31 (red), and counterstained with 4’,6-diamidino-2-phenylindole (DAPI; blue) for nuclei. Microvascular endothelium is CD31+. Ar-
rows indicate periductal and perivascular CD3+CD31+ 7 l\PShoc\tes detected in S66 06*� ,nsets aUe higheU Pagnification YieZs oI the bo[ed aUeas 
from the respective panels. (G–I� 5eSUesentatiYe ÁXoUescence PicUoShotogUaShs oI seUial 06* sections IUoP S66 Satients sXbMected to doXble iPPX-
nostaining for CD3 (green) and CXCR4 (red) and single immunostaining for CD31 (green). Nuclei are counterstained with DAPI (blue). Arrows indicate 
CD3+CD31+CXCR4+ T lymphocytes (Tang). (J–L� ,PPXnoÁXoUescence staining IoU 6')-��&;&/�� �gUeen� and '$3, �blXe� coXnteUstain IoU nXclei� 
Faint expression of SDF-1/CXCL12 is detected in normal and NSCS MSG. In pSS MSG, SDF-1/CXCL12 is strongly expressed in ductal epithelial cells, 
PicUoYessels and infiltUating inÁaPPatoU\ cells� 6cale baU� ��� ƫP �$²&�, �� ƫP �'²) and -²/�, �� ƫP �*²,��
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raises intriguing speculations about the 
possible role of these cells at tissue lev-
el. The massive glandular expression of 
SDF-1/CXCL12, the ligand of CXCR4, 
in pSS has been extensively described 
over the last decade (23, 24) but it has 
been always considered from a ‘B-cell 
perspective’, as B lymphocytes express 
CXCR4 and SDF-1/CXCL12 is a key 
lymphoid chemokine driving B-cell 
homing to MSG. Our data, however, 
raise the hypothesis that glandular SDF-
1/CXCL12 may also drive the recruit-
ment of CXCR4-expressing Tang cells 
to salivary glands as additional players 
in the scenario of neo-angiogenesis 
and SeUSetXation oI the inÁaPPatoU\ 
process. As a matter of fact, Tang cells 
are absent in normal and NSCS MSG, 
while they are numerous and close to 
blood vessels in pSS MSG.
,n conclXsion, oXU findings add soPe 
insights in the field oI endothelial d\s-
function in pSS and open a new sce-
nario in the context of glandular neo-
angiogenesis and inÁaPPation in this 
disease, putting Tang cells among the 
pathogenic cell types worth to be tar-
geted for therapeutic purposes. 
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