
Received: 2017.12.06
Accepted: 2018.03.15

Published: 2018.08.03

 1938   3   2   28

Circulating Angiogenic T Cells Are Increased in 
Lupus Nephritis Patients

 ABE 1,2 Peng Zhao*
 ABE 1 Jinlin Miao*
 C 1 Kui Zhang
 E 1 Minghua Lv
 E 1 Qing Han
 C 1 Ping Zhu

  * These authors contributed equally to this work
 Corresponding Author: Ping Zhu, e-mail: zhuping@fmmu.edu.cn
 Source of support: This study was funded by the National Basic Research Program of China (no. 2015CB553700-04) and the National Natural Science 

Foundation of China (no. 81401338)

 Background: Patients with systemic lupus erythematosus (SLE), especially with lupus nephritis (LN), undergo vascular dam-
age and repair during the course of the disease. Since the recently identified angiogenic T cells (Tang) are in-
volved in endothelial repair coupled with endothelial progenitor cells (EPCs), this study investigated the circu-
lating Tang cells in LN patients and their potential correlations with disease features.

 Material/Methods: Circulating Tang cells and EPCs were assessed by flow cytometry in peripheral blood samples from 67 SLE pa-
tients; of these, 32 had LN and 30 were matched healthy controls (HCs). The plasma levels of interleukin IL-17, 
IL-8, and vascular endothelial growth factor (VEGF) were quantified by immunoassays.

 Results: The percentage of circulating Tang cells in LN patients was significantly increased as compared to the non-LN 
patients and HCs, and they were positively correlated with the level of EPC and VEGF. Additionally, circulating 
Tang cell percentages were positively correlated with the extent of proteinuria in LN patients.

 Conclusions: The increased levels of circulating Tang cells in LN patients might play a role in the balance of endothelium dys-
function in these patients.
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Background

Systemic lupus erythematosus (SLE) is a common autoimmune 
disease characterized by the over-activation of lymphocytes 
and production of auto-antibodies that affect multiple organ 
systems and has a wide spectrum of clinical manifestations 
and severity. SLE is associated with accelerated atherosclero-
sis and increased cardiovascular disease that cannot be ful-
ly accounted for by the conventional cardiovascular risk fac-
tors [1]. Thus, in addition to chronic inflammation, adhesion 
molecules, and overexpression of pro-inflammatory cytokines, 
the dysregulated T cell subsets are proposed to play a criti-
cal role in the increased risk of cardiovascular diseases [2].

Therefore, a specific T cell subset and angiogenic T cells (Tang) 
that enhance endothelial repair function and the formation of 
new blood vessels by cooperating with the endothelial pro-
genitor cells (EPC) are under intensive study [3]. EPC is a het-
erogeneous population involved in vasculogenesis and vas-
cular repair [4]. Reportedly, the depletion of Tang population 
abrogates the functionality of EPC, and in vivo experiments 
showed that Tang cells play a major role in capillary forma-
tion [3]. Circulating Tang cells are characterized by the co-ex-
pression of CD3, CD31 (platelet endothelial cell adhesion mol-
ecule), and CXCR4 (receptor for stromal-derived factor-1) [3]. 
Furthermore, as a subset of CD3+ T cells, Tang cells also ex-
press CD4 (CD4+CD31+CXCR4+) or CD8 (CD8+CD31+CXCR4+). 
However, no significant differences were observed in the per-
centages of Tang and CD4+ Tang cells between SLE patients 
and healthy controls (HCs). Recently, we described an increase 
in the CD8+CD31+CXCR4+ T cells (CD8+ Tang) in SLE patients, 
especially in the patients with autoantibody [5].

As reported previously, the renal involvement, termed lupus 
nephritis (LN), is one of the most frequent manifestations of 
SLE and is associated with significant morbidity and mortali-
ty [6]. Furthermore, LN is considered a vital factor for endothe-
lial dysfunction and accelerated atherosclerosis displayed by 
SLE patients [7,8]. Thus, the present study analyzed the per-
centages of Tang cells in LN patients, and their potential cor-
relation to clinical and laboratory features associated with in-
flammation or endothelial balance in such patients.

Material and Methods

Participants

A total of 67 SLE patients and 30 age- and sex-matched HCs 
were included in the study. A total of 32 SLE patients were cat-
egorized with LN based on the results of renal biopsy and im-
munohistochemistry. All lupus patients fulfilled the American 
College of Rheumatology revised classification criteria for 

SLE [9], and all LN patients were confirmed according to the 
World Health Organization classification [10]. The disease 
activity was assessed using the SLE disease activity index 
(SLEDAI) [11]. All exclusion criteria of the subjects were com-
bined with other autoimmune diseases and renal biopsy con-
traindications. The baseline characteristics of the patients and 
HCs are shown in Table 1. This study conformed to the recom-
mendations of the Declaration of Helsinki and was approved 
by the Ethics Committee of Xijing Hospital. Informed consent 
was obtained from all subjects.

Flow cytometry analysis

The percentages of circulating Tang cells and EPCs were mea-
sured by flow cytometry. Briefly, according to the manufac-
turer’s instructions, Tang cells were stained with peridinin 
chlorophyll protein (Percp)-conjugated CD3, phycoerythrin 
(PE)-conjugated CD31, and allophycocyanin (APC)-conjugated 
CXCR4 (BD Biosciences, San Diego, CA, USA). The EPCs were 
stained with fluorescein isothiocyanate (FITC)-conjugated CD34 
(BD Bioscience), PE-conjugated VEGFR2 (BD Bioscience), and 
APC-conjugated CD133 (Miltenyi Biotech, Bergisch Gladbach, 
Germany). The appropriately conjugated IgG antibodies were 
used as isotype controls. The labeled cells were acquired on a 
FACS Calibur flow cytometer (BD Biosciences) and data were 
analyzed using Cell Quest software (BD Bioscience) and FlowJo 
7.6.1 software (Tree Star, USA).

Quantification of cytokine plasma levels

The plasma samples were collected and preserved at –80°C un-
til the evaluation of cytokines. The plasma levels of interleu-
kin (IL)-17, IL-8, and vascular endothelial growth factor (VEGF) 
were quantified using an enzyme-linked immunosorbent as-
say (ELISA) kit (eBioscience, San Diego, CA, USA), according to 
the manufacturer’s instructions.

Statistical analysis

The comparison between the groups was evaluated by 
Mann–Whitney U test. The correlations were analyzed using 
Spearman’s rank correlation analysis. All analyses were per-
formed using SPSS 17.0 software (SPSS, Chicago, IL, USA). A P 
value <0.05 was considered as statistically significant.

Results

Characteristics of subjects

A total of 32 LN patients, 35 patients without LN (non-LN pa-
tients), and 30 HCs were recruited in this study. All LN patients 
were confirmed biopsy-proven class III or IV. As illustrated in 
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Table 1, the conventional cardiovascular risk factors, including 
smoking, diabetes, hyperlipidemia, and hypertension, which 
are negatively correlated with Tang cells [3], were compara-
ble among the LN patients, non-LN patients, and HCs. In ad-
dition, no significant difference was observed in disease du-
ration, SLEDAI, ESR, CRP, and positive rate of auto-antibodies, 
and current medications were similar between the LN and 
non-LN patients.

Percentages of Tang cells in SLE patients with or without 
LN

To evaluate the prevalence of the circulating Tang cells in SLE 
patients with or without LN, the percentages of CD31+CXCR4+ 
cells in CD3+ T cells were analyzed by flow cytometry. As shown 

in Figure 1, the percentages of circulating CD31+CXCR4+ cells 
in total CD3+ T cells (Tang) in LN patients were significant-
ly increased as compared to the non-LN patients and HCs. In 
addition, the levels of circulating EPCs were also increased in 
LN patients as compared to the non-LN patients and HCs. We 
also observed that the percentages of circulating Tangs were 
significantly positively correlated with the EPC levels in LN and 
non-LN patients (Table 2).

Plasma cytokine levels in SLE patients with or without LN

To evaluate the possible relationship between Tang cells and 
cytokines involved in vasculogenesis and vascular repair, the 
plasma levels of IL-17, IL-8, and VEGF were assessed in SLE pa-
tients and HCs. As shown in Figure 2, no significant differences 

Characteristics LN Non-LN HC

Number of patients 32 35 30

Sex (Male/Female) 4/28 5/30 4/26

Age, median (IQR), (y)  33.0 (23.5–40.8)  33.0 (25.0–45.0)  30.5 (24.5–34.0)

Disease duration, median (IQR), (y)  4.0 (1.3–8.0)  3.0 (1.0–8.0) Na

Clinical features

 SLEDAI, median (IQR)  10.0 (5.3–13.0)  11.0 (8.0–14.0) Na

 ESR, mm/hour, median (IQR)  25.0 (15.3–46.8)  30.0 (14.0–39.0) Na

 CRP, mg/dl, median (IQR)  1.0 (0.4–1.8)  1.2 (0.5–1.9) Na

 Positivity of anti-dsDNA, n (%)  22 (68.8)  21 (60.0) Na

 Positivity of anti-Sm, n (%)  16 (50.0)  18 (56.3) Na

 Positivity of anti-SSA/SSB, n (%)  12 (37.5)  11 (31.4) Na

Cardiovascular risk factors, n (%)

 Smoking  3 (9.4)  4 (11.4)  2 (6.7)

 Diabetes mellitus  1 (3.1)  1 (2.9)  0 (0)

 Hyperlipidemia  4 (15.4)  3 (8.6)  3 (10.0)

 Hypertension  8 (25.0)  9 (25.7)  6 (20.0)

Treatment, n (%)

 None or NSAIDs  5 (15.6)  7 (20.0) Na

 Antimalarial drugs  11 (42.3)  10 (35.7) Na

 Glucocorticoids  20 (76.9)  19 (67.8) Na

 Immunosuppressive drugs*  8 (30.8)  6 (21.4) Na

 Tripterygium glycosides  15 (46.9)  12(34.3) Na

Table 1. Demographic and clinical characteristics of SLE patients and healthy controls (HCs).

LN – lupus nephritis patients; non-LN – SLE patients without lupus nephritis; IQR – interquartile range; n: number; SLEDAI – SLE 
disease activity index; ESR – erythrocyte sedimentation rate; CRP – C-reactive protein; NSAIDs – non-steroidal anti-inflammatory drugs; 
na – not applicable; * Azathioprine, mycophenolate mofetil.
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were observed in the levels of IL-17 between the 3 groups. 
Although the LN and non-LN patients exhibited higher levels 
of IL-8 as compared to HCs, the differences were not signifi-
cant between the LN and non-LN patients (Figure 2). Moreover, 
significantly higher VEGF levels were observed in LN patients 
as compared to the non-LN patients (Figure 2). Additionally, 
the levels of VEGF, but not IL-17 and IL-8, were positively cor-
related with circulating Tang cells in LN patients (Table 2).

Correlations of Tang cells with characteristics in SLE 
patients with or without LN

Subsequently, we searched for clinical features of LN patients 
that might be associated with Tang cells. As shown in Table 3, 
no significant correlation was observed among the analyzed 
clinical features between Tang cells and SLEDAI, ESR, CRP, or 
disease duration in LN and non-LN patients. In line with our 
previous study [5], the percentages of circulating Tang cells 
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Figure 1.  Presence of circulating Tang cells in SLE patients and HCs. (A) Flow cytometric dot-plots of circulating Tang cells 
(CD31+CXCR4+ cells in CD3+ T cells) obtained from 1 representative healthy control (HC), and SLE patients with 
lupus nephritis (LN) and without lupus nephritis (non-LN). Percentages of circulating Tang cells (B) and EPCs 
(CD34+CD133+VEGFR2+ cells) (C) in HC, LN, and non-LN patients.
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were negatively correlated with age. As most of the non-LN 
patients did not have urinary protein, a correlation was es-
tablished between the levels of Tang cells and the extent of 
proteinuria in LN patients. The circulating Tang cells showed 
a positive correlation with the extent of proteinuria in LN pa-
tients (Table 3).

Discussion

SLE is a chronic autoimmune disease with catastrophic clini-
cal and pathological manifestations. Previous studies reported 
that approximately 30% of SLE patients with vascular disease 
and 60% of SLE patients present LN [12–14]. Furthermore, LN 
plays a major role in endothelial dysfunction and accelerated 
atherosclerosis, and is related to a higher risk of cardiovascu-
lar disease than with other forms of organ involvement in SLE 
patients [7,8,15]. Reportedly, circulating Tang cells enhanced 
the endothelial repair function by cooperating with EPC, which 
might be used as a biomarker for endothelial function and 

cardiovascular risk [3,5]. Therefore, in this study, the percent-
ages of circulating Tang cells and their putative correlation to 
clinical and laboratory features were assessed in SLE patients 
with or without LN. Accordingly, our data showed that the per-
centages of circulating Tang cells in LN patients were signifi-
cantly increased as compared to the non-LN patients and HCs.

As reported previously, LN patients have an increased risk of 
cardiovascular diseases [8]. This phenomenon might be par-
tially explained by the high prevalence of conventional risk fac-
tors and immunological abnormalities [16] and the elevated se-
rum creatinine and proteinuria in LN patients [17]. Therefore, 
the present data support that LN patients are associated with 
endothelial damage and high cardiovascular risk, and the in-
creased levels of circulating Tang cells may be related to in-
creased cardiovascular risk and renal involvement.

Similar to recent studies in SLE patients [18,19], our data show 
that the levels of circulating EPC were also increased in LN 
patients. Furthermore, the circulating Tang cell percentages 

Tang (%)

r p

Non-LN

EPC (%) 0.577 <0.001

IL-17 (pg/ml) 0.214 0.216

IL-8 (pg/ml) –0.128 0.465

VEGF (pg/ml) 0.162 0.352

LN

EPC (%) 0.433 0.013

IL-17 (pg/ml) –0.102 0.577

IL-8 (pg/ml) –0.101 0.582

VEGF (pg/ml) 0.431 0.014

Table 2. Correlations between the percentages of Tang cells and EPC or cytokines in SLE patients.

Figure 2.  Plasma levels of cytokines in SLE patients and HCs. The plasma levels of IL-17 (A), IL-8 (B), and VEGF (C) in SLE patients with 
lupus nephritis (LN), SLE patients without lupus nephritis (non-LN), and HCs.
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were significantly positively associated with EPC levels in 
non-LN and LN patients. EPCs originate from hematopoiet-
ic stem cells and have a physiological role in vascular repair 
and vasculogenesis [4]. Moreover, Tang cells are critical in the 
formation of EPC colonies that can enhance EPC differentia-
tion and angiogenesis by secreting angiogenic cytokines [3]. 
Consequently, these findings are in agreement with the the-
ory that enhanced EPC and Tang cell populations serve as re-
pair responses to the increased impairment of endothelial cells 
present in SLE patients [20].

As reported previously [21–23], several pro-inflammatory and 
immunoregulatory cytokines, including VEGF, IL-8, and IL-17A, 
are involved in angiogenesis. By secreting these proangiogenic 
cytokines, Tang cells can facilitate the differentiation of EPCs 
and stimulate the resident endothelial cells [3]. Moreover, these 
cytokines are known to be dysregulated in autoimmune diseas-
es, which could be a relevant immune-mediated mechanism 
underlying the vascular damage. In the present study, we did 
not find a significant difference in the levels of IL-17 and IL-8 
between LN and non-LN patients. As compared to the non-LN 
patients, increased levels of plasma VEGF were observed in LN 
patients. Moreover, as the main angiogenic cytokine secret-
ed by Tang cells, VEGF was positively correlated with the per-
centages of circulating Tang cells in LN patients. These data 
demonstrate that VEGF plays a critical role in vasculogenesis 

and vascular repair due to its role in endothelial proliferation 
and initiation of vessel sprouting [24,25].

We did not find statistically significant correlations between 
Tang cells and clinical features, including SLEDAI, ESR, CRP, 
Complement C3, Complement C4, and disease duration, in 
non-LN and LN patients. Similar to the data from previous 
studies [3,5,26,27] and the present study, the levels of circu-
lating Tang cells were inversely correlated with age in non-LN 
and LN patients. We also showed that the percentages of cir-
culating Tang cells were positively correlated with the extent 
of proteinuria in LN patients. Similar results were also found 
in patients with systemic sclerosis (SSc), a common autoim-
mune disease, showing that circulating Tang cells are selec-
tively increased in SSc patients with severe peripheral vascu-
lar complications like digital ulcers, and indicating that Tang 
cells may be a biomarker reflecting vascular damage severity 
[28]. Consistently, our data support the theory that Tang cells 
are a potential biomarker to identify and monitor patients with 
renal involvement in SLE.

LN is known to contribute to high mortality in SLE patients, 
and the identification of a noninvasive biomarker might pre-
dict lupus nephritis as early diagnosis, and then be used to 
monitor LN relapses during follow-up. However, our results 
may be influenced by medication history of patients and the 

Tang (%)

r p

Non-LN

Age (y) –0.470 0.012

Disease duration (y) –0.069 0.694

ESR (mm/hour) –0.109 0.532

CRP (mg/dl) –0.199 0.251

Complement C3 (g/L) –0.017 0.923

Complement C4 (g/L) –0.118 0.500

SLEDAI –0.212 0.221

LN

Age (y) –0.497 0.004

Disease duration (y) 0.289 0.108

ESR (mm/hour) –0.182 0.318

CRP (mg/dl) 0.176 0.335

Complement C3 (g/L) 0.038 0.837

Complement C4 (g/L) –0.152 0.406

SLEDAI 0.072 0.695

Proteinuria (g/day) 0.658 0.000

Table 3. Correlations between the percentages of Tang cells and clinical features in SLE patients.
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single pathological type; therefore, further studies with larg-
er sample sizes and longer follow-up observation are required 
to confirm the present findings.

Conclusions

In conclusion, we demonstrated that an increase in the circu-
lating Tang cells was observed in patients with LN. However, 
no obvious correlation was observed between Tang cells and 
SLEDAI. The correlation with the extent of proteinuria suggests 

that the assessment of circulating Tang cells is a potentially 
useful biomarker to recognize and monitor LN. The observed 
relationships among increased circulating Tang cells, EPCs, and 
VEGF levels in LN patients support the hypothesis that Tang 
cells play a critical role in the repair of damaged endothelium 
in LN patients during the treatment period.
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