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Objective: To establish a convenient and simple flow cytometry immunophenotyping panel to explore
immune cellular alterations and potential cellular biomarkers in systemic lupus erythematosus. Materials
and methods: This is a cross-sectional, case–control study including 60 patients with systemic lupus erythe-
matosus and 20 sex- and age-matched healthy controls. A 14-color immunophenotyping panel was ap-
plied to detect proportions of circulating immune mononuclear cells, and comparisons between patients
and healthy controls, and subgroups of patients, were performed. Correlations between cellular propor-
tions and other parameters were investigated. Results: After multivariate analysis, significantly decreased
proportions of CD4−CD8− T cells, natural killer cells and innate lymphoid cells were observed in patients
compared with healthy controls. The proportions of basophils were decreased significantly in patients
with lupus nephritis (LN) compared with those in patients without LN. Conclusion: In the present study,
we found that basophil proportions may be a biomarker of LN.

Lay abstract: Systemic lupus erythematosus is a chronic, multisystem, autoimmune disorder that in-
volves various abnormalities of immune cells and thus presents in a striking variety of ways. This study
aimed to establish a biomarker panel that would enable the exploration of changes in immune cells and
the relationships between immune cell subsets and clinical manifestations in patients with systemic lupus
erythematosus. Our results showed that basophil cell proportions may be a biomarker of use in lupus
nephritis.
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Systemic lupus erythematosus (SLE) is a chronic, multisystem, autoimmune disorder characterized by overpro-
duction of autoantibodies and type I interferons; it typically affects women between puberty and menopause [1].
Abnormalities in immune cells can occur in multiple parts of the immune response, resulting in striking hetero-
geneity in clinical presentation [2].

Studies reported that increased self-reactive B cells in patients with SLE directly cause overproduction of
autoantibodies [3]. T cells participate in the development of lupus by promoting the secretion of proinflammatory
cytokines and activating B cells to produce autoantibodies [4]. Furthermore, increased spontaneous apoptosis of T
cells has been observed in patients with SLE [4]. An increased proportion of activated CD8+ T lymphocytes has also
been reported in patients with active SLE [5]. Moreover, previous studies have suggested that CD4−CD8− T cells
are associated with lupus nephritis (LN) and that CD4+CD8+ T cells were associated with the Systemic Lupus
International Collaborating Clinics damage index [6,7]. Regulatory T cells (Tregs) induce immunological tolerance
and inhibit the pathogenesis of SLE [4].

In addition to the adaptive cells mentioned above, diverse types of innate immune cells participate in lupus
development. Cumulative evidence shows that neutrophils – especially low-density granulocytes – take part in
the pathogenesis of SLE through neutrophil extracellular trap formation, phagocytosis and response to type
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I interferon stimulation [8,9]. Basophils expressing the IgE receptor, FcεRI, are positively correlated with IgE
autoreactivity in patients with active SLE [10]. Dendritic cells (DCs), particularly plasmacytoid dendritic cells
(pDCs) which produce type I interferon, are also involved in the pathogenesis of SLE [11]. Recently, one study
reported that the more severe forms of LN were correlated with lower levels of peripheral nonclassical monocytes [11].
Furthermore, natural killer (NK) cells and innate lymphoid cells (ILCs), belonging to the innate immune system,
are important in the regulation of barrier homeostasis [12]. NK cells secrete cytokines, predominantly type II
interferon, and their numbers have been reported to be decreased in patients with SLE [13]. To date, two studies
have detected altered ILC proportions in patients with SLE [14,15]. Taken together, these findings suggest that SLE
is a heterogeneous autoimmune disease.

SLE is a chronic disease treated with long-term steroids and/or immunosuppressants; thus it is necessary to
detect and monitor patients’ immune cellular compositions in clinical practice. In the present study we first
aimed to establish a feasible 14-color flow cytometry panel for clinical practice to detect multiple immune cellular
compositions in peripheral mononuclear cells. Second, we explored alterations in immune cells between patients
with SLE and healthy controls, and associations between immune cell type proportions and clinical features.

Materials & methods
Patients
We conducted a cross-sectional, case–control study. Sixty patients with SLE from the Department of Rheumatology
and Immunology at West China Hospital of Sichuan University who fulfilled the 1997 American College of
Rheumatology classification criteria for SLE [16] were enrolled in this study between January 2017 and April 2018.
We also recruited 20 sex- and age-matched healthy donors.

Disease activity was measured using the SLE Disease Activity Index 2000 (SLEDAI-2000), and a score ≥5
was defined as active [17]. Organ system involvement was identified according to 1997 American College of
Rheumatology criteria. The laboratory tests included anti-nuclear antibody titer, anti-dsDNA antibody titer, anti-
Sjögren syndrome-related antigen A (SSA) antibody, anti-Sjögren syndrome-related antigen B (SSB) antibody, anti-
RNP antibody, anti-Smith (Sm) antibody, Coombs test, IgG, IgM, IgA, IgE, serum complement component 3 (C3),
serum complement component 4 (C4), serum CRP and erythrocyte sedimentation rate. Disease manifestations
and ongoing therapy were recorded in the inclusion visit.

Flow cytometric analysis
Anticoagulated peripheral blood samples (1 ml) were collected into EDTA-2K from patients with SLE and healthy
controls. The red blood cells were removed by osmotic lysis of erythrocytes with pH 7 phosphate-buffered saline to
obtain peripheral white blood cells. Human Trustain FcX™ (BioLegend, CA, USA) was used to block the Fc
receptor for 5 min prior to antibody staining. To mitigate nonspecific interactions between multiple BD Horizon
Brilliant™ polymer conjugates, BD Horizon Brilliant Stain Buffer (BD Biosciences, NJ, USA) was used according
to the manufacturer’s instructions. After adding all reagents, the cell suspension was incubated at room temperature
in the dark for 15 min and measured with a BD FACSAia SORP flow cytometer (BD Biosciences) after washing
twice with phosphate-buffered saline. The cytometry data were analyzed with FlowJo X software (TreeStar, OR,
USA). Gating was based on isotype controls and fluorescence minus one control. The total events of each sample
were >500,000. For adjusting compensation, we utilized the automatic adjusting compensation model of the
machine BD FACSAia SORP, and then we applied artificial compensation based on each cell subset. The detailed
compensation matrix is shown in Supplementary Figure 1.

Statistical analysis
All statistical analyses were performed using SPSS v. 19.0 software (SPSS Inc., IL, USA). Continuous variables were
expressed as the mean ± standard deviation; categorical variables were reported as a percentage (%). Differences
between two groups were compared by Student t test for normally distributed data, Mann–Whitney U-test for
nonparametric distribution data and Fisher exact test for categorical variables. Differences among three study
groups were analyzed by Kruskal–Wallis test followed by Dunn’s test. Correlation analysis was evaluated using the
Pearson correlation coefficient for normally distributed data and Spearman correlation coefficient for abnormally
distributed data. Logistic or linear regression analysis was performed using positive variables by univariate analysis.
A p-value < 0.05 was considered statistically significant.
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Table 1. Optimized combination of 14 commercially available fluorochrome-conjugated antibodies to reliably quantify
18 subpopulations of immune cells.
Conjugation Antibody Clone (company) Titer

FITC Anti-human CD45 antibody HI30 (BioLegend) 1:50

Percp-cy5.5 Anti-human CD14 antibody M5E2 (BD) 1:50

BV510 Anti-human CD3 antibody UCHT1 (BD) 1:50

Qdot655 Anti-human CD4 antibody S3.5 (Invitrogen) 1:200

PE-CY7 Anti-human CD8 antibody RPA-T8 (BD) 1:100

APC Anti-human CD25 antibody BC96 (BioLegend) 1:20

BUV395 Anti-human CD16 antibody 3G8 (BD) 1:100

BV605 Anti-human CD56 antibody NCAM16.2 1:100

APC-CY7 Anti-human HLA-DR antibody L243 (BioLegend) 1:100

BV421 Anti-human CD19 antibody HIB19 (BD) 1:100

PE Anti-human CD127 antibody A019D5 (BioLegend) 1:25

BV710 Anti-human CD123 antibody 9F5 (BD) 1:50

Alexa Fluor R© 700 Anti-human CD11c antibody Bu15 (BioLegend) 1:50

DAPI Live/dead 1:50

Results
Development of a 14-color flow cytometry immunophenotyping panel
Although there have been approaches covering nearly 30 surface biomarkers to identify circulating or urine
phenotype of patients with SLE [18], we aimed to establish a feasible multiparametric flow cytometry panel
in Chinese real-life clinical practice. Therefore we established a 14-color panel to detect peripheral basophils,
monocytes, classical/intermediate/nonclassical monocytes, pDCs, myeloid dendritic cells (MyDCs), B cells, T
cells, CD4+ T cells, CD8+ T cells, CD4+CD8+ T cells, CD4−CD8− T cells, NK cells and ILCs. The 14-color
immunophenotyping panel and gating strategy are shown in Table 1 & Figure 1, respectively. Figure 1 shows
that live leukocytes were identified first based on the expression of CD45; we used DAPI to exclude dead cells.
Mononuclear cells were differentiated from granulocytes based on forward (size) and side (granularity) scatter
characteristics. B cells were identified as mononuclear cells expressing CD19 and lacking CD3. T cells were gated
as mononuclear cells that did not express CD19 but expressed CD3; these cells were subdivided based on CD4
and CD8 into CD4+ T cells, CD8+ T cells, CD4−CD8− T cells and CD4+CD8+T cells. Tregs were gated
as CD4+ T cells expressing high levels of CD25 and low levels of CD127 (CD25hiCD127lowCD4+ T cells).
Monocytes were gated as mononuclear cells that did not express CD3 and CD19 but expressed CD14; these
cells were subdivided based on the CD16 mean fluorescent intensity histogram into classical (CD14+CD16−),
intermediate (CD14+CD16low) and nonclassical (CD14+CD16hi) monocytes [19,20]. NK cells were identified as
mononuclear cells that did not express CD3, CD19 or CD14 but expressed CD56, and were further subdivided
into CD56dim and CD56bright NK cells depending on the CD56 MFI histogram [21]. DCs were identified as
mononuclear cells expressing the human leukocyte antigen-DR isotype (HLA-DR) but lacking lineage markers
(CD3, CD14, CD19, CD16 and CD56). DCs were further subdivided into myeloid DCs (expressing CD11c)
and plasmacytoid DCs (expressing CD123). Cells lacking lineage markers and HLA-DR but expressing CD123
were gated as basophils. ILCs were identified as mononuclear cells lacking the lineage markers CD11c, CD123 and
HLA-DR, but expressing CD127 [22]. The definitions of all immune cells are shown in Supplementary Table 1.

Characteristics of patients with SLE
Next we conducted immunophenotyping of peripheral mononuclear cells in 60 patients with SLE and 20 healthy
controls. All patients were Han Chinese with a mean age of 35.27 years and 81.67% (49) were female, with a mean
SLEDAI-2000 of 6.2 and mean disease duration of 5.09 years. Thirty-two patients had active SLE and 28 patients
had inactive SLE. Fifty-eight patients were administered with glucocorticoid with an equivalent daily prednisone
dose of 33.67 ± 25.53 mg/day. Twenty patients were administered with cyclophosphamide with a cumulative dose
of 2.25 ± 2.16 g. The leukocyte and granulocyte counts were 7.33 ± 0.61 × 109/l and 5.50 ± 0.54 × 109/l,
respectively. The demographic, clinical and serological features of the subjects are summarized in Table 2.
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Figure 1. Flow cytometry panel from human peripheral blood. After obtaining the sample, the red cells underwent
lysis. The 14-color panel was performed on whole blood cells. Subpopulations of peripheral immune mononuclear
cells (T cells, CD4+ T cells, CD8+ T cells, CD4−CD8− T cells, CD4+CD8+ T cells, Tregs, B cells, NK cells, ILCs, basophils,
MyDCs, pDCs, monocytes, classical [CD14+CD16−], intermediate [CD14+CD16low] and nonclassical [CD14+CD16hi]
monocytes) were identified. The cellular gating depicted is representative of one healthy individual sample.
DC: Dendritic cell; FSC-A: Forward scatter area; FSC-H: Forward scatter height; HLA-DR: Human leukocyte antigen DR;
ILC: Innate lymphoid cell; MyDC: Myeloid dendritic cell; NK: Natural killer; pDC: Plasmacytoid dendritic cell; SSC: Side
scatter; Treg: Regulatory T cell; WBC: White blood cell.
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Table 2. Demographic, clinical and serological features of patients with systemic lupus erythematosus.
Characteristic SLE (n = 60) HC (n = 20) p-value

Age (years) 35.27 ± 12.21 30.90 ± 8.58 0.09

Sex, n (% female) 49 (81.67) 15 (75) 0.53

Disease duration (years) 5.09 ± 0.92

Current concomitant medications 58 (96.67)

Hydroxychloroquine, n (%) 36 (60)

Prednisone, n (%) 58 (96.67)

Current dose of prednisone (mg/day) 33.67 ± 25.53

Cyclophosphamide, n (%) 20 (33.33)

Cumulate dose of cyclophosphamide (g) 2.25 ± 2.16

Mycophenolate mofetil 3 (5)

Leflunomide 1 (1.67)

SLEDAI-2000 6.2 ± 4.46

Active SLE patients (SLEDAI-2000 ≥5) 32 (53.33)

Mean SLEDAI-2000 scores 9.53 ± 3.25

Inactive SLE patients (SLEDAI-2000 �5) 28 (46.67)

Mean SLEDAI-2000 scores 2.39 ± 1.77

System involved, n (% positive)

Mucocutaneous involvement 26 (43.33)

Arthritis 21 (35)

Nephritis 38 (63.33)

Hematological involvement 25 (41.67)

Laboratory features, n (% positive)

ANA 60 (100)

ANA titer �1:1000 27 (45)

ANA titer ≥1:1000 33 (55)

Anti-dsDNA antibody 34 (56.67)

Anti-dsDNA titer �1:100 21 (35)

Anti-dsDNA titer ≥1:100 13 (21.67)

Anti-SSA antibody 35 (58.33)

Anti-SSB antibody 21 (35)

Anti-Sm antibody 29 (48.33)

Anti-RNP antibody 35 (58.33)

C3 (g/l) 0.56 ± 0.04

C4 (g/l) 0.12 ± 0.01

IgG (g/l) 15.17 ± 9.41

IgA (mg/l) 2597.08 ± 1438.96

IgM (mg/l) 1134.98 ± 939.55

IgE (IU/ml) 47.06 ± 64.7

ESR (mm/h) 33.78 ± 20.8

CRP (mg/dl) 8.67 ± 15.45

Leukocyte count (109/l) 7.33 ± 0.61

Lymphocyte count (109/l) 1.29 ± 0.26

Granulocyte count (109/l) 5.50 ± 0.54

Data are expressed as absolute numbers (%) or the mean ± standard deviation.
ANA: Anti-nuclear antibody; C3/4: Complement component 3/4; ESR: Erythrocyte sedimentation rate; HC: Healthy control; SLE: Systemic lupus erythematosus; SLEDAI-2000: SLE
Disease Activity Index 2000; Sm: Smith; SSA: Sjögren syndrome-related antigen A; SSB: Sjögren syndrome-related antigen B.
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Table 3. Differences in immune cellular compositions between patients with systemic lupus erythematosus and healthy
controls.
Variables SLE (n = 60) HC (n = 20) p-value

Univariate Multivariate

B cells 17.41 ± 11.1 12.56 ± 4.02 NS

T cells 76.17 ± 11.87 73.96 ± 8.32 NS

CD4+ T cells 43.59 ± 13.93 54.00 ± 8.18 �0.001 0.22

CD8+ T cells 49.81 ± 14.53 36.61 ± 8.12 �0.001 0.22

CD4−CD8− T cells 5.12 ± 3.67 8.61 ± 4.94 �0.001 0.027

CD4+CD8+ T cells 1.47 ± 1.54 0.78 ± 0.34 0.028 0.379

Tregs 4.31 ± 2.00 6.18 ± 1.31 �0.001 0.095

Monocytes 1.48 ± 1.56 1.58 ± 1.14 NS

Classical monocytes
(CD14+CD16−)

76.24 ± 14.84 80.33 ± 14.62 NS

Intermediate monocytes
(CD14+CD16low)

11.41 ± 7.10 12.65 ± 9.25 NS

Nonclassical monocytes
(CD14+CD16hi)

11.54 ± 12.16 6.64 ± 5.80 NS

NK cells 4.70 ± 3.97 11.85 ± 7.46 �0.001 �0.001

CD56dim NK cells 85.18 ± 12.14 91.23 ± 6.46 NS

CD56bright NK cells 14.82 ± 12.14 8.77 ± 6.46 NS

MyDCs 0.05 ± 0.05 0.10 ± 0.05 �0.001 0.571

pDCs 0.01 ± 0.01 0.05 ± 0.03 �0.001 0.092

Basophils 0.03 ± 0.09 0.12 ± 0.12 �0.001 0.649

ILCs 0.47 ± 0.38 0.94 ± 0.60 �0.001 0.014

Data of monocytes, MyDCs, pDCs and basophils are expressed as a percentage of live CD45+ white blood cells. Data for B cells, T cells, NK cells and ILCs are expressed as a percentage
of live lymphocytes. Data are shown as the mean ± standard deviation. p � 0.05 indicates statistical significance.
HC: Healthy control; ILC: Innate lymphoid cell; MyDC: Myeloid dendritic cell; NK: Natural killer; NS: Not significant; pDC: Plasmacytoid dendritic cell; SLE: Systemic lupus erythematosus.

Differences in immune cellular compositions between patients with SLE & healthy controls
The proportions of CD4+ T cells, CD8+ T cells, CD4−CD8− T cells, CD4+CD8+ T cells, Tregs, NK cells,
MyDCs, pDCs, basophils and ILCs were altered in patients with SLE compared with those in healthy controls by
univariate analysis. However, after multivariate analysis, only the proportions of CD4−CD8− T cells, NK cells and
ILCs were significantly decreased in patients with SLE compared with those in healthy controls (p = 0.027, p <

0.001 and p = 0.014, respectively) (Table 3).

Associations between immune cellular composition & SLE disease activity
In the present study, 32 patients had active SLE and 28 had inactive SLE. Demographic, clinical and serological data
of the two groups are summarized in Supplementary Table 2. The age and SLEDAI-2000 score differed significantly
between the two groups. In univariate analysis, altered proportions of CD4+ T cells and CD8+ T cells were found
between patients with active SLE and those with inactive SLE; the proportions of CD4+ T cells, CD8+ T cells,
CD4−CD8− T cells, CD4+CD8+ T cells, Tregs, NK cells, MyDCs, pDCs, basophils and ILCs were altered in
patients with active SLE compared with those in healthy controls; and the proportions of Tregs, NK cells, MyDCs,
pDCs, basophils and ILCs were altered in patients with inactive SLE compared with those in healthy controls.
However, after multivariate analysis, there were no differences in immune cellular compositions among these three
groups (Table 4). Furthermore, no immune cell populations were correlated with the SLEDAI-2000 score (data
not shown).

Associations between immune cellular compositions & clinical & serological features of patients
with SLE
We compared the proportions of all immune cell populations between patients with or without specific clinical (mu-
cocutaneous involvements, arthritis, nephritis and hematological involvement), serological features (anti-nuclear
antibody titer, anti-dsDNA antibody titer, anti-SSA antibody, anti-SSB antibody, anti-RNP antibody, anti-Smith
antibody, serum C3 level, serum C4 level, IgG/IgM/IgA/IgE level) or inflammatory markers (erythrocyte sedimen-

10.2144/fsoa-2020-0212 Future Sci. OA (2021) FSO690 future science group
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Table 4. Differences in immune cellular compositions among patients with active systemic lupus erythematosus,
patients with inactive systemic lupus erythematosus and healthy controls.
Variables Active SLE

(n = 32)
Inactive SLE
(n = 28)

HC (n = 20) p-value† p-value‡ p-value§

Univariate Multivariate Univariate Multivariate Univariate Multivariate

B cells 17.37 ± 12.13 17.45 ± 10.01 12.56 ± 4.02 NS NS NS

T cells 76.37 ± 12.97 75.95 ± 10.7 73.96 ± 8.32 NS NS NS

CD4+ T cells 38.36 ± 9.67 49.57 ± 15.72 54.00 ± 8.18 �0.01 0.65 �0.001 0.64 NS

CD8+ T cells 55.69 ± 10.88 43.09 ± 15.42 36.61 ± 8.12 �0.01 0.19 �0.001 0.64 NS

CD4−CD8− T cells 4.2 ± 2.34 6.18 ± 4.58 8.61 ± 4.94 NS �0.001 0.64 NS

CD4+CD8+ T cells 1.75 ± 1.9 1.16 ± 0.9 0.78 ± 0.34 NS �0.05 0.66 NS

Tregs 4.62 ± 2.1 3.95 ± 1.86 6.18 ± 1.31 NS �0.001 0.85 �0.001 0.15

Monocytes 1.85 ± 1.76 1.06 ± 1.19 1.58 ± 1.14 NS NS NS

Classical monocytes
(CD14+CD16−)

76.28 ± 16.2 76.19 ± 13.42 80.33 ± 14.62 NS NS NS

Intermediate
monocytes
(CD14+CD16low)

10.38 ± 6.69 12.6 ± 7.48 12.65 ± 9.25 NS NS NS

Nonclassical
monocytes
(CD14+CD16hi)

12.69 ± 13.72 10.22 ± 10.17 6.64 ± 5.80 NS NS NS

NK 4.79 ± 4.38 4.6 ± 3.51 11.85 ± 7.46 NS �0.001 0.15 �0.001 0.07

CD56dim NK cells 86.1 ± 13.22 84.13 ± 10.91 91.23 ± 6.46 NS NS NS

CD56bright NK cells 13.9 ± 13.22 15.87 ± 10.91 8.77 ± 6.46 NS NS NS

MyDCs 0.05 ± 0.06 0.04 ± 0.04 0.10 ± 0.05 NS �0.001 0.51 �0.001 0.16

pDCs 0.01 ± 0.01 0.02 ± 0.02 0.05 ± 0.03 NS �0.001 0.53 �0.001 0.83

Basophils 0.03 ± 0.06 0.04 ± 0.12 0.12 ± 0.12 NS �0.001 0.81 �0.01 0.54

CD127+ ILCs 0.43 ± 0.33 0.51 ± 0.44 0.94 ± 0.60 NS �0.001 0.79 �0.01 0.23

Data for monocytes, MyDCs, pDCs and basophils are expressed as a percentage of live CD45+ white blood cells. Data for B cells, T cells, NK cells and ILCs are expressed as a percentage
of live lymphocytes. Data for CD4+ T cells, CD8+ T cells, CD4+CD8+ T cells, CD4−CD8− T cells, Tregs, classical/intermediate/nonclassical monocytes, CD56dim NK cells and CD56bright NK
cells are expressed as a percentage of the parent cells. Data are shown as the mean ± standard deviation. p � 0.05 indicates statistical significance.
†active SLE versus inactive SLE.
‡active SLE versus HC.
§ inactive SLE versus HC.
HC: Healthy control; ILC: Innate lymphoid cell; MyDC: Myeloid dendritic cell; NK: Natural killer; NS: Not significant; pDC: Plasmacytoid dendritic cell; SLE: Systemic lupus erythematosus.
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Figure 2. Differences in basophils between patients with
and without lupus nephritis. The proportion of basophils was
decreased in patients with nephritis (n = 38) compared with
patients without nephritis (n = 22). Data are shown as the
mean ± standard deviation. p < 0.05 indicates statistical
significance.

tation rate and CRP level). Demographic, clinical and serological data of patients with and without nephritis are
summarized in Supplementary Table 3. Logistic regression analysis of positive variables in univariate analysis showed
that basophil proportions were significantly lower in patients with nephritis than in patients without nephritis (p =
0.018; Figure 2). The proportions of all immune cells in the present study showed no correlation with serological
features or inflammation markers of patients with SLE (data not shown).
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Discussion
SLE is a heterogeneous systemic disease characterized by a wide spectrum of serological features, clinical man-
ifestations and degrees of severity. A landmark report conducted to evaluate the blood transcriptomes of 158
patients with SLE indicated that patients were divided into seven groups based on their genotypes, and revealed
the molecular heterogeneity of SLE at the transcriptome level [23]. Another study used six eight-color panels with
flow cytometry to assess the cellular heterogeneity of active SLE and found that active SLE patients could be
divided into three subgroups based on T-cell heterogeneity [24]. It is clear that SLE is a complicated disease with
clinical, transcriptional and cellular heterogeneity, and not all patients share the same abnormalities [25]. Thus it is
difficult to develop effective targeted therapy for SLE. In the present study, to rapidly and conveniently conduct
comprehensive immunophenotyping of peripheral mononuclear cells, we established a single tube test for 14-color
flow cytometry to measure T cells, CD4+ T cells, CD8+ T cells, CD4−CD8− T cells, CD4+CD8+ T cells, Tregs,
B cells, NK cells, ILCs, basophils, MyDCs, pDCs, monocytes and classical/intermediate/nonclassical monocytes.

CD4−CD8− T cells are defined as CD3+CD4−CD8− T cells, which are Tregs that can downregulate immune
responses and are composed of three subsets: natural killer T (NKT) cells (TCRαβ+CD1d+CD4−CD8−), γδ T
cells (TCRγδ+) and double-negative T cells (TCRαβ+CD4−CD8−) [26]. A previous study revealed that expanded
double-negative T cells infiltrated the kidney in patients with LN and produced inflammatory cytokine IL-17 [6].
The results showed that NKT cells were deficient in patients with SLE compared with healthy controls, and
regulated the balance between Th1 and Th2 cells in SLE [27]. γδ T cells, accounting for 5–10% of total T cells, can
secrete various types of cytokines (e.g., IFN-γ, IL-10 and IL-17) and can help B cells to produce antibodies [28].
The numbers of γδ T cells were decreased in the peripheral blood of patients with SLE compared with those in
healthy controls [28]. These results demonstrate that CD4−CD8− T-cell subsets are diverse and play different roles
in SLE. In the present study we found that total CD4−CD8− T-cell proportions were decreased in patients with
SLE, but additional experiments are necessary to explore the immunophenotyping and alterations of CD4−CD8−

T cells in SLE.
ILCs are classified into two main groups: cytotoxic NK cells (CD127−) and noncytotoxic ILCs (CD127+) [12].

NK cells play a crucial role in infectious diseases and tumors by producing the immunoregulatory cytokine IFN-
γ [12]. Human NK cells can be divided into two subsets (CD56dim NK cells and CD56bright NK cells) based on
their relative expression of the adhesion molecule CD56 [21]. CD56dim NK cells are the major type of human NK
cells. CD56dim NK cells and CD56bright NK cells have different functions in cytotoxicity, cytokine production and
proliferation [21], and it remains unclear whether NK cells play a pathogenetic role in SLE. Previous studies have
shown that impaired cytotoxic function of NK cells and a decreased proportion of NK cells can be identified in
patients with SLE [13]. Consistent with these studies, we observed a decreased proportion of NK cells in patients in
SLE. Further studies are needed to explore how decreased NK cells are involved in the pathogenesis of SLE.

Two previous studies have observed increased proportions of ILCs in patients with SLE compared with pro-
portions in healthy controls, and in patients with active SLE compared with patients with inactive SLE [14,15]. In
contrast, the present study showed a decreased ILC proportion in patients with SLE. Additional studies in larger
and different cohorts are necessary to validate these opposing findings.

LN is one of the most frequent severe forms of organ involvement in SLE; it is a major cause of end-stage renal
disease and causes increased mortality and morbidity in patients with SLE [29]. Traditional serological biomarkers,
such as autoantibodies and complement level, cannot precisely predict flares of LN [30]. Basophils, as the least
abundant granulocytes, comprise <1% of circulating peripheral leukocytes [31]. Basophils play vital roles in allergic
inflammation and immunity against parasitic infections by expressing the high-affinity IgE receptor FcεRI [32].
Additionally, basophils are an important source of IL-4, a type 2 cytokine, which promotes antibody production
by B cells [32]. One study indicated that basophils contribute to LN development by promoting autoantibody
production and that LN-like disease was suppressed when basophils were depleted in a mouse model [33]. A
previous study of patients with biopsy-proven LN showed that basophil counts were decreased in patients with
nephritis compared with those in patients without nephritis and that basophil counts were negatively correlated
with pathological activity [34]. Based on previous and the current results, basophil counts or proportions may be a
biomarker of LN.

One limitation of this study was the small sample size. Thus large prospective studies are needed to confirm and
validate our findings.
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Conclusion & future perspective
In summary, we performed a feasible 14-color immunophenotyping of 1 ml peripheral blood from patients with
SLE and healthy controls by flow cytometry. We found that the proportions of CD4−CD8− T cells, NK cells and
ILCs were decreased in patients with SLE and that basophil proportions were decreased in patients with LN
compared with proportions in patients without LN. This 14-color immunophenotyping panel can be broadly used
in the clinic to rapidly determine and monitor the immune cellular compositions of autoimmune diseases. In the
future we plan to investigate the frequency of immune cell types and the absolute number of immune cells, including
neutrophil subsets/eosinophils, and the absolute number of basophils, and determine the possible correlation with
SLEDAI-2000.

Summary points

Background
• Systemic lupus erythematosus is a systemic autoimmune disease with various immune cellular alterations,

resulting in heterogeneous clinical features.
• Detecting and monitoring immune cell alterations via a workable immunophenotyping panel is needed in clinical

practice.
Materials & methods
• A cross-sectional, case–control study with sex- and age-matched patients and healthy controls was conducted.
• A 14-color flow cytometry panel was established to detect proportions of circulating immune mononuclear cells.
• Comparison and correlations between groups and between cellular proportions and other parameters were

investigated.
Results & discussion
• The proportions of CD4−CD8− T cells, natural killer cells and innate lymphoid cells were significantly decreased in

patients with systemic lupus erythematosus compared with those in healthy controls.
• A previous study of patients with biopsy-proven lupus nephritis showed that basophil counts were decreased in

patients with nephritis compared with those in patients without nephritis and that basophil counts were
negatively correlated with pathological activity.

• In the present study, basophil proportions were significantly lower in patients with nephritis than in patients
without nephritis.

Conclusion
• Basophil proportions or counts may be a potential biomarker of lupus nephritis.
• This 14-color immunophenotyping panel can be broadly used in clinical practice to determine and monitor

immune cellular compositions in patients with autoimmune disease.

Supplementary data

To view the supplementary data that accompany this paper please visit the journal website at: www.future-

science.com/doi/suppl/10.2144/fsoa-2020-0212

Author contributions

X Mo and Y Jiang designed the study. Y Jiang, J Chen and Y Liu acquired data. Y Jiang, H Xu and Y Zhao performed analyses and

discussed the results. Y Jiang and X Mo wrote the manuscript. All authors read and approved the final manuscript.

Financial & competing interests disclosure

This work was supported by the National Basic Research Program of China (to X Mo 2015CB942800) and the National Natural

Science Foundation of China (to X Mo 81361120381 and to CF 81402446). The authors have no other relevant affiliations or

financial involvement with any organization or entity with a financial interest in or financial conflict with the subject matter or

materials discussed in the manuscript apart from those disclosed.

No writing assistance was utilized in the production of this manuscript.

Ethical conduct of research

This work was approved by the Human Ethics Review Committee of West China Hospital, Sichuan University. Informed consent in

accordance with the Declaration of Helsinki was obtained from all participants.

future science group 10.2144/fsoa-2020-0212

http://www.future-science.com/doi/suppl/10.2144/fsoa-2020-0212


Research Article Jiang, Chen, Zhao, Liu, Xu & Mo

Open access

This work is licensed under the Creative Commons Attribution 4.0 License. To view a copy of this license, visit http://creativecomm

ons.org/licenses/by/4.0/

References
1. Tsokos GC. Systemic lupus erythematosus. N. Engl. J. Med. 365(22), 2110–2121 (2011).

2. Morel L. Immunometabolism in systemic lupus erythematosus. Nat. Rev. Rheumatol. 13(5), 280–290 (2017).

3. Sanz I, Lee FE. B cells as therapeutic targets in SLE. Nat. Rev. Rheumatol. 6(6), 326–337 (2010).

4. Crispin JC, Kyttaris VC, Terhorst C, Tsokos GC. T cells as therapeutic targets in SLE. Nat. Rev. Rheumatol. 6(6), 317–325 (2010).

5. Blanco P, Pitard V, Viallard JF, Taupin JL, Pellegrin JL, Moreau JF. Increase in activated CD8+ T lymphocytes expressing perforin and
granzyme B correlates with disease activity in patients with systemic lupus erythematosus. Arthritis Rheum. 52(1), 201–211 (2005).

6. Crispin JC, Oukka M, Bayliss G et al. Expanded double negative T cells in patients with systemic lupus erythematosus produce IL-17
and infiltrate the kidneys. J. Immunol. 181(12), 8761–8766 (2008).

7. Ugarte-Gil MF, Sanchez-Zuniga C, Gamboa-Cardenas RV et al. Circulating CD4+ CD28null and extra-thymic CD4+ CD8+ double
positive T cells are independently associated with disease damage in systemic lupus erythematosus patients. Lupus 25(3), 233–240 (2016).

8. Mistry P, Nakabo S, O’Neil L et al. Transcriptomic, epigenetic, and functional analyses implicate neutrophil diversity in the pathogenesis
of systemic lupus erythematosus. Proc. Natl Acad. Sci. USA 116(50), 25222–25228 (2019).

9. Mistry P, Kaplan MJ. Cell death in the pathogenesis of systemic lupus erythematosus and lupus nephritis. Clin. Immunol. 185, 59–73
(2017).

10. Pellefigues C, Charles N. The deleterious role of basophils in systemic lupus erythematosus. Curr. Opin. Immunol. 25(6), 704–711
(2013).

11. Morawski PA, Bolland S. Expanding the B cell-centric view of systemic lupus erythematosus. Trends Immunol. 38(5), 373–382 (2017).

12. Artis D, Spits H. The biology of innate lymphoid cells. Nature 517(7534), 293–301 (2015).

13. Hervier B, Beziat V, Haroche J et al. Phenotype and function of natural killer cells in systemic lupus erythematosus: excess
interferon-γ production in patients with active disease. Arthritis Rheum. 63(6), 1698–1706 (2011).

14. Chu H, Fang X, Tan Z et al. [Correlation between the changes of innate lymphoid cells in peripheral blood of systemic lupus
erythematosus and its clinical significance]. Zhonghua Yi Xue Za Zhi 99(3), 169–173 (2019).

15. Hou M, Liu S. Innate lymphoid cells are increased in systemic lupus erythematosus. Clin. Exp. Rheumatol. 37(4), 676–679 (2019).

16. Hochberg MC. Updating the American College of Rheumatology revised criteria for the classification of systemic lupus erythematosus.
Arthritis Rheum. 40(9), 1725 (1997).

17. Gladman DD, Ibanez D, Urowitz MB. Systemic lupus erythematosus disease activity index 2000. J. Rheumatol. 29(2), 288–291 (2002).

18. Bertolo M, Baumgart S, Durek P et al. Deep phenotyping of urinary leukocytes by mass cytometry reveals a leukocyte signature for early
and non-invasive prediction of response to treatment in active lupus nephritis. Front. Immunol. 11, 256 (2020).

19. Lambert C, Preijers F, Yanikkaya Demirel G, Sack U. Monocytes and macrophages in flow: an ESCCA initiative on advanced analyses of
monocyte lineage using flow cytometry. Cytometry B Clin. Cytom. 92(3), 180–188 (2017).

20. Sprangers S, De Vries TJ, Everts V. Monocyte heterogeneity: consequences for monocyte-derived immune cells. J. Immunol. Res. 2016,
1475435 (2016).

21. Cooper MA, Fehniger TA, Caligiuri MA. The biology of human natural killer-cell subsets. Trends Immunol. 22(11), 633–640 (2001).

22. Hazenberg MD, Spits H. Human innate lymphoid cells. Blood 124(5), 700–709 (2014).

23. Banchereau R, Hong S, Cantarel B et al. Personalized immunomonitoring uncovers molecular networks that stratify lupus patients. Cell
165(6), 1548–1550 (2016).

24. Kubo S, Nakayamada S, Yoshikawa M et al. Peripheral immunophenotyping identifies three subgroups based on T cell heterogeneity in
lupus patients. Arthritis Rheumatol. 69(10), 2029–2037 (2017).

25. Mohan C, Putterman C. Genetics and pathogenesis of systemic lupus erythematosus and lupus nephritis. Nat. Rev. Nephrol. 11(6),
329–341 (2015).

26. Hillhouse EE, Lesage S. A comprehensive review of the phenotype and function of antigen-specific immunoregulatory double negative T
cells. J. Autoimmun. 40, 58–65 (2013).

27. Chen J, Wu M, Wang J, Li X. Immunoregulation of NKT cells in systemic lupus erythematosus. J. Immunol. Res. 2015, 206731 (2015).

28. Wu M, Yang J, Li X, Chen J. The role of γδ T cells in systemic lupus erythematosus. J. Immunol. Res. 2016, 2932531 (2016).

29. Kronbichler A, Brezina B, Gauckler P, Quintana LF, Jayne DRW. Refractory lupus nephritis: when, why and how to treat. Autoimmun.
Rev. 18(5), 510–518 (2019).

10.2144/fsoa-2020-0212 Future Sci. OA (2021) FSO690 future science group

http://creativecommons.org/licenses/by/4.0/


Basophils as a potential marker of lupus nephritis by flow cytometry Research Article

30. Illei GG, Tackey E, Lapteva L, Lipsky PE. Biomarkers in systemic lupus erythematosus: II. Markers of disease activity. Arthritis Rheum.
50(7), 2048–2065 (2004).

31. Oetjen LK, Noti M, Kim BS. New insights into basophil heterogeneity. Semin. Immunopathol. 38(5), 549–561 (2016).

32. Karasuyama H, Yamanishi Y. Basophils have emerged as a key player in immunity. Curr. Opin. Immunol. 31, 1–7 (2014).

33. Dema B, Lamri Y, Pellefigues C et al. Basophils contribute to pristane-induced lupus-like nephritis model. Sci. Rep. 7(1), 7969 (2017).

34. Liang P, Tang Y, Lin L et al. Low level of circulating basophil counts in biopsy-proven active lupus nephritis. Clin. Rheumatol. 37(2),
459–465 (2018).

future science group 10.2144/fsoa-2020-0212



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PPG Indesign CS4_5_5.5'] [Based on 'PPG Indesign CS3 PDF Export'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 600
        /LineArtTextResolution 2400
        /PresetName (Pureprint flattener)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.835590
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


