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A B S T R A C T   

It is well established that increased peripheral helper T cells (TPH) and follicular helper T cells 
(TFH) was found in systemic lupus erythematosus (SLE) patients. However, the expression pat
terns and immunomodulatory roles of TIGIT and PD1 on TPH/TFH in SLE are poorly understood. 
The expression patterns of TIGIT and PD1 on TPH and TFH cells were examined using flow 
cytometry and their expression patterns in SLE patients were then further evaluated for their 
correlation with auto-antibodies, disease activity and severity, B cell differentiation. Logistic 
regression was used to analyze the risk factors. And the receiver operating characteristic curves 
and logistic regression model were created to evaluate the predicting role in SLE. 
TIGIT±PD1+TPH, TIGIT±PD1+TFH cells in the peripheral blood of SLE patients were upregulated, 
whereas TIGIT+PD1− TFH was downregulated. TIGIT ± PD1+TPH, TIGIT ± PD1+TFH cells posi
tively correlated with auto-antibodies production, disease activity and severity, whereas 
TIGIT+PD1− TFH cells negatively correlated. TIGIT ± PD1+TPH, TIGIT− PD1+TFH were positively 
correlated with the frequency of plasmablasts. Furthermore, higher TIGIT+PD1+TPH and 
TIGIT+PD1+TFH were shown to be risk factors for SLE, whereas TIGIT+PD1− TFH was found to be 
a protective factor, according to logistic regression analysis. A further logistic regression model 
showed that combination of TPH/TFH and routine blood indicators may has potential predicting 
value for SLE, with AUC of 0.957. The increased TIGIT ± PD1+TPH, increased TIGIT ± PD1+TFH, 
decreased TIGIT+PD1− TFH correlates with disease severity and activity, may boost our com
prehending of the role of TIGIT and PD1 on TPH/TFH in SLE, and a logistic regression model 
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based on combination of TPH/TFH and routine blood indicators shows prominent value for 
predicting SLE.   

Article headings 

TIGIT and PD1 expression on TPH/TFH in SLE. 

Significance paragraph 

It is well-known that increased peripheral helper T cells (TPH) and follicular helper T cells (TFH) was found in patients with 
systemic lupus erythematosus (SLE). However, the expression patterns and immunomodulatory roles of TIGIT and PD1 on TPH/TFH in 
SLE are poorly understood. This is the first report on the expression intensity and pattern of TIGIT and PD1 on TPH/TFH in SLE. 
Additionally, our research established correlation between TIGIT±PD1+TPH, TIGIT±PD1+TFH, TIGIT+PD1− TFH and disease activity 
and severity in SLE, which might improve our understanding of the role of TIGIT and PD1 on TPH/TFH in SLE. Moreover, combination 
of TPH/TFH and routine blood indicators may has potential predicting value for SLE. 

1. Introduction 

Systemic lupus erythematosus (SLE) is a disease of broad autoimmunity characterized by producing a variety of pathogenic au
toantibodies and immune-complex-mediated multiple organs and systems damage [1]. Despite overall improvement in the care of SLE 
patients and an increase in survival rates of SLE patients, its prognosis remains unsatisfactory. Though, there have been many re
searches trying to illuminate the pathogenesis of SLE, the precise etiopathogenesis remains unclear, which is the reason of diagnosis, 
treatment and prognosis remains unsatisfactory in SLE [1,2]. Thus, the research of precise etiopathogenesis, early and accurate 
diagnosis and proper treatment are urgently requisite, which could dramatically change the unpredictable course of SLE and improve 
the long-term survival. 

The auto-reactive B and T cells activation is a mark of lupus pathology and their abnormal functions might contribute to auto- 
antibodies production in SLE, which thought to play a pivotal role in the pathogenesis of SLE [3]. It is widely recognized that 
follicular helper T (TFH) cells, a subset of helper T cells that express C-X-C motif chemokine receptor type 5 (CXCR5), possess the 
capacity to facilitate the B cell-mediated immunoreaction and regulate the formation of germinal centre in the secondary lymphoid 
organs through IL-21 production. Several evidences have demonstrated SLE patients had upregulated TFH cells [4–6] and their rising 
percentage in peripheral blood correlated with disease activity and severity. Although many studies have shown that some 
co-stimulatory molecules can be expressed on TFH cells, the most well-researched and established one is programmed death 1 (PD-1) 
[7]. T-cell immunoreceptor with Ig and immunoreceptor tyro-sine-based inhibitory domains (TIGIT) is a newly discovered negative 
costimulatory molecule that can be expressed in TFH cells in recent years, and data suggest the TIGIT-positive TFH cells promote 
strong B-cell help and ensuing immunoglobulin G production [8]. In addition, TIGIT and PD-1 can be used to characterize the 
phenotype and function of TFH subsets in healthy volunteer donors and in a group of chronically transfused sickle cell alloimmuni
zation patients. However, the co-expression of TIGIT and PD1 on TFH in SLE patients and the predictive role in SLE are unknown. 

It has been reported that another subset of CD4+Th cells, called peripheral helper T (TPH) cells with a capacity to promoted B cell 
differentiation and antibody production were observed in SLE [9–11] and other autoimmune disease [12]. TPH cells in the RA 
synovium express PD-1 and inducible TIGIT, as well as IL-21 and C-X-C motif chemokine 13, similar to TFH cells, but they do not have 
CXCR5 [13]. However, the expression of TIGIT on TPH, the co-expression of TIGIT and PD1 on TPH in SLE patients, and their role in 
the pathogenesis and predicting of SLE are unknown. 

It is generally accepted that patients with SLE have greater quantities of follicular helper T cells (TFH) and peripheral helper T cells 
(TPH). However, the expression patterns and immunomodulatory roles of TIGIT and PD1 on TPH/TFH in SLE are poorly understood. 
This is the first report on the expression intensity and pattern of TIGIT and PD1 on TPH/TFH in SLE. Additionally, our research 
established correlation between TIGIT±PD1+TPH, TIGIT±PD1+TFH, TIGIT+PD1− TFH and disease activity and severity in SLE, which 
might improve our understanding of the role of TIGIT and PD1 on TPH/TFH in SLE. Moreover, combination of TPH/TFH and routine 
blood indicators may has potential predicting value for SLE. 

2. Materials and methods 

2.1. Patient variables 

Subject patients (n = 82) for the present study were consecutively recruited between November 2017 and September 2019 at the 
First Affiliated Hospital of Nanchang University. Diagnosis of SLE was performed according to the revised American College of 
Rheumatology criteria for SLE [14]. Those SLE patients accompanied by other disorder were excluded. Among them, 24 patients were 
new-onset and the subjects not yet use immunosuppressants and/or corticosteroids before enrollment. Other subjects were re-visiting 
SLE receiving drug. Then, 9 SLE subjects were administered with immunosuppressants and/or corticosteroids for at least one week 
according to therapeutic schedules. Disease activity was assessed by the SLE disease activity index (SLEDAI) [15]. The information on 
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SLEDAI, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), white and red blood cell counts (WBC, RBC), hemoglobin 
(HGB), hematocrit (HCT), platelet count (PLT), lymphocyte counts (L) and percentages (L%), monocyte counts (M) and percentages (M 
%), neutrophil counts (N) and percentages (N%), neutrophil-to-lymphocyte ratio (NLR), derived neutrophil-lymphocyte ratio (dNLR), 
platelet-to-lymphocyte ratio (PLR), lymphocyte-to-monocyte ratio (LMR), systemic immune-inflammation index (SII), immunoglob
ulin G (IgG), complement 3 (C3), complement 3 (C4), antinuclear antibodies (ANA), anti-double-stranded DNA (anti-dsDNA), 
anti-nuclear ribonucleoprotein/Smith antibody (anti-nRNP/Sm), anti-ribosome RNP antibody (anti-RIB-P), anti-Smith antibody 
(anti-Sm), anti-sjögren syndrome A antigen antibody (anti-SSA), anti-sjögren syndrome B antigen antibody (anti-SSB), 
anti-nucleosome (ANUA) and clinical symptoms was collected. In addition, 48 matched healthy controls (HC) without diagnosis of 
other chronic and serious illness were enrolled from the First Affiliated Hospital of Nanchang University during the same period. The 
demographic characteristics of 82 SLE subjects and 48 matched HC were presented in Table 1. All study protocols complied with the 
principles outlined in the Declaration of Helsinki and were approved by the Ethics Committee of the First Affiliated Hospital of 
Nanchang University (（2022）CDYFYYLK(06-005)). 

2.2. Collection of PBMCs and flow cytometry analysis 

To isolate PBMC for analyses, fasting blood (≈3 ml) was collected from the elbow vein into EDTA-coated and the PBMC then 
isolated using previously-reported protocols [16]. cell concentrations were determinated of in each isolated sample, followed by 
analyzed immediately for the frequency and phenotype of TPH cells, TFH cells and plasmablasts, using flow cytometry. The antibodies 
for flow cytometry were used: phycoerythrin-Texas Red (ECD)-conjugated anti-CD4 (SFCI12T4D11 clone, BD Biosciences, San Diego, 
CA, USA), phycoerythrin-Cyanin 7 (PC7)-conjugated anti-CXCR5 (MU5UBEE clone, e Bioscience, San Diego, CA, USA), phycoerythrin 

Table 1 
Clinical details and conventional indexs of subjects with SLE and HC.  

Categories SLE (n = 82) HC (n = 48) 

Females, % (n/total n) 91.46 (75/82) 89.58(43/48) 
Age, years, (mean ± S.D.) 37.28 ± 12.88 41.23 ± 10.19 
SLEDAI score, (mean ± S.D.) 8.52 ± 5.12  
ANA (+,>1:1000), % (n/total n) 44.68 (21/47) – 
Anti-dsDNA (IU/mL), (mean ± S.D.) 156.13 ± 274.60 – 
Anti-ENA  – 
Anti-Sm, % (n/total n) 28.81(17/59) – 
Anti-rRNP/Sm, % (n/total n) 54.24 (32/59) – 
Anti-RIB-P, % (n/total n) 28.81 (17/59) – 
ANUA, % (n/total n) 33.90 (20/59) – 
Anti-SSA, % (n/total n) 62.71 (37/59) – 
Anti-SSB, % (n/total n) 18.64 (11/59) – 
C3 (g/L), (mean ± S.D.) 0.61 ± 0.25 – 
C4 (g/L), (mean ± S.D.) 0.14 ± 0.08 – 
IgG (g/L), (mean ± S.D.) 17.23 ± 9.83 – 
ESR (mm/h), (mean ± S.D.) 49.45 ± 37.02 – 
CRP (mg/L), (mean ± S.D.) 19.09 ± 36.69 – 
WBC (109/L), (mean ± S.D.) 6.14 ± 2.99 5.78 ± 1.30 
RBC (1012/L), (mean ± S.D.) 3.83 ± 0.86* 4.55 ± 0.28 
HGB (g/L), (mean ± S.D.) 110.26 ± 24.74* 136.78 ± 9.43 
HCT (L/L), (mean ± S.D.) 0.34 ± 0.07* 0.42 ± 0.03 
PLT (109/L), (mean ± S.D.) 200.73 ± 98.06* 254.94 ± 50.88 
L (109/L), (mean ± S.D.) 1.32 ± 0.81* 1.99 ± 0.46 
L %, (mean ± S.D.) 23.24 ± 10.75* 34.85 ± 5.86 
M (109/L), (mean ± S.D.) 0.44 ± 0.20* 0.36 ± 0.11 
M%, (mean ± S.D.) 7.82 ± 3.15* 6.14 ± 1.38 
N (109/L), (mean ± S.D.) 4.34 ± 2.69 3.30 ± 0.93 
N%, (mean ± S.D.) 67.93 ± 12.38* 56.62 ± 5.96 
NLR, (mean ± S.D.) 4.68 ± 6.31* 1.70 ± 0.50 
dNLR, (mean ± S.D.) 2.99 ± 2.95* 1.35 ± 0.35 
PLR, (mean ± S.D.) 195.03 ± 129.51* 133.42 ± 34.63 
LMR, (mean ± S.D.) 3.49 ± 2.65* 5.98 ± 1.76 
SII, (mean ± S.D.) 887.04 ± 1001.55* 432.21 ± 140.35 
Clinical features 
Fever, % (n/total n) 4.88(4/82) – 
Cutaneous manifestations, % (n/total n) 29.27(24/82) – 
Arthritis, % (n/total n) 36.59(30/82) – 
Effusion, % (n/total n) 19.51(16/82) – 
Alopecia, % (n/total n) 7.32(6/82) – 
RI, % (n/total n) 45.12(37/82) – 
Ulcer, % (n/total n) 3.66(3/82) – 

According to the normality, the t-test or the nonparametric Mann-Whitney test was used to analyze the data. P < 0.05 was 
considered as statistically significant. 
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Fig. 1. TIGIT±PD1+TPH and TIGIT±PD1+TFH cells in the peripheral blood of SLE patients and HC 
(A) Example of gating of TPH/TFH cells with different expression of TIGIT and PD-1 by flow cytometry analysis. (B) The frequency of 
TIGIT+PD1− TPH, TIGIT+PD1+TPH and TIGIT− PD1+TPH in the peripheral blood of SLE patients and HC (n = 82 SLE, n = 48 HC; n = 1 experiment). 
(C) The MFI for TIGIT on TIGIT+PD1− TPH, TIGIT+PD1+TPH and the MFI for PD1 on TIGIT+PD1+TPH, TIGIT− PD1+TPH in the peripheral blood of 
SLE patients and HC (n = 82 SLE, n = 48 HC; n = 1 experiment). (D) The frequency of TIGIT+PD1− TFH, TIGIT+PD1+TFH and TIGIT− PD1+TFH in 
the peripheral blood of SLE patients and HC (n = 72 SLE, n = 47 HC; n = 1 experiment). (E) The MFI for TIGIT on TIGIT+PD1− TFH, 
TIGIT+PD1+TFH and PD1 on TIGIT+PD1+TFH, TIGIT− PD1+TFH in the peripheral blood of SLE patients and HC (n = 72 SLE, n = 47 HC; n = 1 
experiment). (F) The MFI for TIGIT on TPH (TIGIT+PD1-, TIGIT+PD1+) and TFH (TIGIT+PD1-, TIGIT+PD1+) in HC (n = 48 TPH, n = 47 TFH; n = 1 
experiment), the MFI for PD1 on TPH (TIGIT+PD1+, TIGIT− PD1+) and TFH (TIGIT+PD1+, TIGIT− PD1+) in HC (n = 48 TPH, n = 47 TFH; n = 1 
experiment). (G)The MFI for TIGIT on TPH (TIGIT+PD1-, TIGIT+PD1+) and TFH (TIGIT+PD1-, TIGIT+PD1+) in SLE (n = 82 TPH, n = 72 TFH; n = 1 
experiment), the MFI for PD1 on TPH (TIGIT+PD1+, TIGIT− PD1+) and TFH (TIGIT+PD1+, TIGIT− PD1+) in SLE (n = 82 TPH, n = 72 TFH; n = 1 
experiment). Data were acquired by flow cytometry in (A–G). (B–E) depict Box whiskers: Min to Max, (F–G) depict mean ± SEM. Significance 
determined by Mann-Whitney U test comparing HC versus SLE in (B), the MFI for PD1 (C), TIGIT+PD1+TFH/TIGIT− PD1+TFH (D), TIGIT on 
TIGIT+PD1+TFH/PD1 on TIGIT− PD1+TFH(E) and Student’s t-test (unpaired t-test) comparing HC versus SLE in the MFI for TIGIT (C), 
TIGIT+PD1− TFH (D), TIGIT on TIGIT+PD1− TFH/PD1 on TIGIT+PD1+TFH(E). Significance determined by Mann-Whitney U test comparing TPH 
versus TFH in (F–G). 
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(PE)-conjugated anti-TIGIT (MBSA43 clone, e Bioscience, San Diego, CA, USA), fluorescein isothiocyanate (FITC)-conjugated anti-PD1 
(MIH clone, e Bioscience, San Diego, CA, USA). Briefly, 50 μL of fresh PBMCs (5 × 105) were incubated simultaneously with 5 μL 
ECD-conjugated anti-CD4, 5 μL PC7-conjugated anti-CXCR5, 5 μL PE-conjugated anti-TIGIT and 5 μL FITC-conjugated anti-PD1 for 30 
min in the dark on ice. PBMC incubated with PE- and FITC- conjugated mouse IgG were used as isotype controls. Subsequently, After 
careful staining, cells were analyzed with a CYTOMICS FC 500 flow cytometer and CXP software programs (Beckman Coulter Inc., 
Brea, CA, USA). 

2.3. Statistical analysis 

All data are expressed in terms of means ± SE. For the analyses, a Student’s t-test (unpaired t-test) or a Mann-Whitney U test was 
performed to identify statistical differences among groups according to the normality. The paired t-test was performed to evaluate the 
TIGIT/PD1 changes on TPH/TFH in treatment. The Spearman method was used for correlation analysis. Univariate and multivariate 
analysis were used for risk factors analysis. Receiver operating characteristic (ROC) curves were builded to predict the diagnostic value 
for TIGIT/PD1 expression on TPH/TFH and routine blood indicators. Binary logistic regression was used to calculate the probability of 
combination indicators. Based on probability of logistic regression, ROC curve analysis also used to explore the predict value of 
combination of TIGIT/PD1 expression on TPH/TFH and routine blood indicators. SPSS v.17.0 (SPSS Inc., Chicago, IL) and Prism v.5.0 
(GraphPad, San Diego, CA) software were used for data analysis. P-value ≤0.05 was considered as statistically significant. 

3. Results 

3.1. TIGIT±PD1+TPH and TIGIT±PD1+TFH cells in the peripheral blood of SLE patients were increased 

Firstly, we explored the frequencies of TPH cells and TFH cells in the peripheral blood of SLE patients by flow cytometry analysis. TPH 
cells were termed as CXCR5− CD4+cells with expression of PD-1 or TIGIT and TFH cells were termed as CXCR5+CD4+cells with 
expression of PD-1 or TIGIT as described previously [5]. As shown in Fig. 1A, we identified the TIGIT+PD1− CXCR5− CD4+T cells 
(TIGIT+PD1− TPH), TIGIT+PD1+CXCR5− CD4+T cells (TIGIT+PD1+TPH), TIGIT− PD1+CXCR5− CD4+T cells (TIGIT− PD1+TPH) and 
TIGIT+PD1− CXCR5+CD4+T cells (TIGIT+PD1− TFH), TIGIT+PD1+CXCR5+CD4+T cells (TIGIT+PD1+TFH), TIGIT− PD1+CXCR5+CD4+T 
cells (TIGIT− PD1+TFH) in SLE patients and HC. Compared with HC, SLE patients demonstrated increased frequencies of TIGIT+PD1− TPH 
(P = 0.0238) (Fig. 1B), TIGIT+PD1+TPH (P < 0.0001) (Fig. 1B), TIGIT− PD1+TPH (P = 0.0410) (Fig. 1B). The mean fluorescence intensity 
(MFI) for TIGIT and PD1 expression on these TPH were significantly higher as compared with HC (all P < 0.0100) (Fig. 1C). And, the 
frequencies of TIGIT+PD1+TFH (P = 0.0030) (Fig. 1D), TIGIT− PD1+TFH (P = 0.0009) (Fig. 1D) were noticeably higher, while the 
frequency of TIGIT+PD1− TFH was clearly lower in SLE patients than HC (P = 0.0007) (Fig. 1D). The MFI for PD1 expression on these TFH 
were substantially higher as compared with HC (all P < 0.0010) (Fig. 1E), but the MFI for TIGIT expression on these TFH did not differ 

Fig. 2. TIGIT±PD1+TPH cells were associated with disease activity index in SLE patients 
(A-B) Correlation of (A) the frequency of TIGIT+PD1+TPH and (B) the frequency of TIGIT− PD1+TPH with C3 (n = 77C3; n = 1 experiment). (C) 
Correlation of the frequency of TIGIT+PD1+TPH with LMR (n = 82 LMR; n = 1 experiment). (D–E) Association of (D) the frequency of 
TIGIT+PD1+TPH and (E) the frequency of TIGIT+PD1− TPH with treatment (n = 9 treatment; n = 1 experiment). Data were acquired by flow 
cytometry in (A–E). Symbols represent individual donors in (A–E). Spearman correlation coefficient (rs) shown in (A–C). Significance determined by 
paired t-test comparing before treatment versus after treatment in (D–E). 
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between the two groups (all P > 0.0500) (Fig. 1E). Interestingly, the MFI for TIGIT and PD1 expression on these TFH were considerably 
higher as compared with these TPH cells in HC (all P < 0.0500) (Fig. 1F) and SLE patients (all P < 0.0001) (Fig. 1G), in addition to the MFI 
for TIGIT expression between TIGIT+PD1− TFH and TIGIT+PD1− TPH in SLE patients (P = 0.0595) (Fig. 1G). 

3.2. TIGIT±PD1+TPH and TIGIT±PD1+TFH cells were associated with disease activity index in SLE patients 

The clinical indicators related to disease activity index (ESR, CRP, IgG, C3, C4, treatment and clinical symptoms) were collected and 
the SLEDAI of all SLE patients were figured up, and the relevance between this data set and these TPH and TFH were analyzed. As 
shown in Fig. 2, there was a moderate correlation between the frequency of TIGIT+PD1+TPH and C3 (rs = − 0.3195, P = 0.0046) 
(Fig. 2A), there was a weak correlation between the frequency of TIGIT+PD1+TPH and LMR (rs = − 0.2209, P = 0.0461) (Fig. 2B), and 
the frequency of TIGIT+PD1+TPH in SLE patients with treatment was decreased than those prior to treatment (P = 0.0078) (Fig. 2C), 
there was only a weak correlation between the frequency of TIGIT− PD1+TPH and C3 (rs = − 0.2366, P = 0.0381) (Fig. 2D), whereas the 
frequency of TIGIT+PD1− TPH increased following treatment (P = 0.0195) (Fig. 2E). Moreover, there was a moderate or weak cor
relation between the MFI for PD1 expression on TIGIT+PD1+TPH and disease activity index in SLE patients including C3, CRP, RBC, 
HGB, HCT, LMR, renal involvement, treatment (supplement Fig. 1A-1H), the MFI for TIGIT expression on TIGIT+PD1+TPH were 
associated with C3, anti-SSB (supplement Fig. 1I and 1J), there was a weak correlation between the MFI for PD1 expression on 
TIGIT− PD1+TPH and disease activity index in SLE patients including CRP, RBC, renal involvement (supplement Fig. 1K-1M). 

The relevance between clinical indicators and TFH subgroup based on TIGIT and PD1 expression showed that there was a weak 
correlation between the frequency of TIGIT+PD1+TFH and WBC (rs = − 0.2653, P = 0.0243) (Fig. 3A), the frequency of 
TIGIT+PD1+TFH was significantly increased in SLE patients with positive anti-rRNP/Sm (P = 0.0189) (Fig. 3B). There was a weak 
correlation between the frequency of TIGIT− PD1+TFH and with C3 (rs = − 0.2843, P = 0.0188) (Fig. 3C), the frequency of 

Fig. 3. TIGIT±PD1+TFH cells were associated with disease activity index in SLE patients 
(A) Correlation of the frequency of TIGIT− PD1+TFH with C3 (n = 68C3; n = 1 experiment). (B) Correlation of the frequency of TIGIT+PD1+TFH 
with WBC (n = 72 WBC; n = 1 experiment). (C) The frequency of TIGIT− PD1+TFH was significantly increased in SLE patients with ANA titer >1000 
than ANA titer <1000 (n = 22 ANA titer<1000, n = 20 ANA titer>1000; n = 1 experiment). (D–E) The frequency of (D)TIGIT+PD1+TFH and (E) 
TIGIT− PD1+TFH in SLE patients were different between positive anti-rRNP/Sm and negative anti-rRNP/Sm (n = 29 positive anti-rRNP/Sm, n = 26 
negative anti-rRNP/Sm; n = 1 experiment). (F) The frequency of TIGIT− PD1+TFH was significantly increased in SLE patients with positive anti-RIB- 
P (n = 15 positive anti-RIB-P, n = 40 negative anti-RIB-P; n = 1 experiment). (G) Correlation of the frequency of TIGIT+PD1− TFH with C3 (n =
68C3; n = 1 experiment). (H) Correlation of the frequency of TIGIT+PD1− TFH with HCT (n = 72 HCT; n = 1 experiment). (I) The frequency of 
TIGIT+PD1− TFH was significantly decreased in new-onset than re-visiting SLE patients (n = 24 new-onset, n = 48 re-visiting; n = 1 experiment). (J) 
The frequency of TIGIT+PD1− TFH was significantly decreased in SLE patients with ANA titer = 1000 than ANA titer <1000 (n = 22 ANA 
titer<1000, n = 20 ANA titer = 1000; n = 1 experiment). K: The frequency of TIGIT+PD1− TFH was significantly decreased in SLE patients with 
positive anti-RIB-P (n = 15 positive anti-RIB-P, n = 40 negative anti-RIB-P; n = 1 experiment). Data were acquired by flow cytometry in (A–K). (C–F, 
I–K) depict mean ± SEM. Symbols represent individual donors in (A–K). Spearman correlation coefficient (rs) shown in (A-B, G-H). Significance 
determined by Mann-Whitney U test comparing ANA titer<1000 versus = 1000 in (C), comparing positive anti-rRNP/Sm versus negative anti-rRNP/ 
Sm in (E), comparing positive anti-RIB-P versus negative anti-RIB-P in (F). Significance determined by Student’s t-test (unpaired t-test) comparing 
positive anti-rRNP/Sm versus negative anti-rRNP/Sm in (D), comparing new-onset versus re-visiting SLE patients in (I), comparing ANA titer<1000 
versus = 1000 in (J), comparing positive anti-RIB-P versus negative anti-RIB-P in (K). 
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TIGIT− PD1+TFH was significantly increased in SLE patients with ANA titer = 1000 (P = 0.0219) (Fig. 3D), positive anti-rRNP/Sm (P =
0.0063) (Fig. 3E), positive anti-RIB-P (P = 0.0211) (Fig. 3F), while there was a moderate correlation between the frequency of 
TIGIT+PD1− TFH and C3 (rs = 0.3087, P = 0.0104) (Fig. 3G), there was a weak correlation between the frequency of TIGIT+PD1− TFH 
and HCT (rs = 0.2423, P = 0.0403) (Fig. 3H), the frequency of TIGIT+PD1− TFH was significantly decreased in new-onset SLE patients 
(P = 0.0020) (Fig. 3I), SLE patients with ANA titer = 1000 (P = 0.0343) (Fig. 3J) and SLE patients with positive anti-RIB-P (P = 0.0012) 
(Fig. 3K). Moreover, there was a moderate or weak correlation between the MFI of PD1 expression on TIGIT+PD1+TFH and disease 
activity index in SLE patients including C3, ESR, CRP, SLEDAI, RBC, HGB, HCT, NLR, LMR, treatment, anti-dsDNA (supplement 
Fig. 2A-2K), and there was a moderate or weak correlation between the MFI of PD1 expression on TIGIT− PD1+TFH were associated 
with CRP, HGB, HCT (supplement Fig. 2L-2N). 

Fig. 4. Association of B cell differentiation with autoantibodies production 
(A) Example of gating of plasmablasts and memory B cells by flow cytometry analysis. (B) The frequency of plasmablasts was significantly increased 
and the frequency of memory B cells was significantly decreased in SLE patients than HC(n = 47 SLE, n = 26 HC; n = 1 experiment). C: correlation of 
the frequency of plasmablasts with ANA titer (n = 30 ANA titer; n = 1 experiment). D: The frequency of plasmablasts was correlated with anti- 
dsDNA (n = 43 anti-dsDNA; n = 1 experiment). E: The frequency of plasmablasts was significantly increased in SLE patients with positive anti- 
rRNP/Sm, anti-ANUA and no difference between positive anti-Sm, anti-SSA, anti-SSB, anti-RIB-P (n = 18 positive anti-rRNP/Sm, n = 15 nega
tive anti-rRNP/Sm, n = 12 positive anti-ANUA, n = 21 negative anti-ANUA, n = 7 positive anti-Sm, n = 26 negative anti-Sm, n = 20 positive anti- 
SSA, n = 13 negative anti-SSA, n = 4 positive anti-SSB, n = 29 negative anti-SSB, n = 14 positive anti-RIB-P, n = 19 negative anti-RIB-P; n = 1 
experiment). Data were acquired by flow cytometry in (A–E). (B, E) depict mean ± SEM. Symbols represent individual donors in (C–E). Significance 
determined by Mann-Whitney U test comparing SLE versus HC in (B). Significance determined by Student’s t-test (unpaired t-test) comparing 
positive antibody versus negative antibody in (E). Spearman correlation coefficient (rs) shown in (C–D). 
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3.3. Association of TIGIT±PD1+TPH and TIGIT±PD1+TFH cells with B cell differentiation 

We identified plasmablasts and memory B cells as CD19+CD27+CD38+ cells and CD19+CD27+CD38− cells respectively (Fig. 4A). 
As shown in Fig. 4B, the frequency of plasmablasts was significantly increased (P < 0.0001) and the frequency of memory B cells was 
significantly decreased in SLE patients (P = 0.0007). Because plasmablasts were confirmed to help autoantibodies production, we 
explored the correlation of plasmablasts with ANA, anti-dsDNA and anti-ENA. And data showed that there was a moderate correlation 
between the frequency of plasmablasts and ANA titer (rs = 0.4316, P = 0.0172) (Fig. 4C), anti-dsDNA (r = 0.3072, P = 0.0451) 
(Fig. 4D), the frequency of plasmablasts was associated with anti-rRNP/Sm (P = 0.0054) (Fig. 4E), anti-ANUA (P = 0.0148) (Fig. 4E). 

Since evidence from previous report have confirmed that TPH and TFH cells could promote B cell differentiation, we investigated 
the relation of TIGIT±PD1+TPH and TIGIT±PD1+TFH cells with B cell populations. As shown in Fig. 5, there was a moderate corre
lation between the frequency of TIGIT+PD1+TPH (rs = 0.3070, P = 0.0358) (Fig. 5A), TIGIT− PD1+TPH (rs = 0.4467, P = 0.0016) 
(Fig. 5B), TIGIT− PD1+TFH (rs = 0.5711, P < 0.0001) (Fig. 5C) and the frequency of plasmablasts, whereas no correlation was found 
between the frequencies of TIGIT+PD1− TPH (rs = − 0.1241, P = 0.4060) (Fig. 5D), TIGIT+PD1+TFH (rs = 0.2116, P = 0.1629) 
(Fig. 5E), TIGIT+PD1− TFH (rs = − 0.2290, P = 0.1302) (Fig. 5F) between the frequency of plasmablasts. Moreover, there was a 
moderate correlation between the MFI for PD1 expression on TIGIT+PD1+TPH, TIGIT− PD1+TPH, TIGIT+PD1+TFH, TIGIT− PD1+TFH 
and the frequency of plasmablasts (supplement Fig. 3). 

3.4. TIGIT + PD1+TPH, TIGIT+PD1+TFH were risk factors and TIGIT+PD1− TFH was protective factor for SLE 

The above data manifested that the frequencies of TIGIT+PD1− TPH, TIGIT+PD1+TPH, TIGIT− PD1+TPH in SLE patients were 
increased and the frequencies of TIGIT+PD1+TPH, TIGIT− PD1+TPH were associated with disease activity and treatment. Thus, we 
investigated whether the frequencies of TIGIT+PD1− TPH, TIGIT+PD1+TPH, TIGIT− PD1+TPH were risk factors for SLE using uni
variate analyses and multivariate analyses. Firstly, univariate analyses was performed, and then the indicators with P value lower than 
0.05 from univariate analyses were selected as indicators for multivariate analyses. As shown in Table 2, based on univariate analyses 
and multivariate analyses, we found that the increased frequency of TIGIT+PD1+TPH was a risk factor for SLE (P = 0.0010), whereas 
the frequencies of TIGIT+PD1− TPH, TIGIT− PD1+TPH are not (P > 0.0500). 

Moreover, TFH cells can be divided into three groups (TIGIT+PD1-, TIGIT+PD1+ and TIGIT− PD1+) based on the expression of TIGIT 
and PD1. Considering that the increased frequency of TIGIT+PD1+TFH was positively associated with disease activity, auto-antibody 
production and the decreased frequency of TIGIT+PD1− TFH was negatively associated with disease activity, auto-antibody produc
tion, the univariate analyses and multivariate analyses were also used to explore whether the frequencies of TIGIT+PD1− TFH, 
TIGIT+PD1+TFH, TIGIT− PD1+TFH were risk factors for SLE. As shown in Table 2, based on univariate analyses and multivariate 

Fig. 5. Association of TIGIT±PD1+TPH and TIGIT ± PD1+TFH cells with B cell differentiation 
(A) Correlation of the frequency of TIGIT+PD1+TPH with the frequency of plasmablasts (n = 47 plasmablasts; n = 1 experiment). (B) Correlation of 
the frequency of TIGIT− PD1+TPH with the frequency of plasmablasts (n = 47 plasmablasts; n = 1 experiment). (C) Correlation of the frequency of 
TIGIT− PD1+TFH with the frequency of plasmablasts (n = 45 plasmablasts; n = 1 experiment). (D) Correlation of the frequency of TIGIT+PD1− TPH 
with the frequency of plasmablasts (n = 47 plasmablasts; n = 1 experiment). (E) Correlation of the frequency of TIGIT+PD1+TFH with the frequency 
of plasmablasts (n = 45 plasmablasts; n = 1 experiment). (F) Correlation of the frequency of TIGIT+PD1− TFH with the frequency of plasmablasts (n 
= 45 plasmablasts; n = 1 experiment). Data were acquired by flow cytometry in (A–F). Symbols represent individual donors in (A–F). Spearman 
correlation coefficient (rs) shown in (A–F). 
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analyses, the results demonstrated that the frequency of TIGIT+PD1− TFH was a protective factor for SLE (P = 0.0150), the frequency of 
TIGIT+PD1+TFH was a risk factor for SLE (P = 0.0120), whereas the frequency of TIGIT− PD1+TFH was not (P = 0.7800). 

3.5. Predictive value of combination of TPH, TFH and routine blood indicators in SLE patients 

The effect of these indexs with statistic difference on distinguishing between SLE patients and HC was further investigated. We used 
the Prism v.5.0 for Statistical Computing to generate ROC curves and then obtain AUC, P-value, ninety-five percent confidence in
tervals (95% CI), Sensitivity, Specificity, Cut-off. The data showed that four indexs (the frequency of TIGIT+PD1+TPH, PD1 MFI on 
TIGIT+PD1+TPH, PD1 MFI on TIGIT+PD1+TFH and PD1 MFI on TIGIT− PD1+TFH) had potential in predicting SLE patients from HC, 
with AUC higher than 0.800 (Table 3). Considering our limited number of patients, we used the four indicators with AUC higher than 
0.8 for binary logistic regression to assess the cumulative performances of the four indicators in distinguishing SLE patients from HC. 
Based on probability of binary logistic regression on the frequency of TIGIT+PD1+TPH, PD1 MFI on TIGIT+PD1+TPH, PD1 MFI on 
TIGIT+PD1+TFH and PD1 MFI on TIGIT− PD1+TFH, we established ROC curves to explore the predictive value and showed that the 
combination of the frequency of TIGIT+PD1+TPH, PD1 MFI on TIGIT+PD1+TPH, PD1 MFI on TIGIT+PD1+TFH and PD1 MFI on 
TIGIT− PD1+TFH could provide the better predicted accuracy with the AUC of 0.900 (95% CI: 0.837–0.962, P < 0.0001, sensitivity: 
80.56%, specificity: 91.49%) (Fig. 6A), which was superior to any other single indicator (Table 3). 

As shown in Table 1, routine blood indicators including RBC, HGB, HCT, PLT, L, L%, M, M%, N%, NLR, dNLR, PLR, LMR, SII were 
all remarkably different between SLE patients and HC. Then ROC curves were builded to predict the diagnostic value for these 

Table 2 
Univariate and multivariate analyses of risk factors associated with SLE.  

Variables Univariate analysis Multivariate analysis 

OR 95% CI P-value OR 95% CI P-value 

TPH 
TIGIT+PD1− TPH (%) 1.097 1.020–1.179 0.0130    
TIGIT+PD1+TPH (%) 1.222 1.120–1.334 <0.0001 1.219 1.090–1.364 0.0010 
TIGIT− PD1+TPH (%) 1.069 1.012–1.130 0.0180    
TFH 
TIGIT+PD1− TFH (%) 0.943 0.909–0.978 0.0010 0.948 0.908–0.990 0.0150 
TIGIT+PD1+TFH (%) 1.072 1.024–1.122 0.0030 1.071 1.015–1.130 0.0120 
TIGIT− PD1+TFH (%) 1.196 1.054–1.357 0.0060    

CI, confidence interval; OR, odds ratio. 

Table 3 
ROC curve analysis of indicators with TPH, TFH and routine blood.  

Variables AUC P-value 95% CI Sensitivity Specificity Cut-off 

TPH indicator 
TIGIT+PD1− TPH (%) 0.619 0.0237 0.524–0.715 57.32 68.75 >12.15 
TIGIT+PD1+TPH (%) 0.802 <0.0001 0.726–0.877 60.98 95.83 >12.35 
TIGIT− PD1+TPH (%) 0.608 0.0409 0.509–0.706 28.05 91.67 >16.25 
TIGIT MFI on TIGIT+PD1− TPH 0.641 0.0077 0.543–0.738 57.32 70.83 >3.66 
TIGIT MFI on TIGIT+PD1+TPH 0.694 0.0002 0.600–0.787 89.02 41.67 >3.36 
PD1 MFI on TIGIT+PD1+TPH 0.880 <0.0001 0.816–0.944 71.95 93.75 >2.39 
PD1 MFI on TIGIT− PD1+TPH 0.764 <0.0001 0.678–0.851 68.29 75.00 >1.70 
TFH indicator 
TIGIT+PD1− TFH (%) 0.700 0.0002 0.603–0.797 65.28 72.34 <33.95 
TIGIT+PD1+TFH (%) 0.662 0.0030 0.563–0.760 56.94 85.11 >16.50 
TIGIT− PD1+TFH (%) 0.680 0.0009 0.583–0.777 79.17 51.06 >2.80 
PD1 MFI on TIGIT+PD1+TFH 0.830 <0.0001 0.750–0.911 86.11 72.34 >3.03 
PD1 MFI on TIGIT− PD1+TFH 0.859 <0.0001 0.790–0.929 70.83 95.74 >2.51 
Routine blood indicator 
RBC (1012/L) 0.783 <0.0001 0.706–0.861 71.95 83.33 <4.29 
HGB (g/L) 0.868 <0.0001 0.806–0.930 73.17 95.83 <124.50 
HCT (L/L) 0.862 <0.0001 0.780–0.925 73.17 89.58 <0.38 
PLT (109/L) 0.702 0.0001 0.614–0.790 65.85 72.92 <227.50 
L (109/L) 0.811 <0.0001 0.737–0.885 71.95 87.5 <1.45 
L% 0.814 <0.0001 0.743–0.885 63.41 93.75 <27.20 
M (109/L) 0.612 0.0334 0.517–0.707 26.83 100.00 >0.56 
M% 0.672 0.0011 0.581–0.763 47.56 89.58 >7.85 
N% 0.771 <0.0001 0.693–0.850 63.41 91.67 >63.90 
NLR 0.795 <0.0001 0.720–0.869 62.20 93.75 >2.34 
dNLR 0.772 <0.0001 0.693–0.850 62.20 93.75 >1.82 
PLR 0.654 0.0035 0.560–0.747 56.10 89.58 >173.90 
LMR 0.866 <0.0001 0.805–0.927 79.27 83.33 <4.53 
SII 0.625 0.0179 0.531–0.719 40.24 95.83 >679.90  
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indicators by obtaining AUC, P-value, ninety-five percent confidence intervals (95% CI), Sensitivity, Specificity, Cut-off. Five in
dicators, including HGB, HCT, L, L% and LMR, had potential in distinguishing SLE patients and HC, with AUC higher than 0.800 
(Table 3). We used the five routine blood indicators with AUC higher than 0.8 for binary logistic regression to assess the cumulative 
performances of the five indicators in distinguishing SLE patients from HC. Based on probability of binary logistic regression on HGB, 
HCT, L, L% and LMR, we established ROC curves to explore the predictive value and showed that the combination of the five routine 
blood indicators (HGB, HCT, L, L%, LMR) have better predicted accuracy with the AUC of 0.941 (95% CI: 0.901–0.981, P < 0.0001, 
sensitivity: 90.24%, specificity: 91.67%) (Fig. 6B). 

Then, to evaluate the cumulative performances of indicators with TPH, TFH and routine blood in discriminating SLE patients from 
HC, and with a view to the less number of subjects, we picked all parameters with AUC >0.8 for further univariable and multivariable 
analyses. Based on the multivariate analysis, PD1 MFI on TIGIT+PD1+TPH, PD1 MFI on TIGIT+PD1+TFH, HGB and LMR were selected 
as variables for the predictive model (Table 4). We established ROC curves to explore the predictive value and showed that the 
combination of PD1 MFI on TIGIT+PD1+TPH, PD1 MFI on TIGIT+PD1+TFH, HGB and LMR could provide the better predicted ac
curacy with the AUC of 0.957 (95% CI: 0.919–0.994, P < 0.0001, sensitivity: 88.89%, specificity: 95.74%) (Fig. 6C). 

4. Discussion 

Although CD4+ T cells are termed as central elements in specific autoimmune diseases, it stills challenging to define the pivotal 
functions of CD4+ T cells in SLE chronic immune-mediated damage to the whole system [17,18]. It is well known that costimulatory 
molecules play an important role in the regulation of CD4+T cell function and can can mediate the occurrence and progression of SLE. 
TIGIT, a co-inhibitory molecule, is newly identified on T cells, which binds to CD155 and CD112 ligands, leading to effect change of T 
cells. TIGIT exerts immunosuppressive effects by competing with CD226 for the same CD155 ligand and the expression pattern of 
CD226 and TIGIT on FoxP3+Tregs could affect the function of FoxP3+Tregs [19]. Evidence from Lie M et al. [20] and our previous 
research [21] have indicated that TIGIT expression on CD4+ T cells was significantly elevated in patients with SLE and highly 
correlated with the activity of the disease. And, many researches from patients and animal level have demonstrated that the per
centages of PD1 on CD4+ T cells in SLE was increased, and the level of PD1 on CD4+ T cells may contribute to the pathogenesis of SLE 
[22,23]. Moreover, Guo Q et al. showed that the IM-MNPs specifically targeted SLE CD4+ T cells and agonist PD-1/TIGIT signaling to 
inhibit effector T cell function while enhancing the immunosuppressive function of regulatory T cells, and the IM-MNPs displayed 
significant therapeutic efficacy in ameliorating lupus nephritis [24]. Based on these data, we hypothesize that TIGIT and PD1 are 

Fig. 6. Predictive value of combination of TPH, TFH and routine blood indicators in SLE patients 
(A) The AUC separating SLE patients from the HC was found for combination the frequency of TIGIT+PD1+TPH, PD1 MFI on TIGIT+PD1+TPH, PD1 
MFI on TIGIT+PD1+TFH and PD1 MFI on TIGIT− PD1+TFH (n = 72 SLE, n = 47 HC; n = 1 experiment). (B) The AUC separating SLE patients from 
the HC was found for combination HGB, HCT, L, L% and LMR (n = 82 SLE, n = 48 HC; n = 1 experiment). (C) The AUC separating SLE patients from 
the HC was found for combination the PD1 MFI on TIGIT+PD1+TPH, PD1 MFI on TIGIT+PD1+TFH, HGB, and LMR (n = 72 SLE, n = 47 HC; n = 1 
experiment). Data were acquired by ROC in (A–C). 

Table 4 
Univariable and multivariable analysis.  

Variables Univariate analysis Multivariate analysis 

OR 95% CI P-value OR 95% CI P-value 

TIGIT+PD1+TPH (%) 1.222 1.120–1.334 <0.0001    
PD1 MFI on TIGIT+PD1+TPH 17.056 6.025–48.286 <0.0001 26.403 4.752–146.713 <0.0001 
PD1 MFI on TIGIT+PD1+TFH 1.784 1.239–2.571 0.0020 0.627 0.439–0.896 0.0100 
PD1 MFI on TIGIT− PD1+TFH 2.414 1.372–4.247 0.0020    
HGB (g/L) 0.897 0.860–0.936 <0.0001 0.869 0.816–0.926 <0.0001 
HCT (L/L) 2.860E16 1.257E10–6.507E22 <0.0001    
L (109/L) 0.267 0.146–0.488 <0.0001    
L% 0.862 0.814–0.914 <0.0001    
LMR 0.575 0.459–0.720 <0.0001 0.565 0.414–0.770 <0.0001 

CI, confidence interval; OR, odds ratio. 
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crucial for the onset and progression of SLE. 
According to CXCR5 level, CD4+T cells could be divided into CXCR5− CD4+T peripheral helper (TPH) cells and CXCR5+CD4+T 

(TFH) cells, which was reported could promote B cell responses and antibody production [25,26]. TIGIT and PD1, the negative T cell 
costimulatory molecules that maintains peripheral tolerance, express on TFH cells and involve in its function [8,26]. And, with the 
coordination of CD226, TIGIT can regulate the differentiation and maturation of human TFH cells [27]. Godefroy and colleagues [8] 
firstly termed PD1+/− TIGIT+TFH and demonstrated PD1+/− TIGIT+TFH can produce induce the differentiation of B cells into plas
mablasts and promote immunoglobulin G production than PD1− TIGIT-TFH, and blocking antibody of TIGIT abrogated the B-cell help 
properties, which suggest expression of the TIGIT not only represents a novel circulating T follicular helper biomarker, but is also 
functional and promotes strong B-cell help and ensuing immunoglobulin G production. Moreover, Bocharnikov et al. [9] already 
shown RNA-seq data that SLE patients have higher PD1, ICOS, HLA-DR, TIGIT expression in TPH from SLE and they demonstrated that 
expanded ICOS+PD-1+CXCR5- TPH, HLA-DR+PD-1+CXCR5- TPH, HLA-DR-PD-1+CXCR5- TPH cells in the blood of SLE patients by 
AMP mass cytometry data, whereas no data about TIGIT+PD1+CXCR5− TPH cells. Thus, we characterize and group TPH, TFH cells by 
PD-1, TIGIT expression and investigate the levels of PD1+TIGIT+TFH/TPH, PD1+TIGIT− TFH/TPH, PD1− TIGIT+TFH/TPH in SLE and 
their clinical significance. 

We have herein manifested that the peripheral blood of SLE patients is characterized by an upregulated frequency of the recently 
defined PD1+CXCR5− CD4+ (TPH) and PD1+CXCR5+CD4+ (TFH) cell population [4,5,9–11]. In addition, SLE patients demonstrated 
augmented TIGIT ± PD1+TFH cells and depressed TIGIT+PD1− TFH cells, which were explored in patients with sickle cell disease (SCD) 
[8]. This contrasts with data reported by Godefroy et al. [8], who observed no significant difference in the percentage of TIGIT ±

PD1+TFH, TIGIT+PD1− TFH cells subsets between alloimmunized or non-alloimmunized SCD patients. These findings suggested that 
distinct disease types have distinct TIGIT and PD1 expression patterns on TFH cells. The study of the expression patterns of TIGIT and 
PD1 on TFH cells has certain significance for understanding the role of TIGIT ± PD1+/− TFH in diseases. Also, elevated frequencies of 
TIGIT ± PD1+TPH cells, TIGIT+PD1− TPH cells were present in the peripheral blood of patients with SLE, which were investigated for 
the first time. 

Evidence for the correlation of TPH cells with SLE disease status from many study have been demonstrated [9,10,28]. Remarkably, 
we observed the frequency of TIGIT+PD1+TPH cells was significantly associated with C3, LMR, treatment, and the frequency of 
TIGIT− PD1+TPH cells was significantly associated with C3, whereas the frequency of TIGIT+PD1− TPH cells increased following 
treatment. These results indicated that the frequencies of TIGIT ± PD1+TPH cells positively correlated with disease activity and 
severity, but the frequency of TIGIT+PD1− TPH cells negatively correlated with disease severity. Moreover, the PD1 MFI on TIGIT ±

PD1+TPH cells was significantly associated with C3, CRP, SLEDAI, RBC, HGB, HCT, LMR, RI, treatment, anti-Sm, which was identical 
to concept showed by Makiyama et al. [11], who observed the expression level of PD1 on TPH was associated its function and 
pathopoiesis in SLE. Furthermore, the TIGIT MFI on TIGIT + PD1+TPH cells was substantially correlated with C3, anti-SSB, suggesting 
that both the expression level of PD1 and TIGIT on TIGIT + PD1+TPH cells is involved in the pathogenic effect. 

As well as the data about TIGIT±PD1+TPH cells, the augmented TIGIT±PD1+TFH cells in SLE were positively associated with auto- 
antibodies production, disease activity and severity, which were consistent with the results about PD1+TPH/TFH cells from others [4, 
5,9–11,29–32]. It is surprising that the depressed TIGIT+PD1− TFH cells positively correlated with C3, HCT, and the TIGIT+PD1− TFH 
cells in SLE patients with new-onset, ANA = 1000, positive anti-RIB-P was significantly decreased. These results indicate 
TIGIT+PD1− TFH cells was negatively associated with autoantibodies production, disease activity and severity, which was inconsistent 
with the results from Godefroy et al. [8], showing TIGIT+PD1− TFH cells promote immunoglobulin G production in healthy control. 
These results suggested that different expression patterns of TIGIT and PD1 on TFH cells and the function of these cell subpopulations 
in different disease were different. 

The previous study demonstrate that CD4+CXCR5+T (TFH), CD4+CXCR5- T(TPH) in SLE patients could exhibit B-cell help capacity 
and promote IgG production, and activated CD4+CXCR5+T (TFH) that up-regulated the expression of ICOS exhibited higher B-cell help 
capacity than activated CD4+CXCR5- T(TPH), suggesting the expression of costimulatory molecules on these cells could affect their 
function [33]. The results in the present study showed that the frequencies of TIGIT+PD1+TPH, TIGIT− PD1+TPH, TIGIT− PD1+TFH 
and the PD1 MFI on these cells were positively correlated with the frequency of plasmablasts, whereas no correlation was found 
between the frequencies of TIGIT+PD1− TPH, TIGIT+PD1+TFH, TIGIT+PD1− TFH and the frequency of plasmablasts, which indicating 
the expression intensity and pattern of TIGIT and PD1 on TPH/TFH adjusted their function. Moreover, the results of multivariate 
logistic regression about the expression pattern of TIGIT and PD1 on TPH/TFH manifested TIGIT+PD1+TPH, TIGIT+PD1+TFH were 
risk factors and TIGIT+PD1− TFH was protective factor for SLE, consistent with the correlation between TIGIT+PD1+TPH, 
TIGIT+PD1+TFH, TIGIT+PD1− TFH and disease activity and severity. However, the future investigation about the function of 
TIGIT+PD1− TFH in SLE should be explore. 

The aforementioned results demonstrated that the expression intensity and pattern of TIGIT and PD1 on TPH/TFH were associated 
with disease activity and severity. Thus, we further investigated whether the differential expression of these TPH/TFH could 
discriminate SLE patients from HC and our results showed that combination of the frequency of TIGIT+PD1+TPH, PD1 MFI on 
TIGIT+PD1+TPH, PD1 MFI on TIGIT+PD1+TFH and PD1 MFI on TIGIT− PD1+TFH could provide the better predicted accuracy with the 
AUC of 0.900. Presently, many studies demonstrated that routine laboratory markers including routine blood indicators cloud be used 
for predicting disease and disease severity [34,35]. Considering the routine blood indicators in SLE are abnormal and the convenience 
of routine blood test, we explored the predicting value of these abnormal routine blood indicators and found combination of HGB, 
HCT, L, L%, LMR showed better predicted accuracy with the AUC of 0.941. Furthermore, the predicting value of combination of 
pathogenicity indexs and routine blood indicators was evaluated and the results showed that combination of the PD1 MFI on 
TIGIT+PD1+TPH, PD1 MFI on TIGIT+PD1+TFH, HGB, LMR could provide the best predicted accuracy with the AUC of 0.957. 
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However, there are several limitations in the present study. Firstly, the expression profile of characteristic proteins in these TPH/ 
TFH cell subpopulations is unclear and should be explored in future. And, functional assay including generating differentiated B cells in 
coculture assay and promoting cytokine secretion should be investigated. Secondly, SLE is a heterogeneous disease, so there is some 
heterogeneity in its data, the samples were collected from only one institution, which may lead to a certain risk of bias. Multicenter 
clinical studies with a larger sample size remain needed, which may reduce differences caused by statistical data processing limitations 
in research methods. Thirdly, due to PD1 MFI on TIGIT+PD1+TPH/TFH, HGB, LMR also obviously abnormal in other autoimmune 
diseases, this study only used HC as the control group may result in the predictive combination model based on PD1 MFI on 
TIGIT+PD1+TPH/TFH, HGB, LMR will have a limited value in real clinical practice. Moreover, follow-up studies with other auto
immune diseases as disease control are needed. 

5. Conclusions 

This is the first report on the expression intensity and pattern of TIGIT and PD1 on TPH/TFH in SLE. In addition, our data built 
correlation between TIGIT±PD1+TPH, TIGIT±PD1+TFH, TIGIT+PD1− TFH and SLE activity and severity, which might improve the 
comprehending of the effect of TIGIT and PD1 on TPH/TFH in SLE. Moreover, combination of TPH/TFH and routine blood indicators 
may has potential predicting value for SLE. 
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