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Increased TIGIT"PD 1*CXCRS CD4'T cells are associated
with disease activity in rheumatoid arthritis

QING LUO'", PENG FU*, YONGQIN GUO?, BIQI FU°, YANG GUO',
QINGSHUI HUANG', ZIKUN HUANG'™ and JUNMING LI'*

]Department of Clinical Laboratory, The First Affiliated Hospital of Nanchang University;

2Nanchang Key Laboratory of Diagnosis of Infectious Diseases; 3Institute of Infection and Immunity;

4School of Public Health, Medical College, Nanchang University; 5Department of Rheumatology,
The First Affiliated Hospital of Nanchang University, Nanchang, Jiangxi 330006, P.R. China

Received February 22, 2022; Accepted July 29, 2022

DOI: 10.3892/etm.2022.11579

Abstract. It is well established that increased programmed
cell death protein 1 (PD-1)*C-X-C chemokine receptor type 5
(CXCRS5) CD4'T cells are found in patients with rheumatoid
arthritis (RA). T cell immunoreceptor with immunoglobulin
and ITIM domain (TIGIT) is a co-inhibitory receptor that is
expressedonT cells. However,theexpression patternsandimmu-
nomodulatory roles of TIGIT on PDI*CXCR5 CD4T cells in
RA are poorly understood. Patients with RA were recruited
and their clinical characteristics were recorded. The expression
level of TIGIT on PD-1"CXCR5 CD4"T cells was examined
using flow cytometry. Subsequently, the correlation between
various parameters of TIGIT'PD-1"CXCR5 CD4*T cells
[percentage of the cells, mean fluorescence intensity (MFI) of
PD-1 and TIGIT in the cells] in patients with RA and clinical
data, including autoantibodies, inflammatory indicators and
RA activity, were analyzed. In addition, the risk factors of
RA were assessed using univariate and multivariate regres-
sion analyses. The percentages of TIGIT'*CXCR5 CD4'T,
PD-1"CXCR5°CD4*T, TIGIT*PD-1*CXCR5 CD4*T,
TIGITPD-1"CXCR5 CD4'T cells, the MFI of PD-1 in these
cellsand the MFIof TIGIT in TIGIT'PD-1*CXCR5 CD4*T cells
were revealed to be significantly increased in patients with RA
compared with those in healthy individuals. The parameters
of TIGIT*PD-1*CXCR5 CD4"T cells (percentage and/or MFI
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of PD-1) in patients with RA were found to be associated
with the levels of anti-cyclic citrullinated peptide antibodies,
rheumatoid factor and inflammatory markers, such as lympho-
cyte count, lymphocyte percentage, neutrophil percentage,
lymphocyte-to-monocyte ratio, neutrophil-to-lymphocyte
ratio, systemic immune inflammation index, derived
neutrophil-to-lymphocyte ratio, erythrocyte sedimentation
rate and C-reactive protein. In addition, the MFI of PD-1
in TIGIT*PD-1"CXCR5 CD4*T cells was associated with a
disease activity score of 28 and the patient visual analogue
scale. Multivariate logistic regression analysis demonstrated
that the percentage of TIGIT'PD-1"CXCRS5 CD4*T cells
and the MFI of PD-1 in TIGIT'PD-1"CXCRS5 CD4*T cells
were risk factors for RA. The present study suggests that the
increase in TIGIT'PD-1*CXCR5 CD4'T cells is associated
with the production of autoantibodies and RA activity and
may serve a role in RA pathogenesis.

Introduction

Rheumatoid arthritis (RA) is a systemic autoimmune rheumatic
disease that can cause bone erosion and significant disability,
decreasing the quality of life of patients (1). The prevalence
rate of this disease is 0.5-1%, with an increasing prevalence
among women compared with men worldwide (1). Although
the pathogenesis of RA is not completely understood, consid-
erable insight into the role of CD4"T cells in the development
of RA has been gained over the past decade (2-4). In general,
patients with RA exhibit increased numbers of cytotoxic
CD4"T cells in the peripheral blood, hyperactive CD4*T cell
function with CD80/CD86-CD28 interaction, which may be
associated with changes in the activation of B lymphocytes
and antibody production (2-4).

Antibody production by B cells is strongly dependent on
T helper cells, particularly C-X-C chemokine receptor type 5
(CXCRS5)* follicular T helper cells (5,6). There is considerable
evidence that circulating the proportion of CXCR5* follicular
T helper cells is increased in patients with RA (7-9). Previously,
a novel population of CD4* T cells with B cell-potentiating
capacity, named peripheral T helper cells, has been charac-
terized in the synovium and peripheral blood of individuals
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with seropositive RA (10). Peripheral T helper cells are char-
acterized by the lack of Bcl-6 and CXCRS5 expression but do
express programmed cell death protein 1 (PD-1), they are
called PD-1" CXCR5 CD4* T cells. These PD-1" CXCR5"
CD4*T cells appear to be phenotypically similar to CXCR5*
follicular T helper cells, since they express factors associated
with B cell activation, including IL-21 and inducible T cell
costimulator, which were shown to serve an important role in
RA development (10).

T cell immunoreceptor with immunoglobulin and ITIM
domain (TIGIT) is a co-inhibitory receptor that is expressed
on T and natural killer cells (11). Several studies have
previously shown that TIGIT expression can be detected
on PD-1* CXCR5 CD4* T cells (10,12,13). In addition,
Godefroy et al (14) previously reported that TIGIT-positive
circulating follicular helper T cells exhibit potent B cell acti-
vation properties. However, the effect of TIGIT as a surface
marker of human peripheral PD-1* CXCR5 CD4* T cells and
the role of peripheral TIGIT* PD-1* CXCR5 CD4*T cells in
RA remains poorly understood.

In the present study, TIGIT and PD-1 were used to char-
acterize the phenotype and role of circulating CXCR5 CD4*
T subsets in patients with RA, whilst also testing the hypoth-
esis that TIGIT* PD-1* CXCR5 CD4* T cells are associated
with RA activity.

Patients and methods

Patients. A total of 82 patients with RA (female, 56; mean +
SEM of age, 57.65+12.38 years) that were admitted to the
Department of Rheumatology, First Affiliated Hospital of
Nanchang University (Nanchang, China) were enrolled into the
present study and designated the RA group from July 2017 to
September 2019. All RA cases fulfilled the revised American
College of Rheumatology criteria for RA (15). Patients with RA
with other autoimmune, inflammatory, or hormonal diseases,
cancers or mental disorders were excluded. Information on
tender joint count (TJC), swollen joint count (SJC), patient
visual analogue scale (VAS), disease activity score 28
(DAS28), C-reactive protein (CRP), erythrocyte sedimentation
rate (ESR), rheumatoid factor (RF), anti-cyclic citrullinated
peptide antibodies (anti-CCP), white blood cell count (WBC),
red blood cell count, platelet count (PLT), hematocrit, hemo-
globin, lymphocyte count (L) and percentage (%), monocyte
count (M) and percentage (M%), neutrophil count (N) and
percentage (N%), lymphocyte-to-monocyte ratio (LMR),
neutrophil-to-lymphocyte ratio (NLR), derived NLR (dNLR),
platelet-to-lymphocyte ratio (PLR) and systemic immune
inflammation index (SII), were all collected. The VAS was
used for pain assessment, asking the patient to locate on a
100 mm line the point that best identified the intensity of pain
in the previous week (where O represents no pain and 100 mm
represents the maximal pain perceived) (16). DAS28 values
were calculated as follows: DAS28 (CRP):O.56X\/(TJC28)
+0.28xV(SJC28)+0.014xVAS+0.36xIn(CRP+1)+0.96; DAS28
(ESR)=0.56xV(TJC28)+0.28xV(SJC28)+0.014xVAS+0.70xIn

(ESR) (17). In the same period, 46 age- and sex-matched healthy
individuals (female, 28; mean + SEM of age, 53.46+14.22 years)
without a clinical diagnosis of any autoimmune diseases and
free of other inflammatory conditions were recruited as the

healthy controls (HC). The patient characteristics of the two
groups are shown in Table I. The research protocol complied
with the principles outlined in the Declaration of Helsinki
and was approved by the Medical Ethical Committees of the
First Affiliated Hospital of Nanchang University [approval
no. (2022) CDYFYYLK (06-004)]. Written informed consent
was obtained from the patients.

Flow cytometry. Peripheral blood mononuclear cells (PBMC)
were freshly isolated from the blood samples collected from
patients with RA and the HC using the human peripheral
blood lymphocyte separation medium (Sigma-Aldrich;
Merck KGaA) as follow: First, FicollPaque gradient, a
lymphocyte isolation solution (Sigma-Aldrich; Merck KGaA),
was added to the centrifuge tube. After the anticoagulant
peripheral blood and sterile phosphate buffer solution
(PBS) were thoroughly mixed in accordance with 1:1, the
mixture was used to slowly superposition on the FicollPaque
gradient surface along the tube wall by pipette (peripheral
blood:PBS:FicollPaque gradient=1:1:1). Then, centrifuge hori-
zontally at 400 g x for 30 min, at 20°C. After centrifugation,
it could be seen that the mixture was divided into three layers,
the upper layer consisted of plasma and PBS, the lower layer
consisted mainly of red blood cells and granulocytes, and the
middle layer consisted of FicollPaque gradient. At the upper
and middle interface there is a narrow band of white cloud
layer mainly dominated by PBMC. Subsequently, PBMC was
sucked up from white cloud layer by pipette and added to a
new centrifuge tube. PBS (Solarbio; Life Sciences) was added
to the PBMC in new centrifuge tube, and the mixture was
centrifuged horizontally at 200 g x for 10 min, at 20°C. The
supernatant was decanted after centrifugation, and PBMC was
washed using PBS twice. The phenotypes of TIGIT and PD-1
in CXCR5CD4'T cells were detected immediately using
flow cytometry. The following conjugated monoclonal anti-
bodies (mAbs) were used for flow cytometry: Phycoerythrin
(PE)-Texas red-conjugated anti-CD4 (PE-Texas red/ECD;
cat. no. 6604727; Beckman Coulter, Inc.), PE and FITC-IgG
control mAbs (cat. nos. AO7796 and A07795; Beckman Coulter,
Inc.), PE-Cy7-conjugated anti-CXCRS5 (cat. no. 25-9185-42;
MUSUBEE clone), PE-conjugated anti-TIGIT (cat.
no. 12-9500-42; MBSA43 clone), FITC-conjugated anti-PD-1
(cat. no. 11-9969-42; MIH4 clone; eBioscience; Thermo Fisher
Scientific, Inc.). Cells incubated with IgG control mAbs were
used as isotype controls. All the cell suspensions (5x10°/ml
per aliquot of antibody) with antibodies (each antibody 5 ul)
were incubated for 30 min on ice. Samples were detected on a
CYTOMICS FC 500 flow cytometer (Beckman Coulter, Inc.)
and data were analyzed using the in-built software (CXP 2.0;
Beckman Coulter, Inc.).

CRP, autoantibody, ESR, urine and routine blood measure-
ments. CRP and RF content in the serum of patients with RA
were acquired using nephelometry, according to the manu-
facturer's instructions (IMMAGE® 800 protein chemistry
analyser; Beckman Coulter, Inc.). Anti-CCP of IgG class in the
serum was detected using ELISA kit for anti-CCP antibody
(cat. no. KX-E-CCP01096; Shanghai Kexin Biotech Co., Ltd.).
ESR was determined using an automatic measuring instru-
ment (eSr Xc-40B; Beijing PuliSheng Instrument Co., Ltd.)



EXPERIMENTAL AND THERAPEUTIC MEDICINE 24: 642, 2022 3

Table I. Clinical and routine laboratory characteristics of patients with RA and HC.
Patients with ZorX?

Categories RA (n=82) HC (n=46) value P-value
Females, n (%) 56 (68.29) 28 (60.87) 0.72 0.40
Age, years 57.65+12.38 53.46+14.22 1.74 0.08
DAS28-ESR 5.5+1.23 - - -
DAS28-CRP 4.88+1.15 - - -
Swollen joint count 9.90+6.18 - - -
Tender joint count 13.10+6.64 - - -
Visual analogue scale 5.06+1.29 - - -
ESR 63.75+42.71 - - -
CRP 38.81+46.77 - - -
Anti-cyclic citrullinated peptide 703.06+800.29 - - -
antibodies
Rheumatoid factor 520.09+831.42 - - -
White blood cell count 7.20+2.60 5.72+1.22 1201.00 <0.01
Red blood cell count 3.99+0.76 4.68+0.74 755.00 <0.01
Hemoglobin 113.51+£22.78 140.50+11.99 511.50 <0.01
Hematocrit 0.36+0.07 0.47+0.03 582.0 <0.01
Platelet count 277.49+99 88 233.85+53.64 1321.00 <0.01
L 1.57£0.59 1.94+0.48 3.63 <0.01
L% 23.82+9.68 34.33+6.18 661.50 <0.01
M 0.49+0.22 0.37+0.12 1263.00 <0.01
M% 7.18+3.57 6.45+1.62 1714.00 0.39
N 5.03+£2.47 3.26+0.86 946.50 <0.01
N% 66.86+13.21 56.77+£6.06 829.00 <0.01
NLR 3.73+2.58 1.74£0.52 699.00 <0.01
Platelet-to-lymphocyte ratio 204.14+124.13 126.06+£37.17 1069.00 <0.01
Lymphocyte-to-monocyte ratio 3914231 5.69+1.87 447 <0.01
Systemic immune inflammation 1102.93+970.69 400.45+128.62 786.00 <0.01
index
dNLR 2.65+1.83 1.29+0.55 754.50 <0.01

Unless otherwise shown, data are presented as mean + standard deviation. CRP, C-reactive protein; DAS28, disease activity score 28;
NLR, neutrophil to-lymphocyte ratio; dNLR, derived Neutrophil to lymphocyte ratio; ESR, erythrocyte sedimentation rate; HC, healthy
controls; L, lymphocyte count; L%, lymphocyte percentage; LMR, lymphocyte-to-monocyte ratio; M, monocyte count; M%, monocyte
percentage; N, neutrophil count; N%, neutrophil percentage; RA, rheumatoid Arthritis.

whereas routine blood measurements were collected using a
Sysmex Xe-2100 analyzer (Sysmex Corporation), according to
the manufacturer's protocols. According to the routine blood
measurement results, indicators of inflammation, including
LMR, NLR, PLR, SII, dNLR, were calculated using the previ-
ously described formula [LMR=L/M, NLR=N/L, PLR=PLT/L,
SII=PLT x N/L, dNLR=N/(WBC-N)] (18).

Effect of patient treatment on the measured param-
eters. To determine whether changes in RA status could be
reflected by changes in TIGIT" PD-1* CXCR5 CD4* T and
TIGIT PD-1* CXCR5 CD4* T cell parameters, including
the percentage of TIGIT* PD-1* CXCRS5 CD4* T cells,
the percentage of TIGIT PD-1* CXCRS5 CD4* T cells, the
mean fluorescence intensity (MFI) of PD-1 in TIGIT*
PD-1* CXCR5 CD4* T, the MFI of PD-1 in TIGIT PD-1*

CXCRS5 CD4*T cells and the MFI of TIGIT in TIGIT*
PD-1" CXCR5 CD4* T cells, were all measured. A total
of four patients with new-onset RA underwent therapeutic
regimens with cortico-steroids/immunosuppressive drugs.
Each patient with RA received 15 mg prednisone (once a
day), 200 mg hydroxychloroquine sulfate (twice a day) and
12.5 mg methotrexate (once a week) for =1 week, following
normal protocols for the treatment of this condition at The
First Affiliated Hospital of Nanchang University. After the
final treatment, blood was re-sampled for TIGIT* PD-1*
CXCR5 CD4*T and TIGIT PD-1* CXCRS5 CD4* T cell
levels. Post-treatment values for each endpoint were then
compared with the day O (before treatment) values.

Statistical analysis. The data are presented as the mean +
standard deviation (unless otherwise stated). Statistical
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Figure 1. TIGIT and PD-1 expression in CXCR5  CD4* T cells in patients with RA and the HC. (A) Representative dot plots of population gating. (B) Percentage
of TIGIT*CXCR5 CD4"T cells and the MFI of TIGIT in CXCR5  CD4* T cells between patients with RA and the HC. (C) Percentage of PD-1* CXCR5 CD4*
T cells and the MFI of PD-1 in CXCR5 CD4* T cells between patients with RA and the HC. HC, healthy controls; MFI, mean fluorescence intensity;
PD-1, programmed cell death protein 1; RA, rheumatoid arthritis; TIGIT, T cell immunoreceptor with immunoglobulin and ITIM domain; SS, side scatter;

PE, phycoerythrin; ECD, PE-Texas red.

analysis was performed using SPSS (version 16.0; SPSS,
Inc.) and GraphPad Prism (version 5.0; GraphPad Software,
Inc.). Differences in PD-1 and TIGIT expression between
groups were analyzed using an independent-sample
unpaired t-test or a non-parametric Mann-Whitney U test
(GraphPad Prism; version 5.0). Paired t-tests were used
to evaluate changes in TIGIT*PD-1*CXCR5 CD4*T and
TIGITPD-1*CXCR5 CD4*T cell levels after treatment in
the four new-onset patients with RA (GraphPad Prism;
version 5.0). Correlation analysis was performed using a
Spearman's correlation test (GraphPad Prism; version 5.0).
Univariate analysis and multivariate regression analysis
(logistic regression) were used to analyze the risk factors
(SPSS; version 16.0). P<0.05 was considered to indicate a
statistically significant difference.

Results

Expression levels of TIGIT and PD-1 in CXCR5 CD4* T cells
in patients with RA and HC. The expression levels of TIGIT
and PD-1 in CXCR5 CD4* T were first evaluated in patients
with RA and the HC using flow cytometry (Fig. 1). A signifi-
cantly higher percentage of TIGIT* CXCR5 CD4* T cells,
significantly higher percentage of PD-1* CXCR5 CD4*T cells
and significantly higher MFI of PD-1 in CXCR5 CD4* T cells,
were all observed in patients with RA compared with those
in the HC group (all P<0.05; Fig. 1B and C). However, no
significant differences could be identified in the MFI of TIGIT

among the CXCR5 CD4* T cell population between patients
with RA and the HC (Fig. 1B).

Increased TIGIT* PD-1" CXCR5 CD4* T and TIGIT PD-1I*
CXCR5 CD4* T cells in patients with RA. CXCR5 CD4*
T cells were divided into three groups, TIGIT® PD-1%,
TIGIT PD-1* and TIGIT*PD-1, based on the TIGIT and
PD-1 expression levels. The percentage of both TIGIT* PD-1*
CXCR5 CD4*and TIGIT PD-1* CXCR5 CD4* T cells in
patients with RA were significantly higher compared with
those in the HC group (both P<0.05; Fig. 2A and B). However,
no significant differences could be identified in the percentage
of TIGIT* PD-1"CXCR5 CD4* T cells between patients with
RA and the HC (Fig. 2C). The MFI of TIGIT in TIGIT*
PD-1* CXCR5 CD4* T cells, the MFI of PD-1 in TIGIT*
PD-1" CXCR5 CD4*T cells and the MFI of PD-1 in TIGIT
PD-1* CXCR5 CD4*T cells in patients with RA were also
significantly higher compared with those in the HC group (all
P<0.05; Fig. 2D-F). However, no significant differences were
identified in the MFI of TIGIT in TIGIT*PD-1"CXCRS5 CD4*
T cells between patients with RA and the HC group (Fig. 2G).
In addition, the MFI of TIGIT in TIGIT*PD-1* CXCR5 CD4*
T cells was significantly higher compared with that in TIGIT*
PD-1"CXCR5 CD4* T cells in patients with RA (P<0.01;
Fig. 2H). The MFI of PD-1 in TIGIT* PD-1* CXCRS5 CD4*
T cells was also significantly higher compared with that in
the TIGIT PD-1* CXCR5 CD4* T cells in patients with RA
(P<0.01; Fig. 21).



EXPERIMENTAL AND THERAPEUTIC MEDICINE 24: 642, 2022 5

: P<0.01 2 S
P 404 <0. - 60+ P<0.01 ~ 307 P>0.05
a ' k 3 _— ¥ :
O 30+ o - 8 .
2 " o 40- . b 20 *e® .
5 ll a" i l.= o ° g i o
201 9) . S setee H |
[$) 6 ] b é 0o Looe 17
* +
v o .. °® - 204 J m [ 1 104
E 10 t-‘ m E :0.0~00: E‘ e e0® -l.- 1
[ !o ee® = % [ .
c 0 G 0 t n G 0 : T
= = HC RA b= HC RA
T
=3 = =
= [ w
=
3 2 P<0.01 =
O 154 P<0.05 L s, X 61 P<0.05
o ! . a " Q e ey
8 n o ‘(J | |
L n o
ié 10+ N g 44 = | 8 44 n
- " < - L X [ ]
A . EggE O . u = o P n
o ®epe® L1 il ° L . my W gm
o
g . iggLas [ sodMee = [ e e
S 0] 0]
= 0 T T = 0 T T =0 T T
O} HC RA £ HC RA 2 HC RA
= - -
£ £
z
= H I P<0.01
E 151 P>0.05 15_ P<0.01 6' '—l
o — . :
2 o - g . -
S 104 n 2 104 . 2 4 ¢ H |
O [ ] << ° LY | < ° - L]
t._ ®e® g ut Cg .o.'. ° .=.= p= % 3 Al
£ 51 000 =aznzif £ 5] ~Lesslds L S o] eleeete
+ g 3| ..
=
c 0 T T 0 T T T T
= HC RA TIGIT+PD-1- TIGIT+PD-1+ TIGIT+PD-1+ TIGIT+PD-1+
[} CXCR5-CD4+T ~ CXCR5-CD4+T CXCR5-CD4+T  CXCR5-CD4+T
=

Figure 2. Expression levels of TIGIT and PD-1 in TIGIT* PD'1* CXCRS5 CD4* T, TIGIT PD-1* CXCR5 CD4* T and TIGIT* PD-1" CXCR5 CD4* T cells in
patients with RA and the HC. (A) Percentage of TIGIT* PD-1* CXCR5 CD4* T cells, (B) TIGIT PD-1* CXCR5  CD4* T cells, (C) TIGIT PD-1* CXCR5 CD4*
T cells, the MFI of (D) TIGIT and (E) PD-1 in TIGIT* PD-1* CXCRS5 CD4* T cells, (F) the MFI of PD-1 in TIGIT PD-1* CXCR5 CD4* T cells, (G) the MFI of
TIGIT in TIGIT* PD-1" CXCRS5 CD4* T cells between patients with RA and the HC. (H) The MFI of TIGIT in TIGIT* PD-1* CXCR5 CD4* T cells and TIGIT*
PD-1" CXCR5  CD4* T cells from patients with RA. (I) The MFI of PD-1 in TIGIT* PD-1* CXCR5  CD4* T cells and TIGITPD-1*CXCR5 CD4"T cells from
patients with RA. HC, healthy controls; MFI, mean fluorescence intensity; PD-1, programmed cell death protein 1; RA, rheumatoid arthritis; TIGIT, T cell
immunoreceptor with immunoglobulin and ITIM domain; Ig, immunoglobulin; CXCRS, C-X-C chemokine receptor type 5.

TIGIT'PD-I"CXCR5 CD4*T and TIGIT PD-1*CXCR5 CD4*T
levels are correlated with the presence of auto-antibodies.
Anti-CCP and RF are hallmarks of autoantibodies in RA (19).
The association between the levels of these autoantibodies
and various parameters of TIGIT* PD-1" CXCR5 CD4*T
and TIGIT PD-1" CXCR5 CD4* T cell levels, including the
percentage of these cells and the MFI of TIGIT and PD-1 in
these cells, were assessed. As presented in Fig. 3, a significant
correlation between the percentage of TIGIT* PD-1* CXCR5
CD4*T cells and anti-CCP levels (r,=0.293; P<0.05), a positive
correlation between the percentage of TIGIT* PD-1* CXCR5
CD4* T cells and increased anti-CCP levels (anti-CCP>25
RU/ml; r=0.351; P<0.01), as well as increased RF levels
(RF>20 TU/ml) (r;=0.310; P<0.05), were observed in the
RA group. In addition, a significant correlation between the

MFI of PD-1 in the TIGIT* PD-1* CXCR5 CD4* T cells and
increased RF(RF>20 IU/ml) (r,=0.279, P<0.05; Fig. 3D) were
observed in the RA group. A positive correlation between the
percentage of TIGIT PD-1* CXCR5 CD4* T cells (r,=0.363;
P<0.05), MFI of PD-1 in TIGIT PD-1* CXCR5 CD4*T cells
(r=0.305; P<0.05) and increased RF (RF>20 IU/ml) were also
observed in the RA group (Fig. 3E and F).

Increased TIGIT*PD-1"CXCR5 CD4*T and
TIGIT PD-1"CXCR5 CD4'T cell levels are correlated with
markers of inflammation. WBC, L, L%, M, M%, LMR, N, N%,
NLR, PLR, SII, dNLR, ESR and CRP are common predictors
of inflammation that were investigated in the present study
in patients with RA. The relationship between these predic-
tors of inflammation and the percentage of TIGIT* PD-1*
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(C) increased RF (RF>20 IU/ml). The correlation between (D) MFI of PD-1 in TIGIT* PD-1* CXCRS5™ CD4* T cells, (E) Percentage of TIGIT PD-1* CXCRS5"
CD4* T cells, (F) MFI of PD-1 in TIGIT PD-1* CXCR5  CD4"* T cells and increased RF (RF>20 IU/ml). Anti-CCP, anti-cyclic citrullinated peptide antibodies;
MFI, mean fluorescence intensity; PD-1, programmed cell death protein 1; RA, rheumatoid arthritis; RF, rheumatoid factor; TIGIT, T cell immunoreceptor
with immunoglobulin and ITIM domain; CXCRS5, C-X-C chemokine receptor type 5.

CXCR5 CD4*T cells, MFI of TIGIT in TIGIT* PD-1* CXCR5
CD4* T cells, MFI of PD-1 in TIGIT* PD-1* CXCR5 CD4*
T cells, percentage of TIGIT PD-1* CXCRS5 CD4* T cells
and MFI of PD-1 in TIGIT PD-1* CXCR5 CD4* T cells,
were investigated. As presented in Fig. 4, the MFI of PD-1 in
TIGIT* PD-1* CXCR5 CD4* T cells was negatively correlated
with L (r,=-0.329; P<0.01), L% (r,=-0.352; P<0.01), LMR
(r,=-0.309; P<0.01). By contrast, the MFI of PD-1 in TIGIT*
PD-1* CXCR5 CD4* T cells was significantly correlated with
N% (r,=0.293; P<0.01), SII (r,=0.278; P<0.05), CRP (r,=0.244;
P<0.05) and positively correlated with NLR (r,=0.338; P<0.01),
dNLR (r,=0.306; P<0.01), ESR (r,=0.323; P<0.01). The MFI
of PD-1 in TIGIT PD-1* CXCR5 CD4*T cells was negatively
correlated with L (r,=-0.310; P<0.01), L% (r;=-0.364; P<0.01),
whilst being positively correlated with N% (r,=0.343; P<0.01),
NLR (r,=0.360; P<0.01), dNLR (r,=0.349; P<0.01) and signifi-
cantly correlated with N (r,=0.221; P<0.01), SII (r,=0.288;
P<0.01). However, no correlation could be observed between
the percentage of TIGIT* PD-1* CXCR5 CD4* T and TIGIT
PD-1* CXCR5 CD4* T cells, MFI of TIGIT in TIGIT* PD-1*
CXCR5 CD4*T cells and the markers of inflammation (data
not shown).

Increased TIGIT'PD-1"CXCR5 CD4*T cell levels are corre-
lated with RA disease activity. To investigate whether the
increased TIGIT* PD-1* CXCR5 CD4* T and TIGIT PD-1*
CXCR5 CD4*T cell levels could be used as biomarkers for
RA activity, correlation analysis was performed to explore

the association between the increased TIGIT* PD-1* CXCR5
CD4* T and TIGIT PD-1* CXCR5 CD4* T cell levels in
patients with RA with disease activity, namely DAS28-ESR,
DAS28-CRP, TJC and VAS. As shown in Fig. 5, the MFI of
PD-1 in TIGIT* PD-1* CXCR5 CD4*T cells was correlated
with DAS28-ESR (r,=0.249; P<0.05) and VAS (r,=0.245;
P<0.05). However, no correlation could be observed between
the percentage of TIGIT* PD-1* CXCR5 CD4* T and TIGIT
PD-1* CXCR5 CD4* T cells, MFI of TIGIT in TIGIT* PD-1*
CXCR5 CD4*T cells and the MFI of PD-1 in TIGIT PD-1*
CXCRS5 CD4*T cells and disease activity (data not shown).

TIGIT* PD-1* CXCR5 CD4* T and TIGIT PD-1* CXCRS
CD4* T cell levels were then compared in four new-onset
RA cases before and after corticosteroid/immunosuppressant
therapy. Compared with the pre-treatment values, the MFI of
PD-1 in TIGIT* PD-1* CXCR5 CD4"* T cells was significantly
decreased as a result of the treatment regimen for =1 week
(P<0.05; Fig. 5C). By contrast, there was no difference
between pre-treatment and post treatment in the percentage
of TIGIT* PD-1* CXCRS5 CD4* T cells, percentage of TIGIT
PD-1* CXCRS5 CD4* T cells, MFI of TIGIT in TIGIT* PD-1*
CXCR5 CD4*T cells and the MFI of PD-1 in TIGIT PD-1*
CXCR5 CD4*T cells (data not shown).

Increased TIGIT" PD-1" CXCR5 CD4* T cell levels are a
risk factor for RA. The aforementioned results suggest that
the increased TIGIT® PD-1" CXCR5 CD4* T and TIGIT
PD-1* CXCR5 CD4* T cell levels were associated with RA



EXPERIMENTAL AND THERAPEUTIC MEDICINE 24: 642, 2022

A B C
L g6y 0329 P00l LE 6y (0352 P00t L E 67. =009, P<0.01
o2 o2 o
ELal ofee ELal 4 .. EE 4f ae
. . °
oQ o o [Ofa} o o8 [O)a) o o
=0, = R =0 L] vt Sh o WEE—
E Lﬂ{:) 2 »: " E E 2 ** g% o et E &) 2 Y . .
O O + O
o X o x ax
2O o4 . . . , o O 04 . . " 0O 04 . . . .
0 1 2 3 4 0 20 40 60 5 10 15 20
L (x10%/) L (%) LMR
D E F
. = r.=0.293, P<0.01 r,=0.338, P<0.01 . =
b L 6 . - E . =
o2 as Q2
[ o [ & e
Ei 4 c ey (AR By
[Ofa) gl b o) [Cfya)
O . ) O = o
S 2 .+ 4 cip 2 £ w
- LR o - T
A 2 5g a R
O & Y S — £8 o4 v . . T S ——
0 20 40 60 80 100 0 5 10 15 0 10002000 3000 4000 5000
N% NLR Sl
G H |
b = R l’s=0.323, P<0.01 - rs=0'2441 P<0.05
T 6 =6 + =
L L T w . -
o= o2 o=
.
ELa Eal s o2t EE
[ONa) [ONa) . . o o 8% [ONa)
O FO _|&% Seets2yw e pn, EO
cio2 Sio 2RV .t e ok £l
e T O T O
o x o
oo . £8 ol . . ] &3 od r r r - .
15 0 50 100 150 0 50 100 150 200 250
ESR (mm/h) CRP (mg/l)
J K L
ﬁl_ E 6 r&=—0.310, P<0.01 L e 6 rs=—0.364, P<0.01 t'- 6 r=0.221, P<0.01
as Aas [a 33 .
oz s [ - [
Ey 4 . L4 . [ b
0] . = < . = .
g 8 . O ® 2 8 X
‘ IR F O o > = o o, -
-2’ R~ S S 2] s £ 2 2| Pl
0 X A §<> A §<)
oo 04 . r v . ad o4 r r . oo 04 T T v
0 1 2 3 4 0 20 4 60 0 5 10 15
L (x10%1) L (%) N (x10%/1)
M N (0]
LI 6 r=0.343, P<0.01 g6 r=0.360, P<0.01 ~ T 6 r,=0.288, P<0.01
o$ : o | . 6 S
EL 4 . EL 4 . £
g9 °, g9 by g9
= —
cb 2 A Th 2] o e e . b
- X . L Ly - 6 cee o - ?:)
a R * AR o
a0 o4 v , v v ) oo 04 v v " 0O o4 . . . . .
0 20 40 60 80 100 0 5 10 15 0 1000 2000 3000 4000 5000
N (%) NLR Sl
P
SE 6
o2
S
S a
O
cw 2
56
a X
oo 0 1
15

Figure 4. TIGIT* PD-1* CXCR5" CD4* T and TIGIT PD-1* CXCR5 CD4* T cell levels are correlated with those of the markers of inflammation in patients
with RA. The MFI of PD-1 in TIGIT* PD-1* CXCR5  CD4* T cells was negatively correlated with (A) L and (B) L%, (C) LMR, whilst it was positively
correlated with (D) N%, (E) NLR, (F) SII, (G) dNLR, (H) ESR and (I) CRP. The MFI of PD-1 in TIGIT PD-1* CXCR5 CD4* T cells was negatively correlated
with (J) L and (K) L%, whereas it was positively correlated with (L) N, (M) N%, (N) NLR, (O) SII and (P) dNLR. CRP, C-reactive protein; dNLR, derived
neutrophil-to-lymphocyte ratio; ESR, erythrocyte sedimentation rate; L, lymphocyte count; L%, lymphocyte percentage; LMR, lymphocyte-to-monocyte
ratio; MFI, mean fluorescence intensity; N, neutrophil count; N%, neutrophil percentage; NLR, neutrophil-to-lymphocyte ratio; PD-1, programmed cell death
protein 1; RA, rheumatoid arthritis; RF, rheumatoid factor; SII, systemic immune inflammation index; TIGIT, T cell immunoreceptor with immunoglobulin
and ITIM domain; CXCRS5, C-X-C chemokine receptor type 5.
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Figure 5. TIGIT* PD-1* CXCR5" CD4* T cell levels are correlated with rheumatoid arthritis activity. The MFI of PD-1 in TIGIT* PD-1* CXCR5" CD4*
T cells was positively correlated with (A) DAS28-ESR and (B) VAS. (C) The MFI of PD-1 in TIGIT* PD-1* CXCRS5 CD4" T cells was decreased following
treatment. DAS28, disease activity score 28; ESR, erythrocyte sedimentation rate; MFI, mean fluorescence intensity; PD-1, programmed cell death protein 1;
TIGIT, T cell immunoreceptor with immunoglobulin and ITIM domain; CXCRS5, C-X-C chemokine receptor type 5; VAS, visual analogue scale.

pathogenesis. Therefore, to investigate whether the increased
TIGIT*PD-1"CXCRS5 CD4*T and TIGIT PD-1* CXCR5 CD4*
T cell levels are risk factors for RA, univariate and multi-
variate analyses were performed. As shown in Table II, after
univariate and multivariate logistic regression analysis, the
percentage of TIGIT* PD-1* CXCR5 CD4* T cells (OR=1.19;
95% CI1=1.02-1.38; P=0.02) and the MFI of PD-1 in TIGIT*
PD-1* CXCR5 CD4* T cells (OR=19.53; 95% CI1=4.33-88.05;
P<0.01) were considered to be risk factors for RA.

Discussion

CD4* T cells are the central mediators of specific autoim-
mune diseases, such as RA (1-5). CD4* T cells can be divided
into the CXCR5 CD4"* T peripheral helper cell and CXCR5*
CD4*T follicular T helper cell subtypes according to CXCRS5
expression, which can promote B cell responses and antibody
production (20,21). It has been previously found that inhibitory
molecules TIGIT and PD-1 can serve pivotal roles in adjusting
the function and activation conditions of CD4* T cells (22-24).
TIGIT/PD-1-expressing circulating follicular T helper cells
are novel subsets of T cells that exhibit heightened B-cell
activation functions (14,25,26). However, the immunomodula-
tory effects of TIGIT-expressing peripheral T helper cells on
the development of RA remains to be fully elucidated. In the
present study, the level of PD-1 in CXCR5 CD4* peripheral
helper T cells from patients with RA was measured, where it
was revealed to be significantly upregulated in patients with
RA compared with that in the HC group, which is consistent
with findings from previous studies (3,5). In addition, the
present study explored the levels of TIGIT in CXCRS5 CD4*
T cells from patients with RA and HC. The level of TIGIT in
CXCR5 CD4*T cells was significantly increased in patients
with RA compared with that in the HC group, which is
consistent with a previous report also showing a significantly
increased TIGIT protein level (10).

The co-expression of TIGIT and PD-1 in immune cells
has been increasingly attracting attention (14,27,28). This
is because their co-expression in T cells has been shown to
be associated with dysfunctional behaviors (such as prolif-
eration, cytokine production and degranulation) and clinical

outcomes. In the present study, based on the TIGIT and PD-1
levels, CXCR5 CD4* T cells were divided into TIGIT* PD-1*
CXCR5 CD4* T, TIGIT PD-1* CXCR5 CD4* T and TIGIT*
PD-1"CXCR5 CD4*T cells. The results indicated that the
percentage of TIGIT* PD-1* and TIGIT PD-1* CXCR5 CD4*
T cells are significantly elevated in patients with RA compared
with that in the HC group, whereas no differences in the
percentage of TIGIT'PD-1"CXCR5 CD4*T cells could be
observed. Further analysis of the expression levels of PD-1
and TIGIT in these CXCR5 CD4* T cells demonstrated that
the MFI of TIGIT and PD-1 in TIGIT* PD-1* CXCR5 CD4*
T and TIGIT PD-1* CXCR5 CD4"* T cells were significantly
increased in patients with RA compared with those in the
HC group. These data suggest that the TIGIT* PD-1* CXCR5"
CD4* T cell levels were increased, including the percentage
of these cells, in addition to the MFI of TIGIT and PD-1 in
these cells in patients with RA. Furthermore, the present study
revealed that increased TIGIT* PD-1* CXCR5 CD4* T cell
levels were associated with DAS28-ESR, VAS and treatment,
which reflected RA activity and severity.

RA is a type of chronic inflammation (1). Inflammatory
markers, such as ESR, CRP, WBC, L, L%, M, M%, LMR, N,
N%, NLR, dNLR, PLR and SII may reflect the presence of
chronic inflammation (29-31). The data indicated that the MFI of
PD-1 in TIGIT* PD-1* CXCR5 CD4* T cells was correlated with
L, L%, N%, LMR, NLR, SII, dNLR, CRP and ESR. These data
suggest that upregulated TIGIT* PD-1* CXCR5 CD4* T cells
may indicate higher severity of chronic inflammation in RA.

RA is characterized by high levels of serum autoantibodies
containing RF and anti-CCP (19). Considering that peripheral
helper cells can promote antibody production (5-10), the corre-
lation between TIGIT* PD-1* CXCR5 CD4* T cells and RF
and anti-CCP was explored in the present study. The results
indicated that the percentage of TIGIT" PD-1* CXCR5 CD4*
T cells was positively correlated with anti-CCP and RF. In
addition, the MFI of PD-1 in TIGIT* PD-1* CXCR5 CD4*
T cells was positively correlated with RF, suggesting that
increased TIGIT* PD-1* CXCR5 CD4* T cell levels may be
involved in the autoimmune response in RA.

These aforementioned results suggest that increased
TIGIT* PD-1* CXCR5 CD4* T cell levels were associated
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Table II. Univariate and multivariate analyses of risk factors associated with RA.

Univariate analysis

Multivariate analysis

Parameter OR 95% CI P-value OR 95% CI P-value
Frequency of TIGIT*PD1*CXCRS5-CD4*T cells 1.29 1.14-1.45 <0.01 1.19 1.02-1.38 0.02
MFI of TIGIT on TIGIT*PD1*CXCRS5-CD4*T cells 1.33 1.04-1.71 0.02 - - -
MFI of PD1 on TIGIT*PD1*CXCRS5-CD4"T cells 36.87  8.64-157.32 <0.01 19.53  4.33-88.05 <0.01
Frequency of TIGIT-PD1*CXCR5-CD4"T cells 1.09 1.03-1.16 <0.01 - - -
MFI of PD1 on TIGIT*PD1*CXCR5-CD4"T cells 2.34 0.94-5.81 0.07 - - -

MFI, mean fluorescence intensity; PD-1, programmed cell death protein 1; RA, rheumatoid arthritis; TIGIT, T cell immunoreceptor with
immunoglobulin and ITIM domain; CXCRS, C-X-C chemokine receptor type 5.

with the levels of inflammatory markers, autoantibodies, RA
activity and severity. Furthermore, the present study indicated
that increased TIGIT PD-1* CXCR5 CD4* T cell levels in
patients with RA are associated with the levels of inflam-
matory markers, including L, L%, N, N%, NLR, SII, dNLR
and autoantibody RF. However, no association was identified
between increased TIGIT PD-1* CXCRS5 CD4* T cell levels
and RA activity and severity. These results suggest that TIGIT*
PD-1* CXCR5 CD4* T cells may serve a more pathogenic
effect compared with TIGIT PD-1* CXCR5 CD4* T cells in
patients with RA. Notably, univariate and multivariate logistic
regression analysis results demonstrated that the percentage
of TIGIT* PD-1" CXCR5 CD4* T cells and the MFI of PD-1
in TIGIT" PD-1" CXCR5 CD4* T cells were considered to be
risk factors for RA, suggesting that increased TIGIT* PD-1*
CXCR5 CD4*T cell levels are involved in RA pathogenesis.

Furthermore, no difference in TIGIT* PD-1 CXCR5 CD4*
T cell levels was observed between patients with RA and those
in the HC group, suggesting that TIGIT* PD-1" CXCR5 CD4*
T cells may not serve a role in RA pathogenesis. This result
was consistent with the findings by Akiyama et al (25), which
demonstrated that TIGIT* CXCR5 CD4* T cells produces
less IL-21 compared with TIGIT CXCR5 CD4* T cells in
IgG4-related disease. It is known that PD-1* CXCR5  CD4*
T cells can participate in the occurrence and development
of RA (8-9). Considering that there was no difference in the
level of TIGIT* PD-1" CXCR5 CD4* T cells and that TIGIT*
PD-1* CXCR5 CD4* T cells may serve a more important role
compared with TIGIT PD-1* CXCR5 CD4*T cells in patients
with RA, the present study suggested that the co-expression
of TIGIT and PD-1 in CXCR5 CD4*T cells has a synergistic
effect. However, the mechanism of their synergy should be
studied further.

Yang et al previously demonstrated elevated serum levels
of IgG4 in patients with systemic autoimmune rheumatic
diseases, such as antineutrophil cytoplasmic antibody-associ-
ated vasculitis, systemic lupus erythematosus and RA (32). In
addition, another previous study reported that PD-1* CXCRS
CD4* T cells are associated with IgG4-related diseases
Responder Index, number of involved organs and serum level of
soluble IL-2 receptor (33). In the present study, TIGIT*- PD-1*
CXCR5 CD4*T cells were demonstrated as being associated
with autoantibodies containing RF and anti-CCP. Therefore,

the level of antibody-IgG4 in patients with RA and the asso-
ciation between TIGIT* PD-1* CXCR5 CD4* T and IgG4 in
patients with RA were explored. The serum levels of IgG4 in
37 patients with RA were detected using chemiluminescent
immunoassay and the normal ranges for serum IgG4 level was
36-2,090 pg/ml. Only one RA patient was revealed to be posi-
tive (5,416 pg/ml). The positive rate of IgG4 in RA patients
was only 2.7%. Yang et al (32) demonstrated the percentage
of patients with RA who also had elevated IgG4 is only 2.7%.
The present study results demonstrated that the positive rate of
IgG4 in patients with RA was low and was consistent with the
report of Yang et al (32), which led to the relationship between
positive 1gG4 and TIGITY"PD-1"*CXCR5 CD4*T cells not
being investigated.

The present study has a number of limitations. The samples
were collected from only one institution, which may lead to
bias. Therefore, multicenter clinical studies are necessary. In
addition, the samples, including the treated samples were too
small, which may lead to weak correlation (r<+0.3). Thus, a
study with a larger sample sizes is required to verify these
findings.

In conclusion, the present study revealed an association
between the increased TIGIT* PD- 1" CXCR5 CD4* T cell
levels and autoantibody production, RA activity and RA
severity. The findings of the present study suggested that
TIGIT may be a potential marker for circulating PD-1"CXCR5"
CD4* T subsets and TIGIT* PD-1* CXCR5 CD4* T cells as a
potential therapeutic target.
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