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Introduction. Thyroid-associated ophthalmopathy (TAO) is the most common orbital immunological disease in adults. T cells
play an important role in the pathogenesis of TAO. However, our knowledge of the circulating T cell subsets in TAO is limited.
Objective. To investigate the circulating T cell subsets in TAO and the correlations between them and the activity of TAO. Methods.
Thirty-eight TAO patients (19 active and 19 nonactive) were enrolled. The absolute number and percentage of total lymphocytes,
CD3+T cells, CD4+T cells, CD8+ T cells, CD3+CD4-CD8-T cells (DNT cells), and CD3+CD4+CD8+ T cells (DPT cells) in
peripheral blood were measured by flow cytometer. Results. TAO patients were divided into the active group and the nonactive
group by the clinical activity score (CAS). The mean CAS was 4 + 1.11 in the active group and 1.47 + 0.61 in the nonactive group.
No statistical differences were found in gender, age, and the levels of FT3, FT4, TSH, and TRAb between the two groups. The
percentage of DNT cells was lower in the active group than in the non-active group, and it was negatively correlated with CAS
(r=-0.349, P = 0.032), but not the absolute number. The CD4/CD8 ratio, the absolute number and percentage of CD3+ T cells,
CD4+ T cells, CD8+ T cells, and DPT cells did not differ between the two groups. ConclusionIn the present study, we found the
percentage of DNT cells was significantly lesser in the active TAO than in the nonactive TAO, and it was negatively correlated with
the activity of the TAO. It suggests that DNT cells may involve in the immunopathogenesis of TAO and can serve as a clinical
biomarker of the disease activity.

1. Introduction

Thyroid-associated ophthalmopathy (TAO) is the most com-
mon orbital disease in adults [1]. Patients with serious TAO are
at risk of blindness and disability, which occurs in 5-8% of all
cases and is so-called sight-threatening TAO [2]. The basic
process of TAO includes the infiltration of immune cells in
orbital tissues, the proliferation and differentiation of fibro-
blasts (OFs), and adipogenesis [3, 4]. Of which,
the lymphocyte-mediated immunity is thought to be the ini-
tiating factor of TAO [5]. Among these lymphocytes, T cells are
thought to be the main effector cells, which produce a variety of
adhesion molecules and cytokines, mediate the recruitment of
more lymphocytes into orbital tissues, and promote the pro-
liferation and differentiation of orbital fibroblasts (OFs) [6, 7].

Several T cell subsets have been found in the orbit of
TAO. Of these, CD4 +T cells and CD8 +T cells are the most
prevalent T cell subsets [8, 9]. Previous studies have shown
that the total number of infiltrating cells in orbit correlates
with the clinical activity score (CAS) of TAO [10]. However,
in clinical, orbital tissue specimens are very difficult to
obtain, but peripheral blood samples are easier to get. Little
is known about the peripheral blood T cell subsets, much less
the relationship between T cell subsets and the activity of
TAO.

Recently CD3+CD4-CD8- T cells, so-called double-
negative T cells (DNT cells), and CD3+CD4+CD8+T cells,
known as double-positive T cells (DPT cells), were also found
in the orbit of TAO [8, 11]. While the functions of DNT and
DPT cells in TAO remain unclear yet.
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Thus, in order to gain a deeper understanding of the
immune mechanism responsible for TAO, we measured
T cell subsets in the peripheral blood of TAO patients, es-
pecially DNT and DPT cells, and analyzed the relationship
between them and the activity of TAO.

2. Materials and Methods

2.1. Subjects. Between January 2020 and January 2021, TAO
patients who visited the First Affiliated Hospital of
Chongging Medical University were enrolled in our study.
The inclusion criteria were as follows: (a) TAO patients; and
(b) age between >18 years and <70 years. The exclusion
criteria were as follows: (a) patients who have a history of
other autoimmune diseases, such as systemic lupus eryth-
ematosus; (b) treatment with glucocorticoids or other im-
munosuppressants within six months before the study; and
(c) patients with significant active infection, tuberculosis, or
those complicated by macrophage activation syndrome.

All subjects recruited signed the consent form and
agreed to take part in the present study. The study was
approved by the First Affiliated Hospital of Chonggqing
Medical University Ethical Committee.

2.2. The Diagnosis and Assessment of TAO. The diagnosis of
TAO is based on the consensus statement of the European
Group on Graves” Orbitopathy criteria [12]. The activity of
TAO was evaluated by the CAS system, which includes seven
reference items chemosis, redness of conjunctiva and eyelid,
swelling of the eyelid, swelling of the caruncle, spontaneous
ache behind the eyeball, and ache on attempted upgaze. One
symptom added one point, and the CAS score >3 was
classified as an active stage. The mean CAS was the average
CAS of two eyes in one patient.

2.3. Laboratory Tests. FT3, FT4, and TSH were determined
with the electrochemiluminescence method (Unicel DxI 800
Immunoassay System, Beckman Coulter, USA). TR-Abs
were examined using chemiluminescence immunoassay
(Cobas601, Roche, Germany).

24. Flow Cytometry. The absolute number of
total lymphocytes, CD3+ T cells, CD4+ T cells, CD8+ T cells,
DNT cells, and DPT cells were measured by flow cytometry.
The following FITC monoclonal antibodies were used: anti-
CD3, anti-CD4-PC7, and anti-CD8-APC-Cy7 (QuantoBio,
China). 50 uL of peripheral blood cells were incubated with
20 pl antibodies for 15minutes in the dark at room tem-
perature. After incubation, red blood cells were lysed with a
lysing solution for 15 min. Then, cell suspensions were ac-
quired in a flow cytometer (Beckman Coulter, Navios, USA).

2.5. Statistical Analysis. SPSS 22.0 package software was
used to analyse all data. Continuous data are given as the
mean + standard deviation. Categorical variables are re-
ported as numbers. Means of continuous variables were
compared using the unpaired t-test or Mann-Whitney test
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(when the data were not normally distributed). Spearman’s
rank correlation test was used to evaluate the correlations
between T cells and CAS. A Pvalue <0-05 was considered to
be significant.

3. Results

3.1. Patient Demographic Data and Clinical Activity Score.
Thirty-eight TAO patients (22 females and 16 males) with a
mean age of 47.74+8.94 years (range 26-66 years) were
enrolled in this study, including 19 active and 19 nonactive
patients. As shown in Table 1, the mean CAS was higher in
the active group than in the nonactive group with a statistical
difference. While no significant differences were found in
terms of gender, age, the levels of FT3, FT4, TSH, and TRAb
(all P>0.05) between the two groups.

3.2. T Cell Subsets in the Active and Nonactive Group. As
shown in Table 2, there were no significant differences in the
absolute number of total lymphocytes, CD3+ T cells, CD4+
T cells, CD8+ T cells, DNT cells, as well as DPT cells between
the active group and the nonactive group (all P > 0.05). The
CD4/CD8 ratio did not differ between the two groups too
(P>0.05). And there were no significant differences in the
percentage of total lymphocytes, CD3+ T cells, CD4+ T cells,
CD8+ T cells, and DPT cells between the two groups (all
P >0.05).While the percentage of DNT cells was lower in the
active group compared to the nonactive group (P = 0.024).

3.3. Correlations between DNT Cells and CAS. The associa-
tion between DNT cells and CAS was further analyzed. As
shown in Table 3, the percentage of DNT cells was negatively
correlated with CAS (r=-0.349, P = 0.032).

4, Discussion

The stability and balance of T cell subsets is an important
factor for the body’s immune function [13]. In the present
study, we assessed various T cell subsets, including
total lymphocytes, CD3+ T cells, CD4+T cells, CD8+T cells,
DNT cells, and DPT cells in patients with TAO. We found
that only the percentage of DNT cells was significantly lower
in the active TAO patients than in the nonactive TAO
patients, and it was negatively correlated with the activity of
TAO. Our results suggest that DNT cells may involve in the
pathogenesis of TAO and can be a clinical biomarker of
disease activity. This is the first study to demonstrate the
potential role of DNT cells in TAO.

DNT cells account for 1-3% of total lymphocytes in
peripheral blood and play an important role in various
diseases’ immunopathogenesis [14-16]. In patients with
antineutrophil cytoplasmic autoantibody (ANCA)-associ-
ated vasculitis (AAV), the percentage of DNT cells was el-
evated along with renal damage [17]. Similarly, in systemic
lupus erythematosus (SLE), DNT cells were also found to be
elevated and positively correlated with the disease activity
[18, 19]. In contrast to that, in our study, the percentage of
DNT cells decreased in the active TAO patients and had a
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TaBLE 1: Demographic and clinical characteristics of patients with TAO.

Active TAO (n=19) Non-active TAO (n=19) p
Mean CAS 4+1.11 1.47 £0.61 0#
Male/Female(n/n) 11/8 5/14 0.052#
Age,years 49.84 + 8.5 years 45.63 +£9.09 0.149*
FT3 (pg/ml) 3.55+0.68 3.26+£0.37 0.182*
FT4 (ng/dl) 0.90+£0.35 0.78+0.14 0.209#
TSH (mU/L) 1.45+1.95 31+2.74 0.077#
TRAb(IU/1) 11.14 +10.34 11.35+£11.19 1.0#

Data represented as mean + SD. *:The Unpaired t-test; #:Mann-Whitney Test; P-value <0.05 was considered to be significant. CAS: clinical activity score.

TaBLE 2: T cell subsets in TAO with different activity.

Active TAO (n=22) Non-active TAO (n=19) p
Total lymphocytes(n/ul) 2316.32 +488.62 2275.68 +770.50 0.85"
CD3" T cell(n/ul) 1680.95 + 351.53 1688 +594.73 0.97*
CD4" T cell(n/ul) 1024.11 £231.02 960.89 +390.18 0.24#
CD8" T cell(n/ul) 592.63 £201.14 606.11 +263.72 0.86"
DPT cell(n/ul) 10.79£15.34 8.05+5.38 0.78#
DNT cell(n/ul) 82.47 £49.55 126.84 £ 95.75 0.17#
CD4/CD8 ratio 1.9263 +0.74 1.7426 £0.72 0.44*
Total lymphocytes(%) 32.09% £ 8.32% 36.33% * 8.48% 0.25#
CD3" T cell(%) 72.83% £5.82% 73.99% +6.19% 0.56"
CD4" T cell(%) 44.42% +4.78% 42.17% £7.27% 0.27*
CD8" T cell(%) 25.69% £ 7.66% 26.7% £ 7.82% 0.69"
DPT cell(%) 0.45% £ 0.6% 0.37% £ 0.23% 0.66#
DNT cell(%) 3.44% + 1.64% 5.43% + 3.22% 0.02#
*:The Unpaired t-test; #:Mann-Whitney Test; P-value <0.05 was considered to be significant.
TaBLE 3: Correlation between the CAS activity and DNT cells.
Mean CAS
r value p
DNT cell(%) -0.349 0.032

CAS: clinical activity score. Spearman’s rank correlation test was used to evaluate the correlations between DNT cells and CAS. P-value <0.05 was considered

to be significant.

negative correlation with the activity of TAO. The most
possible explanation for this opposite phenomenon may be
the different pathophysiological processes. In SLE, auto-
immune inflammation mainly leads to tissue and organ
damage [20, 21], but in TAO it also leads to the proliferation
and differentiation of fibroblasts and preadipocytes [3, 22].
The other reason may be the different roles of DNT cells in
different diseases. DNT cells not only induce inflammation
by producing various cytokines, such as interleukin (IL)-2,
IL-4, TNFa, and IL-17A [23, 24], but also regulate inflam-
mation by suppressing syngeneic CD4+ or CD8+ T cells
[25]. Interestingly, the correlation was not found in the
absolute number of DNT cells and CAS in our study, but a
decreased trend of the absolute number of DNT cells in
active TAO was observed. The limited samples may be the
real reason.

CD4+ and CD8+ T cells are the main effector cells in
TAO. In our study, both the absolute number and the
percentage of CD4+ T cells, CD8+ T cells, and the CD4/CD8
ratio did not differ between the active and the nonactive

group. In peripheral blood, CD4+T cells and CD8+T cells are
the main lymphocytes with a huge number [26].Thus, a small
amount of cells migrating and infiltrating in the orbit may
not be enough to change the absolute number and the
percentage of these cells. As the same, the absolute number
and percentage of total lymphocytes did not differ between
the active and the non-active group, which is consistent with
the report of Tonni [27].

DPT cells are mainly present in the thymus and further
differentiate into CD4+ or CD8+ T cells [28]. Recently,
DPT cells were also found in the orbital connective tissue of
patients with active TAO by immunohistochemical analysis
[26]. While in our study, no significant difference was found
in peripheral blood DPT cells between the active and the
nonactive group. Thus, the real function of DPT cells in TAO
needs further investigation.

There were still some limitations. Firstly, it is a small
sample study, so our results need to be replicated in research
with a large and more patient population. Secondly, our
research is a clinical study which does not involve the



function of these T cells, and much fewer mechanisms.
Future animal or human experiments are required to clarify
the potential function and mechanism in the future.

5. Conclusion

In the present study, we found that the percentage of
DNT cells were significantly lesser in the active TAO patients
than in the nonactive patients and was negatively correlated
with the activity of TAO. These findings suggest that
DNT cells may be involved in the pathogenesis of TAO and
can serve as a clinical biomarker of disease activity.
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