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Background. Antithyroid drug (ATD) treatment occupies the cornerstone therapeutic modality of Graves’ disease (GD) with a high
relapse rate after discontinuation. This study aimed to assess potential risk factors for GD relapse especially serum
interleukin-17 (IL-17) expression. Methods. Consecutive newly diagnosed GD patients who were scheduled to undergo
ATD therapy from May 2011 to May 2014 were prospectively enrolled. Risk factors for GD relapse were analyzed by
univariate and multivariate Cox proportional hazard analyses. The association between serum IL-17 expression at cessation
and GD relapse was analyzed with relapse-free survival (RFS) by the Kaplan–Meier survival analysis and log-rank test.
Results. Of the 117 patients, 72 (61.5%) maintained a remission for 12 months after ATD withdrawal and 45 (38.5%)
demonstrated GD relapse. The final multivariate Cox analysis indicated elevated IL-17 expression at cessation to be an
independent risk factor for GD relapse within 12 months after ATD withdrawal (HR: 3.04, 95% CI: 1.14–7.67, p = 0 021).
Patients with higher expressions of IL-17 (≥median value) at cessation demonstrated a significantly higher RFS than those
with lower levels by the Kaplan–Meier analysis and log-rank test (p = 0 028). Conclusions. This present study indicated
elevated serum IL-17 expression at cessation to be a predictor for GD relapse within 12 months.

1. Introduction

Graves’ disease (GD), the most common etiology of sponta-
neous hyperthyroidism worldwide [1], is recognized as an
autoimmune thyroid disease and is characterized by overex-
pressed thyroid hormones stimulated by thyroid-stimulating
hormone (TSH) receptor antibodies (TRAb) [2]. Currently,
antithyroid drugs (ATDs), thyroidectomy, and radioactive
iodine are the primary therapeutic strategies for GD, while
ATD treatment occupies the cornerstone therapeutic modal-
ity of GD [3]. ATD therapy is well accepted by both patients
and clinicians due to its rapid effect, beneficial immunosup-
pressive effects, and avoidance of invasive procedures [4].
However, the high relapse rate after discontinuation is the
main drawback of ATD therapy, which significantly limits
its efficacy [5]. The relapse rate after ATD withdrawal varies
greatly among patients with different races, characteristics,
genetic factors, and therapy strategies and is reportedly as

high as 50%–60% within two years especially in the first year
[6]. Relapsing GD is usually more severe and accompanied
by chronic thyroid dysfunction. Furthermore, relapsing GD
always requires more aggressive therapies and finally results
in hypothyroidism [7]. Therefore, relapse prediction after
ATD withdrawal is critically important for minimizing the
relapse rate and relapse-associated harms and supporting
therapy strategy choices.

Th17 cells, as a newly discovered CD4+ T cell subset,
play an important role in inflammatory and immune reac-
tions, mainly by producing IL-17 [8]. Previous studies
have revealed the critical role of Th17 cells and IL-17 in
various autoimmune diseases, including the pathogenesis
of Hashimoto’s thyroiditis, GD, and Graves’ ophthalmopa-
thy (GO) [9]. However, whether IL-17 expression can pre-
dict the relapse of GD remains unclear. In this regard, our
current study aimed to assess the potential relationship
between IL-17 expression and GD relapse.
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2. Material and Methods

2.1. Patients. This study protocol was approved by the
Medical Institutional Ethics Committee of Zhejiang Province
and Ningbo No. 2 Hospital. Consecutive newly diagnosed
GD patients who were scheduled to undergo ATD therapy
from May 2011 to May 2014 were prospectively enrolled in
the Department of Endocrinology at Ningbo No. 2 Hospital.
Inclusion criteria were described as follows: (1) newly diag-
nosed with GD according to the results of physical examina-
tions, radionuclide imaging, and laboratory tests; (2) having a
duration of follow-up after ATD discontinuation of at least 1
year; (3) with written informed consent; and (4) without
medications that might affect thyroid function (e.g., cortico-
steroids and amiodarone). Those patients who were pregnant
or became pregnant during the therapy or follow-up period
were excluded. Those who underwent RAI or surgery due
to inefficacy or major side effects of ATD therapy were also
excluded. Of the 117 enrolled patients, 96 underwent methi-
mazole (MMI) treatment and 21 underwent propylthiouracil
(PTU) treatment. The initial dosage of MMI (or PTU) in our
study was 30mg/d (or 300mg/d); the subsequent dosage was
adjusted appropriately to maintain euthyroidism and tapered
gradually due to the thyroid function tests. ATD therapy
was discontinued if free T4 (fT4) and thyroid-stimulating
hormone (TSH) levels remained normal for ≥6 months with
the minimum maintenance dose of ATD (MMI 5mg/d or
PTU 50mg/d), regardless of the status of TRAb. Partici-
pants were followed-up at months 3, 6, 9, and 12 after
ATD withdrawal.

The following parameters were retrieved from each
enrolled participant: age at diagnosis, gender, smoking
habits, presence of Graves’ ophthalmopathy, thyroglobulin
(Tg), antithyroid peroxidase antibody (anti-TPO), thyro-
globulin antibody positivity, ATD drugs, duration of ATD
therapy, and time to normalization of TSH and fT4.

2.2. Laboratory Tests. The thyroid function tests including
fT4, total triiodothyronine (TT3), TSH, TRAb, and thyroid
stimulatory antibody (TSAb) were performed at diagnosis
and at cessation. The serum expressions of T helper cell
cytokines including IFN-γ (by Th1 cells), IL-4 (by Th2
cells), and IL-17 (by Th17 cells) were also measured both
at diagnosis and at cessation. Serum expressions of fT4,
TT3, and Tg antibody titers were measured by the method
of radioimmunoassay (Beijing Atom High-Tech, Beijing,
China). TSH concentration measurement was conducted
with the method of immunoradiometric assay (Beijing
Atom High-Tech, Beijing, China). TRAb concentrations
were detected with a Roche assay and the Cobas E411
analytical platform (Roche Diagnostics, West Sussex,
UK). IFN-γ, IL-4, and IL-17 expressions were measured
by enzyme-linked immunosorbent assay (ELISA) kits
(R&D systems, Minneapolis, MN, USA).

2.3. Relapse and Remission Definition. GD relapse and remis-
sion in this current study were defined according to our
previous reports [10]. In brief, relapse was defined as clinical
symptoms of hyperthyroidism with decreased TSH and

elevated fT4 (and/or TT3), while remission was defined as
clinical and biochemical euthyroidism after drug withdrawal
until the end of follow-up.

2.4. Statistical Analysis. The statistical analysis was con-
ducted with SPSS 19.0 (SPSS Inc., Chicago, IL, USA) and
GraphPad Prism 5.0 (GraphPad Inc., San Diego, CA, USA).
The continuous variables were presented as the mean± SD
and compared by Student’s t-test or Mann–Whitney U test.
The categorical variables were presented as the numbers with
percentages (n, %) and compared by the chi-squared test or
Fisher’s exact test as appropriate. Risk factors for GD relapse
within 1 year after ATD discontinuation were analyzed by
univariate and multivariate Cox proportional hazard anal-
ysis. The relapse-free survival (RFS) curve analysis accord-
ing to serum IL-17 expression was performed with the
Kaplan–Meier method and the log-rank test. A two-sided
p value < 0.05 was considered statistically different.

3. Results

The patient characteristics are illustrated in Table 1. The
mean age of all the enrolled 117 patients at diagnosis was
42.0 years, and 91 (77.8%) were females. Of the 117 patients,
72 (61.5%) maintained a remission for 12 months after ATD
withdrawal and 45 (38.5%) demonstrated GD relapse. As
presented in Table 1, no significant differences in gender
(p = 0 65), smoking habits (p = 0 80), Tg (p = 0 45), Tg
antibody positivity (p = 0 29), duration of ATD therapy
(p = 0 56), anti-TPO (p = 0 085), and ATD drugs (p =
0 65) were observed in patients with or without relapse.
A younger age at diagnosis (p = 0 029), a high presence
of Graves’ ophthalmopathy (p = 0 029), and longer time
to normalization of TSH (p = 0 007) or fT4 (p = 0 003)
was significantly associated with an elevated risk of
relapse. The serum expressions of thyroid function
parameters at diagnosis did not differ between patients
with relapse and in remission (p = 0 72, 0.16, 1.00, and
0.31, resp.). However, lower duration of remission was
observed in patients with higher TRAb (p = 0 001) and
lower TSH (p = 0 013) expressions at cessation.

Serum expression levels of T helper cytokines including
IFN-γ, IL-4, and IL-17 are presented in Table 2. The serum
IL-17 and IL-4 concentrations were significantly higher in
GD patients with relapse than they were in remission (p =
0 022 and 0.001, resp.).

We constructed Cox proportional hazard regression
models including the potential risk factors mentioned
above, such as age at diagnosis, presence of Graves’
ophthalmopathy, time to normalization of TSH and
fT4, and serum expression of TSH, TRAb, IL-4, and
IL-17 at cessation. In this model, the final multivariate
Cox analysis indicated IL-17 expression at cessation to
be an independent risk factor for GD relapse within
12 months after ATD withdrawal (HR: 3.04, 95% CI:
1.14–7.67, p = 0 021), which is shown in Table 3.

The RFS curve analysis according to serum IL-17 expres-
sion is illustrated in Figure 1. Patients with higher expression
levels of IL-17 (≥median value) at cessation demonstrated a
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significantly higher RFS than those with lower levels by the
Kaplan–Meier analysis and the log-rank test (p = 0 028).

4. Discussion

We observed an overall relapse rate of 38.5%, which was
quite in line with the 37% observed in the study of Vos
et al. [5]. To our knowledge, this present study is the first to
indicate elevated serum IL-17 expression at cessation as a
predictive factor for GD relapse within 12 months after
ATD withdrawal. The data in this current study demon-
strated elevated IL- 17 levels associated with GD relapse
and provided a new insight into the etiology and relapse of
GD. Previous studies have revealed some risk factors for
GD relapse, such as age, gender, GD family history, and thy-
roid hormone levels [11, 12]. TRAb positivity has also been
reported to be a significant factor associated with GD relapse
[13]. However, according to our results by multivariate COX
proportional hazard and RFS analysis, IL-17 expression at

Table 1: Clinical features of GD patients with or without relapse.

Parameters
Relapse

p value
Yes (n = 45) No (n = 72)

Age at diagnosis (year) 45.3± 11.4 40.8± 10.3 0.029∗

Gender (n, %) 0.65

Male 9 (20.0%) 17 (23.6%)

Female 36 (80.0%) 55 (76.4%)

Smokers (n, %) 7(15.6%) 10(13.9%) 0.80

Graves’ ophthalmopathy 20(44.4%) 18(25.0%) 0.029∗

Thyroglobulin (Tg, μg/L) 51.7± 35.9 46.8± 33.2 0.45

Thyroglobulin antibody positivity (%) 12(26.7%) 26(36.1%) 0.29

Anti-TPO (IU/L) 121.5± 98.7 94.5± 69.1 0.085

Duration of ATD therapy (months) 20.2± 5.2 19.5± 6.8 0.56

ATD drugs (n, %) 0.65

Methimazole 36 (80.0%) 60 (83.3%)

Propylthiouracil 9 (20.0%) 12 (16.7%)

Time to normalization of TSH (months) 5.8± 2.1 4.6± 2.4 0.007∗

Time to normalization of fT4 (months) 2.2± 1.2 1.6± 0.9 0.003∗

Thyroid function tests at diagnosis

fT4 (pmol/L) 31.6± 15.1 30.8± 14.7 0.72

TT3 (nmol/L) 5.2± 1.3 4.8± 1.6 0.16

TSH (mIU/L) 0.06± 0.05 0.06± 0.04 1.00

TRAb (IU/L) 7.7± 5.8 6.7± 4.8 0.31

TSAb (%) 422.1± 172.4 482.3± 201.5 0.10

Thyroid function tests at cessation

fT4 (pmol/L) 17.5± 2.9 16.8± 3.6 0.27

TT3 (nmol/L) 2.2± 0.5 2.3± 0.6 0.35

TSH (mIU/L) 2.5± 1.4 3.2± 1.5 0.013∗

TRAb (IU/L) 1.2± 0.8 0.8± 0.5 0.001∗

TSAb (%) 214.4± 114.8 218.5± 109.7 0.85

GD: Graves’ disease; ATD: antithyroid drug; Anti-TPO: antithyroid peroxidase antibody; fT4: free thyroxine; TT3: total triiodothyronine; TSH: thyrotropin-
stimulating hormone; TRAb: thyrotropin receptor antibody; TSAb: thyroid stimulatory antibody. p values were calculated by Student’s t-test, Mann–
Whitney U test, and chi-squared test. ∗p < 0 05.

Table 2: T helper cell cytokines at diagnosis/cessation in GD
patients with or without relapse.

Laboratory tests
Relapse

p value
Yes (n = 45) No (n = 72)

Cytokines at diagnosis

IL-4 (pg/mL) 21.1± 5.8 19.9± 6.1 0.29

IL-17 (pg/mL) 10.9± 3.7 10.1± 3.2 0.22

IFN-γ (pg/mL) 130.4± 65.4 124.5± 55.8 0.60

Cytokines at cessation

IL-4 (pg/mL) 15.1± 5.9 12.8± 4.7 0.022∗

IL-17 (pg/mL) 8.9± 3.1 7.1± 2.7 0.001∗

IFN-γ (pg/mL) 122.4± 54.9 118.9± 51.7 0.73

GD: Graves’ disease; IL-4: interleukin-4; IL-17: interleukin-17; IFN-γ:
interferon-γ. p values were calculated by Student’s t-test. ∗p < 0 05.
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cessation was the only significant predictor of GD relapse.
The findings in the present study did not reconcile with the
reports mentioned above but are in agreement with other
investigations suggesting no predictive value of TRAbs [14].
The difference in cohort sample size, detection or statistical
methods, race, and demographic data might be possible
explanations for the discrepancy of conclusions, but further
large-scaled investigations are required to clarify the discrep-
ancy. The expression levels of IFN-γ at diagnosis or at cessa-
tion did not differ between GD patients with and without
relapse. Patients with GD relapse had higher IL-4 concentra-
tions at cessation; however, our final results did not support a
close association between IL-4 levels and GD relapse. Serum
IL-4 expression has been observed to be closely associated
with the disease activity of thyroid-associated ophthalmopa-
thy and negatively correlated with TRAb levels [15]. As
reported in previous studies, elevated IFN-γ and decreased

IL-4 levels are observed in GD patients in comparison with
healthy controls, which indicates that the Th1/Th2 imbal-
ance may be implicated in the pathogenesis of GD [16]. To
our knowledge, whether IFN-γ and IL-4 expression corre-
lates closely with GD relapse remains unclear.

IL-17 is produced by Th17 cells and can enhance certain
inflammatory cytokines, such as IL-1 and tumor necrosis fac-
tor alpha (TNF-α), and promote the migration of leukocytes
to inflammatory sites [17]. Increased IL-17 expression is
widely observed in various autoimmune diseases. Further-
more, the IL-17 concentration is closely associated with dis-
ease activity in patients with systemic lupus erythematosus
(SLE) [18]. Recent studies have discovered higher Th17 lym-
phocyte levels in GD patients than healthy controls, and
intractable GD shows a higher Th17 cell percentage than
remittent GD does [9]. The findings in the present study
did not reconcile with the reports mentioned above but are
congruent with other investigations [14]. Previous data have
also indicated a close correlation between GD pathogenesis
and Th17 cells [19]. Another study conducted in a mouse
GD model revealed that increased IL-17 expression and
reduced Treg cells are possibly involved in the pathogenesis
of GD [20]. Recent data have indicated the pathophysiologi-
cal role of IL-17 in Graves’ ophthalmopathy development
due to the presence of elevated IL-17 and the correlation of
IL-17 with clinical activity in GO patients [21]. Significantly
higher expression levels of IL-17 protein and IL-17 mRNA
were observed in GD and euthyroid GD in comparison with
healthy controls by Zheng et al. [22], which suggests IL-17 to
be a pathogenic factor for GD. Furthermore, many studies
have proved the critical role of IL-17 in other autoimmune
diseases, such as the development of experimental autoim-
mune encephalomyelitis [23] and collagen-induced arthritis
[24]. Th17 cells are the main source of the IL-17 cytokine,
and the critical role of Th17 cells in the autoimmune system
might be a possible explanation for the predictive role of
IL-17 in GD relapse.

We have to acknowledge some limitations in our study.
First, although this study is prospective in design, no inter-
vention strategy is applicable. Second, the duration of
follow-up is relatively short. Furthermore, the mechanisms
underlying how elevated IL-17 can serve as a predictor for

Table 3: Risk factors for GD relapse by univariate and multiple Cox proportional hazard analysis.

Parameters
Univariate Multivariate

HR (95% CI) p value HR (95% CI) p value

Age at diagnosis 2.07 (1.11–3.55) 0.021∗ 0.77 (0.34–1.55) 0.44

Graves’ ophthalmopathy 1.17 (1.03–1.29) 0.014∗ 1.01 (0.97–1.04) 0.52

Time to normalization of TSH 2.11(0.45–6.12) 0.27

Time to normalization of fT4 1.17(0.31–4.68) 0.75

TSH at cessation 0.98(0.94–1.04) 0.54

TRAb at cessation 3.12 (1.06–8.78) 0.042∗ 1.11 (0.89–1.33) 0.23

IL-4 at cessation 1.07(0.29–3.45) 0.13

IL-17 at cessation 1.93 (1.16–3.11) 0.011∗ 3.04 (1.14–7.67) 0.021∗

GD: Graves’ disease; TSH: thyrotropin-stimulating hormone; fT4: free thyroxine; TRAb: thyrotropin receptor antibody; IL-4: interleukin-4; IL-17: interleukin-
17; CI: confidence interval; HR: hazard ratio. ∗p < 0 05.
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Figure 1: The relapse-free survival (RFS) and serum IL-17
expression at cessation by the Kaplan–Meier survival analysis and
log-rank test. Patients with higher expressions of IL-17 (≥median
value) at cessation demonstrated a significantly higher RFS than
those with lower levels (p = 0 028).
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GD relapse remains unclear. Finally, Th17 cells are not the
only source of IL-17. CD8+ T cells, natural killer T cells,
and lymph tissue inducer cells among others can also secrete
IL-17 [25].

In conclusion, this present study indicates that elevated
IL-17 expression at cessation is a predictor for GD relapse
within 12 months. However, the role of IL-17 in GD remains
undefined, and more relevant evidence is required to eluci-
date its role in GD development.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

Jianhui Li is responsible for the project development, data
collection, data analysis, and manuscript writing; Xiaohua
Sun for the data collection; Danzhen Yao for the data
analysis; and Jinying Xia for the project development.

References

[1] S. De Leo, S. Y. Lee, and L. E. Braverman, “Hyperthyroidism,”
Lancet, vol. 388, no. 10047, pp. 906–918, 2016.

[2] G. A. Brent, “Clinical practice. Graves’ disease,” The New
England Journal of Medicine, vol. 358, no. 24, pp. 2594–2605,
2008.

[3] V. Sundaresh, J. P. Brito, Z. Wang et al., “Comparative effec-
tiveness of therapies for Graves’ hyperthyroidism: a systematic
review and network meta-analysis,” The Journal of Clinical
Endocrinology and Metabolism, vol. 98, no. 9, pp. 3671–3677,
2013.

[4] D. S. Cooper, “Antithyroid drugs,” The New England Journal
of Medicine, vol. 352, no. 9, pp. 905–917, 2005.

[5] X. G. Vos, E. Endert, A. H. Zwinderman, J. G. P. Tijssen, and
W. M. Wiersinga, “Predicting the risk of recurrence before
the start of antithyroid drug therapy in patients with Graves’
hyperthyroidism,” The Journal of Clinical Endocrinology and
Metabolism, vol. 101, no. 4, pp. 1381–1389, 2016.

[6] E. Mazza, M. Carlini, D. Flecchia et al., “Long-term follow-up
of patients with hyperthyroidism due to Graves’ disease
treated with methimazole. Comparison of usual treatment
schedule with drug discontinuation vs continuous treatment
with low methimazole doses: a retrospective study,” Journal
of Endocrinological Investigation, vol. 31, no. 10, pp. 866–
872, 2008.

[7] C. Langenstein, D. Schork, K. Badenhoop, and E. Herrmann,
“Relapse prediction in Graves disease: towards mathematical
modeling of clinical, immune and genetic markers,” Reviews
in Endocrine & Metabolic Disorders, vol. 17, no. 4, pp. 571–
581, 2016.

[8] J. K. Kolls and A. Linden, “Interleukin-17 family members and
inflammation,” Immunity, vol. 21, no. 4, pp. 467–476, 2004.

[9] T. Nanba, M. Watanabe, N. Inoue, and Y. Iwatani, “Increases
of the Th1/Th2 cell ratio in severe Hashimoto’s disease and
in the proportion of Th17 cells in intractable Graves’ disease,”
Thyroid, vol. 19, no. 5, pp. 495–501, 2009.

[10] J. Li, Y. Cai, X. Sun, D. Yao, and J. Xia, “MiR-346 and TRAb as
predicative factors for relapse in Graves’ disease within one

year,” Hormone and Metabolic Research, vol. 49, no. 3,
pp. 180–184, 2017.

[11] C. Kamath, M. A. Adlan, and L. D. Premawardhana, “The role
of thyrotrophin receptor antibody assays in Graves’ disease,”
Journal of Thyroid Research, vol. 2012, Article ID 525936,
8 pages, 2012.

[12] J. Orgiazzi and A. M. Madec, “Reduction of the risk of relapse
after withdrawal of medical therapy for Graves’ disease,”
Thyroid, vol. 12, no. 10, pp. 849–853, 2002.

[13] H. Kwon, W. G. Kim, E. K. Jang et al., “Usefulness of measur-
ing thyroid stimulating antibody at the time of antithyroid
drug withdrawal for predicting relapse of Graves disease,”
Endocrinology and Metabolism, vol. 31, no. 2, pp. 300–310,
2016.

[14] T. Zimmermann-Belsing, B. Nygaard, A. K. Rasmussen, and
U. Feldt-Rasmussen, “Use of the 2nd generation TRAK human
assay did not improve prediction of relapse after antithyroid
medical therapy of Graves’ disease,” European Journal of
Endocrinology, vol. 146, no. 2, pp. 173–177, 2002.

[15] I. Zaaber, S. Mestiri, H. Hammedi et al., “Association of
interleukin-1B and interleukin-4 gene variants with autoim-
mune thyroid diseases in Tunisian population,” Immunologi-
cal Investigations, vol. 45, no. 4, pp. 284–297, 2016.

[16] Y. Eshaghkhani, M. H. Sanati, M. Nakhjavani et al., “Disturbed
Th1 and Th2 balance in patients with Graves’ disease,”
Minerva Endocrinologica, vol. 41, no. 1, pp. 28–36, 2016.

[17] K. H. G. Mills, “Induction, function and regulation of IL-17-
producing T cells,” European Journal of Immunology, vol. 38,
no. 10, pp. 2636–2649, 2008.

[18] C. K. Wong, L. C. W. Lit, L. S. Tam, E. K. M. Li, P. T. Y. Wong,
and C. W. K. Lam, “Hyperproduction of IL-23 and IL-17 in
patients with systemic lupus erythematosus: implications for
Th17-mediated inflammation in auto-immunity,” Clinical
Immunology, vol. 127, no. 3, pp. 385–393, 2008.

[19] S. K. Bedoya, B. Lam, K. Lau, and J. Larkin 3rd, “Th17 cells in
immunity and autoimmunity,” Clinical and Developmental
Immunology, vol. 2013, Article ID 986789, 16 pages, 2013.

[20] Q. Yuan, Y. Zhao, X. Zhu, and X. Liu, “Low regulatory T cell
and high IL-17 mRNA expression in a mouse Graves’ disease
model,” Journal of Endocrinological Investigation, vol. 40,
no. 4, pp. 397–407, 2017.

[21] H. Wei, M. Guan, Y. Qin et al., “Circulating levels of miR-146a
and IL-17 are significantly correlated with the clinical activity
of Graves’ ophthalmopathy,” Endocrine Journal, vol. 61,
no. 11, pp. 1087–1092, 2014.

[22] L. Zheng, P. Ye, and C. Liu, “The role of the IL-23/IL-17 axis in
the pathogenesis of Graves’ disease,” Endocrine Journal,
vol. 60, no. 5, pp. 591–597, 2013.

[23] Y. Komiyama, S. Nakae, T. Matsuki et al., “IL-17 plays an
important role in the development of experimental autoim-
mune encephalomyelitis,” Journal of Immunology, vol. 177,
no. 1, pp. 566–573, 2006.

[24] E. Lubberts, L. A. B. Joosten, B. Oppers et al., “IL-1-
independent role of IL-17 in synovial inflammation and
joint destruction during collagen-induced arthritis,” Journal
of Immunology, vol. 167, no. 2, pp. 1004–1013, 2001.

[25] S. Xu and X. Cao, “Interleukin-17 and its expanding biological
functions,” Cellular & Molecular Immunology, vol. 7, no. 3,
pp. 164–174, 2010.

5International Journal of Endocrinology


	Elevated Serum IL-17 Expression at Cessation Associated with Graves’ Disease Relapse
	1. Introduction
	2. Material and Methods
	2.1. Patients
	2.2. Laboratory Tests
	2.3. Relapse and Remission Definition
	2.4. Statistical Analysis

	3. Results
	4. Discussion
	Conflicts of Interest
	Authors’ Contributions

