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Abstract

Graves' Disease (GD) is driven by pathogenic
TSH receptor antibodies (TRAD), yet the under-
lying  imbalance  between inflammatory
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(Th1/Th2) and regulatory (Treg) immune responses remain
complex. Traditionally viewed as a Th2-mediated condition,
it is also characterized by lymphocytic infiltration and inflam-
mation in the thyroid and orbit.

The study aims to investigate the immunological profile of
patients with autoimmune hyperthyroidism by concurrently
measuring IL-35, IL-4, and CXCL10 and to determine their
diagnostic utility.

A case-control study with 90 participants—60 newly diag-
nosed, untreated GD patients and 30 healthy controls matched
by age and sex—measured serum IL-4, CXCL10, and IL-35
levels using enzyme-linked immunosorbent assay (ELISA).
Nonparametric tests, including the Mann-Whitney U test and
ROC analysis, were used to evaluate the diagnostic perfor-
mance of the biomarkers.

The study demonstrated that patients exhibited significantly
elevated levels of IL-4 and CXCL10, with median values of
approximately 575.20 ng/L and 193.40 ng/L, respectively,
compared to healthy controls. Conversely, IL-35 levels were
notably reduced in patients, with a median of 153.30 ng/L,
compared to 471.30 ng/L in controls.

Our study reveals a distinct triple immune imbalance in GD
patients, characterized by elevated CXCL10 and IL-4 levels
and decreased IL-35 levels. These findings enhance under-
standing of GD's immune pathogenesis and suggest potential
therapeutic targets.

Keywords: Graves' Disease; CXCL10, Interleu-
kin-4 Cytokines, Interleukin-35.
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Introduction

Hyperthyroidism is a condition characterized by
elevated thyroid hormone levels (triiodothyro-
nine and thyroxine) and low TSH levels, with
the most common etiology being Graves' dis-
ease (GD), characterized by the formation of
thyrotropin receptor antibodies (TRAD) (1,2).

Traditionally, GD has been categorized as a Th2
disease, in which cytokines, including IL-4, IL-
5, and IL-13, are secreted, primarily promoting
B cell production of autoantibodies against the
TSH receptor and causing overstimulation of the
thyroid gland. However, recent literature also
discussed the lymphocytic infiltration and tissue
inflammation often observed in the thyroid
gland and orbit (3,4).

CXCLI10 or interferon gamma-inducible pro-
tein 10 (IP-10) is a proinflammatory chemokine
for Th1 cells and serves as the hallmark of Thl
involvement in Graves' disease. CXCL10 is
stimulated by IFN-y and TNF-o, leading to the
recruitment of additional Th1 lymphocytes into
the thyroid (5,6).

In contrast, IL-35, a novel member of the IL-12
cytokine family, is the immunosuppressive
component of the response and comprises two
subunits: the p35 (IL-12a) subunit and the Ep-
stein—Barr virus-induced gene 3 (EBI3) protein.
(7). IL-35 1s secreted by Tregs and Bregs and is
central to the maintenance of peripheral toler-
ance; dysregulation of the IL-35 axis in Tregs
has been implicated in many autoimmune dis-
eases (7).

The study aims to investigate the immunological
profile of patients with autoimmune hyperthy-
roidism by concurrently measuring I1L-35, IL-4,
and CXCL10.
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Material and Methods:
Study design

A case-control study was conducted at the Uni-
versity of Fallujah, and samples were collected
at the Endocrinology and Diabetes Center in
Baghdad, Iraq, and Al-Kindi Teaching Hospital,
from August 2025 to October 2025. The study
protocols and sample collection were approved
by the Institutional Review Board of the Univer-
sity of Fallujah (AS-EC/0001). This study was
conducted in compliance with the ethical stand-
ards of the Helsinki Declaration. Written in-
formed consent was obtained from all partici-
pants before data collection.

Study population

The total study population included 90 partici-
pants. The patient group consisted of 60 individ-
uals with confirmed autoimmune hyperthyroid-
ism.

Inclusion Criteria:

Patient Group: Patients were included if they
had a new diagnosis of Graves' Disease (GD)
and were treatment-naive (no prior anti-thyroid
medications, radioactive iodine, or surgery).
The diagnosis was based on thyroid function
tests, including suppressed TSH level and ele-
vated thyroid hormone levels, along with posi-
tive TRAD status and clinical features consistent
with the 2016 American Thyroid Association
Guidelines for Diagnosis and Management of
Hyperthyroidism (8).

Control Group: The control group included
30 age- and sex-matched euthyroid volunteers
with no personal or family history of autoim-
mune disease.

Exclusion Criteria: To maintain the integrity of
the cytokine profiles, patients with other known
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autoimmune disorders or chronic inflammatory
conditions, individuals with active infections,
malignancy, or those currently receiving corti-
costeroids or immunomodulatory therapies. In
addition, pregnant or lactating women were ex-
cluded.

Laboratory investigations

All participants underwent venous blood sam-
pling, and the samples were centrifuged and
stored at -80 °C until further analysis. Thyroid
function tests were measured using an auto-
mated chemiluminescence immunoassay AR-
CHITECT (Abbott, USA). TRADb levels were
quantified using a 3rd generation competitive
inhibition ELISA kit (RSR Ltd., Cardiff, UK).
Serum levels of IL-4, IL-35, and CXCL10 were
measured using quantitative sandwich ELISA
kits (Elabscience, TX, USA). Following the
manufacturers' protocols.

Statistical analysis: Data were analyzed using
SPSS version 26.0 (IBM Corp., USA). Accord-
ing to the results of the Kolmogorov—Smirnov
and Shapiro—Wilk tests, immunological and
hormonal variables exhibited non-normal distri-
butions (p <0.05). Based on these findings, non-
parametric statistical tests were considered more
appropriate for subsequent analyses. The Mann-
Whitney U test was used to compare differences
between the patient and control groups, and
ROC curve analysis was used to evaluate the di-
agnostic performance of thyroid hormonal and
immunological biomarkers.

Results:

A total of 90 participants were included in the
study, comprising 60 untreated, newly diag-
nosed patients with Graves' disease and 30
healthy controls. The peak age group of patients

AIMCI. (2026),3; (2): 84-90
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and controls was 40-59 years (55.0%). The fe-
male gender showed a predominance in the pa-
tient group (75.0%), with a female-to-male ratio
of 3:1 (Table 1).

Patients with untreated GD had lower TSH lev-
els than controls (median 0.10 mIU/L), whereas
T3 and T4 were higher (5.22 nmol/L and 187.9
nmol/L, respectively) than in the control group
(1.38 nmol/L and 87.5 nmol/L, respectively).
Similarly, all TRAD levels were positive for the
patient group (median 1.40 IU/L) (Table 1).

Comparison of IL-4, IL-35 and CXCL10 Cyto-
kines Between Patients and Control Groups

Analysis of the cytokine profile showed a sig-
nificant elevation in IL-4 in the patient cohort
(median: 575.20 ng/L) compared with healthy
controls (median: 328.90 ng/L). Similarly,
CXCLI10 concentrations were markedly higher
in patients (median: 193.40 ng/L) than in the
control group (median: 89.50 ng/L) (Table 2).
Conversely, patients exhibited a pronounced re-
duction in IL-35, with median levels approxi-
mately threefold lower (153.30 ng/L) than those
observed in healthy controls (471.30 ng/L) (Ta-
ble 2).

Diagnostic performance of IL-4, IL-35, and
CXCL10 Cytokines based on ROC curve anal-
ysis

The results of the current study establish an ex-
cellent diagnostic accuracy for most parameters.
The immunological biomarkers, IL-35 (AUC =
0.997), IL-4 (AUC = 0.977), and CXCL10
(AUC = 0.958) demonstrated excellent diagnos-
tic validity, with sensitivities of 94.28%,
92.11%, and 98.28%, and specificities of
99.67%, 95.37%, and 93.61%, respectively.
(Figure 1)

The journal is licensed under a Attribution 4.0 International (CC BY 4.0).

Page | 86



Disrupted Immune Balance in Graves'
Disease: Evaluation of IL-35, CXCL10,
and IL-4

AIMCI. (2026),3; (2): 84-90
doi.org/10.58564/AIMCJ3.2.2026.275

Table 1: Demographic and hormonal parameters in GD patients and control groups.

Untreated GD  Healthy Control

N 60
Male/Female 15/45
Age? 46.8 +2.8
TSH (mIU/L) ® 0.10
(0.01 - 0.15)
T3 (nmol/L) ® 5.22
(1.24-12.80)
T4 (nmol/L) ® 187.9
(114.5-423.4)
TRADb (IU/L) P 1.40
(0.50-2.53)

P value
30
6/24 0.597
45.0+£2.6 0.133
1.8 <0.001*
(0.81-3.24)
1.38 <0.001*
(1.00-1.90)
87.5 <0.001*
(64.9-122.0)
0.31 <0.001*
(0.23-0.40)

a: Data expressed as mean and standard deviation.

b: Data expressed as median and lower and upper percentiles.
*Significant difference between groups (p value < 0.05).

TSH, thyroid-stimulating hormone;, TRAb, TSH receptor autoantibody

Table 2: Comparison of IL-4, IL-35, and CXCL10 Cytokines Between Patients and Con-
trol Groups.

Untreated GD Healthy Control

IL-4 (ng/L) 575.2
(340.1-983.0)

CXCI10 (ng/L) 193.4
(94.1-317.8)

IL-35 (ng/L) 153.3
(64.5-280.2)

P value
328.9 <0.001*
(228.8-430.4)
89.5 <0.001*
(41-146.5)
471.3 <0.001*

(211.5-877.4)

Data expressed as median (25th—75th percentiles).
* Significant difference between groups (p < 0.05).
1L, Interleukin; CXCL10, C-X-C motif chemokine ligand 10.

Correlation of IL-4, IL-35, and CXCL10 mark-
ers in patients with Graves' disease.

Spearman's correlation analysis was performed
to examine the relationships between regulatory
and pro-inflammatory markers. The cytokine
profile shows that IL-4 correlates positively
with TRADb (r = 0.473, p < 0.01) and negatively
with IL-35 (r = -0.558, p < 0.01). Meanwhile,

CXCL10 shows a positive correlation with
TRAD (r =0.622, p < 0.01) and an inverse cor-
relation with IL-35 (r=-0.611, p <0.01). A sig-
nificant positive correlation was found between
IL-4 and CXCL10 (r=0.585, p <0.001). (Table
3)
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Figure 1: Diagnostic performance of IL-4, IL-35, and CXCL10 Cytokines based on ROC
curve analysis.

Table 3: Spearman's correlation coefficients between immunological markers in patients
with Graves' disease.

Spearman Correlation TRAb (IU/L) IL-4 (ng/L) IL-35(ng/L) CXCL10 (ng/L)

Hok

IL-4 (ng/L) 473
IL-35 (ng/L) -562""
CXCL10 (ng/L) 622"
TRAb (IU/L) -

ok

- -.558" 585
-.558™ - -611"
585" -611" -
473" 5627 6227

Note: IL, Interleukin; CXCL10, C-X-C motif chemokine ligand 10; TRAb, TSH receptor antibody.

** Correlation is significant at the 0.01 level (2-tailed).

Discussion

The present study investigated the cytokine im-
balance in patients with autoimmune hyperthy-
roidism (Graves' disease). Our findings revealed
a distinct triple imbalance in untreated Graves'
disease (GD) patients. The IL-35 levels showed
a significant three-fold decrease in the patient
group, with the elevated medians of both Th2
cytokine (IL-4) and Thl cytokine (CXCL10).
This triple interaction can reflect the Th1/Th2
pro-inflammatory state, along with regulator
failure in compensation, suggesting that the

interplay between these pathways plays a central
role in disease pathogenesis.

Higher IL-4 levels detected in our cohort sup-
port the inflammatory role of this cytokine in
promoting B-cell activation, IgG class switch-
ing, and production of thyroid-stimulating anti-
bodies, key mediators of hyperthyroidism in
GD. The previous studies highlighted that 1L-4
contributes to the humoral (Th2) arm of GD
pathogenesis (2,4).
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Alongside the positive association between 1L-4
and TRADb (r=0.473, p <0.01), this further sup-
ports the activation of B-cells by the Th2 cyto-
kines.

Our current study also showed an increased
level of CXCL10 chemokine in the patient
group compared to the control. CXCL10 is rec-
ognized as the hallmark of Thl-driven autoim-
mune inflammation seen in GD, induced by
IFN-y and TNF-q, and recruits CXCR3" Thl
lymphocytes into thyroid tissue, and has been
shown to decrease upon antithyroid medication
uptake (9,10).

On the other hand, the regulatory cytokine IL-
35 was markedly depleted in patients with un-
treated GD. IL-35 is mainly secreted by T regu-
latory cells (Treg) and B regulatory cells (Breg),
exerts an anti-inflammatory effect, such as in-
hibiting effector T-cell proliferation, and helps
maintain the integrity of peripheral tolerance
(11). Some studies reported that IL-35 has
shown a decrease in several autoimmune dis-
eases, and more recently in GD (12-14). Inte-
grating our findings with prior data suggests that
low circulating IL-35 levels may weaken or con-
tribute to reduced regulatory control over Thl
and Th2 cells, thereby sustaining the inflamma-
tory attack and autoantibody production. While
the strong negative correlation between IL-35
and TRAD titers suggests that IL-35 suppression
is a key driver of autoimmunity

The ROC analysis of our cytokines demon-
strated notable diagnostic accuracy for differen-
tiating GD from healthy controls. For example,
IL-35 showed a high accuracy (AUC = 0.997)
and a high specificity (99.67%), suggesting that
suppressed 1L-35 levels are characteristic of the
active autoimmune state in GD. Furthermore,
CXCL10 exhibits high sensitivity (98.28%) in
the early inflammatory phase, making it a relia-
ble marker for screening active thyroiditis.

AIMCI. (2026),3; (2): 84-90
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Limitations of the study

A limitation of this study is the use of strictly
healthy, euthyroid controls rather than diseased
controls (such as patients with toxic multinodu-
lar goiter). This spectrum contrast may overesti-
mate the diagnostic accuracy (AUC) of the cy-
tokines. Future studies incorporating hyperthy-
roid disease controls are required to better define
the clinical specificity of IL-35 and CXCLI10.

Conclusion

In conclusion, our current study identifies a dis-
tinct and complex immune imbalance in GD pa-
tients characterized by elevated levels of meas-
ured CXCL10 and IL-4, along with reduced reg-
ulatory levels of IL-35. These findings can help
elucidate the immune pathogenesis of GD and
highlight its potential as a therapeutic target.
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