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Introduction and objectives: The clinical significance of thyroid hormone

autoantibodies, specifically triiodothyronine autoantibodies (T3-Ab) and

thyroxine autoantibodies (T4-Ab), is not well understood due to current

detection method limitations. This study investigated the clinical utility of T3-

Ab and T4-Ab as biomarkers for thyroid function by developing a Magnetic

Chemiluminescent Immunoassay (MCLIA) kit.

Methods: A chemiluminescent immunoassay kit was developed using magnetic

nanomicroparticles conjugated with T3 or T4 antigens. An indirect detection

approach (magnetic microparticle antigen-target antibody-anti-human IgG

antibody) was employed. Reference ranges were established using 415 serum

samples from healthy individuals. Additionally, serum samples from 1,654

patients with various diseases were analyzed for T3-Ab and T4-Ab distribution

levels and positive rates. Mass spectrometry and recovery experiments assessed

potential interference of T3-Ab and T4-Ab with thyroid hormone detection.

Results: The validation process confirmed the efficacy of the MCLIA kit in

detecting serum T3-Ab and T4-Ab. The reference ranges for both antibodies

were set at ≤ 1.0 AU/mL and showed no significant correlations with other

thyroid markers, including FT3, FT4, TSH, TG, TG-Ab, TPO-Ab, or TR-Ab. Notably,

T3-Ab and T4-Ab levels interfered with FT3 and FT4 detection, especially in

competitive chemiluminescent immunoassays. Elevated levels of T3-Ab and T4-

Ab were found in patients undergoing immune checkpoint blockade therapy.

Conclusions: This study presents the first MCLIA kit for detecting T3-Ab and T4-

Ab in human serum, revealing their potential as thyroid disorder biomarkers,

particularly in cancer patients undergoing immune checkpoint blockade therapy,

where they interfere with thyroid hormone measurements.
KEYWORDS

thyroid hormone autoantibodies, immune checkpoint blockade immunotherapy,
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Introduction

The thyroid gland is a crucial organ within the endocrine

system that plays a vital role in the regulation of various

physiological functions. Imbalances in thyroid function can

significantly disrupt endocrine operations, as thyroid hormones

are essential for cardiovascular health and metabolic processes (1,

2). Recent studies indicate a growing prevalence of thyroid

dysfunction, which is closely associated with modern lifestyle and

dietary habits, raising concerns about its negative impact on

patients’ overall health and quality of life. In clinical laboratories,

the assessment of thyroid function relies primarily on immunoassay

techniques to measure the serum levels of thyroid-stimulating

hormone (TSH) and thyroid hormones (3, 4). While these

immunoassays are favored due to their automation, rapid

turnaround times, and high specificity, they can produce

nonspecific interferences leading to false-positive or false-negative

results (5). Therefore, the ability to quickly and accurately detect

such interferences is crucial.

Discrepancies often exist between thyroid function test results

and clinical symptoms, along with irregular levels of TSH, free

triiodothyronine (FT3), and free thyroxine (FT4). As a result,

laboratory personnel must carefully identify and exclude potential

interfering factors to ensure accurate diagnoses. Notable sources of

interference in T3/FT3 and T4/FT4 measurements include

endogenous factors that nonspecifically bind to assay reagents,

such as heterophile antibodies; albumin mutations linked to

familial dysalbuminemic hyperthyroxinemia; thyroid hormone

autoantibodies (THAb); and macro-TSH (6–9). The literature has

focused primarily on the detection of these interferences via

radioimmunoassays, which often underplay the detection of

thyroid hormone autoantibodies compared with other thyroid

antibodies. THAbs, comprising subclasses such as anti-T3 IgG,
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anti-T3 IgM, anti-T4 IgG, and anti-T4 IgM, predominantly feature

the IgG type (10).

Traditionally considered nonimmunogenic, thyroid hormones

are viewed as haptens, with thyroglobulin potentially triggering

autoimmune responses. However, the mechanisms behind the

production of endogenous thyroid hormone antibodies remain

unclear. Epidemiological data indicate that the prevalence of

thyroid hormone autoantibodies in healthy individuals varies

from 0% to 25%, highlighting the need for standardized detection

methodologies (11, 12). The clinical relevance of these

autoantibodies in various diseases has yet to be thoroughly

investigated, necessitating the development of robust assay kits.

Currently, despite advancements in nonradioactive labeling

techniques such as chemiluminescent immunoassays, the absence

of commercial kits for T3-Ab and T4-Ab detection restricts their

clinical applicability. This study aims to address this gap by

developing magnetic chemiluminescent immunoassay (MCLIA)

kits for the serum detection of T3-Ab and T4-Ab, with the goal

of providing preliminary insights into their clinical utility.
Materials and methods

T3-Ab and T4-Ab MCLIA protocol

An indirect MCLIA was performed to measure the serum levels

of T3-Ab and T4-Ab, as illustrated in Figure 1. The entire testing

process took 35 min, with the following protocol: 10 mL of serum

sample, calibration standard, or quality control sample was added to

each reaction cup. Next, 20 mL of T3/T4 antigen-coated magnetic

beads (with a ratio of 1 mg of beads to 2 mg of antigen) and 150 mL
of reaction buffer (100 mmol/L PBS) were introduced into the

reaction cup. The mixture was incubated at 37°C for 20 min. After
FIGURE 1

Principle of MCLIA for detecting T3-Ab and T4-Ab. The T3/T4 antigen-coated chemibeads, T3-Ab/T4-Ab, and ABEl Anti-human lgG antibody
formed a complex.
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three washes with PBS, 200 mL of ABEI-labeled anti-human IgG

(with a ratio of 1 mg of ABEI to 200 mg of anti-human IgG) was

andded and the mixture was incubated for an additional 10 min at

37°C. Following three more PBS washes, a chemiluminescent

substrate (Snibe, China) was added, consisting of 200 mL of

solution A (sodium bicarbonate solution) and 200 mL of solution

B (peroxide solution) was added. The luminescent signal was

measured via a MAGLUMI X8 (Snibe, China) after a 5

min incubation.
Apparatus and chemicals

The T3 and T4 antigens, magnetic particles, T3-Ab and T4-Ab

calibrators, PBS, aminobenzenesulfonyl isocyanate (ABEI), anti-

human IgG, substrates A and B, reaction cups, and the high-

throughput chemiluminescence immunoanalyzer (MAGLUMI

X8) utilized in the MCLIA tests were all obtained from Snibe.
Patients and serum collection

The sera of 2069 individuals from Jiangsu University were

evaluated, comprising 415 healthy individuals and 1654 patients

with various conditions. The patient cohort (n = 1654) consisted of

individuals aged 25-85 years (mean age 50 ± 8 years), with 47%

male and 53% female participants. The healthy control group

included age-matched (20-75 years, 45 ± 10 years) volunteers

with balanced gender distribution (42% male, 58% female) and

no history of psychiatric/neurological disorders. This patient cohort

consisted of 115 patients with type 2 diabetes, 27 with renal

insufficiency, 31 with chronic gastritis, 154 pregnant patients, 177

with coronary atherosclerosis, 62 with hypertension, 37 with acute

myocardial infarction, 46 with cardiac insufficiency, 58 with atrial

fibrillation, 70 with arrhythmia, 33 with unstable angina, 103 with

Hashimoto’s thyroiditis, 53 with Graves’ disease, 105 with thyroid

nodules, 51 with hyperthyrea, 70 with hypothyrea, 255 with tumors

(nonimmunotherapy), and 207 with tumors (immune checkpoint

blockade therapy). The remaining serum samples from routine

laboratory tests were collected, and the separated sera were

promptly stored at -80°C for later analysis. The control group

underwent consistent sample collection and processing procedures

as the patient group, and the same control group was used for

comparative analyses with the patient group throughout the

entire study.

The sample sizes for subgroup analyses were based on real-

world data available from clinical laboratories. For exploratory

analyses (such as gender and age stratification), sample sizes were

determined by the actual enrolled healthy control population (n =

415), aiming to provide descriptive evidence. For predefined inter-

group comparisons, sample sizes were determined through power

analysis: assuming an effect size of Cohen’s d = 0.8 for T3-Ab/T4-

Ab concentration differences, calculations indicated that n = 35

cases per group were required to achieve 80% power (a = 0.05, two-

tailed test). Ultimately, the number of cases in the majority of
Frontiers in Endocrinology 03
groups included exceeded 35, with the actual power exceeding 80%,

ensuring the reliability of confirmatory analyses.
Construction of the MCLIA calibration
curve

To construct the T3-Ab and T4-Ab calibration curves, T3-Ab

and T4-Ab IgG solutions were serially diluted to concentrations of

0, 0.2, 0.4, 0.8, 1.6, 3.2, 6.4, 12.8, 25.6, and 50 AU/mL. The relative

luminescence units (RLU) for each standard concentration were

measured via the MAGLUMI X8 (Snibe, China), following standard

detection protocols. The data points were plotted in a scatter plot of

the RLU values against their corresponding concentrations. Linear

regression analysis was performed via GraphPad Prism v8.0

software to determine the regression equations and coefficients.
Statistical analysis

Statistical analyses and graphical representations were

performed via GraphPad Prism v8.0 (GraphPad Software Inc.).

The nonparametric Mann–Whitney U test was applied for

comparisons between two groups, whereas one-way analysis of

variance (ANOVA) followed by the Tukey–Kramer multiple

comparison test was used for comparisons among multiple

groups. Correlation analyses were conducted via the Pearson and

Spearman correlation methods. A significance level of p < 0.05 was

set to determine statistical significance.
Results

Calibration curves

The calibration curves for T3-Ab and T4-Ab are shown in

Figure 2. The MCLIA signal exhibited a linear increase in response

to increasing concentrations of T3-Ab and T4-Ab, enabling the

generation of the calibration curves (Figure 2A: Y = 17428X +

35993, R² = 0.9897; Figure 2B: Y = 42996X + 219363, R² = 0.9278).

The standard curves revealed concentration ranges of T3-Ab and

T4-Ab from 0 to 50 AU/mL, corresponding to chemiluminescence

signals between 35993–907393 and 219363–2369163, respectively.
Establishment of the reference value range

To establish reference ranges for T3-Ab and T4-Ab, we

examined serum samples from 415 healthy individuals (173 males

and 242 females). The data were analyzed for frequency

distribution, resulting in the creation of histograms and fitting

curves. The Kolmogorov-Smirnov test confirmed that T3-Ab and

T4-Ab levels followed a nonnormal distribution in the healthy

population. As shown in Figure 3, we utilized percentiles for data

ranking; since low antibody values lack clinical relevance, we
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adopted the one-sided 95th percentile as the medical reference

range. Specifically, T3-Ab concentration was determined to be 1.01

AU/mL, and T4-Ab concentration was accordingly set at 1.02 AU/

mL. For the purpose of further statistical analyses, a T3-Ab ≤ 1.0

AU/mL and a T4-Ab ≤ 1.0 AU/mL were defined as the normal

reference ranges.
The influence of gender, age, and sample
storage on the detection results of T3-Ab
and T4-Ab

Our study evaluated the differences in T3-Ab and T4-Ab levels

between male and female participants among the 415 healthy

controls (173 males, 242 females). Statistical analysis revealed that

the T3-Ab concentration in males was 0.49 ± 0.46 AU/mL, whereas

in females, it was 0.32 ± 0.37 AU/mL, with no significant difference

between the two groups (Figure 4A, p = 0.2447). For T4-Ab levels,

males had a concentration of 0.34 ± 0.47 AU/mL, compared to a

concentration of 0.31 ± 0.49 AU/mL in females, values which were

not statistically different from one another (Figure 4B, p = 0.3875).
Frontiers in Endocrinology 04
The healthy control group with sample sizes in gender subgroups

sufficient to detect medium effect sizes (Cohen’s d = 0.5, power >

95%). However, no significant differences in T3-Ab/T4-Ab

concentrations were observed between groups.

Further analysis categorized healthy individuals by age into

several groups: 0–10 years, 11–20 years, 21–30 years, 31–40 years,

41–50 years, 51–60 years, 61–70 years, and above 71 years. One-way

ANOVA revealed that there were no significant differences in T3-

Ab levels across the different age groups (Figures 4C, F = 1.208, p =

0.2931). A similar pattern was observed for T4-Ab levels

(Figures 4E, F = 1.810, p = 0.0838). Age-stratified analysis

covered eight age groups (5-60 cases/group), and although some

subgroups had relatively small sample sizes, overall ANOVA

revealed no age-related differences (p = 0.2931 for T3-Ab, p =

0.3421 for T4-Ab). Similarly, correlation analyses of T3-Ab and T4-

Ab levels with age revealed no significant associations (Figure 4D,

r= 0.05586, p = 0.2585; Figure 4F, r = -0.011407, p = 0.0207),

suggesting that age had no significant impact on antibody

concentrations. To evaluate the repeatability of measuring T3-Ab

and T4-Ab concentrations under standard storage conditions, we

assessed four samples at different time intervals (0, 7, 14, and 21
FIGURE 3

Establishment of the reference range. (A, B) Histograms illustrating the distribution of T3-Ab and T4-Ab across 415 healthy individuals, with fitted
curves. A one-sided reference range was established based on the P95 distribution. Data analysis was performed via SPSS 17.0.
FIGURE 2

Establish a calibration curve. (A, B) Calibration curves of MCLIA for detecting T3-Ab and T4-Ab in human serum. Each point represents the mean of
replicate measurements (n = 3).
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days) at 4°C. The results indicated that both T3-Ab and T4-Ab

concentrations remained stable for up to 21 days at 4°C, providing

guidance for future clinical laboratory testing.
T3-Ab and T4-Ab independence from
thyroid hormones and other
autoantibodies

To investigate the potential associations between T3-Ab/T4-Ab

levels and thyroid hormones as well as other related

autoantibodies, the serum levels of T3-Ab, T4-Ab, FT3, FT4,

TSH, thyroglobulin (TG), thyroglobulin antibody (TG-Ab),

thyroid peroxidase antibody (TPO-Ab) and thyroid stimulating

hormone receptor antibody (TR-Ab) in 1654 patients were

measured via MCLIA, and a correlation analysis of the test

results was performed. Serum T3-Ab levels showed no

statistically significant correlations with TG (r = -0.00752, p =
Frontiers in Endocrinology 05
0.7692), TG-Ab (r = 0.02521, p = 0.3208), TPO-Ab (r = 0.02015,

p = 0.4276), or TR-Ab (r = 0.00936, p = 0.7118). By contrast, weak

but statistically significant correlations were observed with FT3 (r =

-0.08323, p = 0.0006), FT4 (r = -0.07613, p = 0.0017), and TSH (r =

0.06722, p = 0.0054) (Figure 5A). Notably, all correlation

coefficients exhibited small effect sizes (|r| < 0.1), which,

according to Cohen’s guidelines for correlation strength (13), fall

within the range of “no practical association”, indicating these

correlations are clinically negligible. Furthermore, no practical

association was detected between serum T4-Ab levels and FT3,

FT4, TSH, or TG levels (Figure 5B, all |r| < 0.1, p > 0.05). For TG-

Ab, TPO-Ab, and TR-Ab, although the p values were < 0.05, all |r|

remained < 0.1. Our results indicated that T3-Ab and T4-Ab levels

exhibit no clinically meaningful correlation with existing thyroid

hormones (FT3, FT4, TSH, TG) or autoantibodies (TG-Ab, TPO-

Ab, TR-Ab). This suggests that T3-Ab and T4-Ab can serve as

independent biomarkers for evaluating thyroid dysfunction, as

their utility is not confounded by traditional thyroid markers.
FIGURE 4

Analysis of T3-Ab and T4-Ab differences based on gender, age, and sample storage conditions. (A, B) Scatter plots depict T3-Ab and T4-Ab levels
between males and females. (C, E) Violin plots showing the distributions of T3-Ab and T4-Ab across different age groups. (D, F) Scatter plots
illustrating the relationships between T3-Ab or T4-Ab levels and age. (G, H) Changes in T3-Ab and T4-Ab levels at 0, 7, 14, and 21 days of storage at
4°C are presented. Statistical analyses utilized the Mann–Whitney U test, ANOVA, and Pearson correlation analysis, with p < 0.05 indicating
statistical significance.
frontiersin.org

https://doi.org/10.3389/fendo.2025.1537222
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Liu et al. 10.3389/fendo.2025.1537222
Impact of T3-Ab and T4-Ab on the FT3 and
FT4 test results

Current FT3 and FT4 hormone testing methods are based on

competitive chemiluminescence immunoassays. To determine

whether the presence of T3-Ab and T4-Ab antibodies affects
Frontiers in Endocrinology 06
thyroid hormone detection and correlates with detection

methods, we randomly selected 10 serum samples from patients

positive for T3-Ab or T4-Ab. We utilized competitive

chemiluminescence immunoassays, sandwich immunoassays, and

mass spectrometry to measure the FT3 and FT4 levels of these

patients, and the mass spectrometry results were used as the
FIGURE 5

Correlation analysis between serum T3-Ab and T4-Ab levels with thyroid hormones and autoantibodies across all patients. (A, B) Scatter plots
illustrating the relationships between T3-Ab or T4-Ab levels and FT3, FT4, TSH, TG, TG-Ab, TPO-Ab, or TR-Ab levels (n = 1654). Statistical analysis
employs Spearman correlation analysis, with p < 0.05 indicating statistical significance.
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standard reference. The results indicated that, in competitive

immunoassays, 9 out of 10 patients presented significantly higher

FT3 levels than did those measured with sandwich assays and mass

spectrometry (Figures 6A, B, p= 0.0014, p = 0.0125). Similarly, 9

patients had elevated FT4 levels in the competitive assays compared

with those in the sandwich assays and mass spectrometry, where

only two patients had FT4 levels that were slightly higher than those

measured by mass spectrometry, whereas the remainder were lower

(Figures 6C, D, p = 0.0351; p = 0.0009).

To further demonstrate the impact of T3-Ab and T4-Ab on FT3

and FT4 testing, we conducted supplementation experiments and

revealed that as the concentrations of T3-Ab and T4-Ab increased,

the FT3 and FT4 test results increased significantly at

supplementation concentrations of 20 AU/mL and 30 AU/mL

(Figure 6E, p = 0.0285; p = 0.0363) and at 30 AU/mL (Figure 6F,

p = 0.0251). These findings suggested that T3-Abs and T4-Abs

could cause apparent increases in FT3 and FT4 hormone levels,

particularly with respect to the competitive immunoassay principle.
Distribution levels and positive rates of T3-
Ab and T4-Ab in diseases

In this study, we included 1654 patients with the indicated

diseases and 415 healthy individuals as a control group, and the

serum concentrations of the biomarkers T3-Ab and T4-Ab were

measured. The results indicated variable expression levels of T3-Ab

and T4-Ab in different diseases. Notably, the T3-Ab level was

significantly elevated in patients receiving tumor immune
Frontiers in Endocrinology 07
checkpoint blockade (ICB) therapy compared with both the

tumor non-immunotherapy group and the healthy control group

(ICB therapy group: 3.23 ± 6.13 AU/mL; tumor non-

immunotherapy group: 0.75 ± 3.58 AU/mL; healthy control

group: 0.34 ± 0.41 AU/mL, p < 0.0001. Figures 7A, B, Table 1).

Similarly, T4-Ab levels were significantly higher in the ICB therapy

group than that in the tumor non-immunotherapy group and

healthy control group (ICB therapy group: 16.16 ± 23.11 AU/mL;

tumor non-immunotherapy group: 0.81 ± 3.15 AU/mL; healthy

control group: 0.34 ± 0.57 AU/mL, p < 0.0001, Figures 7A, B,

Table 1). Additionally, patients with coronary atherosclerosis

presented significantly elevated T3-Ab levels compared with

healthy controls (coronary atherosclerosis: 1.35 ± 4.47 AU/mL, p

= 0.0259). Further analysis demonstrated that when both T3-Ab

and T4-Ab were established with a threshold of 1.0 AU/mL, the

positive rates in the ICB therapy group were 44.44% for T3-Ab and

66.18% for T4-Ab. In contrast, the rates in the tumor non-

immunotherapy group were only 7.84% and 10.58%, whereas in

the healthy control group, the rates were merely 4.34% and 5.54%

(Figures 7C, D, Table 1).

To evaluate the diagnostic performance of T3-Ab and T4-Ab,

receiver operating characteristic (ROC) curve analysis was performed

using healthy controls (n = 415) as the negative reference group and

ICB-treated tumor patients (n = 207) as the target group. ROC curves

demonstrated strong discriminative ability of both antibodies for

identifying ICB exposure (Figures 7E, F). T3-Ab yielded an AUC of

0.8082 (p < 0.0001; 95% CI: 0.78–0.86), with 78.7% sensitivity and

79.3% specificity at the optimal cutoff of 1.2 AU/mL. T4-Ab showed a

higher AUC of 0.8797 (p < 0.0001; 95% CI: 0.86–0.92), achieving
FIGURE 6

Assessing the impact of T3-Ab and T4-Ab on the FT3 and FT4 test results. (A, C) Longitudinal graphs depict FT3 and FT4 levels detected by
competitive immunoassay, sandwich immunoassay, and mass spectrometry from serum samples of 10 patients positive for T3-Ab or T4-Ab. (B, D)
Histograms illustrating the variance observed. (E, F) Comparative analysis of FT3 and FT4 measurements with post-supplementation of T3-Ab or T4-
Ab standards at different concentrations. Statistical analysis was performed via ANOVA, with significance set at p < 0.05.
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85.5% sensitivity and 81.2% specificity at a cutoff of 1.9 AU/mL

(Table 2). These results indicated that T3-Ab and T4-Ab levels were

significantly elevated in ICB-treated patients compared to controls,

suggesting their potential as biomarkers of ICB exposure or

immune activation.
Frontiers in Endocrinology 08
Discussion

The determination of FT3, FT4 and TSH represents widely used

diagnostic methods for evaluating thyroid function. However,

several factors present in serum samples may non-specifically
FIGURE 7

Positive rates of T3-Ab and T4-Ab in the presented diseases. (A, B) Distribution levels of T3-Ab and T4-Ab in the indicated disease categories (n =
1654). (C, D) Positive rate statistics for T3-Ab and T4-Ab in in the indicated disease categories. (E, F) ROC curves assessing the diagnostic
performance of T3-Ab and T4-Ab in predicting ICB exposure. Statistical analysis was performed via ANOVA and DeLong’s test, with significance
defined as p < 0.05.
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bind to the detection reagents, thereby interfering with hormone

measurements (14–16). The existence of thyroid autoantibodies was

first reported in 1956 by Robbins in a patient with papillary thyroid

carcinoma who received 131I therapy (17). The reported positive

rates of T3-Ab and T4-Ab vary significantly between studies,

ranging from 0% to 25% (18–20). This discrepancy in prevalence

rates may result from differences in study populations and detection

methodologies. Previous investigations have primarily employed

radioimmunoprecipitation for T3-Ab and T4-Ab detection (21, 22),

which has not resulted in standardized detection kits. Therefore,

developing novel detection systems for T3-Ab and T4-Ab could be

valuable. In our study, we successfully established a detection
Frontiers in Endocrinology 09
system for measuring T3-Ab and T4-Ab levels in human serum

via an MCLIA analysis system. By identifying these antibodies as

relevant indicators, our research paves the way for further

exploration into their roles in various thyroid conditions and

their potential impact on treatment strategies.

There are various opinions regarding the impact of factors such

as gender, age, and sample storage conditions on the detection

results of thyroid hormones and autoantibodies (23, 24). Previous

studies have indicated that the prevalence of thyroid disease is

significantly greater in females than in males, and tends to increase

with age (25). Our findings revealed no significant differences or

correlations in T3-Ab or T4-Ab levels based on gender or age.

Moreover, these antibodies demonstrated stability under routine

laboratory sample storage conditions for up to 21 days, providing

foundational information for future clinical application and

reference value in establishing the use of T3-Abs and T4-Abs as

biomarkers. Additionally, T3-Ab and T4-Ab exhibited no

significant correlation with other thyroid hormones or

autoantibodies, indicating that they can function as independent

biomarkers for assessing thyroid diseases.

At present, the detection of FT3 and FT4 relies on a competitive

chemiluminescent immunoassay. Our findings indicate that

elevated levels of T3-Ab and T4-Ab in serum may interfere with

the detection of FT3 and FT4, leading to falsely high results.
TABLE 1 The levels and positivity rates of T3-Ab and T4-Ab across different disease groups.

Groups

T3-Ab T4-Ab

Levels (Mean±SD;
AU/mL)

Positivity rates (%)
Levels (Mean±SD;

AU/mL)
Positivity rates (%)

Tumor (immunotherapy) 3.23 ± 6.13 44.45 16.16 ± 23.11 66.18

Tumor (non-immunotherapy) 0.75 ± 3.58 7.84 0.81 ± 3.15 10.58

Hypothyrea 0.69 ± 2.21 4.29 1.09 ± 6.48 8.57

Hyperthyrea 0.34 ± 0.47 5.88 1.63 ± 5.02 18.37

Thyroid nodules 0.89 ± 3.55 11.42 0.29 ± 0.88 4.80

Hashimoto's thyroiditis 0.59 ± 1.05 10.78 1.76 ± 5.72 17.64

Graves disease 0.49 ± 1.49 7.54 1.44 ± 4.37 16.98

Unstable angina 1.03 ± 2.22 17.55 0.45 ± 1.08 9.09

Arrhythmia 0.53 ± 1.46 4.28 1.35 ± 5.26 8.57

Atrial fibrillation 1.01 ± 1.78 19.47 0.49 ± 0.89 12.06

Cardiac insufficiency 1.26 ± 2.75 15.63 1.99 ± 6.51 10.86

Acute myocardial infarction 0.73 ± 1.32 13.51 2.24 ± 9.25 10.80

Hypertension 1.01 ± 2.82 11.29 0.31 ± 0.55 9.67

Coronary atherosclerosis 1.35 ± 4.47 19.21 1.15 ± 5.17 11.34

Pregnancy 0.24 ± 0.28 1.95 0.72 ± 2.68 9.70

Chronic gastritis 0.47 ± 0.84 3.62 0.19 ± 0.28 1.06

Renal insufficiency 0.49 ± 0.85 7.41 0.11 ± 0.16 2.15

Type 2 diabetes 0.72 ± 1.95 12.17 0.45 ± 1.36 9.56

Healthy people 0.34 ± 0.41 4.34 0.34 ± 0.57 5.54
TABLE 2 ROC analysis of T3-Ab and T4-Ab in the diagnosis of ICB
induced thyroiditis.

Variables T3-Ab T4-Ab

Cut-off (AU/mL) 1.2 1.9

AUC (95%CI) 0.8082 (0.78–0.86) 0.8797 (0.86–0.92)

Sensitivity (%) 78.7 85.5

Specificity (%) 79.3 81.2

p < 0.0001 < 0.0001
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Although T3-Ab and T4-Ab are less common than other

autoantibodies (26), they are the only reported autoantibodies

that interfere with thyroid function tests and bind to tracers in

various immunoassay systems, resulting in spurious thyroid

hormone concentrations that do not accurately reflect patients’

actual thyroid function status (27–29). Therefore, T3-Ab and T4-

Ab have broad potential as supplementary monitoring indicators

for thyroid function.

By investigating the distribution levels and positive rates of T3-

Ab and T4-Ab in different diseases, we unexpectedly discovered

their specific clinical application value. Currently, thyroid

dysfunction is the most prevalent endocrine-related adverse event

associated with ICB therapy, especially with inhibitors targeting

programmed death-1 (PD-1) or programmed cell death 1 Ligand 1

(PD-L1), with incidence rates ranging from 7% to 21% (30–32).

These thyroid-related adverse reactions typically present as new-

onset hypothyroidism or transient thyrotoxicosis, often progressing

to persistent hypothyroidism (33). Moreover, there is currently no

unified understanding of the pathological mechanisms underlying

ICB therapy-induced thyroiditis. Some reports suggest a potential

correlation between TPO-Ab and ICB therapy-induced thyroiditis,

yet findings remain inconsistent (34, 35).

The coremechanism of thyroid hormone autoantibody production

induced by ICB can be summarized as the following pathological

cascade, ICBs activate memory T lymphocytes and promote their

aberrant proliferation, triggering a sequential immune response (36).

Activated T cells release cytotoxic mediators (such as perforin and

granzymes) and proinflammatory cytokines (such as IFN-g and TNF-

a), which directly attack thyroid follicular epithelial cells (37, 38). The

sustained inflammatory microenvironment not only exacerbates tissue

damage but also disrupts cellular integrity, leading to massive ectopic

release of intracellularly stored hormone precursors such as

thyroglobulin TG, T3 and T4. These exposed autoantigens are

processed by antigen-presenting cells, activating B lymphocyte-

mediated humoral immune responses, ultimately inducing the

production of T3-Ab and T4-Ab. Identifying more suitable biological

indicators to evaluate the thyroid adverse reactions induced by ICB

therapy is a critical area of investigation. Our results indicated that the

positive rates of T3-Ab (44.45%) and T4-Ab (66.18%) in patients with

tumors whounderwent ICB therapy was significantly greater than those

in the control and other disease groups. Our study is the first to

evaluate the diagnostic performance of T3-Ab and T4-Ab in cancer

patients receiving ICB therapy using ROC analysis. T3-Ab and T4-Ab

levels were significantly elevated in cancer patients receiving ICB

therapy compared to healthy controls and non-ICB tumor patients,

suggesting their potential as biomarkers of ICB exposure or immune

activation in this population. However, longitudinal studies are needed

to validate their role in predicting or monitoring ICB-related

thyroid dysfunction.

Unlike FT3 and FT4, which are susceptible to pharmacological

thyroid hormone influences, T3-Ab and T4-Ab were significantly

elevated in cancer patients receiving ICB therapy. This observation

suggests their potential utility as predictive biomarkers for ICB-

induced thyroid adverse events, thereby aiding clinicians in making

more accurate clinical decisions. Notably, immunotherapy agents
Frontiers in Endocrinology 10
like nivolumab may cause assay interference in thyroid function

tests, potentially leading to misinterpretation of thyroid status (39).

In clinical practice, physicians should perform a combined analysis

of serum thyroid autoantibodies (including both T3-Ab and T4-Ab)

for accurate interpretation of thyroid function test results.

Beyond oncology, our study underscores the multifaceted

clinical utility of T3-Ab and T4-Ab. In patients receiving ICB

therapy, their positivity rates were significantly higher than those

in control groups, indicating that these antibodies may be associated

with ICB exposure or immune activation. Combining the

monitoring of these antibodies with conventional laboratory tests

aids in risk stratification and guides proactive management

strategies. In non-cancer populations, these autoantibodies resolve

diagnostic challenges by identifying assay interference in

individuals with discordant thyroid hormone profiles, thereby

preventing misdiagnosis. Notably, their lack of clinical correlation

with traditional thyroid markers solidifies their role as independent

biomarkers, with potential applications in subtyping autoimmune

thyroid disorders and predicting disease progression trajectories.

However, this study has several limitations. We did not

comprehensively analyze potential confounding factors (such as

medications and biotin supplementation) that may influence test

results, requiring further validation in future studies. In addition,

although retrospective analysis showed sufficient power to detect

medium effect sizes in gender subgroups, some age-stratified groups

(such as the 0–10 years group) had limited sample sizes, potentially

compromising the ability to identify subtle age-related differences.

Prospective studies with larger sample sizes in specific age ranges are

needed to clarify age-related effects on T3-Ab/T4-Ab concentrations.

Morever, the immunological mechanisms underlying high T3-Ab/T4-

Ab secretion in ICB-treated patients remain unclear and require

mechanistic exploration. Further data collection and analysis on ICB-

related thyroid dysfunction are needed. Finally, the single-center design

and lack of longitudinal data limit the generalizability of our findings.

Multicenter, randomized controlled trials with longer follow-up

periods are essential to accumulate robust datasets and enhance the

clinical utility of these biomarkers.

In summary, through this study, we successfully developed a

detection kit for human T3-Ab and T4-Ab for the first time and

initially confirmed their potential importance in treating thyroid

diseases, providing necessary tools for advancing research and

clinical care related to thyroid-related disorders.
Conclusion

We successfully established a novel detection method based on

the MCLIA analysis system for the first time, and investigated the

significance of T3-Ab and T4-Ab detection in the evaluation of

thyroid function. Our findings revealed substantial discrepancies in

the positive rates of T3-Ab and T4-Ab across different studies.

Research has demonstrated that T3-Ab and T4-Ab can serve as

independent biomarkers for assessing thyroid-related diseases.

Notably, Notably, the rate of detection for these antibodies

significantly increases in patients with tumors who are receiving
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ICB therapy, suggesting their potential as indicators for monitoring

thyroid adverse reactions induced by ICB therapy. This study

provides foundational information for future assessments and

interventions related to thyroid complications associated with

immune checkpoint blockade therapy.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Ethics statement

The studies involving humans were approved by Jiangsu

University’s Affiliated Hospital Ethics Committee. The studies

were conducted in accordance with the local legislation and

institutional requirements. The participants provided their written

informed consent to participate in this study.
Author contributions

JL: Conceptualization, Data curation, Formal Analysis, Funding

acquisition, Methodology, Project administration, Validation,

Writing – original draft, Writing – review & editing. CM:

Funding acquisition, Supervision, Writing – review & editing.

XM: Investigation, Writing – original draft. XW: Data curation,

Writing – original draft. TZ: Methodology, Writing – review &

editing. LD: Software, Writing – review & editing. YM: Project

administration, Writing – review & editing.
Funding

The author(s) declare that financial support was received for the

research and/or publication of this article. This study is supported
Frontiers in Endocrinology 11
by research grants from the National Natural Science Foundation of

China (81370889)which provided funding for this research, while

Zhenjing City’s strategic research and development plans

(SH2022046, YLJ202101, and JDYY2023006) provided

additional funding.
Acknowledgments

All of the patients who took part in the study and provided

samples are greatly appreciated by the authors. Special thanks are

extended to Professor Yanlin Tang for providing guidance on data

processing. Additionally, appreciation is extended to the physicians

and technicians at the Hospital Affiliated with Jiangsu University

for their valuable assistance.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Generative AI statement

The author(s) declare that no Generative AI was used in the

creation of this manuscript.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
References
1. Mullur R, Liu YY, Brent GA. Thyroid hormone regulation of metabolism. Physiol
Rev. (2014) 94:355–82. doi: 10.1152/physrev.00030.2013

2. Okazaki-Hada M, Nishihara E, Hisakado M, Kudo T, Ito M, Fukata S, et al.
Autoimmune thyroid disease and thyroid function test fluctuations in patients with
resistance to thyroid hormone. Eur J Endocrinol. (2021) 186:73–82. doi: 10.1530/EJE-21-0584

3. Razvi S, Jabbar A, Pingitore A, Danzi S, Biondi B, Klein I, et al. Thyroid hormones
and cardiovascular function and diseases. J Am Coll Cardiol. (2018) 71:1781–96.
doi: 10.1016/j.jacc.2018.02.045

4. Biondi B, Palmieri EA, Lombardi G, Fazio S. Effects of subclinical thyroid
dysfunction on the heart. Ann Intern Med. (2002) 137:904–14. doi: 10.7326/0003-
4819-137-11-200212030-00011

5. Ismail AA. Identifying and reducing potentially wrong immunoassay results even
when plausible and “not-unreasonable. Adv Clin Chem. (2014) 66:241–94. doi: 10.1016/
b978-0-12-801401-1.00007-4

6. Boscato LM, Stuart MC. Heterophilic antibodies: a problem for all immunoassays.
Clin Chem. (1988) 34:27–33. doi: 10.1093/clinchem/34.1.27
7. Flechner I, Aranoff G, Reifen R, Landau H. Detection of albumin binding
abnormalities in sera of patients with familial dysalbuminaemic hyperthyroxinemia
using isoelectric focusing. Endocr Res . (1992) 18:229–40. doi: 10.1080/
07435809209026679

8. Després N, Grant AM. Antibody interference in thyroid assays: a potential for
clinical misinformation. Clin Chem. (1998) 44:440–54. doi: 10.1093/clinchem/44.3.440

9. Favresse J, Burlacu MC, Maiter D, Gruson D. Interferences with thyroid function
immunoassays: clinical implications and detection algorithm. Endocr Rev. (2018)
39:830–50. doi: 10.1210/er.2018-00119

10. Benvenga S, Vita R, Di Bari F, Lo Re C, Scilipoti A, Giorgianni G, et al.
Assessment of serum thyroid hormone autoantibodies in the first trimester of gestation
as predictors of postpartum thyroiditis. J Clin Transl Endocrinol. (2019) 18:100201.
doi: 10.1016/j.jcte.2019.100201

11. Sakata S, Matsuda M, Ogawa T, Takuno H, Matsui I, Sarui H, et al. Prevalence of
thyroid hormone autoantibodies in healthy subjects. Clin Endocrinol (Oxf). (1994)
41:365–70. doi: 10.1111/j.1365-2265.1994.tb02558.x
frontiersin.org

https://doi.org/10.1152/physrev.00030.2013
https://doi.org/10.1530/EJE-21-0584
https://doi.org/10.1016/j.jacc.2018.02.045
https://doi.org/10.7326/0003-4819-137-11-200212030-00011
https://doi.org/10.7326/0003-4819-137-11-200212030-00011
https://doi.org/10.1016/b978-0-12-801401-1.00007-4
https://doi.org/10.1016/b978-0-12-801401-1.00007-4
https://doi.org/10.1093/clinchem/34.1.27
https://doi.org/10.1080/07435809209026679
https://doi.org/10.1080/07435809209026679
https://doi.org/10.1093/clinchem/44.3.440
https://doi.org/10.1210/er.2018-00119
https://doi.org/10.1016/j.jcte.2019.100201
https://doi.org/10.1111/j.1365-2265.1994.tb02558.x
https://doi.org/10.3389/fendo.2025.1537222
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Liu et al. 10.3389/fendo.2025.1537222
12. Ruggeri RM, Galletti M, Mandolfino MG, Aragona P, Bartolone S, Giorgianni G,
et al. Thyroid hormone autoantibodies in primary Sjögren syndrome and rheumatoid
arthritis are more prevalent than in autoimmune thyroid disease, becoming
progressively more frequent in these diseases. J Endocrinol Invest. (2002) 25:447–54.
doi: 10.1007/BF03344036

13. Cohen J. Statistical power analysis for the behavioral sciences. 2nd. Erlbaum:
Hillsdale, NJ (1988).

14. Boscato LM, Stuart MC. Heterophilic antibodies: a problem for all
immunoassays. Clin Chem. (1988) 34:27–33. doi: 10.1093/clinchem/34.1.27

15. Nahm MH, Hoffmann JW. Heteroantibody: phantom of the immunoassay. Clin
Chem. (1990) 36:829. doi: 10.1093/clinchem/36.6.829

16. Levinson SS. Antibody multispecificity in immunoassay interference. Clin
Biochem. (1992) 25:77–87. doi: 10.1016/0009-9120(92)80048-l

17. Robbins J, Rall JE, Rawson RW. An unusual instance of thyroxine binding by
human serum gamma globulin. J Clin Endocrinol Metab. (1956) 16:573–9. doi: 10.1210/
jcem-16-5-573

18. Vyas SK, Wilkin TJ. Thyroid hormone autoantibodies and their implications for
free thyroid hormone measurement. J Endocrinol Invest. (1994) 17:15–21. doi: 10.1007/
BF03344956

19. Ogawa T, Sakata S, Nakamura S, akuno H, Matsui I, Sarui H, et al. Thyroid
hormone autoantibodies in patients with Graves’ disease: effect of anti-thyroid drug
treatment. Clin Chim Acta. (1994) 228:113–22. doi: 10.1016/0009-8981(94)90282-8

20. Wang PW, Huang MJ, Liu RT, Chen CD. Triiodothyronine autoantibodies in
Graves’ disease: their changes after antithyroid therapy and relationship with the
thyroglobulin antibodies. Acta Endocrinol. (1990) 122:22–8. doi: 10.1530/acta.0.1220022

21. Sakata S, Nakamura S, Miura K. Autoantibodies against thyroid hormones or
iodothyronine. Ann Intern Med. (1985) 103:579–89. doi: 10.7326/0003-4819-103-4-579

22. Allan DJ, Murphy F, Needham CA, Barron N, Wilkins TA, Midgley JE. Sensitive
test for thyroid hormone autoantibodies in serum. Lancet. (1982) ii:824. doi: 10.1016/
s0140-6736(82)92716-7

23. Hubl W, Schmieder J, Gladrow E, Demant T. Reference intervals for thyroid
hormones on the architect analyser. Clin Chem Lab Med. (2002) 40:165–76.
doi: 10.1515/CCLM.2002.028

24. Ma C, Li D, Yin Y, Wu J, Guo X, Zhang R, et al. Establishing thresholds and
effects of gender, age, and season for thyroglobulin and thyroid peroxidase antibodies
by mining real-world big data. Clin Biochem. (2019) 74:36–41. doi: 10.1016/
j.clinbiochem.2019.08.011

25. Bauer M, Glenn T, Pilhatsch M, Pfennig A, Whybrow PC. Gender differences in
thyroid system function: relevance to bipolar disorder and its treatment. Bipolar Disord.
(2014) 16:58–71. doi: 10.1111/bdi.12150

26. Sakata S. Autoimmunity against thyroid hormones. Crit Rev Immunol. (1994)
14:157–91. doi: 10.1615/critrevimmunol.v14.i2.30
Frontiers in Endocrinology 12
27. Ritter D, Brown W, Nahm MH, Ladenson JH, Scott MG. Endogenous serum
antibodies that interfere with a common thyroid hormone uptake assay:
characterization and prevalence. Clin Chem. (1994) 40:1940–3. doi: 10.1093/
clinchem/40.10.1940

28. Keffer JH. Preanalytical considerations in testing thyroid function. Clin Chem.
(1996) 42:125–34. doi: 10.1093/clinchem/42.1.125

29. Nelson JC, Wilcox RB. Analytical performance of free and total thyroxine assays.
Clin Chem. (1996) 42:146–54. doi: 10.1093/clinchem/42.1.146

30. Delivanis DA, Gustafson MP, Bornschlegl S, Merten MM, KottsChade L,
Withers S, et al. Pembrolizumab-induced thyroiditis: comprehensive clinical review
and insights into underlying involved mechanisms. J Clin Endocrinol Metab. (2017)
102:2770–80. doi: 10.1210/jc.2017-00448

31. Yamauchi I, Sakane Y, Fukuda Y, Fujii T, Taura D, Hirata M, et al. Clinical
features of nivolumab-induced thyroiditis: a case series study. Thyroid. (2017) 27:894–
901. doi: 10.1089/thy.2016.0562

32. Ryder M, Callahan M, Postow MA, Wolchok J, Fagin JA. Endocrine-related
adverse events following ipilimumab in patients with advanced melanoma: a
comprehensive retrospective review from a single institution. Endocr Relat Cancer.
(2014) 21:371–81. doi: 10.1530/ERC-13-0499

33. Kobayashi T, Iwama S, Yasuda Y, Okada N, Tsunekawa T, Onoue T, et al.
Patients with antithyroid antibodies are prone to develop destructive thyroiditis by
nivolumab: a prospective study. J Endocr Soc. (2018) 2:241–51. doi: 10.1210/js.2017-
00432

34. Osorio JC, Ni A, Chaft JE, Pollina R, Kasler MK, Stephens D, et al. Antibody-
mediated thyroid dysfunction during T-cell checkpoint blockade in patients with non-
small-cell lung cancer. Ann Oncol. (2017) 28:583–9. doi: 10.1093/annonc/mdw640

35. Iyer PC, Cabanillas ME, Waguespack SG, Hu MI, Thosani S, Lavis VR, et al.
Immune-related thyroiditis with immune checkpoint inhibitors. Thyroid. (2018)
28:1243–51. doi: 10.1089/thy.2018.0116

36. Mueller DL. Mechanisms maintaining peripheral tolerance. Nat Immunol.
(2010) 11:21–7. doi: 10.1038/ni.1817

37. Yasuda Y, Iwama S, Sugiyama D, Okuji T, Kobayashi T, Ito M, et al. CD4+ T cells
are essential for the development of destructive thyroiditis induced by anti-PD-1
antibody in thyroglobulin-immunized mice. Sci Transl Med. (2021) 13:eabb7495.
doi: 10.1126/scitranslmed.abb7495

38. Lechner MG, Zhou Z, Hoang AT, Huang N, Ortega J, Scott LN, et al. Clonally
expanded, thyrotoxic effector CD8+ T cells driven by IL-21 contribute to checkpoint
inhibitor thyroiditis. Sci Transl Med. (2023) 15:eadg0675. doi: 10.1126/
scitranslmed.adg0675

39. Paragliola RM, Corsello A, Papi G, Melfa E, Urbani A, Pontecorvi A, et al.
Immunoassay interference on thyroid function tests during treatment with nivolumab.
Thyroid. (2020) 30:1091–4. doi: 10.1089/thy.2019.0799
frontiersin.org

https://doi.org/10.1007/BF03344036
https://doi.org/10.1093/clinchem/34.1.27
https://doi.org/10.1093/clinchem/36.6.829
https://doi.org/10.1016/0009-9120(92)80048-l
https://doi.org/10.1210/jcem-16-5-573
https://doi.org/10.1210/jcem-16-5-573
https://doi.org/10.1007/BF03344956
https://doi.org/10.1007/BF03344956
https://doi.org/10.1016/0009-8981(94)90282-8
https://doi.org/10.1530/acta.0.1220022
https://doi.org/10.7326/0003-4819-103-4-579
https://doi.org/10.1016/s0140-6736(82)92716-7
https://doi.org/10.1016/s0140-6736(82)92716-7
https://doi.org/10.1515/CCLM.2002.028
https://doi.org/10.1016/j.clinbiochem.2019.08.011
https://doi.org/10.1016/j.clinbiochem.2019.08.011
https://doi.org/10.1111/bdi.12150
https://doi.org/10.1615/critrevimmunol.v14.i2.30
https://doi.org/10.1093/clinchem/40.10.1940
https://doi.org/10.1093/clinchem/40.10.1940
https://doi.org/10.1093/clinchem/42.1.125
https://doi.org/10.1093/clinchem/42.1.146
https://doi.org/10.1210/jc.2017-00448
https://doi.org/10.1089/thy.2016.0562
https://doi.org/10.1530/ERC-13-0499
https://doi.org/10.1210/js.2017-00432
https://doi.org/10.1210/js.2017-00432
https://doi.org/10.1093/annonc/mdw640
https://doi.org/10.1089/thy.2018.0116
https://doi.org/10.1038/ni.1817
https://doi.org/10.1126/scitranslmed.abb7495
https://doi.org/10.1126/scitranslmed.adg0675
https://doi.org/10.1126/scitranslmed.adg0675
https://doi.org/10.1089/thy.2019.0799
https://doi.org/10.3389/fendo.2025.1537222
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	T3 and T4 autoantibodies: emerging biomarkers for evaluating thyroid disorders
	Introduction
	Materials and methods
	T3-Ab and T4-Ab MCLIA protocol
	Apparatus and chemicals
	Patients and serum collection
	Construction of the MCLIA calibration curve
	Statistical analysis

	Results
	Calibration curves
	Establishment of the reference value range
	The influence of gender, age, and sample storage on the detection results of T3-Ab and T4-Ab
	T3-Ab and T4-Ab independence from thyroid hormones and other autoantibodies
	Impact of T3-Ab and T4-Ab on the FT3 and FT4 test results
	Distribution levels and positive rates of T3-Ab and T4-Ab in diseases

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


