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Introduction: Despite traumatic brain injury (TBI) being a leading cause of global morbidity and 

mortality, it lacks easy-to-access or portable, reliable biomarkers for early diagnosis. This study was 

designed to evaluate serum Opalin, a CNS-specific protein, in drug-naïve TBI patients. 

Materials & Methods:  Conducted as a prospective case-control study at a tertiary care setting, 60 drug-

naïve TBI patients and 60 healthy controls (HC) were evaluated for serum Opalin levels. 

Results:   TBI patients showed significant alterations in serum Opalin levels. Opalin demonstrated high 

diagnostic accuracy (AUC: 0.943) with 86.67% sensitivity and 95% specificity at a cut-off of 321.7 

pg/mL. Strong correlations were found between Opalin levels and TBI severity (using CT scan and 

Glasgow coma scale score). 

Conclusion:   This research underscores the potential application of serum Opalin to augment current 

evaluation methods like CT scan and Glasgow coma scale evaluations. 
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Introduction 

Traumatic brain injury (TBI) is a leading cause of 

global morbidity and mortality, ranging from mild 

concussions to severe brain damage due to extrinsic 

forces to the brain (1). The diagnosis of TBI primarily 

relies on clinical evaluation and neuroimaging 

techniques, including computed tomography (CT) 

and magnetic resonance imaging (MRI). However, 

these modalities have inherent limitations, 

particularly in mild TBI, where imaging often fails to 

detect structural changes despite significant 

neurological deficits. Consequently, there is 

increasing interest in identifying biomarkers that can 

serve as reliable diagnostic adjuncts to neuroimaging, 

enabling early diagnosis, severity stratification, and 

prognostication (2). Serum biomarkers are attractive 

due to their noninvasive nature, rapid detection, and 

cost-effectiveness. Recent studies have highlighted 

the potential of biomarkers in improving TBI 

diagnosis and prognosis, as seen in research on S100 

calcium-binding protein B (S100B), ubiquitin C-

terminal hydrolase L1 (UCH-L1) and glial fibrillary 

acidic protein (GFAP) (3). Unfortunately, the overall 

quality of evidence regarding the diagnostic accuracy 

of a single biomarker to rule out significant 

intracranial injury seen on CT head scans in patients 

with TBI is low (4). Moreover, challenges remain in 

translating GFAP and S100B findings from bench to 

bedside (5). Thus, this field merits further 

investigation. One promising candidate is Opalin, a 

myelin-associated glycoprotein predominantly 

expressed in the central nervous system (CNS) (6-8). 

Given its role in maintaining myelin integrity and 

potential involvement in the neuroinflammatory 

cascade, Opalin is emerging as a diagnostic marker 

that may reflect ongoing neuronal damage and axonal 

dysfunction in TBI. In addition to Opalin, several 

biochemical markers have been identified as 

indicators of TBI severity and clinical outcome. This 

study aims to evaluate the clinical utility of serum 

Opalin in the acute phase of TBI to evaluate its 

diagnostic value relative to current methods such as 

CT scans and the Glasgow Coma Scale (GCS). 

Materials and methods 

Study Design 

A prospective case-control study was conducted in 

the Department of Neurology at Imam Khomeini 

Hospital, affiliated with Ilam University of Medical 

Sciences, over one year from 2023 to 2024. 

Setting and Participants 

Using a census method, a total of 91 patients 

diagnosed with TBI were initially recruited for this 

study. The diagnosis of TBI was conducted by expert 

neurologists based on clinical and paraclinical 

findings. Participants were included if they met the 

following criteria: a confirmed diagnosis of TBI 

supported by neurological examinations and CT 

imaging. The exclusion criteria were as follows: use 

of medications that affect the CNS and peripheral 

nervous system within the six months preceding the 

study (the patients must be drug-naive), any previous 

head injury in the past (at least 10 years ago) and 

presence of comorbid conditions such as neoplasms 

or systemic diseases. After applying these criteria, 60 

drug-naive patients with TBI were selected for 

further analyses. 

The severity of TBI (Table 1) was ordinally sub-

grouped according to GCS scores as follows: HC or 

non-TBI (n=60, 100%): 15, mild TBI: 13-15 (n=29, 

48.3%), moderate TBI: 9-12 (n=6, 10.0%), and 

severe TBI: 8 or lower (n=25, 41.7%). The 

distribution of patients according to CT scan was 

categorized into 7 subgroups (Table 1), including 

contusion/coup and countercoup (n=9, 15.0%), 

diffuse axonal injury (n=5, 8.3%), epidural 

hematoma (n=14, 23.3%), subdural hematoma (n=15, 

25.0%), subarachnoid hemorrhage (n=6, 10.0%), 

intracerebral hemorrhage (n=8, 13.3%) and 

intraventricular hemorrhage (n=3, 5.0%). 

There were no significant (p > 0.05) differences 

between the two groups in terms of age and sex, 

indicating successful matching. However, there were 

significant differences between the two groups in 
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terms of GCS score and GCS categorization (Median: 

12.00 and 25-75 percentiles: 5.00 to 14.00). In the HC 

group (males: n= 45, 75.0% and females: n=15, 

25.0%, mean age ± SD: 37.65 ± 10.30 was matched 

to the TBI group (males: n= 52, 86.7% % and 

females: n=8, 13.3%, mean age ± SD: 36.47 ± 19.18) 

by age (P-value= 0.6745) and sex (P-value=0.1059) 

to ensure comparability. 

Sample Size 

Using a census method, a total of 91 patients 

diagnosed with TBI were initially recruited for this 

study. 

Measurements & Validity and Reliability 

Demographic and Clinical Characteristics 

The severity of TBI (Table 1) was ordinally sub-

grouped according to GCS scores as follows: HC or 

non-TBI (n=60, 100%): 15, mild TBI: 13-15 (n=29, 

48.3%), moderate TBI: 9-12 (n=6, 10.0%), and 

severe TBI: 8 or lower (n=25, 41.7%). The 

distribution of patients according to CT scan was 

categorized into 7 subgroups (Table 1), including 

contusion/coup and countercoup (n=9, 15.0%), 

diffuse axonal injury (n=5, 8.3%), epidural 

hematoma (n=14, 23.3%), subdural hematoma (n=15, 

25.0%), subarachnoid hemorrhage (n=6, 10.0%), 

intracerebral hemorrhage (n=8, 13.3%) and 

intraventricular hemorrhage (n=3, 5.0%). 

Serum Opalin Measurement 

To quantitatively evaluate serum Opalin levels in 

both TBI and HC groups, a commercial quantitative 

sandwich enzyme-linked immunosorbent assay 

(ELISA) kit (My Biosource, Cat. No. MBS1603888) 

with high analytical sensitivity and specificity was 

used. The analytical sensitivity of the kit for detecting 

human Opalin was 9.89 ng/L, with a detection range 

of 20 ng/L to 3800 ng/L and included six calibrators 

(0 ng/L, 125 ng/L, 250 ng/L, 500 ng/L, 1000 ng/L, 

and 2000 ng/L) to establish a standard curve for 

quantitative analysis. Regarding analytical 

specificity, the manufacturer reported no significant 

cross-reactivity or interference between human 

Opalin and its analogs, ensuring reliable 

measurements. All procedures were carried out in 

strict accordance with the protocol provided by the 

manufacturer to ensure accuracy and reproducibility 

of the results. 

The clinical sensitivity and specificity for various 

cut-off values of serum Opalin and positive 

likelihood ratio (LR+) and negative likelihood ratio 

(LR-) were determined using MedCalc® Statistical 

Software (version 23.0.9). This analysis aimed to 

comprehensively evaluate the diagnostic 

performance of serum Opalin for differentiating 

between TBI and HC groups, thereby providing 

insights for its possible future clinical applicability.. 

Statistical and Data Analysis 

Data processing, analysis and presenting the results 

as tables were performed using MedCalc® Statistical 

Software (version 23.0.9) for comparing serum 

biochemical analytes in both groups using a 

parametric unpaired t-test (independent t-test)/non-

parametric Mann-Whitney test according to data 

distributions. The results were considered 

statistically significant if the P-value of the statistical 

test was <0.05. To determine the type of each 

correlation, non-parametric Spearman or parametric 

Pearson's correlation coefficients and their 

corresponding P-values were calculated and reported 

according to the distribution of data. Values of 

correlations were interpreted as 0= no correlation, 

0.01-0.25= weak correlation, 0.26-0.50= sufficient 

correlation, 0.51-0.75= strong correlation, 0.76-

0.99= very strong correlation, and 1= prefect 

correlation (9). 

Results 

Correlations Among Serum Opalin with TBI 

Severity  

The results for correlations (correlation coefficient/r, 

P-value) for serum Opalin have been calculated. 
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Significant correlations were observed between GCS 

with Opalin (r=-0.918, P<0.0001) in the patients.  

Subgroup Analyses Results 

By non-parametric methods (subgrouping of each 

variable according to its reference interval), the 

frequency tables for each measurand and the 

associated chi-squared P-value have been calculated 

and presented in Table 1. On one hand, subgroup 

analyses showed that there were no statistical 

differences between TBI and HC using chi-squared 

statistical test for gender (P = 0.1059) subgroups. On 

another hand, there were statistical differences 

between TBI and HC using chi-squared statistical test 

for GCS (P < 0.0001, HC vs TBI: no TBI = 60 

(100.0%) vs no case(0.0%), mild TBI = no case 

(0.0%) vs 29 (48.3%), moderate TBI = no case 

(0.0%) vs 6 (10.0%), severe TBI = no case (0.0%) vs 

25 (41.7%),; TBI subtype (P < 0.0001, HC vs TBI: no 

injury 60 (100.0%) vs 0 (0.0%), contusion no case 

(0.0%) vs 9 (15.0%), diffuse axonal injury no case 

(0.0%) vs 5 (8.3%), epidural hematoma no case 

(0.0%) vs 14 (23.3%), subdural hematoma no case 

(0.0%) vs 15 (25.0%), subarachnoid hemorrhage no 

case (0.0%) vs 6 (10.0%), intracerebral hemorrhage 

no case (0.0%) vs 8 (13.3%), intraventricular 

hemorrhage no case (0.0%) vs 3 (5.0%).

Table 1. Subgroup analyses for gender, GCS and TBI subtypes. 

A) 

Group 
Gender 

Total 
Male Female 

HC 
45 

(75.0%) 

15 

(25.0%) 
60 (50.0%) 

TBI 
52 

(86.7%) 

8 

(13.3%) 
60 (50.0%) 

Chi-squared 2.614 

Significance level P = 0.1059 

B) 

 

Group 

GCS subgroup 

Total 
No TBI Mild TBI 

Moderate 

TBI 

Severe 

TBI 

HC 
60 

(100.0%) 

0 

(0.0%) 

0 

(0.0%) 

0 

(0.0%) 

60 

(50.0%) 

TBI 
0 

(0.0%) 

29 

(48.3%) 

6 

(10.0%) 

25 

(41.7%) 

60 

(50.0%) 

Chi-squared 120.000 

Significance level P < 0.0001 
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C) 

 

Group 

TBI subtype 

Total 
No injury 

Contusio

n 

Diffuse 

axonal 

injury 

Epidural 

hematom

a 

Subdural 

hematom

a 

Subarachn

oid 

hemorrhag

e 

Intracerebr

al 

hemorrhag

e 

Intraventricul

ar 

hemorrhage 

HC 
60 

(100.0%) 

0 

(0.0%) 

0 

(0.0%) 

0 

(0.0%) 

0 

(0.0%) 

0 

(0.0%) 

0 

(0.0%) 

0 

(0.0% 

60 

(50.0%) 

TBI 
0 

(0.0%) 

9 

(15.0%) 

5 

(8.3%) 

14 

(23.3%) 

15 

(25.0%) 

6 

(10.0%) 

8 

(13.3%) 

3 

(5.0%) 

60 

(50.0%) 

Chi-

squared 
120.000 

Significan

ce level 
P < 0.0001 

linical Utility of Serum Opalin in HC and TBI 

Groups 

In the serum samples, Opalin protein was detectable 

in both HC and TBI subjects. The mean (pg/mL) ± 

SD in the HC and TBI groups were 165.89 ± 138.27 

and 1963.45 ± 2074.65 (P<0.0001), respectively, and 

were presented in Table 2 and Table 3. 

Table 2. Summary statistics table for HC and TBI groups. 

Test/variable (unit) 

Group 

HC (n=60) TBI (n=60) 

Mean 95% CI SD Mean 95% CI SD 

Age (year) 37.650 34.989 to 40.311 10.3003 36.467 31.512 to 41.422 19.1811 

Opalin (ng/L) 165.889 130.172 to 201.607 138.2662 1963.448 1427.508 to 2499.388 2074.6538 

Time (minute) 0.000 0.000 to 0.000 0.0000 1025.167 750.946 to 1299.388 1061.5247 

GCS 15.000 15.000 to 15.000 0.0000 9.767 8.563 to 10.970 4.6591 
Abbreviations: Time: Time after traumatic brain injury; GCS: Glasgow coma scale; HC: Healthy control;  

TBI: Traumatic brain injury. 

Table 3. Comparison of independent samples in HC and TBI groups. 

Test/variable(unit) 
HC 

(n = 60) 

TBI 

(n = 60) 
P-Value  # 

Age (year) 
35.00 

24.00 to 57.00 

36.00 

11.00 to 72.00 
0.5281 

Opalin (ng/L) 
109.35 

56.55 to 503.05 

614.25 

163.45 to 5844.10 
<0.0001 

GCS 
15.00 

15.00 to 15.00 

12.00 

3.00 to 15.00 
<0.0001 

Time (minute) 
0.00 

0.00 to 0.00 

600.00 

40.00 to 3030.00 
<0.0001 

Data are: Median, 5-95 percentiles 

# Mann-Whitney test 

Abbreviations: HC: Healthy control; TBI: Traumatic brain injury; Time: Time after traumatic brain injury; GCS: Glasgow coma 

scale. 
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Moreover, receiver operating curve (ROC) was 

developed for serum opalin clinical sensitivity and 

specificity at different cut-off points, and the results 

have been shown in Figure 1. For a cut-off value of 

>321.7 pg/mL, the serum Opalin clinical utility 

calculated as the area under the curve (AUC) of 0.943 

(95% confidence interval: 0.886 to 0.977) with a 

clinical sensitivity and specificity of 86.67 % (95% 

confidence interval: 75.4 - 94.1) and 95.00% (95% 

confidence interval: 86.1 - 99.0) respectively; with a 

Youden index J of 0.8167.

 

Figure 1. Receiver operating curve (ROC) for TBI diagnosis using serum opalin concentrations. For a cut-off value of >321.7 

pg/mL, the serum Opalin clinical utility calculated as the area under the curve (AUC) of 0.943 (95% confidence interval: 0.886 to 

0.977) with a clinical sensitivity and specificity of 86.67 % (95% confidence interval: 75.4 - 94.1) and 95.00% (95% confidence 

interval: 86.1 - 99.0) respectively; with a Youden index J of 0.8167. 

Likelihood ratio (LR+) and negative likelihood ratio 

(LR-) 

Meanwhile, LR+ and LR- of serum opalin were 

determined for the cut-off point of 321.7 pg/mL as 

17.33 (95%confidence interval: 5.73 - 52.46) and 

0.14 (95%confidence interval: 0.073 - 0.27 

Discussion 

In the current study, the serum concentration of 

Opalin protein was measured during the acute phase 

of the disease in comparison with the HC group to 

evaluate its diagnostic proficiency. It is well 

established that in TBI subjects biochemical 

alterations occur, even though there are many 

inconsistencies about the direction of the 

abnormalities (10, 11). The pathophysiology of TBI 

(induced by acute mechanical forces) involves a 

complex interaction between primary injury, 

including the immediate damage to neurons and 

neuroglial cells, and secondary injury, which 

includes a cascade of molecular and biochemical 

events such as inflammation, oxidative stress, and 

excitotoxicity. These processes lead to ischemia, 
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intracranial hypertension, vasogenic and cytotoxic 

edema, diffuse axonal injury, and hemorrhage, which 

contribute to neuronal death and long-term cognitive 

and functional impairments (12, 13). As TBI often 

disrupts the blood-brain barrier, leading to the 

leakage of proteins and other molecules from 

circulation into the brain and vice versa (14).  In this 

investigation, the measurements were taken at 

inconsistent time points, i.e., phlebotomies were done 

at admissions, which could dilute any potential 

correlations. Serum Opalin demonstrated a very 

strong negative correlation with TBI severity (GCS). 

On one hand, it is well established that radiologic 

methods are the gold standard for diagnosing TBI and 

determining the anatomical location of the injury at 

admission. However, the main disadvantage 

associated with X-ray radiation (as used in CT scans) 

is the use of wavelengths ranging from 0.01 to 10 

nanometers (frequencies in the range of 30 petahertz 

to 30 exahertz), with energies in the range of 100 eV 

to 100 keV (15), which are more powerful than 

ultraviolet (UV) radiation. Thus, it may be associated 

with adverse outcomes such as induction of DNA 

mutagenesis. This phenomenon limits the application 

of X-ray radiation-dependent instruments for TBI 

diagnosis in pregnant women and children (3). 

Moreover, besides safety advantages, using MRI has 

its limitations for the detection and monitoring of 

TBI, especially when the patient is under oxygen 

therapy or tracheostomized or in more serious 

conditions, such as patients with 

coma/unconsciousness in intensive care units. 

Furthermore, CT scan and MRI methods are not 

accessible for all patients and are limited to specific 

places such as hospitals or clinics. Thus, discovering 

an appropriate serum-based biomarker has high 

gains, including remote and portable examination; 

improving subject stratification by the extent and 

injury severity; detecting micro-injuries to the brain 

that are not monitored or detected by CT scan or 

MRI; advancing assessment of intoxicated, 

unconscious, sedated, or polytrauma patients; and 

identifying patients at risk of developing long-term 

sequelae. For several decades, researchers have 

conducted a growing body of investigations on 

cellular and biochemical markers for TBI diagnosis 

and have introduced many blood-based biomarkers, 

including astrocyte-derived proteins such as S100B 

(16, 17) and GFAP (18, 19) and neuron-derived 

proteins such as UCH-L1 (19, 20). These biomarkers 

have shown promise in aiding the diagnosis and 

understanding of TBI pathophysiology. Serum 

Opalin is a protein that in humans is encoded by the 

OPALIN gene and is a novel type I transmembrane 

protein enriched in differentiating oligodendrocytes 

(21). Indeed, Opalin is a CNS-specific myelin protein 

phylogenetically unique to mammals, and this 

specific pattern of expression makes it an appropriate 

candidate for TBI diagnosis (22). Moreover, in the 

current study, there was a very strong inverse 

correlation between Oplain concentrations and GCS 

scoring in the patients, emphasizing that it may be a 

serum-based biomarker for stratifying the TBI 

severity. A major confounding factor for the 

interpretation of blood-based biomarkers designed 

for TBI-related pathology diagnosis is that most 

biomarkers are expressed outside the CNS tissues to 

varying degrees. Thus, a pivotal issue when dealing 

with biomarkers is the origin of the biomarker itself, 

i.e., the tissue specificity of the biomarker, and 

interestingly, Opalin is a CNS tissue-specific protein.  

Unfortunately, other biomarkers such as S100B are 

expressed in non-specific tissues, including the 

breast, skin, bone marrow, adrenal gland, adipocytes, 

and peripheral neurons. As in polytrauma, tissue 

specificity of the biomarker plays a pivotal role in 

considering a biomarker candidate. Moreover, it is 

notable that S100B is expressed in the peripheral 

nervous system; however, as mentioned, Opalin 

protein is CNS-specific. Although other reported 

biomarkers have moderate to high clinical sensitivity 

or specificity for a predefined specific cut-off, in 

most of them, both high clinical sensitivity and 

specificity have not been simultaneously met (23-25). 

To the best of our knowledge, in contrast to their high 

clinical sensitivity, GFAP, S100B, and neurofilament 

light chain (NfL) have low clinical specificity for a 

specified optimal cut-off (4). Notably, it was reported 
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that S100B is elevated even when brain damage is not 

present (5, 26, 27) and GFAP is released into the 

bloodstream in diseases other than TBI, such as 

Alzheimer's disease (28). It was then shown that 

families of soluble protein biomarkers are indicators 

of blood-brain barrier disruption rather than brain 

damage (29, 30). These findings emphasize the 

importance of understanding biomarker clearance 

mechanisms in relation to blood-brain barrier 

integrity for accurate diagnostic applications. 

Moreover, in accordance with our study, serum 

Opalin was prospectively measured in a small 

number of TBI patients in a preliminary study, as well 

as in stroke patients (21, 31, 32). 

Conclusion 

TIn conclusion, these findings suggest that Opalin 

may be considered as a diagnostic biomarker for CNS 

injuries.  However, the current investigation was 

conducted as a pilot study; here, we propose to 

investigate opalin's applicability as a TBI biomarker 

in larger-scale populations. This research 

underscores the potential use of serum Opalin that 

augment current evaluation methods like CT scan and 

GCS evaluations. 
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