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Abstract 

Traumatic spinal cord injury (SCI) or traumatic myelopathy is a devastating neurological condition and a heavy 
burden on the health system. There are inflammatory and structural biomarkers with well-defined profiles, and use‑
ful for determining the management and prognosis of this pathology. Laboratory studies have shown some util‑
ity in confirming the existence of a spinal cord injury. Little knowledge about the molecular processes that occur 
after a SCI is evident, and it is well known that its understanding is dispensable to establish therapeutic targets 
that improve the outcomes for this type of patient. Many studies have explored the role of structural and inflam‑
matory markers and some structural and inflammatory biomarkers. In the present article, we review the ongoing 
research in the field of spinal injury and possible role of biomarkers in the management of these patients.
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Introduction
Traumatic spinal cord injury (SCI) or traumatic myelopa-
thy is a devastating neurological condition, imposing a 
significant burden on the healthcare system [1, 2]. SCI 
leads to varying degrees of motor and sensory deficits, 
and in some cases, autonomic dysfunction [3, 4]. The 
spectrum of spinal cord injuries ranges from subclinical 
injuries to complete transection [5–7], resulting in vary-
ing degrees of motor, sensory, and autonomic dysfunc-
tions, including bowel, bladder, and sexual dysfunctions 
[6–10].

Classically, the initial evaluation of a patient suspected 
of having SCI follows the recommendations outlined in 
the protocol for life support of traumatic spinal injuries, 
commonly known as the ABCDEs of traumatic injuries 
[2, 11]. Throughout history, various classifications have 
been proposed [10], and in some instances, clinical judg-
ment alone guides the management of cervical injuries 
when radiological findings are inconclusive [12].

Given the profound impact of SCI on patients’ lives and 
the healthcare system, there is a pressing need for inno-
vative approaches to diagnosis and treatment. Numer-
ous studies have investigated the role of structural and 
inflammatory markers, as well as various biomarkers 
[13]. In this article, we provide an overview of the cur-
rent research in the field of spinal injury and explore the 
potential role of biomarkers in the management of these 
patients. This review aims to shed light on the impor-
tance of ongoing research and its potential to enhance 
the care and outcomes of individuals with SCI.
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Inflammatory changes in SCI
Traditionally, it was believed that the damage caused 
by a spinal cord injury (SCI) was confined to the direct 
mechanism responsible for the lesion, and this was 
thought to account for all clinical aspects of the patient, 
including their prognosis [14]. However, recent studies 
have revealed that there exists a phase following the ini-
tial injury, the duration of which can vary, during which 
metabolic, vascular, and regenerative changes take place. 
These changes even impact the surrounding healthy tis-
sue and are directly correlated with each patient’s prog-
nosis [14, 15].

The primary injury is characterized by the transfer of 
kinetic energy from a moving object, whether it is a pro-
jectile striking the individual or the individual colliding 
with an object, resulting in trauma to the spinal cord or 
lacerations caused by weapons [16]. Depending on the 
severity of the initial impact, a reactive process is trig-
gered, allowing various cell types (T lymphocytes, mac-
rophages, neutrophils) to migrate from the bloodstream 
to the site of the injury. These cells release proinflam-
matory cytokines (IL-6, IL-1, TNFα) that lead to apop-
tosis, necrosis, excitotoxicity, and the generation of free 
radicals. These cellular changes are secondary to mito-
chondrial dysfunction resulting from an increase in intra-
cellular calcium levels in both neurons and glia [17].

Supporting these findings, a study conducted by Has-
turk et al. in 2018 on rats demonstrated that Etanercept, 
a TNFα inhibitor, attenuated neuronal damage while also 
regulating IL-1 levels and increasing the intralesional 
concentration of antioxidant enzymes like superoxide 
dismutase [18, 19]. Additionally, it has been established 
that medullary tissue cells, such as astrocytes and micro-
glia, can autonomously respond to harmful stimuli with-
out the assistance of blood-borne cells [20].

Pathological response
Hemorrhage is the first disorder that alters the integrity 
of nervous tissue, which causes perivascular infiltration, 
increased adrenergic tone, activates platelets, and causes 
a prothrombotic state, while edema predominates in the 
white matter without associated changes. This leads to 
an inadequate blood supply, thus giving a hypoxic and 
ischemic tissue which is highly susceptible to reperfu-
sion damage [16]. The cells involved in the inflamma-
tory process are microglia and astrocytes [16]. Microglia 
is a cell type with phagocytic capacity that is sensitive 
to tissue damage and responds to it under two opposite 
phenotypes M1 (proinflammatory) and M2 ( anti-inflam-
matory) depending on which substance stimulates them 
[21]. Resting microglia can differentiate to the M1 type 
by various proteins, such as LCN2 (lipocain-2) (acute 

phase protein) in the first hours after trauma, causing 
tissue damage, neuronal apoptosis, as well as glial and 
axonal damage through the release of cytokines such as 
IL-1, IL-6, IL-12, TNFa, TNFβ, glutamate, and reactive 
oxygen species [22]. On the other hand, IL-10 directs 
toward the M2 genotype, counteracting many functions 
of its counterpart, thus generating a balance between 
repair and destruction that can often be lost and lead to 
negative outcomes in patients suffering from SCI [23].

Role of biomarkers
Given the aforementioned limitations, research has con-
tributed to the development of more affordable and more 
useful laboratory tools to initially evaluate the patient, 
estimate the degree of severity, and even objectively 
measure the response to treatment [13, 24]. To date, two 
types of biomarkers have been studied in the context of 
SCI: structural and inflammatory. The structural ones are 
compounds that are part of the nervous network and are 
released at the lesion site, diffusing into the cerebrospinal 
fluid (CSF) and occasionally into the blood; the inflam-
matory ones are cytokines, or fragments of them, that 
are released in the inflammatory response secondary to 
the trauma of the nervous tissue and can be found in the 
same samples [13].

Structural biomarkers
Neurofilaments
They are part of the axonal cytoskeleton and are classi-
fied depending on their molecular weight into light (68 
kDa), medium (149 kDa), and heavy (200 kDa). [24]. Its 
polypeptide sequence is rich in serine, which is phospho-
rylated in pathological processes of nervous tissue [13]. 
After an axonal injury, various intracellular signaling 
pathways (calcium entry into the cytosol, caspase acti-
vation) alter the stability of the axonal skeleton, releas-
ing cytosolic components to the outside and then into 
the CSF and blood [24]. Elevation of this marker in the 
serum of rats with SCI has been shown in comparison to 
healthy rats, reaching maximum concentrations on the 
second day [24]. Interestingly, the presence of low con-
centrations of phosphorylated neurofilaments in early 
stages has been associated with a better prognosis, such 
that in humans, the levels of phosphorylated neurofila-
ments in CSF are directly proportional to the severity of 
the lesion and are associated with a worse prognosis [13].

Tau protein
It is a protein that is part of the microtubules in the axon 
of the neuron and participates in anterograde axoplas-
mic transport and is elevated in the CSF of patients with 
SCI compared to healthy patients, both in its intact and 
cleaved form (this last by the proteolytic action of calpain 
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1 and caspase 3) [13, 24]. Other studies analyzed the 
levels of this protein in patients with SCI (complete and 
incomplete) and showed that after 24 h, the levels of Tau 
protein were associated with a more severe lesion, as well 
as with motor recovery of the patient at 6 months [25]. 
Since the serum levels of this protein and its cleaved form 
are 10 times lower than those present in CSF depending 
on renal clearance, the CSF/serum concentration ratio is 
useful to assess the integrity of the blood–brain barrier 
[13, 24].

Enolase neurospecific
It is a neuronal glycolytic enzyme that predominates in 
the neuronal soma that under normal conditions does 
not leave the cell; therefore, its detection in the CSF or 
serum is indicative of neuronal damage [13]. It has been 
found elevated in rats with SCI, reaching a maximum 
concentration peak between 6 and 24 h [13, 24] It has 
been little investigated and has shown a poor prognostic 
value.

Major basic protein (MBP)
It is part of the myelin sheath, is produced by oligoden-
drocytes, and constitutes 30% of the proteins that make 
up myelin [24]. This protein is degraded by various types 
of proteases released in the inflammatory process, and 
the resulting polypeptide chains are detected in CSF. 
In a study where rats underwent closed traumatic mye-
lopathy, high serum MBP levels were reported at 3  h. 
The utility of this marker [13] remains uncertain S-100β 
protein. It is a calcium transporter protein produced by 
astrocytes and Schwann cells, but it is also present in 
numerous cell types outside the central nervous system 
and fulfills functions in the cell cycle, such as stabilizing 
the Tau protein [13, 24]. In animal models, the levels of 
S-100β in CSF and serum were elevated in the first hours, 
reaching maximum concentrations at 72 h; their con-
centration was also directly related to the severity of the 
injury. In humans, it has been studied in the context of 
decompressive surgeries, since it has been shown that the 
persistence of high titers of this substance is associated 
with unfavorable outcomes [13].

Glial fibrillary acidic protein
It is a monomeric protein belonging to the skeleton of 
the astroglia. It is specific for glial cells and is postulated 
as a marker of glial damage. Good results have not been 
shown in studies; however, it is considered a potential 
marker of neurological complications in the postopera-
tive period of aortic aneurysm surgeries [13].

S‑100β protein
The S-100β protein is a well-studied biomarker that 
has been investigated in the context of spinal cord 
injury (SCI). S-100β is a calcium-binding protein that 
is primarily found in astrocytes, a type of glial cell in 
the central nervous system (CNS) [13, 14]. When the 
CNS experiences injury or damage, such as in the case 
of SCI, S-100β is released into the bloodstream, making 
it a potential biomarker for assessing the extent of CNS 
injury.

Inflammatory biomarkers
MCP‑1 (CCL2)
It is an important chemokine in the recruitment of type 
1 monocytes [13]. In animal models with SCI, the codify-
ing messenger RNA for MCP-1 is increased in the first 5 
min in the spinal cord and becomes undetectable on the 
fifth day and is associated with the severity of the injury 
[13, 25]. In humans, elevated CSF levels have been found 
in the first 24 to 36 h in patients with both complete and 
incomplete SCI [13].

CXCL12
It is a cytokine that participates in neurodevelopment, 
neurite growth, and the signaling of inflammatory pro-
cesses. [13, 25]. It is expressed in high concentrations in 
the dorsal corticospinal tract, posterior to the lesion site 
[25].

Tumor necrosis factor (TNF) and interleukin 1β (IL‑1β)
They are proinflammatory cytokines responsible for vari-
ous processes (proliferation, differentiation, and apop-
tosis) in addition to having pleiotropic effects [25]. In 
human experiments, high levels of both were found in 
the first 5 h after injury. They have high sensitivity, but 
low specificity [13, 25].

Oxidative Stress biomarkers
Malondialdehyde (MDA) is a product of lipid peroxida-
tion, which is a process that damages cell membranes. 
Superoxide dismutase (SOD) is an enzyme that protects 
cells from damage caused by superoxide, a type of free 
radical [25–27].

Spinal cord injury (SCI) can lead to increased produc-
tion of MDA and decreased activity of SOD. This can 
contribute to cell death and damage in the spinal cord 
[27].

MDA and SOD are being investigated as potential bio-
markers for SCI. Biomarkers are substances that can be 
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measured in the blood or other bodily fluids to indicate 
the presence or severity of a disease [27].

Biomarkers of blood‑spinal cord barrier dysfunction
Biomarkers of blood-spinal cord barrier (BSCB) dysfunc-
tion are important indicators used to assess the integ-
rity and permeability of the barrier following spinal cord 
injury (SCI). The BSCB is similar to the blood–brain bar-
rier and serves to protect the spinal cord from harmful 
substances and immune cell infiltration. When the BSCB 
is compromised due to injury or inflammation, various 
biomarkers can be measured to monitor its dysfunction. 
Some of these biomarkers include:

Vascular Endothelial Growth Factor (VEGF): VEGF 
is a signaling protein that plays a crucial role in angiogen-
esis and vascular permeability. Elevated levels of VEGF in 
the spinal cord following SCI are associated with BSCB 
disruption [27–33].

Claudin-5: Claudin-5 is a tight junction protein that 
helps maintain the integrity of the BSCB. Reduced levels 
or altered distribution of claudin-5 can indicate dysfunc-
tion of the barrier [29].

Albumin: Increased levels of albumin in the cerebro-
spinal fluid or blood can indicate leakage across the 
BSCB, as albumin is typically restricted to the blood-
stream and should not enter the spinal cord parenchyma 
[30].

IgG (Immunoglobulin G): Detection of IgG in the spi-
nal cord or cerebrospinal fluid is a sign of BSCB dysfunc-
tion, as antibodies like IgG are usually confined to the 
bloodstream [31].

Aquaporin-4 (AQP4): AQP4 is a water channel pro-
tein primarily found in astrocyte end-feet, and alterations 
in its expression or localization can be associated with 
BSCB disruption [32].

Tight Junction Proteins: Various tight junction pro-
teins, such as occludin and ZO-1, can be measured 
to assess their expression and localization changes in 
response to BSCB dysfunction [33].

These biomarkers serve as valuable tools in diagnos-
ing and monitoring the progression of SCI and can help 
guide treatment strategies aimed at preserving or restor-
ing BSCB integrity. Monitoring these biomarkers can 
provide insights into the extent of damage and the poten-
tial for secondary injury following SCI.

Scope of research
Astrocytes are a diverse group of cells that have an impor-
tant role in the late inflammatory process derived from 
SCI [26]. In this context, these cells have the capacity to 
adopt molecular, morphological, and functional changes 
depending on the severity of the condition. Thus, severe 
damage leads to increased expression of the glial fibrillary 

acidic protein and proinflammatory cytokines mentioned 
above, increases cell size (hypertrophy) constituting what 
is called “astrogliosis” [20]. The above is intended to form 
a physical barrier around the initial lesion site to delimit 
the extent of damage, but at the same time prevent axonal 
regeneration, producing Wallerian degeneration [20, 26]. 
Similarly, fibroblasts participate in the formation of the 
“fibrotic scar,” where they secrete type I, III, and IV col-
lagen, as well as fibronectin and laminin, giving greater 
structural support to the barrier [17]. In contrast to what 
is mentioned in this section, some studies suggest that 
the inflammatory process reactive to SCI may have neu-
roprotective effects for both the neuronal and glial popu-
lations, as is the case of M2 microglia [14, 23].

The role played by lymphocytes is poorly established, 
but it is generally accepted that the population of T lym-
phocytes over B is much higher [16]. The former can be 
differentiated into several lines depending on the type of 
cytokines they produce, with the Th17 line (IL-17-pro-
ducing T lymphatics) being one of the most associated 
with secondary damage due to its neutrophil chemo-
tactic function [14]. Following this, Jianzhong Hu et  al., 
in a study carried out in rats in 2016, showed that the 
cytokine CCL20 (whose receptor is expressed in Th17 
lymphocytes) aggravates tissue damage at the same time 
that it is a potential therapeutic target [14].

Conclusions
Little knowledge about the molecular processes that 
occur after a SCI is evident, and it is well known that its 
understanding is dispensable to establish therapeutic tar-
gets that improve the outcomes for this type of patient. 
SCI is a prevalent situation in our environment, and it 
is necessary for the healthcare team to properly manage 
these patients. The neurological physical examination 
helps to locate the lesion topographically, which must be 
consistent with the imaging findings and thus determine 
adequate management that includes the correct rehabili-
tation process. Knowledge of the inflammatory process 
after trauma is important for the development of both 
biological markers with good diagnostic performance 
(high sensitivity and specificity) and follow-up as well as 
active principles that regulate said response and improve 
the patient’s prognosis. This possibly can help to trans-
lates into a better quality of life for both the patient and 
their family as well as lower health costs.
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