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Abstract. – OBJECTIVE: Burns are among 
the most common injuries in children. In burns 
of more than 20% of the total body surface ar-
ea, a systemic inflammatory response involv-
ing several chemical mediators occurs. Among 
them, nerve growth factor (NGF) regulates the 
inflammatory response related to wound heal-
ing and promotes keratinocyte proliferation and 
angiogenesis. The aim of our study was to in-
vestigate the physiological response to injury in 
children with moderate-severe burns, assaying 
proNGF, mature NGF (mNGF), interleukins (IL)-
1β, and IL-10 serum levels. 

PATIENTS AND METHODS: This is a prospec-
tive observational study, including twelve children 
hospitalized for moderate-severe burns at the Ge-
melli Hospital (Rome). Their laboratory features 
were compared to those of patients with obstruc-
tive hydrocephalus who underwent surgery. 

RESULTS: Our results showed an increase 
in proNGF and mNGF serum levels. In burn pa-
tients, proNGF levels increased before mNGF, 
and serum concentrations of both were not cor-
related with burn extension and depth. The most 
significant levels of mNGF and proNGF were re-
ported in scalds involving the face. Serum IL-1β 
and IL-10 peak levels were reached with a time-
course pattern similar to proNGF. 

CONCLUSIONS: Our preliminary results vali-
date the hypothesis that serum levels of proNGF 
and mNGF may represent inflammatory biomark-
ers useful for monitoring burn patients and de-
fining new strategies for their treatment.

ClinicalTrials.gov: NCT05751174.
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Introduction

Burns are among the most frequent injuries in 
children under five years old worldwide1. They are 
mainly caused by hot liquid scalding, but in some 
cases also by contact and flame burns2-5. They oc-
cur mainly in children between 6 and 24 months 
of age when they learn to move independently, 
but they do not yet recognize the hazards4-7. In the 
UK, 97% of burn injuries affecting children under 
five years of age involve <10% of the Total Body 
Surface Area (TBSA)6. These conditions are typi-
cally not severe and do not require hospitalization, 
while the remaining percentage of burnt children 
may need admission to the Pediatric Intensive Care 
Unit (PICU), with appropriate management and 
treatment by a specialized team8,9.

Despite advances in the last years, extensive 
burns can still cause damage to organs, resulting 
in serious complications or even death10. The out-
come and survival of these children are related 
to the quality of management and the treatment 
carried out. In all children with burns of more than 
20% TBSA, a systemic inflammatory response to 
burn injury occurs11,12. It is usually investigated 
with the dosage of inflammatory markers, such as 
C-reactive protein (CRP) and procalcitonin (PCT), 
which also increase in case of infection of the 
burned surface, mainly related to Staphylococcus 
aureus and Pseudomonas aeruginosa in children 
and adults as well13-15. New predictive tools of sep-
sis potentially applicable in burns are being devel-
oped but still need to be validated in this setting16.
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Therefore, understanding the pathophysiolog-
ical response to burn injury by assaying other 
biomarkers would help clinicians in decisions re-
garding the use of antibiotics in the management 
of these children. 

Several studies17 suggested that neurotrophins, 
particularly Nerve Growth Factor (NGF) and its 
receptors, are involved in wound healing. Phys-
iologically, NGF is expressed by various cells, 
such as keratinocytes, fibroblasts, and mast cells, 
all of which are involved in maintaining skin 
homeostasis17-20. 

Previous studies21,22, performed in animal 
models, showed that full-thickness skin wounds 
increased serum and skin levels of NGF released 
from peripheral nerve endings. Interestingly, it 
was demonstrated that the salivary glands of mice 
can store NGF and release it into the bloodstream 
after injury. 

NGF promotes dose-dependent proliferation 
of keratinocytes and fibroblasts, regulates the 
immune inflammatory response related to the 
wound healing process, and promotes angiogene-
sis and myofibroblast differentiation17-20. 

Different studies20,23-25 showed that exogenous 
NGF can be used as a therapeutic agent to restore 
and maintain neuronal function in the peripheral 
and central nervous system. In addition, the top-
ical application of exogenous NGF plays an im-
portant role in promoting the healing and repair 
of diabetic ulcers, corneal ulcers, oral wounds, 
and in crush syndrome26,27.

The hypothesis of this study is based on the 
possibility that skin burns may be related to an 
increased expression of circulating NGF in the 
blood. Moreover, burns are also associated with 
an enhanced release of both pro-inflammatory and 
anti-inflammatory cytokines in order to maintain 
homeostasis. These proteins are released by innate 
immune cells and act as a bridge between the 
innate and the acquired branches of the immune 
system. Interleukin-1 (IL-1), interleukin-6 (IL-6), 
tumor necrosis factor-alpha (TNF-α), and interfer-
on-gamma (IFN-γ) are the major pro-inflamma-
tory cytokines involved28. In particular, IL-1β is 
not only released by damaged keratinocytes and 
endothelial cells but by neutrophils, macrophages, 
and monocytes as well, acting as a T cell chemoat-
tractant29. On the other hand, IL-10 is a major com-
ponent of the anti-inflammatory response: indeed, 
it has inhibitory effects on the release of IL-1, IL-6, 
TNF-α, and IFN-γ30. 

Cytokines such as IL-1β, TNF-α, and IL-6 pro-
mote NGF synthesis in various cell types, such 

as neurons, glial, epithelial, endothelial, muscle, 
and connective tissue cells, thereby upregulating 
NGF production and release during the inflam-
matory response31. At the same time, NGF recep-
tors are expressed on the membrane of immune 
system cells, enabling NGF to directly modulate 
their activity.

The main aim of our study is to assess NGF, 
pro-NGF, IL-1β, and IL-10 values in moderate 
and severe burned patients and compare them to 
those of a control group. The secondary objective 
is to analyze possible correlations between the 
serum expression of these biomarkers and burn 
severity in terms of depth and extension.

Patients and Methods 

This is a prospective observational study, in-
cluding all children hospitalized for moderate and 
severe burns at the Pediatric Intensive Care Unit 
(PICU) and the Pediatric Trauma Center of “Poli-
clinico Gemelli” University Hospital of Rome. The 
study period was from April 2021 to May 2022. 
Participants were recruited among patients pri-
marily presenting to the hospital within 12 hours 
of the accident with burns in 5-98% TBSA. All 
the patients belonged to moderate or severe burns 
according to the American Burns Association32: 
patients with moderate burns n=2 (5-10% TB-
SA burn, 2-5% full-thickness burn), and patients 
with severe burns n=10 (>10% TBSA burn, >5% 
full-thickness burn). In all but one case, the cause 
of the burns was hot fluids. Exclusion criteria were: 
antibiotic treatment 48 hours prior to admission 
or severe pre-existing infections, norepinephrine 
infusion >0.5 mcg/kg/min, comorbidities associ-
ated with liver disease, kidney disease, or immu-
nological or cardiovascular diseases that required 
long-term medication, lack of informed consent 
from parents or legal caregivers. All parents of our 
patients gave written informed consent for both 
clinical and biochemical follow-ups. The study 
was approved by the Catholic University of the 
Sacred Heart Ethics Committee (No. 34249/21).

The following clinical parameters were record-
ed in an electronic database: age, sex, weight, 
TBSA involved, degree and severity of the burn, 
involvement of specific surfaces (face, genitals, 
palms of hands, and soles of feet), other organ 
failures, need of inotropic and vasoconstrictor 
drugs, need for intubation and mechanical ven-
tilation, need for surgery with eventual homolo-
gous/autologous skin graft. 
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The laboratory features of these patients were 
compared to those of a control group, consist-
ing of 10 children with obstructive hydrocepha-
lus who had undergone elective surgery for the 
lengthening of their ventriculoperitoneal shunt, 
given the lack of possibility to compare these 
biomarkers in healthy control patients. These pa-
tients were under normal neurological conditions 
and well-controlled intracranial pressure (ICP) 
dynamics. Furthermore, they did not present a 
clinical picture characterized by systemic inflam-
mation.  Controls were matched for age, sex, and 
weight. 

For all patients included, venous blood sam-
ples (7.5 ml) were drawn after 2-6 h from the 
admission and on days 2, 7, 14, and 30 after the 
burn injury for clinical follow-up as per internal 
protocol. A small aliquot of blood (5 ml) was 
dedicated separately for the assay of circulating 
biomarker levels. The children were not subject-
ed to any invasive investigations for research 
purposes beyond the normal sampling required 
by the care protocol. Whole blood was collected 
in a Paxgene Collection Tube (Milan, Italy) for 
standard genomic analysis, with a volume of 2.5 
mL. Additionally, an aliquot of 5 mL of whole 
blood was collected in dedicated vacutainers to 
obtain 1.5 mL of serum, which was then stored in 
standard tubes at -80°C. Enzyme-linked immu-
nosorbent assays (ELISAs) were used to evaluate 
possible serum variations in proNGF, mNGF, 
IL-1β and IL-10. Total proNGF and mNGF levels 
were measured according to what was previously 
reported33. IL-1β and IL-10 were measured by 
Duoset® human ELISA (cat. DY201 and DY217B, 
respectively, R&D Systems, Milan, Italy), ac-
cording to the manufacturer’s instructions. 

We chose to dose proNGF/mNGF serum lev-
els as possible innovative biomarkers of diffuse 
inflammatory state31,33-35 in burn injury patients, 
together with two well-established inflammatory 
cytokines, whose serum levels are known to be 
altered after burn injury36-38.

Results

Twelve children hospitalized for moderate/se-
vere burns were enrolled, three girls and nine 
boys, aged between 11 months and 15 years. Six 
patients (50%) had II-III-degree burns, while the 
remaining six (50%) had II-degree burns. Two 
children had a burn extension of <10%, six be-
tween 10 and 30%, and four had a 30% degree 

burn or greater, including one patient with a 98% 
total body surface area involved. The affected 
areas were the face district in seven patients, the 
thoracic one in seven patients, the abdomen in 
six, the genital area in two, the superior limbs in 
nine, and the inferior limbs in five. All patients’ 
data are reported in Table I. 

In the burned patients’ group, the time-course 
analysis did not reveal significant variations in 
the serum levels of all four biomarkers up to 14 
days after admission to the PICU (Figure 1). 

The blood assay of selected biomarkers 
(proNGF, mNGF, IL-1β, and IL-10) indicated that 
their pooled mean serum level was significantly 
higher in patients with burn injuries compared to 
those with obstructive hydrocephalus. The com-
parison made on a time-course level also revealed 
that the serum levels of proNGF, mNGF, IL-1β, 
and IL-10 were far higher in burn injury patients 
than in hydrocephalus patients at every time point 
examined.

In particular, results showed that in burn pa-
tients, serum concentrations of proNGF rose be-
fore the mature NGF concentrations (mean time 
day 2 vs. day 7 after admission in PICU). IL-1β 
and IL-10 reached their peak values at day 2 as 
well. Therefore, mNGF was the last biomarker to 
reach its peak level. 

Analyzing our data, we found that the serum 
concentrations of mNGF and proNGF were not 
correlated with the extension of the burn lesions 
or the burn depth. Focusing on the burn site, 
the most significant levels of both mNGF and 
proNGF were reported in scalds involving the fa-
cial region. An exception to this is represented by 
patient 5, whose proNGF and mNGF levels were 
very low. This patient had a massive burn injury 
with almost 99% of the BSA burned and rapidly 
evolved into a multiorgan failure and died.

Discussion

Our results validate the hypothesis that the se-
rum levels of proNGF and mNGF may represent 
possible inflammatory biomarkers in burn injury 
patients. Besides, we showed that in the burn in-
jury patients, the proNGF levels increased before 
the mNGF. 

Since its discovery, NGF has been identified 
as a neurotrophic factor increasing the growth 
and survival of cholinergic neurons in addition to 
protection, repair, and plasticity of the brain39. By 
this time, additional potential therapeutic applica-
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Table I. Patients included in the study and their clinical features.

Total Body Surface Area (TBSA).

Sample ID Sex Age 
(years)

Burn 
degree

TBSA 
(%) Site Mechanical 

ventilation

Need of  
inotropic or  

vasoconstrictor

Need for 
surgery

Multi 
organ 
failure

Antibiotics Days of  
hospitalization Outcome

Patient 1 M 2 years II-III 30-39% Face-neck, scalp, hemithorax 
and left hemiabdomen, left 
arm and part of the left thigh, 
right eye cornea

None None Dermabrasion  
and autologous 
grafting 

No Cefepime

 

47 Positive

Patient 2 M 11 months II 25% Face, thorax, left upper 
limb, right shoulder, upper 
dorsal surface

8 days Noradrenaline for 
7 days

None No Cephazol in 
Ampicillin 

17 Positive

Patient 3 M 1 year II-III 15% Upper limbs, trunk, neck 
and face

2 days None Superficial  
escharotomy 

No Cefepime Te-
icoplanin 

23 Positive

Patient 4 F 8 years II-III 30% Both thighs circumferentially, 
right upper limb  
circumferentially, lower  
abdomen, right hemithorax, 
face

None None Autologous  
grafting 

No Cefepime 28 Positive

Patient 5 M 15 years II-III 98% Almost the whole-body  
surface area

2 days None None Yes None 2 Dead

Patient 6 M 1 year II 2-3% Left half face None Yes None No None 4 Positive
Patient 7 F 3 years II 7% Left upper limb, right arm, 

face, one finger
None None None No None 9 Positive

Patient 8 M 6 years II-III 15% Thorax, abdomen None None None No Piperacillin- 
Tazobac tam 
Vancomycin

6 Positive

Patient 9 M 9 years II 20% Abdomen, thighs, penis, 
finger

12 hours None Autologous skin 
graft surgery

No Vancomycin 18 Positive

Patient 10 F 5 years II 30% Thorax, thighs, right upper 
limb

None None None No None 16 Positive

Patient 11 M 1 years II 14% Right leg, both feet, upper 
limb

None None Escharotomy 
and autologous 
grafting 

No None 17 Positive

Patient 12 M 12 years II-III 15% Thorax, abdomen, upper 
limbs

None None Surgical toilet No Amoxicillin- 
clavulanate 

14 Positive
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tions have been explored, including skin ulcers, 
wounds, ocular diseases, myocardial infarction, 
Alzheimer’s disease, spinal cord damage, and a 
wide range of neuronal injuries40-42. NGF carries 
out its biological effects by binding a tyrosine 
kinase receptor, TrkA, and a pan-neurotrophin 
receptor, p7543. Recent studies44 focused on the 
crucial role of NGF in burns and its interaction 
with skin cells in different stages of burn wound 
healing. In the first phase, macrophages and mast 
cells secrete NGF, which contributes remarkably 
to inflammation. During the following prolifer-
ative phase, NGF boosts angiogenesis through 
vascular endothelial growth factor (VEGF)45 and 
promotes keratinocyte proliferation via the Tr-
kA-PI3K/Akt pathway. In the last remodeling 
phase, NGF induces fibroblast differentiation into 
myofibroblasts, leading to wound contracture46. 
NGF trophic and regenerative properties have 
been thoroughly described in the literature47. 
Indeed, this protein can induce not only neural 
tissue and cutaneous regeneration but also seems 
to have a role in neoangiogenesis in experimental 

animal models45-49. The angiogenic effects are 
mediated through direct action on vascular endo-
thelial cells or through indirect action on VEGF50. 
Tissue regeneration is induced by enhanced per-
fusion and metabolism and induction of an an-
ti-inflammatory response. Indeed, NGF possesses 
regulatory effects on cytokine expression31, and 
it induces a switch towards the anti-inflamma-
tory macrophage phenotype51. Topical delivery 
of NGF has been investigated in different oph-
thalmic diseases, such as neurotrophic keratitis52, 
retinitis pigmentosa53, glaucoma54, and dry eye 
disease55. In vitro models56 have also shown that 
NGF takes part in all stages of wound healing in 
the oral cavity since it is produced by keratino-
cytes, endothelial cells, leukocytes, acinar and 
ductal cells in the salivary glands, and it is also 
secreted into saliva. In the case of wounding, 
NGF and proNGF can bind to their receptors on 
keratinocytes on the wound edges and induce re-
generation. These properties may be exploited to 
target new therapeutic strategies also for wound 
healing of the burns.

Figure 1. A, The time-course analysis of proNGF. B, The time-course analysis of mNGF. C, The time-course analysis of IL-
1β. D, The time-course analysis of IL-10.
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The results of our study correlate with the last 
molecular updates in the literature. The compar-
ison made on a time-course level showed that 
the serum levels of proNGF, NGF, IL-1β, and 
IL-10 were altogether far higher in burn injury 
patients than in control patients at every time-
point examined.  Analyzing the single trends on 
the overall timeline of proNGF, mNGF, IL-1β, 
and IL-10, some differences arise. IL-1β and 
IL-10 had similar tendencies, with a peak on the 
2nd day after admission to PICU and a gradual-
ly decreasing trend.  This data shows that the 
upregulation is not limited to pro-inflammatory 
mediators (IL-1β) but involves anti-inflammato-
ry mediators as well, such as IL-10. Our finding 
suggests that some sort of system of checks and 
balances in the cytokine network is maintained 
in these patients, according to what some au-
thors showed in their studies36-38. The timeline 
trends with a peak on the 2nd day are similar to 
the ones shown in these previous studies36-38. In 
addition, proNGF had a similar time-course pat-
tern, whereas NGF had a peak on the 7th day af-
ter admission to PICU. This could be due to the 
biological role of proNGF. As a matter of fact, 
proNGF is a precursor that has to be cleaved in 
the Golgi apparatus57. By the time the proteolyt-
ic cleavage of this large precursor protein boots 
NGF serum levels, reaching its peak later. As we 
already mentioned, the serum concentrations of 
NGF and proNGF were not correlated with the 
extension of the burn lesions or the burn depth. 
Focusing on the burn site, the most significant 
level of both NGF and proNGF was reported in 
scalds involving the facial region. This aspect 
is probably due to its specific anatomy, which is 
rich in blood vessels and nerves. During the in-
flammatory phase, macrophages and mast cells 
secrete a wide range of cytokines and growth 
factors, including NGF, which participate in 
the inflammatory reaction and induction of oth-
er cells, targeting a homeostatic state46. This 
specific anatomical aspect could lead to higher 
proNGF and mNGF production in patients with 
this kind of injury. Furthermore, the patients 
with the highest serum levels were two and three 
years old. In this age group, the head has a main 
role in determining the body surface area com-
pared to older children58. 

To the best of our knowledge, this is the first 
pilot study to show an association between NGF 
and the burn site involved. Certainly, this cor-
relation should be investigated in future larger 
cohort trials. 

Our study shows several limitations. First of 
all, the single-center design of the study and the 
limited number of patients involved limit some 
assessments. Secondly, burned patients are com-
plicated patients that need intensive management 
in the PICU. Therefore, in this setting, it becomes 
more challenging to establish if there is a direct 
correlation between the burns and the secretion 
of NGF. The intensive care setting, the severe 
clinical conditions and the generalized systemic 
inflammation are some of the biases that could 
have influenced the outcome. Thirdly, controls 
were not healthy subjects but obstructive hydro-
cephalus patients admitted to the PICU. Although 
they were not septic patients, their outcomes 
could be affected by the intensive care conditions 
they experienced.

Conclusions

Overall, our results validate the hypothesis that 
the serum levels of proNGF and mNGF may rep-
resent possible inflammatory biomarkers that are 
useful for monitoring burn-injured patients. Due 
to the short duration of our follow-up, the small 
sample of patients, and the difficulty of enrolling 
a sample of healthy age-matched controls, further 
studies, including a wider range of patients, will 
be necessary to develop standardized diagnostic 
protocols. 

The definition and comprehension of NGF 
expression mechanisms in burn-injured patients 
could allow the individualization of new strate-
gies for the treatment of children suffering from 
burn injuries.
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