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Background: Acute inflammation in the brain after trauma is mediated by acute inflammatory cells 
(neutrophils) that contributes to ischemic brain damage, neurological deterioration, and poor outcome. 
Migration of neutrophils to brain is mediated by intercellular adhesion molecule-1 (ICAM-1). The aim 
was to determine an association between neutrophils counts, ICAM-1 level and mutation in ICAM-1 gene 
with injury severity and patient’s outcome.
Methods: Cross-sectional study was conducted for 90 Sudanese patients presented with traumatic 
cerebral hemorrhagic contusion to the National Center for Neurological Sciences, Khartoum, Sudan from 
December 2015 to January 2018. Non-Sudanese patients and hemorrhagic contusion associated with other 
type of brain bleeding were excluded in this study. Moreover, 90 apparently healthy individuals were 
participated as control.
Results: Most patients were males (93.3%), their ages ranged from 25 to 44 years, 11.1% of the patients 
had severe brain injury, 22.2% had brain edema and the mortality rate was 8.9%. Circulatory levels of 
leukocytes, neutrophil and, ICAM-1 among patients who sustained trauma were significantly elevated 
compared with controls (p = 0.000). The high level of leukocytes and neutrophils counts were signifi cantly 
associated with ICAM-1 pg/mL circulatory level. High levels of leukocytes, neutrophils, and ICAM-1 
were documented in severe brain injuries. High level of ICAM-1 was observed among patients admitted 
with brain edema. Leukocytes and neutrophils counts were signifi cantly associated with patient outcome. 
High level of ICAM-1 (304.88 pg/mL) was observed among patients with poor outcome compared to 
survivals (263.93 pg/mL). The highest circulatory level of ICAM-1 (280.75 pg/mL) was observed among 
patient having adenine-adenine (AA) mutant homozygous alleles, followed by (272 pg/mL) for guanine-
guanine (GG) homozygous alleles, then (245.12 pg/mL) for guanine-adenine (GA) heterozygous alleles. 
Conclusions: Mutation in ICAM-1 gene and increased levels of leukocytes, neutrophils, and ICAM-1 
constitutes important markers for injury severity and patient’s outcome.
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Introduction
Infiltration of peripheral leukocytes in central ner-

vous system (CNS) can be caused by direct rupture of 
vessels in the primary insult or by secondary disruption 
of the blood brain barriers (BBB) due to neuro-inflam-
mation or up regulation of adhesion molecule on the 
endothelial surface.1 Neutrophils are rapidly recruited 
following CNS injury, present at the time of neuronal 
death, and can trigger tissue damage through gener-
ation of toxic free radicals, proteolytic enzymes and 
pro-inflammatory cytokines such as interleukin 1β (IL-
1β) and tumor necrosis factor α (TNF-α).2 Intercellular 
adhesion molecule-1 (ICAM-1) is a member of the 
immunoglobulin superfamily mainly expressed by 
endothelial cells, mediates leukocytes passage across 
the vascular endothelial cell layer to the sites of tissue 
injury by promoting leukocytes firm adhesion and 
transmigration.3 The G > A 5498 polymorphism in 
exon 6 of ICAM-1 gene has been shown to influence 
the binding of ICAM-1 on endothelial cells and Leu-
kocyte function antigen and Macrophage one antigen 
on leucocytes, mediating leukocytosis and its migra-
tion in an inflammatory environment.4 This domain 
is essential for the structure and function of ICAM-1 
protein.5 Recent genome wide association studies have 
demonstrated a strong correlation between rs5498 and 
adhesion molecules level.6 Genetic variants in ICAM-1 
gene have been shown to regulate the expression level 
of ICAM-1 and have been widely studied for possible 
genetic association with a range of degenerative and in-
flammatory diseases.7,8 Traumatic brain injuries (TBIs) 
including cerebral hemorrhagic contusion induced dis-
turbances in the cerebrum-vasculature and may cause 
endothelial cell activation that alters expression of 
ICAM-1.9 All types of TBIs including hemorrhagic ce-
rebral contusion disrupt BBB leading to infiltration of 
cells and subsequent inflammation and neuro-degener-
ation. Mechanism of how the immune response affects 
the TBIs outcome is controversy and different studies 
reported different results. The aim of this study was 
to find out possible association between neutrophils 
counts, ICAM-1 level and mutation in ICAM-1 gene (G 
> A 5498) with injury severity and patient’s outcome.

Methods
Ethical Approval

The ethical approval was obtained from Ethical 

Review Board of National Center for Neurological 
Sciences (NCNS).

Study Populations
This is a prospective, cross-sectional study con-

ducted at the NCNS from December 2015 to 2018. 
Non-Sudanese patients and hemorrhagic contusion 
associated with other type of brain bleeding were 
excluded. Epidemiological and clinical data were col-
lected using questionnaire.

Laboratory Assay
Two blood samples were collected from all 

participants on entry, one in ethylenediamin tetra-ace-
tic-acid for leukocytes counts and molecular study. 
The second in plain container for ICAM-1 measure-
ment. Leukocyte counts were done using Mindary 
BC-3200 auto hematology analyzer (Mindray-bio-
medical Co., Ltd., Shenzhen, China). Serum was sep-
arated by centrifugation (Hettich Zenterfuge EBA200, 
Kirchlengern, Germany) at 2,000 RPM for 5 minutes 
(= 460.616 g) and then stored at -20°C. The level of 
ICAM-1 was measured in serum using enzyme-linked 
Immunosorbent assay system (TECAN Group Ltd., 
Mannedorf, Switzerland) based on the kits protocol 
(Kono Biotech Co-Ltd, Zhejiang, China).

Molecular Genetic Analysis
Deoxyribonucleic acid (DNA) was extracted 

from whole blood using QIAGEN®(Biotechnology 
industry, Venlo, Netherlands, Germany) commer-
cial DNA extraction kits (vacuum protocol). DNA 
quantity and quality was measured using Nanodrop 
spectrophotometer and gel electrophoresis  (Cleaver 
Gel Documentation system, Cleaver Scientific Ltd., 
Rugby, Warwickshire, UK). The following primers 
were used to amplify the target region in ICAM-1 
gene (5’-GGAACCCATTGCCCGAGC-3’ forward, 
and 5’GGTGAGGATTGCATTAGGTC-3’ reverse). 
Polymerase chain reaction (PCR) (TC-3000 Thermal 
Cycler-PCR, Barloworld Scientific, Staffordshire,  
UK) was conducted in to 20 μL reaction volume that 
contains 4 μL of 5× Firepol® Master Mix (Solis Bio-
Dyne, Tartu, Estonia), 1 μL (200 ng) forward primer, 
1 μL (200 ng) reverse primer, 1 μL (200 ng) DNA 
and 13 μL distilled water. The PCR reaction condition 
includes initial denaturation 94°C/3 minutes, denatur-
ation 94°C/30 minutes, annealing 58°C/30 minutes, 
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extension 72°C/30 minutes and fi nal extension 72°C/5 
minutes for 30 cycles. The PCR product was then 
loaded in 2% agarose gel electrophoresis and visual-
ized under ultraviolet light. PCR product was digested 
with BstUI restriction enzyme (NEW ENGLAND 
BioLabs®, Ipswich, MA, USA), and separated on 2% 
agarose gel electrophoresis stained with ethidium bro-
mide and visualized under ultra violet light (Fig. 1).

Statistical Analysis
Data were analyzed using statistical package for 

social sciences (SPSS) version 19 (IBM Corp., Ar-
monk, NY, USA).

Results
Ninety patients and equally healthy individuals 

were enrolled in the study. Males constituted 84 pa-
tients (93.3%), their age ranged from 25 to 44 years. 
The Glasgow Coma Scale (GCS) was < 8 (severe) in 
11.1% of the patients, GCS 8–12 (moderate disability) 
was reported in 30.0% of patients and in 58.9% of the 
patients the GCS was 13–15 (mild). Brain edema was 
observed among 22.2% of the patients, and the mor-
tality rate among the patients was 8.9% (Table 1). The 
mean concentration of circulatory levels of leukocytes 
12.27 109/L and neutrophils count 10.42 109/L were 
signifi cantly higher in patients compared with controls 
5.34 × 109/L and 3.13 × 109/L respectively (p = 0.000).

ICAM-1 level was signifi cantly elevated among 
patients sustained trauma (p = 0.000) compared to 
normal healthy individuals (Table 2). Significant 

correlation was found between leukocytes and neu-
trophils counts with ICAM-1 pg/mL circulatory level. 
The mean concentrations of leukocytes, neutrophils, 
and ICAM-1 were high in severe brain injures com-
pared with moderate and mild one. High circulatory 
level of ICAM-1 was observed among patients ad-
mitted with brain edema. However, leukocytes and 
neutrophils counts show no significant association 
with presence or absence of brain edema. leukocytes (p
= 0.026) and neutrophils (p = 0.017) counts were sig-
nifi cantly associated with patient outcome. In contrast 
no statistical signifi cant difference was seen between 
high ICAM-1 level and mortality, although the high 
(304.88 pg/mL) ICAM-1 level was observed among 
patients developed poor outcome compared to surviv-
als (263.93 pg/mL) (Table 3). The polymerase chain 
reaction - restriction fragment polymorphism results 
of ICAM-1 gene genotype showed that, guanine-gua-
nine (GG) was representing 76.7% of the patients, 
guanine-adenine (GA) 18.9% and adenine-adenine 
(AA) 4.4%. The highest circulatory level of ICAM-1 

Fig. 1. Agarose gel electrophoresis of polymerase chain 
reaction products of intercellular adhesion 
molecule-1 (ICAM-1) gene, digested with BstUI 
restriction enzyme. Lane 1: deoxyribonucleic 
acid ladder. Land 2, 3, 5, 6, and 7: guanine-
guanine (GG) homozygous alleles (band at 223 
bp). Land 8: guanine-adenine (GA) heterozygous 
alleles (band at 223, 136, and 87 bp). And Land 4: 
adenine-adenine (AA) homozygous alleles (band 
at 136 and 87 bp).

Table 1. Epidemiological and clinical features of 
trauma patients

Parameter N (%)
Gender

Male 84 (93.3)
Female 6 (6.7)

Age
5–14 19 (21.1)
15–24 23 (25.6)
25–44 29 (32.2)
45–65 14 (15.6)
More than 65 5 (5.6)

GCS
Mild injury (13–15) 53 (58.9)
Moderate injury (8–12) 27 (30.0)
Sever injury (< 8) 10 (11.1)

Presence of brain edema
Yes 20 (22.2)
No 70 (77.8)

Outcome
Discharge 82 (91.1)
Death 8 (8.9)

GCS: Glasgow Coma Scale.
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(280.75 pg/mL) was observed among patients having 
AA mutant homozygous alleles, followed by (272.33 
pg/mL) for GG homozygous alleles, and then (245.12 
pg/mL) for GA heterozygous alleles (Fig. 2). How-
ever, ICAM-1 genotypes were not associated with 
patient clinical features and outcome (Table 4).

Discussion
Recruitment of leukocytes, specifically neu-

trophil is characteristic of the early inflammatory 
response following human TBIs. Recent data have 
shown that neutrophils infi ltrate into the injured brain 
more rapidly than other types of peripheral inflam-
matory cells and are known as the fi rst responders.10

Table 2. The levels of leukocytes, neutrophils Interleukin one beta, and intercellular adhesion molecule-1 among 
case and control

Clinical feature
Mean concentration

TWBCs 109/L Neutrophils 109/L ICAM-1 pg/mL
GCS groups

Mild injury 11.70 9.72 271.57
Moderate injury 12.70 10.93 243.70
Sever injury 14.10 12.80 311.10
p-value 0.311 0.138 0.402

Brain edema
Yes 12.29 10.30 300.40
No 12.20 10.46 258.19
p-value 0.845 0.897 0.230

Outcome
Death 15.63 14.13 304.88
Discharge 11.94 10.06 263.93
p-value 0.026 0.017 0.082

Values represent mean ± standard deviation.
GCS: Glasgow Coma Scale; ICAM-1: intercellular adhesion molecule one; pg: pictogram; TWBCs: total white blood cells.

Table 3. Association of leukocytes, neutrophils, and intercellular adhesion molecule-1 with clinical features of patients

Parameter Group Mean Std. deviation Ratio case/control p-value
Leukocytes 109/L Case   12.27     4.87 2.3 0.000

Control     5.34     1.53
Neutrophils 109/L Case   10.42     4.76 3.3 0.000

Control     3.13     1.15
ICAM-1 pg/mL Case 267.57 137.97 0.000

Control 192.80   36.26 1.4
ICAM-1: intercellular adhesion molecule-1; pg: picogram.

Fig. 2. Association between intercellular adhesion 
molecule-1 (ICAM-1) gene genotypes with 
ICAM-1 circulatory levels (p-value of ANOVA 
test = 0.757).
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Our finding demonstrates the significant elevation 
of leukocytes and neutrophils among traumatic ce-
rebral hemorrhagic contusion patients compared to 
normal healthy individuals.11 Increased concentration 
of ICAM-1 was previously reported in patients with 
cardiovascular disease, tumors, auto-immune disease, 
and other diseases with an inflammatory reaction.12 
Adhesion molecules play a pathophysiologic role in 
cerebrovascular diseases.13 Up regulation of ICAM-1 
has been reported in cerebral micro-vessels follow-
ing TBIs in rats.14 ICAM-1 was used as a marker of 
the activation of cerebral vascular endothelial cells 
after TBIs in experimental animals.15 In humans the 
level of ICAM-1 was measured previously in many 
ischemic cerebrovascular diseases, and was shown to 
be significantly elevated in patients with subarach-
noid hemorrhage over control subjects and directly 
correlated with cerebral vasospasm.16 ICAM-1 was 
also expressed in the brain after cortical contusion 
injuries.17 In the present study serum ICAM-1 was 
significantly elevated among cerebral hemorrhagic 
contusion TBIs patients compared with the normal 
healthy individuals. In addition, ICAM-1 level was 
highly correlated with leukocytes. Similarly, the in-
filtration and accumulation of leukocytes in the con-
tused injured brain area was significantly associated 
with increased level of ICAM-1 and was correlated 
with second brain injury.4 The expression of ICAM-1 
was reported previously to produce an accumulation 
of neutrophils, this in turn, cause cell damage.18 It 
is hypothesized that, patients with significant injury 
should have a higher degree of leukocytosis compared 

to patients with minor injurie.19 However, leukocytes 
as predictive marker for injury severity is conflicting; 
some researcher reported significant association,11 
while others reported non-significant association.20 

Neutrophils that are recruited to sites of brain trauma 
were typically correlated with severity of injury.21 
Although no statistical significant correlation between 
leukocytes and neutrophils counts with injury sever-
ity in our study, the highest count was seen among 
patients who sustained severe injuries, compared to 
moderate and mild injuries. A previous study demon-
strated that high ICAM-1 concentration correlated 
well with tissue and BBB damage, and giving an indi-
cation of the degree of immunologic activation in the 
injured CNS.22

Over expression of ICAM-1 was reported to be 
associated with severe inflammatory processes and 
tissue injury.23 Increased ICAM-1 further induces 
adhesion between vascular endothelial cells and leu-
kocytes, which impairs vascular endothelial cells and 
increases the permeability of capillaries, and even-
tually leads to brain damage.24 Our finding revealed 
that although no statistically significant correlation 
between ICAM-1 level and injury severity; the high-
est concentration of ICAM-1(311.10 pg/mL) was 
observed among patients who presented with severe 
injury compared to moderate (243.70 pg/mL) and 
mild (271.57 pg/mL). However, ICAM-1 level was 
influenced by various biological factors such as age, 
sex, smoking, insulin resistance, IL-6 level, alkaline 
phosphatase, and aspartate transaminase activities.25

Brain swelling occurring after head trauma is 

Table 4.	 Association between intercellular adhesion molecule-1 gene genotypes with clinical features of patients

Clinical features
ICAM-1 genotypes

p-value
GG GA AA

GCS groups
Mild injury, n (%) 39 (56.5) 11 (64.7) 3 (75.0) 0.675
Moderate injury, n (%) 23 (33.3) 3 (17.6) 1 (25.0)
Sever injury, n (%) 7 (10.1) 3 (11.8) 0 (0.0)

Brain edema
Yes, n (%) 15 (21.7) 4 (23.5) 1 (25.0) 1.000
No, n (%) 54 (78.3) 13 (76.5) 3 (75.0)

Outcome
Death, n (%) 6 (8.7) 2 (11.8) 0 (0.0) 0.763
Discharge, n (%) 63 (91.3) 15 (88.2) 4 (100.0)

AA: adenine-adenine; GA: guanine-adenine; GCS: Glasgow Coma Scale; GG: guanine-guanine; ICAM-1: intercellular adhesion molecule-1.
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probably an inflammatory response due to intrace-
rebral cytokine production and increased leukocytes 
adhesion as a result of a direct effect on vascular per-
meability and leucocytes activation.26 Accumulation of 
leukocytes leads to secondary brain injury by lowering 
cerebral blood flow, increased edema and elevated 
intracranial pressure.27 In experimental rats with trau-
matic cerebral contusions, the infiltration and accu-
mulation of leukocytes in the contused injured brain 
area was significantly associated with brain edema and 
was correlated with second brain injury.4 Emerich et 
al. have suggested an important role for neutrophils in 
edema formation in the CNS following ischemic brain 
insult.2 In a very recent study high neutrophils count 
was used as predictive marker for cerebral edema for-
mation among cerebral infarction patients.28 Mckee and 
Lukens correlated neutrophils with edema formation 
through BBB breakdown, neuro-degeneration, and 
subsequent neuronal death.21 Morancho et al. stated 
that neutrophils can promote early pathogenesis includ-
ing brain swelling through the release of free radicals’ 
proteases and pro-inflammatory cytokines.29 Depletion 
of neutrophils significantly decreases tissue edema.30 
However, Whalen et al. claimed that there is no di-
rect relationship between brain edema and leukocytes 
accumulation.31 The connection between neutrophil 
infiltration and brain edema seems to be a time-depen-
dent issue.32 Our finding demonstrated no significant 
correlation between brain edema and high leukocytes/
neutrophils counts. Leukocytosis is associated with a 
worse outcome, particularly during focal ischemia or 
hypoxia, which are frequently found in patients with 
severe head injury.33 High leukocytes and neutrophils 
counts were significantly associated with death in our 
study. It is well documented that neutrophils attempt 
to clear cell debris by phagocytosis, but also contribute 
to ongoing damage by releasing toxic mediators such 
as reactive oxygen species, proteases, and pro-inflam-
matory cytokines which have the potential to adversely 
affect the integrity of the BBB and contribute to sec-
ondary brain injury.34 In contrast, Roth et al. study does 
not fully support that more neutrophils’ recruitment 
leads to more severe brain injury and worse outcome.35 
The discrepancy between different results was justified 
by several studies which suggest the presence of two 
subpopulations of neutrophils with opposite roles. In 
a stroke model, it was shown that rosiglitazone, one 
of the agonists for peroxisome proliferator-activated 
receptor-γ, could promote the infiltration of N2-like 

neutrophils into the ischemic core and protect neuron 
damage concomitantly through facilitating the dissolu-
tion of inflammatory responses.36 Cuartero et al. proved 
that N2 phenotype of neutrophils is beneficial for the 
brain injury. Despite the compelling evidence for the 
separate subsets of neutrophils, there are no specific 
markers to identify and distinguish them, which war-
rants more investigation in the future. Their roles in the 
CNS diseases may depend on pro/anti-inflammatory 
(N1, N2) phenotypes that are regulated by specific 
environmental cues in the brain after injury. Further 
understanding of these cues and the outcomes associ-
ated with particular phenotypes may allow neutrophils 
to serve as disease-modifying factors in the CNS.36 
Mckeating et al. reported that serum level of ICAM-1 
significantly correlated with outcome after TBIs.22

Although no significant association was found 
between ICAM-1concentration and outcome in our 
study, patients admitted with high concentration of 
ICAM-1 (304.88 pg/mL) develop poor outcome com-
pared to survival (263.93 pg/mL).

In the present study no association between 
ICAM-1 G > A 5498 gene polymorphism and mortali-
ty, however, all patients (100%) who carry AA mutant 
homozygous alleles have shown poor outcome. The 
G > A 5498 in ICAM-1 gene change the amino acid 
sequence of the immunoglobulin-like domain 5. This 
domain is crucially important for the activity of the 
ICAM-1 protein.4 ICAM-1 G >A 5498 gene polymor-
phism was associated with an increased expression of 
ICAM-1,37 and with high ICAM-1 circulatory levels.38 
Positive correlation was found between ICAM-1 G > 
A 5498 gene polymorphism with ICAM-1 circulatory 
levels among patients suffering from cerebrovascular 
disorder.39 Ataya et al. stated that ICAM-1 is involved 
in endothelial injury and atherosclerosis; synthesis and 
genetic basis of this molecule may be therapeutic target 
for the complications of TBIs.40 Our finding demon-
strates negative association between ICAM-1 gene 
polymorphism G > A 5498 with ICAM-1 circulatory 
levels although the highest concentration was observed 
among AA mutant homozygous alleles carriers. These 
conflicting results may be explained by the size, the 
heterogeneity of TBIs and the ethnic background vari-
ety of different populations. However, genetic associ-
ation studies require large sample size, biological evi-
dence and functional significance that the risk variant is 
implicated in the pathogenesis of disease.
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Conclusions
Mutation in the inflammatory ICAM-1 gene, 

increased levels of serum ICAM-1 and highly neutro-
phils are involved in the pathogenesis after traumatic 
cerebral hemorrhage. Further studies that defining 
inflammatory pathways’ influence traumatic cerebral 
hemorrhage pathogenesis will improve understanding 
brain injury etiology and will aid in the identification 
novel immune-based treatment strategies.
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