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Abstract. This study investigated the plasma levels of tumor 
necrosis factor α (TNF-α) and the expression levels of TNF 
receptors (TNFRs) in patients with multiple trauma, together 
with the association between the levels of this cytokine and 
these cytokine receptors with the severity of traumatic injury. 
Blood samples were obtained from 60 multiple trauma 
patients at hospital admission (within 2 h of injury), and 6-8 h 
and 1-5 days after admission. The plasma levels of TNF-α and 
TNFR1/TNFR2 were detected using enzyme immunoassay. 
TNFR1 and TNFR2 expression levels on leukocytes, including 
neutrophils, lymphocytes and monocytes, were determined by 
flow cytometry. Clinical parameters were determined by injury 
severity score (ISS). At hospital admission, the plasma TNF-α 
and soluble TNFR levels in the trauma patients were elevated 
compared with those of healthy controls. Increased expression 
levels of TNFR1 and TNFR2 were also detected on leukocytes, 
particularly on lymphocytes and monocytes. The expression 
levels of the cytokine and the corresponding receptors were 
correlated with the ISS. TNF-α and TNFR expression levels 
remained significantly elevated for up to the third to fifth day 
following the traumatic injury. In the trauma patients, increased 
levels of TNF-α and TNFRs were correlated with the severity 
of traumatic injury in the early post-injury period, supporting 
the hypothesis that trauma-provoked organ dysfunction may 
be caused by an overwhelming auto‑destructive inflammatory 
response.

Introduction

Trauma may produce direct organ system injury or be accom-
panied by hemodynamic alterations, which may result in 
organ dysfunction/failure. Traumatic injury may also initiate 

an acute inflammatory response in injured tissues or organs, 
which may induce an uncontrolled systemic inflammatory 
response and result in multiple organ dysfunction syndrome 
(MODS), previously known as multiple organ failure or 
multisystem organ failure. In general, the acute or systematic 
inflammatory response is considered to be mediated through 
the interactions among cytokines, including the activation of 
tumor necrosis factor (TNF) and the corresponding receptors 
and neuroendocrine pathways (1-3).

TNF-α is a key cytokine involved in the generation of 
the acute inflammatory response (1,3). This inflammatory 
cytokine is primarily produced by immune cells, such as 
monocytes and macrophages, but a number of non-immune 
cell types, including fibroblasts, neurons, keratinocytes and 
smooth muscle cells, also produce TNF. TNF-α acts as a key 
intermediary in the local inflammatory immune response and 
is an acute-phase protein that initiates a cascade of cytokines. 
Furthermore, high levels of TNF result in increased vascular 
permeability, thereby recruiting macrophages and neutrophils 
to the site of injury and/or infection (2,3). The action of TNF-α 
is mediated via cell-surface TNF receptors (TNFRs) (4). 
Two distinct members of the TNFR family are currently 
recognized: TNFR1, also known as p55, and TNFR2, termed 
p75 (5-7). TNFR1 is expressed constitutively in the majority of 
cell types, whereas TNFR2 expression is restricted to hemato-
poietic cells and discriminates between the murine and human 
forms of TNF-α (8). TNFR2 expression has been shown to 
be induced by TNF-α, IL-1 and interferon-γ in rat primary 
astrocytes (9). The two receptors may function individually or 
synergistically to mediate the biological activity of TNF-α.

The plasma levels of TNF and the respective receptors are 
increased in response to severe trauma (10-13). By contrast, 
results for elevated TNF-α levels following trauma are 
commonly negative; low TNF-α levels have been reported to 
promote the remodeling or replacement of injured tissue by 
stimulating fibroblast growth (14‑20). Additional beneficial 
functions of TNF-α include its involvement in the immune 
response to bacterial and certain fungal, viral and parasitic 
invasions, as well as in the necrosis of specific tumors (21). The 
present study aimed to investigate the plasma levels of TNF-α 
and the corresponding receptors, as well as the expression 
levels of TNFRs on leukocytes in the early phase following 
multiple traumatic injuries and up to five days intensive care. 
The objective was to analyze the time-dependent correlations 
between these immunological parameters and injury severity.
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Subjects and methods

Patients. A total of 60 trauma patients (42 males and 18 females, 
aged 18 to 72 years) were included in the study. These patients 
were treated at the Department of Emergency Surgery, Jinshan 
Hospital, Fudan University (Shanghai, China) over a time 
period of three years (2008-2011). On hospital admission, the 
injury severity score (ISS) was recorded for the assessment 
of injury severity (11,18). Patients who suffered from chronic 
immune deficiency or who were pregnant were excluded from 
the study. As determined by the mean ISS, the patients were 
divided into the following three groups (n=20 patients per 
group): Low ISS (L‑ISS; 9≤ ISS <16), medium ISS (M‑ISS; 
16≤ ISS <25) and high ISS (H‑ISS; ISS ≥25). The control 
group included 20 healthy volunteers between the ages of 
18 and 25 years. This study was conducted in accordance with 
the Declaration of Helsinki and with approval from the Ethics 
Committee of Jinshan Hospital, Fudan University. Written 
informed consent was obtained from all participants.

Blood samples. Venous blood was collected from the patients 
and healthy volunteers, and was maintained in tubes with 
ethylenediaminetetraacetate anticoagulant. A volume of 10 ml 
blood was sampled from all patients at five defined time points. 
The first sample was obtained upon hospital admission by the 
emergency physician (usually within 2 h of injury) and the 
second sample was obtained 6-8 h after admission (or 8-10 h 
after trauma). Further blood samples were collected 24 h after 
admission, and then on days 3 and 5 post-admission. Following 
cooling centrifugation (20 min at 4˚C and 1,500 x g), the 
plasma was aliquoted and frozen at ‑70˚C in 250‑µl aliquots 
for TNF-α and soluble TNFR1/TNFR2 (sTNFR1/sTNFR2) 
expression analysis.

Measurement of TNF‑α, sTNFR1 and sTNFR2 levels. The 
concentrations of TNF-α and the corresponding receptors in 
the plasma were determined by enzyme-linked immunosor-
bent assay (ELISA) techniques. The analyses were performed 
in duplicate using standardized, commercially available 
enzyme immunoassay kits according to the manufacturers' 
instructions. A human TNF-α chemiluminescent ELISA kit 
(Thermo Fisher Scientific, Waltham, MA, USA) and sTNFR 
ELISA kits (Abcam, Cambridge, MA, USA) were employed. 
The sensitivities of the assays were <1 pg/ml for TNF-α and 
sTNFR1, and <5 pg/ml for sTNFR2. The control levels of the 
cytokine and the receptors were determined from the healthy 
volunteers.

Flow cytometric detection of TNFRs in leukocytes. Whole 
blood samples were collected by standard syringe venipunc-
ture upon hospital admission (within 2 h of injury) and mixed 
with anticoagulant (heparin, 10 IU/ml). Control samples were 
collected from matched healthy volunteers at similar time 
points in the day to when patient samples were collected. The 
cell samples were stained in the dark on ice for 60 min with 
affinity‑purified rabbit polyclonal antibody for TNFR1 (1:500; 
Abcam), mouse monoclonal antibody for TNFR2 (MR2-1; 
1:1,000; Abcam) or the appropriate controls (isotype or 
unstained). Antibody-binding was visualized with anti-rabbit 
or ‑mouse IgG conjugated to a fluorophore (60 min on ice) 

(Thermo Fisher Scientific). The samples were analyzed using 
a Gallios flow cytometer (Beckman Coulter, Inc., Brea, CA, 
USA) and CXP Analysis software (v2.1; Applied Cytometry 
Systems, Dinnington, UK). The expression levels of TNFRs in 
neutrophils, lymphocytes and monocytes were assessed, and 
are expressed as the mean fluorescence intensity following 
subtraction of the isotype control value.

Statistical analysis. Differences among groups were compared 
using one-way or two-way analysis of variance (for degree of 
injury and leucocyte type) with Bonferroni's post hoc analysis. 
The time-course changes in the expression levels of TNF-α 
and the corresponding receptors were analyzed by linear 
regression. The correlation coefficients (r) were calculated 
using Spearman's rank test. P<0.05 was considered to indicate 
a statistically significant difference and data are expressed as 
the mean ± standard deviation. SPSS 11.0 (SPSS, Inc., Chicago, 
IL, USA) and GraphPad Prism 5 (GraphPad, La Jolla, CA, 
USA) were used for data analysis.

Results

Plasma TNF‑α levels in trauma patients. Plasma TNF-α 
levels in all three trauma groups (L-ISS, M-ISS and H-ISS) 
were significantly elevated following injury (usually within 2 h 
trauma) as compared with the healthy controls (5.05 pg/ml in 
controls versus 8.07-17.23 pg/ml in patients; P<0.05; Fig. 1). 
Peak plasma TNF-α levels were detected 24 h after injury and 
the levels remained significantly elevated until up to the third 
day following trauma. At five days after injury, plasma TNF‑α 
levels had gradually returned to the normal levels (Fig. 1). 
Furthermore, the TNF-α levels were significantly correlated 
with the severity of injury, as indicated by the ISS (r=0.78, 
P<0.0001).

sTNFR plasma levels in patients with severe trauma. Within 
2 h of injury, the sTNFR1 and sTNFR2 plasma levels were 
significantly elevated in all trauma groups compared with 
the normal controls (1.83±0.23 and 1.46±0.42 pg/ml for 
sTNFR1 and sTNFR2 in the controls, respectively). The 
patient group with the highest severity score (H-ISS group) 
exhibited the highest sTNFR1 and sTNFR2 plasma levels 
in the early phase following trauma. Elevated expression 
levels of soluble receptors were also observed 8-10 h after 
injury and 1, 3 and 5 days after trauma. sTNFR1 expres-
sion reached peak levels one day after trauma, which was 
gradually reduced and returned to normal five days after 
trauma (Fig. 2). Although increased levels of sTNFR2 were 
also detected in trauma patients compared with the controls, 
sTNFR2 levels were elevated for variable periods of time and 
were dependent on the severity of injury (Fig. 3). The statis-
tical analysis suggested a significant correlation between the 
plasma levels of the sTNFRs and the severity of traumatic 
injury upon hospital admission (sTNFR1: r=0.89, P<0.0001 
and sTNFR2: r=0.92, P<0.0001) as well as at the other four 
time points (data not shown).

Expression levels of TNFRs on leukocytes. TNFR1 and 
TNFR2 were detected on leukocytes under control conditions, 
with high expression levels in neutrophils, moderate expression 
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levels in monocytes and lower expression levels in lympho-
cytes. Traumatic injury resulted in enhanced TNFR1 and 
TNFR2 expression levels, with the highest expression levels 

in the H-ISS patient group. In particular, the injury-induced 
increase in expression levels of TNFRs was marked in mono-
cytes and lymphocytes in the early phases following trauma. 
Furthermore, the increases in TNFR1 expression levels in 
monocytes and lymphocytes were significantly correlated with 
the severity of traumatic injury (monocytes: r=0.89, P<0.0001 
and lymphocytes: r=0.93, P<0.0001; Fig. 4). A significant 
correlation between TNFR2 expression levels and injury 
severity was also detected in monocytes (r=0.89, P<0.0001) 
and lymphocytes (r=0.91, P<0.0001) (Fig. 5).

Discussion

In the present study, the time-course changes in the expres-
sion levels of plasma TNF-α and the corresponding TNFR1 

Figure 1. Time-course of plasma TNF-α levels in response to injury. Blood 
samples were collected at hospital admission (usually within 2 h of injury), 
and 6-8 h (8-10 h after trauma) and 1-5 days after admission. Plasma was 
analyzed for TNF-α levels using enzyme immunoassay. Traumatic injury 
resulted in an increase in plasma TNF-α levels, particularly in patients 
with high severity scores. Data are presented as the means ± SD, n=20 per 
group. *P<0.05, compared with the healthy controls. TNF‑α, tumor necrosis 
factor α; L/M/H-ISS, low/medium/high injury severity score.

Figure 2. Plasma levels of sTNFR1 in patients with severe trauma. Traumatic 
injury upregulated the expression of the soluble receptor, with peak levels 1 day 
after trauma. Patients in the H-ISS group exhibited the highest sTNFR1 plasma 
levels at all five time points examined. Data are presented as the  means ± SD, 
n=20 per group. *P<0.01, compared with the healthy controls. sTNFR 1, soluble 
tumor necrosis factor receptor 1; L/M/H-ISS, low/medium/high injury severity 
score.

Figure 3. Plasma levels of sTNFR2 in patients with severe trauma. Elevated 
plasma levels of sTNFR2 were detected in the H-ISS and M-ISS groups, but 
not in the L-ISS group. Patients in the H-ISS group exhibited the highest 
sTNFR2 levels in the early phase of injury and even five days after trauma. 
Data are presented as the means ± SD, n = 20 per group. *P<0.01, compared 
with the healthy controls. sTNFR2, soluble tumor necrosis factor receptor 2; 
L/M/H-ISS, low/medium/high injury severity score.

Figure 4. TNFR1 expression levels in leukocytes of patients with severe 
trauma. In the control patients, TNFR1 was highly expressed on neutro-
phils, moderately on monocytes and marginally on lymphocytes. Traumatic 
injury induced increased expression levels of the receptor, particularly on 
lymphocytes and monocytes. The blood samples were obtained within 2 h 
of injury, and surface expression levels of the receptor were assessed by flow 
cytometry. Values indicate mean fluorescence intensity and are presented as 
the mean ± SD, n=20 per group. *P<0.01, compared with the healthy controls. 
TNFR1, tumor necrosis factor receptor 1; L/M/H-ISS, low/medium/high 
injury severity score.

Figure 5. Flow cytometric analysis of TNFR2 expression levels in leuko-
cytes. Monocytes were sensitive to traumatic injury and enhanced TNFR2 
expression levels were detected in all trauma patients compared with the 
control individuals. Significantly increased receptor expression levels in 
neutrophils and lymphocytes were identified in patients with severity scores 
≥16 (M‑ISS and H‑ISS groups). The blood samples were obtained within 
2 h of injury, and surface TNFR2 expression levels are presented as the 
mean fluorescence intensity. Data are presented as the means ± SD, n=20. 
*P<0.01, compared with the healthy controls. TNFR2, tumor necrosis factor 
receptor 2; L/M/H-ISS, low/medium/high injury severity score.
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(p55) and TNFR2 (p75) receptors were examined in 60 trauma 
patients. Traumatic injury was found to elevate cytokine and 
soluble receptor plasma levels in the early phases of trauma, 
which remained elevated for up to the third to fifth day after 
the trauma. The TNFR expression levels on the surfaces of 
freshly harvested leukocytes in response to traumatic injury 
were also quantitatively analyzed; increased expression levels 
of TNFRs were found to be particularly marked in monocytes 
and lymphocytes. Notably, the plasma levels of the cytokine 
and the respective receptors, as well as the surface expression 
levels of the receptors on the leukocytes, were correlated with 
injury severity, as indicated by the ISS.

TNF-α is particularly important as part of the inflam-
matory response. This cytokine initiates the activation of 
several other cytokines and growth factors, as well as the 
recruitment of certain immune cells. TNF-α has been 
reported to be released more rapidly than other proinflam-
matory cytokines (22). In general, elevated TNF-α levels 
subsequent to trauma are harmful to the body (14-20), and 
increased TNF-α levels have been shown to induce central 
sensitization and hyperalgesia by increasing excitatory 
synaptic transmission (23). However, following traumatic 
injury to the brain, TNF-α exerts a neuroprotective role 
by contributing to neuroanatomical plasticity (24). In the 
present study, plasma TNF-α levels were detected to be 
elevated in all trauma patients immediately following trauma 
in comparison with healthy controls. Specifically, significant 
injury-induced elevation of TNF-α levels was detected up to 
three days subsequent to trauma. These results are consistent 
with those of Spielmann et al (20), in which a continuous and 
significant increase in TNF levels was identified in patients 
4 h after trauma. In certain early studies, TNF-α was reported 
to be either unmeasurable (10,16,18) or not correlated with 
the severity of injury, and TNF-α is known as a sensitive 
parameter during sample processing. In the present study, 
plasma samples were collected immediately following blood 
withdrawal by cooling, centrifugation and freezing at ‑70˚C. 
A highly sensitive ELISA kit was employed using enhanced 
chemiluminescence to detect TNF levels. Peak plasma 
TNF-α levels were detected 24 h after injury. Furthermore, 
the TNF-α levels remained significantly elevated for up to 
three days following trauma. At five days after injury, the 
plasma TNF-α levels gradually returned to normal. The data 
further suggest that the trauma-induced elevation in TNF-α 
levels was associated with the ISS.

Administration of TNF-α has observed to increase the 
expression levels of sTNFR1 and sTNFR2 in experimental 
conditions (25,26), suggesting a TNF-α‑induced inflamma-
tory response. TNF-α receptors may also be induced by direct 
damage to tissue, disturbed macro- and microcirculation with 
subsequent ischemia and/or reperfusion, and psychoneuro-
logical stimuli (27). In the present study, TNFRs were detected 
to be elevated on leukocytes as well as in the plasma of trauma 
patients, compared with healthy controls. Leukocytes are key 
anti-infectious agents in host defense, and neutrophils and 
monocytes are important inflammatory cells that mediate 
tissue damage. A flow cytometric method was established 
that enabled the quantitative evaluation of receptor expression 
levels on leukocytes in a single-cell suspension. The p55 and 
p75 receptors were found to be highly expressed on leukocytes, 

particularly on monocytes and lymphocytes, in response to 
traumatic injury. Notably, the increases in injury-induced 
TNFR expression levels were positively correlated with the 
severity of trauma. In the plasma, increased levels of TNFRs 
were also detected in the very early injury phase, and were 
associated with the severity of trauma. Furthermore, the 
expression levels of the two soluble receptors were correlated 
with the ISS in the early phase following trauma. These results 
confirm those of other studies, which demonstrated that the 
two receptor subtypes were involved in the inflammatory 
response. In early injury, sTNFR1 levels have been reported to 
be elevated directly following the accident, whereas sTNFR2 
levels were increased after 24 h (20). The data from the present 
study indicated elevated sTNFR1 as well as sTNFR2 levels on 
admission to hospital, and receptor levels correlated signifi-
cantly with the ISS. These data are consistent with those from 
other studies (28,29), in which soluble TNF-α receptors were 
shown to be more elevated in patients with lower survival rates. 
In addition, Froon et al (30) reported a significant elevation in 
sTNFR1 receptor expression levels during sepsis.

MODS is generally recognized as a predominant cause 
of mortality in trauma, systemic inflammatory response 
syndrome (SIRS) and a number of other critical illnesses. 
The systemic inflammatory response is rapidly followed in 
the majority of patients by a compensatory anti‑inflammatory 
response, signifying an attempt to limit the SIRS response. 
Organ dysfunction is likely to ensue during an exces-
sive inflammatory reaction. The patient is also at risk of 
opportunistic or secondary infection during an excessive 
anti‑inflammatory response. Numerous potential humoral, 
cellular and exogenous mediators are involved in the patho-
genesis of MODS/multiple organ failure, and various pathways 
that result in organ system dysfunction/damage (31). Among 
the potential mediators/pathways, TNF and the respective 
receptor signaling pathway may be critical in the pathogen-
esis of MODS. The data from the present study suggest that 
TNFRs are positively associated with the severity of injury. 
Therefore, inhibiting the activity of TNF-α and other cyto-
kines as a therapy for trauma is of interest. Trials that aim 
to block, neutralize or remove the potential inflammatory 
mediators have shown success in several preclinical models 
of trauma, including spinal cord injury (32), brain injury (33) 
and liver injury (34), as well as in patients with chronic 
neurological dysfunction following stroke or traumatic brain 
injury (35).

In conclusion, the data from the present study demonstrate 
increased plasma levels of TNF-α and sTNFRs in response 
to severe traumatic injury. The study also provides invaluable 
data regarding TNFR expression in leukocytes, by quantitative 
assessment of the receptors on freshly harvested neutrophils, 
lymphocytes and monocytes using flow cytometry. The results 
highlight the potential correlation between TNFR expres-
sion levels and injury severity, supporting the hypothesis 
that an auto‑destructive inflammatory response may cause 
trauma-initiated organ failure.
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