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Crosstalk between T Helper Cell Subsets and Their Roles in 
Immunopathogenesis and Outcome of Polytrauma Patients
Surbhi Khurana1, Nidhi Bhardwaj2, Subodh Kumar3, Sushma Sagar4, Rahul Pal5, Kapil Dev Soni6, Richa Aggarwal7, 
Rajesh Malhotra8, Purva Mathur9

Ab s t r Ac t 
Purpose: One of the leading causes of morbidity and early-age mortality across the globe is trauma. It disrupts immune system homeostasis and 
intensely affects the innate and adaptive immune responses, predisposing patients to posttrauma complications and poor outcomes. Most of 
the studies on posttrauma cellular immune response have been centered on the T helper-1-T helper-2 imbalances after trauma. This study was 
conducted to understand the role of circulating novel T helper cells in the acute posttraumatic period and clinical outcome of trauma patients.
Materials and methods: Signature cytokines and transcription factors of circulating Th (T helper)-9, Th-17, Th-22, and regulatory T helper cells 
were studied using flowcytometry along with serum biomarkers in 49 patients with polytraumatic injuries admitted to a tertiary care hospital. 
The patients were followed up until their outcome. The results were correlated with their clinical outcomes.
Results: In patients who died, higher nTreg, iTreg, Tr1 (early-phase), and higher IRF4+Th-9, IL17+ Th-17, and RORγT+ Th-17 (mid-phase) were 
seen. However, by the late phase, only RORγT+ Th-17 remained higher. Serum IL-6 and PCT were found to be consistently higher. In survivors, 
higher Th-3 (early phase), Th-22 (mid-phase), and IRF4+Th-9, IL17+ Th-17, nTreg, Th-3 (late phase) were observed to have played a protective 
role. Serum IL-2, IL-4, IL-17A and IL-22 were significantly higher in survivors.
Conclusion: Different T helper subsets were observed to be playing pathogenic and protective roles in different phases of trauma and could 
be used for early prognostication and make way for noninvasive management of critically injured trauma patients by immunomodulation.
Keywords: iTregs, nTregs, Th-17, Th-22, Th-3, Th-9, Tr1, Trauma.
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In t r o d u c t I o n 
Trauma is one of the leading global causes of early-age mortality.1–3 
Despite the revolutionary innovations and advancements in the 
healthcare sector and increased enforcement of strategies and laws 
to reduce road traffic injuries, the burden of injuries continues to 
be high and trauma remains a significant cause of morbidity and 
mortality in the developed and developing world.4,5

Worldwide, since 1990, there has been a noteworthy declining 
trend in the rates of disability-adjusted life years (DALYs) of all 
the major causes of injury; however, the patterns vary widely 
by region, cause, sex, age, and time. Nonetheless, the burden of 
life-threatening injuries remains high in some parts of the world 
including India, particularly afflicting the socioeconomically 
productive population—young adults.5,6

A traumatic injury disrupts immune system homeostasis, 
profoundly affecting the innate and adaptive immune responses, 
and renders patients highly vulnerable to opportunistic infections 
and predisposing them to posttrauma complications.7–9

The disruption of the immune system constitutes an 
instantaneous beginning of activation of the innate immune 
response, which translates into a rapid cellular immune response 
that aims to end the dangerous situation for the recipient of the 
traumatic insult but can also result in severe complications and 
death.10–13

The adaptive immune cells include lymphocytes—broadly 
subdivided into three major populations based on functional and 
phenotypic differences: B lymphocytes (B cells), T lymphocytes 
(T cells), and innate lymphoid cells (ILCs), which include the 
well-understood natural killer (NK) cells. B and T lymphocytes 
generate the adaptive immune response—a distinguished 

antigen-specific immune response that also gives rise to immune 
memory. Innate lymphoid cells have features of both innate and 
adaptive cells.14–16

T lymphocytes include two major cell types—T helper (Th) 
cells and T cytotoxic (Tc) cells—that can be differentiated from 
one another by the presence of membrane glycoproteins on their 
surfaces—either CD4 or CD8, respectively.14
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Ideally, a balanced immune (pro- and anti-inflammatory) 
response leads to a swift clearance of debris and initiates effective 
tissue repair and regeneration; however, sometimes, adverse 
immunological events can be caused by individual factors of the 
patient or aggravated tissue damage after hemorrhage, nosocomial 
infection, or extended surgical intervention.17

Most of the studies on cellular immune response following 
trauma have been centered on the Th-1–Th-2 imbalances after 
trauma. Moreover, most of the studies have been done using 
serum or plasma. Since the discovery of the Th-1/Th-2 dichotomy, 
it has been seen that cytokines produced by the T helper (Th) cells 
play a critical role in immune cell differentiation, effector subset 
commitment, and directing the effector response.

Cytokines such as interferon (IFN), interleukin (IL), and growth 
factors (GFs) are often categorized into pro-inflammatory and 
anti-inflammatory and linked to Th-subsets expressing them.18 
The development of new technologies, including multicolor 
flowcytometry and the engineering of fate-mapping and cytokine 
reporter mice, has led to the discovery and definition of novel subsets 
of T-helper cells, namely Th-9, Th-17, Th-22, and Treg cells, in the past 
few years. These cells are characterized by their specific cytokine 
profiles. The roles of these newly described subsets, especially in the 
context of traumatic injuries, have not been fully elucidated.

Th-9 cells producing IL-9 have been seen to participate in the 
pathogenesis of many diseases, such as allergic inflammation, 
tumor, and parasitosis, and might be involved in pathogen 
immunity and immune-mediated diseases.19–21

Th-17 cells appear to play a critical role in sustaining the 
inflammatory response and their presence is closely associated with 
autoimmune diseases, which makes them an attractive therapeutic 
target.22–24

Th-22 cells predominantly produce IL-22 and do not produce 
IL-17 or IFN-γ.25–28 Th-22 cells have shown both pro- and anti-
inflammatory activities in the limited number of studies done on 
this subset.29–31

Thus far, no study has been done on their role in trauma-
immunopathogenesis. Tissue regeneration is a fundamental 
process after trauma. Thus, these new effector T-cells may be 
playing a major role in the posttrauma immune response.

There is now great interest in immunosuppressive approaches 
and in the possible use of regulatory T helper (Treg) cells for treating 
immune-mediated inflammatory diseases.32,33 An unexpected 
recent finding has shown that Treg lymphocytes do not suppress, 
and may even enhance IL-17 production by T-cells.34,35 Thus, we 
conducted a prospective cohort study to correlate the peripheral 
blood lymphocytic activities during the acute posttraumatic period 
and the clinical outcomes of the patients, on a single-cell level via 
flowcytometry.

MAt e r I A l s A n d Me t h o d s 
This study was conducted at the JPNA Trauma Centre of the 
All India Institute of Medical Sciences, New Delhi. A total of 49 
polytrauma patients who were directly admitted within 24 hours 
of injury to the emergency department were included in the study. 
The study was approved by the institutional ethical committee. 
Patients with malignancies, history of steroid use, or other known 
immunodeficiency state, chemical or burn injuries, on hormone 
therapy, chronic disease of the liver, kidney, or lung, isolated 
traumatic brain injury, coagulation disorders, pregnant/lactating 
women, and post-splenectomy patients were excluded.

Five milliliters of whole blood on the day of admission 
(considered as day 0) was collected before any treatment was 
administered. Thereafter, on days 2, 5, 10, and day of discharge 
(whenever applicable), samples were collected as follow-ups. Blood 
was divided equally in heparinized (BD vacutainer sodium heparin 
75 USP units, BD Frankline Lakes NJ, USA) and plain vials. Serum was 
separated from the plain vial and stored at −80°C for serum cytokines 
and biomarker analyzes. The heparinized blood was processed 
immediately for intracellular cytokine assay to prevent cell death 
over time. Whole blood samples were divided equally into two 
tubes and supplemented with 10% fetal bovine serum (FBS). One 
was stimulated with 10 ng/mL of Phorbol 12-myristate 13-acetate 
(PMA) (No. P 8139, Sigma-Aldrich, St. Louis, MO, USA), with 10 μg/mL 
of ionomycin calcium salt from Streptomyces conglobates, (catalog 
number I0634, Sigma-Aldrich, St. Louis, MO, USA), incubated at 37°C 
in 5% carbon dioxide (CO2) with 1 mg/mL of brefeldin-A solution (BD 
GolgiPlug Protein Transport Inhibitor, BD, San Jose, CA, USA) to inhibit 
protein secretion for 4 hours. In parallel, the other tube, taken as the 
basal (unstimulated) tube was also treated similarly, but without 
stimulation to serve as a baseline for comparison.

Table 1 details the markers used to study the T helper subsets. 
Whole peripheral blood stimulated for 4 hours was then stained 
with anti-CD4 tagged with APC-Cy7, the anti-signature cytokine 
antibodies, and anti-transcription factor antibodies specific for 
each subset studied. For all the subsets, CD3+ lymphocytes were 
first gated, followed by gating of CD4+ T helper lymphocytes, and 
further each lymphocytic subset was identified and assessed in 
unstimulated and stimulated blood. The percentage of each Th-cell 
subset depicts the percentage of that subset of the total CD+ T cells.

The LEGENDplex Human Th Cytokine Panel (13-plex) (Biolegend, 
San Diego, CA, USA) was used to assess the levels of IL-5, IL-13, IL-2, 
IL-6, IL-9, IL-10, IFN-γ, TNF-α, IL-17A, IL-17F, IL-4, IL-21, and IL-22 in the 
sera of patients and controls, as per the manufacturer’s instructions. 
The procalcitonin (PCT) was performed using the automated 
enzyme-linked fluorescent assay (ELFA)-based immunoassay 
method (Minividas, Biomeriux Ltd.).

For the present study, a nine-color experiment was used, and 
nine different single controls of the same origin were used to 
compensate spill-over between the fluorochrome. The results were 
acquired on the FACS ARIA III flow cytometer equipped with blue, 
red, and violet lasers. Spectral overlap values were automatically 
calculated by the software, BD FACS Diva, and applied to the 
experiment. Isotypes were used to check the specificity of the 
antibodies. FCS Express 6 was used for data analysis.

Statistical Methods
Data were calculated and presented graphically as the mean ± 
standard error of the mean (SEM). A difference in the experimental 

Table 1: T helper subsets assessed in the study

Cell subsets Functionally active
Transcriptionally 
active

T helper-1 CD4+IFN-γ+Th-1
T helper-2 CD4+IL-4+Th-2
T helper-9 CD4+IL9+Th-9 CD4+IRF4+Th-9
T helper-17 CD4+IL-17A+Th-17 CD4+RORγT+Th-17
T helper-22 CD4+IL-22+Th-22 CD4+AhR+Th-22
Regulatory T helper CD4+ -IL-10+  Tr1 CD4+ CD25+  FOXP3+  

nTreg
CD4+  TGF-β+  Th-3 CD4+  FOXP3+  iTreg
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means was considered significant if a p value ≤ 0.05 was obtained. 
Results were analyzed by the Mann-Whitney test for multiple 
comparisons. Differences were considered significant with p values 
≤ 0.05. Mean ± SEM of the patients were compared with those of 
the controls with the help of a nonparametric t-test.

Complete clinical details of the patients were recorded until 
their discharge/death to correlate the clinical outcome of the 
patients with their levels of T helper cells and biomarkers.

re s u lts 
The T helper cells’ responses were compared in survivors (n = 
42) and nonsurvivors (n = 7) polytrauma patients. The mean 
hospital stay among nonsurvivors was 22.42 ± 25.56 days after 
injury (median: 8 days; range: 1–65 days). Day 10 samples could 
be obtained from only three out of seven nonsurvivors cases. 
The predominant injuries among these polytrauma patients were 
trauma to the chest [26 (53%)], followed by abdominal [17 (35%)] 
and orthopedic [6 (12%)], respectively.

The mean age of survivors and nonsurvivors was 29.5 ± 9.2 and 
40.4 ± 12.4 years, respectively. The study population predominantly 
comprised of males’ [43 (88%) patients]. The injury severity scores 
ranged from 5 to 38 (survivors) and 24 to 36 (nonsurvivors). The 
mean hospital stay was 7.5 ± 12.4 (survivors) and 22.4 ± 27.6 
(nonsurvivors) days. Total 18 (43%) and 5 (71%) survivors and 
nonsurvivors, respectively, underwent surgeries. Posttrauma 
complications, ventilator-associated pneumonia (VAP), sepsis/
systemic inflammatory response syndrome (SIRS), and multi-organ 
dysfunction syndrome (MODS)/acute respiratory distress syndrome 
(ARDS), developed in seven (14.3%) patients. The demographic 
details of the fatal cases (n = 7) are given in Table 2.

Dynamics of T Helper Subsets Based on Clinical 
Outcome of Polytrauma Patients
Figure 1 shows the comparison of T helper subsets in survivors 
and nonsurvivors. The Th-1 response was higher in survivors than 
in nonsurvivors on days 0, 2, and 10 and this elevation was found 
to be statistically significant on day 10 (p = 0.0121). However, it was 
found to be depressed in survivors on day 5 (p = 0.0263) (Fig. 1A). In 
nonsurvivors, a higher Th-2 response was observed on day 0 (p = 
0.00145). The Th-2 response was also found to be higher in survivors 
from day 2 (p = 0.0087) till day 10 (p = 0.0364), and it was much 
higher than the Th-1 response (Fig. 1B). A higher IL-9-producing 
Th-9 cells were observed on day 0 (p = 0.0015) in nonsurvivors, 
and day 2 onward they were higher in survivors, but this difference 
was not statistically significant (Fig. 1C). From day 0 until day 5 
(p = 0.0147) CD4+IRF4+Th-9 cells were higher in nonsurvivors, 
and contrastingly, on day 10, they were higher in survivors (p = 
0.0303) (Fig. 1D). IL17+ Th-17 cells were higher in survivors till day 
10 (p = 0.0091), except on day 5, when a peak of IL17A+ cells was 
observed in nonsurvivors (p = 0.019) (Fig. 1E). CD4+RORγT+Th-17 
cells were higher in nonsurvivors on all days of follow-up except 
for day 0 but were statistically significantly higher in nonsurvivors 
on day 5 (p = 0.0147) and day 10 (p = 0.0364) (Fig. 1F). IL-22+Th-22 
cells were higher in survivors on all the days of follow-up except 
day 0 and were found to statistically significantly high on day 5 (p 
= 0.0303) (Fig. 1G). The AhR-producing T helper cells were higher 
in survivors, like the IL-22-producing cells, and this elevation was 
statistically significant on day 2 (p = 0.003) (Fig. 1H). nTregs were 
higher in nonsurvivors from day 0 (p < 0.0001) until day 5 (p = 
0.0147), but lower on day 10 (p = 0.0256) (Fig. 1I). iTreg cells were Ta
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found to be higher in nonsurvivors than in survivors from day 0 (p 
< 0.0001) till day 5 (p = 0.0131) (Fig. 1J). Tr1 cells were observed to 
be higher in survivors, except for day 2, when they were higher in 
nonsurvivors (p = 0.0167) (Fig. 1K). Th-3 cells were also found to be 
higher in survivors and this elevation was found to be statistically 
significant on day 2 (p = 0.0424) and day 10 (p = 0.0167) (Fig. 1L).

Dynamics of Serum Cytokines Based on Clinical 
Outcome of Polytrauma Patients
As shown in Figure 2, IFN-γ was found to be lower in nonsurvivors. 
The depression was statistically significant on day 0 (p = 0.0332) 

and day 2 (p = 0.00009) (Fig. 2A). TNF-α was observed to be lower 
in nonsurvivors and was found to be statistically significant on 
day 0 (p = 0.0052), day 2 (p = 0.0017), and day 5 (p = 0.0105) (Fig. 
2B). IL-2 was found to be lower in nonsurvivors. The depression 
was statistically significant on day 2 (p = 0.0437) and day 10 (p = 
0.0167) (Fig. 2C). IL-4 was found to be lower in nonsurvivors. The 
depression was statistically significant on day 2 (p = 0.0487) and day 
10 (p = 0.0351) (Fig. 2D). IL-5 was found to be lower in nonsurvivors. 
The depression was statistically significant on day 10 (p = 0.0281) 
(Fig. 2E). IL-6 was higher in nonsurvivors and the difference was 
found to be statistically significant on day 0 (p < 0.0001), day 2 (p = 

Figs 1A to L: Comparison of levels of T helper cells in peripheral blood, based on the clinical outcome of polytrauma patients
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Figs 2A to N: Comparison of levels of serum cytokines and PCT based on the clinical outcome of polytrauma patients
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0.0009), day 5 (p < 0.0001), and day 10 (p = 0.0018) (Fig. 2F). IL-9 was 
found to be lower in nonsurvivors. The depression was statistically 
significant on day 10 (p = 0.0149) (Fig. 2G). IL-10 was statistically 
significantly higher in nonsurvivors on day 0 (p = 0.0009) (Fig. 2H). 
IL-13 was found to be lower in nonsurvivors. The depression was 
statistically significant on day 0 (p = 0.0308) (Fig. 2I). IL-17A was 
found to be lower in nonsurvivors. The depression was statistically 
significant on day 0 (p = 0.0078), day 2 (p = 0.0410), and day 5 (p = 
0.0342) (Fig. 2J). IL-17F was found to be lower in nonsurvivors. The 
depression, however, was not found to be statistically significant 
(Fig. 2K). IL-21 was found to be lower in nonsurvivors. The depression 
was statistically significant on day 0 (p = 0.0226) (Fig. 2L). IL-22 
was observed to be lower in nonsurvivors. The depression was 
statistically significant on day 0 (p = 0.0128), day 5 (p = 0.0188), and 
day 10 (p = 0.0096) (Fig. 2M).

Serum PCT Levels Based on Clinical Outcome in 
Polytrauma Patients
Elevated levels of serum PCT were found in the polytrauma patients 
who had a fatal outcome. This elevation was found to be statically 
significant on day 0 (p = 0.0060), day 2 (p = 0.0002), day 5 (p = 
0.0437), and day 10 (p = 0.0081). A shown in Figure 2N, serum PCT 
was statistically significantly higher in nonsurvivors in from the time 
of injury till their clinical outcome, strongly suggesting that serum 
PCT may be used as a poor prognostic marker.

dI s c u s s I o n 
The complex interplay between inflammation and physiology 
following initial traumatic insult begins with the instant activation 
of innate immunity due to disruption of macrobarriers like the skin, 
along with microbarriers like cell membranes, leading to the release 
of multiple danger molecules.17,36 The innate immune response 
after life-threatening polytrauma results in a multifaceted systemic 
disease with a complex, heterogeneous, and mainly tissue-specific 
response.37

A successful immune response to a pathogen depends on 
the finely orchestrated interactions among diverse cell types. 
These cells include the innate immune cells, i.e., NK cells, mast 
cells, eosinophils, basophils, as well as the phagocytic cells 
(macrophages, neutrophils, and dendritic cells) and adaptive 
immune cells, i.e., the T and B lymphocytes (involved in mounting 
the first line of defense against pathogens), and antigen-presenting 
cells (involved in communicating the infection to lymphoid cells, 
which coordinate the adaptive response and generate the memory 
cells that prevent future infections).14

Table 3 summarizes the statistically significant elevation and 
depression of T helper subsets in different posttrauma phases. We 
saw a higher percentage of Th-1 (except day 5), Th-2 (except day 0), 
IL-9+Th-9 (except day 0), IL17+Th-17 (except day 5), and IL-22+Th-22 
and AhR+Th-22 cells in the patients who were discharged, while, a 
relatively higher IRF4+Th-9, RORγT+Th-17 (except day 0) cells were 
found in nonsurvivors, suggesting that the higher IFN-γ, IL-4+, 
IL-9+, IL17+, and IL-22+ cells played a protective role in the survival 
of polytrauma patients. Among the regulatory T helper cells, lower 
nTreg and iTreg, while higher Tr1 and Th-3 cell percentages in the 
peripheral blood led to a favorable outcome. These markers could 
thus be used as early predictors of adverse outcomes and can be 
a target for future therapeutics.

Cuiyan et al. have demonstrated a close relationship between 
Th-2 and Th-9 cells and reported the existence of a “two-way traffic” 
between these two cell types, and a moderate level of plasticity 
when polarized toward Th-1 or Th-17 lineages.38 Nagalakshmi et 
al. showed that IL-22 is involved in the functional activation and 
maintenance of structural integrity of intestinal epithelial lining 
by inducing expression of genes that regulate processes like 
proliferation, wound healing, and apoptosis.39,40 These studies 
support the simultaneously higher levels of IL-4+, IL-9+, IL17+, and 
IL-22+ cells in our polytrauma patients who survived.

It was also observed that the transcriptionally active cells may 
not always be functionally active, since there was a difference 
between the cell types expressing the signature cytokines and 
those expressing the master transcription factors.

Although most of the trauma victims lack any underlying 
ailments or comorbidities, trauma elicits a complex, dynamic, 
multidimensional inflammatory response that is intertwined 
with complications in organ systems not necessarily affected by 
the primary trauma; posttrauma complications, like bloodstream 
infection, VAP, ARDS, SIRS, sepsis, and MODS, account for a large 
number of fatalities.41–43

It interested us to find that the levels of serum TNF-α, IFN-γ, 
IL-2, IL-4, IL-5, IL-9, IL-13, IL-17A, IL-17F, IL-21, and IL-22 were higher 
in the survivor cohort, suggesting that these cytokines may be 
playing protective roles in the immunopathogenesis of polytrauma 
patients. In concordance with our findings are the findings 
reported by Abboud et al. that IL-22 was the only mediator that was 
statistically significantly raised in the survivor cohort, while IL-17 
may be involved in organ damage, survival, as well as mortality 
following blunt trauma, suggesting that Th-17 cells may have cell-
based inflammation switch from self-resolving to self-sustaining. 
They also showed that in survivors, there were strongly linked 

Table 3: Role of T helper lymphocytes in posttrauma immunopathogenesis and outcome of polytrauma patients

Early phase (day 2) Mid phase (day 5) Late phase (day 10)

Response T helper cells Cytokines T helper cells Cytokines T helper cells Cytokines
Nonsurvivors High nTreg IL-6 Th-1 IL-6 RORγT+Th-17 IL-6

iTreg IRF4+Th-9
Tr1 IL17+ Th-17 RORγT+ Th-

17 nTreg
iTreg

Low Th-2 IFNγ Th-2 TNF-α Th-1 Th-2 IL-2
Th-3 TNF-αIL-2 IL-22+Th-22 IL-17A IRF4+Th-9 IL-4

IL-4 AhR Th-22 IL-22 IL17+ Th-17 IL-5
IL-17A nTreg IL-9

Th-3 IL-22
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networks of interaction between IL-5 and IL-13; IL-17A, IL 4, and 
sIL-2Rα; as well as between IL-22 and IL-23.44

Another interesting finding was elevated levels of IL-6 and IL-10 
in the serum of polytrauma patients who developed complications 
and in those who had a fatal outcome. Both Th-9 and Tregs secrete 
IL-10, and Th-1, Th-2, Th-17, and Th-22 cells have been reported to 
secrete both IL-6 and IL-10. Stensballe et al. have previously reported 
the correlation of IL-6 and IL-10 response in trauma with injury 
severity and mortality, within the first 24 hours.45 Various other 
studies have also shown the role of IL-6 in the early diagnosis of 
posttrauma complications.7,8,35,46

Our data are highly suggestive of the prognostic utility of IL-6 
and IL-10 in the immunopathogenesis of polytrauma patients since 
we analyzed the results based on various parameters and until their 
day of discharge from the hospital.

Strengths of the Study
We studied the T helper lymphocytic cytokine and transcription 
factor activity, using the intracellular staining technique and 
flowcytometry. T helper lymphocytes are the main effector cells in 
the immediate immunological response. Thus, studying its activity 
using a single cell-based technique adds to the scientific quality 
and validity of data. We followed up the patients on days 0, 2, 5, 
10, and the day of discharge. Most immunologically driven/late 
complications of trauma occur between days 3 and 10 of trauma. The 
initial days are essential to ascertain the immediate immunological 
reaction to trauma. Thus, the presented work led us to important 
findings in the field of trauma immunology.

Limitations of the Study
There were a few limitations in our study; we included a large 
heterogeneity of patients (differing in injury severity and type 
of trauma). A large and hemogeneous cohort of cases may have 
been better to postulate a working model of prognostication by 
cytokines and biomarkers.

Apart from the primary trauma, secondary sepsis (as 6/7 
patients in nonsurvivors died because of sepsis) may also have 
been responsible for an immune response, especially in the delayed 
phase.

Finally, a larger study incorporating analysis of other immune 
cells like neutrophils, B cells, γδT cells, monocytes, etc., apart from 
many other biomarkers could give a more holistic view of the 
posttrauma immune pathogenesis, which would, however, be a 
very expensive study.

co n c lu s I o n 
In the present study, different Th-subsets were observed to be 
playing pathogenic and protective roles in different phases 
of trauma and could be used for early prognostication. These 
markers could lead us to develop targeted immunomodulation 
therapies for noninvasive management of critically injured 
trauma patients.

Along with growing and improving trauma networks, priorities 
for future investigations comprise of using a systems biology 
viewpoint to track the changes and the underlying molecular 
machinery and their biological relevance to identify the most 
propitious therapeutic targets, to then design appropriate clinical 
trials, and judiciously selecting results from trials in trauma care to 
support treatment of trauma patients.
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