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Abstract: Major trauma induces profound immune dysfunction, which subsequently results in sepsis and multiple
organ dysfunction syndromes (MODS). The functionally conducive immune cells are of paramount important in the
early recovery and development of the post-traumatic organ failure. In this study, we investigated the immune de-
regulation after severe trauma by means of detecting the differentiation of CD4* T cells. Seven male patients with
thoracic trauma (aged 29.8 + 7.6 years) hospitalized in the Intensive Care Units (ICU) in our hospital were enrolled
in the study. Peripheral blood was collected from all the patients on the 1st, 7th, 14th and 21st day of admission,
respectively. Flow cytometry was carried out to determine the percentage of CD4* T cells differentiated into Thi,
Th2, Th17 and Treg subsets, based on which the ratios of Th1/Th2 and Th17/Treg were also calculated. Twenty-
five healthy male individuals (aged 34 + 7 years) in the hospital in the same period of time served as controls. The
frequencies of all the four subsets in the traumatic patients showed significant dynamic changes compared with
those of the controls at the defined time points. The ratios of Th1/Th2 and Th17/Treg showed significant decrease
at the study interval. Notably, the value of Th1/Th2 was significantly higher (P=0.004) in the trauma group than that
of control group on the 1st day after admission, which was reversed on the 14th day (P=0.014). The imbalance of
Th1/Th2 and Th17/Treg at the present study all reflected the immune dysfunction of CD4 T cells followed by the
severe thoracic trauma.

Keywords: Trauma, Thd, Th2, Th17, Treg, immunological dysfunction

Introduction

Major trauma usually induces immunological
system disorders, which consequently result in
post-traumatic complications such as systemic
inflammatory response syndrome (SIRS), sep-
sis and subsequent multiple organ dysfunction
syndrome (MODS) [1]. The management of
severe trauma is highly depends on the bal-
ance of the pro- and anti-inflammatory immune
response. Aberrant alterations to the immune
system are considered as key factors in the
development of multiple organ failure and post-
traumatic complications, which are associated
with the excessive systemic inflammatory
response and the critical imbalance of cell-reg-
ulated immunity.

Upon major trauma, the central regulation of
the immune response is altered, which is at

least in part attributed to the impaired interac-
tion between T lymphocytes and antigen-pre-
senting cells [2]. Numerous reports indicated
that peripheral blood monocytes could not gen-
erate T lymphocytes proliferative response in
trauma patients [3]. The pattern of T-helper
cells type 1 (Thl) and type 2 (Th2) has been
acknowledged as an essential principle of T-cell
responses [4]. To date, extensive studies have
been carried out to investigate the effects of
trauma on the disorder of immune system. For
instance, Thl-type immune responses were
markedly reduced after trauma [5]. Besides,
trauma or surgery-associated physical injury
increased the expression of Th2 cells and
brought about impaired cell mediated immunity
[6]. Further, traumatic patients showed incre-
ased susceptibility to post-traumatic complica-
tions, which consequently contributed to the
imbalance of Th1/Th2 and a skewing elevation
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Table 1. Baseline demographic and clinical characteristics
of subjects in the study

Variables Patients (n=7)
Age (year) 29.8+ 7.6
Gender (male/female) 7/0
WBC (week 0) (4.0-10.0) x 10%/L 9.563 +2.29
WBC (week 3) (4.0-10.0) x 10%/L 6.10 + 1.33
Lymphocytes (week 0) (0.8-4.0) x 10°/L 0.59 £ 0.30
Lymphocytes (week 3) (0.8-4.0) x 10°/L 1.15 +0.30
Oxygen index (mmHg)* 120.6 £ 22.8
Shock index? 1.63+0.26
APACH Il evaluation® 11.14 +1.95
AIS evaluation Pulmonary contusion* 3.57 £0.53
Subcutaneous injury® 1.86 + 0.38
Hemothorax and pneumothorax®  2.71 + 0.49
Ribs fracture’ 2.57 +0.79
Complications
ARDS (cases) 7
Hemorrhagic Shock (cases) 7
Pulmonary abscess (cases) 3
Treatment
Vasoactive drugs + Fluid resuscitation 7
Mechanical ventilation (cases) 7
Closed thoracic drainage (cases) 7
Surgery (cases) 4
Prognosis
Average length of stay (days) 23.9+6.5
In-hospital mortality 0%

L owest oxygen index within 24 hours after hospitalization. 2Highest shock
index within 24 hours after hospitalization. *Highest APACH Il evaluation
within 24 hours after hospitalization. *Lung contusion: 441407.2 (unilat-
eral, mild, <1 lobe); 441408.3 (unilateral, severe, 1-3 lobe). Lung lacera-
tion: 441431.3 (unilateral, mild, <1 lobe); 441432.4 (unilateral, severe,
1-3 lobe). °Subcutaneous muscle injury: 410202.1 (abrasion), 410402.1
(contusion, hematoma), 410602.1 (superficial laceration), 410604.2

(length >20 cm, deep into subcutaneous tissue), 410802.1 (deletion of su-

perficial tissue <100 cm?), 410804.2 (tissue deletion >100 c¢cm?). °Hemo-
pneumothorax: 442200.3 (hemothorax, unilateral <1000 ml), 442202.2
(pneumothorax, unilateral pulmonary compression <50%, without durative
lung leakage), 442205.3 (hemopneumothorax, unilateral <1000 ml). "Rib
fracture: 450201.1 (unilateral, one rib fracture), 450202.2 (unilateral, two
ribs fracture), 450203.3 (unilateral, more than 3 ribs fracture).

were up-regulated in the spleens of
rats with the traumatic optic neurop-
athy [11]. Choileain et al showed that
it could amplify Tregs activity and
contributed to the suppression of
Tha cells after severe injury [12]. In
addition, Tregs played a vital role in
suppressing Thl cytokine and pro-
ducing higher levels of Th2 cytokines
responses after injury [8]. However,
these studies are carried out in post-
traumatic animal models, which var-
ied greatly in the physiological func-
tion compared with in vivo conditions.
Moreover, these studies are cross-
sectional studies with absence of
dynamic changes and accurate eval-
uation of cellular immunity. In this
study, we aim to investigate the fre-
quencies of Thi, Th2, Th17 and Treg
subsets, as well as the dynamic
changes of Th1l/Th2 and Th17/Treg
ratio, based on which to develop
appropriate therapeutic strategies
on the posttraumatic complications
by inducing T cell-mediated immune
responses following trauma.

Materials and methods
Patients

Seven patients with thoracic trauma
admitted in the intensive care unit
(ICU) of our hospital from June 2012
to September 2012 were included in
this study. Patients received immu-
nosuppressive drugs were excluded
from this study. All patients received
adequate oral nourishment and calo-
rie intake in the ICU. In addition,
symptomatic treatment was per-
formed according to the specific con-
ditions of the patients, including fixa-
tion of multiple rib fracture and flail

of Th2 cells or anti-inflammatory immune reac-
tivity [7, 8].

Accumulating evidence reveals Th17 and regu-
latory T cells (Tregs) also play prominent roles in
modulating the host immune response follow-
ing trauma [9, 10]. Recently studies indicated
these T cell subsets involved in the host
response to trauma. For instance, Th17 cells
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chest using chest strap or even internal fixation
combined with mechanical ventilation; fluid
resuscitation, hemostasis and blood transfu-
sion for hemorrhagic shock; thoracic closed
drainage or even continuous negative pressure
suction for hemopneumothorax; oxygen inhala-
tion or even mechanical ventilation for patients
with acute respiratory distress syndrome
(ARDS). The demographic information of
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patients was listed in Table 1. Twenty-five
matched healthy male individuals (34 + 7 year-
old) of the same period served as control.
Written informed consents were obtained from
each subject. The study was carried out with
the approval of Ethics Committee of the First
Affiliated Hospital of College Medical of
Zhejiang University.

Preparation of human peripheral blood mono-
nuclear cells

Peripheral blood was collected from each par-
ticipant. Peripheral blood mononuclear cells
(PBMCs) were isolated using Ficoll-Hypaque
density-gradient  centrifugation  (Biochrom,
Berlin, Germany), and suspended at indicated
concentrations in RPMI-1640 (Thermo Electron,
Waltham, MA, USA).

Flow cytometry

For Thi, Th2 and Th17 analysis, PBMCs were
re-stimulated for 6 h with cell stimulation cock-
tail containing 50 ng/mL protein transport
inhibitors, 1 mg/mL ionomycin and 1.7 mg/mL
monensin (Sigma, St Louis, MO) according to
the manufacturer’s instructions. Subsequently,
cells were extracellularly stained with PE anti-
human CD8 and Pcy5 anti-human CD3
(Beckman Coulter Immunotech, Marseilles,
France) at 4°C for 30 min. After surface stain-
ing, the cells were consecutively fixed and per-
meabilized with Fix & Perm Reagent (eBiosci-
ence, San Diego, CA) for intracellular staining
with FITC antihuman INF-y (detection of Thil
cells), FITC antihuman IL-4 (detection of Th2
cells) and FITC antihuman IL-17 antibody (detec-
tion of Th17 cells, all eBioscience, San Diego,
CA, USA). The CD4" cells were identified based
on the expression of CD3*CD8 Markers. For
the analysis of Tregs, cell surface staining was
performed with FITC-conjugated anti-CD25,
PE-conjugated anti-CD127 (Beckman Coulter
Immunotech, Marseille, France), and PE-cyb-
conjugated anti-CD4 (eBioscience, San Diego,
CA, USA). Isotype controls (eBioscience, San
Diego, CA, USA) were given for compensation
and confirmation of antibody specificity. The
cells were incubated with the antibodies for 20
min at room temperature in the dark, followed
by washing in phosphate buffered solution
(PBS). The frequencies of Tregs (CD4*
CD25*CD127"°%"), Thl (CD3*CD8IFN-y*), Th2
(CD3*CD81L-4%), Thi7 (CD3*CD8&IL-17*) cells
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were expressed as a percentage of CD4* T cells
by sequential gating for lymphocytes.

Statistical analysis

Statistical analyses were performed using
SPSS 16.0 software (SPSS Inc., Chicago, IL,
USA). Measured data were represented as
mean * standard deviation, and descriptive
statistics were represented as medians (range),
or number (percentage). Mann-Whitney test
was used to determine the difference between
patients and healthy control. Wilcoxon test
were used to compare sequential data during
follow-up. P<0.05 was considered statistically
significant.

Results

Dynamic changes of the frequencies of Th1,
Th2 cells and Th1/Th2 ratio in patients with
severe trauma

Figure 1 showed the flow cytometry results of
Th1 and Th2 cells. The percentage of T helper
lymphocytes producing IL-4 was increased in
traumatic patients, while the level of IFN-y
increased initially and then decreased at the
interval of trial compared with healthy individu-
als (Figure 1A). Significant increase was identi-
fied in the frequency of Thl cells in patients
with traumatic injury on day 1 after admission
compared with that in the control groups
(P=0.002). Gradual decrease was noticed in
the frequency of Thl cells, which was signifi-
cantly reduced at week 2 (P=0.018, Figure 1B).
No statistical difference was revealed in the
frequency of Th2 cells in patients with traumat-
ic injury compared with that of the healthy indi-
viduals immediately after admission. However,
a significant increase was revealed in the fre-
quency of Th2 at week 2 in patients with trau-
ma (P=0.028, Figure 1C). The ratio of Th1/Th2
showed significant increase in the traumatic
patients compared with those in the control
group on the day immediately after admission
(P=0.004). Nevertheless, a trend towards a
decreased TH1/TH2 ratio was observed during
the study. Notably, two weeks after hospitaliza-
tion, the Th1/Th2 ratio showed remarkable
decline in the traumatic patients compared
with that of the control group (P=0.014, Figure
1D). Taken together, suppression and disorder
of T-cell immune function was induced followed
by severe thoracic trauma.
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Figure 1. The dynamic change of Th1/Th2 ratio in traumatic patients and health control (HC). A: Representative dot
plots of IFN-y and IL-4 expression in peripheral CD4* T cells of HC and traumatic patients. The values in the quad-
rants indicated the percentage of each CD4* T-cell subset. B: Pooled data indicated the percentages of Thicells
in HC and traumatic patients. C: Pooled data indicated the percentages of Th2 cells in HC and traumatic patients.
D: The ratio Th1/Th2 cells presented a decreasing trend during the study and declined sharply (P=0.014) in the
traumatic patients compared with the samples in the HC group.

Dynamic changes of the frequencies of Th17,
Treg cells and Th17/Treg ratio in the traumatic
patients

Figure 2 summarized the changes of the fre-
quencies of Th17, Treg cells and Th17/Treg ratio
of all the subjects. The percentage of Treg cells
in the peripheral blood was higher in patients
with thoracic trauma compared with that of
healthy group, while the level of Th17 showed
increased initially and then decreased in
patients with thoracic trauma (Figure 2A). The
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frequency of Th17 was significantly increased
in traumatic patients compared to healthy con-
trols on the day after admission (P=0.005).
However, the frequency of Thi7 cells was
decreased subsequently in the trauma group
(Figure 2B). Compared with the healthy control,
the percentage of peripheral Treg cells was sig-
nificantly increased in the traumatic patients
on the day after admission (P=0.015).
Meanwhile, the frequency of Treg cells was kept
at a rather high level in the traumatic group
within 3 weeks after admission (Figure 2C). In
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Figure 2. The dynamic change of Th17/Treg ratio in traumatic patients and HC group. A: Representative dot plots
of IL-17 and CD125 expression in peripheral CD4* T cells of HC subjects and traumatic patients. The values in the
quadrants indicated the percentage of each CD4* T-cell subset. B: Pooled data indicated the percentages of Th17
cells in HC group and traumatic patients. C: Pooled data indicated the percentages of Treg cells in HC group and
traumatic patients. D: The ratio of circulating Th-17 cells to Treg cells was dramatically decreased in traumatic pa-

tients from 1st week to 3rd week after admission.

addition, no significant difference was revealed
in the Th17/Treg ratio between the traumatic
patients and healthy group on the day after
admission as the frequencies of Th17 and Treg
cells were simultaneously increased. Never-
theless, ratio of Th17/Treg was dramatically
decreased in traumatic patients from the 1st
week to the 3rd week after admission (Figure
2D). All these results indicated that thoracic
injury induced the imbalance of immune
system.
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Discussion

Traumatic injury triggers a complex host
response that disrupts immune system homeo-
stasis required for tissue regeneration and
repair. It perturbs both innate and adaptive
immunity inducing the temporal change of
related cells and mediators for the pro- and
anti-inflammatory immune responses. These
sequences of responses are thought to have
significant clinical consequences since they are

Int J Clin Exp Med 2015;8(11):21106-21113



Th subsets in severe trauma

responsible for the opportunistic infections and
trauma-induced complications [13]. Immuno-
dysregulation after major trauma is associated
with high risks of sepsis and multiple organ dys-
function [14, 15]. Therefore, a complete under-
standing of the activation and alternation of
immune response is crucial for preventing pro-
gression of complications and improving the
outcome after trauma.

To date, the exact mechanism of severe trau-
ma-associated complications is still elusive.
However, there is no doubt that the suppres-
sion of cell-mediated immunity is crucial for the
progression of post-traumatic complications.
The immune dysfunction involving in the sup-
pression of cell-mediated immunity may be
caused by excessive activation and dysregulat-
ed recruitment of multifaceted cytokine/inhibi-
tor profiles, macrophages with anti-inflammato-
ry properties. In addition, the suppression or
alteration of CD4* T cell responses may also
contribute to the development of post-traumat-
ic immune dysfunction involving in the shift of
Th1/Th2 balance toward Th2 with an accompa-
nying loss of Thl responses and up-regulation
of Tregs [16].

In this study, we investigated the differentiation
of CD4* T cells into Thl, Th2, Th17 and Treg
cells in patients with severe thoracic trauma.
Among these CD4* T cells subsets, Thl cells
promote protective cell-mediated immune
responses against viruses and other intracellu-
lar pathogens with producing IL-2, IFN-y and
TNF. Th2 cells produce IL-4, IL-5 and IL-10, and
drive the humoral immunity in terms of control
of antibody production against extracellular
organisms [17, 18]. Th17 cell is a novel subset
of CD4* T cells characterized by the production
of IL-17 and other abundant cytokines such as
IL-22, and IL-26 and TNF-a with a week and pro-
inflammatory response [19]. Treg cells make up
10% of the the peripheral CD4 T cells showing
major role in controlling inflammation in inflam-
matory disease and maintenance of immuno-
logical tolerance [20].

Accumulating evidences have indicated that T
cell mediated immune function is impaired
after trauma, accompanied by the suppression
or alteration of CD4* T cell responses [5]. Miller
et al showed that Thl response was sup-
pressed as illustrated by the reduction of IL-2,
IFN-y, and IL-12 levels, while Th2 response was
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enhanced markedly with the evaluation of IL-10
and IL-4 [2]. Meanwhile, in the major burn trau-
matic patients, the production of IL-4 was
excessively upregulated while the IFN-y was
increased [21]. Nowadays, the Th1/Th2 bal-
ance hypothesis has been highlighted to clarify
the pathophysiology underlying the post-trau-
matic immune response [22]. Decker et al
showed that the Th1/Th2 ratio was decreased
with the suppression of cell-mediated immunity
after surgery [23]. In agreement with the above
observations, our results indicated significant
decrease of Thl cells and increase of Th2 cells
in the thoracic traumatic patients at week 2
compared with that of the baseline level. In
addition, we found that trauma decreased Th1l/
Th2 ratio, which was consistent with the previ-
ous report compared with the samples in the
control group [23]. All these suggested that the
trauma potentially induced a shift in the Th1/
Th2 balance toward Th2 based on the enhance-
ment of humoral immunity and the suppression
of T cell-mediate immunity, which defined a
state of immune dysfunction and increased the
susceptibility to sepsis and MODS complica-
tions.

Tregs and Th17 cells also seem to modulate the
immune response after trauma, and the bal-
ance between them is essential for maintaining
immune homeostasis. Neely indicated that the
number and percentage of Th17 cells were sig-
nificantly higher in burn mice than those in
sham group on d3, d7, and d14 day after injury
[24]. Stoecklein et al demonstrated that Tregs
were activated in response to injury which driv-
en trauma-induced suppression of Thil
responses and T cell anergy [13]. In our study,
significant enhancement of frequency of Th17
cells was only identified in the peripheral blood
of patients with thoracic trauma on the day
after admission, while the number of Tregs was
significantly elevated and maintained at a high-
er level at the interval of study, which contrib-
uted to the suppression of Thl immune func-
tion accompanied by a reduced frequency of
Thl cells two weeks after trauma. In addition,
we observed that Th17/Treg ratio decreased in
CD4* T cells in traumatic patients from the 1st
week to the 3rd week after admission. Taken
together, these results provided additional evi-
dence that the immune dysfunction with the
imbalance of Thl17/Treg contributed to the
pathogenesis and development of trauma.
Meanwhile, we pointed that the sequence of

Int J Clin Exp Med 2015;8(11):21106-21113



Th subsets in severe trauma

changes of the overwhelming anti-inflammato-
ry response 1 week after trauma may impose
patients on high risk of secondary traumatic
complications combined the fact that three
patients were induced sepsis in this study.

It is essential to adopt the effective immuno-
therapy since serious adverse consequences
caused by immune dysregulation after trauma.
To date, it has attracted a growing attention to
modulate the balance of CD4* T cell subsets
and the expression of involved cytokines for the
treatment of immune disorders. Goebel ey al
proposed that IL-12 treatment with low-dose
could increase or maintain the production of
pro- and anti-inflammatory mediators at the
same time in host defence [25]. Liao et al
showed that IL-2 had effect on the differentia-
tion of T-helper cells into Thl, Th2 and Th17
cells by regulating the expression of cytokine
receptors to help keep and specify the differen-
tiated states [26]. Tian et al indicated that vita-
min D played an important role in modulating
the balance of Th17/Treg [27]. Moreover, hista-
mine 4 receptor (H4R) agonist could influence
the production and function of T cells and medi-
ate Th1/Th2 balance by decreasing the expres-
sion of IL-4 and increasing the levels of IFN-y,
TNF-a and IL-13 [28]. In the current study, it pre-
sented dynamic changes of immune function in
severe injury patients with inflammatory and
anti-inflammatory responses at the early and
late stage after thoracic trauma, which was
conducive to the selection of appropriate
immune therapy at the terms of specific
immune state.

In conclusion, we first described the differentia-
tion of CD4* T cells into Th4, Th2, Th17 and Treg
cells in traumatic patients with the dynamic
variations. The decreased Th1/Th2 and Th17/
Treg ratios, increased Tregs and Th2 percent-
ages appeared to have profound effects on the
development of suppressed adaptive immunity
after severe thoracic trauma. All these findings
suggest an early opportunity for immune modu-
lation and aid in the introduction of appropriate
therapeutic strategies of posttraumatic com-
plications.
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