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suppressor cells after polytrauma are associated  
with an increased susceptibility to infection
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Abstract: Background: There is a strong association between severity of injury and an increased susceptibility to 
infection after injury. T cell dysfunctions are central to the development of infections following a trauma. Trauma-
induced myeloid-derived suppressor cells (MDSCs) can suppress T cell functions, and the process is associated with 
poor clinical outcome. In this study, we compared the dynamic changes in trauma-induced MDSCs in two trauma 
animal models. Methods: Rats were divided into three groups as follows: the control group, the femur fracture (FFx) 
group, and the polytrauma (PT) group. Animals were sacrificed at 2, 6, 12, 18, or 24 h postoperatively, and spleen 
was harvested for study. The MDSCs were identified by a flow cytometry and calculated. Incorporation of [3H]thymi-
dine was used to measure T cell proliferation. The results showed that the number of MDSCs in the spleen reached 
a peak 2 h after the trauma in both the groups. The peak number of MDSCs in the PT group was about four times 
greater (P<0.001); and in the FFx group, about one and a half times more (P=0.003) than in the control group. The 
increased level of MDSCs returned to normal after 18 h in the PT group, and after 6 h in the FFx group, post-surgery. 
Incorporation of [3H]thymidine showed that MDSCs induced by trauma suppressed T cell proliferation. Conclusion: 
These results suggest that polytrauma stress represent a more extensive MDSCs expansion which may contribute 
to an increased susceptibility to infection.
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Introduction

Patients with traumatic injuries are at an in- 
creased risk for infections, which are known to 
be associated with severity of the injury [1, 2]. 
There are several factors associated with the 
risk of infections following a trauma, including 
the interruption of tissue integrity, hemorrhage, 
tissue hypoperfusion [3], frequency of invasive 
procedures, and impaired host defense mecha-
nisms [4, 5]. 

Impaired host defenses, frequently observed 
as T cell dysfunctions, are central to the devel-
opment of infections after trauma [5]. Expan- 
sion of myeloid-derived suppressor cells (MD- 
SCs) can be induced by a physical injury in the 
spleen of a trauma model; and trauma-induced 
MDSCs are considered to suppress the func-
tions of T cells [6, 7]. MDSCs suppress T cell 
activation via multiple mechanisms: one such 

mechanism involves their uptake of arginine 
and high intracellular level of arginase, which 
depletes the surroundings of arginine, an es- 
sential amino acid for T cell activation [8]. 
Reactive oxygen species (ROS) produced by 
MDSCs inhibit T cells by catalyzing the nitra- 
tion of T cell receptors (TCR), and thereby pre-
venting T cell-peptide-MHC interactions [9]. Ac- 
cordingly, delayed or extensive MDSC expan-
sions suppress T cell functions more severely, 
which render the patients more susceptible to 
infections.

As the risk of infection is associated with the 
injury severity, we hypothesized that the expan-
sion of trauma-induced MDSCs after polytrau-
ma, would reach to a higher level and last lon-
ger. In this study, we built two kinds of animal 
trauma models and compared the dynamic 
changes of the trauma-induced MDSCs.
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Materials and methods

Animals

The present study was approved by the animal 
research committee of Shanghai Jiao Tong 
University School of Medicine, Shanghai, China. 
66 adult male Sprague-Dawley rats (250-300 
g) were housed, with two per cage on a 12:12 h 
light-dark schedule, and habituated to the labo-
ratory environment for one week prior to use.

Animal injury models

All rats were anesthetized using inhalational 
isoflurane and subjected to different trauma 
procedures. Rats were randomly assigned to 
one of the three groups as follows: the control 
group (n=6); the femur fracture (FFx) group 
(n=30); and the polytrauma (PT) group (n=30), 
comprising of a 1-cm laparotomy with cececto-
my, combined with medial thigh dissection with 
femur fracture and muscle tissue damage. The 
rats were administered buprenorphine (0.2 
mg/kg body weight) prior to arousal from anes-
thesia and every 12 h afterwards, until killing.

The FFx and PT models have been previously 
described by Gentile et al. [10]. In brief, for the 
femur fracture, careful blunt dissection of the 
soft tissues to expose the femur was performed 
and the femur was fractured with a wire saw. 
The bones were then realigned. In addition, for 
polytrauma, the superior muscle tissue was 
grasped with a clamp for 30 s. The skin was 
closed in a single layer. For the PT model with 
the addition of cecectomy, the cecum was iden-
tified after laparotomy, ligated twice with 3-0 
silk suture, and resected. The abdominal inci-
sion was closed in two layers. Sham animals 
received anesthesia, but no trauma was ap- 
plied. 

Sample collection

Animals were sacrificed at 2, 6, 12, 18, or 24 h 
postoperatively, and a splenectomy was per-
formed for cell harvest.

Isolation of cells

The harvested spleen was converted into sin-
gle-cell suspensions. Erythrocytes were deplet-
ed using RBC lysing buffer (Sigma-Aldrich), and 
splenocytes were washed in MACS buffer (1 × 

PBS supplemented with 2 mM EDTA and 0.5% 
BSA). CD4+ T cells were isolated using corre-
sponding MACS magnetic microbeads (Miltenyi 
Biotec, Cologne, Germany). The purity of sepa-
rated cells ranged between 89% and 95%.

flow cytometry analysis

The spleen tissue was forced through a 70 μm 
BD Falcon cell strainer (BD Biosciences, San 
Jose, CA, USA), and washed with PBS. Ery- 
throcytes were depleted using RBC lysing buf-
fer (Sigma-Aldrich, St. Louis, MO, USA), and 
splenocytes were washed in MACS buffer (1 × 
PBS supplemented with 2 mM EDTA and 0.5% 
BSA). Cell surface staining and FACS analysis 
were carried out, as described by Graf et al. 
[11]. Briefly, 1 × 106 cells were stained with 
FITC-His48 (anti-granulocytes) and PE-CD11b/c 
(OX42) (BD Pharminigen, San Diego, CA, USA) 
according to the standard procedure. All stain-
ing procedures were performed on ice. The 
stained cells were counted using a FACScan 
flow cytometer (Beckman Coulter, Fullerton, 
CA, USA).

T cell proliferation assay

The incorporation of [3H]thymidine was used as 
a measure of T cell proliferation [12]. Briefly, 1 
× 106 CD11bc+/His48+ cells from polytrauma 
rats or 1 × 106 CD11bc+/His48+ cells from 
sham-operated rats were mixed with 1 × 106 

CD4+ T cells. The mixed cells were cultured in 
RPMI-1640 supplemented with 10% fetal bo- 
vine serum, 0.05 mM 2-mercaptoethanol, HE- 
PES (10 mM) and antibiotic/antimycotic solu-
tion (RPMI medium) and re-stimulated with 1 
µg/mL anti-CD3 and 1 µg/mL anti-CD28 (BD 
Biosciences, San Jose, CA, USA). For the final 
16 h of culture, 1 µCi [3H]thymidine (GE health-
care, Little Chalfont, UK) was added. Pro- 
liferation was determined by the incorporation 
of [3H]thymidine into the cells in co-culture.

Statistical analysis

Results were presented as mean ± SD. Con- 
tinuous variables were first tested for norma- 
lity and equality of variances. A one-way ana- 
lysis of variance (ANOVA), followed by Student-
Newman-Keuls test as a post hoc test for mul-
tiple comparisons were performed to deter-
mine significant differences between experi- 
mental means. For a single comparison of two 
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Figure 1. Representative kinetic changes in MDSCs in rats expressed as percent-
age of MDSCs in spleen of the polytrauma (PT) and femur fracture (FFx) groups 
at different time points postoperatively. Control group: level of MDSCs (2.9%) was 
found to be very low. PT group: at time intervals of 2, 6, and 12 h, the percentage 
of MDSCs increased to 15.8%, 9.5%, and 5.7%, respectively, and returned to the 
baseline after 18 h. FFx group: there was a transient increase of MDSCs (up to 
5.2%) at a time interval of 2 h, and quickly returned to the baseline by 6 h.

groups, Student’s t test was used. A P<0.05 
was considered statistically significant.

Results

The dynamic changes in trauma-induced MD-
SCs in two trauma animal models

To quantify MDSCs, flow cytometry was per-
formed with antibodies against CD11b/c and 
His48, which were expressed by rat MDSCs. 
There was a paucity of MDSCs (2.7±0.6%) in 
the control group. In contrast, in the PT group, 
at the time intervals, 2, 6, and 12 h, the per-
centage of MDSCs increased to 12.5±2.4% 
(P<0.001), 8.9±1.2% (P<0.001), and 5.2±0.9% 
(P=0.016), respectively; and returned to the 
baseline, 3.8±1.5% (P=0.345) at a time inter-
val of 18 h. Nevertheless, in the FFx group, 
there was a transient increase in the level of 
MDSCs, of up to 4.3±0.8% (P=0.003) at a time 
interval of 2 h, which quickly returned to the 
baseline of 3.1±0.3% (P=0.607) by 6 h. Figure 
1 demonstrates the postoperative kinetics of 
MDSCs in the two groups. Additionally, a repre-
sentative data on MDSCs after surgery in the 
two groups at different time points are present-
ed in Figure 2. The number of MDSCs in the 
spleen was observed to reach a peak 2 h after 
the trauma in both the groups. The peak num-
ber of MDSCs in the PT group was about four 
times greater than the number in the con- 

trol group (12.5±2.4% vs. 2.7±0.6%, P<0.001). 
However, the peak number of MDSCs in the  
FFx group was approximately one and a half 
times more than that of the control group 
(4.3±0.8% vs. 2.7±0.6%, P=0.003). Besides, 
the increased level of MDSCs in the PT group 
returned to the normal level 18 h postopera-
tively, while in the FFx group, the level returned 
to normal 6 h after surgery.

MDSCs induced by polytrauma suppress T cell 
proliferation

T cells co-cultured in the presence of CD11- 
bc+/His48+ cells induced by trauma exhibited  
a significant decrease in proliferation as mea-
sured by [3H]thymidine incorporation, compa- 
red with cells co-cultured with control CD11bc+/
His48+ cells. Figure 3 shows that the most sig-
nificant suppressive effect of CD11bc+/His48+ 
cells induced by polytrauma on T cell prolifera-
tion was observed at a 1:16 effector: target 
(E:T) ratio with a more than two-fold inhibition 
of T cell proliferation (30,333±2517 cpm for 
controls vs. 14,333±1528 cpm for polytrauma, 
P=0.007).

Discussion

Myeloid-derived suppressor cells were first de- 
scribed more than 30 years ago in cancer [13]. 
MDSCs are a heterogeneous population of cells 
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In mice, MDSCs are characterized by the co-
expression of the myeloid lineage differentia-
tion antigen Gr1 with CD11b [19]. In humans, 
MDSCs are most commonly defined as CD14-

CD16+ cells with low expression of the MHC-
class-II molecule HLA-DR [20, 21]. Graf et al. 
defined cells which express both monocyte 
(CD11b/c) and granulocyte (His48)-associated 
lineage markers as MDSCs in rats [22]. Ac- 
cordingly, we used FITC-His48 and PE-CD11b/
c+ to test changes in the MDSCs of bone mar-
row, blood and the spleen after polytrauma. To 
further test MDSC function, we co-cultured 
MDSCs following polytrauma with T cells and 
found that the proliferation of T cells was sup-
pressed. This demonstrated that MDSCs in- 
duced by polytrauma in this study present a 
negative immunoregulatory function.

The spleen is rich in immune cells, including T 
cells and B cells. Normally, MDSCs make up 
only a small proportion (2-4%) of spleen cells in 
murines [15]. In pathological conditions, such 
as cancer, various infectious diseases, sepsis, 
trauma, or certain autoimmune disorders, the 
proportion of MDSCs in the spleen rises. Ma- 
karenkova et al. reported an increase in the 
level of trauma-induced MDSCs from 2±1% of 
all splenocytes at baseline to 7.8% of the cells 
by 6 h, which reached a peak of 15±4% by 12 h 
[6]. Our study presented a similar pattern of 
dynamic changes in the trauma-induced MD- 
SCs in the PT group. However, in the FFx group, 
the trauma-induced MDSCs reached a peak by 
2 h, and then returned to the baseline level. 
These may be attributed to differences in the 
severity of traumas.

The polytrauma patients have been found to be 
more susceptible to infections [1]. Xiao et al. 
observed that the critically injured patients, 
who developed an infection, represented a pro-
longed and dysregulated immune-inflammatory 
state [23]. Our data showed that the increased 
level of MDSCs in the PT group reached a high-
er level and lasted longer than in the FFx  
group. This may imply that polytrauma leads to 
a more severe immune disturbance, which in 
turn results in a vulnerable condition. The injury 
severity scores (ISS) of the trauma in the pres-
ent study were 9 in the FFx group and 18 in  
the PT group. The number of trauma-induced 
MDSCs returned to the baseline level at 18 h 
post-injury. However, in clinical practice, there 
are more severe patients who develop an infec-

Figure 2. Average percentage of MDSCs measured 
in rats in the control, polytrauma (PT), and femur 
fracture (FFx) groups. Asterisk indicates significantly 
different vs. control (P<0.05); pound sign indicates 
significantly different PT vs. FFx (P<0.05).

Figure 3. Myeloid-derived suppressor cells induced 
by polytrauma suppress T cell proliferation. T cells 
co-cultured in the presence of CD11bc+/His48+ cells 
induced by polytrauma exhibited a significant de-
crease in proliferation as measured by [3H]thymidine 
incorporation. The most significant suppressive ef-
fect of CD11bc+/His48+ cells induced by polytrauma 
on T cell proliferation was observed at an effector: 
target (E:T) ratio of 1:16 (P<0.05).

consisting of precursors of granulocytes, mac-
rophages, dendritic cells, and myeloid cells at 
their early stages of differentiation [14, 15]. 
Recently, accumulating evidence has shown 
that MDSCs suppress the T-cell functions under 
conditions of traumatic stress [6, 16], which is 
central to the development of infections follow-
ing a trauma [5, 17, 18]. However, whether all 
kinds of traumas represent the same dynamic 
changes in MDSCs still remains unknown. In 
this study, the dynamic changes in MDSCs were 
studied in two trauma models and were corre-
lated with the severity of injury.
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tion several days or weeks after a trauma. This 
could possibly be explained by the ISS of the 
polytrauma model in our study, which only 
reached the minimum standard for trauma 
studies in severely injured humans [24]. The 
immune response for this kind of injury can be 
quickly returned to normal.

In summary, the present study provides evi-
dence that different traumatic stress repre- 
sent different dynamic changes in MDSCs. The 
more severe the trauma, greater is the increa- 
se in the level of MDSCs. These findings may 
partly explain why polytrauma patients are 
more susceptible to infections.
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