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ABSTRACT—Trauma-hemorrhage (TH) promotes acute lung injury (ALI) and other pulmonary-related complications in part
through an exaggerated inflammatory response. Studies have implicated +% T cells in the development of inflamma-
tory complications after major injury; however, it is unknown whether +% T cells play a role in the development of ALI after
TH. To study this, C57BL/6 wild-type (WT) and % TCRj/j mice were subjected to TH or sham treatment. Lung injury was
clearly evident at 2 h after TH, as evidenced by increased lung permeability, myeloperoxidase levels, and proinflammatory
cytokine/chemokine levels (interleukin-1" [IL-1"], IL-6, IL-10, keratinocyte chemokine, macrophage inflammatory protein 1!,
macrophage inflammatory protein 1", and regulated upon activation normal T-cell expressed, secreted chemokine). Phe-
notypic analysis of lung cells showed an increase in T-cell numbers after TH. The vast majority of these cells were !" T
cells, irrespective of injury. Although +% T cells were a small percentage of the total T-cell infiltrate, their numbers did
increase after injury. In mice lacking +% T cells (% TCRj/j mice), TH-induced T-cell infiltration of the lung was markedly
attenuated, whereas infiltration of other inflammatory cells was increased (i.e., monocytes, granulocytes, and myeloid-
derived suppressor cells). In conclusion, these findings suggest that +% T cells regulated the infiltration of the lung with
inflammatory cells after injury.
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INTRODUCTION

After a traumatic injury, hemorrhage is responsible for more

than 35% of prehospital deaths and more than 40% of deaths

within first 24 h after injury (1). Acute lung injury (ALI) and

acute respiratory distress syndrome are common complications

and remain a major cause of morbidity and mortality under

such conditions. Acute lung injury is caused by different local

(pneumonia) or systemic (sepsis) inflammation. Activation of

a proinflammatory cascade involving T cells, macrophages,

and neutrophils play a major role in the pathogenesis of in-

flammatory mediatorYinduced lung injury from sepsis, pneu-

monia, and shock (2, 3).

Several studies have implicated T cells in the development

and progression of different types of lung injuries. In humans,

T cells are found in high abundance in lung biopsy specimens

(4) and lavage fluid (5) in patients with pulmonary fibrosis,

suggestive of their role during the injury process. However,

most of these studies have focused on !" T cells. Recent evi-

dence suggests that a unique T-cell subset, +% T cells, plays a

pivotal role in the response to tissue injury (6). Gamma-delta

T cells are involved in different disease processes, suggesting a

role for this T-cell subset in both innate and acquired immunity

(7, 8). Studies have shown that +% T cells are required for both

controlled inflammatory and protective responses to direct

pulmonary injury by infection or noxious agents (9, 10).

Clinical findings suggest the presence of activated +% T cells in

the circulation of patients with SIRS (systemic inflammatory

response syndrome) (11), which can also be associated with

ALI. Furthermore, +% T cells are increased in response to

bleomycin and attenuate the related lung fibrosis (12, 13).

Nonetheless, it is unknown what role +% T cells play in the

development of ALI after trauma-hemorrhage (TH).

MATERIALS AND METHODS

Mice
C57BL/6 (WT) and mice lacking +% T cells (% TCRj/j; C57BL/6 J-

Tcrdtm1Mom) male mice (30 Y 35 g; the Jackson Laboratory, Bar Harbor,
Maine) were used for all the experiments. The Tcrdtm1Mom/Tcrdtm1Mom

(% TCRj/j) mice used for the study had the same initial target strain (C56BL/
6 J) and backcross strain (C56BL/6 J). Mice were allowed to acclimatize for at
least 1 week before experimentation and maintained in ventilated cages under
specific pathogenYfree conditions. Animals were randomly assigned into either
sham or TH group. All animal protocols were approved by the Institutional
Animal Care and Use Committee of the University of Texas Health Science
Center at San Antonio and were performed in accordance with the National
Institutes of Health guidelines for the care and handling of laboratory animals.

TH procedure
A fixed-volume TH model developed by Abraham and Freitas was used

with modifications (14). Briefly, the mice were anesthetized by intramuscu-
lar injection of ketamine/xylazine. The abdomen was clipped, cleaned,
and prepared for aseptic procedures. A 2-cm longitudinal incision was made
along the midline to cause a soft tissue trauma. The intestine was placed on
one side to expose the inferior vena cava. Approximately 30% (~0.55 mL for a
20-g mouse) of total blood volume was withdrawn during a 60-s period using a
27-gauge needle and syringe to induce hemorrhagic shock. The intestine was
repositioned in the peritoneal cavity, and the peritoneal wall and the skin were
closed in two layers with 5-0 nonabsorbable sutures. Ringer’s lactate solution
(three times the shed blood volume) was given intraperitoneally for resusci-
tation at 60 min after the surgery. Control (sham) animals were anesthetized,
opened, and closed, with no blood being withdrawn. The cages were placed on
a heating pad until sacrifice.

Lung tissue collection
At 2 h after resuscitation (3 h after surgery) in the TH group or 3 h after sham

treatment, the lungs were perfused with ice-cold phosphate buffer solution (PBS)
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to eliminate circulating blood. After perfusion, the lungs were removed and the
left lobe was immediately snap frozen in liquid nitrogen and stored at j80-C for
the determination of myeloperoxidase (MPO) activity and cytokine/chemokine
analysis. The right lung was used to isolate single cells for flow cytometry.

Lung lysate preparation and protein determination
Lungs from j80-C were thawed and homogenized in homogenization buffer

containing protease inhibitor cocktail (Calbiochem, San Diego, Calif). The tissue
extract was clarified by centrifugation at 14,000 rpm for 20 min. Lysate protein
concentration was determined using a Bio-Rad protein assay (Bio-Rad Labora-
tories, Hercules, Calif) and used for cytokine/chemokine analyses.

Lung digestion and single-cell isolation
Right lung lobes were removed and rinsed with PBS. Lungs were placed

into 10 mL of RPMI containing 0.2% collagenase (LS004196; Worthington,
Lakewood, NJ) and 50 units DNase I (D4263; Sigma Chemical, St. Louis,
Mo). The lungs were cut into small pieces and digested at 37-C for 30 min with
intermittent shaking every 5 min. The digested lungs were then passed through
a 100-2m meshYsize nylon mesh and centrifuged at 400g for 10 min at 4-C.
The cell pellet was resupended in Gey solution (NH4Cl and KHCO3 buffer) for
5 min to lyse red blood cells. Isolated single cells were counted and used for
flow cytometry.

Lung wet/dry weight ratio
To determine the lung edema, the lung wet/dry weight was calculated. The

upper lobe of the right lung was excised, and the wet weight was recorded. The
lung was then dried at room temperature for 48 h until a stable dry weight is
achieved, and the wet/dry weight ratios were calculated.

Lung permeability
Changes in lung permeability were determined by collection of broncho-

alveolar lavage fluid (BALF) to assess protein concentration as an index of
lung permeability (injury) (15).

MPO activity
Lung lysates were assayed for MPO activity with enzyme-linked immu-

nosorbent assay kits (Hycult Biotech). All procedures were carried out in ac-
cordance with the manufacturer’s instructions. Myeloperoxidase levels in the
lung samples were normalized to milligrams of total protein.

Cellular phenotyping by flow cytometry
The lung cells were washed in staining buffer (PBS with 0.2% bovine serum

albumin and 0.09% NaN3) and treated with Fc-blocking antibody (anti-CD16/
CD32; BD Biosciences) for 15 min. The cells were then stained with the following

FIG. 1. TH is associated with ALI. Lungs from WT mice were harvested after 2 h of injury or sham procedure and used to assay wet/dry weight ratio, lung
permeability, and MPO contents as described in the Materials and Methods section. A, Wet/dry weight ratio. B, Lung permeability after TH as determined by the
BALF protein concentrations. C, The MPO activity after TH. Data are expressed as mean T SEM for 4 to 12 mice per group. *P G 0.05 vs. respective sham group.

FIG. 2. Inflammatory cytokine production by lung cells after TH. Lung
tissues from WT mice were removed at 2 h after TH or sham procedure. Lung
lysates were prepared as described in the Materials and Methods section and
used for cytokine analyses. The IL-1" (A), IL-6 (B), IL-10 (C), and TNF-! (D)
levels were determined by Bioplex (Bio-Rad). Data are expressed as mean T
SEM for three mice per group. *P G 0.05 vs. respective sham group.

FIG. 3. Chemokine production by lung cells at 2 h after TH. Lung tis-
sues from WT mice were removed at 2 h after TH or sham procedure. Lung
lysates were prepared as described in the Materials and Methods section and
used for cytokine analyses. The keratinocyte chemokine (KC) (A), MCP-1 (B),
MIP-1! (C), MIP-1" (D), and RANTES (E) levels were determined by Bioplex
(Bio-Rad). Data are expressed as mean T SEM for three mice per group. *P G
0.05 vs. respective sham group.
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directly conjugated antibodies: anti-CD3 (PE or APC-Cy7) in combination with
anti-"TCR (PerCPCy5.5), anti-+TCR (FITC), anti-CD4 (APC), anti-CD8 (APC-
Cy7), anti-CD11b (PerCPCy5.5), and Gr1 (Ly6G; Pacific Blue). After 30 min on
ice, the cells were washed and resuspended in staining buffer. Appropriate
isotype controls were used for all staining. All data were acquired using an
LSRII (BD Biosciences) and analyzed using FlowJo software (FlowJo, Treestar).
A minimum of 50,000 events was collected, and live cells were gated according
to forward and side scatter properties. Total cell number was calculated as per-
centage cells � total number of cells per gram wet weight of lung/100.

Analysis of cytokines and chemokine levels
Lung lysates were analyzed for cytokine/chemokine levels (interleukin-1"

[IL-1"], IL-6, IL-10, tumor necrosis factor-! [TNF-!], keratinocyte chemokine
(KC), monocyte chemoattractant protein 1 [MCP-1], macrophage inflammatory
protein 1! [MIP-1!], MIP-1", and regulated upon activation normal T-cell
expressed, secreted chemokine [RANTES]). by Bioplex (Bio-Rad) according
to the manufacturer’s recommendations. Cytokine levels were normalized to
total protein levels of lung that were determined by BioRad protein assay as
described earlier.

Statistical analyses
Data are expressed as mean T SEM. Comparisons were analyzed using analysis

of variance, and Student t test was used for comparisons between two groups. A
value of P G 0.05 was considered to be statistically significant for all analyses.

RESULTS

TH induces ALI

The development of ALI after TH was assessed by mea-

suring changes in wet/dry weight ratio, lung permeability

(BALF protein content), and neutrophil accumulation (MPO

activity). At 2 h after TH, ALI was evident, with a significant

increase in lung permeability and MPO accumulation (Fig. 1).

Although wet/dry weight ratio remained comparable between

the sham and TH groups (Fig. 1A), approximately a 5-fold in-

crease in BALF protein levels was observed in TH mice as

compared with shams (Fig. 1B). This change in lung permeability

after TH was paralleled by a profound increase in MPO activity

in the lung tissue, which was increased approximately 70-fold

after TH as compared with lungs from sham mice (Fig. 1C).

TH induces a pulmonary inflammatory response

Trauma-hemorrhageYinduced ALI was associated with in-

creased levels of cytokines and chemokines in the lung tissue

(Figs. 2 and 3). A profound increase in inflammatory cytokines

such as IL-1", IL-6, and IL-10 was observed in lung tissues of

TH mice as compared with shams (Fig. 2, A Y C, respectively).

Interleukin-1", IL-6, and IL-10 levels were up to 7-fold greater

in the TH mice as compared with those of sham mice. In

contrast, TNF-! levels were lower (2-fold) in TH mice when

compared with those in sham mice (Fig. 2D).

Similar to cytokines, the levels of chemokines (i.e., KC,

MIP-1!, MIP-1", and RANTES) were also increased after TH

as compared with those in shams (Fig. 3). Although the levels

of KC and MIP-1! were more than 5-fold greater (Fig. 3, A

and C), MIP-1" and RANTES were increased by approxi-

mately 2-fold (Fig. 3, D and E) in TH mice. On the contrary,

MCP-1 levels were lower (2-fold) in TH mice when compared

with those in sham mice (Fig. 3B).

TH-induced changes in pulmonary immune cells

After TH, a profound change in the phenotype of lung im-

mune cells isolated after lung digestion was observed (Fig. 4).

An approximately 2-fold increase in total number of viable

cells per gram of lung wet weight was observed after TH as

compared with sham treatment (Table 1). For phenotypic analysis

of different immune cells, lymphocyte/monocyte (Lymph/Mono)

FIG. 4. Effect of TH on lung cell populations. At 2 h of injury or sham procedure, lung single cells from WT mice were prepared using collagenase/DNAse
digestion and used for flow cytometry. A, The lymphocyte/monocyte (Lympho/Mono) and granulocyte populations were identified by forward (FSC) and side
scatter (SSC), as shown in the representative dot blots. B, The populations were analyzed as percentages of the total viable cell populations. Data are expressed
as mean T SEM for 9 to 11 mice per group. *P G 0.05 vs. respective sham group.

TABLE 1. Impact of TH on total lung cells

Cells (106)/g wet weight

Sham 39.81 T 4.3*

TH 75.26 T 4.7†

*Data are expressed as mean T SEM (n = 5 mice per group).
†P G 0.05 vs. sham.
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and granulocyte populations were identified based on their for-

ward and side scatter properties as shown in Figure 4A. Although

the percentage of lymphocytes/monocytes was comparable be-

tween sham and TH mice (Fig. 4B), a significant increase in the

percentage of granulocytes in the lung of TH mice was evident

(Fig. 4B). However, when cell percentages were normalized to

gram wet weight, a significant increase (2-fold for lymphocytes/

monocytes; 3-fold for granulocytes) in the numbers of both

lymphocytes/monocytes and granulocytes after TH was ob-

served as compared with sham skin, which was significantly

greater than that observed in sham mice (Fig. 4C).

TH alters lung T-cell populations

A profound influx of total T cells was observed after TH

(Fig. 5). Both the percentage and absolute numbers for CD3+

total T cells were significantly increased after TH in compar-

ison with the T-cell percentages and numbers in lung cells

from sham mice (Fig. 5, A and B).

Lung cells were stained with anti-CD3 in combination with

% TCR and " TCR antibodies to characterize +% T cells (Fig.

6, A and B) and !" T cells (Fig. 6, C and D), respectively.

Characterization of T cells demonstrated that the vast ma-

jority of T cells were positive for !" TCR (~90% Y 95%) after

TH (Fig. 6, A and B). Both the percentages and numbers of

!" T cells were increased after TH as compared with the

sham group (Fig. 6, A and B). In contrast, +% T cells con-

tributed to a small percentage of the total T cells (~5% Y 10%);

however, similar to !" T cells, their percentage (Fig. 6C) as

well as absolute number (Fig. 6D) increased significantly

after TH.

FIG. 5. Effect of TH on total T-cell population. Lung cells fromWTmicewere prepared after 2 h of injury or shamprocedure and studied for total T-cell phenotype
by flow cytometry. Cells were stained with anti-CD3 to identify total T cells. A, Representative histogram overlays for CD3 cells, gated on lympho/mono population, for
isotype, sham, and THmice. B, Number of total T cells per gramwet weight of tissue. Data are mean T SEM for four to five mice per group. *P G 0.05 vs. sham group.

FIG. 6. Effect of TH on +% and !" T-cell populations. Lung cells from WT mice were prepared after 2 h of injury or sham procedure and studied for +% and
!" T-cell phenotype by flow cytometry. Cells were stained with anti-CD3 in combination with antiY" TCR or antiY% TCR antibody to identify !" T cells or +% T
cells, respectively. Panels A and C show representative histogram overlays for +% and !" T cells, respectively, gated on CD3+ total T cells, for isotype, sham,
and TH mice. Panels B and D show the number of +% and !" T cells, respectively per gram wet weight of tissue. Data are mean T SEM for four to five mice per
group. *P G 0.05 vs. sham group.
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Alpha-beta T cells were further investigated in terms of the

CD4 and CD8 surface expression (Table 2), and the following

subsets were identified: CD4jCD8j double-negative, CD

4+CD8j (CD4-positive !" T cells), CD4jCD8+ (CD8-positive

!" T cells), and double-positive CD4+CD8+ !" T cells. Although

majority of the !" T cells belonged to either CD4+ (~41% Y
43%) or CD8+ (~53% Y 56%) subsets irrespective of the injury,

a very small percentage of !" T cells were either double

negative (CD4jCD8j; 1.5% Y 2.0%) or double positive

(CD4+CD8+; ~1.7%). After TH, the percentage of these CD4

and CD8 subsets was comparable to that of sham group ex-

cept for single-positive !" T cells that was significantly in-

creased after TH (Table 2).

+% T cells regulate lung infiltration after TH

The impact of +% T cells on TH-induced ALI was investigated

through the use of mice deficient in +% T cells. A profound at-

tenuation in the TH-induced infiltration of the lung with T cells

was observed in the mice lacking +% T cells (% TCRj/j mice) in

comparison with that observed in WT mice (Fig. 7). Further

analysis of the T cells infiltrating the lung showed a similar

pattern for !" T cells (data not shown). The numbers of T cells

in % TCRj/j mice were increased marginally after TH (Fig. 7);

however, the numbers of these T cells was reduced by 80% after

TH as compared with those in WT mice (Fig. 7).

The impact of +% T cells on other lung inflammatory cells was

also evaluated, as shown in Figures 8 to 10. Trauma-hemorrhage

FIG. 7. Effect of +% T cells on infiltrating CD3 T cells. Lung cells from WT or % TCRj/j mice were prepared after 2 h of injury or sham procedure and
analyzed for T-cell phenotype by flow cytometry as described in the Materials and Methods section. A, Representative data for all CD3+ cells. B, Cumu-
lative data (in percent) for T cells. Data are mean T SEM for three to five mice per group. *P G 0.05 vs. respective sham group. †P G 0.05 vs. TH group from
WT mice.

FIG. 8. Effect of +% T cells on monocyte populations. Lung cells from WT or % TCRj/j mice were prepared after 2 h of injury or sham procedure and studied
for CD11b+ monocytes using flow cytometry. A, Gating strategy. CD11b+ cells from the lympho/mono cell gate of WT (Fig. 8A, upper panel) and % TCRj/j (Fig. 8A,
lower panel) mice. Representative dot plots are shown from sham and THmice from bothWT and % TCRj/j mice. The numbers indicate the percentages of CD11b+

cells as determined by flow cytometry. B, The number of CD11b+ cells as normalized to gram of wet weight of lung tissue. Data are mean T SEM for three to five mice
per group. *PG 0.05 vs. respective sham group. †P G 0.05 vs. TH group from WT mice.
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induced a significant infiltration of the lung with monocytes

(Fig. 8), neutrophils (Fig. 9), and myeloid-derived suppressor

cells (MDSCs) (Fig. 10) in both WT and % TCRj/j mice;

however, the degree of the infiltration of the inflammatory cells

was significantly greater in the lungs of % TCRj/j mice after

TH. The numbers for monocytes were increased significantly

after injury in % TCRj/j mice, whereas they remained un-

changed in WT group (Fig. 8). Along with the percentages and

absolute numbers, the data were further analyzed for median

fluorescence intensity of CD11b+ as an indicator of activation.

The median fluorescence intensity of CD11b+ cells was in-

creased marginally but not significantly increased after TH in

both WT (51,758 T 1,157 for sham vs. 55,0051 T 1,361 for TH)

and % TCRj/j (43,485 T 4,173 for sham vs. 48,955 T 3,541 for

TH) mice. Comparison of the WT mice with % TCRj/j mice

did not show a significant difference, irrespective of TH. The

numbers of granulocytes after injury were increased in both WT

and % TCRj/j mice when compared with their respective sham

groups (Fig. 9). However, this increase in granulocyte popula-

tion was many folds higher in the % TCRj/j group compared

with that in the WT group (Fig. 9). Further analysis of myeloid

cells revealed that MDSCs (i.e., CD11b+Gr1+ cells), just like

granulocytes, were increased after TH in both WT and % TCRj/

j mice (Fig. 10). However, the increase was almost four times

greater in the % TCRj/j group.

The impact of +% T cells on the development of ALI after

TH was assessed (Tables 3 Y 5). The lack of +% T cells did not

alter the TH-induced increases in markers of ALI, such as wet/

dry weight ratio, lung permeability (BALF protein content),

and polymorphonuclear leukocyte (PMN) accumulation (MPO

activity) (Table 2). With regard to the inflammatory response,

the basal level of all the cytokines and chemokines from

FIG. 9. Effect of +% T cells on granulocyte populations. Lung cells from WT or % TCRj/j mice were prepared after 2 h of injury or sham procedure and
studied for Gr1+ granulocytes using flow cytometry. A, Gating strategy. Gr1+ cells from the lympho/mono cell gate of WT (Fig. 9A, upper panel) and % TCRj/j

(Fig. 9A, lower panel) mice. Representative dot plots are shown from sham and TH mice from both WT and % TCRj/j mice. The numbers indicate the
percentages of respective population as determined by flow cytometry. B, The number of Gr1+ cells as normalized to gram of wet weight of lung tissue. Data are
mean T SEM for three to five mice per group. *P G 0.05 vs. respective sham group. †P G 0.05 vs. TH group from WT mice.

FIG. 10. Impact of +% T cells on MDSCs. Lung cells from WT or % TCRj/j mice were prepared after 2 h of injury or sham procedure and studied for
CD11b+Gr1+ MDSCs using flow cytometry. A, Gating strategy. CD11b+Gr1+ cells from the lympho/mono cell gate of WT (Fig. 10A, upper panel) and % TCRj/j

(Fig. 10A, lower panel) mice. Representative dot plots are shown from sham and TH mice from both WT and % TCRj/j mice. The numbers indicate the
percentages of respective population as determined by flow cytometry. B, The number of CD11b+Gr1+ cells as normalized to gram of wet weight of lung tissue.
Data are mean T SEM for three to five mice per group. *P G 0.05 vs. respective sham group. †P G 0.05 vs. TH group from WT mice.
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sham mice of % TCRj/j mice was increased profoundly

when compared with sham of the WT mice (Tables 3 and 4).

An increase in inflammatory cytokines such as IL-1" and IL-6

in % TCRj/j mice after TH was found comparable to that in

WT mice (Fig. 2, A Y C; Table 4). Tumor necrosis factor-!
levels were decreased after TH in both WT and % TCRj/j mice.

Although IL-10 levels significantly increased after TH in WT

mice, the levels of IL-10 cytokine were decreased after TH in

% TCRj/j mice (Table 4). Regarding chemokines, the levels of

KC, MIP-1", and RANTES that were significantly increased

after TH in WT mice (Fig. 3) either remained comparable (KC)

or were decreased (MIP-1" and RANTES) after TH in % TCRj/j

mice (Table 5). The MIP-1! was increased after TH in WT mice

and remained significantly increased after TH in % TCRj/j mice

also. Although MCP-1 levels significantly decreased after TH in

WT mice, the levels of MCP were significantly increased after

TH in % TCRj/j mice (Table 5).

DISCUSSION

The studies presented here were conducted to determine the

role of +% T cells in response to TH-induced ALI. We docu-

ment here a number of important findings regarding the reg-

ulatory role of +% T cells in the infiltration of T cells and

myeloid cells into lung after TH. First, we observed that TH in-

duced ALI, which was associated with a profound increase in the

pulmonary immune cell populations, as well as significantly ele-

vated levels of a number of inflammatory cytokines/chemokines.

Second, after TH, +% T cells are important in the infiltration of

the lung with !" T cells because, in the absence of +% T cells, a

profound decrease of !" T-cell infiltration was observed. Third,

the infiltration of myeloid cells was also +% T cell dependent.

Analysis of myeloid cells revealed that the infiltration of MDSCs

was significantly increased in % TCRj/j mice. We propose that

resident +% T cells regulate the influx of !" T cells and MDSCs,

which are the primary effector cells of the inflammatory and

healing responses.

Acute lung injury and acute respiratory distress syndrome

are common complications after TH and induce a profound

immunoinflammatory response that may lead to the develop-

ment of multiple organ failure and ultimately death. Suscep-

tibility to lung neutrophil accumulation and local tissue

cytokine/chemokine increase is shown to be associated with lung

injury after hemorrhagic shock (16, 17). Consistent with the

current literature, our TH model was associated with ALI with

increased lung permeability, neutrophil influx, and elevated

levels of inflammatory cytokines (IL-1", IL-6, IL-10) and

chemokines (KC, MIP-1!, MIP-1", and RANTES).

Our current findings demonstrate that the majority of T cells

in mouse lung are !" T cells, and +% T cells make a very small

number of the total T-cell population. The total number of total

T cells in the lung was significantly increased after TH, which

is caused by increase in both !" and +% T cells after injury. It

can be speculated that the tissue damage causes migration of

different immune cells into the circulation and then to the site

of injury to help control inflammation. Previous studies on

other pathological conditions support this concept (18, 19).

Li et al. (20) in a corneal epithelial mouse model have also

shown an increase in the number of +% T cells at the injury site

within 24 h. They demonstrated the accumulation of +% T cells

in the corneal epithelium within 18 h after injury and remained

at elevated levels for at least 7 days (21). Purcell et al. (22)

have shown that burn injury causes CD4 T-cell proliferation in

the lymph nodes draining from the injury site, which is in line

with our current finding (23).

TABLE 2. CD4 and CD8 expression on !" T cells

CD4jCD8j CD4jCD8+ CD4+CD8j CD4+CD8+

Sham 1.5 T 0.1* 41.4 T 1.1 55.5 T 1.1 1.7 T 0.1

TH 2.4 T 0.2† 43.4 T 1.2 52.5 T 1.2 1.7 T 0.1

*Data are expressed as mean percentage expression T SEM (n = 15
mice per group).
†P G 0.05 vs. respective sham group.
Lungs from WT mice were harvested after 2 h of injury or sham procedure
and analyzed for CD4 and CD8 expression on !" T cells as described in
the Materials and Methods section. The numbers represent the cumulative
data (in percent) for CD4 or CD8 subsets of !" T cells.

TABLE 3. Impact of +% T cells on the markers of ALI

WT % TCRj/j

Sham TH Sham TH

Wet/dry weight ratio 11.8 T 1.2 12.2 T 0.2 11.1 T 1.8 16.4 T 1.9

Lung permeability (2g of protein/mL BALF) 430.6 T 44.2* 684.73 T 63.4† 388.6 T 19.3 556.81 T 9.8†

PMN accumulation (MPO content; ng/g lung protein) 13.4 T 1.4 907.2 T 302.0† 22.25 T 3.2 1133.1 T 67.4†

*Data are expressed as mean T SEM (n = 3 Y 12 mice per group).
†P G 0.05 vs. respective sham group.
Lungs from WT or % TCRj/j mice were harvested after 2 h of injury or sham procedure and analyzed for the markers of ALI. Wet/dry weight ratio, lung
permeability, and PMN accumulation were determined as described in the Materials and Methods section.

TABLE 4. Impact of +% T cells on lung cytokine levels
(pg/g of lung protein)

WT % TCRj/j

Sham TH Sham TH

IL-1" 107 T 11* 737 T 203† 955 T 202 1773 T 567†

IL-6 4 T 1 6 T 1† 12 T 0.4 20 T 6

IL-10 2 T 2 10 T 3† 243 T 48 184 T 31

TNF-! 47 T 8 22 T 1† 449 T 51 311 T 24

*Data are expressed asmean picograms per gram protein T SEM (n = 3 Y 12
mice per group).
†P G 0.05 vs. respective sham group.
Lungs from WT or % TCRj/j mice were harvested at 2 h after injury or
sham procedure and analyzed for cytokines as described in the Materials
and Methods section. WT cytokine data are presented in Figure 2 and
shown here for comparative purposes.
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We observed a significantly increased infiltration of both

lymphoid and myeloid cells in WT mice after TH-induced

ALI. In parallel to +% T cells, myeloid cells (i.e., monocytes,

PMNs, and MDSCs) were also increased significantly after the

injury. A growing body of literature demonstrates the influx of

myeloid cells, especially MDSCs, after injury, inflammation,

and infection consistent with the finding herein. Our findings

confirmed previous reports demonstrating the increased neu-

trophils during ALI (24). Regarding trauma, Makarenkova and

others in a mouse model have demonstrated the infiltration of

MDSCs into the spleen after injury (25, 26). In addition, in a

burn injury model, we and others demonstrated increased

myeloid cells such as monocytes and MDSCs at the wound site

after burn injury (27, 28).

In the present study, we demonstrated that, in the absence +%
T cells, the numbers of leukocytes increased in the lungs

after TH. It could be speculated that the tissue damage causes

migration of immune cells into the circulation and to the site of

injury where they play a role in regulating the inflammatory

response. However, in %TCRj/j mice, the markers of ALI,

that is, wet/dry ratio, BALF protein leakage, and MPO levels,

did not change after TH when compared with those of WT

animals. This lack of an effect may be related to injury se-

verity. Importantly, the presence of both !" T cells and mye-

loid cells in the lung after TH was +% T cell dependent.

Although !" T cells were virtually absent in mice lacking +%
T cells, the influx of myeloid cells was further elevated. The

increase in myeloid cells in % TCRj/j mice supports the

concept that +% T cells inhibited the influx of !" T cells that act

to suppress the myeloid cells.

It is well established that +% T cells express chemokine re-

ceptor on their surfaces that help immune cells migrate to the

site of injury or inflammation (29, 30). In addition, +% T cells

can also produce chemokines such as RANTES and hence

contribute to the recruitment of various inflammatory cells.

The migration of CD8+ !" T cells to a wound has been shown

to be induced by activated +% T cells (29). In contrast to the

findings herein, Jameson et al. (30) have shown that +% T cells

are essential in the rapid migration of macrophages to the

wound site in a murine punch wound model. We speculate that

these differences between our study and Jameson et al. (30)

may be in part related to the type of cells (PMNs, monocytes,

and MDSCs versus macrophages), injury type (burn injury

versus TH), and the overall course of inflammatory response

during burn injury versus TH-induced ALI.

Our findings herein show a correlative relationship between

+% T cells and lung infiltration by lymphocytes and leukocytes

after TH. Although it is tempting to speculate that a causative

relationship exists, this will need to be borne out in future

studies directly examining the relationships between ALI,

chemokines, cellular infiltration, and lung +% T cells.

In conclusion, the current findings demonstrate that TH in-

duces ALI. Gamma-delta T cells regulate the myeloid cell

recruitment into the lung directly or by limiting the infiltration

of the !" T cells and seem to be overall protective to the

hostVmost likely via regulation of inflammation. Nonethe-

less, additional studies are needed to develop a more compre-

hensive understanding of this unique T-cell subset and their

role in postinjury lung immunopathology.
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