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Burn-related morbidity and mortality can in part be 
attributed to immune dysfunction and wound-healing 
complications.1 These conditions enhance the risk of 
infections, leading to the development of sepsis and 
multiple organ failure (MOF).2,3 It is also well estab-
lished that inflammation plays a major role in wound 
healing involving a wide range of immune cells.4,5

In this regard, T-cells regulate the activity of other 
immune cells by releasing T-cell cytokines and thereby 
shaping the immune response.6 T helper 1 (Th1) cells 
release interleukin (IL)-2, interferon (IFN)γ, and 
tumor necrosis factor (TNF)β and initiate a cell-medi-
ated immune response, whereas Th2 cells secrete IL-4, 
IL-5, IL-10, and IL-13 and support humoral immune 

responses.6 Therefore, the induction of an appropri-
ate Th1/Th2 response is crucial to control infections. 
In this regard, major burns in experimental models 
and in patients have been shown to decrease the Th1 
(IFNγ) response and increase a Th2 (IL-10) response. 
This altered immune response was correlated with 
increased septic events in patients and decreased resis-
tance to infection in the experimental systems.7–9 A 
recently defined Th cell population, termed as Th17 
cells, which secrete IL-17, are described as key play-
ers in chronic inflammation and autoimmunity.10,11 
Th17 cells also play a critical role in maintaining bar-
rier integrity of the skin, lung, and gut.12

Our recent studies have demonstrated the induc-
tion of a Th17 response after burn.13,14

Gamma-δ T-cells are major producers of the 
IL-17 cytokines and play a major role during 
inflammation and wound healing.15,16 Our studies 
have also clearly demonstrated that γδ T-cells, are 
central in the response to burn injury.17,18 None-
theless, the relationship of γδ T-cells to T-cell cyto-
kine responses at the injury site after burn remains 
unidentified.

Copyright © 2013 by the American Burn Association 
1559-047X/2014

DOI: 10.1097/01.bcr.0000440705.91099.cc

   

Major burn triggers immune dysfunction, which is associated with wound healing 
complications. Gamma-δ T-cells have been shown to be important in postburn 
inflammation and wound healing; however, their cytokine phenotype at the burn 
wound site is unknown. C57BL/6 male mice were subjected to a major burn (25% 
TBSA, third degree) or sham treatment. At 3 hours, 3 days, and 7 days thereafter, 
skin samples were collected and subjected to dispase and trypsin digestion to isolate 
single cells. The cells were phenotyped and evaluated for cytokine profiles by flow 
cytometry. Th1 cells were defined as interferon (IFN)γ positive, Th2 cells were defined 
as interleukin (IL)-10 positive, and Th17 cells were defined as IL-17 positive. At 7 
days after burn a shift toward Th2 and Th17 positive T-cells at the wound site was 
observed. Further analysis revealed that at 3-hour postinjury the percentage of γδ 
T-cells positive for IFNγ, IL-10, and IL-17 were comparable between sham and burn 
skin samples. At 3 days and 7 days postinjury the percentage of cells positive for each 
cytokine increased; however, the increase was significantly greater for IL-10 and IL-17, 
as compared with IFNγ (ie, 9–20-fold vs 3-fold). Skin αβ T-cells preferentially produced 
IFNγ (~20%), which was unaffected by burn injury. These data demonstrate that burn 
wound γδ T-cells are activated for enhanced cytokine production and display a shift 
toward a Th2 and/or Th17 phenotype. In contrast, burn wound αβ T-cells were not 
activated for enhanced cytokine production. (J Burn Care Res 2014;35:46–53)
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METHODS
Mice
C57BL/6 male mice weighing 18 to 25 g (The Jackson 
Laboratory, Bar Harbor, ME) were used for all experi-
ments. Mice were allowed to acclimatize for at least 1 
week before experimentation and maintained in ven-
tilated cages under specific pathogen-free conditions. 
Animals were randomly assigned into either sham or 
burn group. All animal protocols were approved by the 
Institutional Animal Care and Use Committee of the 
University of Texas Health Science Center at San Anto-
nio and the experiments were performed in accordance 
with the National Institutes of Health guidelines for 
the care and handling of laboratory animals.

Burn Procedure
Mice received a scald burn as described previously.13 
In brief, the mice were anesthetized by intraperitoneal 
injection of ketamine/xylazine, and the dorsal surface 
was shaved. The anesthetized mouse was placed in a 
custom-insulated mold exposing 12.5% of its TBSA 
along the right dorsum. The mold was immersed in 
70°C water for 10 seconds to produce a third-degree 
burn. The burn procedure was repeated on the left 
dorsal side yielding a total burn size to be 25% TBSA. 
Previous studies have verified this injury to be a full-
thickness burn with damage to the epidermal, dermal, 
and subdermal layers.13,19 The mice were then resus-
citated with 1 ml of Ringer’s lactate solution admin-
istered by intraperitoneal injection and returned to 
their cages. The cages were placed on a heating pad 
until the mice were fully awake, at which time they 
were returned to the animal facility. Sham treatment 
consisted of anesthesia and resuscitation only.

Skin Tissue Collection and Processing
At 3 hours, 3 days, or 7 days after burn or sham pro-
cedure, skin samples were collected and wet weight 
was measured. Normal noninujured skin was collected 
from sham and injured skin, including the wound mar-
gin, was collected from burn mice. The burn injured 
skin was excised, down to the level of the musculofas-
cia, including the submucosal layer by sharp dissection 
and processed to isolate single cells for flow cytometry.

Skin Tissue Digestion and Single-Cell 
Isolation
Full-thickness skin tissues were collected and washed 
in phosphate-buffered saline with 50 U/ml penicillin 
and 50 μg/ml streptomycin (GIBCO, Grand Island, 
NY). Skin tissues were collected in a 60-mm petri dish 
(Corning, Tewksbury, MA) and minced with scissors 

into small pieces that were approximately 2–3 mm in 
size and put into dispase II (0.05%; Roche, Indianap-
olis, IN) medium for overnight digestion at 4°C on 
orbital rocker. The next day, skin samples were further 
minced into smaller pieces and then digested by agi-
tating in trypsin-GNK (0.3%; glucose/dextrose, NaCl 
and KCl buffer; Sigma, St Louis, MO) for 30 min-
utes at 37°C in water bath shaker. Heat inactivated 
fetal bovine serum (GIBCO) was added to stop the 
digestion reaction. The dissociated cells were sieved 
through a 100 μm mesh. The cell suspension was 
collected and centrifuged at 400 g for 10 min at 4°C. 
The cell pellet was resuspended in RPMI containing 
10% heat-inactivated fetal bovine serum (GIBCO), 
50 μM of 2-Mercaptoethanol (Sigma-Aldrich), 2 mM 
of L-glutamine (GIBCO), 1 mM of sodium pyru-
vate (GIBCO), 100 μM nonessential amino acids 
(GIBCO), 50 U/ml penicillin and 50 μg/ml strep-
tomycin (GIBCO) supplemented with 10 U/ml 
murine recombinant IL-2 (BD  Biosciences, San Jose, 
CA). Cells were counted and cultured at a density of 
1 × 106/ml in a 12-well plate overnight. The next day, 
the cells were collected after passing them through a 
70-μm mesh and used for flow cytometry.

Flow Cytometry
The isolated skin cells were washed in staining buf-
fer (PBS with 0.2 % bovine serum albumin and 0.09% 
NaN3) and treated with Fc-blocking antibody (anti-
cluster of differentiation (CD)16/CD32, BD Biosci-
ences) for 15 minutes. The cells were then stained with 
the following directly conjugated antibodies: anti-
CD3 (phycoerythrin or allophycocyanin-cyanin 7) in 
combination with anti-β T-cell receptor (PerCPCy5.5) 
and anti-δ T-cell receptor (fluorescein isothiocyanate). 
After 30 minutes of incubation on ice, the cells were 
washed and resuspended in staining buffer.

For intracellular cytokine staining, cells were stimu-
lated first for 4 hours with phorbol-12-myristate-
13-acetate (1 μg/ml; Calbiochem) and ionomycin 
(1 μg/ml, Calbiochem) and then for 2 hours with, 
1 μl/ml Brefeldin A (GolgiPlug, Billerica, MA; BD 
 Biosciences). After surface staining cells were fixed 
and permeabilized using Cytofix/Cytoperm (BD 
 Biosciences) for 20 minutes in the dark. After washing 
twice with permeabilization buffer (BD Biosciences), 
intracellular cytokines were stained using anti-IFNγ 
(Pacific blue), anti-IL-10 (phycoerythrin), or anti-IL-17 
( phycoerythrin) antibodies. After 30 minutes 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 (Tree Star, 
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Ashland, OR) software. A minimum of 50,000 events 
was collected and live cells were gated according to 
forward- and side-scatter properties. Total cell num-
ber was calculated as % cells × total number of cells per 
gram of wet weight of skin tissue/100.

Statistical Analyses
Data are expressed as mean ± SEM. Comparisons 
were analyzed using analysis of variance and Stu-
dent’s t-test was used for comparisons between two 
groups. A P value < .05 was considered to be statisti-
cally significant for all analyses.

RESULTS

Wound T-Cell Phenotype
A profound influx of total CD3+ T-cells was observed 
at the wound site at 3 hours, 3 days, and 7 days after 
burn (Table 1). The absolute numbers of T-cells 
were significantly increased as early as 3 hours post-
burn (1.7-fold) and remained increased up to 7 days 
(3.9-fold) in comparison with the T-cell numbers in 
skin from sham mice (Table 1).

The majority of T-cells in the uninjured skin of 
sham mice were of the γδ T-cell receptor lineage 
(80–90%; Table 1). At 3 hours and 7 days postburn, 
γδ T-cell numbers were significantly reduced as com-
pared with sham skin (Table 1). The absolute num-
ber of γδ T-cells at the wound site, however, did not 
significantly change between 3 hours and 7 days. In 
contrast, the overall percentage of γδ T-cells of the 
CD3+ T-cell population was reduced by 70 to 95% at 
the wound site as compared with sham skin because 
of the influx of large numbers of αβ T-cells. Both, the 
percentages (data not shown) and the absolute num-
bers of αβ T-cells at the wound site were significantly 
increased at all time points after burn, contributing 

to approximately 95% of the total T-cells (Table 1). 
Alpha-β T-cell numbers increased by 19-fold as early 
as 3 hours postburn and remained increased at 3 and 
7 days (20-fold–25-fold) postinjury (Table 1).

Profiles After the Burn Injury
Skin cells were stained with T-cell and cytokine mark-
ers to investigate their cytokine profile. IFNγ, IL-10, 
and IL-17 were used as the representative cytokines 
for the Th1, Th2, and Th17 profiles, respectively. 
The gating strategy is shown in Figure 1A. Repre-
sentative dot plots from 3 hours, 3 days, and 7 days 
postburn are shown in Figure 1B. The percentages 
of the γδ T-cells positive for different cytokines after 
sham procedure remained comparable at all time 
points (data not shown). Representative dot plots 
for sham group at the 3-hour time point are shown 
(Figure 1B).

In the sham group, the majority of the γδ T-cells 
did not produce cytokines. In the cytokine-produc-
ing γδ T-cells the majority were IFNγ+ (~26%) as 
compared with IL-10+ (~6%) and IL-17+ (~3%; Fig-
ure 1B). After burn, there was a progressive increase 
in the percentage of cytokine-producing cells with 
time, and by 7 days postinjury ~90% of the cells 
produced IFNγ, and ~60% of the cells produced 
either IL-10 or IL-17 (Figure 1B and C). While this 
represents a significant 3-fold increase in IFNγ+ γδ 
T-cells after burn, the increase in IL-10+ γδ T-cells 
was 9-fold, and IL-17+ γδ T-cells were increased by 
more than 20-fold, representing a shift from a Th1 
profile in sham γδ T-cells to a mixed IL-10/IL-17 
profile in burn γδ T-cells (Figure 1B and C).

In addition to changes in the percentage of γδ 
T-cells positive for a given cytokine, median fluo-
rescence intensity (MFI) was also measured (Fig-
ure 1C). MFI measures the shift in the fluorescence 
intensity of a population of cells. In this case, MFI 
is the measurement of the expression levels of dif-
ferent cytokines associated with the T-cells, whereas 
an increase in MFI would be indicative of that cell 
producing more of a specific cytokine.

The IFNγ MFI value remained comparable at 3 
hours postburn, but was enhanced significantly at 3 
and 7 days postburn (1.8-fold and 2.7-fold, respec-
tively) when compared with the sham group. While 
γδ T-cells from sham skin produced very little IL-10 
and IL-17, the MFI values increased significantly 
after burn. IL-10 MFI values remained unchanged 
at 3 hours postburn but were significantly enhanced 
by approximately 2.7-fold at 3 days postburn and 
remained increased at 7 days (2.4-fold) after burn 
as compared with the shams (Figure 1C). IL-17 

Table 1. Quantification of skin T-cells (number of cells/g 
wet weight of skin tissue)

Time Postburn

3 Hours 3 Days 7 Days

T-cells Sham
Burn

4.6 ± 0.7* 3.7 ± 0.5 2.1 ± 0.4
7.9 ± 2.4† 11.8 ± 3.4†‡ 8.2 ± 3.2†

Gamma-delta 
T-cells

Sham
Burn

3.7 ± 0.5
0.5 ± 0.1†

2.3 ± 0.3
0.5 ± 0.0

1.7 ± 0.3
0.2 ± 0.0†

Alpha-beta 
T-cells

Sham
Burn

0.4 ± 0.1
7.4 ± 2.3†

0.5 ± 0.1
10.5 ± 2.9†‡

0.3 ± 0.1
7.6 ± 3.1†

*Data are expressed as mean ± SEM (n = 3–8 mice/group).
†P< .05 vs respective sham.
‡P<.05 vs day 3 and day 7 burn.
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MFI values were increased significantly at 3 hours 
(1.5-fold), 3 days (2.3-fold), and 7 days (2-fold) 
(Figure 1C).

Similar to γδ T-cells, the majority of the αβ T-cells 
did not produce cytokines in the sham group. In the 
cytokine-producing αβ T-cells, the majority were 

Figure 1. Th profiles during burn injury. Three hours, 3 and 7 days after sham or burn procedure, skin cells were prepared 
and Th profiles [Th1 (IFNγ), Th2 (IL-10), and TH17 (IL-17)] of γδ and αβ T-cells were determined by means of flow 
cytometry. A. Gating strategy. B. Gating strategy and represents the percentages of γδ T-cells positive for IFNγ, IL-10 and 
IL-17 cytokines; population shown in the upper right quadrants of the dot plots. The numbers in the dot plots indicate 
the mean ± SEM of respective population. C. Graphs demonstrate the Percentage (upper panel) and MFI (lower panel) 
of the γδ T-cells positive for different cytokines. Data are mean ± SEM for 3–8 mice/group; *P < .05 vs respective sham.  
IFN, interferon; IL, interleukin; MFI, median fluorescence intensity.



 Journal of Burn Care & Research
50  Rani, Zhang, and Schwacha January/February 2014

IFNγ+ (~40%) at 3-hour time point as compared 
with IL-10+ (~6%) and IL-17+ (~6%) (Table 2) in 
both sham and burn groups. These values remained 
comparable at 3 days postburn. A significant increase 
in the percentage of αβ T-cells positive for IFNγ, 
IL-10, and IL-17 was observed at 7 days postburn. 
However, unlike skin αβ T-cells, no preference for 
Th1 (IFNγ), Th2 (IL-10), or Th17 (IL-17) profile 
was evident (Table 2). MFI values for IFNγ, IL-10, 
or IL-17 did not change after burn as compared with 
that of shams (Table 3).

DISCUSSION

Considering the implication of Th profile in the 
wound-healing process, the current study was per-
formed to assess the cytokine phenotype of epider-
mal γδ T-cells at the burn wound site. The findings 
demonstrate the development of a mixed Th2 and 
Th17 response at the burn wound site, which likely 
plays an important role in subsequent inflamma-
tion and wound-healing complications. Specifically, 
our findings show an increase in the Th2 cytokine, 
IL-10+ and Th17 cytokine, IL-17+ γδ T-cells after 
burn. While a significant increase in Th1 cytokine, 

IFNγ+ γδ T-cells was also evident after the injury, 
the increase in Th2 and Th17 positive γδ T-cells was 
far greater (by more than 10-fold–20-fold for Th2 
and Th17, respectively) than Th1 positive γδ T-cells. 
These changes represent a shift from a Th1 profile in 
sham γδ T-cells to a mixed IL-10/IL-17 profile in 
burn γδ T-cells. In contrast, wound αβ T-cells cyto-
kine profile did not change.

T-cells are the critical component of the immune 
system and Th1 and Th2 subtypes are the most 
recognized T-cell population as first described in 
1980s.20 While IL-2 and IFNγ are the signature 
cytokines produced by Th1 cells, IL-4 and IL-10 
are the hallmark cytokines produced by Th2 cells.6 
Development of a distinct Th1 or Th2 profile influ-
ences susceptibility and outcomes from various dis-
eases. Studies by different groups have shown that 
in allergic diseases, such as atopic dermatitis and 
allergic asthma, allergen-specific T-cells acquired 
the Th2 phenotype and produced IL-4, IL-5, IL-6, 
IL-10, and IL-13.21–23 These findings suggest a Th2-
bias in the development of allergic diseases. In con-
trast, Th1-directed responses have been shown to be 
involved in the pathogenesis of organ-specific auto-
immune disorder (rheumatoid arthritis), psoriasis, 
and graft vs host disease.24–27

Gamma-δ T-cells are functionally specialized and 
are involved in different disease processes.4,28,29 With 
regard to trauma, studies have shown the presence of 
activated γδ T-cells in the circulation of patients with 
severe systemic inflammatory response syndrome.30 
Studies from our laboratory have established an 
important role of γδ T-cells in burn-induced immu-
nopathology influencing macrophage function, distal 
organ injury, and wound repair.17,18,31–33 Impor-
tantly, we observed that γδ T-cells are important in 
the recruitment of inflammatory cells to the injury 
site after burn, as γδ T-cell deficient mice displayed a 
significant reduction in the cellular filtrate.31 While in 
the study herein we observed that the total number 

Table 2. Alpha-β T-cell cytokine phenotypes (% positive)

Time Postburn

3 Hours 3 Days 7 Days

IFNγ Sham
Burn

38.7 ± 2.9* 25.3 ± 2.2 28.6 ± 2.0
22.2 ± 6.8 19.9 ± 7.3 55.9 ± 13.1†‡

IL-10 Sham
Burn

6.2 ± 1.8
10.9 ± 2.2

3.9 ± 0.8
4.2 ± 1.5

14.0 ± 1.4
39.1 ± 13.0†‡

IL-17 Sham
Burn

6.2 ± 0.4
8.6 ± 2.7

7.5 ± 1.0
6.7 ± 2.1

12.4 ± 0.6
38.5 ± 12.8†‡

IFN, interferon; IL, interleukin.
*Data are expressed as mean ± SEM (n = 3–8 mice/group).
†P< .05 vs respective sham,
‡P<.05 vs 3 hours and 3 days burn.

Table 3. Alpha-β T-cell cytokine phenotypes (median fluorescence intensity)

Time Postburn

3 Hours 3 Days 7 Days

IFNγ Sham
Burn

874.4 ± 48.1* 832.6 ± 20.3 1023.6 ± 33.5
1054.2 ± 104.7 755.0 ± 16.3 1054.2 ± 104.7

IL-10 Sham
Burn

766.9 ± 164.7
749.3 ± 93.0

1370.3 ± 48.3
1354.5 ± 53.6

766.9 ± 164.7
683.8 ± 31.0

IL-17 Sham
Burn

652.2 ± 20.4
725.8 ± 7.8

866.2 ± 119.0
687.8 ± 26.6

652.2 ± 20.4
800.6 ± 30.8

*Data are expressed as mean ± SEM (n = 3–8 mice/group).
IFN, interferon; IL, interleukin.
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of T-cells at the burn wound site increases and are 
predominantly αβ T-cells, concurrent findings have 
shown that the αβ T-cell influx was dependent upon 
the presence of γδ T-cells, as this T-cell infiltration of 
the wound site was not evident in mice deficient in 
γδ T-cells.34 Moreover, the absolute numbers of γδ 
T-cells in the burn wound were comparable with that 
of uninjured skin, but were activated with increased 
expression of TLR2, TLR4, and CD69.34,35 Thus, 
while γδ T-cells are not the predominant T-cell at 
the wound site they are essential in the initiation and 
propagation of the inflammatory infiltration.

Th1/Th2 polarization has also been shown in the 
area of trauma research. Major injury has been docu-
mented to induce T-cell specific changes in the immune 
system.36 The disruptions of the natural and adaptive 
immunity after traumatic and burn injuries are related 
to the increased susceptibility to systemic inflammatory 
response syndrome, sepsis, and MOF.8 Furthermore, 
there is evidence that suggest that trauma induces a 
polarized Th2 lymphocyte response and the suppres-
sion of the Th1 response that may further predispose 
patients to systemic inflammatory response syndrome, 
sepsis, and MOF.8,37–41 Different studies have been 
conducted to elucidate those cytokines and Th profiles 
and inflammatory markers that occur in traumatic and 
burn injury through animal models and patient popu-
lations. In this regard, Lyons et al9 showed an increased 
Th2 response (IL-10) in peripheral blood mononuclear 
cells (PBMC) of burn and trauma patients as compared 
with PBMC from healthy volunteers at 7 to 14 days 
postinjury. A significant correlation between increased 
IL-10 and subsequent septic events was found in the 
first 10 days after injury. In a year-long longitudinal 
study, Tredget et al42 have also demonstrated a polar-
ized Th2 cytokine response in patients with hypertro-
phic scarring after burn. The study demonstrates that 
circulating lymphocytes shift their cytokine response 
away from an IFNγ-mediated Th1 response to a pre-
dominantly Th2 response, which persisted for more 
than 12 months.42 The present study herein is consis-
tent with these findings showing a shift toward a Th2 
response. We demonstrated the presence of Th2 polar-
ization by the wound γδ T-cells at the injury site early 
postinjury (ie, 7 days), when the immune system is 
still in the inflammatory phase rather than in remodel-
ing phase. In another study Neidhardt et al43 found a 
correlation between IL-10 levels in plasma and injury 
severity score. Increased levels of IL-10 have been asso-
ciated with multiple organ dysfunction syndrome and 
sepsis in trauma patients.44–46 Yeh et al47 demonstrated 
a significant difference between the survival of burn 
patients and the levels of serum IL-10, which were fur-
ther correlated to patients with TBSA of greater or less 

than 50%. Guo et al showed that burn injury favors 
antigen-driven Th2 response in vivo in the mouse burn 
model.7 Taking all these studies together, our present 
study further confirms the presence of a Th2 bias after 
burn injury.

A recently defined Th17 response involving T-cells 
that produce IL-17 has been shown to play a pivotal 
role in chronic inflammation and autoimmune dis-
orders.10,11 IL-17 acts on different cell types such as 
neutrophils, fibroblasts, epithelial cells, and endothe-
lial cells.48,49 Different sources of IL-17 have been 
identified, including CD8 T-cells, natural killer cells, 
γδ T-cells, and neutrophils.50 On the basis of these 
observations, an important and unidentified role of 
Th17 response in the development of immune com-
plications after injury may exist. Gamma-δ T-cells, 
which are important in postburn inflammation and 
wound healing, have also been shown to be a major 
source of IL-17.18,51,52 Recent studies have demon-
strated a causative relationship between IL-17, γδ 
T-cells and survival after sepsis.49

Studies by Finnerty et al53,54 have shown the 
increased levels of circulating IL-17 in pediatric burn 
patients, as well as in mouse burn model. Other stud-
ies have also documented increased levels of IL-17 
during pulmonary complications55,56 and in sepsis 
models.49,57 These studies have demonstrated a role 
of IL-17 in recruiting immune cells, such as neutro-
phils and propagating inflammation.56,57 Recently, we 
have demonstrated the increased expression of IL-17 
in different tissue beds, such as cardiac and skin tis-
sue as early as 3 hours after burn injury.13,14 The early 
activation in cardiac and skin IL-17 levels is consistent 
with our present findings. We have shown in the pres-
ent study herein an association between IL-17 and 
wound gamma-delta T-cells, irrespective of the time 
post-burn evaluated. This is in agreement with the 
other studies that have shown that γδ T-cells are an 
important source of IL-17.52 Therefore, we speculate 
that the increase in the skin tissue levels of IL-17 after 
burn is because of the activation of resident γδ T-cells.

An important question is whether this mixed IL-10 
and IL-17 response after burn injury is beneficial or 
detrimental to the healing response. Recent find-
ings by Rutz et al58 have reviewed the coexistence of 
IL-10 and IL-22 (cytokine produced by Th17 cells) 
during inflammation. Another study by Lemaître et 
al59 have shown the coexistence of Th2 and Th17 
in a posttransplant obliterative airway disease. They 
showed in a mouse trachea transplant model, cyclo-
sporin A treatment favored Th2 and Th17 responses 
as coexisting pathways mediating chronic rejection 
of the tracheal allograft.59 Therefore, the Th2 or 
Th17 response appears to be detrimental.



 Journal of Burn Care & Research
52  Rani, Zhang, and Schwacha January/February 2014

In conclusion, T-cells of the γδ T-cell receptor 
lineage have a significant role in the burn wound-
healing process through the development of a mixed 
Th2 and Th17 response at the injury site. Specific 
increase of these cytokines suggests that they may 
serve as unique targets for therapeutic manipulation 
to improve wound healing.

The opinions or assertions contained herein are the pri-
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