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Abstract

The involvement of lymphocytes in skin wound healing has not been studied extensively. The

current study shows that CD4 and CD8 cells are present in significant numbers in skin wounds

with peak levels at days 5–10 and 7–10 respectively. Both subsets expressed inflammatory and/or

regulatory cytokines. To examine the function of CD4 and CD8 lymphocytes in tissue repair,

wound healing was examined in mice deficient for either CD4 or CD8 cells. Wounds in CD4

deficient mice exhibited an initial delayed infiltration of CD8 cells followed by a relative increase

in CD8 cells at day 10 and thereafter. Wounds in CD4 deficient mice also displayed up-regulated

expression of IL1β, IL-6, IL-17, IFN-γ, CXCL-1 and down-regulated expression of IL-4 as

compared to wild type mice. In contrast, wounds in CD8 deficient mice showed significantly

decreased infiltration of CD4+ cells, neutrophils, and macrophages along with down-regulated

expression of IL1β, IL-6, TNF-α, CXCL-1, CCL-2 and up-regulated expression of IL-4 as

compared to wild type mice. Despite these significant changes in cytokine expression and

inflammatory cell infiltrate, the rate of wound closure, wound breaking strength, collagen content,

and angiogenesis in either CD4 or CD8 deficiency showed no significant difference from that of

wild type mice. The results suggest that, despite being present and involved in wound

inflammation, neither CD4+ nor CD8+ cells play critical roles in the healing process of skin

wounds. Further studies are needed to investigate whether these cells might play critical roles in

wounds that experience stress such as ischemia or infection.
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Introduction

Skin wound healing is a dynamic multifaceted process that begins with a homeostasis/

inflammatory phase involving platelet aggregation and recruitment of inflammatory cells.

This phase is followed by a proliferation phase that involves migration and proliferation of
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keratinocytes, fibroblasts, and endothelial cells which results in re-epithelialization and

granulation tissue formation. A final remodeling phase involves the regression of many of

the newly formed capillaries and collagen reorganization. The healing process is

orchestrated by well-regulated interactions of cells, including keratinocytes, fibroblasts,

endothelial cells, and inflammatory cells, with extracellular matrix molecules and growth

factors/cytokines (1–3).

Lymphocytes, especially CD4 helper and CD8 cytotoxic T lymphocytes, are critical immune

cells in both innate and adaptive immunity. The first investigations of the role of

lymphocytes in wound healing began after early in vitro studies showed that lymphocytes

secreted soluble factors which regulate fibroblast migration, replication, and collagen

synthesis (4–7). A histological study showed that both CD4 and CD8 subsets were present in

mouse incisional skin wounds and implanted sponges at days 5 to 10 post-wounding (8).

Later studies examined the role of lymphocyte subsets in wound healing by using cytotoxic

antibodies to deplete Thy1.2 cells (assumed to deplete total T cells) (9, 10), or to specifically

deplete CD4 and/or CD8 cells (10–12). Wound healing has also been examined in T cell

deficient nude mice (13, 14) as well as in mice that have increased numbers of T cells in

wounds (15). A recent study showed that CCL17 transgenic mice exhibit accelerated skin

wound healing compared to wild type mice; the wounds of the CCL17 transgenic strain also

contained significantly more fibroblasts and nerve growth factor positive lymphocytes than

those of wild type (15). These studies have provided somewhat conflicting results, although

in general they suggested that the T lymphocyte or its subsets might be involved in

regulation of collagen deposition or wound breaking strength. Further studies have shown

that, similar to mice, human skin wounds also contain CD4 and CD8 lymphocytes (16, 17).

However, there have been no experiments studying how the absence of T lymphocytic

subsets might influence wound closure, soluble mediator expression, inflammatory cell

infiltration, and angiogenesis in the wound healing process. The current study demonstrates

that the specific deficiency of CD4 or CD8 lymphocytes significantly changes the

infiltration of inflammatory cells and the profiles of cytokine expression in skin wounds.

Interestingly, these changes did not impair wound closure, nor result in alterations of wound

breaking strength, collagen deposition, or vascularity.

Materials and Methods

Animals and wound model

In our preliminary study, 8 week old female BALB/c mice (Harlan Inc., Indianapolis, IN)

were used. For the rest of experiments, 8 week old female CD4 deficient mice (B6.129S2-

CD4tm1Mak/J), CD8 deficient mice (B6.129S2-CD8atm1Mak/J) (Jackson lab, Bar Harbor,

MA) were used. Since both CD4 and CD8 deficient mice were on the C57BL/6 background,

C57BL/6 mice (Jackson lab) were used as wild type control. All CD4 deficient, CD8

deficient, and C57BL/6 mice were housed in the same environment in either Jackson lab or

our animal facility. Using a standard biopsy punch, six 3mm or two 8mm full thickness

excisional wounds were made on shaved dorsal skin under ketamine (100mf/Kg) and

xylazine (5mg/Kg) anesthesia. At various time points after wounding, the wounds were

photographed and wound sizes were determined by software AxioVision (ZEISS,
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Oberkochen, Germany). Three mm wound tissues were removed and stored in either

RNAlater (Sigma, St. Louis, MO), or OCT compound for future processing, kept frozen

until hydroxyproline analysis. Eight mm wounds were used for examination of breaking

strength. All animal procedures were approved by the University of Illinois at Chicago

Institutional Animal Care and Use Committee.

Indirect immunofluorescence

Wounds were harvested, embedded in OCT compound, and stored at −80°C until sectioned.

Eight µm frozen sections were prepared and fixed in cold acetone for 10 min. Sections were

blocked with 10% goat serum and then incubated with rat anti-mouse CD4 (0.3125µg/ml),

CD8 (0.3125µg/ml), CD31 (0.3125µg/ml), Gr-1 (for neutrophil staining, 0.5µg/ml) (BD

Bioscience, San Jose, CA), rat anti-mouse CD68 (for macrophage staining, 0.5µg/ml, AbD

Serotec, Oxford, UK), rabbit anti-mouse ki67 (to identify proliferating cells, 2µg/ml,

Abcam, Cambridge, MA, USA) or rat/rabbit IgG as negative control for 45 min followed by

Alexa fluor 488 goat anti-rat IgG or goat anti-rat/rabbit Alexa fluor 594 IgG (Invitrogen,

Carlsbad, CA). All procedures were performed at room temperature. Results were observed

using a fluorescence microscope. Positively stained cells in the wounds and wound margins

were counted and the average number per 20x field was calculated. To quantify the density

of CD31 stained blood vessels, the total area of the wound bed and CD31-positive area were

measured using ImageJ (Rasband, W.S., ImageJ, U. S. National Institutes of Health,

Bethesda, Maryland, http://rsb.info.nih.gov/ij/). The vessel density was then expressed as the

percent CD31 positive area in the wound bed.

Flow cytometry and CD4+ and CD8+ cell sorting

Seven days after wounding, 18 skin wounds from three mice were harvested using a 5mm

punch-biopsy instrument. A single-cell suspension was obtained using a tissue dispersion

method (18). For control cells, spleens from unwounded mice were removed, minced, and

passed through a 70-mm cell strainer to make single cell suspensions. Red blood cells were

lysed using a RBC lysis buffer (eBioscience, San Diego, CA). Cell suspensions from both

wound and spleen were then incubated with FITC conjugated rat anti-mouse CD4, PE-

conjugated anti-mouse CD8, and APC-conjugated anti-mouse CD11a (eBioscience) for

30min on ice. All antibodies were used at the concentration of 0.5µg/ml. After washing, the

CD4&CD11a or CD8&CD11a double stained cells were analyzed and sorted using a Moflo

high speed cell sorter (Dako cytomation, Glostrup, Denmark). Dead cells were gated out by

7-AAD staining. 3,000–10,000 sorted CD8+ and CD4+ cells were obtained from the

wounds. Cells-Ct kit (Invitrogen) was used to prepare cDNA for cytokine real time PCR.

Real time PCR

Total RNA was extracted from skin wounds of CD4 deficient, CD8 deficient, and wild type

mice using TriZol (Invitrogen). RNA samples were treated with DNAse I, and subjected to

reverse transcription using a Retro-script kit (Invitrogen). mRNA expression of IL-1β, IL-4,

IL-6, IL-10, IL-13, IL-17, IFN-γ, TNF-α, TGF-β, CCL-2 (MCP-1) and CXCL-1 (MIP-2α
or KC) was examined using a real time PCR system (StepOne Plus, Applied Biosystems,

Carlsbad, CA) that employs SYBR Green PCR mix and gene specific primers. All primer

sequences except CXCL-1 were previously described (19). The forward primer for CXCL-1
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was: 5’-GCTTGAAGGTGTTGCCCTCAG-3’, and the reverse primer was 5’-

AGAAGCCAGCGTTCACCAGAC-3’. mRNA expression in normal wild type mice skin

was used as baseline. GAPDH was used for normalization. cDNAs used for IL-10, IL-17,

IFN-γ, and TGF-β1 cytokine mRNA expression in CD4 or CD8 cells isolated from day 7

wounds were obtained by using a Cells-Ct kit (Invitrogen).

Breaking strength

Breaking strength of 8 mm wounds from CD4 deficient, CD8 deficient and wild type mice

was examined at day 15 post-wounding using a motorized tensiometer (Mark-10, Copiague,

NY) as described previously (20). Two wounds per mouse were subjected to analysis and

the average was recorded as the wound breaking strength for that individual animal. Normal

skin from 5 unwounded mice was also tested.

Collagen content quantification

Wounds from day 14 after injury were removed, weighed, and stored at −80°C until

analysis. Each wound was hydrolyzed in 0.25ml of 6N HCl overnight at 95°C for 20 hours.

The hydroxyproline content was then analyzed using a hydroxyproline assay kit

(QuickZyme Biosciences, Leiden, Netherlands). Results were expressed as nM/mg tissue.

Statistical analyses

Results were expressed as means ± standard deviations. A two-way ANOVA followed by a

Tukey’s multiple comparisons test or t test was used for statistical analysis. Analyses were

completed using GraphPad Prism (GraphPad Software, San Diego, CA). p values less than

0.05 were considered statistically significant.

Results

CD4+ and CD8+ lymphocytes migrate into skin wounds and produce cytokines

Although the presence of CD4 and CD8 lymphocytes in wounds has been previously

reported (8, 16), the dynamic infiltration of these immune cells over time has not been

demonstrated. CD4+ cells started to appear at day 1 after wounding, and the number of these

cells then gradually increased and peaked at day 5 (44.7±10.5/20x field). After day 10, the

numbers dramatically decreased, although CD4+ cells were still present in significant

numbers (11.8x±4.7) at day 21 (Fig. 1A). CD8+ cells did not appear in the wound bed until

day 3. CD8+ cell numbers peaked at day 7 (21.3±13.5), and decreased markedly by day 21

(2.0±2.0) (Fig. 1A). The numbers of CD4+ cells at days 5, 7, 10 and 21 were significantly

higher than those of CD8 cells (p<0.01, Fig. 1A). Since CD4+ and CD8+ cells are both

present in significant numbers in the wounds, we used cell sorting to isolate these subsets of

T cells from day 7 skin wounds (Fig. 1C, D and E) and spleens of unwounded mice (Fig.

1B). mRNA expression of regulatory or inflammatory cytokines (IL-10, IL-17, IFN-γ, and

TGF-β1) by each T cell subset was examined using real time PCR. The results showed that

naïve CD4+ cells from spleen expressed IFN-γ, and TGF-β1, but not IL-10 and IL-17.

However, CD4+cells from day 7 wounds expressed significantly higher levels of these

cytokine than CD4+ cells from spleen (Fig. 1F). Similar results were observed in CD8+ cells

except CD8+ cells did not express IL-10 and IL-17 from either spleen or wounds (Fig. 1F).
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This study demonstrates that CD4 and CD8 lymphocytes are significantly present during the

healing process in mouse skin wounds and express regulatory or inflammatory cytokines

within the wound.

The absence of CD4 and CD8 lymphocytes does not impair skin wound closure

To examine whether the absence of CD4+ or CD8+ cells would affect wound closure,

wound healing kinetics were examined in circular 3mm full thickness wounds in CD4 and

CD8 deficient mice. No significant changes in wound closure were observed in either CD4

or CD8 deficient mice as compared to wild type mice (Fig. 2A&B). Similar results were

obtained in a larger 8mm wound model (data not shown). Therefore, the absence of either

CD4+ or CD8+ lymphocytes cells does not appear to significantly impair skin wound

closure. Furthermore, no difference in the number of ki67+ proliferating keratinocytes at the

wound margins was apparent among the groups at days 1, 3, or 5 (Fig. 2C, day 3 shown).

These results further support the idea that CD4 or CD8 deficiency does not impede wound

closure.

The absence of CD4 and CD8 lymphocytes alters lymphocytic infiltration into wounds

In wild type mice, CD4+ and CD8+ cells account for about 60% and 20% of the total

lymphocytes in lymph nodes, respectively. However, CD8+ cells in CD4 deficient mice

account for about 77% of the total lymphocytes (21), and CD4+ cells in CD8 deficient mice

account for approximately 73 % of the total lymphocyte (22). To determine if CD4 or CD8

deficiency would change infiltration of CD8+ and CD4+ cells into wounds, the numbers of

CD4+ and CD8+ cells in the wounds of wild type, CD4 deficient, and CD8 deficient mice

were counted. Despite the predominance of CD4+ cells in CD8 deficient mice (22), there

were significantly fewer CD4+ cells in the wounds of CD8 deficient mice than in wounds of

wild type mice at days 3, 7, 10, 14, and 21 after injury (p<0.001, Fig. 2D&Fig.s1A). In wild

type mice, CD8 cells were present from day 3. In contrast, in CD4 deficient mice, CD8+

cells did not appear until 7 days after wounding (Fig. 2E). After day 7, more CD8+ cells

were observed in CD4 deficient mice than in wild type mice, especially at day 10 (p<0.05,

Fig. 2E&Fig.s1B). When BALB/c and C57BL/6 mice were compared, the general pattern of

CD4+ and CD8+ cell infiltration was similar (Fig 1A & Fig. 2D&E). However, higher

absolute levels of CD4+ and CD8+ cells were observed in the wounds of C57BL/6 mice

when compared to BALB/c mice (Fig 1A & Fig. 2D&E). Together, the data show that

although CD4 or CD8 deficiency does not influence wound closure, each deficiency

significantly affects the infiltration of CD8 or CD4 cells into wounds.

The absence of CD4 and CD8 lymphocytes influences neutrophil and/or macrophage
infiltration in the wounds

At day 1 after injury, the number of neutrophils in wounds of CD4 deficient mice was higher

than that of wild type mice, although this difference was not statistically significant (Fig.

2F&Fig.s1C). In contrast, wounds of CD8 deficient mice exhibited significantly lower

numbers of neutrophils than those of wild type and CD4 deficient mice at days 1 and 3 after

wounding (p<0.05 and 0.01 respectively, Fig. 2F). Similar to neutrophils, the number of

CD68 macrophages in wounds CD8 deficient mice was also significantly less than wild type

and CD4 deficient mice (p<0.001, Fig. 2G&Fig.s1D). To exclude the possibility that pre-
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existing systemic cellular deficiencies might be responsible for the decreased neutrophils

and macrophages in the wounds of CD8 deficient mice, a peripheral differential white blood

cell (WBC) count was performed. CD8 deficient and wild type mice were found to have

similar levels of peripheral neutrophils and monocytes (8.5% vs. 8.4% neutrophils/total

WBC, 0.9% vs. 1.1% monocytes/total WBC, CD8 deficient vs. wild type, respectively,

p>0.05). Together, this data suggests that the loss of CD8+ cells does not alter peripheral

levels of neutrophils or monocytes, yet results in decreased infiltration of neutrophils and

macrophages into skin wounds.

The absence of CD4 and CD8 lymphocytes changes cytokine expression

The effect of the absence of CD4+ or CD8+ cells on cytokine mRNA expression in skin

wounds was examined using real time PCR. Several significant differences in cytokine

expression were observed among the three strains. Wounds from CD4 deficient mice

showed increased expression of several different cytokines. When compared to wounds

from wild type and CD8 deficient mice, wounds from CD4 deficient mice expressed

significantly higher levels of IL-1β and IL-6 at multiple time points (p<0.001, Fig. 3A, B).

At unique time points, wounds from CD4 deficient mice also showed higher expression of

IL-17, IFN-γ, and CXCL-1 than wounds from wild type and CD8 deficient mice (p<0.001,

Fig. 3C, D, and E). Wounds from both wild type and CD4 deficient mice showed higher

levels of TNF-α than wounds of CD8 deficient at days 1 and 3 (p<0.001 and 0.05

respectively, Fig. 3F). However, at day 5, TNF-α expression was highest in the wounds of

CD8 deficient mice (p<0.05, Fig. 3F). Wounds from wild type and CD4 deficient mice also

expressed more CCL-2 than those of CD8 deficient mice (p<0.05, Fig. 3G). Levels of TGF-

β1 expression were similar in all three strains (Fig. 3H). Finally, three Th2 cytokines

including IL-4, IL-10, and IL-13) were examined. Wounds from CD8 deficient and wild

type mice expressed significantly higher levels of IL-4 than CD4 deficient mice at days 1

and 3 (p<0.001 and 0.05 respectively, Fig. 3I). IL-4 levels in wounds of CD8 deficient mice

remained higher than CD4 deficient and wild type mice from days 10 to 21 (p<0.05, Fig.

3I). Wounds from each strain exhibited different and variable patterns of IL-10 expression

(Fig 3J), and baseline levels of IL-10 were significantly lower in CD4 deficient and CD8

deficient mice than in wild type mice. IL-10 expression in CD4 deficient mice was also

lower than wild type at day 1 (p<0.05, Fig. 3J). IL-13 expression patterns were also

examined, and no significant changes in IL-13 levels were observed among the strains at any

time point (Fig. 3K).

The absence of CD4 and CD8 lymphocytes does not influence wound breaking strength,
collagen content or angiogenesis

The breaking strength of both healed wounds and normal skin from wild type, CD4 and

CD8 deficient mice was examined using a tensiometer. The breaking strength of normal skin

was similar in all three groups of mice (Fig. 4A). The breaking strength of day 15 wounds

was also similar in all three groups, and in all cases was approximately 20% of the breaking

strength of normal skin (p<0.01, Fig. 4A). To assess collagen content, wound

hydroxyproline levels were examined. No significant differences in hydroxyproline content

were observed among the three groups nor between day 15 wounds and normal skin (Fig

4B). The influence of the absence of CD4+ or CD8+ cells on wound vascularity was also
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examined. In all groups, the highest vessel density (6–7%) was seen at day 5, with slightly

decreased vascularity at day 7 (Fig. 4C&D). From day 10, the regression of capillaries

became evident in all groups as vascularity returned to the levels of normal skin. Together,

the results demonstrate that the absence of CD4+ and CD8+ cells does not alter wound

breaking strength, collagen content, or angiogenesis.

Discussion

Consistent with previous reports (8, 17), the current study shows that CD4 and CD8

lymphocytes progressively infiltrate into skin wounds. The majority of CD4 and CD8

lymphocytes migrate into wounds only after neutrophils and macrophages, and are present at

time points when wounds are almost or completely re-epithelialized. The time course of

lymphocytic infiltration might suggest that lymphocytes do not play an important role in the

process of wound healing. However, the total depletion of T cells using Thy1.2 antibodies

before injury has been shown to cause a significant impairment of wound breaking strength

and collagen deposition (9, 10) as well as significantly delayed wound closure (23).

While the global depletion of T cells using anti-Thy1.2 has a negative effect, studies using

specific depletion of CD4+ and CD8+ cells have yielded different results. Surprisingly, the

combined depletion of CD4+ and CD8+ cells (via anti-CD4 and anti-CD8 antibodies) has

been shown to result in improved wound-breaking strength and collagen levels (10). These

results suggest that a small population of cells that are positive for Thy 1.2 but negative for

CD4 and CD8 antigens that are important to wound healing. One candidate population is the

unique population of T lymphocytes termed dendritic epidermal T cells (DETC, γδ-T cells),

a cell type that is strictly limited in their distribution to murine epidermis. Wound repair has

been shown to be significantly impaired in DETC deficient mice (24), probably because

DETC are an important source of key growth factors such as fibroblast growth factor-7, -10

and insulin like growth factor-1(24, 25). Since DETC express Thy1, but not CD4 and CD8

(26, 27), the impaired wound healing effects observed in Thy1.2 depleted mice may result

primarily from the depletion of DETC rather than CD4 or CD8 lymphocytes. Another

consideration in the impaired wound healing of Thy1.2 depleted mice is the effect on the

populations of other Thy1-expressing cells including, neurons, endothelial cells, fibroblasts,

keratinocytes, and stem cells (28, 29). In support of this idea, a recent study has

demonstrated that Thy1 siRNA treatment inhibits fibroblast migration and delays wound

closure in a mouse model (30). Thus the use of Thy1 as an exclusive maker for T

lymphocytes in wounds needs further consideration.

The current study was undertaken to resolve the variety of conflicting results that have been

produced in studies that have examined wound healing following specific CD4+ cell or

CD8+ cell depletion. Studies of CD4 depleted mice or rats have demonstrated both no

difference in wound healing and impaired healing in the experimental animals (11, 12).

Studies of CD8-specific depletion have generally shown enhanced wound healing in

experimental groups, suggesting that CD8 cells have an inhibitory effect on wound healing

in terms of collagen deposition and wound breaking strength.
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In this study, we utilized CD4 and CD8 lymphocyte deficient mice to examine the role of

each cell type on wound repair; these strains represent a resource that was not available

when the original antibody depletion studies were performed. Our results show that the

absence of CD4+ cells causes delayed infiltration of CD8 cells in the wounds and up-

regulated IL-1β, IL-6, IL-17, CXCL-1, and IFN-γ expression and down-regulated IL-4 and

IL-10. The neutrophil chemoattractant, CXCL-1 was upregulated in wounds of CD4

deficient mice, a finding that may explain the observed elevated infiltration of neutrophils.

Interestingly, our studies suggest that CD4 and CD8 lymphocytes play somewhat opposite

roles in regulating the inflammatory response that occurs following injury including the

expression of inflammatory cytokines and infiltration of inflammatory cells. CD8 cell

deficiency resulted in a significant decrease in neutrophil infiltration into wounds. However,

this decrease failed to affect wound healing. This result is not surprising, since prior studies

suggest that neutrophils are not essential to healing (31). In contrast, several studies

demonstrate that macrophages are critical inflammatory cells for prompt and appropriate

wound healing (32, 33). Despite the presumed role of macrophages, our data shows that a

significant decrease of macrophages in CD8 deficient mice did not lead to retarded repair.

This result may indicate that the decrease in macrophages in the wounds of CD8 deficient

mice did not reach a degree that could change the healing outcome. Taken together, our

study demonstrates that normal skin wounds exhibit a progressive infiltration of CD4+ and

CD8+ lymphocytes, and that both subsets express regulatory and/or inflammatory cytokines.

Our studies also strongly suggest that while these subsets of T cells influence wound

inflammation, this influence is not critical to healing outcomes. The molecular and cellular

changes observed in the absence of CD4+ or CD8+ cells, although significant, do not appear

to alter the course of healing. This finding may speak to the redundancy and variety of

compensatory mechanisms that are available to support the wound healing process. The

possibility remains that either CD4 or CD8 lymphocytes may become critically important

under situations in which wound healing is stressed such in ischemic or infected wounds.

One important consideration to the interpretation of our results is that CD4 lymphocytes are

not a homogenous population. Several subsets have been identified such as Th1, Th2, Th9,

Th17, and regulatory T cells. These subsets have different patterns of cytokine production,

antigen presentation cells, transcription factors, and phenotypic and functional markers and

play distinct roles in immune response (34–36). The roles of these individual subsets were

not examined in our study and may differentially influence skin wound healing, particularly

in pathological wound repair. Another potential caveat to our results is our use of a mouse

model. The murine immune system does reflect human biology in many respects and mice

have been extensively used for immunologic studies. Moreover, a recent study suggests that

there are only about 300 genes that are truly unique to one species or the other (37).

However, there are many known differences in immune systems of mice and humans (38,

39). Importantly, recent genomic studies suggest that inflammatory responses in mouse

models generally correlate quite poorly with human responses (40). While few would argue

that murine studies continue to provide valuable and relevant information, caution remains

warranted in directly extrapolating experimental findings in mice to human conditions.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Dynamic infiltration of CD4 and CD8 lymphocytes in skin wounds and their expression of

cytokines. A) Numbers of positively stained CD4 and CD8 cells in the wounds and wound

margins. N=5 in each group. # p<0.01 compared to CD8+ cells, two-way ANOVA followed

by a Tukey’s multiple comparisons test was used. B&C) Flow cytometry analyses of CD4+

(gate R4) and CD8+ (gate R3) cells in spleen and day 7 wounds, respectively. Dead cells

were gated out using 7-AAD staining. D&E) Representative flow cytometry demonstrating

CD4+/CD11a+ or CD8+/CD11a+ (gate 12) populations in wounds. F) Relative mRNA
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expression of IL-10, IL-17, IFN-γ and TGF-β1 in CD4 and CD8 cells isolated from day 7

wounds. N=3 in each group. * p<0.05, # p<0.01 compared to spleen samples by t test. ND:

not detectable. Error bars = standard deviation.
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Figure 2.
CD4 or CD8 lymphocyte deficiency does not impair wound closure, but results in altered

CD8+, CD4+, neutrophils and/or macrophage infiltration in the wounds. A) Representative

photos of wounds photographed at various time points after injury. B) Percent of the original

wound size. N=5 in each group; scale bar=1mm. C) Representative photomicrographs

demonstrating immunohistochemical detection of the proliferation marker ki67 at the wound

margin at day 3 (days 1 and 5 not shown). Arrows indicate wound edges. Red: ki67, blue:

DAPI stained nuclei. Scale bar=100µm. D&E) Time course of numbers of CD4+ and CD8+
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cells in the wounds of wild type/CD8 deficient mice, and wild type /CD4 deficient mice

respectively. # p<0.001 compared to CD8 deficient mice, * p<0.05 compared to wild type.

F&G) Time course of numbers of neutrophils and macrophages. * p<0.05 and # p<0.01

compared to CD4 deficient and wild type mice. Two-way ANOVA followed by a Tukey’s

multiple comparisons test was used. Error bars = standard deviation.
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Figure 3.
CD4 or CD8 lymphocyte deficiency changes the profiles of cytokine expression in the

wounds. mRNA expression of cytokines was determined by real-time PCR. A) IL-1β, *

p<0.05 compared to wild type; # p<0.001 compared to wild type and CD8 deficient mice. B)

IL-6, #p<0.001 compared to wild type and CD8 deficient, *p<0.05 compared to CD8

deficient. C) IL-17 and D) IFN-γ, #p<0.01 compared to wild type and CD8 deficient. E)

CXCL-1, # p<0.001 compared to wild type and CD8 deficient, * p<0.05 compared to CD8

deficient, **p<0.05 compared to wild type and CD4 deficient. F) TNF-α, # p<0.001

compared to wild type and CD4 deficient, * p<0.05 compared to wild type and CD4

deficient. G) CCL-2, * p<0.05 compared to wild type and CD4 deficient. H) TGF-β1. I)

IL-4, *p<0.01 and **p<0.05 compared to wild type and CD4 deficient mice. #p<0.05
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compared to CD4 deficient mice. J) IL-10, *p<0.05, #p<0.001 compared to CD4 or CD8

deficient; **p<0.05 compared to CD8 deficient. K) IL-13. N=3 in each group and each time

point; a two-way ANOVA followed by a Tukey’s multiple comparisons test was used. Error

bars = standard deviation.
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Figure 4.
CD4 or CD8 lymphocyte deficiency does not change wound breaking strength, collagen

content or angiogenesis. A) Breaking strength of normal skin and 8 mm wounds at day 15.

N=5 in each group; # p<0.01 compared to their day 15 wounds, t test. B) Hydroxyproline

concentrations in normal skin and 3 mm wounds at day 15. C) Vessel density expressed as

the percent CD31 positive area in 3 mm wound beds. D) Representative photos of day 5

wound sections stained with anti-CD31 antibody. Red: CD31+ endothelial cells, blue: DAPI

stained nuclei. Scale Bar: 100µm. Error bars = standard deviation.

Chen et al. Page 18

Exp Dermatol. Author manuscript; available in PMC 2015 March 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript


