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After scald burn-injury, the intestinal immune system responds to maintain immune balance. In this regard

CD4 + T cells in Gut-Associated Lymphoid Tissues (GALT), like mesenteric lymph nodes (MLN) and Peyer’s

patches (PP) respond to avoid immune suppression following major injury such as burn. Therefore, we

hypothesized that the gut CD4 + T cells become dysfunctional and turn the immune homeostasis towards

depression of CD4 + T cell-mediated adaptive immune responses. In the current study we show down reg-

ulation of mucosal CD4 + T cell proliferation, IL-2 production and cell surface marker expression of mucosal

CD4 + T cells moving towards suppressive-type. Acute burn-injury lead to up-regulation of regulatory marker

(CD25 + ), down regulation of adhesion (CD62L, CD11a) and homing receptor (CD49d) expression, and up-

regulation of negative co-stimulatory (CTLA-4) molecule. Moreover, CD4 + CD25 + T cells of intestinal origin

showed resistance to spontaneous as well as induced apoptosis that may contribute to suppression of ef-

fector CD4 + T cells. Furthermore, gut CD4 + CD25 + T cells obtained from burn-injured animals were able to

down-regulate na ̈ıve CD4 + T cell proliferation following adoptive transfer of burn-injured CD4 + CD25 + T

cells into sham control animals, without any significant effect on cell surface activation markers. Together,

these data demonstrate that the intestinal CD4 + T cells evolve a strategy to promote suppressive CD4 + T cell

effector responses, as evidenced by enhanced CD4 + CD25 + T cells, up-regulated CTLA-4 expression, reduced

IL-2 production, tendency towards diminished apoptosis of suppressive CD4 + T cells, and thus lose their

natural ability to regulate immune homeostasis following acute burn-injury and prevent immune paralysis.
c © 2013 The Authors. Published by Elsevier B.V. All rights reserved.
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Introduction 

Burn-injury leads to immunosuppression [ 1 ]. This deficit in host

immune defenses is attributed to T cell immune suppression, includ-

ing depletion of T cells [ 2 ], decrease in T cell proliferation [ 3 ], Th17

cells produced cytokines [ 4 ], deficiencies in pro-inflammatory cy-

tokine production [ 5 ], induction of T cell anergy [ 6 ], dysfunctional

dendritic cells [ 7 ], nitric oxide production by macrophages [ 8 ], TLR4

co-stimulation [ 9 ], nuclear factor-kB (NF-kB) and activated protein

1 (AP-1) alterations [ 10 ], and Fas-mediated apoptosis [ 11 ]. Despite

all this published information little is known about the precise role

of gut-associated lymphoid tissue CD4 + T cells. We have previously

shown that T cells and neutrophils both contribute to immune sup-

pression observed following day-3 post-burn [ 7 , 12 –15 ]. We have also

observed that immunosuppression following burn injury leads to loss
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of intestinal mucosal barrier thus allowing bacteria to translocate and

subsequently appear in intestinal lymph nodes such as mesenteric

lymph nodes (MLN) and even circulation, culminating in septicemia

and death [ 15 ]. Apart from neutrophil associated factors causing in-

testinal tissue injury and loss of gut barrier function, we also reported

a role of CD4 + T cells and antigen presenting cells (APC). The current

study examining the role of CD4 + T cells of intestinal origin (GALT)

is a progression of our previous published studies [ 7 , 12 ]. In an estab-

lished scald burn injury model we documented that intestinal CD4 + 

T cells obtained from mesenteric lymph nodes (MLN) have suppressed

IL-2 production and proliferation, accompanied by substantial dele-

tion via apoptosis [ 12 ]. The data has started to appear delineating the

role of CD4 + T cells in burn-injury as well as other injury conditions

[6]. However, all these published studies in burn model so far have

looked at CD4 + T cells of splenic and / or draining lymph nodes. No-

body to our knowledge has specifically examined the gut-associated

lymphoid tissue (GALT)-CD4 + T cells, specifically originating from

Peyer’s patches and mesenteric lymph nodes. In the current study we

elaborated the functional and phenotypic characterization of GALT-

CD4 + T cells, the adoptive transfer of burn-injured-associated CD4 + 

T cells and their ability to modulate immune response of na ̈ıve CD4 + 
erved. 

http://dx.doi.org/10.1016/j.rinim.2013.09.001
http://www.sciencedirect.com/science/journal/22112839
http://www.elsevier.com/locate/rinim
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Fig. 1. The figure shows CD4 + T cell proliferation as assessed by Thymidine incorpo- 

ration (dpm). CD4 + T cells were obtained from gut-associated lymphoid tissue (GALT), 

i.e., mesenteric lymph nodes (MLN) and Peyer’s patches (PP) from sham (open bars) and 

burn (closed bars). The data represents Mean ± SD Thymidine incorporation (dpm) 

values obtained from sham and day-3 burn rats ( n , number of animals = 3). p < 0.05 

values show statistical significance. 
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Fig. 2. The figure shows CD4 + CD25 + T cell proliferation as assessed by Thymidine 

incorporation (dpm). CD4 + CD25 + T cells were obtained from mesenteric lymph 

nodes (MLN) and Peyer’s patches (PP) from sham (open bars) and burn (closed bars). 

The data represents Mean ± SD values of sham and day-3 burn rats ( n , number of 

animals = 3). Statistical analysis of p < 0.05 shows significance and p > 0.05 shows no 

significance. 
 cells of the recipient animals. Our data showed that acute burn- 

njury altered the function of GALT-CD4 + T cells, including cell pro- 

iferative responses, cell surface marker expression and IL-2 sensi- 

ivities. Furthermore, burn-injury also decreased the sensitivity of 

ALT-CD4 + CD25 + T cells to camptothecin-associated, as well as 

pontaneous apoptosis. Finally, the ability of burn-induced GALT- 

D4 + CD25 + T cells to transfer their depressive effects to sham rats 

ollowing adoptive transfer over 1-3 days postburn. We conclude, 

ALT-derived CD4 + T cells, theoretically known to be of tolerant- 

ype being at the fore front of antigenic challenge, both from com- 

ensals and gut antigens; following burn-injury, tend to modulate 

owards losing their normal regulatory function, and play a role in 

reach of the normal immune-homeostasis towards an unwanted 

mmune-paralysis. 

. Materials and methods 

.1. Scald burn-injury 

Male Sprague Dawley rats, ∼2 months old, weighing 200–250 g 

Harlan, Indianapolis, IN) were used in this investigation. All animal 

ousing, experimentation and treatment were based on previously 

ublished protocols approved by Chicago State University Animal 

are and Use Committee (IACUC) committee and in accordance with 

IH guidelines. For adoptive transfer experiments male Lewis rats 

250–300 g) were used. All rats were acclimatized in the animal facil- 

ty for at least one week before being subjected to any treatment and 

ere given free access to water and standard lab rat chow ad libitum. 

he criteria stated here are based on previous published protocols of 

he acute burn injury model (see references Fazal et al. [ 12 –15 ]). As 

ain therapy, buprenorphine (2 mg / kg) intra-peritoneal were given 

o rats 30 min prior to burn injury for preemptive analgesia, and every 

 h till ready for sacrifice and / or terminally euthanized. Major burn 

njury protocols have shown to be associated with full thickness 3rd 

egree skin burns over ∼30% of the total body surface associated with 
fairly consistent inflammation-linked immune as well as gut barrier 

abnormalities. Moreover, almost all rats survive this injury / trauma 

and mortality rate is < 5% over 3-days. Scald burn destroys pain re- 

ceptors and most rats handle this scald well and are able to move 

around, eat and drink normally during the three-day post-burn pe- 

riod. Accordingly, upon verification of deep anesthesia with sodium 

pentobarbital (40–50 mg / kg intra-peritoneal, i.p.), as determined by 

absence of any signs of awareness including response to hind limb 

pinch, rats were subjected to the following steps in quick succession: 

(i) the back fur was shaved off ∼30% Total Body Surface Area (TBSA), 

(ii) rats were securely placed in an appropriately sized bottomless 

plastic mold that allows the shaved area of the skin on the back to be 

immersed in water while the rest of the body is protected, (iii) the 

back was immersed in a hot water bath (95–97 ◦C) for 10 s, (iv) excess 

hot water was immediately wiped off to avoid an additional injury, 

and (v) 10 ml of normal saline was injected intra-peritoneal for resus- 

citation. The resuscitation procedure was sufficient to restore control 

level of urine output in the experimental group of rats over a period 

of ∼24 h. Therefore, we did not find any need to compensate for the 

loss of fluids. Moreover, animals start feeding and drinking normally; 

hence do not require artificial feeding. The experimental animals were 

divided into two groups and each group had at least six rats; [ 1 ] Burn, 

[ 2 ] Sham control, which go through clipping of back hair, anesthe- 

sia, immersion in water bath at room temperature, resuscitation with 

10 ml normal saline. All the data reported and analyzed in this study 

was obtained from first two groups. Each groups had minimum of six 

animals, three separate samples were collected from each animal for 

analysis. In the subsequent experiments “n ” represents the number of 

either samples or animals in the study as detailed in the legends of the 

respective figures. This injury protocol is well established, repeatable 

and extensively used by the peers in the field of acute burn-injury 

studies. 
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Fig. 3. Figure shows IL-2 production by CD4 + CD25 − and CD4 + CD25 + T cells fol- 

lowing 72 h of incubation. Supernatants were harvested from CD4 + T cell cultures 

and assessed for IL-2 by ELISA kit. IL-2 (pg / ml) values are depicted on the x -axis. The 

data represents Mean ± SD ( n , number of samples = 3) obtained from sham and day-3 

burn MLN (closed bars) and PP (open bars). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.2. Collection of tissue samples and separation of CD4 + T cells 

Burn and sham control animals were anesthetized as detailed in

earlier methods, abdomen was opened, MLN were located and chain

of upper and lower mesenteric lymph nodes were aseptically re-

moved. For isolation of Peyer’s patches, ileum was located and aggre-

gation of lymphoid tissue bulging out of outermost layer of intestine

(serosa) of small intestine were aseptically removed with scissors and

placed in warm culture media. Peyer’s patches were removed across

the whole length of small intestine. Both MLN and PP tissues were

then crushed under a metallic cell dissociation sieve-Tissue Grinder

Kit (Sigma-Aldrich) in separate petri dishes. Single-cell separations

were prepared by addition of Collagenase-D, repeated spinning, and

reconstitution of culture media. The magnetic microbead cell sep-

aration method called (MACS) was standardized for bench use as

per protocol of Miltenyi Biotech Inc. Cells obtained from GALT, i.e.,

mesenteric lymph nodes and Peyer’s patches were incubated with

microbeads and then ran over a column within magnetic field. CD4 + 

T cells labeled with magnetic beads stuck to the columns and all

other cells passed through as negative selection. The columns were

removed from magnetic field and the cells were eluted by elution

buffer as positive selection. With this method of separation we were

able to obtain 99% purified CD4 + T cells. This method to elute CD4 + 

T cells was found superior to the nylon wool method which yields

total T cells, and cell sorting by FACS which is more time consuming

and less cost effective. 

2.3. Purification of CD4 + CD25 + T cells by magnetic cell sorting 

(MACS) 

FITC Multisort kit using a magnetic bead isolation method was

used to isolate CD4 + CD25 + T cells. This method enabled us to en-

rich a double positive cell population in two steps, both using elution

of positive selection. Total cells obtained from MLN or PP was stained

with FITC-CD4 + and PE-CD25 + labeled antibody. In the first step

cells were incubated with CD4 + beads and then passed over columns

that retained CD4 + labeled cells in a magnetic field. Negative selec-

tion was discarded and positive selection was then preserved. The

FITC label on positive selection was then cleaved and the reaction

stopped enzymatically. The cells were then incubated with PE mi-

crobeads and again passed through second set of columns. Positive

selection was eluted as CD4 + CD25 + T cells. The second step in elu-

tion rendered negative selection, i.e., CD4 + CD25 − T cells. We were

able to enrich this rare population to about 70% purity by this method,

whereas 60% purity was achieved for CD4 + CD25 − T cells. The cell

surface expression marker was confirmed by flow cytometry by la-

beling with antibodies for CD4 + and CD25 + cell surface markers. 

2.4. Comparison of CD4 + CD25 + T cell sorting by MACS and FACS 

CD4 + CD25 + T cells were sorted out by using two different tech-

niques. Firstly, MACS cell sorting through magnetic beads of used,

there was 2% of T cell population among Burn MLN T cells and 3%

in Burn PP. When this result was compared with cell sorting through

FACS technique, similar results were obtained, i.e., ∼3% CD4 + CD25 + 

T cell population in both burn MLN and PP. Hence both technique

yielded similar results. This experiment was conducted to confirm

the validity of microbead method in terms of elution of double pos-

itive cells. Both methods could efficiently quantify CD4 + CD25 + T

cells but FACS cell sorting has a drawback that it is time consuming

and gives a poor yield of cells. 
2.5. IL-2 cytokine measurement (ELISA) 

The supernatants were harvested from various CD4 + T cell cul-

tures as mentioned in results and cytokine content of (IL-2) was de-

termined by using enzyme-linked immunosorbent assay (ELISA) kits

(Biosource Inc., CA). The values were depicted as pg / ml. 

2.6. Mitochondrial morphology assessment 

MitoTracker GreenFM (Molecular Probes, Eugene, OR) was used

to assess mitochondrial morphology. GALT (MLN and PP) CD4 + T

cells were isolated from day 3 post-burn and sham control animals

and were incubated in 500 μl modified RPMI1640 for 30 min at 37 ◦C /

5% CO 2 with 200 nmol / L MitoTraker GreenFM. Cytospins were pre-

pared on microscopy glass slides (Fisher Scientific, Pittsburgh, PA) in

the dark. The slides were air dried and analyzed by a confocal laser

scanning microscope (Bio-Rad Laboratories, Hercules, CA). 

2.7. Flow cytometry 

Flow cytometry available as core facility at Department of Biolog-

ical Sciences at Chicago State University was used for the determina-

tion of T cell type, activation markers, and apoptosis by Annexin-V

(Promega). CD4 + and CD4 + CD25 + T cells were labeled with re-

spective FITC / PE / APC or CyChrome-tagged rat-specific antibodies at

1–5 μg / ml / 10 6 cells. Isotype control antibodies and unstained cells

were used as controls. Cells were fixed in 0.7 ml of 1% paraformalde-

hyde solution and acquired on a FACScan flow cytometer (Becton

Dickinson). The machine is equipped with an argon ion air-cooled

laser, which emits a peak line of fluorescence of 488 nm at 15 mW. At

least 10,000 events were acquired by using LYSYS II software (Bec-

ton Dickinson). Both forward-angle and right-angle light scatter sig-

nals were adjusted for optimum results for the detection of T cells.

The forward-scatter threshold signal was adjusted to exclude debris

and un-lysed erythrocytes. All parameters were optimized on un-

stimulated purified T cells that have been loaded with respective

antibody. 
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Table 1 

Percentage expression of T cell receptor in Lewis rats. 

T cell 

receptor Sham Burn 

MLN PP MLN PP 

αβ 88 67 ND ND 

γδ 2 4 4 6 

CD25 10 5.5 16 10 

CD49d 64 32 59 25 

CD11a 97 45 96 35 

CTLA-4 3 6 5 9 

CD62L 44 17 51 14 
.8. CD4 + T cell proliferation assays 

CD4 + and / or CD4 + CD25 + T cells at different ratios were cul- 

ured in 96-well flat-bottomed microtiter plates (Falcon, Lincoln Park, 

J) for 72h / 37 ◦C / 5% CO 2 . Cells were incubated with various activa- 

ors, i.e., anti-CD3 (1 μg / ml), anti-CD3 (1 μg / ml) plus rIL-2 (1 μg / ml).

ritiated thymidine 1 μCi (37Bq) was then added to each well in the 

ast 16–18 h of culture. Cells were harvested at the end of culture pe- 

iod onto filtermats (Skatron, Sterling, VA) with a semi-automatic PHD 

ell harvester (Cambridge Technology Inc.). The counts per minute of 

he filter membrane were measured in scintillation liquid on a Beck- 

an LS 6500 liquid scintillation counter (Fullerton, CA). When T cells 

ere stimulated with anti-CD3, the antibodies were immobilized on 

he treated tissue culture 96-well plates which were coated with the 

ntibodies ( ∼10 μg / ml) and incubated at 37 ◦C for 90 min, prior to cell 

ultures. 

.9. Adoptive transfer assays 

CD4 + CD25 + and CD4 + CD5 − T cells were purified by FACS cell 

orter and / or the magnetic bead isolation method from day 3 post- 

urn Lewis rats and were injected intravenously into sham Lewis 

ats. The rats were sacrificed day 1 and day 3 post-adoptive transfer. 

ALT (MLN and PP) were then isolated from these rats, CD4 + T cells 

ere purified as previously described, and CD4 + T cell proliferation 

y Thymidine incorporation and IL-2 levels in the supernatant by 

LISA were determined. The experiments were conducted in Lewis 

ats that are inbred rats and allow for transfer of cells between MHC 

atched animals. The recipient rats that were adoptively transferred 

ith CD4 + CD25 + T cells from day 3 post-burn rats were also studied 

or their effect on CD4 + T cell effector functions and their effects on 

itochondrial responses of CD4 + T cells. 

.10. Intestinal CD4 + T cells co-culture 

T cells from burn and sham rats were co-cultured to study if 

he effect of burn T cells could modulate sham T cell responses. 

D4 + CD25 + and CD4 + T cells were isolated by the magnetic bead 

ethod from day 3 post-burn and sham MLN and PP of rats and then 

o-incubated with CD4 + T cells at different effector:responder cell 

atios. T cells were stimulated with anti-CD3 (1 μg / ml) and allowed to 

roliferate 72 h / 37 ◦C / 5% CO 2 . Samples were then taken for IL-2 anal- 

sis from supernatants of T cells co-cultures, and T cell proliferation 

ssessed by Thymidine incorporation. The effect of CD4 + CD25 + T 

ell on CD4 + T cell was determined in terms of inhibition of prolif- 

ration, IL-2 production and / or T cell apoptosis. 

. Results 

.1. Suppression of CD4 + T cell proliferation of MLN and PP following 

urn injury 

CD4 + T cells were isolated from MLN and PP of day 3 post-burn 

nd sham rats by magnetic cell sorting (MACS). T cells were stimu- 

ated with anti-CD3 (10 μg / ml) for 72 h and thymidine incorporation 

dpm) assessed. These experiments were performed to assess the po- 

ential differences in CD4 + T cells proliferation obtained from GALT 

Peyer’s patches-PP and draining lymph nodes such as Mesenteric 

ymph nodes-MLN). The results in Fig. 1 showed that CD4 + T cells 

oth obtained from MLN and PP proliferate well with anti-CD3 stim- 

lation in culture. CD4 + T cells obtained from MLN of sham and / 

r day 3 burn shows higher proliferative indices as compared to PP 

rom MLN and / or PP of sham animals. CD4 + T cell proliferation of 

LN and PP obtained from day-3 burn was significantly lower ( p < 

.05) as compared to sham MLN and PP. Moreover, CD4 + T cells ob- 

ained from Burn PP also showed a significant ( p < 0.05) depression 
in growth as compared to Sham PP. This differential effect was more 

pronounced in PP CD4 + T cells from burn rats as compared to PP of 

sham animals. 

3.2. Alteration of expression of cell surface markers on GALT-derived 

CD4 + T cells (Table 1) 

Following phenotypic characterization of CD4 + T cells, expres- 

sion of activation markers was performed in these studies. Enriched 

CD4 + T cells were obtained from day 3 post-burn and sham rats 

through MACS separation and T cell activation markers were analyzed 

by flow cytometry. All phenotype expression studies were performed 

on un-stimulated CD4 + T cells showing basal or constitutive levels 

of activation receptor expression. 

3.2.1. Cell surface expression of regulatory marker (CD25) 

CD25 is the alpha chain of the IL-2 receptor. It is a type I trans- 

membrane protein present on activated T cells. Our results ( Table 

1 ) indicate that CD4 + T cells co-express CD25 regulatory marker; 

sham rats MLN (10%), PP (5.5%) and day 3 post-burn MLN (16%), PP 

(10%) respectively. These data exhibit that burn injury promotes an 

upregulation of CD25 regulatory markers, both of MLN and PP origin. 

3.2.2. Cell surface expression of co-stimulatory molecule (CTLA-4) 

CTLA-4 also known as CD152 is a negative regulator of cell- 

mediated immune responses. Our results ( Table 1 ) showed an up- 

regulation of surface marker expression of CTLA-4 on CD4 + T cells 

in sham PP and day 3 post-burn PP. However CTLA-4 expression was 

very weak in un-stimulated CD4 + T cells. 

3.2.3. Cell surface expression of adhesion molecules (CD62L, CD11a) 

Also known as L-selectin (LECAM-1) is expressed on lympho- 

cytes that bind to sialylated oligosaccharides determinants on high 

endothelial venules (HEV) in peripheral lymph nodes. l -selectin is 

known to be rapidly shed from T cells upon activation. The level of 

CD62L expression distinguishes na ̈ıve T cell from effector / memory 

T helper cells. The results ( Table 1 ) showed that CD62L expression 

was markedly down regulated in CD4 + T cells obtained from both 

MLN and PP of day 3 post-burn and sham rats. Similarly, the results 

( Table 1 ) demonstrated that CD11a receptor expression was down 

regulated both in day 3 post-burn and sham MLN and PP of CD4 + 

T cells indicating that peripheral lymph nodes mostly host activated 

cell types. CD11a (LFA), also known as CD11a or Integrin αl chain me- 

diates adhesion through interaction with ICAM 1 and 2. It has also 

been reported to inhibit T cells infiltration in several in vivo models 

of inflammation. 

3.2.4. Cell surface expression of homing receptor (CD49d) 

Also known as Integrin α-4 chain expressed as a heterodimer with 

either of two β chains, β1 or β7. The α4 β1 (VLA-4) integrin is ex- 

pressed on peripheral T and B cells and monocytes, while α4 β7 is 
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Fig. 4. (A) CD4 + CD25 + T cells were obtained from day-3 burn Lewis rats and were adoptively transferred into sham Lewis rats. After day-1 post transfer MLN and PP were 

obtained from sham recipients, T cell sub-types isolated and thymidine incorporation assesses their proliferative responses. Figure shows T cell proliferation of different subsets of 

T cells, i.e., CD4 + , CD4 + CD25 + and CD4 + CD25 − T cells obtained from sham rats. Data represents mean ± SD ( n , is the number of animals = 3) and p < 0.05 shows statistically 

significant values. (B) CD4 + CD25 + T cells were obtained from day-3 burn Lewis rats and were adoptively transferred into sham Lewis rats. After day-3 post transfer MLN and 

PP were obtained from sham recipients, T cell sub-types isolated and thymidine incorporation (dpm) assesses their proliferative responses. Figure shows T cell proliferation of 

different subsets of T cells, i.e., CD4 + , CD4 + CD25 + and CD4 + CD25 − T cells obtained from sham rats. Data represents mean ± SD ( n , is the number of animals = 3) and p < 0.05 

shows statistically significant value. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

expressed on peripheral T cells. This integrin binds to VCAM-1. The

interaction between the CD49d antigen and VCAM-1 is known to play

an important role in stabilizing the adhesion of lymphocytes to en-

dothelial cells. Results in Table 1 showed a down-regulation of CD49d

receptor expression in CD4 + T cells of both MLN and PP obtained

from day 3 post-burn and sham rats. 

3.3. Burn injury suppresses GALT CD4 + CD25 + T cell proliferation and

IL-2 release 

It is a known fact that the level of expression of adhesion as well

as homing receptors is generally considered as an index of activity

of a T cell. The na ̈ıve T cells possess these markers at high levels,

which are later, shed off or down regulated, or inverted after the T

cell activation and, when it reaches peripheral lymph node or passes

from circulation to tissue. In these experiments CD4 + CD25 + T cells

were obtained from day 3 post-burn and sham Lewis rats through

MACS separation and T cell activation marker receptor was analyzed

by flow cytometry. All phenotype expression studies were performed

on un-stimulated CD4 + CD25 + T cells showing basal or constitu-

tive levels of receptor expression. CD25 + marker is considered to

be an index of activated T cell. Based upon our previous experiments

where we showed presence of CD25 + marker on T cells of GALT,

we decided to explore this subset of T cells. These experiments were

performed to find the proliferation of CD4 + CD25 + T cells from day-

3 burn and sham rats and determine if there were any differential

growth or suppressive patterns between MLN and PP. MLN and PP

from day 3 post-burn and sham control Lewis rats were enriched for

CD4 + CD25 + and CD4 + CD25 − T cells by magnetic cell separation

(MACS). Both groups were then stimulated with anti-CD3 (10 μg / ml)

for 72 h and thymidine incorporation (dpm) was assessed. The results

in Fig. 2 showed that CD4 + CD25 + T cell obtained from MLN and / or
PP of burn animals showed lower proliferative indices ( ∼50%) as com-

pared to MLN and / or PP of sham CD4 + T cells ( Fig. 2 ). This significant

( p < 0.05) depressive effect was more pronounced in CD4 + CD25 + 

T cells obtained from PP. 

CD4 + CD25 + T cells were purified by MACS and cultured with

anti-CD3 (10 μg / ml) for 72 h. ELISA determined IL-2 levels produced

by CD4 + CD25 + T cells. Fig. 3 shows the data obtained from three

animals. The representative data of mean ± SD values is shown.

The results showed elevated levels of IL-2 ( > 1100 pg / ml) in MLN

CD4 + CD25 − T cells obtained from sham rats. There was a statistical

reduction ( p < 0.05) in IL-2 production from CD4 + CD25 + T cells

obtained from MLN and / or of PP from burn animals. However, no

such difference in IL-2 production was noticed in PP of either sham or

day 3 post-burn rats. Although, there was a down regulation of IL-2

in CD4 + CD25 + expressing T cells whether obtained from sham or

burn-injured animals, no obvious difference in IL-2 production was

noted in CD4 + CD25 − T cells, both derived from sham or burn an-

imals. Hundred percent enriched cell population of CD4 + CD25 + T

cells were obtained through Cell sorting by FACS from both sham

and day 3 post-burn rats and their dependency for IL-2 assessed. The

results showed that CD4 + CD25 + T cells were IL-2 dependent and

needed IL-2 in the media for their ex-vivo expansion. There was re-

tardation of growth of CD4 + T cells when there were enriched for

CD4 + CD25 + T cells in culture. However this effect could be abro-

gated by addition of IL-2. We used recombinant IL-2 (5 ng / ml) for 3

days to grow enriched CD4 + CD25 + T cell population. The difference

between this experiment and IL-2 production by CD4 + CD25 + T cells

was that IL-2 production was determined in cells obtained through

MACS and this IL-2 dependency experiment was done on 100% en-

riched CD4 + CD25 + T cells obtained by cell sorting by FACS. 
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Fig. 5. This is representative flow cytograph showing apoptosis of CD4 + CD25 + T cells following induction of apoptosis by camptothecin. Camptothecin was used to induce 

apoptosis in these cultured CD4 + T cells. CD4 + CD25 + T cells were obtained from MLN and PP of sham and day-3 post-burn rats. The quadrants represent percentage of apoptotic 

cells in different gated populations of CD4 + CD25 + T cells of sham and day-3 post-burn animals. 
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.4. CD4 + CD25 + T cells obtained from burn-injured rats inhibited 

D4 + T cell proliferation of sham control rats following adoptive 

ransfer 

This experiment was performed to find if CD4 + CD25 + T cells 

rom day 3 post-burn animals could affect T cells of the sham control 

ewis rats. In these experiments CD4 + CD25 + and CD4 + CD25 − T 

ells from MLN and PP were obtained from day 3 post-burn rats and in- 

ected intravenously into sham rats in separate experiments. Cell sort- 

ng by flow cytometry was used to get 100% enriched CD4 + CD25 + 

 cells. 10 6 MLN and PP CD4 + CD25 + and / or CD4 + CD25 − T cells 

ere obtained from day 3 post-burn rats and given intravenously to 

ham rats. The rats were then sacrificed day 1 and day 3 post adop- 

ive transfer and CD4 + T cell proliferation responses of the recipi- 

nt animals were assessed by Thymidine incorporation. The results 

 Fig. 4 A and B) indicated that when burn CD4 + CD25 + T cells were 

doptively transferred to sham rats, T cell proliferation of all groups 

CD4 + , CD4 + CD25 + and CD4 + CD25 − T cells) of sham rat were 

ound to be significantly depressed. T cell proliferation was signif- 

cantly inhibited in the sham rats that were adoptively transferred 

ith CD + CD25 + T cells from burn rats as compared to those who 

ere infused CD4 + CD25 − T cells. This effect was repeatedly seen in 

LN and PP of sham rats on both day 1 ( Fig. 4 A) and day 3 ( Fig. 4 B)

ost adoptive transfer. However, maximum inhibition of proliferation 

as found in CD4 + CD25 + T cells obtained from PP of sham rats ( p < 

.05). Expression of activation markers on recipient CD4 + T cells was 

lso determined. CD4 + CD25 + T cells were obtained through MACS 
separation and the following T cell activation marker receptor expres- 

sion analyzed and shown in Table 2 . The results showed that adoptive 

transfer of CD4 + CD25 + T cells from burn rats did not influence the 

phenotypic expression of CD4 + T cells of sham rats. The percentage 

expressions of CD25, LFA, and CD62L remained same before and after 

adoptive transfer. Moreover, this lack of significant change in surface 

expression of activation markers did not change over time, i.e., day 1 

or day 3 post adoptive transfers. 

3.5. CD4 + CD25 + T cells from burn-injured animals induce apoptosis 

of na ı̈ve CD4 + T cells 

In these experiments CD4 + CD25 + T cells were enriched by mag- 

netic bead method from day 3 post-burn and sham Lewis rats. The 

results showed that there was a significant decrease ( p < 0.05) in 

apoptosis of CD4 + CD25 + T cells ( Fig. 5 ) when freshly obtained from 

burn MLN and PP cells and induced with camptothecin as compared 

to CD4 + CD25 + T cells obtained from MLN and PP of sham rats. 

There was no change in percentage apoptotic cells in freshly isolated 

CD4 + CD25 − T cell population ( Fig. 6 ). However when CD4 + CD25 + 

T cells were grown in culture with IL-2 and anti-CD3 (10 μg / ml) for 

72 h there was a significant increase in apoptosis of burn MLN and 

PP as compared to sham T cells ( Fig. 7 ). This effect was also seen 

irrespective of camptothecin induction. Camptothecin is a known in- 

ducer of apoptosis in normal and tumor cell lines. It arrests cell at 

the G 2 / M phase by binding irreversibly to the DNA-topoisomerase I 
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Fig. 6. This is representative flow cytograph showing apoptosis of CD4 + CD25 + T cells without camptothecin induction. CD4 + CD25 + T cells were obtained from MLN and PP of 

sham and day-3 post-burn rats. The quadrants represent percentage of apoptotic cells in different gated populations of CD4 + CD25 + T cells of sham and day-3 post-burn animals. 

Table 2 

Percentage expression of MLN T cell receptor in Lewis rats. 

T cell activation 

marker receptor Day postburn Adoptive transfer CD25 + Adoptive transfer CD25 −

Day 1 Day 3 Day 1 Day 3 Day 1 Day 3 

CD25 ND 6.61 5.50 6.23 6.38 6.53 

CD11a ND 76 75 71 73 73 

CD62L ND 48 62 63 58 64 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

complex, inhibiting the re-association of DNA after cleavage by topoi-

somerase I and traps the enzyme in a covalent linkage with DNA.

Furthermore, experiments were also designed to determine the im-

pact of CD4 + CD25 + T cells on apoptosis of CD4 + CD25 − T cells

in co-culture assays. CD4 + CD25 − T cells were obtained from both

day 3 post-burn and sham rats through MACS separation and were

co-cultured with CD4 + CD25 + T cells for 16 h and then assessed for

mitochondrial swelling. Confocal microscopy was performed to as-

sess mitochondrial swelling by the addition of fluorescent probe Mi-

toTracker Green. The results indicated ( Fig. 8 ) that CD4 + T cell form

day-3 post-burn exhibited characteristics swelling of mitochondria

as compared to sham rat CD4 + T cells. Further studies also showed

that CD4 + CD25 + T cells obtained from burn rats induced mito-

chondrial swelling of CD4 + CD25 − T cells of sham rats when grown

in co-culture. 

 

 

3.6. Statistical analysis 

All statistical analyses were carried out using the Statistical Pack-

age, Social Sciences Software Program (SPSS, SigmaStat version 2.0,

Chicago, IL). To determine inter- and intragroup differences between

variables, one-way repeated-measures ANOVA, followed by a pair-

wise multiple comparisons procedure (Tukey’s post hoc test) was per-

formed. The statistical analysis of the different experimental groups

included the comparison of sham, and burn injury. p < 0.05 was con-

sidered as statistically significant. 

4. Discussion 

It is well established that burn-injury initiates an early pro-

inflammatory innate immune response followed by an adaptive



92 N. Fazal et al. / Results in Immunology 3 (2013) 85–94 

Fig. 7. This is representative flow cytograph showing apoptosis of CD4 + CD25 − T cells following induction of apoptosis by camptothecin. CD4 + CD25 −T cells were obtained from 

MLN and PP of sham and day-3 post-burn rats. The quadrants represent percentage of apoptotic cells in different gated populations of CD4 + CD25 − T cells of sham and day-3 

post-burn animals. 
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ounter-inflammatory response [ 16 –19 ]. The first 48 h are very criti- 

al in the care of burn patients, especially when they are in intensive 

are unit and a pathophysiology is developing which eventual will 

etermine the success or failure of immune response [ 20 ]. Several 

echanisms have been postulated to explain the immunosuppres- 

ion following burn and / or burn-sepsis injuries. These include de- 

reased production of the Th1-inducing cytokine IL-12, release of im- 

unosuppressive prostaglandins, increased levels of corticosteroids 

 21 ]. T-cell dysfunction is known to contribute to immune paraly- 

is observed in burned patients. T-cell unresponsiveness to infection 

as been attributed to under- or over-activation of effector cells, and 

mbalance of pro- and / or anti-inflammatory cytokines [ 1 , 6 ]. This dys- 

unction has been attributed to dendritic cell and T cell interactions 

 7 ]. Others have documented alterations of activated protein 1 (AP-1) 

nd nuclear factor-kB in T-cells, which regulate genes for IL-2 pro- 

uction and activation of T cell [ 10 ]. This immunological deficit has 

lso known to contribute to anergy or apoptotic death of activated 

 cells [ 22 ]. TNF-alpha and other stress mediator like glucocorticoids 

re involved in death of T cell by apoptosis [ 23 ]. This ongoing apop- 

otic T cell death accompanied with an unresponsive state (anergy) 

an lead to immunosuppression following burn injury [ 24 ]. Our cur- 

ent studies look at an early immune response (day-3 post-burn) and 

emonstrate the role of CD4 + T cells at a mucosal battlefront than 

raditional draining lymph nodes which drain injury site such as skin 

n scald burn. Our studies focus on Peyer’s patches (PP) of intestine 
and mesenteric lymph nodes (MLN) that are challenged by gut im- 

mune response to a major burn injury. We previously have shown 

that early burn injury (1–3 days post-burn) modulates the intesti- 

nal mucosal barrier, allowing intestinal normal flora to invade and 

become a source of infection for burn victims [ 15 ]. Therefore we fo- 

cused on CD4 + T cells obtained from Peyer’s patches and compared 

them to mesenteric lymph nodes (MLN) where the lymph flows as 

a part of gut-associated lymphoid tissue (GALT). Peyer’s patches (PP) 

are the sites in the gut wall where effector T cells are at work mount- 

ing antigen specific defense against the pathogenic / nonpathogenic 

antigens that are crossing the intestinal mucosal barrier. The effec- 

tor T cells found in PP are derived from MLN as well as those that 

initially recognized the antigen in PP and had also undergone activa- 

tion in PP. Thus, a loss of responsiveness of CD4 + T cells to antigen 

and their deletion due to apoptosis in both MLN and gut associated 

lymphoid tissue-GALT (PP) CD4 + cells can be harmful to the burn- 

injured hosts. There is support for the concept that burn-injury may 

exacerbate the inherent mucosal tolerance phenomenon in the PP 

T cells, and that such exacerbation leads to mucosal invasion of gut 

commensal bacteria and / or their breakdown products. However, to 

date studies have not evaluated the possibility that burn-injury al- 

ters interactions between PP’s CD4 + T cells which play a role in the 

generation losses of CD4 + T cell responsiveness and may contribute 

to their inappropriate apoptosis. In this series of experiments, we 

hypothesized that burn-injury related immunosuppression is caused 
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Fig. 8. The figure shows MitoTracker GreenFM dye staining of mitochondria of CD4 + and CD4 + CD25 + T cells of sham (A) and Day-3 post-burn (B) as determined by confocal 

microscopy. The cells depicted as having swollen mitochondria (increased uptake of green dye) and have taken the dye are considered as apoptotic cells. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

by PP CD4 + T cells deficits arising from their interactions with PP

CD4 + T cells. Our studies have indicated that proportion of CD25 + 

cells among the CD4 + T cells in burn rat Peyer’s Patches and (PP)

mesenteric lymph nodes (MLN) is higher than that found in sham

rat PP and MLN CD4 + T cells. This is indicative of activated CD4 + T

cells as CD25 + receptor represents activity like up-regulation of IL-2

receptor. These findings suggest that the increase in the proportion of

CD25 + T cells with burn injury represented induced CD4 + CD25 + T

cells, and that there might have been a shift of CD4 + CD25 − T cells to

CD4 + CD25 + T cells during the course of burn injury. IL-2 not only

controls the survival and proliferation of T cells but also is implicated

in the homeostasis and differentiation of Th1, Th2 and Th17 T cells

[ 25 ]. 

A major outcome of our studies is the finding that GALT-

derived CD4 + CD25 + T cells obtained from PP and MLN of burn-

injured rats have the capability of functionally down-regulating na ̈ıve

CD4 + CD25 − T cells of sham control rats. This observation was made

through ex vivo experiments in which burn rat CD4 + CD25 + T

cells were co-cultured with CD4 + CD25 − T cells from na ̈ıve rats,

and in experiments in which burn rat (of the inbred Lewis strain)

CD4 + CD25 + T cells were adoptively transferred into na ̈ıve Lewis

strain rats. In the latter experiment, CD4 + CD25 − T cells were isolated

from the recipient rats and were shown to have attenuated IL-2 pro-

duction and proliferative response. Our experiments initially deter-

mined the extent of CD4 + CD25 − T cells ’ functional down-regulation

with burn injury. There might be differences in the effects of this burn-

injury condition that may be consequential in the determination of

morbidity and mortality of injured hosts in these injury conditions.

We also assessed some of the known markers of CD4 + helper T cells ’
functional down-regulation in the course of burn. The general, ap-

proach in this series of experiments was to study purified activated

CD4 + T cells and their of potential alterations in CD4 + T cell as-

sociated IL-2, proliferative activity, apoptosis, and an assessment of

association between these T cells. Secondly, we adoptively transferred

both CD4 + CD25 + T cells from PP and LP of burn-injured rats ’ and

evaluated CD4 + T cell IL-2 production, proliferation and apoptosis

in co-culture of CD4 + T cells with CD25 + T cells. The over all objec-

tive of these experiments was to correlate PP and LP T cell functional

alterations in burn-injured animals with intestinal permeability al-

terations and bacterial invasion in gut tissue as well as gut bacterial

translocation to extra-intestinal site such as mesenteric lymph nodes

(MLN). The latter approach was to ascertain if CD4 + T cell deficits,

decreased responsiveness to antigen and increased apoptosis, con-

tribute to an increased bacterial invasion in the gut, such that bacte-

ria or bacterial products in turn or the innate immune components,

macrophages cause damage to intestinal epithelial barrier integrity. T

lymphocytes are found in the GI tract in the mucosal epithelial layer

(intraepithelial T cells), PP, and lamina propria. While the intraep-

ithelial T cells are primarily CD8 + cells, the majority of T cells in the

lamina propria are CD4 + cells. PP contains predominantly B cells and

a relatively small population of CD4 + T cells; their lymphoid folli-

cles resemble those in spleens and other lymph nodes. In the current

studies, we determined the proportion of CD4 + CD25 + T cells, as

well as of αβ and γδ TCR distribution, among the T cells in PP, and

in the MLN of rat intestine. The CD4 + T cells probably recognize and

are activated by the antigens, upon its presentation by the accessory

cells, in the MLN, as antigens pass through the gut lymph into MLN. T
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ells activated in MLN circulate to the lamina propria. Previous stud- 

es in rats have also shown that activated CD4 + T cells originating 

rom MLN preferentially recirculate to the intestinal sites, where the 

ntigen was initially recognized, and on returning to these sites (lam- 

na propria, PP, MLN), if re-stimulated, their proliferation is highest in 

LN. The proliferation of CD4 + CD25 + T cells in the MLN was also 

igher than that of PP T cells. Whereas MLN contained both na ̈ıve T 

ells (CD45RC high) and activated / memory cells (CD45RC low), lam- 

na propria and PP have been shown to contain mostly activated T 

ells [ 12 , 13 ]. Assessments of modulations in T cell activation, prolif- 

ration, and apoptosis in MLN in some respect allow for evaluations of 

D4 + CD25 + T cells that eventually populate the intestinal mucosal 

ites. Since the microenvironment of T cells varies it would be im- 

ortant to make assessments of T cell functions / responses in samples 

rom each of the two intestinal sites, i.e., MLN and PP. 

We have previously shown the deficits in CD4 + T cell: APC inter- 

ctions and the contribution of CTLA-4 exhibited on effector T cells fol- 

owing burn injury [ 12 , 13 ]. The current data suggest that GALT CD4 + 

 cells in these studies are CTLA-4-positive and express the activation 

nd maturation surface markers that constitute an effector CD4 + T 

ell immune response. We studied surface expression of activation 

arkers on CD4 + T cells derived from MLN and PP of day 3 post- 

urn and sham rats in detail and found, of all effector CD4 + T cells 

–16% ( Table 1 ) were CD25 + . The fact that CD4 + CD25 + CTLA + T 

ells may be considered as regulatory T cells but we did not check for 

he Foxp3 transcription factor to make certain that we were dealing 

ith Tregs in the current study. However, we did separate our study 

f effector immune responses based upon; presence (CD4 + CD25 + ) 

nd absence (CD4 + CD25 −) activation marker. There is emerging and 

xisting data depicting a protective and / or a detrimental role of reg- 

latory T cells (Tregs) [ 26 –31 ]. Other T cell markers CD49D appeared 

o be expressed on both MLN CD4 + T cells of sham and burn but 

xpression was reduced on PP as compare to MLN. Similar was the 

ase for expression of CD11a, which was expressed on all GALT CD4 + 

 cells regardless of their origin albeit less on PP. Adhesion marker 

CD62L) had similar pattern of expression on GALT CD4 + T cells with 

ignificantly less expression on PP of sham or burn animals. 

To surmise our data shows that day 3 post burn-injury does 

odulate surface expression of effector CD4 + T cells of GALT ori- 

in and their sensitivity to apoptosis which may regulate immune 

omeostasis in gut. More specifically, up-regulation of CD25 + reg- 

latory marker, down regulation of adhesion (CD62L, CD11a) and 

oming receptor (CD49d) expression, and up-regulation of negative 

o-stimulatory (CTLA-4) molecule. Furthermore, a big pool of GALT- 

erived effector T cells being vulnerable to acute burn injury may also 

mpact immune suppression that we normally observe in this type of 

njury. Our future studies are addressing a cross-talk between CD4 + 

 cells and dendritic cells in the microenvironemnt of the gut. 
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