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Thermal injury (TI) with septic complications continues to be a serious clinical problem. One of the main concerns
in such patients is immunosuppression related to functional derangements in intestinal CD4* T lymphocytes.
Extensive previous studies in thermal injury/septic patients and animal models of thermal injury/sepsis have
shown decreased responsiveness of intestinal CD4* T cells to antigen/mitogen. This hyporesponsiveness could
significantly contribute to increase injured host susceptibility to pathogens including those translocating from
host’s gut [umen. Our previous studies indicated that while thermal injury or sepsis alone lead to suppressed
proliferation and IL-2 production of intestinal CD4* T cells, this study showed a substantial deletion via apoptosis
of the Mesenteric Lymph Nodes (MLN) CD4* T cells. Hence, thermal injury-plus-sepsis contributes not only to
suppressed CD4* T proliferation/IL-2 production but also to a substantial modulation of CD4* T cell
survivability. These findings allow us to conclude that while thermal injury alone can produce attenuated cell
mediated responses without an overt chan%e in CD4* T cell survival, thermal injury with septic complications
causes CD4* T cell death and an irreversible loss of cell-mediated responses. The latter happening could be
rrelis:ponsible for high morbidity and mortality in the injured host afflicted with thermal injury plus a critical
infection.
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1. Introduction

Sepsis and the resultant multi-organ failure are
the leading causes of death in intensive care units [1,
2]. Patients with sepsis have massive apoptosis in
lymphoid organs such as thymus, spleen, lymph
nodes, and gastrointestinal associated lymphoid tissue
[3, 4, 5]. Apoptosis is notable in most subpopulations
of lymphoid cells including B cells and CD4* and CD8*
T cells [6-13]. The death of these cells may result in
depletion of key immune effector cells and this effect
may account for the immunosuppression that is a
central pathogenic event. A number of laboratory and
clinical studies have shown that extensive thermal
injury induces a state of immune-insufficiency, and
that the immune-refractoriness predisposes the injured
host to critical morbidity and mortality [7, 9, 12-16]. To
date, their involvement as critical regulatory molecules
responsible for T cell suppression in Tl and septic
injuries continues to be a subject of extensive studies as
evident from reports from several laboratories [17-20].
The principal outcome of such immune suppression is
increased  susceptibility of injured host to
opportunistic pathogens causing high risk of death.
Recent studies have shown that immune-insufficiency
with TI is characterized by monocyte/macrophage
hyperactivity and/or depressed adaptive
cell-mediated immunity associated with T lymphocyte

functional deficits [17-23].

In our previous studies, we assessed thermal
injury (TI) induced T cell effector immune responses
having the potential of adversely affecting T cell
activation, IL-2 production and proliferation [17, 18,
22]. The extent of immune dysfunction is apparently
dependent not only on TI severity but also on
concomitant smoke inhalation or ethanol ingestion, as
well as host’s age, gender, and nutritional status [14,
16]. Despite rather extensive studies of T cell functional
deficits in animal models of TI and in patients, the
mechanisms of such deficits and a potential role of
these deficits in the lethal outcome following TI
particularly with the septic complications have
remained unknown. Our present studies have
assessed both the individual effects of TI and sepsis as
well as an effect of superimposition of sepsis on TI, in
rats, on apoptotic responses of MLN CD4*+ T cells.
While TI or sepsis individually produced low animal
mortality, the combined injury resulted in
exacerbation of both morbidity and mortality [17,19].
Thus, the focus in this study on the combined
TI-plus-sepsis injury affords us an opportunity to
assess potential non-lethal versus lethal implications of
the T cell dysfunction.

We  hypothesized  while the T  cell
hyporesponsiveness (i.e., attenuated IL-2 production/
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proliferation) with TI or sepsis injury alone (of a
certain magnitude), accompanied by a low level of T
cell apoptosis, could result in a reversible state of
depressed immunity compatible with high animal
survivability, a superimposition of the two injuries
produces CD4* T cell hypo-responsiveness
accompanied by intensified T cell apoptosis
contributing to a state of irreversible immune
dysfunction, and to a pronounced animal morbidity
and mortality. The immune system impaired by a
primary sub-lethal injury makes the host more
susceptible to a secondary infection/death. TI
followed by CLP, a double injury, is useful in the study
of sepsis, since it creates a prolonged period of
infection as opposed to TI alone. This prolonged
infection may offer a clearer understanding of the
immune dysregulation mechanism as seen in clinical
sepsis.

2. Materials and Methods

Animal model of thermal injury (TI)

Male Sprague Dawley rats (250-300gm) were
housed and used in compliance with the regulation of
the Animal Care Facility of Chicago State University,
Chicago. Major thermal injury model has been
previously  described as a suitable model
demonstrating the response associated with thermal
injury [17-23]. Briefly, rats were anesthetized with
sodium pentobarbital [40-50 mg/kg intraperitoneal
(i.p)]; their dorsal body surface hair shaved off, and
placed in an appropriately sized template device such
that the shaved area of the skin on the animals” back
was exposed. Adequacy of anesthesia was tested by
the absence of withdrawal response to toe pinching.
The template device was then lowered into a hot water
bath (95-97°C) to immerse the exposed skin area in hot
water for 10 seconds. With this technique, full
thickness 3rd degree thermal injury comprising 30% of
the total body surface were obtained. Sham rats were
subjected to identical anesthesia and other treatments,
except that they were immersed in 37°C water.

Sepsis model of cecal ligation and puncture (CLP)

Sepsis was induced immediately following
thermal injury i.e., under the same anesthesia. The CLP
model was used to induce intra-abdominal peritonitis
as previously described [17]. Earlier studies from our
laboratory include positive blood cultures for
polymicrobial organisms (aerobic and anaerobic
bacteria) from CLP, but not sham-operated rats. An
abdominal incision was performed and the cecum was
identified, ligated, and punctured once with a
22-gauge needle. The abdomen was closed in two
layers and 1 ml of 0.9% saline was subcutaneously
administered. Sham-operated rats were treated
identically except the cecum was not ligated or
punctured.

Quantification of in situ apoptosis (TUNEL)

DeadEndTM  colorimetric = TUNEL  system
(Promega) was used to determine apoptosis in tissue
sections of MLN and PP. This non-radioactive system
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is designed to provide simple, accurate and rapid
detection of apoptotic cells in situ at the single cell
level. This assay measures nuclear DNA
fragmentation, an important biochemical indicator of
apoptosis in many cell types.

T cell separation by magnetic microbead method
(MACS)

MLN were aseptically isolated from rats and
crushed under sterile stainless steel sieve. The crushed
tissues were passed through cell strainer (35um pore
size) to remove clumps. The filtered cell suspension
was spun at 300g for 10 min and pellet suspended in 1
ml RPMI-1640 media. Cell population counted with a
trypan blue exclusion method to determine cell
viability. Cells were adjusted to 107 cells in 80ul and
incubated with 20ul of CD4* T cell Magnetic
Micro-beads (Miltenyi Inc.) at 4°C for 15 min. The cells
were washed with elution buffer (Miltenyi, Inc.) by
centrifugation at 300x g for 10 min. The micro-beads
and cell mixture was passed through pre-wet columns.
The columns were flushed with 0.5 ml of elution buffer
3 times. The cells passed through the columns
(negative selection) were discarded. Columns were
removed from magnetic field; the cells (positive
selection) eluted by running 0.5 ml of elution buffer
twice with gentle pressure from plunger. The eluted
cells were washed with elution buffer by
centrifugation at 300g for 10 min. Positive selection
cells (10%) were taken and incubated with FITC-labeled
anti-CD4 antibody (Biosource Inc, CA) to determine
positive yield by FACS analysis. This method
repeatedly yielded 99% purity of CD4* T cells.

Flow Cytometry (FACS)

Flow cytometry was used for the determination
of T cell type, activation markers, and apoptosis by
Annexin-V (Promega) labeling in the experiments.
MLN CD4* T cells were labeled with respective
FITC/PE/ APC rat-specific antibodies at 1-5 pg/ml per
10¢ cells. Isotype control antibodies and unstained cells
were used as controls. Cells were fixed in 0.7 ml of 1%
paraformaldehyde solution and acquired on a
FACScan flow cytometer (Becton Dickinson). At least
10,000 events were acquired by using LYSYS II
software (Becton Dickinson). Both forward-angle and
right-angle light scatter signals were adjusted for
optimum results for the detection of T cells. The
forward-scatter threshold signal was adjusted to
exclude debris and unlysed erythrocytes. All
parameters were optimized on unstimulated purified
T cells that have been loaded with respective antibody.

Activation-induced cell death (AICD)

To induce AICD, live CD4* T cell were cultured in
the presence of IL-2 (5 IU/ml) with or without
plate-bound anti-CD3 (10 pg/ml). Following protocol
was adapted; MLN CD4* T cells were cultured with
Con-A (48h), aCD3 (48h) and IL-2 (24h). At the end of
assay, cells were harvested and stained with Hoechst
33342 to score for apoptotic nuclei, and for dye
exclusion using trypan blue. Hoechst 33342 is a nucleic
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acid dye (DNA) that can pass through intact cell
membranes, thereby allowing DNA content analyses
of viable cells. This UV excitable dye Hoechst 33342
solution (500 pg/ml) was prepared by dissolving 3 mg
of Hoechst 33342 in 6 ml HBSS (without phenol red) or
PBS. CD4* T cells (10°) were resuspended in 1.8 ml 5%
BCS (bovine calf serum)-HBSS (without phenol red).
200 pl of the 500 pg/ml Hoechst 33342 solutions were
added to respective T cells post-stimulation and in
coculture and incubated at 37°C for 2 hours. The cells
were washed with 5% BCS-HBSS without phenol red
(or PBS) and fluorescence microscopy was performed
to assess apoptosis of CD4* T cells.

Statistical analysis

Data are reported as the mean + SEM. Data were
analyzed using the statistical software program Prism
(GraphPad Software). Data involving two groups only
were analyzed by a Student’s t test, whereas data
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involving more than two groups were analyzed using
one-way ANOVA with Tukey’s multiple comparison
test. Significance was accepted at p < 0.05.

3. Results

Sepsis causes increased in situ apoptosis of immune
cells of mesenteric lymph nodes

The rationale for in situ apoptosis was to
determine apoptosis that occurred in vivo in a
lymphatic organ that hosts unactivated naive CD4* T
cells. Cryosections of MLN were prepared from sham,
TI, CLP and TI + CLP rats. DEAD-cell kit, Promega
(TUNEL Assay) was used for in situ analysis of
apoptotic cells in MLN sections. The results as shown
in Figures 1A & B showed a significant increase in
percentage of apoptotic cells in TI which further
increased after superimposition of CLP injury. There
was a similar increase albeit of lesser intensity in

apoptosis of CLP and TI groups separately,

Sham

s whereas no

apoptosis was seen in
cryosections obtained from MLN of sham
animals. These results provided us a lead that
cellular apoptosis was a dominant feature

® | occurring in intestinal lymphoid cellular
M« tissues such as MLN following TI plus sepsis

injury. Further studies were then designed to
investigate the specific immune cells
undergoing cell-death in these MLN of
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Figure 1. Representative cryosections of in situ apoptosis (TUNEL) of mesenteric lymph nodes (MLN) obtained from sham, TI,
CLP and TI+CLP animals (Fig. 1A). At least 3 slides with 3 sections per animal for each injury group of animals were examined and
data analyzed. Fig. 1B represents a histogram of collective data obtained from 3 experiments representing mean with SE (n=6).
Numbers of apoptotic cells were counted per high field of microscope. * p <0.05 between sham vs. TI, ** p<0.05 TI vs. TI+CLP.

Activated CD4" T cells are the major cells
undergoing apoptosis

CD4* T cells are known to maximally populate
MLN, as these are the cells mainly responsible for the
immune response that is prevalent at these sites in TI
and sepsis. We studied the CD4* T cells of MLN
undergoing cell-death following TI and sepsis injury
and/or both. Our studies confirmed that MLN of
injured animals are loaded with CD4* T cells and 94%
purity gated population was achieved by MACS as
shown in Fig. 2A. We assume that 5% contaminated
cells may belong to other immune cells ie,
macrophages, dendritic cells, NK cells, B cells etc. It

would have been important to eliminate them for
culture studies but since we were studying
morphological features and specific cell surface
markers we did not attempt to remove these cells.
After concluding that MLN of injured animals were
loaded with CD4* T cells, we determined if MLN CD4+*
T cells were of activated or un-activated (naive) type
by using a surface marker ie., CD45RC a high
molecular-weight isoform of CD45 (Leukocyte
Common Antigen). CD45RC-positive was taken as
naive or unactivated cell and CD45RC-negative as
activated or memory T cell in rat specie. The results in
Figure 2B indicated a shift of all MLN CD4* T cells of
TI towards activated or memory type as indicated by
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uptake of CD45 marker whereas in TI plus sepsis there ~ CD4* T cells following TI injury have become activated
was a significant loss of CD45 uptake showing that or memory subtype.
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Figure 2. Flow cytometric analysis of CD45RC marker surface expression on MLN CD4" T cells. Representative data from four
experimental groups i.e. sham, TI, CLP and TI+CLP are shown in the figure (Fig. 2A). CD45RC-positive cells (naive) and
CD45RC-negative (memory/activated) are given in (Fig. 2A). Fig. 2B is a histogram of collective data obtained from 3 experiments
showing mean with SE (n=6). * p <0.05 between sham vs. TI, ** p<0.05 TI vs. TI+CLP.
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IL-2 independent Fas-mediated apoptosis of freshly
isolated CD4" T cells

Apoptosis of mature T cells occurs in at least two
major forms: antigen-driven and lymphokine
withdrawal. These forms of death are controlled in
response to local levels of IL-2 and antigen in a
feedback mechanism. Antigen-induced (Active)
apoptosis is due to Fas ligand and TNF. Active
antigen-induced T cell death constrains the immune
response under conditions of high IL-2 and antigen,
whereas passive lymphokine withdrawal T cell death
removes excessive T cells and occurs under conditions
of low IL-2 and antigen stimulation. Therefore, we
determined the effect of IL-2 on this population of
CD4* MLN T cells. In this series of experiments, we
studied Fas-induced apoptosis of TI and/or sepsis
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CD4+ T cells. MLN CD4* T cell were prepared from
sham, TI, CLP and TI + CLP rats. The highest
percentage of annexin V-positive apoptotic cells was
observed at 3h after Fas cross-linking. The results as
shown in Figures 3A & B showed a 10-12% percentage
CD4* T cells undergoing apoptosis in both sham and
TI cells, but there is no statistically difference (p>0.05)
in these two groups. CLP alone caused 25% of CD4* T
cells and TI plus sepsis a 30% increase in apoptosis
which is statistically significant (p<0.05) than sham or
TI group. Earlier studies have proposed a possibility
that if Fas-cross linking be increased to 20h, the
percentage of apoptotic cells may fall gradually;
possibly owing to gradual deletion of Fas-sensitive
cells however we did not investigate later time points
in the present study.
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Figure 3. Apoptosis of MLN CD4" T cells as determined by flow B 40
cytometric analysis of Annexin -positive cells. In this series of
experiments apoptosis of CD4" T cells was induced by incubation
with anti-Fas Antibody (0.5 pg/ml) for 3h. Four experimental
groups i.e. sham, TI, CLP and TI+CLP are shown in the figure 3A.
Histogram data represents mean with SE (n=6) from 3 different
experiments (Fig. 3B), # p >0.05 between sham vs. TI, ** p<0.05 TI
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IL-dependent activation-induced cell death (AICD)
of MLN CD4" T cells in culture

It has been suggested that cells that have entered
the cell cycle are more vulnerable to apoptosis from
external stimuli. Because cells were not proliferating
following sepsis, it was possible that T cells become
activated during sepsis, enter the cell cycle, but die
before they can complete a round of proliferation. In
order to closely mimic the complex milieu of adaptive
immune response occurring at intestinal MLN where
continuous antigenic stimulus of naive CD4* T cell is
occurring, a three-step procedure was adapted [8] in
the following experiments. Excessive antigenic
stimulation was achieved by polyclonally activating T
cells for 48h with Con-A (Step-1), followed by
oCD3-induced activation (Step-2), and
supplementation by growth factor i.e., IL-2 (Step-3).
CD4* T cells were obtained by MACS microbead

A
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method from sham, TI, CLP and TI+CLP rats and
cultured with Con-A (48h), aCD3 (48h) and IL-2 (24h).
CD4* T cells were then stained with Hoescht stain and
morphological features of apoptosis were examined
under microscope, i.e., nuclear condensation, plasma
membrane shrinkage, membrane blebbing, and
absence of lysis of cell body (Fig. 4A). The results in
Figures 4 (A&B) showed that thermal injury induced
significant increase in apoptosis of CD4* T cells, which
further increased when sepsis injury was
superimposed on TI. The accumulated data of number
of CD4* T cells going in apoptosis per high power field
(HPF) in figure 2B represented mean with SE (n=6)
obtained from 3 different experiments. This study
showed that CD4* T cells are very susceptible to
apoptosis once TI injury sets in and this process is
aggravated following dual insult i.e. TI plus sepsis.

45
Figure 4. Representative figures showing apoptosis (Hoescht 5 sk
staining) of MLN CD4" T cells obtained by Microbead separation 40
(MACS) from four experimental groups i.e. sham, TI, CLP and 35
TI+CLP (Figure 2A). The yellow colored arrows indicate apoptotic *
CD4" T cells with characteristic features of apoptosis (condensation a 30 ’
of nuclei and membrane blebbing etc.). Fig. 2B is a histogram of & 25
collective data from 3 experiments showing mean with SE (n=6). § 20 T
Number of apoptotic cells as determined by Hoescht stain was '
counted per high power field (HPF) of microscope. * p <0.05 & 15 -
between sham vs. TI, ** p<0.05 TI vs. TI+CLP. z 0
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4. Discussion

Present studies confirmed that thermal
injury-plus-sepsis contribute to a substantial deletion
of MLN CD4*T cell via apoptosis leading to
irreversible immune dysfunction. The differences in
the T cell deficits after the individual TI or sepsis
injuries and the combined injury condition seemed
well correlated with differences in mortality in these
injured animal groups as determined in our previous
studies [17, 18]. From these observations, it seemed
reasonable to conclude that intestinal CD4* T cell
incompetence with thermal injury and/ or sepsis alone
was mostly reversible which allowed for an eventual
restoration of T cell homeostasis and competence
compatible with high animal survival. On the other
hand, the exacerbation of animal mortality with
thermal injury-plus-sepsis seemed related to a
sustained loss of immune-competence and a critical
deletion of antigen triggered T cells.

The results showed that injury like TI or sepsis
triggers an apoptotic program that may be responsible
for altered immune response observed at these sites.
Since T cell-mediated adaptive immune response
requires several days to become effective and has been
considered to be slowly activated host defense
mechanism a day 3 post-injury had been found to be
optimum time point in earlier as well as subsequent
studies. In this study, sepsis was induced through CLP
model where it has been known that bacteria isolated
from the blood «cultures of septic rats were
predominantly extracellular rather than intracellular
pathogens, hence, a CD4* T cell rather than CD8* T cell
response would be required to control infection.
Therefore, our study focused on CD4* T cells. There is
much evidence that CD4* T cells could only be
detected and initially activated in the lymph nodes,
spleen and mucosal lymphoid tissues. Moreover,
determination of apoptosis of blood CD4* T cells may
not represent the true scenario of what is actually
happening in the tissues or body after injury. It has
also been suggested that apoptotic cells may have
already been eliminated from respective lymphatic
sites, i.e., phagocytosis by macrophages, etc., which are
used to obtain purified T cells therefore we designed
this study to use a lymphatic tissue such as MLN
which is right next to portal of entry of intestinal
bacteria and chose a time point i.e., 3 days post-injury
to represent a window for studying a typical immune
response and/or any dysfunction that is predominant
at this immune sites. In the present study, the
migration of naive and effector T cells was also
investigated separately in MLN of sham and TI rats.
This supported earlier data showing that lymphocyte
accumulation in MLN was part of an active rather than
passive process. Intact CD4* T cells are retained in
MLN; where they encounter antigens from gut. In
addition to focusing on the reversibility of thermal
injury/sepsis induced T cell deficits, the experiments
in this series determined what potentially are the key
factors contributing to derangements in T cell
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apoptosis, and then evaluate if those factors play a role
in the reversibility of the derangements. The question
we asked was if T cell apoptosis and cell responsivity
alterations are reversible in the thermal injury and
sepsis groups and not in the TI+sepsis group of
animals. Our previous studies [17, 18] determined IL-2
production and proliferation responses in MLN CD4+
T cells cocultured with same MLN’s APCs harvested
from sham, thermal injury, sepsis, and TI+sepsis
animals sacrificed on days 3 post-injury. As has been
implicated by several recent studies [11-22], the
suppression/hypo-responsiveness of T cells following
septic injury conditions can also be understandably
related to a disturbance in the programming of their
cell death. Although apoptosis of T cells occurs, during
repeated and persistent activation, along with the IL-2
dependent proliferation of the cells, proliferation
presumably exceeds apoptosis. On the other hand,
apoptosis of T cells likely begins to exceed
proliferation as cell activation begins to wane. The
latter dominance of apoptosis over proliferation is
apparently responsible for the homeostatic control of
the activated T cells via the process of cell deletion.
Inappropriate augmentation of T cells’ apoptosis
during/following their activation after TI/sepsis could
contribute to loss of the potentially responsive T cells.

One mechanism for T cell death is
activation-induced cell death (AICD) in which
activation through the TCR with Ag or polyclonal
activators (e.g., superantigens) results in apoptosis
[11]. AICD can occur through a cell autonomous
manner that is determined by a number of factors such
as the nature and intensity of TCR signaling [11, 15, 16]
and the availability of cytokine growth factors. It has
been suggested that a common feature linking many of
the causes of AICD is an aberration in the cell cycle
program [8]. Although lymphocyte apoptosis is a
common feature in sepsis [8], the precise
death-inducing stimuli and other critical elements
remain unknown. During sepsis the immune system is
exposed to bacterial products as well as Ags from
damaged tissues. Thus, one possible mechanism for
the induction of T cell apoptosis and the loss of
immune function in sepsis is AICD in which
engagement of the TCR by Ags or polyclonal
activators leads to cellular proliferation and death
[8-11]. The purpose of this study was to determine
whether activation and proliferation were responsible
for sepsis-induced apoptosis and immune
suppression. Our results show that although sepsis
induces early T cell activation it does not induce
proliferation in these cells. Collectively, these results
suggest that the mechanism of killing of lymphocytes
in sepsis does not require cognate Ag receptor
interaction and is probably distinct from classical
AICD. Thus the loss of immune functions is not
directly related to the death of Ag-specific T cells but
may be the result of a more generalized, nonspecific
loss of immune function.

It is also to be noted that these experiments were
performed on freshly isolated MLN CD4* T cells. CD4+*
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T cells were separated by magnetic microbead cell
sorting (MACS) from injured and control groups of
rats and analyzed for apoptosis of CD4* T cells. The
Fas antigen (Apo-1, CD95) is a member of a family of
cell surface receptors that includes tumor necrosis
factor receptor (TNF-R), nerve growth factor receptor
(NGEF-R), CD40, CD27, CD30, and 4-1BB. Fas, is a cell
surface apoptosis-signaling molecule that is widely
expressed. In this series of experiments apoptosis of
CD4* T cells was induced by incubation with anti-Fas
Antibody (0.5 ug/ml) for 3h. We found that overall
apoptosis of MLN CD4* T cell, in situ, was higher in
thermally injured rats. Furthermore, there was an
increase in Fas-mediated, IL-2 independent, apoptosis
(AICD) in the T cells from the thermally injured rats.
Although its mechanism of action is not known, IL-2 is
both a promoter of AICD and a cell survival factor.
Thus, an interpretation of our data could be that
apoptosis in thermal injury rat CD4* T cell was due to
augmentation of AICD (triggered by Fas ligand)
despite a deficiency in IL-2 production by thermal
injury rat T cells possibly because of an increased
AICD sensitivity to IL-2. Further, there may be an
increase in mitochondrial Ca?* pathway of passive
apoptosis in the face of IL-2 deficiency (a phenomenon
comparable to IL-2 withdrawal). AICD was assessed
both by mediating it with anti-Fas, and by using the
3-step IL-2 dependent AICD protocol. Since increased
AICD with thermal injury/sepsis could also be related
to increased expressions of receptors Fas and TNFR,
their surface expressions was assessed using anti-Fas
and anti-TNFR antibodies and FACS analyses.

Our studies and other have also reported
functional abnormalities relating to macrophages,
dendritic cells, and T lymphocytes [17, 25, 31].
Recently, some studies have also elaborated the role of
other immune cells, such as gamma-delta T cells,
regulatory T cell subsets, and CD1d-restricted NKT
cells [19, 21, 26]. An effective immune response is
orchestrated by a mixture of immune cells with diverse
functions likewise, a dysfunctional immune response
following TI and/or sepsis is also known to cause
alteration in a group of such immune cells including
antigen presenting cells like dendritic cells, NK. We
limited our studies to CD4* T cells as they represented
major effector cells of adaptive immune response.
Previous studies have documented a profound loss of
function of different phenotypes of DC, macrophages,
neutrophils, B cells and co-stimulatory molecules in
sepsis model both in humans and animals [25-32].
Based upon our data we speculate that the loss of CD4*
T cell wing of adaptive immune response is vital to all
other effector immune responses and their
contribution to an effective immune response is vital.
One potential limitation of the present study is our
inability to expand our experiments due to paucity of
rat activation markers of T cells available in the
market. However, in future we propose experiments
on intestinal CD4* T cells on days 4, 5, 6 and 7
post-injury, for AICD determinations, Fas and TNFR
expressions, and measurements of mitochondrial dy,
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Cytochrome C, mitochondrial membrane
morphological changes, caspase 9, and expressions of
Bad, Bid, Bcl-xL. All of these measurements will be
carried out in freshly isolated cells. Dissipation in
mitochondrial membrane potential with thermal
injury/sepsis along with morphological change in the
membrane and increased loss of cytochrome would
support the concept of amplification of the
mitochondrial loop. The investigation of role of
mitochondria in CD4* T cell apoptosis is planned to
identify a key mechanism of apoptosis and a
determinant of reversibility or irreversibility of
apoptotic changes with thermal injury/sepsis injury.
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