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Abstract

Objective and design Mesenchymal stem cells (MSCs)

are potent modulators of immune responses. Sepsis is the

association of a systemic inflammatory response with an

infection. The aim of this study was to test the ability of

MSCs derived from adipose tissue, which have immuno-

modulatory effects, and to inhibit the septic process in an

experimental model of mice.

Methods Three experimental groups (male C57BL/6

mice) were formed for the test: control group, untreated

septic group and septic group treated with MSCs (1 9 106

cells/animal).

Results In the control group, there were no deaths; in the

untreated septic group, the mortality rate was 100 % within

26 h; in the septic group treated with MSCs, the mortality

rate reached 40 % within 26 h. The group treated with

MSCs was able to reduce the markers of tissue damage in

the liver and pancreas. The treated group had a reduction of

inflammatory markers. Furthermore, the MSCs-treated

group was able to inhibit the increase of apoptosis in

splenocytes observed in the untreated septic group.

Conclusions Our data showed that MSCs ameliorated the

immune response with decrease of inflammatory cytokines

and increase anti-inflammatory IL-10; moreover, inhibited

splenocytes apoptosis and, consequently, inhibited tissue

damage during sepsis.

Keywords Mesenchymal stem cells � Escherichia coli �
Apoptosis � Cytokine � Mitochondria � Sepsis

Introduction

Severe sepsis is currently a major cause of death in criti-

cally ill patients, with 750,000 new cases every year, and

more than 200,000 fatalities [1]. With the increased use of

invasive surgical procedures and immunosuppression, the

incidence is likely to increase in the next few years. Fur-

thermore, sepsis incurs a staggering $16.7 billion cost in

the US health economy [1, 2].

Septic syndromes (sepsis, severe sepsis and septic

shock, ranked by increased severity) are defined as the

presence of infection associated with a systemic inflam-

matory response. The initial phase of the disease is

dominated by an exacerbated inflammatory response (also

called ‘cytokine storm’) responsible for successive organ

failures and ultimately refractory hypotension leading to

shock [3, 4]. Apoptosis is a major contributor to the

pathophysiology of sepsis that leads to a striking loss of

lymphocytes and dendritic cells. It also causes a decrease

in the number of immune effector cells, combined with the

immunosuppressive effect of apoptotic cells, and contrib-

utes to immunoparalysis, a major cause of morbidity and

mortality in this disorder [5, 6]. Even with appropriate
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antibiotic and resuscitative therapies, sepsis carries a 30 %

mortality rate and is significantly associated with organ

failure. Thus, new therapeutic strategies are necessary to

improve the outcome of septic patients [7].

Mesenchymal stem cells (MSCs) are multi-potent pro-

genitor cells and can be cultured from adult and fatal

tissues. They can regenerate different types of cell lines

such as tendon, cartilage, bone and adipose cells. In the last

decade, MSCs have been found to be potent modulators of

immune responses [8–11]. The protective role of MSCs has

also been tested in early clinical trials in cardiac disease,

inflammatory bowel disease, stroke and several other

clinical disorders [12–16]. More importantly, there is evi-

dence that MSCs have a beneficial effect on preclinical

models of polymicrobial sepsis. These studies showed that

MSC injections into septic mice have reduced the septic

inflammatory response and mortality by decreasing proin-

flammatory cytokine expression while increasing anti-

inflammatory IL-10 [17, 18]. However, these studies did

not address the response of MSCs derived from adipose

tissue on cellular apoptosis associated with immune dys-

function during sepsis. Consequently, the purpose of this

study was to investigate the role of murine MSCs derived

from adipose tissue as a possible protection against the

effects of the septic process. We conducted a survival

curve comparing MSC-injected animals to a control septic.

Furthermore, we analyzed the mechanisms involved in this

protective effect such as the levels of tissue injury markers

and the levels of pro and anti-inflammatory cytokines, and

evaluated the apoptosis of splenocytes.

Materials and methods

Animals

Male C57BL/6 mice (8–12 weeks old) were kept on

shelves with ventilated cages that provide 60 air cycles per

hour, relative humidity ranging between 55 and 65 %, a

12-h light–dark cycle, temperature of 22 ± 2 �C with free

access to food and water. The animals were maintained in

accordance with the Guiding Principles in the Care and Use

of Animals approved by the Council of the American

Physiological Society. The experimental protocol was

approved by the Ethics Research Committee of Pontifı́cia

Universidade Católica do Rio Grande do Sul (protocol

number 11/00252).

Cell culture

Murine MSCs were isolated, expanded, and characterized

as previously described [19, 20]. Prior to the collection of

the adipose tissue, mice were killed by cervical dislocation.

Adipose tissue was obtained from the epididymal adipose

tissue, cut into small pieces, collagenase digested, filtered

and then cultured using DMEM Dulbecco’s Modified

Eagle Medium (Invitrogen Corporation, California, USA)

without ribonucleosides or deoxyribonucleosides contain-

ing 2 mM L-glutamine and 10 % fetal bovine serum (FBS)

(Invitrogen, USA), with 1 % penicillin–streptomycin. Cells

were passaged every 3–4 days by trypsinization when they

reached 70–80 % confluence and were used for the

experiments between passages 3 and 4. Between each

passage, cell viability was measured using the trypan blue

exclusion test. MSCs were cultured in a humidified incu-

bator at 5 % CO2 and 37 �C under sterile conditions.

Before each experiment, cells were trypsinized, counted,

washed twice with PBS and resuspended in phosphate-

buffered saline (PBS) (Gibco, USA). In all in vivo exper-

iments, MSCs were used between passages 3 and 4.

Experimental sepsis induction and treatment

The animals were weighed and then anesthetized with a

mixture of ketamine (80 mg/kg) and xylazine (20 mg/kg)

intraperitoneally (i.p.). The abdomen of each animal was

shaved and cleansed with povidone–iodine solution. A

1 cm midline abdominal incision was made to expose the

linea alba. The peritoneum was opened by blunt dissection.

All procedures were performed using sterile surgical

instruments.

Sepsis was induced by introducing a sterile gelatin

capsule size ‘‘1’’ in the peritoneal cavity containing another

sterile capsule size ‘‘2’’ with the Escherichia coli (3 lL,

ATCC 25922) suspension and a non-sterile fecal content

(20 mg). E. coli was stored in autoclaved skimmed milk on

glass beads at -70 �C. Each week, a bead was inoculated

into trypticase soy agar and incubated overnight at 37 �C.

The culture was passed daily for use the next day. Each

day, a representative colony was transferred into a tube

containing 10 mL of nutrient broth, incubated at 37 �C,

and shaken for 2 h, until the optical density at 650 nm was

between 0.280 and 0.300. The culture was diluted in

pyrogen-free phosphate-buffered saline to yield 4 9 108

colony forming U/mL. This experimental model was

adapted from technique developed in our laboratory [21].

The animals were then divided into three groups:

(i) sham (mice were implanted with an empty capsule and

received retro-orbital injection of 200 lL PBS), (ii) septic

(sepsis-induced and received retro-orbital injection of

200 lL PBS), (iii) septic ? MSCs (sepsis-induced and

treated with 1 9 106 MSCs in retro-orbital injection of

200 lL PBS at the time of induction). Blood samples were

collected using cardiac puncture 12 h after sepsis induc-

tion. This time was determined in previous studies in our

laboratory [21] and previous works with sepsis and stem
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cells that collected samples for evaluation 12 h after

induction of sepsis [17, 18]. The sepsis induction was

evaluated by blood culture. All septic animals had positive

blood culture for E. coli.

Survival curve

A survival curve for different experimental groups was

performed. After 7 days, animals that were still alive were

anesthetized with an i.p. solution of ketamine (100 mg/kg)

and xylazine (50 mg/kg) and decapitated.

Body temperature

Body temperature was measured in animals using a rectal

thermometer 12 h after sepsis induction.

Biochemical analysis

Biochemical analysis was performed on whole blood

samples collected (12 h after sepsis induction) in tubes

without anticoagulant and centrifuged (1,0009g for 5 min)

after the clot retraction. The separated serum was then

frozen at -70 �C until the time for analysis. Serum levels

of aspartate aminotransferase (AST), alanine aminotrans-

ferase (ALT), glucose and amylase were measured using

the commercial kits (Labtest Diagnóstica, Brazil) in a

semi-automatic spectrophotometer (Spectronic/Genesis 8).

TGF-b1 quantification

Serum TGF-b1 concentration was measured in samples

collected from mice 12 h after sepsis induction, using

commercially available ELISA kit (R&D Systems, USA).

The kit contained a specific monoclonal antibody immo-

bilized on 96-well microtiter plate that bound TGF-b1 in

the aliquot, and a second enzyme-conjugated specific

polyclonal antibody. After washing away any unbound

substances and antibodies, a substrate solution was added

to the wells. Color development was stopped by sulfuric

acid, and optical density was determined at 540 nm with

the correction wavelength set at 570 nm in an ELISA plate

reader. Results were calculated according to a standard

curve concentration and multiplied by the dilution factor.

TGF-b1 levels were expressed as pg/mL.

Cytokines quantification

To determine cytokine levels, serum samples were col-

lected from mice 12 h after sepsis induction. Multiple

soluble cytokines: interleukin-6 (IL-6), interleukin-12 p70

(IL-12 p70), interferon-c (IFN-c), tumor necrosis factor-a
(TNF-a), interleukin-10 (IL-10) and monocyte chemotactic

protein-1 (MCP-1) were simultaneously measured by flow

cytometry using the cytometric bead array (CBA) Mouse

Inflammation Kit (BD Biosciences, USA). Acquisition was

performed with a FACSCanto II flow cytometer (BD

Biosciences, USA). Quantitative results were generated

using FCAP Array v1.0.1 software (Soft Flow Inc., Pecs,

Hungary). The detection limit ranged between 20 and

5,000 pg/mL.

Splenocytes isolation

Single-cell suspensions of the removed spleens were pre-

pared by passing the tissue through a 100-lm-pore size

mesh Cellstrainer (Falcon, BD Biosciences, Heidelberg,

Germany). The suspension was cleared from erythrocytes

by treatment with Gey’s solution for 5 min, washed twice

with PBS and resuspended in ISCOVE’s medium (PAA

Laboratories GmbH, Germany) supplemented with 10 %

heat-inactivated fetal calf serum, 100 U/mL penicillin and

100 lg/mL streptomycin (Invitrogen, USA). After count-

ing splenocytes for each individual mouse, the cells of each

group were pooled by taking equal number of cells from

each mouse and adjusted to a concentration of 107 cells/

mL [22]. Trypan blue exclusion assay was used as a means

of determining cell viability.

Apoptosis quantification

Apoptosis was assessed using the FITC Annexin V

Apoptosis Detection Kit I (BD Bioscience, USA). Briefly,

12 h after sepsis induction, the spleens were removed and

the splenocytes isolated [21]. Cells were washed twice with

PBS and resuspended in binding buffer before addition of

FITC Annexin V and propidium iodide (PI). Cells were

vortexed and incubated for 15 min, in the dark, at room

temperature. A total of 10,000 events were acquired for

each assayed sample. All data were acquired using a

FACSCanto II flow cytometer (BD Biosciences). Data

were analyzed using the FlowJo 7.2.5 software (Tree Star

Inc., USA). Results are displayed as scatter dots allowing

discrimination between viable cells, apoptotic cells with an

intact membrane, and cells undergoing secondary necrosis.

Analysis of mitochondrial membrane potential (DWm)

Breakdown of DWm was determined by FACS analysis

using the MitoScreen Kit (BD Biosciences, Germany). JC-

1 dye (5,5,6,6-tetra-chloro-1,1,3,3-tetraethylbenzimidazol-

carbocyanine iodide), which is selectively incorporated

into mitochondria, is a sensitive and reliable method for the

detection of changes in mitochondrial membrane potential

(DWm). Twelve hours after sepsis induction, the spleens

were removed and the splenocytes isolated [22]. Cells were
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stained with 0.5 mL JC-1 solution for 15 min at 37 �C.

Stained splenocytes were washed twice in JC-1 MitoScreen

wash buffer. A total of 10,000 events were acquired for

each assayed sample. All data were obtained immediately

after staining on a FACSCanto II flow cytometer with

CellQuest PRO v4.0.2 software (BD Biosciences, Ger-

many). The results were displayed as scatter dots allowing

discrimination between polarized and depolarized cells.

Statistical analysis

All data were expressed as mean ± standard error of the

mean (SEM). The analysis of variance (ANOVA) followed

by the post hoc Bonferroni test was used. Survival data

were presented as Kaplan–Meier curves and the statistical

significance was assessed by Mantel-Cox test. A level of

p \ 0.05 was considered statistically significant in all

analyses. The statistical analysis was performed using

Statistical Package for the Social Sciences (SPSS, USA),

version 18.0.

Results

MSCs treatment improves survival and organ injury

function in experimental model of sepsis

MSCs-treated mice had a reduction in mortality compared

to the untreated group. The survival rate at 26 h was nearly

54.5 % in the sepsis ? MSCs group, while in the sepsis

group survival was 0 % (p \ 0.001) (Fig. 1). Mice from

both sepsis and sepsis ? MSCs groups showed a decrease

in their mean body temperature after 12 h of septic

induction. MSCs administration did not attenuate the

decline in temperature compared to sham group (p \ 0.05)

(Fig. 2).

Because the lethality of sepsis is associated with organ

failure, we evaluated if treatment with MSCs was able to

reduce tissue damage. The concentrations of liver enzymes

(aspartate aminotransferase and alanine aminotransferase)

were measured in serum. The sepsis induction showed an

increase of AST and ALT in both sepsis and sep-

sis ? MSCs groups, when compared to sham group;

however, ALT levels in the sepsis ? MSCs group were

reduced when compared to the sepsis group (p \ 0.05).

This demonstrates that there was a reduction of liver

damage (Fig. 3a, b).

The concentration of serum amylase was also measured,

revealing a possible pancreatic damage. The sepsis group

showed a significant increase compared to the sham group;

however, the sepsis ? MSCs group did not show a

Fig. 1 Kaplan–Meier survival

curve showed that the sepsis-

induced mice treated with

MSCs had a significantly

improved survival rate

compared to the untreated mice

(p \ 0.001). n = 15 for each

group

Fig. 2 Body temperature in different experimental groups. n = 22

for each group. *p \ 0.05 vs. sham group
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significant increase compared to the sham group

(p \ 0.05), demonstrating again the ability to prevent tis-

sue damage exerted by MSCs (Fig. 4).

During sepsis, there is an increase in insulin resistance,

generating hyperglycemia that leads to a decrease in energy

intake. Therefore, we evaluated the glucose concentration

12 h after induction of septic in all groups. When compared

to the sham group, both sepsis and sepsis ? MSCs groups

showed a significant increase (p \ 0.05). This result

showed that a treatment with MSCs did not prevent the

increase of glycaemia (Fig. 5).

Effect of MSCs on serum cytokine concentrations

Recent evidence shows that MSCs may also exhibit

immunosuppressive or immunomodulatory properties.

Therefore, we studied multiple inflammatory cytokines

(TNF-a, IL-12 p70, IFN-c, IL-6 and MCP-1) and anti-

inflammatory cytokines (IL-10 and TGF-b1). All cytokines

were analyzed in serum 12 h after sepsis induction and

MSC injection.

When the concentration of TNF-a was measured, an

increase was observed in the sepsis group compared to the

sham group (p \ 0.05). In contrast, the septic ? MSCs

group did not show a significant increase compared to the

sham group (Fig. 6a). IL-12, which is known to trigger

other cytokines, did not have its bioactive form (p70)

altered in both sepsis and sepsis ? MSCs groups, com-

pared to the sham group (Fig. 6b). Consequently, no

significant alterations were observed in the concentration

of IFN-c (Fig. 6c). However, IL-6 and MCP-1 concentra-

tions had a significant increase in the sepsis group

compared to the sham group and the sepsis ? MSCs group

(p \ 0.05) (Fig. 6d, e).

The concentration of IL-10 was measured showing a

significant increase in the sepsis ? MSCs group, when

compared to both septic and the sham groups (p \ 0.05)

(Fig. 6f). In contrast, when we administered a dose of

Fig. 3 Serum AST (a) and ALT (b) concentrations in different

experimental groups. n = 7 for each group. *p \ 0.05 vs. sham

group. $p \ 0.05 vs. septic group

Fig. 4 Serum amylase concentration in different experimental

groups. *p \ 0.05 vs. sham group. n = 6 for each group. $p \ 0.05

vs. septic group

Fig. 5 Serum glucose concentration in different experimental groups.

n = 6 for each group. *p \ 0.05 vs. sham group
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TGF-b1, another agent with an important role in the anti-

inflammatory profile of MSCs, no significant differences

were found between both sepsis ? MSCs and the sham

groups, but a significant increase was observed in the sepsis

group compared to the sham group (p \ 0.05). The MSCs

treatment prevents the increase of TGF-b1 (Fig. 7).

MSCs prevents the increase of apoptosis in splenocytes

during sepsis

During sepsis, there is extensive apoptotic death of lym-

phocytes and gastrointestinal epithelial cells. The extensive

apoptotic death of lymphocytes is likely to be an important

cause of the profound immunosuppression that is a hall-

mark of patients with sepsis. The potential importance of

Fig. 6 Serum TNF-a (a), IL-12 (b), IFN-c (c), IL-6 (d), MCP-1 (e) and IL-10 (f) concentration in different experimental groups. n = 15 for

each group. *p \ 0.05 vs. sham group. $p \ 0.05 vs. septic group

Fig. 7 Serum TGF-b1 concentration in different experimental

groups. n = 10 for each group. *p \ 0.05 vs. sham group.
$p \ 0.05 vs. septic group
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apoptosis in the pathophysiology of sepsis is illustrated by

results from animal models, which demonstrate that

blocking lymphocyte apoptosis by using caspase inhibitors

improves survival in sepsis. The potential effect of MSCs

on apoptosis was analyzed in splenocytes (isolates of the

three experimental groups 12 h after starting the experi-

ment) with two different method: the first method was used

to detect the apoptotic cells by measuring the translocation

of phosphatidylserine to the outer cell membrane surface,

and the second, to measure the effect on mitochondrial

transmembrane potential (DWm).

Flow cytometric analysis of the Annexin V labeling

assay detected an increase of apoptotic cells in the sepsis

group compared to the sham group (p \ 0.05). The treat-

ment with MSCs (sepsis ? MSCs group) significantly

inhibited the increase of apoptosis (p \ 0.05 vs. sepsis

group) (Fig. 8).

To assess the effects of treatment with MSCs on mito-

chondrial injury, we analyzed the DWm in splenocytes.

Changes of DWm were determined by JC-1 staining of

different experimental groups. The treatment did not cause

significant changes in DWm between the groups (Fig. 9).

Discussion

The results showed that the mortality rate of the untreated

septic group reached 100 % in 26 h. For the septic animals

treated with MSCs, it was only 54.5 %. Our results cor-

roborate previous studies that described the ability of

mesenchymal stem cells to increase survival time in dif-

ferent animal models of sepsis [13, 17, 18]. These data

revealed that, by some mechanism, the mesenquimal stem

cells affected the septic process, reducing the mortality rate

of the animals. Therefore, we have evaluated several

mechanisms in order to elucidate the MSC function during

sepsis, and how it can improve the survival of mice.

The material for biochemical and immunological ana-

lysis was collected 12 h after the experiment started.

Before that, the body temperature of the animals was

measured. Hypothermia was found in both sepsis and

sepsis ? MSCs groups. These data are not consistent with

those found in the study by Krasnodembskaya et al. [18],

where stem cells were able to prevent hypothermia. In this

study, Krasnodembskaya used stem cells derived from

bone marrow of humans as a treatment for peritoneal sepsis

model in mice using P. aeruginosa. These differences in

study design may have been critical to find a different

result in our experiment.

An important marker of sepsis severity is hyperglyce-

mia. Several studies in animals and septic patients are

joining efforts to show that glycemic control can be

effective as an adjuvant during the treatment of sepsis.

Certain neuroendocrine and inflammatory mediators such

as interleukin-1 (IL-1), interleukin-6 and tumor necrosis

factor alpha (TNF-a) are involved in this hyperglycemia

Fig. 8 Apoptotic cells were assessed using the FITC Annexin V

(a) in different experimental groups. n = 10 for each group.

*p \ 0.05 vs. sham group. $p \ 0.05 vs. septic group. Thereunder,

flow cytometric scatter plot of FITC annexin V/PI-stained sham group

cells (b), septic group cells (c) and MSCs-treated group (d). Figures

(b–d) represent one out of 10 experiments that were conducted

Fig. 9 Mitochondrial apoptotic cells were assessed using the FACS

analysis (a) in different experimental groups. n = 11 for each group.

Thereunder, flow cytometric scatter plot of the MSCs impact on DWm:

sham group (b), septic group (c) or MSCs-treated group (d). Figures (b–

d) represent one out of ten experiments that were conducted
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process [23–25]. This profile of blood glucose increase was

observed in the sepsis group and also in the group treated

with mesenchymal stem cells, demonstrating that MSCs

had no influence on energy intake during the septic process.

The therapeutic benefits of MSCs transplantation have

been observed in acute tissue injuries of the lung, heart,

kidney and liver. The MSCs have been observed to migrate

to injured sites following systemic administration. Tissue-

specific engraftment is referred to as homing, and this

aspect of MSCs therapy in disease may be essential for

their medicinal effects [26]. The homing ability of MSCs

has been demonstrated in the settings of wound healing,

and tissue regeneration [7, 27]. It is likely that increased

inflammatory chemokine concentration at the site of

inflammation is a major factor causing MSCs to preferen-

tially migrate to these sites. Chemokines are released after

tissue damage, and MSCs express the receptors for several

chemokines [7, 28, 29].

In our experiment, we have observed that stem cells

derived from adipose tissue had also a positive response in

preventing tissue injury through the analysis of serological

markers of liver (ALT and AST) and pancreas (amylase)

injury. The results obtained were effective in increasing the

survival rate of animals treated with stem cells.

Multiple studies have demonstrated that MSCs can exert

potent immunosuppressive effects by inhibiting the activity

of both innate and adaptive immune system. This immu-

nosuppression has been shown to be mediated by cell-

contact-dependent and independent mechanisms through

the release of soluble factors. In this study, the immuno-

modulatory ability of stem cells to respond to imbalance of

inflammation was investigated.

The profile of the inflammatory cytokines was evaluated

between the groups. The sepsis ? MSCs group had a sig-

nificant reduction in the concentration of TNF-a, IL-6 and

MCP-1 when compared to the sepsis group. Several studies

have demonstrated the effective participation of these

cytokines in inflammatory response during sepsis [14, 30,

31]. TNF-a has several functions in the human immuno-

pathology, as it produces inflammation, cell proliferation

and differentiation, tumorigenesis, viral replication and

inducing cell death by apoptosis through activation of

caspase 8—known as the extrinsic apoptosis pathway in

sepsis [3]. In clinical models of sepsis, the administration

of TNF-a causes hypotension, activation of the coagulation

cascade and organ dysfunction, confirming its role as a

mediator for the acute phase response [32, 33].

The role of IL-6 in sepsis resolution is uncertain,

although most evidence points towards more rapid declines

in serum IL-6 being associated with sepsis resolution and

improved outcome [34]. In the cecal ligation/perforation

(CLP) sepsis model, mice genetically deficient in MCP-1

showed lower IL-10 production in peritoneal macrophages

and increased mortality [35]. High serum levels of MCP-1

have been demonstrated in animal models of sepsis or

systemic inflammatory response syndrome (SIRS), as well

as in sepsis patients [36–38]. In a recent study profiling a

large number of cytokines in the plasma of patients with

severe sepsis, MCP-1 levels showed the best correlation

with organ dysfunction and mortality [39]. MCP-1 is pri-

marily a chemo attractant for monocytes, memory T

lymphocytes, and natural killer cells, with some recent

studies also pointing to a potential role in attracting neu-

trophils [40].

All the results showed that the reduction of inflamma-

tory markers such as TNF-alpha, IL-6 and MCP-1 could be

beneficial in sepsis. A reduction of these markers was

found in our study, showing the positive impact of MSC

treatment.

Nemeth et al. [17] reported that bone marrow-derived

MSCs, activated by LPS or TNF-a, secreted PGE2, which

reprogrammed alveolar macrophages to secrete IL-10. The

beneficial effect of MSCs on mortality and improved

organ function following sepsis (CLP) was eliminated by

macrophage depletion or pretreatment with antibodies

specific for interleukin-10 (IL-10) or IL-10 receptor,

suggesting an essential role for IL-10. A dose of IL-10

was administered in all experimental groups and a sig-

nificant increase of IL-10 was found in the septic group

treated with stem cells, which corroborates previous

studies, demonstrating that the role of this anti-inflam-

matory cytokine is very important in increasing survival

of the animals and also in our experimental model. Pre-

vious studies on septic mice treated with MSCs showed

that increased IL-10 is one of the key factors for reduced

mortality and inflammatory response [17, 41].

Interestingly, when the concentration of TGF-b1 was

evaluated (another important anti-inflammatory mediator

during sepsis) an increase was observed in the septic group,

compared to the sham group, and a significant decreased

concentration in the septic ? MSCs group, compared to

the septic group. It occurred because we used an experi-

mental model of severe sepsis and the material was

collected 12 h after the experiment started. The animals

were probably in a transition from an initial hyperinflam-

matory phase to a late sepsis, with an anti-inflammatory

immune response that disables most immune functions by

altering cytokine production, reducing lymphocyte prolif-

eration and increasing apoptosis [42].

Apoptosis is a major cause of death in lymphocytes and

gastrointestinal epithelial cells in patients with sepsis and

trauma [43]. We performed the dissection of the spleens of

mice and isolated splenocytes to check if there were more

apoptotic cells in the septic group compared to the septic

group treated with MSCs. Two different sets of flow

cytometry were used; one to evaluate apoptosis through
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changes in the mitochondrial membrane potential; and the

other to detect phosphatidylserine in cell membrane.

Immunohistochemical studies of spleens from patients

dying of sepsis demonstrated focal regions, in which

25–50 % of cells were positive for apoptosis markers [43].

A study of circulating white blood cells from patients with

sepsis showed that 15–20 % of circulating T and B cells

were undergoing apoptosis [44]. Studies by Hotchkiss et al.

showed that adoptive transfer of apoptotic splenocytes

worsens survival when CLP is used as an experimental

model of sepsis [45].

Stem cells possess anti-apoptotic mechanisms, which

consist of upregulating DNA-repair, down-regulating

mitochondrial death pathways, increasing antioxidant

activity, and altering anti- and pro-apoptotic protein

expression. These mechanisms can be especially impor-

tant in sepsis, where mitochondrial dysfunction, oxidative

stress, and apoptosis have clearly been implicated in

pathological conditions [7]. Mei et al. [13] revealed the

capacity of MSCs to prevent apoptotic cell death in the

lung and kidneys of mice after CLP.

After completion of the analysis, it was possible to

observe a significant increase in the number of apoptotic

cells in the septic group compared to the group treated with

stem cells. In contrast, the kit used to determine the

mitochondrial potential exhibited an increase in the number

of apoptotic cells; however, the results were not statisti-

cally significant. These findings corroborate several

previous studies and show that MSC treatment can prevent

the increase of apoptotic cells during sepsis by ‘‘delaying’’

the onset of immunosuppression, thereby help increase the

survival time of animals.

In conclusion, the treatment with mesenchymal stem

cells derived from adipose tissue was able to increase the

survival time of septic-induced animals. Our data showed

that MSCs modulate the immune system, inhibit cell

apoptosis and, consequently, inhibit tissue damage during

sepsis. These results corroborate other studies published

and show the great potential that these cells have for

treating sepsis. However, more efforts are needed to better

understand the routes by which these cells operate. Con-

sidering their regenerative potential and immunoregulatory

effect, MSC therapy is a promising tool to be used in

clinical settings.
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Physiopathological studies in septic rats and the use of fructose-

1,6-bisphosphate as cellular protection. Crit Care Med.

2002;30(9):2069–74.
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