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Abstract. Multiple organ dysfunction (MOD) is a lethal 
complication in children with sepsis. Apoptosis of several 
cell types is involved in this process, and it is associated with 
increased Fas cell surface death receptor (Fas) expression. 
As YY1 transcription factor (YY1) negatively regulates the 
expression of Fas in cancer models, and is associated with the 
clinical outcome, it may be important in MOD. The present 
study aimed to determine the association between the expres-
sion of Fas, YY1 and apoptosis in children with sepsis, and its 
association with MOD, these factors were analyzed in 30 pedi-
atric patients that had been diagnosed with sepsis. Peripheral 
blood mononuclear cells were purified from patients, and YY1 
and Fas protein expression was assessed by immunocytochem-
istry. Apoptosis was determined by terminal deoxynucleotidyl 
transferase dUTP nick-end labeling. Sepsis was monitored 
using clinical parameters, pediatric logistic organ dysfunction 
(PELOD) score and the pediatric mortality index. The results 
demonstrated that Fas expression was directly correlated with 
apoptosis levels and the expression of YY1 was inversely 
correlated with apoptosis levels. Patients with high levels 
of apoptosis exhibited increased disease severity and poor 
clinical outcome. Notably, the findings of the present study 
demonstrated that there were higher survival rates in patients 
with high YY1 expression, compared with those with low YY1 
expression. Additionally, patients with MOD exhibited lower 
proportions of apoptotic cells compared with sepsis patients 

without MOD. Furthermore, the PELOD score was positively 
correlated with Fas and inversely correlated with YY1 expres-
sion. Finally, high apoptosis and low YY1 expression were 
prognostic factors associated with poor survival rates. These 
data suggested that YY1 may be important for apoptosis 
induction via the regulation of Fas during sepsis. Therefore, 
Fas may be a potential therapeutic target to prevent MOD 
through regulation of YY1 expression. Furthermore, YY1 
and Fas expression in PBMCs may be used to as prognostic 
markers.

Introduction

Sepsis is defined as a systemic inflammatory response 
syndrome caused by infection, which induces an exacerbated 
inflammatory response of the host immune system, mediated 
by cytokine-induced immune cells, and causes changes in 
cellular processes, including apoptosis (1). Globally, severe 
sepsis, septic shock and the resulting organ failure are the 
most common causes of mortality in intensive care units 
(ICUs), with mortality rates of 40-70%. Sepsis is a major cause 
of mortality, estimated to cause ~250,000 mortalities in the 
USA, annually. The survival rates of patients with sepsis and 
infection in ICUs are poor. In Mexico, a study of 21 hospitals, 
which included 1,039 children, reported an incidence of sepsis 
in 16% of patients, and the most vulnerable age group was 
1-5 years (2). In addition, another study conducted in 135 ICUs 
in Mexico reported that sepsis was one of the most common 
causes of admission in 27.3% of ICUs, with pneumonia being 
the primary cause of sepsis in the majority (33%) of cases (3). 
Septic shock was the leading cause of mortality in 30.4% of 
ICUs analyzed in the study. In an ICU from Mexico City, sepsis 
and septic shock were the initial diagnoses on admission (3,4).

Currently, it is not clear whether necrosis or apoptosis have 
a predominant role in severe sepsis (4). The pathogenesis of 
multiple organ dysfunction (MOD) and failure in patients with 
severe sepsis is multifactorial. Sepsis triggers the secretion 
of pro-inflammatory cytokines, activation of lymphocytes 
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and other processes. This syndrome has also been reported 
to cause immunosuppression by decreasing the number of T 
and B lymphocytes as result of an increase in apoptosis (5). 
A previous study has demonstrated that apoptosis exacerbates 
sepsis, and elevated expression of Bcl-2 apoptosis regulator 
(Bcl-2) or administration of caspase inhibitors protects 
against lymphocyte apoptosis and improves survival in a 
mouse model of sepsis (6). Sepsis triggers apoptosis in various 
organs leading to septic shock and MOD. It was previously 
observed that the failure of these organs was associated with 
increased expression of Fas cell surface death receptor (Fas), 
therefore, apoptosis may be correlated with the severity of 
sepsis (7). During sepsis, the immune system is exposed to 
bacterial antigens, such as lipopolysaccharide (LPS), which 
induces tissue damage. Thus, activated immune cell death is 
a potential mechanism for the induction of T cell apoptosis 
and the loss of immune function during sepsis. LPS initiates 
a rapid immune response and leads to leukocyte activation, 
coupled with the overproduction of pro‑inflammatory media-
tors, including tumor necrosis factor (TNF)-α, interleukin 
(IL)-1, IL-6, IL-12, interferon-γ, eicosanoids and free radicals 
of nitric oxide, which are responsible for tissue damage that 
leads to MOD. Subsequently, cytokine production switches 
from pro‑inflammatory to anti‑inflammatory Th2 cytokines, 
including IL-4, IL-5 and IL-10, and monocyte and dendritic 
cell apoptosis is deactivated, which results in immunosuppres-
sion (8-10). Apoptosis affects subpopulations of lymphocytes, 
including CD8+ and CD4+ T cells, B cells and dendritic cells. 
Furthermore, it has been observed that downregulation of the 
immune response by regulatory T cells, and deactivation of 
the immune response mediated by Th1 cells, contributes to 
immunosuppression in sepsis (11,12). Certain clinical and 
experimental observations have suggested that apoptotic cell 
death has an important role in the pathogenesis and develop-
ment of MOD in patients with sepsis (4). The high mortality 
observed in patients with severe sepsis and those exhibiting 
a systemic response to infection may be caused by different 
levels of apoptosis. Recent research concluded that TNF-α and 
Fas-ligand (FasL) may participate in the induction of apoptosis 
during severe sepsis (8). Fas expression has been previously 
reported to be associated with decreased inflammation and 
MOD, and increased expression of Fas-FasL was reported to 
be associated with liver dysfunction, disseminated intravas-
cular coagulation and the development MOD in children with 
severe sepsis (8). The mechanisms of organ failure caused by 
sepsis remain unclear, but may be associated with cell death, 
indicating that cellular function is impaired. Organ damage 
during sepsis varies from marked and accelerated apoptosis 
in intestinal epithelium and splenic dendritic cells, to minimal 
levels of cell death in other organs (4). In studies in rats, 
macrophage apoptosis was increased following the induction 
of sepsis, similar to the effect on monocytes (13). A previous 
study on patients postmortem have indicated that the degree 
of apoptosis in lymphocytes is associated with the severity of 
sepsis (14).

The YY1 transcription factor (YY1), also termed δ, Nuclear 
Factor Erythroid 1 (NF-E1) or ubiquitous transcription factor 
belonging to the GLI‑Kruppel class of zinc finger proteins 
(UCRBP), is a multifunctional ubiquitous transcription factor 
with four zinc finger domains and two specific functions; to 

act as a transcriptional repressor or activator. YY1 has been 
implicated in various normal biological processes, including 
embryogenesis, differentiation, cell replication and prolifera-
tion. It is reported that YY1 binds to the silencing promoter 
region of Fas, which decreases the expression of this death 
receptor, resulting in resistance to apoptosis mediated by 
Fas-FasL. Thus, inhibition of YY1 activity increases in Fas 
expression and sensitizes tumor cells to Fas-mediated apop-
tosis (15-17). MOD is a lethal complication in children with 
sepsis, and apoptosis has an important role in its pathogen-
esis. Certain studies have suggested an association between 
apoptosis and sepsis severity in children (18-20) and the 
mechanisms involved may include the Fas-FasL system. YY1 
regulates the expression of Fas and, therefore, mediates apop-
tosis via Fas-FasL in tumor cells. However, at present, to the 
best of our knowledge, no studies have demonstrated the role of 
YY1 in the pathogenesis of sepsis. The present study assessed 
the correlation of Fas and YY1 expression with apoptosis in 
peripheral blood cells, and with MOD in children with sepsis.

Materials and methods

Patient information. The present study included a cohort of 
patients (n=30) aged between 3 months and 16-years-old. All 
were diagnosed with sepsis and admitted to the pediatric ICU 
of the General Hospital from Medical Center La Raza, IMSS 
(Mexico City, Mexico). The present study was approved by the 
National Commission for Scientific Research and the Ethics 
Board of the Mexican Institute for Social Security (IMSS 
R-2008-3502-13) and was performed in accordance with the 
Declaration of Helsinki (21). A written informed consent was 
obtained from each patient and all samples were obtained 
according to National Commission for Scientific Research 
of the IMSS (CIS) guidelines. The inclusion criteria were set 
and the following clinical information was collected: Name; 
registration card no.; sex; age; initial diagnosis and previous 
antimicrobial treatments. All patients in the cohort were under 
16-years-old, they were admitted with different diagnoses and 
were diagnosed with sepsis during their stay at the hospital. 
The sepsis diagnosis was treated as the day 0 time point. A 
peripheral blood sample was obtained for immunostaining and 
terminal deoxynucleotidyl transferase dUTP nick-end labeling 
(TUNEL). Clinical evaluation was performed every 24 h to 
monitor sepsis, pediatric logistic organ dysfunction (PELOD) 
and pediatric mortality index (PIM-2), until multiple organ 
dysfunction developed or clinical improvement was observed. 
Integral clinical evaluation was performed, and special 
attention was paid to disease severity and any additional 
complications. The severity of the disease was determined 
using PIM‑2 and scoring was performed with the first hour 
of arriving at the pediatric ICU. The presence of MOD was 
determined using the PELOD scale. Each patient was evalu-
ated every 24 h during their ICU stay.

MOD was defined as the presence of dysfunction in two or 
more organs or systems, including the cardiovascular, respira-
tory, neurological, hematological, renal, gastrointestinal and 
hepatic systems. Complete blood counts, urinalysis, polyculture 
and chest radiographs were performed. If a serologic sample 
was not available, one was collected in the pediatric ICU. 
Furthermore, additional studies were performed according to 
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severity of the disease or clinical conditions. Blood samples 
(5 ml) were collected from a peripheral vein in an anticoagu-
lant tube and were sent to the research laboratory for analysis 
within 30-120 min following sample collection. Apoptosis in 
peripheral blood cells was measured using TUNEL analysis, 
and Fas and YY1 expression were determined via immuno-
cytochemistry. A total of 10 peripheral blood samples were 
taken from patients who attended the clinical laboratory for 
pre-operative studies for use as control samples. The control 
patients did not have hematologic disease, infection or cancer, 
and informed consent was obtained for the use of the samples.

Purification of peripheral blood mononuclear cells (PBMCs). 
Peripheral blood was diluted 1:1 with saline solution (SS; 0.9% 
NaCl) and corresponding volume of sterile Lymphoprep™ 
(Cosmo Bio USA, Inc., Carlsbad, CA, USA) was used. The 
mixture was centrifuged at 355 x g/room temperature for 
30 min. Subsequently, the intermediate layer formed was 
separated, which corresponds to mononuclear cells, and 
then washed with an equal amount of SS and centrifuged for 
20 min at 355 x g/room temperature. Finally, the supernatant 
was decanted and the pellet was resuspended in 1 ml of SS 
ready for counting.

Preparation of cells slides using Cytospin. Following 
purification, PBMCs were counted using trypan blue. After 
viable cells were counted, the concentration was adjusted to 
5x104 cells/µl when preparing cell slides. Each slide had 200 µl 
of cell suspension added and was placed in a Cytospin centri-
fuge (Cytospin™ 4; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA). Subsequently, cells slides were dried at room 
temperature and were fixed with 3% formaldehyde at 4˚C for 
20 min and stored for subsequent immunostaining.

Detection of apoptosis by TUNEL assay. DNA fragmenta-
tion was determined by in situ TUNEL assay on cells from 
patients with sepsis. Briefly, the cell slides were treated with 
sodium citrate solution (pH=6; 0.01 M) for 20 min at 90˚C in 
a water bath. Activity of endogenous peroxidase was removed 
with hydrogen peroxide in 3% methanol for 25 min. The cell 
slides were blocked with swine normal serum (Sigma-Aldrich; 
Merck Millipore, Darmstadt, Germany) at 2% for 2 h at room 
temperature. Subsequently, 50 µl enzyme terminal deoxy-
nucleotidyl transferase reaction mixture (TUNEL Label mix, 
Roche Diagnostics, Basel, Switzerland), was added to slides 
and incubated for 30 min in a humidity chamber in the dark 
at 37˚C, slides were washed for 5 times for 5 min with PBS. 
Anti‑fluorescein antibody conjugated horseradish peroxidase 
(20 µl; TUNEL POD Detection system, Roche Diagnostics), 
was added and incubated at 37˚C for 30 min in darkness. 
Following washing, color development was carried out with 
the addition of diaminobenzidine (DAB) Under a light micro-
scope at x20 magnification. The samples were counter‑stained 
with hematoxylin, dehydrated and embedded in resin for subse-
quent analysis under a light microscope. To avoid inter-assay 
variation, the TUNEL reaction was performed simultaneously 
on all slides, with the same stock and enzymatic reaction 
development with the DAB chromogen was performed at the 
same time. A semi-quantita tive assessment of cells staining 
was conducted by an expert pathologist, who was blinded 

to the samples group. The stained slides were verified by a 
second expert to ensure consistency in the scoring. Apoptosis 
was considered high with >30% of cells positive for apoptosis 
and low with <30% of positive cells analyzed for each slide in 
three different areas. Data are presented as positively stained 
target cells per 100 cells (range 0-100% positive), per region in 
the slide (4 regions per slide).

Immunocytochemistry. The sample slides from Cytospin 
were analyzed by immunocytochemistry as follows. Briefly, 
antigen retrieval was performed with sodium citrate (pH 6.0; 
0.01 M) for 20 min at 90˚C in a water bath, followed by three 
5 min washes with 1X PBS. Endogenous peroxidase activity 
was removed with 3% hydrogen peroxide for two 25 min, and 
the slides were blocked with swine normal serum at 2% at 
room temperature for 2 h. Slides were incubated overnight at 
room temperature in humidity chambers with rabbit anti-YY1 
(1:250; catalog no. sc-281), rabbit anti-Fas (1:250; catalog 
no. sc-1023) or rabbit anti-FasL (1:100; catalog no. sc-6237; 
Santa Cruz Biotechnology, Inc., Dallas, TX, USA) antibodies, 
with their respective isotype controls. After washing, the cell 
slides were incubated with secondary antibody conjugated to 
biotin (Universal LSAB kit; Dako; Agilent Technologies, Inc., 
Santa Clara, CA, USA) for 30 min in a humid chamber. Then 
conjugated streptavidin horseradish peroxidase (Universal 
LSAB kit), was added for 30 min. Finally, development was 
performed by adding DAB substrate (liquid DAB, Dako; 
Agilent Technologies, Inc.) and the reaction was stopped in tap 
water. Slides were stained with hematoxylin, were dehydrated 
and covered with resin and left to dry at room temperature for 
further light microscopic analysis (Olympus BX-40; Olympus 
Corporation, Tokyo, Japan). In order to reduce variations 
among experiments, the reaction was performed for each 
marker at the same time in all groups. High YY1 expression 
was defined as ≥10% of cells positive for YY1.

Data processing. The database was produced and information 
was processed using the statistical analysis program GraphPad 
Prism (GraphPad Software, Inc., La Jolla, CA, USA). Data are 
presented as the mean ± standard deviation for the number of 
separate experiments indicated in each case. One-way analysis 
of variance followed by Tukey's post hoc test was used to 
compare variance within and among different groups. When 
necessary, unpaired Student's t-test was used for comparison 
between two groups. Spearman's correlation analysis was 
performed for correlation testing. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Patient clinical characteristics. The current study included 
30 patients diagnosed with sepsis. Clinical data are presented 
in Table I. For the purposes of the study, the patients were 
divided into two groups. Group 1 consisted of patients with 
sepsis and septic shock (n=19), and group 2 consisted of 
septic patients with MOD (n=11). The gender distribution was 
14 females (47%) and 16 males (53%). The average age of group 1 
and group 2 patients was 51 months (range, 3-108 months) 
and 30.7 months (range, 2-180 months), respectively. The 
PELOD scores were as follows: 0-10 points in 7 patients 
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(mortality prediction 0.0-20%; no mortalities); 11-20 points 
in 9 patients (mortality prediction 1.3-1.7%; no mortalities); 
21-30 points in 8 patients (mortality prediction 20.8-32.3%; 
5 mortalities); and >30 points in 6 patients (mortality predic-
tion 87.7-90%; 5 mortalities). A PIM-2 of 0.80-15.40% applied 
to 20 patients and no mortalities were observed in this group, 
however, a PIM-2 of >16% was observed for 10 patients and 
none of these patients survived. A total of 10 patients in group 
2 had PIM-2s >16%. In group 1, one patient had a PIM-2 of 
20% (data not shown). A total of 17 of 30 patients developed 
sepsis following surgery (56.6%), as indicated in the Table I. 
Afflictions associated with sepsis and MOD are presented in 
Table II. Sepsis etiology is presented in Table III and blood 
culture results are presented in Table IV. The mean hospital-
ization period was 9.5 days with a maximum of 23 days and 
a minimum of 2. The total lethality was 33.3%, with 83.3% in 
group 2 and 0.0% in group 1.

Levels of apoptosis, and the expression levels of Fas and YY1 
in PBMCs from pediatric patients with sepsis. The present 
study investigated the levels of apoptosis in PBMCs from 
children with sepsis using an in situ TUNEL assay. Fig. 1A 

presents a representative micrograph of the TUNEL-stained 
cells in patients with sepsis and healthy controls. The cells 
from patients with sepsis demonstrate morphological 
changes with a scant cytoplasm, a fragmented nucleolus 
(apoptotic bodies) and vacuoles, compared with cells from 
healthy controls (Fig. 1A). Analysis of the percentage of 
TUNEL-positive cells was performed as described in the 
Materials and methods. Fig. 1A (bottom panel) demonstrates 
a significant increase in the number of apoptotic cells in 
patients with sepsis compared with the healthy controls 

Table I. Age and characteristics of patients with sepsis.

A, Age of patients with sepsis involved in the study

Value Age (months)

Range 3-180
Mean 41.44

B, Characteristics of patients with sepsis 

Characteristic Number of patients (%)

Gender
  Female 47.00
  Male 53.00
Main site of infection/septic origin
  Lung 26.00
  Heart 10.00
  Central nervous system   6.60
Surgical site
  Heart 30.00
  Abdomen 23.30
  Cranium   3.30
Septic stage
  Severe sepsis 33.00
  Septic shock 33.00
  Multiple organ dysfunction 40.00
Outcome
  Survival 66.60

Total n=30; 9 developed severe sepsis, 10 septic shock and 11 multiple 
organ dysfunction. Of the 30 patients, 10 did not survive (33.33%).

Table II. Sepsis etiology in pediatric patients with sepsis that 
also developed multiple organ dysfunction.

Etiological factor Number of patients

Heart post-surgery 
  Canal atrioventricular correction 2
  Tetralogy of Fallot correction 1
  Anomalous venous connection correction 1
Post-infection 
  Nosocomial pneumonia 3
  Abdominals sepsis 1
  Endocarditis 1
  Neuroinfections 1
  Ventriculitis 1

Table III. Sepsis etiology in pediatric patients without MOD.

Etiological factor Number of patients

Abdominal sepsis 1
Laparoscopy appendicitis complicated 3
Intestinal occlusion post-surgery 2
Nosocomial pneumonia 5
Endocarditis 1
Pericardial effusion from chronic 1
kidney disease 
Craniotomy tumor resection 1
Heart post-surgery  2

Table IV. Results of blood culture testing in patients with 
sepsis involved in the study (n=30).

Results of blood culture Number of patients

Candida albicans   7
Staphylococcus coagulase negative   4
Klebsiella    1
Pseudomona   2
H. faecalis   1
Negative 15



MOLECULAR MEDICINE REPORTS  15:  2433-2442,  2017 2437

Figure 1. Septic pediatric patients exhibit increased levels of apoptosis. (A) Apoptosis was evaluated using an in situ TUNEL assay in PBMCs from pedi-
atrics patients with sepsis. Upper panels: Negative control assay with no enzyme, healthy control PBMCs and PBMCs from pediatric patients with sepsis. 
Magnification at x40, and x100 in lower right square. Bottom panel: Quantification of TUNEL‑positive cells (%) in healthy controls and patients with sepsis 
(*P=0.0007 vs. healthy controls; Student's t test). (B) Fas expression was determined by immunocytochemistry on PBMCs from pediatric patients with sepsis. 
Upper panels: Isotype control, healthy control and patient with sepsis. Magnification at x40, and x100 in lower right square. Bottom panel: Quantification 
of Fas-positive cells (%) in healthy controls and patients with sepsis (*P=0.022 vs. healthy controls; Student's t test). (C) YY1 expression was determined by 
immunohistochemistry in PBMCs from pediatric patients with sepsis. Upper panels: Isotype control, healthy control and patient with sepsis. Magnification at 
x40, and x100 in lower right square. Bottom panel: Quantification of YY1‑positive cells (%) in healthy controls and patients with sepsis (*P<0.05 vs. healthy 
controls; Student's t test). Correlation analysis between apoptosis and (D) Fas and (E) YY1 expression in PBMCs from pediatric patients with sepsis. (*P<0.05; 
r=0.5013 and 0.4003, respectively; Spearman's correlation analysis). (F) FasL expression was determined by immunocytochemistry in PBMCs from pediatric 
patients with sepsis. Upper panel: Isotype control, healthy control and patient with sepsis. Magnification. x40, and x100 on lower right square. Bottom panel: 
Quantification of FasL‑positive cells (%) in healthy controls and patients with sepsis (*P=0.033 vs. healthy controls; Student's t test). Data are presented as the 
mean ± standard deviation of three independent experiments. TUNEL, terminal deoxynucleotidyl-transferase-mediated dUTP nick end labeling; PBMCs, 
peripheral blood mononuclear cells; Fas, Fas cell surface death receptor; YY1, YY1 transcription factor; FasL, Fas ligand.
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(P=0.0007). Additionally, the expression of Fas in PBMCs 
from patients with sepsis and healthy controls was analyzed 
using immunocytochemistry. Fig. 1B presents representative 
micrographs of Fas expression and demonstrates an increase 
in Fas expression in patients with sepsis compared with 
the healthy controls. The expression of these proteins was 
predominantly observed in the cytoplasm and the membrane. 
Analysis of the percentage of Fas-positive cells was performed 
as described in the Materials and methods. Fig. 1B (bottom 
panel) presents the quantified expression of Fas. Notably, there 
was a significant increase in the percentage of Fas‑positive 
cells in patients with sepsis compared with in the healthy 
controls (P=0.022). Normal IgG was used as a negative 
control for immunostaining. Fig. 1C presents representative 
micrographs of YY1 expression in patients with sepsis and 
healthy controls, in which a modest increase in YY1 expres-
sion was observed in patients with sepsis compared with 
healthy controls. YY1 expression was predominantly detected 
in the cytoplasm, however, notably, YY1 expression was also 
observed in the nucleolus. Additionally, cells from patients 
with sepsis exhibited a morphology that was characteristic 
of infection, with vacuoles, banded nuclei, relaxed chromatin 
and abundant cytoplasm. Fig. 1C (bottom panel) demonstrates 
that the number of YY1-positive cells was significantly 
increased in patients with sepsis compared with healthy 
controls (P=0.011). The potential correlation of Fas and 
YY1 expression with levels of apoptosis was also analyzed. 
Fig. 1D demonstrates that there was a positive correlation 
between Fas expression and the level of apoptosis (r=0.5013, 
P=0.020). These results demonstrate that apoptosis and the 
expression of Fas are increased in patients with sepsis, and 
that the levels of apoptosis are positively correlated with the 
expression of Fas. This indicates that the apoptosis induced in 
patients with sepsis may be mediated by Fas expression. By 
contrast, an inverse correlation was detected between YY1 
expression and apoptosis levels (r=-0.4988, P=0.049; Fig. 1E). 
Together, these results suggest that YY1 may inhibit apoptosis 
via regulation of Fas expression. Additionally, the percentage 
of FasL‑positive cells was significantly higher in patients with 
sepsis compared with the healthy controls (P=0.033; Fig. 1F).

Apoptosis of PBMCs has a direct association with sepsis. To 
define the potential role of apoptosis in the pathogenesis of 
sepsis, comparative analyses of apoptosis and the different 
clinical stages of the patients was performed. As presented 
in Fig. 2A, comparing apoptosis between patients with sepsis 
only (group 1) and those with sepsis and MOD (group 2) 
demonstrated that patients with sepsis exhibited increased 
levels of apoptosis (P=0.001) compared with patients with 
MOD. In addition, the association between the outcome of 
the patient and apoptosis was analyzed (Fig. 2B). The results 
demonstrated that there is an inverse association between the 
patient outcome and apoptosis, as the level of apoptosis was 
higher in patients that did not survive compared with those 
that did survive (P=0.034).

Positive correlation between Fas expression and PELOD 
index in patients with sepsis. The PELOD index is useful in 
establishing prognosis during sepsis. In the current study, the 
correlation of the PELOD index with apoptosis was analyzed. 
Interestingly, a direct positive correlation between the level of 
apoptosis and the PELOD index was detected (P=0.01, r=0.413; 
Fig. 3A). The study also analyzed the correlation of Fas and 
YY1 expression with the PELOD index. Fig. 3B demonstrates 
that there was a positive correlation between Fas expression 
and PELOD (P=0.026, r=0.24). By contrast, the expression of 
YY1 and the PELOD index were inversely correlated (P=0.21, 
r=-0.29; Fig. 3C). In addition, the association of the expres-
sion of Fas and YY1, and patient outcome was analyzed. The 
results demonstrated that there was no correlation between the 
expression of Fas and a fatal outcome. Similarly, no correlation 
between YY1 expression and patient outcome was detected 
(data not shown).

YY1 expression as a biomarker of outcome in patients with 
sepsis. The present study analyzed whether YY1 expression 
and apoptosis levels may predict the clinical outcome of 
patients with sepsis. The cohort was analyzed for high/low 
YY1 expression and apoptosis. High YY1 expression was 
defined as 10% of cells positive for YY1 and apoptosis was 
considered high with >30% of cells positive for apoptosis. 

Figure 2. Percentage of TUNEL-positive (apoptotic) cells in PBMCs from pediatric patients with sepsis. (A) Percentage of apoptotic cells was compared 
between the severities of sepsis. (P=0.001, sepsis vs. MOD). (B) Correlation analysis between levels of apoptosis and outcome of patients with sepsis (P=0.0344; 
Student's t-test; alive vs. did not survive). TUNEL, terminal deoxynucleotidyl transferase dUTP nick-end labeling; PBMC, peripheral blood mononuclear cell; 
MOD, multiple organ dysfunction.
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As presented in Fig. 4, the clinical outcomes of patients with 
sepsis were compared with YY1 expression and apoptosis 
by Kaplan-Meier analysis. The follow-up (23 days) overall 
survival scores were 83 and 49% for patients with low apop-
tosis and high apoptosis, respectively (Fig. 4A). Additionally, 
the follow-up overall survival scores were 90 and 42% for 
patients with high YY1 and low YY1 patients, respectively 
(P=0.012 Fig. 4B). The results demonstrated that high 
apoptosis and low YY1 expression are indicators of poor 
overall survival in patients with sepsis. In addition, survival 
was compared with PELOD index. Fig. 5 revealed that a 
low PELOD index was associated with increased survival 
(P=0.021).

Discussion

Apoptosis is a cell self-destruction mechanism that has an 
important role in tissue homeostasis, embryonic development 
and control of the immune response (22,23). However, when 
apoptosis is activated at an inappropriate time, it can cause 
the death of important cells in the immune system (24,25). 
Lymphocyte apoptosis is important for the function of the 
immune response (26), as it is involved in the positive and 
negative selection of B and T cells (27). Apoptosis also 
regulates the intensity and duration of the immune response, 
as activated lymphocytes undergo apoptosis following an 
immune response to limit inflammation (28). However, when 

Figure 3. Correlation analysis between the PELOD index and apoptosis, Fas expression and YY1 expression. (A) Correlation analysis between apoptosis levels 
and PELOD index in PBMCs from pediatric patients with sepsis. There was a positive correlation between the PELOD index and apoptosis. (Spearman test, 
P=0.01, r=0.413). (B) Correlation analysis of Fas expression and PELOD index in PBMCs derived from pediatric patients with sepsis. There was a positive 
correlation between the PELOD index and Fas expression (Spearman test, P=0.024, r=0.2). (C) Correlation analysis between YY1 expression and PELOD 
Index in PBMCs derived from pediatric patients with sepsis. There is no significant correlation between YY1 expression and the PELOD index. (Spearman 
test, P=0.21, r=0.29). PELOD, pediatric logistic organ dysfunction; PBMC, peripheral blood mononuclear cell; Fas, Fas cell surface death receptor; YY1, YY1 
transcription factor.

Figure 4. Survival curves for pediatric patients with sepsis with different levels of apoptosis or YY1 expression. (A) Percentage overall survival curve of 
patients with high/low apoptosis in peripheral blood mononuclear cells analyzed by terminal deoxynucleotidyl transferase dUTP nick-end labeling. High, 48% 
survival (n=18); low, 83% survival (n=12). P=0.044. (B) Percentage survival curve for pediatric patients with sepsis with high/low YY1 expression. High, 90% 
survival (n=16); low, 42% survival (n=14). P=0.012. YY1, YY1 transcription factor.
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apoptosis malfunctions, the results can be serious and can be 
damaging for the organism.

Apoptosis is also an important mechanism in the patho-
genesis of MOD in sepsis. It has been previously reported 
that apoptosis of neutrophils and lymphocytes is an early 
event during sepsis and MOD. The half-life of a circulating 
neutrophil is 6-20 h, and they can survive >48 h at sites of 
inflammation (29). It is known that there are high numbers of 
apoptotic lymphocytes in specific organs or in the periphery 
of patients with sepsis that subsequently developed MOD. The 
majority of children that die from severe sepsis and MOD 
do not fully eradicate the infection (30,31). This indicates 
that the cellular components of the immune response may be 
compromised in patients with MOD (32). A previous study has 
demonstrated that lymphocyte apoptosis is associated with the 
development of severe sepsis and MOD, as in an experimental 
model of sepsis the inhibition of apoptosis reduced bacteremia 
and increased survival (33). Lymphocyte apoptosis may be 
altered by steroids, cytokines, including TNF-α, IL-1 and 
IL-6, oxygen free radicals, nitric oxide and T cells expressing 
FasL (34). There is an association between apoptosis in periph-
eral cells, or other tissue‑specific cell types, with the severity 
of sepsis and the development of MOD, and this apoptosis 
is mediated by Fas/FasL expression, however, the potential 
mechanisms that regulate the expression of Fas/FasL are not 
fully established (35).

The current study analyzed apoptosis levels, and the expres-
sion of Fas and YY1, in PBMCs from children with sepsis, and 
investigated associations with clinical data (including one of 
the most serious complications of sepsis, MOD). To analyze 
apoptosis levels, a control group of healthy individuals were 
compared with the patients with sepsis. The results demon-
strated a significant increase in PBMC apoptosis levels in 
patients with sepsis compared with the controls. In addition 
to TUNEL staining, morphological changes were observed 
in the cells from patients with sepsis, including changes to 
the cytoplasm, vacuoles and nuclei. A previous study has 
demonstrated the association between apoptosis mediated by 
Fas/FasL expression, and the severity of sepsis and MOD (35), 
however, the potential mechanisms of Fas regulation in this 
context remain unknown. Previous studies by our group and 
others have demonstrated that the transcription factor YY1 
negatively regulates Fas expression, and inhibition of this 

transcription factor leads to increased expression of Fas, which 
results in an increased susceptibility to apoptosis in tumor 
cells (36,37). The results of the present study demonstrated 
that there was significant overexpression of Fas and FasL 
in PBMCs from patients with sepsis compared with healthy 
controls (Fig. 1B and F). A previous study has reported that 
Fas and FasL expression is tissue specific (35). However, the 
current study is the first, to the best of our knowledge, to 
analyze Fas expression in PBMCs from children with sepsis. 
Additionally, tissue‑specific apoptosis was previously demon-
strated to be correlated with Fas expression in PBMCs (4). 
Similarly, the correlation analysis of the present study demon-
strated that PBMC apoptosis was positively correlated with 
Fas expression. The present study has particular importance 
as, to the best of our knowledge, it is the first to investigate the 
expression of YY1 in PBMCs from patients with sepsis, and to 
investigate its correlation with Fas expression and apoptosis. 
The results highlighted that YY1 was predominantly expressed 
in the nuclei of PBMCs (Fig. 1C). The increased expression 
of YY1 detected was modest and other studies have reported 
contradictory results (38), demonstrating that activated T cells 
have high YY1 expression. Sepsis is induced by the activation 
of T lymphocytes following infection, and high levels of YY1 
are expressed in PBMCs from patients with sepsis. However, 
sepsis is initially a pro‑inflammatory process that progresses 
into an anti‑inflammatory state, which is predominantly medi-
ated by apoptosis. However, it is important to consider that 
all of these stages may occur simultaneously (39). We hypoth-
esize that this phenomenon induces downregulation of YY1 
and contributes to the induction of apoptosis in PBMCs cells, 
leading to an immunosuppressive state that triggers severe 
sepsis, septic shock and MOD. The current study demonstrated 
that apoptosis was inversely correlated with YY1 expression 
(Fig. 1E). These results indicated that YY1 expression may 
have an anti-apoptotic effect, partially by downregulation of 
the expression pro-apoptotic proteins, including Fas. However, 
the results did not indicate that there was an inverse correla-
tion between Fas and YY1 expression (data not shown). This 
was potentially due to the low levels of YY1 expression in the 
PBMCs from the patients with sepsis and, it was therefore 
difficult to establish a clear negative correlation with the levels 
of Fas expression.

Previous studies have demonstrated that YY1 expres-
sion in hematological malignances, including lymphoma 
and leukemia, is associated with patient outcome (40,41), 
suggesting that YY1 expression has an important role in these 
diseases and, consistent with the results of the present study, 
can potentially be used as a prognostic biomarker to predict 
outcome in pediatric patients.

The results of the present study demonstrated that pediatric 
patients with sepsis have higher PBMC apoptosis compared 
with septic patients that developed MOD (Fig. 2A). These find-
ings are not consistent with a previous report, which observed 
that apoptosis was positively correlated with the development 
of MOD (42). However, the results of the present study indi-
cated that PBMCs exhibited high apoptosis in the early stages 
of sepsis, which diminished following MOD development. 
These results were corroborated by analyzing the association 
between apoptosis levels and patient outcome (Fig. 2B). The 
results demonstrated that patients with high apoptosis levels 

Figure 5. Frequency of PELOD index in PBMCs from pediatric patients with 
sepsis. PELOD index was compared with outcome of patients with sepsis. 
(Student's t-test, P=0.021, alive vs. did not survive). PELOD, pediatric logistic 
organ dysfunction; PBMC, peripheral blood mononuclear cell.
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have a poorer survival outcome compared with patients with 
low apoptosis levels. This indicated that although apoptosis is 
involved in immunosuppression of these patients, it may also 
have a compensatory role and, therefore, prevent progression 
to MOD and promote survival.

As discussed, MOD is the most common cause of death 
in the pediatric ICU. Determination of the severity of this 
syndrome may be useful for predicting disease progression. 
The PELOD index is currently used to assess the severity of 
MOD in children with sepsis (43). The current study analyzed 
the association of the PELOD index with the outcome of 
patients, and demonstrated that mortality is clearly increased 
in patients with a greater PELOD index (up to 20), which is 
consistent with previous reports (43,44) (Fig. 5). As expected, 
there was a direct positive correlation between the PELOD 
index and apoptosis levels in PBMCs (Fig. 3A). These results 
indicate that apoptosis is not a protective factor in these 
patients. Apoptosis may be useful in clinical evaluation as a 
potential prognostic marker. To the best of our knowledge, the 
current study is the first to demonstrate a positive correlation 
between the PELOD index and apoptosis in PBMCs from 
pediatric patients with sepsis. A positive correlation between 
the PELOD index and Fas expression (Fig. 3B), and an inverse 
correlation between the PELOD index and YY1 expression 
(Fig. 3C) were also observed. These results indicate that Fas 
may mediate apoptosis induction and is correlated with a high 
PELOD index, and YY1 has a negative role in the regulation of 
Fas expression and reduces apoptosis to improve the prognosis 
of patients with sepsis. Finally, the results demonstrated that 
apoptosis is a prognostic factor for poor outcomes in pediatric 
patients with sepsis (Fig. 4A).

To the best of our knowledge, the present study is the first 
report to investigate YY1 expression in PBMC from patients 
with sepsis. We hypothesize that YY1 expression and apoptosis 
levels may be used as markers, in combination with others, to 
predict the outcome of patients with sepsis.

Further studies are required to determine the mechanisms 
that underlie the association of YY1 expression with clinical 
outcome. In addition, determining cytokine secretion, and its 
association with the expression of YY1 may be important, 
as will determining the prognostic index of YY1 and the 
anti-apoptotic Bcl-2 protein in pediatric patients with sepsis.
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