
Abstract. – OBJECTIVE: To investigate the ef-
fects of hemodialysis (HD) and hemoperfusion (HP)
on inflammatory factors and nuclear transcription
factors in peripheral blood cell of multiple organ
dysfunction syndrome (MODS) patients. 

PATIENTS AND METHODS: 92 cases of MODS
patients undergoing maintained hemodialysis in
our hospital were randomly divided into the con-
trol group and observation group. The control
group was treated with conventional hemodialy-
sis (HD), the observation group was treated with
hemoperfusion combined therapy (HD+HP) based
on the control group. The levels of serum creati-
nine (SCR), serum total cholesterol (TC), blood
urea nitrogen (BUN) and serum albumin (Alb)
were compared and analyzed between two
groups before and after treatment. The levels of
NK-κB p65 in the white cell of peripheral blood
were compared between two groups before and
after treatment by Western blot. The levels of in-
flammatory factors TNF-α and IL-6 in peripheral
blood were detected between two groups before
and after treatment using ELISA method. 

RESULTS: Compared with the control group,
the levels of Scr, BUN and TC were significantly
decreased, while the level of Alb was significant-
ly increased (p < 0.05). The level of cytoplasm
NK-κB p65 protein in peripheral blood was signif-
icantly increased in the observation group, while
the level of nuclear NK-κB p65 in peripheral
blood was significantly decreased (p < 0.05). 

CONCLUSIONS: Hemodialysis combined with
hemoperfusion in treating MODS patients could
significantly improve the biochemical indicators,
effectively remove the inflammatory mediums,
and significantly inhibit the activation of NK-κB.
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Introduction

Multiple organ dysfunction syndrome (MODS)
is a clinical syndrome characterized by various
causes, complex pathogenesis and high mortality.
MODS refers to that the body occurs to two or
above organ dysfunction at the same time or se-
quentially after severe diseases, trauma, surgery,
infection, shock and other serious damages, that is
a clinical syndrome which the homeostasis cannot
be maintained even organ failure caused by acute
injury1,2. According to the literature, the mortality
rate of MODS involving only two organs was
50%, the mortality rate of MODS involving kid-
neys and lungs was as high as 80%, the mortality
rate of MODS in involving more than four organs
was 100%. With the deep understanding of the na-
ture of MODS, people pay more attention to its im-
mune pathogenesis. Systemic uncontrolled inflam-
matory response, immune dysfunction and coagu-
lation system activation are the main pathological
bases of MODS. In recent years, many studies
have indicated that systemic inflammatory re-
sponse syndrome induced by inflammatory media-
tors, such as TNF-α, IL-10, IL-6, platelet activating
factor and NO etc. are the key factors of MODS re-
currence and development. The nuclear factor κB
(NF-κB) was a ubiquitous nuclear transcription
factor, which could regulate the transcriptions of
TNF-α, IL-10, IL-6 and other cytokines as well as
intercellular adhesion molecule3-5. So far, there was
no effective method to prevent the development of
MODS and there was no specific therapeutic mea-
sure in clinical practice. MODS traditional treat-
ment methods generally include fasting and water
electrolyte balance, gastrointestinal decompres-
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sion, controlling infection, etiological treatment,
organ function protection and nutrition support,
etc. However, their efficacies were not satisfactory
and the effective rate was less than 50%6. He-
modialysis (HD) combined with hemoperfusion
(HP) obtained the remarkable effects in eliminating
exogenous and endogenous imune inflammatory
substances and treating water, electrolyte and acid-
base balance disorders through the absorption of
hemoperfusion apparatus through high throughput
filter as well as supporting organ function7. So it
has been used in the treatment of MODS. In this
study, HD+HP combined therapy was used for
MODS patients, and we observed the effects of
HD+HP combined therapy on peripheral inflam-
matory cytokines and NF-κB.

Patients and Methods

General data
92 cases of MODS patients undergoing he-

modialysis in our hospital from December 2012 to
December 2014 were randomly divided into the
control group and observation group, with 46 cas-
es in each group. There were 30 cases of male and
16 cases of female in the control group, aged 31-
78 years old, averagely aged (43.67±13.52) years;
including 9 cases of multiple trauma, 7 cases of
simple cerebral trauma, 6 cases of severe traffic
accident, 4 cases of cardio-pulmonary resuscita-
tion, 4 cases of extensive burn, 4 cases of diffuse
peritonitis severe pancreatitis, 3 cases of severe
myocarditis, 3 cases of septic shock, drug and tox-
icant toxication. There were 32 cases in the obser-
vation group, including 32 cases of male and 14
cases of female, aged 33-78 years old, averaged
aged (42.32±12.92) years, including 10 cases of
multiple trauma, 8 cases of simple cerebral injury,
7 cases of serious traffic accident, 5 cases of car-
dio-pulmonary resuscitation, 3 cases of extensive
burn, 3 cases of diffuse peritonitis severe pancre-
atitis, 2 cases of septic shock, 3 cases of drug and
toxicant toxication. There was no statistical signif-
icance in gender, age or disease type in all patients
(p>0.05). This study was conducted in accordance
with the declaration of Helsinki. This study was
conducted with approval from the Ethics Commit-
tee of Xinxiang Medical University. Written in-
formed consent was obtained from all participants.

Treatment method
The patients in two groups were treated with

folic acid, ferralia, calcium carbonate, alimentary

control, erythropoietin (EPO) and other basic
treatments. The patients combined with infection
were treated with antibiotics. The patients com-
bined with diabetes mellitus were treated with in-
sulin to control blood sugar. The patients com-
bined with hypertension were treated with hy-
potensive drugs to control blood pressure. The
patients in the control group were treated with
HD. The bicarbonate was taken as the dialysate.
The dialysate flow was 500 ml/min. The blood
flow velocity was 250 ml. The ultrafiltration co-
efficient was 5.5 mL (h·mmHg). The each dialy-
sis time was 4h. The dialysis was conducted 3
times each week. Low-molecular weight heparin
was used for anticoagulation. The internal arteri-
ovenous fistula was used. On the basis of the
control group, hemoperfusion was carried out
once a week in the observation group. Adsorp-
tion column heparinization was conducted ac-
cording to the disposable hemoperfusion appara-
tus (Jianfan Biotechnology Co., Zhuhai, China).
The hemoperfusion apparatus was connected in
front of the hemodialyzer (Fresenius Kabi, Bad
Homburg, Germany) in series. 2 L heparin nor-
mal saline (20 mg/L) was prepared. The pipeline
and hemoperfusion apparatus were flushed. The
hemoperfusion apparatus was slapped gently
with hands to remove the bubbles and particles.
The treatment time was 2 h. The first dose of he-
parin was 0.6-0.8 mg/kg and was superadded to
10-14 mg/kg. The hemoperfusion apparatus was
removed. The hemodialysis was continued for 2
h. There were a total of 4 h. The patients in two
groups were treated for 3 months.

Levels of Scr, BUN, TC and Alb 
in two groups of patients before 
and after treatment

2 ml fasting peripheral venous blood in pa-
tients of two groups was extracted before and af-
ter treatment. The levels of serum creatinine
(Scr), total cholesterol (TC), blood urea nitrogen
(BUN) and serum albumin (ALB) were detected
by the fully automatic biochemical analyzer
(Beckman-Coulter, Miami, FL, USA).

Western blot 
The PBMC in peripheral blood was obtained

by isolating human lymphocyte separation medi-
um (Dingguo Biotechnology Co., Beijing, China)
in two groups before and after treatment. The
plasmosin and nucleoprotein were obtained from
PBMC according to the cytoplasm extraction kit
(Dingguo Biotechnology Co., Beijing, China).
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The protein concentration was determined using
BCA protein detection kit (Beyotime Biotechnol-
ogy Co., Shanghai, China). 4* loading buffer was
added and boiled for 10 min; SDS-PAGE was
conducted. The protein was transferred to PVDF
membrane and 5% skim milk powder was used
to close for 30 min. The mouse-anti-human NK-
κB p65 polyclonal antibody (Roche, Basel,
Switzerland) (1:1000 dilution) was added, incu-
bated overnight at 4°C and washed with PBST
for 3 times. The rabbit-anti-mouse monoclonal
antibody (Roche, Basel, Switzerland) was added
and incubated for 1 h and colorated with DAB,
photograhed. The β-actin was taken as the inter-
nal reference for cytoplasm. The Lamin B1 was
taken as the internal reference for nucleus.

ELISA analysis
2 ml fasting peripheral venous blood was ex-

tracted respectively from two groups before treat-
ment and after treatment, placed at room tempera-
ture for 30 min; centrifuged by 4000 rpm for 10
min. The supernatant was subpackaged in 1.5 ml
EP tube. The levels of TNF-α and IL-6 strict were
detected strictly according to ELISA kit (Boster
Inc., Wuhan, China). Three complex holes were
set for each sample and standard. The OD value

was measured at 492 nm using the microplate
reader (Thermo Scientific, Rockford, IL, USA). 

Statistical Analysis
All data were analyzed using SPSS 17.0 soft-

ware (SPSS Inc, Chicago, IL, USA). The measure-
ment data were expressed using X±S. The mea-
surement data among multiple groups were ana-
lyzed using ANOVA. The pairwise comparison
was performed using LSD method. p<0.05 showed
that the difference was statistically significant.

Results

Comparison of Scr, BUN, TC, Scr and 
ALB in two groups before and 
after treatment

There was no statistical significance in all in-
dicators between the control group and observa-
tion group before treatment (p>0.05). The levels
of Scr, BUN and TC were significantly decreased
after treatment (p<0.05), the level of Alb was sig-
nificantly increased (p<0.05). The indicators
showed statistically significance in all indicators
improvement in the observation group (p<0.05)
(Figure 1).
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Figure 1. Comparison of Scr, BUN, TC, Scr and Alb in two groups before and after treatment. A, Comparison of Scr level;
B, Comparison of TC level; C, Comparison of BUN level; D, Comparison of Alb level.
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Comparison of NK-κB p65 protein 
levels in two groups before and 
after treatment

The Western blot analysis result of NK-κB
p65 protein in peripheral white blood cell in two
groups of patients before and after treatment was
shown in Figure 2. There was no statistical sig-
nificance in NK-κB p65 protein in peripheral
white blood cell before treatment (p>0.05). NK-
κB p65 protein in peripheral white blood cell was
significantly increased in the observation group
after treatment compared with the control group
(p<0.05). The NK-κB p65 protein in nucleus was
significantly decreased and the difference was
statistically significant (p<0.05).

Comparison of TNF-α and IL-6 protein 
levels in two groups before and after 
treatment

Before treatment, the levels of serum TNF-α
and IL-6 were not significantly different between
the control group and observation group
(p>0.05); after treatment, compared with the con-
trol group, the levels of TNF-α and IL-6 were
significantly decreased and the difference was
statistically significant (p<0.05) (Figure 3).

Discussion

MODS is still an unpredictable serious com-
plication of many critical diseases at end stage.
The mortality is still about 60-80% even if it is
positively treated. It is one of the important caus-
es of death in critically ill patients and its threat
to human health is becoming more and more

prominent8. In recent years, the pathogenesis of
MODS has been studied. It has been clear that
the infective or non-infective factors act on the
body, which causes the increased inflammatory
mediators or cytokines, resulting in systemic in-
flammatory response syndrome (SIRS), and then
damage many organs, resulting in MODS. The
existing researches confirmed that SIRS was the
fundamental cause of MODS. To block SIRS
brought the breakthrough progress for the treat-
ment of MODS. So far, the mediators directly in-
volving in inflammatory reaction include TNF-α,
IL-6, IL-1, IL-8, platelet activating factor (PAF)
and myocardial inhibiting factor, etc.9-11. The lev-
els of TNF-α and IL-6 in peripheral blood of
MODS patients were detected using ELISA
method. The result showed that the levels of
TNF-α and IL-6 were significantly higher than
normal values, and the body was in a state of ag-
gregation of inflammatory factors.

In addition, many research results showed that
NK-κB, as an important transcription factor medi-
ating the inflammatory mediators, is the final
confluence of the inflammatory signals, which
plays an important role in regulating immune and
inflammatory responses, and may be in the cen-
tral position in MODS12. NK-κB can transmit the
endonuclear and extranuclear information, plays
an important role in immune, stress response, in-
flammation and cell apoptosis. In the static state,
NK-κB in the cytoplasm was connected through
IκB and appeared to inactive homodimer or het-
erodimer13-15. When the body was stimulated by
pathological stimuli so as to activate inflammato-
ry and other signal transduction pathways, IκB ki-
nase in cytoplasm and nucleus in peripheral blood
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Figure 2. Comparison of NK-κB p65 protein levels in two groups before and after treatment. A, Western blot showed NF-κB
p65 of white blood cells; B, Quantitative analysis showed NF-κB p65 of white blood cells in cytoplasm; C, Quantitative analy-
sis showed NF-κB p65 of white blood cells in nucleus.



of MODS patients was detected using Western
blot method. The result showed that the level of
NF-κB in cytoplasm of MODS patients was sig-
nificantly lower than the normal value, the level
of NF-κB in nucleus was significantly higher than
the normal value. Combined with the levels of
TNF-α and IL-6 in peripheral blood of MODS
patients, the result confirmed that NF-κB oc-
curred to nuclear translocation in the occurrence
and development of MODS, promote the expres-
sion of inflammatory factors.

Hemoperfusion (HP) is a blood purification
method which can eliminate various inflammato-
ry mediators, cytokines and vasoactive sub-
stances and endotoxin etc. through dispersion or
convection current to produce adsorption and fil-
tration, which can maintain the balance of water
and electrolyte, persistently and stably regulate
azotemia, maintain the stability of blood purifi-
cation, and transfused the purified blood in body.
HP can maintain the stability of cardiovascular
function so as to delay MODS caused by these
inflammatory factors16-18. In this study, compared
with simple HD treatment, the level of NK-κB
p65 protein in cytoplasm of MODS patients was
significantly higher after (HP+HD) combined
therapy, while the level of NK-κB p65 protein
was significantly decreased, the levels of inflam-
matory cytokines IL-6 and TNF-α in peripheral
blood were decreased significantly. The study
showed that there were high catabolism and se-
vere internal environment disturbance in MODS
patients. The levels of BUN and Scr in peripheral
blood were gradually decreased, the difference
was statistically significant before and after treat-
ment. And the decrease in (HP+HD) combined
therapy group was more significant (p<0.05), in-
dicating that HP+HD could improve blood bio-
chemical parameters, adjust water electrolyte and

acid-base disorder, improve the internal environ-
ment, which could be used safely and was suit-
able for the treatment of critical disease. More-
over, compared with simple HD therapy, HP+HD
combined therapy was more accorded with phys-
iological status, the haemodynamics was more
stable, the solute clearance rate was higher, could
provide sufficient nutrition, the liquid could be
well controlled.

Conclusions

HP+HD combined therapy in the treatment of
MODS patients can significantly improve vari-
ous biochemical indicators, effectively remove
the inflammatory mediators, reduce the inflam-
matory reaction of patients through inhibiting the
activation level of NK-κB, which has significant
clinical effect.  
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