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Abstract. This study was designed to investigate the expres-
sion of myoglobin (Mb), N-terminal pro-brain natriuretic
peptide (NT-proBNP) in serum and the expression of nuclear
factor-kB (NF-kB) in neutrophils in patients with multiple
organ dysfunction syndrome (MODS) and the clinical
significance. From July 2014 to December 2015, 314 patients
with severe disease were selected during their stays at the
emergency ward of the Third People's Provincial Hospital of
Henan Province (Zhengzhou, China). Seventy patients with
MODS were selected as MODS group, 108 patients with single
organ or system injury were selected as the key prevention
group, and 136 patients without obvious organ or systemic
injury were selected as prevention group. Serum levels of
Mb and NT-proBNP were measured by ELISA. Neutrophils
were isolated by flow cytometry, and the activity of NF-kB
in neutrophils of MODS patients was measured by electro-
phoretic mobility shift assay (EMSA). At 1, 7 and 14 days
after treatment, the levels of Mb, NT-proBNP and NF-«xB in
the three groups were significantly reduced compared with
pretreatment levels (p<0.05). Logistic regression analysis
showed that serum Mb, NT-proBNP and NF-kB activity
were positively correlated with the progression of the disease
(r=0.809, 0.785 and 0.833, p=0.012, 0.025 and 0.004), and
negatively correlated with the treatment time (r=-0.773,-0.734
and -0.815; p=0.033, 0.041 and 0.078). Mb, NT-proBNP and
NF-kB may be involved in the pathogenesis and development
of MODS, and may play an important role in the prevention
and treatment of MODS.
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Introduction

Multiple organ dysfunction syndrome (MODS) refers to the
simultaneous occurrence of two or more organ dysfunctions
or failure. MODS is common in severely infected and severely
traumatized patients, and is the most common complication of
acute and critically ill patients (1,2). MODS is also a common
cause of death in acute and critically ill patients, and mortality
rate can be as high as 80%, if dysfunction or failure of three
organs exist (3). It's very difficult to control the development of
MODS, therefore, prevention, early detection and early treat-
ment are the key for survival (4).

Myoglobin (Mb) is widely present in muscle tissue to
transport and store oxygen. Mb level increases in cardiac func-
tion damage or failure, and renal failure. Heart and kidneys are
two of the most common early-affected organs in MODS (5,6).
N-terminal pro-brain natriuretic peptide (NT-proBNP) is a
newly discovered biomarker in recent years. NT-proBNP has
been widely used in the detection of heart failure due to its
high specificity and sensitivity (7). Changes in the level of
NT-proBNP have also been found in sepsis, renal failure and
other diseases (8,9). Nuclear factor-«B (NF-«B) is a pleio-
tropic and inducible nuclear transcription factor regulated by
inflammatory response and stress response. Organs or system
damage can stimulate the release of inflammatory cytokines,
activate NF-«kB signaling system, and promote the release of
NF-«kB. NF-kB can also promote the release of proinflamma-
tory cytokines to aggregate the organ or system injury (10,11).

Therefore, this study detected the expression of Mb,
NT-proBNP and NF-kB in patients with MODS and explored
the clinical significance with the expectation of providing
reference for clinical prevention and treatment of MODS.

Patients and methods

Subjects. A total of 314 patients with severe disease were
selected during their stays at the emergency ward of the Third
People's Provincial Hospital of Henan Province (Zhengzhou,
China) from July 2014 to December 2015. Among them,
70 patients with MODS were selected as MODS group,
including 42 males and 28 females, with a mean age of
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Table I. Comparison of basic information among three groups.
Parameters MODS group Key prevention group Prevention group  Statistical value  P-value
No. of patients (cases) 70 108 136
Sex (male/female) 42/28 63/45 78/58 3.578 0.161
Age (years) 67.5£20.4 59.4£19.8 42.3+20.3 1.274 0.398
Cause of disease (n, %)
Serious infection 23 (32.86) 37 (34.26) 45 (33.09) 0.378 0.714
Serious trauma 13 (18.57) 17 (15.74) 15(11.03) 0.135 0.879
Severe burns 11 (15.71) 15 (13.89) 20 (14.71) 0.166 0.855
Severe blood loss 12 (17.14) 19 (17.59) 21 (15.44) 0.174 0.848
Shock 6 (8.57) 7 (6.48) 9 (6.62) 0.118 0.893
Heartbeat, respiratory 3(4.29) 8(741) 10 (7.35) 0.133 0.880
resuscitation
History of smoking 2 (2.86) 5(4.63) 16 (11.76) 0.162 0.857

MODS, multiple organ dysfunction syndrome.

67.5+20.4 years. A total of 108 patients with single organ
or system injury were selected as the key prevention group,
including 63 males and 45 females, with a mean age of
59.4+19.8 years; and the remaining 136 patients without
obvious organ or systemic injury were selected as prevention
group, including 78 males and 58 females, with a mean age of
42.3+20.3 years. No organ dysfunction and MODS occurred
during the study. Patients in MODS group all met the MODS
diagnostic criteria proposed by Wang et al (12), with a course
of disease longer than 24 h. Patients with chronic disease at the
end of life, cancer patients, patients with autoimmune diseases,
patients with three or more organ dysfunctions or systemic
damages, patients who died after 48 h of treatment and patients
with mental or learning dysfunction were excluded. This study
was approved by the Ethics Committee of the Third People's
Provincial Hospital of Henan Province, and all patients signed
an informed consent.

Research methods. All patients received normal clinical
and nursing care. Fasting peripheral venous blood samples
(2 ml x 2) were collected by nurses in the morning. Blood
(2 ml) was used to separate serum at 2 h after collection by
centrifugation at a speed of 2,100 x g at 4°C for 5 min, and the
other 2 ml were used to isolate neutrophils by flow cytometry
(Attune NXT; Thermo Fisher Scientific, Inc., Waltham, MA,
USA). Mb, NT-proBNP and NF-kB were detected. Mb was
detected by enzyme-linked immunosorbent assay (ELISA)
using a detection kit purchased from Keshun Biotechnology
Co., Ltd. (Shanghai, China), NT-proBNP was also detected
by ELISA using a detection kit purchased from Shanghai
Jingkang Biological Engineering Co., Ltd. (Shanghai, China).
NF-kB was tested by EMSA using a kit purchased from
Shanghai YBio Co., Ltd. (Shanghai, China).

Observation indicators. All patients received basic treat-
ment to actively control the primary disease, improve
oxygen metabolism, improve metabolic function, regulate
immune function and control blood sugar. The levels of Mb,

NT-proBNP and NF-kB, and the disease conditions in all
three groups were observed before and at 1, 7 and 14 days
after treatment, and the associations between them were
analyzed.

Statistical analysis. Statistical analysis was performed by
using SPSS 22.0 software [AsiaAnalytics (formerly SPSS
China), Shanghai, China]. Count data were expressed as rate
and measurement data were expressed as mean + SD. y? test
was used to compare the count data. Variance analysis was
used to compare measurement data among multiple groups,
and paired t-test was used for comparisons between two
groups. Repeated measures ANOVA was used for intragroup
comparisons and Dunnett's test was used as a post hoc test.
Logistics regression analysis was used to analyze the correla-
tions between Mb, NT-proBNP, NF-kB and patient's disease
development and treatment time. P<0.05 was considered to
indicate a statistically significant difference.

Results

Comparison of basic information. There were no significant
differences in age, sex, cause of disease, history of smoking
among the three groups (p>0.05) (Table I).

Comparison of Mb levels in peripheral venous. Significant
differences in the blood levels of Mb were found among the
three groups before and at 1, 7 and 14 days after treatment
(p<0.05). Comparisons between two groups at the same
time-points were significantly different (p<0.05) except the
comparisons between key prevention and prevention groups
at 7 and 14 days after treatment. After treatment, the levels of
Mb decreased gradually in all three groups, and significant
differences were found from the comparison of one time-point
with the former time-point (p<0.05) (Table II).

Comparison of NT-proBNP levels in peripheral venous.
Significant differences in the blood levels of NT-proBNP were
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Table II. Comparison of Mb levels in peripheral venous (ug/1).

Treatment MODS group Key prevention group Prevention group Statistical value P-value
Before treatment 913.19+£210.78 357.67+184.32¢ 288.87+115.49%¢ 4049 <0.001
1 day after treatment® 301.33+161.17 274.18+177.49¢ 149.33+154.26% 26.87 <0.001
7 days after treatment” 90.66+54 .84 69.36+32.25¢ 72.21+38.69¢ 6.455 0.002
14 days after treatment® 42.75+11.16 37.59+14.88¢ 38.14+15.24¢ 3.174 0.043

*Compared with pretreatment, p<0.05; ®"compared with 1 day after treatment, p<0.05; “compared with 7 days after treatment, p<0.05; ‘compared
to MODS group at the same time-points, p<0.05; “compared to key prevention group at the same time-points, p<0.01. Mb, myoglobin; MODS,
multiple organ dysfunction syndrome.

Table III. Comparison of NT-proBNP levels in peripheral venous (fmol/ml).

Treatment MODS group Key prevention group Prevention group Statistical value P-value
Before treatment 1,161.5£342.6 1,014.3£321.5¢ 984.8+294.74¢ 7.598 <0.001
1 day after treatment® 964 .2+£272 .4 879.5+263.8¢ 755.3+132.1%¢ 23.11 <0.001
7 days after treatment” 648.5+191.5 431.6+112.4 358.2+84.6%¢ 68.25 <0.001
14 days after treatment® 216.8+59.3 246.9+53.2¢ 215.7£10.6% 18.69 <0.001

*Compared with pretreatment, p<0.05; "compared with 1 day after treatment, p<0.05; ‘compared with 7 days after treatment, p<0.05; ‘compared
to MODS group at the same time-points, p<0.05; ‘compared to key prevention group at the same time-points, p<0.01. NT-proBNP, N-terminal
pro-brain natriuretic peptide; MODS, multiple organ dysfunction syndrome.

Table IV. Comparison of NF-«B levels in peripheral venous (%).

Treatment MODS group Key prevention group Prevention group Statistical value P-value
Before treatment 284.3+18.6 212.2+16.9¢ 182.7+12.6% 16.92 <0.001
1 day after treatment® 2317153 195.5+14.3¢ 156.2+11.8%¢ 7.535 0.023
7 days after treatment” 174.6x11.2 102.7+9.8¢ 92.5+8 4% 8.103 0.017
14 days after treatment® 103.4+7.8 88.4+7.1¢ 80.9+6.74¢ 2.164 0.039

*Compared with pretreatment, p<0.05; ®*compared with 1 day after treatment, p<0.05; ‘compared with 7 days after treatment, p<0.05; ‘com-
pared to MODS group at the same time-points, p<0.05; ‘compared to key prevention group at the same time-points, p<0.01. NF-xB, nuclear
factor-kB.

Table V. Logistics regression analysis results.

(p<0.05). After treatment, the levels of NT-proBNP decreased

Ttems Mb NT-proBNP NF-«xB gradually in all three groups, and significant differences were
found from the comparisons of one time-point with the former
Disease progression  r=0.809 r=0.785 r=0.833 time-point (p<0.05) (Table III).
p=0.012 p=0.025 p=0.004
Treatment time r=-0.773 r=-0.734 r=-0.815 Comparison of NF-kB levels in peripheral venous. Significant
p=0.033 p=0.041 p=0.078 differences in the blood levels of NF-kB were found among

the three groups before and at 1, 7 and 14 days after treatment;
highest levels were found in MODS group, followed by key
prevention group and the lowest levels were found in preven-
tion group (p<0.05). Comparisons between two groups at the
same time-points all yielded significant differences (p<0.05).
After treatment, the levels of NF-«B decreased gradually in

Mb, myoglobin; NT-proBNP, N-terminal pro-brain natriuretic pep-
tide; NF-«B, nuclear factor-xB.

found among the three groups before and at 1, 7 and 14 days
after treatment (p<0.05). Comparisons between two groups
at the same time-points all yielded significant differences

all three groups, and significant differences were found from
the comparisons of one time-point with the former time-point
(p<0.05) (Table IV).
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Logistics regression analysis. Logistic regression analysis
showed that Mb, NT-proBNP and NF-«kB were positively
correlated with patients' disease progression (r=0.809, 0.785
and 0.833; p=0.012, 0.025 and 0.004), and negatively corre-
lated with the treatment time of MODS (r=-0.773, -0.734 and
-0.815; p=0.033, 0.041 and 0.078) (Table V).

Discussion

At present, the pathogenesis of MODS still hasn't been fully
elucidated. Hypothesis on uncontrolled inflammation which
causes MODS is described as the internal environment and the
microcirculation disorder caused by the release of inflamma-
tory mediators into blood (2,13). Ischemia-reperfusion theory
has also been well accepted, because insufficient oxygen
delivery can cause direct hypoxic-ischemic damage of tissues
and the release of excessive inflammatory cytokines, which is
also an important mechanism of MODS (14,15). Although Mb,
NT-proBNP and NF-«B are closely related to ischemia-reper-
fusion and inflammatory reaction (5-11), their involvement in
MODS remains unclear. Therefore, our study aimed to detect
the expression of Mb, NT-proBNP and NF-«B in patients with
MODS with the expectation of providing reference for clinical
prevention and treatment of MODS.

This study enrolled 314 critically ill patients, including
patients without organ dysfunction (prevention group),
patients with single organ dysfunction (key prevention group)
as well as MODS patients. Real-time monitoring of serum Mb,
NT-proBNP, NF-kB before and after treatment was performed
to explore their associations with the occurrence and develop-
ment of MODS.

Results of this study showed that there were significant
differences in serum levels of Mb, NT-proBNP and NF-xB
among the three groups before treatment, and serum levels of
Mb, NT-proBNP and NF-«B decreased with the progression
of treatment. Logistic regression analysis also showed that
Mb, NT-proBNP and NF-kB were positively correlated with
the progression of the disease, indicating that elevated Mb
and NT-proBNP and NF-kB may promote the development
of patients with MODS and even the occurrence of MODS.
The possible explanation is that the aggregation of disease
may increase the degree of anoxia, and the body's defense
and protection function may improve the production of Mb
to improve the oxygen supply capacity. Correlation between
Mb and oxidative damage is also described in 'Oxidative
Damage and Repair: Chemical, Biological and Medical
Aspects' (16). With the occurrence and development of
systemic inflammatory response, production of NF-xB will
be promoted. Fan et al (17) also found that NF-xB pathway
and ischemia-reperfusion injury-induced inflammation and
oxidative stress are closely related. However, we cannot deter-
mine the cause of increased NT-proBNP. The shortcoming
of this study is that the correlation between MODS etiology
and organ dysfunction was not investigated. Therefore, we
can not confirm the role of MODS and organ dysfunction in
the increased level of NT-proBNP, which is also a common
shortcoming shared by previous studies (18,19). However, we
found that the NT-proBNP level increased with the increased
degree of organ dysfunction. After treatment, patients'
condition was effectively controlled, and the levels of Mb,
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NT-proBNP and NF-«xB in serum of patients were also effec-
tively improved. NT-proBNP in all patients recovered almost
to normal level at 14 days after treatment. Logistic regression
analysis also showed that Mb, NT-proBNP and NF-«kB levels
were negatively correlated with treatment time. Therefore,
we believe that reduced levels of Mb, NT-proBNP and NF-kB
play an important role in the occurrence and development of
MODS.

This study is a prospective study, and all results and conclu-
sions remain to be further verified by future studies with larger
sample size.

In conclusion, reduced Mb, NT-proBNP and NF-«B levels
may be involved in the occurrence and development of MODS,
and Mb, NT-proBNP and NF-«kB may play an important role
in the prevention and treatment of MODS.
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