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Abstract

clinicopathological features.

ity of NEC.

Background: To investigate the expressions of fibrinogen (Fib) and Interleukin-12 (IL-12) in serum of neona-
tal necrotizing enterocolitis (NEC), and to analyze the correlation between the two and their relationship with

Methods: Forty two children with NEC treated in Xuzhou Children’s Hospital, Xuzhou Medical University
Xuzhou, China from 2016-2019 were selected as an observation group and 40 children who underwent physical
examination at the same period as a control group. The expression levels of Fib and IL-12 in the serum of two
groups were detected by ELISA. The correlation between Fib and IL-12 in the observation group and the cor-
relation among the expressions of Fib, 1L-12, the clinicopathological features and common examination index-
es of the children with NEC were investigated by Pearson correlation analysis.

Results: The levels of Fib and 11.-12 in the serum of the children in observation group were significantly high-
er than those in the control group were (P<0.05). There was a significant positive correlation between the levels
of Fib and IL-12 in the serum of the children in observation group (P<0.05). The expression levels of Fib, IL-
12 were not significantly correlated with sex and age of NEC children, but correlated with vomiting, diarrhea,
bloody stool and bradycardia in NEC children (P<0.05). Fib and I1.-12 were positively correlated with erythro-
cyte level (P<0.05) and negatively correlated with platelet level.

Conclusion: The expressions of Fib and 11.-12 in the serum of NEC children can objectively predict the sever-
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Introduction

Neonatal necrotizing enterocolitis (NEC) is an
acquired gastrointestinal disease with an inci-
dence of 7%-21% and a fatality rate of about
20%, especially for premature infants. With the
development of neonatal intensive care and
treatment technology of perinatal doctors, the
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survival rate of premature infants and low birth
weight infants increased, and the mortality of
NEC children increased significantly (1-4). There
is usually a positive correlation between gesta-
tional age and birth weight. Children with low
birth weight and premature infants are the sub-

Available at:  http://ijph.tums.ac.ir



http://ijph.tums.ac.ir/
file:///D:/Program%20Files%20(x86)/Youdao/Dict/8.5.1.0/resultui/html/index.html#/javascript:;
file:///D:/Program%20Files%20(x86)/Youdao/Dict/8.5.1.0/resultui/html/index.html#/javascript:;

Yin et al.: Expressions of Fib, IL-12 in Serum of Neonatal Necrotizing Enterocolitis ...

jects with high incidence of NEC. If they are not
treated in time and effectively, the death rate will
be increased (5-8). Short bowel syndromes, such
as the decrease of the absorption area of small
intestine, the absorption disorder of nutrients,
and the difficulty of treatment of diarrhea, are
common after NEC operation for different rea-
sons. NEC accounts for 35% of the causes of
short bowel syndrome in neonatal intensive care
(9, 10), which is a serious threat to the life and
health of newborns. Therefore, it is very im-
portant to predict the condition of NEC in the
early stage, and it becomes urgency.

Active intestinal inflammation can activate coag-
ulation and fibrolysis cascade reaction, resulting
in hypercoagulation and high fibrinolysis (11).
Fib is an acute inflammatory reactant associated
with thrombosis, and the level of Fib increases
during inflammation (12). The IL-12 cytokine is
an isomer functional cell regulator (13) with in-
fectious and autoimmune disease immunity. IL.-
12 cytokines had anti-inflaimmatory and pro-
inflammatory function model, which affected the
inflammatory reaction process (14).

In this study, the expression levels of Fib and IL-
12 were used to predict the severity of NEC in
order to provide the direction for the diagnosis
and treatment of NEC and to improve the prog-
nosis.

Materials and Methods

Altogether 42 children with NEC admitted to
Xuzhou Children’s Hospital, Xuzhou Medical
University Xuzhou, China from 2016 to 2019
were selected as an observation group, and 40
healthy children undergoing physical examination
as a control group. There were 48 male children
and 34 female children with the average age of
(17.4£5.7) days, the average gestational age of
(35.4%2.6) weeks, and the average body mass of
(18461616) grams. There was no significant dif-
ference in age, gestational age and body mass be-
tween the two groups but a significant difference
in sex, vomiting and diarthea (P < 0.05) (Table

1.

Table 1: Comparison of general information

Group Observation Control group X2 /¢ r
group(n=42) (n=40)

Sex 3.919 0.048

Male 29(69.05) 19(47.50)

Female 13(30.95) 21(52.50)

Age (days) 17.1£5.8 17.5£5.6 0.318 0.752

Gestational age (weeks) 35.2%2.8 35.5%£3.0 0.468 0.641

Body mass(g) 1838+618 18481621 0.073 0.942

Vomiting 11.711 <0.001

Yes 13(30.95) 1(2.50)

No 29(69.05) 39(97.50)

Diarrhea 9.988 0.002

Yes 17(40.48) 4(10.00)

No 25(59.52) ) 36(90.00)

Blood stool 16.081 <0.001

Yes 14(33.33) 0

No 28(66.67) 40(100.00)

Inclusion criteria
Neonates diagnosed as necrotizing enterocolitis
by pathological examination.
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Exclusion criteria

1) Newborns weighing less than 1 kg; 2) Children
with congenital heart disease, congenital intestinal
malformation and other congenital diseases; 3)
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Children with severe neonatal asphyxia; 4) Chil-
dren complicated with severe intrauterine infec-
tion; 5) Children with related genetic diseases of
the digestive system.

All the families of the children agreed to partici-
pate in the experiment and signed informed con-
sent forms. This experiment was approved by the
Medical Ethics Committee of Xuzhou Children’s
Hospital, Xuzhou Medical University.

Experimental Reagents and Materials

ELISA Kit (Bangyi Biotechnology Co., Ltd,
Shanghai, China); anti-Fib antibody (Guangrui
Biological Technology Co., Ltd., Shanghai, Chi-
na); anti-IL-12 antibody (Abcam Trading Co.,
Ltd., Shanghai, China); plasma separator (Beck-
man Inc., America); enzymatic marker (Thermo
Fisher Scientific Inc, China).

Test Method

All the children were fasting for 4 hours and de-
prived of water for 2 hours before the experi-
ment. A 5-mL sample of fasting venous blood
was collected in the morning for blood routine,
Fib and I1.-12 detection. The blood was centti-
fuged by serum separation centrifuge at 3000
r/min for 6 min to collect the serum. ELISA was
used for determination of serum Fib. Two hun-
dred ul of serum samples from the study group
and the control group were added to the pore
plate coated with anti-Fib antibody. At the same
time, the standard and blank holes were set. After
70 min reaction at room temperature, the reac-
tion solution was dried and rinsed for 3 times.
Then 100 pl of chromogenic agent was added for
color reaction at 37 °C for 20 min. The average
optical density of each hole was recorded by put-
ting 100 pl of mixture into the enzyme standard
instrument at 500 nm wavelength. The IL-12 lev-

el detection was as the same as the above meth-
od. The experiment was carried out strictly ac-
cording to the instructions of ELISA Kkit.

Observation Indexes

1) Fib and IL-12 levels in Children of the obser-
vation group and the control group were com-
paratively analyzed.

2) Correlation analysis was performed on the lev-
els of Fib and IL.12 in children in the observation
group.

3) Relationship between clinicopathological fea-
tures and expressions of Fib, IL.-12 in children
with NEC was observed.

4) Correlation between the expressions of Fib,
IL-12 and the common clinical examination in-
dexes in children with NEC was analyzed.

Statistical Methods

The SPSS20.0 (NDTimes Technology Co., Ltd.,
Beijing, China) software was used to analyze sta-
tistically the collected data. Data were analyzed
using the chi-squared test, and the measured data
were expressed as the mean T standard deviation.
T test was used to analyze the two groups. Pear-
son test was used for correlation analysis.
GraphPad Prism 8 was used to plot the figures in
this experiment. A value of P<0.05 was consid-
ered as indicating a statistically significant differ-
ence between two groups.

Results

The serum Fib in the observation group was sig-
nificantly higher than that in the control group
(P<0.05). The serum IL-12 in the observation
group was significantly higher than that in the
control group (P<0.05) (Table 2, Fig. 1).

Table 2: Comparison of Fib, IL-12 levels between the observation group and the control group

Variable Observation group Control group t P
(n=42) (n=40)

Fib(ng/L) 35.93+15.37 6.6312.83 11.860 <0.001

1L-12(ng/1) 40.43+14.82 10.37£3.65 12.470 <0.001
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Fig. 1: Comparative analysis of Fib, IL-12 levels between the observation group and the control group

There was a positive correlation between the lev-
els of Fib and IL-12 in the serum of the children
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in the observation group (t=0.559, P<0.001) (Fig.
2A).
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Fig. 2: Pearson correlation analysis of serum Fib, IL-12 levels and clinical examination indexes in two groups. (A)
There was a positive correlation between the levels of Fib and IL-12 in the serum of the children in the observation
group (r=0.559, P<0.001). (B) There was a positive correlation between Fib and erythrocyte quantity (r=0.419,
P=0.006). (C) There was a positive correlation between 1L.-12 and erythrocyte quantity (r=0.649, P<0.001). (D)
There was a negative correlation between Fib and platelet quantity (+=-0.434, P=0.004). (E) There was a negative

correlation between IL-12 and platelet quantity (r=-0.504, P<0.001)
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The expression levels of Fib, IL-12 were not sig-
nificantly related to the sex and age of the chil-
dren in the observation group, but related to the

symptoms of vomiting, diarrhea, blood stool and
slow heart rate, all of which were statistically sig-
nificant (P<0.05) (Table 3).

Table 3: Relationship between clinical features and the expressions of Fib, IL-12 in observation group

Clinicopathological n Fib t p IL-12 t r
parameters
Age (days) 0016 0.988 0.088  0.930
<17.1 20 35.77%14.39 40.72£14.63
>17.1 22 35.84%+14.25 40.321+14.66
Sex 0.006  0.996 0.041 0.968
Male 29 3596%16.31 40.621+14.69
Female 13 35.93%15.37 40.42+14.71
Vomiting 2.075  0.045 2.164 0.037
Yes 13 38.34%15.32 43.93+114.53
No 29 29.53%11.43 35.53+10.14
Diarrhea 2.059  0.046 2.082 0.044
Yes 17 37.43%15.63 43.341+14.24
No 25 28.43%+12.63 35.39+10.52
blood stool 2.041  0.048 2.112 0.041
Yes 14 38.23%15.73 43.27£14.87
No 28 29.43%+11.74 34.43111.65
Slow heart rate 2.090  0.043 2.026  <0.050
Yes 9 37.73%£15.79 43.63£15.34
No 33 28.42%10.63 34.24+11.45

The erythrocyte level in the observation group The results of Pearson correlation analysis

was significantly higher than that in the control
group, and the platelet level was significantly
lower than that in the control group (P<0.05).
There was no significant difference in neutrophils
and lymphocytes between the two groups (Table
4).

showed that erythrocytes were positively corre-
lated with Fib (r=0.419, P=0.000), erythrocytes
were positively correlated with IL-12 (r=0.649,
P<0.001), platelets were negatively correlated
with Fib (r=-0.434, P=0.004), and platelets were
negatively correlated with IL-12 (r=-0.504,
P<0.001). (Fig. 2B-2E).

Table 4: Comparison of common clinical examination indexes between the two groups

Group Erythrocyte(*¥10°/L)  Platelet(*10°/L) Neutrophil (%) Lymphocyte (%)
Observation 18.5210.79 134.56£20.52 0.6310.16 0.30+0.12
group (n=42)
Control group 4.4310.53 239.42+21.23 0.621+0.13 0.291+0.11
(n=40)
t 94.360 22.740 0.310 0.393
p <0.001 <0.001 0.758 0.696
1443 Available at:  http://ijph.tums.ac.ir
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Discussion

NEC is clinically commonly seen in premature,
low body mass infants. Children with NEC may
have a history of ischemia and hypoxia or im-
proper feeding. Abdominal distension and feed-
ing intolerance in early clinical manifestations
were mostly nonspecific. The main clinical symp-
toms in the middle and late stage were abdominal
distension, even developed to intestinal infarc-
tion, blood stool and so on (15). Many reasons
lead to ischemic and anoxic damage of intestinal
mucosa, resulting in diffuse or localized function-
al necrosis of barrier structure in small intestine
and colon, which together with bacterial invasion
were considered the main link in the pathogene-
sis of NEC (16, 17). At present, the problems
faced by NEC in prevention and treatment are
thorny, so it is urgent to find the indicators that
can be used to predict the diagnosis and treat-
ment of NEC. The purpose of this study was to
explore the expressions of Fib, IL-12 in children
with NEC to find out more directions for the
diagnosis and treatment of NEC.

The results of this study showed that the serum
Fib, IL-12 in the observation group were signifi-
cantly higher than those in the control group.
There was a positive correlation between serum
Fib and IL-12 levels in the observation group. It
suggested that the expressions of Fib, IL-12 in
serum of children with NEC can reflect the
changes of NEC, and usually increased with the
increasing of the severity of the disease. Fibrin
peptide A (FPA) released by Fib increased to
60% in patients with inflammatory bowel disease
(18). The expressions of IL-12 and mRNA se-
creted by monocytes in patients with ulcerative
colitis was significantly higher than that in pa-
tients with non-active or normal colitis (19), con-
sistent with the results of our study.

The results showed that the expression levels of
Fib, IL-12 were not significantly related to the
sex and age of the children in the observation
group, but related to the symptoms of vomiting,
diarrhea, blood stool and slow heart rate. It sug-
gested that with the different clinicopathological

Available at:  http://ijph.tums.ac.ir

features of NEC, Fib, 11.-12 had different expres-
sion levels, and the manifestations, such as diat-
rhea and blood stool, may be related to inflam-
matory changes in NEC patients. B cells, which
promote the secretion of IL-12, could cause in-
testinal inflammation (20), and IL.-12p40 in colo-
rectal cells could induce allergic diarrhea (21).
There was also a correlation between Fib and the
value of activity index of inflammatory bowel
disease (22). All the above studies show that Fib
and IL-12 can cause intestinal inflammatory
changes in NEC, and affect the stress response
of patients such as vomiting and diarrhea by
regulating changes in the body's inflammatory
response.

Generally speaking, there is little literature on the
relationship between the abnormal expressions of
Fib, IL-12 and the clinical features of NEC. To
explore how the abnormal expressions of Fib,
IL-12 can cause abnormal inflammatory changes
in the body and cause the symptoms such as
vomiting, diarrhea, blood stool, slow heart rate
and so on, is one of the key research directions in
the later stage. Serum biological related biochem-
ical markers have been widely used in clinic be-
cause of their small trauma and no radiation inju-
ry. In this study, the erythrocyte level in the ob-
servation group was significantly higher than that
in the control group, and the platelet level was
significantly lower than that in the control group.
There was no significant difference in neutrophils
and lymphocytes between the two groups.
Therefore, children with abnormal erythrocyte
and platelet levels are at higher risk of developing
severe NEC. From the correlation analysis, the
expressions of Fib and IL-12 were positively cor-
related with WBC, negatively correlated with
PLT, and not correlated with neutrophils and
lymphocytes. The results showed that the levels
of WBC, PLT were correlated with the expres-
sions of Fib and IL-12, which further confirmed
that Fib and IL.-12 could be used as reference
indexes to judge the prognosis of children. Re-
combinant human erythropoietin (thEPO) pro-
moted the proliferation and development of in-
testinal microvascular endothelial cells in chil-
dren, and formed intestinal bartier to resist path-
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ogenic bacteria (23, 24). Children with thrombo-
penia, were nearly 90% likely to find intestinal
necrosis in them after operation (25). It can be
seen from the study that in the blood routine ex-
amination of children with NEC, the blood cell
level is usually increased and the platelet is de-
creased.

Fib and IL-12 can reflect the inflammatory
changes of NEC, which together with the blood
routine have the function of inflammatory detec-
tion. It was confirmed from the side that the
condition of NEC children would change with
significant abnormal changes in WBC, PLT lev-
els, and WBC, PLT levels were correlated with
the expressions of Fib and IL-12.

Conclusion

The expression level and correlation of Fib, IL-
12 in serum of children with NEC and its rela-
tionship with clinicopathological features were
studied. The results showed that the expressions
of Fib, IL-12 in serum of children with NEC
could reflect objectively and accurately the
changes of NEC. However, there are still some
shortcomings. For example, the expression levels
of Fib, IL-12 in prognosis were not studied fur-
ther. In the follow-up experiment, we will con-
tinue to explore in order to provide more sensi-
tive index data basis for clinical treatment of
NEC children.

Ethical considerations

Ethical issues (Including plagiarism, informed
consent, misconduct, data fabrication and/or fal-
sification, double publication and/or submission,
redundancy, etc.) have been completely observed
by the authors.

Acknowledgements
This study was supported by the General Pro-
gram of Medical Scientific Research Project in

2018 of Jiangsu Provincial Health and Family
Planning Commission (No. ZX1345789).

1445

Conflict of interest
The authors have no conflict of interest.

References

1. Morgan JA, Young L, McGuire W (2011). Path-
ogenesis and prevention of necrotizing enter-
ocolitis. Curr Opin Infect Dis, 24: 183-189.

2. Hsueh W, Caplan MS, Qu XW, Tan XD, De
Plaen IG, Gonzalez-Crussi I (2003). Neona-
tal necrotizing enterocolitis: clinical considera-
tions and pathogenetic concepts. Pediatr Dey
Pathol, 6: 6-23.

3. Kalogeris T, Baines CP, Krenz M, Korthuis R]
(2012). Cell biology of ischemia/reperfusion
injury. It Rev Cell Mol Biol, 298: 229-317.

4. NEU J, WALKER WA (2011). Necrotizing en-
terocolitis. N Engl | Med, 364: 255-264.

5. Hall Nj, Eatone S, Pierrop A (2013). Royal Aus-
tralasia ~ of  Surgeons  Guest  Lec-
ture.Necrotizing ~ enterocoitis:  prevention,
treatment, and outcome. | Pediatr Surg, 48:
2359-2367.

6. Laukaityte A (2013). Neonatal necrotising enter-
ocolitis-Fact sheet. | Neonatal Nursing, 19: 54
57.

7. Jin YT, Duan Y, Deng XI, Lin J (2019). Preven-
tion of necrotizing enterocolitis in premature
infants - an updated review. World | Clin Pedi-
atr, 8: 23-32.

8. Drucker NA, McCulloh CJ, Li B, Pierro A, Bes-
ner GE, Markel TA (2017). Stem cell therapy
in necrotizing enterocolitis: Current state and
tuture directions. Sexzin Pediatr Surg, 27: 57-64.

9. Thyoka M, de Coppi P, Eaton §, et al (2012).
Advanced necrotizing enterocolitis  part
1:mortality. Eur | Pediatr Surg, 22: 8-12.

10. Amin SC, Pappas C, Iyengar H, Maheshwari A
(2013). Short bowel syndrome in the NICU.
Clin Perinatol, 40: 53-68.

11. Kume K, Yamasaki M, Tashiro M, Yoshikawa I,
Otsuki M (2007). Activations of coagulation
and fibrinolysis secondary to bowel inflam-
mation in patients with ulcerative colitis. Inzer
Med, 46: 1323-1329.

12. Christensen RD, Baer VL, Henry E, Snow GL,
Butler A, Sola-Visner MC (2015). Thrombo-
cytopenia in Small-for-Gestational-Age In-

Available at:  http://ijph.tums.ac.ir


http://ijph.tums.ac.ir/

13.

14.

15.

16.

17.

18.

19.

Awvailable at:

Yin et al.: Expressions of Fib, IL-12 in Serum of Neonatal Necrotizing Enterocolitis ...

fants. Pedatrics, 136: €361-e370.

Egwuagu CE, Yu CR, Sun L, Wang R (2015). In-
terleukin 35: Critical regulator of immunity
and lymphocyte-mediated diseases. Cyrokine
Growth Factor Rev, 26: 587-593.

Murphy CA, Langtish CL, Chen Y, et al (2003).
Divergent Pro- and Antinflammatory Roles
for I11.-23 and IL-12 in Joint Autoimmune In-
flammation. | Exp Med, 198: 1951-1957.

Eaton S (2017). Necrotizing enterocolitis sympo-
sium: Epidemiology and early diagnosis. | Pe-
diaty Surg, 52: 223-225.

Vieten D, Cotfield A, Carroll D, Ramani P, Spic-
er R (2004). Impaired mucosal regeneration in
neonatal necrotising enterocolitis. Pediatr Surg
Int, 21: 153-160.

Heida FH, Harmsen HJ, Timmer A, Kooi EM,
Bos AF, Hulscher JB (2016). Identification of
bacterial invasion in necrotizing enterocolitis
specimens using fluorescent in situ hybridiza-
ton. | Perinatol, 37: 67-72.

Weber P, Husemann S, Vielhaber H, Zimmer
KP, Nowak-Géttl U (1999). Coagulation and
fibrinolysis in children, adolescents, and
young adults with inflammatory bowel dis-
ease. | Pediatr Castroenterol Nutr, 28: 418-422.

Nielsen OH, Kiman I, Rudiger N, Hendel J,
Vainer B (2003). Upregulation of interleukin-
12 and-17 in active inflammatory bowel dis-

http://ijph.tums.ac.ir

20.

21.

22,

23.

24.

25.

ease. Scand | Gastroenterol, 38: 180-185.

Sugimoto K, Ogawa A, Shimomura Y, Nagaha-
ma I, Mizoguchi A, Bhan AK (2007). Induc-
ible II-12-producing B cells regulate Th2-
mediated intestinal inflammation. Gastroenter-
ology, 133: 124-136.

Hino A, Kweon MN, Fujihashi K, McGhee JR,
Kiyono H (2004). Pathological role of large
intestinal 11.-12p40 for the induction of Th2-
type allergic diarrhea. Aw | Pathol, 164: 1327-
1335.

Dong X, Ye X, Chen X, Chen T, Xie S, Li Q,
Lin X, Huang Z (2013). Intestinal and petiph-
eral fibrinogen-like protein 2 expression in in-
flammatory bowel disease. Dig Dis Sci, 59:
769-777.

Ledbetter DJ, Juul SE (2000). Erythropoietin and
the incidence of necrotizing in infants with
very low birth weight. | Pediatr Surg, 35: 178-
181.

Robinson JR, Rellinger EJ, Hatch LD, Weitkamp
JH, Speck KE, Danko M, Blakely ML (2016).
Surgical necrotizing enterocolitis. Sezzin Perina-
tol, 41: 70-79.

Ververidis M, Kiely EM, Spitz L, Drake DP,
Eaton S, Pierro A (2001). The clinical signifi-
cance of thrombocytopenia in neonates with
necrotizing enterocolitis. | Pediatr Surg, 36:
799-803.

1446


http://ijph.tums.ac.ir/

