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Background: High-mobility group box 1 (HMGB1) plays a crucial role in a variety of diseases, including neonatal necrotizing
enterocolitis (NEC). The purpose of this study was to investigate the association of HMGB1 gene single-nucle-
otide polymorphisms (SNPs) with susceptibility and survival prognosis in Chinese Han neonates with NEC.

Material/Methods: The HMGB1 gene rs1360485, rs1045411, and rs2249825 site SNPs were genotyped in all participants. The
mRNA expression of serum HMGB1 was examined using quantitative reverse transcription-polymerase chain
reaction. The correlation of the HMGB1 rs1360485 SNP with NEC neonatal survival prognosis was evaluated
by univariate analysis and logistic multivariate regression analysis.

Results: The TC and CC genotype and C allele distribution frequencies of the rs1360485 SNP were lower in the NEC group,
and the differences were statistically significant (all P<0.05). Individuals carrying the TC and CC genotype or C
allele had a low risk of being affected by NEC. However, the genotype and allele distributions of rs1045411 and
rs2249825 were not significantly different between the patient and control groups (P>0.05). NEC neonates with
HMGB1 gene rs1360485 site mutations had lower mRNA levels of serum HMGB1 than those with rs1360485
site wild-type, and the rs1360485 genotypes TC and CC could independently predict better survival outcomes
in NEC neonates.

Conclusions: This study demonstrated that the rs1360485 SNP of the HMGBI gene is associated with susceptibility of NEC
in neonates, and the rs1360485 genotypes TC and CC may affect HMGB1 expression and are associated with
the survival prognosis of neonates with NEC.
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Background

Necrotizing enterocolitis (NEC) is a severe intestinal inflamma-
tory disease that mainly affects preterm infants and remains a
major cause of neonatal morbidity and mortality [1,2]. NEC is of-
ten associated with premature birth, ischemia, formula feeding,
antibiotics, and some risk factors that predict intestinal mucosal
damage or intestinal abnormalities [3]. However, the presence
of these risk factors does not necessarily lead to an increased
incidence or severity in neonates with NEC [3], since NEC occurs
only in certain newborns even with exposure to similar environ-
mental conditions or interference. Although the etiology of NEC
is complex, and the exact pathogenesis of the disease remains
unclear, an underlying genetic predisposition to NEC has been
increasingly recognized in recent years [1,4]. Therefore, studying
candidate genes associated with the development and progres-
sion of NEC may help explain the molecular mechanism of NEC.

High-mobility group box 1 (HMGB1) protein is a nuclear pro-
tein ubiquitously present in almost all cell types [5]. In addi-
tion to having intracellular functions, HMGB1 can be released
extracellularly as an advanced inflammatory mediator, which
can be actively secreted by activated macrophages, monocytes,
and natural killer cells and passively released by necrotic cells
[6,7]. It has been reported that HMGB1 could stimulate the pro-
duction of pro-inflammatory cytokines, and that these cyto-
kines are hypothetical mediators of NEC-associated intestinal
inflammation [8]. Several studies have revealed that HMGB1
is significantly increased in neonates with NEC [9-11], partici-
pates in the development of NEC, and plays a crucial role in the
pathological mechanism of NEC. For example, a study demon-
strated that HMGB1 is upregulated in the progression of NEC,
and that the inhibition of HWGB1 attenuates intestinal inflam-
mation in NEC [12]. The increased expression of HMGB1 in the
intestine plays an important role in human NEC [13]. Zamora
et al found that the inhibition of HMGB1 expression can lim-
it intestinal damage in experimental NEC [8].

There are multiple variants in HMGB1, and it has been shown
that single-nucleotide polymorphisms (SNPs) in the HMGB1
gene play critical roles in the pathogenesis of various diseas-
es. For example, SNPs at the rs1045411 and rs2249825 loci
of the HMGB1 gene were related to susceptibility and prog-
nosis in Chinese Han patients with sepsis [14]. The SNP at the
rs2249825 locus of HMGB1 has been reported to be associat-
ed with susceptibility and inflammatory response to pneumo-
nia [15]. Lin et al revealed the relationship of rs1360485 and
rs1045411 haplotypes with oral squamous cell carcinoma risk
and their synergistic effect on its pathogenesis [16]. In addi-
tion, studies have shown that SNPs of the HMIGB1 gene may
affect its gene expression [17,18]. Moreover, HMGB1 is known
to play a vital role in the progression of NEC. However, the rela-
tionship between HMGB1 gene SNPs and NEC is still unknown.
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Consequently, this study explored the association of the HMGB1
gene rs1045411, rs2249825, and rs1360485 SNPs with the oc-
currence of NEC in neonates and further evaluated the corre-
lation of HMGB1 gene SNPs with disease survival prognosis.

Material and Methods

Patients and Sample Collection

A total of 258 neonates who were admitted to Weifang People’s
Hospital from 2011 to 2018 with NEC were recruited as a case
group. The inclusion criteria were (1) Han ethnicity, (2) gesta-
tional age <37 weeks, and (3) NEC was diagnosed according
to the criteria originally defined by Bell et al, and subsequently
modified by Walsh and Kliegman [19]. Exclusion criteria were
(1) congenital intestinal malformations, (2) congenital genetic
metabolic diseases, and (3) combined NEC-unrelated gastro-
intestinal inflammation or infectious diseases. The neonates
with NEC included 154 boys and 104 girls, with a gestation-
al age of 34.1+2.2 weeks and a birth weight of 2267+381 g.
According to NEC staging criteria [20], they were divided into
stage Il (161 cases) and stage Il (97 cases). In addition, 180
newborns matched with the NEC case group in terms of ges-
tational age, birth weight, and sex were enrolled as a control
group during the same period, and the inclusion criteria were
(1) Han ethnicity, (2) gestational age <37 weeks, (3) no NEC, and
(4) no severe underlying diseases. The control group consist-
ed of 98 boys and 82 girls, with a gestational age of 34.6+2.3
weeks and a birth weight of 2332+408 g. Our study was ap-
proved by the Ethics Committee of Weifang People’s Hospital
(approval number: 110239), and we obtained informed con-
sent from the guardians of the subjects for the use of serum
samples and subsequent analyses. No consanguinity was found
among the participants.

An amount of 2 mL of peripheral venous blood was collected
from each participant and anticoagulated with 5% ethylene
diamine tetra acetic acid. Genomic DNA (gDNA) was extracted
with the Takara Genomic DNA extraction kit (Beijing Boiteke
Corporation, Beijing, China) and then stored at -20°C for ge-
notyping. In addition, 2-mL samples of blood from the NEC ne-
onates and control newborns were collected without antico-
agulant; the blood was separated by centrifugation to obtain
the serum and stored at -80°C for further use.

Determination of SNPs

The sequences of HMGB1 SNP sites rs1045411, rs2249825,
and rs1360485 were amplified by polymerase chain reaction
(PCR) using gDNA as a template. The primer fragments used
for amplification were designed by Primer Premier 5.0 and syn-
thesized by Shanghai Sangon Biotech Co., Ltd. (Table 1). The
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Table 1. Primer sequences of the HMGB1 gene rs1045411,
rs2249825, and rs1360485 polymorphisms.

VLB Primer sequences

For. 5’-ATGGAAGTGGGAGGCAATTTAG-3’

rST045411 oo
Rev. 5’-CATTTTAAAAGTTGGCCCAATT-3’
For. 5’-TGTCTGATTTTACGGAGGTTGAT-3’
1S2249825 oo
Rev. 5’-GTTTGCACAAAAAATGCATATGAT-3’
For. 5’-GAGACCAACCTGGGCAACAT-3’
r$1360485 oo

Rev. 5’-ACACTTGCCACAACTTGGGA-3’

PCR process was as follows: 95°C for 10 min; 35 cycles of 95°C
for 30 s, 60°C for 3 s, and 72°C for 4 s; final extension for 10
min at 72°C; and storing at 4°C. The resulting PCR products
were purified and sent to Shanghai Biotech Bioengineering
Technology Co., Ltd. for sequencing.

RNA Extraction and Quantitative Reverse Transcription
PCR

RNA was extracted from serum using TRIzol reagent (Invitrogen,
Carlsbad, CA, USA). A PrimeScript RT reagent kit (TaKaRa, Japan)
was used to synthesize cDNA from the obtained RNA.

Serum HMGB1 mRNA expression was examined using quanti-
tative reverse transcription (qRT)-PCR, which was carried out
using the SYBR Green | Master Mix kit (Invitrogen, Carlsbad,
CA, USA) and 7300 Real-Time PCR system (Applied Biosystems,
USA). All procedures were performed following the manufac-
turer’s instructions. GAPDH was used as an internal reference
gene for the reaction, and thermocycling conditions were as
follows: 95°C for 3 min; denaturation at 95°C for 30 s, anneal-
ing at 58°C for 20 s, and extension at 72°C for 20 s, for a total
of 40 cycles. Primers sequences were as follows:

HMGB]1 forward, 5’-GCTCAGAGAGGTGGAAGAC-3’;

HMGBI reverse, 5’-CCAATGGATAAGCCAGGAT-3’;

GAPDH forward, 5’-TTGGTATCGTGGAAGGACTCA-3’; and
GAPDH reverse, 5’-TGTCATCATATTTGGCAGGTTT-3".

HMGB1 mRNA expression was calculated using the 2724% meth-
od and normalized to GAPDH.

Statistical Analysis

Hardy-Weinberg equilibrium (HWE) was analyzed for each
SNP in the case and control groups to evaluate the quality of
the study samples. The distribution differences of genotypes
and alleles between the 2 groups were compared by the chi-
squared test. The correlation of HMGB1I gene SNPs with neo-
natal NEC susceptibility was evaluated by odds ratios (OR)
and 95% confidence interval (95% Cl). Differences of HMGB1
mRNA expression levels among NEC neonates with different
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HMGB1 rs1360485 genotypes were compared using one-way
ANOVA. The correlation between the HMGB1 rs1360485 locus
SNP and survival prognosis of neonates was assessed by the
chi-squared test and logistic multivariate regression analysis.

Results

HWE test results

As shown in Table 2, the genotype distributions of the HMGB1
gene rs1045411, rs2249825, and rs1360485 SNPs were in accor-
dance with the HWE in the case and control groups (all P>0.05),
revealing the representativeness of our study population.

Genetic association of HUGB1 gene SNPs with NEC
susceptibility

The present study used the OR and 95% Cl to reflect the asso-
ciation of HMGB1 gene SNPs with neonatal NEC susceptibili-
ty to evaluate the influence of genotype and allele frequen-
cies on the onset of NEC. As shown in Table 2, no significant
difference was observed for the rs1045411 SNP between the
case and control groups. The GG, GA, and AA genotype fre-
quencies were 66.7%, 28.3%, 5.0% in the NEC case group, and
67.8%, 28.3%, 3.9% in the control group, respectively. The G
and A allele frequencies were 80.8% and 19.2% in the NEC
case group and 81.9% and 18.1% in the control group, respec-
tively, but none of the distribution differences were signifi-
cant (all P»0.05). Additionally, no significant difference in the
rs2249825 SNP of the HMGB1 gene was found between the
NEC case and control groups. The CC, CG, and GG genotype fre-
quencies were 72.1%, 24.8%, and 3.1% in the NEC case group
and 73.9%, 22.8%, and 3.3% in the control group, respectively.
The C and G allele frequencies were 84.5% and 15.5% in the
NEC case group and 85.3% and 14.7% in the control group, re-
spectively, but none of the distribution differences were signif-
icant (all P>0.05). The results demonstrated that there might
be a lack of association between the HVIGB1 gene rs1045411
and rs2249825 SNPs and neonatal NEC susceptibility in the
Chinese Han neonates.

For the rs1360485 SNP, the frequency of the TC genotype in
the NEC case group was significantly lower than that of the
control group (34.1% vs 41.7%), and individuals carrying the
TC genotype had a lower risk of developing NEC than did TT
genotype carriers (OR 0.661, 95% Cl 0.443-0.947, P<0.05).
Additionally, the CC genotype frequency was also lower in
the NEC case group than in the control group (2.7% vs 6.6%),
and individuals with the CC genotype had a lower risk of de-
veloping NEC than did TT genotype carriers (OR 0.377, 95% Cl
0.141-0.984, P<0.05). Moreover, the C allele of the rs1360485
SNP was significantly lower in the NEC case group than in
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Table 2. Genotype and allele distributions of the HMGB1 gene rs1045411, rs2249825, and rs1360485 polymorphisms in case and

control groups.

Control, n=180

Case, n=258

Genotype/allele %) %) P value OR (95% CI)
rs1045411
”””” &G 12 678 172 (667)  Reference  Reference
”””” A  s1(@83  73(83) 094 101506631555
”””” Mmoo 769 13 (50 0568 131705113398
"""" ¢ 295819 417 (808  Reference  Reference
"""" A e @8y 99 (92 0673 107707621528
”””” Poe  0se om0 - -
2249825
”””” ««  133@39 186 (721)  Reference  Reference
”””” G 418 6448 063 1160711175)
”””” « 6 (63 8 @) 0931 09203232812
"""" c 307 83 43 (845  Reference  Reference
"""" ¢ 5341 8 (155 0751 1063(0729-1549)
"""" Pe o023 0393 - -
is1360485
”””” m  93(L) 163 (632)  Reference  Reference
”””” ©  7s@7 88 (341) 0041  0661(0.443-0947)
"""" « 128 7 @n 008  0377(0141-0988)
"""" T 261 (25 414 802)  Reference = Reference
”””” c 9@ 102 (198 0010 0659 (0.480-0.905)
"""" P  osa7  om - -

HWE — Hardy-Weinberg equilibrium.

the control group (19.8% vs 27.5%), and individuals carrying
the mutant C allele showed a lower risk of being affected by
NEC than did T allele carriers (OR 0.659, 95% Cl 0.480-0.905,
P<0.05). All data demonstrated that the HMGB1 gene rs136048
SNP was correlated with susceptibility of neonatal NEC in the
Chinese Han study population.

Expression of Serum HMGB1 in NEC Patients with
Different Genotypes of HMGB1 Gene rs1360485 Locus

We used the qRT-PCR method to detect serum HMGB1 mRNA
expression in NEC neonates. As shown in Figure 1, NEC pa-
tients with rs1360485 locus mutations (TC or CC) had signif-
icantly lower mRNA expression of serum HMGB1 compared
with patients with wild-type (TT) (all P<0.05).

Association Between Genotypes of HMGB1 Gene
rs1360485 Locus and Survival Outcomes in NEC

We analyzed the factors related with the survival prognosis of
NEC (Table 3). NEC neonates were divided into survival (n=197)
and death (n=61) groups. The results indicated that metabol-
ic acidosis, neonatal scleroderma, intestinal perforation, dif-
fuse peritonitis, thrombocytopenia, leukocyte disorder, and
rs1360485 genotypes TC and CC were associated with surviv-
al prognosis of NEC neonates (all P<0.01). However, there was
no association between respiratory distress syndrome and sur-
vival prognosis of NEC neonates (P>0.05). Further, multivariate
logistic regression analysis (Table 4) showed that metabolic
acidosis, intestinal perforation, diffuse peritonitis, thrombo-
cytopenia, and rs1360485 genotypes TC and CC (all P<0.05)
were independently predictive of survival outcomes in patients
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Figure 1. Expression of mRNA HMGB1 in patients with
necrotizing enterocolitis (NEC) with different genotypes
of the HMGB1 gene rs1360485 locus.

with NEC. These results suggested that rs1360485 genotypes
TC and CC can independently predict better survival outcomes
in patients with NEC.

CLINICAL RESEARCH

Discussion

NEC is a serious gastrointestinal disease that occurs in the neo-
natal period and has a high mortality rate [21]. Neonates with
NEC initially present with abdominal distension, intolerance
to feeding, and bloody stools and often develop systemic dis-
ease involving multiple organs and shock [3,22]. Although ep-
idemiological and other basic studies have greatly improved
the understanding of NEC, its exact etiology is still unclear, and
there is currently no fully effective prevention or treatment [23].
Thus, exploring the pathogenesis of NEC has become a hot
spot of clinical research. HMGB1 can acts as a pleiotropic cyto-
kine and is involved in the pathology of many diverse immune-
mediated diseases [24]. When HMGB1 protein is exocrine, it
can accelerate the development of NEC. Many data have indi-
cated that inhibiting the expression of the HMGB1 gene can
improve the condition of NEC [12,13]. Therefore, HMGB1 may
exert a crucial role in NEC. Nevertheless, we did not find re-
ports evaluating the relationship of HMBG1 SNPs with NEC
progression. The role of HMBG1 SNPs in patients with NEC
should also be assessed.

In the present study, we used the rs1360485, rs2249825, and
rs1045411 SNPs in the HMGB1 gene to evaluate the impact

Table 3. Univariate analysis for factors that were related with the survival prognosis of necrotizing enterocolitis (NEC).

Factors Survival (n=197) Death (n=61) P value

Metabolic acidosis 15 35 <0.001
 Respiratory distress syndrome s s 0108
 Neonatal scleredema o “w o 0007
Intestinal perforation °o 4 o001
| Diffuse peritonitis 2 3 <001
 Thrombocytopenia % % <001
leukocyte disorder s 3 0003
| 151360485 genotypes TC+CC & o o001

Table 4. Multivariate logistic regression analysis for the factors that independently predict survival outcomes in necrotizing

enterocolitis (NEC) patients.

Factors OR 95% CI P value

Metabolic acidosis 18.941 6.766-53.024 <0.001
 Respiratory distress syndrome 1447 05793615 0420
 Neonatal scleredema 29000 0874-10223 0081
Intestinal perforation 21464 5923.77.774 <0001
| Diffuse peritonitis 6732 241018800 <0001
 Thrombocytopenia a1 263119549 <0001
leukocyte disorder 144 05893443 0433
| 151360485 genotypes TC+CC 0306 01110844 002
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of genotype and allele frequencies of the HMGBI gene lo-
cus on NEC. At first, we found a relationship between the
rs1360485 SNP and NEC. Our results study indicated that the
HMGB1 gene rs1360485 SNP was correlated with susceptibil-
ity to NEC and that Chinese Han neonates carrying at least a
single C allele at rs1360485 had a significantly reduced risk
of being affected by NEC. In addition, we explored the serum
HMGB1 mRNA expression in NEC patients with different gen-
otypes of the HMGB1 gene rs1360485 SNP and found that the
rs1360485 locus mutations corresponded to significantly low-
er serum HMGB1I mRNA expression, compared with the wild-
type homozygous genotypes. Furthermore, Tang et al found
a significant correlation of the HMGB1 gene rs1036485 SNP
with the susceptibility of Chinese Han coal workers to devel-
op pneumoconiosis, with higher serum HMGB]1 levels in the
rs1360485 mutant homozygous genotype than in the wild-type
heterozygous genotype [25]. Moreover, we investigated the
correlation of the genotypes of the HMGBI gene rs1360485
locus SNP with survival outcomes in NEC. The results indicat-
ed that the rs1360485 genotypes TC and CC were associated
with better survival outcomes and could independently pre-
dict survival outcomes of patients with NEC. It has been found
that the rs1360485 polymorphic variant of HMGB1 was as-
sociated with poor prognosis in patients with prostate can-
cer [26]. Therefore, we considered that the rs1360485 SNP of
the HMGB1 gene was associated with susceptibility and sur-
vival prognosis in Chinese Han neonates with NEC. Therefore,
sufficient attention needs to be paid to the rs1360048 SNP
of the HMGB1 gene.

However, the results of our study did not find correlations
between the rs1045411 and rs2249825 SNPs of the HMGB1
gene and neonatal NEC. However, previous studies have in-
dicated the important roles of the rs1045411 and rs2249825
SNPs of the HMGB1 gene in other types of diseases, such as
urothelial cell carcinoma [27], colorectal cancer [28], and non-
small cell lung cancer [29]. Thus, the negative analysis results
of SNPs rs1045411 and rs2249825 might have been limited by
the small sample size in the present study, so our conclusions
need to be confirmed in a larger study population in the future.
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There is increasing evidence that alterations in HMGB1 expres-
sion levels are associated with susceptibility to various dis-
eases, and there are some individual differences in this asso-
ciation, mainly because of the effect of HMGBI gene SNPs on
HMGB]1 expression levels. One study found a correlation be-
tween the rs1360485 SNP of the HMGB1 gene and rheuma-
toid arthritis risk, indicating a possibility that the rs1360485
SNP alters HMGB1 expression levels [30]. Huang et al showed
that Chinese Han women carrying the rs1360485 locus variant
in the HMGB1 gene have a higher risk of developing T2 breast
cancer and lymph node metastasis, which might be achieved
through altering HMGB1 expression [31]. In addition, sever-
al studies have shown that genetic mutations in the HMGB1
gene changed HMGB1 expression levels, which affects the sur-
vival prognosis of the disease [14,32]. Moreover, the present
study found that the rs1360485 locus mutations correspond-
ed to a significant decrease in serum HMGB1 mRNA expres-
sion, while rs1360485 TC and CC genotypes were correlated
with the survival of NEC. Therefore, we speculated that in our
study, the rs1360485 SNP of the HMGB1 gene may be asso-
ciated with the susceptibility and prognosis of NEC by affect-
ing the expression of HMBG 1. However, the mechanism needs
to be verified through further studies.

There are some limitations in this study. Our study sample was
selected from the same hospital, which may have caused bias
in our selection of data and reduced the statistical validity of
comparing differences between the 2 groups. Also, the sam-
ple size of our study was not large enough, which may have
affected the accuracy of the statistical analysis.

Conclusions

In summary, our findings indicated that the rs1360485 lo-
cus SNP of the HMGB1 gene is associated with susceptibili-
ty to NEC in Chinese Han neonates, and individuals carrying
at least 1 C allele at rs1360485 have a significantly lower risk
of being affected by NEC. In addition, patients with NEC with
the rs1360485 genotypes TC and CC had significantly reduced
HMGB]1 expression and better survival outcomes.
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