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Elevated plasma histone H4 level predicts increased risk of
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Background: Histones play a vital role in the pathogenesis of sepsis. However, studies on histones and
the prognosis of sepsis patients are scarce. This study aims to investigate the relationship between histones
and other biomarkers of sepsis. Furthermore, we aim to determine the role histones play in the prognosis of
sepsis patients to explore the possibility of using them as a potential biomarker of sepsis.

Methods: We performed a prospective observational study on 136 patients. One hundred twenty-six
of them had sepsis, and 10 were enrolled as healthy controls. Baseline blood samples were collected for
plasma histone H4, cardiac troponin I (TnI), N-terminal pro-b-type natriuretic peptide (NT-proBNP),
procalcitonin (PCT), and lactate. The site of infection, the use of vasopressor, and assessment scores of
sequential organ failure were documented within 24 hours of admission. The duration of ICU stay and
mortality was also recorded.

Results: The mean plasma histone levels of the patients were significantly higher than the healthy controls
(P<0.001). Compared with the 89 survivors, the 37 patients who died had a higher rate of sequential organ
failure assessment (SOFA) scores (P=0.002), more frequent use of vasopressors (P=0.033), and higher levels
of histone H4 (P<0.001). Binary logistic regression analysis showed that high plasma histone H4 levels were
independent risk factors for predicting mortality. The area under the receiver operating characteristic curve
(0.731) verified that high plasma histone H4 level significantly predicted mortality. Plasma histone H4 levels
positively correlated with the SOFA score, and plasma cardiac Tnl.

Conclusions: For patients with sepsis in the ICU, an elevated level of plasma histone H4 could be a risk
factor associated with an increased mortality rate. Therefore, plasma histone H4 may be a useful biomarker

for determining the prognosis of these patients.
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Introduction

Sepsis is defined as life-threatening organ dysfunction
caused by a dysregulated host response to an infection (1).
A histone is an intra-nuclear structural protein that usually
presents at very low levels in the peripheral circulating
blood (2). A significant elevation of histones in the plasma
and serum can occur when they are released into the
blood in response to cell death, such as in sepsis (3,4).
Both laboratory and clinical studies have suggested that
histones have an essential role in the pathogenesis of sepsis
(5-11). Extracellular histones, mainly H4 and H3, could
accelerate septic progression by mediating direct injury
on the endothelial cells (4,11,12). The infusion of histone
antibodies could effectively reduce the mortality rate of
sepsis mice (8,9). This study showed that histones played
a vital role in the occurrence and development of sepsis.
Therefore, we hypothesize that they are a potential target
for the treatment of sepsis.

Ekaney et al. (11) also investigated the role of histone
H4 and found that higher histone levels were significantly
associated with an increased mortality rate in septic patients.
However, the confounded factors were not considered
and the small sample size in their study limited its clinical
acceptance, and more studies are needed.

The present study investigated whether plasma
histone H4 could be an effective biomarker to assess the
severity of sepsis based on the binary logistic model and
a receiver operating characteristic (ROC) curve. Also, we
evaluated associations between histone H4 levels and other
biochemical indicators of sepsis. We present the following
article in accordance with the STROBE reporting checklist
(available at http://dx.doi.org/10.21037/apm-20-1011).

Methods
Study design and participants

This prospective observational study was conducted
between May 2016 and January 2019 in the Department of
Ciritical Care Medicine at Subei People’s Hospital of Jiangsu
Province with 35 intensive care unit (ICU) beds. The study
protocol was approved by the Hospital Ethics Committees
and was performed in full compliance with the Declaration
of Helsinki. All the study participants, or their health care
proxies, supplied informed consent.

The patients with sepsis were enrolled at once after
admission to the ICU. Sepsis was diagnosed in all the
patients (n=126) based on the Sepsis-3.0 criteria of the
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Third International Consensus Definitions Task Force
[sepsis = infection + sequential organ failure assessment
(SOFA) score >2] (13). Patients with any of the following
were excluded from this study: <18 or >80 years; abnormal
segmental ventricular wall movement (i.e., possible acute or
previous myocardial infarction); pregnancy; length of ICU
stay <24 hours; a history of chronic heart failure, dilated or
hypertrophic obstructive cardiomyopathy, or heart valve
disease.

The patients with sepsis were compared to 10 healthy
volunteers (control group) concerning plasma histones,
cardiac troponin I (Tnl), N-terminal pro-b-type natriuretic
peptide (NT-proBNP), procalcitonin (PCT), and lactate. The
healthy volunteers were aged between 23 and 26 years and
recruited from postgraduates of the same medical university
where their health status had been assessed previously.

Study protocol

The following information was documented for each
patient and control individual: age; gender; weight; height;
site of infection; duration of ICU stay; use of vasopressor;
and plasma histone H4, cardiac Tnl, NT-proBNP, PCT,
and lactate. SOFA scores were calculated at 24 hours after
admission. Survival or death during hospitalization was
recorded.

All patients received appropriate Surviving Sepsis
Campaign-guided treatments as determined by their
primary ICU team (14). Treatment included antibiotics, fluid
resuscitation, vasopressors, and ventilator support, if necessary.

Blood samples were collected into EDTA tubes (Sainty
International Group Jiangsu Yangzhou Sumex Imp. &
Exp. Co., Ltd., China) within 24 hours after patients were
admitted to the ICU. Supernatants were obtained after
centrifugation at 3,000x rpm for 10 minutes and were
frozen at -80 °C within half an hour for later analysis. All
blood tests were analyzed following the instructions of
the manufacturers (Beijing Leagene Biotech, China) at
the hospital laboratory. For measuring histone H4, both
standards and test wells were prepared. In each standard
well, 50 pL of the standard solution was added. In each
test well, 10 pLL of the test sample and 40 pL of sample
diluent were added. A blank well was also prepared. In
each standard well and test well, 100 pL of horseradish
peroxidase-conjugated reagent was added. These wells
were then covered with an adhesive strip and incubated for
60 minutes at 37 °C. Each well was aspirated and washed
with wash solution (400 pL) four times. After the last
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Table 1 Results of the laboratory tests in patients with sepsis and

healthy controls

Variable Patients Healthy controls
Subjects, n 126 10
Histones, pg/mL 0.30+0.15 0.09+0.02¢
Cardiac Tnl, pg/mL 0.22+0.11 0.05+0.01*

NT-proBNP, pg/mL 3286.82+1713.5 253.40+23.21*

*, P<0.001. Tnl, troponin I; NT-proBNP, N-terminal pro-b-type
natriuretic peptide.

Table 2 Clinical characteristics of patients with sepsis who either
survived or died

Variable Survived Died P
Subjects, n 89 37 -
Age, y 67.2+10.4 65.5+12.8 0.41
Gender, M/F, n/n 58/31 23/14 0.75
Body mass index, kg/m® 21.9+2.2 22.0+1.8 0.89
Site of infection, n
Respiratory 45 18 0.85
Gastrointestinal tract 15 7 0.78
Liver & biliary tract 9 5 0.55
Urinary tract 13 3 0.39
Skin & soft tissue 3 1 1.00
Central nervous system 2 1 1.00
Others 2 2 0.58

wash, any remaining wash solution was removed. To each
well, 3,3'-diaminobenzidine substrate chromogen solution
(50 pL) and 3% aquae hydrogenii dioxide substrate
chromogen solution B (50 pL) was added, and then gently
mixed and incubated for 15 minutes at 37 °C in the dark.
The optical density was measured at a wavelength of
450 nm using a microtiter plate reader.

Statistical analysis

Continuous data are presented as mean * standard deviation
and were compared by #-test or Wilcoxon rank-sum test,
when proper. Categorical data are presented as frequency
or percentage and compared using the chi-squared test.
Spearman’s correlation analysis was applied to study the
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associations between plasma histone H4 level and other
variables. Binary logistic analysis was used to study the value
of different variables in predicting mortality from sepsis. A
ROC curve was created to evaluate the prognostic value of
histone for mortality due to sepsis. P<0.05 was considered
statistically significant. All analyses were performed with
SPSS (version 22.0, IBM, USA) software.

Results
Patient envollment and comparisons to bealthy controls

From May 2016 to January 2019, 198 patients with sepsis or
septic shock were initially selected for this study. Seventy-
two patients were excluded for distinct reasons. Finally,
126 patients who fulfilled the inclusion criteria were
enrolled. Compared to the healthy controls, patients with
sepsis had significantly higher levels of histones, cardiac
Tnl, and NT-proBNP (Tuble I).

Survival and death

Among the 126 patients, 37 died during the ICU stay.
Between those who survived and those who died, the
following characteristics were comparable: age, gender,
body mass index, and the number of infection sites (Tizble 2).
However, compared with the patients who survived,
those who died had significantly higher SOFA scores,
plasma histone H4 levels, cardiac Tnl, and more frequent
vasopressor administrations within the first 24 hours after
ICU admission (Table 3).

Binary logistic analysis to predict independent risk factors
of death in septic patients

The multivariate logistic analysis showed that high plasma
histone level was an independent risk factor for mortality in
septic patients (Tuble 4).

Correlation between plasma bistones and other variables

Spearman’s linear correlation analysis showed that the
plasma histone H4 level correlated significantly and
positively with SOFA score, cardiac Tnl, NT-proBNP,
and lactate levels (Table 5). However, the significance of
correlations with the following was only moderate: SOFA
score, cardiac Tnl, and blood lactate. The histone H4 was
weakly associated with NT-proBNP and PCT.
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Table 5 Correlation between plasma histone levels and other

laboratory test results in patients with sepsis who survived or died variables
Variable Survived Died P Variable R P
Subjects, n 89 37 - SOFA score 0.578 0.000
SOFA score 9.3+2.1 10.6+2.3 0.002 Cardiac Tnl, pg/mL 0.566 0.000
Patients receiving 67 (75.3) 34 (91.9) 0.033 NT-proBNP, pg/mL 0.312 0.000
vasopressor, Procalcitonin, ng/mL 0.256 0.004
n (%)
ICU stay, d 115+ 5.6 116456 0675 Lactate, mmol/L 0.415 0-000
A P<0.05 indicates correlation. Correlation coefficients 0.2-0.4,
Laboratory tests 0.4-0.6, 0.6-0.8, and >0.8 indicate weak, moderate, strong,
Histone, pg/mL 0.27+0.15 0.36+0.13 0.000 and extremely strong correlation, respectively. SOFA, sequential
) organ failure assessment; Tnl, troponin I; NT-proBNP, N-terminal
Cardiac Tnl, 0.21+0.09 0.26+0.15 0.064 pro-b-type natriuretic peptide.
Ho/L
Lactate, 2.35+1.59 2.31+1.37 0.841
mmol/L Table 6 SOFA scores, mortality, use of vasopressor, length of ICU
Procalcitonin 2.00+1.03 2.70+1.72 0.111 stay, and laboratory test results in patients with sepsis according to
ng/mL low and high plasma histone level*

NT-proBNP,  3,132.33:+1,821.98 3,659.11+1,370.54 0.063 Variable Low High P
pg/mL Subjects, n 79 47 -
SOFA, sequential organ failure assessment; ICU, intensive SOFA score 8.95+1.88 10.91+2.20  0.000

care unit; Tnl, troponin |; NT-proBNP, N-terminal pro-b-type
0,
natriuretic peptide. Death, n (%) 11(13.9) 26(55.3)  0.000
ICU stay, d 11.47+5.66 11.58+5.50 0.665

) o ) o . ) Vasopressor use, 59 (74.68) 42 (89.36) 0.046
Table 4 Binary logistic analysis for predicting sepsis mortality n (%)
Variabl PR E Wal P R (95% ClI

ariable C S ald OR (95% ClI) Laboratory tests

Histones, 2.84 1.40 4.12 0.042 17.05 (1.10-263.96) Cardiac Tnl, pg/L 0.18+0.08 0.30£0.12  0.000
pg/mL
SOFA 020 010 377 0052 1.22(0.99-1.49) Lactate, mmol/L 1.94+1.30 3.01+1.64 0.000
Vasopressor  1.06 0.67 2.49 0.114 2.90 (0.77-10.83) :;c/’:naL'C'ton'”’ 1.890.96 2.74x1.62  0.004
Constant 465 1.17 1583 0.000 0.01 NT-proBNP, 2,896.6121,740.22 3,942.70+1,463.68 0.000
SOFA, sequential organ failure assessment; Cl, confidence pg/mL

interval; OR, odds ratio; PRC, partial regression coefficient; SE,
standard error.

Comparisons between patients with higher and lower levels
of plasma histone H4

Compared to patients with a lower plasma histone level
(<0.3 pg/mL), patients with a higher plasma histone
level (>0.3 pg/mL) had significantly higher SOFA scores,
mortality, frequency of vasopressor administration, and
plasma levels of cardiac Tnl, NT-proBNP, lactate, and
PCT. For patients in the low and high plasma histone
groups, the duration of ICU stay was similar (7able 6).
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*, low and high plasma histone level defined as <0.3 and
>0.3 pg/mL, respectively. SOFA, sequential organ failure
assessment; ICU, intensive care unit; Tnl, troponin |; NT-proBNP,
N-terminal pro-b-type natriuretic peptide.

ROC curve analyses

When the cutoff point was set as 0.30 pg/mL for plasma
histone H4, prediction of mortality had a sensitivity of
70.3% and a specificity of 76.4% (P<0.05), with an area
under the ROC curve (AUC) of 0.731 (Figure 1). When
the cutoff point was set as 9.5 for the SOFA score, the
prediction of death had a sensitivity of 73% and a specificity
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Figure 1 ROC curve analysis of the plasma histones and other
indicators of mortality in patients with sepsis. At the cutoff points,
the sensitivities and specificities for plasma histones (dotted
line) and SOFA scores (short-dash line) were significant. The
sensitivities and specificities for cardiac Tnl (dash-dot line), N'T-
proBNP (dash-dot-dot line), lactate (dash-dash-dot line), and PCT
(long-dash line) were not significant. ROC, receiver operating
characteristic; SOFA, sequential organ failure assessment; Tnl,
troponin I; NT-proBNP, N-terminal pro-b-type natriuretic
peptide; PCT, procalcitonin.

of 58.4% (P<0.05), with an AUC of 0.67.

The predictive values of cardiac Tnl, NT-proBNP,
lactate, and PCT were low and insignificant (Figure I).
Specifically, with a cutoff point of 0.15pg/mL, the
prediction of mortality of cardiac Tnl had a sensitivity of
91.9%, the specificity of 32.6%, and the AUC of 0.605.
With a cutoff point of 2,152.50 pg/mL, the prediction of
mortality of NT-proBNP had a sensitivity of 97.3%, the
specificity of 36%, and the AUC of 0.605. Lactate, at a
cutoff point of 1.78 mmol/L, had a sensitivity of 64.9%,
the specificity of 46.1%, and the AUC of 0.511. PCT, at a
cutoff point of 1.60 ng/mL, had a sensitivity of 73%, the
specificity of 51.7%, and the AUC of 0.59.

Discussion

In this study, the mean plasma histone level of patients with
sepsis was significantly higher than in the control group.
Furthermore, the histone levels of the patients who died

during hospital admission were significantly higher than the
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patients who survived.

The mechanisms of histone elevation in sepsis are not
well understood. Histones are proteins in eukaryotic cells
that are specialized to bind to the DNA to form chromatin.
Studies have shown that, under certain conditions of
sepsis, neutrophils formed so-called extracellular traps
consisting of a complex composed of DNA, nuclear
proteins, and histones, and important innate antimicrobial
components (15). Also, histones make up significant
components of the nucleosomes (15). Furthermore, cell
apoptosis and cell death due to sepsis have been associated
with a large number of nucleosomes released into the
peripheral circulation (16).

Correlation between plasma bistones and cTnl in patients
with sepsis

Cardiac Tnl, a widely accepted marker for myocardial
injury, mainly stays within myocardial cells and can
increase in patients with sepsis (17). This is probably due
to microdamage of myocardial cells induced by sepsis, and
other factors such as cytokines released during the systemic
inflammatory response. Studies have shown that histones
can damage myocardial cells, with subsequent release of
cardiac T'nl into the circulating blood (18,19). The present
study showed that levels of plasma cardiac Tnl positively
correlated with plasma histone H4 levels.

Correlation between plasma bistone H4 and NT-proBNP
in patients with sepsis

NT-proBNP is widely used to assess heart failure and
evaluate patients’ prognosis. The usage is a result of it
having a long half-life, in vitro stability, and is easier to detect
compared with B-type natriuretic peptide (BNP). Studies
have shown N'T-proBNP may be used as a biomarker to
evaluate prognosis in patients with sepsis (20,21).

In the present study, the plasma N'T-proBNP levels
of patients with sepsis were significantly higher than the
healthy volunteers, and plasma histone H4 and N'T-proBNP
levels correlated weakly. Increased N'T-proBNPs in sepsis
is due to increased tensions in the ventricular wall, while
elevated histone is mainly caused by myocardial damage via
various factors. The low strength of the correlation between
NT-proBNP and histones may be due to the differences in
the underlying mechanisms responsible for their elevations.

The ROC analysis showed that the AUC value for
plasma histone H4 levels was above 0.731, while that for
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NT-proBNP was below 0.70. These findings show that
histone level was a better predictor of mortality rate than
NT-proBNP in these patients with sepsis.

Correlation between plasma histones and lactate in patients
with sepsis

Blood lactate is a standard indicator of organ dysfunction
and sepsis severity. A high lactate level was reported in
critically ill patients (22,23). However, some authors have
suggested that the absolute value of blood lactate did not
correctly reflect the prognosis of these patients (24), and
blood lactate clearance may be a better indicator to monitor
patient prognosis (25,26). In the current study, plasma
histones and lactate levels only had a moderate positive
correlation. However, the ROC curve analysis showed that
plasma lactate was not a good predictor of death. In regard
to plasma lactate and histones, further research is needed to
determine whether the progression of sepsis and treatment
response can be monitored via changes in the plasma lactate
or histone level.

Correlation between plasma bistones and PCT in patients
with sepsis

The ROC curve analysis of the current study didn’t show
the importance of the PCT level within 24 hours after
admission for predicting the mortality rate of patients with
sepsis. Elevated PCT levels are caused not only by bacterial
infections, but also surgery, trauma, cardio-pulmonary
resuscitation, tumor, and autoimmune disorders. These
increases in PCT caused by non-infectious factors are
considered false-positive results, which are more likely in
critical patients. Furthermore, the role of PCT in predicting
the prognosis of patients with sepsis is controversial (27-30).

Predictive value of plasma histones and other indicators for
mortality of patients with sepsis

This study investigated the predictive value of indicators of
mortality in septic patients in the ICU. The results showed
that the sensitivity and specificity of either plasma histone
level or SOFA score were highly predictive of mortality.
Furthermore, the predictive effect of histones was more
substantial than the SOFA score. The results also showed
that Tnl, NT-proBNP, blood lactate, and PCT had little
significance in prognostic evaluations.

The most common scoring systems to evaluate the
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severity of critically ill patients are the APACHE II and
SOFA. A higher score indicates a worse outcome (31,32).
The present study found a good correlation between the
serum histone level and SOFA score. The patients with a
higher histone level had significantly higher SOFA score,
c¢Tnl, NT-proBNP, lactate, and PCT, and were more
likely to receive vasopressor medication and suffer ICU
mortality. These indicators are often used to estimate the
severity and prognosis of diseases. Our results suggest that
plasma histone is associated with severity and prognosis.
The molecular mechanism of H4 in sepsis was not well
known. Many studies indicate that histones can be released
into the extracellular space in response to inflammatory
challenge (5,8). The extracellular histones as DAMP
proteins can drive immune activation and cytotoxicity
through interaction with toll-like receptors (TLRs),
complement and cell membranes phospholipids (33). In
vitro, exogenous histones transient increase intracellular
calcium concentration in endothelial cells; /2 vivo, histone
administration causes neutrophil migration, endothelial
injury and dysfunction, hemorrhage, and thrombosis (5).

In the current study, our patients had a mortality rate of
29.3% (37 deaths in 126 ICU patients). This is consistent
with the 29% to 50% reported elsewhere (34-36). The
SOFA score, plasma histone H4, and ¢Tnl levels of the
patients who died were significantly higher than the patients
who survived. Furthermore, a higher histone H4 level
correlated with a worse disease outcome. Therefore, we
propose that plasma histones may be a useful biomarker for
predicting outcome in patients with sepsis.

Based on the evidence of animal experiment, the infusion
of histone antibodies may be a promising strategy in
sepsis treatment for human beings. Future studies should
investigate the prognostic value of a new sepsis assessment
tool that would incorporate the plasma histone level into
the current SOFA scoring system.

Coming to definite conclusions in this study is difficult.
This study was conducted at one medical center, with a
small number of cases. It should also be noted that the
time intervals for the studies of each patient were 24 hours
from the beginning of their ICU admission. Therefore,
it is not known whether plasma histone levels can predict
patient prognosis in the long term. Also, mortality
associated with non-effective initial empirical treatment
was not investigated, nor whether routine treatments (e.g.,
antibiotics, fluid resuscitation, vasopressors, or ventilator
support) may influence the histone level. Future studies
should address these issues.
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Conclusions

In conclusion, a high plasma histone H4 level was a risk
factor for an increased mortality rate in septic patients.
Plasma histone H4 should be considered as a useful
biomarker for evaluating the prognosis of sepsis.
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