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Introduction 
More than 250.000.000 people have been living with 
chronic hepatitis B (CHB) infection in the world and 887,000 
people lost their lives in 2015 because of complications of 
this disease, such as liver cirrhosis (LC) and hepatocellular 
carcinoma (HCC). Approximately 5-10% of adults with 
acute hepatitis B will become chronic.1  

A nucleosome consists of deoxyribonucleic acid (DNA) 
wrapped around eight histone proteins (double copies 
every H2A, H2B, H3, and H4 proteins).2 Histones are the 
positively-charged basic building blocks of the chromatins 
that hold the DNA together. The main sources of histones 
in the serum are immune and parenchymal cells. They have 
various physiological and pathogenic properties. Their 
main physiological roles are remodelling of chromatins and 
gene transcription.3,4 When cells are activated or destroyed 
during apoptosis, they get released into the extracellular 
environment, and produce toxic and inflammatory effects. 
They also work as endogenous damage-associated 
molecular patterns (DAMPs). Histones play roles in 
pathogenic properties, such as apoptosis facilitation of 
microvascular dysfunction in sepsis,5 thrombin generation, 
coagulation and thrombogenesis in atherosclerosis,5 
CHB,6,7 trauma, tissue injury, such as liver, kidney or 

lung,8,9,10,11 autoimmune and inflammatory diseases as well 
as cancer.12 Increased levels of histones have been 
demonstrated in all of these pathological states.  

Notably, histones show antimicrobial and antiviral activity, 
mostly by accumulating in cytoplasm and on the plasma 
membrane.13,14 Recently, a study demonstrated the 
neutralisation of influenza viruses by histones H3 and H4: 
specifically, the antiviral effect of H4 is explained by direct 
interaction with the virus.15 Some studies have suggested 
that extracellular histones may work on markers for the 
diagnosis, prognosis and management of various 
diseases.16 Histone neutralising antibody treatment or 
elimination of Toll-like receptor (TLR) 2, TLR4 and TLR9 in 
mice protects against histone-mediated liver injury.18  

Covalently closed circular DNA (cccDNA) is a repeated form 
of the hepatitis B virus (HBV) DNA. It persists within the 
nuclei of infected liver cells, produces viral ribonucleic acid 
(RNA) transcripts, and is difficult to eradicate. HBV cccDNA 
accumulates in the cells as a mini-chromosome, which 
contains both histone (large amounts of H3 and H2B and 
small amounts of H4, H2A, and H1) and non-histone 
proteins.5  It has been shown that the incidence of cccDNA 
transcription-associated H3 and H4 histones is about 10-
fold lower in patients who are hepatitis B e-antigen 
(HBeAg)-negative than in positive ones. 

Histone H3 is 15-16 kDa protein consisting of ~135 amino 
acid residues. H3-H4 heterotetramer forms a core 
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component of the nucleosome. The human histone H3.3, 
an H3 variant found in all eukaryotes, is replication- and cell 
cycle phase-independent and is the most common H3 
variant type in non-dividing cells.17 There have been 216 
different members reported from diverse species, and 6 
different variants of human histone H3; Histone H3-like 
centromeric protein A, H3.1, H3.1t, H3.2, H3.3 and H3.3C. 
Studies have shown that covalent modifications of H3.3 are 
associated with gene activation.18,19  

The current study was planned to see whether there is a 
correlation of serum histone H3.3 and H4 with viral, 
biochemical tests and pathology results in patients with 
CHB.  

Patients and Methods 
The prospective controlled clinical pilot study was 
conducted in the Gastroenterology Clinic of Bezmialem 
Vakif University, Istanbul, Turkey, from January to October 
2017. After approval from the institutional ethics 
committee, liver biopsy-proven CHB patients aged 18–70 
years were enrolled as the study group and an equal group 
of age-matched healthy subjects were taken as the control 
group. Patients were selected from among the outpatient 
clinic. Those excluded were patients with generalised 
impairment, sepsis, severe heart, kidney, or liver failure, any 
other acute or chronic liver disorder, including toxic liver 
disease, which is another form of viral hepatitis C or A, 
autoimmune hepatitis, hemochromatosis, Wilson’s disease, 
and any co-infection, like hepatitis D virus (HDV), hepatitis 
C virus (HCV), or human immunodeficiency virus (HIV). 
Written informed consent was obtained from all the 
subjects.  

The diagnosis of CHB infection was made if the HBV 
infection had persisted for ≥6 months, the HBV DNA level 
was elevated (≥2.000IU/mL in HBeAg-negative patients 
and ≥20.000IU/ml in HBeAg-positive patients, alanine 
aminotransferase (ALT) levels was increased, and liver 
biopsy was confirmatory. 

Blood samples 10mL were obtained and placed in tubes 
containing sodium citrate and centrifuged for 20min at 
3,000g. Serum and plasma samples were stored at -80OC 
prior to analysis. Baseline and demographic characteristics, 
like age and gender, levels of aspartate aminotransferase 
(AST), ALT, albumin, total and direct bilirubin, international 
normalised ratio (INR), and thrombocyte count (/mm3) 
were recorded prospectively, as were the HBV DNA level 
(IU/mL) and HBeAg status. Histological activity index (HAI) 
and fibrosis scores were obtained using the Knoddle 
system.20 The HAI was classified as mild (score of 0–6), 
moderate (7–12), or severe (13–18). Similarly, fibrosis was 
classified as mild (score of 0–2), moderate (3–4) or severe 

(5–6). Histone H3.3 and H4 levels were measured using 
commercial sandwich enzyme-linked immunosorbent 
assay (ELISA) kits (MyBioSource, Inc. San Diego, CA, USA) in 
96-well plates pre-coated with anti-human histone H3.3 
and histone H4 acetylated on lysine 16 (HIST1H4) 
antibodies, according to the manufacturer’s instructions. 
Biotin-conjugated anti-H3.3 and anti-HIST1H4A antibodies 
were used for detection. Standards, test samples and 
biotin-conjugated detection antibodies were later added 
to the wells, followed by washing. Horseradish peroxidase 
(HRP)-streptavidin was then added and the unbound 
conjugates were removed by washing. To visualise the 
enzymatic reaction, 3,3',5,5'-tetramethylbenzidine (TMB) 
was used. In the presence of HRP, TMB generated a blue 
product which was converted to a yellow compound after 
the addition of acidic stop solution. The intensity of yellow 
was proportional to the amounts of histone H3.3 and 
HIST1H4A. Absorbance was read at 450nm using a 
microplate reader and histone concentrations were 
calculated in ng/mL using standard curves. 

Data was analysed using SPSS 22. Power analysis of the 
study was done earlier using G*Power software.21 As no 
similar prior study has been performed, the power analysis 
was based on a pilot study comprising 15 subjects. The 
effect size ‘d’ was 0.484 and the standard deviation (SD) of 
the H4ng parameter 1.6; thus, a minimum of 68 subjects in 
each group were required for a power 0.80 and an alpha 
value of 0.05. Data normality was evaluated using the 
Shapiro-Wilks test. Student’s t-test and Mann-Whitney U 
test were employed to compare inter-group data that was 
normally and non-normally distributed, respectively. 
Qualitative data were compared using chi-squared test. 
Spearman's rho correlations were derived to explore the 
relationships between parameters that were not normally 
distributed. P<0.05 indicated significance. 

Results 
Of the 140 subjects, 70(50%) each were cases and controls. 
The overall mean age of the sample was 43.38±15.07 years, 
and there were 62(44.3%) females and 78(55.7%) males. 
The mean age did not differ between the groups (p>0.05). 
Males were more likely to be in the CHB-infected group 
than the control group (p=0.041). HAI, fibrosis scores and 
HBeAg-positivity of the cases were also noted (Table 1). 

There was no significant inter-group differences in gender 
or the levels of histones H3.3 or H4 (p>0.05). Although 
histone H3.3 levels were much higher in the patients than 
in the controls (p≤0.001), the same was not the case for H4 
levels (p>0.05). Histone H3.3 level was higher in HBeAg-
positive than HBeAg-negative patients (p≤0.001). No 
significant relationship was found between histone H4 
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level and HBeAg-positive status (p>0.05) (Table 2). 

Positive correlations were evident between histone H3.3 
level and the levels of HBV DNA (p≤0.001), AST (p≤0.001), 
ALT (p≤0.001) and INR (p=0.020). However, no relationship 
was apparent between H3.3 level and HAI score, fibrosis 
score, age, albumin, total bilirubin, direct bilirubin, or 
platelet levels (p>0.05). 

Positive relationships were evident between histone H4 
level and the level of HBV DNA (p=0.014) and INR (p=0.021), 
but not between histone H4 level and age, HAI score, 
fibrosis score, AST, ALT, albumin, total bilirubin, direct 
bilirubin, or platelet levels (p>0.05) (Table 3).  

While histone H3.3 level rose as CHB progressed, H4 level 
did not, and there was no significant correlation of histone 
H3.3 or H4 levels with HAI or fibrosis scores, AST, ALT, 
albumin, total bilirubin, direct bilirubin and platelet levels 
(p>0.05). However, histone H3.3 and H4 levels correlated 
with INR (p<0.05). 

 

Discussion 
In the current study, histone H3.3 and H4 levels correlated 
with the HBV DNA level and INR.  Histone H3.3 level also 
correlated with AST and ALT levels, and with HBeAg-
positive status. However, we found no correlation between 
histone H3.3 or H4 levels and age, HAI/fibrosis scores, or 
albumin, total bilirubin, direct bilirubin, or platelet levels. 
No relationships were apparent between the HAI or fibrosis 

scores and the levels of H3.3 or H4.  

Extracellular histones, the levels of which are 
negatively prognostic for several diseases, are 
promising targets for treating CHB. Earlier studies 
explored the relationship between histone levels 
and CHB infection, but most focussed on histone 
H4 rather than histone H3.3, although the histone 
H4 level may serve as a surrogate of the total 
histone concentration.22 Serum histone levels 
increase in animals with liver injuries.9 Significant 
increases were demonstrated in an in vivo model 
of hepatic ischemia/reperfusion injury, wherein 
histone neutralisation significantly protected 
against injury.23 Li et al. evaluated histone H4 
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Table-1: Patient demographics, hepatitis B e-antigen (HBeAg) status, and the histolog-
ical activity index and fibrosis scores. 

Patients Controls p-value 
Mean Age (years) 42.50 ± 11.64 44.26 ± 17.91 10.493 
Gender (n, %) Female 25 (35.7%) 37 (52.9%) 20.041* 

Male 45 (64.3%) 33 (47.1%)  
HBeAg status (n, %) Positive 14 (20%)  

Negative 56 (80%)  
Histologic activity index (n, %) Mild 25 (35.7%)  

Moderate 43 (61.4%)  
Severe 2 (2.9%)  

Fibrosis (n, %) Mild 62 (88.6%)  
Moderate 4 (5.7%)  
Severe 4 (5.7%) 

1Student’s t-test, 2chi-squared test, *: p<0.05  

Table-2: Histone H3.3 and H4 distributions by gender, study group, and  
hepatitis B e-antigen (HBeAg) status. 

Histone H3.3 Histone H4 
Mean ± SD (median) (min to max) 

Gender Female 6,841,74 ± 13,083.03 (1937.9) (0-59028) 0.44 ± 1.46 (0) (0-7.1)  
Male 36,260.07 ± 149,196.2 (2,843.1) (0-933394.2) 0.35 ± 1.12 (0) (0-5.9) 
p-value 0.305 0.620 

Study group HBV 25,753.53 ± 120,231.36 (2,648.3) (0-933394.2) 0.38 ± 1.24 (0) (0-7.1) 
Control 83.05 ± 14.69 (83.6)  (45.628-111.8) 0.07 ± 0.26 (0) (0-1.5) 
p-value ≤ 0.001* 0.697 

HBeAg status Positive 10,1471.6 ± 261 530.81 (6,755.2) (0-933394.2) 0.71 ± 1.64 (0) (0-5.9) 
Negative 6824 ± 12 003.57 (2 369.8) (0-59028) 0.3 ± 1.13 (0) (0-7.1) 
p-value 0.046* 0.065 

Mann Whitney U test; SD: standard deviation; *: p<0.05, SD: Standard deviation; HBV: Hepatitis B virus

Table-3: Correlations between histone H3.3 and H4 levels and other parameters in the 
chronic hepatitis B-infected group. 

H3.3 H4 
Age Rs -0.008 -0.085 

p-value 0.948 0.484 
HBV DNA (IU/mL) Rs 0.463 0.293 

p-value ≤0.001* 0.014* 
Histological activity index Rs 0.233 0.088 

p-value 0.052 0.468 
Fibrosis score Rs 0.137 0.175 

p-value 0.257 0.148 
AST level Rs 0.604 0.055 

p-value ≤0.001* 0.649 
ALT level Rs 0.536 0.050 

p-value ≤0.001* 0.683 
Albumin level Rs -0.141 0.002 

p-value 0.245 0.988 
INR Rs 0.278 0.276 

p-value 0.020* 0.021* 
Total bilirubin level Rs -0.079 0.000 

p-value 0.517 0.998 
Direct bilirubin level Rs 0.054 0.063 

p-value 0.656 0.607 
Thrombocyte count Rs -0.091 0.081 

p-value 0.452 0.507 
Spearman’s rho correlation analyses; *: p<0.05; HBV: Hepatitis B virus;  
DNA: Deoxyribonucleic acid; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; 
INR, International normalised ratio; Rs value The Spearman's Rank Correlation Coefficient. 
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status in patients with acute liver failure (ALF), CHB and LC, 
as well as in healthy controls.24 The H4 level increased 
significantly in ALF patients, but was only slightly elevated 
in CHB and LC patients compared to the healthy controls. 
No significant correlations between the levels of histones 
and cytokines, such as interleukin [IL]-6, IL-8, and IL-10 were 
evident in CHB-infected or LC patients compared to healthy 
controls. It was concluded that extracellular histones did 
not play a central role in chronic liver disease. Wein et al.25 
reported similar results. Kawai et al.26 showed that histone 
H3 was deposited along liver capillaries after injection into 
mice, compromising liver function. 

The current study found that histone H3.3 and H4 levels 
correlated with HBV DNA level and the INR. Further, cccDNA 
is thought to be responsible for CHB infection onset and 
persistence after antiviral treatment. As HBV cccDNA forms 
mini-chromosomes in the nuclei of infected cells, and as 
the DNA binds both histone and non-histone proteins, a 
positive relationship of HBV DNA level with histone H3.3 
and 4 levels would be expected. Histone H3.3 levels 
increased markedly in CHB-infected HBeAg-positive 
patients compared to healthy controls. Similar to Li et al., 
we found that the histone H4 level in CHB-infected patients 
was not higher than that in healthy controls,24 possibly 
because histone H3.3 is more abundant than histone H4 in 
HBV mini-chromosomes. The histone H3.3 level correlated 
with AST and ALT levels. As CHB infection progressed, 
increased production and release of histone H3.3 into the 
extracellular space further damaged the liver, increasing 
AST and ALT levels. However, we found no correlations of 
histone H3.3 or H4 levels with age, HAI/fibrosis scores, or 
albumin, total bilirubin, direct bilirubin, or platelet levels. 
We expected that the HAI score and histone H3.3 level 
would be positively correlated in CHB patients. It is possible 
that the severity of inflammation in our CHB patients was 
lower than that of the acute liver failure (ALF) patients 
studied by Li et al.24 If ALF is associated with severe 
inflammation, a significant increase in serum histone levels 
would be expected. As only a few of our patients had 
severe fibrosis, we found no correlation between this score 
and histone levels, unlike Li et al.24 Although we found a 
correlation between histone levels and INR, no correlations 
of histone H3.3 or H4 levels with the albumin level or 
thrombocyte count were seen; the latter parameters, as 
well as INR, are affected by LC because the number of viable 
liver cells releasing extracellular histones H3.3 and H4 is 
reduced, and in some LC patients these cells are entirely 
absent. Thus, we principally included patients with mild to 
moderate HAI and fibrosis scores. Both Voltz et al. and Laras 
et al. found 10-fold greater amounts of HBV cccDNA in 
HBeAg-positive versus HBeAg-negative patients.6,7 
Similarly, we found a correlation between HBeAg-positive 

status and histone H3.3 level. Both the HBV DNA level and 
the INR reflected the histone H3.3 and H4 levels. We found 
positive correlations between histone H3.3 level and AST 
and ALT levels, INR and HBeAg-positive status, reflecting 
HBV-induced damage to liver cells. We found no 
relationship between HAI or fibrosis scores and the histone 
H3.3 or H4 level. 

As the histone H3.3 level rises with progression of CHB 
infection, but not with progression of LC, the histone H3.3 
level can be used to distinguish active disease from 
harmless viral carriage. Approximately one-third of CHB-
infected patients exhibit normal liver enzyme levels, but 
with elevated HBV levels, and pathological examination of 
liver samples may reveal a need for treatment. In future, 
biopsy may not be required and novel treatments could 
target histone H3.3 of HBV cccDNA. 

The limitations of the current study included a relatively 
small sample size, and the fact that the HAI scores were 
generally mild to moderate. The serum histone H3.3 level 
was elevated in CHB-infected patients. The potential roles 
of the five other histones should be investigated in future 
studies. 

Conclusion 
Targeting of histone H3.3 on cccDNA of HBV 
minichromosomes may be useful to treat CHB infection. 
The histone H3.3 level can be used to differentiate active 
disease from the harmless carriage stage without any need 
for biopsy. 

Disclaimer: The study was presented as an Oral 
Presentation at the 35th National Gastroenterology Week, 
Antalya, Turkey, by us in November 2018.’  
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