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ABSTRACT

Aims The visualisation of HBV DNA in liver sections of
patients with chronic hepatitis B (CHB) in our previous
report uncovered a mosaic distribution of viral antigens
and nucleic acids. Here we aim to further explore the
clinical utility of the in situ hybridisation (ISH) assay for
HBV DNA.

Method ISH of HBV DNA along with
immunohistochemistry (IHC) of HBsAg, HBcAg and
routine histopathology analysis was performed in 313
treatment-naive patients with CHB. Serum HBcrAg and
HBCAD titre were also measured in addition to basic
biochemical and virological parameters.

Results The ISH of HBV DNA, HBsAg and HBcAg
showed 95.2%, 97.1% and 42.8% positive rate,
respectively. The staining pattern of HBV DNA differs
significantly with that of HBsAg. Intrahepatic HBV DNA
exhibited high-level of correlations with viral load,
HBcrAg and HBsAg titre. In HBeAg-negative patients,
higher intrahepatic HBV DNA is associated with
histological evidence of liver inflammation and fibrosis,
whereas no such trend was observed in HBeAg-positive
patients. Finally, a triple staining protocol that combined
the detection of HBV DNA, HBsAg and collagen fibre was
developed to enable better evaluation of viral replication
and antigen expression in the context of disease
progression.

Conclusions The ISH assay for HBV DNA reflects

the vigour of intrahepatic viral replication. It is
complementary to the routine IHC assay for viral antigens
and also related to the histopathological progression

of liver diseases. The application of the HBV DNA ISH
assay may help a better evaluation of virological and
pathological condition of patients with CHB.

INTRODUCTION

The hepatitis B virus (HBV) infection remains a
global public health issue, affecting more than
240 million chronic hepatitis B (CHB) individuals
worldwide. The chronic liver disease caused by the
virus leads to liver fibrosis and ultimately hepato-
cellular carcinoma.” A thorough understanding of
the natural history of CHB has been facilitated by
continuous development of assays for major serum
virological (HBV DNA and HBV RNA) and immu-
nological (HBV antigens and antibodies) param-
eters.” Among them, the recently developed HBV
core related antigen (HBcrAg)*® and quantitative
HBCcAD titre have shown considerable predictive
values.”

,' Zhanqing Zhang'

Although serum biomarkers have been widely
used to assess the chronic liver disease, the histo-
pathological examination of liver biopsy remains
the gold standard for evaluation of liver patholo-
gies of CHB.® In addition, immunohistochemistry
(IHC) of HBsAg and HBcAg helps clinicians eval-
uate the virological activities of HBV.” However, the
IHC of HBsAg showed limited relationship with the
vigour of viral replication, whereas the positive rate
of HBcAg is lower.

We recently established a sensitive in situ hybri-
disation (ISH) assay for HBV DNA and found its
distribution to be distinct from that of HBsAg.'
These findings suggested that intrahepatic HBV
DNA might represent a novel histological marker
complementary to the current IHC examinations.
In this study, we sought to further evaluate its sensi-
tivity and specificity in a large group of patients
with CHB and non-HBV hepatitis patients. In addi-
tion, the relationship between HBV DNA ISH assay
and existing virological/pathological markers was
also investigated

MATERIALS AND METHODS

Patients and samples

This study enrolled 313 CHB treatment-naive
patients who were admitted into the Department
of Hepatobiliary Medicine, Shanghai Public Health
Clinical Center and underwent liver biopsy from
March 2015 to December 2018. Among them, 163
patients were HBeAg positive, and 150 patients
were HBeAg negative. The diagnosis for the patients
was in accordance with the standard elaborated in
the EASL (European Association for the Study of
the Liver) 2017 Clinical Practice Guidelines on
the management of HBV infection.” The exclusion
criteria were as follows: coinfected with other viral
hepatitis, HIV, significant alcohol consumption
(>20g per day for men, >10g per day for women),
liver pathology indicated drug-induced liver injuries
or fatty liver disease and received antiviral therapy
in preceding 6 months.

Pathological assessment

Ultrasound-assisted liver biopsies were performed
using a one-second liver biopsy needle (16G).
The liver specimens obtained were routinely
formalin fixed and paraffin embedded. The
tissue paraffin sections were stained with H&E,
Masson’s trichrome and reticulin. Liver patholog-
ical assessment was independently evaluated by two
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experienced pathologists who were blinded to the clinical infor-
mation and employed the Scheuer standard.

THC of HBsAg and HBcAg were performed using Leical BOND
automatic stainer and inspected by pathologists and scored as 0,
1, 2 and 3 corresponding to proportion of the immunolabelled
cells of 0%,<5%, 5%-20% and >20%, respectively.

Clinical and serological parameters

Serum samples were obtained within 1day before or after liver
biopsy. Serum HBsAg, HBeAg and anti-HBe were measured
by chemiluminescence microparticle immunoassay (CMIA)
(Abbott, USA). The detection range of serum HBsAg is 0.05—
2501U/mL, and it was retested with a dilution of 1:500 if the
initial test value exceeding the upper detection limit. Serum
HBcAb was measured using CMIA (Chemiluminesence micro-
particle microparticle immunoassay, Wantai, China), and the
detection range was 10* TU/mL to 10° IU/mL. Serum HBcrAg
was measured by chemiluminescent enzyme immunoassay (Fuji-
rebio, Japan) with the detection range of 10° IU/mL to 107 IU/
mL, and it was retested with a dilution of 1:1000 if the initial
test value exceeded the upper detection limit. Serum HBV DNA
was quantified using PCR-fluorescence probing assay (Sansure,
China) with a detection range of $x10*to 2x10°TU/mL. Serum
alanine transferase (ALT) was measured by Abbott Accelerator
a3600 full-automatic biochemical analyser (Abbott, USA).

ISH of HBV DNA

The procedures of hybridisation and amplification were based
on our previous study'® and performed using the ViewRNA ISH
Tissue Assay (Thermo Fisher, Fremont, California, USA). The
tissue sections were routinely dewaxed and rehydrated, followed
with antigen retrieval, protease digestion and refixation with 4%
formaldehyde for 5min. The HBV DNA probe (VF6-20095)
was designed to target the minus strand sequence (nt2959-837)
conserved from genotype A to genotype D. After probe hybri-
disation and signal amplification, sections were stained with
NBT/BCIP (Roche) in developing solution at 37 °C for 2 hours.
Sections were then incubated with antibody to Histone H3 (Cell
Signaling Cat No. 14269) followed by HRP-conjugated anti-
body, and the signal was developed by AEC. The ISH results
were examined by pathologists and a score of 0—4 was given

(0-4, corresponding to approximately 0%,<5%, 5%-10%,
10%-20% and >20%). For HBV DNA-HBsAg-Sirius Red triple
staining, after development of DNA signal, anti-HBs antibody
(clone: OTI1D3, ZM-0122, ZSBio, Beijing China) was applied
to the section followed by anti-mouse/rabbit IgG-HRP (Leica)
incubation and development by DAB. Slides were finally stained
with Sirius red for 30 min and washed with distilled water before
air-dry and mounting. The slides were scanned by Panoramic
Digital Slide Scanner (3DHISTECH). The whole section images
were exported and processed with Image] to calculate the surface
area of the ISH positive cells relative to total tissue area. Fully
digitalised whole-section images accompanied by basic clinical
parameters were compiled and uploaded onto http://www.hepb-
atlas.com.

Ethics statement
All patients provided written consent prior to their inclusion in
the study and the collection of clinical samples.

Statistical analysis

Statistical analyses were performed using Medcalc version 15.8
(Broekstraat, Mariakerke, Belgium) and the R package (corr-
plot). For continuous variables, median and IQR was used. For
categorical variables, frequencies and proportions were used.
Comparisons between HBeAg-positive and HBeAg-negative
patients were done via Mann-Whitney U test for continuous data
and Pearson y* test for categorical data. The correlation coeffi-
cient was calculated using the Spearman method. Significance
was assumed at p<0.05 for all tests.

RESULTS

Demographic, clinical and pathological characteristics of
study population

A total of 313 patients with CHB were enrolled in this study.
They were categorised into HBeAg-positive (n=163) and
HBeAg-negative (n=150) patients. Demographic, clinical and
pathological characteristics of study population are shown in
table 1. The male-to-female ratios in these two groups were
comparable (p>0.05). The medium age of HBeAg-negative
patients was higher than that of HBeAg-positive patients

Table 1 Demographic and clinical characteristics of study population

HBeAg positive

HBeAg negative

(n=163) (n=150) 2+t P value
Gender (male:female) 99:64 91:59 0.011t 0.9178
Age (years; M, IQR) 31 (28-37) 42 (35-50) 8.600 <0.0001
ALT (U/L; M, IQR) 69 (42-156.75) 35.5 (18-107) 4115 <0.0001
Serum HBsAg (log10 [U/mL; M, IQR) 4.117 (3.691-4.635) 3.296 (2.745-3.702) 10.417 <0.0001
Serum anti-HBc (log10 IU/mL; M, IQR) 3.526 (3.211-3.819) 4.225 (3.680-4.642) 8.520 <0.0001
Serum HBcrAg (log10 IU/mL; M, IQR) 8.200 (7.700-8.500) 4.1500 (3.000-5.800) 13.779 <0.0001
Serum HBV DNA (log10 IU/mL; M, IQR) 7.314 (6.469-7.903) 3.588 (2.699-5.681) 12.668 <0.0001
HBsAg IHC (0:1:2:3) 3:36:59:65 10:65:52:23 32.098t <0.0001
HBcAg IHC (0:1:2:3) 58:47:48:10 121:26:3:0 77.514% <0.0001
HBV DNA-ISH positive area (%; M, IQR) 7.949 (4.365-15.733) 1.556 (0.687-3.685) 10.030 <0.0001
HBV DNA-ISH score (0:1:2:3:4) 2:14:33:52:61 13:50:57:24:6 89.853t <0.0001
Grade (1:2:3:4) 95:57:11:0 115:21:14:0 18.372t 0.0001
Stage (1:2:3:4) 71:60:11:21 90:30:9:21 11.923t 0.0077

*Mann-Whitney U test.
tPearson y? test.
HBcrAg, HBV core related antigen; ISH, in situ hybridisation; M, median.
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Figure 1

Head-to-head comparison of immunohistochemistry of surface antigen (A), core antigen (B) and in situ hybridisation of HBV DNA (C) in

a HBeAg-positive CHB patient with HBV DNA of 5.89x10°1U/mL, HBsAg of 2180 1U/mL and ALT of 45 U/L. The whole section scanning image and
respective areas (marked by rectangles) were enlarged and shown. ALT, alanine transferase; CHB, chronic hepatitis B; HBV, hepatitis B virus.

(p<0.001), which conforms to the clinical course of the disease.
The median HBsAg titre in HBeAg-positive patients was 4.117
log10 TU/mL, significantly higher than that of HBeAg-negative
ones (3.296 log10 IU/mL, p<0.0001). Similarly, serum HBV
DNA level was significantly higher in HBeAg-positive patients
(median, 7.314 log10 IU/mL) than in HBeAg-negative ones
(median, 3.588 log10 IU/mL, p<0.0001).

Staining patterns of HBV DNA ISH and its relationship with
serum biomarkers

A total of 298 cases showed positive HBV DNA signal (posi-
tive rate 95.2%), which is similar to THC of HBsAg (97.1%)
and significantly higher than HBcAg (42.8%). The ISH signal
was mostly distributed in the cytoplasm of the hepatocytes
although nuclear localisation was also seen. Additionally, we also
performed the assay on sections from six patients with non-HBV
hepatitis (hepatitis C and drug-induced hepatitis) and none of
them exhibited positive staining. HBV DNA ISH assay showed
98.7% positive rate in e antigen positive cases compared with
91.3% in e negative ones. Similarly, HBsAg IHC showed 98.1%
positive rate in e positive cases, whereas 93.3% of the e negative
cases showed positive staining. The most striking difference was
observed in core IHC staining. 64.4% of e antigen positive cases
showed positive HBcAg staining, whereas the figure was only
19.3% in e antigen negative ones.

A close examination of the ISH in conjunction with the IHC
from the same samples revealed some interesting findings.
Although HBsAg and HBV DNA both showed high rate of detec-
tion in these sections, the distribution of HBV DNA was strik-
ingly different from that of HBsAg in most of the cases. Figure 1
showed the typical staining results from liver sections of an
HBeAg-positive patient with viral load of 5.89x10°TU/mL. The
surface antigen was accumulated in some of the lobules, whereas
the HBV DNA was enriched in distinct areas. However, when
cytoplasmic HBcAg was detected, it was usually distributed in

similar zones of HBV DNA positivity. Nevertheless, we found
that HBcAg may not be present when HBV DNA is highly abun-
dant (online supplementary figure 1) indicating the limited sensi-
tivity of the current HBcAg THC assay. There are also cases that
showed negative IHC results in both S and Core antigen but
detectable HBV DNA as shown in one example (online supple-
mentary figure 2). Although both HBsAg and intrahepatic HBV
DNA showed high detection rate, in cases with undetectable S
or HBV DNA, only two cases showed double negative, whereas
the other cases exhibited either S (11 cases) or HBV DNA (13
cases) negativity. The cross-tabulation table results indicated that
these two tests were independent of each other (p=0.1232, Fish-
er’s exact test, online supplementary table 1). By contrast, none
of the HBV DNA ISH negative samples were positive for core
antigen, whereas in HBV DNA ISH positive ones (n=298), 134
of them showed core IHC positivity (44.6%). Statistical analysis
indicated that HBV DNA ISH positivity greatly increased the
likelihood of positive core IHC result (p=0.0002, Fisher’s exact
test, online supplementary table 2). These results suggested that
HBcAg IHC was partially linked with HBV DNA ISH.

We next evaluated the correlation between intrahepatic DNA
and other key parameters, that is, serum HBV DNA, HBcrAg
and HBsAg titre. As shown, in figure 2A, a strong correla-
tion pattern was observed between intrahepatic and circu-
lating HBV DNA (r=0.678, p<0.0001, figure 2A). Similarly,
HBV DNA ISH signal is significantly correlated with HBcrAg
level (r,=0.645, p<0.0001, figure 2B) and serum HBsAg titre
(r,=0.531, p<0.0001 figure 2C).

We also compared the performance of HBV DNA ISH with
those of routine ITHC examinations. The HBV DNA posi-
tive rate was transformed into graded scores in order to make
direct comparisons with THC scores. First, although HBcAg
THC showed considerable positive correlation with serum viral
markers (with viral load: r =0.621, with serum HBsAg: r =0.580,
with HBcrAg: r =0.666, p<0.0001, figure 3C), its low overall
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Figure 2 Correlation plots between HBV DNA ISH positive rate
and serum HBV DNA (A), serum HBcrAg (B) and serum HBsAg (C).
Spearman's rank correlation.P values were shown in each plot.
HBcrAg, HBV core related antigen; HBV, hepatitis B virus; ISH, in situ
hybridisation.

positive rate (42.8%) restricted its usefulness in patients with
limited viral replication. The THC of HBsAg, however, showed a
high positive rate (97.1%). Its relationships with circulating viral
markers exhibited significantly lower correlations (with viral
load: r =0.437, with serum HBsAg: r =0.454, with HBcrAg:
r,=0.397, p<0.0001, figure 3B) than those of HBV DNA ISH
signal (with viral load: r =0.678, with serum HBsAg: r =0.521,
with HBerAg: r =0.641, p<0.0001, figure 3A).

Inter-relationships among serum and intrahepatic parameters
We generated a correlation matrix among the serum and liver
biomarkers stratified with HBeAg status (figure 4). Some signif-
icant trends were noted. The core-related antigen showed
strong relationship with viral load (e positive patients, r=0.838,
p<0.0001; e negative patients, r=0.545, p<0.0001) and viral
surface antigen (e positive patients, r=0.619, p<0.0001; e
negative patients, r=0.462, p<0.0001) irrespective of HBeAg
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Figure 3 Relationship between intrahepatic virological markers
and serum markers. The level of serum HBV DNA, serum HBsAg and
HBcrAg were grouped according to ISH score for HBV DNA (A), IHC
score for surface antigen (B) or core antigen (C) and were compared.
HBcrAg, HBV core related antigen; HBV, hepatitis B virus; IHC,
immunohistochemistry; ISH, in situ hybridisation.

status(figure 4). By contrast, the HBcAb titre exhibited distinct
relationship with HBV DNA ISH signal in e antigen positive
(r=—0.31,p<0.0001) and negative groups (r=0.28, p<0.0001).
Similar trends were also observed between HBcAb and serum
HBV DNA (e positive patients, r=—0.34, p<0.0001; e nega-
tive patients, r=0.58, p<0.0001) or HBcrAg (e positive patients,
r=-0.32, p<0.0001; e negative patients, r=0.44, p<0.0001)
(figure 4). The relationship between serum ALT and intrahepatic
DNA was also analysed. In e antigen positive group, no statis-
tical significance was found between these markers (r=—0.014,
p=0.85) while in e negative group, a positive correlation was
found (r=0.35, p<0.0001).

Patterns of intrahepatic HBV DNA in different levels of liver
inflammation and fibrosis

We also noted in the correlation matrix that the HBV DNA ISH
signal had different patterns of correlation with liver histology
if divided by HBeAg status. In HBeAg-positive patients, while
liver inflammation is not related to intrahepatic DNA, the level
of fibrosis is negatively related to HBV DNA ISH (r,=—0.166,
p<0.05, figure 5A). However, in HBeAg-negative patients,
significant positive relationships were observed between intrahe-
patic HBV DNA and liver grade (r=0.362, p<0.0001) and stage
(r=0.277, p=0.0006, figure 5B). These results suggested the
modulatory role of HBeAg on the development of liver pathol-
ogies in CHB.

HBV DNA, HBsAg and Sirius red triple staining as a
convenient molecular pathology examination on the
virological and histological status of CHB

Since previous results suggested spatially distinct distribution of
HBV DNA and HBsAg in accordance with our previous report,
we sought to combine these two markers on one section by seri-
ally staining HBV DNA and HBsAg. Furthermore, we performed
a Sirius red counterstain to provide a histological background of
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collagen fibres. The blue purple (HBV DNA), brown (HBsAg)
and red combination resulted in a high colour contrast, easy-to-
interpret images (figure 6). Importantly, this triple stain revealed
some interesting phenomena. The HBV DNA and HBsAg mostly
exhibited a mutually exclusion pattern as we have reported.'® In
addition, it was found that S-rich cells mostly resided in mini-
mally fibrotic region (figure 6A), while HBV DNA positive cells
were frequently observed to be surrounded by collagen fibres
(figure 6B-D). In some sections, transitions between S-rich and
DNA-rich cells could be readily observed near the fibrotic region
(figure 6E-F, note cells with both DNA and S signal). Collec-
tively, the triple staining method provides pathologists a more
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Figure 5 The relationship between HBV DNA ISH signal and liver
inflammation and fibrosis. The cohort was stratified as HBeAg positive
(A) and negative group (B), and the HBV DNA ISH positive rates were
grouped according to liver grading and staging score. HBV, hepatitis B
virus; ISH, in situ hybridisation.

comprehensive view of the virological activities in relation to the
histological progression of disease.

DISCUSSION

Although there have been some widely available blood biomarkers
(viral load, quantitative HBsAg, HBeAg, serum biochemical
parameters and so on) for evaluation of the chronic liver disease
caused by HBYV, liver histopathology offers a more direct view
of the intrahepatic inflammatory fibrosis. In addition, immuno-
staining of viral antigens can reveal more details regarding the
status of viral replication and virion/subviral particle production.
Unfortunately, interpretation of these results was shown to be

eAg#, ALT 40, DNA 2.8X10, G253

eAg-, ALT 44, DNA 4.9X10¢, G1S1

eAg+, ALT 258, DNA 2.2X10%, G253 eAg+, ALT 110, DNA 6.6X10°, G354

eAg+, ALT 89, DNA 5.0X107, G353

eAg+, ALT 324, DNA 3.2X107, G252

Figure 6 Typical images of the HBV DNA-HBsAg and Sirius red triple
staining. A scale bar was shown for each panel. Basic clinical parameters
such as HBeAg status, ALT (U/L), serum HBV DNA (IU/mL) and Scheuer
score were listed. ALT, alanine transferase; HBV, hepatitis B virus.
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not straight forward. Previous studies found that IHC staining of
surface antigen mostly generated a cytoplasmic signal arranged
in clustered hepatocytes. When observed using H&E staining,
these cells exhibited eosinophilic, finely granular, rather dense
cytoplasm resulting in a ground-glass appearance.!’ This pattern
is mostly observed in immune tolerant patients and carriers.
However, IHC staining of core antigen can exhibit both nuclear
and cytoplasmic pattern and showed much stronger relationship
with acute lobular hepatitis and chronic active hepatitis.*™*
Indeed, we previously found a mosaic distribution of viral surface
and core antigen together with HBV DNA, which suggested a
more complex picture of HBV lifestyle at single-cell level.'* In
this study, we applied the recently established HBV DNA in ISH
assay in a large cohort of patients with CHB and compared its
performance with well-established THC assays.

Due to the extensive assay optimisation, our HBV DNA ISH
assay generated a high rate of detection in CHB samples, which
is comparable with that of HBsAg IHC, while preserving high
specificity. In accordance with previous publication, the distri-
bution of HBV DNA and surface antigen is largely different as
shown in the head-to-head comparison of whole-section scans.
However, cytoplasmic staining of core antigen showed much
stronger spatial relationship with HBV DNA. However, IHC
of core antigen is less sensitive as only 42.8% of the sections
showed positivity.

We next evaluated the clinical relevance of HBV DNA ISH
assay in the context of clinically available and novel biomarkers
such as HBcrAg and HBcAb. We observed that HBV DNA ISH
signal is highly correlated with serum viral load, HBcrAg and to a
lesser extent, HBsAg titre. This pattern is shared by IHC of core
antigen, although it has a much lower positive rate. Interestingly,
the HBV DNA ISH signal displayed an HBeAg-dependent rela-
tionship with HBcAb titre. This trend was also found between
viral load and HBcAb. Indeed, quantitative core antibody levels
were reported to be tightly associated with hepatitis activity,'® a
process heavily influenced by HBeAg status.

Apart from the ISH of HBV DNA, we also developed a triple
staining method in which, the viral replication, viral surface
antigen expression and collagen fibre can be observed on the
same section. This gives us a unique integrated view of disease
progression and provides the important spatial relationship
among virological and histological events, which is informa-
tive for both basic clinical research and accurate pathological
diagnosis.

Taken together, based on a clinical group of 313 CHB cases,
ISH of HBV DNA exhibits a sensitivity and specificity similar to
that of HBsAg IHC but with distinct histological distribution.
It informs intrahepatic virological activity and correlates with

Take home messages

» The developed in situ hybridisation assay for hepatitis B virus
(HBV) DNA showed high level of sensitivity and specificity in
a cohort of 313 chronic hepatitis B cases.

» A novel triple staining protocol that combines the detection
of HBV DNA, HBsAg and collagen fibre enables better
evaluation of viral replication and antigen expression in the
context of liver fibrosis.

existing biomarkers. Hence, it shows promise as a novel molec-
ular pathology examination for precision diagnosis of HBV-
induced liver disease.
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