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Abstract

BACKGROUND

Hepatitis B is a major public health problem in China. Accurate liver injury
assessment is essential for clinical evidence-based treatment. Liver biopsy is
considered the gold standard method to stage liver disease, but it is not widely
used in resource-limited settings. Therefore, non-invasive liquid biopsy tests are
needed.

AIM
To assess liver injury in hepatitis B patients using quantified cell free DNA
combined with other serum biomarker as a liquid biopsy-based method.

METHODS

A cohort of 663 subjects including 313 hepatitis B patients and 350 healthy
controls were enrolled. Ultrasound-guided liver biopsies followed by
histopathological assessments were performed for the 263 chronic hepatitis B
patients to determine the degree of liver injury. Cell-free DNA was quantified
using a novel duplex real-time polymerase chain reaction assay.

RESULTS

Compared with healthy controls, patients with hepatitis B virus (HBV) infection
had significantly higher plasma DNA, serum alanine aminotransferase (ALT),
aspartate aminotransferase (AST), bilirubin, and HBV DNA levels (P < 0.01).
Serum ALT, AST, bilirubin, and plasma DNA levels of patients with marked-
severe inflammation were significantly higher than those with mild-moderate
inflammation (P < 0.01). There was a statistically significant correlation between
hepatocyte inflammation severity and serum bilirubin (R* = 0.673, P < 0.01) or
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plasma DNA (R?=0.597, P < 0.01) levels. The areas under the curves of serum
ALT, bilirubin, plasma DNA, and their combination to distinguish between
patients with mild-moderate and marked-severe inflammation were 0.8059,
0.7910, 0.7921, and 0.9564, respectively.

CONCLUSION
The combination of plasma DNA, serum ALT, and bilirubin could be a candidate
liquid biopsy for non-invasive assessment of liver injury in hepatitis B patients.

Key words: Liquid biopsy; plasma DNA; Hepatitis B; Alanine aminotransferase; Duplex
real-time quantitative polymerase chain reaction
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Core tip: Our study used quantified cell free DNA combined with other serum biomarker
as a liquid biopsy-based method to assess liver injury in hepatitis B patients. A cohort of
663 subjects including 313 hepatitis B patients and 350 healthy controls were enrolled.
Ultrasound-guided liver biopsies followed by histopathological assessments were
performed for the 263 chronic hepatitis B patients to determine the degree of liver injury.
Cell-free DNA was quantified using a novel duplex real-time polymerase chain reaction
assay. Our results demonstrated that the combination of plasma DNA, serum alanine
aminotransferase, and bilirubin could be a candidate liquid biopsy for non-invasive
assessment of liver injury in hepatitis B patients.
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INTRODUCTION

The liver, playing an important role in many bodily functions from protein
production and blood clotting to cholesterol, glucose, and iron metabolism, is the
most important detoxification organ in human body!l. Because of this, the liver
becomes the vulnerable organ to be injured in various kinds of diseases, including
pathogen infection, inherited metabolic disease, alcoholic hepatitis, drug-induced
liver disease, autoimmune liver disease, and fatty liver disease. In clinical practice,
accurate liver injury assessment is necessary for the evidence-based treatment.

Liver biopsy, which is thought to be the gold standard method for the assessment
of liver injury severity, has been used to ascertain the degree of necroinflammation
and fibrosis!"l. Unfortunately, liver biopsy is not always an available option for many
patients with liver disease. It is also impractical to monitor the disease by frequent
biopsy. Blood biomarkers, such as liver aminotransferases and bilirubin, are the
routine assessments as liquid biopsy to monitor patients and to guide clinical
treatment!'l. However, it is widely known that the degree of liver injury is quite
different in various types of liver diseases. It is also thought that serum alanine
aminotransferase (ALT) or aspartate aminotransferase (AST) concentrations are not
necessarily a reliable index of hepatocyte necrosis, and this is especially seen in
massive hepatic necrosis?”l. To assess liver injury more accurately, more reliable
biomarkers for liquid biopsy are required.

In this study, we focused on hepatitis B caused by the hepatitis B virus (HBV)
which is a DNA virus that infects the liver. There are approximately two billion
people exposed to HBV and more than 350 million chronically infected people
worldwidell. Hepatitis B is a major public health problem worldwide, especially in
Chinal’l. HBV infection can be either asymptomatic or symptomatic depending on the
severity of liver injury, which is important for patients” outcome and to help guide the
choice of clinical therapy. The aim of the present study was to quantify cell released
DNA, a sensitive biomarker for cell death assessment, in hepatitis B patients using the
duplex real-time quantitative polymerase chain reaction (PCR) to explore its potential
use as a liquid biopsy-based biomarker combined with other liver function tests for
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assessment of liver injury.

MATERIALS AND METHODS

Patients and clinicopathological characteristics

This study included a total of 313 HBV-infected patients (median age, 36 years; range,
12-78 years; 89 females) with chronic (n = 263) or acute (n = 50) infection. Chronic
HBYV infection was defined as a continuous positive hepatitis B surface antigen
(HBsAg) test result for more than 6 months, while acute HBV infection was a positive
HBsAg test result for less than 6 months. Clinical information including demographic
characteristics was obtained from the patients” medical records. Healthy volunteers (n
= 350; median age, 36 years; range, 18-72 years; 100 females) who attended the First
Affiliated Hospital of Nanjing Medical University for an annual health check-up were
recruited as a control group.

Liver biopsy

Ultrasound-guided liver biopsies followed by histopathological assessment were
performed for the 263 chronic HBV infected patients to determine the degrees of liver
injury including inflammation (grade) and fibrosis (stage) according to the Grading
and Staging System in Chinal®, which was established based on the Ishak system!.. In
this study, mild or moderate portal area inflammation and spotty or piecemeal
necrosis without bridging and multi-acinar necrosis were categorized as
mild-moderate inflammation, while marked portal area inflammation, marked spotty
or piecemeal necrosis, and/or bridging and multi-acinar necrosis were categorized
marked-severe inflammation. The fibrosis stages range from 0 to 4, where Stage 0 is
for no fibrosis, Stage 1 for portal fibrosis without septa, Stage 2 for portal fibrosis with
few septa, Stage 3 for numerous septa without cirrhosis, and Stage 4 for cirrhosis.

Blood sample collection and processing

After informed consent was obtained and the research protocol was approved by the
Ethics Committee of Nanjing Medical University, a 2-mL peripheral blood sample
was collected into an ethylenediamine tetraacetic acid-containing tube from each
participant at the time of preliminary diagnosis. All of the blood samples were
centrifuged (1600 g, 10 min) within 2 h after collection and plasma was carefully
transferred into EP tubes. After an additional centrifugation at 16000 g for 10 min, 200
uL of plasma supernatant without blood cells was collected and 5 x 10* copies of
recombinant internal standard plasmid DNA were added as described previously!.
The mixed samples were stored at -80 °C until further processing. Serum samples
were recovered from serum-separator tubes following centrifugation of whole blood
at 3000 g for 10 min at room temperature.

Plasma DNA extraction and quantification

DNA was extracted from the 200 pL plasma samples containing the internal standard
using the BILATEST DNA/RNA kit (BILATEC, Viernheim, Germany), following the
manufacturer’s recommendations. After DNA extraction, plasma DNA was detected
with plasma cell-free DNA quantitative detection kit (Code Biotech, Jiangsu, China)
using duplex real-time PCR, which was performed for both the human -actin gene
and the internal control recombinant plasmid DNA in the same tube. Duplex
amplification curves were analyzed with Sequence Detection System Software (Ver.
1.4, Applied Biosystems). Specific probes and primers were described in our previous
report!l.

Detection of other serum biomarkers

The routine clinical chemistry panel, including ALT, AST, bilirubin, and albumin was
measured on an automatic biochemistry analyzer (AU5800, Beckman-Coulter, United
States). Serum HBV DNA was quantified by real-time PCR assay (ABI7500, Applied
Biosystem, United States). ALT and AST activities were measured using the
recommended IFCC method. Bilirubin was measured using the vanadic acid
oxidation method. Albumin was measured using the bromocresol green colorimetry
method. Serum HBV DNA was extracted using an HBV nucleic acid quantitative
detection kit (KHB, China) and quantified by real-time PCR assay (ABI7500, Applied
Biosystem, United States).

Statistical analysis

Results are presented as the median and interquartile range. Data were analyzed
using the Kruskal-Wallis rank test and Mann-Whitney U test. Spearman’s rank
correlation was performed to estimate the correlation between the degree of liver
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injury and plasma DNA, serum ALT, or bilirubin, respectively. The area under
receiver operator characteristic (ROC) curve (AUC) was calculated to evaluate the
diagnostic efficacy. All of these data were analyzed using Stata 9.2 software (Stata
Corporation, College Station, TX, United States). A P-value < 0.05 was considered
statistically significant.

RESULTS

Serum ALT, AST, bilirubin, albumin, plasma DNA, and HBV DNA levels in healthy

controls and HBV-infected patients

The concentrations of serum ALT, AST, bilirubin, albumin, total plasma DNA, and
HBV DNA in healthy controls and patients with HBV infection are shown in Table 1.
There were statistically significant differences in serum ALT, AST, and plasma DNA
levels between healthy males and females (P < 0.01). Healthy controls with a history
of drinking alcohol had higher serum ALT, AST, bilirubin, and plasma DNA levels
than those who rarely drank alcohol (P < 0.01).

Compared with healthy controls, patients with HBV infection had significantly
higher plasma DNA, serum ALT, AST, bilirubin, HBV DNA levels, and lower serum
albumin levels (P < 0.01). There were no statistically significant differences in the six
blood-based biomarkers between patients with different sex or drinking history (P >
0.05). Although there were significant differences in serum ALT and HBV DNA levels
between patients younger and older than 36 years, the Spearman’s rank correlation
analysis showed that there were no statistical correlations between patient age and the
blood-based biomarkers. Serum HBV DNA levels in HBeAg positive patients were
significantly higher than those with negative HBeAg results (P < 0.01).

Quantification of serum ALT, AST, bilirubin, albumin, total plasma DNA, and HBV
DNA for assessment of liver injury in patients with chronic HBV infection

As shown in Table 2, serum ALT, AST, bilirubin, and plasma DNA levels of patients
with marked-severe inflammation were significantly higher than those of patients
with mild-moderate inflammation (P < 0.01). However, serum ALT or AST levels of
42 patients with severe liver injury were lower than those of patients with marked
inflammation. There was no statistically significant difference in serum HBV DNA or
albumin levels between patients with mild-moderate and marked-severe
inflammation (P > 0.05). The positive correlation between serum ALT and
inflammation severity was statistically significant but weak (R* = 0.214, P < 0.01;
Figure 1A) because the severe patients had low ALT levels. Inflammation severity
determined by liver biopsy was correlated with serum bilirubin (R? = 0.673, P < 0.01;
Figure 1B) and plasma DNA (R* = 0.597, P < 0.01; Figure 1C), but had no statistically
significant correlation with HBV DNA (R? = 0.004, P = 0.281; Figure 1D).

As shown in Figure 2, the AUC of using plasma DNA to distinguish between
patients with mild-moderate and marked-severe inflammation was 0.7921, which was
similar to the AUCs of using serum ALT and bilirubin (0.8059 and 0.7910). The AUCs
of using serum AST, albumin, and HBV DNA to distinguish between patients with
mild-moderate and marked-severe inflammation were 0.6530, 0.4877, and 0.4952,
respectively. After the combination of serum ALT, bilirubin, and plasma DNA (blue),
there was a statistically significant increase of AUC (0.9564). There was also a
significant difference in plasma DNA levels or bilirubin between patients with and
without cirrhosis (P < 0.01), but there was no difference in serum ALT, AST, albumin,
or HBV DNA (P > 0.05; Table 2).

As shown in Figure 3A, there was no statistically significant correlation between
plasma DNA and serum ALT (R? = 0.012, P = 0.08). Most of the patients with high
serum ALT levels (> 100.0 U/L) had marked-severe liver injury (red), suggesting a
high specificity (89.3%) and positive predictive value (84.0%). However, there were
still 33.5% of patients with low serum ALT levels (< 100.0 U/L) who had marked-
severe liver injury, which suggests a low sensitivity (55.3%) of serum ALT. For
example, patient 85 in Figure 3A was a 20-year-old man with chronic hepatitis B
(CHB). Laboratory studies showed an HBV DNA level of 2.04 x 10" IU/mL and an
ALT level of only 40 U/L. However, a needle biopsy of the liver showed severe
piecemeal necrosis (marked portal inflammation, Grade 3; Figure 3B). These false
negative patients could be further distinguished from patients with mild-moderate
inflammation by plasma DNA with a sensitivity of 97.5% and specificity of 68.6% at
the cutoff value of 95 ng/mL, as shown in Figure 3A. After the combination of serum
ALT, bilirubin, and plasma DNA, there was a statistically significant increase in AUC
(0.9564), with a maximum sensitivity and specificity of 88.64% and 80.15%,
respectively (the blue line in Figure 2).
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Table 1 Correlation between clinicopathological characteristics and serum alanine aminotransferase, alanine aminotransferase,

bilirubin, albumin, plasma DNA, or hepatitis B virus DNA levels in the 350 healthy controls and 313 patients

Number SeT™ Bilirubin Plasma HBV Serum Albumin
Group of cases ALT P (M) P DNA P DNA P AST P ) P
(UIL) M (ng/mL) (IU/mL) (uL) g
Healthy 350 19.1 255 0.0 (0.0) 16.4 46.0
controls (15.1) (17.6) (14.3) (22.2)
Sex <0.01 0.865 <0.01 <0.01 0.062
Male 250 23 10.6 (5.8) 30.0 0.0 (0.0) 19.6 46.4
(14.1) (16.1) (14.1) (20.8)
Female 100 12.6 (7.6) 10.2 (5.5) 16.7 (8.1) 0.0 (0.0) 10.1 (5.5) 455
(20.1)
Age (y1) 0.819 0.833 0.056 0.916 0.066
<36 175 189 9.7 (5.4) 236 0.0 (0.0) 16.0 47.6
17.9) (16.4) (15.9) (20.3)
>36 175 19.8 10.5 (5.7) 26.8 0.0 (0.0) 16.7 458
13.7) (19.3) (12.2) (23.4)
HBsAb 0.263 0.439 0.060 0.549 0.884
Nega- 166 187 10.3 (5.6) 273 0.0 (0.0) 15.8 45.7
tive (15.1) (19.1) (15.1) (22.5)
Positive 184 19.1 10.3 (5.6) 242 0.0 (0.0) 165 46.2
(15.0) (16.0) (15.2) (21.6)
Drink- <0.01 0.002 0.000 0.000 0.711
ing
history
No 278 18.6 10.4 (5.7) 2238 0.0 (0.0) 158 46.1
(12.1) (15.5) (11.1) (20.9)
Yes 72 34.1 21.0 383 0.0 (0.0) 335 454
(29.2) (19.2) (19.0) (27.4) (23.7)
Hepati- 313 103.3 <001 856 0.000' 132.9 <001" 6129 <o001' 970 <001' 427 <0.01'
tis B (118.5) (77.2) (253.7) (101.6) (31.2)
patients
Sex 0.972 0.606 0.772 0.149 0.656 0.761
Male 224 101.4 883 1342 6.2 (2.7) 953 424
(114.4) (91.6) (260.2) (99.5) (32.7)
Female 89 1135 82.9 1322 5.6 (2.8) 101.7 43.0
(143.8) (89.1) (170.7) (116.6) (33.2)
Age (yr) 0.011 0.221 0.312 <0.01 0.831 0.591
<36 155 89.2 863 135.9 6.7 (3.0) 96.5 422
(120.0) (90.4) (256.6) (98.3) (30.4)
236 158 1159 83.9 1158 5.6 (2.6) 97.8 431
(124.9) (91.5) (244.5) (103.2) (29.7)
HBeAg 0.236 0.173 0.833 <0.01 0.742 0.070
Nega- 159 109.7 84.4 1263 54 (3.1) 97.7 433
tive (126.6) (89.4) (294.0) (101.8) (32.5)
Positive 154 101.4 86.1 135.7 6.5 (2.3) 97.4 40.6
(117.0) (90.7) (228.9) (99.6) (34.6)
Drink- 0.487 0577 0.574 0.200 0433 0.654
ing
history
No 187 107.0 85.0 1263 6.2 (2.7) 95.8 420
(122.8) (87.3) (255.4) (98.5) (30.8)
Yes 126 100.6 86.9 1428 6.0 (3.0) 983 432
(118.0) (90.3) (243.6) (100.1) (30.7)

ICompared with the healthy controls. All continuous data are expressed as medians (interquartile range). ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase; HBV: hepatitis B virus; HBsAb: Hepatitis B surface antibody; HBeAg: Hepatitis B E-antigen.

Comparison of serum ALT, AST, bilirubin, albumin, total plasma DNA, and HBV

DNA levels in patients with chronic or acute HBV infection
Serum ALT, AST, bilirubin, albumin, total plasma DNA, and HBV DNA levels in
patients with chronic or acute HBV infection are shown in Table 2. There was no
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Figure 1 Correlations of blood biomarkers with severity of hepatocyte inflammation in 263 chronic hepatitis B patients. The scatter plots show that there are
statistically significant correlations between the severity of hepatocyte inflammation and levels of serum biomarkers. A: Alanine aminotransferase; B: Bilirubin; C:
Plasma DNA; D: Hepatitis B virus DNA. ALT: Alanine aminotransferase; HBV: Hepatitis B virus.

statistically significant difference in HBV DNA levels between patients with chronic
and acute HBV infection (P > 0.05). However, total plasma DNA, bilirubin, serum
ALT, AST, and albumin levels in patients with acute HBV infection were significantly
higher than those of patients with chronic HBV infection (P < 0.01). ROC curve
analysis showed that the AUC of using serum ALT levels to distinguish between
patients with chronic and acute HBV infection was 0.8702, which was significantly
higher than that of using plasma DNA (0.7800; P = 0.01).

DISCUSSION

Hepatitis B is a viral infectious disease caused by the HBV which primarily interferes
with the functions of the liver by replicating in hepatocytes”. During HBV infection,
the host immune response causes both viral clearance and hepatocellular damage!. In
clinical practice, hepatitis B patients usually need to undergo a liver biopsy, which is
the current gold standard method for liver injury assessment by direct cell
morphological observation!'!l. However, biopsy results are too dependent on the
representation of the punctured sample and show significant variability which can
lead to a wrong diagnosis!!l. Besides, liver biopsy requires a skilled expert and well-
equipped hospital, and still has the risk of potentially lethal complications, such as
pneumothorax and bleeding!'?. Therefore, liver biopsy is not always the best option
for monitoring disease and some other more reliable techniques to assess liver injury,
such as liquid biopsy focusing on biomarkers in body fluids, are required.

HBYV infection can stimulate the body to produce various kinds of cell and humoral
immunity responses to virus antigens and lead to persistent or massive hepatocellular
apoptosis and necrosis”'*'!. As a result of cell damage, the components of liver cells
including proteins and nucleic acids are released into the peripheral blood stream.
This could increase the reference values and the quantitative detection of these
substances released from damaged liver cells into body fluids may serve as a
noninvasive liquid biopsy to evaluate and monitor hepatitis-related liver damage!"”l.

Liver-specific enzymes such as ALT and AST are the most common serum
biomarkers for liver function assessment!'’l. However, the point of using ALT or AST
for liver cell injury assessment remains controversial. Desmet et all'’! found that the
serum ALT level rose in almost all chronic liver diseases, yet this marker could not
reliably reflect the degree of inflammatory injury. Kew suggested that serum ALT was
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Table 2 Serum alanine aminotransferase, alanine aminotransferase, bilirubin, albumin, plasma DNA, and serum hepatitis B virus DNA

levels in different patient groups

Number Serum Bilirubin Plasma HBV Serum Albumin

Group of cases ALT P (uM) P DNA P DNA P AST P (/L) P

(UIL) M (ng/mL) (IU/mL) (uL) g
Healthy 350 19.1 255 0.0 (0.0) 16.4 46.0
controls (15.1) (17.6) (14.3) (22.2)
Acute 50 213.8 121.6 336.8 55 (2.4) 197.6 454
HBV (355.9) (207.0) (179.5) (312.5) (24.6)
infec-
tion
Chronic 263 88.3 <0.01" 739 <0.01' 1064 <0.01' 6229 0.059* 90.6 <0.01" 402 0.004"
HBV (98.0) (88.3) (174.1) (93.7) (41.3)
infec-
tion
Inflam <0.01 <0.01 <0.01 0.893 <0.01 0.444
ma-tion
Mild 68 59.9 30.6 46.9 5.7 (2.5) 51.2 417

(41.5) (31.4) (29.5) (50.6) (28.6)
Modera- 70 62.8 454 106.1 6.4 (3.1) 61.3 409
te (68.0) (50.4) (127.2) (72.9) (30.4)
Marked 83 152.8 130 141.1 5.8 (2.8) 153.2 39.5

(114.7) (125.5) (77.4) (160.8) (32.6)
Severe 42 99.9 228 862.5 6.8 (2.8) 91.7 39.8

(148.0) (254.9) (1213.6) (135.1) (33.2)
Fibrosis 0.552 0.015 <0.01 0.060 0.121 0.606
No 212 88.0 65.2 131.0 6.3 (3.1) 87.0 408
cirrhosis (106.4) (58.2) (235.8) (93.0) (38.6)
Stage0 59 83.5 71.9 111.8 6.6 (3.0) 87.7 416

(98.6) (70.3) (477.0) (91.6) (38.5)
Stage1 72 9.6 60.2 179.6 6.5 (3.0) 88.4 401

(81.2) (66.7) (235.3) (90.3) (38.3)
Stage2 46 87.4 64.8 98.8 6.0 (2.7) 79.1 40.1

(89.0) (79.6) (90.1) (82.5) (38.7)
Stage3 35 91.7 77.7 87.2 6.0 (2.7) 84.6 402

(110.3) (72.4) (77.7) (88.0) (39.9)
Cirrho- 51 91.4 92.0 73.1 5.7 (2.1) 91.9 39.9
sis (73.5) (99.4) (44.8) (94.5) (43.8)
(Stage 4)

ICompared with the acute hepatitis B virus infection patients. All continuous data are expressed as medians (interquartile range). ALT: Alanine
aminotransferase; AST: Aspartate aminotransferase; HBV: Hepatitis B virus.
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not a reliable indicator in extensive hepatic necrosis in severe hepatitis, when
decreasing serum ALT concentrations might signify a paucity of hepatocytes from
which the enzymes could leak, rather than recovery”. Our current findings also
demonstrate that serum ALT and AST levels are not always correlated with
hepatocyte inflammation, especially in the patients with severe hepatocyte injury
(Figure 1). The sensitivity of serum ALT or AST is less than 60%, which will lead to
missed diagnosis and delay in clinical treatment.

Circulating plasma DNA, a kind of cell-free extracellular nucleic acid present in
normal healthy individuals at low concentrations, is believed to derive primarily from
apoptosis of normal cells!*l. The short half-life of plasma DNA in the circulation
suggests a model of continuous release from apoptotic cells and rapid clearance!™. In
the context of various disease states characterized by abnormal cell death, such as
cancer, trauma, and transplant rejection, a large amount of nucleic acids are released
from necrotic cells into blood stream and significantly increase the level of plasma
DNAM-1 Although plasma DNA quantification was proved to be a potential marker
for cell damage, various preanalytical factors and lack of accurate and precise
quantitative methods have become a considerable pitfall, hampering its application
for liver injury assessment in clinical laboratories” .. In our previous study, a duplex
real-time PCR assay with a novel internal standard was developed for plasma DNA
quantification and proved to be able to eliminate variations and allow for more
sensitive, repeatable, accurate, and stable quantitative measurements of plasma
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Figure 2 The receiver operator characteristic curves of using four blood biomarkers to assess hepatocellular
injury severity in 263 chronic hepatitis B patients. The areas under the curves (AUCs) of using serum alanine
aminotransferase (ALT, black), bilirubin (yellow), plasma DNA (orange), serum aspartate aminotransferase (green),
albumin (purple), and hepatitis B virus DNA (gray) to distinguish between patients with mild-moderate and marked-
severe inflammation were 0.8059, 0.7910, 0.7921, 0.6530, 0.4877, and 0.4952, respectively. After the combination of
serum ALT, bilirubin, and plasma DNA (blue), there was a statistically significant increase of AUC (0.9564). ALT:
Alanine aminotransferase; HBV: Hepatitis B virus; AST: Aspartate aminotransferase; AUC: Area under the curve.

DNAEFL

In the current study, we quantified total plasma DNA in 350 healthy controls and
313 HBV infected patients by using our novel assay, combined with several other
serum biomarkers, to develop a novel liquid biopsy for non-invasive assessment of
liver injury. Among healthy controls, higher serum ALT, AST, and plasma DNA
levels were found in males and people with a history of drinking alcohol. While males
have a higher basal metabolic rate than females, a higher activity rate of liver cells can
lead to more ALT, AST, and genomic DNA released from apoptotic liver cells into the
blood™!. Drinking alcohol causes mild hepatocellular damage, which can lead to
hepatocyte necrosis followed by ALT, AST, and genomic DNA release. We also
demonstrated that HBV infected patients had statistically significantly higher serum
ALT, AST, and total plasma DNA levels than healthy controls.

In 263 CHB patients with varying degrees of liver injury, we demonstrated
statistically significantly higher serum ALT, AST, bilirubin, albumin, total plasma
DNA, and HBV DNA levels than those of healthy controls. We then compared these
blood-based biomarker levels in patients with different degrees of liver injury
according to liver biopsy. While HBV is a noncytopathic virus and its replication does
not directly damage the liver cells, the degree of hepatocyte injury has no direct
correlation with the number of HBV DNA copies”l. In this study, the HBV DNA level
did not reflect the severity of liver injury in hepatitis B patients (Table 2). As to serum
ALT, it had a high specificity (89.3%) but low sensitivity (55.3%) to discriminate
between mild-moderate and marked-severe inflammation. Similar results were found
for serum AST. This suggests that nearly half of patients, which were diagnosed with
severe liver injury based solely on serum ALT or AST levels, may be misdiagnosed
(e.g., patient 85 in Figure 3). By using our novel duplex real-time PCR assay with
internal standard, it was demonstrated that plasma DNA concentration was more
correlated with the severity of hepatocyte injury than serum ALT levels (Figure 1) and
more sensitive to assess the severity of liver injury in patients with low serum ALT (<
100.0 U/L; Figure 3A). Cell-free plasma DNA, a superior indicator of cell death, was
shown to be a good complement to serum aminotransferases to improve sensitivity. It
has been estimated that when 1% of liver cells are damaged, enzymes such as ALT are
released into the peripheral blood and this could increase the reference value about
one-fold. Considering that 1% of genomic DNA out of the total 2500000000 liver cells
is released into plasma, the concentration of plasma DNA would increase by
approximate 66 ng/mL, which is 2.6-fold higher than the median value of healthy
people. Here, we suggest that this might be an explanation for the effectiveness of
plasma DNA in assessing the severity of liver injury in patients with low serum ALT.
However, because of the low specificity (68.6%), plasma DNA alone is not sufficient to
evaluate hepatic cell injury. After the combination of plasma DNA, serum ALT, and
bilirubin, there was a significant improvement in AUC (Figure 2).

Because of the invasiveness and risk of complications, there are many limitations
for liver biopsy in clinical practice. Certain conditions, including thrombocytopenia,
bleeding diathesis, cirrhosis, ascites, and amyloidosis, are recognized relative or
absolute contraindications to biopsy!””. Therefore, noninvasive liquid biopsy is the
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Figure 3 Quantitative analysis of serum alanine aminotransferase and plasma DNA of 263 chronic hepatitis B patients to assess hepatocellular injury
severity. A: The scatter plot of serum alanine aminotransferase (ALT) and plasma DNA levels of chronic hepatitis B patients with mild-moderate (blue dots) or
marked-severe (red dots) inflammation. Most (84.0%) of the patients with high serum ALT levels (> 100.0 U/L) had marked-severe hepatocyte injury, while the other
patients with marked-severe hepatocyte injury and low serum ALT levels (< 100.0 U/L) can be distinguished from patients with mild-moderate hepatocyte injury by
plasma DNA quantification (e.g., Case 85); B: The hematoxylin and eosin stained microscopic image (x 400) of hepatic tissue of the case 85 showed severe
piecemeal necrosis (marked portal inflammation) (Grade 3). ALT: alanine aminotransferase.

necessary and useful substitution for patients who are not suitable to undertake liver
biopsy. According to the WHO’s guidelines!!, there are several non-invasive tests
(NITs) based on blood or serum now available and increasingly used for evaluating
and staging liver fibrosis. However, except for serum ALT, AST, and bilirubin, few
new NITs has been developed for assessment of liver injury, which can reduce the
need for liver biopsy in persons with hepatitis B. In this study, by quantifying serum
ALT and plasma DNA, clinicians can assess the severity of liver injury and evaluate
the patient's condition to determine the best course of treatment. For example, as
shown in Figure 4, low levels of serum ALT, bilirubin, and plasma DNA indicate that
there is no significant liver injury, while persistent high level of plasma DNA
combined with elevated bilirubin can indicate the severity of hepatocellular injury in
the case of severe liver cell damage with the “enzyme bilirubin separate”
phenomenon. Furthermore, liquid biopsy can be repeated and present a dynamic
change throughout the clinical treatment. But as to liver biopsy, that is impossible.
This liquid biopsy for non-invasive assessment of liver injury in hepatitis B patients
may be an important supplement be written into the guideline in the future. It is also
believed that this kind of non-invasive liquid biopsy can be applied for liver injury
assessment in many other liver diseases besides hepatitis B.

This is believed to be the first study about combination of plasma DNA, serum
ALT, and bilirubin as a sensitive and unique liquid biopsy for the noninvasive
assessment of degree of liver injury. This novel liquid biopsy technique is expected to
assist in making more precise diagnoses for hepatitis B patients.
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Figure 4 Pattern diagram of liquid biopsy with serum alanine aminotransferase, bilirubin, and plasma DNA for assessment of hepatocellular injury in
hepatitis B patients. Serum alanine aminotransferase levels in patients with severe hepatocellular injury may not be very high and plasma DNA combined with serum
bilirubin may be a good complementary biomarker for these patients. ALT: Alanine aminotransferase.

ARTICLE HIGHLIGHTS

Research background

Hepatitis B is a major public health problem in China. It is important that the severity of liver
injury is evaluated accurately for clinical treatment. Liver biopsy is considered the gold standard
method to stage liver disease. However, it is not widely used in resource-limited settings.
Therefore, the methods of non-invasive liquid biopsy need to be explored for assessment of liver
injury.

Research motivation

Plasma DNA quantification was proved to be a potential marker for cell damage, which may be
a non-invasive method for evaluating the severity of liver injury. However, the application of
plasma DNA quantification still needs to be investigated in patients with hepatitis B.

Research objectives
The aim of this study was to evaluate liver injury in hepatitis B patients using quantified cell free
DNA combined with other serum biomarker as a liquid biopsy-based method.

Research methods

A cohort of 663 subjects including 313 hepatitis B patients and 350 healthy controls were
enrolled. Ultrasound-guided liver biopsies followed by histopathological assessments were
performed for the 263 chronic hepatitis B patients to determine the degree of liver injury. Cell-
free DNA was quantified using a novel duplex real-time polymerase chain reaction assay.

Research results

Compared with healthy controls, patients with hepatitis B virus (HBV) infection had
significantly higher plasma DNA, serum alanine aminotransferase (ALT), aspartate
aminotransferase (AST), bilirubin, and HBV DNA levels (P < 0.01). Serum ALT, AST, bilirubin,
and plasma DNA levels of patients with marked-severe inflammation were significantly higher
than those of patients with mild-moderate inflammation (P < 0.01). There was a statistically
significant correlation between hepatocyte inflammation severity and serum bilirubin (R? =
0.673, P < 0.01) or plasma DNA (R* = 0.597, P < 0.01) levels. The area under the curves of serum
ALT, bilirubin, plasma DNA, and their combination to distinguish between patients with
mild-moderate and marked-severe inflammation were 0.8059, 0.7910, 0.7921, and 0.9564,
respectively.

Research conclusions
The combination of plasma DNA, serum ALT, and bilirubin could be a candidate liquid biopsy
for non-invasive assessment of liver injury in hepatitis B patients.

Research perspectives

The combination of plasma DNA, serum ALT, and bilirubin as a novel liquid biopsy technique is
expected to assist in making more precise diagnoses for hepatitis B patients, which will be
validated in multiple clinical centers in the future.
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