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Abstract

Background: Pre-existing liver disease is a risk factor for the worse prognosis of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection. We aimed to evaluate whether chronic hepatitis B (CHB) and hepatocellular carcinoma (HCC) affect the
expression of viral receptor angiotensin-converting enzyme 2 (ACE2) and transmembrane serine protease 2 (TMPRSS2) in the liver.

Methods: Twelve pairs of matched liver tissues of HCC and para-carcinoma were collected from the First Affiliated Hospital of
Zhejiang University School of Medicine. And 20 liver biopsies from CHB patients were collected from Peking University People’s
Hospital. The expression of ACE2 and TMRPSS2 were detected using immunofluorescence staining, western blot, and RT-qPCR.
The effects of hepatitis B virus (HBV) replication or interferon on ACE2 and TMPRSS2 expression were tested in hepatic cell lines.

Results: The mRNA expression of TMPRSS2 in HCC tissues was six-fold higher than that of para-carcinoma tissues (P=0.002),
whereas that of ACE2 was not statistically different between HCC and para-carcinoma tissues. Hepatocellular ACE2 expression
was detected in 35% (7/20) of CHB patients and mostly distributed in the inflammatory areas. However, there was no difference in
TMPRSS2 expression between areas with or without inflammation. IFN-a2b slightly induced ACE2 expression (2.4-fold, P=
0.033) in HepG2 cells but not in Huh-7, QSG-7701, and L-02 cells. IFN-a2b did not affect TMPRSS2 expression in these cell lines.
In addition, HBV replication did not alter ACE2 expression in HepAD38 cells.

Conclusions: Although HBV replication does not directly affect the expression of ACE2 and TMPRSS2, intrahepatic inflammation
and carcinogenesis may increase their expression in some patients, which, in turn, may facilitate SARS-CoV-2 infection in
hepatocytes.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
is the causative agent of COVID-19, which led to the most
extensively spread and most difficult to contain pandemic since
the Spanish influenza pandemic in 1918. This virus can cause
respiratory infections with severity ranging from mild cold- and
flu-like symptoms to fatal pneumonia. In severe cases, it can result
in the dysfunction of other organs such as the kidneys and liver in
a substantial proportion of patients.[1,2] SARS-CoV-2 is
dependent on angiotensin-converting enzyme 2 (ACE2) as the
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receptor for entry into cells and the host transmembrane serine
protease 2 (TMPRSS2) for the viral spike (S) protein priming.[3,4]

ACE2 is abundantly expressed in a variety of cells in different
human organs, including lung alveolar and small intestinal
epithelial cells, vascular endothelial cells, smooth muscle cells,
proximal tubular cells in the kidney, and basal epidermal layer of
the skin, as well as in the oral and nasal mucosa.[5]

Clinical data revealed that 14.8%–53% of COVID-19 patients
had a liver injury during either viremia or inflammatory phase.
Significant liver injury with elevated levels of alanine aminotrans-
ferase (ALT), bilirubin, alkaline phosphatase, and g-glutamyl
transpeptidase has been reported in 58%–78% of patients with
severe clinical manifestations, with liver injury being a surrogate
marker for the adverse outcomes of COVID-19.[2,6] In addition,
pre-existing liver diseases, including chronic viral hepatitis,
steatohepatitis, cirrhosis, and hepatocellular carcinoma (HCC),
are independent risk factors for the severity and fatality of the
disease.[7–12] However, previous studies suggested that ACE2
might be low or absent in hepatocytes, and higher expression of
ACE2 is exhibited in biliary cells than in hepatocytes.[5,13] Thus,
whether the liver injury is caused by direct viral damage, drug
toxicity, hypoxia, or microthromboses remains controversial.[2,14]

mailto:panxiaoben@hznu.edu.cn
http://creativecommons.org/licenses/by-nc-nd/4.0
http://creativecommons.org/licenses/by-nc-nd/4.0
http://dx.doi.org/10.1097/ID9.0000000000000007


Hu et al., Infectious Diseases & Immunity 2021;1(1) www.idi-cma.org
Through ultrastructural examination, a recent study has
reported that typical coronavirus particles can be found in the
cytoplasm of hepatocytes of COVID-19 patients, indicating that
SARS-CoV-2 is capable of infecting hepatocytes directly in some
cases.[15] In the present study, we retrospectively analyzed the
expression of ACE2 and TMPRSS2 in the liver tissues of patients
with pre-existing liver conditions of HCC or chronic hepatitis B
(CHB). In addition, we detected potential host factors that may
regulate ACE2 and TMPRSS2 expression. We aimed to
determine whether these liver diseases could modulate the
intrahepatic ACE2 and TMPRSS2 expression, which, in turn,
may affect the susceptibility of hepatocytes to SARS-CoV-2
infection.
Methods

Ethical issues

This study was conducted following the ethical guidelines of the
Declaration of Helsinki and was approved by the ethics
committee of Hangzhou Normal University (2020-092). Because
existing residual specimens were used in the study, the
requirement to obtain informed patient consent was waived by
the ethics committee.
Study subjects

Paraffin-embedded liver biopsy samples were obtained from
CHB patients who were recruited for clinical studies on Peg-IFN-
a2b (Schering-Plough, New Jersey, USA) therapy in Peking
University People’s Hospital from October 2009 to October
2011.[16,17] Patients who met the following criteria were
included: adults (18–70-years old), positive for HBsAg for more
than 6months, positive for hepatitis B e antigen, hepatitis B virus
(HBV) DNA>20,000IU/mL, and elevated serum ALT value 2 to
10 times the upper limit of the normal range. Patients with liver
diseases other than CHB, pregnant and/or breastfeeding women,
individuals who had been administered with immune regulators
or underwent antiviral therapy within the previous 6months,
individuals with decompensated or compensated cirrhosis,
individuals with antibodies against human immunodeficiency
virus, and individuals with a history of renal dialysis and/or organ
transplantation were excluded.

Matched HCC tissues and para-carcinoma tissues were
previously collected from patients who underwent surgery at
the First Affiliated Hospital of Zhejiang University School of
Medicine. The HCC was developed on the basis of liver cirrhosis
and chronic HBV infection.
Cell culture

Hepatic cell lines HepG2, Huh-7, QSG-7701, and L-02 were
maintained in complete DMEM (Invitrogen, Carlsbad, CA,
USA). Cells were treated with 100IU/mL of IFN-a2b (Sangon,
Shanghai, China) for 2days and collected for analysis. The
HepAD38 cell line (kindly provided by Prof. Christoph Seeger
from Fox Chase Cancer Center, Philadelphia), which supports
HBV replication under tetracycline control, was routinely
maintained in complete DMEM supplemented with 380mg/mL
G418 antibiotic and 1mg/mL tetracycline (Sigma, St. Louis, MO,
USA). To support the stable production of HBV, tetracycline was
removed from the culture medium at least 2weeks prior.
37
RNA isolation and quantitative reverse-
transcription polymerase chain reaction

Total RNA was isolated using a TRIzol reagent (Invitrogen) and
used for one-step quantitative reverse-transcription polymerase
chain reaction (RT-qPCR) analysis (NEB, Ipswich,MA,USA).The
housekeeping gene b-actin was used as a control to normalize
variations. Primers for amplifying target genes were synthesized
(SBS bio, Beijing, China). The sequences of primers forACE2were
as follows: Forward: 50-AAACATACTGTGACCCCGCAT-30;
Reverse: 50-CCAAGCC TCAGCATATTGAACA-30. The sequen-
ces of primers for TMPRSS2 were as follows: Forward: 50-
ACAACCT GATCACACCAGCC-30; Reverse: 50-GAT-
TAGCCGTCTG CCCTCAT-30. The sequences of primers for
b-actin were as follows: Forward:50-GC GGGAAATCGTGCGT-
GACATT-30; Reverse: 50-GATGGAGTTGAAGGTAGTTTCG
TG-30.
Immunofluorescence microscopy

Paraffin-embedded liver biopsy samples were deparaffinized and
hydrated before immunostaining. Cells were probed with
primary antibodies against ACE2 (Rabbit-IgG), TMPRSS2
(Rabbit-IgG), and CK18 (Mouse-IgG) and were visualized using
anti-mouse-488 and anti-rabbit-594 Alexa Fluor-conjugated
secondary antibodies (Abcam, Chicago, IL, USA). As a marker
of hepatocytes, CK18 was used to indicate hepatocyte distribu-
tion. Images of more than 2000 cells from ten visual fields with or
without infiltration of inflammatory cells were captured for
analysis. For comparability of signal strength, identical exposure
times were used to capture the images.
Western blotting

Cells were lysedwith 1� Laemmli buffer, and a fraction of the cell
lysate was separated on 10%polyacrylamide gels and transferred
to polyvinylidene difluoride membranes. The membranes were
probed with a primary antibody for ACE2 (1:2000 dilution),
followed by incubation with secondary antibodies conjugated
with horseradish peroxidase. The housekeeping protein b-actin
(Abcam) was used as a control. Chemiluminescence signals were
detected (Sigma), and the image was digitized using QuantityOne
software (Bio-rad, Hercules, CA, USA).
Statistical analysis

Statistical analysis was performed using SPSS V.16.0 software
(SPSS Inc., Chicago, IL, USA). P<0.05 was considered
statistically significant (all tests were two-tailed). Analytical
methods were selected based on data characteristics. Differences
between the two groups were compared using paired Student t-
tests or Mann-Whitney U test.
Results

Patient characteristics

A total of 20 CHB patients were included in this study. Baseline
liver biopsy samples were used for the detection of ACE2 and
TMPRSS2 expression. The mean age, serum ALT, and HBV
DNA of patients were 30.5years, 140IU/L, and 9.65E + 8IU/mL
at baseline, respectively. A total of 12 pairs of matched HCC
tissues and para-carcinoma tissues were included in the study.
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Table 1: Characteristics of the study population

Characteristics
Chronic

hepatitis B
Hepatocelluar
carcinoma

Gender
Male 18 11
Female 2 1

Age at recruitment (years)
�29 11 0
30–39 7 0
40–49 2 2
50–59 0 6
60–69 0 4

ALT level
Normal 2 7
Abnormal 18 5

HBV DNA level (copies/mL)
<104 0 6
104–∼105 0 4
105–106 1 2
106–107 1 0
107–108 4 0
>108 14 0

HBeAg
Positive 20 6
Negative 0 6

ALT: glutamic pyruvic transaminase; HBV: hepatitis B virus; HBeAg: Hepatitis B e antigen.
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The mean age of HCC patients was 56years. All patients were
infected with HBV, and half of them had positive hepatitis B e
antigen levels. The detailed characteristics of these CHB and
HCC patients are described in Table 1.
TMPRSS2 expression in HCC tissues was
significantly higher than that in para-carcinoma
tissues

Relatively low levels of ACE2mRNA (mean value of ACE2/Actin
was ∼10�3

–10�2) were detected in the 12 pairs of matched liver
tissues. There was no significant difference in the ACE2 mRNA
levels between HCC and para-carcinoma tissues [Figure 1A and
1C, P > 0.05]. However, TMPRSS2 mRNA levels were
approximately 60-fold higher than ACE2 mRNA levels in the
liver. Furthermore, TMPRSS2 mRNA levels in HCC tissues were
approximately 6-fold higher than that in para-carcinoma tissues
[Figure 1B and 1D, P=0.002].

ACE2 was expressed in hepatocytes and induced
by inflammation in some CHB patients

CK18 is amajor component of the intermediate filaments in simple
epithelial cells and is often used to identify differentiated
hepatocytes. As shown in Figure 2A, CK18 was expressed on
the cell membrane of hepatocytes. ACE2 expression was detected
on the membrane and/or cytoplasm of hepatocytes in 35% (7/20)
CHB patients and was frequently detected in the inflamed areas.
However, there was no significant difference in TMPRSS2
expression between areaswith orwithout immunocyte infiltration.

To investigate whether ALT, a marker of liver inflammation,
was correlated with ACE2 expression, we compared ALT levels
in patients with or without ACE2 expression in hepatocytes.
38
However, no significant difference was detected in ALT levels
between the two groups [Figure 2B].
Heterogeneity and interferon-induced ACE2
expression in the hepatic cell lines

The effect of interferon on ACE2 and TMPRSS2 expression was
tested in human hepatic cell lines. The mRNA levels of ACE2 but
not TMPRSS2 were mildly increased in HepG2 cells after 2days
of IFN-a2b treatment [P=0.033, Figure 3A]. However, IFN-a2b
treatment did not significantly alter ACE2 mRNA levels in QSG-
7701, Huh-7, and L-02 cells (Figure 3B and 3D). Although there
was a significant difference in statistics (P=0.001), the change in
TMPRSS2 mRNA levels was less than 2-fold (1.9-fold) in QSG-
7701 cells after 2days of IFN-a2b treatment [Figure 3C].

Western blotting showed significant heterogeneity in ACE2
expression among the cell lines, with Huh-7 cells exhibiting the
highest ACE2 expression [Figure 3E]. Consistently, IFN-a2b
treatment slightly increased ACE2 protein levels in HepG2 cells
but not in other hepatic cell lines.

HBV replication did not affect ACE2 expression in
HepG2 cells

To determine whether HBV replication could modulate ACE2
expression, we detected ACE2 expression in HepAD38 cells,
which support HBV replication under tetracycline control. Stable
HBV replication after 2weeks of tetracycline removal did not
cause a significant change in ACE2 mRNA level in HepAD38
cells, suggesting that HBV replication did not directly affect
ACE2 expression [Figure 4, P=1.000].

Discussion

SARS-CoV-2 can infect hepatocytes, and pre-existing liver
diseases are associated with a worse prognosis in COVID-19
patients.[2,6–12] However, whether pre-existing liver diseases
increase the risk of SARS-CoV-2 infection in hepatocytes remains
unclear. In this study, we revealed that HCC and inflammation
can increase the expression of TMPRSS2 or ACE2 in the liver in
some cases, which, in turn, may facilitate SARS-CoV-2 infection
in hepatocytes and induce liver injury.

The analyses of liver tissues of HCC patients, liver biopsies of
CHB patients, and hepatic cell lines showed remarkable
heterogeneity in hepatic ACE2 expression among the individuals
[Figures 1–3]. This indicates that hepatic infection of SARS-CoV-
2 can only occur in a subset of individuals. There was no
significant difference in ACE2 mRNA expression between HCC
and para-carcinoma tissues. However, TMPRSS2 expression in
HCC tissues was significantly higher than that in para-carcinoma
tissues. In addition, TMPRSS2 mRNA expression was much
higher than ACE2mRNA expression in the liver tissue [Figure 1].
TMPRSS2 is essential for viral entry into primary target cells and
viral spread in the infected host,[8] which indicates a relatively
high viral spread in the HCC tissues. However, because ACE2
expression in HCC tissues did not increase significantly, whether
the increase of TMPRSS2 expression affects SARS-CoV-2
infection should be further investigated.

ACE2 protein was detectable in hepatocytes in 35% CHB
patients and was mostly detected in areas with immunocyte
infiltration in the liver [Figure 2]. However, our data indicated
that HBV replication did not directly affect ACE2 expression
[Figure 4]. These results showed that inflammatory factors, but
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Figure 1: Intrahepatic expression of ACE2 and TMPRSS2 in patients with hepatocellular carcinoma. The levels of (A) ACE2 mRNA and (B) TMPRSS2
mRNA in 12 pairs of matched hepatocellular carcinoma and para-carcinoma tissues were analyzed using RT-qPCR and were compared using paired
Student t-test. The value of DCt was the Ct value of actin minus that of target genes of ACE2 or TMPRSS2. The differences in (C) ACE2 and (D) TMPRSS2
mRNA expression between hepatocellular carcinoma and para-carcinoma tissues were compared using Mann-Whitney U test. P<0.05 was considered
statistically significant. ACE2: Angiotensin-converting enzyme 2; RT-qPCR: Quantitative reverse-transcription polymerase chain reaction; TMPRSS2:
Transmembrane serine protease 2.
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not viral components, can induce ACE2 expression in hepato-
cytes of a subset of CHB patients. However, there was no
significant correlation between ALT levels and ACE2 expression
[Figure 2B], which suggests that hereditary heterogeneity might
be a more decisive factor than inflammation in the regulation of
ACE2 expression. A previous study reported that interferon can
induce ACE2 expression.[18] In the present study, interferon only
induced a slight increase in ACE2 expression in HepG2 cells but
not in the other three liver-derived cell lines [Figure 3]. However,
the involvement of other inflammatory factors in the induction of
ACE2 expression should be further investigated. In addition,
although our findings indicate that IFN enhances ACE2
39
expression in hepatocytes and may help in binding and entry
of virions into the target cells, IFN also induces the expression of
antiviral factors that can restrict viral replication. In this context,
the real role of IFN-induced ACE2 expression in vivo remains to
be further identified.

In conclusion, based on the analyses of clinical specimens, we
revealed the heterogeneity of intra-hepatic ACE2 and TMPRSS2
expression and demonstrated that pre-existing liver diseases of
HCC and CHB may affect the expression of TMPRSS2 and
ACE2. These findings may help explain SARS-CoV-2 infection in
hepatocytes in only a subset of patients and the worse prognosis
of COVID-19 in patients with pre-existing liver diseases.
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Figure 2: ACE2 and TMPRSS2 expression in the liver biopsies of CHB patients. The proteins were detected using immunofluorescence staining. CK18
was used as amarker to indicate hepatocyte distribution. The inflammatory areas were indicated with concentrated cell nuclei stainedwith Hoechst33342
(white arrows). These representative figures were collected from at least 10 visual fields with or without immunocytes infiltration in each slide. (A) In the
controls, anti-HCV NS3 was used as the primary antibody (Rabbit-IgG). (B) The comparison of ALT levels in the CHB patients with or without ACE2
expression of hepatocyte. Student t-test was used to evaluate differences.P<0.05was considered statistically significant. ACE2: Angiotensin-converting
enzyme 2; ALT: Alanine aminotransferase; CHB: Chronic hepatitis B; TMPRSS2: Transmembrane serine protease 2.
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Figure 3: (A) to (D) Changes in ACE2 and TMPRSS2 mRNA of the hepatic cell lines treated with interferon. HepG2, Huh-7, QSG-7701, and L-02 cells
were treated with 100 IU/mL of IFN-a2b for 2days. The housekeeping gene b-actin was used as a control to normalize variations. (E) ACE2 protein levels
were calculated based on the ratio of gray values of ACE2 to actin (n=3). Mann-WhitneyU test was used to evaluate differences. P<0.05was considered
statistically significant. ACE2: Angiotensin-converting enzyme 2; TMPRSS2: Transmembrane serine protease 2.
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Figure 4: HBV replication does not alter ACE2 expression of HepAD38
cells. To support a stable production of HBV, tetracycline was removed
from the culture medium 2weeks prior. HepAD38 cells cultured with or
without tetracycline were labeled as (+) and (�), respectively. The
housekeeping gene b-actin was used as a control to normalize variations.
Mann-Whitney U test was used to evaluate differences (n=3). P<0.05
was considered statistically significant. ACE2: Angiotensin-converting
enzyme 2; HBV: Hepatitis B virus.

Hu et al., Infectious Diseases & Immunity 2021;1(1) www.idi-cma.org
Funding

This study was supported by grants from the National Natural
Science Foundation of China (Nos. 82070610 and 81670530)
and the start-up foundation of Hangzhou Normal University
(No. 2018QDL035).
Author Contributions

Xiao-Xiao Hu and Yan-Xiu Ma performed the major part of the
experiments and data analysis. Hui Ma and Sheng-Zhang Lin
provided the clinical specimens. Xiang-JiWu, Yao-Xiang Lin and
Jing Wu also performed certain experiments. Gong-Yin Chen
interpreted clinical significance. Xiao-Ben Pan designed the study,
interpreted the results, and wrote the manuscript.
Conflicts of Interest

None.
References
[1] Guan WJ, Ni ZY, Hu Y, et al. Clinical characteristics of coronavirus

disease 2019 in China. N Engl J Med 2020;382(18):1708–1720. doi:
10.1056/NEJMoa2002032.

[2] Xu L, Liu J, Lu M, et al. Liver injury during highly pathogenic human
coronavirus infections. Liver Int 2020;40(5):998–1004. doi: 10.1111/
liv.14435.

[3] HoffmannM, Kleine-Weber H, Schroeder S, et al. SARS-CoV-2 cell entry
depends on ACE2 and TMPRSS2 and is blocked by a clinically proven
42
protease inhibitor. Cell 2020;181(2):271.e8–280.e8. doi: 10.1016/j.
cell.2020.02.052.

[4] Lan J, Ge J, Yu J, et al. Structure of the SARS-CoV-2 spike receptor-
binding domain bound to the ACE2 receptor. Nature 2020;581
(7807):215–220. doi: 10.1038/s41586-020-2180-5.

[5] Bourgonje AR, Abdulle AE, Timens W, et al. Angiotensin-converting
enzyme 2 (ACE2), SARS-CoV-2 and the pathophysiology of coronavirus
disease 2019 (COVID-19). J Pathol 2020;251(3):228–248. doi: 10.1002/
path.5471.

[6] Yip TC, Lui GC, Wong VW, et al. Liver injury is independently
associated with adverse clinical outcomes in patients with
COVID-19. Gut 2020;70(4):733–742. doi: 10.1136/gutjnl-2020-
321726.

[7] IavaroneM, D’Ambrosio R, Soria A, et al. High rates of 30-day mortality
in patients with cirrhosis and COVID-19. J Hepatol 2020;73(5):1063–
1071. doi: 10.1016/j.jhep.2020.06.001.

[8] Wu J, Yu J, Shi X, et al. Epidemiological and clinical characteristics of 70
cases of coronavirus disease and concomitant hepatitis B virus infection:
a multicentre descriptive study. J Viral Hepat 2021;28(1):80–88. doi:
10.1111/jvh.13404.

[9] Qiu H, Wander P, Bernstein D, et al. Acute on chronic liver failure from
novel severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).
Liver Int 2020;40(7):1590–1593. doi: 10.1111/liv.14506.

[10] Targher G, Mantovani A, Byrne CD, et al. Risk of severe illness from
COVID-19 in patients with metabolic dysfunction-associated fatty liver
disease and increased fibrosis scores. Gut 2020;69(8):1545–1547. doi:
10.1136/gutjnl-2020-321611.

[11] Zhou YJ, Zheng KI, Wang XB, et al. Metabolic-associated fatty liver
disease is associated with severity of COVID-19. Liver Int 2020;40
(9):2160–2163. doi: 10.1111/liv.14575.

[12] Barry A, Apisarnthanarax S, O’Kane GM, et al. Management of primary
hepatic malignancies during the COVID-19 pandemic: recommenda-
tions for risk mitigation from a multidisciplinary perspective. Lancet
Gastroenterol Hepatol 2020;5(8):765–775. doi: 10.1016/S2468-1253
(20)30182-5.

[13] Qi F, Qian S, Zhang S, et al. Single cell RNA sequencing of 13 human
tissues identify cell types and receptors of human coronaviruses. Biochem
Biophys Res Commun 2020;526(1):135–140. doi: 10.1016/j.
bbrc.2020.03.044.

[14] Zhang C, Shi L, Wang FS. Liver injury in COVID-19: management and
challenges. Lancet Gastroenterol Hepatol 2020;5(5):428–430. doi:
10.1016/S2468-1253(20)30057-1.

[15] Wang Y, Liu S, Liu H, et al. SARS-CoV-2 infection of the liver directly
contributes to hepatic impairment in patients with COVID-19. J Hepatol
2020;73(4):807–816. doi: 10.1016/j.jhep.2020.05.002.

[16] Zhao XL, Yang JR, Lin SZ, et al. Serum viral duplex-linear DNA
proportion increases with the progression of liver disease in patients
infected with HBV. Gut 2016;65(3):502–511. doi: 10.1136/gutjnl-2014-
308989.

[17] Pan XB, Ma H, Jin Q, et al. Characterization of microRNA expression
profiles associated with hepatitis B virus replication and clearance in vivo
and in vitro. J Gastroenterol Hepatol 2012;27(4):805–812. doi:
10.1111/j.1440-746.2011.06979.x.

[18] Ziegler CGK, Allon SJ, Nyquist SK, et al. SARS-CoV-2 receptor ACE2 is
an interferon-stimulated gene in human airway epithelial cells and is
detected in specific cell subsets across tissues. Cell 2020;181(5):1016.
e19–1035.e19. doi: 10.1016/j.cell.2020.04.035.

Edited By Haijuan Wang

How to cite this article: Hu XX, Ma YX, Lin YX, et al. ACE2 and TMPRSS2
expression in hepatocytes of chronic HBV infection patients. Infect Dis Immun
2021;1(1):36–42. doi: 10.1097/ID9.0000000000000007

http://www.idi-cma.org

	ACE2 and TMPRSS2 Expression in Hepatocytes of Chronic HBV Infection Patients
	Introduction
	Methods
	Ethical issues
	Study subjects
	Cell culture
	RNA isolation and quantitative reverse-transcription polymerase chain reaction
	Immunofluorescence microscopy
	Western blotting
	Statistical analysis

	Results
	Patient characteristics
	TMPRSS2 expression in HCC tissues was significantly higher than that in para-carcinoma tissues
	ACE2 was expressed in hepatocytes and induced by inflammation in some CHB patients
	Heterogeneity and interferon-induced ACE2 expression in the hepatic cell lines
	HBV replication did not affect ACE2 expression in HepG2 cells

	Discussion
	Funding
	Author Contributions
	Conflicts of Interest
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU (Use these settings to create Adobe PDF documents for Quad Graphics' Midland MI Facility.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 12
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


