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ABSTRACT

Aim: In patients with chronic liver injury, metabolic disturbance of zinc was frequently
observed and Hepatitis C virus (HCV) replication is crucially involved with zinc metabolism.
In vitro HCV replication system, HCV replicon enabled us to analyze HCV replication in vitro.
Here we aimed to quantitatively analyze the zinc in a HCV-infected hepatocyte, namely HCV
replicon and control.

Methods: Genome-length HCV RNA-replicating cells, namely replicon cells (HCV-O cells)
and control cells were treated with zinc salts and assayed their zinc content by in-air micro-
PIXE analyzer. Metallothionein (MT) which is a major reserve of zinc was also analyzed by
Cd-hem assay.

Results: 1) Micro-PIXE analysis revealed that zinc concentration was increased more in
HCV-O cells than control. Additional zinc by zinc chloride administration enhanced the peak
of zinc in both control and HCV replicon cells. Furthermore, the degree of zinc increment by
additional zinc is more in HCV-O cells than control.

2) Cd-hem assay also demonstrated the increase of zinc in HCV-O cells and zinc stimulation
further increased the metallothionein content in HCV-O cells.

Conclusion: In-air-micro-PIXE and Cd-hem assay revealed the increase of zinc and
metallothionein in HCV-O. Metallothionein increased and additional zinc also increased more
in HCV-O. Thus, HCV infection increased zinc at least partially through metallothionein.

KEYWORDS: HCV; Zinc; PIXE.

ABBREVIATIONS: HCV: Hepatitis C virus; PIXE: Particle-Induced X-ray Emission; PBS:
Phosphate-Buffered Saline; MT: Metallothinein; TIARA: Takasaki Ion Accelerator for
Advanced Radiation Application.

INTRODUCTION

Hepeatitis C virus (HCV) is one of the most prevalent cause of liver diseases with estimates
placing nearly 3% of the world population, roughly 150 million people, as HCV-infected.'
Persistent HCV infection eventually develops into liver cirrhosis or hepatocellular carcinoma
and more than 700,000 people die every year from hepatitis C-related liver diseases.? On
the other hand patients with chronic liver disease tend to be complicated with metabolic
disturbance of trace element, namely the decrease of zinc and the increase of iron and copper.®
We have reported zinc supplementation additively enhanced the effect of interferon (IFN) on
the eradication of HCV.*® Zinc is the component not only of non-structural protein NS3 of
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HCYV but also of an inducer of metallothionein, which is an anti-
oxidant and a chelating agent of metals. As for iron, phlebotomy
could improve the liver function due to iron depletion through
the reduction of oxidative stress.® Copper increases and deposits
the hepatocytes as liver disease progresses not only in Wilson’s
disease but chronic viral hepatitis.’ In vitro assay of HCV has
long been difficult to establish because no cell culture system
could replicate HCV until Bartenschlager developed in vitro
HCV-replication system called “replicon” which cannot produce
the complete virion of HCV but efficiently expressed a part of
structural and nonstructural proteins of HCV in Huh-7 hepatoma
cell line.® This system is useful for pharmacological assessment
of drug effect on HCV but in order to reproduce the cellular
event by HCV replicon, we used the full genome HCV replicon
founded by Kato N et al HCV-0.° A genome-length HCV RNA
replication system may reflect the phenomenon that HCV-
infected human liver undergoes. This replicon is more similar
to HCV itself than the original one which does not contain
core region but non-structured region.’ In Gunma, Japan we
have an innovative system to analyze the trace element, micro-
particle induced X-ray emission, PIXE. Our aim is to clarify
the relationship between trace element and HCV replication
in replicon system using in air micro particle-induced X-ray
emission (PIXE) system which is introduced precisely in the
references.!” The quantitative analysis is available only by using
PIXE system in one cell.'® Metallothionein which is the main
zinc reserve in the cell''"? was also quantitatively analyzed by
Cd-hem assay.!

MATERIALS AND METHODS
HCV-Replicon and Control Cell

HCV replicon was kindly provided from Professor Kato N,
Okayama University as infected in Huh-7 cell lines, designated
as O cells.? Briefly, O cells were introduced genome length
HCV RNA into Huh-7 and real-time reverse transcriptase
polymerase chain reaction detected HCV RNA in the cell
and culture supernatant.’ O cells were positively selected by
neomycin and cultured in Dulbecco’s modified Eagle’s medium
GIBCO Cat No0.12320-032 (Gibco-BRL, Invitrogen Life
Technology, Carlsbad, CA, USA) supplemented with 10% fetal
calf serum, Bio-West (NW, USA) Cat No S1820, penicillin, and
streptomycin, Gibco Cat No 15070-063 (complete DMEM).

Analysis of the Intracellular Zinc by in-Air micro-PIXE
Preparation of the samples for in-air micro-PIXE

Replicon cells and control cells were cultured with 1 ml of
medium on Mylar foil (Graphix Plastics, OH, USA) overnight.
Then the cells were pretreated with 100 microM of zinc
chloride for 9 hours and were rinsed seven times with tris-
hydroxymethylaminomethane (THAM, Sigma, Saint Louis,
MO, USA) solution and were cryofixed with liquid nitrogen
and dried in a vacuum for 24 hours. Finally, the samples were
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mounted onto the sample holder. Non treated cells were served
as control.

Analysis of cellular trace elements using PIXE

A 3.0 meV proton beam, 1 micrometer spot size, accelerated by
Takasaki Ion Accelerator for Advanced Radiation Application
(TIARA) single-ended accelerator at JAEA-Takasaki, was used
to analyze the subcellular elemental distribution in the cell
samples. Micro-beam less than 1 micrometer makes an electron
in the inner shell jump out from the orbit and another electron
in outer shell moves to an inner orbit. Then characteristic X-ray
having the particular energy is emitted and detected by the X-ray
detector. An ion beam can be focused in a spot as small as 1
mm in a specimen with a set of quadruple magnets. Period and
dimensions of the scan were set at 30 minutes and 70x70 micro
square meter (um?) areas, respectively. Precise measurement
conditions were reported previously.!! Net count of element
yield was calculated by the PC soft ware program. Because
sulfur (S) count is regarded as the representative of the whole
cell number.'”

Cd-hem Assay

Metallothinein (MT) concentrations in HCV-O cells and control
were assayed by a modified Cd-hem method described by
Onosaka and Cherian."? In brief, 1x10° cells/mL of both cells
was cultured in plastic dish with a diameter of 10 cm. At 90%
confluent, the cells were treated with Zn 100 micro M-alone,
IFN50 U/mL+Zn100 micro M, IFN100 U/mL+Zn100 micro M
or IFN100 U/mL-alone. Non-treated cells were used for control.
In 24 h after the treatment, the cells were rinsed with phosphate-
buffered saline (PBS), then were harvested and resolved with
1.0 ml of 0.25 M sucrose. The cells were ultra-sonicated, and
then centrifuged 20,000 g for 30 min. Following the protein
concentration assay, the recovered supernatant was used for MT
assay. The 0.2-ml supernatant sample was mixed with 1.0 ml of
0.03 M Tris—HCI buffer (pH 7.8) containing 1 micro gram Cd
and was incubated for 10 min. For removing non-MT-conjugated
Cd, the sample was added 0.1 ml of 5% bovine-hemoglobin and
was heated for 90 s at 95 centigrade. After cooling on ice, the
sample was centrifuged at 10,000 g for 5 min. The addition of
bovine-hemoglobin and the heart treatment were repeated three
times. MT-conjugated Cd in the supernatant was determined
by inductively coupled plasma/mass spectroscopy (ICP-MS)
(ELANG6100, Perkinelmer, Japan). Mass-to charge ratio was
114. MT concentration was calculated by assuming that 1 mole
of MT (6600) binds 7 mole Cd, and was described per milligram
of protein. MT in control cells and O cells with and without
additional zinc was compared as duplicate.

Statistical Analysis

Statistical analysis was performed by two-way analysis of
variance. p<(0.05 was accepted as statistically significant.
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RESULTS
Analysis of the Intracellular Zinc by In-Air Micro-PIXE

In air micro-PIXE analysis revealed the peak of phosphorus,
potassium, iron, copper zinc treated differences of metal
component between the two cells were observed for 30 minutes
analysis. Cellular distribution of phosphorus shows the micro-
PIXE exactly hits and detects the cells (Figure 1). Although
iron and zinc located compatible with phosphorus contour, no
significant differences were visually observed between HCV
replicon-infected cells and control (Figure 2). Calibration of zinc
concentration using control showed enhanced zinc incorporation
was observed in HCV-O cells than control Huh-7. As for the
quantitative analysis, the comparison of the densitometry counts
of additional zinc and O cells to non treated Huh-7 was shown in

Figure 1: P, K, Fe and Zn content in HCV-O and Control (Huh7) analyzed by air micro-PIXE.

Figure 3: Calculation of zinc content by air-micro-PIXE callibrated by the control.
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Figure 3 and analyzed. Zinc tended to increase in non treated O
cells compared to controls, it was not statistically significant. On
the other hand, zinc was significantly increased in zinc treated O
cells compared to zinc treated controls and non treated O cells.
This change of zinc might demonstrate that HCV infection itself
increases zinc and additional zinc further enhance zinc content
in HCV infected cells concomitantly increased MT compared
with control (Figure 4).

Cd-hem Assay for MT (Figure 4)

Intracellular MT was calculated by Cd-hem assay. Baseline
expression of MT is higher in HCV-O cells than control cells.
MT induction by zinc was 1.6 pg/mg proteins in Huh-7 and 2.4

pg/mg proteins in HCV-O. These increases are not statistically
analyzed because the quantification was repeated twice.

Figure 2: Zinc distribution detected by air micro-PIXE compared with P as
cytoplasm, Br as nucleus in HCV-O and Control (Huh7).

Figure 4: Quantification of metallothionein by Cd-hem assay.
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DISCUSSION

In patients with chronic liver disease, trace element in the liver
and serum is changed in accordance with the severity of the
disease.! In the trace elements, we focused on zinc because zinc
is a key metal of HCV replication."* We have already revealed
the zinc ion suppressed the HCV replication in HCV replicon'
and zinc could be the possible treatment option for hepatitis C.**
Until now, few precise report of metal distribution in one cell has
been published because no dynamic observation of intracellular
metal has been available. Micro-PIXE can overcome this
technical difficulty. Nagamine et al'* first reported zinc and MT
distribution in hepatoma cell, line, HepG2 using micro PIXE.
They concluded that zinc and interferon-beta collaboratively
enhanced the MT expression and zinc in hepatoma cells. We
have first demonstrated enhanced zinc in HCV replicon and
using micro PIXE in this study. Micro PIXE analysis revealed
the elevated zinc in the HCV replicon cells and the additional
zinc more increased the zinc content in HCV replicon cells than
control.

Non-structure coding region of HCV, namely, NS2/3
and NS3 protease contained zinc in their structure.'* One of
the reasons of zinc elevation in HCV infected cells may be
the existence of zinc containing virus but those of more MT
induction in HCV infected cells have not been clarified. In vivo
studies have shown that MT expression was enhanced in chronic
hepatitis C and interferon treatment decreased MT expression.'
Our results are compatible with these reports that HCV itself can
evoke MT expression in replicon cells.

The other possible mechanism of zinc increment in O
cells might be the change of zinc transporter. Zinc transporter
zipl4 is reported to be up-regulated by interleukin-6." The
relationship of HCV and zinc transporter could be some keys of
trace element disturbance.

Because serum zinc concentration decreased in the
advanced stage of hepatitis C,'® the increase of zinc in O cells
might be the results of homeostatic HCV suppression in infected
cells, such as hepatocytes. Anyhow further study is needed to
elucidate the precise relationship of zinc and HCV.

Zinc distribution and relative concentration in one
cell was visualized and quantified by air micro-PIXE analysis.
According to the results, zinc is enhanced in HCV infected cells
and further enhanced by additional zinc administration in cell
culture. This enhancement is accompanied by metallothionein
increase. These results might be preliminary but further study
using this system will elucidate the relationship between HCV
and trace element especially zinc.

CONCLUSION
This paper first demonstrated the zinc increase in HCV infected

cells than control by micro-PIXE. One possible mechanism of
this increment is MT enhancement.

Gastro Open J

Open Journal

ACKNOWLEDGEMENT

This study was supported by 21* Century Center of Excellence
Program, Japan Society for the Promotion of Science, Japan.

CONFLICTS OF INTEREST
The authors declare that they have no conflicts of interest.
REFERENCES

1. Hanafiah MK, Groeger J, Flaxman AD, Wiersma ST. Global
epidemiology of hepatitis C virus infection: New estimates of
age-specific antibody to HCV seroprevalence. Hepatology.
2013; 57(4): 1333-1342. doi: 10.1002/hep.26141

2. WHO. Hepatitis C. 2016. Web site. http://www.who.int/media
centre/factsheets/fs164/en/. Accessed October 25, 2016

3. Loguercio C, Girolamo VD, Federicio AA, et al. Trace
element and chronic liver diseases. J Trace Element Med Biol.
1997; 11(3): 158-161. doi: 10.1016/S0946-672X(97)80045-4

4. Nagamine T, Takagi H, Takayama H, et al. Preliminary study
of combination therapy with interferon alpha and zinc in chronic
hepatitis C patients with genotype 1b. Biol Trace Elem Res.
2000; 75(1-3): 53-63. doi: 10.1385/BTER:75:1-3:53

5. Takagi H, Nagamine T, Abe T, et al. Zinc supplementation
enhances the response to interferon treatment in patients with
chronic hepatitis C. J Viral Hepat. 2001; 8(5): 367-371. doi:
10.1046/j.1365-2893.2001.00311.x

6. Kato J, Kobune M, Nakamura T, et al. Normalization of
elevated hepatic 8-hydroxy-2’-deoxyguanosine levels in chronic
hepatitis C patients by phlebotomy and low iron diet. Cancer
Res. 2001; 61(24): 8697-8702. Web site. http://cancerres.
aacrjournals.org/content/61/24/8697.short. Accessed October
25,2016

7. Lin CC, Huang JF, Tsai LY, Huang YL. S Selenium, iron,
copper, and zinc levels and copper-to-zinc ratios in serum of
patients at different stages of viral hepatic diseases. Biol Trace
Elem Res. 2006; 109(1): 15-24. doi: 10.1385/BTER:109:1:015

8. Lohmann V, Korner F, Koch J, Herian U, Theilmann L,
Bartenschlager R. Replication of subgenomic hepatitis C virus
RNAs in a hepatoma cell line. Science. 1999; 285(5424): 110-
113. doi: 10.1126/science.285.5424.110

9. Ikeda M, Abe K, Dansako H, Nakamura T, Naka K, Kato N.
Efficient replication of a full-length hepatitis C virus genome,
strain O, in cell culture, and development of a luciferase reporter
system. Biochem Biophys Res Commun. 2005; 329(4): 1350-
1359.

10. Nakazato K, Nagamine T, Suzuki K, et al. Subcellular

Page 12



http://onlinelibrary.wiley.com/doi/10.1002/hep.26141/full
http://www.who.int/mediacentre/factsheets/fs164/en/
http://www.who.int/mediacentre/factsheets/fs164/en/
http://www.sciencedirect.com/science/article/pii/S0946672X97800454
http://link.springer.com/article/10.1385%252FBTER%253A75%253A1-3%253A53
http://onlinelibrary.wiley.com/doi/10.1046/j.1365-2893.2001.00311.x/full
http://cancerres.aacrjournals.org/content/61/24/8697.short
http://cancerres.aacrjournals.org/content/61/24/8697.short
http://link.springer.com/article/10.1385%252FBTER%253A109%253A1%253A015
http://science.sciencemag.org/content/285/5424/110.long

GASTRO

ISSN 2377-8369

changes of essential metal shown by in-air micro-PIXE in oral
cadmium-exposed mice. Biometals. 2008; 21(1): 83-91. doi:
10.1007/s10534-007-9095-6

11. Nakajima K, Suzuki K, Otaki N, Kimura M. Detection of
metallothionein in brain. In: Riordan JF, Valle BL, eds. Methods
in Enzymology .Vol 205, Metallobiochemistry, Part B. San Diego
CA, USA: Academic Press; 1991: 387-395.

12. Onosaka S, Cherian MG. Comparison of metallothionein
determination by polarographic and cadmium-saturation
methods. Toxicol Appl Pharmocol. 1982; 63(2): 270-274. doi:
10.1016/0041-008X(82)90049-7

13. Yuasa K, Naganuma A, Sato K, et al. Zinc is a negative
regulator of hepatitis C virus RNA replication. Liver Int. 2006;
26(9): 1111-1118. doi: 10.1111/j.1478-3231.2006.01352.x

14. Nagamine T, Kusakabe T, Takada H, et al. Interferonbeta-
induced changes in metallothionein expression and subcellular
distribution of zinc in HepG2 cells. Cytokine. 2006; 34(5-6):

Gastro Open J

Open Journal

312-319.

15. Tedbury PR and Harris M. Characterization of the role
of zinc in the hepatitis C virus NS2/3 autocleavage and NS3
protease activities. J Mol Biol. 2007; 366(5): 1652-1660.

16. Nagamine T, Suzuki K, Kondo T, et al. Interferon-alpha-
induced changes in metallothionein expression in liver biopsies
from patients with chronic hepatitis C. Can J Gastroenterol.
2005; 19(8): 481-486. doi: 10.1155/2005/262597

17. LiuzziJP, Lichten LA, Rivera S, et al. Interleukin 6 regulates
the zinc transporter Zipl4 in liver and contributes to the
hypozincemia of acute-phase response. Proc Natl Acad Aci
USA.2005; 102(19): 6843-6848. doi: 10.1073/pnas.0502257102

18. Moriyama M, Matsumura H, Fukushima A, et al. Clinical
significance of evaluation of serum zinc concentrations in
C-viral chronic liver disease. Dig Dis Sci. 2006; 51(11): 1967-
1977. doi: 10.1007/s10620-005-9051-7

Page 13



http://link.springer.com/article/10.1007%252Fs10534-007-9095-6
http://www.sciencedirect.com/science/article/pii/0041008X82900497
http://onlinelibrary.wiley.com/doi/10.1111/j.1478-3231.2006.01352.x/full
https://www.hindawi.com/journals/cjgh/2005/262597/abs/
http://www.pnas.org/content/102/19/6843.long
http://link.springer.com/article/10.1007%252Fs10620-005-9051-7

