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Abstract
AIM
To investigate the specific effects of immunosuppressants 
on the antiviral action of daclatasvir and asunaprevir.

METHODS
The antiviral activity of daclatasvir (DCV) and asunaprevir 
(ASV) combined with immunosuppressants was tested 
using two in vitro  models for hepatitis C virus (HCV) 
infection.

RESULTS
Tacrolimus, rapamycin and cyclosporine did not negatively 
affect the antiviral action of DCV or ASV. Mycophenolic 
acid (MPA) showed additive antiviral effects combined 
with these direct acting antivirals (DAAs). MPA induces 
interferon-stimulated genes (ISGs) and is a potent GTP 
synthesis inhibitor. DCV or ASV did not induce ISGs ex
pression nor affected ISG induction by MPA. Rather, the 
combined antiviral effect of MPA with DCV and ASV was 
partly mediated via  inhibition of GTP synthesis.

CONCLUSION
Immunosuppressants do not negatively affect the antiviral 
activity of DAAs. MPA has additive effect on the antiviral 
action of DCV and ASV. This combined benefit needs to 
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be confirmed in prospective clinical trials.
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Core tip: Since 2013, several new generation direct acting 
antivirals (DAAs) have been approved for the treatment 
of hepatitis C virus (HCV), including daclatasvir (DCV) and 
asunaprevir (ASV). Although a few reports investigated the 
effectivity of DAAs after liver transplantation, the effects 
of specific immunosuppressants on the antiviral efficacy 
remain largely unknown. We investigated the effect of 
the immunosuppressants on the antiviral action of DCV 
and ASV in two in vitro  models for HCV. We observed that 
none of the immunosuppressants negatively affected the 
antiviral activity of these DAAs, and that mycophenolic 
acid has an additive effect on their antiviral action.

de Ruiter PE, Gadjradj Y, de Knegt RJ, Metselaar HJ, Ijzermans 
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HCV antivirals daclatasvir and asunaprevir: combined effects 
with mycophenolic acid. World J Transplant 2018; 8(5): 156-166  
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INTRODUCTION
Liver disease caused by chronic hepatitis C virus (HCV) in­
fection is still the major indication for liver transplantation 
worldwide. Factors that contribute to the recurrence 
of HCV after transplantation include viral factors (e.g., 
HCV RNA levels at the time of transplantation and HCV 
genotype), host factors (immune response and HCV 
cryoglobulinemia), and the use of immunosuppressive 
medication[1]. 

Glucocorticosteroids like prednisolone are commonly 
used as immunosuppressant, both as an induction 
agent to prevent acute rejection and as maintenance 
immunosuppressive therapy. Some clinical observations 
suggest that steroid boluses used to treat acute rejection 
are associated with an increase in HCV viral load and with 
severity of HCV recurrence. However, no direct effect of 
prednisolone on HCV replication could be demonstrated 
in vitro. We have previously shown that prednisolone 
does not affect the action of direct-acting antivirals 
against hepatitis C, but that it acts on the antiviral 
function of plasmacytoid dendritic cells by inhibiting the 
production of interferon-alpha[2,3].

Calcineurin inhibitors (CNIs) are the most widely pre­
scribed immunosuppressants after liver transplantation. 
Cyclosporine A (CSA) and tacrolimus (TAC) form com­
plexes with immunophilins, resulting in the inhibition 
of the activity of calcineurin[4]. CSA can inhibit HCV 
replication in vitro by blocking the activity of cyclophilins 
that interact with viral protein NS5B[5,6]. The antiviral 

action of CSA is independent of calcineurin signaling[7]. 
CSA also has a broad antiviral activity against Influenza A 
and B viruses[8]. TAC has no effect on HCV replication[9,10]. 

Mycophenolic acid (MPA), the active form of myco­
phenolate mofetil (MMF) is a non-competitive inhibitor of 
inosine monophosphate dehydrogenase (IMPDH). This 
protein, in particular the isoform IMPDH2, is crucial for 
the de novo synthesis of guanosine nucleotides. Next 
to its immunosuppressive properties, MPA has potent 
and broad anti-viral activity: replication of rotavirus, 
influenza, and hepatitis E virus[11-13], as well as of the 
Flaviviridae Yellow Fever, West Nile virus, Zika virus and 
HCV is inhibited by MPA[5,14,15]. The antiviral action of MPA 
against HCV is partially dependent on the inhibition of 
IMPDH, but also on the increased expression of antiviral 
interferon stimulated genes (ISGs) caused by MPA[16]. 

Until recently, the standard therapy for recurrent HCV 
infection after transplantation was the combination of 
pegylated interferon alpha and ribavirin. However, the 
sustained virological response (SVR) rates were limited 
between 17% to 45%[17]. The development of direct 
acting antivirals (DAAs) has led to profound changes 
in the treatment of HCV. Since 2013, several new gene­
ration DAAs have been approved for the treatment of 
HCV. These include the pan-genotypic NS5A inhibitor 
daclatasvir (DCV) and the NS3/4A protease inhibitor 
asunaprevir (ASV)[18,19]. Daclatasvir was approved by 
the EMA in 2014 and by the FDA in 2015 for treatment 
of HCV infected individuals. Both drugs were approved 
by the Japanese Ministry of Health for the treatment 
of HCV in July 2014. The combination of DCV and 
ASV was the first combination of DAAs approved for 
use in Korea in 2015, and in 2017 the combination 
of DCV and ASV was approved for the treatment of 
HCV genotype 1 in China[20,21]. The prevalence of HCV 
infection in Japan, Korea and China is 1.3%, 1.5% 
and 0.8% respectively, affecting the lives of millions of 
people[22]. In 2017, a Japanese multicenter study was 
published about the use of ASV and DSV for recurrence 
of HCV after liver transplantation, where an SVR12 rate 
of 80.3% was achieved[23]. According to the authors 
this SVR rate was unsatisfactory, and indeed in other 
patient studies in the pre-transplant setting higher 
SVR rates were reported[21,24,25]. A meta-analysis of 41 
studies showed a pooled SVR rate of 89.9% for HCV 
genotype 1[26]. Although some drug-drug interactions 
were reported on the pharmacokinetics of DAAs and 
immunosuppressants[27-32], the potential interference 
of immunosuppressants with the antiviral activity of 
DAAs post-transplantation is largely unknown. The aim 
of our study is to investigate the antiviral action of DCV 
and ASV in the presence of several different classes of 
immunosuppressants, using in vitro model systems for 
HCV replication.

MATERIALS AND METHODS
Reagents and cell culture media
Daclatasvir (DCV) and asunaprevir (ASV) were kindly 
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provided by Bristol-Meyers Squibb (New York, NY, United 
States). MPA and guanosine were obtained from Sigma 
(Sigma-Aldrich Chemie, Zwijndrecht, the Netherlands). 
TAC and CSA were from Abcam (Cambridge, MA, United 
States). RAPA was obtained from Merck (Amsterdam, 
the Netherlands). Beetle luciferin potassium salt was 
from Promega (Promega Benelux BV, Leiden, the 
Netherlands). All cell lines were cultured in DMEM (Lonza 
Benelux, Breda, the Netherlands), with 10% fetal calf 
serum (Sigma-Aldrich Chemie), 2 mmol/l L-glutamine, 
100 U/ml penicillin, 100 U/ml streptomycin. Huh7-ETluc 
cells were cultured in the presence of 500 μg/ml G418 
(Life Technologies Europe BV, Bleiswijk, the Netherlands). 

HCV quantification 
The human hepatoma cell line Huh7-ETluc, stably trans
duced with the HCV bi-cistronic replicon (I389/NS3-
3V/LucUbiNeo-ET) containing the nonstructural coding 
sequences of HCV and the luciferase gene, was used 
as a model for HCV replication[27]. Huh7-ETluc cells 
were seeded in white walled, clear bottom 96-well 
plates (Cellstar, Greiner Bio-one, Alphen a/d Rijn, the 
Netherlands) at a density of 50000-100000 cells per well. 
After 16 h the compounds were added in triplicate wells. 
Cells incubated with vehicle (DMSO) were used as a 
control. DCV (0.001, 0.01 and 0.1 nmol/L) and ASV (0.1, 
1 and 10 nmol/L) were combined with rapamycin (10, 
100 and 1000 nmol/L), tacrolimus (0.1, 0.5 and 5.0 μg/
ml), cyclosporine A (0.1, 0.5 and 5.0 μg/ml) or MPA (0.1, 
0.5 and 5.0 μg/ml). Guanosine (50 μmol/ml) was added 
to cultures with 0.1 nmol/L DCV and 10 nmol/L ASV in 
the presence or absence of 5.0 μg/ml MPA to investigate 
the involvement of the IMPDH pathway on the antiviral 
action of these compounds. After 24 h luciferase activity 
was measured. 10 mmol/L Beetle luciferin was added 
to the cultures and after 30 min luminescence was 
measured using a Lumistar Optima luminometer. The 
HCV luciferase activity was calculated as a percentage 
of the control wells. Huh7 cells stably transduced with a 
lentiviral vector continuously expressing firefly luciferase 
(Huh7-PGK-luc) were used as a control to assess non-
specific effects of the compounds on luciferase activity 
and cell growth. 

Huh7 cells harboring the full-length JFH-1 derived 
viral genome were used as an infectious HCV model[28]. 
24h after infection the cells were treated with DCV 
(0.01 and 0.1 nmol/L) and ASV (1 and 10 nmol/L), in 
combination with 0.5 μg/ml CSA, 5 μg/ml MPA or 5 
μg/ml MPA with 50 μmol/ml guanosine. After 48h the 
cells were lysed, RNA was isolated (Macherey-Nagel 
Nucleospin RNA kit, Bioké, Leiden, the Netherlands) 
and quantified using a Nanodrop ND-1000 (Wilmington, 
DE, United States). cDNA was synthesized using the 
Primescript RT Master Mix from Takara (Westburg, 
Leusden, the Netherlands). The levels of HCV-IRES, with 
GAPDH as a reference gene, were quantified by Reverse 
Transcription quantitative Polymerase Chain Reaction 
(RT-qPCR) method using SYBR green (SYBR Select 

Master Mix, Life Technologies). The relative expression 
of HCV-IRES (normalized for GAPDH) was calculated as 
a percentage of the HCV expression in cells that were 
treated with vehicle only. 

Expression of interferon stimulated genes
Naïve Huh7 cells were cultured in the presence of 
5 μg/ml MPA in combination with 0.1 nmol/L DCV or 
10 nmol/L ASV. DMSO was used as a vehicle control. 
After 48 h RNA was isolated and quantified and cDNA 
was synthesized. The levels of Interferon regulatory 
factor 1 (IRF1), Interferon regulatory factor 9 (IRF9), and 
Interferon-induced transmembrane protein 3 (IFITM3), 
with GAPDH as a reference gene, were quantified with 
RT-qPCR using SYBR green.

RT-qPCR analysis
RT-qPCR was performed using the StepOnePlus Real-
Time PCR System from Applied Biosystems (Fisher 
Scientific, Landsmeer, the Netherlands). All reactions were 
performed in duplicate, 40 cycles of 15’ at 95 ℃, 15’ at 
58 ℃ and 1 min at 72 ℃, followed by a meltcurve. Primer 
sequences: IRF1 forward 5-TGCCTCCTGGGAAGATG-3, 
reverse 5-CCTGGGATTGGTGTTATG-3, IRF9 for­
ward 5-CAAGTGGAGAGTGGGCAGTT-3, reverse 
5-ATGGCATCCTCTTCCTCCTT-3, IFITM3 forward 
5-CTGGGCTTCATAGCATTCGCCT-3, reverse 
5-AGATGTTCAGGCACTTGGCGG-3, IRES forward 
5-GTCTAGCCATGGCGTTAGTATGAG-3, reverse 
5-ACCCTATCGGCAGACCACAAG-3, GAPDH for­
ward 5-AGAAGGCTGGGGCTCATTTG-3, reverse 
5-AGGGGCCATCCACAGTCTTC-3.

Statistical analysis
All luciferase assays were performed in triplicate and 
repeated in at least three independent experiments. RT-
qPCR analyses were performed in duplicate and repeated 
in at least two independent experiments. Statistical 
analysis was performed using GraphPad Prism version 
5.01 (Graphpad Software, Inc., La Jolla, California, 
United States). All data are presented as a mean ± sE. 
We used a non-parametric Mann-Whitney test (two-tailed, 
95%ci) to evaluate the significance of our date. A p-value 
< 0.05 was considered statistically significant. 

RESULTS
Antiviral action of daclatasvir and asunaprevir
Huh7-ETluc cells were cultured in the presence of 
different doses of daclatasvir (DCV) and asunaprevir 
(ASV) and after 24h treatment, HCV replication was 
measured as luciferase counts. Both DCV and ASV 
caused a 75% inhibition of HCV replication compared to 
control levels (Figure 1A and B, p < 0.001). The inhibition 
of luciferase in Huh7-ETluc cells cannot be attributed 
to effects of ASV or DCV on cell growth or luciferase 
activity: when Huh7-PGK-luc cells that stably express 
luciferase were cultured with ASV or DCV, no inhibition of 
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reduction compared to control levels by 10nM ASV (Figure 
1E and F, p = 0.01 for 5 nmol/L ASV and p = 0.007 for 
10 nmol/L ASV). 

Rapamycin has no effect on the antiviral action of DCV 
and ASV
Huh7-ETluc cells were cultured in the presence of 
different doses of DCV and ASV, in combination with 

the luciferase signal could be observed, confirming that 
the decrease in luciferase signal in Huh7-ETluc cells by 
DCV and ASV is caused by inhibition of HCV replication 
(Figure 1C and D). Also in the JFH-derived infectious HCV 
model, DCV and ASV effectively inhibited HCV replication, 
with almost complete inhibition by 0.1 nM DCV (Figure 
1E, p = 0.004 for 0.01 nM DCV, p = 0.011 for 0.05 
nmol/L DVC, p = 0.007 for 0.1 nmol/L DCV), and a 78% 
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Figure 1  Hepatitis C virus replication is effectively inhibited by daclatasvir and asunaprevir. Huh7-ETluc cells were cultured with increasing concentrations of 
DCV (A) or ASV (B). The luciferase activity in these cells is a direct measure of HCV replication. HCV replication was significantly inhibited by 0.01 and 0.1 nmol/L 
DCV and 1 and 10 nmol/L ASV (mean of 13 independent experiments performed in triplicate, P < 0.001 Mann-Whitney test); The luciferase signal in Huh7-PGK-luc 
cells, stably expressing luciferase, was not affected by any concentration of DCV (C) or ASV (D), indicating that the observed effect in HUh7-ETluc is not due to non-
specific inhibition of luciferase (mean of 7 experiments performed in triplicate); HCV replication in the infectious JFH model was effectively inhibited by DCV (E) at all 
tested concentrations (mean of 4-6 independent experiments measured in duplicate, P = 0.004 for 0.01 nmol/L DCV, P = 0.11 for 0.05 nmol/L DCV and P = 0.007 for 
0.1 nmol/L DCV), as well as by 5 nmol/L and 10 nmol/L ASV (F) (mean of 4-6 independent experiments measured in duplicate, P = 0.01 for 5 nmol/L ASV and P = 0.007 
for 10 nmol/L ASV). HCV: Hepatitis C virus; DCV: Daclatasvir; ASV: Asunaprevir; MPA: Mycophenolic acid; DAAs: Direct acting antivirals.
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10, 100 or 1000 nmol/L rapamycin (RAPA). After 24 h 
of culture HCV replication was measured as luciferase 
counts. RAPA itself had no effect on viral replication, and 
the antiviral action of both DCV and ASV was not affected 
by the addition of RAPA (Figure 2A and B).

Effect of calcineurin inhibitors on the antiviral activity of 
DAAs
We investigated the effects of the calcineurin inhibitors 
tacrolimus (TAC) and cyclosporine A (CSA) on the 
antiviral activity of DCV and ASV. As shown in Figure 
2C and 2D, the antiviral action of DCV and ASV was 
not affected by TAC. As shown in Figure 3A and 3B, 
contrary to TAC, 5 μg/ml CSA significantly inhibited HCV 
replication by maximal 76% of control levels (p = 0.03 
with DCV, p = 0.04 with ASV).

When combined, the antiviral activity of ASV and DCV 
was not negatively affected by the addition of CSA. The 
observed antiviral action of CSA, ASV or DCV in Huh7-
ETluc cells cannot be attributed to effects on cell growth 
or nonspecific effects on luciferase activity. When Huh7-
PGK-luc cells were cultured in the presence of ASV or 
DCV combined with CSA, there was no effect on the 
luciferase signal (Figure 3C and 3D). In the infectious 
HCV model, comparable results were found. We observed 
that HCV replication was inhibited by both ASV and DCV. 

The addition of 0.5 μg/ml CSA completely inhibited HCV 
replication at the RNA level and did not negatively affect 
the inhibition of HCV replication by DCV and ASV (Figure 
3E and 3F). 

Daclatasvir and asunaprevir show a combined antiviral 
effect with MPA
MPA is an immunosuppressant that also affects HCV 
replication in in vitro cell culture systems. In Huh7-
ETluc cells, the addition of MPA resulted in a 70%-76% 
inhibition of HCV replication compared to control levels. 
MPA provided additive antiviral effects when combined 
with ASV or DCV, resulting in an extra inhibition of HCV 
replication. At the highest doses of DCV and ASV, 1 
and 5 μg/ml MPA significantly further decreased HCV 
replication by an extra 12%-16% (DCV) or 12% (ASV) 
(Figures 4A and B, p = 0.02 for 1 μg/ml and p = 0.08 for 
5 μg/ml MPA with 0.1 nmol/L DCV; p = 0.01 for 1 μg/ml 
and 5 μg/ml MPA with 10 nmol/L ASV). To investigate if 
the combined effect of MPA and DAAs on the replication 
of HCV was not due to non-specific inhibition of luciferase 
or effects on cell viability, Huh7-PGK cells were cultured 
with ASV or DCV combined with MPA. The expression of 
luciferase was not significantly affected by treatment with 
ASV, DCV or MPA (Figures 4C and D).

In the Huh7 infectious model, 5 μg/ml MPA inhibited 
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HCV replication by 68% of control levels. MPA further 
inhibited the inhibition of HCV replication by DCV. 
The highest dose of DCV (0.1 nmol/L) inhibited HCV 
replication by 96.5% of control levels with an extra 
reduction by 99.4% of control by MPA (Figure 4E). ASV 
was less effective in the Huh7 infectious model: when 
cells were cultured with 10 nmol/L ASV, HCV replication 
was inhibited by 54% of control levels, and the addition 
of MPA did not lead to an extra inhibition of HCV repli­

cation (Figure 4F). 
From our previous research, it is known that the anti­

viral effect of MPA is partially exerted via upregulation 
of antiviral ISGs[16]. DCV and ASV show a combined 
antiviral effect with MPA, so we investigated whether the 
expression of antiviral ISGs was enhanced by the addition 
of DCV or ASV. Naïve Huh7 cells were cultured for 48 h in 
the presence of MPA with or without DCV or ASV. After 48 
h, total RNA was isolated and the expression of Interferon 
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regulatory factor 1 (IRF1), Interferon regulatory factor 9 
(IRF9), and Interferon-induced transmembrane protein 
3 (IFITM3) was measured by RT-qPCR. GAPDH was used 
as a reference gene. The expression of IRF1, IRF9, and 
IFITM3 was upregulated by 5 μg/ml MPA, but ASV and 
DCV did not affect the expression of these ISGs, either in 
the absence or presence of MPA (Figure 5A).

Part of the antiviral effect of MPA on HCV is exerted 
via inhibition of IMPDH, and subsequent inhibition of 
guanosine nucleotide biosynthesis. Supplementation with 
exogenous guanosine can partly reverse the antiviral 
action of MPA[16]. Therefore, we investigated the role of 
guanosine supplementation on the antiviral action of DCV 
or ASV in combination with MPA. As shown in Figure 5B, 
the addition of 50 μmol/ml guanosine indeed partially 
reversed the antiviral action of MPA from 69% inhibition 
to 30% inhibition compared to control levels in Huh7-
ETluc cells (p = 0.03) but did not affect the action of DCV 
or ASV. The combined antiviral effect of MPA and DCV 
or ASV could significantly be reversed by the addition of 
guanosine (Figure 5B, p = 0.03 for DSV + MPA and p = 
0.03 for ASV + MPA) 

We also investigated the effect of guanosine supple­
mentation on the antiviral action of MPA, DCV and ASV 
in the JFH derived infectious model. After infection, the 
cells were cultured with DCV or ASV in combination 
with MPA with or without guanosine. After 48 h, HCV 
RNA levels were determined by RT-qPCR. MPA inhibited 
HCV replication by 68% of control levels. This could be 
partly (but not significantly) reversed to 49% inhibition 
compared to control levels by the addition of guanosine. 
DCV (0.1 nmol/L) inhibited HCV replication by 96.5% 
of control levels, with no significant effect of guanosine. 
The addition of MPA further reduced HCV replication 
to more than 99% of control levels, however with no 
effect of guanosine supplementation. 10 nmol/L ASV 
reduced HCV replication by 54% of control levels, with no 
additional effect of MPA. The addition of guanosine also 
had no effect on the inhibition of HCV replication by ASV, 
either in the presence or absence of MPA (Figure 5C). 

DISCUSSION
The potential interference of immunosuppressants with 
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well documented, the clinical effects of MPA on HCV 
replication remain controversial. Some patient studies 
showed a significant reduction of HCV viral load by MMF 
treatment[40,41], while others reported no effects on HCV 
infection[42-44]. Ikegami et al[23] show in their study that 
46.9% of patients who achieved SVR were treated with 
MMF, whereas 38.4% of the no-SVR group received MMF. 
However, this putative positive effect of MMF on DAA-
induced SVR was not significant[23].

Our in vitro study shows that none of the immuno­
suppressants we tested negatively interfered with the 
antiviral action of DSV and ASV. The combination of MPA 
with DSV and ASV resulted in a higher reduction of HCV 
replication than that could be achieved by treatment with 
these compounds alone. Although the antiviral action 
of MPA is evident in cell culture systems, the antiviral 
effect in patients might be masked by the suppressive 
effects of MPA on the immune response. Our results 
can, however, complement the still emerging clinical 
findings on the effectivity of DAAs in the presence of 
immunosuppressants. Based on this in vitro study, there 
is no rationale or evidence to withhold or adjust DCV or 
ASV in combination with immunosuppressants in the 
post-transplantation management of HCV.

ARTICLE HIGHLIGHTS
Research background
Liver disease caused by chronic Hepatitis C virus (HCV) infection is a leading 
indication for liver transplantation. Factors that contribute to the recurrence 
of HCV after transplantation include viral factors (e.g., HCV RNA levels at the 
time of transplantation and HCV genotype), host factors (immune response 
and HCV cryoglobulinemia), and the use of immunosuppressive medication. 
Current treatment of HCV is based on direct acting antivirals (DAAs), 
including daclatasvir (DCV) and asunaprevir (ASV). Recently a study reported 
reduced sustained virological response rates with DCV/ASV therapy after 
transplantation, indicating potential interference with immunosuppressants.

Research motivation
Although some drug-drug interactions were reported on the pharmacokinetics 
of  DAAs and immunosuppressants,  the potent ia l  in ter ference of 
immunosuppressants with the antiviral activity of DAAs post-transplantation is 
largely unknown. 

Research objectives 
The aim of our study is to investigate the antiviral action of DCV and ASV in the 
presence of several different classes of immunosuppressants.

Research methods
The antiviral activity of DCV and ASV combined with immunosuppressants 
was tested using two in vitro cell culture models for HCV infection. The cells 
were cultured with different concentrations of DCV or ASV in combination 
with immunosuppressants from several different classes. The effects on HCV 
replication were quantified by luciferase assay or quantitative RT-PCR. Effects 
on the expression of antiviral interferon-stimulated genes were also assessed 
by quantitative RT-PCR.

Research results
Tacrolimus, rapamycin and cyclosporine did not negatively affect the antiviral 
action of DCV or ASV. Mycophenolic acid (MPA) showed additive antiviral 
effects combined with these DAAs. MPA induces interferon-stimulated genes 
(ISGs) and is a potent GTP synthesis inhibitor. DCV or ASV did not induce 
expression of ISGs nor affected ISG induction by MPA. Rather, the combined 
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the antiviral activity of DAAs post-transplantation is 
largely unknown. In 2017, Ikegami et al[23] showed in 
their study that the SVR rate of 80.3% that was ach­
ieved in patients who were treated with DCV and ASV 
after transplantation was not satisfactory. We aimed to 
investigate the interaction between immunosuppressants 
and DCV and ASV, both newer generation DAAs for the 
treatment of HCV. In our two in vitro HCV culture models, 
the mTOR inhibitor rapamycin and the calcineurin 
inhibitor tacrolimus did not negatively affect the antiviral 
action of DCV and ASV. 

The calcineurin inhibitor CSA inhibited HCV replication, 
as described previously[6,10]. The addition of CSA did not 
negatively affect the antiviral action of DCV and ASV. 
The CSA concentrations we used in our study (between 
100 and 5000 ng/ml) are in a clinically relevant range. 
Cyclosporine A target levels in patients range between 
700-1300 ng/ml measured in blood[33], and peak levels 
vary between 800-2285 ng/ml[34]. In liver tissue, CSA 
levels can be 2.7 times higher as compared to plasma 
levels[35]. 

MPA, like CSA, inhibited HCV replication in vitro. 
The concentrations of MPA we used (0.1-5 μg/ml) 
are clinically achievable. In patients receiving MMF or 
MPA, serum peak levels range from 0.6 to11.5 μg/ml 
and trough levels average around 3 μg/ml[36]. Animal 
studies have shown that MPA accumulates in the liver[37]. 
When DCV and ASV were combined with MPA in our 
experiments, there was a difference in effect on the 
antiviral action compared to the experiments with CSA. 
When MPA was combined with the highest concentrations 
of DCV and ASV, an extra inhibition of HCV replication was 
observed, that could not be achieved with DCV or ASV 
alone. The combined antiviral effect was also observed 
in an infectious HCV model, but only with MPA and DCV. 
MPA exerts its antiviral action on HCV via two pathways: 
through the induction of antiviral ISGs and via inhibition 
of IMPDH, leading to depletion of the GTP pool in the cell. 
We did not observe upregulation of antiviral ISGs in cells 
that were cultured with DCV or ASV, and the upregulation 
of ISGs by MPA was not affected by the addition of these 
DAAs. In Huh7-ETluc cells, supplementation of the GTP 
pool by guanosine partly reversed the antiviral effect of 
MPA, and also the combined antiviral action of DCV or 
ASV with MPA. However, in the infectious model, only 
the antiviral activity of MPA was (partly) reversed by 
guanosine, and not the combined antiviral action of MPA 
and DCV. These results indicate that the inhibition of GTP 
synthesis by MPA is (partly) involved in the combined 
antiviral action of MPA with DSV and ASV. The difference 
in responsiveness to DCV or ASV we observe between 
Huh7-ETluc cells and the JFH infectious model might be 
explained by the fact that DCV is a pan-genotypic HCV 
inhibitor, while ASV is more specific for genotype 1b 
and is less active against genotypes 2 and 3[38,39]. The 
genotype of HCV in the JFH infectious model is 2a and 
the HCV construct in the Huh7-ETluc cells is derived from 
genotype 1b. 

Although the in vitro antiviral action of MPA has been 
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antiviral effect of MPA with DCV and ASV was partly mediated via inhibition of 
GTP synthesis. 

Research conclusions
Our in vitro study shows that none of the immunosuppressants we tested 
negatively interfered with the antiviral action of DSV and ASV. The combination 
of MPA with DSV and ASV resulted in a higher reduction of HCV replication than 
that could be achieved by treatment with these compounds alone. Although the 
antiviral action of MPA is evident in cell culture systems, the antiviral effect in 
patients might be masked by the suppressive effects of MPA on the immune 
response. Our results can, however, complement the still emerging clinical 
findings on the effectivity of DAAs in the presence of immunosuppressants. 

Research perspectives
Based on this in vitro study, there is no rationale or evidence to withhold or 
adjust DCV or ASV in combination with immunosuppressants in the post-
transplantation management of HCV.
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