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Methods: Peripheral blood cells obtained before and one month after LT from 22 recipients were
analysed. Forty-four key molecules related to Treg, Th1, 2 and 17 responses, were evaluated
using gRT-PCR. Liver recipients were classified in two groups according to graft fibrosis evaluated
by the METAVIR score on the biopsy performed one year after LT (mild: F <1, n=13; severe:
F>1, n=9). Patients developing a severe recurrence were compared with patients with a mild
recurrence.

Results: mRNA levels of Treg markers obtained one month after LT were significantly increased
in patients with a severe disease course when compared to patients with a mild recurrence.
Markers of the Th1 response were elevated in the same group. No differences in the markers
determined before LT were observed.

Conclusion: These findings suggest that Treg, induced by a multifactorial process, which could
include a strong Th1 response itself, may play a role in suppressing the early antiviral response,

leading to a severe recurrence of hepatitis C.
© 2018 Elsevier Masson SAS. All rights reserved.

Introduction

Hepatitis C virus (HCV) infects over 170 million people world-
wide and the WHO estimates in the Global Hepatitis Report
2015 that roughly 71 million people are living with chronic
infection worldwide [1,2], leading to cirrhosis and hepa-
tocellular carcinoma; furthermore, cirrhosis due to HCV is
one of the principal indications for liver transplantation
(LT). When chronic HCV infection is established, it induces
a wide range of chronic liver injuries but does not appear
to be cytopathic. Liver lesions seem to result from locally
driven immune responses that are mainly non-specific. Local
inflammation triggers fibrogenesis, in which hepatic stel-
late cells play a major role [3,4]. The mechanisms by which
HCV evades the immune surveillance system remain unclear,
and persistent infection appears to be due to weak CD4+
and CD8+ T cell responses during acute infection, which
fail to control viral replication [5,6]. The impairment of
T cell responses is multifactorial [7,8], including skewed T
cell differentiation [T helper1 (Th1) deficiency, Th2 dom-
inance] [9], the elevated secretion of inhibitory cytokines
such as interleukin-10 (IL-10) and TGF-B which create an
immunosuppressive environment [10,11], an up regulation
of inhibitory pathways [programmed death-1 (PD-1), cyto-
toxic T lymphocyte antigen 4 (CTLA-4, CD152)] [12,13],
impairment of the allostimulatory capacity of both myeloid
and plasmacytoid dendritic cells [14], and the induction
of regulatory T cells (Tregs) [15]. Attention has recently
focused on Tregs and their contribution to HCV disease. Nat-
ural Tregs account for 5—10% of peripheral CD4+ T cells;
they constitutively express CD25 [16], and can suppress
host immune responses in the setting of autoimmune dis-
eases, transplantation, and anti-tumour immunity [17]. An
accumulation of Tregs at the infection site is a common
characteristic of most chronic viral infections; they may sig-
nificantly suppress antiviral CD4+ and CD8 + T cell responses
[18,19]. Tregs also constitutively express surface markers
such as the glucocorticoid-induced tumour necrosis factor
receptor family-related gene, (GITR, CD133) [20], CTLA4
[21] and the transcription factor Foxp3 [22], which is charac-

teristic of this sub-population. Other subsets of regulatory T
cells are also present, such as IL-10—secreting Tr-1 cells that
express CD18, CD49b and the lymphocyte activation gene
(LAG-3) [23—25].

In the setting of chronic hepatitis C virus (HCV) infection,
the activation of virus-specific T cells may be suppressed by
Tregs [26], which might contribute to an inadequate immune
response to HCV. An increased frequency of Tregs was found
in the blood of patients with persistent HCV infection, com-
pared with those who had cleared HCV [15]. The in vitro
depletion of CD25+ T cells results in increased HCV-specific T
cell responsiveness, and CD4+CD25+ cells may contribute to
HCV persistence by suppressing HCV-specific T cell responses
[27]. Some studies have also shown a correlation between
a reduced HCV-specific T cell response and the secretion of
TGF-B by liver-infiltrating Tregs [28], and ability for Tregs
to inhibit HCV-specific T cell activity, independently of IL-
10 and TGF-B [29]. In chronically infected patients, IL-10
secreting Tr1 cells circulate concomitantly with interferon
(IFN)-secreting Th1 cells, and these two subtypes of CD4
T cells recognize the same epitopes on HCV core protein
[30], suggesting that Tr1 cells may also be implicated in HCV
pathogenesis.

Following LT for HCV cirrhosis, graft infection is universal
and graft damage is often accelerated, leading to cirrhosis
in 30% of patients within five years, and reduced patient
survival compared to other indications [31,32]. The mecha-
nisms of accelerated HCV-induced liver damage after LT are
poorly understood. The virus and the host immune system,
as well as the donor’s age and graft ischemia, may con-
tribute to the prognosis in terms of viral recurrence. From
an immunological point of view, a weak or impaired CD4+
immune response, as well as a reduction in plasmacytoid
and myeolid dendritic cells, may facilitate the recurrence
of hepatitis C [33,34].

Moreover, in the post-transplant setting, numerous
experimental studies have demonstrated that Tregs induce
allograft tolerance [35]. Tregs are influenced by immunosup-
pressive therapy; in particular, calcineurin inhibitors reduce
Treg function in vitro [36,37] while rapamycin appears to
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have a beneficial effect on the Treg count [38,39]. We
recently demonstrated that classical CD4CD25+ Treg levels
were significantly higher in patients with recurrent hepatitis
C, and that Tr1 cell numbers and serum IL-10 levels were
higher at 1 and 5 years after LT in a context of severe
recurrent hepatitis C, and associated with a more severe
progression of recurrence and a weaker response to antiviral
therapy [40,41].

In the present study, we further analysed the correla-
tions between mRNA Tregs and Tr1, and also other T cell
sub-populations, early after LT, as well as their possible pre-
dictive value relative to the progression of HCV recurrence.
For the first time, we were able to show that Treg mRNA lev-
els during the 30 days after LT were significantly higher in
patients who would go on to develop a severe recurrence
when compared to those developing a mild recurrence.
These results suggest that Tregs are enhanced soon after LT
in patients who will develop severe HCV recurrence and they
may be predictive of the progression of HCV recurrence.

Patients and methods

Patients

Our study population consisted of 22 patients who had
been included in the BEFIRTH (Benefit of Immunoprophylaxis
on Fibrosis to Reduce Viral Load After Liver Transplanta-
tion) study, an open-label, randomized, multicentre clinical
study comparing three immunosuppressive regimens in HCV-
positive recipients receiving their first liver transplant:
(A) tacrolimus (Tac) and corticosteroids, (B) antithymocyte
induction therapy (ATG) and full-dose Tac without corti-
costeroids, and (C) ATG with mycophenolate mofetil (MMF)
and a reduced dose of Tac without corticosteroids. The
principal objective of the BEFIRTH study was to evaluate
HCV recurrence through the determination of fibrosis in
the different groups at least one year after LT. The Ethics
Committee (CCPPRB) in Toulouse (France) approved both
the BEFIRTH study and the present ancillary study to eval-
uate Treg sub-populations. All patients gave their written
informed consent before undergoing any protocol-related
procedures. PBMC samples were only available from 22 of
the 80 patients enrolled in the BEFIRTH study, and they
underwent RT-PCR analysis in the ancillary study. A liver
biopsy was performed in all the recipients included, one year
after LT, and the patients were classified in two groups as a
function of their METAVIR fibrosis score: a mild recurrence
when the score was F <1, and a severe recurrence group
when the score was> 1. All patients had detectable serum
HCV RNA levels.

Primer pairs

All primers were designed for real-time PCR use and
purchased from MWG-Biotech. The following genes were
studied (Table 1): those representative of naturally occur-
ring Treg cells such as CD4, CD25, Foxp3, CD18, the integrin
beta chain beta 2, and CD49b; the integrin alpha subunit
specific to induced Tr1; other key molecules related to Th1
antiviral responses (IFNY, IL-2, and IL-23), and the activa-
tion status of the immune system (CD27, CD28, CD40, CD40

L). The housekeeping genes ribosomal RNA 28S, B-actin and
G3PDH were used as controls.

RT-PCR analysis

RT-PCR analysis of selected genes were performed on PBMC
samples that were obtained before LT and on day 30 after
LT by density gradient centrifugation over Ficoll-Paque PLUS
(Amersham, Piscataway, NJ), as previously described [36],
and stored in liquid nitrogen for subsequent RNA extraction.
Total RNA was extracted from frozen PBMCs using the RNeasy
midi kit (QIAGEN, Courtaboeuf, France), according to the
manufacturer’s instructions. Briefly, samples were first lysed
then homogenized. Ethanol was added to the lysate to
ensure ideal binding conditions. The lysate was then loaded
onto the RNeasy silica membrane for RNA binding, and all
contaminants were efficiently removed by washing. Pure,
concentrated RNA was eluted in water. Overall RNA quality
and quality was assessed using a NanoDrop spectrophotome-
ter (ND-1000, Thermo Fisher scientific, MA, USA) and the
RNA was then stored at —80 °C. The same RNA concentration
for all samples was used for reverse transcription experi-
ments.

RNA were supplemented with the following mixture
[oligo AT (Roche, Meylan, France) + RNAsin (PROMEGA, Char-
bonniéres; France)+H20] and then incubated at 70°C
for 10 minutes. After a further 5 minutes at room
temperature, the following mixture [buffer 5X (Life Tech-
nologies) + DTT (Life Technologies) +d NTPs 10 mM + RNAsin
(PROMEGA) + Superscript (Life Technologies)] was added.
This reaction was followed by an initial incubation step at
45°C for 60 minutes and a second incubation at 95°C for
5 minutes. Finally, ultra pure DNase/RNase-free distilled
water (Life Technologies) was added to obtain a concentra-
tion of 10ng total RNA/1 pL.

Real-time PCRs were performed using a Stratagene MxPro
3005 P gPCR System. The mix was optimized for real-
time PCR analysis using MESA GREEN qPCR MasterMix Plus
for SYBR” Assay (Eurogentec) that contained: the hotstart
enzyme ‘‘MeteorTaq’’, dNTPs with dUTP, Mgcl2, in a total
volume of 20 pL. Each sample was run in a 96-well plate con-
taining 47 primers by performing initial denaturation at 95 °C
for 5minutes, after which the PCR reactions were cycled
45 times as follows: 15 seconds at 95°C and 1 minute at
60°C. Fluorescence intensity was measured at the end of
each elongation phase. A melting curve analysis was per-
formed immediately after amplification, in accordance with
the manufacturer’s instructions.

Light Cycler-based PCR assay

Genes whose level of expression reached significance to
discriminate between the two groups of patients (mild
vs. severe viral recurrence) were further analysed using
the Light Cycler-based PCR assay. The quantification of
transcripts from samples was confirmed by real-time quan-
titative RT-PCR using the Light Cycler system (Roche
Diagnostics, Meylan, France). The PCR mixture contained
the following: Fast start Taq polymerase, 1X of LightCycler-
DNA master SYBRGreen | (Roche Diagnostics), 1875mM
MgCl2, 0.5 umol/L of each primer and 2 pL of the cDNA
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Table 1  Primers used in real-time RT-PCR.

Gene Sens Anti-sens

IL-1 TAGTAGCAACCAACGGGAAGGT TGCTCAGGAAGCTAAAAGGTGC
IL-2 ACCAGGATGCTCACATTTAAGTTTTAC TCCAGAGGTTTGAGTTCTTCTTCTAGA
IL-4 CACAAGCAGCTGATCCGATTC TTCCAAGAAGTTTTCCAACGTACTC
IL-6 ATGTAGCCGCCCCACACA CCAGTGCCTCTTTGCTGCTT

IL-8 GAGTGGACCACACTGCGCCA TCCACAACCCTCTGCACCCAGT
IL-10 GAGAACCAAGACCCAGACATCAA CCACGGCCTTGCTCTTGTT

IL12 CCTTCACCACTCCCAAAACCT TGGTAAACAGGCCTCCACTGT
IL-15 TTTCCATCCAGTGCTACTTGTGTT CATTCACCCAGTTGGCTTCTGT
IL-17 TCCTGGGAAGACCTCATTGG AGAATTTGGGCATCCTGGATT

IL21 GATCGCCACATGATTAGAATGC AGGAAAAAGCTGACCACTCACAGT
IL-23 GTGGGACACATGGATCTAAGAGAA AAATCAGACCCTGGTGGATCCT
IL-27 GGAGGGAGTTCACAGTCAGC GGCAGGAGGTACAGGTTCAC

INFy ATGTAGCGGATAATGGAACTC GACATTCAAGTCAGTTACC

TGFpB1 CGAGCCTGAGGCCGACTAC CGGAGCTCTGATGTGTTGAAGA
CD127 TGGATCGCAGCATTCACTGA CTTTACCTCCACGAGGGCC

IL-10R CCGAGAGTATGAGATTGCCATTC CAGATGGTTTCACCTGGACACA
IL-10R TGGGAGTCACCTGCTTTTGC TCCGTCAAGGTAGTATTCATGCA
CXCR4 TCATGGGTTACCAGAAGAAACTGA GAAGTTCCCAAAGTACCAGTTTGC
CXCR5 TACCCGCTAACGCTGGAAAT AGGTGTCGTTATAGTTGTCCAATCTG
CCR7 GAGACAACACCACAGTGGACTACAC GTCAACACGACCAGCCCATT

VEGF TGCCGCCACCACACCATCAC GCCCTCCGGACCCAAAGTGC
PDGF GCCGCCAGCGCCCATTTTTCATT CTTTGCAGCGAGGCTGGAGGGT
Gata3 GATGGCACGGGACACTACCT GGTCTGACAGTTCGCACAGGA
LAG3 TGGCTTCAACGTCTCCATCA CCCACCCTGGAACCTGCT

CD8 CCCTGAGCAACTCCATCATGTAC GGCGTCGTGGTGGGC

CD4 GGGAAATCAGGGCTCCTTCTTA TGGTCCCAAAGGCTTCTTCTT
CD11a (hINT-alL) TACCTCTTCCGCCAGAATCTG GCAAGCTCATCGAACCATCA

CD18 (hINT-B2) ATGCTTGATGACCTCAGGAATGT ACGGTCTTGTCCACGAAGGA
CD25 GGGACTGCTCACGTTCATCA TTCAACATGGTTCCTTCCTTGTAG
CD27 CCTTCTCTCCTGACCACCACA CGACAGGCACACTCAGCATT

CD28 GCTGCTCTTGGCTCTCAACTTATT CCGCATTGTCGTACGCTACA

CD40 TCCAGAACCACCCACTGCAT CACCGCAAGGAAGGCATT

CD40L GAAAGAAAACAGCTTTGAAATGCA TTTTTCAGCCCACTGTAACACAGA

CD49b (hINT -«2)
CD71
PD1
PDL1
PDL2
ICAM1
CTLA4
GITR
0X40
Foxp3
tBet
Bactine
GAPDH
28S

CAACGGGTGTGTGTTCTGACA
CGTCGGGATATCGGGTGGCGG
GCTACAACTGGGCTGGCG
TTTATATTCATGACCTACTGGCATTTG
AGCCTGGAATTGCAGCTTCA
CCCTGATGGGCAGTCAACA
TTCTTCTCTTCATCCCTGTCTTCTG
TGTGTCCAGCCTGAATTCCA
ACGACGTGGTCAGCTCCAA
GAAACAGCACATTCCCAGAGTTC
GATGCGCCAGGAAGTTTCAT
CACGGCATCGTCACCAACT
CCATCAATGACCCCTTCATTG
TTGAAAATCCGGGGGAGAG

TCATCACACACAACCACAACATCT
CCCGCAGGATGAAGGGAGGACA
ATGTGTTGGAGAAGCTGCAGGT
AATTGTCATATTGCTACCATACTCTACCA
AAGTTGCATTCCAGGGTCACAT
GCAGCGTAGGGTAAGGTTCTTG
GAGATGCATACTCACACACAAAGCT
CCGAGGCACAGTCGATACACT
AGCGGCAGACTGTGTCCTG
ATGGCCCAGCGGATGAG
CTCTCCGTCGTTCACCTCAAC
AGCCACACGCAGCTCATTG
CTTGACGGTGCCATGGAAT
ACATTGTTCCAACATGCCAG

IL: interleukin; INFy: interferon gamma; TGFR1: transforming growth factor beta-1; CD: cluster of differentiation; IL-10Ra/B: subunit
a or B of the interleukin-10 receptor; CXCR4: C_X_C chemokine receptor type 4; CCR7: C_C chemokine receptor type 7; VEGF:
vascular endothelial growth factor; PDGF: platelet-derived growth factor; GATA3: trans-acting T cell-specific transcription factor 3;
LAG3: lymphocyte activation gene 3; CD40L: CD40 ligand; PD-1: programmed cell death protein 1; PDL-1/2: PD-1 ligand; ICAM-1:
intercellular adhesion molecule 1; CTLA-4: cytotoxic T lymphocyte antigen 4; GITR: glucocorticoid-induced TNFR-related protein;

G3PDG: glyceraldehyde 3-phosphate dehydrogenase: 28S: ribosomal RNA of the 28S subunit.

preparation (patient cDNA samples), in a total volume of
20 uL. The samples were run in parallel by performing an
initial denaturation at 95 °C for 8 minutes, and then the PCR

reactions were cycled 40 to 45 times as follows: 15seconds
at 95°C, 7 seconds at the appropriate annealing tempera-
ture, and 18 to 64 seconds at 72 °C, depending on the length
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Table 2 Demographic data on the cohort.

Characteristics Distribution
Cohort study 22 patients
Inclusion date From June 2006 to January
2009
Age at selection?® 51 (46—66)
Gender
Male 15
Female 7
HCV genotype® Gen 1: n=18; Gen 4: n=4

Tac + corticosteroids: n=7
(31.8%)

ATG +Tac: n=4 (18.2%)
ATG + MMF + Tac (tapered
dose): n=11 (50%)
Metavir F score 1 year after LTF1 <n=13, F>1n=9

Immunosuppression

@ Median value (min, max).
b n=number of patients.

of annealing for the target sequence (40 s at 58 °C). Fluores-
cence intensity was measured at the end of each elongation
phase. A melting curve analysis was performed immediately
after amplification, following the manufacturer’s instruc-
tions.

Data interpretation and statistics

The PCR results were analysed using the ‘‘Relative Gene
Expression Method’’ as described by Livak et al. [42].
Briefly, individual CT values were normalised using the aver-
age CT values for housekeeping genes (ACT =CT — CTHKG).
Average ACT values for each group were then compared
with the ACT values of the control group (mild recurrence
group) (AACD=ACT — ACTMRgroup). An evaluation of 2-
AACT then indicated the fold change in gene expression
relative to the control group.

The relevance of the PCR results was validated using a
statistical rank sum Mann-Whitney test on the ACT values,
with GraphPad Prism version 5.00 for MAC OS X, GraphPad
Software, San Diego California USA, www.graphpad.com. P-
values of <0.05 where considered to be significant.

Results

Characteristics of the study population

The study cohort comprised 22 patients who were included
in the BEFIRTH study, and clinical data collected during
that study were available for all of them. Table 2 shows
the demographic parameters of this population of 15 men
and 7 women, with a median age of 51 years. At the liver
biopsy performed one year after LT, 13 patients had experi-
enced a mild recurrence (fibrosis score F < 1) and nine had
experienced a severe recurrence (fibrosis score > 1). Table 3
shows the characteristics of the patients with mild and
severe recurrences; viral load, immunosuppressive regimen
and donor age were similar in the two groups.

a) Treg associated genes

Relative expression 278ACT

CD4 CD25 Foxp3 CTLA4 TGFB

IL10 IL10Ra IL10RB

Mild recurrence M Severe recurrence

b) Tr1 associated genes

14 - *

[

32

o *

S

%8 7 *

S -

|

227 ] N TL Il
0 - - . . . .

CD4 CD18  CD49%b IL10 TGFB LAG3

Mild recurrence M Severe recurrence

Figure 1 Relative expression results of qRT-PCR one month
after LT obtained on PBMC from study patients expressed
using the 2-AACT methods, with the mild recurrence group
as a reference. The severe recurrence group was defined by a
METAVIR score F > 1 at the one year follow-up biopsy: a: relative
expression of Treg-associated markers; b: relative expression of
induced regulatory T cell (Tr1)-associated markers (calculation
of standard deviation and statistics are based on ACT values)
(P<0.05, "P<0.01).

Expression of the markers studied prior to LT

At baseline, immediately before LT, no significant difference
was observed in the PBMC expression of Treg mRNA markers
or any other studied population markers, between patients
who would go on to develop a severe HCV recurrence one
year after LT and those with a mild recurrence at 1 year (data
not shown).

mRNA expression of Treg markers one month after
LT

At one month after LT, the PBMCs’ mRNA expression of most
of the studied Treg-associated markers (CD4, CD25, TGF,
CTLA-4, and the two subunits of IL-10 receptor, IL-10R« and
B) was significantly higher in patients who would develop
severe HCV recurrence 1 year after LT than in those expe-
riencing a mild recurrence (Fig. 1a). The mRNA relative
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Table 3 Characteristics of patients with a mild or severe HCV recurrence one year after LT.

Characteristics Mild recurrence Severe recurrence P
(F <1 one year (F>1 one year
post-LT) post-LT)
n=13 n=9
% of patients 59% 41%
Age (years) 50+13 53+7 0.57
Weight (kg) 74.7 +12.7 70.3+14.3 0.32
HCV genotype Gen 1: n=11 Gen1:n=7
Gen4:n=2 Gen 4: n=2
Basal Creatinine (pwmol/L) 71.8+24.9 93.34+39.9 NS
Creatinine 1 year after LT 121+18.6 125+ 35.2 NS
Immunosuppressive regimen
Tac + corticosteroids: n=7 4 3
ATG+Tac: n=4 3 1
ATG + MMF + Tac (tapered dose): n=11 6 5
Viral load before LT (log) 4.2+0.5 4.8+0.8 NS
Viral load 1 year after LT (log) 6.2+0.7 6.9+1.2 NS
Donor age > 40 yrs. 58% 62% NS

expression of CD25 and TGFRB was 2.6 fold and 5.5 fold higher
in the severe recurrence group than in the mild recurrence
group (p=0.045 and p=0.03, respectively), and the relative
expression of CTLA-4 was 4.2 fold higher (p=0.016). A slight
increase in Foxp3 mRNA was observed in the severe recur-
rence group, but the difference was not significant (P=0.18)
(Fig. 1a). No significant difference was noticed for IL-10,
while the relative expression of both subunits of its recep-
tor (IL10Ra: 3.6-fold higher, and IL10RB: 3.3-fold higher)
was significantly higher in patients with a severe recurrence
(p=0.02 and p=0.007, respectively).

mRNA Expression of Type-1 regulatory cells
markers one month after LT

For Tr1 markers at one month post-transplant, we analysed
the mRNA of markers of Tr 1 cells (i.e.: CD18, CD49b &
LAG3). Relative expression of CD18 was 9.8-fold higher in the
severe recurrence group than in the mild recurrence group
(P=0.04); the same trend was observed for CD49b and LAG-3
but it was not statistically significant (P=0.64 and P=0.54,
respectively) (Fig. 1b). These results were confirmed by per-
forming RT-PCR using the Light Cycler 480°.

mRNA expression of Th1 markers one month after
LT

An increased mRNA relative expression of Th1 markers was
observed one month after LT in PBMC from patients that
would develop a severe HCV recurrence one year later.
The relative expression of IFNy was 20 times higher in the
severe recurrence group than in the mild recurrence group
(P=0.019), and an increased expression of IL-2 and IL-23
mRNA was also observed in the severe versus mild recur-
rence groups (P=0.011 and P=0.04, respectively) (Fig. 2a).
A significant increase was seen regarding the mRNA lev-
els of activation markers of Th1 cells, such as CD27 (the

a) Th1 response associated genes
25 1 %
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Figure 2 Relative expression of (a) the Th1 response, and

(b) Th17-associated molecules in PBMC obtained one month
after LT using RT-PCR in the mild and severe HCV recurrence
groups. Results are expressed using the 2-AACT method with
the mild recurrence group as a reference (calculation of stan-
dard deviation and statistics are based on ACT values) ("P<0.05,
“P<0.01).
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relative expression of which was 2.6-fold higher in severe
recurrence patients; P=0.007), CD28, (12.1-fold higher,
P=0.016), CD40 L (4.4-fold higher, P=0.016) and the T-box
transcription factor (TBX21/T-bet) (Fig. 2a).

mRNA expression of Th2 and Th17 markers 1
month after LT

The mRNA of Th2 response markers (IL-4) did not differ sig-
nificantly between the severe and mild recurrence groups,
one month after LT (data not shown), by contrast the mRNA
levels of the transcription factor GATA-3 were higher in the
sever recurrence group (the relative expression of which
was 2.7-fold higher in severe recurrence patients; P=0.011).
PCR analysis of the cytokines associated with Th17 develop-
ment and function revealed a slight decrease in IL-6 mRNA
one month after LT in the severe recurrence group, and a
slight increase in IL-17 mRNA, although this was not statis-
tically significant (P=0.59 and P=.34, respectively), while
IL-23 mRNA, which is important for the expansion of already
differentiated Th17 cells, was significantly higher in the
severe recurrence group (P=0.04) (Fig. 2b).

Discussion

It had previously been reported that Tregs are induced by
HCV [43], and we had observed that Treg markers were
significantly enhanced in a context of recurrent hepatitis
C after LT, and that Tr1 cell levels were specifically ele-
vated in severe recurrent hepatitis C when compared to a
mild recurrence [41] The present study analysed the early
correlation (one month after LT) between different T cell
populations (Treg, Tr1, Th1, Th2, Th17) and the future devel-
opment of severe recurrent hepatitis C. The cohort study
was extracted from an open-label, randomized, multicen-
tre clinical study comparing different immunosuppressive
regimens in HCV-positive liver transplant recipients. PBMC
samples were available from 22 patients included in our cen-
tre, and all data collected prospectively before, during, and
after LT were available for these patients.

The present study shows for the first time that PBMC
Treg levels, assessed from the expression of their surface
markers mRNA (CD4, CD25, CTLA-4), and mRNA of molecules
associated with Treg activity such as TGFB, IL-10Ra and 8,
determined one month after LT, were predictive of a severe
recurrence one year post-LT. Patients with higher levels of
Tregs one month after LT had a greater chance of develop-
ing a severe recurrence of hepatitis C than those with lower
Treg levels. Our findings could represent an important tool
for the management of HCV recurrence, which is associated
with an accelerated progression of fibrosis when compared
to immunocompetent patients, and with the impairment of
patient and allograft survival [32,44].

It still needs to be clarified whether high Treg mRNA levels
are constitutive or due to immunosuppression. Because no
difference in Treg levels was found between the two groups
of patients immediately prior to LT, the immunosuppressive
regimen or the patient’s individual response to immunosup-
pressive therapy was probably responsible for the results.
The number of Tregs before LT may depend on the patient’s

characteristics or the severity of the disease, but it is not
predictive of a progression of recurrent hepatitis C.

Interestingly, the elevated Treg markers mRNA levels in
the severe recurrence group were associated with increased
mRNA levels of Th1 response markers. This indicates the
presence of an active immune response (effector and reg-
ulatory) during this early stage after LT. The concomitant
increase in both Tregs and Th1 markers could be inter-
preted as being contradictory, but It has been shown
that in response to INF-gamma, Tregs upregulated the Th1
specifying transcription factor T-bet and promoted the accu-
mulation of Th1 [45]. Our hypothesis is that during early HCV
recurrence, Th1 cells are activated to inhibit the evolution
of HCV infection towards chronicity. In the group that would
evolve to experience severe recurrence, Th1 were signifi-
cantly increased and could induce a higher Treg response,
probably due to the presence of higher IL-2 levels, produced
during the expansion of T effector cells, but also necessary
for the expansion of Tregs [46,47], and under the effect of
INF-gamma [45]. Then, in severe recurrent forms, Th1 and
Tregs would be simultaneously and significantly enhanced
soon after LT and thus be predictive of severe progression.

Foxp3 mRNA was present in severe and mild recurrence
groups, but results interpretation is difficult since FOXP3
expression is present in Tregs but also transiently in acti-
vated nonsuppressive T cells [48]. Moreover, a murine study
showed that Foxp3 RT-PCR analysis alone does not fully
reflect Treg level [49]. Furthermore, in the setting of LT asso-
ciated with HCV infection, Foxp3 in mild recurrence group
could be expressed by activated effector T cells involved
in the control of HCV reinfection (other Treg markers were
significantly lower in this group), while in severe recur-
rence group by both Tregs and other activated immune cells.
Therefore, the unsignificant difference of Foxp3 expression
in the two groups does not exclude an increased number
of Tregs in the severe recurrence group since other Treg
functional markers such as CTLA-4 and TGF-beta were sig-
nificantly over expressed.

Only a few non-specific Tr1 markers mRNA were signifi-
cantly enhanced (CD4, CD28 and TGF), while more specific
Tr1 markers mRNA such as CD49b and LAG-3 were slightly but
not significantly elevated one month after LT. This might be
explained by the need for IL-10 and chronic contact with
antigens to enable the development of Tr1 cells [24], and
it may also be too early to detect a significant increase in
these cells.

We hypothesize that Tregs contribute to failure of the
antiviral immune response during HCV recurrence after
LT. Several studies focusing on HCV infection in immuno-
competent patients have previously shown a correlation
between peripheral Tregs and the chronicity of HCV infec-
tion [15,18,19,50]. The role of natural or induced Tregs in
HCV recurrence after LT has only been suspected hitherto,
and we previously showed that high levels of natural and
induced Tregs one year after LT was associated with more
severe fibrosis and was predictive of subsequent fibrosis pro-
gression [41], but no data were available at an earlier stage.

mMRNA levels of Th17 response markers were similar in
the two groups and IL-6 levels were even lower in the group
that would go on to present a severe recurrence; IL-6 lower
mRNA levels may thus favour the further development of
Tregs [51].
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Thus Tregs, induced by a multifactorial process, which
may include a strong Th1 response itself, probably play a
role in the failure of a successful Th1 anti-HCV response,
as well as in the severity of recurrence after LT. An early
evaluation of Treg levels may constitute a tool, which could
help clinicians to select liver transplant recipients for earlier
and more intensive antiviral therapy. Indeed, high levels of
Tregs may thus be predictive of severe recurrence, highlight-
ing patients who warrant more intensive management. The
small study size is a major limitation and further research is
now needed in a larger patient population and using other
techniques such as flow cytometer phenotyping in a prospec-
tive manner, in order to confirm these results.

Disclosure of interest

The authors declare that they have no competing interest.

References

[1] Maasoumy B, Wedemeyer H. Natural history of acute and
chronic hepatitis C. Best Pract Res Clin Gastroenterol
2012;26:401—12.

[2] CalvarusoV, Petta S, Craxi A. Is global elimination of HCV real-
istic? Liver Int 2018;38(Suppl. 1):40—6.

[3] Pawlotsky JM. Pathophysiology of hepatitis C virus infection
and related liver disease. Trends Microbiol 2004;12:96—102.

[4] Lee YA, Wallace MC, Friedman SL. Pathobiology of liver fibrosis:
a translational success story. Gut 2015;64:830—41.

[5] Wedemeyer H, He XS, Nascimbeni M, Davis AR, Greenberg HB,
Hoofnagle JH, et al. Impaired effector function of hepatitis C
virus-specific CD8+ T cells in chronic hepatitis C virus infection.
J Immunol 2002;169:3447—58.

[6] Gruener NH, Lechner F, Jung MC, Diepolder H, Gerlach T, Lauer
G, et al. Sustained dysfunction of antiviral CD8+ T lymphocytes
after infection with hepatitis C virus. J Virol 2001;75:5550—8.

[7] Brenndorfer ED, Sallberg M. Hepatitis C virus-mediated
modulation of cellular immunity. Arch Immunol Ther Exp
2012;60:315—29.

[8] Morozov VA, Lagaye S. Hepatitis C virus: Morphogenesis, infec-
tion and therapy. World J Hepatol 2018;10:186—212.

[9] Walker CM. Adaptive immunity to the hepatitis C virus. Adv
Virus Res 2010;78:43—86.

[10] De Maria A, Fogli M, Mazza S, Basso M, Picciotto A, Costa P,
et al. Increased natural cytotoxicity receptor expression and
relevant IL-10 production in NK cells from chronically infected
viremic HCV patients. Eur J Immunol 2007;37:445—-55.

[11] Delpuech O, Buffello-Le Guillou DB, Rubinstein E, Feray C, Petit
MA. The hepatitis C virus (HCV) induces a long-term increase
in interleukin-10 production by human CD4+ T cells (H9). Eur
Cytokine Netw 2001;12:69—77.

[12] Golden-Mason L, Palmer B, Klarquist J, Mengshol JA, Castel-
blanco N, Rosen HR. Upregulation of PD-1 expression on
circulating and intrahepatic hepatitis C virus-specific CD8+ T
cells associated with reversible immune dysfunction. J Virol
2007;81:9249-58.

[13] Nakamoto N, Cho H, Shaked A, Olthoff K, Valiga ME, Kaminski
M, et al. Synergistic reversal of intrahepatic HCV-specific CD8
T cell exhaustion by combined PD-1/CTLA-4 blockade. PLoS
Pathogens 2009;5:e1000313.

[14] Kanto T, Inoue M, Miyazaki M, Itose I, Miyatake H, Sakakibara M,
et al. Impaired function of dendritic cells circulating in patients
infected with hepatitis C virus who have persistently normal
alanine aminotransferase levels. Intervirology 2006;49:58—63.

[15] Cabrera R, Tu Z, Xu Y, Firpi RJ, Rosen HR, Liu C, et al.
An immunomodulatory role for CD4(+)CD25(+) regulatory
T lymphocytes in hepatitis C virus infection. Hepatology
2004;40:1062—71.

[16] O’Garra A, Vieira P. Regulatory T cells and mechanisms of
immune system control. Nat Med 2004;10:801-5.

[17] Sakaguchi S, Sakaguchi N, Shimizu J, Yamazaki S, Sakihama T,
Itoh M, et al. Immunologic tolerance maintained by CD25+ CD4+
regulatory T cells: their common role in controlling autoimmu-
nity, tumor immunity, and transplantation tolerance. Immunol
Rev 2001;182:18—32.

[18] Ji XJ, Ma CJ, Wang JM, Wu XY, Niki T, Hirashima M, et al.
HCV-infected hepatocytes drive CD4+ CD25+ Foxp3+ regulatory
T cell development through the Tim-3/Gal-9 pathway. Eur J
Immunol 2013;43:458—67.

[19] Keynan Y, Card CM, McLaren PJ, Dawood MR, Kasper K, Fowke
KR. The role of regulatory T cells in chronic and acute viral
infections. Clin Infect Dis 2008;46:1046—52.

[20] Shimizu J, Yamazaki S, Takahashi T, Ishida Y, Sakaguchi
S. Stimulation of CD25(+)CD4(+) regulatory T cells through
GITR breaks immunological self-tolerance. Nature Immunol
2002;3:135—42.

[21] Birebent B, Lorho R, Lechartier H, de Guibert S, Alizadeh M, Vu
N, et al. Suppressive properties of human CD4+CD25+ regula-
tory T cells are dependent on CTLA-4 expression. Eur J Immunol
2004;34:3485—96.

[22] Hori S, Nomura T, Sakaguchi S. Control of regulatory T
cell development by the transcription factor Foxp3. Science
2003;299:1057—61.

[23] Gagliani N, Magnani CF, Huber S, Gianolini ME, Pala M,
Licona-Limon P, et al. Coexpression of CD49b and LAG-3 iden-
tifies human and mouse T regulatory type 1 cells. Nat Med
2013;19:739—46.

[24] Groux H, O’Garra A, Bigler M, Rouleau M, Antonenko S, de Vries
JE, et al. A CD4+ T cell subset inhibits antigen-specific T cell
responses and prevents colitis. Nature 1997;389:737—42.

[25] Rahmoun M, Foussat A, Groux H, Pene J, Yssel H, Chanez P.
Enhanced frequency of CD18- and CD49b-expressing T cells in
peripheral blood of asthmatic patients correlates with disease
severity. Int Arch Allergy Immunol 2006;140:139—49.

[26] Miroux C, Vausselin T, Delhem N. Regulatory T cells in HBV
and HCV liver diseases: implication of regulatory T lympho-
cytes in the control of immune response. Expert Opin Biol Ther
2010;10:1563—72.

[27] Boettler T, Spangenberg HC, Neumann-Haefelin C, Panther E,
Urbani S, Ferrari C, et al. T cells with a CD4+CD25+ regula-
tory phenotype suppress in vitro proliferation of virus-specific
CD8+ T cells during chronic hepatitis C virus infection. J Virol
2005;79:7860—7.

[28] Delhem N, Cottrez F, Carpentier A, Miroux C, Morales O, Fran-
cois V, et al. Role of the Regulatory T lymphocytes in hepatitis
C fibrosis progression. Bull Cancer 2008;95:1029—38.

[29] Rushbrook SM, Ward SM, Unitt E, Vowler SL, Lucas M, Klenerman
P, et al. Regulatory T cells suppress in vitro proliferation of
virus-specific CD8+ T cells during persistent hepatitis C virus
infection. J Virol 2005;79:7852—9.

[30] MacDonald AJ, Duffy M, Brady MT, McKiernan S, Hall W, Hegarty
J, et al. CD4 T helper type 1 and regulatory T cells induced
against the same epitopes on the core protein in hepatitis C
virus-infected persons. J Infect Dis 2002;185:720—7.

[31] Berenguer M. Natural history of recurrent hepatitis C. Liver
Transplant 2002;8:514—8.

[32] Velidedeoglu E, Mange KC, Frank A, Abt P, Desai NM, Markmann
JW, et al. Factors differentially correlated with the outcome
of liver transplantation in HCV+ and HCV— recipients. Trans-
plantation 2004;77:1834—42.

[33] Schvoerer E, Thumann C, Spohrer S, Soulier E, Royer C, Brignon
N, et al. Early decrease in circulating dendritic cells number


http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0010
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0010
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0010
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0010
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0010
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0010
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0010
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0010
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0010
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0010
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0010
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0010
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0010
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0010
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0010
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0010
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0010
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0010
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0010
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0010
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0010
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0015
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0015
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0015
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0015
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0015
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0015
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0015
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0015
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0015
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0015
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0015
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0015
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0015
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0015
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0015
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0015
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0015
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0015
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0015
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0015
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0125
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0125
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0125
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0125
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0125
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0125
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0125
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0125
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0125
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0125
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0125
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0125
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0125
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0125
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0125
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0125
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0125
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0125
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0125
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0125
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0125
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0125
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0125
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0125
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0125
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0125
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0125
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0125
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0125
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0125
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0125
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0125
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0125
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0125
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0125
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0125
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0125
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0125
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0125
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0125
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0130
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0130
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0130
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0130
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0130
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0130
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0130
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0130
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0130
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0130
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0130
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0130
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0130
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0130
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0130
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0130
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0130
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0130
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0130
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0130
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0130
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0130
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0130
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0130
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0130
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0130
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0130
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0130
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0130
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0130
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0130
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0130
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0130
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0130
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0130
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0130
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0130
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0135
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0135
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0135
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0135
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0135
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0135
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0135
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0135
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0135
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0135
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0135
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0135
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0135
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0135
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0135
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0135
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0135
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0135
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0135
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0135
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0135
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0135
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0135
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0135
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0135
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0135
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0135
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0135
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0135
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0135
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0135
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0135
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0135
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0135
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0135
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0135
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0135
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0135
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0135
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0135
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0135
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0135
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0135
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0135
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0135
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0140
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0140
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0140
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0140
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0140
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0140
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0140
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0140
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0140
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0140
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0140
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0140
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0140
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0140
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0140
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0140
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0140
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0140
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0140
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0140
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0140
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0140
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0140
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0140
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0140
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0140
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0140
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0140
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0140
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0140
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0140
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0140
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0140
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0140
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0140
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0145
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0145
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0145
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0145
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0145
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0145
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0145
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0145
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0145
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0145
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0145
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0145
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0145
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0145
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0145
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0145
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0145
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0145
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0145
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0145
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0145
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0145
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0145
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0145
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0145
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0145
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0145
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0145
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0145
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0145
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0145
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0145
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0145
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0145
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0145
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0145
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0145
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0145
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0145
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0145
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0145
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0145
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0145
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0150
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0150
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0150
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0150
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0150
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0150
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0150
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0150
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0150
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0150
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0150
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0150
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0150
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0150
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0150
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0150
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0150
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0150
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0150
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0150
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0150
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0150
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0150
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0150
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0150
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0150
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0150
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0150
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0150
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0150
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0150
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0150
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0150
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0150
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0150
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0150
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0150
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0150
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0150
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0150
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0150
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0150
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0150
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0150
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0150
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0150
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0155
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0155
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0155
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0155
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0155
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0155
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0155
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0155
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0155
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0155
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0155
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0155
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0155
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0155
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0160
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0160
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0160
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0160
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0160
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0160
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0160
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0160
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0160
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0160
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0160
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0160
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0160
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0160
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0160
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0160
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0160
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0160
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0160
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0160
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0160
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0160
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0160
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0160
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0160
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0160
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0160
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0160
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0160
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0160
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0160
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0160
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0160
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0160
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0160
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0160
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0160
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0160
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0165
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0165
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0165
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0165
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0165
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0165
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0165
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0165
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0165
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0165
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0165
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0165
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0165
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0165
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0165
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0165
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0165
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0165
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0165
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0165
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0165
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0165

mRNA of Treg cells predicts HCV recurrence progression

281

after liver transplantation could favor hepatitis C virus recur-
rence. J Med Virol 2006;78:1070—5.

[34] Shevach EM. Mechanisms of foxp3+ T regulatory cell-mediated
suppression. Immunity 2009;30:636—45.

[35] Joffre O, Santolaria T, Calise D, Al Saati T, Hudrisier D, Romag-
noli P, et al. Prevention of acute and chronic allograft rejection
with CD4+CD25+Foxp3+ regulatory T lymphocytes. Nat Med
2008;14:88-92.

[36] Miroux C, Morales O, Ghazal K, Othman SB, de Launoit Y, Pancre
V, et al. In vitro effects of cyclosporine A and tacrolimus on
regulatory T cell proliferation and function. Transplantation
2012;94:123-31.

[37] Zeiser R, Nguyen VH, Beilhack A, Buess M, Schulz S, Baker
J, et al. Inhibition of CD4+CD25+ regulatory T cell func-
tion by calcineurin-dependent interleukin-2 production. Blood
2006;108:390—9.

[38] Akimova T, Kamath BM, Goebel JW, Meyers KE, Rand EB,
Hawkins A, et al. Differing effects of rapamycin or cal-
cineurin inhibitor on T-regulatory cells in pediatric liver
and kidney transplant recipients. Am J Transplant 2012;12:
3449—61.

[39] Ghazal K, Stenard F, Dahlqvist G, Barjon C, Aoudjehane L,
Scatton O, et al. Treatment with mTOR inhibitors after liver
transplantation enables a sustained increase in regulatory T
cells while preserving their suppressive capacity. Clin Res Hep-
atol Gastroenterol 2018;42:237—44.

[40] Fabien S, Olivier M, Khaldoun G, Vivian V, Lynda A, Laurissa
0, et al. CD49b, a major marker of regulatory T cells type 1,
predicts the response to antiviral therapy of recurrent hepatitis
C after liver transplantation. BioMed Res Int 2014;2014:290878.

[41] Carpentier A, Conti F, Stenard F, Aoudjehane L, Miroux C,
Podevin P, et al. Increased expression of regulatory Tr1 cells in
recurrent hepatitis C after liver transplantation. Am J Trans-
plant 2009;9:2102—12.

[42] Livak KJ, Schmittgen TD. Analysis of relative gene expression
data using real-time quantitative PCR and the 2(-Delta Delta
C(T)) method. Methods 2001;25:402—8.

[43] Fernandez-Ponce C, Dominguez-Villar M, Aguado E, Garcia-
Cozar F. CD4+ primary T cells expressing HCV-core protein
upregulate Foxp3 and IL-10, suppressing CD4 and CD8 T cells.
PloS One 2014;9:e85191.

[44] Berenguer M, Prieto M, San Juan F, Rayon JM, Martinez F, Car-
rasco D, et al. Contribution of donor age to the recent decrease
in patient survival among HCV-infected liver transplant recipi-
ents. Hepatology 2002;36:202—10.

[45] Koch MA, Tucker-Heard G, Perdue NR, Killebrew JR, Urdahl KB,
Campbell DJ. The transcription factor T-bet controls regulatory
T cell homeostasis and function during type 1 inflammation.
Nat Immunol 2009;10:595—602.

[46] de Goer de Herve MG, Jaafoura S, Vallee M, Taoufik Y. FoxP3(+)
regulatory CD4 T cells control the generation of functional CD8
memory. Nature Commun 2012;3:986.

[47] KaliaV, Sarkar S, Subramaniam S, Haining WN, Smith KA, Ahmed
R. Prolonged interleukin-2Ralpha expression on virus-specific
CD8+ T cells favors terminal-effector differentiation in vivo.
Immunity 2010;32:91—-103.

[48] Wang J, loan-Facsinay A, van der Voort El, Huizinga TW, Toes
RE. Transient expression of FOXP3 in human activated nonreg-
ulatory CD4+ T cells. Eur J Immunol 2007;37:129—38.

[49] Chauhan SK, Saban DR, Lee HK, Dana R. Levels of Foxp3 in regu-
latory T cells reflect their functional status in transplantation.
J Immunol 2009;182:148—53.

[50] Yoshizawa K, Abe H, Kubo Y, Kitahara T, Aizawa R, Matsuoka M,
et al. Expansion of CD4(+)CD25(+)FoxP3(+) regulatory T cells in
hepatitis C virus-related chronic hepatitis, cirrhosis and hepa-
tocellular carcinoma. Hepatol Res 2010;40:179—87.

[51] Kimura A, Kishimoto T. IL-6: regulator of Treg/Th17 balance.
Eur J Immunol 2010;40:1830-5.


http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0165
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0165
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0165
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0165
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0165
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0165
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0165
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0165
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0165
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0165
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0165
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0165
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0165
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0165
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0165
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0165
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0165
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0170
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0170
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0170
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0170
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0170
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0170
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0170
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0170
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0170
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0170
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0170
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0170
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0170
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0175
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0175
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0175
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0175
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0175
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0175
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0175
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0175
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0175
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0175
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0175
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0175
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0175
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0175
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0175
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0175
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0175
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0175
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0175
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0175
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0175
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0175
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0175
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0175
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0175
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0175
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0175
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0175
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0175
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0175
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0175
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0175
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0175
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0175
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0175
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0175
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0175
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0175
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0180
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0180
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0180
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0180
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0180
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0180
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0180
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0180
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0180
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0180
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0180
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0180
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0180
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0180
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0180
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0180
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0180
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0180
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0180
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0180
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0180
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0180
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0180
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0180
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0180
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0180
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0180
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0180
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0180
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0180
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0180
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0180
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0180
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0180
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0180
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0180
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0180
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0180
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0185
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0185
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0185
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0185
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0185
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0185
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0185
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0185
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0185
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0185
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0185
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0185
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0185
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0185
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0185
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0185
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0185
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0185
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0185
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0185
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0185
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0185
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0185
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0185
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0185
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0185
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0185
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0185
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0185
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0185
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0190
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0190
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0190
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0190
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0190
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0190
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0190
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0190
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0190
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0190
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0190
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0190
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0190
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0190
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0190
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0190
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0190
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0190
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0190
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0190
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0190
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0190
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0190
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0190
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0190
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0190
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0190
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0190
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0190
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0190
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0190
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0190
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0190
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0190
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0190
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0190
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0190
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0190
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0190
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0190
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0190
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0190
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0190
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0195
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0200
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0200
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0200
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0200
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0200
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0200
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0200
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0200
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0200
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0200
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0200
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0200
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0200
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0200
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0200
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0200
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0200
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0200
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0200
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0200
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0200
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0200
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0200
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0200
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0200
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0200
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0200
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0200
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0200
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0200
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0200
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0200
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0200
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0200
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0200
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0200
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0200
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0200
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0200
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0200
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0200
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0200
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0200
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0200
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0200
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0205
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0205
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0205
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0205
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0205
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0205
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0205
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0205
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0205
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0205
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0205
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0205
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0205
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0205
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0205
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0205
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0205
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0205
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0205
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0205
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0205
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0205
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0205
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0205
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0205
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0205
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0205
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0205
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0205
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0205
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0205
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0205
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0205
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0205
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0205
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0205
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0205
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0205
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0205
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0205
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0210
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0210
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0210
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0210
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0210
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0210
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0210
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0210
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0210
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0210
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0210
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0210
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0210
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0210
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0210
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0210
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0210
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0210
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0210
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0210
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0210
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0210
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0210
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0210
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0215
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0215
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0215
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0215
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0215
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0215
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0215
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0215
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0215
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0215
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0215
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0215
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0215
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0215
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0215
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0215
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0215
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0215
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0215
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0215
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0215
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0215
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0215
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0215
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0215
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0215
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0215
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0215
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0215
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0215
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0215
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0215
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0215
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0220
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0220
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0220
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0220
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0220
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0220
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0220
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0220
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0220
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0220
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0220
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0220
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0220
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0220
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0220
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0220
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0220
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0220
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0220
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0220
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0220
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0220
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0220
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0220
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0220
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0220
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0220
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0220
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0220
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0220
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0220
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0220
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0220
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0220
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0220
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0220
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0220
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0220
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0220
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0220
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0220
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0225
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0225
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0225
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0225
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0225
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0225
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0225
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0225
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0225
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0225
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0225
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0225
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0225
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0225
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0225
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0225
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0225
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0225
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0225
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0225
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0225
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0225
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0225
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0225
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0225
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0225
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0225
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0225
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0225
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0225
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0225
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0225
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0225
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0225
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0225
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0225
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0225
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0230
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0230
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0230
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0230
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0230
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0230
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0230
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0230
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0230
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0230
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0230
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0230
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0230
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0230
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0230
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0230
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0230
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0230
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0230
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0230
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0230
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0230
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0230
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0230
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0230
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0230
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0230
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0230
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0230
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0230
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0235
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0235
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0235
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0235
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0235
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0235
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0235
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0235
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0235
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0235
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0235
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0235
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0235
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0235
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0235
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0235
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0235
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0235
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0235
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0235
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0235
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0235
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0235
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0235
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0235
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0235
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0235
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0235
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0235
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0235
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0235
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0240
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0240
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0240
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0240
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0240
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0240
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0240
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0240
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0240
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0240
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0240
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0240
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0240
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0240
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0240
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0240
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0240
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0240
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0240
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0240
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0240
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0240
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0240
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0240
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0240
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0240
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0240
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0240
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0240
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0240
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0240
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0240
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0240
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0240
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0240
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0245
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0245
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0245
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0245
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0245
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0245
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0245
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0245
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0245
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0245
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0245
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0245
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0245
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0245
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0245
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0245
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0245
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0245
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0245
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0245
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0245
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0245
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0245
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0245
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0245
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0245
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0245
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0250
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0250
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0250
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0250
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0250
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0250
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0250
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0250
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0250
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0250
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0250
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0250
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0250
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0250
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0250
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0250
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0250
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0250
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0250
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0250
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0250
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0250
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0250
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0250
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0250
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0250
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0250
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0250
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0250
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0250
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0250
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0250
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0250
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0250
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0250
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0250
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0250
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0250
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0250
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0250
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0250
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0250
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0255
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0255
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0255
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0255
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0255
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0255
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0255
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0255
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0255
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0255
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0255
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0255
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0255
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0255
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0255
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0255
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0255
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0255
http://refhub.elsevier.com/S2210-7401(18)30221-3/sbref0255

	Early high levels of regulatory T cells and T helper 1 may predict the progression of recurrent hepatitis C after liver tr...
	Introduction
	Patients and methods
	Patients
	Primer pairs
	RT-PCR analysis
	Light Cycler-based PCR assay
	Data interpretation and statistics

	Results
	Characteristics of the study population
	Expression of the markers studied prior to LT
	mRNA expression of Treg markers one month after LT
	mRNA Expression of Type-1 regulatory cells markers one month after LT
	mRNA expression of Th1 markers one month after LT
	mRNA expression of Th2 and Th17 markers 1 month after LT

	Discussion
	Disclosure of interest
	References


