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KEYWORDS Abstract Liver transplantation remains the only treatment for terminal liver diseases. How-
Tolerance; ever, immunosuppressive drugs required for allograft acceptance are toxic and may be
Regulatory T cells; responsible for severe side effects. Modulating the immune system to induce tolerance is a
mTOR inhibitor; promising approach to reduce immunosuppressive regimen. More particularly, promoting nat-
Calcineurin ural CD4* CD25" FoxP3* Tregs could be crucial in achieving tolerance. Contrary to calcineurin
inhibitors; inhibitors, reports indicate that mTOR inhibitors may have a positive impact on Tregs.

Liver transplantation Here we present the first randomized prospective clinical study where Tregs levels from

liver transplanted patients receiving either tacrolimus or everolimus were monitored for 6
months, starting from the day of transplantation. A total of 30 patients from four centers were
monitored. Blood samples were obtained at day 0, day 14, one month, three months and six
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months post-transplantation. Flow-cytometry immunophenotyping of Tregs (CD4* CD25* CD127~
FoxP3*) and functional assays with Tregs were performed to assess their immunosuppressive
capacity. Levels of Tregs were significantly reduced after one month of standard tacrolimus-
based immunosuppressive regimen (p<0.05). Four months after conversion, levels of Tregs
from patients treated with everolimus was significantly higher than patients under tacrolimus
(p <0.02). Functional assays demonstrated that Tregs conserved their capacity to suppress the
proliferation of activated PBMC.

© 2020 Published by Elsevier Masson SAS.

Introduction

Immunosuppressive regimens mainly based on calcineurin
inhibitors (CNI) have drastically reduced rejection rates
after transplantantation [1,2]. However, transplanted
patients must undergo a permanent drug-induced immuno-
suppression (IS) and suffers from deleterious side effects,
such as nephrotoxicity and opportunistic infections. The
immune status of the liver is unique, being considered a
‘tolerogenic’ organ. From 5% up to 63% of liver transplant
patients are able to complete IS withdrawal without rejec-
tion of the graft [3,4]. The establishment of this ‘operational
tolerance’ is one of the main focuses of research in trans-
plantation. The operational tolerance may be defined as
having a stable function of the graft one year after com-
plete discontinuation of immunosuppression drug regimen,
while maintaining a functional immune system [5]. Contrary
to the process of ‘true’ tolerance which consists in the clonal
deletion of autoreactive immune cells, it is believed that the
operational tolerance is an active inhibitory process medi-
ated by immunosuppressive cells, such as regulatory T cells.

Regulatory T cells (Tregs) are CD4* T lymphocytes
expressing a high level of the interleukin-2 (IL2) receptor
(CD25) as well as the transcription factor FoxP3. They are
also characterized by a low expression of the IL7 receptor
(CD127). Tregs are able to efficiently suppress the immuno-
logical response through multiple mechanisms such as direct
cytotoxicity and the secretion of the immunosuppressive
cytokines IL-10 and active TGF-B. As such, Tregs have been
described as promoters of graft tolerance. Preserving them
as well as promoting their development might be crucial
to achieve operational tolerance [6]. Multiple reports have
shown that immunosuppressive drugs may influence Treg lev-
els in transplanted patients [7—9]. Calcineurin inhibitors
(CNI) such as tacrolimus (TAC) have mostly a deleteri-
ous effect on Tregs, while rapamycin analogues such as
everolimus seem to preserve them. This disparate effect
may be linked to the mechanism of action of the drugs on
the IL-2 pathway, which is critical for the survival of Tregs.
Indeed, mTOR inhibitors act downstream of the IL-2 pathway
and do not prevent its production whereas CNI act upstream
and prevent it.

The SIMCER study was a prospective, multicenter ran-
domised clinical study aiming to compare a tacrolimus-based
IS regimen to an everolimus-based regimen on multiple
aspects, with an emphasis on nephrotoxicity [10,11]. The

protocol included an ancillary study focusing on the evolu-
tion of Treg levels for 30 patients up to six months after liver
transplantation. We present here the results of this ancillary
study, which to our knowledge is the first to demonstrate the
positive effect of everolimus on Tregs using a simultaneous
randomised control group of patients who remained treated
with tacrolimus in liver transplant patients.

Material and methods

Patients and clinical protocol

The SIMCER study was a 6-months, prospective, multicen-
ter, randomized, open-label study in de novo liver transplant
patients from 15 transplant centers in France between 2012
and 2015 (ClinicalTrials.gov identifier NCT01625377). The
study protocol was approved by the French Health Products
Safety Agency (Afssaps/ANSM) and the relevant institutional
review board. Written informed consent was obtained from
all participants. Blood samples from a total of 30 patients
from four centers were analysed. Samples were obtained
at day 0, day 14, 1 month, 3 months and 6 months post-
transplantation. Immunosuppressive regimens were given as
follows. Basiliximab induction (20mg) at days 0 and day
4. Between transplantation and randomization at week 4,
the patients received tacrolimus targeting a trough level of
6—10ng/mL and mycophenolate mofetil at a minimal dose
of 360mg twice daily. At the moment of randomization,
patients in the everolimus group received 1 mg of everolimus
twice daily adjusted to target a trough level of 6—10ng/mL
and their tacrolimus dose was progressively reduced until
discontinuation during the 12th week post-transplantation.
Patients randomized in the tacrolimus group remained under
the same IS regimen. The levels of circulating Tregs of
patients were compared to the levels of circulating Tregs
in healthy donors (HD) from buffy coats. These buffy coats
were obtained according to the approval by the Ethics Com-
mittee (CPP) for Ile de France lII.

Regulatory T cells immunophenotyping

Fresh PBMC from patients (EDTA tubes) were isolated from
whole blood using Ficoll gradient centrifugation. The abso-
lute number of cells (cells/L) were calculated as [number of
cells/mL of sampled blood*1000]. Cells were stained with
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anti-CD4, anti-CD25 and anti-CD127 (Miltenyi Biotech) for
30min at 4°C. After washing, cells were fixed and perme-
abilized using BD Cytofix/Cytoperm (BD Biosciences) then
stained with anti-FoxP3 (eBiosciences) for 1h at 4°C. Flow
cytometry data was acquired with Gallios Flow Cytometer
(Beckman Coulter) and results were analysed using Kaluza
software (Beckman Coulter). Tregs were defined as CD4*
CD25* CD127-"'** FoxP3* lymphocytes and expressed as per-
centages of CD4* lymphocytes (Supplementary Figure).

Regulatory T cells functional assay

Tregs from patients (CD4* CD25* T cells) were isolated
from PBMC using magnetic microbeads (Miltenyi Biotech)
when the volume of sampled blood was superior or equal
to 1mL. PBMC were co-cultured with Tregs in 96-wells
microplates using 10° cells and 0,5 x 10° cells respectively
(ratio 2:1). PBMC were activated using anti-CD3 (1 ug/mL)
and anti-CD28 (0.1 ng/mL) antibodies (eBiosciences). Cells
were cultured for 48h in DMEM supplemented with 10%
fetal bovine serum and H3 radioactive thymidine was added
during the last 18 h to measure the proliferation. Wells con-
taining PBMC only, activated PBMC only and Tregs only were
used as controls. Results are expressed as inhibition percent-
ages compared to wells containing activated PBMC only.

Statistical analysis

Statistical analysis was performed using Prism 5 software
for Mac OS X. Unpaired t-tests with Welch’s correction were
performed with p-value <0.05 considered as significant. For
correlations, Spearman’s rank correlation coefficient was
calculated and tested with a t-test. P-value are noted (*)
for p<0.05 and (**) p<0.01.

Results

Characteristics of the patients

Among the 30 patients included in this ancillary study, 21
patients were transplanted for alcoholic related liver dis-
ease, with 11 patients in the TAC group (73,3% of the patients
in the group) and 10 patients in the EVR group (66,6% of
the patients in the group). Six patients were transplanted
for HCV-related cirrhosis with 2 HCV* patients in the TAC
group and 4 HCV* patients in the EVR group. Two of the
HCV-positive patients had a negative PCR result at the time
of transplantation. The mean MELD score was 20.1 for the
total cohort with a repartition not significantly different
in both cohorts. There was no significant correlation in
our cohort between MELD score and Treg levels (data not
shown, RZ2=0.079). Overall, the baseline characteristics of
the patients were not significantly different (Table 1). Indi-
vidual characteristics are presented in Supplementary Table
1.
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Fig. 1  (A) Treg levels of patients at day 0 (DO, baseline), day
14 (D14) and one month (M1) after transplantation. Treg lev-
els of healthy donors (HD) are shown. Tregs are expressed as
percentage of CD4* lymphocytes. (B) Tregs absolute counts of
patients at baseline, D14 and M1, expressed as cells per liter of
blood.

Regulatory T cells levels before conversion to
everolimus

First, the circulating Treg levels of the patients were eval-
uated at baseline, expressed as percentage (%) of CD4*
lymphocytes. All analyses were done on fresh samples. While
30 patients were included in the study, samples of all the
patients were not available at each time points. Thus, the
results presented here are pooled. The baseline Treg levels
of the patients were measured the day of the liver trans-
plantation in 17 out of 30 patients (D0). The mean baseline
level at day 0 was 2.70% with a standard deviation of 2.4%
(Fig. 1A). We observed a high variability in the patients,
probably resulting from their diverse pathologies and their
severity at the time of transplantation (Table 1 and Supple-
mentary Table 1) [12]. Two patients were transplanted for
ductal plate malformations and interestingly had higher Treg
levels than cirrhotic patients (mean 6.52% + 1.7). However,
the difference between Tregs levels of HD and patients at DO
was not statistically significant. During the first month after
transplantation, all patients received the same immuno-
suppressive (IS) regimen based on tacrolimus (see Section
‘‘Material and methods’’). The Treg levels of all patients
were reduced significantly at D14 compared to DO (mean
level of 0.99%, p<0.01 vs. HD; p <0.05 vs. baseline) and fur-
ther reduced one month (M1) after transplantation (mean
level of 0.80%, p<0.001; p<0.01 vs. baseline). Tregs abso-
lute numbers were also calculated (Fig. 1B). Although the
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Table 1

Patient’s baseline data.

Tacrolimus (n=15)

Age (Years, Mean £ SD) 52.07 £9.63
Gender (Male (%) 14 (93)

HCV + (%) 2 (13.33)
Mean MELD score 19.93+£9.7
Alcoholic cirrhosis (%) 11 (73.3)
HCC (%) 5 (33,33)

Patient’s baseline data.

mean level of Tregs per litre of blood tended to decrease
during the first month of tacrolimus based IS regimen, no
significant differences could be observed at this step.

Regulatory T cells levels after conversion to
everolimus

One month after the transplantation, all patients were ran-
domized into two groups: the first group remained treated
with a tacrolimus-based IS regimen (TAC) while the sec-
ond group switched progressively to an everolimus-based IS
regimen [13]. Treg levels of patients from the TAC group
remained statistically lower than both the baseline Treg
level and HD Treg level three months (M3) after the trans-
plantation (p <0.05 and p <0.01 respectively) (Fig. 2A). This
was confirmed six months (Mé) after the transplantation.
Treg levels of patients from the EVR group were significan-
tly higher than Treg levels of the TAC group at M3, with a
mean of 3.98% vs. 1.19% respectively (p <0.05). This signifi-
cant difference was confirmed at M6 with a mean Tregs level
of 3.62% for the EVR group and a mean Treg level of 1.02%
for the TAC group (p <0.05). Treg levels of patients from the
EVR group were similar to HD Tregs levels (mean of 3.77%).
Finally, the absolute Treg counts of patients in the EVR
group was statistically higher to the Tregs absolute count
of patients in the TAC group at Mé (mean of 14,118 x 103
cells/L vs. mean of 5170 x 10° cells/L respectively; p < 0.05)
(Fig. 2B).

Regulatory T cells levels in HCV* patients

Six patients were transplanted for HCV-related cirrhosis.
Two of them had a negative HCV-PCR at the time of trans-
plantation.

When considering Treg levels of the HCV* patients at M3
compared to the non-HCV patients, we observed a significant
difference in the percentage in favour of the HCV* patients
(5.698% +2.52 vs. 1.59% +0.36; p=0.01) but this difference
was not maintained at Mé.

Interestingly, there was no difference in HCV* patients
at M3 and M6 compared to HD while there was a significant
reduction of Tregs levels in non-HCV patients compared to
HD at both time points (p=0.0025 and 0.0118 respectively)
(Fig. 3).
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Fig. 2 (A) Tregs levels of patients three months (M3) and six
months (M6) after transplantation. TAC group includes patients
who remained treated with tacrolimus, EVR group includes
patients who were switched from tacrolimus to everolimus at
one month post-transplantation. Tregs are expressed as per-
centage of CD4* lymphocytes. (B) Tregs absolute counts of
patients at M3 and M6 from TAC and EVR groups, expressed as
cells per liter of blood.

Influence of the serum concentration of the IS
drugs on Tregs levels

The multicenter characteristic of this study resulted in
conversion dynamics of the patients from tacrolimus to
everolimus that were not exactly the same in all medi-
cal centers involved. As a result, not all patients in the
EVR group at the time point M3 were cleared of tacrolimus
and had received the same dose of everolimus. A sub-
group of patients from one centre had higher blood level
of tacrolimus and/or a lower blood level of everolimus than
other EVR patients (Fig. 4). Those patients had the lowest
level of Tregs of the EVR group at M3. However, the coef-
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Fig. 3 Tregs levels of patients at three months (M3) and six
months (M6) after transplantation depending on their HCV anti-
body status (HCV* vs. HCV™). Treg levels of healthy donors (HD)
are shown. Tregs are expressed as percentage of CD4* lympho-
cytes.
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Fig. 4 Treg levels (% of CD4" T cells) of patients from the EVR
group at M3. Levels are plotted according to the blood dosage of
everolimus and tacrolimus at M3. The size of the plot indicates
the level of Treg, larger size meaning higher level.

ficient of correlation between tacrolimus concentration in
the EVR group at M3 and the percentage of Tregs was not
statistically significant (r=—0.5230, p=0.1475).

Functional characteristics of Tregs isolated from
patients

In parallel of monitoring the quantity of circulating Tregs
in the patients, we monitored their ‘‘quality’’ using a
functional assay. Tregs were isolated from patient blood
when enough material was available (n=14 at DO, n=7
at D14, n=8 at M3 and n=9 at M6) and the results were
pooled per group. An autologous proliferation assay was
performed using TCR-activated total PBMCs from patients
at a PBMC:Tregs ratio of 2:1 (Fig. 5). Overall, no signif-
icant differences could be established indicating that the
immunosuppressive treatments did not affect the functions
of the circulating Tregs.

Fig. 5 Tregs functional assay. CD4* CD25* cells were isolated
from the blood of patients using magnetic beads. Tregs were
co-cultured with autologous total PBMC activated with anti-CD3
and anti-CD28 antibodies at a ratio 1:2 respectively. Prolifera-
tion index was determined by measuring the incorporation of
radioactive thymidine. Results are expressed as inhibition per-
centages of the proliferation of PBMC cultured without Tregs.

Discussion

Here we describe an ancillary study of a prospective, ran-
domized and multicenter study comparing Treg levels of two
liver transplant patient groups receiving concurrently either
a TAC-based IS regimen or an EVR-based IS regimen. While
several clinical studies have shown that mTOR inhibitors
favour the increase of Tregs in patients converted from cal-
cineurin inhibitors, a ‘natural’ recovery of Tregs could not
be excluded [14—16]. This study demonstrates that patients
under TAC treatment display a low level of Tregs even six
months after the transplantation. Conversely, patients who
were converted to an EVR treatment one month after trans-
plantation recover a level of Tregs similar to the Tregs level
of healthy donors. While most of the studies on EVR after
liver transplantation have focused on HCC recurrence, other
have shown a positive impact of mTOR inhibitors on Tregs
[2,17—19].

Interestingly, our study suggests that two other factors
might directly influence Tregs levels in liver transplanted
patients. Firstly, the hepatis C virus (HCV) infection status is
a cause of higher Tregs levels. In the EVR subgroup, patients
infected with HCV had a higher level of Tregs than unin-
fected patients, one of them displaying the highest level
of Tregs of the whole study, with 12.78% of CD4* T cells
at M3. Indeed, HCV infection is known to rapidly reinfect
the graft after transplantation and to increase Tregs lev-
els, potentially favouring graft acceptance [19—21]. An HCV
eradication effect was possibly observed as the difference in
Tregs levels was not significant at M6 between non-HCV and
HCV* patients. However, when comparing Tregs levels in the
EVR group and the TAC group without the HCV* patients,
the difference at M3 and Mé remained significantly differ-
ent. Nevertheless, these conclusions should be taken with
caution due to the low number of HCV* patients in this
cohort.

Secondly, the drug dose might directly influence circu-
lating Tregs levels [22]. Drug doses are constantly being
adjusted in recently transplanted patients and thus one sam-
ple at one given time point might not reflect the overall
quantity of the drug received. Additionally, the fact that this
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study was multicenter resulted in slightly different dosage
adjustments during the TAC to EVR conversion. However,
we could not demonstrate a global quantitative correlation
between drug doses and Tregs levels in this study.

One limit of our study is that we only had access to cir-
culating Tregs and not intrahepatic Tregs. While comparing
both levels of Tregs would be interesting, it is known that
in steady state circulating Treg levels are representatives of
intrahepatic levels after liver transplantation outside of a
situation of acute rejection, in which circulating Treg lev-
els are lower as Tregs are homed to the liver graft [23—25].
Only one patient in the EVR group experienced one episode
of acute rejection at M6 and had a lower percentage of
circulating Tregs compared to M3 (1.8% vs. 3.7%).

Other limitations of our results were the limited sam-
ple size as well as the unavailability of samples at certain
time points for certain patients. However, this study clearly
suggests that EVR-based IS helps to increase Tregs levels
compared to TAC based IS. Together with the recent encour-
aging clinical results obtained, these results makes EVR an
interesting alternative to the calcineurin-inhibitor based IS
to potentially improve the long-term quality of life of trans-
planted patients.

In our study population, during the six months of follow-
up, we did not observe any dropout and the side effects
were not significantly different between the two groups.

While the positive effect of mTOR inhibitors on circu-
lating Tregs levels is largely accepted, future studies should
involve longer term analysis to determine if expanding circu-
lating and intrahepatic Tregs can lead to graft tolerance and
become a tool to predict better immunological outcome.

Conflict of interest

Faouzi Saliba has received speaker’s honoraria and/or
research grants from Roche, Novartis, Astellas, Gilead,
Merck Sharp & Dohme, Gambro, Baxter and Vital Thera-
pies. Christophe Duvoux has received speaker’s honoraria
and/or research grants from Novartis, Astellas, and Chiesi.
Francois Durand received research grants, speaker’s fees or
consultant fees from Novartis, Astellas, Gilead and BMS.

The other authors have no conflicts of interest to dis-
close.

Funding sources

With grateful thanks to the SIMCER study investigators and
to Novartis Pharma SAS, Rueil-Malmaison, France for the
funding of the SIMCER study.

Acknowledgements

Thanks to Annie Munier (Sorbonne University, Inserm, Mixed
Unit of Production and Data Analysis Service in Life Sciences
and Health-UMS37, F-75005, Paris, France) core facility for
flow cytometry (CISA), of the Saint-Antoine Research Center
(INSERM UMR_S938).

Appendix A. Supplementary data

Supplementary material related to this article can be found,
in the online version, at doi:https://doi.org/10.1016/j.
clinre.2020.10.004.

References

[1] Calne RY, Thiru S, McMaster P, Craddock GN, White DJG, Evans
DB, et al. Cyclosporin A in patients receiving renal allografts
from cadaver donors. Lancet 1978;312(8104):1323—7.

[2] Roat E, De Biasi S, Bertoncelli L, Rompianesi G, Nasi M,
Gibellini L, et al. Immunological advantages of everolimus
versus cyclosporin A in liver-transplanted recipients, as
revealed by polychromatic flow cytometry. Cytometry A
2012;81(4):303—11.

[3] Levitsky J. Does the liver provide immunosuppressive advan-
tage? Clin Liver Dis (Hoboken) 2019;13(6):180—3.

[4] Levitsky J, Feng S. Tolerance in clinical liver transplantation.
Hum Immunol 2018;79(5):283—7.

[5] Liu X-Q, Hu Z-Q, Pei Y-F, Tao R. Clinical operational tolerance in
liver transplantation: state-of-the-art perspective and future
prospects. Hepatobiliary Pancreat Dis Int 2013;12(1):12—33.

[6] 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(1):18—32.

Levitsky J, Mathew JM, Abecassis M, Tambur A, Leventhal J,

Chandrasekaran D, et al. Systemic immunoregulatory and pro-

teogenomic effects of tacrolimus to sirolimus conversion in

liver transplant recipients. Hepatology 2013;57(1):239—48.

[8] Lim DG, Koo SK, Park YH, Kim Y, Kim HM, Park CS, et al.
Impact of immunosuppressants on the therapeutic efficacy of
in vitro-expanded CD4+CD25+Foxp3+ regulatory T cells in allo-
transplantation. Transplantation 2010;89(8):928—36.

[9] Wu T, Zhang L, Xu K, Sun C, Lei T, Peng J, et al. Immuno-
suppressive drugs on inducing Ag-specific CD4+CD25+Foxp3+
Treg cells during immune response in vivo. Transpl Immunol
2012;27(1):30-8.

[10] Saliba F, Duvoux C, Gugenheim J, Kamar N, Dharancy S, Salamé
E, et al. Efficacy and safety of everolimus and mycophenolic
acid with early tacrolimus withdrawal after liver transplan-
tation: a multicenter randomized trial. Am J Transplant
2017;17(7):1843—-52.

[11] Saliba F, Duvoux C, Dharancy S, Dumortier J, Calmus Y, Gugen-
heim J, et al. Early switch from tacrolimus to everolimus
after liver transplantation: outcomes at 2 years. Liver Transpl
2019;25(12):1822—-32.

[12] FerriS, Lalanne C, Lanzoni G, Bassi M, Asioli S, Cipriano V, et al.
Redistribution of regulatory T-cells across the evolving stages
of chronic hepatitis C. Dig Liver Dis 2011;43(10):807—13.

[13] Raimondo G, Locarnini S, Pollicino T, Levrero M, Zoulim F,
Lok AS, et al. Update of the statements on biology and clin-
ical impact of occult hepatitis B virus infection. J Hepatol
2019;71(2):397—408.

[14] 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(12):7860—7.

[15] Traitanon O, Mathew JM, Shetty A, Bontha SV, Maluf DG,
El Kassis Y, et al. Mechanistic analyses in kidney trans-
plant recipients prospectively randomized to two steroid free
regimen-low dose tacrolimus with everolimus versus stan-

7

—

https://doi.org/10.1016/j.clinre.2020.10.004

Please cite this article in press as: Barjon C, et al. Influence of everolimus-based treatment on circulating regulatory T
cells after liver transplantation: Comparative study with tacrolimus-based therapy. Clin Res Hepatol Gastroenterol (2020),



https://doi.org/10.1016/j.clinre.2020.10.004
https://doi.org/10.1016/j.clinre.2020.10.004
https://doi.org/10.1016/j.clinre.2020.10.004
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0005
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0005
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0005
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0005
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0005
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0005
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0005
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0005
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0005
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0005
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0005
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0005
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0005
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0005
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0005
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0005
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0005
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0005
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0005
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0005
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0005
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0005
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0005
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0005
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0005
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0005
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0005
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0005
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0005
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0005
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0005
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0010
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0010
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0010
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0010
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0010
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0010
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0010
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0010
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0010
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0010
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0010
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0010
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0010
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0010
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0010
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0010
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0010
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0010
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0010
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0010
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0010
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0010
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0010
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0010
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0010
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0010
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0010
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0010
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0010
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0010
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0010
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0010
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0010
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0010
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0010
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0010
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0010
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0010
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0010
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0010
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0010
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0015
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0015
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0015
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0015
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0015
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0015
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0015
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0015
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0015
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0015
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0015
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0015
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0015
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0015
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0015
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0015
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0020
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0020
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0020
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0020
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0020
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0020
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0020
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0020
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0020
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0020
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0020
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0020
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0020
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0020
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0020
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0025
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0025
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0025
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0025
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0025
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0025
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0025
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0025
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0025
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0025
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0025
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0025
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0025
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0025
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0025
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0025
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0025
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0025
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0025
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0025
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0025
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0025
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0025
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0025
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0025
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0025
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0025
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0025
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0025
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0025
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0025
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0025
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0025
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0025
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0025
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0025
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0025
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0025
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0025
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0025
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0025
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0025
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0030
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0030
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0030
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0030
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0030
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0030
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0030
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0030
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0030
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0030
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0030
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0030
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0030
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0030
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0030
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0030
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0030
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0030
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0030
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0030
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0030
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0030
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0030
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0030
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0030
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0030
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0030
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0030
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0030
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0030
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0030
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0030
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0030
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0030
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0030
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0030
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0030
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0030
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0030
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0030
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0030
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0030
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0030
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0030
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0030
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0035
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0035
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0035
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0035
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0035
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0035
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0035
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0035
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0035
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0035
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0035
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0035
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0035
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0035
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0035
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0035
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0035
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0035
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0035
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0035
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0035
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0035
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0035
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0035
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0035
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0035
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0035
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0035
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0035
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0035
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0035
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0035
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0035
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0035
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0040
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0040
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0040
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0040
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0040
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0040
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0040
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0040
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0040
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0040
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0040
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0040
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0040
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0040
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0040
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0040
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0040
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0040
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0040
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0040
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0040
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0040
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0040
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0040
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0040
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0040
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0040
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0040
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0040
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0040
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0040
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0040
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0040
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0040
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0040
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0040
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0040
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0040
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0040
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0040
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0040
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0040
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0040
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0040
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0045
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0045
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0045
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0045
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0045
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0045
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0045
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0045
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0045
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0045
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0045
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0045
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0045
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0045
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0045
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0045
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0045
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0045
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0045
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0045
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0045
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0045
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0045
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0045
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0045
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0045
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0045
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0045
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0045
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0045
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0045
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0045
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0045
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0045
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0045
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0045
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0045
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0045
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0045
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0045
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0045
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0050
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0050
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0050
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0050
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0050
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0050
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0050
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0050
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0050
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0050
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0050
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0050
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0050
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0050
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0050
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0050
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0050
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0050
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0050
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0050
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0050
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0050
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0050
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0050
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0050
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0050
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0050
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0050
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0050
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0050
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0050
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0050
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0050
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0050
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0050
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0050
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0050
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0050
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0050
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0050
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0050
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0050
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0055
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0055
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0055
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0055
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0055
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0055
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0055
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0055
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0055
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0055
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0055
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0055
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0055
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0055
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0055
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0055
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0055
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0055
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0055
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0055
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0055
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0055
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0055
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0055
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0055
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0055
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0055
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0055
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0055
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0055
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0055
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0055
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0055
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0055
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0055
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0055
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0060
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0060
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0060
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0060
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0060
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0060
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0060
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0060
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0060
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0060
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0060
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0060
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0060
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0060
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0060
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0060
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0060
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0060
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0060
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0060
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0060
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0060
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0060
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0060
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0060
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0060
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0060
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0060
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0060
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0060
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0060
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0060
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0060
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0060
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0060
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0060
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0065
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0065
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0065
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0065
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0065
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0065
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0065
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0065
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0065
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0065
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0065
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0065
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0065
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0065
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0065
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0065
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0065
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0065
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0065
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0065
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0065
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0065
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0065
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0065
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0065
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0065
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0065
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0065
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0065
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0065
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0065
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0065
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0065
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0065
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0065
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0065
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0065
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0065
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0070
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075

+Model

CLINRE-1559; No. of Pages7

Everolimus treatment influences positively regulatory T-cells after liver transplantation

7

dard dose tacrolimus with mycophenolate mofetil. PLoS one
2019;14(5), e0216300-e.

[16] Levitsky J, Burrell BE, Kanaparthi S, Turka LA, Kurian S,
Sanchez-Fueyo A, et al. Immunosuppression withdrawal in liver
transplant recipients on sirolimus. Hepatology 2019;n/a(n/a).

[17] Werner JM, Hornung M, Krah R, Gotz M, Schnitzbauer AA,
Schlitt HJ, et al. HCC recurrence in HCV-infected patients after
liver transplantation: SiLVER study reveals benefits of sirolimus
in combination with CNIs — a post-hoc analysis. Transpl Int
2020:917—24.

[18] Geissler EK, Schnitzbauer AA, Ziilke C, Lamby PE, Proneth A,
Duvoux C, et al. Sirolimus use in liver transplant recipients
with hepatocellular carcinoma: a randomized, multicenter,
open-label phase 3 trial. Transplantation 2016;100(1):116—25.

[19] 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
Hepatol Gastroenterol 2018;42(3):237—44.

[20] Bolacchi F, Sinistro A, Ciaprini C, Demin F, Capozzi M, Carducci
FC, et al. Increased hepatitis C virus (HCV)-specific CD4+CD25+
regulatory T lymphocytes and reduced HCV-specific CD4+ T
cell response in HCV-infected patients with normal versus

abnormal alanine aminotransferase levels. Clin Exp Immunol
2006;144(2):188—96.

[21] 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(9):2102—12.

[22] San Segundo D, Fabrega E, Lopez-Hoyos M, Pons F. Reduced
numbers of blood natural regulatory t cells in stable liver
transplant recipients with high levels of calcineurin inhibitors.
Transplant Proc 2007;39(7):2290—-2.

[23] Demirkiran A, Kok A, Kwekkeboom J, Kusters JG, Metselaar
HJ, Tilanus HW, et al. Low circulating regulatory T-cell lev-
els after acute rejection in liver transplantation. Liver Transpl
2006;12(2):277—84.

[24] He Q, Fan H, Li JQ, Qi HZ. Decreased circulating
CD4+CD25highFoxp3+ t cells during acute rejection in liver
transplant patients. Transplant Proc 2011;43(5):1696—700.

[25] Stenard F, Nguyen C, Cox K, Kambham N, Umetsu DT, Krams
SM, et al. Decreases in circulating CD4+CD25hiFOXP3+ cells and
increases in intragraft FOXP3+ cells accompany allograft rejec-
tion in pediatric liver allograft recipients. Pediatr Transplant
2009;13(1):70—80.

https://doi.org/10.1016/j.clinre.2020.10.004

Please cite this article in press as: Barjon C, et al. Influence of everolimus-based treatment on circulating regulatory T
cells after liver transplantation: Comparative study with tacrolimus-based therapy. Clin Res Hepatol Gastroenterol (2020),



https://doi.org/10.1016/j.clinre.2020.10.004
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0075
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0080
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0080
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0080
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0080
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0080
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0080
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0080
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0080
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0080
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0080
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0080
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0080
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0080
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0080
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0080
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0080
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0080
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0080
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0080
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0080
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0080
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0080
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0080
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0080
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0080
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0080
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0080
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0080
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0085
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0090
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0090
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0090
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0090
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0090
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0090
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0090
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0090
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0090
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0090
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0090
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0090
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0090
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0090
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0090
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0090
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0090
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0090
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0090
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0090
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0090
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0090
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0090
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0090
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0090
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0090
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0090
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0090
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0090
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0090
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0090
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0090
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0090
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0090
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0090
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0090
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0090
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0090
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0090
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0095
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0100
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0105
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0105
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0105
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0105
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0105
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0105
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0105
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0105
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0105
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0105
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0105
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0105
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0105
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0105
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0105
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0105
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0105
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0105
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0105
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0105
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0105
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0105
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0105
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0105
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0105
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0105
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0105
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0105
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0105
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0105
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0105
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0105
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0105
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0105
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0105
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0105
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0105
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0105
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0105
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0105
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0110
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0110
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0110
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0110
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0110
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0110
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0110
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0110
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0110
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0110
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0110
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0110
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0110
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0110
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0110
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0110
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0110
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0110
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0110
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0110
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0110
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0110
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0110
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0110
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0110
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0110
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0110
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0110
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0110
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0110
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0110
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0110
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0110
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0110
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0110
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0110
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0110
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0110
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0110
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0110
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0115
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0115
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0115
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0115
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0115
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0115
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0115
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0115
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0115
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0115
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0115
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0115
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0115
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0115
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0115
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0115
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0115
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0115
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0115
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0115
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0115
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0115
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0115
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0115
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0115
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0115
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0115
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0115
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0115
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0115
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0115
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0115
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0115
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0115
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0115
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0115
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0115
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0115
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0115
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0120
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0120
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0120
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0120
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0120
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0120
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0120
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0120
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0120
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0120
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0120
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0120
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0120
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0120
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0120
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0120
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0120
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0120
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0120
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0120
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0120
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0120
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0120
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0120
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0120
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0120
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0120
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0125
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0125
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0125
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0125
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0125
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0125
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0125
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0125
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0125
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0125
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0125
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0125
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0125
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0125
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0125
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0125
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0125
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0125
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0125
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0125
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0125
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0125
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0125
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0125
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0125
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0125
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0125
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0125
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0125
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0125
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0125
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0125
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0125
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0125
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0125
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0125
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0125
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0125
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0125
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0125
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0125
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0125
http://refhub.elsevier.com/S2210-7401(20)30300-4/sbref0125

	Influence of everolimus-based treatment on circulating regulatory T cells after liver transplantation: Comparative study w...
	Introduction
	Material and methods
	Patients and clinical protocol
	Regulatory T cells immunophenotyping
	Regulatory T cells functional assay
	Statistical analysis

	Results
	Characteristics of the patients
	Regulatory T cells levels before conversion to everolimus
	Regulatory T cells levels after conversion to everolimus
	Regulatory T cells levels in HCV+ patients
	Influence of the serum concentration of the IS drugs on Tregs levels
	Functional characteristics of Tregs isolated from patients

	Discussion
	Conflict of interest
	Funding sources
	Acknowledgements
	Appendix A Supplementary data
	References


