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3 Résultats 
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3 Résultats 
Evaluation de l’ADNccc et de son activité transcriptionnelle dans la cohorte 
PEGAN : 

Evaluation de l’ADNccc et de son activité transcriptionnelle dans la cohorte de 
patients traités par la Telbivudine 
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Evaluation sur l’ADNccc et de son activité transcriptionnelle dans la cohorte de 
transplantés hepatique de l’hôpital de Beaujon   



4 Discussion  
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5 Article  











Fifty-six patients (46 males and 10 females) from the clinical trial NV-02B-015 (Novartis 

Pharmaceuticals) were prospectively enrolled for the CLDT600ACN04E1 study, an extension 

of CLDT600ACN04E study assessing the efficacy and safety in fourth to sixth year of 

Telbivudine treatment in patients with Chronic Hepatitis B (CHB) (Novartis 

Pharmaceuticals). New consent was given and the study was approved by the competent 

ethical committee.  

NV-02B-

015 and CLDT600ACN04E1 clinical trials 

NV-02B-015 

study CLDT600ACN04E1 study

snap frozen at -80°C to subsequent viral markers analysis. 

For the study of cccDNA epigenetic regulation features, 7 untreated CHB patients from an  

historical cohort were used as comparative samples. These 7 CHB patients underwent liver 

biopsy in the frame of their clinical follow-up and a fragment was preserved for research 

purpose after patient’s consent and stored at -80°C. The protocol was approved by 

institutional Ethic Committees.  

None of the patients from the clinical trial or the historical cohort presented Human 

Immunodeficiency Virus (HIV), Hepatitis C virus or Hepatitis Delta virus co-infection.  



Intrahepatic total HBV DNA, cccDNA and pgRNA quantification using qPCR method  

Quantity and integrity of the extracted DNA and RNA were assessed by 

NanoDrop™ Spectrophotometer (NanoDrop Technologies, Wilmington, DE, USA). Patients’ 

samples were run in duplicate and in two independent experiments. 

erial dilutions of an HBV monomer plasmid (pHBV-EcoR1) were used as standard for 

quantification. Beta-globin quantification was performed in parallel to assess the amount of 

HBV DNA copies/cell 17. Complementary DNA synthesis from intrahepatic RNA was 

performed using the SuperScript™ III first-Strand Synthesis SuperMix for qRT-

PCR (Invitrogen by Life Technologies©, Carlsbad, United States). 



Rolling Circle Amplification (RCA) was performed as previously described  19,20. We 

assessed the presence of intrahepatic cccDNA in qPCR negative samples using this one-step 

PCR method, specific of circular genomes in the absence of additional steps of completion 

and ligation (see Supplementary Methods for details). The presence of RCA products after 

amplification was assessed by two different methods: Southern Blot to confirm the successful 

procedure and full-length HBV genomic PCR amplification (forward primer_P1: 

TTTTTCACCTCTGCCTAATCA; reverse primer_P2: AAAAAGTTGCATGGTGCTGGTG) 

to allow cccDNA detection in samples with low HBV DNA levels 21 (Supplementary Figure 

2). 

We quantified intrahepatic total HBV DNA and cccDNA by the QX100™ Droplet Digital™ 

PCR System (Bio-Rad®) according to the manufacturer’s instructions. Before cccDNA 

quantification, total DNA was treated with Plasmid-safe DNAse (Epicentre®), to avoid 

rcDNA contamination. Briefly, the 25 μL ddPCR reaction comprised of 2X ddPCR Supermix 

for probes (no dUTP) (Bio-Rad®), 900 nM HBVcccDNA forward (5′-

CCGTGTGCACTTCGCTTCA -3′), and reverse (5′-GCACAGCTTGGAGGCTTGA -3′) 

primers, 250 nM HBV probe (5′-CATGGAGACCACCGTGAACGCCC-3′), and 5 μL of 

DNA sample. The plate were loaded with required consumables into the Automated Droplet 

Generator to partition the sample around 20, 000 droplets in 20µL. Then the PCR plate was 

amplified in the C1000 Touch™ thermal cycler (Bio-Rad®). The cycling PCR were as 

follows: an initial enzyme activation of 10 min at 95 °C, followed by 40 cycles of 

denaturation for 30s at 94 °C, annealing for 60s at 60 °C (ramping rate set to 2 °C/s), and a 

final incubation for 10 min at 98 °C, ending at 4 °C. After amplification, the plate was placed 

into the QX100 Droplet Droplet Reader (Bio-Rad®). The ddPCR data were analyzed using 

the QuantaSoft analysis software (Bio-Rad®). Positive droplets with higher fluorescent 



signals and negative droplets with lower fluorescent signals were divided by applying a 

fluorescence amplitude threshold. The absolute concentration of each sample was 

automatically reported by the ddPCR software by calculating the ratio of the positive droplets 

over the total droplets combined with Poisson distribution. To obtain the HBV DNA 

concentration per cell, we quantified beta-globin in the same sample, using the ddPCR and the 

primers described above for qPCR method. The pBR322-HBV construct was used to assess 

linearity of ddPCR quantification and to compare it to qPCR.  

Chromatin ImmunoPrecipitation (ChIP) from frozen liver biopsies 

ChIPs from liver biopsies were performed as described by Testoni et al. 22. Briefly, frozen 

biopsies were removed from the freezer and immediately added with PBS/1% formaldehyde 

and incubated 10 minutes at room temperature. Crosslinking reaction was quenched with 

0.125M glycine. After centrifugation, the cross-linked biopsy was resuspended in lysis buffer 

(50mM Tris-HCl pH 8, 10mM EDTA, 1% SDS, protease inhibitors) and homogenized with 

the help of a pestle. Supernatant was then sonicated in a Bioruptor (Diagenode) for 

2x30seconds cycles, diluted 1:10 in Ripa Buffer (10mM Tris-HCl pH 7.5, 140mM NaCl, 

1mM EDTA, 0.5mM EGTA, 1% Triton X-100, 0.1% SDS, 0.1% Na-deoxycolate, protease 

inhibitors) and incubated with Dynabeads® Protein G and 3μg of each antibody (ChIP-grade 

anti-H3K27Ac, H3K56Ac, H3K9me3, H3K27me3, Diagenode) overnight at 4°C rotating. 

After immunoprecipitation, washes and reverse crosslinking, the samples were extracted 

twice with phenol/chloroform, once with chloroform and ethanol precipitated in the presence 

of 30 g of glycogen (Sigma Aldrich). Quantitative PCR was performed using cccDNA-

specific primers and probes (see above). 

Statistical analyses 



Statistical analyses were performed using Prism 7 software (Graphpad Software® San Diego, 

CA, USA). Mann Witney U Test and Kruskal Wallis test were used to compare numerical 

data and Chi-square test was used to compare frequencies between groups, with Fischer exact 

test correction if necessary.  

  



RESULTS 

Patients’ characteristics and virological outcomes 

At the time of enrollment, all of the patients presented a chronic hepatitis status, according to 

the new nomenclature defined by the last EASL gudelines23 : 37 were HBeAg-positive and 19 

patients were HBeAg-negative and all had transaminases levels higher than ULN. The median 

age was 29 years old, HBeAg-positive patients being significantly younger than HBeAg-

negative ones. Patients were infected with HBV genotype C (n=43) or genotype B (n=13) 

(Table 1). Baseline viral load (VL) and ALT levels tended to be higher for HBeAg-positive 

patients, and the duration of telbivudine treatment was similar between the 2 groups (median 

234, 208 and 260 weeks, respectively in the entire cohort, HBeAg-positive and HBeAg-

negative group) (Table 1). Before treatment, the majority of the patients showed low 

histological scores of necroinflammatory activity and fibrosis although HBeAg-negative 

patients showed a significant higher proportion of patients with advanced fibrosis 

(Supplementary Figure 3).  

At end point, i.e. one year after enrolment in CLDT600ACN04E study and after three to five 

years of telbivudine therapy, 28 of the 37 (76%) HBeAg-positive patients had lost HBeAg and 

15 (40%) had experienced HBe seroconversion (Table 2). VL was undetectable for 26 

patients (17 HBeAg-positives and 9 HBeAg-negative), without any significant difference in 

frequency between HBeAg groups. Only two baseline HBeAg-positive patients experienced 

HBeAg loss after telbivudine therapy (Table 2). All the patients had normalization of their 

ALT levels. No differencies in BL age, VL and  ALT levels were found between patients who 

had negative VL or not at end-point (Supplementary Table 1) and patients who had HBeAg 

loss and/or seroconversion or not (Supplementary Table 2). 

Intrahepatic viral markers quantification after telbivudine treatment using the qPCR method  



Liver biopsy samples were available for all patients at end-point. Intrahepatic total HBV DNA 

(tHBV DNA), cccDNA and pgRNA were quantified using the qPCR method already 

described24 and showed in Table 2. tHBV DNA levels after telbivudine therapy were less than 

1 copy/cell in all the patients. These values are much lower than those published by our group 

using the same quantification method in a European cohort of untreated CHB patients 

(median 1.9 101, 2.3 103 and 6.3 100 copies/cell respectively in total cohort and for HBeAg-

positive and –negative patients) 24 or those recently reported by Lai et al. in an cohort of 

genotype B and C untreated CHB patients with another quantification technique (median 2.86 

10² copies/cell in total cohort) 13. Intrahepatic cccDNA level was under the limit of detection 

for 39 out of 56 (70%) patients using the qPCR method. Baseline HBeAg-positive patients 

showed a higher proportion of detectable cccDNA than HBeAg-negative ones, where only 

two patients resulted cccDNA-positive by qPCR method (Table 2). Similarly to tHBV DNA, 

pgRNA, the main viral transcript, showed low intrahepatic levels after telbivudine treatment 

(median 1.98 10-1, 2.08 10-1 and 1.98 10-1 respectively for entire cohort, HBeAg-positive and 

–negative patients (Table 2)), especially for HBeAg-positive patients when compared to 

levels reported by our group using the same technique in a European cohort of untreated CHB 

patients (median 1.62 102 for HBeAg-positive patients) 24.  

No differences for intrahepatic or intrahepatic tHBV DNA amount, cccDNA presence or 

pgRNA levels after telbivudine therapy was reported according to VL negativization, HBeAg 

loss and/or seroconversion (Supplementary Tables 1 and 2). 

Intrahepatic cccDNA detection using rolling circle amplification and droplet digital PCR 

To further investigate the presence cccDNA molecules in the liver samples with undetectable 

cccDNA by qPCR, we decide to perform two supplementary approaches: Rolling circle 

amplification (RCA) and digital droplet PCR (ddPCR). RCA was shown to be highly specific 

for complete circular forms of HBV genome and particularly adapted for the amplification of 



cccDNA in liver tissue with low levels of viral replication19. Among the 39 samples with 

undetectable cccDNA by qPCR, 29 showed a positive signal after RCA analysis (Figure 1 and 

Supplementary Figure 4).  Since the major limitation of RCA technique resides on the fact 

that it is not quantitative, we decided to use ddPCR, which has been recently shown to be 

more sensitive than qPCR in detecting HBV genome in low-level HBV infected samples25, 

26(+Mu et al, Scientific Reports 2017). In particular, we could confirm that ddPCR is 2 log 

more sensitive than qPCR both with in vitro and in vivo derived DNA samples and that the 

circular nature of cccDNA does not affect ddPCR quantification (Supplementary Figure 5). 27 

out of 34 samples with undetectable cccDNA by qPCR that were tested both in RCA and 

ddPCR resulted positive for cccDNA signal with both approaches, while only 1 sample was 

positive only by RCA and ddPCR allowed to detect cccDNA in six more patients than RCA 

(Figure 1 and Supplementary Figure 3). As a whole, intrahepatic cccDNA assessment after 

combining qPCR and ddPCR results revealed detectable cccDNA for 50 out of 51 patients 

tested (Table 1, Figure 1 and Supplementary Figure 3). cccDNA levels quantified with ddPCR 

after telbivudine treatment had a median of 4.43 10-3, 7.27 10-3 and 3.72 10-3 copies/cell in the 

entire cohort and for HBeAg-positive and –negative patients, respectively (Table 3) and were 

much lower than the amount reported in a European cohort of untreated CHB patients by our 

group using the qPCR method (median 1.8 10-1, 6.9 100 and 1 10-1 copies /cell respectively in 

the entire cohort and for HBeAg-positive and -negative patients) or in a cohort of genotype B 

and C untreated CHB patients (7.3 101 copies / cell in the entire cohort).  

Epigenetic characteristics under telbivudine treatment   

pgRNA is the major product derived from cccDNA transcriptional activity2,4. Given the low 

levels of pgRNA found in our Telbivudine-treated patients, we wondered if it could be 

justified not only by a low level of its transcriptional template, i.e. cccDNA, but also by a 

reduction of its activity. To test this hypothesis, we performed chromatin immunoprecipitation 



(ChIP) analysis on liver samples derived from 10 telbivudine-treated patients (HBeAg-

positive n=6, HBeAg-negative n=4) and compared them to 7 untreated CHB patients with 

active HBV transcription and replication (HBeAg-positive n=5, HBeAg-negative n=2) as a 

comparative group (see Supplementary Table 3 for patients’ characteristics). We assessed the 

levels of cccDNA-associated histone post-translational modifications (PTMs) associated to 

either active (H3K27Ac, H3K56Ac) or inactive (H3K9me3, H3K27me3) transcription16. As 

expected, untreated CHB patients presented a significant enrichment of positive histone PTMs 

on cccDNA (Figure 2A), while telbivudine-treated patients showed no significant enrichment 

respect to NoAb control of positive histone PTMs but an increase of histone PTMs associated 

to repressed transcriptional activity (Figure 2B). 

 

  



DISCUSSION 

Taking advantage of a cohort of CHB patients treated for 3 to 5 years with the nucleoside 

analogue Telbivudine, we studied in vivo intrahepatic viral features of treated patients, using 

method which could be pertinent for future therapeutic studies aiming to cure HBV infection. 

Intrahepatic total HBV DNA levels were low in our cohort compared to previous report from 

untreated patients 13,24. Similarly to the study of Lai et al., we found that the majority of the 

patients had undetectable levels of intrahepatic cccDNA after long course of NUCs treatment, 

when assessed with qPCR technique 13.  The intrahepatic cccDNA detection using a reliable 

method adapted to in vivo analysis and low levels of DNA is a fundamental issue to assess 

new therapeutic strategies aiming to clear the cccDNA contingent. RCA performed on 

negative qPCR samples showed the presence of cccDNA for most of the patients. We then 

used a new technique based on digital droplet PCR which showed in our study a better 

sensitivity for low levels of standard concentrations 25. The relevance of this technique has 

been reported for the study of occult HBV infection and after interferon therapy 26. ddPCR 

revealed the presence of intrahepatic cccDNA for all but one liver biopsies of telbivudine-

treated patients, despite at very low levels. The amount of cccDNA reported in this study were 

lower than those described previously in untreated chronic hepatitis B cohort 13,24, 

highlighting the relevance of ddPCR quantification when assessing the efficacy of therapeutic 

strategies targeting the cccDNA contingent. This report is also fundamental for the 

development of indirect and non-invasive markers of the intrahepatic cccDNA pool under 

treatment. The serological markers recently described correlate with intrahepatic cccDNA 

levels after short course of NUCs treatment but their interest for long term therapies 

management should be confirmed based on high sensitive cccDNA detection methods 27,28.  

Beside intrahepatic cccDNA quantification, the study of its epigenetic regulation could be 

interesting for the assessment of anti-viral treatments. We reported in this study low levels of 



pgRNA, as described in the study of Lai et al 13. This observation could be surprising since 

NUCs affect the viral polymerase and the pgRNA reverse transcription but do not impact 

pgRNA formation from cccDNA template. We could make 2 main hypotheses to explain this 

result: the decrease of pgRNA due to the drop of intrahepatic cccDNA amount or a change on 

epigenetic cccDNA regulation. We reported in this study the feasibility of ChIP and cccDNA 

epigenetic characterization on patients’ samples, even after NUCs treatment and in presence 

of low levels of viral DNA. This kind of assessment shows a growing interest in the context 

of development of new HBV cure therapeutic strategies, especially those aiming to “silence” 

cccDNA 6. Few studies have reported cccDNA epigenetic modifications in vivo and no data 

are available regarding these characteristics for treated patients 4. In vitro studies suggest an 

effect of pegylated interferon-α (PEG-IFN) on epigenetic modulations whereas no effect has 

been described for NUCs 4,16. We showed here for the first time epigenetic cccDNA features 

after long course of telbivudine treatment. Our results suggest epigenetic changes with a 

significant increase of histone methylation associated with repressive status whereas 

epigenetic changes observed in vitro after PEG-IFN treatment were related to a decrease of 

active marks 16. These results suggested the worth of epigenetic studies in therapeutic context 

to complete quantification assay even for treatments without any expected effect on cccDNA 

epigenetic regulation. 

All together, these results showed the interest of new methods to assess the efficacy of 

therapeutic strategies in the perspective of HBV cure. Intrahepatic cccDNA contingent should 

be measured using high sensitive techniques since the classical qPCR method is unable to 

detect low levels of cccDNA. This is important for the study of treatments aiming to 

virological cure (cccDNA clearance) but also for the development of indirect markers of 

cccDNA for patients under treatment. The study of cccDNA epigenetic features is feasible for 

treated patients with low levels of cccDNA and could be a surrogate marker of therapeutic 



efficacy. This assessment is especially relevant for therapeutic strategies targeting cccDNA 

“silencing” and should be performed in future clinical trials.    
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FIGURES LEGENDS 

Figure 1: cccDNA detection using RCA or ddPCR. Representative plots of 39 qPCR-

negative patients samples 

Figure 2: epigenetic marks on cccDNA 

Epigenetic cccDNA features of untreated CHB comparative group (n=7) (A) and 

Telbivudine-treated patients (n=10) (B). *p<0.05 

 

 

  



 

 

 

Total cohort 
(n=56) 

Baseline HBeAg + 
patients 

(n=37) 

Baseline HBeAg – 
patients 

(n=19) 
p value 

Age 1, 2 
(years) 

29 

(25 - 41) 

27  

(23 - 33) 

39 

(30 - 44) 
0.0004 

Viral genotype 3 

A 
B 
C 
D 
E 

- 
13 
43 
- 
- 

- 
11 
26 
- 
- 

- 
2 

17 
- 
- 

ns 

Baseline Viral load 1,2 

(IU/mL) 

1.2 x108 

(1.4x106 – 7x108) 

2.1 x108 

(2.7x107 - 1.2x109) 

2.2 x106 

(2.8x105 - 5.4x108) 
ns 

Baseline ALT level 1,2 

(IU/L) 

1.6 x102 

(9.4x101 - 2.6x102) 

1.6 x102 

(1x102 - 2.5x102) 

1.3 x102 

(6.2x101 - 3.4x102) 
ns 

Duration of telbivudine 
treatment 1,2 

(weeks) 

234 

(157 - 261) 

208 

(157 - 261) 

260 

(158 - 261) 
ns 



 

 
 

 

Total cohort 
(n=56) 

Baseline HBeAg + 
patients 

(n=37) 

Baseline HBeAg – 
patients 

(n=19) 
P value 

SE
R

U
M

 

Virological outcomes 
HBe Ag loss 

HBe seroconversion 

HBs Ag loss 

HBs seroconversion 
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- 

2 

0 

28 

15 

2 

0 

- 

- 

0 

0 

 

End point Viral load 1 

(detectable / undetectable) 
27 / 26 18 / 17 9 / 9 ns 

End point ALT level 2,3 

(IU/L) 

24 

(18 - 38) 

23 

(18 - 31) 

34 

(19 - 48) 
ns 

LI
VE

R
 

Intrahepatic total  
HBV DNA 2,3,4 

(copies / cell) 

1.49 x 10-1 

(5.23 x 10-2 – 2.61 x 10-1) 

1.76 x 10-1 

(8.9 x 10-2 – 2.76 x 10-1) 

7.7 x 10-2 

(4.4 x 10-2 – 2.43 x 10-1) 
ns 

Intrahepatic cccDNA 1,4 
Detectable / 
undetectable 

17 / 56 15 / 37 2 / 19 0.002 

Intrahepatic pgRNA 2,3,4 
Relative quantity 

1.98 x 10-1 

(6.20 x 10-2 – 6.03 x 10-1) 

2.08 x 10-1 

(8.18 x 10-2 – 6.44 x 10-1) 

1.98 x 10-1 

(5.10 x 10-2 – 5.74 x 10-1) 
ns 



 

 

 

Total cohort 
(n=49) 

Baseline HBeAg + 
patients 

(n=31) 

Baseline HBeAg – 
patients 

(n=18) 

Intrahepatic total  
HBV DNA 1 

(copies / cell) 

1.46 x 10-1 

(8.02 x 10-2 – 3.01 x 10-1) 

2.13 x 10-1 

(9.49 x 10-2 – 3.13 x 10-1) 

1.09 x 10-1 

(6.32 x 10-2 – 2.11 x 10-1) 

Intrahepatic 
cccDNA 1 

(copies / cell) 

4.43 x 10-3 

(2.37 x 10-3 – 1.62 x 10-2) 

7.27 x 10-3 

(3.00 x 10-3 – 1.95 x 10-2) 

3.72 x 10-3 

(1.59 x 10-3 – 9.17 x 10-3) 



  



SUPPLEMENTARY FIGURES LEGENDS 

Supplementary Figure 1: Summary of the study and clinical trials, baseline and end point 

Supplementary Figure 2: Workflow of RCA set-up for liver biopsies 

Supplementary Figure 3. Knodell activity and Ishak fibrosis scores at baseline for the entire 

cohort and HBeAg-positive and –negative patients 

Supplementary Figure 4: Representative chart figuring the different methods applied for 

cccDNA assessment on patients samples  

Supplementary Figure 5: Comparison of HBV plasmid quantification at different 

determined concentrations using qPCR or ddPCR techniques (A); ddPCR quantification of 

circular or linearized plasmid at different determined concentrations (B) 

  



 

 

VL under  
limit of detection 

 End Point 1 

n= 26 

Detectable VL 

 End Point 1 

n= 27 
p 

Age 2, 3 

(years) 

33 

(25 - 41) 

29 

(25 - 40) 
ns 

Baseline Viral Load 2, 3 

(IU/mL) 

1.9 x 108 

(1.2 x 106 – 5.6 x 108) 

4.3 x 107 

(1.3 x 106 – 1.3 x 109) 
ns 

Baseline ALT level 2, 3 

(IU/L) 

1.8 x 102 

(1 x 102 – 3.3 x 102) 

1.5 x 102 

(9 x 101 – 2.2 x 102) 
ns 

Baseline HBeAg4  

(+/-) 17 / 9 18 / 9 ns 

Duration of Telbivudine 

treatment 2, 3 

(weeks) 

209 

(158 - 261) 

260 

(157 - 261) 
ns 

End Point pgRNA 
relative quantity 

2 x 10-1 

(6.1 x 10-2 – 6 x 10-1) 

2.2 x 10-1 

(5.5 x 10-2 – 7.5 x 10-1) 
ns 

End Point intrahepatic 
total HBV DNA 

(copies/cell) 

1.3 x 10-1 

(5.2 x 10-2 – 2.6 x 10-1) 

1.8 x 10-1 

(5.3 x 10-2 – 2.6 x 10-1) 
ns 

End Point intrahepatic 

cccDNA 4 

Detectable / undetectable 

6 / 20 10 / 17 ns 



EP HBeAg loss 2 

n=28 

No HBeAg loss 

at EP 2 

n=9 
p3

EP HBeAg 
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28 

(25 -33) 
ns 
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29 
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(4.3 x 107 – 1 x 109) 

2.5 x 108 

(4.9 x 106 – 1.7 x 109) 
ns 
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level 
(IU)
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1.4 x 102 
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ns 
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telbivudine 

treatment 
(weeks)
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(157 – 261) 
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(157 – 260) 
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172 
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(157 – 261) 
ns 
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pgRNA 

relative quantity 

1.5 x 10-1 

( 6 x 10-2 – 4.8 x 10-1) 

5.7 x 10-1 

(1.3 x 10-1 – 1.1 x 100) 
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1.1 x 10-1 

( 3.4 x 10-2 – 5.1 x 10-1) 

3.1 x 10-1 

(8.7 x 10-2 – 6.8 x 10-1) 
ns 

End Point 

intrahepatic 
total HBV DNA 

(copies/cell) 
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( 8.6 x 10-2 – 2.5 x 10-1) 
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(1 x 10-1 – 3.1 x 10-1) 
ns 
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ns 

End Point 

intrahepatic 
cccDNA4  
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12 / 16 3 / 6 ns 6 / 9 9 / 13 ns 
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patients 
(n=10) 

Untreated CHB 

Comparative group  
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Age 1,2 

(years) 

29 

(26 - 35) 

22 

(19 - 34) 
ns 

Genotype 3 

(B / C / D) 
3 / 7 / 0 1 / 5 / 1 ns 

HBeAg 3,4  

(+/-) 
6 / 4 5 / 2 ns 

pgRNA 1,2,5 

relative quantity 

3.7 x 10-1 

(8.4 x 10-2 – 9.8 x 10-1) 

1.6 x 102 

(1.5 x 102 – 1.7 x 103) 
0.0001 

Intrahepatic total  

HBV DNA 1,2,5 
(copies/cell) 

2.6 x 10-1 

(1.1 x 10-2 – 3.4 x 10-1) 

7.1 x 101 

(3.8 x 101 – 2.3 x 102) 
0.0001 

Intrahepatic cccDNA 1, 2, 5 

(copies/cell) 

2.4 x 10-1 

(1.1 x 10-1 – 3.4 x 10-1) 

2.7 x 100 

(9.5 x 10-1 – 3.2 x 100) 
0.0001 



 

 

 



1 Objectifs  



• 

• 



2 Matériels et Méthodes  
Optimisation des conditions d’incorporation du système CRISPR/Cas 9 par des 
ribonucléoprotéines  
Assemblage des RNP :  

Transfection des RNP dans les cellules :  

Microscopie :  

T7E1 essai :  



Optimisation des conditions d’infection  

Culture cellulaire :  

Production des particules virales :  

Infection des cellules :  



Infection des cellules en suspension :  

Immunofluorescence :  

Quantification des antigènes HBe et HBs :  

Système CRISPR/Cas9 ciblant le génome du VHB  

Optimisation du système CRISPR/Cas 9 sur le plasmide VHB :  



Système CRISPR/Cas9 dans des cellules infectées par le VHB :  

Extraction ADN et ARN  

Quantification de l’ADN et l’ARN de VHB par qPCR Taqman   







3 Résultats  
Optimisation des conditions d’incorporation du système CRISPR/Cas 9 par 
l’utilisation des ribonucléoprotéines (RNP)  







 



Optimisation des conditions d’infection   

• 

• 





Système CRISPR/Cas9 ciblant le génome du VHB  









4 Discussion  







• 

• 

• 

• 

• 



 



La ddPCR : nouvelle technologie pour la quantification de l’ADNccc. 

• 

• 



Détection de l’ADNccc dans des cohortes de patients traités. 



• 

• 







• 





CRISPR/Cas9 : nouvelle stratégie pour cibler l’ADNccc : 





• 

• 



• 

• 

• 



• 
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