Generation of a molecular standard for circulating HBV RNA

detection and quantification assays in CHB patients
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[ Background }

The quantification of serum HBV RNA (mostly, but not exclusively, 3.5 kb RNAs) is increasingly recognized
as a biomarker to evaluate HBV treatments activity and predict patient outcomes. In untreated patients,
serum HBV RNA reflects cccDNA transcriptional activity. In addition to several homemade assays, 2 PCR-
based research use only (RUO) investigational assays (I1A) have been developed (Butler et al., 2018; Liu et
al., 2019; Scholtes et al., 2022). The WHO HBV-DNA standard or a synthetic armored RNA (arRNA) have
been used for calibration. Here, we have generated a stable clonal cell line producing large quantities of
secreted viral RNAs amenable to be used as an RNA standard to calibrate PCR-based circulating HBV RNA
guantification assays.
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[ Generation of a stable clonal cell line secreting high quantities of HBV RNAs }

HepG2- and HuH7-derived clonal cell lines transduced with HBV genomes carrying mutations in the Pol catalytic site (YMAA), the Pol TP-domain (Y63F), the pgRNA &-
loop (mutation A1G) that are expected to strongly reduce / abolish HBV rc-DNA synthesis have been generated. The clonal cell line Huh7-3D29, carrying a double
YMAA/Y63F mutation, displayed the desired RNA secretory phenotype (e.g., inversion of the secreted HBV DNA/RNA ratio). Although a slight reduction of HBV RNA
secretion has been observed, after several freeze-thawing and amplification cycles Huh7-3D29 cells maintained their RNA secretory phenotype with a high RNA/DNA
ratio in cell supernatants and minimal residual DNA (~5 log,,).

1 cycle of Freezing/thawing

1 cycle of Freezing/thawing ith 3-4
with 3-4 passages

with 3 passages

>
>
6x107- 6x107- B HBV DNA
6x107- W 3.5kb HBY ENA
L, 4x107- 2 4x107+ L, 4x107-
E
— 25{10?:_ e -— 23“510?:_ . £ 7
< 1.4x107] < 1.4x107: < a0 —
Fil Fil .
- 1+2H1U b b 1+23“'~'1U h Z 12){10?_
3 1%x107+ g 1x107- s '1}(10?_
@ 8x1051 o 8x10°%; E 8106
2 6x108- 2 6x10°; a ﬁ""mﬁ_
O  4x10°- O 4x10°. S 410"
2x10°¢1 2x10° 24106 .
ﬂ- T ﬂ'
0- .
WT18 p8 5D21 3D29 3D35 WT18 p11 5D21 3D29 3D35 WT18 p14 5091 D29 3035
A1G YMAA YMAA A1G YMAA YMAA
A1G YMAA YMAA
+ + + + + + . . .
vﬁ.;.: F Y6 eé F Y6 eé F Yﬁ130F Yﬁ131F Yﬁ131F VE3F - -
P P P P P P p13 p14 p15

BN

\ c X
The majority of Huh7-3D29 secreted Huh7-3D29 secreted HBV
HBV RNAs are found in naked RNAs are strongly enriched
capsids, and virion-like particles inpgRNA and HBxRNAs
K / Characterization of the RNA species secreted by the Huh7-WT18
WT18 2079 and mutant Huh7-3D29 clone has been performed by single
molecule long reads Nanopore sequencing. The sequencing
1.5x106 « DNA+= RNA  HBsAg - Density 50 14 1.5x10°, = DNA = RNA = HBsAg - Density 50 14 results show that:
P Lo o s a) secreted HBV RNAs sequence is identical to the HBV genome
s10® F ol s >0 IR used for the establishment of the different cell lines; and
el g | g 2 250104 Ve g b) the majority of HBV RNAs detected are full-length transcripts
1;1,;::2:: e 12§ 12% %é:lﬂii :z% ”E (and pgRNA-derived spliced RNAs) whereas only a minority of
S x10t P 103 | 3 © 1o 2| 3 PreS/S RNAs and HBx RNAs were detected.
510% - - - T P 8 -
4x103; e : 1.1 4x10° © 6 1.1
2x10%] 4 2103 .ot _: 10000 PreS2/S
2 . 172
> 7 8[9] 10 11 12 ° o “’Wﬁra—{‘kﬂ“ﬁ ooz 0 S o
GJ 20000
Exosome  S.V Virions Naked capsids Exosome SV  Virions Naked capsids oC Presl .
o [T 2 - 329 5 uw
CD9 —— SR Cellular S
=z M
| et i
Huh7-WT18, and Huh7-3D29 cells supernatants were analyzed by iodixanol/sucrose Start position ”'“m:zf
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Huh7-3D29 derived HBV RNA standard is suitable for both Roche automated and manual assays -

We have then tested Huh7-3D29 SNs as a calibrator for the Roche MWR and the related HBV RNA cobas® 6800/8800 automated investigational assay (Scholtes et al.,
2022). We have previously shown that the cobas® 6800/8800 IA assay and the related MWR assay tolerate up to ~10° DNA:RNA ratios without losing specificity and
linearity (Scholtes et al., 2022). The HBV RNA standard produced and secreted by the Huh7-3D29 cell line fulfill this criterion. Serial dilution experiments indicate that
Huh7-3D29 SN performs as the synthetic arRNA. Notably, HBV RNA quantification of Huh7-3D29 supernatants with the Roche MWF showed no significant difference
with and without DNase treatment, supporting the use of the Huh7-3D29 derived HBV RNA standard with both the manual assay (that includes DNAse treatment) and
the DNAse free cobas® 6800/8800 automated assay.
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Conclusion
We generated a clonal cell line that secretes high amounts of HBV RNAs with very low quantities of HBV DNA:s.

Huh7-3D29 SN represents a stable source of RNA standard for the calibration of all HBV RNA assays.
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