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The molecular biology of HBV RNAs .1

Infectious Virions HBeAg HBsAg

Assambly and secretion

Assambly
and secretion

A"NANSNUAAAA 35 kb
AANANVAAAA 21/2,4 kb

Immature
capsid

Mature
capsid

Nuclear
Transport

cccDNA

e 5HBVRNASs: -3.5 Kb (pgRNA, PreC)
-2.4/2.1KB (PreS1, PreS/S)
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The molecular biology of HBV RNAs .1

Infectious Virions HBeAg HBsAg

Assambly and secretion
Assambly
Assambly and secretion
and secretion

AANAUARAA 3,5 kb A~ 21124 Kb
AANUAAAA 2,124 kb A~ A/ Truncated

N/ 0,7 kb
\AUAAAA 0,7 kb / Truncated

Immature
capsid

Mature
capsid

Nuclear
Transport

Transcription

R,

integrated
sequences

cccDNA

e 5HBVRNASs: -3.5 Kb (pgRNA, PreC)
-2.4/2.1KB (PreS1, PreS/S)

(ifas-m@ - 0.7 Kb (HBx)

Rnr
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The molecular biology of HBV RNAs .2 2, 3

Infectious Virions HBeAg HBsAg

Liver:
-16 T/NT HCCs Pts (3215 bp)
Blood

- 8 CHB Pts

Assambly and secretion

Assambly
Assambly and secretion

and secretion

1

7
16 15 =

AN ALAAAA 35 kb AN 2172,4kb Major peaks (>1,000 raw tags)

AANANVAAAA 21/2,4 kb A~ A/ Truncated # Gene Start End Total count Strand Model
U 0.7 kb V\\/\/// 0,7 kb 1 PreS1 2802 2807 12,748 + g
Mature Immature ‘ Truncated § PreSS/S 3;23 11291 21091 680843 : z

capsid capsid )
P y 11 X 1523 1524 1,013 + Y
15 PreC/C 1745 1746 1,106 + N
16 pgRNA 1816 1819 112,452 + ¥
Nuclear
Transport .
Minor peaks (100 ~ 1,000 raw tags)

# Gene Start End Total count  Strand Model
.. 4 S 132 135 248 + N
Transcription 5 S 203 207 527 T Y
6 S 258 262 282 + N
7 S 284 285 528 + Y
is'::g:‘::s 8 S 302 303 118 + N
cccDNA 9 S 759 760 729 * ¥
10 X 1210 1211 124 + Y
12 AS 1557 1610 157 - Y
13 X 1572 1573 117 + N
e 17 HBV RNAs: - 3.5 Kb (pgRNA, PreC) = X T oka =16 = S
-2.4 /2.1 KB (PreS1, PreS/S, S) 17 AS 1822 1834 207 - N

- 0.7 Kb (HBx)
o AS Altinel et al. 2016 ’mstlru‘r
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Nuclear
Transport

Infectious Virions

Assambly
and secretion

Mature
capsid

Immature

capsid

* 5HBVRNAs:

The molecular biology of HBV RNAs .3

HBsAg

Assambly and secretion

N\AVAAAA 0,7 kb

AN ANAAAAA - Spliced

AN NUAAAA 3,5 Kb
AANANVAAAA 21/2,4 kb

Transcription

\/

cccDNA

Transcription

integrated
sequences

Assambly
and secretion

21/2,4kb

Truncated

0,7 kb
Truncated

AN Spliced

- 3.5 Kb (pgRNA, PreC)
-2.4/2.1KB (PreS1, PreS/S)
- 0.7 Kb (HBx)

* 22 spliced species

1814 1901

250

[N —

prec c

spliced RNAs

2048

- —

prest

a2 s

Pres2

s

poymersse |

207 256 2 1201 1621
2, PRE
Y, %, B, %, %, et B ,
WA A VY Ay 4 | oAb
L e o ] v
RNA
LBCS
2447 430
spl — PR
sp2 — - — ++
2350
2067 489
sp3 - P
2087 2147 489
SPA  — e - -
2350
2087
SPS  m— —
2471 489
spé - + o+
aa7 489
sp7 . — ‘e
2902
2067 2447 2985 489
SP8  m—— - - — +
2350 2002
2447 282
sp9 — — + o+
SP10 - — + o+
2350
2471 282
spll — —
44
SP12  m—— — —
2236
sp13 ES i + o+
2447 2902
spla — — i
2067 2447 489
SP15  n——e - a— - +
2%
2067 2474 489
spl6 —
2350
2067
spl7 Lﬂ +
2471 2085 489
sp18 - -
2002
2985 3169
sp19 o — — +
2985
sp20 — - + +
sp21 — — +
458 1
sp22 — - +

DNA

LBCS

Kremsdorf et al. 2021
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The molecular biology of HBV RNAs .4

Iso-Seq PacBio RNA sequencing
) 42 CHB patients from Gilead's study GS-US-174-0149

Infectious Virions HBeAg HBsAg

HBV

) AAUAAA (3) UAUAAA
Assambly and secretion @ CAUAAA
Assambly
Assambly and secretion Transcript abundance Serum HBV % chimeric HBV HBeAg
and secretion 0 2 4 b o 12 s a4 p—— 0 g CITEEN,  Deresss

[ [
(| B W
I [ ([ ]

e -]]:|I]]]:I: lI ]:

Nuclear “IIH“:[

TranSpOI’t Baseline samples Week 96 samples

ANANASAAAA 3,5 kb A~ 21124 Kb
AANUAAAA 2,124 kb A~ A/ Truncated

N/ 0,7 kb
\AUAAAA 0,7 kb / Truncated

AAANANALAAAA Spliced AN AL Spliced

Mature Immature
capsid capsid

From integrated

Non-chimeric Chimeric

* The amount of transcription from integrations similar
Transcription between HBeAg(+) and HBeAg(-) pts

R,

integrated
sequences

* Lower transcription from cccDNA in HBeAg(-) pts

cccDNA
* Ratio of integrated HBV transcripts to cccDNA transcripts

much higher in HBeAg(-) pts
e 5 HBVRNASs: - 3.5 Kb (pgRNA, PreC)
-2.4 /2.1 KB (PreS1, PreS/S)
(gfamm@ -0.7 Kb (HBx) '

DE LYON
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The molecular biology of HBV RNAs .4

Iso-Seq PacBio RNA sequencing

Infectious Virions HBeAg HBsAg
\ 42 CHB patients from Gilead’s study GS-US-174-0149
%Z:g%:i:é * anunusually long clonally expanded HBV sequence (4,119 bp),
chimeric with chromosome 8 at the 3’ end generates transcripts
%m expressing all of Core, PreS1, and PreS2/S and utilises 3 different
host poly(A) sequences.
DNA|
Assambly and secretion = ==
Assambly - =
Assambly and secretion | i —
and secretion r
AN UAAABE KD A 21724Kb 5 ,— -
AAAVAMAA 21 /24kb N/ Truncated Non- - S :
NV 0,7 kb spliced T B
Mat Immature s 0.7 kb \/\// Truncated s lf T
ature . P — :
A VAY eV ; =
capsid capsid AAAA Spliced AANA~AL Spliced N et
Nuclear , e i_
Transport — | =
|
Spliced : =
T inti W= | = ,:'é;
ranscription S

R,

integrated
sequences

* ratio of spliced to non-spliced HBV RNAs ranging from 2% to
over 20%

* highest in pHBeAg-positive .atients

* the majority of spliced HBV RNAs originated from cccDNA,

cccDNA

e 5HBVRNASs: -3.5 Kb (pgRNA, PreC)
-2.4/2.1KB (PreS1, PreS/S)

T re-aNa 0! - 0.7 Kb (HBX) ’

Van Buuren, JHEP Reports 2022
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The molecular biology of HBV RNAs .5

Infectious Virions HBeAg HBsAg

* NUCs decrease transcription from the cccDNA over time ...

%ﬁ%m 3.5Kb RNA quantification Paired biopsies during ttx

600
400
200

Assambly and secretion

100 o
SO{ —

Biopsy

Bxt
B2

Assambly

Assambly and secretion 10 aaman ' [
and secretion o.s{ e I |
nol_e e L , !
ANANAALAAAA 3,5 kb ANANS 21/2,4kb Non-treated  Telbivudine-treated I @
Lebossé, 2020 0 2&

Relative amount

PgRNA [log10 copies/cell] / cccDNA [log 10 copies/cell]

AANUAAAA 2,124 kb A~ A/ Truncated

N/ 0,7 kb
N\AVAAAA 0,7 kb V4 Truncated
ANSNAAMA Spliced  ANA~ AL Spliced

Mature Immature
capsid capsid

Balagopal, 2020

.... but do not affect trancription from HBV integrants

Nuclear . .
Tr:nsport Iso-Seq PacBio RNA sequencing
HBeAg-positi HBeAg-negati
Baseline —» Week 96
| 1 o Class sums  Class sums
Max
Transcription pg/Core Min
Type sums
’.’M ‘k Pres1 =
Min
integrated Max
ol (o
cccDNA
Short
Min
&P & & eF & @
Q@ifé\ (’é\o“ orz?é\ 30‘?#00 vz?oo {D(\OQ
*  5HBVRNAS: - 3.5 Kb (pgRNA, PreC) SILSL ST LS
-2.4 /2.1 KB (PreS1, PreS/S) &

( re-RNa e - 0.7 Kb (HBx) Van Buuren, 2022 ’
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The molecular biology of HBV RNAs .6

Infectious Virions HBeAg HBsAg .

Full-length 5’RACE to identify HBV transcripts in HBV-infected
hepatocytes ... and patient serum

Dephosphorylation of degraded mRNA
Removal of 5'Cap

=

. RT with first gene specific primer Gsp1
Assambly and secretion 1 g P e

Assambly
Assambly and secretion
and secretion

PCR with anchor primer and
second gene specific primer Gsp2

7 Capped transcript
AN NUAAAA 35 kb NN 21/2,4kb specific amplicons

AANUAAAA 2,124 kb A~ A/ Truncated

N/ 0,7 kb
Mat Immat NAAAA 0.7 KD a4 Truncated
ature mmature .
capsid capsid Spliced Spliced

Intracellular Encapsidated Circulating
Nuclear viral RNAs viral RNAs viral RNAs
Transport
| preC/pgRNA & W PgRNA « W ' |PIRNA
- Pels Spliced pgRNA | Spliced pgRNA
Transcription - )
Er):rf]esr:r?;thx Different HBx
,-’M k LN HBx transcripts
integrated :
cchNA sequences 1 2 3

Stadelmayer B et Al, ] Hepatol 2020

e 5HBVRNASs: -3.5 Kb (pgRNA, PreC)
-2.4/2.1KB (PreS1, PreS/S)

- 0.7 Kb (HBx) ’

DE LYON




The molecular biology of HBV RNAs .6

Infectious Virions HBeAg HBsAg * Full-length 5’RACE to identify HBV transcripts in HBV-infected
hepatocytes ... and patient serum

{i’}m BamHI 2,906 bp Ncol 1,374 bp
Fspl 1,804 bp EcoRl 3,182 bp/0 bp

Fspl 1,804 bp

preC
Assambly and secretion pgRNA 4
Assambly
Assambly and secretion |4 gc;
and secretion o
103
AN NAAAA 35 kb AN 2,1/2,4kb _§
AAAVAMAA 21 /24kb N/ Truncated |6 §
A% 0,7 kb ] | =
Mat Immature b 0.7 kb N4 Truncated Long HBx transcripts ’ EP 3
ature . ,
- - AN NAAAA - Spl ANANNNAS i
capsid capsid Spliced Spliced “é
()
Canonical HBx transcripts 25 -g
2
Nuclear
Transport X
Short HBx transcripts | | 3
1
1stATG
Transcription of X

R,

integrated
sequences

Stadelmayer B et Al, ] Hepatol 2020

cccDNA

e 5HBVRNASs: -3.5 Kb (pgRNA, PreC)
-2.4/2.1KB (PreS1, PreS/S)

( T Re-RNATCS -7 099 AR '

DE LYON



The molecular biology of HBV RNAs .7

Infectious Virions HBeAg HBsAg .
\ pPgRNA variants
%Z;%%i% *  3’truncated transcript resulting from a cryptic polyadenylation
signal (cryptic trRNA), thought to arise from integrated HBV
%:z%m genomes
Hilger, 1991
van Bémmel et al., 2015
Assambly and secretion
Assambly * pgRNA spliced variants

Assambly and secretion
and secretion

Bayliss, 2013
Betz-Stablein, 2016
Lim, 2021

AN NUAAAA 3,5 kb AN 2112,4kb

AANUAAAA 2,124 kb A~ A/ Truncated

N/ 0,7 kb
N\AVAAAA 0,7 kb // Truncated
ANSNAAMA Spliced  ANA~ AL Spliced

* non-polyadenylated 3’ truncated variant transcripts (incomplete
inhibition of the RNase H) during NA therapy

A. DHBV /'

AATG
(N

Mature Immature
capsid capsid

Ccuu 1900 2000 2100 2200 2300 2477 2533
Nuclear DR1 1 1 T or2_ 1 or1
Transport 7 i i i AnAn
: 000 ) ..0.. o0 o : o :z LAM 10 HM
o o
; o0 199 ;i L e ETVO1uM
B. HBV '
integrated Al}i
sequences dU 1300 1400 1500 1591 1700 1824
cccDNA DR1E T ] T [—|DRZ 1 [_|mu
UUCA AAA
| | | [ | | —

© ©o g © 0000 |AM1OuM

Zhang et al., 2016
* G5 HBVRNASs: -3.5Kb (pgRNA, PreC)

-2.4/2.1KB (PreS1, Pres/s)
¥ re-rualo! - 0.7 Kb (HBXx) ’
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Nuclear
Transport

Infectious Virions

Assambly
and secretion

* 5HBVRNAs:

The molecular biology of HBV RNAs .7

HBsAg

Assambly and secretion

Assambly
and secretion

AN NUAAAA 3,5 Kb AN 21724kb
AANAUAMA 21/24Kkb N/ Truncated
AAAA N\ 0,7 kb
Mat immat M 0.7kb ~/ Truncated
ature mmature .
capsid capsid Spliced Spliced

s Transcription
Transcription

\/

integrated
sequences

cccDNA

- 3.5 Kb (pgRNA, PreC)

-2.4/2.1KB (PreS1, PreS/S)
-0.7 Kb (HBx)

pPgRNA variants

non-polyadenylated 3’ truncated variant transcripts (incomplete
inhibition of the RNase H) during NA therapy

A HepAD38 (tet-, 3TC+)

total cellular HBV RNA € GSP1D GSP2D €
1529 1592 1633 1826 g ]V[f
pgRNA T % T Aﬁ\AAA

ogeeeggee

Is'endposltlon |1678 l«ssn I1693 ‘1716 |1729 ‘1752 ‘1766 |1804 ‘1517 ‘1937 |
[ ctones (m) [1 EERE [1 [4 [z T2 [+ [+ [ |

HepAD38 (tet-, 3TC+)

total S/IN HBV RNA GSP1D GSP2D €
1529 459 1633 1826
RNA AAAAAA
Py o

I3'and position

‘1680 [1590 ‘1718 ||7za [nas ‘1794 ||soz ‘1512 ‘1319 ||352 ‘uaes ‘1937 |

| stones (n) [s [4 |2 [ [ E [ [4 E [ [1 [4 |
c HepDES19 (tet-, 3TC+)
total SIN HBV RNA € GSPID GsP2D €
5 ;/l’/(: 1529 1592 1633 1826 S’[f
PgRNA .T hm IH AAAAAA

|3*end position [1500 [1679 [1714 [1754 [1764 [17e5 [1804 [1814 [1821 |
| stones (m) B B B [s [1 E B [s [7

D HepAD38 (tet-, 3TC+)

Virion HBV RNA € GSP1D GSP2D €
1529 1592 1633 1826
pgRNA T % T

! AAAAAA
“r' w o

IS'endposilion |1571 [1577 |1595 |1559 |1594 ‘1604 ||616 ‘1628 [1673 |1699 |

| ctones (n) L [sJ2 T2 [« [+ [+

Telbivudine-treated gtC patient
Serum RNA

GSP1C GSP2C
1532 1592 1638 1826
PgRNA ’

Ia’endposmon |1590 |1714 |1731 |1736 |1742 [1754 ‘1760 ‘1768 ‘1784 ‘1797 |
Iclones(n) |5 | |2 |3 |1 lw [2 ‘1 [2 [2 |

AAAAAA

Shen et al., 2020 ’E:E:L‘#Lm.z

DE LYON



The molecular biology of HBV RNAs: insights on new biomarkers
What old HBV biomarkers cannot tell us?

Infectious Virions

rcDNA contained in virions can originate only from cccDNA, but
%ﬁ%‘iﬁ% NUC-induced serum HBV DNA suppression does not eliminate

% cccDNA
%:i% - Not useful in combination therapies !

Assambly and secretion

Assambly

Assambly and secretion

and secretion

HBeAg reflects HBV replication and cccDNA transcription, but

HBeAg can disappear from the serum because of the selection of
HBeAg-defective viruses

- Not sufficient !

AN NLAAAA 3,5 kb ~~N o 21/12,4kb

AAAUAAAA 2,124 Kb AN/ Truncated

N/ 0,7 kb
NAVAAAA 0,7 kb ~// Truncated

NSV Spliced

Mature Immature
capsid capsid

AN ANAAAAA - Spliced

Nuclear
Transport

HBsAg can originate from cccDNA AND integrated HBV DNA

- Not specific to cccDNA

-> HBsAg loss reflects both cccDNA loss and cccDNA inactivation
- qHBs decline kinetic is too slow to be informative

integrated
sequences

cccDNA

A
’ sy,

?;)RB‘RNA 0O INSTITUT
R i D'HEPATOLOGIE

DE LYON



The molecular biology of HBV RNAs: insights on new biomarkers

Infectious Virions Circulating RNA\

4 N r

Naked '

Assambly and secretion

Assambly

Assambly and secretion

and secretion

RT
W
O+

Mature Immature
capsid capsid

AN NAAAA 3,5 kb AN 21124kb
AANVAMA 2,1/24 kb AN/ Truncated

HSPG

NTCP
Nuclear Y
Transport

N/ 0,7 kb
\AVAAAA 0,7 kb LV/4 Truncated

AANNARAA Spliced AN AL Spliced

Encapsidation

integrated
sequences

cccDNA

\\\\\\\\\

serum HBV-RNAs as a viral biomarker

* clinical question asked

- reflecting virus / cccDNA activity
- detecting drugs target engagement
- predicting clinical endpoints

* biomarker biology
- which RNA species
- which vehicle

(RNA particles, naked capsids, exosomes, EV)
and their impact on detection and significance

* contribution of HBV integrations
- chimeric transcripts

* detection and quantification strategy
- assay design and performances

According to the different quantification strategies,
the biological/clinical significance
may be significantly different!

INSTITUT
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The molecular biology of HBV RNAs: insights on new biomarkers

Infectious Virions (Circulating RNA\

serum HBV-RNAs as a viral biomarker

! N Naked |

RNA capsids
particles @
.'. ~IN “-

Assambly and secretion

Assambly
and secretion

Immature NANAVAAAA 0,7 kb
capsid

Mature
capsid

Nuclear
Transport

\\\\\\\\\

AN NLAAAA 3,5 kb AN Spliced
AN NAAAAA Spliced "N 21/12,4kb

AANANVAAAA 2,11 2,4 Kb NN/ Truncated

* pgRNA is transcribed (only) from cccDNA

* pgRNA well correlates with intrahepatic cccDNA activity

in Hu-Hep mouse model Giersch, 2017

* serum HBV RNA correlates with intrahepatic cccDNA

Assambly levels/activity Huang, 2017
and secretion Wang 2021
Testoni, 2023

...but

A 0,7 kb

e serum HBV RNA levels varies in the different CHB phases
Wang, 2018

* pgRNA is not the only circulating HBV RNA species...

Wang J, 2016
Jansen L, 2016
Prakash K, 2018
Lam AM, 2017
Stadelmayer B, 2020
and others...
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The molecular biology of HBV RNAs: insights on new biomarkers

serum HBV-RNAs isoform composition  Nanopore long reads RNA sequencing

=== RATTLE = == S = fn ] LU397, LU223, LU276
—FLAIR L U397, LU223, LU2 . "
prec prost RNA ) — -
— Galaxy workflow c ) pros2 x L i s H21/3966 E i
ezza Range of transcript lengths s IBX mRNA JrTEY st —_— L7
#  Artefactual truncation 5 3 Samples e 2556 C97-pofA — — LU223-2
2 535 T cade RNA { S il L2799
2 = Lu2 i LU277-polyA P8 T SLes  LU2332
— = 1397 revare - i LU233-2-polyA v e LU3e?
w2 B2 U2 "truncated | kel - - i LU223-2-polyA . T
peRNA { 82 U2 g1 variants =t = LU279-2-polyA | L
1818 1928|1179 — = LU243-polyA = LU205
1522 9211223 il ol H21/5698-polyA = — S LU2332
o o e v 2 s LU233-polyA TRAmA Bl LU232
" 2718,2 3 i LU223
BB LU233-2-polyA o LU233-2, LU397 W e o Fros i
B T X LU276-polyA 291 PITNTIENTIT prom TR =R e Y
TN 237 105 " N ! o . 33-2-poly.
Virions HBsAg o St ‘Ltﬁ‘;;r'"‘[V: ww;:w T 3 55 LU397-polyA
truncated | WEINE e, o FFSORON LuZ33:2palyA, ¥ truncated | Hiladid — % LU223-2-polyA
variants 1516, 1520 20 L0 s o Spl LU397-polyA variants —_— - LU279-polyA
329 123 1820 & ™ LUS73-polyA LU205-polyA —_— —. = LU223-polyA
3 f:g — LU277-polyA 291-polyA 818 ISIE 1818 2L Z LU233-polyA
] 20 P e 2
st - 2 . LU243-polyA LU223-polyA [T i e LU243-polyA
o? Fogs LU223-polyA t,it'f;;""’l'y: H21/5698-polyA
2 " it S 22 Lu2 o R spl s 2 291
288 s LU397-polyA PUIER—ITY —_— LU397-polyA 40 1932 2
spl hd sp9 PTG R —T T LU205-polyA (A 1203
" p o LUZ7opolsA Ty pr———" ot pSp7 AR 2 LUZI9-polyA
e 0 {205 oy e » LU233-2-polyA 510 1 = S LU397polh
. - 2 L .
S e LU205-polyA pSp7 bl — LU279-polyA Unidentified sp | oo
pSpl - — » Lu279 Q528 68 KIMRTAY LU279
spl2 2 e 28 LU39T-polyA PSP e ) i was 5540 LU279-polyA
Sp20 -z LU277-polyA v 8 FermdiTiry LU233-2-polyA
AN SAABSKD A 21124k Unidentified sp 1 1818, 2099 26 L 17 spu{ T} WSS e
AAACAMA 21/24k0 AN/ Truncated Sp22 TR S TSTTY LU279-2
Yy ok S L e o 2332
VvamA 0.7 kb A/ Truncated Spls'l‘kc{ 151 2447 2035 3019 aso u. tﬂ;;;; VA
) T T—, 2 LT 23324
AANAAAMA Spliced A~~~ Spliced B

Unidentifiedsp2 1514 193 RIS LU233-2-polyA
Unidentified sp 3/62771_ces gu1a 1937 JIk wiira LU233-2-polyA

* HBV pregenomic RNA (pgRNA) most frequently observed transcript isoform (93.8% of patient samples)

* other detected transcripts included pgRNA spliced variants, 3’ truncated variants and HBx mRNA

* spliced variants of pgRNA observed in HBV gtB, C, E, or F-infected patients

* Sp1lis the most frequently detected splice variant

* longitudinal sampling in antiviral-treated individuals showed increasing proportions of 3’ truncated
pgRNAs variants over time.

Vachon, 2018

( %&RB-RNA

Rarruu
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The molecular biology of HBV RNAs: insights on new biomarkers

serum HBV-RNAs isoform composition  HBV capture + Illumina NGS

* Performance of the cobas® HBV RNA assay for use on the cobas® 5800/6800/8800 Systems (RUO)
against genomic variants and transcript heterogeneity

|=——=1 — s Rev primer

Fwd primer Probe
— Additional Rev primers
Virions HBsAg
\
%%, 399 Poly-A start site
£ 3

WD g Reference A|/A|A|A[A|A|A|A|A[A]A[A
%{l‘i@% -2 GIA|A|T|T|T|G|G|A|G|C|T|A[A|A[A|A|A|A|A[A|A|[A|A|A|A
‘a:,x% -1 GIA|A|T|T|T|G|G|A|G|C|T|T A[A|A|A|A|A[A|A[A|A|A[A
+1 GIA|A|T|T|T|G|G|A|G|C[T|T|C A[A|A|A[A|A[A|A|A|A]A
2 +4 GIA|A|T|T|T|G|G|A|G|C[T|T|C A[A|A|A|A|A[A]A
Assambly snd secretion +5 clalalt|t]|T]elelalc|c]|T][T]C Alalalalalala
+9 GIA|A|T|T|T|G|G|A|G|C[T|T|C AlA|A

AANALAAMA 2,1/24kD
07k )
SAVAAAA O, A/ Truncated

AN AP Spliced  AAAA~ AL Spliced

Frequency

100% ]
80%
m Reference
5% m+X
40% -2
u-1
20%
0%

BBBBBBBCCCCCCCCCDDDEAAAAAAAAADDDDODODTETETETETETETETETE Genotype

T A -2 nucleotide

+ Primer matching -2 variant
cobas® HBV RNA RUO assay design a8

36 —8—0%-2 variant
——0%-2 variant 34 )

34 —8—30% -2 variant
——30% -2 variant 2

S5

=5 & =@ 40% -2 variant
g =@ 40% -2 variant e
g g 30 50% -2 variant
H 50% -2 variant <

28 =@ 60% -2 variant 28 =@—60% -2 variant

26 —8—100% -2 variant 26 == 100% -2 variant

24 24

1e2 1e3 1e4 1e5 1e2 1e3 1le4 1e5
Template copies/reaction Template copies/reaction
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The molecular biology of HBV RNAs: insights on new biomarkers

serum HBV-RNAs isoform composition  total RNA amplification coupled to NGS

+ splice variants and poly-A tail variability

e e e e e e e e e e e

1510 1520 1930 19540 1950 1960

CATTGACCCGTATAAAGAATTTGGAGCTTCTGTGGAGTTACTCTCTTTTTTGCCGTCT
e ARA.

Virions

% « 6 HBV-Human chimeric junction observed in 2 RNA samples from patient plasma

HBV Chrl5

Up to 130 nucleotides 1646 Up to 74 nucleotides

Aligned to HBV GTC

L L L L L L L L R L L I

1700 172

1580 1590

GTC Ga52

IM00354:1596:0
IM00394:156:0
M00354:196:0
IM00354:1596:0C
M00394:156: 01
M00354:156:0

Chri5 ref

hg38 chrl
M00394:196
M00394:
M00394:
M00354:
M00354:
M00394:

AU 21/24kD AN/ Truncated

(" 0,7 kb
“AvAAA 0,7 kb A/ Truncated

AANAAAMA Spliced A~~~ Spliced

Aligned to human Chr15
Chr15:52669876

— HBV Chr9
Up to 65 nucleotides 1793 Up to 112 nucleotides
Aligned to HBV GTB

1 Aligned to human Chr9
Chr9:77127527

Chang, 2022
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The molecular biology of HBV RNAs: insights on new biomarkers

serum HBV-RNAs isoform composition = HBV RNA amplification coupled to NGS

« both HBV replication-derived RNAs (rd-RNAs) and few (6) RNAs transcribed from
integrated HBV DNA, including 5’-HBV-human-3’ RNAs (integrant-derived RNAs [id-
RNAs]) and 5’-human-HBV-3’ transcripts,

+ spliced HBV RNAs abundant in 50% of analyzed samples

« most serum rd-RNAs were polyadenylated via the conventional poly-A signal

« pregenomic RNA (pgRNA) as the major component

+ the vast majority of rd-RNAs and pgRNA are associated with HBV virions but not with
unenveloped capsids, exosomes, classic microvesicles, or apoptotic vesicles and bodies

o> & X L rd-RNAspolyadenylated cryptic PAS (1788-1793)
2 A via conventional poly(A) signal i conventional
i ~ PAS (1916-1921)
== Q@ e o 745 B SeBNA i
= Q& Vv 7 kb i S e S
Y mom i o ko pgRNA |
2 1816 L mRNA e it
2802 —_— T T
M/S mRNA 1 L
3183 —gRNA T
e T T “T
I1. cps-RNAs polyadenylated 1210 X mRNA ' L
via cryptic poly(A) signal 1523 sub X mRNA —
pre-core RNA J 'L
1745 pgRN A =2 1 1
i rnfaintet ‘einieieieteiieimieinie
1816 LmRNA et
2802 M/S mRNA T
3183 SmRNA e
25 1210 —XmRNA T
. subXmRNA | 7
III. RNAs derived from 1523 i i
integrated HBV DNA : :
B 5"_|“_'n'_5‘E'I_IB_‘;‘3_, tra_ns_u;ip_ts_ - id-RNAs transcribed from : : Unknown host
HBV promoter(s) ~1831, | sequence
—
~1820 Integrated HBV DNA ~1831! :
1
1

Gudima, 2023
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The molecular biology of HBV RNAs: insights on new biomarkers

Delphine Bousquet DooHyun Kim  Hyoseon Tak
RNA Species
Circulating RNA\
Naked A pgRNA
s s L, s illae Variants
.

AAACAAAA 21124k AN/ Truncated

g W 0,7 kb
> \\AARA 0.7 kb (/4 Truncated

AN NAAA Spliced  AAAA~ A Spliced

3’ Truncated

sequences

HBx RNA

Characterization of circulating HBV RNAs in CHB patients

and mechanism of cellular export

Reference

Wang J, 2016
Jansen L, 2016
Prakash K, 2018
Lam AM, 2017
Stadelmayer B, 2020

Lam AM, 2017
Wang J, 2017
Stadelmayer B, 2020

Hacker HJ, 2004
Wang J, 2017

Niu C, 2017
Stadelmayer B, 2020

Where ?

Virion « Like »
Particles

Naked Capsids

Capsid Antibody
Complexes

No Free

Reference
Wang J, 2016
Bai L, 2018

Bai L, 2018

Bai L, 2018

Jansen L, 2016
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The molecular biology of HBV RNAs: insights on new biomarkers

Characterization of circulating HBV RNAs in CHB patients

" and mechanism of cellular export
‘ Vv

/4' & - ? -
Delphine Bousquet DooHyun Kim Hyoseon Tak SpeCIes - mEChan Ism?
Circulating RNA\ PgRNA \9€V\AAAA HBV infection
Spliced pgRNA ~"~"AAAA w
e, HBs RNA A~~~/ AAAA hnRNPA1 1
o e . HBX RNA o \9/CV\AAAA m‘1
Differ according to CHB stage I
e L e i 2
Distribution? e | \x"‘f“ﬂ ~
« High viral load & HBsAg: ) g
NUCs (.. VLPs, Evs, and NCs g
& treatment S HBV-RNAs release
to seVs1
VLPs sEVs * Low viral load & HBsAgQ:

EVs
( T re-aNa O]
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The molecular biology of HBV RNAs: insights on new biomarkers
Multiple assays : different performances ? comparable results?

1. Academic / home made assays

e ——
T —>

nt1814 1901 2307 2452 2848 3205 155 835 1374 1623 1814 1838

HBV gtB/C mdd =y 1 1 1 1 1 1 L
0.7Kb mRNA \/\/\/\/\/\1/\/\ An
2.1Kb MRNA N ANANANANANANANANANANANANANANANANANANANANANNANANAD
2.4Kb MRNA A A NANANANANANANANANANANANNANNANANANANANANNANANANANANAN A

3.5kb mRNA " " 1 (] ]
PGRNA  INANANANANANANANANANANANNANANNANANANANANANANANNANANANANANANNANANANANANANNANANNNANANINN An
P ) i i
PCRNA NNANNANNANNANANANANANANANANANANANNANNANANANANANANANANANANANANANANANANANANANANANANNN A
(20} cm— [36] em— [32)1 e
[20]-2 [32)-2 e
[39)40][41] s (6] cm—

[21)(52) cmm— Primer Location

(612 e RT-Primer FW-Primer RV-Primer

38] e 1611 nt1702-1682° nt1554-1572 anchored sequence1”

612 nt2436-2415" nt2295-2312 anchored sequence1”
[20}-1 nt1974-1950 nt1796-1813 same as RT-Primer®

¥ 5 splicing donor sites of pgRNA [20}-2 r\l1970-195(]!7 nt1865-1886 same as RT-Primer® &
[32}-1 nt1810-1797 nt1690-1710 anchored sequence2

4 3 spiicing acceplor shes of pgRNA [32}2 nt1935-1929° nt1812-1833 anchored sequence3”
: 36] nt345-324 nt166-187 same as RT-Primer®
Locustion of oryplio polysdenylation signal, CATAAA [21]152) n12385-2366 n12096-2118 same as RT-Primer®
* Location of canonical polyadenylation signal, TATAAA 38) nt2454-2431 n12367-2390 same as RT-Primer®

[39] [40] [41) random primer nt1893-1912 Nt2049-2029

Adapted from Liu, Hepatology 2019

(fremnait

2. Industial assays

Abbott ROU investigational assay (IA)

HEPATOLOGY EAASLD|

HEPATOLOGY,VOL. 00, NO. 00,2018
dei: 10.1002hep. 30062, [Epub sheed of peinl
NAANAAS

Hepatitis B Virus Serum DNA and RNA
Levels in Nucleos(t)ide Analog-Treated or
Untreated Patients During Chronic and
Acute Infection

Emily K. Butler © ! Jeffrey Gerseh, Anne McNamara,' Ka-Cheung Luk, Vera Hotzmayes,’ Maria de Medin, Eugene Schiff,’
Mary Kuhas,' and Gavia A. Cloherty'

calibration: WHO HBV DNA

Roche @Cobas 6800/8800 investigational assay (IA)

Journal of Clinical Virology
Volumes 150-151, June 2022, 105150

ELSEVIER

Performance of the cobas® HBV RNA
automated investigational assay for the
detection and quantification of circulating HBV
RNA in chronic HBV patients

b¢ o 5, Aaron T. Hamilton ¢, Marie-Laure Plissonnier 2, Caroline Charre * ®

~ ’

Caroline Scholtés *

Beth Scott %, Ling Wang °, Francoise Berby *, Janine French f, Barbara Testoni *, Alan Blair ¢,

Miroslava Subic f, Matthias Hoppler %, Andreas Lankenau %, Andreas Grubenmann ¢,

Massimo Levrero * ® f, Marintha L. Heil ¢, Fabien Zoulim *°f

calibration: « armored RNAs »

X target

Cryptic Canonical
polyA polyA

RT
E— )""\)"g primer
ESREERER

(EERRR RS>
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The molecular biology of HBV RNAs: insights on new biomarkers
Multiple assays : different performances ? comparable results?

2. Industial assays

1. Academic / home made assays Abbott ROU investigational assay (IA)

1
HBV gt B/C

3.5kb mRNA  [05]
PgRNA

[ Development and characterization of a stable
e clonal cell line secreting HBV-RNAs as a potential

e RNA standard for (all) HBV RNA assays

A 3 splicing acceptor sites of]

* Location of cryptic polyade
* Location of canonical polya

Francesca Casuscelli

ryptic Canonical
polyA  polyA

- vsmessiemuiur. ACIOIT U wsre 5 »a RT
RNA in chronic HBV patients —M'o @ = primer
Caroline Scholtts *° ¢ o 5z, Aaron T. Hamilton ¢, Marie-Laure Plissonnier %, Caroline Charre * °, “

Beth Scott ¢, Ling Wang. ¢, Francoise Berby 3, Janine French f, Barbara Testoni *, Alan Blair ¢,

Miroslava Subic f, Matthias Hoppler %, Andreas Lankenau %, Andreas Grubenmann ¢,

Massimo Levrero * ® f, Marintha L. Heil ¢, Fabien Zoulim *°f

calibration: « armored RNAs »

oo,




The molecular biology of HBV RNAs: insights on new biomarkers
Serum HBV RNAs in CHB treated patients: target engagement vs endpoitns prediction

IFNa (IFNA)

Infectious Virions Circulating RNA HBcrAg HBsAg

%%

Al r \ r
2 o
% §
Q ‘3 1 -

Assambly and secretion

X Assambly

7 Assambly and secretion

| \\ / and secretion
\'f-'

. % NN s Spliced
m spe i N AN 12,4 kb
NTCP_~ %@
\/ Immature

ava ncated
AV . kb
capsid

Encapsidation

Nuclear [N
Transport AN

« direct targeting cccDNA transcription
+ direct effect on capsid (and HBV replication)
* cccDNA destabilization not proven in patients
» contribution of immuno-modulation

( o enals) « variable from patient to patient '
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The molecular biology of HBV RNAs: insights on new biomarkers
Serum HBV RNAs in CHB treated patients: target engagement vs endpoitns prediction

NUCs (early)

Infectious Virions Circulating RNA HBcrAg HBsAg
s s

NUCs (late)

g RNA HBcrAg HBsAg

AANSAAAA 3,5 kb AN Spliced
/\,\ AN AMASPliced  AAAS 211240
AAASAAAA 21124K0 A~~~/ Truncated

kb

CAMs

Infectious Virions Circulating RNA HBcrAg HBsAg

o A © nBerg Z8 46"

e & ?: 3 Los

R 4 & "".‘g €eep,
: Roa, K

Assambly and secretion

Assambly
and secretion

AN AL Spliced
AN AAAA Spliced AN/ 21/24kb

AANALAAAA 2,124 kb AN/ Truncated
\AAARA 0,7 kb NA% 0.7 kb

R

#
integrated _#
sequences

* mainly target engagement
» reduction of cccDNA pool over time
« direct effect on cccDNA activity not established
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The molecular biology of HBV RNAs: insights on new biomarkers
Serum HBV RNAs in CHB treated patients: target engagement vs endpoitns prediction

siRNAs (ASO, RNA destabilizers)

Infectious Virions Circulating RNA HBcrAg HBsAg
r Al r Al r

Assambly and secretion

Assambly
and secretion
and secretion

cccDNA

Transcription

* target engagement
» effect on cccDNA pool size not established
« effect on cccDNA activity not established '




The molecular biology of HBV RNAs: insights on new biomarkers
Serum HBV RNAs in CHB treated patients: target engagement vs endpoitns prediction

siRNAs (ASO, RNA destabilizers)

Infectious Virions Circulating RNA HBcrAg HBsAg
I N r N o o \ Infectious Virions Circulating RNA HBcrAg HBsAg

Al 7 N [

,/\Cn .;-, :; ‘)ﬁ OHB eAg
il s 0@

Inhibitors of HBsAg release

Assambly and secretion

Assambly

and secretion Assambly and secretion

and secretion Assambly
Assambly and secretion
and secretion

ANNSAAAAA 3,5 kb AN Spliced
7.,-.,,;\ AN A AMA Spliced AN, 21124kb
-3 O)

N'rcplﬁ\ v \\/ AANSAAAA 2,1/2,4 kb ~A~ny/  Truncated
&

Mature Immature  “/\/AAAA 0,7 kb W7 0,7 kb
capsid

capsid

Nuclear
Transport

cccDNA
Transcription

cccDNA

Transcription
Transcription o

* target engagement .

mainly target engagement
« effect on cccDNA pool size not established « effect on cccDNA pool size not established

(gfkgmﬁ;;é;  effect on cccDNA activity not established -« effect on cccDNA activity not established '
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The molecular biology of HBV RNAs: insights on new biomarkers
Serum HBV RNAs in CHB treated patients: target engagement vs endpoitns prediction

siRNAs (ASO, RNA destabilizers)

Infectious Virions Circulating RNA HBcrAg HBsAg
I N r N o o \ Infectious Virions Circulating RNA HBcrAg HBsAg

Al 7 N [

,/\Cn .;-, :; ‘)ﬁ OHB eAg
il s 0@

Inhibitors of HBsAg release

Assambly and secretion

Assambly

and secretion Assambly and secretion

and secretion Assambly
Assambly and secretion
and secretion

ANNSAAAAA 3,5 kb AN Spliced
7.,-.,,;\ AN A AMA Spliced AN, 21124kb
-3 O)

N'rcplﬁ\ v \\/ AANSAAAA 2,1/2,4 kb ~A~ny/  Truncated
&

Mature Immature  “/\/AAAA 0,7 kb W7 0,7 kb
capsid

capsid

Nuclear
Transport

cccDNA
Transcription

cccDNA

Transcription
Transcription o

* target engagement .

mainly target engagement
« effect on cccDNA pool size not established « effect on cccDNA pool size not established

(gfkgmﬁ;;é;  effect on cccDNA activity not established -« effect on cccDNA activity not established '
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