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Types of hepatitis B infections

o

» pdsDNA virus that infects the liver +/-

. . Chronic HBV QOccult HBV
» Acute infections 1. 2
» Occurs in 85-90% of adult infections W, 20 @ \ ?
» High virus load that is cleared in less than a year o®
ar -.D- {}

..
» Results in long lasting immunity s B 16105 o,
Acute HBV v
Viral 1 A' HBV I o

.. . clearance 1
» Chronic infections Keochin HBV Reactivation

» 95% of prenatal transmissions ’
» 50% in young children infections

i i : Uninfected liver
» leads to cirrhosis and hepatocellular carcinoma -~

Goyal, JTB 2018

> It is believed that the difference between acute and chronic disease is host mediated with immune
responses being responsible for liver disease
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Age-influenced immune priming determines disease outcome

Adult

10° HBV-naive
splenocytes

HBVtgRag1™" HBVtgRag1™" \_/Wild—type. syngenic mouse

8%090,

l

Animal model that mimics
key aspects of human HBV infection:
« Age-dependent immunity

Dendritic

B cell lacrophage:

880

« Immunological profiles

Adult mice

Young mice

monocyte

@co4+

Tcell
Macrophage/ Dendritic
monocyte cell
CD8+
Tcell Narrow, short-lived,
T cell response
No clusters l

Young mice

Diverse, long-lived 90% ; - Lack of leukocyte cluster formation
T cell response 0] - | Expression of CXCL13, MHCII, CD80/86 in liver antigen-
Intra-parenchymal clusters l @ presenting cells
— 30% + | Number of T follicular helper cells
- + | Production of IL-21
Adult mice :g::g;- 90% :g:ﬁtg: « | Number of IgG+ cells
HBcAb+ HBcAb+ « Narrow, short-lived T cell response
- Leukocyte cluster formation (intra-parachymal clusters) A
- 1 Expression of CXCL13, MHCII, CD80/86 in liver antigen- f Adults Infants/young children
presenting cells
= 1 Production of IL-21 by T follicular helper (Tfh) cells HBV HBV
- B cell maturation and Ig class switching . .
resolution persistence

- Diverse, long-lived T cell response

© IL-21 =g MHC ll@ CXCL13 [|flf] CXCR5 —— CD80/86 ¢ HBV antigen

Baron, J Clin Invest 2011, 2013, Hepat 2016



Are early virological and immunological events important in
disease resolution?

» s initial immune priming relevant for protection?
> s the initial virus more or less fit?
> Virus kinetics versus immune kinetics?

»\Virus magnitude versus immune response magnitude?
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Relationship between virus stages of infection (and inoculum size)
and disease outcome: HIV/SIV

VRNA copies(log10)/ml plasma
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» Later virus is less infectious due to the presence of immune modulators.



Relationship between virus stages of infection (and inoculum size)

and disease outcome: HBV

Genomic analysis of the host response to hepatitis B

virus infection

Stefan Wieland*, Robert Thimme**, Robert H. Purcell*, and Francis V. Chisari*$

*Diepartment of Molecular and Experimental Medicine, The Scripps Research Institute, La Jolla, CA 92037; and *Hepatitis Viruses Section, Laboratory of

Infectious Diseases, Naticnal Institutes of Health, Bethesda, MD 20892-8009

Contributed by Frands V. Chisari, March 12, 2004

Journal of Medical Virology 80:2064-2068 (2008)

Titration of Hepatitis B Virus Infectivity in the Sera
of Pre-Acute and Late Acute Phases of HBV Infection:
Transmission Experiments to Chimeric Mice With
Human Liver Repopulated Hepatocytes

Ayako Tabuchi,! Junko Tanaka,'* Keiko Katayama,' Masaaki Mizui,> Harumichi Matsukura,®
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Infection Patterns Induced in Naive Adult Woodchucks by Virions of
Woodchuck Hepatitis Virus Collected during either the Acute or
Chronic Phase of Infection
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Department of Microbiology, Malecular Genetics and Immunalogy, University of Kansas Medical Center, Kansas City, Kansas, USA®
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» No decrease in virus infectivity during later stages.
» Consistent results for high virus inoculation regardless of age, size, sex and monkey

» genetics (stealth virus early on).
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Immune responses essential in resolution of adult infections

Available online at www.sciencedirect.com
Journal of
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Modeling the mechanisms of acute hepatitis B virus infection
Stanca M. Ciupe?, Ruy M. Ribeiro®, Patrick W. Nelson®, Alan S. Perelson®"*

The role of cells refractory to productive infection
in acute hepatitis B viral dynamics
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Antibody Responses during Hepatitis B Viral Infection
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While stages of infection do not mater, inoculum size does!

JournaL oF Virorocy, Oct, 2000, p. 9552-9662 Vol. 83, No. 19
0022-538X/09/S08.00+0  doi:10.1128/TVLO0S67-00
Copyright & 2000, American Society for Microbiology. All Rights Reserved.

The Size of the Viral Inoculum Contributes to the Outcome of
Hepatitis B Virus Infection”t

Shinichi Asabe,' Stefan F. W1cland Pratip K. Chanopadh\rav 2 Mario Rucdcrcr
Ronald E. Engle,” Robert H. Purcell,’ and Francis V. Chisari'*

Department of Immunology and Microbial Science, The Scripps Research Institute, La Jolla, California 92037";
Immuno Technology Section, Laboratory of Immunology, Vaccine Research Center, National Institute of
Allergy and Infectious Diseases, National Instituies of Health, Bethesda, Maryland 20892 and
Hepatitis Viruses Section, Laboratory of Infectious Diseases, National Instituie of # 4Hﬂ§\- and
Infectious Diseases, National Institutes of Health, Bethesda, Maryland 20892

Received 30 April 2009/ Acceptad 13 July 2000

» Seven HBV negative chimps were inoculated with serial dilutions of

monoclonal HBV isolates: 10'°,107,10*,10' (two),10° (two) GE.
* High and low dose infected 100% of the liver.

» Intremediate dose 10" and 10* infected 0.1% of the liver.
« CD 4 T cell priming similar for 10'’and 10° GE.
« CD4 T cell priming delayed for 10" GE.
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Role of CD4 T cell in CD8 T cell priming is controversial

»Not needed in acute infections, needed for memory activation?

..............................................................

e AR E R CD4™ T cells are required for
secondary expansion and
CD4 T cell help is required for primary CD8 T cell memory in CD8* T lymphocytes
responses to vesicular antigen delivered to dendritic cells
in vivo Sl v S Lot e
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Outcome of Acute Hepatitis C Is Related to Virus-
Specific CD4 Function and Maturation of Antiviral
Memory CD8 Responses

Simona Urbani, Barbara Amadei, Paola Fisicaro, Daniela Tola, Alessandra Orlandini, Luca Sacchelli, Cristina Mori,
Gabriele Missale, and Carlo Ferrari

The Journal of Infectious Diseases ;
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CD4" T Cells Are Not Required for Suppression of
Hepatitis B Virus Replication in the Liver of Vaccinated
Chimpanzees
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What is the role of CD8 T cell in HBV and ALT kinetics?
Does it correlate with CD4 T cell data?
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Fitting procedure

> Functional we want to minimize

. ng ata(ti)) — log(V () _I_ZlUg(Adam(t-i))_log(ﬂ(ti)) y r Luut)

max 10 g Viata max log Agata

p=]1m"

» Parameter space:
0< p <5000
10" < f<107
O<a, <l
0< E, <1000
O<u<l

> Procedure: fminsearch and fminbnd in MATLAB.
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Results

viral load 0 % of infected cells ALT
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Parameter estimates

Monkey | p ax 1071 . d
ChA006 | 600 2 0.031 6 x 107>
ChA1007 | 778 100 0.010 6 x 107>
ChA1622 | 933 450 0.022 6 x 107>
ChA1603 | 912 6 0.0009 6 x 10>
ChA1616 | 980 0.5 0.0009 6 x 107>
ChA1618 | 800 1 0.052 1072
ChA0014 | 990 1.5 0.0126 6 x 10>

» Delayed CD8 T cell expansion for super low inoculum of 1 GE.

» CD8T cell exhaustion for low inoculum of 10 GE.

» Similarity in the strength of CD8 T cell response between super low and high dose.
> Strong non-cytolytic response for one subject on low inoculum, similar to 10* GE.

» No synchrony between CD4 T cell results and CD8 T cell dynamics!



Half-maximal CD8 T cell expansion does not correlate with CD4 T

cell priming.
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Timing of the combined cytolytic and non-cytolytic effects is similar
with the timing of cytokine production.

ul(OE,(0) + pI(1)E, (1)

Percent CTL effect = ——
T'(t)+1(2)+R(2) m,
04 - - - : T : "
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How do CD8 T cell dynamics (half-maximum stimulations 7, )
change when CD4 T cells are knocked out?

»Two additional monkeys were infected with 10* GE.

»One was treated with an anti-CD4 antibody;
»The other was treated with a control antibody;

a AZADDS (controd antibody and 10° HEY) b AZADOT (ant-CD4 antizody and 10° HEY)

c-HEE L « i=-HBD
HBeAR S — o-HB# I ————
HBsAg e e — . . e 11-H —

LA N ) LANR ORI O kLI LI N L LALIL N

z * o 2000 3
Sg 1w 10% ﬁ ...; -1 &
.tgg EW : E:W “E§ IM]=
;3 z z f §

n 4 & 43 9K M 4 X IF I8 4b W 4 @ 43 4R M 24 M %P AR AN 44 MR AP NE &) R BE  TF Dumes

»Both led to 100% liver infection;

> First had chronic disease;
> The second had acute disease.



Data fitting results

viral load
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Results

Monkey | p | @ x 104 1 ABx10-1 | E; | s4 o i)

ChAOO6 | 600 2 0.031 6.2 134 [ 22 (4% 10°F |6 x 100
ChA1007 | 77 100 0.010 5.3 84 (17T |[d=x10F[6=x 10"
ChA1622 | 933 | 450 0.022 5.4 128 17 6 > 10-°
ChA1603 | 912 ¥ 0.0009 5 300 [ 18] 4x 101 [ 6 x 1075
ChA1616 | 980 0.5 0.0009 6.2 10016 10% [6x10°°
ChA1618 | 800 1 0.052 75 3020 2%x10°2] 102
ChA0014 | 990 1.5 0.0126 6.7 280 [ 20 [ 4 % 1077 [ 6 % 10°F
ChA2007 0.34 | 0.00024 5.5 24 10 | 6x 107"
ChA3005 0.6 7 40 6= 107"

» The CD4 T cell immunocompromised monkey has exhausted CD8 T cell function.
» ChA3 005 has intermediate CD8 T cell function.
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Tradeoff between inoculum size and CTL strength
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Conclusions

»Early CD4 T cell priming synchronizes with potent CD8 T cell response, rather
than CD8 T cell expansion.

»Delayed CD4 T cell priming correlates with CD8 T cell exhaustion.

» Correlation between the CD4 T cell priming , percentage of infected liver
cells and persistence.

» Correlation between peak immune response and CTL markers (granzyme B,
perforin, PD-1, FAS-L).

»Why does medium inoculum dose lead to 100% liver infection?

»Need a better definition for the cut-off between high, intermediate and low
doses.
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Are CD4 T cells needed for CD8 T cell responses? What is their

role in protection? How can this inform management of
chronic infection?

Animal model Aduilt Young Adult

10° HBV-naive

splenocytes -

HBVtgRag1”~ HBVtgRag1™/~ %60 Wild-type, syngenic mouse
T

|

Animal model that mimics
key aspects of human HBV infection:

o

« Age-dependent immunity B cell acrophage.
« Immunological profiles monocyte
Adult mice Young mice @ $D4IT
cel
Macrophage/ Dendritic
monocyte |
5 CcD8+
T cell

Narrow, short-lived,
T cell response

No clusters

!

“cD8+ CDax

o
Pao” @

Diverse, long-lived
T cell response

Young mice

i

Lack of leukocyte cluster formation
| Expression of CXCL13, MHCII, CD80/86 in liver antigen-

Intra-parenchymal clusters l e presenting cells
30% - 1 Number of T follicular helper cells
) - « | Production of IL-21
Adult mice Hoang- | 90% Hooadr « | Number of IgG* cells
HBcAb+ 1 P HBCAb+ - Narrow, short-lived T cell response

- Leukocyte cluster formation (intra-parachymal clusters)

- 1 Expression of CXCL13, MHCII, CD80/86 in liver antigen- f Adults Infants/young children
presenting cells

1 Production of IL-21 by T follicular helper (Tfh) cells
+ B cell maturation and Ig class switching
- Diverse, long-lived T cell response

HBV HBV
resolution persistence

© IL-21 =mmg MHC ll@ CXCL13 [|flf] CXCR5 ——e> CD80/86 ¢ HBV antigen

» Our results suggest that CD4 T cell priming prevents CD8 T cell exhaustion:
quality rather than quantity important for protection.
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