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Fig 2.2. Hepatocyte kil
WCM-260 hepatocytes (
human (F) hepatocytes w
F)or LS102.9 (B and D)
to block CD95L-dependt
cells was inhibited with |
A to D are mean values -
wells per condition teste
used as effector cells, wk
human hepatocytes. Res
having been performed v
marked with ** are signi

d L1029 cell targets mediated by CDYSLL.

52 cells (C and D) and primary woodchuck (E) or
xctors against CD95-bearing P815 (A, C, E and
M DNA fragmentation assay. Jo2 mAb was uscd
.15 cells (A, C, E and F), while lysis of LS102.9
AD-fmk inhibitor (B and D). Data bars shown in
ee separate experiments with 3-6 experimental
xeytes isolated from 3 healthy woodchucks were
ites target cell killing mediated by primary

1s mean values + SEM, with cach experiment
mental wells per each E:T ratio. Data bars

)05 and with * at P < 0.05 when compared with

the cells not treated with Jo2 mAb or z-VAD-fmk inhibitor. P value for data bars marked

with " is 0.07.










Fig 2.3. Evaluation of the ¢

and CD95L gene expre
flow cytometry in WCD
wIFN-y or wTNF-a anc
rwlFN-y, 35 U/ml of ra
type baculoviral v tor
WCM-260 cellsn  exj
used as an additional cc
WIFN-y (pcDNA3.1wlF
vector and probed with
additional control. For
WCM-260 hepatocytes
cytokine genes, respect
+ SEM from 3 se; ate
taking expression of a g
transfected with empty
significant at P < 0.001

:cts of IFN-y and TNF-a on class | MHC antigen display

es. The class  MHC heavy chain detection by
5 (A) exposed to or (B) stably transfected with
For A, the cclls were exposed to 150 U/ml of
yernatant from insect cells infected with wild-
h prior to staining with B1b.B9 mAb. Intact

: above and stained with BIb.B9 mAb were
M-260 hepatocytes were transfected with
DNA3.1wTNF-a) or with empty cDNA3.|
m-transfected WCM-260 were used as an
mRNA was quantified by real time RT-PCR in
I~y or rwTNF-a or transfected with thesc
presented as mean percentage expression values
normalization to woodchuck B-actin and by
mulated hepatocytes (C) or in hepatocytes

D) as 100%. Data bars marked with ** are
tive controls.
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Fig 2.4. Exposure to [FI
260 hepatocytes were sti
effectors at 6 x 10* cells/
targets and their cytotox:
SEM obtained from two
marked with ** arc signi
with cells not exposed tc
reduced killing of P815 «
compared to target cells

:patocyte CD95SL-mediated ccll killing. WCM-
5, 150 or 1500 U/ml rwlFN-y and uscd as
idicated numbers of P815 (A) or LS102.9 (B)
by JAM assay. Data represent mean values +
ments, cach performed in duplicate. Data bars
01 and those with * at P < (.05 when compared
instimulated). Preincubation with Jo2 mAb

» marked with " are significant at ” < 0.05 when
| the antibody.
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Fig 2.5. Transfection v Iy or TNF-u ¢cDNA uprcgulates hepatocyte CDYSI-

mediated cytotoxicity. 2 atocytes stably transfected with wlFN-y
(pcDNA3.1wIFNy) or 1 t A3.1wTNFa) were used as cffectors at 6 x 107
cells/assay against indi 1 f P815 (A) or LS102.9 (B) target cells in the JAM
assay. Prcincubation o % h Jo2 mAb significantly decreased their killing by
hepatocytes. Data bars l ¢ arc significant at P <0.01 and with * at P < 0.05
when compared with WCM 260 transfcctcd with empty cDNA3.1 vector (pcDNA3.1).
Data bars marked with * are s cant at P < 0.05 when compared to P815 cells not

treated with Jo2 mAb.
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Overall, the results of o1 study imply that investigations on immunological processes

engaging the liver need to consider hepatocytes as active contributors.
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Fig. 3.1. Dependence of
microtubule polymerizat
were used as effectors ag
fragmentation assay. P8I
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on with hepatocytes in cither the presence (+) or

Data bars represent the mean + SEM of  ree
experimental wells per condition tested. Inhibition of
bars marked with * at P<0.05 and with « at
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Fig. 3.2. Identification
perforin and granzyme |
hepatocytes and in prim
detected by RT-PCR us
human hepatocytes was
from a healthy human (!

served as positive contrc ..

actin served as a housek
Western blotting in prin
cultured WCM-260 and
served as positive and n
kDa isoforms of perfori
flow cytometric analysi
perforin-specific antibo
Mouse CTLL-2 cells se

n and granzyme B in hepatocytes. (A) Expression of

i NA in human HepG?2 cells, woodchuck W(CM-260
ocytes isolated from three healthy woodchucks (1-3)

g total RNA per reaction. Perforin mRNA in normal

1 500 to 50 ng total RNA per rcaction. PBMC

and a healthy woodchuck (wPBMC) and plasmid DNAs

.. ...t instead of cDNA was used as a negative control. f3-

iption control. (B) Perforin detection by

. (wHeps) and mouse hepatocytes, and in

I protein derived from rat spleen and brain
spectively. The positions of 70-kDa and 60-
rrows. (C) Perforin protein was detected by
G2 and primary mouse hepatocytes using
ror control rabbit [gG (outlined region).
ntrol.










Fig. 3.3. Hepatocyte ki 95-deficient K502 target cells. The cytotoxicity of

WCM-260 hepatocytes G2 liver cells (B) against CD95-negative, perforin-
scnsitive K562 targets v >d by the JAM assay using 6 x 10? effectors and
indicated numbers of ta >r assay in the prescnce of colchicine. PBMC obtained

from three healthy woodchucks (C) or three healthy human donors (D) were examined in
parallel against 5 x 10° K562 targ  at the indicated E:T ratios. Data represent mean
values + SEM obtained fr :xperiments with 4-6 experimental wells per condition.
Data bars marked with ** gnificant at P<0.01 and with * at P <0.05 when compared

with untreated controls.










Fig. 3.4. Inhibition of hey
cells by anti-perforin antit
killing was measured by t|
per assay, performed in t}
rabbit IgG or colchicine.

experiments cach with 4-¢
significant for the data bar
untreated or control [gG-ti

1g of CD95-deficient, perforin-sensitive K562
1-260 hcpatoclytc (A) or HepG2 liver ccll (B)
rusing 6 x 10" effectors and 4 x 10" K562 targets
f neutralizing anti-perforin antibodies, control
resent the mean + SEM of three scparate

1 wells per condition. Inhibition of cell killing is
h ** at P <0.001 and with * at P <0.05 relative to
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Fig. 3.6. Killing of CI
cytotoxic potential of t
by the JAM DNA frag
targets. (A) Hepatocyt
control rabbit [gG, anti
in comparison with un
P<0.005. Decreased p
transfection of mouse 1
Western blot demonstr
means £ SEM of the d¢
experiments after norir
given by untreated hep
or transfected hepatocy
represent mean values
wells per condition. D
P<0.01 when * or P<0

‘get cells by primary mouse hepatocytes. The

1ly isolated from three outbred mice was examined
using 6 x 10" hepatocytes and 4 x 10* K562

lls were incubated in the presence or absence of
dies or colchicine. Reductions in target cell lysis
1 IgG-treated groups where ** is significant at

B) or K562 target ccll killing (C) following

1 si-Perf or si-Scrambled. In (B), a representative
¢ ‘orin protein and a graphic presentation of the
ues of the signals obtained from three scparate

:tin protein showed as a percentage of the mcans
 killing of 4 x 10* K562 cells by 6 x 10" untreated
by the JAM DNA fri necntation assay. Bars

| from three experiments with 4-12 experimental
sen experimental conditions were significant at






Fig. 3.7. Killing of CD9
The cytotoxic capacity of
a healthy portion of a hui
assay using K562 cells as
apotosis as compared to
values + SEM with 4-6 ¢

t cells by primary woodchuck and human hepatocytes.
te freshly isolated from 3 hcalthy woodchucks (A) or
B) was examined by the JAM DNA fragmentation
_olchicine significantly (P<0.05) inhibited target cell
:ontrols when indicated by *. Data represent mean

al wells per condition.
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Fig. 3.8. [FNy differentially m

PBMC. (A) Perforinr
hepatocytes following
determined by recal tim
from three experiment:
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cvaluated against K56:
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IFNy and/or TNFa (He  ison and Michalak, 2001). hepatoey te CDYSI1 -dependent
killing might be heighter 1 resulting in the preferential climination of CD4+ 1 cells.
In viral hepatitis, thisn - constrain a collaborative networking between virus-specific
CD4+ and CD8+ T cells, and differentially modulate clearance of virus and the
outcome of hepatitis. 1is  ge, this sequence of events remains hypothetical, but
our results provide the f 'work for further testing of this concept.

Overall, we ha own that hepatocytes, which are a non-lymphoid cell type.,
are functionally compe 1t to« minate cells by a perforin-mediated mechanism. Our
study strengthens the 1 ion that hepatocytes are active contributors to both
physiological and pat processes occt  ng in the liver (Guy et al.. 2006). The
cytotoxic activity of hej ytes  ay influence the pathogenicity of liver discases,

including those caused  hep  tropic viruses.





















Table 4.1. Serologic:

with self-limited acute hepatitis or chronic hepatitis investigated in this study

Status of WHV  Observ Serum
Infection and peric WHs# WHsAg
Animal (mo)* positivity (mo)
SNosSex L

Resolved

hepatitis

I/F 5.5 + |

2/F 8 + 1

3/F 6 F 2.75

4/F 21 t 0.75

S/F 8.25 + 2

6/F 31 + 25

7'M 10.25 + 1

Chronic

hepatitis

8/F 33.75 + 33.75

9/F 6.5 + 6.5

10/M 12.5 + 12.5

1M 7 + 7

12’M 25.25 + 5.25

13/M 33 + 33

Du ratioﬁ (;f i /M\"ntﬂi“- \Mk
positivity

+ + + 4+ o+ + o+

n.t.
n.t.
n.t.
n.t,
n.t.
n.t.

mo, months: F, female
* from the time of ino

time of the arrival to colony

le: n.t., not tested.

v

Duration ot
anti-WhIe
{mo)

19.5

- 13
o2

n.t.
n.t.
n.t.
n.t
n.t.
n.t.

| histological characteristics of WHV infection in animals

Histological
dgree of
hepatitis

0.5
0.5

u.s
0.5

t WHYV for animals with resolved hepatitis or the

imals with serum WHsAg-positive chronic hepatitis.
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Fig. 4.1. Expression of
liver inflammation and
activity, The mRNA I¢
the total liver tissue (A
convalescent from SLA
animals (n=5). Transct

r genes known to be associated with progressing
molecules affiliated with hepatocyte cytotoxic
ated genes were quantificd by real-time PCR in
y pure hepatocytes (B) from woodchucks
progressing CH (n=06) and WHV-naive, control
>ne was analyzed in triplicate in both the livers

and hepatocytes preparations obtained from each animal analyzed and was normalized

against expression of wood:
mean copy number + SEM.

marked with *.

. actin, as a housekeeping gene. Data arc presented as
on levels significantly different at P <0.05 were
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Fig. 4.2. The resolution of

WHYV hepatitis is accompanicd by increased hepatocyte

cytotoxic activity. Hepatocytes isolated in parallel from three pairs of healthy animals

(n=3) and woodchucks w
expression of the cytotox
ability to kill CD95-bear
cell targets (D) in JAM [
was analyzed in triplicate
The CD95-specific Jo2 n
P815 cell targets (C), wh
microtubule-dependent k
DNA fragmentation assa
performed with 4-8 expe
expression (A) or in the ¢
animals recovered from
and for ** at P<0.001. J
significant in comparisor

1sly resolved SLAH (n= 3) were analyzed for
genes by real-time RT-PCR (A) and for the

}) and P815 (C) cells, and CD95-deficient K562
ition assays. Expression of each gene tested (A)
ocyte preparation and normalized against f-actin.
:d to abrogate CD95L-CD95-mediated killing of
vas used to disrupt perforin-mediated,

-deficient K562 cells (D). The results of JAM

s mean values + SEM with cach experiment

per condition. Differences in the levels of gene
ity (B-D) between hepatocytes isolated from
ithy woodchucks were significant for * at £<0.05
chicine-dependent inhibition of cell killing was

1 controls for * at £<0.05 and for ** at P~0.001.










Fig. 4.3. Expression levels of the cytotoxicity-affiliated genes and the cell killing
potency displayed by hepatocytes obtained after resolution of acute WHV infection and

during active chronic WI atitis. Primary hepatocytes were isolated from animals
with CH (n=2) and with AH (n=2). The gene expressions quantified by rcal-time
RT-PCR were normalize¢  *  expression of B-actin (A). The cytotoxic capacity of
hepatocytes was examine 1 DNA fragmentation assays using CD95-bearing
LS102.9 and P815 cells a -deficient K562 cell targets (B). Results are shown as
mean values + SEM with eriment performed with 4-8 experimental wells per

condition.
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Fig. 4.4. Exprcssion of't toxicity-affiliated genes and the cell killing capacity of

woodchuck hepatocytes > with complete WHYV genome or WHV subgenomic
sequences encoding indiv viral proteins. WCM-260 hepatocytes stably transfected
with empty pcDNA3.1 v : rol) or with p-WHV, p-WHs, p-WHc or p-WHx were
analyzed for expression ¢. __ . 5L and pcrforin by real-time RT-PCR (A). Data were
normalized against B-act and are presented as mean £ SEM relative to
control cells transfected :DNA3.1 vector which were assigned the value of
100%. The cytotoxic ac ocytes transfected with pcDNA3.1 alone, p-WHYV
and p-WHx was cvaluat says against CD95-bearing LS102.9 (B) and P815
(C), and CD95-deficient | targets, with each assay performed in triplicate
with 4-8 cxperimental w ion. Differcnces in expression of the cytotoxicity-
affiliated genes (A) or in the cytotoxic activity (B-D) after hepatocyte stable transfection
with complete WHV gen or individual WHV genes were significant in comparison

with control cells transfec w 1 empty vector for * at P<0.01 and for ** at P<0.001.

















































Figure 1. Schematic

samplcs from a cohort ¢
Liver biopsies (LBx 1)

prior to inoculation witl
a liver pathogenic does
(LBx 2) was taken begi'
scheme. The third liver
animals (n = 29) were fi

of the time-linc of acquisition of liver tissue

ed woodchucks investigated in the current study.
from each healthy, WHV-naive animal (n~ 29)
nimals were then blindly randomized, injected with
ining 1.1 x 10'° vge, and the second liver biopsy

> hour post-inoculation (p.i.) as shown in the

}) was collected at approximately 6 weeks p.a. The
o 36 months prior to autopsy.
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Table 5.1. Experimental groups according to the time elapsing between inoculation

with W

Group/Time period
post-WHYV inoculation

0
1 — 3 hours
3 — 6 hours
18 — 48 hours
48 — 72 hours
4 - 8 days
2 week
3 week
4 week
S week
6 week
7 week
8 week
9 week
10 week
>6 months

Number of liver biopsies

oowmo:..x:.uwwguumu"\:;

t9
Lol

163

/ and acquisition of liver biopsy sample

Liver biopsy sequential
number

o s e e e W T T O D 19 9 9 ) —












Table 5.2. Primer quences used in the current study for real-time RT-PCR
quantifications of ¢ sion of woodchuck genes encoding immune cell markers.

cyt  nes dcytotoxicity effector molecules

Gene Primer Expected size GenBank
sequence of amplicon accession
(bp) number
CD3 536 AF232727
CD4* 560 EF621765
CD8* 309 EF621766
CD40 Ligand* 214 EF621770
CDI1d* ! 222 EFO21767
NKp46* 200 EF621768
CD95 Ligand 250 AF152368
Perforin 302 AF298158
IL-4 | 200 AF333905
1L-8* 207 EF216348
IL12p40 198 X97019
IFNy 215 AF232728
TNFa 283 AF333967
2°,5°-0AS 150 AF082498
F. forward primer; R, : primer.

" Woodchuck gene sequence identified for the purposc of the current study.
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Figure 5.2. Serologica
inoculation with a WH’
Circulating WHYV surfa
antigen (anti-WHc) we
described in Materials :
DNA samples extractec
detecrmined by real-timq
liver tissue. WHY DN.
expression levels deten
Table 1. (B) RNA was
(n=2)and 3 hours (n =
DNase prior to transcrij
Methods. WHV c¢DNA
by real-time PCR and a
blot hybridization analy

‘ular analyses of WHYV infection markers following

; pool containing 1.1 x 10'° vge per dose. (A)
‘WHsAg) and antibodies to WHV core (nucleocapsid)
by specific ELISA in serial serum samples collected as
s. WHV DNA was quantified by rcal-time PCR in
nor liver biopsy samiples. Levels of WHV RNA were
1sing cDNA transcribed from total RNA isolated from
RNA copy numbers arc presented as the mean

ich experimental group of animals as identificd in

'om liver biopsies obtained at one hour (n - 2), 2 hours
ection with WHV. RNA samples were treated with
or not (RT-) to cDNA, as described in Materials and

s to 50 ng of total RNA were subsequently quantified
isualized by agarose gel electrophoresis and Southern
P-labeled recombinant WHV DNA as a probe.
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Figure 5.3. WHYV infect
antigen presenting cells.
CD40L. mRNA levels w

ites intrahepatic genes indicative of activation of
ion of IL.-12 and IL-8. (B) Expression of CD1d and
dbyr -time RT-PCR in liver biopsy samples

collected at time points post-intection as outlined in Table 1. Data shown represent the

mean cxpression levels fi
are presented relative to |
of intrahepatic WHV DN
the legend to Figure 2A.
and 2 weeks p.i. and betv
Abbreviations: h, hour; d

oup of animals analyzed at the time point indicated and
wm level detected for cach gene analyzed. Mean level
termined as described in Materials and Mcthods and in
VA profiles are shown for the time periods between 0

1 10 weeks p.1. 1s shown for reference in cach panel.
wk, weeks post-inoculation with WHV.
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Figure 5.4. Expression| iles of hepatic genes indicative of activation of NK and NKT
cell subsets in woodchuc  nocu  :d with WHV. Liver biopsy samples were analyzed
by real-time RT-PCR for  sression of cytokines and activation molecules associated
with (A) NK cells, (B) NKT cclls and (C) antiviral innate activity. Data shown represent

the mean cxpression le roup of animals at the time point indicated, and are
presented relative to th vel detected for cach gene analyzed. Mecan
detection lcvels of intr DNA was determined by real-time PCR analysis

and presented as descr :nds to Figures 2A and 3.












Figure 5.5. Expression filiated genes in sequential liver samples collected

from animals infected w athogenic dose of WHV. (A) Real-timec RT-PCR
analyses of CD3, CD4 ai ell markers and expression of antiviral cytokines
[FNy and TNFa in liver ples collected as outlined in Figure 1. (B) The levels
of the cytotoxic effector “D95L mRNA and perforin mRNA were similarly
determined. Data show he mean expression levels for cach group of animals
at the time point indica yresented relative to the maximum level detected for
cach gene analyzed. M 1 levels of intrahepatic WHV DNA was determined

and presented as outline :nds to Figures 2A and 3.
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Figure 5.6. Challenge wi
uprcgulates genes indicati
infection. Two adult wo
x 10" vge) prior to euth:
performed to determine
cell subsets, (B) anti-vir:
Data represent the mean
cach cDNA sample anal
inoculated with 0.5 ml h
WHY inoculum, contain
psoralen and UV light. .
levels of selected genes |

a WHYV inoculum, but not with inactivated hepadnavirus,

of mtrahepatic immunc response activation at 72 hours post-
¢ mjected with a large infectious dose of WHYV (1
s later. Real-time RT-PCR analyscs were
(pression of selected markers denoting (A) immune
1d mediators or (C) cytotoxic cffector molecules.
on levels determined for both woodchucks, with
ate. In control experiments (D), woodchucks were
wick serum or with 0.5 ml of the previous scrum
ge, which had been inactivated by treatment with
sacrificed 72 hours p.t. and intrahcpatic mRNA
» quantificd by real-time RT-PCR. Gene

cxpression levels shown in panels A - D are presented relative to those determined in

healthy liver biopsy sampls
infectious WHV-serum pox

of ime animals obtained prior to injection with the
or lation with healthy control or inactivated serum.
















subsequent exponen Ll expansion between weeks 4 - 6 p.i. The difference between
ours and the study mentioned above is almost certainly due to the greater sensitivity of
our PCR-based WHV NA detection assay.

Our attempt to ~ cct WHV ¢ccDNA in the liver in the first few hours after
inoculation was not successtul. This replicative intermediate of WHYV genome, which
constitutes an obligate prerequisite for the generation of hepadnaviral mRNA
transcripts (Mason et al., 783), was identified at 18 hours p.i. The discrepancy
between the time of the  t detection of WHV cccDNA and WHV mRNA was most
likely a consequence of oximately a 10-fold higher sensitivity of the RT-PCR
assay used for detectic  of viral mRNA than that of the PCR assay available for
identification of WHYV cccDNA (~1 x 10° copies/pg of total DNA).

While the hepat  load of WHV mRNA transcripts progressively increased
starting trom one hour p.i., thc  was only a slight parallel increase in the WHV DNA
level until 3 weeks p.i., v 1 compared with that detected at 48-72 hours p.i. I'rom
week 3 to 6 weeks p.i,as 1 coordinated expansion of hepadnaviral genomes and

their replicative intermer 25 was apparent, suggesting exponential viral replication.

This result remains in :nt with previous findings from HBV infection showing
that exponential viral r i includes proportional increases in expression of both

hepadnaviral genomes ¢ -eplicative intermediates (Murray ct al., 2003 Wicland ¢t
al.. 2004b). Subsequi ly. a parallel increase in viral RNA transcripts and DNA,
although of a lower magnituc  continued until 8-9 wecks p.i. However, there was
noticcable transient, but overall statistically insignificant, decrease in the detection of

both nucleic acid for te liver and WHYV DNA in serum around week 6 p.iin the






CDYSL and perforin. ~ is strongly suggested that a transient activation of intrahepatic
innate inmunity was able to facilitate a brict but signiticant decline in the liver virus
load, although did not apparently modify hepatic virus transcription. ‘These results are
in contrast to those repe  :d by Wicland ct al. (2004) which suggested that HBV
infection of chimpanzees did not induce activation of intrahepatic innate immunity . as
determined by microar - analyscs. However, our study commenced cvaluation of the
host response to hepad  “iral infection within | hour of virus inoculation, while the
aforementioned study in analysis of liver biopsy tissuc obtained beginning at 2
weeks after inoculation  th HBV.

Experimental ev  1ce  :umulated clearly indicate that NK and NK'T cells
have the ability to resp 0 virus by secretion of [FNy or by acquisition of a ¢y totoxic
function within min 5 or hours after infection (Biron et al., 1999). In this regard.
recognition of viral ant s by the activating NK receptor NKp46 has been implicated
as a key stimulus dur i1 uenza virus infection (Mandelboim et al., 2001). Our data
demonstrated that as carly as 3 tc¢  hours atter exposure to WHYV, there was increased
intrahepatic expression ¢ I NK cell marker, NKp46, as well as a significant increase
in IFNy mRNA. Together with an increased perforin expression. a key effector
molecule mediating M | cytotoxicity, this argues that NK cells were activated
alimost immediately following hepadnaviral infection. This sct of events occurred in
parallel with a significc  upre ilated expression of [L-12, further suggesting that the
initial production of IFNy augmented the activation of APC leading to enhanced

expression of a key anti;  -presenting molecule CD1d.
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beginning from one hour after exposure to virus. Furthermore, hepadnayiral infection
stimulates almost imme:  tely intrahepatic innate immune cells, including APC, NK
and NKT cells. which cause a transient downregulation of virus hepatic load. These
findings are in contrast with those recently reported tor experimental HBV infection in
chimpanzees. which su;  sted a lack of innate immune activation after exposure to
infectious hepadnavirus as reported by Wieland et al. (2004). However, there are
several important diffc 1 between our study and that in chimapnzees. First, the
study mentioned, desp  the intention to analyze whether HBV infection activates
innate immunity in acu  y-infected chimpanzees, commenced analysis of intrahepatic
immune activation at two weeks p.i. As the data obtained in our study showed, the
activation of this imm' vy has occurred and waned by one week p.i. Secondly,
analysis of a small number of HBV-infected chimpanzees was done by cDNA
microarrays (Wieland et al., 2004a). Thus, examination of relatively a small group of
animals by a technic 1 lower sensitivity than real-time RT-PCR (approximately by

5-10-fold) may have ac tioi ly contributed to omission of biologically important

mediators or cellular | 3. s was evidenced and realized in the work mentioned
wherc a combinati m microarray analysis and the definitions used to
include or exclude pa ar gen led to include [FNy as a mediator of hepadnaviral

clearance (Wieland et: , 20 ).

In summary. our ta indicate that hepadnaviral intection induced by a liver
pathogenic virus dose is characterized by a rapid initiation of viral replication in the
liver and activation of the local innate immune system. This carly intrahepatic immune

reactivity is capable of a profi downregulation of hepatic virus load, however, is
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transient and, in contrast with other viral infections, does not precipitate a swift
adaptive immune respe A reason behind this inability is unknown and could be
due to as yet unidentit  viral factors or as a possible consequence ot the inherent

tolerizing action of the  ver.
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Fig 6.1. GFP-CDO95L fusion protein exhibits cytoplasmic localization in WCM-260

hepatocytes. Full length \ codin  murine CD95L was inserted into the pEGEFP-
(2 cukaryotic expressio nid designed to gencrate a GFP-CD95L fusion protein in
transfected cells. WCM epatoc ytes were cultured to >90 % confluence on glass
coverslips and were tran nsfected with empty pEGFP-C2 vector (A and B), or
with pEGFP-C2-CD95L vector encoding the GFP-CD95L fusion protein (C and D).
Following 24 hours ct ere fixed in 2 % paraformaldchyde and imaged using
laser scanning confoc: . Arrows indicate intracytoplasmic GFP-positive

structures suggesting ! zation in cytoplamsic vesicles.
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Fig 6.3. Hepadnavirus ai

nepatocyte-mediated cytotoxicity 72 hours p.i. Primary

hepatocytes were isolated trom adult woodchucks (n = 2) at 72 hours p.i. with I x 10"

WHYV vge, or from he:
quantified by real-time
The cytotoxic capacity
fragmentation assays u
K562 cell targets (C).

group, with each exper
Data bars marked with
compared with healthy

imals (n = 2). Gene expression levels were

vere normalized against expression ol J-actin (A).
booX 10*/well) was examined by JAM DNA
J95-bearing P815 cells (B) and CD95-deficient

wn as mean values £ SEM of two animals per

>d with 8 - 16 experimental wells per condition.

nt at P <0.005 and those with ** at P <0.0001 when





















4. The capacity of hepat  tes to transiently activate naive T cells, resulting in their
dysfunction and prematu  death, has been conclusively established (Bertolino et al..
2001: Bowen et al.. 2004). Hepatocyte-mediated activation and delction of WHV -
specific T cells may p. ly explain the observation that virus-specific T cells are
undetectable for several v s p.i. This concept is not readily tested using a natural
model of hepadnaviral it ction, however, the use of HBV-transgenic mice and TCR-
transgenic T cells specific for viral antigens could be used to determine the validity of
this hypothesis. Further ore, generation of HBV-transgenic mice which are also
CD95L" or perforin” would facilitate examination of whether hepatocyte-mediated

cytotoxicity is required for induction of T cell apoptosis following transient activation.

5. Our data clearly indi that activation of intrahepatic innate immune subsets lead
to a significant ~10-fold crease in viral replication very early (48 — 72 hours) post-
infection. These are the r ults to suggest that NK and NKT cell activation in fact
occurs in natural hepadn in tion, which is in agreement with the previous
observations that artificia  tiv  on of NKT cells can downregulate virus replication
in HBV-tran :nic ce -al., 2000). Identification of the ligand/s
responsible for acti’ hese Is during hepadnaviral infection, may represent an
attractive therapeutic ap;  :h for potential suppression of hepadnaviral replication in

chronic hepatitis.















of hepatic innate imm . However. this very carly innate immune response appears
to be insufticient to pr -~ stre radaptive T cell immunity capable of early virus
elimination. This miy due to hepatocyte-mediated removal of activated virus-
specific T cells or due  yetur cognized tolerizing properties of the liver in regard to

hepadnavirus which nat lly replicates within hepatocytes.
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A2

EF526216 . 441 bp mRNA lincar ROD 2[-MAY-2007
DEFINITION Marmota monax NKp46 mRNA, partial cds,
ACCESSION EF526216

SOURCE Marmota ‘woodchuck)
AUTHORS Guy.C.S. che T
TITLE  Direct Submi
FEATURES Lc Jualifiers
source 1..441
‘organism="N  mota monax"
.mol_type="r NA"
/db_xref-"taxon:mos"
DS <l1.>d441
/codon_start=1
/product—"7
/protein_id: hlt
/db_xref="G1:140/44255"
/translation= HPGPEVALGDSVTFFCHLVTATSTFFLLKEGRSSSTQRSLG
STQAEFPV( YAHQGTYRCFGSYNNHAWSFPSNPVMLLVTGGAGNSSLAPTDPT
DS
PDSCDPYLVTTESGSQKDPTRWDHTAQNLLRMGLAFLVEVALAWL"
ORIGIN
1 ctetetgtte at ggegpaca gegtgacctt cttttgecac
61 ctagtgacag caaagaag gga  ccag vagcacacag
121 cgtagecteg z cctgtgggee cggtgactgt ggeccaccag
181 gggacctac: aaccacgceat ggteetteece cageaateeg
241 ptgatgetee 1 aacagcagte ttgeacccac agacccgacg
301 gattceccgg itgaccacag agteggggte ccagaaagac
361 cceaceegel C ctecteegga tgggectgpe gticctggte

421 ctggtggete




AJ

LF621767 672bp mRNA lincar ROD 19-A1(G-2007
DEFINITION Marmotam: . CD1d mRNA, partial cds.
ACCESSION EF621767

SOURCE  Marmota monax (woodchuck)

ALUTHORS Guy.C.S. a1 ch T.L
TITLE  Direct Submission
FEATURES Locatior  ualifiers
source 1..672
‘organism="\ iota monax"

‘mol_type "mRNA"
‘db_xref "taxon:mos"

CDS <1.>672
/note--"ant iting molecule”
‘codon_st:
‘product’
_protein_id-" """~ 77"
‘db_xref=-"Gl 133793573
'translatiol YWAQGTFSSQQWNYVHLONIFRVERSSFTRDIQEFARKNILSI
EYPMELQI HPGNVSEHFLHVAYQGEYILSFQGTAWEPAPQAPQRVDLNIK
VL
NOQDEGTKETVQWLLNDICPQYVNGLLXLGKSELEKQVKPEAWLSSGPSPGPGRILLP
vC
HVSGFYPKPVWVMWMRGEQEQOQGTQRGDILPNGDETW YLRATLDVAAGLLAGLA
CRVKHSSLGG"
ORIGIN
| atcagctttg tga gecageagtg ggtecacctg
61 cagaatatat tic icatacagga aftcgccaaa
121 atgetgtect ta glggctgtea ggtgcaccct
181 gggaacgtct ¢ gagaatatat cc  gttte
241 cagggaactg ¢ 12a gggtagattr getcatcaaa
301 gtgcteaacc a agt ggctecteaa tgacatctge
361 ceccaata g Jaactggagaa ge Zaag
421 cecgaggect ¢ tg geegtttget geeggigtge
481 cacgtgtetg g ggatgcgagg ggaacaggag
541 cagcagggca: g atgagacglg gtatctecga
601 gcaaccet  : gg cctgcagpgt gaageacage

661 agectaggag gy

(5%
N
o




A4

EF621766 309 NA  linear ROD 19-AUG-2007
DEFINITION Marmota monax CD8  INA, partial cds.
ACCESSION EFo0217
SOURCE  Marmota monax (woodchuck)
AUTHORS Guy,C.S.ar  Michalak,T.L
TITLE  Direct Submission
FEATURES Locat  Qu fiers
source 1..309
/organism="Marmota monax"
‘mol_type—"n \"
/db xref="taxon:900s"
S ~1..>309
/mote="T-cell co-receptor”
/codon_start=1
/product="CD8"
/protein_id="A 40143 1"
/db_xref="GIl: 15579 "

ftranslation="G(  JFGDILQSLGARLPASXASPTPAPRLPTPAPPTTLLPRSVR

PETCRPATGGAADTRWI ACDIYIWAPLAGTCAVLLLSLVITVICHHRKRRRVCKCP

R"
ORIGIN
| gptggtgttc aattc; : ity cccgtettec tgecagegam
61 gecteeeega cge : accccggege ceeecaccac getgetgeee
121 aggtcegtge gec : gegacgggtg gtgcagegga caccaggtgg
181 ctggactteg cctg i :geeettgg ctggpacctg cgeggtectt

241 ctgttgtcac tggteatcac 1gh
301 tgtceeegg

cacc 1 aacgaaggceg tgtitgeaaa






A.6

EF216348 220 bp RNA linear ROD 12-FEB-2007
DEFINITION Marmota monax interleukin 8 mRNA partial cds.
ACCESSION  EF216348
SOURCE  Marmota mc (woodchuck)
AUTHORS Pohling,J., ¢ T.S.:  MichalakT.l.
TITLE Direct Submission
FEATURES Location/Qualifiers
source 1..220
/organism="Marmota monax"
/mol_type="n A"
/db_xref="taxon:299s"
/tissue_ty i
CDN <1..>220
/note="chemokine; IL.8"
/codon_start="2
/product=" ukin 8"
/protein_id="ABN13986.1"
/db_xref="Gl1:124574421"
/translatic LLSATLREAAVLARIGTELRCQCIKTHSTPFHPKYIKELRY

IESGPH( VKLVDGRELCLNPKEK"
ORIGIN
| ggtaacctge ctac g lagctgea gttctggeaa ggattggeac
61 agaacttcga tgo tca ttccacacct ttccacececa aatacatcaa
121 agaactg gt :caca ctgtgccaat tcagaaatca ttgtcaagcet
181 tgttgatgga aga ccc caaggaaaaa

t9
(=
[



o

A7

AY993901 60t » mRNA linear ROD 20-APR-2005
DEFINITION Marmotamo  granzyme B mRNA, partial cds.
ACCESSION AY993961

SOURCE Marmota Wi i1ck)

AUTHORS Guy,C.S. the I

TITLE Direct Submi

FEATURES Lo Jual 15
source 1..606

/organism="Marmota monax"
/mol_type="mRNA"
/db xref="taxon:)4s"

CHS ~1..>606
/note-"protease”
/codon_ste
/product=' me
/protein_id="AANSOIZ8. 1"
/db_xref="Gl:6 320 "

/translation=" PYMAYLQFVAQGVQKKCGGFLIREDFVLTAAHCLGRPM
NVTLGAHN TQQVIPVKRTIPHPDYDAHYFYNDIMLLELEKKANLNPAVOPIK
LPRGKDKYVI LVAGWGRMARNGKYPNTLQEVKLK VOKHQVCEREELLKE
Y YKSSIQICY NKASFQGDSGGPLVCNHVAQGIVSYGNKNGNL"
ORIGIN
| atccaageee ¢ ig tttgttgctc agggtgtaca

61 gaagaagtgt ¢ itg ¢ cggetg ctcactgett

121 aggaaggcca acatt gagaatctgg agaagaccca

181 gcaggtcatc « agac tatgatgctc attatttcta

241 caatgacatc ¢ aac cttaatccag ctgtgcagcee

301 tatcaagetg ¢ { aaggtgtpec tigtggetgg

361 ctggggcaga 1 ‘tgeagg | taaagttgaa

421 agtgcagaag tatta aaagagtact ac  agtag

481 catccagata t agcet tectttcagg gggacteegg

541 aggecctctt g iic tettatggaa ataaaaz

601 aaacct

263



A8

AY993960 499bp 1 NA linear ROD 20-APR-2005
DEFINITION Marmota monax FAS antigen CD95 mRNA. partial cds.
ACCESSION AY993960

SOURCE  Marmota mo (woodchu

AUTHORS Guy.C.S. and Michalak,T.I.

TITLE Direct Submission

FEATURES Locat Qu fiers
source 1..499
Jorganism="N  nota monax"
‘mol_type="r I1A"
/db_xref-"taxon:)1u3"
DS <1.>499

/mote="TNF s rfamily member CD95L receptor”
/codon_start=3

/product="F¢ intigen CD95"

/protein_id="AA X801 271"

/db_xref="( §2047"
/translation: \WI FVETNCTQTONTKCRCKLNFYCETALCEHCDPCTTCEHG
ITERCTPT z TGENYNWLWFLLLLLLPHAFGIYRIFKYRSTKHGHHFELLP
NNREIEPM n YISTAEEMTINQVREFVRKNGINEAKIDEIKNDNPQDTAE
QKLQLL"
ORIGIN
| patggag, ¢ tgtaccca gacccagaat acca gea

61 gatgtaaact g 1y . acactgtgac ccgtgeacca

121 cgtgtgaaca icccact  aataccaaa tgcaaaaaag

181 aaactacagg ‘ccteet getactgeta cteccgatta

241 tagetttt 3 cagtac aaaacatggt caccatgaac

301 ttctacccaac raatttctc agatgttgac ctgagtaaat

361 acatcattag t latca  tagagaattt gttcgtaaga

421 atggtatcaat ‘aagaatga caatccgeaa gatacagetg

481 agcagaaact















