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4 ortant causes of premature nortality in

: i
;However,YWRgpgggpsevere mal aria has a high nortality ratev%%kkﬁbﬁk%%7"

children under 5, HBV related nortalities are conmon during wor ki ng
life. If recovery fromHBV infection were 5 al so linked to. DRB1*1302,
In addition to malaria, HBV woul d a@onfer a selective advantage
on individuals carrying the DRB1*1302 hapl otypes in The Ganbi a.

A recent study has shown a protective effect against 10 human papi |l | oma
virus (HPV) related cervical carcinonma associ ated with DRB1*1302 and
DRB1*1301 (Apple, R J. et al, Nature Genetics, 6(2): 157-162,

1994). DRwW6, which is the serol ogi cal supertype of DRB1*1302 and
15 DRB1* 1301, was i denPREDIGTIVENTESYo FRR HEPATETIStBRESISTANCE -
potentially protective agai nst persistent HBV infection. Van Hattum

et al found DRwW6 nearly twi ce as frequently in Nor t h Eurogean
patients who clTBfePrEAeRhatnVeRti®de WRdates to a novel method of

predicting resistance to Hepatitis B, peptides useful in
5 modifying immune response to Hepatitis B, vaccines
against Hepatitis B and methods of treating Hepatitis B.

Infection with hepatitis B wvirus (HVB) may result in a
number of disease states ranging from fulminant hepatitis

10 with liver failure to asymptomatic persistent carriage.
Most patients will suffer an acute hepatitis during which
the virus is eliminated. About 5% of patients in North
America and Europe fail to elimiﬁate the virus, whereas
in West Africa up to 15% of infected patients fail to

15 clear HVB'(Ryder,.R; W. et al, Lancet, ii(8400): 449-52
1984). Persistent HBV infection predisposes the host to
chronic 1liver disease and hepatocellular carcinoma
(Beasley, R. et al, Lancet, ii, 1159-63, 1981), which is
a common cause of -death in adults of working age in West

20 Africa (Ryder, R. W. et al., Am. J. Epidemiol., 136(9):
1122-31, 1992). ' - |

The outcome of HBV infection "does not appear to be

_ determined by variations in virulence of the virus, and

25 the course of disease may be influenced by the host

. immune response. Although a proportion of patients with

. persistent infection bhave specific immunodeficiency

states such as HIV (Krosgaard, K. et al, Hepatology, 7:

37-41, 1987) or agamma-globulinaemia (Hermaszewski, R. A.

30 et al, 0. J. Med., 86(1): 31-42, 1993), the majority are
not otherwise immnnocompromised.



failed to elimnate the virus (th-kbttun{ J.-et al, 20 supra). In a

study of factors influencing the response . of chronic HBV infection
to i nt e MSherapy, we found . that DRW6 is assocTGHEBISM204Y a
favourabl e response . (Scully, L. et al, Hepatology, 12: 1111-17,
1990). However, both these studies were too small to reach 25
statistical significance. o It hag now been found that the presence
of certain HLA nol ecul es confers resistance to infection by
Hepatitis B. 30 Accordi ngly, the present invention provides a nethod
~of i dentifying resistance to Hepatitis B infection which

conprises the step of identifying the presence -of HLA- - WD 96/ 07915
PCT/ GB95/ 02067 5 DRB1* 1302.

Suitably i derin Wesdt Aderiica ,cHBVi 88 bvansmitted via adgqrigontfal hcade
Thus, the Hﬁ%ﬁPtQQﬂu@Pr%ﬁﬁqaiena (under 10 vyears) acquiring the
infection from older siblings or playmates (Marinier, E.
| et al, West Africa J. Pediatr., 106(5): 843-9, 1985; and
5 Botha, J. F. et al, Lancet, i(8388), 1210-2, 1984).
Vertical transmission, as seen in the Far East, is rare,
so that immatﬁrity of the immune system and the
tolerogenic effects of trans-placental HBV ‘e’ antigen
(HBeAg) transfer are unlikely to affect the outcome of 'I
infection. Epidemiological studies have shown that about
80% of the adult population have been infected with HBV,
and that the persistent carriage rate, as determined by
HBV surface antigen carriage, is around 12-15% (Ryder et
al, supra). Death from HBV related hepatocellular'
15 carcinoma is the leading cause of male mortality in
'adults of working age in The Gambia (Ryder et al, Am. J.
Bpidemiol., supra; and Kiire, C. F., Vaccine, 8: 5107-
112, 1990).

[
[ ]

20 - Recognition of foreign' antigens by T lymphocytes is
achieved through the presentation of antigenic peptides
in the groove of MHC encoded HLA molecules. Such
immunological responses are MHC restricted, meaning that
foreign antigens are only recognised when presented by

25 specific class I or class II molecules. In patients with
.acute hepatitis B, class 1 restricted cytotoxic T

. lymphocytes (CTL) are present in the peripheral blood
which recognise the nucleocapsid and envelope antigens of
'HBV (Bertoletti, A. et al, Proc. Natl. Acad. Sci, USA,

30 88(23): 10445-9, 1991). In addition there is a strong
class II restricted proliferative response to the
nucleocapsid antigens (Ferrari, C. et al, J. Clin.



‘conveni ent et hod ‘of predicting Hepatitis B resistance in any given
~indi vidu adg& nce also allows for 5 predictions t r'fﬂlf 5@?‘% _
sconcer ni ?1%'0 t %ﬁgout come of Hepatitis B infection 3’ %‘?}”l gal

patients. I n one enbodi ment the method of the present invention
further conprises the step of identifying the presence of 10
HLA- DRB1*i 301. Again, this is suitably car3ied out by anal ysing a
bl ood sanpl e. Furthernore, in view of the recognition that HLA-

. DRB1*1302 and/ or HLA-DRB1*1301 is/are associated with 15 resi stance to
Hepatitis B, it is possible to nodify the | mmune response of an
I ndi vi dual by neans of peptides whi ch bind to one or both of those
HLA nol ecul es. In anot her_ aspect therefore, the present invention
al so pr FAVREE 088 102 122 ipdSides CRaniTe hedpsn@eld £&SPORsesy

DRB1*1302 and/ gip Hie Didd1ds€dpsfachnbepinvddopermbtigstsl of the wartedify
the ability of HLA-DRB1*1302 and/or HH?— . DRBé*13Bl hg ellchg n
i mune r espons &FSSudPEEEHHrACRIPPOTE agbiriBgc2ACe ARE 1 FBS AT &%Vbn
agai nst HBV i nidgestelopment (Mildwh,i D.DEBl4130Natucle, 13B: iS4di-8,daslss,) .who
had beco 25 perL si NtV o 0 , I ACH |1 e _recovery
(therapeg!tai C irﬁﬁmpggfggﬁf. v¥:rlhh a%‘%&%@?’r e%ﬂ(gnrrlt“)‘}%%er%rﬁaog' Eﬁ.}" %’f%d?lr?g: of
the one or nor detsditfabde pupd | the prolifesative respdansen isdabsent mdame
response. This 4 I t ageo ipstreati ditions
Such as. 7 ul m naRo Ry Hoduced, (PeECURR, AGI0UE 18111 521 LA,
145(10): 3442-9, 1990; and Tsai, S. et al, J. Clin.

Invest., 89: 87-96 1992).

Several studies have examined the role of MHC phenotype
in the outcome of HBV infection without reaching a firm
conclusion (Van-Hattum, J. et al, Hepatology, 7(1): 11-
14, 1987; Forzani, B. et al, Hepatology, 4: 1107-10,

15 . 1984; Lepage, V. et al, Tissue Antigens, 18: 105-7, 1581;
and Kaslow, R. and Shaw, 8., Epidemiol. Rev. 3: 90-114,
1981) . However, the majority of these studies have been
of a size that could only detect a very strbng
association between MHC phenotype and disease state.

20 Furthermore the sensitivitﬁr of these studies has been
- compromised by using serologically defined MHC class Il
typing methods which may assign a large number of alleles
to the same serological specificity.

25 DRB1+1302 is associated with a reduced risk of cerebral
- malaria in Gambian children, which may relate to the high
frequency of the DRB1#1302-DRB3*0301-DQA1*0102-DQB1*0501

and DRB1*1302-DRB3+*0301-DQA1*0102-DQB1+*0604 haplotypes in

this population (Lepage, V. et al, supra). The combined

30 haplotype frequency in North Europeans is 4.4% compared
with 16.4% in The Gambia (Hill, A. et al, Nature,
352(6336), 595-600, 1991). Malaria and HBV are both



More generally the present invention provides-a peptide WO 96/ 07915

PCT/ GB95/ 02067 : 6 capabl e of
modi fyi n"WOt9887HBi ity of an HLA to elicit an inwuneppggﬂﬁﬁ@€£7n
response to a Hepatitis B antigen. Preferably the peptide is one
derived froma Hepatitis B5 antigen. For exanple, the peptide can

- consist only of a particul ar regi ong known to bind to a particular HLA
nol ecule. Alternatively, a synthetic peptide could be constructed
consi sting of a binding region and ot her, ‘non-binding regions. 10
The peptides can be adm nistered in the formof a phar maceuti cal
formul ati on, eg. as an intravenous formul ati on. Thus, in another
aspect the invention - provi des a pharmaceutical formnulation
conpri si ng ondmportant causespaf ipkematipeh moxfabityli g WestlLALDRBa* 1302
and/or dwe VeSS hdltas! 80FLEE MUl 4Pi 0¥ O'a Tigh ROLTRIRY kaRk! Y

in children under 5, HBV related mortalities are common
during working life. If recovery from HBV infection were
5 also linked to DRB1*1302, in addition to malaria, HBV
would confer a  selective advantage on individuals
carrying the DRB1*1302 haplotypes in The Gambia.

A recent study has shown a protective effect against ‘

10 human papilloma virus (HPV) related cervical carcinoma
associated with'DRBl*1302 and DRB1*1301 (Apple, R. J. et
al, Nature Genetics, 6(2): 157-162, 199%4).

DRwé, which is the serological supertype of DRB1*1302 and
-15 DRB1+*1301, was: identified in two ‘previous studies as
potentially protective against persistent HBV infection.
Van Hattum et al found DRwé nearly twice as frequently in
North European patients who cleared HBV than in those who
failed to eliminate the virus (Van-Hattum, J. et al,
20 supra). In a study of factors influencing the response
' of chronic HBV infection to interferon therapy, we found
that DRwé is associated with a favourable response
(Scully, L. et al, Hepatology, 12: 1111-17, 1990).
However, both these studies were too small to reach

25 statistical significance. '

. It has now been found that the presence of certain HLA
molecules confers resistance to infection by Hepatitis B.

30 . Accordingly, the present invention provides a method of
jdentifying resistance to Hepatitis B infection which
comprises the step of identifying the presence of HLA-



;acceptable carriers and/or -excipi ents. “ In addition, such peptides

can be u | e production 20 of a vaccine against . |tis B.
- Accordingﬁg?b9¥%€ ' i nvention al so provides a vaccine¥55€$$§%ﬁM+
Hepatitis B conprising one or nore peptides. capable of binding to
HLA- DRB1* 1302 and/or HLA- DRB1*1301. 25 The peptides of the invention
al so provi de ot her nethods of treatighg Hepatitis B. For instance,
antigen specific ~ lynphocytes can be generated in vitro using a
pepti de of the invention. These can then be adm nistered to a
patient suffering fromHepatitis B. The present invention 30 therefore
also provides a conposition conprising | ynphocyt es wherein the
‘| ynphocyt es have been exposed to one or nore peptides of the
i nvention. A nBRB241302. Suitabdyt iidpritdfbidaticon is cdroied ooutiednwai ch

conprises the samP%F tstﬁgpI 351%%%@ ni .ﬁn%i ngggtgch iqb‘éeqﬁi% E ihélpmglc_)dgs%gj ect .

35 | n géne ytes W[l €ither

96/ 07915 convenient method of predicting plepatEds/sB0gpsistance in

7 any given individual and hence also allows for
5 predictions to be made concerning the outcome of

Hepatitis B infection in individual patients.

In one embodiment the method of the present invention

further comprises the step of identifying the presence of
10 HLA-DRB1*1301. Again, this is suitably carried out by

analysing a blood sample. '

Furthermore, in view of the recognition that HLA-
DRB1#1302 and/or HLA-DRB1*1301 is/are associated with
15 ‘resistance to Hepatitis B, it is possible to modify the
immune response of an individual by means of peptides
which bind to one or both of those HLA molecules. In
another aspect therefore, the present invention also
provides one or more peptides capable of binding to HLA-
20 DRB1*1302 and/or HLA-DRB1*1301. Such peptides can be used
to modify the ability of HLA-DRB1*1302 and/or HLA-
DRB1#1301 to elicit an immune response. Such an approach
would be useful in immunisation against HBV infection,
and in DRB1*#1302 and *1301 individuals, who had become
25 persistently - infected, would facilitate recovery
- (therapeutic. immunisation). In a preferred embodiment,
- binding of the one or more modified peptides will result
in a reduced immune response. This is particularly
advantageous in treating conditions such as fulminant

30 . Hepatitis B.

More generally the pfesent invention provides a peptide



subj ect being treated or fromanother with a simlar HLA t ype.

The invention wll now be described by neans of the 5 fallown

exanpl e WORRM1IS shoul d not .be construed as li m FW&BPW"ggope of
the invention in any way. : The exanple refers to the figures
wherein: 10 FIGURE 1; shows Hepatitis B exposure and HBsAg
carriage rise with age during childhood. FI GURE 2; shows the
frequencies of HLA class | sefotypes for each group of children
and adults. 15 FI GURE 3; shows the class Il haplotypes for the
chi | dren. _ FI GURE 4; shows the class Il haplotypes for the 20

adul ts; and

capable of modifying the ability of an HLA to elicit an
immune response in response to a Hepatitis B antigen.

Preferably the peptide is one derived from a Hepatltls B
5 antigen. For example, the peptide can consist only of a
particular region known to bind to ‘a particular HLA
molecule. Alternatively, a synthetic peptide could be
constructed consisting of a binding region and other,
non-binding regions . - ‘

The ﬁeptides can be administered in the form of a
pharmaceutical formulation, eg. as an intravenous
formulation. Thus, in another aspect ' the invention
provides a pharmaceutical formulation comprising one or

15 more peptides capable of binding to HLA-DRB1*1302 and/or
HLA-DRB1*1301, together with one or more pharmaceutically
acceptable carriers and/or excipients.

~ In addition, such peptides can be used in the production

20 of a vaccine against Hepatitis B. Accordingly, the

invention also provides a vaccine against Hepatitis B

comprising one or more peptides capable of blndlng to
HLA-DRB1*1302 and/or HLA-DRB1*1301.

25 The peptides of the invention also provide other methods -
| -of treating ﬁepatitis B. For instance, antigen specific
. lymphocytes can be generated in vitro using a peptide of
the invention. These can then be administered to a
patient suffering from Hepatitis B. The present invention
30 therefore also provides a composition comprising
lymphocytes wherein the 1ympho¢ytés'have been exposed to
one or more peptides of the invention. A method of
treating Hepatitis B is also provided which comprises the
step of administering such a composition to a subject.
35 | |
In general the lymphocytes will either be from the



"FIGURE 5; shows the differential anélysis of rrsk for

I ndi vi dual DRB1*1302 Hapl ot ypoes. 25 EXAVPLE 1 .St udy
- Popul ati M@ 96/07915 The subjects were all Ganbians |iving i RCTNEBISHZG?
“surrounding the capital, Banjul, which is in the western 30 coast al
region. Two different populations were recruited for the two stages
of the study between 1988 and 1990. 7In the first stage, children up
to 10 years were WO 96/ 07915 _ : '
PCT/ GB95/ 02067 _ _ 8 recruited
at the Royal Victoria Hospital, Banjul, and the “Medi cal Research
Council Hospital, Fajara, where they had been seen for a variety of
ctonditions unrel ated to HBV. The adult popul ation was recruited from
heal thy male subject being treated or from another with a similar HLA
type.

The invention will now be descfibed by means of the -
5 following example which should not be construed as
limiting the scope of the invention in any way.

The example refers to the figures wherein:

10 FIGURE 1; shows Hepatitis B exposure and HBsAg
carriage rise with age during childhood.

FIGURE 2; 'shows the frequencies of HLA class I
serotypes for each group of children and adults.

15 :
FIGURE 3; shows the class II haplotypes for the
children.
FIGURE 4; shows the class II hapldtypes for the

20 adults;and ' '

FIGURE -S5; shows the differential analysis of risk
for individual DRB1*1302 Haplotypoes. '

25 EXAMPLE 1

tu : ons
The subjects were all Gambians 1living in the area
surrounding the capital."Banjul, which is in the western
30  coastal region. Two different populations were recruited
for the two stages of the study between 1988 and 1990.
In the first stage, ‘children up to 10 yéars were
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In both stages, subjects were divided into groups
according to serclogical tests for HBV. Group A, who had
never béen exposed to HBV, were anti-HBV core antibody
(anti-HBc) negative. - Group B, who had 5pontaneously
recovered from HBV infection, weré Anti-HBc positive and
HBV surface antigen (HBsAg)-negative. Group C, who had
persistent HBV infection, were Anti-HBc positive and
HBsAg positive. Patients in Group C, who had IgM
antibodies to HBV core antigen, were excluded from the
analysis. Individuals who had received vaccination
against HBV (<10%) fell into group A and were not
therefore included in the analysis of HLA frequencies.
There were a total of 1344 children; 891 in Group A, 218
in Group B and 185 in Group C. In the Adult population
there were a total of 260 subjects: 25 in Group A, 195
in Group B and 41 in'Group C. The very small number of
individuals with HIV antibodies (<1%) were excluded.

. Serological Testing

30

Plasma samples were taken from all subjects and stored at
-20°C. Anti-HBc, Anti-HBc(IgM) and HBsAg status and
anti-HBs antibody concentration were determined by ELISA
according to the manufacturers instructions (Boehringer

Mannheim, Munich,_'Gérmany). .~ Anti-HIV . status was

ELI
hPlnSEral' SUPTRdnnheim  Minich, Germany).

q

v
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9 determ ned by Vellcozyme ELI SA (Wl lcone, Beckenham UK)

cand positive results confirned by Western Blot. - HLA T

Cass | sHMYWMg was perforned on approxi mately hal f FE &Wﬁ]ects
I n each popul ation. Serol ogical MAC cl ass I types wer e

det er m ned by st andard m cr ol yrphocytotoxicity assays
- usi ng 180  wel | characterised antisera on fresh or cryopreserved
cells 10 (Rood, J., Van, Manual of Tissue Typing Techni ques,

Bet hesda, Maryl and: National Institutes of Health, 104- 105, 1979).
MHC Cass |l typing was perfornmed by restriction fragment |ength
pol ynor phi sm anal ysi s, as previ ously described, using the

‘restriction enzgeesrmanedlby Welbadzfne+ELISAlKWellebmesuBeakenhdmkhUK) A

et al, Proc: R gepg@££ivécggsgg@%Ofoagﬁrmeggﬁgl%thgln BiégctlonThls Vas

supplenented necessary,
anplification and sequence specific ol i gonucl eoti de
blotting (Hi Il Hgra; and Hll, A '
5 Class I serotyping was performed on approximately half
the subjects in each population. Serological MHC class
I types were determined by -~ standard
microlymphocytotoxicity assays  using 180 well

characterised antisera on fresh or cryopreserved cells
(Rood, J., Van, Manual of Tissue Typing Technigues,
Bethesda, Maryland: National Institutes of Health, 104-
105, 1979). MHC Class II typing was performed by
restriction fragment length polymorphism analysis, as
: previously described, using the restriction enzymes Tagl
15 and BamH1l (Hill et al, supra; and Hill, A. et al, Proc.
Natl. Acad. Sci. USA, 89: 227-81, 1992). This was
supplemented, where necessary, by polymerase chain
reaction amplification and sequence specific
oligonucleotide blotting (Hill et al, supra; and Hill, A.
20 et al, Proc. Natl. Acad. Sci. USA, 89, 227-81, 1992).
All patients were assigned a class II type.

[
(=)

Statistical Analysis
Comparisons of phenotype (RFLP-defined haplotype for
25 class II) frequencies between groups B and C were made

for 23 HLA class I antigens and 10 class II haplotypes
using the x* test. When multiple comparisons are made
concurrently, an apparently significant association may
arise by chance. ‘'In order to avoid this type of error,
30 we adopted a two stage strategy: multiple comparisons
were made in the first population (children), and the
second population (adults) was then used to test a single



20 et al, Proc. Natl. Acad. Sci. USA, 89, -227-81, 1992). Al
patients were assigned a class Il type. Statistical Analysis
Conpar i s&/R2¥?Bhenot ype (RFLP-defined hapl otype for 25 PCHEBISH2967)
frequenci es between groups B and C were nade for 23 HLA class |
antigens and 10 class Il hapl otypes using the x[err] test. Wen
mul tiple conpari sons are made concyprently, an apparently
significant association may ari se by chance. In order to avoid this
type of error, 30 we adopted a two stage strategy: multiple

conpari sons were made in the first population (children), and the
second popul ation (adults) - was then used to test a single WO 96/ 07915
PCT/ GB95/ 02067 _ 10 hypot hesi s
(HIl, A, J. RgPorh2eis): (Hilll,6,A1992).. RCP., 28(1t:i vE1lrl6k ADS82).
cal cul ated by .ude S t Q1§ LS. 0l ] 9

confi dence intggggﬁaugAgggﬁeWégigggéﬂféted'ﬁ¥x%§ee%%ﬁ?%w%%g%g§$€¥%na?% The
Ganbia (HiIl, As given wish a 98%confidencasdmtesstal .USAs stipexs  is a
Mant el - Haensze; g3 Sthnic composition in The Gambia (Hill, A. et al,

5 . Proc. Natl. Acad. Sci. USA, supra), Mantel-Haenszel tests
were performed to assess a possible confounding effect of
ethnic origin. Anti-HBs concentration were compared in
the adult population between subjects with HLA-DRB1*1302

and those without, using the unpaired t test. ‘

Results | S |
453 of the 1344 children recruited (33.7%) were anti-HBc
positive and, of these, 185 (13.8%) were HBsAg positive
and anti-HBc (IgM) negative. 218 (16.2%) children were
15 anti-HBc (total) positive, anti-HBc(IgM) negative and
HBsAg negative. The rise with age of anti-HBc and HBsAg.
carriage are shown  in Figure 1. 260 adults were
recruited to the .study, of which 235 (90.4%) were anti-
HBc positive and 41 (15.8%) HBsAg positive. The
20 frequencies of HLA class I serotypes and class II
haplotypes for each group of children are shown in Tables
1, 2 and 3 respectively.

Possible associations between the HLA class I antigens,
25 HLA-BS0 and HLA-Cwl and persistent HBsAg carriage were
.. suggested by the data from the study of children (Table
1). However, these findings were not supported by the
data from the adults studied (Table 1) . Hence, no class
I phenotype was significantly associated with HBV
30  clearance.

HLA class II haplotjpes were initially determined using



‘wer e perforrfed to assess a possi bl e confoundi ng effect of et hnic

origin. Anti-HBs concentration were conpared in the adult popul ation
cbetween swiheggeisv t h HLA- DRB1* 1302 - and those Wi t houpcrigosdadshe
unpaired t test. 10 Results 453 of the 1344 chcirdr en
recruited (33.7% were anti-HBc positive and, of these, 185 (13.8%
were HBsAg positive ~and anti-HBc (I&M negative. 218 (16.2%
children were 15 anti-HBc (total) positive, anti-HBc(lgM negative and
HBsAg negative. The rise with age of anti-HBc and HBsAg carriage
are shown in Figure 1. 260 adults were - recruited to the "
study, of which 235 (90.4% were anti - HBc positive and 41

(15.8% HBsAg B%si rrie rlct:.-gﬁe hapﬁy“%y nc&gs dQE:.E"EA ﬁ?ﬁ&tkm’l

serotypes and or each group o ren are
shown i n Tabl esfragmentl lezlgatﬂpdpp mlﬁﬂél (RFLP) haplotypsi tiHél A.

associ ations belgpeeq t hergled }ASS, IAéaal gges. 2:55A g P20 aﬁHeHh@‘LQ"A
and persistent HBsAg carrlaevve est ed thed a fromthe
, "which g she

study of chil dr PRACERPER e 2 P°PF?§seWF‘-| i weldsgot 11
support edsby th?xa lotyp d@ta fum*ilsoad@masmmeﬂoﬁamlmz]-)uownosomo

R 47 %0 i A TR e v
(DRw13/DQwé), was found in 26.6% of the children who had
c.leared HBV infection (Group B) and in 16.2% of the

. children with persistent HBV infection (Grdup C)
io {relative risk 0.53 [95% CI 0.32 - 0.90], p = 0.012), and
is therefore associated with a protective effect against
persistent HBV carriage. The RFLP haplotype 13-2, which
corresponds to the <c¢lass II haplotype DRB1#*1301-
DRB3*0101-DQA1*0103-DQB1*%*0603, was also found at a

15 significantly reduced frequency in persistently infected
children (p = 0.037). No other haplotype showed a
significant frequency alteration. We therefore proceeded
to analyse these two possible associations in the adult
population. The HLA-DRB1*1302 haplotypes were found in

20 50 of 195 (25.6%) adult subjects from Group B (cleared
infection) and 3 of 40 (7.5%) patients with persistent
infection (relative risk 0.24, [95% confidence interval
0.04 to 0.80)], p = 0.012). After stratification by

. ethnic origin, the Mantel-Haenszel weighted relative risk

25 . was 0.23 [95% CI 0.05 - 0.83], p = 0.022; therefore, a
significant confounding effect of ethnic origin was
excluded. The possible association with HLA-DRB1*1301
was not confirmed by the data on the adult population.

30 Subjects- with the 25-1 haploﬁypes from both populations
were further subdivided into the DQw5 or DQwé haplotypes.
Relative risk and 95% confidence intervals were
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11 restriction enzynme Tagl to define restriction
fragnentwpgﬁﬂﬁﬁgpol ynor phi sm (RFLP) hapl otype (Hill, A  PCT/GERS§I067 proc,
Nat|. Acad. Sci. USA, supra). The RFLP pattern 25-1, which
corresponds with the class Il 5 hapl ot ypes -

DRB1* 1302- DRB3*0301- DQAl *0102- DQB1* 0501 12 (DR err]/ DQws) and

DRB1* 1302- DRB3* 0301- DQAL1* 0102- DQB1* 0604 (DRM err]/ DQn6), was found
in 26.6% of the children who had cleared HBV infection (Goup B) and
in 16. 2% of the children with persistent HBY infection (G oup
G 10 (relative risk 0.53 [95% CI 0.32 - 0.90], p 0.012), and

is therefore associated with a protective effect against per si st ent

HBV carri age.calimulrued gy dogde heplptypesiand are aompaxssbrids Tablehe
class 11 haplotype {3 of BV iPREEHE XN Gs¢¥B1* 0603, was

al so found at a 15 significantly reduced frequency in persistently

i nf ected ~ children (p = 0.037). No. ot her hapl otype showed a

sihgni ficant fHRauaREes) t whliicen. ﬁgbetef OFEhﬂEOCQﬁﬂﬁﬂactlon tfecanal yse
t hese two p055|ble assoc lons_i.n -t poRyl a

The. LASDRB1* PEFEIERATR FOEE PGS T na§6°°1at§6 8*1%58(‘%53&% DRdul t
subj ects fronmclrenyle Hedreiarge®RB1*13023.nf ection) and 3 of 40 (7.5%
patients wi th persistent - infection (relative risk 0.24, (95%

confidence interval _ . _
In 25 adults with DRB1*1302 (mean age 28.6), the mean

anti-HBs concentration was 15.5 iu/L (s.d. 41.5), and in ‘I
10 = 25 adults without DRB1+1302 (mean age 32.2) the mean
anti—HBs'antibody concéntration was 22.3 (s.d. 48.5); p
= 0.598. ' -
Discussion
15 This is the €first large'HLA association study of HBV

_infection which has incorporated molecular class II
analysis. The study clearly shows that the RFLP defined
haplotype 25-1 is associated with the ability to clear
HBV after infection. The 25-1 haplotype represents two

20 MHC class II haplotypes, DRB1#*1302-DRB3*0301-DQA1%0102-
DQB1*0501 and DRBl*1302-DR33*0301-DQA1*0102-DQBl*0604.
Further analysis has shown that the two DRB1*1302
haplotypes are both associated with HBV clearance, and it
is therefore probable that one or'both'of the shared HLA-

25 DR alleles are responsible for this ‘association. HLA--
DRB1%#1302 is only found on the '25-1 RFLP haplotypes,
whereas " HLA-DRB3*0301 is also found on other RFLP
haplotypes in The Gambia. Furthermore, the product of
DRB1*1302 is expressed at a higher level than the DRB3

30 locus product and may thus be of greater functional
importance. We conclude that, on the 25-1 haplotype, the
DRB1*1302 seems most likely to be of importance in viral



~0.04 to 0.80], p = 0.012). After stratification by ethnic origin,
the Mantel - Hoenszel weighted relative risk 25 was 0.23 9 05 -
0. 83], p“—m@‘?@?f therefore, a significant conf ounﬂﬁgﬁ?@% 79“%?
ethnic origin was . excluded. The possible association with
'HLA- DRB1* 1301 was not confirmed by the data on the adult popul ation.
30 Subjects with the 25-1 hapl ot ypes fidom bot h popul ati ons wer e
further subdivided into the DQwWs or DQAM hapl ot ypes. Rel ative risk
and 95% confidence intervals were WO 96/ 07915
PCT/ GB95/ 02067 12 cal cul ated
for both hapl otypes and are conpared in Table 4. Elimnation of HBV
I s associated wi_ith both . hapl otypes, which suggests that
protection fréManance. pditsis possipyec fhatafhe RFEPs BaPAOsUPRi L8 -Lhe

HLA-DR WRlietU| soesspatiidREd” £882.class II haplotype DRB1*1301-
DRB3*0101-DQA1*0103-DQB1*0603, is also associated with a
degree of resistance to HBV  persistence in the

5 population, as suggested by the data on persistently
infected children. Incidently, the DRB1 allele of this
haplotype, DRB1*1301, differs from HLA-DRB1#1302 by just
a single amino acid substitution.

P

10 HBV-specific CD4+ helper activity, as judged by the
proliferative response to 'HBcAg and HsAg, is markedly
reduced in patients with persistent infection in
comparison to patients with acute self limiting infection
(Ferrari, C. et al, J. Immunol., supra). Through its

15 role in antigen presentation, the class II molecule is
considered to be critical in the development of CD4+
helper T cell responses and therefore differential
ability of class II molecules to 'present antigens may
manifest as variability in the level of CD4+ help. This

20 ° is consistent with the detection of a specific class II
a'ssocia_tion with HBV, clearance.  We infer that, in
patients with persistent HBV infection, <failure to
develop anti-HBe and anti-HBs, and the failure to develop
sufficient numbers of active HBV-specific CTL, are at

25 least in part related to the lack of CD4+ help mediated
.by class II molecules with relatively poor antigen

. presenting ability.

Failure to .develop reasocnable levels of anti-HBs
30 following vaccination is associated with the haplotype
HLA B8, SC01, DR3 in caucasians (Egea, E. et al, J. Exp.
.Med.. 173 (3): 531-8, 1991). It seemed possible that the



In 25 adults

concentration was 15.5 iu/L (s.d. 41.5), and in 10 25 adul ts wit hout
DRB1* 13080908 age 32.2) the nean
was 22.3 (s.d. 48.5); p = 0.598. ~Di scussion 15 This is
ge HLA associ ation study of HBV I nfection which has
nol ecul ar cl ass 11 ' IyS|s The study clearly shows
that the RFLP defi ned “hapl ot ype 2 -1 is associated with the ability
HBV after infection. The 25-1 hapl otype represents two 20
hapl ot ypes, DRB1*1302- DRB3*0301- DQA1*0102- DQB1* 0501
DRB3*0301- DQAI *0102- DQB1*0604. . Further anal ysis has
e two DRB1*1302 hapl ot ypes are both associated with HBV
cl earance, angiddociation icE mmwmmawm HEM clearandeonighit bee

25
FAAAR R tho BGRETRALELR L Oy pRE L HER Enginddy st
igdiaricdudimimdioh chier HBA Pallele. hdwavers Levdhe ©inbi a.

L8 LIl dnOlboay 1n LERIELS0R-T fafXR1SRIAL:RY RY GRgk | cvel

_ DBgreater uncti.onal
i nport asce. Wnamntigher tamengst theseswithaphst {bA-DRBA*1302 aldmde«1302

the first lar
I ncor por at ed

to cl ear
MHC cl ass |11

-and DRBI *1302-

shown that th
shared HLA-
‘DRB1*1302 i s
HLA- DRB3* 0301
Furt her nor e,
t han t he DRB3

seens nost i

15

20

wi th DRB1*1302 (nean age 28.6), the nmean anti - HBs

us pr y thus

Ksﬁlé’gé&ﬂ?g Of hh FP@hea o ik i abE extra "help" for the
generatlon of this antibody response is not the critical
mechanism in enhanced HBV clearance in carriers of HLA-
DRB1*1302. '

HBV infected hepatocytes can be recognised and destroyed
by HLA class I restricted CTL (Mondelli, M. et al, J.
Immunol., 129(6): 2773-78, 1982; ‘and Pignattelli, M. et
al, J. Hepatol., 4: 15-21, 1987). . The absence of a
strong HLA class I association with HBV clearance may
imply that HBV antigens are presented with comparable
efficiency by all the class I molecules found~in high
frequency in The Gambia. In chronic HBV infection, HBV-
specific CTL are not readily detectable, which may
indicate that the numbers are low or that the CTLs are

inactive. One interpretation of our finding of an HLA

class II association with HBV clearance is that CTL

. activity requires strong help from CD4+ T helper cells,

25

the level of which is determined by HLA class II
polymorphism (Nonacs, R. et al, J. Exp. Med., 176: S515-

.29, 1992).

DRB1+1302 appears to be associated with a potent

- protective effect against three important infectious

30

pathogens, but it is not clear how it might exert this

effect. Malaria, HBV and HPV are complex pathogens in
which there must be hundreds of potential T cell epitopes

anti - HBs anti bBEVHCBINMIT r ati on

&
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clearance. It is possible that the RFLP haplcuy e 13-

whlch coﬁyggﬁgﬁﬂg to the class Il hapl otype DRB1*1301- 95“ﬂm7
fDRBB*OlOl DQA1*0103- DQB1*0603, is also associated with a degree of

resistance to HBV persistence in the 5 popul ati.-on, as. suggested

by the data on persistently infectegschildren. Incidently, the DRB1

allele of this hapl ot ype, DRB1*1301, differs from HLA- DRB1*1302 by
j ust ' a single am no acid substitution. 10 HBV- specific CD4+
“hel per activity, as judged by the proliferative response to HBcAg

and HsAg, is narkedly reduced in patients wth persistent

infection in conparison to patients with acute self limting

i nfection withrvariabte MHCyresgricwigmolelemantisn). ThEhrecguriencds

role in antigen, [ gAChe! 'aQroEE%:.Shai% 'ahm@qéﬂésé Miseases %i%&&ééd to

be critical int devel opnent of CD4+ | pe res es and
t heref ore di ffeﬁﬂ%‘él here may %ﬂﬁY iR aofs“l?llés§“F!be|¥0P§cGPé§°PGSpF€sen¥t

antigens may ig th@&&lfbﬁ'&t ctho&dnatlld | Ehat npbm?mbepﬁisﬁé eB4-tHeel prC Thi s
20 is con5|sient hﬁ£d§tect|on of..a eC| ﬁ h )
‘associ at in wit ALEBY dpute,t e var:.a ility in

outcome fronl HBV infection. which a protective immune
response is mounted.



patients with persistent HBV infection, failure to devel op anti -

and anti - HBs,
HBV- specWPi%60VEE are at 25

hel p nedi at ed by class Il nolecules with relatively poor antigen
presenting ability. Failure to develop reasonable |evels of
anti-HBs_3G——~—‘f6TT6GTﬁ§ﬂVaCcination | s 1@ssoci ated with the hapl otype

HLA B8, SCOL j sians (Egea, E. et al, J. Exp. Med., 173
(3): 531- “\\N\\Nm d possible that the WO 96/ 07915

PCT/ GB95/ L m s v 14 associ ati on

of HLA-DRB1*1302 with HBV cl earance m ght be
titre of anti-HBs antibody in
| evelCGLAJEMS :

However ,

were 5

10

15

20

25

30

and the failure to devel op

“reflected in a high
individuals with this HLA allele.

1. A method of identifying resistance to Hepatitis B
infection which comprises the step of identifying the
presence of HLA-DRB1%¥1302.

2. A method as claimed in claim 1 which further

 comprises the step of identifying the presence of HLA-

DRB1*1301.

3. 2 method as claimed in claim 1 or claim 2 wherein
identification is carried out on a blood sample.

4. A method of predicting the outcome of Hepatitis B
infection in a patient which comprises identification of
the patient’s tissue type.

5. A peptide capable of binding to HLA-DRB1*1302 and/or
HLA-DRB1*1301.

6. A peptide as claimed in claim 4 capable of modifying
the ability of HLA-DRB1*1302 and/or HLA-DRB1*1301 to
elicit an immune response.

HBe

: sufficient _nunbers of active
| east in part related to PRUGRIV208] Cpa+

er

anti-HBs antibody in adults who had elim nated HBV
- not higher anpbngst those with the HLA-DRB1*1302 allele,

7. A peptide capable of modifying the ability of an HLA |

_ to elicit an immune response in response to a Hepatitis

B antigen.

8. A peptide as claimed in any one of claims 5 to 7
which is derived from a Hepatitis B antigen.

9. . A pharmaceutical formulation comprising a peptide as

v



‘suggesting that the provision of extra "hel p" for the generation of
this antibody response is not the critical _ mechani sm.in_enhanced HBV
.clearanc¥QRRMMT i ers of HLA- DRB1*1302. 10 HBUCTHB2/P2087

hepat ocyt es can be recogni sed and destroyed by HLA class |
restricted CTL (Mondelli, M et al, J. - | munol-——129(6): 2773-78,
1982; and Pignattelli, M et al, Jjotepatol., 4: 15-21, 1987). The

absence of a 15 - strong HLA class | association w't MN
inply that HBV antigens are presented with conparable q' "ﬂmmﬂmw
all the class | nolecules found in high frequency in the"Gahbi=. In

chronic HBV infection, HBV- specific CTL are not readily detectable,
whi ch nmay 20 i ndicate that the nunbers are Iow or that the CILs are

inactive. One iqefdnEdetial ady oheooE éladmsgs otoas, Hdgether witlisnd lor
association wth HBV cl.ear ance | .S activity. requires; strong
hel p from cD4+ PPhRe| pcprh tica Y t h@cqea}"@lbl of \ﬂﬁr&ﬁ‘ ®5% d Med
by HLA cl ass Ielxcﬁ@:.enqmlynorphlsm(Nonacs, R et al, J. Exp. Med., 176.
519- 29, 1992). DRB1*1302 -appears to be associated
with a potent protective effect against three inportant

i nfecti o8s 30 10.path@hammadentical stommulation e rlapngd: ioxeleimids

effect. Mlar 'vﬁudﬂﬁ\isa%#%ﬁraarm R NGRS dr. whi ch there

nmust be hundreds of potential T cell epitopes

11. A vaccine against Hepatitis B comprising one or more
peptides as defined in any one of claims 5 to 8.

12. A composition comprising lymphocytes which have been
treated with one or more peptides as defined in any one
of claims S5 to 8.

15 13. A method of modifying the immune response of a
subject to Hepatitis B which comprises the step of
administering to the subject one or more peptides as
defined in any one of claims 5 to 8. |

20 14. A method as claimed in claim 13 wherein the immune
response is reduced.

15. A method as claimed in claim 14 which is used to
treat fulminant Hepatitis B.
25
16. A method for the treatment or pfophylaxis of
- Hepatitis B which comprises the step of administering to
a subject one or more peptides any one of claims 5 to 8.

30 17. A method for the treatment or prophylaxis of
Hepatitis B which comprises the step of administering to
a subject a pharmaceutical formulation as defined in
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15 with variable MHC restriction elenents. The_occurrence
of an MW¥OS68BUBation in any of these diseases suggests TCVGRIFAR06] hor o .

may only be a snall of epitopes to It is therefore
" concei \MIS% of the MHC 5 class | and Il 1oci

contri to the m\elty in oyg cone from HBV infection.which a
protect i xm“m\\ \\“\‘\ sponse is mounted. WD 96/ 07915 :

PCT/ GB95 16

claim 9 or claim 10.

18. A method for the treatment or prophylaxis of
Hepatitis B which comprises the step of administering to
5 a subject a vaccine as defined in claim 11.:

15. A method for the treatment or prophlylaxis of

Hepatitis B which compries the step of administering to

a subject a composition as defined in claim 12. ‘
10 |



“CLAI M5: 1. A method of identifying resistance to Hepatitis B

I nfecti ongyyerphegONPri ses the step of identifying the 5 Wﬁﬁ%‘gf

< HLA- DRB1* 130 2. A nethod as clained in claim rther
conprises the step of identifying the presence of HLA- ~DRB1*1301. 10
3. Anethod as clained in claim1 or claim2 wherein i dentification
Is carried out on a bl ood sanple.: 4. A nethod of predicting the
out cone of Hepatitis B 15 i nf ect |])y4 3 n a patient which conprises
i dentification of the patient's tissue type. 5. A peptide
capabl e of binding to HLA- DRBlﬁ ang/ or - HLA-DRB1*1301. 20 . 6.
A peptide as-clained in claim bl g of nmodifying the ability of
. HLA- DRB1* 1302 and/or HLA-DRB1*1301 to elicit an inmune response. 25
7. A peptide dqHIERIN eHEPATITIB EXP%[REGAWHB%M of an HLA to elicit
an | nmune response I n resd;)mfﬁg OWﬁ'HI_E&at 1ti1s B anti gen.
100 |
80 %
50 > 7] | TIANTI-HBe
40 /| / [ HBsAg
N Y 4
0+ + 4 + L £ s ]
0-2 2-L 46 6-8 B-1 ADULTS

. AGE GROUP

FIG. 3
TABLE 2:

RFLP DEFINED CLASS'II HAPLOTYPE FREQUENCIES IN CHILDREN WITH
PERSISTENT HBsAg CARRIAGE AND IN HBV EXPOSED CONTROLS

RFLP DRB1 | DQ TYPE| HBsAg +ve | HBsAg -ve
HAPLOTYPE | ALLELE (N=185) (N=218)
1-1 01 wh 14 (76) 17 _(78)
L4 0k wd_ | 1 (59) | 2b (11.0)
-3 0301 w2 9 (L9) 7 (3.2)
7-9 09 w2 26 (14.1) 32 (14.7)
8-5 08 w7 16_(8.6) | 13 (6.0)
10-1 10 wb 33 (178) 33 (15.1)
13-2 1301 wb 5 (2.7) 16 (7.3)%
18-4 0302 wh 7 (3.8) 10 (4.6)
21-5 1304 w/ 86 (L6.5) 109 {50.0)
25-1 1302 | wh/wb | 30 (16.2) 58 (26.6)

- SUBSTITUTE SHEET (RULE 26)



8. A peptide as clainmed in any one of clains 5to 7 30 which is derived

froma Hepatitis B antigen. 9. A pharnmaceutical formulation
conpri si nJvA9§eINS de as WD 96/ 07915 PCT/GB95/02067
- PCT/ GB95/ 02067 _ defined in any one of clains 5 to 8, together
wi th one or nore pharmaceutically accept abl e carriers.  and/or
exci pi ents. 5 10. A pharmaceutical fornulation as clained in claim
9 which is for intravenous adrﬁ iast ration. 11. A vaccine
agai nst Hepatitis B conprising one or nore ~ peptides as defined in

any one of clains 5 to 8.

FIG. 2

TABLE 1:

"HLA CLASS I ANTIGEN FREQUENCIES IN CHILDREN AND ADULTS WITH
PERSISTENT HBsAg CARRIAGE AND IN HBV EXPOSED CONTROLS

CHILDREN ADULTS

HBsAg «ve | HBsAg -ve | HBsAgsve | HBsAg -ve
HLA {N=64) (N=81) (N=14) {N=69)

A9 (L) |1 (13.6) (71) |13 (18.8)
A2 5 (8L |17 (21.0) (35.7) |19 (275)
A |4 (63) |7 (8.56) 5 (7.3)
A23 | O(N9) | (259) (288) [ 5 (21.7)
A% | 12 (188) | 13 (15.0) (21.4) | 8 (11.6)
A28 [ 11 (172) |19 (235) (21.L) [ 8 (116)
A0 | 17 (266) | 19 (23.5) (286) | 15 (21.7)
A33 | 16 (25.0) | 20 (2L.8) (26.1) | 18 (26.1)
B7 |9 (N [ 1 (13.6) (286) |9 (13.0)
B8 | 20 (31.3) | 16 (19.8) (1L.3) | 11 (159)
B17 | 12 (188) | W (17.3) (16.3) | 16 (203)
B35 | 20 (31.3) | 23 (28.L) (35.7) | 20 (28.0)

B0 |5 (78) |0 * | 2 (29)
853 |9 (1 |15 (18.6) (36.7) | 17 - (24.8)
B70 |9 (1L1) |98 (1.1) 11 {15.9)
owl (7 (08 |1 (.24 5 (7.3)
w2 |9 (1) |4 (L39) 17 (2L6)

Cwd | 16 (25.0) |29 (35.8)
Cwht | 13 (20.3) | 26 (321)
Cwb | 10 (156) |8 (9.9)
Cw7 | 12 (18.8) | 19- (235)
Cw8 | 4 (83) |9 (111)

(21.6) | 24 (34.8)
(628) {20 (29.0)
(21.4) { 11 (18.9)
(26.6) |9 (13.0)
(7.1) {2 (29)

—mlwlolwio|lojloli|olivin]e~]lols|ww] el —
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‘10 12. A conposition conprising |ynphocytes which have been
treated W“;dlg r nore peptides as defined in any one

«,to 8. éitﬁ 50 A met hod of nodifying the imune respor‘rcézm@?;sé?(i
- ‘subj ect to Hepatltls B which conprises the step of adm nistering to
t he subj ect one or nore peptides as defined in any one of clains 5
to 8. 20 14. A nethod as cl ai %}ln claim 13 wherein the i mune
response i s reduced. - 15. Aj]rz od as clained in claim14 which is
used to treat fulmnant Hepatitis B. 25 16. A method for the
treatment or prophyl axi s of pagitis B which conprises the step of
adm ni sterl ng to a subj e nore peptides any one of clains 5
to 8. A?gEBA met hod™ for “th treatnment or prophylaxis of
Hepatltls Bwh conprises the step of administering to a subject a

phar maceuti calRr{ prpEFINED C0ASS INHAPLBTYPE' FREQUENCIES IN ADULTS WITH
PERSISTENT HBsAg CARRIAGE AND IN HBV EXPOSED CONTROLS

ims 5

RFLP DRB1 | DO TYPE| HBsAg +ve | HBsAg -ve
HAPLOTYPE | ALLELE (N=40) (N=195)
1-1 01 wb 2 (5) 11 (5.6)
L-b 04 wb 2__(5) 19 (8.7)
6-3 0301 wl 1 (258) g (L6)
7-9 09 | w? 7 (175) | 24 (123)
_8-5 08" wl L {10) g (LS)
10-1 10 w5 6 (15) 28 (1L6)
13-2 1301 wb 1 (25) 7 (36)
18-4 0302 wh L (10) 6 (3.1)
21-5 1304 wl 21 (525) | 80 (41)
25-1 1302 | wh/wb | 3 (75) 50 (25.6)%
* p=0.012 |
TABLE &: FIG. S-

BIFFERENTIAL ANALYSIS OF RELATIVE .RISK FOR INDIVIDUAL
DRB1%1302 HAPLOTYPES

POPULATION | DO TYPE RELATIVE RISK [95% C.I.]
CHILOREN 005 0.73 [0.39-1.35]
CHILDREN 006 051 [0.24-1.11]

AQULT 005 0.43 (0.14-1.33]
ADULT 0a6 0 (0-1.25]

SUBSTITUTE SHEET (RULE 26)
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