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The anti bodies of the invention are able to neutralise ha4V. Preferably, an
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CORLI & sty antipady the SERSRRD, VENLiQISTAN| DEGratiNRINE YORCSEQ!ipID of
0.16pg/ml or lower (i.e. 0.15, 0.125, 0.1, 0.075, 0.05, 0.025, 0.02, 0.016, 0.015, 0.0125, 0.01, 0.0075,

0.005, 0.004 or lower), preferably 0.016ug/ml or lower (an antibody concentration of 10 or lower,
preferably 10 M or lower, preferably 10" M or lower, i.e. 10"'M, 1072M, 10"*M or lower). This
means that only very low concentrations of antibody are required for 50% neutralisation of a clinical
30  isolate of hCMV in vitro compared to the concentration of MSL-109 required for neutralisation of
the same titre of hCMYV. Preferably, the concentration of antibody of the invention required for 50%
neutralisation of infection of endothelial cells, epithelial cells and dendritic cells by a clinical isolate
of hCMYV is 50 times or more (i.e. 75, 100, 150, 200 or more) lower than that required by MSL-109,

Potency can be measured using a standard neutralisation assay as described in the art.
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sequehte bebe indortatise8EdlIBIdYEs re@rred & asrl F{Dor 2F4. These antibodies have been shown to
neutralise hCMV infection of endothelial cells, epithelial cells, retinal cells and dendritic cells. In
addition, the antibodies SA2 and 9Al11, isolated from a different hCMV infected donor, show the
same specificity for a combination of UL130 and UL131A and the ability to neutralise hCMV

infection of endothelial, epithelial, retinal and dendritic cells. These antibodies are produced by the

20  immortalised B cell clones referred to as 5A2 and 9A11, respectively.

1F11 consists of a heavy chain having the amino acid sequence recited in SEQ ID NO: 7 and a light
chain having the amino acid sequence recited in SEQ ID NO: 8. 2F4 consists of a heavy chain having
the amino acid sequence recited in SEQ ID NO: 17 and a light chain having the amino acid sequence
recited in SEQ ID NO: 18. The CDRs of the antibody heavy chains are referred to as CDRHI,

25 CDRH2 and CDRH3, respectively. Similarly, the CDRs of the antibody light chains are referred to as
CDRL1, CDRL2 and CDRL3, respectively. The position of the CDR amino acids are defined
according to the IMGT numbering system [12, 13, 14] as: CDR1 — IMGT positions 27 to 38, CDR2
- IMGT positions 56 to 65 and CDR3 — IMGT positions 105 to 117.

5A2 consists of a heavy chain having the amino acid sequence recited in SEQ ID NO: 39 and a light
30  chain having the amino acid sequence recited in SEQ ID NO: 40.

The amino acid sequences of the CDRs of these antibodies are shown in Table 1.



Hybrid anti body nol ecul es may al so exist that conprise one or nore CDRs
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pseticl ornonas exotoxin, or diphtheria toxin. Techniques for conjugating
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t he nmonocl onal anti bodies of the invention can be obtained fromthe

monocl onal anti bodi es by nethods that ificl ude digestion with enzymes, such
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10 Epitopes As nentioned above, the antibodies of the invention can be used
to map the epitopes to which they bind. The Applicants have di scovered that
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et hanol, Additionally, auxiliary substances, such as wetting or enulsifying
agents or pH buffering substances, nmay be present in such conpositions.
Such carriers 15enabl e the pharnaceutical conpositions to be fornul ated as
tablets, pills, &mces, capsules, liquids, gels, synps, slurries and
suspensions, for ingestion by the patient. Preferred forns for

adm nistration include forns suitable for parenteral adm nistration, e.g.
by injection or infusion, for exanple by bolus injection or continuous

i nfusion. Where the product is for injection or infusion, it: nmay take the
formof a suspension, solution or emulsion in an oily or aqueous 20




The conpositions can also be adm nistered into a | esion. Dosage treatnent
may be a single dose 15 schedule or a nultiple dose schedule. Known

anti body- based pharnmaceutical s provi de?gui dance relating to frequency of
adm nistration e.g. whether a pharnaceutical should be delivered daily,
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forms. Fouseéxanpl e, the conpositions may 5 be prepared as injectahles,
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of 21 ogi | F67 BOHEPAE: TF PR LAMITE SR are i Reohrgral 80BN
Conposi t i eingle ch#in iFve| (lkarpasice egh smmppkian( dosy cel exgessign sgstengst may) beyyeadbietly of
the invention, particularly where such antibodies bind to different
antigens (or to different epitopes in the sane antigen) to 10 provide an
additive or synergistic therapeutic effect. For exanple, one antibody may
bind to the I.11,130-UL131A conbi nation (or conplex) while another may bind
to gkt in a further exanple, one antibody may bind to the 1.11:1304.11, 131A
conbi nation (or conplex) while another may bind to gB. Thus, one anti body
may be targeted to the mechani smthat nediates infection of fibroblasts,
while the other antibody may be targeted to the nechani smthat nedi ates
infection of endothelial cells. For 15optimal clinical effect it may well



The invention provides a nmethod of preparing a pharnmaceutical, conprising
the steps of: (i) preparing an anti body of the invention; and (ii) adm xing
the purified anti body with one or nore [l)har maceutical | y-acceptabl e
carriers. The invention also provides altrethod of preparing a
pharmaceutical, conprising the step of adm xing an anti body with one or
nor e phar a C | . t ti | S
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Al so provided is a nethod of treating a patient conprising adm nistering to
that patient (i) an antibody according to the invention, (ii) an epitope
capabl e of binding one of IF1 1 or 21,¥ or (iii) an epi t ope capabl e or

bi ndi ng one of 5A2 or 9A1 | 20The invention also provides the use 01(i) an

anti bod cordi.ng ta,the invention rtal cl one
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mul tiple h T r ¥ 9
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present invention nay be used in a kit for inortitonng the efficacy of
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anti-haft’ aatdRodl §finctional epﬁgge le es and fragments thereof as described
in the present invention may al so be used in a kit for 15nonitoring vaccine

manuf act urge ‘%lwﬁest pé%o&?s%& rb?Qhés%tdnﬁwdtés qgﬁ/nhé?v'el & nux;ﬂ%@ df! r\)é@d"t’l'h@ NepRdp® and

provi des a preparing a pharnmaceuti cal, npri si n the ste

adni xi ng BIAYARSE F'bmﬁe‘é?ﬁﬁyﬁhﬁ’f fmqrnaﬁeseero R5¢ emB‘H’ér’??B?f’é‘iﬁ f %a’f Y fcgfe‘gébt abl e

carriers, pgs ﬁbﬂhcﬁ&lﬁoﬂ'@iﬁ@&dl@riaﬂ otRétukdap 8y fok Scr@enﬂ@rjﬁﬁ&nﬁ) &&hm dstt anbidies thaat was
obtai ned froman ex ssi.on host, of tgé%nvent on. Thus the E)roced res for

first 2obt SUAMSEREEIBH SRR A7 TURPPRIS Ay eiPdly: sé‘ﬁ‘bf”é%%ﬁ"ﬂeg“r PTQIRy: SF antieen
20puri fyi Bgmprisingdidh anlepitopa dfinkhaigpeiis used bda tdeeinphoaraisigentinnahe egonseeThs) can
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t he i nvenparteularuaicheok shas thepatigeh io @l viachinengntaing heootrea rlmmgrwggh@ epitopg in the

sub- cIonlnghmF(ﬂEpnﬁ%ng, nucl eic acid preparation etc. can be perforned in
or der to perpéi the anti body expressed by the transibmed B cell, with
opti o Qﬁé h;lm ?&trh a1 beel?sgﬂhﬁxt s%{%emﬁﬁfo@ 1iB4ral Haf Gld %sﬁ%@ﬁﬁﬂch uE,;;hﬁs above
nmet hods fi e rrse tec ques of optimsation (e.g, affinity

mat ur at i onregarablipbloel Hatepignnys andpioi rewe@tdnieﬁenn Sechdigands eredencempastr rithinnie

anti body. (JReofHYEMLtiON enconpasses all cells, nucleic acids, vectors,
sequences, antibodies etc, used and prepared during such steps. In al

t hese net hods, the nucleic acid used in the expression host may be
mani pul ated between steps (ii) and (ill) to insert, delete or anmend certain
nucl ei ¢ aci d sequences. Changes from such 30 nani pul ati on include, but are
not limted to, changes to introduce restriction sites, to anend codon
usage, to add or optimse transcription and/or translation regulatory
sequences, etc. It is also possible to change the nucleic acid to alter the
encoded am no acids. For exanple, it may be useful to introduce one or nore
(e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, etc.) amno acid substitutions, one or
nore 20 (e.g. 1, 2, 3, 4, 5 6, 7, 8, 9, 10, etc.) am no acid deletions
and/ or one or nore (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, etc.) amno acid
insertions into the antibody's am no acid sequence. Such point nutations




The term "di sease” as used herein is intended to be generally synonynous,
and is used 5 interchangeably with, the terns "disorder” and "condition"
(as in nedical condition), in that all reflect an abnornmai condition of the
human or ani mal body or of one of its p¥ts that inpairs norma

functioning, is typically manifested by distinguishing signs and synptons,

and causesﬂpﬁnﬁwﬁ Qi mal to have a reduced duration or quality of
life. As “Use ergelipn,ss'ref erence to "treatnent” of a patient is intended.
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25  The pharmaceutical compositions of this invention may be administered by any number of routes

including, but not limited to, oral, intravenous, intramuscular, intra-arterial, intramedullary,
intraperitoneal, intrathecal, intraventricular, transdermal, transcutaneous, topical, subcutaneous,
intranasal, enteral, sublingual, intravaginal or rectal routes. Hyposprays may also be used to
administer the pharmaceutical compositions of the invention. Typically, the therapeutic compositions
30 may be prepared as injectables, either as liquid solutions or suspensions. Solid forms suitable for

solution in, or suspension in, liquid vehicles prior to injection may also be prepared.

Direct delivery of the compositions will generally be accomplished by injection, subcutaneously,
intraperitoneally, intravenously or intramuscularly, or delivered to the interstitial space of a tissue.

The compositions can also be administered into a lesion. Dosage treatment may be a single dose
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<211>19 <é&%ﬁmns of the invention may be prepared in various forms. For example, the compositions may

5  be prepared as injectables, either as liquid solutions or suspensions. Solid forms suitable for solution

in, or suspension in, liquid vehicles prior to injection can also be prepared (e.g. a lyophilised

composition, like Synagis™ and Herceptin™, for reconstitution with sterile water containing a

preservative). The composition may be prepared for topical administration e.g. as an ointment, cream

or powder. The composition may be prepared for oral administration e.g. as a tablet or capsule, as a

10  spray, or as a syrup (optionally flavoured). The composition may be prepared for pulmonary

administration e.g. as an inhaler, using a fine powder or a spray. The composition may be prepared as

a suppository or pessary. The composition may be prepared for nasal, aural or ocular administration

e.g. as drops. The composition may be in kit form, designed such that a combined composition is

reconstituted just prior to administration to a patient. For example, a lyophilised antibody can be

15  provided in kit form with sterile water or a sterile buffer.

It will be appreciated that the active ingredient in the composition will be an antibody molecule. As
such, it will be susceptible to degradation in the gastrointestinal tract. Thus, if the composition is to
be administered by a route using the gastrointestinal tract, the composition will need to contain
agents which protect the antibody from degradation but which release the antibody once it has been

20  absorbed from the gastrointestinal tract.

A thorough discussion of pharmaceutically acceptable carriers is available in Gennaro (2000)
Remington: The Science and Practice of Pharmacy, 20th edition, ISBN: 0683306472.

Pharmaceutical compositions of the invention generally have a pH between 5.5 and 8.5, preferably

between 6 and 8, and more preferably about 7. The pH may be maintained by the use of a buffer. The
25 composition may be sterile and/or pyrogen free. The composition may be isotonic with respect to

humans. Pharmaceutical compositions of the invention are preferably supplied in hermetically-sealed

containers.

Pharmaceutical compositions will include an effective amount of one or more antibodies of the
invention and/or one or more immortalised B cells of the invention and/or a polypeptide comprising
30 an epitope that binds an antibody of the invention i.e. an amount that is sufficient to treat, ameliorate,
or prevent a desired disease or condition, or to exhibit a detectable therapeutic effect. Therapeutic
effects also include reduction in physical symptoms. The precise effective amount for any particular
subject will depend upon their size and health, the nature and extent of the condition, and the

therapeutics or combination of therapeutics selected for administration. The effective amount for a



<213>Artificial Sequence <220> <223>1F11 CDRH3 am no aci d sequence <400>3
Ala Arg mu mu Leu Val (fly '"Len Met Pro Pro Tyr Tyr Ass Tyr (fly 51015 Lea
Asp Val <210>4 <211>8 <212>PRT 23 <213>Artificial Sequence <220> <223>|Fl |
CDRL1 amino acid sequence <400>4 Set Sel® Asn Ile Sly M1 Mh Phe 5 <210>5
<211>3 <212>PRT <213>Artificial Sequence <220> <223> 1E11 CDRL2 am no acid

sequence < > < > > >, 1figlal ..

Sequence <G8 HsaI Y Byt Vans abbabGulgd Balk iogole i b Blopivn

Sly Ser Ledonpurpyses Althe present iadentioB ]l effective dose w1ll generally be from about 0.01mg/kg to
about 50mg/kg, or about 0.05 mg/kg to about 10 mg/kg of the compositions of the present invention

in the individual to which it is administered. Known antibody-based pharmaceuticals provide
5 guidance in this respect e.g. Herceptin™ is administered by intravenous infusion of a 21 mg/ml
solution, with an initial loading dose of 4mg/kg body weight and a weekly maintenance dose of

2mg/kg body weight; Rituxan™ is administered weekly at 375mg/m?; efc.

Compositions can include more than one (e.g. 2, 3, 4, 5, etc.) antibody of the invention, particularly
where such antibodies bind to different antigens (or to different epitopes in the same antigen) to
10  provide an additive or synergistic therapeutic effect. For example, one antibody may bind to the
UL130-UL131A combination (or complex) while another may bind to gH. In a further example, one
antibody may bind to the UL130-UL131A combination (or complex) while another may bind to gB.
Thus, one antibody may be targeted to the mechanism that mediates infection of fibroblasts, while
the other antibody may be targeted to the mechanism that mediates infection of endothelial cells. For
15  optimal clinical effect it may well be advantageous to address both mechanisms of hCMYV infection

and maintenance.

Antibodies of the invention may be administered (either combined or separately) with other
therapeutics e.g. with chemotherapeutic compounds, with radiotherapy, efc. Preferred therapeutic
compounds include anti-viral compounds such as ganciclovir, foscarnet and cidofovir. Such
20  combination therapy provides an additive or synergistic improvement in therapeutic efficacy relative
to the individual therapeutic agents when administered alone. The term “synergy” is used to describe
a combined effect of two or more active agents that is greater than the sum of the individual effects
of each respective active agent. Thus, where the combined effect of two or more agents results in
“synergistic inhibition” of an activity or process, it is intended that the inhibition of the activity or
25  process is greater than the sum of the inhibitory effects of each respective active agent. The term
“synergistic therapeutic effect” refers to a therapeutic effect observed with a combination of two or
more therapies wherein the therapeutic effect (as measured by any of a number of parameters) is
greater than the sum of the individual therapeutic effects observed with the respective individual

therapies.

30 Antibodies may be administered to those patients who have previously shown no response to
treatment for hCMYV infection, i.e. have been shown to be refractive to anti-hCMYV treatment. Such
treatment may include previous treatment with an anti-viral agent. This may be due to, for example,

infection with an anti-viral resistant strain of hCMV.



<210>7 <211>126 <212>PRT <213>Arti f4cSequence <220> <223>M heavy chain

am no aci d sequence <400?7 Gn Val Gn Len Val Qv Ser Sly Sly Sly Vval Val

Gn Pro Sly Arg 51015 Set Val My Leu SEr Cys Val Ala Set Sly Phe Thr Pne St
Set Tyr 202530 Ale Net is Trp Val Arg Gn Ala Fro Sly Lys SIly Leu Gu Trp

Val 354045 Set LeQ 7 Set ?he, As Ly As s Tyr r . Val
505560 Ar % Gposiiogs o e FRfioR It T 1o é“‘ﬂg%e%%ﬁt%é‘é‘ﬁ’e °%Y1Y_ey%“%if‘%lﬁéﬁ’g"r§§ i
657075R0 il ipoo iSOy WeghSGs. KO, AP SV 9om96%Agv/oT,ms‘VoN9@% jok mofﬁypf(;myr ova
. : : : I yr Tyr N Tyr y
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The invention also provides a method of preparing a pharmaceutical, comprising the step of
admixing an antibody with one or more pharmaceutically-acceptable carriers, wherein the antibody is
a monoclonal antibody that was obtained from a transformed B cell of the invention. Thus the
10  procedures for first obtaining the monoclonal antibody and then preparing the pharmaceutical can be

performed at very different times by different people in different places (e.g. in different countries).

As an alternative to delivering antibodies or B cells for therapeutic purposes, it is possible to deliver
nucleic acid (typically DNA) to a subject that encodes the monoclonal antibody (or active fragment
thereof) of interest, such that the nucleic acid can be expressed in the subject in situ to provide a
15  desired therapeutic effect. Suitable gene therapy and nucleic acid delivery vectors are known in the

art.

Compositions of the invention may be immunogenic compositions, and are more preferably vaccine
compositions comprising an antigen comprising an epitope found on a combination of hCMV
proteins UL130 and UL131A. Alternative compositions may comprise (i) an antigen comprising an
20 epitope found on a combination of hCMV proteins UL130 and UL131A, and (ii) an antigen
comprising an epitope found on hCMV gB. Vaccines according to the invention may either be
prophylactic (i.e. to prevent infection) or therapeutic (i.e. to treat infection), but will typically be

prophylactic.
Compositions may include an antimicrobial, particularly if packaged in a multiple dose format.

25  Compositions may comprise detergent e.g. a Tween (polysorbate), such as Tween 80. Detergents are

generally present at low levels e.g. <0.01%.

Compositions may include sodium salts (e.g. sodium chloride) to give tonicity. A concentration of

10+2mg/ml NaCl is typical.

Compositions may comprise a sugar alcohol (e.g. mannitol) or a disaccharide (e.g. sucrose or
30 trehalose) e.g. at around 15-30mg/ml (e.g. 25 mg/ml), particularly if they are to be lyophilised or if
they include material which has been reconstituted from lyophilised material. The pH of a

composition for lyophilisation may be adjusted to around 6.1 prior to lyophilisation.
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The compositions of the invention will preferably elicit both a cell mediated immune response as

well as a humoral immune response in order to effectively address a hCMV infection. This immune
5  response will preferably induce long lasting (e.g. neutralising) antibodies and a cell mediated

immunity that can quickly respond upon exposure to hCMV.
Medical treatments and uses

The antibodies of the invention or fragments thereof may be used for the treatment of hCMV
infection, for the prevention of hCMV infection or for the diagnosis of hCMYV infection.

10 Methods of diagnosis may include contacting an antibody or an antibody fragment with a sample.
Such samples may be tissue samples taken from, for example, salivary glands, lung, liver, pancrease,
kidney, ear, eye, placenta, alimentary tract, heart, ovaries, pituitary, adrenals, thyroid, brain or skin.

The methods of diagnosis may also include the detection of an antigen/antibody complex.

The invention therefore provides (i) an antibody according to the invention, (ii) an immortalised B
15 cell clone according to the invention, (iii) an epitope capable of binding one of 1F11 or 2F4, or (iv)

an epitope capable of binding one of 5A2 or 9A11, for use in therapy.

Also provided is a method of treating a patient comprising administering to that patient (i) an
antibody according to the invention, (ii) an epitope capable of binding one of 1F11 or 2F4, or (iii) an

epitope capable of binding one of SA2 or 9A11.

20 The invention also provides the use of (i) an antibody according to the invention, (ii) an immortalised
B cell clone according to the invention, (iii) an epitope capable of binding one of 1F11 or 2F4, (iv)
an antibody that binds to an epitope capable of binding one of 1F11 or 2F4, (v) an epitope capable of
binding one of SA2 or 9A11, or (vi) an antibody that binds to an epitope capable of binding one of
5A2 or 9Al1, in the manufacture of a medicament for the prevention or treatment of hCMV

25 infection.

The invention provides a composition of the invention for use as a medicament. It also provides the
use of an antibody of the invention and/or a protein comprising an epitope to which such an antibody
binds in the manufacture of a medicament for treatment of a patient and/or diagnosis in a patient. It
also provides a method for treating a subject and/or of performing diagnosis on a subject, comprising
30  the step of administering to them a composition of the invention. The subject is preferably a human.
One way of checking efficacy of therapeutic treatment involves monitoring disease symptoms after
administration of the composition of the invention. Treatment can be a single dose schedule or a

multiple dose schedule. The invention is useful for CMV infection.
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gacgctcttt 240 ctgcaaatga acagect gag a%ttgaggac acggctatat attactgtgce

gagsgaggag 300 ttagtcggat tgatgcctcc ck

actacaat tatggtttgg acgtctgggg

ccaagggacc 360 acggtcaccg tctectca 378 30 <211>333 <212>DNA
<213) Arti Igrleﬁ[laglly, a%eagﬁ%Qﬁqmmortalised B cell clone, epitope or composition according to the invention
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is administered to groups of subjects particularly at risk of or susceptible to hCMV infection. Such
subjects groups include immunocompromised subjects, such as those suffering from HIV or

undergoing immunosuppressive therapy, such as transplant patients.
Antibodies of the invention can be used in passive immunisation.

Antibodies and fragments thereof as described in the present invention may also be used in a kit for
the diagnosis of hCMYV infection.

Epitopes capable of binding the monoclonal antibody 1F11 or 2F4 described in the present invention
may be used in a kit for monitoring the efficacy of vaccination procedures by detecting the presence

of protective anti-hCMV antibodies.

Epitopes capable of binding the monoclonal antibody 5A2 or 9A11 described in the present invention
may be used in a kit for monitoring the efficacy of vaccination procedures by detecting the presence

of protective anti-hCMV antibodies.

Antibodies and fragments thereof as described in the present invention may also be used in a kit for

monitoring vaccine manufacture with the desired immunogenicity.

The invention also provides a method of preparing a pharmaceutical, comprising the step of
admixing a monoclonal antibody with one or more pharmaceutically-acceptable carriers, wherein the
monoclonal antibody is a monoclonal antibody that was obtained from an expression host of the
invention. Thus the procedures for first obtaining the monoclonal antibody (e.g. expressing it and/or
purifying it) and then admixing it with the pharmaceutical carrier(s) can be performed at very

different times by different people in different places (e.g. in different countries).

Starting with a transformed B cell of the invention, various steps of culturing, sub-culturing, cloning,
sub-cloning, sequencing, nucleic acid preparation efc. can be performed in order to perpetuate the
antibody expressed by the transformed B cell, with optional optimisation at each step. In a preferred
embodiment, the above methods further comprise techniques of optimisation (e.g. affinity maturation
or optimisation) applied to the nucleic acids encoding the antibody. The invention encompasses all

cells, nucleic acids, vectors, sequences, antibodies etc. used and prepared during such steps.

In all these methods, the nucleic acid used in the expression host may be manipulated between steps
(ii) and (iii) to insert, delete or amend certain nucleic acid sequences. Changes from such
manipulation include, but are not limited to, changes to introduce restriction sites, to amend codon
usage, to add or optimise transcription and/or translation regulatory sequences, efc. It is also possible
to change the nucleic acid to alter the encoded amino acids. For example, it may be useful to

introduce one or more (e.g. 1, 2,3, 4, 5,6, 7, 8, 9, 10, etc.) amino acid substitutions, one or more
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8, 9, 10, efc.) amino acid insertions into the antibody’s amino acid sequence. Such point mutations
can modify effector functions, antigen-binding affinity, post-translational modifications,
immunogenicity, efc., can introduce amino acids for the attachment of covalent groups (e.g. labels)
or can introduce tags (e.g. for purification purposes). Mutations can be introduced in specific sites or

can be introduced at random, followed by selection (e.g. molecular evolution).
General

The term “comprising” encompasses “including” as well as “consisting” e.g. a composition

“comprising” X may consist exclusively of X or may include something additional e.g. X + Y.

The word “substantially” does not exclude “completely” e.g. a composition which is “substantially
free” from Y may be completely free from Y. Where necessary, the word “substantially” may be

omitted from the definition of the invention.
The term “about” in relation to a numerical value x means, for example, x+10%.

The term “disease” as used herein is intended to be generally synonymous, and is used
interchangeably with, the terms “disorder” and “condition” (as in medical condition), in that all
reflect an abnormal condition of the human or animal body or of one of its parts that impairs normal
functioning, is typically manifested by distinguishing signs and symptoms, and causes the human or

animal to have a reduced duration or quality of life.

As used herein, reference to "treatment" of a patient is intended to include prevention and
prophylaxis. The term “patient” means all mammals including humans. Examples of patients include

humans, cows, dogs, cats, horses, goats, sheep, pigs, and rabbits. Preferably, the patient is a human.

BRIEF DESCRIPTION OF DRAWINGS

Figure 1 shows a SDS-PAGE which demonstrates that human monoclonal antibodies (1) 1F11 and
(2) 2F4 precipitate complexes of hCMV proteins, whereas irrelevant IgG does not.

Figure 2 shows a FACS analysis which demonstrates that human monoclonal antibodies (A) 1F11
and 2F4 and (B) 5A2 and 9A11 recognise a conformational epitope made by UL130 and UL131A

gene products.

Figure 3 shows the nucleotide and amino acid sequences of the heavy and light chains of 1F11 and
2F4. The CDR sequences are in bold.

Figure 4 shows a FACS analysis which demonstrates that the human monoclonal antibodies 7H3,

10C6, SF1 and 6B4 recognise an epitope on hCMYV protein gB.
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CDR sequences are in bold.

MODES FOR CARRYING OUT THE INVENTION
Example 1: Cloning of B cells and screening for hCMV neutralising activity

5 Two donors with high hCMV neutralising antibody titres in the serum were identified. Memory B
cells were isolated and immortalised using EBV and CpG as described in reference 36. Briefly,
memory B cells were isolated by negative selection using CD22 beads, followed by removal of IgM",
IgD* IgA* B cells using specific antibodies and cell sorting. The sorted cells (IgG") were
immortalised with EBV in the presence of CpG 2006 and irradiated allogeneic mononuclear cells.

10  Replicate cultures each containing 50 memory B cells were set up in twenty 96 well U bottom plates.
After two weeks the culture supernatants were collected and tested for their capacity to neutralise
hCMYV infection of either fibroblasts or epithelial cells in separate assays. B cell clones were isolated
from positive polyclonal cultures as described in reference 36. IgG concentrations in the supernatant

of selected clones were determined using an IgG-specific ELISA.

15  For the viral neutralisation assay a titrated amount of a clinical hCMV isolate was mixed with an -
equal volume of culture supematant or with dilutions of human sera containing neutralising
antibodies. After 1 hour incubation at room temperature the mixture was added to confluent
monolayers of either endothelial cells (e.g. HUVEC cells) or fibroblasts in 96 well flat bottom plates
and incubated at 37°C for two days. The supernatant was discarded, the cells were fixed with cold

20  methanol and stained with a mixture of mouse monoclonal antibodies to hCMV early antigens,
followed by a fluorescein-labelled goat anti mouse Ig. The plates were analyzed using a fluorescence
microscope. In the absence of neutralising antibodies the infected cells were ~1000/field, while in the
presence of saturating concentrations of neutralising antibodies the infection was completely
inhibited. The neutralising titer is indicated as the concentration of antibody (pg/ml) that gives a 50%

25  reduction of hCMV infection.

Table 2 shows that three different types of antibodies have been identified. Those that can neutralise
infection of fibroblasts, those that can neutralise infection of endothelial cells and those that can
neutralise infection of both. This agrees with previous data that different proteins are responsible for
tropism towards a particular cell type [7]. In addition to neutralisation of endothelial cells, 1F11 and
30 2F4 were observed to neutralise infection of epithelial cells such as retinal cells, and dendritic cells

(data not shown).
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50% neutralisation (pg/ml)
Clone Specificity Fibroblasts Endothelial cells

1F11 UL130/UL131A b 0.001
2F4 (UL130/UL131A N 0.003
5A2 UL130/UL131A % 0.002
9A11 'UL130/UL131A > 0.001
7H3 (2B 2 o
10Cé6 'gB 0.3 0.3
5F1 igB | 0.3 0.3
6B4 B 0.5 2
Cytotec” _ 5000 50
Donor’s Serum 33 1

*no neutralisation at the highest concentration tested (i.e. >2 pg/mi).
A Cytotect (Biotest) is a pool of hCMV hyperimmune IgG.

Some antibodies neutralized infection of both fibroblasts and endothelial cells at IgG concentrations
5 ranging from 0.3 to 0.5 pg/ml. Other antibodies (1F11, 5A2, 9A11 and 2F4) failed to neutralize
hCMV infection of fibroblasts, but neutralized the infection of endothelial cells and did so at
extremely low concentrations ranging from 0.001 to 0.004 pg/ml (more than 1000 fold more potent

than previously known antibodies).

Note that since the initial characterization, it has been determined that SF1 binds to an epitope of gB
10 rather than gH. This is consistent with the results which demonstrate that blocking gB allows

neutralization of infection of fibroblasts as observed for 7H3, 10C6 and 6B4.
Example 2: Identification of the target antigens recognised by the monoclonal antibodies

Human MRC-9 fibroblasts were infected with a clinical h(CMV isolate. After 3 days the cells were
metabolically labeled with *°S Methionine and Cysteine. After preclearance of the lysate human
15  monoclonal antibodies 1F11 and 2F4 were added and immunocomplexes were precipitated by the
addition of Protein A beads and resolved on SDS-PAGE (Figure 1). A human monoclonal IgG
antibody with irrelevant specificity was used as negative control. The results show that human

monoclonal antibodies 1F11 and 2F4 precipitate complexes of CMV proteins.
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g UL131A gene products. Figure 2B shows that the human monoclonal antibodies 5A2 and 9All

recognise a conformational epitope made by the UL130 and UL131A gene products.

10  Conclusions

The above results define two human monoclonal antibodies that are capable of neutralizing with high
potency and selectivity the hCMV infection of human endothelial cells. To identify the epitope
recognized, the antibodies were tested for their capacity to immunoprecipitate proteins from hCMV
infected cells (Figure 1). Human Mabs 1F11 and 2F4 precipitated several proteins with apparent

15  molecular weights of ~15, 33-35 and ~100 KDa. These patterns are compatible with the precipitation
of a complex containing gH, gL and UL128, UL130 and possibly UL131A.

To better define the target of these antibodies we characterized their capacity to stain HEK293T cells
transfected with vectors encoding HA-tagged UL128, UL130 and UL131A. As shown in Figure 2A,
1F11 and 2F4 stained only cells coexpressing UL130 and UL131A, suggesting that they recognize a
20  conformational epitope determined by the two gene products. This conclusion is supported by the
fact that these antibodies do not react in a western blot with lysates of infected or transfected cells

run under reducing, denaturing, conditions (data not shown).

Similar results were observed for 5A2 and 9A11. Figure 2b shows that these antibodies stained only
cells coexpressing UL130 and UL131A, suggesting that they recognize a conformational epitope
25  determined by the two gene products.

Example 3:Further identification of the target antigens recognised by the monoclonal antibodies

To map specificities of human monoclonal antibodies neutralizing infection of fibroblasts an
expression vector encoding full length gB was constructed. HEK293T cells were transfected with
this vector. After 36h, cells were fixed, permeabilized and stained with human monoclonal antibodies
30 (HuMab) followed by goat anti-human IgG. Figure 4 shows that monoclonal antibodies 7H3, 10C6,
5F1, and 6B4 (but not an IgG antibody of an irrelevant specificity) specifically stained cells
transfected with gB, indicating that they recognize an epitope of gB. Of note, the monoclonal
antibodies 10C6, SF1 and 6B4 neutralise infection of fibroblasts and endothelial cells, whereas the

monoclonal antibody 7H3 neutralises the infection of fibroblasts (but not of endothelial cells). This
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gB that is distinct from the epitope bound by the monoclona] antibody 7H3

It will be understood that the invention has been described by way of example only and modifications
may be made whilst remaining within the scope and spirit of the invention,
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<213>Artifici al Sequence <220> <223>1F11 CDRH1 nucl eoti de sequence
<400>21 ggattcacct tcagttccta tgct 24 <210>22 <211>24 <212>DNA
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SEQUENCE LISTING

<110> HUMABS LLC

<120> HUMAN CYTOMEGALOVIRUS NEUTRALISING ANTIBODIES AND USE THEREOF
<130> P045812WO

<150> GB 0700133.2
<151> 2007-01-04

<160> 50

<170> SeqWin99, version 1.02

<210> 1
<211> 8
<212> PRT

<213> Artificial Sequence

<220>

<223> 1F11 CDRH1 amino acid sequence
<400> 1

Gly Phe Thr Phe Ser Ser Tyr Ala

1 5

<210> 2

<211> 8

<212> PRT

<213> Artificial Sequence

<220>

<223> 1F11l CDRH2 amino acid sequence
<400> 2

Ile Ser Phe Asp Gly Asp Asn Lys

1 5

<210> 3

<211> 19

<212> PRT

<213> Artificial Sequence

<220>

<223> 1F11 CDRH3 amino acid sequence

<400> 3

Ala Arg Glu Glu Leu Val Gly Leu Met Pro Pro Tyr Tyr Asn Tyr Gly
1 5 10 15

Leu Asp Val

<210> 4

<211> 8

<212> PRT



<223>1F11 CDRH2 nucl eoti de sequence <400>22 atatccttta atggagacaa taaa
24 <210>23 <211>57 <212> DNA <213>Artificial Sequence <220> <223>1F11
CDRH3 nucl eoti de sequence <400>23 gcgagagagg agttagtogg attgatgcct
ccctactaca attatggttt ggacgtc57 <210>242%211>24 <212> DNA <213> Artificial
Sequence <220> <223>1P11 CDRL1 nucl eoti de sequence <400>24 34 agctccaeca
ttggaaataa tttt24 4210>25 <211>9 <212>DNA <213>Artificial Sequence <220>

<213> Artificial Sequence

<220>

<223> 1F11 CDRL1 amino acid sequence

<400> 4

Ser Ser Asn Ile Gly Asn Asn Phe

1 5

<210> 5

<211> 3

<212> PRT

<213> Artificial Sequence

<220>

<223> 1F1l1l CDRLZ2 amino acid sequence

<400> 5

Asp Asn Asp

1

<210> 6

<211> 12

<212> PRT

<213> Artificial Sequence

<220>

<223> 1F11 CDRL3 amino acid sequence

<400> 6

Glu Thr Trp Asp Gly Ser Leu Asn Pro Ala Val Val
1 5 10

<210> 7

<211> 126

<212> PRT

<213> Artificial Sequence

<220>

<223> 1F11 heavy chain amino acid sequence
<400> 7

Gln Val Gln Leu Val Glu Ser Gly Gly Gly Val Val Gln Pro Gly Arg
1 5 10 15

Ser Val Arg Leu Ser Cys Val Ala Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 30

Ala Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Leu Ile Ser Phe Asp Gly Asp Asn Lys Tyr Tyr Ala Asp Ser Val
50 55 60

Arg Gly Arg Phe Thr Ile Ser Arg Asp Ser Ser Gln Lys Thr Leu Phe
65 70 75 80



<223>1Fl | CDPL2 nucl eoti de sequence <400>25 gacaat gat <210>26 <211>36
<212>DNA <213>Artificial Sequence <220> <223>1F11 CDEL3 nucl eoti de sequence
<400>26 gasacat ggg at ggcagoct gaatcctg¥ gtggta35 <210>27 <211>24 <212>DNA
<2131' Artificial Sequence <220> <223>2F4 CDRH1 nucl eoti de sequence <400>27
ggattcagtt tcaatacata tqgQg24 <210>28 <211>24 <212>DNA <213>Artifici al
Sequence <220> <223>2F4 CDRH2 nucl eoti de sequence <400>28 at atgggatg

at ggaagt aa aatqﬁ% <210>29 <211>57 <212>DNA <213>Artificial Sequence <220>
<223>2F4 'CORNP Tlict Bof i de sEquECc® “<PIB0 20" Ge bidgaallf &§ogt gcaat aat got gesc
gccatgactg actacggttt ggacgtc57

Ala Arg Glu Glu Leu Val Gly Leu Met Pro Pro Tyr Tyr Asn Tyr Gly

100 105 110

Leu Asp Val Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser
115 120 125

<210> 8
<211> 111
<212> PRT
<213> Artificial Sequence
<220>
<223> 1F11 light chain amino acid sequence
<400> 8
Gln Ser Val Leu Thr Gln Pro Pro Ser Val Ser Ala Ala Pro Gly Gln
1 5 10 15
Lys Val Thr Ile Ser Cys Ser Gly Ser Ser Ser Asn Ile Gly Asn Asn

20 25 30
Phe Val Ser Trp Tyr Gln Gln Leu Pro Gly Thr Ala Pro Lys Leu Leu

35 40 45
Ile Tyr Asp Asn Asp Arg Arg Pro Ser Gly Ile Pro Asp Arg Phe Ser
50 55 60
Gly Ser Lys Ser Asp Thr Ser Ala Thr Leu Val Ile Thr Gly Leu Gln
65 70 75 80
Thr Gly Asp Glu Ala Asp Tyr Tyr Cys Glu Thr Trp Asp Gly Ser Leu
85 90 95

Asn Pro Ala Val Val Phe Gly Gly Gly Thr Arg Leu Thr Val Leu

100 105 110
<210> 9
<211> 378
<212> DNA
<213> Artificial Sequence
<220>
<223> 1F1]1 heavy chain nucleotide sequence
<400> 9
caggtgcagc tggtggagtc tgggggaggc gtggtccagc ctgggaggtc cgtgagactce 60
tcctgtgtgg cctetggatt caccttcagt tcctatgecta tgcactgggt ccgccagget 120
ccgggcaagg ggctggaatg ggtgtcactt atatcctttg atggagacaa taaatactat 180
gcagactccg tgaggggccg attcacaatc tccagagaca gttcccagaa gacgctcttt 240
ctgcaaatga acagcctgag agttgaggac acggctatat attactgtgc gagagaggag 300
ttagtcggat tgatgcctcc ctactacaat tatggtttgg acgtctgggg ccaagggacc 360
acggtcaccg tctectca 378
<210> 10



<210> 30

<211> 18

<211> 333

212> DNA

<213>

<220>

<223>

<400> 10

cagtctgtgt

tcctgctetg

cccggaacag

gaccgattct
. actggggacg

gtattcggeg

<210> 11

<211> 8

<212> PRT

<213>

<220>

<223>

<400> 11

Gly Phe

1

<210> 12

<211> 8

<212> PRT

<213>

<220>

<223>

<400> 12

Ile Trp

1

<210> 13

<211> 19

<212> PRT

<213>

<220>

<223>

<400> 13

Ala Arg

1

Leu Asp Val

<210> 14

<211> 6

<212> PRT

tgacgcagcc
gaagcagctc
ccceccaaact
ctggctccaa
aggccgatta
gagggaccag

)

5

5

<212> DNA
2F4 CORM nucl eoti de sequence <400> 30
<211>9 <212>DNA <213>Artificial

Se

Artificial Sequence

gccctecagtg
caacattgga
cctcatttat
gtctgacacg
ctactgcgaa
gctgaccgtce

Artificial Sequence

Ser Phe Asn Thr Tyr Gly

Artificial Sequence

Asp Asp Gly Ser Lys Met

Artificial Sequence

<213> Artificial

gquence <220>
30

1F11 light chain nucleotide sequence

tctgeggecece caggacagaa
aataattttg tatcctggta
gacaatgata ggcgaccctc
tcagccaccc tggtcatcac
acatgggatg gcagcctgaa
cta

2F4 CDRH1 amino acid sequence

2F4 CDRH2 amino acid segquence

2F4 CDRH3 amino acid sequence

10

Sequence

ggtcaccatc
ccagcaactc
agggattcct
cggactccag
tcctgcectgtg

Asp Glu Gly Ala Ile Met Leu His Ala Met Thr Asp Tyr Gly

15

<220>

aatttggggg atgagtttl6 <210>31

60

120
180
240
300
333

<223>



<223>2F4 CDRL2 nucl eoti de sequence <400>31 caggattcc <210>32 <211>33
<212>DNA <213> Artificial Sequence <220> <223>2F4 CDRL3 nucl eoti de sequence
<400>32 caggcgt ggg acagcagcac tqcccatt¥t gtc33 <210>33 <211>a <212>PRT
<213> Artificial Sequence <220> <223>5A2 CDRH1 am no aci d sequence <400>33
ny my Thr Phe Set- Ser Tyr Val 15 <210>34 <211>8 <212>PRT <213>Artifi ci al
Sequence <220> <223> 5A2 CDRH2 am no acid sequence <400>34 lie |Ile Pro Ile
Phe Asa Thr Ala 5 36 <210>;5 <211>20 <212>PRT <213> Artificial Sequence

<213> Artificial Sequence

<220>

<223> 2F4 CDRL1 amino acid sequence
<400> 14

Asn Leu Gly Asp Glu Phe

1 5

<210> 15

<211> 3

<212> PRT

<213> Artificial Sequence

<220>

<223> 2F4 CDRL2 amino acid sequence
<400> 15

Gln Asp Ser

1

<210> 16

<211> 11

<212> PRT

<213> Artificial Sequence

<220>

<223> 2F4 CDRL3 amino acid sequence
<400> 16

Gln Ala Trp Asp Ser Ser Thr Ala His Tyr Val
1 5 10
<210> 17

<211> 124

<212> PRT

<213> Artificial Sequence

<220> .

<223> 2F4 heavy chain amino acid sequence

<400> 17

Gln Val Gln Leu Val Glu Ser Gly Gly Gly Val Val Gln Pro Gly Arg
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Ser Phe Asn Thr Tyr
20 25 30

Gly Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ala Val Ile Trp Asp Asp Gly Ser Lys Met Tyr His Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 /5] 80



<220> <223>5A2 CDRH3 am no acid sequence <400>35 Ala Ary Asp Phe Lee Ser
Gy Pro Met Au Met Pro Sly Sly Tyr Tyr 51015 Sly Leu Asp Val 20 <210>30
<211>12 <212>PET <213> Artificial Sequence <220> <223> 5A2 CORL1 am no acid
sequence <400>36 G n Ser Val Lee Tyr Sef?Ser M Asn Lys M Tyr 1510 <210>37
<211>3 <212>PRT <213>Artificial Sequence <220> <223>5A2 CORL2 am no acid
sequence <400>37 Trp Ala Ser 1 <210>36 <211>9 <212>PRT <213>Artifi ci al
Sequence <220> <223>5A2 CM U. 3 am no acid sequence <400>3Q G n G n Tyr Tyr

Pro | Thr a <210>39 <211>127
Set Thr Egu &f% Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95
Ala Arg Asp Glu Gly Ala Ile Met Leu His Ala Met Thr Asp Tyr Gly
100 105 110
Leu Asp Val Trp Gly Gln Gly Thr Thr Val Thr Val
115 120
<210> 18
<211> 108
<212> PRT
<213> Artificial Sequence
<220>
<223> 2F4 light chain amino acid sequence
<400> 18
Ser Tyr Glu Leu Thr Gln Pro Pro Ser Val Ser Val Ser Pro Gly Gln
1 ) 10 15
Thr Ala Thr Ile Thr Cys Ser Gly Asp Asn Leu Gly Asp Glu Phe Ala
20 25 30
Cys Trp Tyr Gln Gln Lys Pro Gly Gln Ser Pro Val Leu Val Ile Tyr
35 40 45
Gln Asp Ser Lys Arg Pro Ser Gly Ile Pro Glu Arg Phe Ser Gly Ser
50 55 60
Ser Ser Gly Asn Thr Ala Thr Leu Thr Ile Arg Gly Thr Gln Ala Met
65 70 75 80
Asp Glu Ala Asp Tyr Tyr Cys Gln Ala Trp Asp Ser Ser Thr Ala His
85 90 95
Tyr Val Phe Gly Thr Gly Thr Lys Val Thr Val Leu
100 105
<210> 19
<211> 373
<212> DNA
<213> Artificial Sequence
<220>
<223> 2F4 heavy chain nucleotide sequence
<400> 19
caggtgcagc tggtggagtc tgggggaggc gtggtccagc ctgggaggtc cctgagacte 60
tcectgtgcag cgtctggatt cagtttcaat acatatggga tgcactgggt ccgeccaggct 120
ccaggcaagg ggctggagtg ggtggcagtt atatgggatg atggaagtaa aatgtaccat 180
gcggactceg tgaagggccg attcaccatc tccagagaca attccaaaaa cacactgtat 240
ctccaaatga acagtctgag agccgaggat acggctgtgt attactgtgc gagagacgag 300
ggtgcaataa tgctgcacgc catgactgac tacggtttgg acgtctgggg ccaagggacc 360
acagtcaccg tct 373
<210> 20



<212>PRT <213>Artificial Sequence 37 <223> 5A2 heavy chain am no acid
sequence <400>39 G n Val Gn Len Val Gn Set- Gy Ala Gu Val Arg 'Lys Pro
Ay Ser 151015 Ser Val Lys Val Ser Cys¥Lys Ala Set Ay ny Thr Phe Ser Ser
Tyr 202530 Val Ile H's Trp Val. Arg Gn Ala Pro ny Gn (fly Len Gn Trp Met
254045 ny Gy Ile Ile Pro Ile Phe Ann Thr Ala Ann, Tyr Ala G n Lys Val
505560 Gn Ay Arg Val Thr Ile Thr Ala Asp Gu Ser Thr Ser Thr Al a Tyr
65707580 t G 3 Len Ser. Ser Len Arg Ser Gn Asp Thr Ala Ile Tyr Tyr Cys
859095 Al é; p Phe Len Ser Ay Pro Met Gn Met Pro Ay Ay Tyr Tyr
10010511Q23y I,u@uipﬁgglvs'ﬂquen];gp Gy Gn dy Thr Thr Val Thr Val Set. Set
115120125 <210>40 <211>113 <212>PRT <213> Artrfrcael Sequence <220>
<223>5A2 ¢ chain amino aci d sequence <400>40 Asp Ile Val Met Thr Gn
Ser Pro Aép Ser”ﬂeldg'}fl 8“*\75I““§b‘??t’r_d€nsei‘?§}e“_f81015 Gn Arg Ala The Ile Asn Cys
Lys Ser S@bosG npeSec Val Leo Tyr Set 202530 Ser Ann Ann Lys Ann Tyr Leo Al a
Tep Tyr Geatathavclydctaoed béoptédong 354434EccPr @agbicagdey sodcea-aken LA Tyr Trp Al a
Set Thr Apgt@:cppgggga@aytt\/g_ygggatgag tttgcttgect ggtatcagca gaagccaggce 120

cagtctcctg tgctggtcat ctatcaggat tccaagcggc cctcagggat ccctgagega 180

ttctctggect ccagetctgg gaacacagcc actctgacca tccgcgggac ccaggctatg 240

gatgaggctg actactactg tcaggcgtgg gacagcagca ctgcccatta tgtcttcgga 300

actgggacca aggtcaccgt ccta 324
<210> 21

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> 1F11 CDRH1 nucleotide sequence

<400> 21

ggattcacct tcagttccta tget 24
<210> 22

<211> 24

<212> DNA

<213> Artificial Sequence

<220>

<223> 1F11l CDRH2 nucleotide sequence

<400> 22

atatcctttg atggagacaa taaa 24
<210> 23

<211> 57

<212> DNA

<213> Artificial Sequence

<220>

<223> 1F11 CDRH3 nucleotide sequence

<400> 23

gcgagagagg agttagtcgg attgatgect ccctactaca attatggttt ggacgtc 57
<210> 24

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> 1F11 CDRL1 nucleotide sequence

<400> 24



505560 Pro Asp Arg Phe Set Ay Set Gy See fly Thr Asp Phe Thr Len Thr
65707580 Ile Ser Ser Leo Gn Ala Gn Asp Val Ala val Tyr Tyr C¢ys G n Gn
859095 Tyr Tyr Ser Thr Pro Ile Thr Phe Ay Gn Ay Thr Arg Leu Qu lle
100105110 3$ Lys <210>41 <211>31 <212>¥NA <213>Artificial Sequence <220>
<223>5A2 heavy chai n nucl eoti de eequence <400>41 caggtgcagc tggtgcagtc

t ggggct gag gt gsggaagc ctgggtcctc ggtgaaggtc 60 tcctgcaagg ottctggagg
caccttcagc agctatqtta tccactgggt gcgacaggcc 120 cctggacaag ggcttgagtg

gat ggggggg atcatcceta tctttaatac agcaaactac 100 gcacagaagg ucgqagggcag

agt cacgat t *SECHeYyhtdyeafT hdyag

<210> 25

<211> 9

<212> DNA

<213> Artificial Sequence

<220>

<223> 1F1l CDRLZ nucleotide sequence

<400> 25

gacaatgat 9
<210> 26

<211> 36

<212> DNA

<213> Artificial Sequence

<220>

<223> 1F11 CDRL3 nucleotide sequence

<400> 26

gaaacatggg atggcagcct gaatcctgct gtggta 36
<210> 27

<211> 24

<212> DNA

<213> Artificial Sequence

<220>

<223> 2F4 CDRH1 nucleotide sequence

<400> 27

ggattcagtt tcaatacata tggg 24
<210> 28

<211> 24

<212> DNA

<213> Artificial Sequence

<220>

<223> 2F4 CDRH2 nucleotide sequence

<400> 28

atatgggatg atggaagtaa aatg 24
<210> 29

<211> 57

<212> DNA

<213> Artificial Sequence

<220>
<223> 2F4 CDRH3 nucleotide sequence

<400> 29
gcgagagacg agggtgcaat aatgctgcac gccatgactg actacggttt ggacgte 57



cacagcctac 240 atggagctga gcagcctgag atctgaagac actgccat at
gagggatttL 300 ctatcaggtc ctatggaaat 9cceggcgge tactacggtt
gggccaaggN 360 accacggcca ccgtotccrec ¥ 301 <210>42

<212>DNA <213>Artificial Sequence
<210> 30
<211> 18
<212> DNA
<213> Artificial Sequence
<220>
<223> 2F4 CDRL1 nucleotide sequence
<400> 30
aatttggggg atgagttt
<210> 31
<211> 9
<212> DNA
<213> Artificial Sequence
<220>
<223> 2F4 CDRL2 nucleotide sequence
<400> 31
caggattcc
<210> 32
<211> 33
<212> DNA
<213> Artificial Sequence
<220>
<223> 2F4 CDRL3 nucleotide sequence
<400> 32
caggcgtggg acagcagcac tgcccattat gtc
<210> 33
<211> 8
<212> PRT
<213> Artificial Sequence
<220>
<223> 5A2 CDRH1 amino acid sequence
<400> 33
Gly Gly Thr Phe Ser Ser Tyr Val
1 5
<210> 34
<211> 8
<212> PRT
<213> Artificial Sequence
<220>
<223> 582 CDRH2 amino acid sequence
<400> 34
Ile Ile Pro Ile Phe Asn Thr Ala

1

5

attactgtgc

t ggacgtctg
<211>339

18

33



<220> <223>5A2 |ight chain nucl eoti de sequence <400>42 gacatcgtga
t gacccagtc tccagactcc ctggctgtgt ctutgggcga gagggccacc 60 atcaactgca
agtccagcca gagtgtttta tacagttcca acaataagaa ctacttagct 120 tggtaccagc
agaaaccagg acagcctect aagctgetca tttactdfggc atctacccgq 1&0 gaat ccgggg

t occt gaccg attcagtggc agegggtctg ggacagattt cactctcacc 240 at cagcagcc

t gcaggct ga agatgtggca gtttattact glLcagcaata

<210> 35
<211> 20
<212> PRT
<213> Artificial Sequence
<220>
<223> 5A2 CDRH3 amino acid sequence
<400> 35
Ala Arg Asp Phe Leu Ser Gly Pro Met Glu Met Pro Gly Gly Tyr Tyr
1 5 10 15
Gly Leu Asp Val
20
<210> 36
<211> 12
<212> PRT
<213> Artificial Sequence
<220>
<223> 5A2 CDRL1 amino acid sequence
<400> 36
Gln Ser Val Leu Tyr Ser Ser Asn Asn Lys Asn Tyr
1 5 10
<210> 37
<211> 3
<212> PRT
<213> Artificial Sequence
<220>
<223> 5A2 CDRL2 amino acid sequence
<400> 37
Trp Ala Ser
1
<210> 38
<211> 9
<212> PRT

<213> Artificial Sequence

<220>

<223> 5A2 CDRL3 amino acid sequence
<400> 38

Gln Gln Tyr Tyr Ser Thr Pro Ile Thr

1 5

<210> 39

<211> 127

<212> PRT

<213> Artificial Sequence

<220>



ttatagtact 300 cctatcacct tcggccaagg gacacgactg gagattaaa
<211>24

CORN

<212>DNA
nucl eoti de sequence

<223>

<400>

Gln

Ser

Val

Gly

Gln

65

Met

Ala

Gly

Val

Val

Ile

Gly

50

Gly

Glu

Arg

Leu

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Asp

Glu

Ser

Pro

Pro

65

Ile

Tyr

Ile

Arg

Asn

Pro

50

Asp

Ser

Tyr

5A2

39

Gln

Lys

His

Ile

Arg

Leu

Asp

Asp

115

40
113
PRT

heavy chain

Leu

Val

20

Trp

Ile

val

Ser

Phe

100

Val

Val Gln
5

Ser Cys

Val Arg

Pro Ile

Thr Ile

70

Ser Leu
85

Leu Ser

Trp Gly

amino acid sequence

Ser

Lys

Gln

Phe

55

Thr

Arg

Gly

Gln

Artificial Sequence

5A2 light chain

40
val

Ala

Asn

35

Lys

Arg

Ser

Ser

Met

Thr

20

Lys

Leu

Phe

Leu

Thr
100

Thr Gln
5

Ile Asn

Asn Tyr

Leu Ile

Ser Gly
70

Gln Ala
85

Pro Ile

Gly

Ala

Ala

40

Asn

Ala

Ser

Pro

Gly
120

Ala

Ser

25

Pro

Thr

Asp

Glu

Met

105

Thr

Glu
10

Gly
Gly
Ala
Glu
Asp
90

Glu

Thr

Val

Gly

Gln

Asn,

Ser

[

Thr

Met

Val

amino acid sequence

Ser

Cys

Leu

Tyr

55

Ser

Glu

Thr

Pro

Lys

Ala

Trp

Gly

Asp

Phe

Asp

Ser

25

Trp

Ala

Ser

vVal

Gly
105

Ser
10

Ser
Tyr
Ser
Gly
Ala

90

Gln

Leu

Gln

Gln

Thr

Thr

75

Val

Gly

Arg

Thr

Gly

Tyr

60

Thr

Ala

Pro

Thr

Ala

Ser

Gln

Arg

60

Asp

Tyr

Thr

Lys

Phe

Leu

Ala

Ser

Ile

Gly

vVal
125

val

Val

Lys

45

Glu

Phe

Tyr

Arg

<213>Awtifichgl Sequence

Pro

Ser

30

Glu

Gln

Thr

Tyr

Gly

110

Ser

Ser

Leu

30

Pro

Ser

Thr

Cys

Leu
110

Gly

Ser

Trp

Lys

Ala

Tyr

95

Tyr

Ser

Leu
15

Tyr
Gly
Gly
Leu
Gln

95

Glu

<220>

Ser

Tyr

Met

Val

Tyr

80

Cys

Tyr

Gly

Ser

Gln

val

Thr

80

Gln

Ile

339 <210>43
<223>5A2



quence

tggtgcagtc
cttctggagg
ggcttgagtg
tccagggcag
gcagcctgag
ctatggaaat
ccgtctecte

tgacccagtc
agtccagcca
agaaaccagg
tcectgacceg
tgcaggctga
tcggccaagg

<400>43 ggaggcacct tcagcagcta tatt
<213>Artificial

<220>

Artificial Sequence

tggggctgag
caccttcagce
gatggggaggy
agtcacgatt
atctgaagac
gcceggegge
a

Artificial Sequence

tccagactcece
gagtgtttta
acagcctcct
attcagtggce
agatgtggca
gacacgactg

Artificial Sequence

ggaggcacct tcagcagcta tgtt

Se
Lys
<210> 41
<211> 381
<212> DNA
<213>
<220>
<223>
<400> 41
caggtgcagc
tcctgecaagg
cctggacaag
gcacagaagg
atggagctga
ctatcaggtc
accacggtca
<210> 42
<211> 339
<212> DNA
<213>
<220>
<223>
<400> 42
gacatcgtga
atcaactgca
tggtaccagce
gaatccgggg
atcagcagcc
cctatcacct
<210> 43
<211> 24
<212> DNA
<213>
<220>
<223>
<400> 43
<210> 44
<211> 24
<212> DNA
<213>
<220>
<223>
<400> 44

Artificial Sequence

atcatcccta tcectttaatac agca

24 <210>44
<223>5A2 CDRH2 nucl eoti de sequence

38

5A2 heavy chain nucleotide sequence

gtgaggaagc
agctatgtta
atcatcccta
accgcggacg
actgccatat
tactacggtt

5A2 light chain nucleotide sequence

ctggctgtgt
tacagttcca
aagctgctca
agcgggtcetg
gtttattact
gagattaaa

5A2 CDRH1 nucleotide sequence

5A2 CDRH2 nucleotide sequence

ctgggtccte
tccactgggt
tctttaatac
aatccacgag
attactgtgc
tggacgtctg

ctctgggcga
acaataagaa
tttactgggc
ggacagattt
gtcagcaata

<211>24

ggtgaaggtc
gcgacaggcce
agcaaactac
cacagcctac
gagggatttt

gggccaaggyg

gagggccacc
ctacttagct
atctacccgg
cactctcacc
ttatagtact

60

120
180
240
300
360
381

60

120
180
240
300
339

24

24

<212>DNA



<400>44 atcatcccta tctttaatac agca 24 <210>45 <211>60 <212>DNA <213>
Artificial Sequence <220> <223> 5A2 CDPH3 nucl eoti de sequence <400>45
gcgagggatt ttctatcagg tcctatggaa atgcc¥ggcg gotactecgg tttggacgt c60 <210>46
<211>36 <212>DNA <213> Artificial Sequence <220> <223>5A2 CDRL1 nucl eoti de
sequence <400>46 Cagagteittt tatacagttc caacaataag aactac36 <210>47 <211>9
<212>DNA <213> Artificial Sequence <220> <223>5A2 00512 nucl eoti de sequence
<400>4 tgggcatct <210> '48 <211> 27 <212> DNA <213> Artificial Sequence
<220> <223>pA2 CDRL3 nucl eoti de seauence

<211> 60

<212> DNA

<213> Artificial Sequence

<220>

<223> 5A2 CDRH3 nucleotide sequence

<400> 45

gcgagggatt ttctatcagg tcctatggaa atgcccggcg gctactacgg tttggacgtce 60
<210> 46

<211> 36

<212> DNA

<213> Artificial Sequence

<220>

<223> 5A2 CDRL1 nucleotide sequence

<400> 46

cagagtgttt tatacagttc caacaataag aactac 36
<210> 47

<211> 9

<212> DNA
<213> Artificial Sequence

<220>

<223> 5A2 CDRLZ2 nucleotide sequence

<400> 47

tgggcatct 9
<210> 48

<211> 27

<212> DNA

<213> Artificial Sequence

<220>

<223> 5A2 CDRL3 nucleotide sequence

<400> 48

cagcaatatt atagtactcc tatcacc 27
<210> 49

<211> 126

<212> PRT

<213> Artificial Sequence

<220>
<223> variant 2F4 heavy chain amino acid sequence

<400> 49
Gln Val Gln Leu Val Glu Ser Gly Gly Gly Val Val Gln Pro Gly Arg
1 5 10 15



<400>48 cagcaatatt atagtnctcctatcacc27 <210>49 <211>126 <212>PRT <213>
Artificial Sequence <220> <223> variant 2F4 heavy chain am no acid sequence
<400>49 Gn Val An Lela vVal Au Ser GA%/ dy Ay Val val Gn Pro Ay Arg
1015 40 Set- Leo Arg Leo Sur Cys Ala A Sec Sly Phe Her Phe Asn Thr Tyr
202530 Sly Met His Trp Val Arg Gn Ala Pro Sly Lys Sly Leo Gu Trp Val
354045 Ala Val Ile Trp Asp Aso Sly Set Lys Met Tyr His Ala Asp Set- Val

505550 Lye Sly Arg Phe Tnr |le Her Arg Asp Asn Hey. Lye Asn Thr Leo Tyr
55707580 Lau G n Mh Ser Leo Ar Gu LP Thr Ala Val Tyr Tyr Cys
H59095 Al aeArlg“A&rﬁ Quusﬁ e attel e %é GlEe‘H’erﬁ‘% AL e FhFY"Asp Tyr Say
100105110 Lau Asp Val Trp Gy Gn Sly Thr Thr Val Thr Val Set- Sec

115120125 ®21@2S0s<@b1va3 789<@1b25BPNA<@13ys Allyi fducdial Trpegrience <220>
<223>vari ant 2F4%heavy chai n nudl eoti de sequente <400>50 caggt gcagc

ngt ggagt CAla Val Ile Trp Asp Asp Gly Ser Lys Met
50 55

Tyr His Ala Asp Ser Val
60

Lys
65

Gly Arg Phe Thr Ile Ser Arg Asp Asn

70

Ser Lys Asn Thr Leu Tyr
75 80

Leu Gln Met Asn Ser Leu Arg Ala Thr Ala Val

85

Glu Asp
90

Tyr Tyr Cys
95

Ala Leu His

105

Arg Asp Glu Gly Ala Ile Met

100

Ala Met Thr Asp
110

Tyr Gly

Val
115

Thr Val Thr Val Ser

125

Leu Asp Trp Gly Gln Gly Thr Ser

120

<210>
<211>
<212>
<213>

50

378

DNA

Artificial Sequence

<220>

<223> variant 2F4 heavy chain nucleotide sequence

<400> 50

caggtgcagc
tcectgtgeag
ccaggcaagg
gcggactccg
ctccaaatga
ggtgcaataa
acagtcaccg

tggtggagtce
cgtctggatt
ggctggagtg
tgaagggceg
acagtctgag
tgctgcacge
tctcctcea

tgggggaggce
cagtttcaat
ggtggcagtt
attcaccatc
agccgaggat
catgactgac

gtggtccagce
acatatggga
atatgggatg
tccagagaca
acggctgtgt
tacggtttgg

ctgggaggtc
tgcactgggt
atggaagtaa
attccaaaaa
attactgtgc
acgtctgggg

cctgagactc
ccgccaggcet
aatgtaccat
cacactgtat
gagagacgag
ccaagggacc

60

120
180
240
300
360
378



t gggggaggc gt ggt ccage ctgggaggtc cctgagactc 60 tcctgtgcag cgtcCggatt

cagtttcaat acatatggga tgcactgggt ccgccgggct 120 ccaggcaagg ggctggagtg
ggt ggcagtt at at gggat g at ggaagt aa aat gtaccat 150 gcggact ccg tgaagggccg
attcaccatc tccagagaca atcccaaaaa cacactgtat 240 ctccaaatga acagtctgag

agccgaggat acci gctgegt aCtact gCgc gagag#mgag 300 ggt gcaataa tgctgcacgce

1. An isolated antibody, or an antigen binding fragment thereof, that inhibits hCMV infection,
comprising the heavy chain CDR1, CDR2, and CDR3 sequences as set forth in SEQ ID NO: 1, SEQ
ID NO: 2, and SEQ ID NO: 3, respectively, and the light chain CDR1, CDR2, and CDR3 sequences
as set forth in SEQ ID NO: 4, SEQ ID NO: 5, and SEQ ID NO: 6, respectively.

2. An isolated antibody, or an antigen binding fragment thereof, that inhibits hCMV infection, wherein
the antibody comprises a heavy chain variable region comprising the amino acid sequence of SEQ ID
NO: 7 and a light chain variable region comprising the amino acid sequence of SEQ ID NO: 8.

3. The antibody or fragment of claim 2, wherein the antibody is human monoclonal antibody 1F11.

4, The antibody or fragment of claim 1 or 2, wherein the antibody is a human antibody, a monoclonal
antibody, a human monoclonal antibody, a single chain antibody, Fab, Fab', F(ab"),, Fv or scFv.

5. An isolated antibody, or an antigen binding fragment thereof, that binds to the same epitope as an
antibody having a heavy and light chain variable region comprising the amino acid sequence of SEQ
1D NO: 7 and SEQ ID NO: 8, respectively, wherein the antibody or fragment inhibits hCMV infection.

6. An isolated nucleic acid molecule comprising a nucleotide sequence encoding the antibody or
fragment of claim 1, 2 or 5.

7. The nucleic acid molecule of claim 6 comprising a nucleotide sequence that is at least 95%
identical to any one of SEQ ID NOs: 9, 10, or 21-26.

8. An isolated cell expressing the antibody or fragment of claim 1, 2 or 5.

9. A pharmaceutical composition comprising the antibody or fragment of claim 1, 2 or 5, and a
pharmaceutically acceptable diluent or carrier.

10. A pharmaceutical composition comprising the nucleic acid of claim 6, and a pharmaceutically
acceptable diluent or carrier.

11. A pharmaceutical composition comprising the antibody or fragment of claim 1, 2 or 5, and a
second antibody, or antigen binding fragment thereof, which inhibits hCMV infection.

12. The antibody or fragment of claim 1, 2 or 5, that is specific for a complex comprising hCMV
proteins UL130 and UL131A and inhibits infection of endothelial cells, retinal cells, or dendritic cells
by human cytomegalovirus (hCMV), wherein the concentration of antibody required for 50% inhibition
of hCMV is 0.3 pg/ml or less.



catgactgac tacggtttgg acgtccgggg ccaagggacc 360 acagtcaccg tCtCetta 378
41 CLAIM5 1. An isolated antibody, or,an antigen binding fragnent thereof,
that inhibits hCW infection, conprising the heavy chain CDF21, CDR2, and
CDR3 sequences as set forth in SEQID NO 1, SEQID NO 2, and SEQ I D NO

3, respectively, and the light chain CDRlL, CDR2, and CDR3 sequences as set
forth in SEQID NO 4, SEQID NO 5, and SEQID NO 6, respectively. 2. An

i sol at ed i body, or.an antigen,bindi fragment thereof, that [nhibits
a1 e 0 Tn e B Rl 2 USRI coh SRR arel oS TR Gipian o

regi on coffpPitie? HHCUMéE LM 8 sequence of SEQ ID NO 7 and a light chain
vari abl e region conprising the am no acid sequence of SEQID NO 8. 3. The
anti body d#. The agjiredytor ffgmehtaf ciaid, 12 whereie the corizentratianted ehyibedy réquinsiriorisofaoc| onal
anti body hedtrhllsationdf hANneis @b3 fpdiyer @Es. f ragnment of claim 1 or 2, wherein the
anti body is a human anti body, a nonocl onal antibody, a human nonocl onal

ant i body, L | i d Eah: * . F . An

S0l ated AR Rady ey PR LARNY pn s Rl Rlep SRR e o e (o

t he sane 8pf13pe as an anti body having a heavy and |ight chain variable
region conprising the amno acid sequence of SEQID NO 7 and SEQ ID NO 8,
respectively, wherein the antibody or fragnment inhibits hCW infection. 6.
An isol ated nucl eic acid nol ecul e conprising a nucl eoti de sequence encodi ng
the anti body or fragment of claim1,2 or 5, 7. The nucleic acid nol ecule
of claim6 conprising a nucleotide sequence that is at |east 95% i denti cal
to any one of SEQ ID NGs: 9, 10, or 21-26. 8. An isolated cell expressing
the anti body or fragnment of claiml1l, 2 or 5. 9. A pharmaceutical conposition
conprising the antibody or fragment of claiml1,2 or 5 and a
pharmaceutically acceptable diluent or carrier. 10. A pharnaceuti cal
conposition conprising the nucleic acid of claim®6, and a pharnmaceutically
acceptabl e diluent or carrier, 11. A pharmaceutical comnposition conprising
t he anti body or fragnment of claiml1, 2 or 5 and a second anti body, or
antigen binding fragment thereof, which inhibits hCW infection. 12. The
anti body or fragnent of claim1, 2 or 5, that is specific for a conplex
conprising hCW proteins UL130 and UL131A and inhibits infection of

endot helial cells, retinal cells, or dendritic cells by human

cytonegal ovirus (hCW), wherein the concentration of antibody required for
50% inhibition of hCW is 0,3 pg/m or less. 42 13. The antibody or
fragnent of claim 12, wherein the concentration of antibody required for
50% i nhibition of hCIVIV la 0.01 ugim or less 14. The anti body or
fragment of claim 12 wherein the concentration of antibody required for 50%
neutralisation of hCW is 0.003 ug/m. or less. 15. The antibody or
fragnent of claim 12 which binds a confornmational epitope forned by the

pr ot ei ns.





