
Antagonistic anti-human CD40 monoclonal antibody. The
invention relates to human, humanized and monoclonal
antibodies with decreased immunogenicity, uses and
methods of production thereof. The invention in
particular relates to antagonistic anti-human CD40
monoclonal antibodies. The CD40 molecule is a 50 kDa
type I membrane glycoprotein and is expressed on B
cells, monocytes/macrophages, dendritic cells (DCs)
and activated endothelial cells. 16 Under certain
conditions, CD40 can also be found on fibroblasts,
epithelial cells and keratinocytes. 7 CD40 ligand
(CD40L, CD154), a 32 kDa type II integral membrane
glycoprotein, is transiently expressed on activated
CD4+ T cells and a small population of activated CD8+T
cells.8 9 In addition, CD40L has been found on a
number of other cell types after activation, including
mast cells, basophils, B cells, eosinophils, DCs and
platelets. 10 n Studies in murine models have clearly
demonstrated the involvement of the CD40L-CD40
interaction in the pathophysiology of various
autoimmune diseases (for review, see reference 12) .
Evidence from CD40L transgenic mice, which acquire
lethal inflammatory bowel disease, provided the first
evidence that CD40-CD40L interactions might also play
a role in the pathogenesis of inflammatory bowel
diseases. 13An anti- mouse CD40L monoclonal antibody
(Mab) effectively prevents mucosal inflammation and
interferon- g production by lamina propria CD4+ T
cells in TNBS-induced colitis. 14 In a Severe Combined
Immunodeficiency (SCID) mouse inflammatory bowel
disease model 



it was shown that treatment with anti-CD40L from the
day of T-cell reconstitution completely prevented
clinical and histological appearance of experimental
colitis. 15 Furthermore, anti-CD40L administration
from week 5 after T-cell reconstitution could still
prevent progression of the disease and treated animals
showed improvement in disease symptoms and
histologycompared with control animals. 15 In
addition, reconstitution of SCID mice with T cells
from CD40L knock-out mice, further demonstrated the
essential role of CD40L-expressing T cells in disease
development and interleukin-12 production. 16 The
CD40-CD40L interaction can be antagonized with
monoclonal antibodies (Mabs) against either CD40L or
CD40. The expression of CD40L on activated platelets
has resulted in thrombo-embolic events during
treatment of humans with IgG1 anti-human CD40L Mabs at
higher dose levels and termination of the development
of these Mabs. 17 19 Antagonizing CD40 therefore seems
a more attractive approach. The non-stimulatory
antagonistic activity of Mab 5D12 (anti-human CD40)
was demonstrated in various in vitro studies using
different CD40-bearing cell types20 22 and chimeric
5D12 (ch5D12) antagonist activity was validated in
vivo using various non-human primate disease models.23
' 27 ch5D12 is a molecularly engineered human IgG
antibody containing the murine variable domains of the
heavy and light chains of 5D12 and was constructed to
reduce the potential for immunogenicity and to enhance
the in vivo half-life of the murine 5D12 Mab when used
in humans. 



Patients with Crohn's disease suffer from a
debilitating inflammatory disorder of the
gastrointestinal tract of which the precise aetiology
and pathogenesis remain elusive.28-29 The disease is
characterized by an influx into diseased mucosa of
activated T cells, B cells and macrophages, 30 31
local production of soluble mediators of inflammation,
and damage of involved tissues. 28-29 Mucosal CD4+ T
cells and macrophages and cytokines such as tumour
necrosis factor (TNF)-aand IL-12 have been shown to
play a central role in initiating an inflammatory loop
in Crohn's disease. 32 38 T cells from inflamed mucosa
exhibit a higher proliferative capacity,28' 29 and
secrete increased amounts of IFN-g and IL-2. Increased
levels of T-cell associated cytokine mRNAtranscripts
have been found in mucosal biopsies from
Crohn'sdisease patients. 33 A dominant role of CD40L
on the activated CD4+ T cells has been suggested in
our studies on CD40/CD40L expression in Crohn's
disease lesions.39 CD40L can mediate a strong
activation of CD40-bearing cells, predominantly B
cells and macrophages, thus resulting in increased
production of TNF-aand IL-12 in lesions. Using
immunohistochemistry, increased staining with 5D12 was
found in all samples of diseased areas from Crohn's
disease patients compared to non-diseased areas.
Double staining for CD40 and CD20 (B cells) or CD68
(macrophages) indicated that in the sections from
patients with Crohn's disease, CD40 cells were mainly
B cells in the lymphoid follicles and macrophages in
the lamina propria. Lamina propria T cells from
inflamed mucosa of Crohn's disease patients induced
monocytes to produce significant amounts of IL-12 and
TNF-aafter 48 h of co-culture. Addition of 5D12
resulted in reduced IL-12 and TNF-aproduction; levels
of 



production were reduced to the levels observed using
control lamina propria T cells both in the absence and
presence of IFN-g .39 It is an object of the invention
to provide alternative molecules that share at least
the kind of safety and/or efficacy of 5D12 in vivo,
not necessarily the amount of said safety and/or
efficacy. The antibody 5D12, or at least the variable
domains thereof, have a murine background. The present
invention provides variants of the heavy and light
chain variable domains of 5D12. To this end the
invention provides a polypeptide comprising an amino
acid sequence of formula (I) 1 11 21 31 I I I I GFSX
1S RYSVYWX2RQP PGKGX3 EWX4GM MWGGG STDYS 41 51 61 I I
ITSLKS RLTIS KDTSK SQVX5L KMNSL RTDDT AMYYC 71 I VRTDG
DY wherein: X1 is G, A, V, L, I , P, F, M, W, C, N, Q,
S, T, Y, D, E, K, R or H; X2 is G, A, V, L, I , P, F,
M,W, C, N, Q, S, T, Y, D, E, K, R or H; X3 is G, A, V,
L, I, P, F, M, W, C, N, Q, S, T, Y, D, E, K, R or H;
X4 is G, A, V, L, I , P, F, M,W, C, N, Q, S, T, Y, D,
E, K, R or H; and X5 is G, A, V, L, I , P, F, M, W, C,
N, Q, S, T, Y, D, E, K, R or H. 



Said polypeptide comprises extensive sequence identity
with the heavy chain variable domain of the 5D12
antibody, however, the polypeptide is less immunogenic
in a human individual administered as such or in the
context of an antibody comprising said polypeptide. At
the indicated positions X1-X5 several amino acids may
be present as indicated. A binding molecule comprising
a polypeptide of the invention has good CD40 binding
properties. It has been noted that production of the
antibody in a cell varies somewhat with the kind of
amino acid at the indicated positions. This will be
detailed elsewhere herein below. The invention further
provides a polypeptide according to the invention
comprising an amino acid sequence 1 11 21 31 I I I I
QVKLQ ESGPG LVKPS ETLSI TCTVS GFSX 1S RYSVY WX2RQP 4 1
51 6 1 71I 1 1 1 PGKGX3 EWX4GM MWGGG STDYS TSLKS RLTIS
KDTSK 81 91 101 111 I I I I SQVX5L KMNSL RTDDTAMYYC
VRTDG DYWGQ GTTVT VSS. The abovementioned polypeptide
essentially spans the variable domain of the heavy
chain of the murine 5D12 antibody. The amino acid
sequence is altered at several positions with respect
to murine sequence. The altered polypeptide couples
good binding properties, while at the same time being
well tolerated by 



humans provided with the polypeptide. At the indicated
positions various amino acids can be inserted without
dramatically reducing and/or altering at least
immunological properties of the polypeptide when
compared to the original murine polypeptide. It is
preferred that a polypeptide of the invention
comprises a G, A, V, L, P, F,M, W, C, N, Q, S, T,Y, D,
E, K, R or H at position X1. In this way at least the
production properties of the polypeptide in a
mammalian cell are not dramatically reduced and/or
altered when compared to the original murine or
chimeric polypeptide. In a particularly preferred
embodiment X1 is G, A, V, L, P, F or M; X2 is G, A, V,
L 1, P, F or M; X3 is G, A, V, L, I , P, F, M; X4 is
G, A, V, L, I, P, F,M; and X5 is G, A, V, L, I, P, F,
M, W, C, N, Q, S, T or Y. These polypeptides are
better suited for high level production in a mammalian
cell. Particularly in the context of an antibody. The
invention further provides a polypeptide according to
the invention, wherein:X1 is G, A, V, L or M; X2 is G,
A, V, L, I or M; X3 is G, A, V, L, I , P, F, M; X is
G, A, V, L, I or M; and X5 is P, F,W, N, Q, S, T or Y.
These polypeptides are better suited for high level
antibody production while 



at the same time exhibiting good tolerance properties
in a human. The invention further provides a
polypeptide of formula (I) wherein Xi is LjX is I;
X3is P; X is M; and/or X5 is S. This polypeptide is
particularly preferred because of its excellent
production properties in the context of an antibody
that mimics the binding and pharmacological properties
of antibody ch5D12 whereas immunological properties
are improved in humans when compared to the murine or
ch5D12 antibody and wherein at least production of the
polypeptide is not dramatically reduced when compared
to the murine or chimeric counterpart. The invention
further provides a polypeptide of formula (I) wherein
Xi is I;X2 is V; Xsis P; X4 is M; and/or X5 is S. This
polypeptide is particularly preferred because of its
excellent production properties in the context of an
antibody that mimics the binding and pharmacological
properties of antibody ch5D12 whereas immunological
properties are improved in humans when compared to the
murine or ch5D12 antibody and wherein at least
production of the polypeptide is not dramatically
reduced when compared to the murine or chimeric
counterpart. An antibody that deviates at least at one
position X1-X5 when compared to chimeric 5D12 at the
corresponding positions, has better immunological
properties than the chimeric 5D12 antibody in humans.
In a preferred embodiment of such antibodies the
invention preferably provides a polypeptide according
to the invention, wherein: X1 is I and X2 is V; X1 is
I andX2 is I; X1 is L and X2 is I; or Xi is L and X2
is V. The polypeptides are particularly preferred in
combination with an X3is P; X4 is M; and X5 is either 



F or S; In one embodiment the invention provides a
polypeptide according to the invention, wherein: Xi is
L; X2 is V; X3is L; X is L and X5 is F. Production of
antibodies comprising said polypeptide is very good,
while simultaneously providing improved immunological
properties in humans when compared to ch5Dl2. The
invention further provides a polypeptide comprising
amino acid sequence GFSX1S EYSVY WX2R, wherein: X1 is
L and X2 is I ; or X1 is I and X2 is V. This
polypeptide comprises a modified CDRl of a 5D12 heavy
chain variable fragment. This CDRl comprises at least
one different amino acid when compared to the CDRl of
the heavy chain variable fragment of antibody 5D12.
This amino acid change both leads to improved
immunological properties of a modified 5D12 or ch5D12
antibody wherein the modification comprises at least a
replacement of the corresponding sequence of said
polypeptide in 5D12 or ch5D12 with a polypeptide of
the invention, whereas at the same time enabling good
production of the antibody in a mammalian cell. The
invention further provides a heavy chain variable
domain comprising a polypeptide of formula (I). Said
variable domain comprises preferably 90-130, more
preferably 100-120, more preferably 105-115, most
preferably 113 amino acids. The polypeptide can be
generated synthetically or by a cell. Preferably said
heavy chain variable domain is produced by a cell. In
nature at least five types of heavy chain exist: Y, d,
a, m and e, wherein each type defines a class of
immunoglobulins. A polypeptide of the invention may be
used as a binding body directly or may be incorporated
into an antibody. When incorporated into an antibody
the polypeptide is preferably combined with a constant
part of an 



antibody heavy chain. To this end the invention
further provides an antibody heavy chain comprising a
polypeptide of formula (I). The art knows many
derivatives and analogues of variable domain
antibodies. However, currently many different parts,
derivatives and/or analogues of antibodies are in
use.Non-limiting examples of such parts, derivatives
and/or analogues are, single chain Fv-fragments,
monobodies, VHH, Fab-fragments, artificial binding
proteins such as for example avimers, and the like. A
common denominator of such specific binding bodies is
the presence of a heavy chain variable domain. Thus
the invention further provides a binding body
comprising a polypeptide of formula (I). Apreferred
binding body of the invention is an antibody, as an
antibody comprises a naturally occurring structure.
Therefore, the invention in a preferred embodiment
provides an antibody comprising a polypeptide
according to the invention. A binding body according
to the invention is preferably a binding body that is
well tolerated in an animal. Tolerance of an animal
for a polypeptide is governed by many different
aspects. Immunity, be it T-cell mediated, B-cell
mediated or other is one of the variables that are
encompassed in tolerance of the animal for a
polypeptide. As mentioned above, the 5D12 antibody has
a murine background. The polypeptide of formula (I)
has a reduced immunogenicity in human. It is therefore
sometimes referred to as a deimmunized variant of the
heavy chain variable domain of 5D12. Thus in an aspect
the invention provides an antibody comprising an
epitope specificity of a 5D12 antibody, wherein the
heavy chain of said antibody is a polypeptide of 



formula (I). Deimmunized as used herein is defined as
less immunogenic in an animal than the original
antibody. A polypeptide of formula (I) is deimmunized
when compared to the heavy chain in 5D12 through the
removal of known human T cell epitopes. T cell
epitopes are amino acid sequences within proteins with
the capacity to bind toMHC class II molecules. By
removal of the T cell epitopes the antibody is less
immunogenic. Preferably a variable domain of the
invention is further humanized, such as for instance
veneered. By using veneering techniques, exterior
residues which are readily encountered by the immune
system are selectively replaced with humanresidues to
provide a hybrid molecule that comprises either a
weakly immunogenic or substantially non-immunogenic
veneered surface. An animal as used in the invention
is preferably a mammal, more preferably a primate,
most preferably a human. An antibody according to the
invention preferably comprises a constant region of a
human antibody. According to differences in their
heavy chain constant domains, antibodies are grouped
into five classes, or isotypes: IgG, IgA, IgM, IgD,
and IgE. These classes or isotypes comprise at least
one of said heavy chains that is named with a
corresponding Greek letter. In a preferred embodiment
the invention provides an antibody according to the
invention wherein said constant region is selected
from the group of IgG, IgA, IgM, IgD, and IgE constant
regions, more preferably said constant region
comprises an IgG constant region, more preferably an
IgG1 constant region, preferably a mutated
IgG1constant region, most preferably said constant
region is an IgG constant region. Furthermore, said
IgG constant region is 



preferably a human IgG constant region. Preferably,
the IgG4 antibody of the invention comprises the
constant regions of the heavy and light chain amino
acid sequence as depicted in figure 18. Preferably,
the IgG4 antibody of the invention comprises the heavy
and light chain amino acid sequence as depicted in
figure 18. Some variation in the constant region OfIgG
occurs in nature and/or is allowed without changing
the immunological properties of the resulting
antibody. Typically between about 1-5 amino acid
substitutions are allowed in the constant region. An
antibody with an IgG constant region or a mutated IgG1
constant region has at least most of the
pharmacological properties of an antibody but does not
bind complement, and will thus not induce depletion of
the cell its binds to in vivo. Preferably said
constant region is a constant region of a human
antibody. In one embodiment the invention provides a
nucleic acid encoding a polypeptide according to the
invention, and/or a binding body according to
theinvention, and/or an antibody according to the
invention. A nucleic acid as used in the invention is
typically but not exclusively a ribonucleic acid (RNA)
or a deoxyribonucleic acid (DNA). Alternative nucleic
acids are available for a person skilled in the art,
such as for instance peptide nucleic acids (PNA). A
nucleic acid according to the invention is for
instance comprised in a cell. When said nucleic acid
is expressed in said cell, said cell produces a
polypeptide and/or a binding body and/or an antibody
according to the invention. Therefore, the invention
in one embodiment provides a cell comprising a
polypeptide according to the invention, a binding body
according to the invention, an antibody according to
the invention and/or a nucleic acid 



according to the invention. Said cell is preferably an
animal cell, more preferably a mammal cell, more
preferably a primate cell, most preferably a human
cell. For the purposes of the invention a suitable
cell is any cell capable of comprising and preferably
of producing a polypeptide according to the invention,
a binding body according to the invention, an antibody
according to the invention and/or a nucleic acid
according to the invention. The invention further
provides a cell comprising an antibody according to
the invention. Preferably said cell produces said
antibody. In a preferred embodiment said cell is a
hybridoma cell, a Chinese hamster ovary (CHO) cell, an
NSO cell or a PER-C6(tm) cell. In a particularly
preferred embodiment said cell is a CHO cell. Further
provided is a cell culture comprising a cell according
to the invention. Various institutions and companies
have developed cell lines for the large scale
production of antibodies, for instance for clinical
use. Non-limiting examples of such cell lines are CHO
cells, NSO cells or PER.C6(tm) cells. These cells are
also used for other purposes such as the production of
proteins. Cell lines developed for industrial scale
production of proteins and antibodies are herein
further referred to as industrial cell lines. Thus in
a preferred embodiment the invention provides the use
of a cell line developed for the large scaleproduction
of protein and/or antibody for the production of an
antibody of the invention. The invention further
provides a method for producing an antibody comprising
culturing a cell of the invention and harvesting said
antibody from said culture. Preferably said cell is
cultured in a serum free medium. Preferably 



said cell is adapted for suspension growth. Further
provided is an antibody obtainable by a method for
producing an antibody according to the invention. The
antibody is preferably purified from the medium of the
culture. Preferably said antibody is affinity
purified. A cell of the invention is for instance a
hybridoma cell line, a CHO cell, an NSO cell or
another cell type known for its suitability for
antibody production for clinical purposes. In a
particularly preferred embodiment said cell is a human
cell. Preferably a cell that is transformed by an
adenovirus El region or a functional equivalent
thereof. A preferred example of such a cell line is
the PER.C6(tm) cell line or equivalent thereof. In a
particularly preferred embodiment said cell is a CHO
cell or a variant thereof. Preferably a variant that
makes use of a Glutamine synthetase (GS) vector system
for expression of an antibody. It has been noted that
some amino acids at the mentioned positions X1-X are
less suited for high level production of an antibody
comprising a polypeptide of formula (I) in an antibody
producing cell. In a preferred embodiment a
polypeptide of formula (I) in said antibody comprises
X1-Xs wherein: X1 is G, A, V, L, I , P, F,M,W, C, N,
Q, S, T, Y, D, E, K, R or H. In a particularly
preferred embodiment X1 is G, A, V, L, I , P, F or M;
X2 is G, A, V, L, I , P, F or M; X3 is G, A, V, L, I ,
P, F, M; X4 is G, A, V, L, I P, F,M; and X5 is G, A,
V, L, I, P, F,M, W, C, N, Q, S, T or Y. More
preferably, said antibody comprises a polypeptide of
formula I wherein X1 is G, A, V, L, I or M; 



X2 is G, A, V, L, I or M; X3 is G, A, V, L, I , P,
F,M;X4 is G, A, V, L, I or M;and X5 is P, F,W, N, Q,
S, T or Y. More preferably X1 is L; X2 is I ; X3 is P;
X4 is M; and/or X5 is S. Particularly preferred is
when X1 is I and X2 is V; X1 is I and X2 is I ; X1 is
L and X2 is I ; X1 is L and X2 is L; X1 is V and X2 is
I ; X1 is V and X2 is V; X1 is L and X2 is L; X1 is V
and X2 is L; or Xi is L and X2 is V. These latter
polypeptides are particularly preferred in combination
with an X3 is P; X is M; and X5 is either F or S,
preferably S; In one embodiment the invention provides
a polypeptide according to the invention, wherein: X1
is L; X2 is V; X3is L; X is L and X5 is F. Production
of antibodies comprising said polypeptide is good,
while simultaneously providing improved immunological
properties in humans when compared to ch5D12. In
another preferred embodiment the invention provides a
polypeptide according to the invention wherein at
least one of Xi, X2, X3, X4 or X5 is the same as an
amino acid at the corresponding position in a sequence
that is shown by the invention to yield specifically
good expression levels and wherein further at least
one OfX1, X2, X3, X4 or X5 is the same as an amino
acid at the corresponding position in a 5D12 amino
acid sequence. An advantage of a polypeptide according
to the invention wherein at least one of Xi, X2, X3,
X4 or X5 is the same as an amino acid at the
corresponding position in a 5D12 amino acid sequence,
is that a binding body according to the invention
comprising such a polypeptide shows a better
expression level than a polypeptide according to the
invention wherein none of Xi, X2, X3, X4 or X5 are the
same as an amino acid at the corresponding position in
a 5D12 amino acid sequence. Without being bound by
theory, said better expression level is 



believed to be due to the fact that an amino acid at
the position of X1, X2, X3, X4 and/or X5 contributes
to a proper assembly of a binding body according to
the invention when said amino acid is the same as an
amino acid at the corresponding position in a 5D12
amino acid sequence.An antibody comprising a
polypeptide of formula (I) shows nonstimulatory
antagonistic activity. As the CD40L-CD40 interaction
is involved in the pathophysiology of various
inflammatory disorders such as autoimmune diseases and
graft rejection, a polypeptide according to the
invention is therefore particularly suited for
ameliorating a symptom of an inflammatory disorder. In
one embodiment an antibody comprises a binding body of
the invention. In a preferred embodiment said antibody
is a monoclonal antibody. Monoclonal antibody
technology allows for production of large amounts of
essentially pure antibodies, thus obtaining
predictable products. Therefore, the invention in one
embodiment provides an antagonistic anti-human CD40
monoclonal antibody comprising a polypeptide according
to the invention. A binding body according to the
invention is all the more suitable for that purpose
since it is in one embodiment deimmunized compared to
a mouse 5D12 and/or a chimeric 5D12. Therefore, a
binding body of the invention has a reduced
immunogenicity and an enhanced half-life in humans
compared to a mouse 5D12 and/or a chimeric 5D12. As a
result thereof, a binding body of the invention has a
sustainable pharmaceutical potential against various
inflammatory disorders. Thus, in a preferred
embodiment the invention provides a deimmunized
antagonistic anti-human CD40 monoclonal antibody
according to the invention. 



As referred to previously, the present invention
provides 5D12 like molecules that comprise amino acid
alterations with respect to the 5D12 amino acid
sequence, wherein the alterations are at least in the
heavy chain variable domain and preferably also in the
light chain variable domain. In this context the
invention further provides a binding body according to
the invention comprising an amino acid sequence of
formula (II) 1 11 21 31 1 I I I X6LGX7X8ASISC RSSQS
LX9NSN GNTYL HWYLQ RPGQS41 51 61 71 I I I I PRLLI
YKVSN RFSGV PDRFS GSGSG TDFTL KISRV EAEDX10 81 91 I I
GVYX11C SQSTH VPWT wherein: X6 is G, A, V, L, I, P, F,
M, W, C, N, Q, S, T, Y, D, E, K R or H; X7 is G, A, V,
L, I, P, F, M, W, C, N, Q, S, T, Y, D, E, K, R or H;
X8 is G, A, V, L, I, P, F, M,W, C, N, Q, S, T,Y, D, E,
K, R or H; X9 is G, A, V, L, I , P, F, M,W, C, N, Q,
S, T,Y, D, E, K, R or H; X10 is G, A, V, L, I , P, F,
M,W, C, N, Q, S, T, Y, D, E, K, R or H; and X11 is G,
A, V, L, I, P, F, M,W, C, N, Q, S, T, Y, D, E, K, R or
H. Said binding body is preferably an antagonistic
anti-human CD40 monoclonal antibody according to the
invention. In a preferred embodiment an X selected 



from X , X7, Xs, X9, X10 or X11 is selected from a
group resembling an amino acid at a corresponding
position in a 5D12 amino acid sequence and/or
resembling an amino acid at a corresponding position
in a sequence that is shown by the invention to yield
good expression levels, as shown in example 2.
Therefore, a binding body according to the invention
preferably comprises an amino acid sequence of formula
(II) wherein: X6 is N, Q, S, T, Y,Wor C; X7 is D, E,
N, Q, S, T, Y,Wor C; X8 is N, Q, S, T, Y, G, A, V, L,
I , P, F, M, Wor C; X9 is G, A, V, L, I , P, F, M; X10
is G, A, V, L, I , P, F, M; and X11 is N, Q, S, T, Y,
G, A, V, L, I , P, F, M, Wor C.In another embodiment
the invention provides an antagonistic anti-human CD40
monoclonal antibody according to the invention
comprising a polypeptide of formula (II) of the
invention comprising an amino acid sequence as
follows. 1 11 21 31 1 1 I l ELQLT QSPLS LPVX6L GX7X8AS
ISCRS SQSLX9 NSNGN TYLHW 41 51 61 71 I I I I YLQRP
GQSPR LLIYK VSNRF SGVPD RFSGS GSGTD FTLKI 81 91 101
111 I I I I SRVEA EDX10GV YX11CSQ STHVP WTFGG GTKLE
IKR. 



In a preferred embodiment the invention provides a
polypeptide of formula (II) of the invention wherein X
is T or S, X is D or Q, X is Q or P, X9 is V or A, X1O
is V or L and X11 is F or Y. More preferably wherein:
Xe is T, X7 is Q, X is P, X9 is A, X1Ois V and X11 is
Y. 5D12-Iike antibodies comprising a polypeptide of
formula (I) and the preferred polypeptide of formula
(II) combine good expression levels in a producing
cell with good tolerance properties and
pharmacodynamic properties in a human. An anti
human-CD40 antagonist antibody of the invention
preferably comprises a heavy chain variable domain
amino acid sequence of formula (I) and a light chain
variable domain amino acid sequence of formula (II).
Such an antibody has good characteristics. It is of
course possible to generate variants of such an
original antibody by modifying one or more amino acids
therein. Many of such variants will behave more or
less similar when compared to said original. Such
variants are also included in the scope of the
invention. There are many ways to modify an antibody
of the invention. A non-limiting exampleof such a
modification is an antibody comprising a
pyro-glutamate instead of a glutamate. Other
non-limiting examples of such modifications are an
insertion, deletion, inversion and/or substitution of
one or more amino acids when compared to said original
antibody. The present invention provides means and
methods for generating such a variant. It also
provides tests for determining the characteristics of
said a variant. In a preferred embodiment the
invention provides a variant of an original antibody
of the invention said variant comprising an insertion,
deletion, inversion and/or substitution of between
about 1 to 10 amino acids when compared to the amino
acid sequence of said 



original antibody. Preferably said insertion,
deletion, inversion and/or substitution does not
comprise the amino acids at position X1 and position
X2 of the heavy chain variable domain of formula (I)
of the original antibody. In a preferred embodiment
the invention provides a method for selecting an
anti-human CD40 antagonist antibody comprising
generating a first cell line that produces an original
anti-human CD40 antagonist antibody and determining
the amount of original antibody that is produced by
said first cell line, said original antibody
comprising the heavy chain variable domain amino acid
sequence 1 11 21 31 I I I I QVKLQ ESGPG LVKPS ETLSI
TCTVS GFSX1S RYSVYWX2RQP 41 51 61 71 I I I I PGKGP
EWMGM MWGGG STDYS TSLKS RLTIS KDTSK 81 91 101 111 I I
I I SQVSL KMNSL RTDDT AMYYC VRTDG DYWGQ GTTVT
VSSwherein X1 and X2 are pair wise selected from the
group consisting of X1= I and X2 = V; X1= L and X2 = I
; Xi = V and X2 = V;Xi L and X2 = L; or Xi = L and X2
= V, said method further comprising generating at
least one further cell line that produces a variant of
said original antibody wherein said variant antibody
is a modified original antibody 



comprising an insertion, deletion, inversion, and/or
substitution of between about 1 to 5 amino acids when
compared to said original antibody, wherein said
modification does not consist of a modification of the
amino acids at the position(s) identified by Xi and
X2, and determining the amount of variant antibody
that is produced by said at least one further cell
line, said method further comprising selecting a
variant antibody that was produced at an amount that
was at least 50% of the amount of original antibody.
Preferably said original antibody comprises the light
chain amino acid sequence I 11 21 31 I I I l ELQLT
QSPLS LPV T L G Q P AS ISCRS SQSL A NSNGN TYLHW 41 51
61 71 I I I I YLQRP GQSPR LLIYK VSNRF SGVPD RFSGS
GSGTD FTLKI 81 91 101 111 I I I I SRVEA ED V GV YY CSQ
STHVP WTFGG GTKLE IKR. Said insertion, deletion,
inversion, and/or substitution of between about 1 to 5
amino acids can be in any part of the antibody not
being or involving theamino acids at positions Xi and
X2. Preferably, said insertion, deletion, inversion,
and/or substitution of between about 1 to 5 amino
acids is in said heavy chain amino acid sequence or
said light chain amino acid sequence when compared to
the corresponding chain amino acid sequence in said
original 



antibody. Preferably said insertion, deletion,
inversion, and/or substitution of between about 1 to 5
amino acids is in said heavy chain amino acid sequence
when compared to said heavy chain sequence of said
original antibody. Preferably said method further
comprises generating an antibody producer cell line
that produces said selected antibody. This producer
cell line can be said further cell line, or yet
another cell line that produces said selected
antibody. Preferably said method further comprises
collecting said selected antibody. The invention
further provides an isolated and/or recombinant
anti-human CD40 antagonist antibody obtainable by a
method according to the invention. In a preferred
embodiment said anti-human CD40 antagonist antibody
comprises a modification of the heavy chain amino acid
sequence 1 11 21 31 1 1 1 1 QVKLQ ESGPG LVKPS ETLSI
TCTVS GFSXiS RYSVYWX2RQP 41 51 61 71 1 1 1 1 PGKGP
EWMGM MWGGG STDYS TSLKS RLTIS KDTSK 81 91 101 111 1 1
1 1 SQVSL KMNSL RTDDT AMYYC VRTDG DYWGQ GTTVT VSS
wherein X1 and X2 are pair wise selected from the
group consisting of Xi = I and X2 = V; X1 = L and X2 =
I; X1 = V and X2 = V; X1 = L and X2 = L; or X1 = L and
X2 = V,said modification comprising an insertion,
deletion, inversion, and/or 



substitution of between about 1 to 5 amino acids when
compared to said heavy chain amino acid sequence and
wherein said modification does not consist of a
modification of the amino acids at the position(s)
identified by X1 and X2. In one embodiment the
invention provides a pharmaceutical composition
comprising a polypeptide according to the invention, a
binding body according to the invention, an antibody
according to the invention, a nucleic acid according
to the invention and/or a cell according to the
invention. Also, the invention provides a polypeptide
according to the invention, a binding body according
to the invention, an antibody according to the
invention, a nucleic acid according to the invention
and/or a cell according to the invention for use as a
medicament. Preferably a medicament for ameliorating a
symptom of an autoimmune disorder and/or an
inflammatory disorder and/or for reducing graft
rejection and/or for the treatment of CD40 positive
cancers. In a preferred embodiment said autoimmune
and/or an inflammatory disorder is selected from the
group of inflammatory bowel disease, rheumatoid
arthritis, systemic lupus erythematosus, multiple
sclerosis, psoriasis, bullous pemphigoides and atopic
dermatitis. As a polypeptide according to the
invention is particularly suited for ameliorating a
symptom of an inflammatory disorder because of its
nonstimulatory CD40 antagonizing properties, a
polypeptide according to the invention is suitable for
ameliorating a symptom of several disorders. An
inflammatory disorder as used in the invention is
defined as any disease that involves an inflammatory
component. For the interest of the invention, an 



inflammatory disorder specifically includes an
autoimmune disorder and/or graft rejection. The
central role of CD40-CD40L interaction in the
initiation, amplification and prolongation of immune
responses makes a polypeptide ofthe invention
specifically suitable for immune modulation in an
autoimmune disorder. Herein below information is
provided on CD40 and CD40L in order to illustrate the
role of CD40 and its ligand in inflammatory disorders.
The CD40 molecule is a 50 kDa type I membrane
glycoprotein and is expressed on B cells,
monocytes/macrophages, and dendritic cells (DCs)45-50.
Moreover, under pathological conditions CD40 can be
found on endothelial cells (ECs), fibroblasts,
epithelial cells and keratinocytes 51. CD40 ligand
(gp39, TBAM, TRAP, CD40L, CD154), a 32 kDa type II
integral membrane glycoprotein, is transiently
expressed on activated CD4+ T cells and a small
population of activated CD8+ T cells52 53. In
addition, CD40L has been found on a number of other
cell types after activation, including mast cells,
basophils, B cells, eosinophils, DCs and platelets
54'55. Engagement of CD40 by CD40L triggers a number
of biological events in B cells including
proliferation, expression of activation markers,
immunoglobulin (Ig) production, isotype switching,
homotypic adhesion and rescue from apoptosis 56 ' 57.
However, as described above, the distribution of the
CD40 molecule is not restricted to B cells as was
originally postulated. Freshly isolated human
monocytes express low levels of the CD40 molecule,
which can 



be up-regulated by culture in the presence of
IFN-g47-49 58. CD40 ligation of monocyte/macrophages
induces the secretion of large amounts of p ro
inflammatory mediators such as IL-I, TNF-aand IL- 12,
which induce inflammatory responses and tumoricidal
activity 47 49 ' 58, and rescue them from apoptosis
48. CD40 ligation also causes DCs to enhance their
differentiation and activation, to enhance expression
of costimulatory molecules such as CD86, CD80 and
CD58, to increase cytokine production, and to inhibit
apoptosis 50 59. Furthermore, when expressed under
inflammatory conditions, CD40 signaling can induce
expression of intercellular adhesion molecule 1
(ICAM-I), vascularcell adhesion molecule 1 (VCAM-I)
and E-selectin on ECs55. These results suggest that
signaling through CD40 during T cell-EC interactions
may be an important step in the regulation of EC
activation and leukocyte recruitment into non-lymphoid
tissues. In vivo studies have indicated the importance
of the CD40-CD40L interactions in the generation of
humoral immune responses 60-6 1, in the priming and
activation of antigen-specific T cells62, in the
temporal activation of macrophages 63, as well as in
the protective cell-mediated immune responses through
T-cell mediated macrophage activation against
intracellular parasite infections such as
Pneumocystis, Cryptosporidium, and Leishmania 64 66. A
specific role for CD40 and its ligand is demonstrated
in murine models of autoimmune disease. Animal model
studies have clearly indicated the involvement of the
CD40L-CD40 interaction in the pathophysiology of 



various autoimmune diseases. In these studies, using
mice suffering from spontaneous or experimental
autoimmune diseases, interfering with CD40LCD40
interactions had clear beneficial effects. A Mab to
murine CD40L was shown to prevent or reduce disease
symptoms in collagen-induced arthritis, experimental
allergic encephalomyelitis (EAE; an animal model for
MS), in (SWR x NZB)Fl lupus mice and in non-obese
diabetic (NOD) mice that spontaneously develop T-cell
dependent autoimmune diabetes. Evidence indicates that
CD40-CD40L interactions also play a role in the
pathogenesis of inflammatory bowel diseases, which
includes Crohn's disease and ulcerative colitis. CD40L
transgenic mice with high transgene copy numbers were
shown to acquire lethal inflammatory bowel disease
marked by infiltration of CD40+ cells and CD40L T
cells into diseased tissues 67. Anti-CD40L Mab
effectively prevent mucosal inflammation and IFN-g
production by lamina propria CD4+ T cells in animals
with colitis that had been induced by
2,4,6-trinitrobenzene sulfonic acid44. Very recently a
direct comparison was made between anti-TNF-
atreatment and interference of the CD40-CD40L pathway
using an antiCD40L Mab in a SCID mouse experimental
inflammatory bowel disease model. In this model,
syngeneic CD45RBhi h CD4 cells are injected into SCID
mice that subsequently develop diarrhea or soft stools
and show progressive weight loss starting 3-5 weeks
after T-cell reconstitution, as symptoms of
experimental inflammatory bowel disease. Treatment
with either anti-TNF-a or anti-CD40L from the day of
T-cell reconstitution completely prevented clinical
and histological appearance of experimental
inflammatory bowel disease. Furthermore, anti-CD40L
administration from week 5 after T-cell 



reconstitution could still prevent progression of the
disease and treated animals showed improvement in
disease symptoms and histology compared to control
animals (unpublished observations). Recent work has
also demonstrated that interference with the
CD40-CD40L pathway is strongly immunosuppressive in
transplantation models. Combined treatment with
allogeneic small lymphocytes or T celldepleted small
lymphocytes plus an antibody to mouse CD40L permitted
indefinite pancreatic islet allograft survival in 37
out of 40 recipients that differed in major and minor
histocompatibility loci68. From these experiments it
was concluded that the effective interference of the
CD40L-CD40 interaction most likely had resulted in
preventing the induction of costimulatory molecules on
the small resting lymphocytes by the alloreactive host
T cells. In another recent study, it was demonstrated
that administration of a Mab to mouse CD40L at the
time of transplantation markedly prolonged survival of
fully disparate murine cardiac allografts in both
naive and sensitized hosts. However, when anti-CD40L
therapy was delayed until postoperative day 5,
anti-CD40L failed to prolong graft survival. From this
study, it was concluded that anti-CD40L therapy
inhibited allograft rejection primarily by interfering
with T cell help for effector functions. It has
further been shown that interfering with
CD80/CD86-CD28 and CD40-CD40L pathways simultaneously
effectively aborts T cell clonal expansion in vitro
and in vivo,promotes long-term survival of fully
allogeneic skin grafts, and inhibits the development
of chronic vascular rejection of primarily
vascularized cardiac allografts. Furthermore,
interfering with a CD40-CD40L pathway, optionally 



in combination with interference with a CD80/CD86-CD28
pathway, prevents kidney allograft rejection in a
rhesus monkey kidney allograft model 69 ' 70. For
further information on the effects of 5D12 in
inflammatory disorders, see for instance references 71
81. Multiple sclerosis is an autoimmune disease of the
central (cerebrospinal) nervous system. In this
disorder, the white matter surrounding nerve fibers
becomes hardened. The term multiple sclerosis (MS)
literally means "many scars." The hardened areas of
nerve tissue are called plaques. The symptoms,
severity, and course of multiple sclerosis are highly
variable, depending partly on the sites of the plaques
and the extent of the deterioration of the white
matter. The deterioration of white matter in the
nervous system slows nerve impulses leading t o
nervous system incoordination. Experimental autoimmune
encephalomyelitis (EAE) in the common marmoset
(Callithrix jacchus) is a useful preclinical model of
multiple sclerosis (reviewed in 86, 87, 102, 104) 1
central nervous system (CNS) white matter lesions that
develop in the various versions of this EAE model
share pathomorphological, radiological and
immunological features with MS 9d-98 101 . Hence, the
marmoset EAE model can bridge the wide immunological
gap between humans and rodents that hampers the
selection of promising treatments in the drug
development pipeline a t a preclinical stage 96 " 103.
Marmosets immunized with rhMOG, a recombinant protein
representing the 



extracellular fragment of human MOG (amino acids
1-125) develop EAE in 100% of the cases, which is due
t o the presence of the monomorphic MHC class II
susceptibility element Caja-DRB*W1201 in the
repertoire of each monkey 82,84,85,107 particularly
useful aspect of this model for therapy development
isthat lesions developing in the brain white matter
can be visualized and tentatively characterized with
clinically relevant magnetic resonance imaging
techniques 92,105 Longitudinal analysis of the brain
white matter lesions with magnetic resonance imaging
(MRI) showed a progressive increment of the volume and
persistent inflammatory activity in the majority of
the lesions. Furthermore, the characterization of the
CNS pathology with MRI and previously described
histological criteria 101 revealed that the majority
of the lesions are in an early active stage 106. The
rhMOG-induced EAE model has been used to test whether
antibodies targeting co-stimulatory molecules of
antigen presenting cells (APC) and Tcells are a
potential treatment for MS. The interaction of CD40
with its ligand CD154 plays an important role in
various immunopathogenic processes that operate in
EAE, including B-cell activation, antigen-presenting
cell (APC) activation, initiation of antigen-specific
T-cell responses and induction of macrophage effector
functions 90.93,97,7 study performed in 1996 confirmed
that mice treated with an antibody against CD154 are
protected against EAE 88. However, a clinical trial in
MS patients with antibody against CD154 was stopped
due to unexpected side-effects that were not observed
in the animal experiments 17. The mouse monoclonal
antibody (Mab) 5D12 (mu5D12) has been raised 



against human CD40. The 5D12 antibody appeared a
potent inhibitor of CD40-CD40L mediated activation on
several cell types and, unlike most other anti-CD40
Mabs, does not exert CD40 stimulatory activity
21,22,39 Both the mouse anti-human CD40 antibody
mu5D12 and the chimeric version of this antibody,
ch5D12, displayed strong suppressive effects on the
development of CNS white matter lesions and
neurological deficit in the marmoset EAE model and
showed no marked side-effects 23,24 The same studies
showed that intravenously injected anti-CD40 Mab into
EAE affected common marmosetscan gain access t o the
brain white matter lesions where CD40 molecules are
prominently expressed on infiltrated macrophages and
activated microglia 95, as was found earlier in MS88.
This has raised the question whether ch5D12 also has a
therapeutic effect on already existing lesions. 't
Hart et al monitored brain lesion development in 7
rhMOG-immunized monkeys by serial magnetic resonance
imaging (MRI) at 2 weeks interval 76. The results of
this study demonstrated suppression of lesion
inflammation in all 3 ch5D12-treated monkeys while
lesion enlargement was diminished in 2 of the 3
ch5D12-treated monkeys. Prevention of CD40 engagement
with its ligand CD154 on activated T cells early in
the disease process has a significant impact on the
clinical and neuropathological expression of EAE in
rodents 88,89,91,94,100 an( non-human primate models
23 24. CD40 is prominently expressed within the CNS
white matter lesions of MS patients as well a s
EAE-affected rodents 88 and nonhuman primates 95. That
CD40 bearing APC within the CNS, such a s infiltrated
macrophages as well as perivascular and parenchymal
glia cells, 



contribute significantly t o the pathogenesis of EAE
has been elegantly shown in bone marrow chimeric mice
83. The results oft Hart et al, Laman et al, and Boon
et al. 76 79 81 indicate that antibody blockade of
CD40 is a potentially effective treatment of MS.
Importantly, the ch5D12 Mab has no apparent side
effects in the marmoset EAE model nor in other primate
species 80. The beneficial clinical effect of anti-
CD40 antibody was demonstrated in placebo-controlled
experiments in two EAE models in marmosets, namely
induced with human myelin 79 or rhMOG 81. In
addition,'t Hart et al have shown an inhibitory effect
of anti-CD40 antibody treatment on already existing
lesions 76.Psoriasis is an inflammatory skin disease
afflicting 1-2% of the population. In this disease, T
cells and keratinocytes in the lesions are activated
and express activation markers and co-stimulatory
molecules. It is thought that some costimulatory
molecules expressed on keratinocytes and T cells
interact with each other and that these interactions
contribute to disease activity lo -no Qne such set of
molecules may be CD40, which is expressed on activated
keratinocytes, and CD154 (CD40 ligand), which is
transiently expressed on activated CD4+ T cells.
CD40-CD154 ligation between T cells and keratinocytes
may release from these cells inflammatory mediators
that are seen in abundance in psoriatic lesions. CD40,
CD154, and CD40-CD154 interactions have recently been
reviewed 111. Cultured keratinocytes also express
CD40; expression is enhanced by IFNtreatment. Ligation
of highly expressed CD40 on IFN-gamma treated
keratinocytes (referred to as CD40++ keratinocytes
throughout this paper) 



with CD154 results in up-regulation of ICAM and
increased production of cytokines 112-114 So far, only
one report has appeared that implicates this ligation
in the pathogenesis of psoriasis 113. The cell types
that express CD40 in psoriatic lesions were not
identified in the latter study and their incidence and
lesional status were not described. The presence of
CD154+ T cells in psoriatic lesions was also not
studied. Thus, it remains unknown whether CD154 acts
as one of the signals for production by keratinocytes
of chemokines and complement, which are found in
abundance in psoriatic lesions 115. Pasch et al
recently demonstrated the presence and localization of
CD40+ and CD154+ cells by immunohistochemistry in
lesional and non-lesional skin from ten psoriasis
patients 116. Increased positivity for CD40 was
observed on clusters of keratinocytes, and high
expression of CD40 was shown on almost all CDIa+
Langerhans cells in normal, non-lesional, and lesional
epidermis. In addition, high expression of CD40 was
present on almost all CD83+ cells inpsoriatic lesions;
they were rarely seen in non-lesional and normal skin
116. Also, a small proportion of T cells showed CD154
expression, in most patients in juxtaposition to CD40+
cells. These results raised the possibility that
CD154+ T cells may ligate with CD40+ keratinocytes,
Langerhans cells, and CD83+ dendritic cells, and
release mediators from them in the lesion. In
addition, they demonstrated that CD40 ligation induces
the release of chemokines (IL-8, RANTES, and
MCP-I)116. In the same publication, Pasch et al.
showed that the CD40-related release of the chemokines
IL-8, MCP-I and to a lesser extent of RANTES was
inhibited by the antagonistic anti-CD40 



antibody 5D12 116. These data suggest that antagonist
anti-CD40 mAb 5D12 may at least in part have an effect
on the inflammation seen in psoriatic lesions.
US2003/0165499 discloses a measurable anti-psoriatic
effect of the 5D12 and other antagonistic anti-CD40
antibodies in a SCID mouse xenogeneic transplant model
system that is used as a model for psoriasis
treatment, showing that antagonistic anti-CD40
antibodies may be used for the treatment of psoriasis.
A therapeutic effect of 5D12 in this in vivo system
was demonstrated In a particularly preferred
embodiment said autoimmune and/or an inflammatory
disorder comprises inflammatory bowel disease. In
another preferred embodiment a use of the invention is
provided wherein said inflammatory bowel disease
comprises ulcerative colitis (UC) or Crohn's disease
(CD). As illustrated above, a polypeptide according to
the invention is suited for treatment of diverse
inflammatory disorders, including autoimmune disorders
and graft rejection. Therefore, the invention in one
embodiment provides a method for ameliorating a
symptom of an autoimmune disorder and/or an
inflammatory disorder and/or for reducing graft
rejection. In afurther embodiment the invention
provides use of a polypeptide according to the
invention, a binding body according to the invention,
an antibody according to the invention, a nucleic acid
according to the invention and/or a cell according to
the invention for the manufacture of a medicament for
ameliorating a symptom of an autoimmune disorder
and/or an inflammatory 



disorder and/or for reducing graft rejection.
Ameliorating a symptom as used in the invention is
defined as ameliorating at least one symptom of a
disorder at least partially. The invention is of
specific interest for autoimmune and/or inflammatory
disorders for which at present no efficient treatment
exists. Examples of these disorders are rheumatoid
arthritis, systemic lupus erythematosus, multiple
sclerosis, psoriasis, inflammatory bowel disease,
bullous pemphigoides and atopic dermatitis.
Apolypeptide according to the invention, optionally
comprised in a binding body or a cell of the invention
and/or encoded by a nucleic acid of the invention, is
specifically suited for ameliorating a symptom of an
autoimmune and/or inflammatory disorder as defined
properties of a polypeptide according to the invention
allow for interfering with a CD40-CD40L pathway in a
specific manner. Furthermore, since a binding body
according to the invention is preferably deimmunized,
a binding body according to the invention is present
for a sustained period of time and thus shows its
antagonizing activity in a patient for a considerable
period of time. Therefore, the invention in one
embodiment provides a use of a polypeptide according
to the invention, a binding body according to the
invention, an antibody according to the invention, a
nucleic acid according to the invention and/or a cell
according to the invention for the manufacture of a
medicament for ameliorating a symptom of an autoimmune
disorder and/or an inflammatory disorder and/or for
reducing graft rejection, wherein said autoimmune
and/or said inflammatory disorder is selected from the
group of rheumatoid arthritis, systemic lupus
erythematosus, multiple sclerosis, 



psoriasis, inflammatory bowel disease, bullous
pemphigoides and atopic dermatitis.Brief description
of the drawings Figure 1. ch5D12 serum concentration
after single administration at day 0 at the four dose
levels as indicated by the symbols. Values are given
as mg ch5D12/mL serum and were determined by
enzyme-linked immunosorbent assay as detailed in
Ref27. Figure 2. Changes in Crohn's Disease Activity
Index (CDAI) scores during the 28-day period after the
ch5D12 infusion. The shaded area indicates the period
that ch5Dl2 levels exceed the 10 mg/mL concentration
(see also Figure 1) which was found to be a functional
antagonizing serum level in primates. 24-27 In the 0.3
mg/kg cohort, serum levels never exceeded the 10 mg/mL
level. Figure 3. Histological disease activity scores
at day 0 and day 28. Maximum activity score is 16 and
activity score was performed according to Ref.40
Samples from the ileum (diamonds) from nine subjects
and samples from the colon (squares) from 11 subjects
were obtained at day 0 and day 28 and results are
presented per dose level of ch5D12 [(a) 0.3 mg/kg;
(b), 1.0 mg/kg; (c), 3.0 mg/kg and (d), 10.0 mg/kg].
Figure 4. Colon biopsies from patient 012 (3.0 mg/kg)
and ileum biopsies from patient 011 (3.0 mg/kg) are
shown as examples for the reduction of the
inflammatory response. Samples were stained with
antibodies recognizing all T lymphocytes (CD3), B
cells (CD19), macrophages (CD68) and CD40(+) cells
before (a, c) and on day 28 after ch5Dl2
administration (b, d). HE, haematoxylin-eosin. 



Figure 5. Consensus DNA and deduced amino acid
sequence of the murine 5D12 VH and VL region.Figure 6.
Amino acid comparison of murine V regions with
veneered and deimmunised V regions of 5D12. Figure 7.
Alignment of the 12 tested amino acid variants (Q5E,
K13A, E16Q, T17S, I29L, I37V, P45L, M48L, STS60NSA,
T68S, S79F, and T108S) of deimmunised 5D12 VH compared
with the parent murine sequence (ch5D12) and the fully
deimmunised sequence (DI5D12). Figure 8. FACS analysis
using JY cells. PER.C6 cell supernatant of the
transient expressed variants (Q5E, K13A, E16Q, T17S,
I29L, I37V, P45L, M48L, STS60NSA, T68S, S79F, and
T108S) of 5D12 was harvested after 48h. As control
also supernatant was harvested of cells transfected
with either ch5D12 or DI5D12 together with supernatant
from mock (no plasmid) transfected cells. Binding of
expressed antibodies was tested by FACS using JY cells
together with anti-human FITC labelled secondary
antibody (1/100 diluted). As FACS control JY cells
were incubated with only the secondary FITC labelled
antibody. Figure 9. Alignment of the additional V-L-I
variants on positions 29 and 37 (29I-37V, 29V-37I,
29I-37L, 29V-37V, 29L-37L, 29V-37L, 29L-37V) of
deimmunised 5D12 VH compared with the parent chimeric
sequence (ch5D12), the fully deimmunised sequence
(DI5D12; 291-371) and PG102 (29L-37I) Figure 10.
Distribution of antibody productivity for GS-CHO cell
lines producing the PG102 antibody and 'overgrown'
24-well plate cultures. Number of cell lines is
plotted on the X-axis, antibody concentration ranges
are plotted 



on the Y-axis (antibody concentration ranges are
distributed in ascending groups starting at 0-25
ug/ml).Figure 11. Growth and antibody accumulation
profiles for cell lines A) L107 (DCl; top panel), B)
L25 (DC2; middle panel) and C) M95 (DC3; lower panel)
in CDACF fed-batch shake flask culture. Figure 12.
Comparison of the binding of PG102(red) and ch5D12
(PG100)(blue) at l Omg/mL to CD40 immobilised at 3
different levels. Figure 13. Inhibition of CD40 mAb
binding to JY cells expressing human CD40 by the
anti-idiotype mAb 173-36-1. Anti-CD40 mAbs were
assayed at a concentration of 1 mg/ml. Data indicate
mean  s.e. mean of 4 separate determinations for each
antibody. Figure 14. CD40-Fc ELISA.
Concentration-related binding of ch5D12 (PGlOO) and
PG102 to human CD40-Fc. Plates were coated overnight
with 250 ng/ml human CD40-Fc. The isotype control mAb,
chFUN-1, is directed against human CD86. Data indicate
mean  s.e. mean (all n=3). Figure 15. FACS
quantification of anti-CD40 mAb binding to JY cells.
ch5D12 (PGlOO) and PG102 displayed comparable
half-maximal binding concentrations. The anti-CD86
mAb, chFUN-1, also showed binding to JY cells in these
experiments due to the surface expression of human
CD86 by this cell line. Data indicate the mean of
duplicate determinations for each antibody. Figure 16.
Inhibition of ch5D12 (PGlOO)-PE and PG102-PE binding
to JY cells by unlabelled ch5D12 (PGlOO) and PG102
antibodies. Labelled ch5D12 (PGlOO) (A) and PG102 (B)
were incubated at 1 mg/ml in the presence of
increasing concentration of competing unlabelled
antibody. Labelled antibody 



binding was determined as mean fluorescence intensity
(MFI) by flow cytometry. Maximal MFI for ch5D12
(PGlOO)PE and PG102PE binding was369 fluorescence
units (A) and 305 fluorescence units (B),
respectively. Data indicate mean  s.e. mean of 4
separate experiments. Figure 17. Inhibition of IL-8
release by THP-I cells after co-culture with Jurkat
cells. THP-I cells, pulsed with IFNgamma, are
co-cultivated with Jurkat cells in the presence of
increasing concentrations ch5D12 (PGlOO) or PG102. The
IL-8 release from THP-I cells, induced by binding of
Jurkat cells to THP-I cells via CD40-CD40L, was
measured by ELISA. Data indicate the result from a
single experiment Figure 18. Nucleic acid and amino
acid sequence of an IgG PG102 heavy and light
chain.Examples Example 1 Materials and methods
Eighteen adult subjects (18-60 years of age) with a
clinical diagnosis of Crohn's disease confirmed by
radiological, endoscopic or histological evidence, and
with a Crohn's Disease Activity Index (CDAI) score of
at least 220 but not more than 450 (scored over 7 days
prior to study drug administration) were selected for
study inclusion. Subjects were allowed to have the
following treatments before and during the study:
mesalamine treatment for 8 or more weeks with the dose
remaining stable for the 4 weeks before screening; a
maximum of 30 mg of corticosteroids per day (or 9 mg
budesonide per day) for 8 or more weeks, with the dose
remaining stable 2 weeks before screening;
mercaptopurine or azathioprine for 4 or more months
with the dose remaining stable for 8 weeks 



before screening. Subjects could not have received
treatment with cyclosporin A or methotrexate within 3
months before screening nor were they allowed to have
prior exposure to treatment with Mabs. The average age
of all subjects enrolled was 35.8 years of whom seven
were males and 11 were females. All subjects were of
Caucasian ethnicity. No apparent differences between
patients in the different cohorts at inclusion were
observed (Table 1), with the exception that in the
lower three dose groups the majority of the subjects
were females, while the highest dose group (10.0
mg/kg) consisted of only male subjects. There were no
notable differences between the four cohorts with
regard to baseline electrocardiogram (ECG), vital
signs, physical examinations, history of Crohn's
disease signs and symptoms, and baseline laboratory
values. There were no significant differences
regarding baseline characteristics amongst the four
dose cohorts. The highest dose cohort however also
showed the highest CDAI score at baseline. This study
was approved by the MedicalEthical Boards of The
University Hospitals Leuven, Belgium, Leiden
University Medical Center, The Netherlands,
Medizinische Klinik, Kiel, Germany, and Hadassah
Medical Center, Jerusalem, Israel. All patients gave
informed consent to the study. Study design and
treatment protocol ch5D12 is a molecularly engineered
human IgG4 antibody containing the variable domains of
the heavy and light chains of Mab 5D12 parent version.
This Mab has been shown to bind to CD40-bearing cells
and to antagonize CD40 mediated activation of various
cells2027. ch5D12 was administrated in an open label,
single dose, multi-centre trial, studying four dose
levels. There 



were five subjects in each treatment group except for
the final dose cohort in which only three subjects
were enrolled. Single administration at dose levels of
0.3, 1.0, 3.0, and 10.0 mg/kg of ch5D12 was done
intravenously. After completing recruitment into one
dose group, recruitment into the next group was only
started when safety had been established at the
current dose level. Clinical disease activity was
assessed at each visit weekly for the first 28-day
period and a subsequent last visit at day 56. Two
subjects (3.0 mg/kg dose cohort) withdrew from the
study after the day 28 assessments but their data are
included in the evaluation. Subjects were to remain
stable on the same dose of their current medication
during the course of the study. No un-allowed
concomitant medication was used during the study.
Response to ch5D12 treatment was defined as a decrease
in CDAI of >100 points and clinical disease remission
was denned as a CDAI of <150 (total score) and a
decrease of CDAI of at least 100. All subjects who
underwent an endoscopy at screening and at day 28 (n =
11) were analysed for a decrease in their Crohn's
Disease Endoscopic Index of Severity (CDEIS) scoring
index. Biopsies were taken from these 11 patients
prior to and at day 28 after the ch5D12 administration
for histopathology and immunohistochemistry. Safety
evaluations includedphysical examinations, vital
signs, ECG, and laboratory data (chemistry,
haematology and urinalysis) including, anti-dsDNA,
pANCA, and human antichimeric antibody (HACA)
evaluations. HACAwere determined by enzymelinked
immunosorbent assay (ELISA) as explained in Ref. (27).
Pharmacokinetics Serum concentrations of ch5Dl2 were
determined by ELISA as previously 



described27. To determine coating of CD40 by the
injected ch5D12, blood was collected in heparin tubes
and diluted twofold in PBS. Peripheral blood
mononuclear cells (PBMC) were isolated by gradient
centrifugation (Lymphoprep, Nycomed, Roskilde,
Denmark) and 500 000 cells were stained with
FITC-labelled ch5D12 and PerCP-labelled anti-CD20
(Becton-Dickinson, Mountain View, CA, USA) and
incubated on ice for 30 min. As a background control
for 5D12-FITC binding, a separate tube of PBMC was
stained only with PerCP-labelled anti-CD20 antibody.
Unbound antibodies were washed away, and cells were
analysed using a flow cytometer (FACSort;
Becton-Dickinson). Acquisition of events was conducted
by gating and acquiring CD20-expressing cells for a
total of 5000 events. If the number of CD20-expressing
cells was lower for a sample set, care was taken to
acquire the same number of events in both the
unstained and stained preparation. Histology and
immunohistochemistry Mucosal biopsies from ileum and
colon obtained during ileocolonoscopy prior to
treatment on day 0 and on day 28 with a standard
forceps were fixed in formalin 6% for routine
analysis. Additional samples were immediately
snapfrozen in Tissue -Tek optimum cutting temperature
compound (Miles Laboratories Inc, Naperville, IL, USA)
in liquid nitrogen cooled isopentane. Samples were
stored at -80 0C until further use. Formalin fixed
samples wereroutinely paraffin processed. Five
-micrometer thick sections were prepared and stained
with haematoxylin and eosin. The sections were
analysed using a Leitz Wetzlar microscope (Wetzler,
Germany) A total of four semi-serial sections for each
sample were analysed. The frozen samples were used for



immunohistochemical analysis, which was performed
using a panel of Mabs to assess the presence of
different subsets of lymphocytes and
monocytes/macrophages. The panel was completed with
Mabs directed against CD40 and CD40L.
Immunohistochemical staining was performed on cryostat
sections, dried overnight at room temperature, and
fixed in absolute acetone for 10 min. Re-hydrated
slides were incubated for 30 min with the following
Mabs; CD3 (clone: UCHTl, 1/10 dilution) (Dako,
Glostrup, Denmark), CD4 (clone: MT310, 1/10 dilution)
(Dako), CD8 (clone: 144B, 1/20 dilution) (Dako), CD19
(clone: HD37, 1/30 dilution) (Dako), CD40 (clone:
5D12, 1/100 dilution) (PanGenetics, Amsterdam, The
Netherlands), CD68 (clone: KpI, 1/50 dilution) (Dako),
CD154 (clone: M90, 1/10 dilution) (Serotec, Oxford,
UK). The secondary Mab was a biotin-labelled
anti-mouse immunoglobulin (1/400 dilution; Dako)
applied for 30 min. To efficiently block endogenous
peroxidase, sections were also incubated in methanol
solution containing 0.3% (v/v) H2O2 for 20 min. After
three washes with PBS, the avidin/biotin
peroxidase-labelled complex (Dako) was added. In
between the incubations, the sections were washed in
phosphate buffered saline at pH 7 for 15 min. The
reaction product was visualized by incubating the
section for 10 min in 0.05 m acetate buffer at pH 4.9,
containing 0.05% 3-amino-9-ethyl-carbazole (Janssen,
Beerse, Belgium) and 0.01% H2O2, resulting in a
bright-red immunore active site. Afterwards, the
slides were faintly counterstained with Harris
haematoxylin, rinsed with distilled water and a
cover-slip was applied with glycerol. Controls, which
were negative, consisted of an omission of a primary
or secondary antibody, use of 



chromogen alone, and use of irrelevant isotype-matched
mouse IgG (vimentin; Dako).Paraffin sections stained
with haematoxylin and eosin, were all analysed by the
same pathologist (K. G.) blinded for the origin of the
samples. Disease activity was assessed using a
histological numerical score40 of which the maximum
activity corresponded to 16. The immunohistochemically
stained sections were also analysed in a blinded
fashion. For 15 sets of biopsies, positively staining
cells were counted in high power fields (magnification
x40). The fields were chosen according to the highest
density of stromal cells. The number was expressed as
a percentage of the total number of mononuclear cells
in the stroma. These counts were used for the
construction of a scoring system whereby the intensity
of the positively staining cells was subdivided into
four categories: - , +/-, + and ++. The normal value
for CD3+, CD4+, CD8+, CD19+ and CD68+ for both the
ileum and colon is +. The normal value for CD40+ and
CD154+ cells is negative (-). Immunologic safety
parameters To assess any non-specific
immunosuppression by ch5D12, proliferation of
peripheral blood T cells in response to the
phytohemagglutinin mitogen (PHA) was evaluated. PHA
stimulation (1 mg/mL) was performed on isolated PBMC
as previously reported. 41 In addition, percentages of
circulating CD3+, CD4+, CD8+ and CD20+ cells were
measured to exclude depletion of circulating cells.
For flow cytometry, blood was collected at indicated
times in heparin tubes, of which 100 mL whole blood in
each test-tube was stained as follows (all Mabs were
purchased from Becton-Dickinson): anti-CD3-FITC,
anti-CDl9-PE, anti 



CD45-PerCP, anti-CD45-FITC, anti-CD4-PE, anti-CD8-PE
and anti-CDl4-PE. The stained cells were then analysed
in a FACScan flow cytometer (Becton- Dickinson). This
protocol was conducted to calculate the ratio of CD4+
to CD8+ cells and to determine the proportion of B
cells within the lymphocytic population. The
percentages reported for CD3 and CD19 were percentages
of T cells and B cells within the lymphocytic
population, whereas, CD4 and CD8cells were reported as
percentages of CD3 cells. Only CD14 (monocytic
population) is shown as a percentage of the total CD45
population. Results Pharmacokinetics The mean peak
levels of ch5D12 after a single i.v. injection were
dosedependent and dose-proportional (Figure 1). After
24 h, approximately 50% of the administrated ch5Dl2
could be detected in serum in the highest three dose
cohorts. For the 0.3 mg/kg cohort, only 15% was
present in serum after 24 h. From non-human primate
studies, a tl/26 of 8-10 days has been calculated 27
which was confirmed by the current human data.
Complete coating of CD40 on peripheral blood B cells
was not achieved by the infusion of 0.3 mg/kg as
determined by an ex vivo competition assay using
FITC-labelled ch5D12 (not shown). For the 1.0 mg/kg
group, approximately 1 week of coating of CD40 on
circulating B cells could be observed, while in the
two highest dose groups this period increased to 2-3
weeks. This indicates that in the lowest dose group,
antagonism of CD40 was incomplete, while complete
antagonism was achieved in the 1.0 mg/kg cohort for 1
week and even longer in the higher dose groups.
Clinical responses 



The analysis of CDAI evolution indicates that 13 of 18
subjects (72%) experienced a favourable response after
the ch5D12 infusion. Similarly, four of 18 subjects
(22%) experienced a remission during that period. When
evaluated at day 21, a favourable response was
recorded in 10 of 18 subjects. Cohorts 2 and 4 showed
the largest mean decrease in CDAI, and no clear
dose-effect relations were observed (Figure 2; Table
2). A post hoc repeated measure anova showed a
statistically significant decrease in CDAI over the
56-dayobservation period (P < 0.001). The difference
between the cohorts was not statistically significant.
Only in cohorts 3 and 4, CDEIS could be evaluated (as
endoscopy was performed in only three subjects in
cohort 1 and 2). In cohort 3, two of five subjects had
a decrease in CDEIS, whereas in cohort 4, two of three
subjects had a decrease. Remaining subjects in these
two cohorts showed no change (not shown). Histological
changes In the patients from whom biopsies were taken
(n = 11), a single investigator performed evaluation
of changes in histopathology and immunohistochemistry.
The assessments performed on biopsy material show a
clear influence of treatment upon microscopic activity
of the disease as well as upon the intensity of the
lamina propria mononuclear cell infiltrate. The change
from the baseline to day 28 histopathology activity
score is shown in Figure 3. Samples from the ileum of
nine patients and samples from the colon of 11
patients at day 0 were available. In four cases, the
ileum was not involved at screening while five
patients had active ileal disease. The mean histology
score at day 0 for those with active disease was 4.6
(range 3-7). The 



mean histology score for the five patients decreased
to 1.0 (range 0-3) at day 28. In four of 11 patients,
the colon was not involved at day 0 and the colonic
samples from these patients remained normal at day 28.
In seven patients the colon was clearly involved with
a mean histology score at day 0 of 4.5 (range 2- 12).
This decreased at day 28 to a mean score of 1.7 (range
0-7). In five of seven patients, the score at day 28
was either 0 indicating a normal biopsy or 1
indicating only architectural abnormalities. In the
lowest dose cohort (panel a), the colonic score of one
subject decreased, but the other colonic scores in
this group remained high and the ileum score even
increased. In the higher dose cohorts (panels b-d),
either the ileum or colon or both decreased in the
activityscore at day 28 after treatment with ch5D12.
Conclusively, a positive response [as defined in Ref.
(41)] was observed in 81% (9/11) of subjects. In
addition, seven subjects with active disease at day 0
showed reduced neutrophil activity to the point that
neutrophils were not present in their biopsies at day
28. To assess which cells were targeted by treatment
with ch5D12, an immunohistochemical evaluation was
performed per protocol on the available biopsies using
T-cell (CD3, CD4 and CD8) and B-cell (CD19) markers
and a macrophage marker (CD68). Results are listed in
Table 3. No reduction was observed at day 28 in the
lowest dose cohort while in all other cohorts
decreased infiltration was observed. In the samples
from the ileum at baseline, there was an increased
CD3+ T cell number in six of nine cases. In the colon,
an increased CD3+ T cell number was present in four of
11 patients, all of whom also had active disease on
routine histology. At day 28, the CD3+ T-cell numbers
had normalized in all but one patient. In this patient
(patient 001; 



lowest dose group; 0.3 mg/kg) there was a persistent
CD3+ cell increase in the ileum and colon, in parallel
with persistent inflammatory activity and
granulomatous inflammation on routine histology. The
CD4+ and CD8+ cells followed a similar pattern as
CD3+. The pattern for the CD19+ B cells was comparable
with that observed for the T cells. At day 0, there
was an elevation of B cells in six of nine patients of
whom ileal biopsies were available and in four of 11
samples from the colon. At day 28, the amount of the B
cells had normalized in all cases except for the one
patient from the low-dose group. A similar decrease on
day 28 was observed for CD68+ monocyte/macrophage
cells. At day 0, there was an increased amount of
CD68+ monocyte/macrophage cells in five of nine
patients of whom ileal biopsies were available and in
four of 11 samples from the colon. Again all increases
hadnormalized on day 28, except for one low-dose
cohort patient that remained high for CD68+
monocyte/macrophage cells in the colonic sample and
even an increase in the ileac biopsy, showing this
patient had still active disease at day 28. Figure 4
shows representative examples of the decrease of all
three major cell types (T cells, B cells and
monocyte/macrophage cells) in ileum biopsies of
patient Oil (activity score: 7) and colonic biopsies
of patient 012 (activity score: 12) before ch5D12
administration and at day 28 after ch5Dl2
administration. Safety No subjects withdrew from the
study because of adverse events (AEs) with the
majority of these AEs being mild to moderate in
severity. An evaluation of AEs 



occurring at >5% of the total number of AEs revealed
the most common AEs being pyrexia, arthralgia, myalgia
and headache. Arthralgia, occurring frequently both at
baseline and during the follow-up period, decreased in
frequency over the course of the follow-up period.
Flu-like symptoms and pruritic rashes occurred in four
subjects, of whom only one subject experienced a
moderate rash starting shortly after study drug
administration (3.0 mg/kg). Overall, there is no clear
dose response for any single AE, with the possible
exception of headache/migraine. There were six serious
adverse events (SAEs) noted in six subjects; no events
occurred in the 0.3 mg/kg cohort, three events in the
1.0 mg/kg cohort, two events in the 3.0 mg/kg cohort
and one event in the 10.0 mg/kg cohort. Five of the
six SAEs were considered possibly study drug related,
one event was considered not related. All but one
event were gastrointestinal events (two sub-ileus both
in 1.0 mg/kg; two Crohn's disease aggravated, 1.0 and
3.0 mg/kg subjects; and one abdominal pain aggravated
in a 3.0 mg/kg subject). Two ofthese events however,
occurred at such a time-point that a causal
relationship to the study drug is very unlikely (one
subject on the day of infusion and another subject
after undergoing endoscopy 29 days after study drug
administration). None of the observed abnormalities
appear study drug or dose related. Immunological
safety parameters As ch5Dl2 inhibits B-cell activation
in vitro, total immunoglobulin levels were determined
and found to be stable over the course of the
follow-up period. To exclude the possibility that
ch5D12 is able to deplete B cells from the 



circulation we performed subset analysis of PBMC over
the course of the study. Percentages and absolute
numbers of CD3, CD4, CD8 and CD14 positive cells were
not affected by ch5D12 administration. Absolute counts
of circulating CD19+ B cells transiently decreased
shortly after ch5D12 administration and recovered to
their original values after ch5D12 had been cleared
from the circulation (not shown). To study whether
treatment with ch5D12 would cause a general immune
suppressive effect, PBMC isolated at various
time-points prior and after treatment were stimulated
by the polyclonal T-cell activator PHA. Unfortunately,
cells from the 10.0 mg/kg dose cohort were not frozen
appropriately and were therefore unable to respond to
PHA, including the cells obtained before ch5D12
administration. The stimulation index induced by
incubation with PHA was highly variable but no trend
towards a decrease after ch5D12 treatment was detected
(data not shown). Anti-ch5D12 antibodies were not
detectable in the two lower dose cohorts throughout
the entire study. In the 3.0 mg/kg cohort, one subject
was found to have mounted an anti-ch5D12 response,
although the signal was very low andcould only be
detected in the undiluted day 28 sample of this
patient. In the highest dose group, another subject
had anti-ch5D12 antibodies on day 28 and day 56 of the
study. These could be detected with a 1:64 dilution.
Therefore, only two subjects had a possible immune
response to ch5D12 administration. Discussion In this
open label, multi-centre trial, four dose levels of
ch5D12 were administrated to subjects with moderate to
severe Crohn's disease. Eighteen 



subjects were enrolled, with five subjects in each
treatment group except for the final dose cohort in
which only three subjects were enrolled. ch5D12 serum
levels increased dose-dependently and the long serum
half-life that was observed in cynomolgus monkeys27
was confirmed in humans. This study shows the
feasibility of antagonizing CD40-mediated cell
activation using ch5D12, in the absence of major side
effects. The CDAI analysis indicates that 72% of
subjects experienced a clinical response and 22%
experienced a remission during the study. These
results are promising; however the openlabel design
and the absence of a control group make it impossible
to definitely attribute the observed changes to
administration of the study drug. However, we do have
several arguments in favour of anti-inflammatory
effect of ch5D12. First, the observed decrease in
CDEIS amongst subjects in the two highest dose cohorts
supports treatment efficacy. Secondly, the results of
the histological and immunohistochemistry analyses
done on biopsies, show that ch5D12 reduces
inflammatory activity in colon or ileum. In the
low-dose cohort no clear effect was observed. Subjects
in the 10.0 mg/kg cohort had the lowest histological
activity scores at day 0 and the reduction in activity
score is therefore limited in this cohort. The highest
scores at baseline were found in the 1.0 mg/kg and the
3.0 mg/kg groups and in these patients there was a
clear reduction in histological scores at day
28.Although two patients were identified having
anti-ch5D12 antibodies in the current study, the
levels of HACA antibodies remained very low and were
only detectable at very low serum dilutions. It
remains to be established whether anti-ch5D12
responses will be detected in subsequent studies. 



This trial represents the first administration of
anti-CD40 Mab in general and of ch5D12 in particular
to humans. However, evidence of biological activity of
Mab 5D12 has previously been obtained in vivo in the
experimental autoimmune encephalomyelitis (EAE) model
in marmoset monkeys. Administration of 5D12 starting
2-4 weeks after induction of disease had clear
beneficial effects23. This in vivo proof of concept
initiated recombinant humanization and further
development of 5D12. The biological activity of ch5D12
was also evaluated in the marmoset EAE model. At day
50 after MOGimmunization, disease incidence in the
placebo group was 100% (50% of the animals were killed
because of their severity of EAE), while no disease
signs were observed in the ch5D12-treated group24.
Furthermore ch5D12 has shown functional activity in a
rhesus monkey renal transplantation model25 and when
used as immune suppressive strategy to prevent immune
responses against adenoviral particles and their
products 26.A tissue cross-reactivity study on human
and cynomolgus tissues showed that ch5D12 bound to the
cell surface of B cells and DCs in lymphoid organs. No
unexpected cross-reactivity was observed on either
human or cynomolgus tissues. A safety and tolerability
evaluation for ch5D12 was performed in cynomolgus
monkeys, in which weekly administration of ch5D12 for
4 weeks was shown to be safe and without any
side-effects in all monkeys. In this study, functional
evidence was obtained that ch5D12 can prevent B-cell
activation and proliferation 27. Collectively these
studies showed that antagonist anti-human CD40 Mab
ch5D12 has no unexpected cross-reactivity, is safe,
limits immune reactivity in cynomolgus 



monkeys, and inhibits a prototype chronic inflammatory
disease of the centralnervous system in marmoset
monkeys. Hence, the preclinical assessment supported
further development for use in patients. The
CD40-CD154 (CD40L) co-stimulatory pathway has been
validated in animal models as a promising clinical
target for treatment of autoimmune disease and
transplantation rejection. 15 Potentially the
CD40-CD154 interaction can be inhibited by targeting
either CD40 or CD154. All previous studies have
focused on antagonizing CD154, which is selectively
expressed on activated T cells and platelets. 8 11
Human clinical studies using an anti-human CD154 Mab
have been halted because of thromboembolic events 12
14 .As this anti-CD154 Mab is constructed as a
humanized IgGl, which binds extremely well to
Fc-receptors, the anti-CD154 Mab may cross-link CD154
to Fcreceptors resulting in the formation of blood
clots. Recently, CD40 was reported to be
constitutively expressed on platelets and found to be
functionally important using soluble CD154 as stimulus
for platelet activation. These stimulatory effects
that resulted in activation of platelets were
abrogated by addition of anti-CD154 or anti-CD40
Mabs42.We confirmed the non-stimulatory
characteristics of ch5D12 also in experiments with
human platelets, as addition of ch5D12 to
prestimulated platelets using sub-optimal
concentration of ADP or collagen was without any
effect on the activation status of the platelets (M.F.
Hoylaerts, unpublished observations, Leuven, Belgium).
Furthermore, the IgG Fc part of the ch5D12 Mab
backbone has reduced capability to bind to
Fc-receptors expressed on platelets as compared with
an IgG1 backbone. Further discrimination between the
two approaches 



comes from the fact that ch5D12 targets B cells,
monocytes, macrophages and DC, while an anti-CD154 Mab
targets mainly activated T cells, resulting in
markedly different clinical strategies. No indications
of thromboembolism in any of the patients treated in
this study were observed.The effect of ch5D12 is
largely based on the interference with CD40 mediated
cell activation. CD40 triggering induces cytokine and
chemokine secretion by macrophages and DC, and
enhances the antigen presenting capacity of the
latter. As ch5D12 antagonizes the CD40 receptor
through which TNF-a production is induced 39, it might
also antagonize TNF-asecretion which undoubtedly is an
important cytokine in Crohn's disease 43. However,
also a number of other inflammatory cytokines, such as
IL-8 and IL-1239, are induced by CD40 triggering and
therefore ch5D12 might have anti-inflammatory
properties in addition to the prevention of
TNF-aproduction. Whether the effects observed depend
mainly on a reduced T-cell activation, or a reduced
release of cytokines and chemokines, awaits further
investigation. This first-into-man study with ch5D12
shows promising clinical benefit in the absence of
serious side-effects. Further clinical studies will be
needed to establish the role and optimal dosing scheme
for ch5D12 in maintenance of remissions and in the
safety monitoring of multiple infusions. Obviously,
therapeutic benefit by antagonizing CD40 will not be
limited to Crohn's disease and can potentially be
extended to many other inflammatory disorders. Example
2 Material and Methods Generation of chimeric version
of 5D12 



Starting from the 5D12 hybridoma cell line the murine
variable regions of 5D12 were cloned. Briefly, from
lysated cells using Qiagen total RNA was isolated. By
RT-PCR using the oligo's 5' CAG GTS MAR CTS SAG SAG
TCW GG 3' and 5' GCA TGT ACT AGTAATTTT TVT TGT CCA CYT
TGG TGC T 3' to amplify the VH region and using the
oligo's 5'CGA TAC GAS MTY CAG CTG ACC CAG TCT CCA 3'
and 5'GAC TCA TCT AGA TACACT CATTCCTGT TGA AGC TCT TG
3' to amplify the VL region of mu5D12. After sequence
analysis the consensus sequences for the V regions
were determined. Subsequently the V-regions were
recloned in pcDNA3002 (Marissen et al, J . of Virol,
2005: 79:4672-4678), together with genomic sequences
encoding human IgG4 and human kappa to construct a
chimeric IgG immunoglobulin expression plasmid.
Generation of deimmunized version of 5D12 In
collaboration with Biovation using their proprietary
Delmmunisation technology within the V regions
potential T-cell epitopes were identified. Helper T
cell epitopes comprise short amino acid sequences
within proteins with the capacity to bind to MHC class
II molecules. By removal of the T cell epitopes the
antibody can no longer trigger T cell help and the
subsequent immunogenicity against it. Identification
was done using Peptide Threading. The Peptide
Threading approach is a computer-based method for
predicting the binding of peptides (small amino acid
sequences) to 18 different human MHC class II
molecules based on known structures solved by X-ray
crystallography. Furthermore an analysis was done to
search the V regions for the presence of known human T
cell binding peptides from a database 



(www.wehil.wehi.edu.au) . Based on the primary murine
V region amino acid sequences, surface humanized
(veneered) V regions were designed. Within these
veneered VH sequence 8 potential T-cell epitopes and
within the veneered VL region 4 T-cell epitopes were
identified. Identified T-cell epitopes were removed by
amino acid substitution. Based on this analysis the
DNA sequences encoding the deimmunized VH and VL
region were synthesized and recloned in the
pcDNA3002-hIgG4-kappa expression plasmid.
Site-Directed MutagenesisTo restore the murine
sequences within the VH region of deimmunized
pcDNA3002 expression plasmid the QuickChange
Site-Directed Mutagenesis kit of Stratagene was used
according to the manufacturer's protocol. In table 4
the used oligonucleotides are shown. Briefly, the
plasmid was denatured followed by annealing of the
sense and anti-sense primers containing the desired
mutation. By cycling (30 sec 95C; 30 sec 55C; 600 sec
68C) for 16 times using a Biometra T gradient PCR
machine the mutagenic sequences were incorporated. The
non-mutated parental plasmid was digested using Dpnl,
which only cuts methylated DNA. Subsequently the PCR
mixture containing the mutated plasmid was transformed
in XLl-Blue competent cells. Colonies were picked and
analyzed by DNA sequences for the correct plasmid. A
second set of experiments focused on generating
additional variants of positions 29 and 37
specifically by substitution of I for structurally
related V or L. In a similar way as described above,
plasmids were generated using the oligonucleotides as
shown in table 6. Two mutagenesis rounds were required
to 



create double mutants (Table 7). Plasmids were used to
transform XLl-blue competent cells. Expression in
PER.C6(tm) Expression of the various versions of 5D12
was done transiently in PER.C6(tm) (Crucell). Briefly,
the day before the transfection PER.C6(tm) were
trypsinized and counted. Cells were plated in DMEM
substituted with 10% FCS at a density of 4 x 105 cells
per well in a T24 well plate. Next day medium was
replaced with 0.5 ml fresh medium. For each well 1 mg
of plasmid DNA was diluted into 50 ml of OPTI-MEM I ,
which was combined with equal volume OPTI-MEM I
containing 3 ml LipoFectAMINE 2000 (LF2000) reagent
(Invitrogen). Mixture was incubated for 20 min at
room-temperature to allow DNA-LF2000 reagent complexes
to form. Subsequently the DNA-LF2000 reagent complexes
(100 ml) were directly added to each well. The
transfectedcells were incubated at 37C in a CO2
incubator. After 48h the supernatants were analyzed
for antibody expression. ELISA The amount of expressed
antibody was measured by a sandwich ELISA. Briefly, 96
wells EIA/RIA plates (Corning 3590) were coated o/n at
4C with polyclonal antibody anti-human IgG (Jackson
109-005-088) diluted 1/1000 in PBS (100 ml/well).
After blocking with PBS containing 0.05% Tween and 1%
BSA, plates were 3x washes with PBS-0.05% Tween.
Subsequently as standard purified chimeric 5D12 was
applied in titration starting at 400 ng/ml to zero in
triplo. Samples (transient supernatants) also applied
in titration. All dilutions were done in PBS-0.05%
Tween. Plates incubated for 1 hour at 37C. 



After 3 times washing 1/5000 diluted detection
antibody (anti-human kappa alkaline phosphatase
labelled (Southern Biotech Associates 2060-04)) was
applied to each well. Plates incubated for 1 hour at
37C. After removal of incubation plates were 5 times
washed. Staining was done with PNP substrate (Sigma
N-2765) (1 mg PNP/ml substrate buffer - 100 mM
Tris/HCl, 100 mM NaCl, 5 mM MgCl2.6H2O pH 9.5 -).
OD405 nm was measured on a BioRad 550 Titertek using
655 nm as reference. FACS By FACS analysis the antigen
specificity of the expressed antibodies was analyzed.
JY cells are EBV transformed human B-cells, which
express CD40. Briefly, 100,000 JY cells were incubated
with 100 ml supernatant from the transient expression
experiment at 40C for 20 minutes. To remove unbound
antibody cells were washed with PBS containing 0.05%
NaAzide and 1% BSA. As secondary antibody 1/100
diluted FITC labeled anti-human IgG
(Jackson109-095-127) was used. After 20 minutes
incubation at 4C cells were washed. Finally cell
samples were measured on a FACScan (BD). Results After
analysis of several clones the consensus sequence was
determined for the murine V regions of 5D12 (figure
5). By human surfacing the V regions were redesigned,
retaining critical murine amino acids. By the Peptide
Threading method and the database search potential
T-cell epitopes within these redesigned sequences were
determined. Within the VH region 8 (first base of
potential epitope: position 27, 30, 43, 46, 57, 61, 77
and 83) and within the VL region 4 (position 7, 13, 28
and 86) 



potential epitopes were identified. Based on the
T-cell epitope mapping and the veneering process the
optimal deimmunized VH and VL amino acid sequences
were defined (figure 6). To remove the T-cell epitope
at position 61 in the VH region special attention was
taken not to introduce a potential N-glycosylation
site (N-X-T/S): NSA was substituted with STS. In this
final design 12 positions in the VH region were
changed (counting position 60-62 as 1 change). For the
VL region 8 positions were changed. From preliminary
experiments comparing the expression levels of fully
deimmunized 5D12 (DI5D12) compared to ch5D12 (renamed
PGlOO) it was found that due to the introduced
mutations DI5D12 was expressed at lower levels as
compared to the parent sequence (data not shown). In
principal each substitution can influence the
characteristics of the expressed antibody. Therefore
to investigate the influence of each changed position
in the VH region on the characteristics of the
antibody 12 additionalvariants were designed (figure
7). In each variant 1 position was changed back to the
original murine amino acid sequence. To test the
expression levels and the functionality of the various
versions 14 pcDNA3002 expression plasmids were
constructed. Each plasmid contains the human IgG4
backbone to which the VH regions were linked and the
human kappa region to which the VL regions were
linked. One plasmid encoded for ch5D12, in which the
murine V regions were used. The other 13 plasmids are
deimmunized versions, in which the deimmunized VL
region is used in combination with the deimmunized VH
region or one of the 12 VH variants shown in figure 7.
Subsequently PER.C6(tm) cells were transfected with
the 14 



plasmids using LipoFectamine2000. Also included were
negative mock transfections (no plasmid). After 48
hour the transient supernatants from each transfection
were harvested and analysed for antibody expression.
In figure 8 the FACS data are shown. Clearly all
tested constructs bind to JYcells, indicating that the
CD40 binding specificity of 5D12 is preserved.
Furthermore the FACS data indicate that the produced
antibody levels are different. Clearly there is a
difference in expression level between DI5D12 and
ch5D12 (PGlOO). Variants Q5E, K13A, E16Q, T17S,
STS60NSA and T68S show the same expression
characteristics as DI5D12. The other variants seem to
increase the expression levels. To exactly determine
the various expression levels, all supernatants were
analysed by quantitative ELISA measuring antibody
levels. As shown in table 5, the tested variants can
be divided in 3 groups: no or low improvement on the
expression level (Q5E, K13A, E16Q, T17S and STS60NSA),
variants P45L, M48L, S79F and T108S restore the
expression levels as compared with ch5D12 (PGlOO) up
to 40%, while the I29L and I37V variants restore the
level above 50%. Especially the substitution at
position 29 (I to L) seems to have large influence on
the expression levels. The I29L variant was
subsequently renamed PG102 antibody.The observation
that substitution at position 29 (I to L) and 37 (I to
V) both have large influence on the expression levels
was among others unexpected because amino acids I, L
and V are structurally closely related and the 3
together form the group of branched-chain amino acids.
In a subsequent study it was further established what
the effect of combined substitutions of the amino
acids I at positions 29 and 37 with structurally
related amino acids V or 



L was. Figure 9 shows the V-L-I variants that were
designed in alignment with ch5D12 (PGlOO), DI5D12 and
PG102 (I29L variant). To test the expression levels
and the functionality of these V-L-I variants,
additional pcDNA3002 expression plasmids were
constructed that contain the human IgG4 backbone to
which the VH region of one of the variants was linked
and the human kappa region to which the VL regions
were linked, as described above. Subsequently
PER.C6(tm) cells were transfected with the plasmids
using LipoFectamine2000. After 48 hour the transient
supernatants from each transfection were harvested and
analysed for antibody expression. To exactly determine
the various expression levels, all supernatants were
analysed by quantitative ELISA measuring antibody
levels. As shown in table 8, the various combinations
of a V, L or I on positions 29 and 37 are associated
with variable production levels. This further
demonstrates that not just all V, L and I
substitutions ultimately lead to higher production
levels. Discussion By reducing the immunogenicity of a
therapeutic antibody the characteristics can change.
In this study it is shown that the deimmunization
design result in an antibody which still has binding
capacity to its antigen, however the antibody could
only be produced at low levels. Most probably upon
expressionthere is a problem in the assembly of the
deimmunized VH and VL region. By changing each
substituted position back to the original murine
sequence within the VH region, it was revealed that
some positions were essential for a proper expression
of the antibody. Especially the sites which were based
on the 



peptide threading approach had large influence on the
expression level. The Nterminal changes, all
introduced based on veneering had little influence.
Remarkably the substitution of I by L in position 29
had the largest influence, which was unexpected as
both amino acids are structurally closely related. The
I29L variant was subsequently renamed PG102 antibody.
Subsequent studies demonstrated that various
combinations of a V, L or I at positions 29 and 37 led
to variations in production levels, demonstrating that
although the 3 branched-chain amino acids V, L and I
are structurally closely related, substitution of each
of these on positions 29 and 37 has an impact on
production levels of the complete antibodies. Example
3 Materials and Methods Construction, selection and
development of a GS-CHO cell line for the production
of PG102 (I29L variant). Lonza Biologies (Lonza) was
requested by PanGenetics BV to undertake the
construction, selection and evaluation of a GS-CHO
cell line expressing the human recombinant IgG /kappa
antibody PG102 (I29L variant). Cell lines were
constructed by transfecting CHOKlSV host cells with
vectors generated using Lonza's Glutamine Synthetase
(GS) Gene Expression System (WO2003054172). The gene
sequences were supplied by PanGenetics. The cell line
CHOKlSV is a suspension variant of the Chinese hamster
ovary (CHO) cell line CHOKl, which has been adapted to
chemically defined, animalcomponent-free (CDACF)
medium (Bebbington et al (1192) Biotechnology
10:169-75; de Ia Cruz Edmonds MC et al (2006) MoI.
Biotechnol. 34:179-90). 



All reagents, media components and materials were
obtained from accredited suppliers. The formulation of
the feeds SF40 and SF41, medium CM42, and the medium
supplement SPE were obtained from Lonza. The medium
CDCHO (Invitrogen) was also used with the addition of
selective agent L-methionine sulphoximine (MSX) for
routine subculture of CDACF adapted cell lines and
with Phenol Red for transfection. The selective agent
MSX was supplied by Sigma. These media and feeds do
not contain antibiotics. The construction of the GS
expression vector encoding the genes for the PG102 was
also performed at Lonza. The CHOKlSV host cells were
obtained from a vial of Lonza's cryopreserved working
cell bank 269-W. Cell culture, concentration and
viability Cells were revived from vials of
cryopreserved stocks by rapidly warming to 37 0C and
diluting into approximately 50 mL of growth medium.
The cryoprotectants were removed by centrifuging the
cells, discarding the supernatant and resuspending the
cells in fresh growth medium. For static culture,
cells were grown in T25 flasks with a culture volume
of 5 to 15 mL. These static cultures were placed in an
incubator at 35.5 to 37.0 0C containing an atmosphere
of 10% v/v CO2 in air. For suspension culture,
cultures were expanded in a suitable volume of growth
medium and subcultured every 4 days for growth in
CDACF medium. The containers used were: 125 mL shake
flasks (for a culture volume of 10 to 30 mL), 250 mL
shake flasks (for a culture volume of 30 to 50 mL),
500 mL shake flasks (for a culture volume of 50 to 100
mL), 1 L roller bottles (for a 



culture volume of 100 to 200 mL), or 2 L roller
bottles (for a culture volume of 200 to 400 mL). The
headspace of each culture was gassed with 5% v/v CO2
inair and the flasks sealed. The cultures were then
incubated at 35.5 to 37.0 0C on a shaking platform
rotating at 140  5 rpm. Total and viable cell
concentrations were obtained by aseptically removing a
sample of culture, staining the non-viable cells with
Trypan Blue and microscopic examination using a
modified Fuchs-Rosenthal haemocytometer. When
appropriate, samples were diluted prior to counting.
Alternatively, the total and viable cell
concentrations were determined using a CASY-I particle
counter or a Vi-CELL XR automated cell counter. For
the CASY-I counter, a sample of culture was
aseptically removed from each flask, diluted with
Casyton buffer and the number of viable and total
cells determined. Viable and non-viable cells were
distinguished by size. Percentage viability was
calculated as the ratio of viable cells to total cells
multiplied by 100. For the Vi-CELL XR counter, 0.7 mL
of cell culture was aseptically removed and an
automated Trypan Blue count was performed. A series of
camera pictures and a computer analysis algorithm are
used to identify and count the viable and non-viable
cells. For all counting methods, percentage viability
was calculated as the ratio of viable to total cells
multiplied by 100. Transfection of CHOKlSV host cells
On the day of transfection, cells growing in
non-selective medium were harvested by centrifugation
and resuspended at a concentration of 1.43 x 107
viable cells/mL. For each transfection, approximately
0.7 mL of the cell 



suspension and 40 mg of plasmid DNA were added to an
electroporation cuvette. The electroporation cuvette
was then placed in the electroporation apparatus and a
single pulse of 300 V, 900 mF was delivered. Following
electroporation, the cells from the cuvette were
distributed into 96-well plates at approximately 5000
host cells/well, using the medium CD-CHO/phenol red.
The plates were incubated at 35.5 to 37.0 0C in an
atmosphere of 10% v/v CO2 in air. The day after
transfection, 150 mL of the selective medium
CDCHO/phenol red/66.6 mMMSX, was added to each well.
The final concentration of MSX in each well was 50 mM.
The plates were monitored to determine when the
non-transfected cells died to leave foci of
transfected cells. Foci of transfected cells became
apparent approximately 3 to 4 weeks after
transfection. All the transfectants examined and
progressed further came from wells containing only a
single colony, as determined by visual assessment.
Assessment of productivity of cell lines in static
culture The 96-well plates were incubated for
approximately 3 to 4 weeks, following transfection to
allow colony formation. The colonies were examined
microscopically to verify that they were of a suitable
size (covering greater than 60% of the bottom of the
well), and that only one colony was present in each
well. The culture supernatant was then assayed for
antibody production using Lonza's ELISA assay for
assembled antibody, described under "assembly ELISA".
The percentage confluence of the well was assessed at
the time of sampling. The value obtained by dividing
the assay result by percentage confluence was used to
rank the cell lines. 



Cultures of high ranking cell lines were expanded into
24-well plates in the medium CD-CHO/phenol red/25
mMMSX and were left to reach confluence. On reaching
confluence, this culture was used to inoculate a T25
flask in the medium CD-CHO/phenol red/25 mMMSX, whilst
the remaining culture was re-fed with fresh
CD-CHO/phenol red/25 mMMSX, and incubated for a
further 14 days. At this point, culture supernatant
was collected from the 24-well plates and the antibody
concentration was measured using Lonza's ELISA assay
for assembled antibody. A selection of the most
productive cell lines was made. On reaching confluence
in the T25 flasks, the selected cell lines were
allowed to multilayer and then re-fed with CD-CHO/25
mMMSX. After feeding, the cultures were returned to
the incubator for a further four to sevendays until
the medium turned orange/yellow again and the cells
lifted from the flasks.Expansion of cell lines to
CDACFsuspension culture Suspension cultures were
initiated from confluent T25 flask cultures. The
suspension cultures were inoculated at a concentration
of 0.05 to 0.2 x 106 viable cells/niL in 125 mL shake
flasks containing CD-CHO/25 mMMSX medium. If the
viable cell concentration did not reach 0.05 x 106
viable cells/mL after a maximum of 14 days in T25
flasks, 15 mL of each culture was automatically
progressed into 15 mL of CD-CHO/25 mMMSX in 125 mL
shake flasks. The cell lines were then serially
subcultured into fresh CD-CHO/25 mM MSX medium, at an
inoculation concentration of 0.2 x 106 viable
cells/mL, on a 4 day subculture regime, until
acceptable and reproducible growth characteristics
were obtained. Assessment of growth and productivity
of cell lines in suspension culture 



Fed-batch shake flask culture Singlet cultures of each
selected cell line were prepared in 500 mL shake
flasks with 100 mL of cell suspension using CM42/4 x
SPE medium. The cultures were inoculated at 0.2 x 106
viable cells/mL and the headspace of each culture was
equilibrated with 5% v/v CO2 in air. The cultures were
incubated at 35.5 to 37.0 0C on a shaking platform
rotating at 140  5 rpm until the viable cell
concentration, post peak, was less than or equal to
0.6 x 106 viable cells/mL or day 15 was reached
('overgrown'). At this point the cultures were
harvested. The cell concentration was determined daily
using a Vi-CELL automated cell counter. At a cell
concentration of 1.4 to 2.2 x 106 viable cells/mL, a
bolus addition of the nutrient feed SF40 was made.
Further bolus additions were made at approximately 24,
48 and 72 hours after the initial addition. A second
feed (SF41) was applied once cell concentrations
greater than 4.0 x 106 viable cells/mL were obtained.
Samples of cultures were taken at appropriate
intervals, centrifuged and the supernatants stored at
-20  5 0C until assayed for antibody concentration by
Protein A HPLC. Harvest supernatants fromeach
overgrown culture were stored at -20  5 0C. The ten
overgrown cultures with the highest antibody
concentrations were further assessed for quality of
the antibody produced. Samples were assessed for
aggregate levels using the gel permeation high
performance liquid chromatography (GP-HPLC) method
before Protein A purification and antibody
characterisation by reduced and non-reduced sodium
dodecylsulphate poly acrylamide gel electrophoresis
(SDSPAGE) and isoelectric focusing (IEF) analysis and
matrix assisted laser desorption ionisation time of
flight mass spectrometry (MALDI TOF-MS) 



oligosaccharide analysis. Cryopreseruation Cells were
cryopreserved at key points throughout the work
programme. The cells in growing cultures were
recovered by centrifugation and resuspended in a
cryopreservation mixture. This consisted of the
appropriate growth medium (92.5% v/v) and
dimethylsulphoxide (7.5% v/v). Aliquots of cells were
then distributed into labelled vials, each aliquot
containing approximately 1.5 mL of cryopreservation
medium and approximately 0.5 to 1.5 x 107 viable
cells. The vials were then frozen in an automatic
programmable cell freezing machine and subsequently
transferred to liquid nitrogen refrigerators.
Generation number For each of the selected cell lines,
the generation number of the cells was defined as zero
at the point the culture was passaged into suspension.
The generation number was subsequently calculated at
each subculture using a procedure derived from the
following equation (rounded down to the nearest 0.5
generation)., - . { } Where: Ny= Generation number at
time / N = Generation number at time i Xf= Viable cell
concentration (cells/mL) at time f Xi = Viable cell
concentration (cells/mL) at time i and/> i Data
analysis 



The time integral of the area under the growth curve
(the time integral of the viable cell concentration
(IVC); 10^cells.h/L) was calculated by summing the
area (approximated to a right angle trapezium) between
adjacent cell concentration values. The areas were
calculated by multiplying the mean of the two viable
cell concentrations (cells/mL) by the elapsed time
between the two determinations (h). This method is
based on that described by Renard et al. (1988) in
Biotechnology Letters 10 (2) pages 91-96. Where
appropriate the overall specific production rate (qp
overall: mg/lO^cells/h) was calculated by linear
regression analysis of the antibody concentration
(mg/L) against the time integral of viable cell
concentration. The slope of this line is equal to qp
overall. The harvest specific production rate (qp
harvest) was calculated by dividing the harvest
antibody concentration by the value of the IVC at
harvest. Assembly ELISA The antibody concentration of
supernatant samples was determined using an ELISA that
measures assembled human IgG. This involved capture of
assembled antibody in samples and standard onto a
96-well plate coated with goat anti-human IgG Fc.
Bound antibody was revealed with goat anti-humanlight
chain linked to horseradish peroxidase and the
chromogenic substrate tetramethylbenzidine. Colour
development was proportional to the mass of antibody
present in the sample. The concentration was
determined using a standard curve generated using an
IgG standard (Lot number L07387/5/2) Protein A HPLC
Product concentration was quantified by Protein A High
Performance Liquid 



Chromatography (HPLC) on an Agilent 1100 HPLC.
Antibody was selectively bound to a POROS Protein A
immunodetection column. Unbound material was eluted
from the column and the remaining bound antibody was
released by decreasing the pH of the solvent. Elution
was monitored by absorbance at 280 nm using a
multiple-wavelength detector. Antibody was quantified
(using Chemstation software) against an antibody
standard (Lot L07385/4/10) and corrected for an
extinction coefficient ofE oL = 1-52. ProteinA
affinity purification Gravity fed rmp Protein A
Sepharose columns (5 mL) were prepared. The columns
were cleaned before use with 6 M guanidine HCl and
equilibrated with 50 mM glycine/glycinate-250 mM NaCl
buffer, pH 8.0. The pH of the column load material was
adjusted to pH 8.0  0.1 before application to the
column. The rmp Protein A affinity column was washed
with equilibration buffer and eluted with 0.1 M
glycine buffer, pH 3.5. The column eluates were
neutralised to approximately pH 7.0 with 2 MTris Base
and dialysed against Dulbecco's phosphate buffered
saline in preparation for IEF and SDS PAGE analyses.
SDS PAGE analysis of ProteinA affinity purified
antibody The cell culture samples were prepared for
analysis by protein A purification. Electrophoresis
was carried out using 4 to 20% precast Novex
polyacrylamide gels. For reducing SDS PAGE, samples
were reduced using 2-mercaptoethanoland denatured by
SDS at pH 8.0. Samples were heated for 2.0  0.5
minutes before they were loaded onto the gel (10 mg
per lane). Non-reduced SDS PAGE was performed using
the same gels and Novex non-reducing sample buffer (2-



mercaptoethanol is not added). Samples were heated for
a standard time of 1.0  0.5 minutes before they were
loaded onto the gel (4 mg per lane). Following
electrophoresis, proteins were visualised by staining
for 75 minutes with Coomassie brilliant blue R250 and
destained with methanol/acetic acid.IEF analysis of
ProteinA affinity purified antibody The cell culture
samples were prepared for analysis by protein
Apurification. IEF analysis was carried out using
pre-cast agarose IEF gels, pH 3 to pH 10.
Approximately 10 mg protein sample per lane was loaded
onto the gel and then pre-focused for 70 Vh. After
removal of the sample application strip,
electrophoresis was continued for 1500 Vh (1500 V, 20
mA, 25Wper gel). The IEF gels were fixed in a
trichloroacetic acid: sulphosalisylic acid: methanol
solution and then stained with Coomassie Brilliant
Blue R250 (Lot numbers of Coomassie Blue 003/L1 1905/1
18 and 003/L11905/131). The gels were then destained
and dried. (Lot numbers of destain 003/L11905/117 and
003/L11905/121). GP-HPLC The GP-HPLC method separates
protein components according to their size. Large
components, such as protein aggregates, are too large
to penetrate the matrix particles to any great extent
and therefore eluted from the column ahead of smaller
components, such as protein monomer. Smaller
components, such as fragments, penetrate the matrix
more easily and eluted after the monomer. This
technique was therefore used to separate antibody
monomer from both aggregates and fragments. The
monomeric component was identified by its
characteristic retention time and position, relative
to 



calibration markers. Undiluted samples were injected
to give 50 to 250 mg loads where the product
concentration was 1 to 5 mg/mL (validated load range
of Lonza's assay). The molecular mass range for the
GF-250 column was 4 to 400 kDa. Sample components were
detected at 280 nm and peak chromatograms were
analysed using Agilent Chemstation software.
Integration was performed using the perpendicular drop
method for aggregates and tangent skim for
fragments.50202 64 The proportion of sample components
was determined by calculation of the peak areas of
each component relative to the total integrated peak
area. MALDI TOF-MS analysis The oligosaccharide
analysis of the PG102 antibody produced by each cell
line was performed by MALDI TOF-MS using a
Micromass(tm) MALDI-LR coupled with delayed
extraction. The MALDI TOF-MS was operated in
reflectron configuration with positive ion mode. The
instrument was calibrated using a mixed N-glycan
standard. Antibody was purified from harvest
supernatants using a POROS Protein A column. The
purified fractions were collected and the disulphide
bonds were reduced with dithiothreitol followed by
alkylation of the reduced thiols using iodoacetate.
Oligosaccharides were released using the enzyme
N-glycanase (PNGaseF) and were sandwiched between two
layers of super-dihydroxy benzoic acid (super-DHB)
matrix on the target plate for MALDI TOF-MS 



analysis. Results Transfection of CHOKlSV host cells
The PG102 gene sequence was used by Lonza to
constructed the double gene vector pPG102/DGV (not
shown) that was used to transfect the CHOKlSV host
cell line by electroporation. Six sets of
transfections were performed using the vector
pPG102/DGV and supernatants of 255 transfectants were
screened for antibody production in 96-well plates by
assembly ELISA. Detectable antibody levels were
produced by 99.6% of the screened transfectants. Forty
three high ranking transfectants were selected for
further evaluation in 24- well plates.Expansion of
static cultures and suspension adaptation Cultures of
the selected GS-CHO cell lines were first expanded
into 24-well plates and then expanded into T25 static
flasks. The remaining cells in the 24- well plates
were fed with fresh medium and 'overgrown' before
assessing the antibody productivity. The selected cell
lines displayed a range of antibody concentrations
from 8.3 to 120 mg/L (Figure 10). Cultures of the 23
cell lines with the highest product concentrations, as
determined by assembly ELISA, were selected for
further evaluation. The selected cultures were
progressed into CDACF medium in suspension culture.
All cell lines were successfully adapted to suspension
culture and were selected for further evaluation in
fed-batch cultures. Evaluation of the growth and
productivity characteristics of selected cell lines in
fed-batch shake flask culture 



The growth and productivity characteristics of the 23
selected cell lines were evaluated in fed-batch shake
flask culture. Singlet cultures were prepared for each
cell line. Two feeds, SF40 and SF41, were added to the
cultures when the viable cell concentration met the
feeding criteria. The protocol used for the feed
regime mimicks as closely as technically possible,
Lonza's generic GS-CHO fermentation process. Growth
and productivity data for the 23 selected cell lines
are presented in Table 9. Protein A HPLC analysis of
the harvested supernatants of the fed-batch shake
flask cultures showed that four cell lines produced
antibody concentrations of greater than 1000 mg/L.
Cell line L107 produced the highest antibody
concentration, 1674 mg/L.Characterisation of the
antibody purified from fed-batch shake flask culture
of selected CHO cell lines Harvest samples of the ten
cell lines with the highest antibody concentration
were purified using rmp Protein A Sepharose
chromatography prior to analysis. The Protein A
purified antibodies were then analysed using SDS PAGE
and IEF. Visual analysis of the Protein A purified
samples analysed by SDS PAGE under non-reducing
conditions showed all samples were comparable to each
other, exhibiting an intact antibody band at
approximately 200 kDa (data not shown). Additional
minor bands were visible, although they may not all be
visible on the gel image. Three bands with molecular
mass between 116 and 200 kDa, one band with a
molecular weight between 66 and 97 kDa, one band with
a molecular weight between 37 and 55 kDa and two bands
with molecular weights between 22 and 31 kDa were also
observed. The extra band observed between 66 and 97
kDa is the half antibody, typical of 



IgG antibodies under non-reducing conditions. The same
half antibody is also observed in the IgG inter assay
control (IAC). Protein A purified samples analysed by
SDS PAGE under reducing conditions were also
comparable to each other, exhibiting the heavy chain
band at approximately 50 kDa and the light chain band
at approximately 25 kDa (Data not shown). IEF analysis
showed that the integrity of the Protein A purified
antibody samples from the selected cell lines
demonstrated comparable profiles, with six primary
bands (3 major and 3 minor bands) in the pi range 8.15
to 9.30 for all cell lines except L97, M92 and M59.
These three cell lines exhibited three major and two
minor bands. Additional bands were observed in samples
J 3 and J4, although these may not all be visible on
the gel image. Oligosaccharide analysis of antibody
The oligosaccharide analysis of the antibody produced
by each of the ten cell lines selected for further
evaluation in fed-batch shake flask cultures
wasdetermined by MALDI TOF-MS The predominant
oligosaccharide structures in the antibody obtained
from the ten cell lines were GOF and GIF, which are
typical N-linked oligosaccharide structures observed
on antibodies. Relatively low levels of oligomannose
structures were detected with the highest level of
6.7% of total glycans measured for antibody derived
from cell line L52. Oligomannose -5 (man-5) structures
were observed in all samples at a range of 1.1 to 4.6%
of total glycans. All of the samples analysed
contained comparable levels of oligosaccharides and
relatively low concentrations of man-5 (data not
shown). GP-HPLC 



When antibody produced by each of the ten cell lines
selected for further evaluation was analysed by
GP-HPLC, the lower molecular weight components (LMWC)
were the least critical but a level of under 25% was
preferable. All samples displayed levels of under 25%,
with the exception of L52, which displayed a level of
27.1% (Table 10). Two different calculations of
proportions of aggregate would not usually be used,
but was deemed necessary as LMWC levels varied so much
between samples. Further analysis of the data,
excluding the LMWC and looking only at monomer and
larger peaks, demonstrated aggregate peak areas of
less than 2.2% for all samples (Table 11). Levels of
under 5% are considered acceptable. Selection of cell
lines Three cell lines were selected for preparation
of pre-seed stocks (PSS). The selection criteria used
were a combination of high harvest antibody
concentration, acceptable growth characteristics and
acceptable product quality characteristics.Cell line
L107 was selected as the lead cell line as it
exhibited the highest harvest antibody concentration
of the 23 cell lines evaluated, along with acceptable
growth and product quality characteristics (Figure
HA). Cell line L25 exhibited the second highest
harvest antibody concentration of the twenty three
cell lines evaluated, along with acceptable growth and
product quality characteristics (Figure HB). Therefore
cell line L25 was selected as the first back-up cell
line. Cell line M95 exhibited the third highest
harvest antibody concentration of the 



twenty three cell lines evaluated, and had acceptable
growth and product quality characteristics (Figure
HC). On this basis cell line M95 was selected as the
second back-up cell line. Cryopreservation ofpre-seed
stocks Pre-seed stocks (20 vials per stock) were
cryopreserved for each of the three selected cell
lines. These stocks were stored in vapour phase liquid
nitrogen refrigerators. Cell lines L107, L25 and M95
were renamed DCl, DC2 and DC3 respectively. Discussion
Lonza Biologies was requested to undertake the
construction, selection and evaluation of a GS-CHO
cell line expressing the human recombinant IgG4/kappa
antibody PG102. The gene sequence was supplied by
PanGenetics and vectors were generated using Lonza's
Glutamine Synthetase (GS) Gene Expression System. The
cell line CHOKlSV, a suspension variant of the Chinese
hamster ovary (CHO) cell line CHO-Kl adapted to
chemically defined, animal component-free medium, was
transfected by electroporation. From the CHOKlSV
transfections, 254 cell lines were obtained that
secreted the antibody. Forty three cell lines were
evaluated for growth and productivity in 24-well
plates. Antibody concentrations of up to 120 mg/mL
were obtained.Twenty three cell lines were evaluated
in singlet fed-batch shake flask cultures. Harvest
antibody concentrations in the range of 121 to 1674
mg/mL were obtained. Harvest antibody concentrations
in excess of 1000 mg/L were achieved for four cell
lines. The ten cell lines with highest antibody 



concentrations were selected for product quality
analysis. The product quality of purified antibody
from each of the selected cell lines was comparable to
each other by reduced and non-reduced sodium
dodecylsulphate polyacrylamide gel electrophoresis and
isoelectric focusing analysis. Oligosaccharide
analysis of purified antibody from each of the ten
selected cell lines showed relatively low (<4.6%)
levels of oligomannose-5. GP-HPLC analysis showed that
aggregate levels were below 1% for each of the top
three cell lines. Three cell lines (L107, L25 and M95)
were selected for further evaluation based on growth,
productivity and product quality data. Pre-seed stocks
of 20 vials of each cell line were cryopreserved. The
three cell lines were renamed DCl, DC2 and DC3
respectively. Example 4 Determination of the kinetics
of ch5D12 (PGlOO) and PG102 (I29L variant) binding to
human CD40-Fc by surface plasmon resonance (Biacore)
Materials and Methods The kinetics of ch5D12 (PGlOO)
and PG102 (I29L variant) binding to human CD40 were
compared by surface plasmon resonance at a constant
temperature of 25.0 C, using a Biacore 3000
instrument. Recombinant human CD40 extracellular
domain fused to human IgGl-Fc domain (huCD40-Fc; R&D
Systems catalogue number 149-CD-50) was used as the
target antigen in these experiments. HuCD40-Fc (l
mg/mL in 1OmM acetate buffer, pH 5.0) wascoupled via
the amine groups of Lys residues to
carbodiimide-activated Biacore CM5 chips, resulting in
an antigen immobilization level of 127.4 RU. For 



kinetic analyses, dilution series of ch5D12 (PGlOO)
and PG102 (range 10.0 mg/mL to 0.313 mg/mL) were
prepared in Biacore Running Buffer (HEPES-buffered
saline containing EDTA and surfactant; HBS-EP).
Kinetic analyses were performed at a flow rate of 30
mL/min. Samples were allowed to bind for 4 min and to
dissociate for 5 min, at the same flow rate. The chip
surface was then regenerated for 30 seconds using 3OmM
NaOH and a baseline re-established in HBS-EP for 2.5
min before injection of the next sample. Alternate
samples of PG102 and ch5D12 (PGlOO) were injected,
increasing in concentration for the first set of
replicates at each dilution and then decreasing for
the second set of replicates. BIAcore control software
(Version 3.2) was used for data collection and
BIAevaluation software (Version 4.1) was used for
analysis of kinetic data. Binding parameters were
calculated using two different models of molecular
interaction: a bivalent analyte model and Langmuir 1:1
binding model. Results Maximum levels of observed
binding for ch5D12 (PGlOO) and PG102 antibodies were
152.5 RU and 140.2 RU, respectively. The calculated
kinetic rate constants according to the Langmuir and
bivalent binding models (ka and kd, or kal and kdl,
respectively) differed slightly for the two
antibodies. Thus, PG102 displayed faster association
and dissociation rates than ch5D12 (PGlOO) (Figure
12), although the overall affinity (KD) of the two
antibodies did not differ appreciably within models.
Kinetic parameters from these experiments are
summarised below:Langmuir (1:1) model: 



ch5D12 (PGlOO) PG102 ka 1.88 x 106 M-1S 1 2.51 x 106
M-1S-1 kd 5.07 x 10-4 s-i 5.96 x 10-4 s -1 KD 2.71 Xl
O1O M 2.37 x 10 10 M Bivalent binding (1:2) model:
ch5D12 (PGlOO) PG102 kal 6.41 x 105 M 1S 1 7.82 x 105
M-1S 1 kdl 1.60 x 10-3 s -1 2.47 x 10-3 s-i ka2 1.21 x
10-3 RUs 1 1.31 x 10-3 RUs 1 kd2 2.55 x 10-3 s 1 2.24
x 10-3 s-i KD 5.29 x 10-9 M 5.41 x 10-9 M Analysis of
the Goodness of Fit for the two methods indicated that
the data is better described by the bivalent binding
model. The calculated affinities of the two antibody
variants differed between models, however, the
estimates of the dissociation constants (KD) obtained
for each antibody with the same model were comparable;
2.71 x 10 10 M and 2.37 x 10 10 M for ch5D12 (PGlOO)
and PG102 respectively using the Langmuir model and
5.25 x lO-9 M and 5.41 x 10 M using the bivalent
analyte model. Example 5 Inhibition of ch5D12 (PGlOO)
and PG102 binding to J Y cells using an an ti idiotype
antibody To demonstrate that PG102 (I29L variant)
binds t o the same epitope of CD40 as its parent
molecule ch5D12 (PGlOO), an anti-idiotypic antibody
was used toinhibit binding of PG102 or ch5D12 to
CD40-expressing JY cells, measured by 



FACS. Materials and Methods JY cells expressing human
CD40 were blocked with 5% human serum for 30 min at
room temperature. The anti-idiotype antibody to murine
mAb 5D12 (clone 173-36-1) was pre-incubated at varying
concentration (0 - 10 mg/mL) with either ch5D12
(PGlOO) (1 mg/mL), PG102 (1 mg/mL), or negative
control chimaeric anti-huCD86 antibody (chFUN-1;
1mg/mL) in a total volume of 50 mL/tube and incubated
for 15 min. JY cells were washed with FACS buffer (Ix
PBS, 1% BSA and 0.05 %sodium azide) and supernatant
was discarded. JY cells were resuspended in FACS
buffer to a concentration of 2xlO6 cells/mL. 50 mL of
the JY cell suspension was added to the pre-incubated
antibody mixes to give a final volume of 100 mL/tube.
Cells were incubated for 30 min at 4 C before washing
with 4 ml FACS buffer/tube and the supernatant
discarded. The cell pellet was resupended in 100 mL of
diluted goat-anti-human IgG-FITC (Jackson
Immunoresearch Labs. Cat. No. 109-095-127) in FACS
buffer (1:100) and incubated for 30 min at 4 C. Cells
were washed with 4 ml FACS buffer and supernatant was
discarded. The pellet was resuspended in 200 mL FACS
buffer and bound antibody was measured using a FACScan
flow cytometer (Becton Dickinson). Results The
anti-idiotype mAb 173-36-1 inhibited PG102 and ch5D12
(PGlOO) binding to huCD40 expressed on JY cells in a
concentration-dependent manner (Figure 13). The
binding of chFUN-1 to CD86 that is also expressed on
JY cells was not 



influenced by mAb 173-36-1. There was no significant
difference in the blocking effect of anti-idiotype mAb
173-36-1 on the binding of CD40-specific antibodies to
CD40 on JY cells. For example, the calculated log IC50
values for mAb 173-3- 1-mediated inhibition of ch5Dl2
(PGlOO) (Batch 1) and PG102(Batch 2) were -5.74  0.14
and -5.76  0.11, respectively (p>0.05; both n=4).
These values correspond to anti-idiotype
concentrations of approximately 1.8 mg/mL (~12 nM).
Table 12 shows a summary of calculated -logIC50 values
for anti-idiotype-mediated inhibition of ch5D12
(PGlOO) and PG102 binding to JY cells.Example 6
Binding ofch5D12 (PGlOO) and PG102 to CD-40Fc
determined by ELISA Material and Methods ELISA plates
(Costar EIA/RIA plate, Corning catalogue number 3590)
were coated with lOOmL/well huCD40-muIg (Ancell,
catalogue number 504-020), diluted to 250 ng/mL in PBS
and incubated overnight at 4 C in a humid environment.
Plates were washed 3 times with 200 mL/well wash
buffer (0.05% Tween-20 in PBS). Subsequently, plates
were blocked with 200 mL/well blocking buffer (5% BSA
Fraction V [Roche, catalogue number 735094] in wash
buffer) and incubated for 1 h at 37 0C (humid
environment). Plates were washed 3 times with wash
buffer. Test antibodies (ch5D12 (PGlOO), PG102, and
negative control chimaeric anti-huCD86 antibody
chFUN-1) were diluted in the range 0-1200 ng/mL in
blocking buffer and transferred to assay plates in a
final volume of 100 mL/well, followed by incubation
for 1 h at 37 0C (humid environment). Plates were
washed 3 times with wash buffer followed by addition
of 100 ml/well goat anti-human kappa-AP detection
antibody 



(Southern Biotech Associates catalogue number 2060-0)
diluted 1:1000 in blocking buffer. Plates were
incubated for 1 h at 37 0C in a humid environment
before washing 3 times with wash buffer and a further
single wash with PBS. PNP substrate was prepared by
adding 1 tablet p-Nitrophenyl Phosphate tablets
(Sigma, catalogue number N-2765) in 15 mL PNP
substrate buffer (12.1 g Tris, 5.84 g NaCl, 1.02 g
MgCl2.6H2O in IL H2O (adjusted to pH 9.6 with HCl).
PNP substrate was added to assay plates at 100
mL/well. Plates were incubated for several minutes
(max 30 min) at 37 C to allow colour development
before the reaction was stopped by addition of 3M
NaOH. Colour intensity was determined at 405 nm using
a micro plate reader (Biorad, model 550).Results In a
number of independent experiments serially-diluted
ch5D12 (PGlOO) and PG102 (I29L variant) were found to
bind comparably to immobilized CD40-Fc (Figure 14),
whilst the anti-CD86 control antibody did not display
appreciable binding to CD40-Fc. Calculated
half-maximal binding concentrations for all
experiments are summarized in Table 13. No significant
difference was observed in the half-maximal binding
concentration for any of the anti-CD40 antibody
batches evaluated.Example 7 Binding ofch5D12 (PGlOO)
and PGl 02 to huCD40 expressed on J Y cells determined
by FACS Materials and Methods CD40-expressing JY cells
were washed with FACS buffer (Ix PBS, 1 %BSA and 0.05
%sodium azide). Supernatant was discarded and JY cells
were 



resuspended in FACS buffer to a concentration of 2xlO6
cells/mL. Thereafter, 50 mL of the JY cell suspension
was added to 50 mL of each of the test antibodies
(ch5D12 (PGlOO), PG102, and negative control chimaeric
antihuCD86 antibody chFUN-1) prepared in the
concentration range 0-900 ng/niL and incubated for 30
min at 4 C. Cells were washed with 4 ml FACS
buffer/tube and supernatant was discarded. Cell
pellets were resuspended in 100 mL of goat anti-human
IgG-FITC (Jackson Immunoresearch Labs. Catalogue
number 109-095-127) diluted 1:100 in FACS buffer and
incubated for 30 min at 4 C. Cells were washed with 4
ml FACS buffer and supernatant was discarded. The
pellet was resuspended in 200 mL FACS buffer and bound
antibody was measured using a FACScan flow cytometer
(Becton Dickinson). Results All tested batches of
ch5D12 (PGlOO) and PG102 showed similar
characteristics of binding to CD40 expressed on JY
cells (Figure 15) with comparable half-maximal
antibody binding concentrations (Table 14). chFUN- 1
also bound to JY cells, albeit with lower mean
fluorescence intensity (MFI) than ch5D12 (PGlOO) and
PG102. This is because JY cells also express human
CD86.Discussion The CD40-binding characteristics of
various PG102 (I29L variant) and ch5D12 (PGlOO)
batches have been determined using in vitro cellular
and ELISAbased assays. Binding of PG102 and ch5D12
(PGlOO) to JY cells expressing CD40 was inhibited with
equal potency by the anti-idiotype mAb 173-36-1. Thus,
the range of calculated mean -log IC50 values for
PG102 and CH5D12 



(PGlOO) batches was 5.51 to 6.11 (n=8), and 5.43 to
6.04 (n=10), respectively (p>0.05). Antibody 173-36-1
is directed against the variable regions of the ch5D12
(PGlOO) precursor, murine mAb 5D12, and did not
inhibit binding of an anti-CD86 isotype control
antibody. In further experiments the halfmaximal
binding concentration of PG102 and ch5Dl2 (PGlOO) was
determined by ELISA analysis of antibody binding to
human CD40-Fc, and by FACS analysis of binding to JY
cells. In ELISA assays there was no significant
difference between the half-maximal binding
concentration of PG102 and ch5D12 (PGlOO) for any
batch tested. For example, calculated mean -log
halfmaximal binding concentrations for the PG102 and
ch5D12 (PGlOO) batches were 7.47  0.04 and 7.54  0.03,
respectively (P>0.05, both n=4), corresponding to
approximately 30 ng/ml. Similar half-maximal binding
concentrations were observed in FACS experiments of
PG102 and ch5D12 (PGlOO) binding to CD40 expressed on
JY cells. These results indicate that PG102 and ch5D12
(PGlOO) share the same CD40-binding paratope, as
demonstrated by the comparable potency characteristics
of the anti-idiotype antibody for inhibition of PG102
and ch5D12 (PGlOO) binding to CD40. Furthermore, both
antibodies display similar in vitro potencies for
binding to human CD40 in ELISA and cell based assays.
Together, the data presented suggest that the binding
properties of PG102 and ch5D12 (PGlOO) to human CD40
are the same.Example 8 Competitive inhibition of
ch5D12 (PGlOO)-PE and PG102-PE binding to J Y cells
expressing human CD40 using unlabelled anti-CD40
antibody 



Materials and Methods JY cells (Epstein-Barr
virus-transformed human B lymphoblastoid cell line)
were grown in Iscove's Modified Dulbecco's Medium
(IMDM) containing 10% heat-inactivated foetal calf
serum (FCS), 2 mM L-glutamine and 50 mg/mL gentamycin
in an air-humidified atmosphere containing 5% CO2, at
37C. Cells were harvested on the day of flow
cytometric measurements. Unlabelled ch5D12 (PGlOO)
(Batch 4) and PG102 (Batch 2) antibodies were used in
these experiments. Both antibodies were also used in
PE-labelled form for direct determination of binding
to JY cells by flow cytometry. Antibodies were
custom-labelled with PE by AbD Serotec (Oxford, UK).
For each FACS analysis the following protocol was
used. JY cells were harvested from cell culture and
counted. Subsequently 1 x 105 CD40-expressing JY cells
/200 mL incubation buffer (PBS, 1% BSA, 0.05% sodium
azide) were incubated with l mg/mL labelled ch5D12
(PGlOO) or PG102 antibodies, in the presence of
varying concentration (0-10 mg/mL) of unlabelled
competing ch5Dl2 (PGlOO) or PG102, for 30 min at 4-8C.
Cells were washed followed by flow cytometric analysis
in which the MFI at every concentration was determined
using a FACScan flow cyometer (Becton & Dickinson).
Five thousand events/sample were measured and analyzed
using CellQuest(r) software (Becton & Dickinson).
Results Unlabelled ch5D12 (PGlOO) and PG102 antibodies
displayed similar inhibitory characteristics in these
assays (Figure 16). Mean -log IC50 values for
inhibition of 1 mg/mL ch5D12 (PGlOO) binding by
unlabelled ch5D12 (PGlOO) and 



PG102 were 7.50  0.03 and 7.63  0.03, respectively
(both n=4), whilst mean -log IC50 values for
inhibition of 1 ug/ml PG102 binding by unlabelled
ch5D12 (PGlOO) and PG102 were 7.54  0.01 and 7.65
0.02, respectively (both n=4). These -log IC5Ovalues
correspond to PG102 and ch5D12 (PGlOO) concentrations
of approximately 20-30 ng/mL (i.e. ~130-200pM).
Example 9 Inhibition ofIL-8 release from THP-I cells
Materials and Methods The functionality of PG102 was
measured using a cell-based functional bioassay.
Briefly, on day 1, THP-I and Jurkat 39.8/50 human
cells were cultured in Iscove's Modified Dulbecco's
Medium (IMDM, BioWhittaker, catalogue number BE12-722F
supplemented with 10 %foetal bovine serum (Gibco, ref
10270-106) and 50 mg/mL gentamycin (Invitrogen,
catalogue number 15750-045). THP-I cells were pulsed
with rhuIFN- g at 1000 units/mL of cell culture. On
day 3 of the bioassay THP-I and Jurkat 39.8/50 cells
were required at a concentration of 4 x 105 cells/mL.
The THP-I and J39.8/50 cells were counted and their
viability determined. Cells were then diluted to a
concentration of approximately 1 x 106 cells/mL, Cell
suspensions were mixed 1:1 and incubated at 37 C in a
humidified 5 % CO2 atmosphere for 48 h. On day 3 the
THP-I and J39.8/50 cells were washed as follows (In
the case of THP-I cells the wash step was to remove
the IFN- g) : 5 mL of IFN-g pulsed THP-I and J39.8/50
cell suspension were transferred to a 50 mL falcon
tube. 40 mL of Hank's Balanced Salt Solution (HBSS)
was added, and the cells were 



centrifuged at 1500 rpm (using IEC centrifuge) for 6
min. The supernatant was discarded. The cell pellet
was resuspended in pre-warmed IMDMsupplemented with 10
%FCS. The THP-I cells and J39.8/50 cells were adjusted
to a concentration of 4 x 105 cells/mL. For inhibition
assays the test sample ch5D12 (PGlOO) or PG102 (I29L
variant) was serially diluted in warmed IMDM medium
supplemented with 10 % foetal bovine serum to obtain
final assay concentrations in the range 0 -160 ng/mL.
The THP-I, J39.8/50 and test sample(s) were added in
triplicate to round bottomed cell culture plates
(Nunclon(tm)) in the following order: 50mL of THP-I
cells (equivalent to 2 x 104 cells per well), 50 mL of
the test sample and 50 mL J39.8/50 cells. The total
volume was 150 ml per well. The cell culture plates
were wrapped in porous cling film and incubated at 37
0C in a humidified 5 % CO2 atmosphere for 48 h. On day
5, after a culture period of 48 h, 70 mL of cell
culture supernatants were aspirated and transferred to
a round bottomed microtitre plate. The harvested cell
culture supernatants were assayed for IL-8 content
using a commercial ELISA (Biosource, Human IL-8
cytoset, catalogue number CHC1304) in accordance with
the manufacturer's instructions. Results PG102 (1291
variant) and ch5D12 (PGlOO) showed similar inhibitory
effects on evoked IL-8 release by THP-I cells (Figure
17). Calculated -log IC50 values for the two
antibodies were 8.42 and 8.28, respectively. These
values correspond to IC50 concentrations of
approximately 3OpM. Example 10 



A previous tissue cross-reactivity study on human and
cynomolgus tissues showed that ch5D12 (PGlOO) bound to
the cell surface of B cells and DCs in lymphoid
organs. No unexpected cross-reactivity was observed on
eitherhuman or cynomolgus tissues. This study was
repeated for PG102 and similar results were obtained
(data not shown) indicating that ch5D12 (PGlOO) and
PG102 bind to a variety of tissue sections in a
similar fashion. Also a previous safety and
tolerability evaluation for ch5D12 was performed in
cynomolgus monkeys, in which weekly administration of
ch5Dl2 for 4 weeks was shown to be safe and without
any side-effects in all monkeys. In this study,
functional evidence was obtained that ch5D12 can
prevent B-cell activation and proliferation 27. Safety
studies were repeated for PG102 using a more prolonged
protocol. Briefly, a 13 week intravenous toxicity
study in cynomolgus monkey with a 14 week recovery
period was designed, using 3 dose levels (0, 25 and
100 mg/kg i.v.) and 26 monkeys (6 monkeys (3M, 3F) per
treatment group, plus 4 monkeys (2M, 2F) as recovery
groups in each active treatment arm). The following
measurements were done: TK, anti-PG102 response, flow
cytometry (including CD40 coating of PBMC), lymph node
biopsy and standard toxicology assessments such as
haematology and immunohistochemistry. The results of
this study demonstrated that there is no toxicity
observed for any of the dose levels tested. PG102 was
safe and well-tolerated. Collectively these studies
demonstrate that antagonist anti-human CD40 Mab PG102,
as its parent antibody ch5D12 (PGlOO), has no
unexpected crossreactivity, and is safe and well
tolerated in vivo.87 



Table 6: mutagenic oligonucleotides. Oligonucleotides
used to introduce the mutations at amino acid
positions 29 and 37. Sense and antisense (rev)
oligonucleotides are listed. Table 7: The creation of
double mutants required 2 mutagenesis rounds. Below it
is listed which primer sets were used in step 1 and
step 2 respectively to come to the additional DI5D12
variants.88 Table 8. Expression data as measured by
quantitative ELISA. For each additional 5D12 variant
(29I-37V, 29V-37I, 29I-37L, 29V-37V, 29L-37L, 29V- 37L
and 29L-37V), together with ch5D12 (PGlOO), DI5D12 and
PG102 (I29L variant), the antibody concentration in
the harvested supernatant is shown.89 Table 9: Summary
of growth & productivity data of CHO cell lines in
CDACF fed-batch shake flask cultures90 Table 10:
GP-HPLC Analysis (including LMWC) ND=Not Detected
Table 11: GP-HPLC Analysis (IgG products only) ND=Not
Detected91 Table 12: Summary of calculated -log IC50
values for anti-idiotype-mediated inhibition of ch5D12
(PGlOO) and PG102 binding to JY cells. Data indicate
the mean  s.e. mean of n determinations. There was no
significant difference in the inhibitory potency of
the anti-idiotype with any of the antibody batches
tested (p>0.05, ANOVA followed by Tukey's test for
multiple comparisons).92 Table 13. Summary of
calculated -log half-maximal binding concentration
values for ch5D12 (PGlOO) and PG102 binding to human
CD40-Fc, as 



determined by ELISA. Data indicate the mean  s.e. mean
of n determinations. There was no significant
difference in the binding of any antibody batch tested
(p>0.05, ANOVAfollowed by Tukey's test for multiple
comparisons). For reference, a -log half-maximal
binding concentration of 7.45 corresponds to a
concentration of approximately 35 ng/ml (~ 200
pmol).93 Table 14: Summary of calculated -log
half-maximal binding concentration values for ch5D12
(PGlOO) and PG102 binding to JY cells expressing human
CD40, as determined by ELISA. Data indicate the mean
of duplicate determinations. For reference, a -log
half-maximal binding concentration of 7.45 corresponds
to a concentration of 35 ng/ml (~ 200 pmol).94
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Apolypeptide comprising an amino acid sequence 1 11 21
31 I I I I GFSX1S RYSVYWX2RQP PGKGX3 EWX4GM MWGGG
STDYS 41 51 61 



I I I TSLKS RLTIS KDTSK SQVX5L KMNSL RTDDT AMYYC 71
VRTDG DY wherein: X1 is G, A, V, L, I , P, F, M, W, C,
N, Q, S, T, Y, D, E, K, R or H; X2 is G, A, V, L, I ,
P, F, M,W, C, N, Q, S, T, Y, D, E, K, R or H; X3 is G,
A, V, L, I, P, F M, W, C, N, Q, S, T, Y, D, E, K, R or
H; X4 is G, A, V, L, I, P, F, M, W, C, N, Q, S, T, Y,
D E, K, R or H; and X5 is G, A, V, L, I , P, F, M, W,
C, N, Q, S, T, Y, D, E, K, R or H. 2. A polypeptide
according to claim 1 comprising an amino acid sequence
1 11 21 31 I I I I112 QVKLQ ESGPG LVKPS ETLSI TCTVS
GFSX1S RYSVYWX2RQP 41 51 61 71 I I I I PGKGX3 EWX4GM
MWGGG STDYS TSLKS RLTIS KDTSK 81 91 101 111 SQVX5L
KMNSL RTDDT AMYYC VRTDG DYWGQ GTTVT VSS. 3. A
polypeptide according to claim 1 or claim 2, wherein:
X1 is G, A, V, L, P, F, M, W, C, N, Q, S, T, Y, D, E,
K, R or H. 4. A polypeptide according to any one of
claims 1-3, wherein: 



X1 is G, A, V, L, P, F or M; X2 is G, A, V, L, I, P, F
or M; X3 is G, A, V, L, I, P, F, M; X4 is G, A, V, L,
I, P, F, M; and X5 is G, A, V, L, I, P, F, M, W, C, N,
Q, S, T or Y. 5. A polypeptide according to any one of
claims 1-4, wherein: X1 is G, A, V, L or M; X2 is G,
A, V, L, I or M; X3 is G, A, V, L, I , P, F, M; X is
G, A, V, L, I or M; and X5 is P, F,W, N, Q, S, T or Y.
6. A polypeptide according to claim 5, wherein: X1 is
L; X2 is I ; X3 is P; X4 is M; or X is S. 7. A
polypeptide according to claim 1 or claim 2,
wherein:113 X1 is V and X2 is V; 8. A polypeptide
according to claim 7, wherein X3 is P; X is M; and X5
is F or X5 is S, preferably S; 9. A polypeptide
according to any one of claims 1-7, wherein: 



X1 is L; X2 is V; X3is L; X is L and X5 is F. 10. A
polypeptide comprising amino acid sequence 1 11 I I
GFSX 1S RYSVY WX2R wherein: X1 is I and X2 is V. 11. A
binding body comprising a polypeptide according to any
one of claims 1- 10. 12. An antibody comprising a
polypeptide according to any one of claims 1-10. 13.
An antibody according to claim 12, comprising a
constant region of a human antibody, preferably an IgG
constant region. 14. An antibody according to claim 12
or 13, wherein said constant region is a region that
is deficient in complement activation, preferably
human IgG constant region or a mutated human
IgG1constant region.114 15. A nucleic acid encoding a
polypeptide according to any one of claims 1-10,
and/or a binding body according to claim 11, and/or an
antibody according to any one of claims 12-14. 16. A
cell comprising a polypeptide according to any one of
claims 1-10, a binding body according to claim 11,
and/or an antibody according to any one of claims
12-14 and/or a nucleic acid according to claim 15. 17.
An antagonistic anti-human CD40 monoclonal antibody
comprising a polypeptide according to any one of
claims 1-10. 



18. A deimmunized antagonistic anti-human CD40
monoclonal antibody according to claim 17. 19. An
antagonistic anti-human CD40 monoclonal antibody
according to claim 17 or claim 18 comprising an amino
acid sequence 1 11 21 31 I 1 I I X6LGX7X8ASISC RSSQS
LX9NSN GNTYL HWYLQ RPGQS 4 1 51 61 71 I 1 I I PRLLI
YKVSN RFSGV PDRFS GSGSG TDFTL KISRV EAEDX 10 81 91 I I
GVYX11C SQSTH VPWT wherein: X6 is N, Q, S, T, Y, W or
C; X7 is D, E, N, Q, S, T, Y, W or C; X8 is N, Q, S,
T, Y, G, A, V, L, I, P , F, M, W or C; X9 is G, A, V,
L, I , P, F, M; X10 is G, A, V, L, I , P, F, M; and115
X11 is N, Q, S, T, Y G, A, V, L, I, P, F,M,Wor C. 20.
An antagonistic anti-human CD40 monoclonal antibody
according to claim 19 comprising an amino acid
sequence 1 11 21 31 



I I I l ELQLT QSPLS LPVX6L GX7X8AS ISCRS SQSLX9 NSNGN
TYLHW 41 51 61 71 I I I I YLQRP GQSPR LLIYK VSNRF
SGVPD RFSGS GSGTD FTLKI 81 91 101 111 I I I l SRVEA
EDX10GV YX11CSQ STHVP WTFGG GTKLE IKR 21. An antibody
according to claim 19 or claim 20 wherein X6 is T or
S, X is D or Q, X8 is Q or P, X9 is V or A, X10 is V
or L and X11 is F or Y. 22. An antibody according to
any one of claims 19-21, wherein: X6 is T, X7 is Q, X8
is P, X9 is A, X10 is V and X11 is Y. 23. A cell
comprising an antibody according to any one of claims
19-22. 24. A cell according to claim 23, that produces
said antibody. 25. A cell according to claim 16, 23 or
claim 24, that is a hybridoma cell, a Chinese hamster
ovary cell, an NSO cell or a PER-C6(tm) cell. 26. A
cell according to claim 25 deposited under number ...,
at the ... collection. 27. A cell culture comprising a
cell according to any one of claims 23-26. 28. A
method for producing an antibody comprising culturing
a cell according to any one of claims 16, 23-26 and
harvesting said antibody from said culture. 29. An
antibody obtainable by a method according to claim
28.116 30. An antibody according to claim 29 that is
purified. 



31. A pharmaceutical composition comprising a
polypeptide according to any one of claims 1-10, a
binding body according to claim 11, an antibody
according to any one of claims 12-14, 17-22, 29 or 30,
a nucleic acid according to claim 15 and/or a cell
according to claim 16, 23-26. 32. A polypeptide
according to any one of claims 1-10, a binding body
according to claim 11, an antibody according to any
one of claims 12-14, 17-22, 29 or 30, a nucleic acid
according to claim 15 and/or a cell according to claim
16, 23-26 for use as a medicament. 33. Use of a
polypeptide according to any one of claims 1-10, a
binding body according to claim 11, an antibody
according to any one of claims 12-14, 17-22, 29 or 30,
a nucleic acid according to claim 15 and/or a cell
according to claim 16, 23-26 for the manufacture of a
medicament for ameliorating a symptom of an autoimmune
disorder and/or an inflammatory disorder and/or for
reducing graft rejection and/or for the treatment of
CD40 positive cancers. 34. Use according to claim 33,
wherein said autoimmune and/or an inflammatory
disorder is selected from the group of rheumatoid
arthritis, systemic lupus erythematosus, multiple
sclerosis, psoriasis, bullous pemphigoides and atopic
dermatitis. 35. Use according to claim 33, wherein
said autoimmune and/or an inflammatory disorder
comprises inflammatory bowel disease. 36. Use
according to claim 35, wherein said inflammatory bowel
disease comprises ulcerative colitis (UC) or Crohn
disease (CD). 37. A method for providing an individual
with an antibody comprising 



providing said individual with an antibody according
to any one of claims 12- 14. 17-22, 29 or 30. 38. A
method for selecting an anti-human CD40 antagonist
antibody comprising generating a first cell line that
produces an original anti-human CD40 antagonist
antibody and determining the amount of original
antibody117 that is produced by said first cell line,
said original antibody comprising the heavy chain
variable domain amino acid sequence 1 11 21 31 I I I I
QVKLQ ESGPG LVKPS ETLSI TCTVS GFSX1S RYSVYWX2RQP 41 51
61 71 I I I I PGKGP EWMGM MWGGG STDYS TSLKS RLTIS
KDTSK 81 91 101 111 I I I I SQVSL KMNSL RTDDTAMYYC
VRTDG DYWGQ GTTVT VSS wherein X1 and X2 are pair wise
selected from the group consisting of X1 = I and X2 =
V; X1 = L and X2 = I ;X1 = V and X2 = V; X1 = L and X2
= L; or X1 = L and X2 = V, said method further
comprising generating at least one further cell line
that produces a variant of said original antibody
wherein said variant antibody is a modified original
antibody comprising an insertion, deletion, inversion,
and/or substitution of between 



about 1 to 5 amino acids when compared to said
original antibody, wherein said modification does not
consist of a modification of the amino acids at the
position(s) identified by X1 and X2, and determining
the amount of variant antibody that is produced by
said at least one further cell line, said method
further comprising selecting a variant antibody that
was produced at an amount that was at least 50% of the
amount of original antibody. 39. A method according to
claim 38, wherein said original antibody comprises the
light chain amino acid sequence 1 11 21 31 I I I l118
ELQLT QSPLS LPV T L G Q P AS ISCRS SQSL A NSNGN TYLHW
41 51 61 71 1 1 1 1 YLQRP GQSPR LLIYK VSNRF SGVPD
RFSGS GSGTD FTLKI 81 91 101 111 I I I I SRVEAED V GV
YY CSQ STHVP WTFGG GTKLE IKR. 40. A method according
to claim 38 or 39, wherein said insertion, deletion,
inversion, and/or substitution of between about 1 to 5
amino acids is in said heavy chain amino acid sequence
or said light chain amino acid sequence when compared
to the corresponding chain amino acid sequence in said
original antibody. 41. A method according to claim 40,
wherein said insertion, deletion, inversion, 



and/or substitution of between about 1 to 5 amino
acids is in said heavy chain amino acid sequence when
compared to said heavy chain sequence of said original
antibody. 42. A method according to any one of claims
38-41, further comprising generating an antibody
producer cell line producing said selected antibody.
43. A method according to claim 42, further comprising
collecting said selected antibody. 44. An anti-human
CD40 antagonist antibody obtainable by a method
according to claim 43. 






