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(57) ABSTRACT 

The invention relates to the use of a Superagonistic mono 
clonal antibody (mAb), which is specific for a naturally 
costimulatory receptor expressed on T cells, or a mimicry 
compound thereto, for producing a pharmaceutical composi 
tion for the treatment of diseases occurring with lacking 
costimulability of T cells, in particular of the B-CLL. 
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USE OF AN ACTIVE SUBSTANCE BINDING 
TO CD28 FOR PRODUCING A 

PHARMACEUTICAL COMPOSITION FOR 
THE TREATMENT OF B-CLL 

STATEMENT OF RELATED APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 13/625,521, filed Sep. 24, 2012, now 
U.S. Pat. No. 9,119,840, which is a continuation of U.S. 
patent application Ser. No. 1 1/646,986, filed Dec. 28, 2006, 
which is a continuation of U.S. patent application Ser. No. 
10/988.207, filed Nov. 12, 2004, each of which is incorpo 
rated herein by reference in its entirety. 

FIELD OF THE INVENTION 

0002. The invention relates to the use of an active sub 
stance for producing a pharmaceutical composition for the 
treatment of chronic lymphocytic leukemia of the B-cell type 
(B-CLL). 

BACKGROUND OF THE INVENTION AND 
PRIOR ART 

0003 For understanding the invention, firstly the follow 
ing terminological background is important. The activation of 
resting T cells for proliferation and functional differentiation 
firstly requires the occupation of two Surface structures, So 
called receptors: 1. of the antigen receptor having a different 
specificity from cell to cell and being necessary for detecting 
antigens, for instance viral fission products; and 2. of the 
CD28 molecule equally expressed on all resting T cells with 
the exception of a sub-group of the CD8 T cells of man, the 
CD28 molecule naturally binding to ligands on the surface of 
other cells of the immune system. This is the “costimulation' 
of the antigen-specific immune reaction by CD28. In a cell 
culture, these processes can be simulated by occupation of the 
antigen receptor and of the CD28 molecule with suitable 
monoclonal antibodies (mAbs). In the classic system of 
costimulation, neither the occupation of the antigen receptor 
nor that of the CD28 molecule alone will lead to a T cell 
proliferation, the occupation of both receptors is however 
effective. This observation was made in T cells of humans, 
mouse and rat. 
0004. There are however also known CD28-specific 
mAbs that can initiate the T cell proliferation without 
costimulation. Such a Superagonistic, i.e. independent from 
the occupation of the antigen receptor, activation of resting T 
lymphocytes by CD28-specific mAbs is known in the art 
from the document Tacke et al., Eur. J. Immunol., 1997, 
27:239-247. According thereto, two types of CD28-specific 
monoclonal antibodies having different functional properties 
are described: costimulatory mAbs costimulating the activa 
tion of resting T cells only with simultaneous occupation of 
the antigen receptor; and Superagonistic mAbs, which can 
activate T lymphocytes of all classes in vitro and in the test 
animal for proliferation without occupation of the antigen 
receptor. From the documents DE 197 22 888 and PCT/ 
DE03/00890 are also known CD28-specific mAbs, which 
efficiently activate T lymphocytes in vitro as well as in vivo 
without TCR stimulation, i.e. which act "superagonistically”. 
The mabs, at least those, which are directed against human 
CD28, are also called SuperMAbs. 
0005. The chronic lymphatic leukemia of the B-cell series 
(chronic lymphocytic leukemia of the B-cell type, B-CLL) is 
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with an incidence of 3 per 100,000 inhabitants the most 
frequent leukemia of adults (Landis et al., 1999). The disease 
is characterized by a progressive accumulation of malignant 
monoclonal B lymphocytes in the blood, lymph nodes, liver 
and bone marrow. With progressing disease, the lymphocyte 
count in the blood will be increased, lymph nodes, liver and 
spleen will become enlarged, and an anemia and thrombocy 
topenia will occur (Caligaris-Cappio, 2000; Rozman and 
Montserrat, 1995). A curative therapy of the B-CLL is not 
possible at present. 
0006 To the main complications of the B-CLL belong 
infections, for which can be blamed, among other reasons, the 
T cell defects or low T cell counts to be observed in many 
patients (Cantwell et al., 1997: Scrivener et al., 2003). 
0007. A limited function can further also be found in the 
tumor cells themselves. The property of the B-CLLB cells, to 
act as antigen-presenting cells (APCs) and to thus be 
detected and eliminated by tumor-specific T cells, is substan 
tially limited. The reason for this, among others, is that 
B-CLL B cells do not express or only insufficiently express 
the natural CD28 ligands CD80 (=B7.1) and CD86 (=B7.2) at 
their cell surface. Thus the potentially tumor-specific T cells 
will obtain a single signal only for the interaction between the 
T cell receptor and MHC+tumor antigen and not the second 
costimulatory signal necessary for the full activation of a T 
cell. As a Summary, this indicates that the immune system of 
B-CLL patients obviously is not capable of eliminating the 
tumor cells by itself. 
0008. One approach for therapy aims for improving the 
APC function of the B-CLL B cells and thus reinforcing the 
anti-tumor immune response of the patient. Various working 
groups have already tried to specifically activate B-CLL B 
cells and to thereby induce the expression of costimulatory 
ligands. They were Successful in expressing, by gene transfer, 
the B cell stimulating CD40 ligand (CD40L) in the B-CLLB 
cells, and thus making possible the interaction between 
CD40L and the protein CD40 being present on all B cells 
(including the B-CLL B cells). The signal forwarded by 
CD40 into the cell interior led to the desired expression of the 
costimulatory ligand CD80 and CD86 (Kato et al., 1998: 
Wendtner et al., 2002). The leukemia cells thus modified 
could now in fact act in a more efficient way than APCs, and 
were now also eliminated—firstly in vitro—by autologous T 
cells (Kato et al., 1998). The in vivo gene transfer of CD40L 
was also effective: it led in the patients to an increase in the T 
cell count as well as to a reduction of the leukemic cells 
(Wierda et al., 2000). This therapeutic approach does not 
influence, however, the above mentioned T cell defects of the 
B-CLL disease. 

0009. In the following is shown the bibliography of the 
above scientific literature. Caligaris-Cappio, F. Rev Clin Exp 
Hematol 4, 5-21 (2000); Cantwell, M. et al., Nat Med 3, 
984-989 (1997); Kato, K. et al., J. Clin Invest 101, 1133-1141 
(1998); Landis, S. H. et al., CA Cancer JClin 49,8-31 (1999); 
Rozman, C. et al., N Engl J Med 333, 1052-1057 (1995); 
Scrivener, S. et al., Leuk Lymphona 44, 383-389 (2003); 
Wendtner, C. M. et al., Blood 100, 1655-1661 (2002); 
Wierda, W. G. et al., Blood 96, 2917-2924 (2000). 

TECHNICAL OBJECT OF THE INVENTION 

0010. It is the technical object of the invention to provide 
a pharmaceutical composition, by means of which B-CLL 
can be treated, and whereby simultaneously the immune sys 
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tem weakened by the disease, in particular the T cell-medi 
ated cellular immunity, is generally improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011 FIG. 1 is a schematic representation of a dot-dot 
analysis showing B-CLL T Cell expansion upon induction 
with SuperMAB. 
0012 FIG. 2 is a schematic representation of a histogram 
showing the expression of CD40L on T cells as a function of 
cell count. 
0013 FIG.3 are schematic representations of histograms 
showing the expression of B7.1 and B7.2 on B-CLL B cells. 
0014 FIG. 4 is a graphical representation showing the 
proliferation of SuperMAB B-CLL B cells and not-Su 
perMAB-pretreated B-CLL B Cells. 
0015 FIGS.5A, 5B and 5C are graphical representations 
showing the effect of SuperMAB pretreatment on activation 
and proliferation of autologous T cells. 
0016 FIG. 6. is a diagrammatic representation showing T 
cell proliferation as measured by the incorporation of 3H 
thymidine. 
0017 FIG. 7 is a diagrammatic representation showing 
stimulation cells cultivated with autologous cells in the pres 
ence of the cytokine, Interleukin 2. 
0018 FIG. 8 is a diagrammatic representation of the 
mechanism for the use of SuperMAB to activate tumor-spe 
cific autologous T cells and to induce an elimination of tumor 
cells by an induction of costimulatory proteins on the Surface 
of the antigen-presenting B-CLL B cells. 
0019 FIGS. 9A and 9B show the amino acid sequence of 
the heavy and light chains, respectively, of the monoclonal 
antibody, TGN1412. 
0020 FIGS. 9C and 9D are nucleotide sequences of 
cDNAs coding for the heavy and light chain, respectively, of 
the monoclinal antibody, TGN1412, inserted into plasmids 
pLNOH and pLNOK. 

BASICS OF THE INVENTION AND PREFERRED 
EMBODIMENTS 

0021 For achieving this technical object, the invention 
teaches the use of a Superagonistic monoclonal antibody 
(mAb), which is specific for a naturally costimulatory recep 
tor expressed on resting T cells, in particular a CD28, CTLA 
4, ICOS or PD1-specific superagonistic mAb, or a mimicry 
compound thereto, for producing a pharmaceutical composi 
tion for the treatment of diseases lacking costimulability of T 
cells, in particular of chronic lymphocytic leukemia of the 
B-cell type (B-CLL). Other diseases lacking costimulability 
of T cells are for instance agammaglobulinemia, selective 
immunoglobulin deficiencies, such as selective IgA defi 
ciency, common variable immunodeficiencies (CVID), dis 
eases, where compared to Solid tumors such as lung carci 
noma, the capability of tumor-specific T cells is limited due to 
the lack of expression of costimulatory ligands on tumor 
cells, to cytotoxically react against the tumor cells, and where 
T cells are made capable, by Superagonistic CD28 stimula 
tion, to cytotoxically react. 
0022. The invention is based on the finding that with the 
use of the mab's according to the invention a double effect so 
to speak is obtained. On the one hand, normal T cells, which 
are repressed because of the disease, are activated or 
expanded. Thereby, often highly critical infections can be 
prevented or reduced in the course of the disease. Simulta 
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neously, the body-own immune system is excited to eliminate 
the B-CLL B cells normally not or only weakly attacked by 
tumor-specific T cells. This is achieved in that the B-CLLB 
cells are activated to present a costimulatory ligand not nor 
mally expressed by them. Thus, the body-own tumor-specific 
T cells reliant upon such a signal are able to effectively attack 
the B-CLL B cells. 
0023. An mAb according to the invention can, for 
instance, be produced by immunizing a non-human mammal 
with CD28 or a partial sequence thereof, for instance the C-D 
loop, wherein from the non-human mammal cells are taken, 
and from the cells hybridoma cells are produced, and wherein 
the thus obtained hybridoma cells are selected such that there 
are contained mAbs Superagonistically binding to CD28 in 
their culture Supernatant. However, other common methods 
for obtaining corresponding mAbs can also be used, such as 
phage display or human-Ig transgenic mice. Suitable mab's 
can also be produced by that B lymphocytes are selected, 
which superagonistically bind to CD28 or its C-D loop, and 
its expressed immunoglobulin genes are cloned. For ICOS, 
CTLA-4 and PD1 corresponding considerations apply. 
0024. In principle, the mab's used according to the inven 
tion may also be antibodies derived from the described 
mAbs, such as chimeric or genetically humanized antibod 
ies 
0025. An active substance according to the invention 
binds to CD28, CTLA-4, ICOS or PD1, in particular CD28 or 
ICOS, or to a partial sequence therefrom. The CD28 partial 
sequence may for instance contain an amino acid sequence 
SEQID NO: 1, or 2-7, or 17, which is located at least in part 
in the region of the C-D loop of CD28. At one of the 
sequences with Val at the 5' terminal, one or several amino 
acids of the sequence 8 may be connected in the order defined 
there. The loop is in the region with the sequence 
GNYSQQLQVYSKTGF. The binding may however also 
take place at other partial sequences of the region of the C-D 
loop, and reference is made to the definition of the region of 
the C-D loop. There are for instance also mentioned possible 
sequences from CTLA-4, ICOS and PD1. 
0026. Mimicry compounds according to the invention can 
be identified in a screening method, wherein a prospective 
mimicry compound or a mixture of prospective mimicry 
compounds are subjected to a binding assay with CD28, 
CTLA-4, ICOS or PD1 or to a partial sequence therefrom, for 
instance, as mentioned above, and wherein active substances 
binding to CD28, CTLA-4, ICOS, or PD1 or to the partial 
sequence therefrom are selected, if applicable followed by an 
assay for testing for Superagonistic stimulation of several to 
all Sub-groups of the T lymphocytes. In the case of a mixture, 
it will be suitable to perform a deconvolution. Among the 
selected mimicry compounds, so to speak a ranking accord 
ing to the selectivity and/or affinity may take place, with 
highly affinitive active substances being preferred. 
0027. The mab may, for instance, be obtained from hybri 
doma cells, as filed under the DSM numbers DSMACC2531 
(mAb: 9D7 or 9D7G3H11) or DSMACC2530 (mAb: 5.11A 
or 5.11A1C2H3). The mAb or the mimicry compound pref 
erably contains one or several sequences SEQID NOS: 9, 11, 
13 and/or 15, or one or several sequences SEQID NOS: 10, 
12, 14 and/or 16, or one or several sequences 18 and/or 19, or 
sequences being homologous thereto. 
(0028. Another mAb TGN1412 with improved properties 
suitable for the purpose of the invention contains as the vari 
able region of the heavy chain (VHC) the amino acid 
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sequence of FIG. 9a and as the variable region of the heavy 
chain the amino acid sequence of FIG.9b. The leader peptides 
cited in FIGS. 9a and 9b are irrelevant for the function of the 
mAb and solely serve for making the passage of the antibod 
ies through the cell membrane easier. The variants of the C 
terminus shown in the figures do not lead to a change in the 
function of the antibodies. 

0029. The invention further relates (among other coun 
tries, for the U.S.A.) to a method for the treatment of in 
particular B-CLL, wherein either to a patient is administered 
a pharmaceutical composition comprising a Superagonistic 
monoclonal antibody used according to the invention or a 
mimicry compound thereto and galenically prepared for a 
defined and employed dosage form, for instance IV injection, 
or from a patient is taken a body liquid (cell Suspension), in 
particular blood, comprising T lymphocytes and/or forerun 
ner cells thereto, the body liquid, if applicable after a prepa 
ration step, is reacted with a Superagonistic monoclonal anti 
body used according to the invention or a mimicry compound 
thereto, and the thus treated body liquid is again administered 
to the patient, for instance IV injected. 
0030. It may be advisable, prior to the treatment, to take a 
blood sample from a patient diseased with B-CLL, to culti 
vate in vitro PBMC's included therein, to incubate the culture 
with mAbs used according to the invention, and to determine 
the activation of T cells and/or the elimination or reduction of 
B-CLL B cells. With regard to a possible determination 
method, reference, for instance, is made to the embodiments, 
of course other usual determination methods and the means 
used therefor are also suitable. In so far, the invention also 
comprises a test kit for testing for the therapeutic effectivity of 
a prospective treatment of B-CLL with a pharmaceutical 
composition according to the invention with the following 
components: i) means for PBMC cultivation in vitro; ii) a 
preparation comprising mAbs according to the invention in a 
physiologically effective dose; iii) means for determining the 
T cell counts or the activation and/or means for determining 
the B-CLL B cell counts. 

0031. The administered daily dose for the indication 
B-CLL may be in the range of 0.1 to 50, preferably 1 to 10 
mg/kg body weight. 
0032. The invention finally relates to a method for reduc 
ing (in vivo) B-CLL B cells and expanding T cells in a liquid 
containing normal T cells, B cells and B-CLL B cells, 
wherein by interaction of the normal T cells present in the 
liquid with a Superagonistic mAb used according to the inven 
tion or a mimicry compound thereto, the normal T cells are 
activated or expanded, and wherein by interaction of the 
B-CLL T cells present in the liquid with the superagonistic 
CD28-specific mAb or the mimicry compound thereto or a 
Superagonistic mAb different therefrom or a mimicry com 
pound different therefrom are activated to the expression of a 
CD40 ligand and if applicable expanded, wherein the acti 
vated or expanded B-CLL T cells carrying CD40 ligands 
induce the expression of CD86 and/or CD80 in B-CLLB cells 
carrying CD40, wherein autologous tumor-specific T cells 
are costimulatorily activated or expanded by the B-CLL B 
cells carrying CD86 and/or CD80, and wherein the activated 
tumor-specific T cells eliminate the B-CLL B cells. 

DEFINITIONS 

0033 Monoclonal antibodies (mAbs) are antibodies, 
which are produced by hybrid cell lines (so-called hybrido 
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mas) typically generated by fusion of a B cell of animal or 
human origin producing antibodies with a Suitable myeloma 
tumor cell. 

0034. The amino acid sequence of human CD28 is known 
under the accession No. NM 006139. The amino acid 
sequence of human CTLA-4 is known under the accession 
No. L15006. The amino acid sequence of human ICOS is 
known under the accession No. AJ277832. The amino acid 
sequence of human PD1 is known under the accession No. 
U64863. 

0035. The C-D loop of CD28 comprises the amino acids 
43 to 70, in particular 52 to 66 of the above CD28 sequence 
(for numbering see also Ostrov, D.A., et al.; Science (2000), 
290:816-819). The term C-D loop will in the following also 
include any partial sequences therefrom. The term region of 
the C-D loop comprises in addition to or in lieu of the C-D 
loop spatially adjacent regions of the CD28. These are 
according to the above numbering system in particular the 
amino acids 78 (Tyr) to 87 (Thr). With regard to partial 
sequences in CTLA-4, ICOS and PD1 corresponding to the 
CD28 C-D loop, reference is made to the document DE-101 
60516 A1, in particular FIG. 7 and text belonging thereto and 
sequence information given there. 
0036) A loop or a binding site arranged therein is freely 
accessible, if for a defined binding partner for the binding site 
in the loop there is no steric hindrance by the sequences or 
molecules following to the loop. 
0037 Activation and/or expansion of T cells is the 
increase of metabolic activity, enlargement of the cell vol 
ume, synthesis of immunologically important molecules, 
such as CD40 ligand, and initiation of the cell division (pro 
liferation) upon an external stimulus. As a result, there are 
more T cells after the activation or expansion than before. 
0038 Homology is at least 70%, preferably at least 80%, 
most preferably at least 90% sequence identity on a protein 
level, a homologous protein or peptide binding a defined 
binding partner with at least identical affinity. Deviations in 
the sequence may be deletions, Substitutions, insertions and 
elongations. 
0039. A mimicry compound is a natural or synthetic 
chemical structure behaving in a defined binding assay as a 
defined mAb mimicried by the mimicry compound. 
0040. The term “mabs' comprises, in addition to struc 
tures of the conventional Fab/Fc type, also structures exclu 
sively consisting of the Fab fragment. It is also possible to use 
the variable region only, the fragment of the heavy chains 
being connected with the fragment of the light chain in a 
Suitable manner, for instance also by means of synthetic 
bridge molecules. The term antibody also comprises (possi 
bly complete) chimeric and genetically humanized antibod 
1CS 

0041 Superagonistic stimulation of the proliferation of 
CD28-specific T cells means that no costimulation, i.e. no 
further binding event in addition to a binding of an mAb or of 
a mimicry compound to CD28 is necessary for the stimula 
tion or inhibition of the proliferation. 
0042. In the following, the invention is explained in more 
detail with reference to embodiments representing examples 
only. 
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Example 1 
SuperMAB Induces the In Vitro Expansion of 

B-CLL T Cells 

0043. In a first experiment, peripheral mononuclear cells 
were isolated from the blood (PBMC's) of a B-CLL patient, 
and 2x105 cells each were cultivated in 96-well microtiter 
plates at 37° C. either in medium only or in the presence of 
SuperMAB (0.5ug/ml in solution). After four days, the total 
cell count was determined in the Neubauer counting chamber. 
Further, the cells were incubated with fluorescence-marked 
monoclonal antibodies with specificity for CD19 (B cell 
marker) and CD5 (expressed on B-CLL B cells and T cells) 
and analyzed in the FACS. FIG. 1 shows a so-called dot blot 
analysis. Every dot represents an analyzed cell and is local 
ized according to the expression of CD19 (x axis) and CD5 (y 
axis). R1 marks the population of the T cells (CD19-CD5+). 
R2 the population of the B-CLL B cells (CD19+CD5+). FIG. 
1 shows that SuperMAB is capable to induce a massive 
expansion of the B-CLL T cells. Whilst in the processes “ex 
Vivo” and “medium the T cells represent only 3% and 8%, 
resp., of the total population, this portion increased in the 
SuperMAB-treated cells to 47%. The analysis of the total cell 
counts showed that this is not only a relative, but also an 
absolute increase of T cells. Starting from 6x103T cells/well 
(ex vivo) or 1.1 x 104 T cells/well (medium), resp., the addi 
tion of SuperMAB to the culture led to an increase to 7.4x 
104 T cells/well. In the SuperMAB cultures, not only a 
proliferation of the tumor cells could be avoided, but also a 
reduction of these cells by approx. 50% could be achieved. 
0044. In further experiments, it was investigated now 
whether the expansion of the T cells induced by SuperMAB is 
also accompanied by qualitative changes, and can at last 
strengthen the immune response in B-CLL patients. 

Example 2 
SuperMAB Induces the Expression of the B 

Cell-Stimulating CD40 Ligand on the Surface of 
B-CLL T Cells 

0045. In earlier experiments it could already be shown that 
SuperMAB is capable to induce the expression of the B 
cell-stimulating CD40 ligand. It was now of interest whether 
this is also possible for T cells of B-CLL patients, and whether 
thus B-CLL B cells can be activated by a CD40L-CD40 
interaction (see above). As described above, PBMCs of a 
B-CLL patient were cultivated in the presence or the absence 
of SuperMAB and stained after one day with a fluorescence 
marked antibody with specificity for CD40L. FIG. 2 shows a 
so-called histogram, in which the expression of CD40L on the 
T cells (x axis: since PBMC's are a mixed culture, the T cells 
were limited before by a so-called “electronic gate') is shown 
as a function of the cell count (y axis). Compared to cells, 
which are only cultivated in medium, the T cells of the 
SuperMAB-treated culture showed a clearly stronger expres 
sion of CD40L. Thus, in principle the conditions are met that 
the T cells now expressing CD40L interact with the CD40 on 
the B-CLL B cells, and can thus induce the expression of 
costimulating ligands on these cells. 

Example 3 
SuperMAB Induces the Expression of the 

Costimulating Ligand B7.2 on B-CLLB Cells 
0046 PBMC's of a B-CLL patient were cultivated as 
described above and stained after 4 days with fluorescence 
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marked monoclonal antibodies with specificity for B7.1 and 
B7.2. The histograms in FIG.3 show the expression of these 
two proteins on the B-CLL B cells: whilst SuperMAB only 
moderately induced B7.1 on these cells (histograma), it could 
drastically increase the expression of B7.2 (histogram b). In 
order to be able to show that the induction of B7.2 is the 
consequence of the expression of CD40L on SuperMAB 
treated T cells shown in FIG. 2, in an additional process a 
blocking antibody (10 ug/ml) with specificity for CD40L was 
given into the cultures. As a consequence of its ability to block 
the interaction between CD40L and CD40, thus the induction 
of B7.2 on B-CLL B cells should also be prevented. The 
drastically reduced expression of B7.2 in the thus treated cells 
(histogram d) in fact shows that the blocking of CD40L 
prevents the induction of B7.2 on B-CLL B cells. This result 
thus provided the indirect proof that CD40L-expressing T 
cells activated by SuperMAB interact with CD40 on the sur 
face of B-CLLB cells and can therefore induce the expression 
of costimulating proteins. 

Example 4 

SuperMAB Improves the Antigen-Presenting 
Function of B-CLLB Cells (Allogeneic Mixed 

Lymphocyte Culture) 

0047. The decisive question whether the expression of 
costimulatory ligands on the B-CLL B cells also occurs with 
an improved antigen-presenting function, can only be 
answered by functional tests: in the mixed lymphocyte cul 
ture, T cells of a person (responder cells) are cultivated 
together with so-called stimulator cells. The stimulator cells 
are mitomycin C-treated cells of a second not related person 
(Fallogeneic donor), which differs in the expression pattern 
of the genes of the major histocompatibility complex (MHC) 
from the first person. The T cells detect the foreign MHC 
proteins together with the costimulating ligands on the Sur 
face of the stimulator cells and are excited to proliferation 
(because of mitomycin C treatment, the stimulator cells can 
not divide anymore). After four days, the T cell proliferation 
is measured by the incorporation of 3H thymidine (see FIG. 
6). For answering the question, PBMC's of B-CLL patients 
were isolated and cultivated in medium or with SuperMAB 
(see above). After four days, the B-CLL B cells were sepa 
rated from these cultures by magnetic separation, incubated 
with mitomycin C (60 ug/ml) for 1 hat 37°C., and served then 
as stimulator cells in the Subsequent mixed lymphocyte cul 
ture: For this purpose, 1x104 stimulator cells were cultivated 
four five days with 4x104 T cells of an allogeneic donor 
(responder cells), and the proliferation of the T cells was 
measured by the incorporation of 3H thymidine during the 
last 16 h (see FIG. 6). FIG. 4 shows that not-SuperMAB 
pretreated B-CLL B cells (processes medium/ex vivo) can 
only cause a very weak proliferation of the indicator cells, 
which could substantially, i.e. by at least the factor 2, be 
increased by the addition of SuperMAB (process 
SuperMAB). By the addition of blocking monoclonal anti 
bodies with specificity for B7.1 and B7.2 (5 ug/ml each; 
process SuperMAB+anti CD80/86), the proliferation could 
be reduced nearly to the level of the cells pretreated in the 
medium. As a Summary can be said that these results make 
obvious that SuperMAB improves the antigen-preventing 
function of the B-CLL B cells by induction of the costimula 
tory proteins B7.1 and B7.2. 
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Example 5 

SuperMAB Improves the Antigen-Presenting 
Function of B-CLLB Cells (Autologous Mixed 

Lymphocyte Culture) 

0048. The aim of the immune therapy for B-CLL patients 
is to activate autologous (i.e. originating within the body 
itself) tumor-specific T cells by improving the antigen-pre 
senting function of the B-CLLB cells and to thus permit them 
to eliminate tumor cells (i.e. B-CLLB cells). By means of the 
so-called autologous mixed lymphocyte culture, the question 
was investigated whether SuperMAB has such properties. For 
this purpose, again PBMC's of a B-CLL patient were isolated 
and cultivated in medium or in presence of SuperMAB. The 
FACS analysis showed in this experiment, too, an induction 
of B7.1 and in particular B7.2 in the SuperMAB-treated 
B-CLL B cells. After three days the B-CLL B cells were 
isolated from these cultures by magnetic separation, treated 
with mitomycin Cand then used as antigen-presenting stimu 
lator cells in the following autologous mixed lymphocyte 
culture: 1x104 stimulator cells were cultivated with 1x105 
autologous T cells (responder cells) in the presence of the 
cytokine Interleukin 2, in order to answer the following ques 
tions (FIG. 7). 
0049 Are B-CLL B cells from the SuperMAB process 
capable to activate autologous T cells and drive them to pro 
liferation? The test system was here the 3H thymidine incor 
poration. Result: compared to the medium/ex vivo processes, 
the proliferation of the autologous T cells could be increased 
by a factor of 4, because of the pretreatment with SuperMAB 
(FIG. 5A). 
0050 Can the thus activated T cells produce the cytokine 
interferon-gamma'? Interferon-gamma is produced, among 
other sources, by so-called effector T cells. To the effector T 
cells belong the cytotoxic T lymphocytes, which are capable 
to eliminate tumor cells. The concentration of interferon 
gamma in the cell culture Supernatant was determined by 
means of ELISA. Result: whereas in the processes medium/ 
ex vivo practically no interferon-gamma was produced, the 
responder T cells from the SuperMAB process could obvi 
ously be excited to the synthesis of this cytokine (FIG. 5B). 
0051 Are the activated T cells capable to eliminate autolo 
gous tumor cells? For answering this question, 3x104 
responder T cells (effector T cells in question) were isolated 
on day 8 of the mixed lymphocyte culture and cultivated for 3 
hours with 1.5x104 freshly isolated B-CLL B cells (-target 
cells). Then the incubation with the protein annexin V and a 
monoclonal antibody with specificity for CD19 took place. 
By annexin V, to which a fluorescence dye is coupled, apop 
totic cells (these are cells, which have died because of a 
programmed cell death) can be analyzed by flow cytometry. 
An induction by treatment with SuperMAB of potent tumor 
specific effector T cells and an increased death of tumor cells 
resulting therefrom should therefore be accompanied by an 
increase of the percentage of annexin V-positive cells in the 
FACS analysis. Result: in this test, too, the SuperMAB pro 
cess showed the best result: in the processes medium/ex vivo, 
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about 12% of the target cells (=CD19+ tumor cells) could be 
stained with annexin V, in the SuperMAB process however 
more than 25% (FIG.5C). 
0052. Obviously, by the use of SuperMAB, it is possible to 
activate tumor-specific autologous T cells and to induce an 
efficient elimination of the tumor cells. Presumably, the rea 
son for this is an induction of costimulatory proteins on the 
surface of the antigen-presenting B-CLL B cells. The pos 
sible mechanism is diagrammatically shown in FIG. 8. 

Example 6 

Production of a Monoclonal Antibody TGN1412 
According to the Invention 

0053. In the following, the production of a monoclonal 
antibody TGN1412 according to the invention is described, 
which consists of the amino acid sequences of the light and 
heavy chains cited in FIGS. 9a and 9b. 
0054. The DNA molecules cited in FIGS. 9c and 9d were 
synthesized in a way usual in this technology. The obtained 
cDNAs, respectively coding for the heavy and the light chain 
of the monoclonal antibody as indicated, were inserted into 
plasmids plNOH and pLNOK. With regard to the method in 
detail, the plasmids and the interfaces, reference is made to 
the document Norderhaug et al., Journal of Immunological 
Methods, 204:77-87 (1997). 
0055 With the respective plasmids, E. coli cells were 
transformed. The transformed E. coli cells were multiplied, 
and the respective plasmids were obtained therefrom to a 
larger scale. 
0056. With the obtained respective plasmids, comprising 
the DNA information for the complete heavy or light chain, 
COST cells were transiently cotransfected, and CHO and 
NSO cells were stably cotransfected. The cotransfection was 
made in a usual way with Lipofectamine (Invitrogen) or 
Effectene (QIAGEN) according to the respective manufac 
turers instructions. 

0057 The obtained transfected cells were cultivated in 
standard culture medium in CO2 incubators (5% CO2) at 37° 
C. in T flasks and roller bottles. Stably transfected cells, 
which express the intact antibody, were selected by means of 
G418 and hygromycin B selection. Stable transformants were 
then subcloned and further cultivated. 

0.058 Cell culture supernatants with secreted antibodies 
were analyzed by means of activity assays, binding assays 
(FACS analysis), SDS-PAGE and Western blotting. 
0059 For purification, cell culture supernatants were 
guided over a protein A or protein G column, in order to 
specifically bind the desired antibodies. Bound antibodies 
were eluted with acidic buffer (0.1 M glycin, pH 3.0-3.4) and 
then neutralized with 1 M Tris (pH 8.0). The thus purified 
antibodies were dialyzed against PBS buffer and concen 
trated up according to requirements by means of membrane 
filtration, if applicable. The obtained antibodies were then 
used for proliferation assays, activity assays, binding assays 
(FACS analysis for binding to CD28-positive cells), ELISA, 
SDS-PAGE and Western blotting. 
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SEQUENCE LISTING 

<16O is NUMBER OF SEO ID NOS: 28 

<210s, SEQ ID NO 1 
&211s LENGTH: 6 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Human CD28 partial sequence 

<4 OOs, SEQUENCE: 1 

Val Tyr Ser Lys Thr Gly 
1. 5 

<210s, SEQ ID NO 2 
&211s LENGTH: 4 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Human CD28 partial sequence 

<4 OOs, SEQUENCE: 2 

Tyr Ser Lys Thr 
1. 

<210s, SEQ ID NO 3 
&211s LENGTH: 5 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Human CD28 partial sequence 

<4 OOs, SEQUENCE: 3 

Tyr Ser Lys Thr Gly 
1. 5 

<210s, SEQ ID NO 4 
&211s LENGTH: 5 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Human CD28 partial sequence 

<4 OOs, SEQUENCE: 4 

Val Tyr Ser Lys Thr 
1. 5 

<210s, SEQ ID NO 5 
&211s LENGTH: 6 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Human CD28 partial sequence 

<4 OOs, SEQUENCE: 5 

Tyr Ser Lys Thr Gly Phe 
1. 5 

<210s, SEQ ID NO 6 
&211s LENGTH: 7 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Human CD28 partial sequence 

<4 OOs, SEQUENCE: 6 

Jan. 21, 2016 
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- Continued 

Val Tyr Ser Lys Thr Gly Phe 
1. 5 

<210s, SEQ ID NO 7 
&211s LENGTH: 5 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Human CD28 partial sequence 

<4 OO > SEQUENCE: 7 

Ser Lys Thr Gly Phe 
1. 5 

<210s, SEQ ID NO 8 
&211s LENGTH: 8 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Human CD28 partial sequence 

<4 OOs, SEQUENCE: 8 

Gly Asn Tyr Ser Glin Gln Lieu. Glin 
1. 5 

<210s, SEQ ID NO 9 
&211s LENGTH: 321 
& 212 TYPE DNA 
<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: mab 9D7 partial sequence 

<4 OOs, SEQUENCE: 9 

gatat coaga cacacagac tacatcct co cqttctgcct citctgggaga cagagt cacc 6 O 

atcagttgca gggcaggt cagga cattagt aattatttaa actggitatica gcagaalacca 12 O 

gatggaactg ttaagctic ct gatctactac acatcaagat tacacticagg agt cocatca 18O 

aggttcagtg gcagtgggtc taacagat tatt Ctctica C cattagcaa Cctggagcaa. 24 O 

gaagat attg C cactt actt ttgccaac agggit catacgc titc.cgtggac gttcggtgga 3OO 

ggcaccalagc tiggaaatcaa a 321 

<210s, SEQ ID NO 10 
&211s LENGTH: 107 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: mab 5.11A partial sequence 

<4 OOs, SEQUENCE: 10 

Asp Ile Glin Thr Thr Glin Thir Thr Ser Ser Leu Ser Ala Ser Leu Gly 
1. 5 1O 15 

Asp Arg Val Thir Ile Ser Cys Arg Ala Gly Glin Asp Ile Ser Asn Tyr 
2O 25 3O 

Lieu. Asn Trp Tyr Glin Glin Llys Pro Asp Gly Thr Val Llys Lieu. Lieu. Ile 
35 4 O 45 

Tyr Tyr Thr Ser Arg Lieu. His Ser Gly Val Pro Ser Arg Phe Ser Gly 
SO 55 6 O 

Ser Gly Ser Gly Thr Asp Tyr Ser Lieu. Thir Ile Ser Asn Lieu. Glu Gln 
65 70 7s 8O 
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- Continued 

Glu Asp Ile Ala Thr Tyr Phe Cys Glin Glin Gly His Thr Lieu Pro Trp 
85 90 95 

Thr Phe Gly Gly Gly Thr Lys Lieu. Glu Ile Llys 
1OO 105 

<210s, SEQ ID NO 11 
&211s LENGTH: 363 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: mab 9D7 partial sequence 

<4 OOs, SEQUENCE: 11 

gatgtgcagc titcaggagtic gggacctggc Ctggtgaaac Cttct cagtic tictgtcc ct c 6 O 

acctgcactg. t cactggcta ct caat cacc agtgattatg cctggaactg gatcc.ggcag 12 O 

titt C caggaa acaaactgga gtggatgggc tacataagat acagtgg tag tactagotac 18O 

aatc catc to tcaaaagt cq aatct citatc act cqagaca catccaagaa ccagttcttic 24 O 

Ctgcagttga attctgttgac tactgaggac acagccacat attactgtgc aagagattgg 3OO 

cc.gc.gaccga gct actggta Ctt.cgatgtc. toggcgcag ggaccacggit Caccgt.ct cc 360 

toa 363 

<210s, SEQ ID NO 12 
<211 LENGTH: 121 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: mab 5.11A partial sequence 

<4 OOs, SEQUENCE: 12 

Asp Val Glin Lieu. Glin Glu Ser Gly Pro Gly Lieu Val Llys Pro Ser Glin 
1. 5 1O 15 

Ser Leu Ser Lieu. Thr Cys Thr Val Thr Gly Tyr Ser Ile Thr Ser Asp 
2O 25 3O 

Tyr Ala Trp Asn Trp Ile Arg Glin Phe Pro Gly Asn Llys Lieu. Glu Trp 
35 4 O 45 

Met Gly Tyr Ile Arg Tyr Ser Gly Ser Thr Ser Tyr Asn Pro Ser Lieu. 
SO 55 6 O 

Lys Ser Arg Ile Ser Ile Thr Arg Asp Thr Ser Lys Asn Glin Phe Phe 
65 70 7s 8O 

Lieu Gln Lieu. Asn Ser Val Thr Thr Glu Asp Thr Ala Thr Tyr Tyr Cys 
85 90 95 

Ala Arg Asp Trp Pro Arg Pro Ser Tyr Trp Tyr Phe Asp Val Trp Gly 
1OO 105 11 O 

Ala Gly. Thir Thr Val Thr Val Ser Ser 
115 12 O 

<210s, SEQ ID NO 13 
&211s LENGTH: 360 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: mab 9D7 partial sequence 

<4 OOs, SEQUENCE: 13 

Cagg to Caac to agcagtic cqgacctgag Ctggtgaagc C9ggacttic agtgaggatt 6 O 
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- Continued 

t cct gcgagg Cttctggcta Cacct tcaca agctactata tacactgggit gaalacagagg 12 O 

Cctgga Cagg gaCttgagtggattggatgt atttatcctg gaaatgtcaa tactalactat 18O 

aatgagaagt toaaggacaa gogo cacactg attgtagaca catcc to caa cactgcc tac 24 O 

atgcagctica gcagaatgac citctgaggac totg.cggtct atttctgtac aagat cacac 3OO 

tacggcct c actggaactt catgtctgg ggcgcaggga ccacggt cac ct ct cotca 360 

<210s, SEQ ID NO 14 
&211s LENGTH: 120 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: mab 5.11A partial sequence 

<4 OOs, SEQUENCE: 14 

Glin Val Glin Leu Gln Glin Ser Gly Pro Glu Lieu Val Llys Pro Gly Thr 
1. 5 1O 15 

Ser Val Arg Ile Ser Cys Glu Ala Ser Gly Tyr Thr Phe Thr Ser Tyr 
2O 25 3O 

Tyr Ile His Trp Val Lys Glin Arg Pro Gly Glin Gly Lieu. Glu Trp Ile 
35 4 O 45 

Gly Cys Ile Tyr Pro Gly Asn Val Asn Thr Asn Tyr Asn Glu Lys Phe 
SO 55 6 O 

Lys Asp Lys Ala Thr Lieu. Ile Val Asp Thir Ser Ser ASn Thr Ala Tyr 
65 70 7s 8O 

Met Glin Leu Ser Arg Met Thir Ser Glu Asp Ser Ala Val Tyr Phe Cys 
85 90 95 

Thir Arg Ser His Tyr Gly Lieu. Asp Trp Asn. Phe Asp Val Trp Gly Ala 
1OO 105 11 O 

Gly. Thir Thr Val Thr Val Ser Ser 
115 12 O 

<210s, SEQ ID NO 15 
&211s LENGTH: 321 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: mab 9D7 partial sequence 

<4 OOs, SEQUENCE: 15 

gacatccaga tigaaccagtic ticcatccagt ctdtctgcat coctitggaga cacaattacc 6 O 

at cacttgcc atgccagtica aaa catttat gtttggittaa actgg tacca gcaga aacca 12 O 

ggaaat attc ctaaact citt gatctataag gottcca acc tdcacacagg cqtcc catca 18O 

aggtttagtg gcagtggat.c tdgaacaggc titcac attaa C catcagcag cctgcagcct 24 O 

gaagacattg C cactt acta Ctgtcaiacag ggtcaaactt atc.cgtacac gttcggaggg 3OO 

gggaccalagc tiggaaataaa a 321 

<210s, SEQ ID NO 16 
&211s LENGTH: 107 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: mab 5.11A partial sequence 

<4 OOs, SEQUENCE: 16 
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- Continued 

Asp Ile Gln Met Asn Glin Ser Pro Ser Ser Lieu. Ser Ala Ser Lieu. Gly 

Asp Thir Ile Thr Ile Thr Cys His Ala Ser Glin Asn Ile Tyr Val Trp 
2O 25 3O 

Lieu. Asn Trp Tyr Glin Glin Llys Pro Gly Asn. Ile Pro Llys Lieu. Lieu. Ile 
35 4 O 45 

Tyr Lys Ala Ser Asn Lieu. His Thr Gly Val Pro Ser Arg Phe Ser Gly 
SO 55 6 O 

Ser Gly Ser Gly Thr Gly Phe Thr Lieu. Thir Ile Ser Ser Leu Gln Pro 
65 70 7s 8O 

Glu Asp Ile Ala Thr Tyr Tyr Cys Glin Glin Gly Glin Thr Tyr Pro Tyr 
85 90 95 

Thr Phe Gly Gly Gly Thr Lys Lieu. Glu Ile Llys 
1OO 105 

<210s, SEQ ID NO 17 
&211s LENGTH: 15 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: human CD28 partial sequence 

<4 OOs, SEQUENCE: 17 

Gly Asn Tyr Ser Glin Glin Leu Glin Val Tyr Ser Lys Thr Gly Phe 
1. 5 1O 15 

<210s, SEQ ID NO 18 
&211s LENGTH: 107 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: mab 9D7 partial sequence 

<4 OOs, SEQUENCE: 18 

Asp Ile Gln Met Thr Glin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 
1. 5 1O 15 

Asp Arg Val Thir Ile Thr Cys His Ala Ser Glin Asn Ile Tyr Val Trp 
2O 25 3O 

Lieu. Asn Trp Tyr Glin Glin Llys Pro Gly Lys Ala Pro Llys Lieu. Lieu. Ile 
35 4 O 45 

Tyr Lys Ala Ser Asn Lieu. His Thr Gly Val Pro Ser Arg Phe Ser Gly 
SO 55 6 O 

Ser Gly Ser Gly Thr Asp Phe Thr Lieu. Thir Ile Ser Ser Leu Gln Pro 
65 70 7s 8O 

Glu Asp Phe Ala Thr Tyr Tyr Cys Glin Glin Gly Glin Thr Tyr Pro Tyr 
85 90 95 

Thr Phe Gly Gly Gly Thr Lys Val Glu Ile Llys 
1OO 105 

<210s, SEQ ID NO 19 
&211s LENGTH: 120 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: mab 5.11A partial sequence 

<4 OOs, SEQUENCE: 19 
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- Continued 

Glin Val Glin Lieu Val Glin Ser Gly Ala Glu Val Llys Llys Pro Gly Ala 
1. 5 1O 15 

Ser Val Llys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Ser Tyr 
2O 25 3O 

Tyr Ile His Trp Val Arg Glin Ala Pro Gly Glin Gly Lieu. Glu Trp Ile 
35 4 O 45 

Gly Cys Ile Tyr Pro Gly Asn Val Asn Thr Asn Tyr Asn Glu Lys Phe 
SO 55 6 O 

Lys Asp Arg Ala Thr Lieu. Thr Val Asp Thir Ser Ile Ser Thir Ala Tyr 
65 70 7s 8O 

Met Glu Lieu. Ser Arg Lieu. Arg Ser Asp Asp Thr Ala Val Tyr Phe Cys 
85 90 95 

Thir Arg Ser His Tyr Gly Lieu. Asp Trp Asn. Phe Asp Val Trp Gly Glin 
1OO 105 11 O 

Gly. Thir Thr Val Thr Val Ser Ser 
115 12 O 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 19 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: mab TGN1412 leader peptide 

<4 OOs, SEQUENCE: 2O 

Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val Ala Thr Ala Thr Gly 
1. 5 1O 15 

Wal His Ser 

<210s, SEQ ID NO 21 
&211s LENGTH: 107 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: mab TGN1412 constant region light chain 

<4 OOs, SEQUENCE: 21 

Arg Thr Val Ala Ala Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu 
1. 5 1O 15 

Glin Lieu Lys Ser Gly Thr Ala Ser Val Val Cys Lieu. Lieu. Asn. Asn. Phe 
2O 25 3O 

Tyr Pro Arg Glu Ala Lys Val Glin Trp Llys Val Asp Asn Ala Lieu. Glin 
35 4 O 45 

Ser Gly Asn. Ser Glin Glu Ser Val Thr Glu Glin Asp Ser Lys Asp Ser 
SO 55 6 O 

Thr Tyr Ser Leu Ser Ser Thr Lieu. Thir Leu Ser Lys Ala Asp Tyr Glu 
65 70 7s 8O 

Lys His Llys Val Tyr Ala Cys Glu Val Thr His Glin Gly Lieu. Ser Ser 
85 90 95 

Pro Val Thr Lys Ser Phe Asn Arg Gly Glu. Cys 
1OO 105 

<210s, SEQ ID NO 22 
&211s LENGTH: 327 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
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- Continued 

<223> OTHER INFORMATION: mab TGN 1412 constant region heavy chain 
variant 1 

<4 OOs, SEQUENCE: 22 

Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Cys Ser Arg 
1. 5 1O 15 

Ser Thir Ser Glu Ser Thr Ala Ala Lieu. Gly Cys Lieu Val Lys Asp Tyr 
2O 25 3O 

Phe Pro Glu Pro Val Thr Val Ser Trp Asin Ser Gly Ala Lieu. Thir Ser 
35 4 O 45 

Gly Val His Thr Phe Pro Ala Val Lieu. Glin Ser Ser Gly Lieu. Tyr Ser 
SO 55 6 O 

Lieu. Ser Ser Val Val Thr Val Pro Ser Ser Ser Lieu. Gly Thr Lys Thr 
65 70 7s 8O 

Tyr Thr Cys Asn. Wall Asp His Llys Pro Ser Asn. Thir Llys Val Asp Llys 
85 90 95 

Arg Val Glu Ser Lys Tyr Gly Pro Pro Cys Pro Ser Cys Pro Ala Pro 
1OO 105 11 O 

Glu Phe Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Llys Pro Llys 
115 12 O 125 

Asp Thr Lieu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val 
13 O 135 14 O 

Asp Wal Ser Glin Glu Asp Pro Glu Val Glin Phe Asn Trp Tyr Val Asp 
145 150 155 16 O 

Gly Val Glu Val His Asn Ala Lys Thr Llys Pro Arg Glu Glu Glin Phe 
1.65 17O 17s 

Asn Ser Thr Tyr Arg Val Val Ser Val Lieu. Thr Val Lieu. His Glin Asp 
18O 185 19 O 

Trp Lieu. Asn Gly Lys Glu Tyr Lys Cys Llys Val Ser Asn Lys Gly Lieu. 
195 2OO 2O5 

Pro Ser Ser Ile Glu Lys Thir Ile Ser Lys Ala Lys Gly Glin Pro Arg 
21 O 215 22O 

Glu Pro Glin Val Tyr Thr Lieu Pro Pro Ser Glin Glu Glu Met Thr Lys 
225 23 O 235 24 O 

Asn Glin Val Ser Lieu. Thr Cys Lieu Val Lys Gly Phe Tyr Pro Ser Asp 
245 250 255 

Ile Ala Val Glu Trp Glu Ser Asn Gly Glin Pro Glu Asn. Asn Tyr Lys 
26 O 265 27 O 

Thir Thr Pro Pro Val Lieu. Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser 
27s 28O 285 

Arg Lieu. Thr Val Asp Llys Ser Arg Trp Glin Glu Gly Asn Val Phe Ser 
29 O 295 3 OO 

Cys Ser Val Met His Glu Ala Lieu. His Asn His Tyr Thr Glin Lys Ser 
3. OS 310 315 32O 

Lieu. Ser Lieu. Ser Lieu. Gly Lys 
3.25 

<210s, SEQ ID NO 23 
&211s LENGTH: 328 

212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: mab TGN1412 constant region heavy chain 
variant 2 
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- Continued 

<4 OOs, SEQUENCE: 23 

Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Cys Ser Arg 
1. 5 1O 15 

Ser Thir Ser Glu Ser Thr Ala Ala Lieu. Gly Cys Lieu Val Lys Asp Tyr 
2O 25 3O 

Phe Pro Glu Pro Val Thr Val Ser Trp Asin Ser Gly Ala Lieu. Thir Ser 
35 4 O 45 

Gly Val His Thr Phe Pro Ala Val Lieu. Glin Ser Ser Gly Lieu. Tyr Ser 
SO 55 6 O 

Lieu. Ser Ser Val Val Thr Val Pro Ser Ser Ser Lieu. Gly Thr Lys Thr 
65 70 7s 8O 

Tyr Thr Cys Asn. Wall Asp His Llys Pro Ser Asn. Thir Llys Val Asp Llys 
85 90 95 

Arg Val Glu Ser Lys Tyr Gly Pro Pro Cys Pro Ser Cys Pro Ala Pro 
1OO 105 11 O 

Glu Phe Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Llys Pro Llys 
115 12 O 125 

Asp Thr Lieu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val 
13 O 135 14 O 

Asp Wal Ser Glin Glu Asp Pro Glu Val Glin Phe Asn Trp Tyr Val Asp 
145 150 155 160 

Gly Val Glu Val His Asn Ala Lys Thr Llys Pro Arg Glu Glu Glin Phe 
1.65 17O 17s 

Asn Ser Thr Tyr Arg Val Val Ser Val Lieu. Thr Val Lieu. His Glin Asp 
18O 185 19 O 

Trp Lieu. Asn Gly Lys Glu Tyr Lys Cys Llys Val Ser Asn Lys Gly Lieu. 
195 2OO 2O5 

Pro Ser Ser Ile Glu Lys Thir Ile Ser Lys Ala Lys Gly Glin Pro Arg 
21 O 215 22O 

Glu Pro Glin Val Tyr Thr Lieu Pro Pro Ser Glin Glu Glu Met Thr Lys 
225 23 O 235 24 O 

Asn Glin Val Ser Lieu. Thr Cys Lieu Val Lys Gly Phe Tyr Pro Ser Asp 
245 250 255 

Ile Ala Val Glu Trp Glu Ser Asn Gly Glin Pro Glu Asn. Asn Tyr Lys 
26 O 265 27 O 

Thir Thr Pro Pro Val Lieu. Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser 
27s 28O 285 

Arg Lieu. Thr Val Asp Llys Ser Arg Trp Glin Glu Gly Asn Val Phe Ser 
29 O 295 3 OO 

Cys Ser Val Met His Glu Ala Lieu. His Asn His Tyr Thr Glin Lys Ser 
3. OS 310 315 32O 

Lieu. Ser Lieu. Ser Lieu. Gly Llys Llys 
3.25 

<210s, SEQ ID NO 24 
&211s LENGTH: 326 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: mab TGN1412 constant region heavy chain 
variant 3 

<4 OOs, SEQUENCE: 24 
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Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Cys Ser Arg 

Ser Thir Ser Glu Ser Thr Ala Ala Lieu. Gly Cys Lieu Val Lys Asp Tyr 
2O 25 3O 

Phe Pro Glu Pro Val Thr Val Ser Trp Asin Ser Gly Ala Lieu. Thir Ser 
35 4 O 45 

Gly Val His Thr Phe Pro Ala Val Lieu. Glin Ser Ser Gly Lieu. Tyr Ser 
SO 55 6 O 

Lieu. Ser Ser Val Val Thr Val Pro Ser Ser Ser Lieu. Gly Thr Lys Thr 
65 70 7s 8O 

Tyr Thr Cys Asn. Wall Asp His Llys Pro Ser Asn. Thir Llys Val Asp Llys 
85 90 95 

Arg Val Glu Ser Lys Tyr Gly Pro Pro Cys Pro Ser Cys Pro Ala Pro 
1OO 105 11 O 

Glu Phe Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Llys Pro Llys 
115 12 O 125 

Asp Thr Lieu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val 
13 O 135 14 O 

Asp Wal Ser Glin Glu Asp Pro Glu Val Glin Phe Asn Trp Tyr Val Asp 
145 150 155 160 

Gly Val Glu Val His Asn Ala Lys Thr Llys Pro Arg Glu Glu Glin Phe 
1.65 17O 17s 

Asn Ser Thr Tyr Arg Val Val Ser Val Lieu. Thr Val Lieu. His Glin Asp 
18O 185 19 O 

Trp Lieu. Asn Gly Lys Glu Tyr Lys Cys Llys Val Ser Asn Lys Gly Lieu. 
195 2OO 2O5 

Pro Ser Ser Ile Glu Lys Thir Ile Ser Lys Ala Lys Gly Glin Pro Arg 
21 O 215 22O 

Glu Pro Glin Val Tyr Thr Lieu Pro Pro Ser Glin Glu Glu Met Thr Lys 
225 23 O 235 24 O 

Asn Glin Val Ser Lieu. Thr Cys Lieu Val Lys Gly Phe Tyr Pro Ser Asp 
245 250 255 

Ile Ala Val Glu Trp Glu Ser Asn Gly Glin Pro Glu Asn. Asn Tyr Lys 
26 O 265 27 O 

Thir Thr Pro Pro Val Lieu. Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser 
27s 28O 285 

Arg Lieu. Thr Val Asp Llys Ser Arg Trp Glin Glu Gly Asn Val Phe Ser 
29 O 295 3 OO 

Cys Ser Val Met His Glu Ala Lieu. His Asn His Tyr Thr Glin Lys Ser 
3. OS 310 315 32O 

Lieu. Ser Lieu. Ser Lieu. Gly 
3.25 

<210s, SEQ ID NO 25 
&211s LENGTH: 107 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: mab TGN1412 varianble region light chain 

<4 OOs, SEQUENCE: 25 

Asp Ile Gln Met Thr Glin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 
1. 5 1O 15 
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- Continued 

Asp Arg Val Thir Ile Thr Cys His Ala Ser Glin Asn Ile Tyr Val Trp 
2O 25 3O 

Lieu. Asn Trp Tyr Glin Glin Llys Pro Gly Lys Ala Pro Llys Lieu. Lieu. Ile 
35 4 O 45 

Tyr Lys Ala Ser Asn Lieu. His Thr Gly Val Pro Ser Arg Phe Ser Gly 
SO 55 6 O 

Ser Gly Ser Gly Thr Asp Phe Thr Lieu. Thir Ile Ser Ser Leu Gln Pro 
65 70 7s 8O 

Glu Asp Phe Ala Thr Tyr Tyr Cys Glin Glin Gly Glin Thr Tyr Pro Tyr 
85 90 95 

Thr Phe Gly Gly Gly Thr Lys Val Glu Ile Llys 
1OO 105 

<210s, SEQ ID NO 26 
&211s LENGTH: 120 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: mab TGN1412 variable region heavy chain 

<4 OOs, SEQUENCE: 26 

Glin Val Glin Lieu Val Glin Ser Gly Ala Glu Val Llys Llys Pro Gly Ala 
1. 5 1O 15 

Ser Val Llys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Ser Tyr 
2O 25 30 

Tyr Ile His Trp Val Arg Glin Ala Pro Gly Glin Gly Lieu. Glu Trp Ile 
35 4 O 45 

Gly Cys Ile Tyr Pro Gly Asn Val Asn Thr Asn Tyr Asn Glu Lys Phe 
SO 55 6 O 

Lys Asp Arg Ala Thr Lieu. Thr Val Asp Thir Ser Ile Ser Thir Ala Tyr 
65 70 7s 8O 

Met Glu Lieu. Ser Arg Lieu. Arg Ser Asp Asp Thr Ala Val Tyr Phe Cys 
85 90 95 

Thir Arg Ser His Tyr Gly Lieu. Asp Trp Asn. Phe Asp Val Trp Gly Glin 
1OO 105 11 O 

Gly. Thir Thr Val Thr Val Ser Ser 
115 12 O 

<210s, SEQ ID NO 27 
&211s LENGTH: 1721 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: mab TGN1412 light chain 

<4 OOs, SEQUENCE: 27 

ggtaccgggc cgacct cacc atgggatgga gctgt at cat cct Cttcttg gtagcaa.ca.g 6 O 

Ctacaggtaa ggggot caca gtagcaggct taggtotgg acatatatat gggtgacaat 12 O 

gacatccact ttgcctitt ct citccacaggt gtgcatt cog acatccagat gacccagtict 18O 

c catcc tocc tdtctgcatc td taggagac agagt cacca toacttgcca togc.cagt caa 24 O 

alacatttatgtttggittaala Ctggt at Cag Cagaalaccag ggaaagc.ccc taa.gctic ctg 3OO 

atctataagg Ctt Coalacct gcacacaggg gtcc catcaa ggttcagtgg cagtggat.ct 360 

gggacagatt toactict cac cat cagoagt ctogcaac ctd aagattittgc aact tactac 42O 
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- Continued 

gaccatcgcg gataga caag aaccgagggg cct Ctgcgcc Ctgggcc cag Ctctgtc.cca 72 O 

caccg.cggtc. acatggcacc acct citcttg cagct tccac caagggcc.ca to cqtct tcc 78O 

CCCtggcgcc ctgctcCagg agc acct CC9 agagcacagc cqc cctgggc tigCCtggtca 84 O 

aggact actt CCC cqaaccg gtgacggtgt cqtggaactic aggcgcc ctg accagcggcg 9 OO 

tgcacaccitt cocqqctgtc ctacagtic ct caggacticta citc cct cagc agcgtggtga 96.O 

cc.gtgc cct c cagcagcttg ggcacgaaga cct acacctg. Caacgtagat Cacaa.gcc.ca O2O 

gcaa.caccala ggtgga caag agagttggtg agaggc.cago acagggaggg agggtgtctg O8O 

Ctggaa.gc.ca ggcticago cc ticctgcctgg acgcaccc.cg gctgtgcagc cccagcc.ca.g 14 O 

ggcagdaagg catgcc cc at citgtc. tcc to acccggaggc citctgaccac cccact catg 2OO 

Ctcagggaga gggtcttctggatttitt.cca C caggct cog ggcagccaca ggctggatgc 26 O 

C cct accc.ca ggc cct gcgc atacaggggc aggtgctg.cg Ctcagacct g c calaga.gc.ca 32O 

tatic cqggag gaccctg.ccc ctdacctaag cccaccc caa aggccaaact citccact coc 38O 

t cagct caga caccittct ct c ct cocagat citgagtaact c ccaatcttic tict ctdcaga 44 O 

gtccaaatat gigt cccc.cat gcc catcatg cccaggtaag cca acco agg cct cqcc ct c SOO 

Cagct caagg C9ggacaggit gcc ctagagt agcctgcatc CagggaCagg CCC cagc.cgg 560 

gtgctgacgc atccacct Co. atctgttcct cagcacctga gttcCtggggggaccat cag 62O 

t ctitcc titt C cc cccaaaa cccaaggaca citct catgat citcc.cggacc cct gagg to a 68O 

cgtgcgtggt ggtggacgtg agc.caggaag accc.cgaggit C cagttcaac tdgtacgtgg 74 O 

atggcgtgga ggtgcataat gcc aagacaa agcc.gcggga ggagcagttc alacagcacgt. 8OO 

accgtgtggt cagcgt.cctic accgt.cctgc accaggactg gctgaacggc aaggagtaca 86 O 

agtgcaaggit citccaacaaa gogo ct cocq t c ct coat cqa gaaaaccatc. tccaaagcca 92 O 

alaggtgggac C cacggggtg cgagggccac atggacagag gtcagct cqg cccaccct ct 98 O 

gccCtgggag taccgctgt gcc aacct ct gtc.cctacag ggcagcc.ccg agagccacag 2O4. O 

gtgtacaccc tic ccc catc C caggaggag atgaccalaga accaggt cag cct gacctgc 21OO 

Ctggtcaaag gct tct accc cagcgacatc gcc.gtggagt gggaga.gcaa tiggcagcc.g 216 O 

gagaacaact acaagaccac gcc toccgtg ctggact cog acggctic citt citt cotctac 222 O 

agcaggctaa ccgtggacaa gag caggtgg Caggagggga atgtc.ttct C atgct cogtg 228O 

atgcatgagg citctgcacaa ccact acaca cagaagagcc tict coct gtc. tctgggtaaa 234 O 

tgagtgc.cag ggc.cggcaag ccc.ccgct Co. ccgggct citc ggggtc.cgc gaggatgctt 24 OO 

ggcacgtacc ccgt.ctacat act tcc.cagg cacccagcat ggaaataaag cacccaccac 246 O 

tgcc ctgggc ccctgtgaga Ctgtgatggt t ctitt coacg ggt caggc.cg agt ctgaggc 252O 

Ctgagtgaca tagggaggc agagcggat.c C 255.1 

Jan. 21, 2016 

1-12. (canceled) 
13. A method for stimulating the antigen presenting func 

tion of B cells in a cell Suspension, comprising reacting the 
cell Suspension with a Superagonistic monoclonal antibody 
specific for CD28, wherein: 

the cell Suspension is prepared from a body fluid taken 
from a B-cell chronic lymphocytic leukemia (B-CLL) 
patient. 

14. The method of claim 13, wherein the B cells are 
induced to express B7.1. 

15. The method of claim 13, wherein the B cells are 
induced to express B7.2. 

16. The method of claim 13, wherein the method further 
comprises activation and expansion of T cells in the cell 
Suspension. 

17. The method of claim 16, wherein the T cells are acti 
vated to express CD40 ligand (CD40L). 

18. The method of claim 16, wherein the number of T cells 
in the cell Suspension are increased. 
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19. The method of claim 13, wherein the body fluid is 
blood. 

20. The method of claim 13, wherein the superagonistic 
monoclonal antibody specific for CD28 comprises a heavy 
chain variable region comprising the amino acid sequence set 
forth in SEQID NO: 26 or SEQID NO: 19. 

21. The method of claim 13, wherein the superagonistic 
monoclonal antibody specific for CD28 comprises a light 
chain variable region comprising the amino acid sequence set 
forth in SEQID NO: 25. 

22. The method of claim 13, wherein the superagonistic 
monoclonal antibody specific for CD28 comprises a heavy 
chain constant region comprising the amino acid sequence set 
forth in one of SEQID NO:22, SEQID NO: 23, and SEQID 
NO: 24. 

23. The method of claim 13, wherein the superagonistic 
monoclonal antibody specific for CD28 comprises a light 
chain constant region comprising the amino acid sequence set 
forth in SEQID NO: 21. 

k k k k k 


