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Figure 1A
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Figure 1A continued
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Figure 1B
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Figure 1B continued
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Figure 3
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Figure 4
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Figure 4 continued
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Figure 5
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Figure 6
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Figure 7
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Figure 7 continued
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Figure 8
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Figure 9 continued
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Figure 10
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Figure 10 continued
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40000~
- fresh
=7t precultured
30000~
E 20000+
(S ]
10000+
0- L I 1 '
0.31 0.63 1.25 2.50 5.00
ConA (ug/mL)
c | wfii= [-resh T
0 160000
% == Precultured
o
€ 1200001
O
S E
@8  80000-
o
g
2 40000+
el
T
0,
(1 ey o | T

0 008 016 031 063 125 25
PHA (ug/mL)



Patent Application Publication = Apr. 7,2011 Sheet 20 0f26  US 2011/0082091 A1

Figure 12 A
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Figure 12 B
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Figure 13
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Figure 14
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METHOD FOR PRECLINICAL TESTING OF
IMMUNOMODULATORY DRUGS

[0001] This application claims the benefit of EP 10 00
5421.2, filed May 25, 2010 and EP 09 01 2276.3, filed Sep.
28,2009, which are hereby incorporated by reference in their
entirety.

[0002] The invention relates to a method for testing a pro-
spective or known immunomodulatory drug for T-cell activa-
tion, comptrising the step of contacting in-vitro a peripheral
blood mononuclear cell (PBMC) culture with a predeter-
mined amount of the prospective or known immunomodula-
tory drug and observing the PBMC culture for T-cell activa-
tionusing a readout system, upon contact with the prospective
or known immunomodulatory drug, wherein the cell density
ofaPBMC preculture is adjusted such that cell-cell contact of
the PBMC is enabled and wherein the PBMC preculture is
cultured for at least 12 h. The invention further relates to a
method of testing cytokine storm attenuating drugs in-vitro.
[0003] Inthis specification, a number of documents includ-
ing patent applications and manufacturer’s manuals are cited.
The disclosure of these documents, while not considered
relevant for the patentability of this invention, is herewith
incorporated by reference inits entirety. More specifically, all
referenced documents are incorporated by reference to the
same extent as if each individual document was specifically
and individually indicated to be incorporated by reference.
[0004] Immunotherapeutic drugs which modulate the
activity of lymphocytes are preclinically evaluated in two
systems: Animal models, usually rodents, and, if available,
primate; and cultures of human peripheral blood mono-
nuclear cells (PBMC).

[0005] PBMCs are routinely used because, first, they con-
tain all subsets of lymphocytes as well as monocytes, and,
second, they are readily available from venous blood drawn
from healthy donors or from patients. In vitro stimulation of
these PBMC:s is considered a useful indicator of the activities
of an immunomodulatory drug to be expected in vivo.
[0006] Certain T-cell activating agents, in particular mono-
clonal antibodies (mAb) addressing the T-cell antigen recep-
tor (TCR) such as OKT3, the first mAb used in the clinic for
immunosuppression, induce the systemic release of proin-
flammatory cytokines (Abramowicz et al., 1989). The most
dangerous of these are TNF, interferon-gamma (IFN-gamma)
and IL-2. In patients receiving mAb therapies, control of such
a cytokine release syndrome or “cytokine storm” is routinely
achieved by high dose corticosteroid treatment.

[0007] TGN1412 is a humanized monoclonal antibody
(mAb) of the IgG4 subclass specific for the costimulatory
molecule CD28 expressed by human T-cells. It is called a
“CD28 superagonist” (CD28SA) because unlike the classic
CD28-specific mAbD, it can activate T-lymphocytes without
simultaneous engagement of the T-cell antigen receptor
(TCR) (Hunig, 2007). TGN1412 was developed by the now
defunct TeGenero AG, Wiirzburg.

[0008] During a first-in-man trial conducted by the inde-
pendent Parexel Clinical Trial Unit at Northwick Park Hos-
pital, London, on Mar. 13, 2006, intravenous application of
100 wkg body weight of TGN1412 to healthy human volun-
teers led to a life-threatening cytokine release syndrome that
was only controlled after transfer of the volunteers to the
hospital’s intensive care unit (Suntharalingam et al., 2006).
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[0009] The preclinical work presented by the sponsor,
TeGenero AG, showed no evidence for such a “cytokine
storm” in an analogous rat model using a rat-CD28-specific
superagonist, and in cynomolgus monkeys receiving
TGN1412 itself at up to 50 fold higher doses than the human
volunteers (Duff, 2006). Furthermore, addition of TGN1412
to cultures of human PBMCs also did not result in cytokine
release. Allkey monkey and PBMC culture experiments were
repeated by the British National Institute for Biological Stan-
dards and Control (NIBSC) acting on behalf of the govern-
ment’s Expert Scientific Group on Phase One Clinical Trials,
and confirmed the innocuous behaviour of TGN1412 in these
systems (Duff, 2006). Three years after the failed TNG1412
trial, it still has not been clarified why this in vitro assay did
not warn against the cytokine storm experienced by the
human volunteers.

[0010] The failure of rodents and cynomolgous monkeys to
release toxic systemic cytokines after injection of CD28SA is
due to interspecies differences in the reactivity of the intact
immune system to such agents, and specific suggestions for
such differences have been made. (Gogishvili et al., 2009;
Nguyen et al., 2006; Schraven and Kalinke, 2008).

[0011] These findings indicate that because of species-spe-
cific reaction patterns, even primate animal models are not
always safe predictors of human reactivity to novel drugs.
[0012] A human being has roughly 10*? T-lymphocytes,
and less than one percent of these are circulating in the blood
at any given moment. Therefore, the failure of cultured
PBMCs to respond to TGN 1412 is either due to a functional
defect in these cells as compared to those residing in lym-
phoid tissues (which obviously responded with cytokine
release in the volunteers), or to the requirement of a cell type
present in lymphoid organs but not in blood for TGN1412-
mediated activation of T-lymphocytes.

[0013] Reproduction of the cytokine storm observed in the
human volunteers of the London TGN1412 trial in cell cul-
ture is, therefore, urgently needed to understand its mecha-
nism and to test its sensitivity to pharmacological suppres-
sion.

[0014] From a broader point of view, the failure of known
human PBMC cultures to respond to soluble TGN1412 with
cytokine release indicates that this system does not respond to
all lymphocyte-activating agents in the same fashion as does
the intact human immune system inside the body. Correction
of this defect may not only allow a detailed analysis of the
effects of human CD28 superagonists (SA) such as
TGN1412, but may also reveal the reactivity of other, seem-
ingly innocuous drugs during preclinical development.

[0015] Oneembodiment of the invention is, accordingly, to
provide improved means for in-vitro testing of immuno-
modulatory drugs, in particular CD28SA, with respect to
potential cytokine storms. A further embodiment of the inven-
tion is to provide means for testing drugs suitable for attenu-
ating cytokine storms.

[0016] A method for testing a prospective or known immu-
nomodulatory drug for T-cell activation is provided. The
method includes contacting in-vitro a peripheral blood mono-
nuclear cell (PBMC) culture with a predetermined amount of
the prospective or known immunomodulatory drug and
observing the PBMC culture for T-cell activation using a
readout system, upon contact with the prospective or known
immunomodulatory drug, wherein the cell density of a
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PBMC preculture is adjusted such that cell-cell contact of the
PBMC is enabled and wherein the PBMC preculture is cul-
tured for at least 12 h.

[0017] In a preferred embodiment of the invention, the
readout system observes the PBMC culture for release of at
least one cytokine from the PBMCs, observes cell prolifera-
tion or is another suitable readout system, like changes in
gene expression, protein expression and/or posttranslational
modifications.

[0018] The term “immunomodulatory drug” preferably
means any therapeutic agent that is capable to activate or
suppress the immune system, e.g., by activating or inhibiting
lymphocyte functions, in particular T-cell functions like
T-cell inhibition or activation. Specific examples of immuno-
modulatory drugs are provided herein below.

[0019] Theterm “T-cell activation” preferably specifies the
mechanisms of activation of T-cells which may vary slightly
between different types of T cells. The “two-signal model” in
CD4+T cells, however, is applicable for most types of T-cells.
In more detail, activation of CD4+ T cells typically occurs
through the engagement of both the T cell receptor and CD28
on the T cell surface by the major histocompatibility encoded
antigen-presenting molecule and with its bound antigenic
peptide and B7 family members on the surface of an antigen
presenting cell (APC), respectively. Both cell-cell contacts
are generally required for the production of an effective
immune response. For example, in the absence of CD28
co-stimulation, T-cell receptor signaling alone may result in
T-cell anergy. The further signaling pathways downstream
from both CD28 and the T cell receptor involve many further
proteins known to the skilled person. The activation of T-cells
may be determined by cytokine release and/or cell prolifera-
tion, in particular proliferation of T-cells, as described herein
below.

[0020] The term “peripheral blood mononuclear cell
(PBMC)” preferably defines any blood cell having a round
nucleus, for example, lymphocytes and monocytes. These
blood cells recirculate between tissues and blood, and are a
critical component in the immune system to fight infection
and adapt to intruders. The lymphocyte population of PBMCs
typically consists of T cells (CD4 and CDS positive ~75%), B
cells and NK cells (~25% combined). PBMCs may be
obtained from whole blood samples by methods well known
in the art. For example, PBMCs may be extracted from whole
blood using a ficoll gradient. Ficoll is a hydrophilic polysac-
charide that separates layers of blood on the basis of density,
with monocytes and lymphocytes forming a layer between
plasma and the Ficoll solution. Besides whole heparinized
blood as starting material, buffy coats (the layer of white cells
ontop of erythrocytes obtained by centrifugation of whole
blood), and the contents of leukoreduction chambers
obtained as a bye-product of platelet concentrates in blood
banks can be used.

[0021] The term “precultured” means that the PBMC cul-
ture is cultured in absence of immunomodulatory drugs and
prior to contact with such drugs to be tested. Methods of
culturing PBMCs are well known in the art and also described
herein below.

[0022] The term “observe” comprises the qualitative, half-
quantitative and quantitative measurement of concentrations
of the at least one cytokine or of (cell) proliferation, prefer-
ably T-cell proliferation, or other cellular responses, like
changes in gene expression, protein expression and/or post-
translational modifications, with known methods of the art.
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[0023] One aspect of the invention is based on the surpris-
ing finding that a PBMC culture, which is prepared by stan-
dard methods, but further precultured for a predetermined
period of time prior to contact with the immunomodulatory
drug suddenly shows sensitivity with respect to cytokine
release triggered by contact with immunomodulatory drugs,
which do not trigger cytokine release in the absence of the
preculture process. Another aspect of the invention is further
based on the finding that this preculture effect is promoted by
cell-cell contacts of the PBMCs for a predetermined period of
time. In other terms, the PBMC culture should not be freshly
prepared when the immunomodulatory drug is added.
[0024] Therefore, an embodiment of the invention is useful
to predict the reactivity of individuals to immunomodulatory
drugs, like TGN1412, and as it will be explained later in
further detail, the ability of immunosuppressant drugs such as
corticosteroids to control undesired reactions. Itis also useful
to further understand the mode of action of CD28SA (i.e.
CD28 specific superagonistic monoclonal antibody). As
mentioned above, CD28 is expressed on the surface of T-cells
and co-stimulation via CD28 and the TCR is normally
required for T-cell activation in a physiologal situation
whereas direct T cell activation is also enabled by superago-
nistic antibodies to CD28. Moreover, the invention is useful in
screening prospective immunomodulatory drugs for their
T-cell activating potential, including cytokine release. Since
the PBMCs recovered after high-density preculturing most
likely reflect the status of T-cell reactivity found in the lym-
phoid organs, they should, in combination with an activating
agent, also be employed to test immunosuppressant drugs
because circulating T-cells may be more easily suppressed
due to their “inactive” status, resulting in misleading results
on the efficacy of such drugs.

[0025] In a preferred embodiment of the invention, the
preculture step is carried out by storing the PBMC culture for
at least 24 h, preferably at least 36 h, more preferably at least
45 h, at 35° C. to 40° C., preferably at 36° C. to 38° C., in
absence of immunomodulatory drugs, and prior to the contact
with the immunomodulatory drug to be tested.

[0026] In another preferred embodiment of the invention
the cell density of the PBMC culture during the preculture
step is at least 2*10%ml, preferably at least 5*10°/ml, more
preferably at least 107/ml. In terms of cell density at the
surface of the tissue culture vessel, it should be at least 4%10°/
cnt?, preferably at least 10%cm? most preferably at least
2%#10%cm?. The values provided apply directly 1o vessel con-
sisting of flat wells. In round wells or conical wells the overall
density will differ in that the cell density is high at the bottom
of the well and low in upper parts of the well. Accordingly the
above given cell densities measured in volume shall refer to
partial volumes in vessels of any kind as well, i.e. the given
densities shall be provided in a partial volume of e.g. at least
10 ul magnitude of the total preculture volume present. Also
any other method of achieving cell densities of viable cells, as
claimed, shall be encompassed in the invention. The mini-
mum number of cells being in cell-cell-contact preferably is
at least 50.000.

[0027] In a further preferred embodiment the immuno-
modulatory drug is an immunostimulating drug, like an anti-
body, preferably a monoclonal antibody. Specifically, the
monoclonal antibody can be a human CD28 specific super-
agonistic monoclonal antibody. The immunomodulatory
drug under test can, however, without being limited thereto,
also be selected from the group consisting of lectins, like
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concanavalin A (ConA), or phytohemagglutinine (PHA),
natural extracts comprising lectins, like echinacea extract
(e.g. Echinacin, Madaus, Germany), or mistletoe extract (e.g.
Lektinol, Madaus, Germany), superantigens, like Staphylo-
coccal Enterotoxin B (SEB), Staphylococcal Enterotoxin A
(SEA), Toxic Shock Syndrome Toxin-1 (TSST-1), staphylo-
coccal pyogens, like Staphylococcal Pyogene Enterotoxin B
(SPEB), superantigens produced by mycoplasma, like Myco-
plasma arthriditis, or by black plague bacteria, like Yersinia
pseudotuberculosis, superantigens produced by certain
pathogenic viruses, like EBV or HIV-1.

[0028] In another preferred embodiment of the invention
the cytokine observed is selected from the group consisting of
TNF, IFN-gamma, IL-1-beta, IL-1, IL-2, IL-3, IL-4, IL-5,
IL-6, IL-7, 1L-8, IL-9, IL-10, IL.12p70, IL-13, IL.-14, TL-15,
1L-16,1L-17,1L-21,1L-35, and LT, and combinations thereof.

[0029] Alternatively proliferation of the cell can be
observed, wherein proliferation is given, if the number of
cells increases within a time unit by a predetermined amount.
This amount can be chosen by the artisan by usual consider-
ation. The cells that proliferate in this assay are preferably
PBMCs and more preferably T-cells.

[0030] Ina further preferred embodiment of the method for
testing a prospective or known immunomodulatory drug for
T-cell activation, the PBMC culture comprises memory T
cells.

[0031] Memory T cells are a subset of antigen-specific T
cells that have previously encountered and responded to their
cognate antigen. Thus, the term antigen-experienced T cell is
alternatively applied in the art. In this regard it is furthermore
preferred that the memory T cells are CD45RO+ T cells. As it
has been found by the inventors the cytokines released by the
PBMCs in the method of the invention are predominately
released by memory T cells which are comprised in the
PBMCs.

[0032] Ina further preferred embodiment of particular rel-
evance with respect to the second-mentioned object, the pre-
cultured PBMC culture is additionally contacted with a pro-
spective drug for attenuating the release of at least one
cytokine (immunosuppressant drug), at the same time as con-
tacting of the PBMC culture with the known immunomodu-
latory, in particular stimulating, drug or subsequently after a
predetermined period of time, or a predetermined period of
time there before, wherein the cytokine release is further
observed. The predetermined period of time can be in the
range of 10 s to 12 h, preferably in the range of 10sto 1 h. In
case the PBMC culture is additionally contacted with a
immunosuppressant drug, it has to be understood that the
immunosupressive effect can be determined in comparison to
the state where the PBMC culture is contacted with a pro-
spective or known immunomodulatory drug alone. The
immunosuppressant drug can also be contacted with the pre-
cultured PBMC culture alone for exaniple to determine its
suppressive effect on natural, latent T cell activation or
unnatural, elevated T cell activation, e.g. caused by an
immune disorder or environmental agents.

[0033] The prospective drug for attenuating the cytokine
release is preferably selected from the group consisting of
corticosteroids, including, but not limited to dexamethasone
or methylprednisolone.

[0034] The prospective drug for attenuating the cytokine
release may further be another immunosuppressive drug
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selected from the group consisting of Rapamycin or cal-
cineurin inhibitors, like cyclosporine A, Voclosporin, or Tac-
rolimus.

[0035] Inthis preferred embodiment it becomes possible to
test in-vitro, whether a particular drug intended for attenua-
tion of a cytokine storm (immunosuppressant drug) is suit-
able for this purpose, in particular in cases where a cytokine
storm occurs in vivo, despite administration of the immuno-
modulatory drug at a concentration that would prima facie be
considered to prevent a cytokine storm. In particular, this
variant of the invention allows creating a matching pair of
immunomodulatory drug and attenuating drug and provides
secure means for managing unexpected cytokine storms in
in-vivo experiments, in particular clinical trials with humans.
[0036] In this regard the term “cytokine storm”, which is
also known as “hypercytokinemia” in the art, preferably
defines a systemic inflammatory response in a patient inter
alia characterized by hypotension, pyrexia and/or rigors, and
potentially resulting in death. A cytokine storm is presumably
caused by an uncontrolled positive feedback loop between
cytokines and immune cells, resulting in highly elevated lev-
els of various cytokines.

[0037] In a further embodiment the invention relates to a
corticosteroid, Rapamycin and/or a calcineurin inhibitor, for
use in treating, attenuating or preventing a cytokine storm
upon administration of an anti-human CD28 specific super-
agonistic monoclonal antibody.

[0038] In a preferred embodiment the antibody is
TGN1412.
[0039] The amino acid sequence of the antibody TGN1412

has been described in WO-A2 2006/050949.

[0040] Ina further preferred embodiment the corticosteroid
1s dexamethasone and/or methylprednisolone.

[0041] In a further preferred embodiment the calcineurin
inhibitor is cyclosporin A, Voclosporin, and/or Tacrolimus.
[0042] Inthe following the invention is explained in detail
by examples and figures. The figures show:

[0043] FIG. 1: Induction of cytokine release by the CD3-
specific mAb OKT3 and the CD28 superagonist TGN1412
from human PBMCs.

[0044] FIG. 2: Consistant conversion from a TGN1412
non-reactive to a TGN1412-reactive state by 2 day preculture.
[0045] FIG.3: Acquisition of TGN 1412-reactivity requires
high cell density during preculture.

[0046] FIG. 4: Acquisition of TGN1412-reactivity in high-
density precultures requites two days of incubation.

[0047] FIG.5: Acquisition of TGN 1412-reactivity in high-
density cultures requires cell-cell contact.

[0048] FIG. 6: Precultured, but not fresh PBMCs respond
to TGN1412 with proliferation.

[0049] FIG. 7: CD45RO (memory) CD4 T-cells are the
main source of proinflammatory cytokines released by both
OKT3 and TGN1412.

[0050] FIG. 8: Comparable kinetics of TNF release from
high-density precultured PBMCs induced by OKT3 and
TGN1412.

[0051] FIG. 9: Acquisition of TGN1412-reactivity is
blocked by mAb to HLA antigens.

[0052] FIG. 10: Comparable sensitivity of cytokine release
induced by OKT3 and TGN1412 to corticosteroid-mediated
suppression.

[0053] FIG. 11: Enhancement of proliferative T-cell
response to ConA and PHA in precultured PBMCs.
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[0054] FIG.12: Enhancement of recall response to tetanus/
diphtheria toxoids in precultured PBMCs (A), compilation of
data from six individual donors (B).

[0055] FIG. 13: Enhancement of proliferative T-cell
response to a viral peptide in precultured PBMCs.

[0056] FIG. 14: Enhancement of proliferative T-cell
response to staphylococcal enterotoxin B in precultured
PBMCs.

[0057] FIG.15: Reduced suppression of proliferative T-cell
response to high CsA doses in precultured PBMCs.

[0058] FIG. 16 Induction of activation markers on fresh (A)
and precultured (B) T-cells by TGN1412 and OKT-3 stimu-
lation. PBMC were used fresh (A) or were precultured under
high density conditions for two days (B), harvested and
restimulated under standard (low density) conditions with
either 1 ug/ml OKT-3 (black line), 1 pg/ml TGN1412 (grey
line), or without stimulating antibody (filled histogram).
After 18 hrs., cells were harvested and stained with mAb
specific for CD4, CD8, CD25, and CD69. Histograms shown
are for CD25 (top) and CD69 (bottom) gated on CD4 (left) or
CD8 T-cells (right).

[0059] The examples illustrate embodiments of the inven-
tion.
EXAMPLE 1
Comparative Example
[0060] For the induction of cytokine release, the present

invention as well as this comparative example uses a system
of PBMC stimulation as described below to study the
response of human PBMCs to immune-modulating agents.
This system employs freshly prepared PBMCs, isolated from
heparinized venous blood by centrifugation over a density
gradient (Lymphocyte Separation Medium LSM 1077, PAA
Laboratories, Pasching, Germany) following the manufactur-
er’s instructions. Alternatively, a fresh leukocyte concentrate,
obtained from leukocyte reduction system chambers (Carid-
ian, Gambro BCT, Lakewood, Colo., USA) as a byproduct in
the preparation of platelet concentrates (Dietz et al., 2006) is
used as starting material for Ficoll purification, with essen-
tially the same results. PBMCs are cultured in 96-well tissue
culture plates (Greiner bio-one, Frickenhausen, Germany), in
which 2x10° cells are stinulated in 0.2 ml of enriched RPMI
1640 culture medium (GIBCO/Invitrogen, Long Island, N.Y.,
USA) supplemented with 10% autologous serum or commer-
cially available pooled AB serum (PAA Laboratories), with
essentially the same results. When using commercially avail-
able pools of AB serum, these should be pretested in com-
parison to autologous serum in order to ensure that compa-
rable results are obtained.

[0061] In this tissue culture system, freshly isolated
PBMCs were stimulated with soluble TGN1412 provided by
TheraMab GmbH, Wurzburg. It was of the same GMP-qual-
ity batch used during the London trial (Suntharalingam et al.,
2006). As a positive control for the induction of cytokine
release, clinical-grade OKT3 (“Muromonomab,” Janssen-
Cilag, Neuss, Germany) was used, which is well known to
trigger cytokine release both in vitro and in patients
(Abramowicz et al., 1989). After 24 hours, a panel of cytok-
ines including the major pro- and anti-inflammatory factors
detected in plasma of the volunteers of the TGN1412 trial
(Suntharalingam et al., 2006) were analyzed by the cytokine-
bead-array (CBA) technology (Becton Dickinson, Mountain
View, Calif., USA) following the manufacturer’s instructions.
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[0062] The concentration of both OKT3 and TGN1412
employed was 1 ug/ml, which is in the range of the estimated
concentration achieved in the circulation of the volunteers
during the London TGN1412 trial (Duff, 2006). Extensive
titrations of both antibodies not displayed here showed that
this concentration is within the optimum range for biological
responses.

[0063] FIG. 1A shows that soluble TGN1412 fails to
induce cytokine release in fresh PBMCs. In contrast, OKT3 is
highly effective in inducing TNF, IFN-gamma, and 1L-2,
which are all known to contribute to the pathological mani-
festations of the cytokine release syndrome, as well as the
anti-inflammatory cytokine IL-10. PBMCs from a healthy
donor were isolated by Ficoll density centrifugation and cul-
tured in 0.2 ml RPMI1640 medium supplemented with 10%
AB serum for 24 hours at 10%/ml in 96 well flat bottom tissue
culture plates. Cytokines in the supernatants were analyzed
after 24 hours of incubation by cytokine bead array. Mono-
clonal antibodies were used at 1 ug/ml final concentration.
Triplicate means and standard deviations are shown.

[0064] The failure of TGN1412 and the ability of OKT3 to
induce release of these and other cytokines (not shown) in
such standard PBMC cultures has been reproduced with over
10 individual donors, and is in agreement with the data sub-
mitted by TeGeneroAG and reproduced in the report of the
Scientific Expert Group on the safety of Phase I clinical trials
(Duff, 2006).

EXAMPLE 2
Response by TGN1412 After Preculturing

[0065] For the experiment in FIG. 1B PBMCs from a
healthy donor were cultured in 1.5 ml medium for 2 days at
107/ml in 24 well flat bottom tissue culture plates before being
washed and readjusted to 10%ml. With these cells, the same
experiment was performed as described in Example 1.
[0066] FIG. 1B shows that surprisingly, responsiveness to
TGN1412 is restored by simply preculturing PBMCs for 2
days without overt stimulation. When cells were prepared on
Dec. 4, 2008, the number of PBMCs obtained exceeded that
required for the current experiment, and surplus cells were
stored in culture medium for two days at 37° C. When these
cells were employed for exactly the same experiment as pre-
viously performed with fresh cells (FIG. 1A), something
completely unexpected happened: TGN1412 now induced a
cytokine release of comparable magnitude as OKT3. FIG. 1B
provides an example of such an experiment.

[0067] The reproducibility and mechanistic basis were
therefore further investigated.

EXAMPLE 3
Reproducibility of the Key Observation

[0068] FIG. 2 summarizes the effect of preculture on the
reactivity to TGN1412 for 7 individual healthy donors. Data
from 7 individual healthy donors are shown, each represented
by a symbol. Conditions for antibody stimulation and for
preculture were as in FIG. 1. While donor-specific variations
exist for both, OKT3 and TGN1412 responses, it is apparent
that in all cases, fresh donor cells failed to respond to
TGN1412 stimulation with cytokine release and that this
refractory state was lost after 2 days of preculture. Donor-
specific variations are expected, as is illustrated by the great
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differences in the magnitude of the cytokine storm experi-
enced by the volunteers of the London TGN1412 trial
(Suntharalingam et al., 2006).

EXAMPLE 4
Optimization of the New Method

[0069] FIGS. 3 to 5 describe the parameters determining
the acquisition of sensitivity to TGN1412 in peripheral blood
T-cells.

[0070] For the experiment of FIG. 3 PBMCs were cultured
at 10%ml (left bars) or at 107/ml] (right bars) for 2 days before
being stimulated by TGN1412 at 10%/ml as described in FIG.
1.

[0071] Forthe experiment of FIG. 4 fresh PBMCs (left bars
of triplets), and PBMCs precultured at 10”/ml for 24 (middle
bars of triplets) or 48 hours (right bars of triplets) were stimu-
lated with OKT3 or TGN1412 for 24 hours under the condi-
tions given in FIG. 1.

[0072] For the experiment of FIG. 5 PBMCs were cultured
for two days at high density (10”/ml, right bars of triplets) or
at low density (10%/ml, left and middle bars of triplets) in 1.5
ml cultures. In the group shown as middle bars of triplets,
these low density cultures additionally contained an insert
with a semipermeable membrane on which additional
PBMCs were cultured at high-density (105ml below mem-
brane, 10”/ml above membrane, middle bars of triplets). Cells
were restimulated and assayed as given in FIG. 1.

[0073] As shown above, PBMCs acquire sensitivity to
TGN1412 by preculture in medium with 10% autologous or
commercially available AB serum. We tested the role of the
following parameters in the acquisition of TGN1412 sensi-
tivity.

[0074] Cell density. In contrast to standard PBMC stimu-
lation assays where cells are cultured at 10%ml or 2x10°/cm®
of the culture well, “parking” for 2 days was performed at
abouta 10 fold higher density. FIG. 3 shows that preculturing
PBMCs at high (107/ml or 2x10%cm?), but not at low (10%/ml
or 2x10°/cm?) density induces reactivity to TGN1412 in the
secondary culture. Because of the requirement of cell density
and culture for two days, one half of the culture medium is
carefully replaced with fresh pre-warmed medium after 24
hours in order to supply the cells with sufficient nutrients.
[0075] Time. FIG. 4 shows that full reactivity to TGN1412
(comparable to reactivity to OK'T3)is achieved after 2 days of
pre-culture. 1 day of preculture leads only to a modest
increase of reactivity.

[0076] Requirement for cell-cell contact. The requirement
for high cell density during preculture of PBMCs for the
acquisition of reactivity to TGN1412 can be due to the need
for cell-cell contact and/or to the action of soluble factors
which need to reach a certain concentration to promote matu-
ration to the reactive state. Using a transwell system (Corning
incorporated, Lowell, Mass., USA), where cells cultured at
high density are separated from those cultured at low density
by an 8 um-pore membrane permitting the diffusion of
soluble factors, it is shown in FIG. 5 that cell-cell contact is
required.

EXAMPLE 3
Further Characteristics of the New Method

[0077] FIG. 6 shows that precultured, but not freshly iso-
lated PBMCs proliferate in response to TGN1412. Fresh and

Apr. 7,2011

precultured PBMCs were prepared and cultured as described
for FIGS. 1 A and B, respectively. On day 3, 1 uCi of 3H-thy-
midine was added, and cultures were harvested 16 hours later
and processed for liquid scintillation counting. Besides
cytokine release, polyclonal T-cell activation results in pro-
liferation which can be measured as radioactivity incorpo-
rated, here incorporated as tritiated thymidine. As is seen in
FIG. 6, OKT3 stimulated the proliferation of both, fresh and
precultured PBMCs, whereas TGN1412 was only able to
induce proliferation in precultured PBMCs. Thus, prolifera-
tion can also be used as a readout.

[0078] FIG. 7 shows that in precultured PBMCs, TGN1412
releases proinflammatory cytokines from CD4 memory cells.
2 day high-density precultured PBMCs were stimulated for
18 hours with 1 pg/ml of OKT3 or of TGN1412. Instead of 18
hours stimulation for a period of time between 15 to 20 hours,
preferably 16 to 18 hours, is generally possible. During the
last 4 hours of culture, 5 pg/ml of brefeldin A was added to
block cellular export of cytokines. After cell-surface staining
with fluorochome-conjugated mAb to CD4 and CD45RO
(memory marker), cells were fixed, permeabilized and
stained with mAb to TNF—Ileft panels—or IFNgamma—
right panels—(all from BD Pharmingen, Mountain View,
Calif., USA)

[0079] 15.000 live-gated events were acquired on a BD
Calibur flow cytometer and data were analyzed using FlowJo
software (Three Star Inc., Ashland, Oreg., USA). The cytok-
ine storm elicited by OKT?3 in patients is a well-known phe-
nomenon, and the accompanying information provided with
this drug (Muromonomab, Janssen-CILAG) explicitly warns
against this syndrome. To compare the cellular source of the
two key pro-inflammatory cytokines TNF and IFN-gamma in
response to OKT3 and TGN1412, they were retained within
the cell by blockade of their transport through the Golgi
apparatus using the drug brefeldin A (Sigma Aldrich, Stein-
heim, Germany), and revealed by intracellular staining of
fixed and permeabilized cells with fluorescent TNF- and IFN-
gamma-specific mAbs, respectively (Becton Dickinson,
Mountain View, Calif,, USA). In parallel, the cell surface
phenotype of the stimulated PBMCs was determined. The
main cytokine-producing T-cell subset, the CD4 T-cells, were
thus identified and further subdivided into naive (CD45R0-)
and memory (CD45RO+) subsets. FIG. 7 shows that in both
fresh and precultured PBMCs, OKT3 and TGN1412 trigger
cytokine production predominantly in the CD4 memory sub-
set.

[0080] FIG. 8 shows that TNF release from precultured
PBMCs follows the same kinetics when induced by either
OKT3 or TGN1412. High-density precultured PBMCs were
prepared as in FIG. 1B and stimulated with 1 pg/ml of OKT3
or TGN1412. Supernatants were harvested at the times indi-
cated and TNF content was analysed as in FIG. 1.

[0081] In vivo, the release of TNF, the most important
pro-inflammatory cytokine of the “cytokine storm”, follows
the same kinetics when induced by either OKT3 or TGN1412
(Abramowicz et al., 1989; Suntharalingam et al., 2006).
Therefore the kinetics of TNF-release in precultured PBMCs
between the two mAb were compared and found to be virtu-
ally the same.

EXAMPLE 6

Mechanistic Basis for the Induction of Reactivity to
TGN142 During High-Density Preculture: Self-
MHC Recognition

[0082] This Example provides functional information
about the invention without being bound to theory. It has been



US 2011/0082091 Al

suggested from work done in mice that recognition of mol-
ecules of the major histocompatibility complex (MHC; HLA
in humans) by the antigen receptors (TCR) of T-cells in the
lymphoid organs (lymph nodes, spleen, etc.) primes the TCR
for enhanced signalling during antigen encounter later on
(Stefanova et al., 2002). This process is referred to as “MHC-
scanning” and describes the constant interaction of the TCR
of tissue-resident T-cells with HL A molecules on their neigh-
bouring cells irrespective of the peptides they contain (Ste-
fanova et al. 2002). This interaction leads to the priming of the
TCR and the assembly of a signaling platform which facili-
tates full T-cell activation when a fitting antigenic peptide is
encountered by the TCR. This process is also referred to in the
art as “tonic” TCR signaling. Blocking mAbs which react
with all human HLA class I and class II molecules were
included during the two days of preculture (mAbs 646-2.6
and Ti39, Becton-Dickenson) at 10 pg/ml.

[0083] FIG. 9 shows that HLA class I, and to a lesser extent
HLA class II specific mAb are able to block acquisition of
TGN1412 reactivity, illustrating the need for HLA recogni-
tion by the TCR of the cells acquiring this reactivity. High-
density preculture of PBMCs was performed as given in FIG.
1B. To some high-density precultures, mAb to HLA class I or
HLA class I were added at 10 pg/ml.

[0084] Interaction of the TCR with HLA molecules in the
densely packed lymphoid organs is a prerequisite for the
strong reactivity to TGN1412 as experienced by the volun-
teers in the London trial, and that this situation is mimicked by
high-density culture in vitro, thus restoring the reactivity of
circulating T-cells, which have lost cell-cell contact, to that of
the T-cells in lymphoid organs. It also explains why the
response to OKT3 is observed not only in precultured but also
in fresh PBMCs. Since in contrast to TGN1412, OKT3
addresses the TCR itself, there is no need for “priming” this
receptor by interactions with HLA-molecules. The differen-
tial ability of HLA class I and - class II specific mAb to block
the acquisition of reactivity to TGN1412 is explained by the
fact that more than 90% of available HLA molecules in
PBMC cultures are of class 1.

EXAMPLE 7

Testing the Ability of Corticosteroids to Control
TGN1412-Mediated Cytokine Release

[0085] The OKT3-induced cytokine storm is routinely
managed by prevention or intervention with high-dose corti-
costeroids (Goldman et al., 1989). Until now, it was impos-
sible to test the sensitivity of TGN1412-induced cytokine
release to corticosteroids because no assay system existed.
We therefore used the new method to compare the sensitivity
of cytokine release in fresh and precultured PBMCs to dex-
amethasone (“Dex”, Sigma-Aldrich).

[0086] FIG. 10 shows that TGN1412-induced cytokine
release is sensitive to corticosteroids. High-density precul-
tured cells were prepared and stimulated by mAb as described
in FIG. 1B. Where indicated, dexamethasone was included at
the final concentrations given, and cytokines were measured
after 24 hours of culture.

[0087] Cytokine release induced by both, OKT3 and
TGN1412 is fully suppressed by the highest dose employed
(1 uM), and is still almost completely suppressed at a tenfold
lower dose (100 nM). This strongly suggests that TGN1412
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induced cytokine release can be controlled by appropriate
corticosteroid medication as is clinically used for OKT3-
treated patients.

EXAMPLE 8
Reactivity to Mitogenic Lectins

[0088] The mitogenic lectins concanavalin A (ConA) and
phytohemagglutinin (PHA) are routinely used to test the
T-cell reactivity in PBMC preparations. These lectins act
through one or several cell surface glycoproteins where they
bind to sugar moieties. FIG. 11 shows that for both lectins, the
proliferative T-cell response is strongly enhanced if PBMCs
were precultured for two days following the above protocol.

EXAMPLE 9
Antigen-Specific Recall Response

[0089] As a result of intentional vaccination or natural
infection, the frequency of T-lymphocytes specific fora given
microbial antigen increases to a level where restimulation in
vitro allows the detection of proliferative responses. Classical
examples for such antigens are diphteria and tetanus toxoids.
Such preparations are routinely used to assess the vaccination
status of individuals. For this purpose, the two toxoids are
offered as a single preparation by Sanofi Pasteur. FIG. 12A
illustrates that indeed, the recall response to tetanus/diphteria
toxoids is strongly enhanced by preculturing PBMCs at high
density for two days. In FIG. 12B, data from six individual
donors are compiled. * indicates statistical significance p<0.
05

EXAMPLE 10

Response of CD8 T-cells to a Cytomegalo Virus
Derived Peptide

[0090] Recall responses to tetanus and diphteria toxoid
address CD4 T-cells. To test whether the recall response of
CD8 T-cells is also affected by preculture at high cell density,
PBMCs ofan HLA A2 positive individual previously exposed
to cytomegalo virus were stimulated with a peptide presented
by HLA A2 to the individual’s CD8 T-lymphocytes. As a
read-out, the number of TFNgamma secreting CD8 T-cells
was chosen because it is known that such CD8 memory
T-cells rapidly secrete IFNgamma when stimulated through
the antigen receptor. The quantification was performed using
a so-called elispot assay, where PBMCs are cultured on a
filter membrane coated with an IFNgamma reactive mono-
clonal antibody. The IFNgamma thus captured during a 24 h
incubation period is then visualized using a second, enzyme
tagged mAb and the conversion of a colourless to a coloured
substrate. As shown in FIG. 13, preculture of PBMCs for two
days at high cell density strongly enhanced the frequency of
IFNgamma-producing cells in response to the viral peptide.

EXAMPLE 11

Response to the “Superantigen” Staphylococcal
Enterotoxin B

[0091] Some bacteria secrete superantigens which are able
to stimulate a much larger fraction of T-lymphocytes (5-20%)
through their antigen receptors than is the case for conven-
tional antigens (1/100,000 in a non-immunized individual).
Accordingly, a proliferative response to such superantigens
can be measured in vitro using PBMCs. FIG. 14 shows that
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again, preculture of PBMCs at high density for two days
strongly enhances the sensitivity of this assay.

EXAMPLE 12
Testing Immunosuppressant Drugs

[0092] Potency of immunomodulatory drugs can be mis-
judged when using fresh rather than precultured PBMCs.
Cyclosporin A (CsA) is a widely used immunosuppressant
drug, which acts in the signal transduction pathway of the
T-cell antigen-receptor. Accordingly, the reduced signaling
capacity of circulating T-cells could translate into increased
sensitivity to this drug. FIG. 15 shows that this is indeed the
case: while both fresh and precultured PBMCs (from the
same original preparation) respond to stimulation of the TCR
with OKT3, precultured PBMCs are not as easily suppressed
by high CsA doses as fresh PBMCs (p<0.03).

EXAMPLE 13

Induction T Cell Activation Markers on the Cell Sur-
face

[0093] FIG. 16 shows induction of activation markers on
fresh (A) and precultured (B) T-cells by TGN1412 and
OKT-3 stimulation. PBMC were used fresh (A) or were pre-
cultured under high density conditions for two days (B),
harvested and restimulated under standard (low density) con-
ditions with either 1 pg/ml OKT-3 (black line), 1 pg/ml
TGN1412 (grey line), or without stimulating antibody (filled
histogram). After 18 hrs., cells were harvested and stained
with mAb specific for CD4, CD8, CD25, and CD69. Histo-
grams shown are for CD25 (top) and CD69 (bottom) gated on
CD4 (left) or CDS8 T-cells (right).
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1. A method for testing a prospective or known immuno-
modulatory drug for T-cell activation, comprising the step of
contacting in-vitro a peripheral blood mononuclear cell
(PBMC) culture with a predetermined amount of the prospec-
tive or known immunomodulatory drug and observing the
PBMC culture for T-cell activation using a readout system,
upon contact with the prospective or known immunomodu-
latory drug, wherein the cell density of a PBMC preculture is
adjusted such that cell-cell contact of the PBMC is enabled
and wherein the PBMC preculture is cultured for at least 12 h.

2. The method according to claim 1, wherein the readout
system observes the PBMC culture for release of at least one
cytokine from the PBMCs, observes cell proliferation or is
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another suitable readout system, like changes in gene expres-
sion, protein expression and/or posttranslational modifica-
tions.

3. The method according to claim 1, wherein the precul-
turing step is carried out by storing the PBMC culture for at
least 24 h, preferably at least 36 h, more preferably at least 45
h, at35°C.t0 40° C., preferably at36° C.t038° C., in absence
of immunomodulatory drugs, and prior to the contact with the
immunomodulatory drug to be tested.

4. The method according to claim 1, wherein the cell den-
sity of the PBMC culture during the Gpreculture step is at least
2%10%ml, preferably at least 5*10°/ml, more preferably at
least 107/ml, or at least 4%¥10°/cm’, preferably at least 10%/
cm?, most preferably at least 2*10%cm?.

5. The method according to claim 1, wherein the immuno-
modulatory drug is an immunostimulating drug, like an anti-
body, preferably a monoclonal antibody, in particular a
human CD28 specific superagonistic monoclonal antibody,
or selected from the group consisting of lectines, like con-
canavalin A (ConA), or phytohemagglutinine (PHA), natural
extracts comprising lectins, like echinacea extract, or mistle-
toe extract, superantigens, like Staphylococcal Enterotoxin B
(SEB), Staphylococcal Enterotoxin A (SEA), Toxic Shock
Syndrome Toxin-1 (TSST-1), staphylococcal pyrogens, like
Staphylococcal Pyrogene Enterotoxin B (SPEB), superanti-
gens produced by mycoplasma, like Mycoplasma arthriditis,
or by black plague bacteria, like Yersinia pseudotuberculosis,
superantigens produced by certain pathogenic viruses, like
EBV or HIV-1.

6. The method according to claim 2, wherein the cytokine
observed is selected from the group consisting of TNF, IFN-
gamma, IL-1-beta, IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7,
IL-8, 1L-9, 1L-10, IL12p70, IL-13, 1L-14, IL-15, 1L-16,
1L-17, IL-21, IL-35, and LT, and combinations thereof.

7. The method according to claim 1, wherein the precul-
tured PBMC culture is additionally contacted with a prospec-
tive drug for attenuating the release ofat least one cytokine, at
the same time as contacting of the PBMC culture with the
known immunomodulatory, in particular stimulating, drug or
subsequently after a predetermined period of time, or a pre-
determined period of time there before, wherein the cytokine
release is further observed.

8. The method according to claim 7, wherein the predeter-
mined period of time is in the range of 10 s to 12 h, preferably
in therange of 10s to 1 h.

9. The method according to claim 7, wherein the prospec-
tive drug for attenuating the cytokine release is a corticoster-
oide.

10. The method according to claim 7, wherein the prospec-
tive drug for attenuating the cytokine release is an immuno-
suppressive drug selected from the group consisting of Rapa-
mycin or calcineurin inhibitors, like cyclosporine A,
Voclosporin, or Tacrolimus.

11. A corticosteroid, Rapamycin and/or a calcineurin
inhibitor for use in treating, attenuating or preventing a cytok-
ine storm upon administration of an anti-human CD28 spe-
cific superagonistic monoclonal antibody.

12. The corticosteroid and/or a calcineurin inhibitor foruse
of claim 11, wherein the antibody is TGN1412.

13. The corticosteroid and/or a calcineurin inhibitor foruse
of claim 11, wherein the corticosteroid is dexamethasone
and/or methylprednisolone.

14. The corticosteroid and/or a calcineurin inhibitor foruse
of claim 11, wherein the calcineurin inhibitor is cyclosporin
A, Voclosporin, and/or Tacrolimus.
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