Mul timer for Imrunostinulation Description The invention relates to a

mul timeric non-codi ng nucleic acid nolecule for nodu- lating the activity
of the human or animal imune system a nethod of preparing sane, and a
vacci ne which contains the multineric non-coding nucleic acid. nolecule.
Wi |l e adaptive i mune response follow ng selection of |ynphocytes specific
for the respective pathogen and cl onal expansion and differentiation
thereof into ef- fector cells takes effect only in a delayed fashion (3 - 5
days), but then offers | asti ng protection fron1the respective

pat hogen MHHEmear f Pﬁﬂmﬁﬂ“@@ﬁé%“ﬂﬁﬂonlnnunologlc memory", cells of the innate
| mmune system recogni ze pat hogens on the basis of preserved

pat hogen- associ at ed nol ecul ar patterns (PAMPs) with germ cell-encoded
receptors and respond i mredi ately. The reactions that are different for
different types of cells include secretion of cytokines (e.g. IL-1, IL-6,
TNF-a) anPeSGER8®Mes (e.g. 1L-8/CXCL8, MP-l1a/(3, MCP-1), activation of
ef - fector mechani sns (phagocytosis, respiratory discharge, |iberation of
bactericidal substances or lytic granula), expression of co-stinulatory
mol ecul esT(-nenB@ntiom@E)teaﬁo aehultianer'mrmm'ncedingmc@s acid mwblda® fasimedd-es. On

t he one h this rec and acti.vates effect ceII C bl e

ol i nat | EBbe HhBEET H FuBga o AnahFimiins VG E metnSABR Bishaling: | e
adaptive bameéNariy at Q%élﬁe WHicHEcntaimg! the enammeriy rﬁ&i-c@ehgvlamem hbir eof .
To produce an inproved i mmune response, CpG oligonucl eotides (CpG ODN)

have beenm@de@lles a new cl ass of inmmunonodul atory nol ecul es. Such non-
met hyl ated CG notifs occur |n bacterial DNA and represent a "danger si gnal "
to the imune system Being "pat hogen-associ ated nol ecul ar patterns”

(PAMPs) ,  Whhilel gaptivei mirMuﬁ@twé@pmmnewnfg selectiory of hyanplidcytdeespedific fori Mmune

system (Krieg, Nat. Med 2003, 9: 831-835
the respective pathogen and clonal expansion and differentiation thereof into ef-
fector cells takes effect only in a delayed fashion (3 - 5 days), but then offers
long-lasting protection from the respective pathogen through formation of an
"immunologic memory", cells of the innate immune system recognize pathogens
on the basis of preserved pathogen-associated molecular patterns (PAMPs) with
germ cell-encoded receptors and respond immediately. The reactions that are
different for different types of cells include secretion of cytokines (e.g. IL-1, IL-6,
TNF-a) and chemokines (e.g. IL-8/CXCL8, MIP-1a/p, MCP-1), activation of ef-
fector mechanisms (phagocytosis, respiratory discharge, liberation of bactericidal
substances or Iytic granula), expression of co-stimulatory molecules (CD80,
CD86) as well as enhanced expression of MHC molecules. On the one hand,
this recruits and activates effector cells capable of eliminating the invaded
pathogen and, on the other hand, the cells of the adaptive immune system re-

ceive signals necessary for activation thereof.

To produce an improved immune response, CpG oligonucleotides (CpG ODN)
have been used as a new class of immunomodulatory molecules. Such non-
methylated CG motifs occur in bacterial DNA and represent a "danger signal” to

the immune system. Being "pathogen-associated molecular patterns" (PAMPs}),




CpG ODNs i nduce a THl-accentuated i mmune response via the cytokines inter-
| eukin-1 2, interferon-y and tunor necrosis factor a. I mrunostinul atory
nucl eic acid sequences (1SS) bearing the above-nmentioned CpG ODNs are only
a few bases in length and do not function via expression of proteins
encoded thereon. The |SS are covalently closed nucleic acid nol ecul es. They
consi st of oligonu- cleotides, whose bases can undergo partial pairing with
thensel ves, and one or two | oops which conprise 30 bases and several CG
cul es herei nbe] ow. The

notifs and wil | be referred to arrier l e
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on regqul awtymcém Wiggh.gagt hout intervention, would result in an inmmne
activ- ity unsatisfactory to t)he patient. Modification of CpG ODNs with

phosphor ot hi oat e backbone, as used in stabiliza- tion of "CpG DNA", has a
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consist of two chemically synthesized DNA nol ecul es having a
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sur f ace nptcetetﬂsmmdthémm WVHC on B cel I s and secretion of -3- |L-6,
|FN-y, IFN-a, 1L-12, TNF-a by PBMC), but, conpared to CpG CDN with
phosphor ot hi oat e backbone, have a somewhat different expression pattern and

si gni fi canhbYIIPURS chPAibhty %lds@drﬁlﬁﬂelc'm&\ﬁ%lecﬁlﬁss“l’h Asist B loRgeRy. DNA

of the prior art has a nunber of drawbacks regardi ng the nodul ation of

human or &l¢ictides, whose bases can undergo partial pairing with themselves, and one or
two loops which comprise 30 bases and several CG motifs and will be referred to

as carrier molecules hereinbelow.

The strong stimulation of cellular immune response allows exertion of influence
on regulatory cycles which, without intervention, would result in an immune activ-

ity unsatisfactory to the patient.

Modification of CpG ODNs with phosphorothioate backbone, as used in stabiliza-
tion of "CpG DNA", has a number of serious drawbacks, including in particular
the toxicity being observed [Heikenwalder 2004, Levin 1299], as well as non-
specific binding to proteins [Brown 1994].

For this reason, a new class of covalently closed immunostimulatory DNA has
been developed (EP 1196178). These DNA molecules consist of two chemically
synthesized DNA moiecules having a self-complementary region at the 5' and 3'
ends with palindromic overlaps so that ligation of the two DNA molecules pro-
duces a covalently closed molecule. These DNA molecules with CG motifs in the
non-complementary region show similar activity as CpG ODN (enhanced ex-
pression of the surface molecules CD80, CD40, MHC on B cells and secretion of




mal i mmune systemactivity. It is not always possible to nodul ate,
especially trigger, the activity of the human or aninmal imune systemat a
desired level. Gven the above state of the art, the object of the present
invention is to provide suitable inmunostimulatory DNA nol ecul es capabl e
of triggering an inproved i mmune resgonse, a met hod for the production
thereof, as well as vaccines con- taining said i munostinulatory DNA

nol ecul es. In the context of the present invention i munostinmulation nmeans
that the media- tor_and effector cells of the imune system i.e.,

especi al | {--BhiF¥medENtdy ILkHdwANFranhyo EBME), viputh caeIngesd fe {er® JADhhwith
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t her eof , ggnificahtipsower toxiviytihahicen Honasern this frmtiostirmulsitddyi DNAhef thenmune
system whi,ch functions have not been clarified as yet, are stinulated to
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I nvol venment of an immune reaction in the proc- ess of its origin or
maturing, or be it by changing a previously established reac- tion inits
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non-codi ng nucleic acid nol ecu The "mul ti meric nolecul e can be produced
by neans s#itable iemhunbstiomdatosy MNA haofesuleswcapable epfstriggepng \ardimpraved

5- phosphoryl at ed ol i godeoxyt,i bpaucl ei c_aci.d uence in.wa- ter. -4-
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buf f er sofdiingBaicRsinkeocstindlak DNAafRSlectlesr eby forming a reaction
m xture, and “incubating the reaction mxture at 37C for at |east 30

m nut es.
| In the context of the present invention immunostimulation means that the media-
tor and effector cells of the immune system, i.e., especially the presently known
thymocytes with helper function and cytotoxic thymocytes, B cells and so-called
NK (natural killer) ceils, macrophages and monocytes as well as dendritic cells
and precursors thereof, as well as cell populations assuming functions within the
immune system, which functions have not been clarified as yet, are stimulated to
show proliferation, migration, differentiation or activity through the use of nucleic
acid molecules. Immunomodulation means that, in addition to general stimulation
in the meaning defined above, there is also an influence on the type or character
of an immune reaction, be it by involvement of an immune reaction in the proc-
ess of its origin or maturing, or be it by changing a previously established reac-

tion in its nature.

The present invention solves the object by providing a multimeric non-coding

nucleic acid molecule. The multimeric molecule can be produced by means of a

method comprising the following steps:

- providing a 5-phosphorylated oligodeoxyribonucleic acid sequence in wa-
ter,




Most surprisingly, the order of the above-nentioned steps results in a
multinmeric nolecule which is better suited for use in nodul ating the
activity of the human or animal inmune systemthan the nol ecul es of the
state. A nmultinmeric nolecule in the meaning of the invention is
essentially a deoxyribonucleic acid | ecul e, said nucleic acid nol ecule
preferably having a length of at |east 100 nucl eotides, nore preferably
200, especially preferably nore than 300. Wiile EP 1 196 178 discloses
nmol ecul es which, ipn view of fheir stem]loop str can be referred to
no mononer s, IXAPIRENG BMHCR sink TRGIdS BRI GEnfolGiNSE by TasuSRRIRG b
wherein a n“”?%ﬁbpgoﬁﬂﬁﬁ stem | oop nononer structures assenble into nul -
timeric or oligoneric structures. Surprisingly, the resulting assenbl ates
are effec- tiadding addUDNA liggsehthereby forming aseactian mixursu@pdi si ng t hat t he

per se sinple. and.|aboratory-typical nti oned above result
in the format iRFYD&HINg dhe seqgt %/’é‘ %&i‘ QI%JQ&%S%%%PEESGE‘“FH@ Sstruct ures
according to EP 1 196 178, the nultineric nolecules according to the

i nvention represent earlier nolecular com plexes. In a preferred
enbodu menMasft sturmsrmglynﬂ'Ieomrdehef the ghowe- -mentioned Istepmresclltasn armullimeric,
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meani ng omdréepreferablyl 200, edpechllynsrefetabl/aore than 300. While EP 1 196 178
discloses molecules which, in view of their stem-loop structure, can be referred
to as monomers, the method according to the invention provides molecules
wherein a number of such stem-loop monomer structures assemble into mul-
timeric or oligomeric structures. Surprisingly, the resulting assemblates are effec-
tive in modulating the immune system. It was surprising that the per se simple
and laboratory-typical process steps mentioned above resuit in the formation of
effective structures. Compared to the structures according to EP 1 196 178, the
muitimeric molecules according to the invention represent earlier molecular com-

plexes.

In a preferred embodiment of the invention the cligomeric or multimeric assem-
blate, i.e., the molecule according to the invention, is characterized in that the

oligodeoxyribonucleic acid sequence comprises the following sequences:

a}) GTTCCTGGAG ACGTTCTTAG GAACGTTCTC CTTGACGTTG
GAGAGAAC or

b} ACCTTCCTTG TACTAACGTT GCCTCAAGGA AGGTTGATCT
TCATAACGTT GCCTAGATCA, or

¢) comprises an oligodeoxyribonucleic acid sequence having the base se-
guence AACG TTCTTCGGGG CGTT,




preferred sequences, are particularly suitable for stinmulating the activity
of the immune systemin donestic animals and humans. In a preferred
fashi on the base sequence according to feature c) is included in the
sequence CCTAGGGGIT ACCACCTTCA TTGGAAAACG TTCTTCGEGG CGITCTTAGG TGGTAACC
CCTAGGGGTT ACCACCTTCA TTGGAAAACG  TTCETCGGEEG CGTTCTTAGG TGGTAACC.
Surprisingly, the presence of the abodve sequence results in a particularly
hi gh effect of the nolecule, which effect in the neaning of the invention

is understood to be activation of the i mune sys- te Anot her. preferred
enbodi nentof SEREOHRARYBROBHIPS28BY SAAHENCRNAING AulesatE s Bed.600

partially sing giehigagded, covalently closed chain of deoxyribonu- cleoside
residues. It is the partially single-stranded, covalently closed chain of
deoxyri bonucl eosi de residues within the assenbled oligoneric or polyneric

structure_of the. nolecule t Ls, responsible.for praol onged.,effectiye
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el ement f iromunessysigroup domestic apimalsmandiumansA, N3N4 is an el enent from

the group of CT or TT, and C is deoxycytosine, G is deoxyguanosine, Ais
deoxyadenosine, and T is deoxythym dine. A particularly preferred

enbodi men{n enyiciaesd fashidn the bass SeRrenes cRcolfing €FBaiird ¢) ¢ inehidkd im t he
si ngl e-stranded regi on_of the closed chain _of de- oxyribonucl eosi de
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chari des, gnt I geni c structures, DNA and/ qr m)% cul es. .

above sequence results in a particularly high effect of the molecule, which effect

in the meaning of the invention is understood to be activation of the immune sys-

tem.

Another preferred embodiment of the invention envisages that the molecule
comprises a partially single-stranded, covalently closed chain of deoxyribonu-
cleoside residues. It is the partially single-stranded, covalently closed chain of
deoxyribonucleoside residues within the assembled oligomeric or polymeric
structure of the molecule that is responsible for prolonged effective activity of the
molecule in a target organism wherein it has been incorporated.

Another preferred embodiment of the invention envisages that the molecule
comprises the base sequence N'N2CGN3N* wherein N'N? is an element from the
group of GT, GG, GA, AT or AA, N*N* is an element from the group of CT or TT,
and C is deoxycytosine, G is deoxyguanosine, A is deoxyadenosine, and T is
deoxythymidine.

A particularly preferred embodiment envisages that the base sequence
N'N?CGN°N* is situated in the single-stranded region of the closed chain of de-
oxyribonucleoside residues. It is particularly these preferred molecules that show
highly effective activity in stimulating the immune system.




The invention also relates to a conbi nati on agent conprising at |east one
nol e- cule according to the invention and a chenot herapeutic agent.
Surprisingly, the anmazingly high stimulation of the i mune system by the
nol ecul e of the inven- tion can even be inproved when the agent of the
invention is conmbined with a well-kngwn chenot herapeutic agent and the
combi nation agent is used against turors. The conbination agent in the
meani ng of the invention can also be pro- vided in the formof a kit

wher ei n the agent _ of the jnvention, and .t he r art henot her apeuti c
agent ar e | ppdaentioneglsp Jelatgs torfh inveptive m‘ﬂ?? 8 C@Nﬁlﬁﬁ‘i%%g?ﬂug'g NHM"| east

two conpopenisg s‘%sﬁﬂqu‘éE{‘é tsé?@%u'ﬁ%tnt%@ﬁié EbeéFaHI)h%eﬁﬁ#T%e tid#8s, Yrotding sac-

ti me-shifted manner istration Of the conbination agent
ac- cor di oharides, MtlgeneratmmtureanDMamﬂoeRNﬁamombs systemin such a way
that a subsequently applied chenotherapeutic agent can develop its
activity especially effectively. Qoviously, it is also possible to apply
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of the invention to hunman or aninmal organismin a tine-shifted manner.
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chemotherapeutic agent are present separately. Thus, in preferred embodiments

the at least two components of the kit can be applied at the same time or in a
time-shifted manner. For example, administration of the combination agent ac-
cording to the invention can activate the immune system in such a way that a
subsequently applied chemotherapeutic agent can develop its activity especially
effectively. Obviously, it is also possible to apply the chemotherapeutic agent
first and subsequently administer the molecule of the invention to the human or
animal organism in a time-shifted manner. For particular tumors, simultaneous
administration of the molecule according to the invention and chemotherapeutic

agent is preferred.

In a preferred embodiment of the invention the chemotherapeutic agent is se-
lected from the group comprising antibodies, alkylating agents, platinum analogs,
intercaleting agents, antibiotics, mitosis inhibitors, taxanes, topoisomerase inhibi-
tors, antimetabolites and/or L-asparaginase, hydroxycarbamide, mitotane and/or

amanitins.

In a preferréd embodiment of the invention the alkylating agents are selected
from the group comprising

- nitrogen mustard derivatives, especially

- cyclophosphamide,




trof osfam de, nel phalan and/or chloranmbucil akyl sul fonates, especially
busul fan and/or treosul fan nitrosoureas, especially carmnustine,

| onustine, ninustine, estranustine and/or streptozotocin procarbazine
and dacarbazine, tenozolom de and/or thiotepa. The alkylating agents have
an especially high effect on tunmors, thereby inhibiting growth thereof. In
a preferred enbodi nent of the invention the platinum anal ogs are sel ected
fromthe group conprising: - cisplatin, - carboplatin and/or -

oxal i pl atin. Anot her preferred enbodi nent of the invention envisages that
the interctal affPpl@mid@ent s are selected fromthe group conprising: -
anthracycLinegpﬂﬁﬁﬁﬁﬁkglly - doxorubicin (adrianycin), - daunorubicin, -
epi rubi ci n and/or '

melphalan and/or

- chlorambucil

- akylsulfonates, especially
- busulfan and/or

- treosulfan

- nitrosoureas, especially

- carmustine,

- lomustine,

- nimustine,

- estramustine and/or

- streptozotocin

- procarbazine and dacarbazine,
- temozolomide and/or

- thiotepa.

The alkylating agents have an especially high effect on tumors, thereby inhibiting
growth thereof.

in a preferred embodiment of the invention the platinum analogs are selected
from the group comprising:

- cisplatin,

- carboplatin and/or

- oxaliplatin.

Another preferred embodiment of the invention envisages that the intercalating
agents are selected from the group comprising:

- anthracyclines, especially

- doxorubicin (adriamycin),

- daunorubicin,

- epirubicin and/or




1l -8 idarubicin, mtoxantrone, ansacrin and/or doxifluridine. Another
preferred enbodi nent of the invention envisages that the antibiotics are

selected fromthe group conprising: - bleomycin, - actinomycin D
(dactinonmycin) and/or - mtomycin. In another preferred enbodi nent of the
invention, it can be advantageous to_ge- lect the mtosis inhibitors from
the group conprising: - alkaloids of Vinca rosea, especially -
vi norel bine, - vincristine (oncovin), - vinblastine and/or - vindesine. In
anot her partigulaéj preferred enbodi nent of the invention the taxanes are
sel ect ed fronfdasd ﬁ%bup conprising: - paclitaxel and/or - docetaxel.
Furthernore, plitox@AtrBRepPreferred to select the topoi sonerase inhibitors
fromthe group conprising: - topoisonerase | inhibitors, especially -
canpt ot heei n, amsagpintagére and/ or - irinotecane and/ or

- doxifluridine.

Another preferred embodiment of the invention envisages that the antibiotics are
selected from the group comprising:

- bleomycin,

- actinomycin D {dactinomycin) and/or

- mitomycin.

in another preferred embodiment of the invention, it can be advantageous to se-
lect the mitosis inhibitors from the group comprising:

- alkaloids of Vinca rosea, especially

- vinorelbine,

- vincristine (oncovin),

- vinblastine and/or

- vindesine.

In another particularly preferred embodiment of the invention the taxanes are
selected from the group comprising:

- paclitaxel and/or

- docetaxel.

Furthermore, it can be preferred to select the topoisomerase inhibitors from the

group comprising:

- topoisomerase | inhibitors, especially
- camptothecin,

- topotecane and/or

- irinotecane and/or

- topoisomerase |l inhibitors, especially




- topoisonerase Il inhibitors, especially -9- etoposide teniposide. It is
al so preferred that the antinetabolites in a special enbodi nent of the

i nven- tion are selected fromthe group conprising: - folic acid

ant agoni sts, especially - nethotrexate, - pyrimdine anal ogs, especially
- 5-fluorouracil, - capecitabine, - cytosine arabinoside (cytarabine)
and/or - gentitabine, - purine analogs, especially - 6-thioguanine, -
pentostatine, - azathioprine, - 6-nercaptopurine, - fludarabine and/or

- cladribine. The ipvention also relates to a kit conprising the nolecule
of the invent BEWOSI® the chenot her apeuti c agent, optionally together with
i nformation r?érﬁ;%éé?&e.to com bining the contents of the kit. As set forth
above, the invention also relates to a pharmaceutical agent conprising the
nol ecul e of the invention or the conbina- tion agent, optionally together

el at s 1 B 15 Asa RisTaTed thed o ABLMEbAREin aspea BRI bR AR ca
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- folic acid antagonists, especially

- methotrexate,

- pyrimidine analogs, especially

- 5-fluorouracit,

- capecitabine,

- cytosine arabinoside (cytarabine) and/or

- gemcitabine,

- purine analogs, especially

- 6-thioguanine,

- pentostatine,

- azathioprine,

- 6-mercaptopurine,

- fludarabine and/or

- cladribine.

The invention also relates to a kit comprising the molecule of the invention and
the chemotherapeutic agent, optionally together with information relating to com-
bining the contents of the kit. As set forth above, the invention also relates to a
pharmaceutical agent comprising the molecule of the invention or the combina-

tion agent, optionally together with a pharmaceutically tolerable carrier.

Furthermore, the invention relates to the use of said molecule, combination
agent or pharmaceutical agent for the production of an agent for modulating a
human or animal immune system or modulating the activity of such an immune
system. Modulation of the human or animal immune system is understood to be
any influence on the immune system that results in an inhibiting effect of the im-

mune system on tumors or cancers. Modulating the activity of the immune sys-




system Mbdul ation of the human or animal i nmmune systemis understood to be
any influence on the i mmune systemthat results in an inhibiting effect of
the im nune systemon tunors or cancers. Mdulating the activity of the

i mmune sys -10 tem can be understood synonynously or describes activities
of the immune sys- tem well-known tq_ﬂygse skilled in the art, which are
directed against tunors and, surprisingly, increased in strength by the
agents according to the invention. Mre specifically, nodul ation is
therefore,a stlgylatlon or, an ascenh nce of. the inmune
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growt h di sorder is tunor djse In a preferred fashion the tunor

di sease i Brolif %nagea@g T@qu% ﬁléﬁt"{aﬁ@ngroup conprising tu- nors of the
ear-nose-throat region, conprising tunors of the inner nose, nasal sinus,
nasopharynx, |ips, oral cavity, oropharynx, |arynx, hypopharynx, ear, sali-
vary gl antfsa padicptariygaredtiredresnbaodimant, modulﬂingmmsactmiuymfsth&gimmme
parvicel lu |
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and biliary tract,” small intes- tine, colon and rectal carcinonmas and anal
carci nonamveutlogmﬁhamommt;atmrtagent according to the invention as an adjuvant in
therapeutic or prophylactic vaccination. In a particularly effective way, the agents
of the invention can be used in the treatment of cell growth disorders, and in a
preferred embodiment the cell growth disorder is a tumor disease. In a preferred
fashion the tumor disease is a disease selected from the group comprising tu-
mors of the ear-nose-throat region, comprising tumors of the inner nose, nasal
sinus, nasopharynx, lips, oral cavity, oropharynx, larynx, hypopharynx, ear, sali-
vary glands, and paragangliomas, tumors of the lungs comprising non-
parvicellular bronchial carcinomas, parvicellular bronchial carcinomas, tumors of
the mediastinum, tumors of the gastrointestinal tract, comprising tumors of the
esophagus, stomach, pancreas, liver, galibladder and biliary tract, small intes-
tine, colon and rectal carcinomas and anal carcinomas, urogenital tumors com-
prising tumors of the kidneys, ureter, bladder, prostate gland, urethra, penis and
testicles, gynecological tumors comprising tumors of the cervix, vagina, vulva,
uterine cancer, malignant trophoblast disease, ovarial carcinoma, tumors of the
uterine tube (Tuba Faloppii), tumors of the abdominal cavity, mammary carcino-
mas, tumors of the endocrine organs, comprising tumors of the thyroid, parathy-
roid, adrenal cortex, endocrine pancreas tumors, carcinoid tumors and carcinoid

syndrome, multiple endocrine neoplasias, bone and soft-tissue sarcomas, meso-




prising tunors of the kidneys, ureter, bladder, prostate gland, urethra,
penis and testicles, gynecol ogical tunors conprising tunors of the cervix,
vagi na, vulva, wuterine cancer, nalignant trophobl ast di sease, ovari al
carcinoma, tunors of the wuterine tube (Tuba Faloppii), tunors of the
abdom nal cavity, mammary carci no- qﬁg _tunors of the endocrine organs,
conprising tunors of the thyroid, par 1hy- roid, adrenal cortex, endocrine
pancreas tunors, carcinoid tunors and carcinoid syndrone, multiple
endocri ne neopl asi as, bone and soft-tissue sarcomas, nesq -11- thelionas,
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metastases, lung metastases, liver metastases, bone metastases, pleural and

pericardial metastases, and malignant ascites.

Without intending to be limiting, the invention will be explained in more detail be-

low with reference to the examples.

The equipment, materials and solutions required for the individual methods are
represented under the respective method. The following table includes a list of
equipment and materials, which have been used and do not pertain to a specific
method, and chemicals and solutions required for the preparation of the solu-
tions:




met hod, and chem cals and solutions required for the preparation of the

sol u-

et er

(sterile,

Schl ei cher
Blasticidin_.S (10 ng/m)

Brilliant

tions:
Nane Manuf acturer/ Supplier

Hot st age HLC Progress Sigma Magnetic stirrer
Top- | oadi ng bal ance Sartoj4us

Kni ck
and Kunkel

Cenie 2 Scientific
Corning B.V. Life Sciences
vari ous si
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| nstrument s

th, Reaction v
=quipment, mater
& Scholl Chem cal s,

Equi pnent ,
Equi prment

mat eri al s,

Mat eri al s

chem cal s and so

Bi of uge Pico Hereaus Digita
| KA MAG REO Janke
Pi pettboy Accu Jet Brand Vortex

D sposabl e pipettes 5, 10, 25 ni
Bottle-top filter 0.2 pm Nunc Pipette tips of

kel oy R

uti ons used
pH

Syri nges

0.45/0.2 pm

sol utions APS Life Technol ogi es

ATP Si gma

| nvi vogen Boric acid Roth BSA Signma_ Coonmssi e

Blare R- 250 Serva DMVEM nedi um Bi o\Wi

I!MahﬁacturerlSupplier

Equipment

Biofuge Pico Hereaus

Digital pH meter Knick

Hotstage HLC Progress Sigma

Magnetic stirrer IKA MAG REO Janke and Kunkel

Top-loading balance Sartorius

Pipettboy Accu Jet Brand

Vortex Genie 2 Scientific Instruments
Materials

Disposable pipettes 5, 10, 25 ml

Corning B.V. Life Sciences

Bottle-top filter 0.2 um

Nunc

Pipette tips of various sizes Roth

Reaction vessels 0.5 mi, 1.5 ml Eppendorf

Syringes (sterile, 10 mi, 100 mi) Becton Dickinson

Syringe filter 0.45/0.2 pym Schleicher & Schill
Chemicals, solutions

APS Life Technologies

ATP Sigma

Blasticidin S (10 mg/ml) Invivogen

Boric acid Roth

BSA : Sigma

Coomassie Brilliant Blue R-250 Serva

DMEM medium BioWhittaker

Ethanol, absolute J.T. Baker

Ethidium bromide Sigma

FBS BioWhittaker

MgCl, Roth

Na,EDTA -+ 2 H,O Roth

NaCl Roth

NaN; Merck

Sodium acetate (anhydrous) Roth

PBS free of Ca and Mg BioWhittaker

Penicillin/streptomycin BioWhittaker

RPM medium BioWhittaker

Saccharose Roth

Hydrochloric acid (HCI) 25% Roth

Sulfuric acid (HaSQOy) Roth

TAE buffer (50 x) AppliChem

TEMED Roth

Tris Ulira Roth

Trypsin solution BiowWhittaker

Tween 20 Roth




Et hanol , absolute J. T. Baker Ethidiumbromde Signma FBS Bi oWittaker

Myl 2 Roth Na2EDTA 2 H20 Roth NaC Roth NaN3 Merck Sodi um acetate
(anhydrous) Roth PBS free of Ca and My Bi oWi ttaker
Penicillin/streptonycin Bi oWwittaker RPM nedium Bi owiittaker Saccharose
Rot h Hydrochloric acid (HCl) 25% Roth,,Sul furic acid (H2SO4) Roth TAE
buffer (50 x) Appli Chem TEMED Roth 1l‘?i s Utra Roth Trypsin solution

Bi oWwhittaker Tween 20 Roth -13- ODNs and dSLI Ms used, sequence sel ection
usi ng Mol d Many of the sequences used to produce node| nolecules for the
i nvest i gaQRNs @nd d¥LIMs used, sequengesels ushgevald ed using the "nfol d"
software available in the WW

(http://ww. bi oi nfo.rpi.edu/applications/nfold). It is a programused to
predi ct t Marsesfthdaeguences used toproduteanodelcindiechibesdor the investigationeof c
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predict the secondary structure of nucleic acids based on thermodynamic data
[Zuker, 2003]. The sequences of the DNA 58 nucleotides in length, referred to as
ODN hereinbelow, used to synthesize dSLIM were input as linear DNA in "DNA
mfold", using standard settings and the following parameters: temperature 37°C,
ion concentration 150 mM Na* and 0.5 mM Mg?, oligomer correction.
The sequence of dSLIM-30L1 was used as a basis for the model molecules to
investigate the formation of G structures. Initially, the latter were modified in such
a way that consecutive guanine residues were no longer present, while retaining
the GC proportion of the complementary region (referred to as "stem" hereinbe-
Jow). The sequence of the non-complementary region (referred to as "loop" here-
inbelow) was modified in such a way that Watson-Crick base pairing preferably
would not be possible and no consecutive guanine residues would be present.
As a result of modifying the loop, the CG motifs situated within this region were
modified compared to 30L1. The model ODN constructed in this way will be re-
ferred to as KG hereinafter. The GL ODN corresponds to KG with a poly(G) se-
qguence in the loop, which, in contrast to the one occurring in 30L1, is not situ-
ated within the CG motifs. The MS ODN corresponds to the starting molecule
30L1, but has additional guanine residues in the stem. The GS, GLS and ML
ODNs include combinations of stem and loop of the above-described ODNs.
The molecules no30L1 and noGL, each having CG replaced by TG, were used
as control molecules for the dependence of the observed effect of CG motifs.
The molecule dSLIM-60L1 was used as model molecule of a "dimeric” dSLIM-
30L1, as might be formed by concatemerization. It consists of two partially com-
plementary, yet non-self-complementary, ODNs {60L1forw and 60L1rev) which,
following hybridization, have a 5' overhang to which another ODN (30L1-AGGG)

with a corresponding 3' overhang and self-complementary 5' and 3' regions can
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concatenmeri zation. It con5| sts of two partially com plenentary, yet
non-sel f-conpl enentary, ODNs (60L1forw and 601-1 rev) whi ch, follow ng
hybri di za Q ODN (30L1 AGEG) with a
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be |ligated. The sequences of the | oops of the above 3 ODNs correspond to

t hose of 30L1 Fractions of dSLIM30lL1 ohtained by separating a large

quantity ofNATBESL | MS8mERCe s ng separation by means " ofStreptubiRtPRuOUS eetiar
gradient ijn a HPLC were pro- vided by Ml ani e Rot he| (Mol ogen AG . (g,,fon

30L1 CCT AGG GGT TAC CAC CTT CAT TGG AAA ACG G, In stem and 17871
TTC TTC GGG GCG TTC TTA GGT GGT AAC C loop (S1,L1)

KG CTG CAG CTG TAG CAG CTT CAT TCC ATA TCG no poly(G) sequences, 17723
TTC TTC GTE TCG TTC TTA GCT GCT ACA G loop unpaired (52, 1.2)

ML CCT AGG GGT TAC CAC CTT CAT TCC ATA TCG stem of 30L1, 17723
TTC TTC GTG TCG TTC TTA GGT GGT AAC C loop of KG (81, L2}

MS CCT AGG GGT GGG GGC CTT CAT TGG ARA ACG 30L1 with additional 17874
TTC TTC GGG GCG TTC TTA GGC CCC CAC C Gs in stem (33, L1)

GL CTG CAG CTG TAG CAG CIT CGG GGG GTA TCG KG with Gg in loop 17885
TTC TTC GTG TCG TTC TTA GCT GCT ACA G (32,L3)

GS CCT AGG GGT GGG GGC CTT CAT TCC ATA TCG KG with stem of 17726
TTC TTC GIG TCG TTC TTA GGC CCC CAC C MS (83, L2)

GLS CCT AGG GGT GGG GGC CTT CGG GGG GTA TCG stem of MS, loop 17888
TTC TTC GTG TCG TTC TTA GGC CCC CAC C of GL (83, L3)

no30L1 CCT AGG GGT TAC CAC CTT CAT TGG BAAA ATG 30L1 without CG motifs {17871
TTC TTT GGG GTG TTC TTA GGT GGT AAC C (TG instead of CG)

noGL CTC CAG CTG TAG CAG CTT TGG GGG GTA TTG GL without CG motifs 17900
TTC TTTC GTG TTG TTC TTA GCT GCT ACA G (TG instead of CG)

60L1 forw CCT AGG GGT TAC CAC CTT CAT TGG AAA ACG non-self-complementary, 119147
TTC TTC GGG GCG TTC TTT CCC CAA TGG TGG Aa |loop of 30L1 '

60L1 rev CCC CTT CCA CCA TTG GGG ATC ATT GGA ARR non-self-complementary, | 19108
CGT TCT TCG GGG CGT TCT TAG GTG GTA ACC cc |leopof 30L1

30L1- GGG GTT ACC ACC TTC ATT GGA ARA CGT TCT self-complementary, 16177

AGGG TCG GGG GCT TCT TAG GTIG GTA A 3 overhang

M362 tcg tcg tcg ttc gaa cga cgt tga t CpG-C phosphorothicate | 7640

backbone
2006 tcg tcg ttt tgt cgt ttt gtc gtt CpG-B phosphorothioate | 7303
backbone




The ODNs used in this work were purchased fromTIB Ml biol (Berlin) with 5
phosphoryl ati on (exceptions: M62, 2006), dissolved in H2O at a
concentration of 3 g/l after HLC purification: Table: ODNs used
(phosphorothioate: small letters) Nane Sequence Structural features

Mol ecul ar  weight (glnmol) 30L1 CCT AGG GGT TAC CAC CTT CAT TGG AAA ACG 4
in stemand 17871 TTC TTC GGG GCG TTC TTA GGI GGT AAC C loop (S1,L1) KG
CTG CAG CTG TAG CAG CTT CAT TCC ATA TCG no pol y(G sequences, 17723 TTC

CAS O Coamingdo Ao orentalion-oirs fuir H biidgh pinding See, BHaninGs SrEATSOIGT
GGT AAC CG
oL 1 it ety o cftficiiplse bédndBufh B AErddds (EaartertVia ddahicustifie’
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e aT TElebhdas T RSl GARADIS O fOTHING A teiriTipliE. Hefiea SEsthce PREIPIEC. coc
CAC C V(5% e p4368 9485 EoIBVEIET HERaASCARGHEEAC g Thefods

| oop 17888 | TIC TTC GIG TCG TTC TTA GGC L3) no30L1
CCT AGG Glzm.TlRependingon therpasitomamumber 3od distribution ot:wamnefrwcie@ S TTC

Cac crr TENEPe e to R B vendls @R scpdsdie il B e

TTA CCT GllieACihtés thide igroliped GZF DRNA @Simblésular parallBlaorGantigh@liéltetta:T CAT
TGG AAA ACG non-sel f-compl ementary, 19147 TTC TTC GGG GCG . TIC TTT CCC CAA
TGG TGG ARlexgsh &' mAl(t@mml%Uarc@oﬂml etAcireplexesl aASATENAY(teltex AAA

non- sel f - GoDL AP BLAINGI tditdfiBxes). G4 DNA is capable of forming self-assembling
nanostructures, so-called G wires. Apart from the number of available guanine
residues and their arrangement and surrounding Watson-Crick base pairing, the
formation and stability of G structures, the latter sometimes being very high, de-
pends on the temperature, DNA concentration and the presence of various
cations (e.g. Na*, K, Mg®, Ca®"). For example, G4 structures have been identi-
fied in telomer sequences, immunoglobulin switch regions and HIV DNA [Sen
1992, Marsh 1994, 1995].

Next, various menomeric and multimeric molecules containing combinations of
va'rious loop and stem sequences were produced. Three loop sequences and
three stem sequences including long, short or no poly(G) motifs were used each
time, thereby influencing the ability of forming G structures. Stable G structures
can form under appropriate conditions in short ODNs (12mer) with only four con-
secutive guanine bases. In longer ODNs longer motifs are necessary because
the probability of forming stable G structures positively correlates with the pro-
portion of guanine bases contributing to the overall sequence [Sen, 1992].

Molecules having additional long poly(G) motifs show enhanced formation of
multimeric molecules. Also, the elution profiles of these molecules are different
from those having no long poly(G) motifs in that two peaks appear, the peak at
higher elution volume corresponding to the DNA distribution encountered in the
upper region of the agarose gels. The most remarkable change was observed




CGI' TCT TCG GGG CGI' TCT TAG GIG GTA ACC CC | oop of 30L1 30L1- GGG GIT ACC
ACC TTC ATT GGA AAA CGT TCT sel f-conplementary, 16177 AGGEG TCG GGG GCT TCT
TAG GTG GTA A 3' overhang M362 tcg tcg tcg ttc gaa cga cgt tga t

CpG Cphosphor ot hi oate 7640 backbone 2006 tcg tcg ttt tgt cgt ttt gtc gtt
CpG B phosphor ot hi oate 7303 backbone 145- OnMng to the orientation of its
four H bridge binding sites, guanine I's capable of formng a cyclic base
gquartet with 8 H bridges (G quartet) via guanine-guanine base pairing. A
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Na' K, Mgt *, Ca2+ For exanmple, &4 structures haye be en ed in
Lol bmor & BlagkioBBaresis ATB AIBUAT rh taed CBRTHES, CHRARID AOVBRANSHS N thegy

Mar sh 1994, z%*@ﬁé\{lﬁxﬁhe VeIV a@ﬁ?l'i’%éb&n@ﬂ@aﬁ‘é‘t hidAr utiB GSIMhRSS i

cont ai ni ng <o vari ous [oop and stem sequences were pr oguced.
Thr ee | oothes eplienquefi lermhd ahwe@dgt\mlnleemete distribuion ofI NG, abdvertheor no
pol y(6) mr)r%ciﬁr}cosm(\al\ﬁcr %ana in t%e agarose gel. Regarding the’ peak pattern (HPLC) and
DNA distribution (agarose gel), the migration behavior in HPLC and agarose gel
observed for molecules with poly{G) motifs in loop and stem (GLS) was between
that of GL and GS and MS. Two separate peaks of equal height were observed
in the elution profile, and the amount of DNA distributed in the upper region of
the gel was somewhat higher than for molecules with poly(G) motifs in the stem
(GS and MS), but lower than for GL. Accordingly, formation of multimeric mole-
cules should be particularly favored when the poly(G) motifs are situated in the
loop, as is the case with GL. The reason for this is lacking competition between
formation of Watson-Crick base pairs and formation of G structures in a single-
stranded loop. This precondition is also given in the GLS molecule. In this case,
however, poly(G) motifs as possible partners of interaction are present both in
the stem and loop. Hence, formation of intramolecular G2 structures, i.e., largely
proceeding independently of the concentration, is possible. As a result, they rep-
resent a competition to intermolecular formation of G structures so that formation
of higher-molecular weight complexes is reduced for GL.S when compared to GL.
The lowest fendency of forming higher-molecular weight complexes was ob-
served in molecules with poly(G) motifs in the stem, although the poly(G) motifs

in this case were longer than those in GL.
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In contrast, the DNA shares in the pocket do not completely disappear for GL
and GLS which have poly(G) motifs in the loop, and a regular, additional band
pattern can be recognized. This is probably due to dimers or tetramers or non-
degraded ODNs having remained in the aggregates, which have been dissolved
from the aggregates by denaturation and are still bound to each other via gua-

nine-guanine interaction.

The experimental properties show that the multimeric molecules with long
poly(G) motifs are in fact formed by G structures. Apart from the appearance of
an indiscrete DNA distribution in the upper gel region, said properties include the
appearance of regular bands following denaturation, as is observed for GL and
GLS in a polyacrylamide gel.

In contrast to the band in the upper third of the gel, which was isolated from
30L1, the bands observed for KG and ML were no longer recognizable after de-
naturation (see Fig. 3.1.6). These bands are therefore dimers that are formed via

base pair interactions between two monomeric molecules and, as a conse-




(GS and MS), but lower than for GL. Accordingly, formation of nultineric
nol e- cul es should be particularly favored when the poly(G notifs are
situated in the loop, as is the case with G.. The reason for this is

| acki ng conpetition between formation of Watson-Crick base pairs and
formation of G structures in a singleygstranded | oop. This precondition is
also given in the GLS nmolecule. In this case, however, poly(G nmotifs as
possi bl e partners of interaction are present both in the stem and | oop.
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fourth fraction was similar to MS in its mlgration behavior.

The shift of the band corresponding to a dimer for 30L1 and of the 30L1 fraction
3 in the cell culture medium compared to their migration distance in gel observed
in water was remarkable. A comparison with Coomassie-stained gel shows that
the corresponding band in medium runs at the same level with the lower protein
band. Therefore, it can be assumed that shift of the band is caused by binding of

the dimeric molecule to proteins.

The migration behavior of the bands corresponding to the monomer conforma-
tions was barely changed by addition of medium, it was only with GL that an in-
crease of the band corresponding to the open conformation was observed. After
incubation at 37°C for five hours, a diffuse distribution of the DNA between the
two bands previously observed was seen in KG and 30L1, where the intensity of
the band corresponding to the open conformation decreased for KG. Under the
selected conditions the open conformation is slightly favored compared to the
aqueous solution. After 27 h of incubation in medium, the observed DNA intensi-
ties for ML and GL were massively reduced, and even with KG it was only the




In contrast, the DNA shares in the pocket do not conpletely disappear for
G and GS which have poly(G notifs in the | oop, and a regul ar,

additional band pattern can be recognized. This is probably due to diners
or tetranmers or non- degraded ODNs having remained in the aggregates, which
have been di ssolved fromthe aggreg_a,me_s by denaturation and are still
bound to each other via gua- nine-guahine interaction. The experi nental
properties show that the nultinmeric nolecules with long poly(G notifs are
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behavior of the first fraction corresponded to the two nononeric
conformati ons observed, that of the second fraction corresponded to a
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prevailed after denaturation of this fraction, and that of the third
fraction frarmhymsor blesdotinrations is alihighly complex systeas whearein heddifignente.
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assignment of an observed response to a particular cell type or reaction path is
hardly possible. Moreover, there are great variations between the results of indi-
vidual donors so that greater numbers of independent tests are required. The
advantage of this test system is that it comes closest to the in vivo situation

among all the possible well-established in vitro systems.

The tests showed that the detection of cell activation being used is subject io a
relatively strong influence by the cell culturing conditions because IL-8/CXCL8 is
also secreted in response io cell stress-inducing factors. In particular, this be-
comes evident in view of the results obtained with cells whose medium was not
changed prior to stimulation (see Fig. 3.3.1) and wherein a high concentration of
IL-8/CXCL8 was detected even in unstimulated cells. The determined ratio of the
chemokine concentration measured in unstimulated cells and the chemokine
concentration detected in stimulated cells was 1.3 and thus very low compared
fo cells where the medium had been changed. The latter had a ratio of 2.3.
Therefore, to obtain results as informative as possible, culturing the celis under
largely cell stress-free conditions is particularly important in this test. Presuma-
bly, cell stress is the reason why the results obtained with cells stimulated 24 h




fourth fraction was simlar to MSin its mgration behavior. The shift of
the band corresponding to a dinmer for 30L1 and of the 30L1 fraction 3 in
the cell culture nedium conpared to their mgration distance in gel
observed in water was remarkable. A conparison wi th Coomassie-stained gel
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the intensity of the band corresponding to the open conformati on decreased
for KG Under the selected conditions the open conformation is slightly

favored cagRHRvddin iR teB8ORANIT FPHEpERTENcRS &9 the StifuRition e {6é®Fid.n
medi um the observed DNA intensi- ties for M and GL were nassively

reduced, 2fd2kectiffarancedsthe seaetedanaunt of chemokings hriweennustimdatedsi bl e

with reduged intensity | t S | i nsi
observed W& hs%ﬂl%.?ectfg ”%A(;ééslﬁgl Qgei%gé%gt %‘g%'ev(\\dﬁf?b!{ecp utr%a? EF héhbélggﬁ&
conf or nat || 0BACRCES liiréases belwssry bas addt2ah, dbilblike $dreastke dbservedrfram
tions. The immnostinulatory effect of various nmononeric and nultineric
nol ecul es24 o 4&bhmeas $rpallt i gat ed by determining the concentrations of
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(see Fig. 3.3.3).

The highest secretion of IL-8/CXCLS in the tests was induced by stimulation with
GL, which was somewhat higher than that induced by ODN 2006. The amounts
of IL-8/CXCL8 measured following stimulation with KG and 30L1 were somewhat
lower, where KG showed a somewhat higher activity compared to 30L1. The ob-
served differences in activity of these different monomeric and multimeric moie-
cules might be due to the observed structural differences. Thus, it is possible to
demonstrate that KG and GL, as compared to 30L1, tend to have an open con-
formation of the loop region with CG motifs, so that the single-stranded form
thereof is preferred. As shown by Rutz et al. by means of surface plasmon reso-
nance, single-stranded DNA binds to TLRO with higher affinity than double-
stranded DNA [Rutz, 2004], which might be the reason for the somewhat higher
activity of KG and GL compared to 30L1. However, the CG motifs are different
even in 30L1 and KG/GL so that the different activity might also be due to the dif-
ferent affinity of the different CG motifs to the receptor.

GL, the molecule with the highest potency of forming aggregates, showed the
highest activity among the tested molecules in both tests, which is possibly due
to stronger crosslinking of the receptors by the higher-molecular weight com-




assignment of an observed response to a particular cell type or reaction
path is hardly possible. Mreover, there are great variations between the
results of indi- vidual donors so that greater nunbers of independent tests
are required. The advantage of this test systemis that it comes cl osest
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systens. The tests showed that the deTection of cell activation being used
is subject to a relatively strong influence by the cell culturing
condi tions because |IL-8/ CXCL8 is . als? secreted in reggonse

] t I
stress- i n@lfesgHowavsr.enhancedactivity af GLiiRjtae tests pere QQiMthBWW% of
t he resul Laad~u ; | | ;
St mulat i 0t PBSEVEL O g GRbL Rt E ekl FbCIBIS Wt offe HAREnh e igni
| L- 8/ CXCL 8onascelptbes prsest anthenmans tcomplex systeai b5 PBME adetirralvedkih theet | o of

t he chenpki ne con trati on. neasured in unstinyl ated cells and the

chenoki ne 'mEHﬁ'EB?ﬂ‘fLE"{‘r}PBh aIHﬁY'B’c pga"lqur}?rgéril%%pat 'bﬂ“@éq”l'cs ' '@%‘@9% atis fRrs ver y
| ow conpaiggfed Befdh! whithaktobhioe BIHELSAGrp festufdPorand méleeuledt rpushad a
ratio of 2.3. Therefore, to Obtain results as infornmative as possible,

cul t ur i ngfertexareplesit unigbt be Ipesgibley that Irecegnitiers alsoqoceeds viaostber pucleic
particul arly, i tant inthis te Pr - 4 bl cell stress |

Fenson whpoRre i erdleslsb s TERece TERE, ity Bibdudild Epondrat®

seedi Nng WBF thdtiilatitiy &ffgll as those obtained with cells grown to confluence.
Passagi ng of cells and associated cell culturing techniques generate high
cell stress. As observed in the test relating to dependence on the

ehenoki nel R0GESRACH rthe st et Shftial T Drosbrici ot BAURE PRI,
af ter onl yheb Idupu o8 thd Imeorarasric mbleclilessialdfE the formeativedob efuliiraerié donand 24
h, while the increase observed from 24 h to gtawas smal |, The activities

48
of the noPlXgseln additien, these corplexashave high stakilfyite dhemalgenaliyption.her e

di fferences between the individual nolecul es enployed were observed

To identify the differences of the immunomodulatory effect of various constructs,
the latter were employed in stimulation experiments with PBMC.

-The results show that the multimeric molecules have particularly high activity.
Determination of DNA concentration

The concentration of the ODNs and monomeric DNA molecules was determined
by measuring the absorption at 260 nm (A,,). It is the aromatic rings of the nu-
cleic acid bases that are responsible for the absorption at 260 nm, the individual
bases having different molar absorption coefficients e (A> G > T > C). As a re-
sult of chromophore-chromophore interactions, double-stranded nucleic acids

have a lower absorption than single-stranded nucleic acids (hypochromic effect).

To determine the concentration, the corresponding volume of DNA solution to be
determined was initially diluted in an Eppendorf vessel with TE buffer in a final
volume of 300 ul (ODN 1:200, dSLIM 1:100). The DNA solution was subse-
quently transferred into a quartz cuvette, and the absorption at 260 nm was




(see Fig. 3.3.3). The highest secretion of IL-8/ CXCL8 in the tests was

i nduced by stinmulation with G., which was sonewhat hi gher than that

i nduced by ODN 2006. The ampunts of |1L-8/ CXCL8 neasured foll ow ng
stimulation with KG and 30L1 were sonewhat |ower, where KG showed a
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specifically the presence of poly(G notifs in
Preparation of monomeric DNA molecules

For the preparation of the monomeric DNA molecules, sterile (disposable) mate-
rials and fresh buffers or sterile-filtrated buffers stored at -20°C were used so as
to avoid contamination with bacteria, because the stimulation results can be fal-

sified even by small quantities of endotoxins.

The first step in the production of monomeric DNA molecuies is ligation of two
ODNs using T4 DNA ligase. T4 DNA ligase catalyzes formation of a phosphodi-
ester bond between 5'-phosphate and 3'-OH ends in double-stranded DNA or
RNA with blunt or cohesive ends. In addition, it is capable of repairing single-
strand breaks in double-stranded DNA, RNA or DNA-RNA hybrids.

Ligation of two ODNSs proceeds between the 5'-phosphate overhang of one ODN
and the 3' end of the other ODN, thereby forming a circular molecule. During the
reaction The reaction likewise produces the multimeric DNA molecules accord-
ing to the invention.




the | oop of the nononeric nol ecules favors the formation of multineric com
pl exes. In addition, these conpl exes have high stability to thernal
denaturation. To identify the differences of the i munonodul atory effect
of various constructs, the latter were enployed in stimulation experinents
with PBMC. The results show that the jaltineric nolecules have particularly
hi gh activity. Determ nation of DNAConcentration The concentration of the
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The success of ligation was examined prior to performing the T7 digestion. To
this end, 0.3 ug of ODNSs, ligation batch and a test T7 digestion each time were
separated on a 3% agarose gel (see 2.4.1). For the test T7 digestion, excess T7
DNA polymerase at a ratio of 10 U/1.1 ug of DNA was empioyed in a volume of
21 pl. The reaction proceeded for 1 h at 37°C and was terminated by heating to
70°C for 10 minutes.

For T7 digestion, the ligation batch was diluted with Aqua rinse and a corre-
sponding amount of 10 x ligase buffer so that the DNA was present at a concen-
tration of 0.3 g/l in 1 x ligase buffer. The amount of T7 DNA polymerase required
to make a ratio of 0.03 U/ug DNA was added. The batch was incubated in a wa-
ter bath at 37°C for 15 to 24 h. The success of the reaction was examined by
separating 0.3 pg of ligation batch along with 0.3 pg and 0.9 pg of the T7 diges-
tion batch on a 3% agarose gel.

Purification of the molecules according to the invention

Purification was effected using anion exchange chromatography. The principle of

this method is based on the presence of positively charged groups in a porous




rials and fresh buffers or sterile-filtrated buffers stored at -20C were
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di gestion each tinme were separated on a 3% agarose gel (see 2.4.1). For
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1 M NaCl) was used for separation.

Prior to starting the purification, all outlets and inlets of the HPLC apparatus,
filled with 20% ethanol when not in operation, are initially rinsed with Aqua rinse,
and the column is packed. To this end, 1.6 - 1.8 ml of DMAE was placed in the
column, filled with water up to the edge, and the column was wagged to ensure
uniform distribution. Subsequently, the column was connected to the HPLC ap-
paratus in an air bubble-free manner. The column was rinsed at a flow rate of
1 mi/min until the column material had completely settled. The upper piston was
screwed on the matrix in an air bubble-free manner, and excess water was dis-
placed from the column. The column was reconnected to the HPLC apparatus
and rinsed at a flow rate of 1 ml/min, and possibly occurring dead spaces be-
tween matrix and piston were eliminated by repeating the last step. The column
thus packed, as well as the entire HPLC apparatus, were subsequently equili-
brated with T20 buffer at a flow rate of 1 ml/min. Equilibration of the column was
effected using an approximately 10fold column matrix volume and checked using
a pH indicator strip. Using a Hamilton syringe, the batches were injected into the
HPLC apparatus via a 2 m| sample loop. The HPLC apparatus was controlled by
means of a software protocol designed to effect automatic fractionation. In some




70C for 10 mnutes. For T7 digestion, the ligation batch was diluted with
Agua rinse and a corre- sponding anmount of 10 x ligase buffer so that the
DNA was present at a concen- tration of 0.3 g/l in 1 x ligase buffer. The
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added. The batch was incubated in a V\%s ter bath at 37C for 15 to 24 h. The
success of the reaction was exam ned Dy separating 0.3 g of ligation batch
along with 0.3 g and 0.9 g of the T7 diges- tion batch on a S%agarose gel .
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the stationar ase and are rapidly eluted with a nobile phase of | ow
i oni c st reagvmzwwaamﬁsr nthe fitky ratenvas sk miyminhT kereafier, tbeicolimmaas, t he

n rosul ¢ BreUpMbien Wit 0o BETER, MY Raf bl SeRiHeANge ARt diy SRR
aci ds ar epgtigfseshd inlets of ’th’ﬁ“Hleﬂ aparafiRswhidianuapernsed MAAS20bliffer dt
2003] . Fractogel -DVAE, a polyner resin wth dinethylam noethyl groups, was

used as stationary phase in purification. An NaC step-by-step gradient
0% 50% I t he
(e 2000 THR ey ARG botlRRies el Cneiial L Stofty dRckimiiphnd I
20% et hangkesafesath [ndhe premueeaiflmmommtl (mtibnaj huclelcrmls i albobkqtfann iamse,
and the colum is packed. To this end 1% %tplacdln
t he insoluble precipitate which can be isolated by centnfugatlon prempl ated salt
can largely be removed by washing in 70% ethanol because, unlike nucleic ac-
ids, it is soluble therein. To increase the yield in case of smaller amounts of nu-
cleic acids less prone to precipitation, it is possible to perform the precipitation at
low temperatures and/or add Mg? ions. If not interfering with subsequent uses,
carrier materials such as tRNA or glycogen can also be added, which increase
the effective concentration of the nucleic acids [Lotispeich, 1998; Milhardt,

2003].

For precipitation, the respective fractions of the HPLC purification were {rans-
ferred into Corex centrifuge glassware and added with 1/100 volume of 1 M
MgCl,, 1/10 volume of 3 M sodium acetate solution and 2.5 volumes of 96%
ethanol. The batches were mixed and precipitated at 20°C for 2 - 24 h. The
batches were subsequently centrifuged at 10,000 rpm (11,000 g) and 4°C for
30 min, the supernatant was removed, washed with 5 m! 70% ethanol and centri-
fuged for another 10 - 30 min at 10,000 pm (11,000 g) and 4°C. The super-
natant was removed and the DNA pellet was dried on air until the odor of alcohol
had disappeared. The DNA was taken up in 100 - 350 ul of Aqua rinse and

transferred into sterile 1.5 ml reaction vessels. The volume for resuspension was




colum, filled with water up to the edge, and the colum was wagged to
ensure uniformdistribution. Subsequently, the columm was connected to the
HPLC ap- paratus in an air bubble-free manner. The colunmm was rinsed at a
flowrate of 1 m/mn until the colum material had conpletely settled.
The upper piston was screwed on the g@mtrix in an air bubble-free manner,
and excess water was dis- placed fromthe colum. The col umm was
reconnected to the HPLC apparatus and rinsed at a flowrate of 1 ml/mn,

and possi bly occyurrjng,dead ces be- .t matri x and pi ston were
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at aflowrate o qul ation o e colum was effected using
an approximately 1 O old colum matrix volune and checked using a pH

I ndi cat or ,strip. i a ml|ton syringe, the batches were injected into
t he HPLC%ggﬁtqueEﬁ%}r%plﬁolfﬁS%anpl e |l oop. The HPLC apparatus was
controlled by neans of a software protocol designed to effect autonmatic

fractionation. In sonme -25- cases, however, side-peaks that occurred were
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precipitation and .desalted, In the presence of nonoval ent cation ucleic
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i ncr ease title, gpdhat langeramwlasulasralrd slowadodenws robrenstrongly than small ones.
According to this theory, molecules whose diameter is greater than the pore di-
ameter of the gel should not migrate through the gel. The reptation theory as-
sumes that nucleic acids lose their globular form in the gel and move through the
gel in a snake-like fashion with one end ahead, which movement requires more
time for longer molecules than for short ones. Due to the influence of size on the
migration rate of nucleic acids, the formation of secondary structures has an ef-
fect on the migration behavior in the gel. Thus, for example, the migration behav-
ior of plasmid DNA varies according to the conformation thereof. The migration
rate increases from open (form |) via linear (form lll), superhelical (form Il) to de-
natured (coiled) plasmid DNA. For linear double-stranded DNA (form lll), a cor-
relation between log,,, length (in bp) and relative migration distance in the gel
exists over a wide range so that relatively precise size determination is possible
based on length standards.

Detection of nucleic acids in gels can be effected using ethidium bromide which,

owing to its planar structure, is intercalated in the DNA, so that fluorescence ex-




cleic acids less prone to precipitation, it is possible to performthe
precipitation at |ow tenperatures and/or add My2+ ions. If not interfering
wi th subsequent uses, carrier materials such as tRNA or glycogen can al so
be added, which increase the effective concentration of the nucleic acids
[Lottspeich, 1998; Miulhardt, 2003]. 4=pr precipitation, the respective
fractions of the HPLC purification were trans- ferred into Corex centrifuge
gl assware and added with 1/100 volunme of 1 M MO 2, 1/10 volune of 3 M

sodi um acetate solution and 2.5 vol unes, of. _96% . et hanq The bat ches were
m xed andCiRtqn withighy ithe déViregion (254 - |36 B) 'SbHP%?ié@’ \XE? EmigsiobRfent | y

centrifuggg:ad; ) | i uper nat ant
was remvg\g‘fﬁm}g;@gg%({ﬁqgésﬁ}a%%ret Bﬁgﬁ’@%ﬁ@%g‘?ﬁtﬁﬁ*’gé fsg'r anot her 10
- 30 mn at 10,000 rpm (11,000 g) and 4C. The super- natant was renoved and
the DNA pellet was dried opn air until. the odor, of al cahol , had di sappeared.
The DNA vAG2[GHER APqYsaresandasaic js regoveed fiam annG aloe anrLBig o
sterile lga|sihith PaIGEiVEl) I4BERIres il BAUEBLY BBIULOR JTRTCOBRAG (PHh (1MF) abéut
estimated with reference to the amount of DNA enpl oyed in the preparation
so that 3450&mlentheapoiensige is igversaivt prapoyiienal tofthsoagatase siwngentiatiomgar ose

Gel o cot POBRBECGRE 478" sORRTY Fin R SRlsereiod M ildlegiachb ft,07 L 2Rgo ' o
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in a matrix of agarose or polyacrylamde and migrate to the anode, Their
ni gr at i onrange-and qasy hrpding: Hpvwevarnthe resoldtion foresmalk NG fragmants isi ¢
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with the gel matrix nore frequently the greater the circunference of the
par- ticle, so that |arger nolecules are sl owed down nore strongly than

smal | onegq geparate the ODNs and molecules according fo the invention, 3% agarose
gel in 1 x TAE buffer with 0.125 pg/ml ethidium bromide was used. Using the
BioRad system, horizontal gels were cast (40 mi for small gels with 8 pockets,
100 mi for large gels with 20 pockets). The samples to be analyzed were applied
in 1 x test buffer along with appropriate length standards (see 2.4.3). Electropho-
resis was performed in 1 x TAE buffer at 120 V for 30 min. The gels were photo-

graphed using gel documentation equipment.
Native polyacrylamide gel electrophoresis (PAGE)

Polyacrylamide gels are formed by free-radical copolymerization of acrylamide
monomers using the crosslinker N,N'-methylenebisacrylamide. The pore size of -
the gels ranges from about 3 - 6 nm and depends on the total acrylamide con-
centration (% T = M,cyamide + Mbisacryiamice (W/V)) @nd the degree of crosslinking (%
C = Mysacrytamige ! Macryiamide T Miisacryiamise)- It d€Creases with increasing T at constant
C and has a minimum at 5% C at constant T. Polyacrylamide gels have very
good resolution power especially for small DNA fragments (< 1 kb). However,
the separation range is substantially narrower compared o agarose gels. The
separation range can be made broader by using gradient gels. The superior




According to this theory, nolecul es whose dianmeter is greater than the pore
di - aneter of the gel should not mgrate through the gel. The reptation
theory as- sunmes that nucleic acids |ose their globular formin the gel and
nove through the gel in a snake-like fashion with one end ahead, which
novenent requires nore tinme for qu%_ nol ecul es than for short ones. Due
to the influence of size on the mgration rate of nucleic acids, the
formation of secondary structures has an ef- fect on the migration behavior
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t he separation of nucleic acids of 0.1 to 25 kb in Ilength. The advantage
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minated as soon as bromopheno! blue had reached the bottom end of the gel
(about 2 h). After electrophoresis the gels were stained in ethidium bromide solu-
tion for 10 - 15 min and photographed using the gel documentation equipment.
In the event of excessive background staining, the gels were washed in demin-
eralized water for 10 - 30 min.

Thermal denaturation and renaturation for band assignment

Since monomeric DNA molecules are circular DNA molecules which, much like
plasmid DNA, show a complex migration behavior in a gel, assignment of bands
observed in the gel to a particular conformation or size is not a straightforward
matter. The fact that differing conformations, in contrast to molecules of different
size, can be reversibly interconverted under suitable conditions can be used in
differentiation.

Different conformations have a different degree of compaction and therefore
should be discernable in the gel by their differing migration behavior, with com-
pact DNA forms frequently having higher mobility in the gel compared to more




Bi oRad system horizontal gels were cast (40 ml for small gels with 8
pockets, 100 m for large gels with 20 pockets). The sanples to be

anal yzed were applied in 1 x test buffer along with appropriate | ength
standards (see 2.4.3). Electropho- resis was perfornmed in 1 x TAE buffer at
120 V for 30 min. The gels were photoyg graphed using gel docunentation
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maining non-denatured batch was stored at 4°C and likewise divided after 3
days, and one part was denatured as described above and the other part was
kept at room temperature. The batches were added with the corresponding

amount of 5 x sample buffer and separated on a native 8% polyacrylamide gel.
Incubation in cell cuiture medium

The activity of the molecules was tested in vitro using PBMC and HEK293 cells.
The molecules were dissolved in protein-containing cell culture medium rather
than buffer and incubated at a temperature of 37°C. The intention therefore was
to investigate the influence of these modified parameters on the structure and
stability of the molecules and ODNs.

One important factor that may influence the activity of DNA molecules in various
ways is non-specific binding to proteins. Binding fo proteins changes the migra-
tion behavior of DNA in a non-denaturing polyacrylamide gel electrophoresis (na-
tive PAGE) so that a shift of the DNA band in the presence of protein can be
recognized. In most cases the electrophoretic mobility of a DNA-protein complex




stant voltage of 70 V (170 V,arge) (~ 9 VIcm) and roomtenperature and was
ter- mnated as soon as bronophenol blue had reached the bottom end of the
gel (about 2 h). After electrophoresis the gels were stained in ethidium
brom de solu- tion for 10 - 15 mn and phot ographed using the gel

docurment ation equi pnment. In the evenjgof excessive background stai ning,
the gels were washed in demn- eralized water for 10 - 30 mn. Thernal
denaturation and renaturation for band assi gnnent Since nononeric DNA
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buf fer and Sepafated on a native 8% pol yacrylam de gel. 0 observe

renat ur at juted td Aeonhesniratiorgotie pM i wedhmh ehwhich 16 FOSehad been aded. To
compare the migration distances of DNA and protein bands in the gel, thus al-
lowing conclusions as to possible protein binding, DNA as well as proteins were

detected in the gels.

The additional detection of proteins was performed following nucleic acid detec-
tion. The gels were fixed for 30 min in fixing solution and subsequently stained
for 30 - 60 min in Coomassie solution. Excess dye was removed by incubation in
destaining solution overnight, and the gels were photographed using the gel
documentation equipment.

DNA length standards used:

As to the length standards, the amount/mm pocket width recommended by the
supplier was applied in 1 x sample buffer each time. The following standards

were used:

GeneRuler 100 bp DNA Ladder Plus (MBI Fermentas)
GeneRuler 50 bp DNA Ladder (MBI Fermentas)
10 bp DNA Ladder (Invitrogen)




and subsequently incubated for 3 days at 4C and 37C, respectively. The re-
mai ni ng non-denatured batch was stored at 4C and |i kew se divided after 3
days, and one part was denatured as descri bed above and the other part was
kept at roomtenperature. The batches were added with the corresponding
anount of 5 x sanple buffer and sequ?fgd on a native 8% pol yacryl am de
gel. Incubation in cell culture nedium The activity of the nol ecul es was
tested in vitro using PBMC and HEK293 cells. The nol ecul es were dissol ved
in protein-con @inin cel]l .cultyre nediumrather than buffer and incubated
at a terrpgﬁiiptﬁb Adracier (InvifEog8i ent i on therefore was to investigate the

i nfl uence of these nodified paraneters on the structure and stability of

t he nol ecul es and OCDNs. One inportant factor that nay influence the
activity of DNA nolecules in various ways is non-specific binding to
proteins. Binding to proteins changes the mgra- tion behavior of DNAin a
non-denat uri ng pol yacryl am de gel el ectrophoresis (na- tive PAGE) so that a
shift of the DNA band in the presence of protein can be recognized. In
nost cases the el ectrophoretic nobility of a DNA-protein conplex -30- is
reduced conpared to DNA; for DNA mnicircles, the el ectrophoretic nmobility
may al so be increased if the degree of conpacting is increased by protein
bind- ing [Toul me, 1995]. To investigate the nol ecul es and CDNs enpl oyed in
the stinulation tests in terns of their behavior under conditions
encountered in the stinulation tests, the ODN and nol ecul e sol utions were
diluted to a concentration of 1 Min nedium and incubated for 5 h or 24 h
at 37C on a hotstage or, followi ng addition of an appropriate anmount of 5
x sanple buffer, directly separated on a pol yacrylam de gel. ODN and

nol ecul e sol utions correspondingly diluted in H2O were applied for
conparison. To verify that the observed changes had been caused by the
pres- ence of proteins, batches including ODN and nol ecul es of the
invention were di-




luted to a concentration of 1 Min nediumto which no FCS had been added.
To conpare the magration distances of DNA and protein bands in the gel,
thus al- | owi ng conclusions as to possible protein binding, DNA as well as
proteins were detected in the gels. The additional detection of proteins
was performed follow ng nucleic acid getec- tion. The gels were fixed for
30 mnin fixing solution and subsequently stained for 30 - 60 mn in
Coonassi e sol ution. Excess dye was renoved by incubation in destaining
sol ution gﬁﬁLni ht, and the gels were photographed using the gel

docunent a CUdWSDnent. DNA | ength standards used: As to the |ength

st andards, the anount/nmm pocket wi dth recommended by the supplier was
applied in 1 x sanple buffer each tine. The foll ow ng standards were used:
GeneRul er Allocelbpulbhe epefationswese (ndpformednenderssterileceesrlitiens geingpstenla
Ladder (ML Fernentas). 10 bp DNA Ladder (lnvitrogen) -31- 25 bp DNA Ladder
(I nvitro ésfﬂosgg%-'%‘égqa}%ul ture All cell culture operations were perforned
under sterile conditions using sterile disposable nmaterials. The
conditions in the incubator were 37C, 5% CO2, 90% hum dity. Investigation
of the i mhiorasgiticnsdn heiraibataiwenge 116), §¢uCL, PAY%PBMDICIY. i nvesti gate t he
I mmunonodul atory effect of the multineric nolecules, the cy- tokine
secretion of |ynphocytes and nonocytes recovered from hunman bl ood

donat i ons |NGSsHERRTOH BF the irithUrdmOduldtery effett BE th@hfdleelildstin PBMG sol ation
of | ynphocytes "and nonocytes, also re-

To investigate the immunomodulatory effect of the multimeric molecules, the cy-

tokine secretion of lymphocytes and monocytes recovered from human blood

donations was measured using ELISA.

The starting material for the isolation of lymphocytes and monocytes, also re-
ferred to as peripheral blood mononuclear cells (PBMC) = mononuclear cell frac-
tion of the peripheral blood, was a leukocyte concentrate, also referred to as
buffy coat, which is obtained by centrifugation of whole blood and was pur-
chased from the DRK-Blutspendedienst Berlin Wannsee. Using Ficoll-Hypaque
density gradient centrifugation, the PBMC can be separated from other compo-
nents of the leukocyte concentrate (plasma, thrombocytes, erythrocytes, granu-
locytes). The Ficoll-Hypaque separation medium is a solution including a mixture
of Ficoll 400, a strongly branched polymer of saccharose monomers crosslinked
via epichlorohydrin and sodium diatrizoate (Hypaque) with a density of
1.077 g/ml. Using isopyknic centrifugation of the separation medium with a layer
of dilute leukocyte concentrate on top, it is possible to separate the different
components according to the different density thereof, thus obtaining the frac-
tions represented in Figure 2.5.1 [Luttmann, 2004].

To isolate PBMC, each leukocyte concentrate was transferred into a sterile
250 ml bottle and diluted 1:2 with PBS. 15 ml of Ficoll-Hypaque solution each
time was placed in four 50 ml centrifuge tubes, carefully overlayered with about




ferred to as peripheral bl ood nononucl ear cells (PBMC) = nononucl ear cell
frac- tion of the peripheral blood, was a | eukocyte concentrate, also
referred to as buffy coat, which is obtained by centrifugation of whole
bl ood and was pur- chased fromthe DRK-Bl utspendedi enst Berlin Wannsee.

Usi ng Ficoll-Hypaque density gradi e_rt% centrifugation, the PBMC can be
separated from ot her conpo- nents of ?he | eukocyte concentrate (pl asns,

t hronbocytes, erythrocytes, granu- |ocytes). The Ficoll-Hypaque separation
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and transferred into 50 centrifuge tubes with 20 ml of cold PBS. To
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the supernatant was clear and the pellet had a yellow color (about 5-6 times).
The cells were subsequently resuspended in 5 mi of cold medium each time and
combined, and the volume was filled up with cold medium to make 30 ml. The
cell number was determined using an automatic cell counter at an exclusion size

of 8 um and adjusted to a concentration of 4 x 10° celis/ml using cold medium.

600 pl of previously isolated PBMC at a concentration of 4 x 10° cells/ml was
placed in each well of 24-well cell culture plates. Thereafter, the corresponding
volume of molecules to be tested was added so that the concentration in the
batch was 1 uM. The cells were incubated for 2 days (42 - 48 h} in an incubator.
The cell suspension was transferred into an Eppendorf reaction vessel and cen-
trifuged in a Biofuge at 3000 rpm for 4 min. The cell-free supernatants thus ob-
tained were transferred into a new reaction vessel and either directly used to de-

termine the cytokine concentration by means of ELISA or stored at -70°C.




cold PBS. The follow ng wash steps were carried out in the same manner, but
centrifugation proceeded at 300 g for 5 mn. The wash steps were repeated
until the supernatant was clear and the pellet had a yell ow col or (about
5-6 tinmes). The cells were subsequently resuspended in 5 m of cold nmedi um
each tinme and conbined, and the voLqﬂP_mas filled up with cold nmediumto
make 30 m. The cell nunber was determ ned using an automatic cell counter
at an exclusion size of 8 mand adjusted to a concentration of 4 x 106

cells/m ysing. col Lym 600 | of previously isolated PBMC at a
concent raﬁ%’r\ﬂmg 39!2'%%%?“%/ m was placed in each well of 24-well cell
culture plates. Thereafter, the corresponding volunme of nolecules to be

tested was added so that the concentration in the batch was 1 M The cells
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Thereafter, the medium was sucked off and the cells were resuspended in 5 ml
of trypsin/EDTA solution, added with 10 ml of medium and transferred into a new

cell culture bottle as described above.
Stimulation of HEK293 cells

To establish the test, HEK293-TLR9 and HEK293 null cells at a concentration of
0.6 - 1 x 10° cells/ml each time were seeded in a volume of 400 pl in 24-well cell
culture plates and cultured for 1 - 5 days. The cell number was determined using
the cell counter at an exclusion size of 8 um, and the appropriate concentration
was adjusted. For long-term culturing, the medium was changed after 48 h. To
this end, the medium was carefully sucked off and 400 pl of fresh medium each
time was carefully added to the celis. Also, in some batches the medium was
changed immediately prior to the addition of stimulants. Stimulation was effected
by adding an appropriate volume of ODNs/molecules so as to reach a final con-
centration of 2.5 uM and 1 puM, respectively. LPS was employed at a concentra-
tion of 0.5 pg/ml. Thereafter, the cells were incubated in an incubator for varying

periods of time (6 - 48 h). Finally, the medium was transferred into 1.5 ml reac-




Thereafter, the nmedium was sucked off and the cells were resuspended in 5
m  of trypsin/EDTA solution, added with 10 ml of nmedium and transferred
into a new cell culture bottle as descri bed above. Stinulation of HEK293
cells To establish the test, HEK293-TLR9 and HEK293 null cells at a
concentration of 0.6 - 1 x 106 cell§é§1 each tinme were seeded in a vol une
of 400 | in 24-well cell culture plates and cultured for 1 - 5 days. The
cell nunmber was determined using the cell counter at an exclusion size of

8 m and the appropriate concentratjon adj usted, For |ong-term,
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added to the cells. AlsO0, in sonme batches the nmediumwas changed

i medi at emeansi ofELISA he addition of stinulants. Stinulation was effected
by addi ng an appropriate vol une of ODNs/nol ecules so as to reach a final
con- centration of 2.5 Mand 1 M respectively. LPS was enpl oyed at a

concent r aCytbRinef¢hédmokiHeHetebtvirasing ELIS®R cells were incubated in an
i ncubator for varying periods of time (6 - 48 h). Finally, the medi um was

transferred into 1.5 nm reac -35- tion vessels, centrifuged in the Biofuge
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Cyt oki ne/ gheFN-Bealgiha @pll IPN-H#whE $ndadupéd.To investigate the
| mmunonodul atory effect of dSLIM on PBMC, the induction of |IL-6, IFN-a

al pha and IFN-y was neasured. IL-6 is a nultifunctional cytokine which is

secreted Ry ' | : 0 par t
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on the gr phbtytediahtianenteyiés andaapant feae Mduehigaqite-phaselprotdins i Kepa-hner ,
1994]. IFN-a, which has several subtypes, pertains to the famly of type |
i nt er f er ofpeytes, has a promoting effect on the growth, differentiation and phagocytosis of

lymphocytes [Kirchner, 1994].

IFN-o, which has several subtypes, pertains to the family of type | interferons
mainly having an antiviral effect. Large amounts of IFN are secreted by pDC fol-
lowing activation of TLR7, 8 or 9 [Perry, 2005], see also section 1.3.2.

IFN-y is secreted predominantly by NK and T cells but also by monocytes, den-
dritic cells and B cells. 1t is the only type Il interferon and, in contrast to type | in-
terferons, rather has an immunomodulatory than an antiviral effect. Apart from its
role in differentiation, IFN-y is the most important effector cytokine of a Ty1-

directed immune response.

Secretion of IL8/CXCL8 was used o detect activation of TLRS in transformed
HEK293 cells. IL-8 is a CXC chemokine secreted by leukocytes but also by fi-
broblasts, endothelial and epithelial cells. The induction of IL8/CXCL8 proceeds
e.g. via IL-1 and TNF-y but also via PRR and environmental factors such as hy-
poxia. The expression of IL8/CXCLS8 is regulated by regulation of transcription
via cooperative activation of NF-o. and AP-1 and on the level of mRNA stability.

Apart from its effect as activator of neutrophils, IL8/CXCL8 has a chemotactic ef-




mai nly having an antiviral effect. Large anounts of |IFN are secreted by pDC
fol- lowng activation of TLR7, 8 or 9 [Perry, 2005], see al so section
1.3.2. IFNy is secreted predomnantly by NK and T cells but al so by
nonocytes, den- dritic cells and B cells. It is the only type Il interferon
and, in contrast to type | in- terfergns, rather has an i munonodul atory
than an antiviral effect. Apart fromits role in differentiation, IFNy is
the nost inportant effector cytokine of a T* 1- directed i mmune response.
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,_biotinyl at nti bo ich. ip turn bin to the . ..
tr ept av, Sevend sneglis BlotEhEed HBady Waishe: o Bifds e SuoPBuidin: e
herein t h&ﬁjﬂé&t@ eNBfnd 066€ IrPdbRRtiOS 1Athe 288ay PBHROrmdd Riefsih YR eRBAREr ed
quantity Is the anmount
was horseradish peroxidase (HRP). The actual measured quantity is the amount
(concentration) of a chromogenic substrate reacted by the enzyme within a de-
fined period of time. The substrate used herein was TMB (3,3',5,5-tetramethyl-
benzidine) which is oxidized in the presence of H,0O, to absorb light of a wave-
length of 370 nm (blue). The reaction is terminated by addition of H,SO,, thereby
changing the wavelength of absorption to 450 nm (yellow) [Luttmann, 2004]. Us-
ing a standard dilution series of known concentration of cytokine to be deter-
mined, it is possible in this way to determine unknown cytokine concentrations in

the cell culture supernatants.
The required antibody pairs, standard, enzyme and substrate solutions were

purchased from R&D Systems in the form of kits. The equipment and materials
for implementation are presented in the table below.

IL-6 and IFN-y

Detection of IL-6 and IFN-y in the cell culture supernatants of PBMC was per-
formed using the DuoSet ELISA Development System Kits from R&D Systems




(concentration) of a chronobgenic substrate reacted by the enzyne within a
de- fined period of time. The substrate used herein was TMB

(3,3 ,5 5" -tetranet hyl - benzidine) which is oxidized in the presence of
H202 to absorb light of a wave- length of 370 nm (blue). The reaction is
termnated by addition of H2SO4, therghy changing the wavelength of
absorption to 450 nm (yellow) [Luttmann, 2004]. Us- ing a standard dilution
series of known concentration of cytokine to be deter- mned, it is
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were performed in each case. The incubation time was 2 h. After washing 3
times with wash buffer, 100 ul of "detection antibody” at a concentration of
100 ng/ml (IL-6) and 200 ng/m! (IFN-y), respectively, in reagent buffer was
placed on the plate each time. After an incubation time of 2 h, the plate was
washed 3 times with wash buffer, and 100 pl of streptavidin-HRP diluted 1:200 in
reagent buffer was placed in each well. The incubation time was 20 min. Follow-
ing a final triple wash step, 100 ul of substrate solution ("color reagent™ A and B
at a ratio of 1:1) each time was added to the plates and incubated for 20 min in
the dark. The reaction was terminated by adding 50 ul of 1 M H,SO,, and the ab-
sorption in each single well was measured at 450 nm in a microplate reader. As-
sessment was performed using the software SofiMax Pro 2.6. The standard

curve was calculated with a 4-parameter fit.
IFN-c

Detection of IFN-a. in the cell culture supernatants of PBMC was performed us-
ing the Human Interferon-o. ELISA Kit from Biosource according fo the enclosed
instructions. 100 pl of standards and samples per well were added to the micro-

titer strips included in the kit, already provided with antibodies and blocked, and




times with wash buffer, 100 | of "detection antibody" at a concentration of
100 ng/m (I1L-6) and 200 ng/m (IFNvy), respectively, in reagent buffer was
pl aced on the plate each tine. After an incubation tine of 2 h, the plate
was washed 3 tinmes with wash buffer, and 100 | of streptavidin-HRP diluted
1: 200 in reagent buffer was placed j4geach well. The incubation tinme was
20 mn. Follow ing a final triple wash step, 100 | of substrate sol ution
("color reagent” A and B at a ratio of 1:1) each tinme was added to the
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Detection of IL-8/CXCL8 in the cell culture supernatants of HEK293 cells was
performed using the DuoSet ELISA Development System Kit from R&D Systems
according to the enclosed instructions and was identical to that described for 1L.-6
and IFN-O. The standard dilution series comprised the following concentrations:
31.25; 62.5; 125; 250; 500; 1000; 2000 pg/ml. The supematants were employed
in undiluted form. The antibody concentrations employed were: capture antibody

4 ug/ml, detection antibody 20 ng/mi.
Preparation and description of multimeric DNA molecules

To investigate the inﬂuénce of structural features, particularly those favoring the
capability of forming G structures, combinations of monomeric DNA molecules
with poly(G) motifs in various regions were produced using the method accord-
ing to the invention which, apart from lyophilization, is in accordance with that of
monomer preparation. To this end, three different sequences for stem (S) and
loop (L) each time were combined which, on the one hand, differed in the num-
ber and localization of guanine bases, but also in the loop secondary structure




| L- 8/ CXCL8 Detection of I1L-8 CXCL8 in the cell culture supernatants of
HEK293 cells was perforned using the DuoSet ELISA Devel opnment System Kit
from R&D Systens according to the enclosed instructions and was identical
to that described for IL-6 and IFN-O The standard dilution series
conprised the follow ng concentrati ol 31.25; 62.5; 125; 250; 500; 1000;
2000 pg/ M. The supernatants were enp oyed in undiluted form The anti body
concentrations enployed were: capture antibody 4 gg/nm, detection antibody

20 ng/ m . Pr r cl on nul timeric DNA nol e es To
 nvest | gaPEd: Hec b e bla ok b?eéranaofthee@@ur%"ssswﬁmﬁ i ﬁlqﬁﬁtg@c- |
favoring g fe%lﬂ.ﬂ@ 'dé%r%ﬁ'%%emtﬂ?%ﬁ"w'?%w’gs conbi nati ons of nononeric

DNA nol ecul es s In various regions were produced using
t he met hod accord ing to the invention which, apart from|yophilization,

is in accardange \.th that no [ tion. o hr ee
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whi ch, on the one hand, dlffered in the num ber and |ocalization of
guani ne bases, but also in the |loop secondary structure -39- predicted by

the "DNA nfol d"|program The individual sequencdsictaradifeaha¢y struc- tural

features gre represented-i-nthe followng table.Table 3. 1. Structural

CToCT

features gMaMec(RASNERE L1-13, S1-S3 (red: pol y(RGYC) saperaeur APop B56ur eq
Nane Sequegnce Pply(G sequence Loop t end. open L1 T CAT TAGpeRA ACG TTC

TTC % qg shu'f l r\_/l\ I’\f\ TT I I ‘\IAVI t III II S IIIJI. ] 2 T r‘AT Tp II_\\TA T TC

TTC GTG TGE! non 1_|9 L TOPMRAAACCST FE B G8S-C6FA ?t@(ﬁad: TTC GTA°l ong (G6) yes

within CG motif

L2 TCATTCCATATCGTICTIC GTG TCG none yes
TTCTT

L3 TCGG GGG GTATCGTICTIC GTG long (Gg) yes
TCGTICTT outside CG motif

S1 B'-CCT AGG GGT TAC CACCT ... short

3-CCAATG GTG GA ...

S2 5-CTG CAG CTG TAG CAG CT ... none
3-GAC ATC GTC GA ...

83 5-CCT AGG GGT GGG GGC CT ... long (G4TGs)
3-CCACCCCCGGA ...

The following diagram gives an overview of combinations used and their nomen-
clature used hereinbelow:

Table 3.2: Nomenclature of molecules with different loop/stem combinations

S1 S2 S3

L1 30L1 |- MS

L2 ML KG GS

L3 - GL GLS




TCG TTC TT outside CG notif Si 5 -CCT AGG GGT TAC CAC CT ... short 3'- CCA
ATG GTG GA ... S2 5 -CTG CAG CTG TAG CAG CT ... none 3'-GAC ATC GIC GA ...
S3 5'-CCT AGG GGT GGG GEC CT ... long (ATG) 3'-CCA CCC CCG GA ... The
foll owi ng di agram gi ves an overvi ew of conbi nati ons used and their nonen-

cl ature used hereinbel ow Table 3.2:  Nomencl ature of nolecules with
different | oop/stem conbinations Sl S3 L1 30L1 - M5 L2 M. KGGS L3 -
GL G.S -40- As denonstrated above t he pol yneric dSLI M nol ecul es which, in
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of chenot her apeut nts and agents accord to t i nvention,results
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obt ai ned bé means of the ghocess steps nentioned above (see main clain,
e

al | ef f eceHedfofithe twa digents dhe 9ombma§@ad>fmmth@rra@9§m pgepls &y agenisi c
e e RS B VOBHE BRORSTL e Rus iR B B, K 7L
achi eved morso0Winy ttgtHeheombination with e agent ecodding tarttes indEhtidh,Wiibh
cytostat] gan be obtained by means of the process steps mentioned above (see main
claim), all effects of the additionally employed chemotherapeutic or cytostatic
agents are enhanced. Although monomeric forms of dSLIM molecules have al-
ready been combined with chemotherapeutic or cytostatic agents, the effect
achieved by combining the multimeric or polymeric form of dSLIM with cytostatic
agents was a complete surprise. In practical use of a combination agent com-
prising the monomeric form of dSLIM and the cytostatic agents it was found that
only particular properties of cytostatic agents could be improved but not - as with
the polymeric form - their overall properties. Also, activation of the immune sys-
tem by the polymeric/multimeric form of dSLIM was surprisingly higher so that an
overall result in the treatment of tumors could be achieved that was surprisingly
improved compared fo the use of the monomeric form of cytostatic agents. Thus,
in particular, formation of metastases was prevented through the use of mul-
timeric dSLIM molecules in an organism when administering cytostatic
agents/chemotherapeutic agents together with these agents. Combining in the
meaning of the invention is understood to be simultaneous as well as time-

shifted administration of both agents.

Figure 3.1.1 exemplifies the two different secondary structures of the dSLIM
molecules 30L1 (such as MS) and KG (such as ML, GS, GL, GLS) for the three
loop sequences as calculated by "DNA mfold". In contrast to 30L1, no base pair-
ings in the loop were predicted for KG under the conditions selected.




agents was a conplete surprise. In practical use of a conbination agent
com prising the nononeric formof dSLIM and the cytostatic agents it was
found that only particular properties of cytostatic agents could be

i nproved but not - as with the polyneric form- their overall properties.
Al so, activation of the inmune sys- tgmby the polymeric/mltinmeric form of
dSLI M was surprisingly higher so that an overall result in the treatnent

of tunors could be achieved that was surprisingly inproved conpared to the
use of th?’ nononeric_formof cytostatic .agepts. .Thus, n particular,
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other molecules (30L1, KG, ML). in the fanes where the T7 digestion batches
were applied the fluorescence intensities, especially in the upper region of the
gel, are lower compared to those lanes which had ligation batches applied

thereon.

Figure 3.1.3 shows the chromatograms of a subsequent HPLC purification of the
different molecules. Each one plots the absorption at 260 nm (blue line) versus
the volume flowed through the column after injection of the sample to be sepa-
rated (broken pink line). The green line represents the NaCl buffer gradient of
0%, 50% and 100% of the 1 M NaCl buffer (T20N1000). The first peak with its
maximum at 2.5 ml and 0% T20N1000 (F2) corresponds to the unbound mole-
cules, the second peak with its maximum at 8 ml and 50% T20N1000 (F3) corre-
sponds to the molecules with low affinity to the stationary phase (despite apply-
ing the 12fold amount compared to the fraction F4, no DNA was detected in the
agarose gel for either fractions). The third peak with its maximum at 14 ml and
100% T20N1000 (F4) corresponds to the monomeric molecules.
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For GLS, both partial maximums have about the same intensity, while for GL the

partial maximum observed at higher volume has a higher intensity than that at

lower volume. The appearing side maximums or shoulders were fractionated

separately by manual operation. The fractions were designated F1 and F2 in ac-

cordance with the chronological order of their elution.

The above-described dSLIM fractions of HPLC separation following ethanol pre-
cipitation, i.e. the final products, are applied on the agarose gel represented in
Figure 3.1.4. In all lanes the band corresponding to the monomeric molecules
can be seen at a short distance beiow the migration distance of the 100 bp
marker fragment. For ML and KG, a second, weaker band can be recognized a
short distance above this band, which has a higher intensity for ML. GL, MS and
GLS show a somewhat higher mobility in the gel than the other molecules. For
molecules containing no long poly(G) motifs (30L1, KG, MS), a non-discrete in-
tensity distribution up to the level of about 200 bp can be recognized above the
dSLIM band. In addition, a weak band at the level of the 200 bp marker fragment
can be recognized for KG and ML.
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band. Here, MS and GS have similar intensity distributions which, starting ap-
proximately from the monomeric band, extend up tc a migration level corre-
sponding to 500 bp. For GL, on the other hand, it starts above 200 bp, extending
up to the pocket of the gel. For GLS, however, distribution of the DNA across the

entire lane can be observed, starting from the monomeric band.

Figure 3.1.6: Thermal denaturation of various monomeric and multimeric mole-

cules.

Native PAGE, 8% gel (2.6% C), amount applied 0.25 pug, marker 25 bp 0.3 pg
(25 bp, untreated, denaturation 95°C for 10 min: 30L1, MS, ML, KG, GS, GL-F2,
GLS-F2).

The gel in Figure 3.1.6 shows the effect of thermal denaturation of the different
molecules on their migration behavior in the gel. To this end, the batches were
divided and a part was heated fo 95°C for 10 minutes, immediately cooled on ice
and applied. The bands observed correspond to those in the gel described under
3.1.5, but in this case, non-separated DNA is visible in the pocket of the gel for
MS and GS as well, and a second band is seen for MS, which runs at the same
level as the second band of 30L1. GS and MS involve a production batch differ-
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natured samples were divided and incubated for 3 days at 4°C and 37°C, re-
spectively. The untreated dSLIM batches were stored at 4°C, likewise divided af-
ter 3 days, and one aliquot each time was heated to 95°C for 10 minutes and
immediately placed on ice. The resulis of a native PAGE used to separate the
batches are represented in Figures 3.1.7 and 3.1.8. The untreated and dena-
tured samples show the same migration behavior in the gel as described for the
gel represented in Figure 3.1.6. In their migration behavior, the denatured sam-
ples incubated at 4°C correspond to the samples denatured immediately prior to
application. The samples incubated at 37°C show a migration behavior in the
gel, which largely corresponds to that of the untreated samples. However, the in-
tensity of the second band for 30L1, MS and GS is higher than for the above.
Another difference for GS and MS is seen in the amount of DNA having re-
mained in the pocket of the gel, which is very low compared to the untreated

sample.
Dimeric molecule and monomeric 30L1 fractions

To examine whether the band recognized in the upper third is a band corre-
sponding to a dimer, a fraction {F3) obtained from a large amount of monomeric




spectively. The untreated dSLI M batches were stored at 4C, |ikew se divided
af- ter 3 days, and one aliquot each tine was heated to 95C for 10 m nutes
and imrediately placed on ice. The results of a native PAGE used to
separate the batches are represented in Figures 3.1.7 and 3.1.8. The
untreated and dena- tured sanples shoysthe same migration behavior in the
gel as described for the gel represented in Figure 3.1.6. In their

m gration behavior, the denatured sam pies incubated at 4C correspond to
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difference for GS and M5 is seen in the anbunt of DNA having re- mained in
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represented in Figure 3.1.9 together wt he result of separation of the
four diffbavng Yntirated samplespplied theneonodihgi cartesppngisgnianes oirthe na-ac-

tive PAGE are represented in Figure 3.1.9 together with the result of separation
of the four different fractions of monomer 30L1 obtained by means of HPLC frac-
tionation.

Incubation medium, protein binding

To investigate the effect of the conditions in the cell culture, especially the pres-
ence of proteins, on the molecules used for stimulation, the latter were incubated
in cell culture medium for 0.5 and 27 h at 37°C and separated along with the
molecules dissolved in water using native PAGE. Following DNA staining, the
proteins present in the medium were detected in the gel by means of Coomassie

staining. The results are represented in Figures 3.1.10. and 3.1.11.
Figure 3.1.10: Incubation of monomeric molecules in medium

Native PAGE, 8% gel (5% C), amount applied 0.25 ng, marker 25 bp 0.3 pg,
marker 50 bp 0.3 pg (50 bp, 27 h medium, 5 h medium, 0 h medium, H,O: 3011,
ML, F3, KG, 25 bp).
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the H,O lanes (with the exception of GL). The band appearing in the upper re-
gion of the gel in H,O for 30L1 and fraction 3 shows a shorter migration distance
in medium which is at the level of the lower protein band. The intensity of both
DNA and protein bands decreases with increasing incubation time. For GL, the

intensity of the 2™ band increases in medium compared to H,O.
Figure 3.1.11: Incubation of ODN M362 in medium

Native PAGE, 12% gel (5% C), amount applied 0.25 pg, marker 25 bp 0.3 ug
(25 bp, H,0, 0 h medium, 5 h medium, 27 h medium).

Section from Coomassie staining, native PAGE, 12% gel (5% C), of Figure
3.1.12 a) (H,0, 0 h medium, 5 h medium, 27 h medium).

Figure 3.1.11 shows the native PAGE wherein the phosphorothicate-protected
control molecule M362 was applied. As clearly seen therein, the DNA band visi-
ble in H,O at the bottom edge of the gel has disappeared in medium. Instead, a
band at the upper edge of the gel, corresponding in its migration distance to the
lower protein band (Figure 3.1.11 b), and a band in the gel pocket can be seen.




Native PAGE, 12%gel (5% C), anmount applied 0.25 g, marker 25 bp 0.3 g (25
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monomeric molecules and ODNs diluted in medium were applied.
Immunostimulatory effect: stimulation of PBMC

The immunomodulatory effect of the different molecules was investigated on
PBMC isolated from human blood donations. To this end, the PBMC were incu-
bated with the respective molecule or control molecule M362 at a final concen-
tration of 1 uM for 48 h, and the amount of IL-6, IFN-o. and IFN-y in the cell cul-
ture supematants was measured using ELISA. Cells incubated with no additives

were used as control.

The ELISA resuits of PBMC supernatants isolated from 4 blood donations (do-
nors A-D) are represented in the diagrams in Figure 3.2.1 a-c). The respective
values correspond to the mean vailues of double determinations, and the error
bars represent the double standard deviation determined therefrom. For values
marked with *, additional double determinations for stimulation of PBMC were
performed, and the values indicated correspond to the mean values of the four
ELISA resulis obtained. The error bars correspond to the double standard devia-

tion of these four values.
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rable fo the standard deviations merely determined from the double determina-
tions in the ELISA, indicating that the differences are due to differences in the
PBMC. In the unstimulated batches, no or only very low cytokine concentrations
were detected for all donors. In the determination of the IL-6 and IFN-y concen-
trations some of the values determined are at the upper limit or outside the stan-
dard measuring range which is up to 10,000 pg/ml for IFN-y, up to 3,500 pg/ml

for IL-6 for dSLIM and 7,000 ng/mi for M362,

To allow better comparison of data from the different donors, the resulting cyto-
kine values were normalized. To this end, the percentage of the determined cy-
tokine concentrations in the value determined for M362 was calculated for each
donor. The mean values of the thus-normalized data from the four donors are
represented in the diagrams in Figure 3.2.2 a-c). Each error bar corresponds to
the mean value deviation. Due to the great differences observed between the in-
dividual donors, the error bars are very large. At least, however, it is possible to
estimate a tendency for the individual molecules by means of the diagrams.

Figure 3.2.2 a-c): Normalized mean values of ELISA results for IFN-y (a), IFN-a
(b), IL-6 {c).




ki ne values were nornmalized. To this end, the percentage of the determ ned
cy- tokine concentrations in the value determ ned for M362 was cal cul at ed
for each donor. The nmean val ues of the thus-normalized data fromthe four
donors are represented in the diagranms in Figure 3.2.2 a-c). Each error
bar corresponds to the nmean val ue deysation. Due to the great differences
observed betvveen the I n- dividual donors, the error bars are very large. At
| east, however, S p055| bI e to estinmate a tendency for the individual

I I -G): . j.zed
val ues of P%{sugg%?m{* oy ) noapalifedamodioyiaing in 9 NASZSSHER
of LI SA B8R, thibdn géf&s%fwaéwdrszsﬁor BARY el Qevialioko MB62 per do- nor,

mean val ues onors, error bars: nean val ue deviation. For IFN-y, the
cal cul ated values for the tested nol ecul es were bet vveen 40% and 80%

rel atlve u of val ues, fo F2 were
ot her | FoR N avdie SRatleid vl W herieS BaTBpIeclas bre e A% 4hdan

val ues of r t r I

Uhose of E045 fAIdIVE' € ine 0REE 1 M3Go! phGMhE VAN fok KRGT M. SRP LGS FLO
GS-F1 anWe@rﬁiheMntt‘ieimeeaodlfgr @beft2 irblh® ugpariiegivB62 val ues. The nean

val ues of the percentages M362 for IL-6 were bel ow 50% for 30L1, M5, GS,
GA-F2 and G.S-F2, and M5 and GLS-F2 - the constructs with the | ow est

endot oxi NTRANEEREBhE M vaﬁje%oohﬁsb H"fﬁerlaﬁtﬂ%éh?tv@étg%r IFRS, Vrahgmy é&re-GL F1

and GL-F2, where no endotoxin values are available, were sli above
50% rel spondaed to 82 .of M6 2 witrethe éxceptionlafdbe valmesfcadmﬁatedpfon&Lt—Fm those

of MB62 or a were found i lls, st dW|th KG and M..
N sor o SR Sl RDpblan e el ol st atnena Tl ks, e bu
constructs. Figure 3.3.2: Results of ELISA IL-8 HEK293-TLR9O sti nul ati on

time Supernatants HEK293-TLR9: 400 |/batch (5 x 106 cell s/ n1) stinul ation
6 h, 24 Rhedseanwalues0Ethe peraeptagesobl362. Brdl@ wersbelnw B0%afenal3l.days

after cel s Gs, GL-F2 and GLS-F2, and MS and GLS-F2 - the constructs with the low-
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and GL-F2, where no endotoxin values are available, were slightly above 50%,
relative to M362. The highest IL-6 values, which correspond to those of M362 or
are above 100%, were found in cells stimulated with KG and ML. Also, the high-
est endotoxin concentration was measured for the two constructs.

Figure 3.3.2: Resuits of ELISA IL-8 HEK293-TLR9 stimulation time

Supernatants HEK293-TLR9: 400 ul/batch (5 x 10° cells/ml); stimulation 6 h,
24 h, 48 h with 2.5 pM of ODN 20086; 0.5 ug/ml LPS; stimulation 3 days after cell
seeding (medium changed after 48 h and prior to stimulation); error bars: 2 x
standard deviation from ELISA double determination.

Ratios of amounts chemokine in stimulated/unstimulated batches from a); error

bars: sum of relative errors from ELISA double determination.

The chemokine concentrations measured are relatively low. However, an in-
crease of the IL-8/CXCL8 amount with increasing incubation time can be ob-
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No significant difference in IL-8/CXCL8 secretion compared to an unstimulated
batch is observed in any of the batches incubated with said different stimulants.

2




- providing a 5 -phosphoryl ated ol i godeoxyri bonucl ei ¢ aci d sequence in

water, - lyophilizing until a dry residue is obtained, followed by
resuspending in a buffer solution, - adding a T4 DNA |igase, thereby
formng a reaction mxture, and - incubating the reaction m xture at 37C

for at least 30 mnutes. 2. The nol ecay e according to claim1,
characterized in that the oligodeoxyri- bonucl eotide sequence conprises the
foll owi ng sequences: a) GITCCTGGAG ACGITCTTAG GAACGTITCTC CTTGACGITG
GAGAGAAC or b) ACCTTCCTTG TACTAACGIT GCCTCAAGGA AGGTTGATCT TCATAACGIT
GCCTAGATCA, or c) conprises an oligodeoxyribonucleic acid sequence having
the base sequence AACG TTCTTCGEGEG CGIT, d) said ol i godeoxyribonucleic acid
sequence having a length of 40 to 1,600 nucleotides. 3. The nol ecul e
according to the preceding claim dblaimsterized in that the base sequence
according to feature c) is included in the sequence CCTAGEGGIT ACCACCTTCA
TTGGAAAACG TTCTTCGGGG CGTITCTTAGG TGGTAACC CCTAGGGGTT ACCACCTTCA

TTGGAAAAGG TTRT, E@ﬁ@ﬁ@i&ﬁ@@&ﬁé@@r Hedduéting thé%ptiﬂtthf‘ﬁ\éThbﬁ%llH 8r lﬁﬁl?rﬁéldi ng

to any of t he preceding clains, characterized in that the nol ecule
conprises a pimmusel systemgmwhich moleide copvize ereduces! by eapanshal a method

deoxyri bonucl egsi de. resi ques.. 5. . The nol ecul e according to any of the
precedi ng cl af:ﬂ@,pngwgretg'gﬁgﬁqglgg ﬁt?nps't hat the nol ecul e conpri ses the base

sequence N NZCGN3Mowiiagel 5'-phd¥phorglatedl eligoseokyfiberudisie agidssquéndglin GG,
GA, AT or AA, NBM is an el enent
water,
- lyophilizing until a dry residue is obtained, followed by resuspending
in a buffer solution,
- adding a T4 DNA ligase, thereby forming a reaction mixture, and

- incubating the reaction mixture at 37°C for at least 30 minutes.

2. The molecule according to claim 1, characterized in that the oligodeoxyri-

bonucleotide sequence comprises the following sequences:

a) GTTCCTGGAG ACGTTCTTAG GAACGTTCTC CTTGACGTTG
GAGAGAAC or

b) ACCTTCCTTG TACTAACGTT GCCTCAAGGA AGGTTGATCT
TCATAACGTT GCCTAGATCA, or

c) comprises an oligodeoxyribonucleic acid sequence having the base
sequence AACG TTCTTCGGGG CGTT,

d) said oligodeoxyribonucleic acid sequence having a length of 40 to
1,600 nucleotides.

3. The molecule according to the preceding claim, characterized in that the
base sequence according to feature c) is included in the sequence
CCTAGGGGTT ACCACCTTCA TTGGAAAACG TICTTCGGGG
CGTTCTTAGG TGGTAACC CCTAGGGGTT ACCACCTTCA
TTGGAAAACG TTCTTCGGGG CGTTCTTAGG TGGTAACC.




fromthe group of CT or TT, and C is deoxycytosine, Gis deoxyguanosine, A
I s deoxyadenosine, and T is deoxythym dine. 6. The nol ecul e according to
any of the preceding clains, characterized in that the base sequence

N N2CGN3N4 is situated in the single-stranded re- gion of the closed chain
of deoxyri bonucl eosi de residues. 7. T&e_nol ecul e according to any of the
precedi ng clainms, characterized in that one or nore substituents are

| inked to the nol ecul e via coval ent bonds. 8. The nvol ecul e according to
claim7, erein thF substituent is sel ed frgm one of the oup
combr1 o1 . pedhPduslecHie PEroring, 12 2, Pk Praceriionp RS, iepggel

and/or RNA. 9ty tﬁefmblé%hléjao@gﬁgés aCBaﬁ@nyes"mgﬂs%tﬂaﬂdéaabomeﬁwrerds&as a
nol ecul e accor to an cl alns and a chenot her apeuti c agent.
10. The conbinhamdﬁctgmmubQMHMmed@reﬁdbﬂ% precedlng claim characterized
in that the chenotherapeutic agent is selected fromthe group conprising
an- tibodies, alkylating agents, platinum analogs, intercalating agents,

anti bi ot -5 csThal femcsild ahc&vdﬁrig’ fo dnyxeigie pi@@@lr@oﬁﬁiﬁechm’@b@rt@dan
antinmetabolites and/or L-asparagi nase, hydroxycarha m t ot ane and/ or

amani tins. -5thatthe rrniecw@mmrartse@dha@@ﬁe %éléf@ﬂ@? thEEéGNW wihereia NNcedi ng

L e Ty
cycl ophosphantén the gioupsdfalT @@ TT, dnidofas deokgstosine @l ip kizoxpg@anttisime, -

chl oranmbuci |, - aky IsuIL?onat es, especi al IP{ .
"Ais deoxyadenos:ne and T is deoxythymidine.

6. The molecule according to any of the preceding claims, characterized in
that the base sequence N'N?*CGN®N* is situated in the single-stranded re-

gion of the closed chain of deoxyribonucleoside residues.

7. The molecule according to any of the preceding claims, characterized in
that one or more substituents are linked to the molecule via covalent

bonds.

8. The molecule according to claim 7, wherein the substituent is selected from
one of the groups comprising peptides, proteins, saccharides, antigenic
structures, DNA and/or RNA.

9. A combination agent, characterized in that it comprises a molecule accord-

ing to any of claims 1 to 6 and a chemotherapeutic agent.

10. The combination agent according to the preceding claim, characterized in
that the chemotherapeutic agent is selected from the group comprising an-
tibodies, alkylating agents, platinum analogs, intercalating agents, antibiot-
ics, mitosis inhibitors, taxanes, topoisomerase inhibitors, antimetabolites

and/or L-asparaginase, hydroxycarbamide, mitotane and/or amanitins.




- busulfan and/or - treosulfan, - nitrosoureas, especially - carnustine,

- lomustine, - ninustine, - estranustine and/or - streptozotocin, -
procar bazi ne and dacarbazine, - tenpzol om de and/or - thiotepa. 12. The
conbi nati on agent according to any of the preceding clains, character- ized
in that the platinum anal ogs are selaegfed fromthe group conprising: -
cisplatin, - carboplatin and/or - oxaliplatin. 13. The conbi nati on agent
according to any of the preceding clains, character- ized in that the

i ntercal ating ents are selected fromthe group conprising: -
ant hr acytt-i neI,ﬁg@ﬁ&n%ﬁ'qwagem@F&ijne it a{‘é{g’fﬁ'&g’?(ﬁ%ﬁ}"g Qla%'&%rﬁs‘lat'ﬁﬁt@?n,

o 1 or | nc P DI s Bk e SEIELLRPRIS G
cl ai ns, char aet er nitrogen mustard derivatives, especially
- cyclophosphamide,
- ifosfamide,
- trofosfamide,
- melphalan and/or
- chiorambucil,
- akyisulfonates, especially
- busulfan and/or
- treosulfan,
- nitrosoureas, especially
- carmustine,
- lomustine,
- nimustine,
- estramustine and/or
- streptozotocin,
- procarbazine and dacarbazine,
- temozolomide and/or

- thiotepa.

12. The combination agent according to any of the preceding claims, character-
ized in that the platinum analogs are selected from the group comprising:
- cisplatin,
- carboplatin and/or
- oxaliplatin.

13. The combination agent according to any of the preceding claims, character-
ized in that the intercalating agents are selected from the group comprising:
- anthracyclines, especially
- doxorubicin (adriamycin),
- daunorubicin,




ized in that the antibiotic agent is selected fromthe group conprising: -
bl eonycin, - actinonycin D (dactinonycin) and/or - mtonycin. 15. The
conbi nati on agent according to any of the preceding clains, character- ized
in that the mtosis inhibitor is selected fromthe group conprising: -

al kal oi ds of Vinca rosea, especialIy_54_v1norelbine, - vincristine
(oncovin), - vinblastine and/or - vindesine. 16. The conbi nation agent
according to any of the preceding clains, character- ized in that the

t axanes are selected fromthe group, conprising: - paclitaxel and/or -
docetaxel . 17. The coﬁbin&PFUh'Hb@ﬁyoéccording to any of the preceding
claims, character- ized iydrliBiid he topoi somerase inhibitors are selected
fromthe group com prising: - topoisonerase | inhibitors, especially -
canpt ot heci n, -- t optex@aoltapeand/ or - irinotecane and/or -55- topoi sonerase
Il inhibitors, especially - .etoposide - teniposide. 18. The conbi nation
agent according t ﬁﬁﬁW”B@ﬂFﬁg preceding clainms, character- ized in that the
anti met abol i t es agexifigtig@igeed from the group conpri sing:

14.  The combination agent according to any of the preceding claims, character-
ized in that the antibiotic agent is selected from the group comprising:
- bleomycin, |
- actinomycin D (dactinomycin) and/or
- mitomycin.

15.  The combination agent according to any of the preceding claims, character-
iZed in that the mitosis inhibitor is selected from the group comprising:
- alkaloids of Vinca rosea, especially
- vinorelbine,
- vincristine (oncovin),
- vinblastine and/or

- vindesine.

16. The combination agent according to any of the preceding claims, character-
ized in that the taxanes are selected from the group comprising:
- paclitaxel and/or
- docetaxel.

17.  The combination agent according to any of the preceding claims, character-
ized in that the topois_omerase inhibitors are selected from the group com-
prising:

- topoisomerase | inhibitors, especially
- camptothecin,
- topotecane and/or
- irinotecane and/or




- folic acid antagonist, especially - nethotrexate, - pyrimdine anal ogs,
especially - 5-fluorouracil, - capecitabine, - cytosine arabinoside
(cytarabine) and/or - gentitabine, - purine anal ogs, especially -

6-t hi oguanine, - pentostatine, - azathioprine, - 6-nercaptopurine, -

fl udarabi ne and/or - cladribine. 19.zA_kit conprising the nolecule
according to any of clains 1 to 6 and/or the conbination agent according
to any of clainms 7 to 17 and optionally infor- mation relating to combining
the contents of the kit I ecule a ording'to any of clains 1 to 6
and the conbi fati @P%ﬁ@ﬁ?rasé‘c' Hﬁ'lﬂ*i’ f clains 6 to 17 for use as a
drug. 21. A pharmaceuti calg , econprlsmg a nol ecul e according to any of
claimtse 1 to 6 and/or a conblnatlion agent according to any of clainms 7 to
17, option- ally together tewipbsidephar maceutically tolerable carrier. -56-
22. Use of a nolecule according to any of clains 1 to 6, a conbination
agent according to any of claims 7 to 17, a pharmaceutical agent according

to clai20 frpe dd?ﬁblﬁéﬁéh'égéﬁlnaéﬁor@h ag ity dfehe ﬁ%ﬂddﬁi%@lllrﬁs heHEacter-

ani mal i nmune stem or ulatin e acfivity of such an inmune system
23. The use a@zﬁﬁﬁlmthgﬂmant@nqiab@lﬂesrage@mctﬁd rearthetgroup eemprisingat sai d
nodu-

- folic acid antagonist, especially
- methotrexate,
- pyrimidine analogs, especially
- 5-flucrouracil,
- capecitabine,
- cytosine arabinoside (cytarabine) and/or
- gemcitabine,
- purine analogs, especially
- 6-thioguanine,
- pentostatine,
- azathioprine,
- 6-mercaptopurine,
- fludarabine and/or

- cladribine.

19. A kit comprising the molecule according to any of claims 1 to 6 and/or the
combination agent according fo any of claims 7 to 17 and optionally infor-

mation relating to combining the contents of the kit.

20. The molecule according fo any of claims 1 to 6 and the combination agent
according to any of claims 6 to 17 for use as a drug.

21. A pharmaceutical agent comprising a molecule according to any of claims 1
to 6 and/or a combination agent according to any of claims 7 to 17, option-

ally together with a pharmaceutically tolerable carrier.




lation is stinmulating or enhancing the activity of the inmune system 24.
The use according to the preceding claim characterized in that stimulation
conprises a T cell-nediated or T cell-independent inmune response. 25. The
use according to the preceding claim characterized in that the imune
response conprises proliferation of Bsgells and/or B cell activation. 26.
The use according to any of the preceding clains, characterized in that
stinmulation of the i mune systen1conprises secretion of cytokines. 27. The

ft | that th
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prophyl actic vaccination . Use of a nolecule according to any of clains
1to 6, a corrblamsziforaf@emrodacmﬂ of ag agendingr afodgilatingsa umaryoeadineal a
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preceding claim characterized in that the cell growh disorder is a tunor
di sease. 30. The use accordi n% to the precedi ng claim characterized in
t hat t he23-.unodhedisseacrordingde tae peecadingciais. ghagstarzedin dhalgsaid medi-of t he
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ear, salivary glands, and paragangllonas tunmors of the lungs conprising
non-parv' el | h% bronc '

rcin S, arV| eII | ar bronchi a
car ci nongs, rSERACGH mgﬁe&ﬁam?@v Bfa erizeg-io: that ﬁ?@glﬁt'ﬁal
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gal | bl adder and lary tract In- testine on and rectal
carci nomas and anal carci nonas, urogenltal tu- nors conprising tunors of
the kid S eter, bl adder r ost at

S Hhe'use acton Ing to e preced?nggclalm characterized in that the immune

response comprises proliferation of B cells and/or B cell activation.

26. The use according to any of the preceding claims, characterized in that

stimulation of the immune system comprises secretion of cytokines.

27.  The use according to any of the preceding claims, characterized in that the
molecule according to any of claims 1 to 6 and/or the combination agent
according to any of claims 7 to 17 are used as adjuvants in therapeutic or

prophylactic vaccination.

28. Use of a molecule according to any of claims 1 to 6, a combination agent
according to any of claims 6 to 7 and/or a pharmaceutical agent according
to claim 20 in the production of an agent for the treatment of a cell growth

disorder.

29. The use according to the preceding claim, characterized in that the cell

growth disorder is a tumor disease.

30. The use according to the preceding claim, characterized in that the tumor
disease is selected from the group comprising tumors of the ear-nose-




thra, penis and testicles, gynecol ogical tunors conprising tunors of the
cervix, vagina, vulva, uterine cancer, malignant trophobl ast di sease,
ovarial carcinoma, tunors of the uterine tube (Tuba Fal oppii), tunors of
the ab- dominal cavity, mamrary carci nomas, tunors of the endocrine organs,
conprising tunors of the thyroid, parghyroid, adrenal cortex, endocrine
pancreas tunors, carcinoid tunors and carcinoid syndrone, nultiple endo-
crine neopl asi as, bone and soft-tissue sarcomas, nesothelioms, skin tu-
nors, mel anonmas conpri sing cytaneous an |ntraocular nmel anonas, tu- nors of
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unknown primary tunor (CUP syndron®), peritoneal carci noma- tosis,
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carcinoma, tumors of the uterine tube (Tuba Faloppii), tumors of the ab-
dominal cavity, mammary carcinomas, tumors of the endocrine organs,
comprising tumors of the thyroid, parathyroid, adrenal cortex, endocrine
pancreas tumors, carcinoid tumors and carcinoid syndrome, multiple endo-
crine neoplasias, bone and soft-tissue sarcomas, mesotheliomas, skin tu-
mors, melanomas comprising cutaneous and intraocular melanomas, tu-
mors of the central nervous system, tumors during infancy, comprising reti-
noblastoma, Wilms tumor, neurofibromatosis, neurcblastoma, Ewing sar-
coma tumor family, rhabdomyosarcoma, lymphomas comprising non-
Hodgkin lymphomas, cutaneous T cell lymphomas, primary lymphomas of
the central nervous system, Hodgkin's disease, leukemias comprising
acute leukemias, chronic myeloid and lymphatic leukemias, plasma cell
neoplasms, myelodysplasia syndromes, paraneoplastic syndromes, metas-
tases with unknown primary tumor (CUP syndrome), peritoneal carcinoma-
tosis, immunosuppression-related malignancy comprising AIDS-related ma-
lignancy such as Kaposi sarcoma, AlDS-associated lymphomas, AIDS-
associated lymphomas of the central nervous system, AlDS-associated
Hodgkin's disease and AlDS-associated anogenital tumors, transplanta-
tion-related malignancy, metastasized tumors comprising brain metastases,
lung metastases, liver metastases, bone metastases, pleural and pericar-

dial metastases, and malignant ascites.
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phosphodiester

<400> 2
accttccttg tactaacgtt gcctcaagga aggttgatct tcataacgtt gcctagatca 60

<210> 3

<211> 18

<212> DNA

<213> Artificial

<220>
<223> CcCircular single-stranded with stem Toop structure (dumbbell), all
phosphodiester

<400> 3
aacgttcttc ggggcgtt 18

<210> 4

'<211> 116

<212> DNA

<213> Artificial

<220>
<223> Ccircular single-stranded with stem Toop structure {dumbbell), all
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<210> 3 <211> 18 <212> DNA <213> Artificial <220> <223> Crcular
single-stranded with stem | oop structure (dunbbell), all phosphodiester
<400> 3 aacgttcttc ggggcgtt 18 <210> 4 <211> 116 <212> DNA <213>
Artificial <220> <223> Circular single-stranded with stem | oop structure

(dunbbel '), all Page 1 SRguenmR6e@RA0l T ¥b56it5sPhs ST25 phosphodi est er
<400> 4 cctlmgghatitsaercaccttca ttggaaaacg ttcttcgggg cgttcttagg tggtaacccc

60 Lf&ggg‘{tac caccttcatt ggaaaacgtt cttcggggcg ttcttaggtg gtaacc 116 Page
2 cctaggggtt accaccttca ttggaaaacg ttcttcgggg cgttcttagg tggtaacccc 60

taggggttac caccttcatt ggaaaacgtt cttcggggeg ttcttaggtg gtaacc 116
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