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N-Alkylamides for treatment of bromodomain protein related diseases

Field of the invention

The present invention relates to the use of N,N-dimethyl acetamide and 1-vinyl-2-pyrrolidone
for use prevention and treatment of obesity and bone loss, particularly in osteoporosis,

osteoarthritis, periodontitis and peri-implantitis and for use as a male contraceptive.

Background of the invention

Acetylation of histones is an epigenetic mechanism that has been linked to an opening of the
chromatin architecture and an increase in transcriptional activation. e-N-acetylation of lysine
residues is primarily recognized by bromodomains first identified in the brahma gene from
Drosophila melanogaster. Acetylation marks act as scaffolds for the assembly of
macromolecular complexes that alter chromatin accessibility to transcription factors and
allow the recruitment and activation of RNA polymerases. Until today, 61 bromodomains
have been recognized in the human genome, which are present in 46 diverse nuclear and

cytoplasmic proteins.

The bromodomain is an evolutionarily conserved, ~110 amino acid motif comprised of four
left-handed, antiparallel a-helices. The medical potency of bromodomain inhibitors was first
demonstrated by the ischemin/MS120, a weak inhibitor of human p300/CBP associated
factor bromodomain, the action of which prevents apoptosis in ischemic cardiomyocytes.
High affinity nano-molar range inhibitors were finally developed by the Structural Genomic
Consortium and at GlaxoSmithKline. Their efficiency was demonstrated in several medical
applications. In an induced periodontitis model in rats, JQ1 proved to suppress inflammation
by a reduction of the inflammatory cytokine release and bone destruction by the inhibition of
osteoclast maturation. Another potential area for high affinity bromodomain inhibitor
application is as male contraceptive by blocking the bromodomains of BrdT, a spermatocyte

and spermatid specific member of the BET family.

Bone regeneration by the deposition of newly formed bone tissue is performed mainly by
osteoblasts under the influence of bone morphogenetic proteins and is required for the
healing of bone defects and fractures, to compensate for bone loss and for normal bone
turnover. Bone loss can be caused by cancer, inflammation, bone metastases, sepsis,
rheumatoid arthritis, periodontitis, peri-implantitis, osteoporosis, osteoarthritis or other bone
degrading disorders. Known bromodomain inhibitors such as JQ1 cannot be used for the

treatment of diseases connected to bone degradation, fracture etc, because these
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substances do not only inhibit osteoclast formation but also osteoblast differentiation,

whereas the latter is an important mechanism in bone formation.

The problem underlying the present invention is to provide means for the treatment of a
disease that can be modulated or ameliorated by the inhibition of bromodomain containing
proteins and/or enhancement of bone morphogenetic protein receptor signalling. This

problem is solved by the subject-matter of the independent claims.

Terms and definitions

In the context of the present specification, the term bromodomain is used in its meaning
known in the art of molecular biology and biochemistry; it refers to an extensive family of
evolutionarily conserved protein modules originally found in proteins associated with
chromatin. Bromodomains are protein modules that function as acetyl-lysine binding domains
(Zeng et al. FEBS Letters, 513 (2002) 124-128). They recognize monoacetylated lysine

residues most commonly, but not exclusively found on the N-terminal tails of histones.

In the context of the present specification, the term bromodomain inhibitor is used in its
meaning known in the art of molecular biology and biochemistry; it refers to a compound that
inhibits the binding of a bromodomain with its cognate acetylated lysine or lysines of one or
more proteins. In particular, said cognate acetylated lysines are among the residues of one

or more histones.

In the context of the present specification, the term bromodomain and extraterminal (BET)
family of proteins is used in its meaning known in the art of molecular biology and
biochemistry; it refers to readers of the epigenetic code that couple acetylation of lysine
residues on histones to changes in chromatin structure and gene expression. The BET family
includes the four known proteins Brd2 (P25440), Brd3 (Q15059), Brd4 (O60885), and BrdT
(Q58F21). All BET proteins are widely expressed across diverse tissues, with the exception
of BrdT, whose expression is restricted to the testes. Every BET protein contains tandem
bromodomains in the N-terminal region that specifically bind acetylated lysine residues in
histones H3 and H4. Once bound to histones, BET proteins recruit protein complexes that
modulate gene transcription either directly, such as transcriptional activators or repressors,
or indirectly such as chromatin remodeling complexes. BET proteins have been identified as
important mediators of altered gene expression profiles found in numerous diseases
including cancer, diabetes, obesity, atherosclerosis, cardiovascular and renal disorders and
viral infection (Muller, S., et al. , Expert Rev. Mol. Med., 13: €29 (2011)).

In the context of the present specification, the term bone morphogenetic protein (BMP) is
used in its meaning known in the art of molecular biology and biochemistry; it refers to a

group of multi-functional growth factors and cytokines that belong to the transforming growth
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factor beta superfamily. BMPs constitute a group of pivotal morphogenetic signals,
orchestrating tissue architecture throughout the body. BMPs play a role in differentiation,
proliferation, growth inhibition, and arrest of maturation of a wide variety of cells depending
on the cellular microenvironment and the interactions with other regulatory factors. In this
specification BMP refers to any one of the family of growth factors or fragments thereof with
the ability to induce the formation of bone and/or cartilage. It is not intended that BMP refer to
any particular protein sequence, provided that the molecule has sufficient structural
homology to any one of the known BMPs described below and retains some functional ability
to promote bone growth, cartilage growth, or osteoblast differentiation. BMP-2 is known to
induce bone and cartilage formation and play a role in osteoblast differentiation. BMP-3 is
known to induce bone formation. BMP-4 is known to regulate the formation of teeth, limbs
and bone from the mesoderm and play a role in fracture repair. BMP-5 is known to function
in cartilage development. BMP-6 is known to play a role in joint integrity and bone
formation/repair. BMP-7 and BMP-9 are known to play a role in osteoblast differentiation.
BMP-1 is a known metalloprotease that acts on procollagen |, I, and Il and is involved in

cartilage development.

In the context of the present specification, the term bone morphogenetic protein receptor is
used in its meaning known in the art of molecular biology and biochemistry; it refers to
receptors for BMPs that are complexes of two different types of membrane-bound
serine/threonine kinases: type | BMP receptors and type Il receptors. After ligand binding, the
type Il receptor phosphorylates the type | receptor. The activated type | receptor then

phosphorylates members of downstream signalling pathways such as p38 or Smad proteins.

Protein identifiers provided in this specification are identifiers of the Uniprot database

(www.uniprot.org) if not indicated otherwise.

Summary of the invention

The surprising finding was made that N,N-dimethyl acetamide (DMA, CAS No. 127-19-5;

formula )

o)

HSC)LN'CHS

and 1-vinyl-2-pyrrolidone (NVP, CAS No. 88-12-0; formula I1)
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(o

N
e
CH, (1)

Inhibit binding of bromodomains to their cognate targets. Furthermore they enhance the
maturation of osteoblasts by a bromodomain independent effect via bone morphogenetic
protein related pathways, and as a result augment bone regeneration. In this context it was
discovered that they inhibit osteoclast differentiation and the formation of multinucleated
osteoclasts needed for bone destruction not only via bromodomain binding but also by the

augmentation of Bone morphogenetic protein (BMP) receptor signalling.

According to a first aspect of the invention, a compound for use in a method for prevention or
treatment of a disease selected from pathological weight gain, obesity, osteoporosis,
osteoarthritis, periodontitis and peri-implantitis is provided. The compound is selected from

the group comprising:
a) N,N-dimethyl acetamide (I) (DMA, CAS No. 127-19-5)
O

/U\N,CHs

CHs (),

H3C

and
b) 1-vinyl-2-pyrrolidone (Il) (NVP, CAS No. 88-12-0)

(o

N
X
CHz (y,

In certain embodiments, the disease is selected from (pathological or disease-causing)

weight gain, obesity, osteoporosis, osteoarthritis, periodontitis and/or peri-implantitis.

In certain embodiments, the bromodomain containing protein that is inhibited to achieve

prevention or treatment of the disease is selected from Brd2, Brd3, Brd4 or BrdT.

According to a second aspect of the invention, a bromodomain inhibitor for use in prevention
or treatment of weight gain, obesity, osteoporosis, osteoarthritis, periodontitis and/or peri-
implantitis is provided. The compound is selected from N,N-dimethyl acetamide (DMA, CAS
No. 127-19-5) or 1-vinyl-2-pyrrolidone (NVP, CAS No. 88-12-0).
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According to a third aspect of the invention, a method for the inhibition of bromodomain
containing proteins and/or enhancement of bone morphogenetic protein receptor signalling is
provided. The method comprises the steps of administering N,N-dimethyl acetamide (DMA,
CAS No. 127-19-5) and/or 1-vinyl-2-pyrrolidone (NVP, CAS No. 88-12-0) to a mammal.

In certain embodiments, the bromodomain containing protein is selected from Brd2, Brd3,
Brd4 or BrdT.

In certain embodiments, the inhibition of BrdT inhibits fertility in a male mammal.

According to a fourth aspect of the invention, a pharmaceutical composition comprising a
compound selected from N,N-dimethyl acetamide (DMA, CAS No. 127-19-5) and/or 1-vinyl-
2-pyrrolidone (NVP, CAS No. 88-12-0) is provided. The composition is provided for use in
prevention or treatment of pathological weight gain, obesity, osteoporosis, osteoarthritis,

periodontitis and/or peri-implantitis.

According to a fifth aspect of the invention, a contraceptive for a male mammal is provided.
The contraceptive comprises a compound selected from N,N-dimethyl acetamide (DMA,
CAS No. 127-19-5) or 1-vinyl-2-pyrrolidone (NVP, CAS No. 88-12-0).

According to a sixth aspect of the invention, the use of N,N-dimethyl acetamide (DMA, CAS
No. 127-19-5) or 1-vinyl-2-pyrrolidone (NVP, CAS No. 88-12-0) in manufacture of a
medicament is provided. The medicament is provided for use in prevention or treatment of a
disease that can be modulated or ameliorated by the inhibition of bromodomain containing

proteins and/or enhancement of bone morphogenetic protein receptor signalling.

In certain embodiments the disease is selected from weight gain, obesity, osteoporosis,

osteoarthritis, periodontitis and/or peri-implantitis.

Wherever alternatives for single separable features such as, for example, an isotype protein
inhibitor or activator or medical indication are laid out herein as “embodiments”, it is to be
understood that such alternatives may be combined freely to form discrete embodiments of

the invention disclosed herein.

Specific description of the invention

The present invention is based on in vitro and in vivo studies, which reveal that N,N-dimethyl
acetamide and 1-vinyl-2-pyrrolidone are bromodomain inhibitors and enhancers of bone

morphogenetic protein receptor signaling.

In an in vitro assay, wherein acetyl-residues as analogues for an epigenetic mark of
acetylation were assessed for binding to single or tandem bromodomains of BET-proteins,

Brd2, Brd3, Brd4 and BrdT, the inventors surprisingly found that N,N-dimethyl acetamide and
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1-vinyl-2-pyrrolidone inhibit this binding (Fig.1). This discovery revealed that N,N-dimethyl
acetamide and 1-vinyl-2-pyrrolidone are bromodomain inhibitors and therefore are useful for
male contraception via BrdT inhibition, prevention and treatment of bone loss via Brd4
inhibition, prevention and treatment of obesity via Brd2 inhibition and inflammation,

osteoarthritis, periodontitis and peri-implantitis via Brd2 and Brd4 inhibition.

Beyond the bromodomain inhibiting activity and in contrast to the high affinity bromodomain
inhibitor JQ1 both N,N-dimethyl acetamide (Fig. 2) and 1-vinyl-2-pyrrolidone (Fig. 3) are able
to enhance BMP-2 activity and overcome the inhibitory effect on osteoblast differentiation
and maturation normally seen with bromodomain inhibitors. Osteoblasts are the cells that
deposit new bone and regenerate bone defects. In studies on the effect of N,N-dimethyl
acetamide on model cell lines for mesenchymal progenitor cells (C2C12) and preosteoblasts
(MC3T3), it was surprisingly found that alkaline phosphatase activity, which is an early
marker for bone formation and maturation of preosteoblasts to osteoblast, was increased in
the presence of N,N-dimethyl acetamide (Fig 2). The same behavior was also found for 1-
vinyl-2-pyrrolidone (Fig. 3). A closer inspection of this result revealed that N,N-dimethyl
acetamide enhances the signaling of the receptors for bone morphogenetic proteins (BMP)
for Smad and p38 phosphorylation (Fig 4). Since BMPs are central for bone formation,
regeneration and maturation of osteoblasts N,N-dimethyl acetamide and 1-vinyl-2-
pyrrolidone enhance bone formation and bone regeneration most likely by increasing the
signaling of the BMP-receptor via an enhanced phosphorylation of Smads and p38 which

triggers the transcription of factors leading the cell towards the osteoblastic lineage.

In summary, N,N-dimethyl acetamide and 1-vinyl-2-pyrrolidone enhance the maturation of
preosteoblasts to osteoblasts and the kinase activity of the BMP-receptor for Smad and p38

and therefore the formation and regeneration of bone.

The counterparts of the bone depositing osteoblasts are the bone degrading osteoclasts.
When the effect of N,N-dimethyl acetamide on osteoclasts or a model cell line for osteoclasts
(RANKL-stimulated RAW264.7 cells) was examined, it was surprisingly found that N,N-
dimethyl acetamide is able to inhibit osteoclastogenesis, the differentiation to osteoclasts,

which is needed for bone degradation.

RAW264.7 cells were chosen because they are a good model system to study
osteoclastogenesis. The tartrate-resistant acid phosphatase (TRAP) is needed to generate
the acidic milieu to dissolve the calcium-phosphates of bone. The examination of the effect of
N,N-dimethyl acetamide on TRAP activity induced by RANKL (Fig. 5) revealed that TRAP
activity was significantly reduced in the cells treated with RANKL and N,N-dimethyl
acetamide, compared to the cells treated with RANKL alone. Moreover, N,N-dimethyl

acetamide inhibited the formation of multinucleated osteoclasts (Fig.5) and dramatically

6
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reduced the number of nuclei per osteoclast suggesting that N,N-dimethyl acetamide could

modulate also the fusion process (Fig. 5).

In summary, N,N-dimethyl acetamide inhibits osteoclast differentiation and maturation and

therefore the ability to degrade bone.

As an in vivo model to assess the inhibition of bone destruction by N,N-dimethyl acetamide,
oestrogen depletion by ovariectomy in rats was chosen. Surprisingly, weekly administration
of N,N-dimethyl acetamide reduced bone destruction of the trabecular bone as assessed by

microcomputer tomography (Fig. 6) and histology (Fig.7) of the femur heads.

Another cause for bone destruction is inflammation as manifested in osteoarthritis but above
all in peri-implantitis and periodontitis. RAW 264.7 macrophages were stimulated by
lipopolysaccharides (LPS) and used as an in vitro model to study inflammatory processes.
The surprising result of these studies was that 1-vinyl-2-pyrrolidone reduced LPS-induced
nitric oxide (NO) production, a mediator for inflammation, to a similar extent than achieved by
the high affinity bromodomain inhibitor JQ1 (Fig.8).

In essence, 1-vinyl-2-pyrrolidone as other bromodomain inhibitors reduces inflammation by

decreasing NO production in macrophages.

Another outcome of the ovariectomy experiments was that N,N-dimethyl acetamide is able to
reduce weight gain normally occurring during estrogen depletion (Fig.9). This reduced weight
gain is due to an inhibition of adipocyte differentiation and maturation. In the presence of
N,N-dimethyl acetamide, pre-adipocytes stimulated with differentiation medium inducing
adipogenesis show a significant reduction in fat deposition monitored by oil red staining
(Fig.10).

The invention is further illustrated by the following examples and figures, from which further
embodiments and advantages can be drawn. These examples are meant to illustrate the

invention but not to limit its scope.
Short description of the figures

Fig. 1 shows binding assays (AlphaScreening Assays; Perkin Elmer) of recombinant
bromodomains of the BET-family members Brd2 (A), Brd3 (B), Brd4 (C) and
BrdT (D) and bromodomain ligands in the presence of N,N-dimethyl
acetamide (DMA) and 1-vinyl-2-pyrrolidone (NVP). DMA and NVP cause a
reduction of the acetyl-binding activity of the bromodomain. This was observed
with recombinant BET proteins with either one (BD1 or BD2) or both
bromodomains (BD1BDZ2). For comparison binding data of the already known
bromodomain inhibitors N-Methyl-2-pyrrolidone (NMP) and JQ1 are shown.

The concentration in the test was set to 10 mmol/l for DMA, NVP and NMP
7
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Fig. 2

Fig. 3

Fig. 4

Fig. 5

and 1 ymol/l for JQ1 for Brd2, Brd3 and Brd4. For BrdT JQ1 concentration
was 10 umol/l. (E) Determination of millimolar half-maximum inhibitory
concentration (IC50) for DMA on BRD2. (F) Determination of millimolar half-
maximum inhibitory concentration (IC50) for DMA on BRD4 binding activity.

shows measurement of ALP (alkaline phosphatase) activity as a marker of
osteoblastic differentiation in C2C12 (left panel) and MC3T3 cells (right panel).
C2C12 cells treated with rhBMP-2 and increasing amounts of N,N-dimethyl
acetamide (DMA) exhibited a up to 2 times higher ALP activity than cells
treated with rhBMP-2 alone. Similarly, the pre-osteoblastic cell line MC3T3
(right panel) responds to increasing amounts of DMA with an up to 3 fold
increased ALP activity, with and without rhBMP-2 supplementation. The upper
smaller graphs show an enlargement of the no growth factor (No GF) data

from the lower graphs.

shows measurement of alkaline phosphatase (ALP) activity as a marker of
osteoblastic differentiation in C2C12 cells. C2C12 cells treated with rhBMP-2
and increasing amounts of 1-vinyl-2-pyrrolidone (NVP) exhibited a 2 fold
higher ALP activity than cells treated with rhBMP-2 alone. In contrast, the high
affinity bromodomain inhibitor JQ1 inhibits osteoblast differentiation and

maturation.

shows the phosphorylation of the BMP receptor-specific Smad proteins
(pSmad 1/5/8) and p38 (pp38), which is also involved in BMP signalling, in
response to stimulation with rhBMP-2 and increasing concentrations of DMA.
Phosphorylation levels of Smad proteins 1/5/8 and p38 are increased with

rising concentrations of DMA. As control substance 5 mM NMP was used.

shows the effects of N,N-dimethyl acetamide (DMA) on receptor activator of
nuclear factor kappa-B ligand (RANKL)-induced osteoclastogenesis in
RAW264.7 cells. The microscopic images show that, RAW264.7 cells
differentiate in the presence of RANKL into mature tartrate-resistant acid
phosphatase (TRAP) positive multinucleated osteoclasts (MNCs). DMA
reduced the formation and number of TRAP positive MNCs in a concentration-
dependent manner. The occurrence of MNCs is quantified in the lower left
graph. TRAP activity (lower right graph) was measured in response to
treatment with RANKL and DMA. DMA reduced TRAP activity determined as
optical density at 405 nm (OD405)n a concentration dependent manner. NMP:

N-Methyl-2-pyrrolidone.
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Fig. 6

Fig. 7

Fig. 8

shows reduced bone destruction in an osteoporosis model after treatment with
N,N-dimethyl acetamide (DMA). Female rats underwent either bilateral
laparotomy (Sham Veh, Ntotal=10) or bilateral ovariectomy (OVX, Ntotal=20).
One week after recovering from surgery, the OVX rats were divided into 2
groups: OVX with vehicle (OVX Veh, Ntotal=10) and OVX with DMA (OVX
DMA, 1/3 of LD50 = 92ul/100g/week, equals an overall concentration of 10.5
mM, Ntotal=10). Weekly treatment via intraperitoneal injection was initiated 1
week after OVX and lasted for 15 weeks. In rat femur bones the cortical
structure (A) remains but the trabecular structure (B) is reduced by oestrogen
depletion induced osteoporosis. This effect can be prevented by weekly

administration of DMA.

shows (A) serum levels of estradiol after ovariectomy. The results of the Sham
group were compared with OVX Veh group, and the results of the OVX DMA
group were compared with the results of OVX Veh. Data are mean % s.d.. Two
independent experiments were performed with 3 animals each (n=6). (B)
Changes of serum levels of osteocalcin after ovariectomy (C) Bone
parameters were analyzed by micro-CT after 15 weeks of DMA treatment in
OVX rats. Graphs represented bone volume (BV/TV), trabecular separation
(Tb. Sp), trabecular number (Tb. N), and trabecular thickness (Tb. Th). Data
are mean £ s.d. (n = 6 per group). (D) histological images of femur bones from
the experiment described in figure 6 and example 4. The trabecular structure
deteriorates by oestrogen depletion induced osteoporosis (OVX Veh) as
compared to sham operated animals (Sham Veh). Disturbances of trabecular
structure in response to oestrogen depletion can be reduced by weekly
administration of N,N-dimethyl acetamide (DMA) (OVX DMA).

shows the effect of 1-vinyl-2-pyrrolidone (NVP) and N,N-dimethyl acetamide
(DMA) on LPS-induced inflammation in RAW264.7 cells. RAW264.7 cells
were stimulated with LPS (1ug/ml) for 48 h in the absence or presence of NVP
(1, 5 and 10 mM) or DMA and nitric oxide (NO) levels were measured. NVP
and DMA decrease LPS-induced NO production in a concentration dependent
manner. A similar result was achieved by using the high affinity bromodomain
inhibitor JQ1. (C) RAW264.7 cells were treated with LPS (1 ug/ml) in the
absence or presence of DMA, total RNA (6 h after stimulation) or whole cell
lysates (48 h after stimulation) were isolated. INOS mRNA levels were
determined by real-time PCR and normalized to GAPDH level and expressed
as AACT. Whole cell lysates were subjected to Western blot analysis with

antibody against INOS. Data are expressed as mean % s.d. (n = 6). (D) Effect
9
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Fig. 9

Fig. 10

Fig. 11

of DMA on LPS-induced pro-inflammatory cytokines. RAW264.7 cells were
treated with LPS (1 pg/ml) in the absence or presence of DMA, and total RNA
was isolated 6 h after treatment. IL-1q, IL-B, TNF-a, and IL-6 mRNA levels
were determined by real-time PCR and normalized to GAPDH level Results

are expressed as AACT. Data are expressed as mean + s.d. (n = 6).

shows body weight development in ovariectomized (OVX) and sham operated
(Sham) rats as described in figure 6 and example 4 in response to weekly
treatment with N,N-dimethyl acetamide (DMA) as compared to vehicle only
(Veh). OVX causes an increased weight gain as compared to sham operated
rats. DMA treatment does reduce this effect of OVX and results in a reduced

weight gain compared to vehicle treated OVX rats.

shows the effect of N,N-dimethyl acetamide (DMA) on fat accumulation in
adipocytes. Adipogenic differentiation was induced in 3T3-L1 cells by
stimulation with Methyl iso-butyl xanthine (500 pM), Dexamethasone
(0.25 yM) and Insulin (10 pyg/ml) (MDI). Accumulation of lipids in adipocytes
was determined via Oil red staining. Treatment with MDI induces the
maturation of adipocytes resulting in increased fat accumulation.
Simultaneous stimulation with DMA (5 mM) abolishes the increase observed

in MDI stimulated pre-adipocytes.

shows the effect of N,N-dimethyl acetamide (DMA) and 1-vinyl-2-pyrrolidone
(NVP) in a bone regeneration model. Six Rabbits were used and four defects
of 6 mm in diameter were generated in the calvarial bone. One defect per
animal was left untreated, one was covered by a membrane of poly-lactide-co-
glycolide (PLGA), one was treated with a PLGA membrane loaded with
10 weight % DMA and the other one with a membrane loaded with 15 weight
% NVP. Bone regeneration was measured in histological sections from the
middle section of the defects 4 weeks after implantation. Bone regeneration
was significantly increased when the membranes were either loaded with N,N-
dimethyl acetamide (DMA) or 1-vinyl-2-pyrrolidone (NVP). Therefore both

substances accelerate and increase bone regeneration and bone formation.

10
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Examples

The invention is illustrated by the following examples.

For statistical analysis, unpaired Students T-test was implemented by a commercially
available software package (SSPE, Chicago, Il). All values are represented as mean +

standard error of the mean.

Example 1: N,N-dimethyl acetamide and 1-vinyl-2-pyrrolidone are bromodomain

inhibitors.

AlphaScreening Assays were performed using recombinant bromodomains and
bromodomain ligands or recombinant BET bromodomains and BET Ligand from BPS
Bioscience (San Diego, USA). The AlphaScreening signal from the assay is correlated with
the amount of bromodomain/BET ligand binding to the bromodomain. AlphaScreening signal

was measured using EnSpire Alpha 2390 Multilabel reader (Perkin Elmer).

Binding experiments were performed in duplicate. AlphaScreening data were analyzed using
the computer software, Graphpad Prism. In the absence of the compound, the
AlphaScreening signal (At) in each data set was defined as 100% activity. In the absence of
the bromodomain/BET Ligand, the AlphaScreening signal (Ab) in each data set was defined
as 0% activity. The percent activity in the presence of each compound was calculated
according to the following equation: % activity = [(A- Ab)/(At - Ab)]x100, where A=
AlphaScreening signal in the presence of the compound, Ab = AlphaScreening signal in the
absence of the bromodomain/BET Ligand, and At = AlphaScreening signal in the absence of
the compound. The percent inhibition was calculated according to the following equation: %
inhibition = 100 - % activity. The results of these experiments as illustrated in figure 1 show
that both N,N-dimethyl acetamide and 1-vinyl-2-pyrrolidone are able to inhibit the binding of a
natural bromodomain ligand to bromodomains of the BET-protein family (Brd2, Brd3, Brd4,
BrdT).

DMA inhibits the binding activity of BRD2 and BRD4 with an IC50 value of 11 mM and 6 mM,
respectively (Fig 1E, F).

Example 2: N,N-dimethyl acetamide and 1-vinyl-2-pyrrolidone enhances maturation of

osteoblasts and N,N-dimethyl acetamide BMP signaling in C2C12 cells.

C2C12 cells are pluripotent myogenic cells able to transdifferentiate into a variety of tissues
such as bone and adipose tissue. Therefore, they are often used as a model for
mesenchymal stem cells. Cells were cultured in Dulbecco’s modified Eagle medium (DMEM)
supplemented with 10% fetal calf serum and antibiotics (100U/mL penicillin G and 100mg/mL

streptomycin). Cells were trypsinized and passaged every 2 to 3 days, and cultures were
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never allowed to become confluent. All cells were grown at 37°C in humidified air mixed with

5% carbon dioxide.

ALP (alkaline phosphatase) activity was measured as a marker of osteoblastic differentiation
in C2C12 cells. Cells were seeded at a density of 5x10* cells/cm2 in 6- or 24-well plates (n=3
per group). Treatment with N,N-dimethyl acetamide or 1-vinyl-2-pyrrolidone and BMP-2
diluted in the tissue culture medium started 5 h after seeding and incubation was continued
for 6 more days. After 6 days of incubation, medium was removed, and cells were washed
with PBS and then scraped in 0.56 M 2-amino-2-methyl-1-propanol, pH 10.5. The pellets
were then homogenized for 10 s. After centrifugation, the supernatant was collected and
tested for ALP activity using p-nitrophenyl phosphate (Sigma-Aldrich) as a substrate. The
protein content of the lysates was determined using Bradford protein assay reagent (Bio-Rad

Laboratories; Hercules, CA). Experiments were performed independently in triplicate.

As shown in figure 2, C2C12 cells treated with rhBMP-2 and increasing amounts of N,N-
dimethyl acetamide exhibited an up to 2 times higher ALP activity than cells treated with
rhBMP-2 alone. Therefore, N,N-dimethyl acetamide enhances maturation of preosteoblasts
to osteoblasts in a concentration dependent manner. The same applies to the pre-
osteoblastic cell line MC3T3, since increasing amounts of N,N-dimethyl acetamide increase
ALP activity with and without rhBMP-2 supplementation, due to the fact that MC3T3 cells

produce autologous BMPs.

As shown in figure 3, C2C12 cells treated with rhBMP-2 and increasing amounts of 1-vinyl-2-
pyrrolidone exhibited an up to 2 fold higher ALP activity than cells treated with rhBMP-2
alone. Therefore, 1-vinyl-2-pyrrolidone enhances maturation of preosteoblasts to osteoblasts

in a concentration dependent way.

To explore the mechanisms by which N,N-dimethyl acetamide enhances BMP-2 activity, the
effect of N,N-dimethyl acetamide on the kinase activity of the intracellular portion of BMPR |
in preosteoblastic cells was examined. 15 min after application of 5 mM of N,N-dimethyl
acetamide and 0.5 mg/mL of BMP-2, the phosphorylation of BMPR-specific Smad proteins
was induced (Fig. 4). In addition to Smad phosphorylation, BMP also signals via p38
phosphorylation, which can only be studied at low serum concentrations. When the cells
were treated under low serum conditions with 5mM of N,N-dimethyl acetamide and 0.5
mg/mL of BMP-2, Smad and p38 phosphorylation increased after 1 h, suggesting a longer-
lasting effect of N,N-dimethyl acetamide on BMP signaling.
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Example 3: N,N-dimethyl acetamide suppresses RANKL-induced osteoclastogenesis
in RAW264.7 cells.

To show the effects of N,N-dimethyl acetamide on osteoclastogenesis, RAW 264.7 cells
were treated with the receptor activator of nuclear factor kappa-B ligand (RANKL) (25 ng/ml).
RAW 264.7 cells were cultured in Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10% foetal bovine serum (FBS) and antibiotics (100 U/ml penicillin G and
100 mg/ml streptomycin). The cultures were never allowed to become confluent. Incubations
were performed at 37°C in 5% CO, in humidified air. TRAP activity is an early marker for
maturation of preosteoclasts to osteoclasts. The effect of N,N-dimethyl acetamide on TRAP
activity induced by RANKL was examined, and the results are shown in figure 5. For
determination of TRAP activity, RAW 264.7 cells were plated into a 12-well culture dish
(Corning, NY) with different concentrations of N,N-dimethyl acetamide in the presence of
25 ng/ml of RANKL. The medium and factors were replaced every 2 days. After 6 days of
culture, the medium was removed, and the cell monolayer was gently washed twice with
PBS. The cells were then lysed with 200 ul of 0.1% Triton X-100. TRAP activity in cell lysate
was determined using TRAP solution (sodium acetate 0.1 M pH 5.8, ascorbic acid 1 mM, KCI
0.15 M, disodium tartrate 10 mM and p-nitrophenyl phosphate 10 mM). An aliquot of cell
lysate was added to TRAP solution and was incubated for 30 minutes at 37°C. The reaction
was stopped with NaOH 0.3 N, and the absorbance was measured at 410 nm using a micro-
plate reader (BioTek). Results, normalized to protein content, are expressed in percentage of
the activity obtained in RANKL stimulated cells. Data are expressed as mean S.D. (n=3). The
data show that TRAP activity was significantly reduced in the cells treated with RANKL and
N,N-dimethyl acetamide compared to cells treated with RANKL alone (Fig. 5). Therefore,
N,N-dimethyl acetamide can inhibit the maturation of preosteoclasts to osteoclasts. To
further illustrate these findings, RAW264.7 cells were seeded on a 24-well culture plate,
treated with RANKL alone or with different concentration of N,N-dimethyl acetamide as
indicated in figure 5. After 6 days of incubation, cells were washed with PBS, fixed, and
stained for TRAP after differentiation into osteoclasts. TRAP staining of the cells was
performed using a leukocyte acid phosphatase kit (Sigma-Aldrich). Cultured cells were fixed
with formaldehyde for 5 min at room temperature, washed with PBS and air-dried. After
TRAP-staining, an inspection of the plate by phase-contrast microscopy revealed that the
number of multinucleated cells was reduced by N,N-dimethyl acetamide in a concentration
dependent manner (Fig. 5). In the absence of N,N-dimethyl acetamide RAW264.7 cells
differentiate into mature TRAP-positive multinucleated osteoclasts (MNCs), while N,N-
dimethyl acetamide (1, 2.5 and 5 mmol/L) reduced the formation and numbers of TRAP-
positive MNCs in a concentration-dependent manner (Fig. 5). Therefore, N,N-dimethyl

acetamide inhibits the maturation of preosteoclasts to bone resorbing osteoclasts. Moreover,
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N,N-dimethyl acetamide dramatically reduced the number of nuclei per osteoclast suggesting
that N,N-dimethyl acetamide could modulate the fusion process (Fig. 5). In the presence of
N,N-dimethyl acetamide (5 mM), the MNCs number per well induced by RANKL (25 ng/ml)
was reduced approximately by 50%, whereas 5 mmol/L NMP totally abolished the formation
of MNCs. The results of this example show, that exposure of osteoclast precursor cells to

N,N-dimethyl acetamide inhibit their RANKL induced maturation to osteoclasts.

Example 4: In an oestrogen deficiency rat model N,N-dimethyl acetamide inhibits bone

destruction

Osteoporosis is @ major problem in our aging society and induced by reduction of estrogen in
elderly women. It is associated with bone destruction and an increased fracture risk and

weight gain. An established in vivo model for osteoporosis is the ovariectomized (OVX) rat.

Healthy female Sprague-Dawley (SD) rats (wt. 230 £ 10 g) were obtained and acclimatized
to laboratory environment for 2 week before the experiment. In three independent
experiments, a total of 30 animals were used. The acclimatized rats underwent either
bilateral laparotomy (Sham Veh, Ntotal=10) or bilateral ovariectomy (OVX, Ntotal=20). One
week after recovering from surgery, the OVX rats were divided into 2 groups: OVX with
vehicle (OVX Veh, Ntotal=10) and OVX with DMA (OVX DMA, 1/3 of LD50 =
92u1/100g/week, equals an overall concentration of 10.5 mM, Ntotal=10). Treatment via
intraperitoneal injection was initiated 1 week after OVX and lasted for 15 weeks. The body
mass of each rat was monitored weekly, and the administered dose was adjusted

accordingly.

The estradiol level in the OVX Veh group was significantly lower than in Sham Veh group
(Fig. 7A). DMA was not able to rescue estradiol levels and therefore acts independent of
estradiol levels. Analysis of the bone turnover marker osteocalcin revealed an increase in the
OVX vehicle group compared with those in Sham vehicle group which was prevented when
the OVX group was treated with DMA (Fig. 7B).

15 weeks after surgery, the femurs were dissected and the adherent tissue removed before
placing the samples in 70 % ethanol and later used for bone mineral density (BMD)
measurement and trabecular microarchitecture analysis. For Microcomputed Tomography
(MCT) Analysis, the rat femur samples were measured with a cone-beam microCT (UCT 100,
SCANCO MEDICAL AG, Briittisellen, Switzerland). The reference point was used to define
the region of interests (ROI), and the bone was automatically segmented, based on its gray
scale value in the CT slices. 200 slices were evaluated for every sample (volume of interests:
VOI). The three-dimensional images were reconstructed with the purpose of visualization
and display. After analyzing the VOI, morphometric bone parameters, including bone volume

over total volume (BV/TV) were obtained. The VOI analysis was performed blindly by the
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same operator. The results reveal that compared to sham operated controls (Sham/PBS)
with a BV/TV of 15.96, OVX/PBS reduced BV/TV to 6.43 and OVX with administration of
DMA (OVX/DMA) inhibited bone degradation and yielded a value of 9.49, which was
significantly higher than BV/TV of OVX/PBS (Fig. 7C). Furthermore additional morphometric
bone parameters such as trabecular number (Tb.N), trabecular spacing (Tb.Sp) and
trabecular thickness were significantly improved by DMA treatment as compared to OVX
vehicle. Therefore, the degradation of the trabecular structure is reduced upon treatment with

N,N-dimethyl acetamide. This is further supported by histologies as illustrated in figure 7D.

Example 5: 1-vinyl-2-pyrrolidone and N,N-dimethyl acetamide suppress LPS-induced

production of NO in RAW264.7 cells as marker for macrophages.

Macrophages play a crucial role in both the specific and non-specific immune responses.
Activation by inflammatory stimuli produces a variety of inflammatory mediators such as nitric
oxide (NO). To show the effect of 1-vinyl-2-pyrrolidone on the suppression of inflammatory
mediators like NO, RAW264.7 macrophages were used as model system. The RAW264.7
macrophage cell line was obtained from ATCC and cultured in DMEM supplemented with
10% FBS and antibiotics (100 units/ml penicillin G and 100 mg/ml streptomycin). The
cultures were never allowed to become confluent. Incubations were performed at 37 °C in
5% CO; in humidified air.

To study the effect of 1-vinyl-2-pyrrolidone and N,N-dimethyl acetamide on NO production,
RAW?264.7 cells were stimulated with LPS (1ug/ml) in the absence or presence of 1-vinyl-2-
pyrrolidone or N,N-dimethyl acetamide, and the accumulation of NO was measured using
Griess reagent. For this purpose, cells were plated in 24-well plates and then incubated with
LPS in the absence or presence of 1-vinyl-2-pyrrolidone (1, 5 and 10 mM) for 48 h. Nitrite
levels in culture media were determined using the Nitrite/Nitrate colorimetric assay kit
(Sigma) according to the manufacturer’s instruction. After 10 min incubated at room
temperature, absorbance at 540 nm was measured in a microplate reader (Synergy HT,
BioTek). Fresh culture medium was used as the blank in all experiments. The amount of
nitrite in the samples was quantified using the serial dilution standard curve from sodium
nitrite. The results as shown in figure 8 reveal that in RAW264.7 macrophages the production
of NO was increased by LPS stimulation and that treatment with 1-vinyl-2-pyrrolidone or N,N-

dimethyl acetamide suppressed NO production concentration-dependently.

Since nuclear factor-kB (NF-kB) is involved in the transcriptional regulation of cytokines and
targeted by bromodomain inhibitors, it was examined whether DMA could suppress the
nuclear translocation of p65 which is associated with the activation of NFkB. The cellular
location changes of NF-kB/p65 after LPS stimulation were examined with or without DMA

pre-treatment. In unstimulated cells NF-kB/p65 was located in the cytoplasm. In LPS-treated

15



10

15

20

25

30

WO 2016/207204 PCT/EP2016/064388

cells NF-kB/p65 translocated into the nucleus and pre-treatment with DMA partially
suppressed the LPS-induced p65 translocation, suggesting that DMA inhibits the LPS-
induced NF-kB activation. Macrophages are a major source of many cytokines involved in
immune response, hematopoiesis, and other homeostatic processes. mMRNA expression of
IL-1a, IL-1B, IL-6 and TNF-a were markedly up-regulated after LPS stimulation, however,

significantly down-regulated by DMA pretreatment (Fig. 8D).

Thus, 1-vinyl-2-pyrrolidone and N,N-dimethyl acetamide reduces the production and release
of NO from LPS-stimulated RAW264.7 macrophages and is able to ameliorate inflammation

as such and inflammation induced bone destruction.

Example 6: N,N-dimethyl acetamide reduces weight gain, obesity in ovariectomized

rats and differentiation and maturation of adipocytes.

During the time course of the ovariectomy experiment, as described earlier, it became
evident that upon treatment with N,N-dimethyl acetamide body weight gain of these animals
was significantly reduced. To further unravel this effect, pre-adipocytes (3T3-L1 cells) were
maintained in low glucose DMEM (Gibco) and 10% fetal calf serum. On day 3 adipogenesis
was induced by addition of MDI which contains Methyl iso-butyl xanthine (500 pM),
Dexamethasone (0.25 yM) and Insulin (10 pyg/ml). Adipogenesis was quantified by oil red
staining determined by absorbance at 500 nm. As shown in figure 10, 5 mM N,N-dimethyl

acetamide administered with MDI inhibited the maturation of pre-adipocytes to adipocytes.

Example 7: N,N-dimethyl acetamide and 1-vinyl-2-pyrrolidone enhance bone

regeneration in vivo

To investigate the effect of N,N-dimethyl acetamide and 1-vinyl-2-pyrrolidone on bone
formation and bone regeneration a guided bone regeneration model was employed and N,N-
dimethyl acetamide and 1-vinyl-2-pyrrolidone were applied via a biodegradable membrane.
Significantly more bone formed in this non-critical size defects when the membrane were
loaded with N,N-dimethyl acetamide or 1-vinyl-2-pyrrolidone, compared to membrane alone
(Fig. 11). Therefore N,N-dimethyl acetamide and 1-vinyl-2-pyrrolidone enhance bone

regeneration and repair of bony defects.

Bone regeneration was tested in a guided bone regeneration model at the calvarial bone of 6
rabbits (female, 26 week old, New Zealand white rabbit) as described in Karfeld-Sulzer et al.,
Journal of tissue engineering and regenerative medicine, 2014. DMA loading of the
membrane was performed by vapor deposition to yield 10% weight increase. Sample size

was determined by power analysis.

16



10

15

WO

Claims

1.

2016/207204 PCT/EP2016/064388

A compound for use in a method for prevention or treatment of a disease selected
from pathological weight gain, obesity, osteoporosis, osteoarthritis, periodontitis and

peri-implantitis, wherein said compound is selected from the group comprising:
a) N,N-dimethyl acetamide (l)
@)

/U\N»CHS

CHs (),

HsC

and
b) 1-vinyl-2-pyrrolidone (Il)

(o

N
SN
CHz ().

A bromodomain inhibitor for use in prevention or treatment of pathological weight
gain, obesity, osteoporosis, osteoarthritis, periodontitis and/or peri-implantitis selected

from N,N-dimethyl acetamide or 1-vinyl-2-pyrrolidone.

A pharmaceutical composition comprising a compound selected from N,N-dimethyl
acetamide and/or 1-vinyl-2-pyrrolidone for use in prevention or treatment of
pathological weight gain, obesity, osteoporosis, osteoarthritis, periodontitis and/or
peri-implantitis.

A contraceptive for a male mammal comprising a compound selected from N,N-

dimethyl acetamide or 1-vinyl-2-pyrrolidone.
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