
Methods for producing hair microfollicles and de novo
papillae and their use for in vitro tests and in vivo
implantations The present invention relates to a
method for producing hair microfollicles by
co-culturing the de novo papillae with another cell
population of the hair follicle in the ultra-low
attachment culture vessels. The invention also relates
to a method for producing de novo papillae usable in a
method for producing hair microfollicle. Object of the
invention are also the hair microfollicles and the de
novo papillae produced by the aforementioned methods.
The hair microfollicles and/or e novo papillae can be
used as implants for treating reduced hair conditions,
and for in vitro testing hair-modulating effects or
toxic effects of substances. Because of the critical
role that hair plays in human non-verbal
communication, an affected individual invariably
demands help when hair growth diminishes. The ultimate
therapy, of course, is to restore or regenerate new,
healthy, cycling hair follicles. Until very recently,
medicine was unable to offer any valid treatments to
these patients. In the late twentieth century, several
drugs were marketed that, however modestly and
inconsistently, did stimulate hair growth. Examples
are minoxidil, finasteride, and latanoprost. The
complex timing and myriad gene expression changes
required for orchestration of hair follicle
development and cycling are likely to preclude a
simple pharmaceutical approach to the treatment of
advanced alopecia. Consequently, their effects fall
short of the ultimate goal to generate new hair
follicles in bald scalp. By taking advantage of cell
types that know how to form a hair follicle,
cell-based therapies will arrive in the clinic sooner
than the purely molecular approach. One approach to
hair follicle cell-based therapy would entail removing
a small number of hair follicles, isolating competent
and/or inductive cells from them, and then expanding
those cells ex vivo while maintaining their special
ability to generate new hair follicles. Clearly, cell
culture conditions that maintain the inductive ability
of dermal follicular cells and the competence of hair
follicle epithelial cells are necessary before any
type of cell-based therapy for alopecia can be
developed. As early studies showed that the inductive
property of dermal cells wanes with time in vitro,
research has focused on maintaining the trichogenic
properties of hair follicle cells in culture. Much of
the recent progress has resulted fromadvances in
culture methodology for intact hair follicles, and
their cellular components. Human hair follicle cells
grown in culture include follicular papilla
fibroblasts, outer root sheath (ORS) keratinocytes and
germinative epidermal cells from the hair matrix
(Tobin et al., J. Invest. Dermatology 104(1), 86-88,
1995). The goal of current bioengineering efforts is
to generate or reconstitute fully organized and
functional organ systems starting from dissociated
cells that have been propagated under defined tissue
culture conditions. It has long been recognized that
the hair follicle has profound regenerative ability,
in that it cycles over the life-time of the individual
and reproduces its lower half cycle after cycle. The
fibroblasts of the dermal hair papilla and connective
tissue sheath are stem cell-like in character and have
specific hair growthinducing properties. The hair
follicle reforms itself by means of interactions
between competent epithelial stem cells and powerfully
inductive dermal cells during its growth cycle. It is
possible to reconstitute a complete hair follicle from
epithelial and mesenchymal stem cells of hair
follicles. Major challenges that need to be addressed
with any type of cell-based treatment for alopecia
include the efficiency of hair follicle formation and
the choice of cell type, which are 



summarized by Stenn & Cotsarelis, Curr. Opinion
Biotech. 16, 493-497, 2005. For bioengineering the
hair follicle, one could start with dermal elements
from dissociated follicles with or without competent
cells from the follicle or other epithelial sources.
The number of dissociated cells would be expanded in
culture, and then dermal cells alone, or in
combination with competent epithelial cells,
re-introduced to the alopecic scalp. Previous studies
have shown that starting with correctly placed inducer
dermal cells will result in new follicle formation.
Moreover, starting with a combination of dissociated,
or aggregated, trichogenic epithelial and dermal cells
has also proven to be an efficient way of producing
new hair follicles. First attempts at cell-based
approaches for treating alopecia are likely to use
autologous tissue for bioengineering hair follicles to
avoid immune rejection of the donor cells. However,
the intriguing possibility that heterologous
(allogeneic) hair follicle tissue could be developed
for tissue transplantation exists, based on the
concept that the hair follicle is an immuneprivileged
site that does not express MHC (major
histocompatibility complex) class I antigens.
Nevertheless, the safety testing and regulatory
hurdles for this type of approach would require
enormous financial resources.Another possible approach
for bioengineering hair follicles involves actually
forming hair follicles as mini organs in vitro, and
then transplanting the newly generated follicles back
to the alopecic scalp. It is known from DE 101 62 814
B4 that a skin and hair equivalent can be produced by
providing a pseudodermis or a pseudodermis
preparation, as well as pseudopapillae comprising
cultivated dermal papilla cells on a suitable carrier
or in a suitable matrix, or pseudopapillae precursors
comprising cultivated dermal papilla cells on a
suitable matrix-forming medium, capable of forming a
matrix in situ, and introducing the pseudopapillae or
the pseudopapillae precursor into the pseudodermis or
pseudodermis preparation. This sort of approach would
require a much more complicated cell culture system
involving three-dimensional matrices, perhaps embedded
with appropriate growth factors, to allow both dermal
and epidermal cells to differentiate towards the
threedimensional structure of a normal hair follicle.
Particularly, the papilla structure is only obtained
by forming cavities, such as by punching or pricking,
in said pseudodermis, and placing said pseudopapillae
therein, which are so shaped that their dimensions
correspond to the cavities formed in the PD. The
approach lacks the voluntary arrangement of cells in
the approximate physiological papilla structure, as
well as direct cell contacts. It has been recently
shown another method for producing a population of
multipotent stem cells or progeny thereof, which are
originated from a hair follicle or a dermal
papillacontaining portion thereof. The method of WO
2005/071063 A 1 comprises the culture of said hair
follicle or dermal papilla-containing portion in
conditions under which multipotent stem cells grow and
proliferate non-adherently. Dermal papillae are not
obtained by this procedure, but the isolated
multipotent stem cells directly used for inducing hair
growth or regenerating skin in a mammal. However, it
is also recognized in this document that a certain
amount of adherent cells is formed as confirmed in WO
2005/1 13747 A2, which discloses a method for
producing multicellular aggregates from at least two
multipotent or piuripotent adult stem cell types by
cultivation under steric conditions. Presently, the
organoid bodies are restricted to the aforementioned
stem cells gathered from exocrine gland tissue.
Therefore, the technical problem forming the basis of
the present invention is to avoid the above-mentioned
disadvantages of the prior art and to provide a method
for generating re 



constructed hair follicle and papillae that arrange
free and easy into the size and shape of a
physiological DP. Another problem addressed by the
present invention is to find a hairequivalent or skin
substitute, which would be suitable as an in vitro
model, more particularly for testing and/or evaluating
active substances, most particularly on the hair
follicle. The present invention solves the problem by
providing a method for producing mammalian hair
microfollicle comprising the steps of: (a) providing
at least one de novo papilla, (b) providing at least
one other cell population selected from the group of
fibroblasts, keratinocytes and melanocytes, and (c)
co-culturing the de novo papilla with the at least one
other cell population under non adherent culture
conditions. The terms "de novo papillae" or
"neopapillae" are interchangeably used herein, and
denote cell aggregates of mammalian dermal hair
papilla fibroblasts (DPF), which have at least half
the size and approximately the shape of a
physiological dermal papilla (DP) of a hair follicle
after isolation. De novo papillae can comprise a
coating comprising one or multiple different
extracellular matrix proteins, preferably collagen IV,
fibronectin and/or laminin. Such coating can be
generated by the DPFs forming the de novo papilla
themselves, or can be added at any stage before de
novo papillae will be co-cultured according to step
(c) of the method for producing hair microfollicles.
The terms "microfollicle" and "neofollicle" are used
interchangeably herein and refer to an incomplete
mammalian hair follicle structure that is composed of
the dermal cellular scaffold, but lacking other cell
types, such as muscle cells, nerves, blood vessels,
etc., resulting in a reduced size if compared to the
natural follicle. A microfollicle of the present
invention is composed of a de novo papilla that is
stably covered or colonized by cells of at least one
other cell population selected from the group of
fibroblasts, keratinocytes and/or melanocytes. The
fibroblasts, keratinocytes and/or melanocytes do not
have to originate from a mammalian hair follicle, but
can be derived from other mammalian tissues.
Preferably a microfollicle of the present invention is
composed of a de novo papilla that is stably covered
or colonized by cells of at least one other cell
population, which is derivable and/or derived from a
mammal hair follicle, e.g. selected from the group of
fibroblasts of the connective tissue sheath,
keratinocytes and/or melanocytes. The
three-dimensional form of said microfollicle mimics
the three-dimensional appearance of a physiological
mammal hair follicle. The microfollicles can in
particular be three-dimensionally formed, optionally
spatiallydemarcated, reconstructed de novo papillae
with follicle-like structures on the surface of the de
novo papillae, including those reminiscent of the
earliest stage of hair morphogenesis, and comprising
dermal papilla cells. The invention relates to a
method for producing hair microfollicles, comprising
multiple steps. These steps comprise the provision of
de novo papillae. According to the invention, the de
novo papillae to be provided can be produced by any
suitable method, preferably de novo papillae are used
that have been produced according to one of the
methods for production of de novo papillae according
to the invention disclosed below. The steps comprise
further the provision of other cell populations. The
other cell population may be derivable from a mammal
hair follicle, preferably from the same hair follicle
as used for DP preparation, and co-culturing the de
novo papillae with at least one other cell population
in non-adherent culture vessels. At least 4 different
cell populations, i.e. DPFs, fibroblasts of the
connective tissue sheath (CTSF), keratinocytes (KC),
and melanocytes 



(MC), can be isolated from a mammal hair follicle in a
defined manner, separately cultured under standard
conditions, and subsequently multiplied. It is also
possible to form cell cultures with long-term
viability from these isolates and put them to use,
e.g. for screening methods. It is a preferred
embodiment of the present invention that the other
cell populations are selected from the group of
fibroblasts, keratinocytes, and melanocytes. The
fibroblasts, keratinocytes and/or melanocytes do not
have to originate from a mammalian hair follicle, but
can be derived from other mammalian tissues. The
fibroblasts originate preferably from connective
tissue sheath. Preferably the at least one other cell
population is derivable and/or derived from a mammal
hair follicle, which is selected from the group of
fibroblasts of the connective tissue sheath,
keratinocytes and/or melanocytes. It is another
preferred embodiment of the present invention that the
de novo papillae are cocultured with keratinocytes at
least. Keratinocytes are supplemented for basic
microfollicle neogenesis. It is still another
preferred embodiment of the invention that
keratinocytes and melanocytes are simultaneously
provided to the papilla culture. The addition of
melanocytes is especially useful for investigations of
hair pigmentation, or for the purpose of future
implantation with a desired hair color. The other,
separately expanded cell components can be added to a
non-adherent cell culture vessel described below for
the method of producingde novo papillae, such as the
ultra-low attachment culture vessels, in which the
neopapillae have already been produced. Keratinocytes,
or mixtures of keratinocytes and melanocytes are added
to the coated neopapillae at a specific mixing ratio
and incubated with a suitable medium in the
non-adherent culture vessels for several days.
Preferable ratios are KC to MC 2:1, 5:1 , 10:1 or
20:1. The co-culturing lasts at least 12 hours,
preferably between 1 day to 5 weeks, more preferably 2
days to 3 weeks, most preferably 1 week or
substantially 2 days. To elaborate a multilayered
neofollicle, which even better mimics the hair
follicle structure and function, it can be obtained by
coating the generated neofollicle with CTSF for a
defined period of time selected from 12 hours to 10
days, preferably 1 to 5 days, most preferably
substantially 2 days. Under these conditions, the cell
mixture develops into a follicular structure, forming
hair follicle-typical features, such as development of
a hair shaft. The organ-like structure is referred to
as microfollicle from the formation of an approximate
hair shaft on. In a preferred embodiment of the method
of the invention for producing hair microfollicle (a)
de novo papillae are provided; (b) de-novo papillae
are contacted with KC, MC or a mixture of KC and MC
with a predetermined ratio and co-cultured in a
non-adherent culture vessel for a predetermined amount
of time; (b') optionally, repeat step (b), preferably
wherein cells of a different cell-type are used for
contacting and co-culturing than used in the first
round; (c) optionally covered de-novo papillae of step
(b) or (b1) can be coated with an extracellular matrix
protein, preferably collagen IV, prior to and/or
simultaneously with step (d); (d) covered de-novo
papillae of step (b), (b') or (c) are co-cultured with
CTSF for a predetermined amount of time in a
non-adherent culture vessel. The present invention is
also directed to providing a method for producing de
novo papillae 



comprising the steps of: (a) providing at least one
dermal papilla (DP) from at least one mammal hair
follicle, (b) isolating dermal hair papilla
fibroblasts (DPFs) from the DP by mechanically fixing
said DP at the surface of a cell culture vessel,
whereby the basal lamina is perforated to allow said
DPFs migrating out,(c) expanding the isolated DPFs in
monolayer culture without collagen coating, wherein
said DPFs are passaged at least once, (d) condensing
the expanded DPFs into cell aggregates that exhibit
the size and shape of the physiological DP, wherein
said DPFs are differentiated in non-adherent culture
vessels in a cell concentration per vessel surface of
1.000 to 100.000 DPFs/cm2, optionally the expanded
DPFs are condensed for at least 48h, and (e) coating
the de novo papillae with extracellular matrix
proteins, preferably collagen IV, fibronectin and/or
laminin. The present invention is also directed to
providing a method for producing de novo papillae
comprising the steps of: (a) providing at least one
dermal papilla (DP) from at least one mammal hair
follicle, (b) isolating dermal hair papilla
fibroblasts (DPFs) from the DP by mechanically fixing
said DP at the surface of a cell culture vessel,
whereby the basal lamina is perforated to allow said
DPFs migrating out, (c) expanding the isolated DPFs in
monolayer culture without collagen coating, wherein
said DPFs are passaged at least once, (d) condensing
the expanded DPFs into cell aggregates that exhibit
the size and shape of the physiological DP, wherein
said DPFs are differentiated in non-adhesive culture
vessels in a cell concentration per vessel surface of
1.000 to 100.000 DPFs/cm2, and wherein the expanded
DPFs are condensed for at least 48h; (e) optionally
coating the cfe novo papillae with extracellular
matrix proteins, preferably collagen IV, fibronectin
and/or laminin. It is particularly the expansion of
the isolated DPFs and the physiological administration
form that represent limiting factors to the use of
these cells in hair growth induction of prior art. It
takes several multiplication cycles to achieve the
required quantity of cells, during which process the
cells cultured in monolayer cultures, especially those
of the dermal papilla fibroblasts, lose their
inductive abilities, namely, after 5-8 multiplication
cycles as shown by experience. The cells thus treated
dedifferentiate and express stem cell markers, but can
no longer be used to generate hair follicles. It has
been surprisingly demonstrated by the inventors that
the cells reach the level of differentiation and
stabilization or regain their hair growth-inducing
ability after several daysto several weeks under the
specific culture conditions of the invention, wherein
the DPFs expanded following cell culturing are
transferred at well-defined concentration into special
non-adhesive cell culture vessels. In addition to the
regain of inductive properties, it has been
surprisingly found that as a result of active
cell-cell contacts and exchange of signaling
molecules, the cells subsequently form cell aggregates
and differentiate. Under these specific conditions,
the cells thus treated condense into approximately the
shape and size corresponding to the physiological
shape of a dermal papilla in a hair follicle following
isolation. To this effect, the ratio of cells
used/culture vessel surface is of crucial importance.
Prior step (a), a hair follicle is taken from a mammal
being a patient or donor. The sample is especially
gathered from a human, rodent, pig, canine, monkey,
sheep, cat, or dog, 



preferably a human. It is essentially preferred to
gather a tissue sample by skin biopsy, especially
taken close to the location of ailment. In the present
invention, the sample of the hair follicle is
preferably withdrawn from head hair, beard, eyebrows,
genital hair or other body hair. The withdrawal of the
hair follicle follows good medical practice. The
sample may be purified to remove disturbing
substances. The provision of DPs from the hair
follicles and the isolation of DPFs according to step
(a) proceeds in a form newly developed from previous
standard protocols. Using the small pieces of skin
biopsies, the epidermis is severed from the underlying
dermis and fatty tissue, e.g. by using a scalpel. The
fatty tissue is slightly compressed, e.g. by using
pincers, so that the hair bulbs located therein are
easily prepared under a dissection microscope. Such
isolated hair follicles are fixed on the hair shaft,
e.g. by means of pincers again, and the connective
tissue sheath is carefully separated in a diametrical
fashion, e.g. by means of another pair of pincers, so
that the bulb is everted to expose the DPFs and the
hair shaft with the hair matrix. In this way, the
proximal part of the bulb, together with the
connective tissue sheath fibroblasts, and the dermal
papillae are easily separated from the remaining part
of the hair follicle, such as by using a needle or
cannula. Also, the hair shaft, which includes the
likewise required hair matrix keratinocytes and
melanocytes, is optimally prepared for further
culturing. Thereafter in step (b), the isolated dermal
papillae are transferred into a cell culture vessel,
and mechanically fixed at the surface of the vessel.
Preferably, the DPFs are obtained by mechanically
arresting the isolated dermal papillae on the culture
vessel bottom using a pinpoint or scalpel rather than
subjecting them to enzymatic separation. It is
preferred toincubate 1 to 8 DPs per culture vessel.
Particularly, 2 to 4 DPs are transferred into each
well of 6-well or 12-well cell culture plates, for
instance, and fixed on the plate bottom. As a result,
the basal lamina is slightly perforated, but the
papilla morphology is approximately maintained, and
the DPFs can migrate out of the dermal papillae, and
proliferate. Culturing of the DPFs in step (c) is
effected without collagen coating in standard medium,
preferably including a reduced amount of fetal calf
serum (FCS), e.g. 10 % in contrast to conventional 20
% FCS, and additionally supplemented with antibiotics,
such as 1x penicillin/streptomycin. Following
isolation, the first medium change is preferably
effected after 1 week at the earliest, but after 2
weeks at the latest. As soon as cells have grown out
of the DP, the medium can be changed once to twice a
week, depending on the cell density. When the cells
reach 70-80 % confluence, they are detached from the
plate bottom, for instance by using trypsin/EDTA at
room temperature, and passaged into other culture
vessels, such as T25 cell culture flasks. In the
course of culturing, the cells can be further expanded
for direct use in experiments, or frozen in liquid
nitrogen for future use. Although the number of
passages is not limited, so that cells can be expanded
to any high density if viability is given, it is
preferred that said DPFs are passaged at least two
times, more preferably at least five times, most
preferably less than nine times. For a high troughput
procedure eight passages are preferred. Consequently,
in another preferred embodiment of the present
invention, the method is performed by condensing
non-inductive DPFs. It is an unexpected finding that
such DPFs lacking inductive properties can still be
used for tissue engineering. Next to follow is the
condensation phase of step (d), wherein the separated,
multiplied DPFs are cultured in non-adherent culture
vessels with medium including well-defined components,



i.e. standard culture medium. In this system, a
special vessel's surface, or a special coating of the
vessel surface, especially the bottom surface, reduces
the cell attachment or even prevents the cells from
attaching to the surface. Preferably, the non-adhesive
culture vessels are made of glass, polystyrol, and/or
a surface treated with an anti-adhesion layer. More
preferably, a PTFE- or poly-HEMA-coated surface is
applied in the vessels. The use of ultralow attachment
culture vessels is particularly preferred in the scope
of the invention, which are e.g. distributed by
Corning, Inc., USA. Such non-adherent vessels and
coatings are known to the skilled artisan, and can be
easily purchased, or manufactured.As a result of free
contacting, the cells aggregate into a defined size,
forming aggregates after several days which resemble
the original papilla in size and shape. The expanded
DPFs are preferably condensed for at least 48hours, 2
to 5 days, more preferably for 2 to 3 days, most
preferably substantially 2 days, and optionally
further cultivated for 3 to 15 days, preferably for 5
to 10 days or 2 to 2 1 days. Size and shape of the
condensates being formed likewise depend on the region
where skin biopsies have been removed. DPFs, which are
removed from beard, body hair, eyebrows, genital hair,
or head hair, and subjected to expansion form cell
aggregates of different size, which in turn determine
the respective hair shape, size and length. Even more
crucial is the initial cell number as inoculated into
the vessel, which has to be in due proportion to the
vessel surface. In another embodiment of the method,
the cell concentration per vessel surface amounts to
2.000 to 50.000 DPFs/cm2 in step (d), preferably 3.000
to 20.000 DPFs/cm2, more preferably 5.000 to 10.000
DPFs/cm2, most preferably substantially 6.666
DPFs/cm2. At this stage, a self-produced matrix has
already formed around the condensate. To accelerate
this process and exert influence thereon in a targeted
manner, physiologic matrix components are added to the
medium at this point to form a capsule mimicking the
properties of a dermal papilla. In the subsequent
process step (e), the de novo papillae thus obtained
are coated with a composition of extracellular matrix
proteins. This composition is made so as to mimic
physiological ones. It may preferably consist of
collagen IV, fibronectin and/or laminin. It is
particularly preferred that the extracellular matrix
proteins are a mixture of collagen IV, fibronectin and
laminin in shares of 2-6 : 0.5-2 : 0.5-2 parts per
weight, most preferably having a ratio of
substantially 4 : 1 : 1.15 parts per weight. It is not
excluded, however, that the aforementioned
extracellular matrix proteins can also be used
individually or with varying volume percentages or
combined with other matrices. In another embodiment of
the invention, the extracellular matrix proteins
additionally comprise other collagens (eg. 1, 10 A1,
18 A1), glycosaminoglycans and/or proteoglycans,
preferably heparan sulfate, decorin, keratan sulfate,
biglycan, aggrecan, versican, perlecan, CD44v3, and/or
syndecan. Again, such coating of the neopapillae is
carried out in a minimally adhesive cell culture
vessel, e.g. ultra-low attachment cell culture
vessels. The coating is performed for 1 to 5 days,
preferably for 1 to 2 days. The present invention also
relates to the de novo papillae, and the hair
microfollicles obtainable by the processes according
to the invention. The prior teaching of the present
specification concerning the methods for producing
neopapillae and microfollicles,respectively, is
considered as valid and applicable without
restrictions to the products of the production methods
if expedient. Both, the de novo papillae and/or hair
microfoilicles of the invention can be used for the
production of skin equivalents. Preferably, the skin
equivalents are constructed, such as by using
Matriderm (Dr. Suwelack Skin & Health Care AG),
according to standard methods, and 



the insertion sites for the microfoilicles are cut at
regular intervals by means of a 2-photon laser, or
pre-perforated with a punch. Consequently, skin
equivalents comprising the de novo papillae and/or
hair microfoilicles of the invention are another
object of the invention. In addition to the
reconstructed dermal papillae, they comprise one or
more layers of keratinocytes, which may form
themselves into an epidermal structure, or peridermal
structure, and optionally one or more layers of
melanocytes, which can be applied over the dermal
papillae structure. The de novo papillae and/or the
hair microfoilicles according to the invention can
also be used as implants. Therefore, still another
object of the invention is an implant comprising as
active ingredient an effective amount of the de novo
papillae of the invention and/or the hair
microfoilicles of the invention, optionally together
with pharmaceutically tolerable adjuvants. Similarly,
the skin equivalent of the invention can be used as
transplant. It is still another object of the
invention to provide a transplant comprising as active
ingredient an effective amount of the skin equivalent
according to the invention, optionally together with
pharmaceutically tolerable adjuvants. The term
"effective amount" denotes an amount of the implant or
transplant, respectively, having a prophylactically or
therapeutically relevant effect on a disease or
pathological conditions. A prophylactic effect
prevents the outbreak of a disease or even the
infection with a pathogen after the infiltration of
single representatives such that the subsequent
propagation of the pathogen is strictly diminished, or
it is even completely inactivated. A therapeutically
relevant effect relieves to some extent one or more
symptoms of a disease or returns to normal either
partially or completely one or more physiological or
biochemical parameters associated with or causative of
the disease or pathological conditions. The respective
amount for administering the implant or transplant,
respectively, is sufficiently high in order to achieve
the desired prophylactic or therapeutic effect of
reducing symptoms of reduced amount of hair. It will
be understood that the specific dose level, frequency
andperiod of administration to any particular mammal
will depend upon a variety of factors including the
activity of the specific components employed, the age,
body weight, general health, sex, diet time of
administration, route of administration, drug
combination, and the severity of the specific therapy.
Using well-known means and methods, the exact amount
can be determined by one of skill in the art as a
matter of routine experimentation. The implants or
transplants of the invention are produced in a known
way using common solid or liquid carriers, diluents
and/or additives and usual adjuvants for
pharmaceutical engineering and with an appropriate
amount depending on the intended mode of application.
These pharmaceutically acceptable excipients comprise
salts, buffers, fillers, chelating agents,
antioxidants, solvents, bonding agents, lubricants,
coatings, additives, preservatives, and suspending
agents. In the meaning of the invention, an "adjuvant"
denotes every substance that enables, intensifies or
modifies a specific body response as result of
implanting or transplanting if administered
simultaneously, contemporarily or sequentially. The
amount of excipient material that is combined with the
active ingredient to produce a single dosage form
varies depending upon the host treated and the
particular mode of administration. Depending upon the
manner of introduction, the implant or transplant,
respectively, may be formulated in a variety of ways.
The concentration of therapeutically active
ingredients in the formulation may vary from about 0.1
to 100 wt %. They may be administered alone or in 



combination with other treatments. The invention also
teaches de novo papillae, hair microfollicles and/or
skin equivalents according to the invention for the
prophylactic or therapeutic treatment of a condition
of reduced amount of hair. The aforementioned products
of the inventive methods are preferably used for the
therapeutic treatment. A therapeutically relevant
effect relieves to some extent one or more symptoms of
a reduced amount of hair, or returns to normality,
either partially or completely, one or more
physiological parameters associated with or causative
of the pathological conditions. Monitoring is
considered as a kind of treatment provided that the
products of the inventive methods are administered in
distinct intervals, e.g. in order to booster the
proliferation response and eradicate the symptoms of
the condition completely. Either identical products or
different products can be applied. In the meaning of
the invention, prophylactic treatment is advisable if
the subject possesses any preconditionsfor the
beginning of hair loss, such as a familial
disposition, a genetic defect, or a previously passed
disease. The pathologic conditions of a reduced amount
of hair as concerned by the invention may be the
result of alopecia (e g androgenetic alopecia,
alopecia areata, etc ) , hereditary baldness,
scarring, burns, radiation therapy, chemotherapy,
disease-related loss of hair, accidental injury,
damage to hair follicle, surgical trauma, an
incisional wound, or a donor site wound from a skin
transplant The invention also relates to the use of
the de novo papillae, hair microfollicles and/or skin
equivalents according to the invention for the
production of an implant or transplant, respectively,
for the prophylactic or therapeutic treatment of a
condition of reduced amount of hair. The implant and
transplant can be either administered to prevent the
initiation of hair loss of a mammal, preferably a
human individual, and the resulting trouble in
advance, or to treat the arising and continuing
symptoms. It is another object of the invention to
provide a method for treating a condition of reduced
amount of hair, wherein the de novo papillae, hair
microfollicles and/or skin equivalents according to
the invention are incorporated into the skin of a
mammal in need of such treatment The microorganoid
follicles, especially autologous/allogenic human hair
follicle precursors, are used for implantation with
the aim of inducing hair growth, whereas the skin
substitutes do regenerate skin, preferably the scalp
The microorganoid follicles are incorporated into the
openings of previously depilated, miniaturized hair
follicles (isthmus) of affected skin areas Preferably,
the de novo papillae and hair microfollicles are
injected, more preferably by means of a specially
constructed device of about 150 mm in size It is also
preferred that all components are used in an
autologous fashion, and treated under GLP/GMP
conditions The neopapillae, hair microfollicles, or
hair follicle compartments stimulate the new
development of hair growth, such as in cases of
hereditary baldness, scarring (bums), disease-related
loss of hair chemotherapy/radiation-induced loss of
hair, and the like as already described in the course
of the present specification Maturing of the
microfollicles into hair follicles having long-term
viability is fostered by the micro-medium, i e the
permanent, distal hair follicle The invention also
relates to the use of the aforementioned products for
the direct pharmacological and cosmetic in vitro
testing of substances, which exert a
hair-modulatinginfluence. The hair-modulating effects
are especially selected from the group of hair growth,
hair shape, hair structure, hair color, and hair
pigmentation. It is preferred to analyze the effect of
modifying hair growth - with the intention of
promoting hair growth in cases of hair 



loss, such as caused by alopecia, as well as
inhibiting hair growth in cases of excessive,
undesirable hair growth, such as caused by
hypertrichosis and/or hirsutism, or female beard
growth, or undesirable body hair. In particular, the
use of a high-throughput method allows the
pharmaceutical and cosmetic industries to effectively
test existing or new substances for a potential hair
growth-modulating effect. The substances comprise
pharmaceutical agents, cosmetic agents, chemical
compounds, polymeric compounds, growth factors,
cellular products, living cells and/or biomolecules.
Furthermore, when adding melanocytes, i.e. the
pigment-forming cells, to the microfollicles, it is
possible to investigate substance effects on the
pigmentation and/or coloring of the hair shaft being
formed. Likewise, the substance effect on hair shape
and hair structure can be tested, e.g. formation of
curls, etc. The following end points can be evaluated
or measured to obtain information on the effectiveness
of substances in regard to an improvement in hair
structure and the influencing of hair growth analysis
of hair shaft formation, length growth and
characteristics of the hair shaft, hair array
analysis, volume and structure of the dermal papilla,
proliferation measurement (e.g. Ki67 expression, BrdU
incorporation, etc.), apoptosis measurement (e.g.
TUNEL, enzyme assays, annexin measurement, etc.),
differential marker analysis (e.g. immunhistology, in
situ hybridization, RT-PCR, etc.), determination of
alkaline phosphatase as DPF marker, analysis of
certain hair-specific proteins (e.g. hair-specific
keratins, etc.), analysis of cytokines, growth
factors, chemokines and all kinds of messenger
substances formed inter alia by the dermal papilla
(e.g. by BioPlex, ELISA, etc.), and/or proteome or
expression analysis of matrix proteins, growth factors
(e.g. MSP, HGF, CTGF, etc.), transcription factors,
molecules of the wnt-pathway (e.g. DKK1 , BMP2-4,
etc.), interleukins (e.g. iL-6, etc.) and/or
chemokines/chemokine receptors (e.g. CXCR, etc.),
which exhibit an enhanced appearance, as well as
apoptosis-inducing molecules and/or proliferation- {
stimulating molecules, which exhibit a reduced
appearance. The influence on hair pigmentation can be
measured by means of arrangement/migration of
melanocytes, melanin granula formation/distribution,
and the activity of tyrosinase and/or array analysis
of gene expression involved in melanin synthesis.
Other embodiments, modifications and variations of the
present invention will be readily apparent to the
expert on reading the specification and can be put
into practice without departing from the scope of the
invention.Furthermore, the de novo papillae or
microfollicles of the invention can be used
separately, or in connection with the generation of
skin equivalents with hair follicles, for the
pharmacological and toxicological in vitro testing of
substances in medicine, pharmacy, and beauty culture.
Such use, e.g. performed as high-throughput method, is
of special interest for the pharmaceutical, chemical
and cosmetic industries if obliged to test their
substances and products for toxic effects. New legal
instructions demand replacement of previous animal
tests by suitable in vitro test methods. Therefore,
the microfollicles themselves, but also, artificial
skin replacement systems with integrated
microfollicles can be employed as ideal screening
systems for toxicological investigations including
irritations, genotoxic effects, etc. The model
structures of the invention may completely replace
animal tests, as well as substitute less suitable in
vitro models being currently available, since the
present models make the analysis of complex
physiological processes possible. Such tests can be
performed by exposing the model structure to a
substance of interest in a bioreactor. Following a
substance-specific incubation period, which is
particularly between 3 minutes and 4 hours, the model
is washed with medium, and subsequently analyzed by
suitable 



assays exemplarily described in the prior course of
the specification. The present invention additionally
teaches a method for screening substances, which
modulate hair properties, comprising the steps of
providing a sample of the de novo papillae, hair
microfollicles and/or skin equivalent according to the
invention, dividing the respective sample into
portions, incubating at least one portion with
substances to be screened, and comparing parameters of
hair properties in the portion with another portion
that is not incubated with the substances. Briefly,
the inventive method makes the identification and
analysis of substances possible, which exert an
influence on hair via the model structures of the
invention. The sample, which shall be understood to
comprise a certain number of product subjects
according to the invention, is divided into multiple
portions. At least two subsets are provided; one is
used for screening while the other one serves as
negative control. Preferably, the number of screening
parts exceeds the number of control parts. Usually,
numerous portions are subjected to a high-throughput
screening. The substances to be screened in the
inventive method are not restricted anyway. In an
embodiment of the invention, the substances are
selected from the group of nucleic acids including
RNAi, rybozymes, aptamers, antibodies, peptides,
carbohydrates, polymers, small molecules having a
molecular weight between 50 and 1.000 Da, and
proteins, preferably antibodies, cytokines and
lipocalins. These substances are often available in
libraries. It is preferred to incubate a single
compound within a distinct portion of the sample.
However, it is alsopossible to investigate the
cooperative effect of substances by incubating at
least two substances within one portion. A further
subset of subjects is simultaneously incubated in the
absence of the substances. The incubation process
depends on various parameters, e.g. the cell types and
the sensitivity of detection, which optimization
follows routine procedures known to those skilled in
the art. The identification of effective substances in
the meaning of the invention is indirectly performed,
preferably by determining the expression patterns
and/or the cell viability, which are altered. The
determination is performed at a specified moment and
correlated to the signal strength at the beginning of
the experiment and the negative control. Suitable
tests are known to those skilled in the art or can be
easily designed as a matter of routine. Further, the
invention may be practiced as a kit comprising the de
novo papillae, hair microfollicles, skin equivalent,
implant and/or transplant according to the invention,
particularly in order to perform the inventive methods
of treating a condition of reduced amount of hair, or
screening substances, respectively. The kit of the
invention may include an article that comprises
written instructions, or directs the user to written
instructions for how to practice the methods of the
invention. For further details, reference may be made
to the foregoing observations on the treatment method
as well as the screening method according to the
invention, which also apply accordingly to the kit of
the invention. In the scope of the present invention,
methods for producing de novo papillae and hair
microfollicle, which applies the condensing of
expanded DPFs into physiological cell aggregates by
means of three-dimensional cultivation and a certain
ratio of cell concentration to vessel surface, is
provided for the first time. As seen from the
formation of hair shaftproducing microfollicles, and
by means of gene and protein expression analyses, the
DPFs reassume their original, inductive properties
after specific condensation. Since the inductive
properties of cells can be re-established in the
course of the present method, the number of passages
to expand cells does not matter. Thus, it is
advantageously possible to use 



constant and high numbers of starting cells and carry
out controlled supply of media in a reproducible
fashion when using three-dimensional culturing in
non-adherent culture vessels. Compared to other 3D
culturing methods for general differentiation
experiments, such as micro-mass, pellet culture or the
hanging drop method, the cells in the culturing system
of the invention are not forced into cell-cell
contact, but are allowed to associate individually to
form cell aggregates and, in the event of DPFs,
papilla-like condensates.The provision of the de novo
papillae, hair microfollicles and skin equivalents as
defined by the production process results in implants
or transplants, respectively, for the prophylactic or
therapeutic treatment of conditions of reduced amount
of hair. The present products of the invention afford
a number of advantages. Both, the hair follicle
equivalent and the skin substitute are more
standardizable than the isolated hair follicle. They
reduce the demand for hair follicles and are closer to
the in vivo situation than any prior art model. The
complex three-dimensional models of the invention
simulate the hair follicle in vivo in its structure
and histological composition, resulting in a high
level of relevance of the information provided on the
effectiveness and compatibility of active substances.
All products of the invention are further
characterized by a high stability, low manufacturing
costs, convenient handling, and are available at any
time. These features form the basis for a reproducible
action in standardized protocols, and for a reliable
and safe interaction with their matching effector
molecules. Their use is a promising, novel approach
for a broad spectrum of therapies causing a direct and
immediate reduction of symptoms. The products
according to the invention are suitable for various
applications in the medical, pharmaceutical and
cosmetic fields, such as for the development of
cosmetic products, or for the discovery of active
substances with a biological effect on the hair
follicle by influencing hair pigmentation, hair
growth, hair structure, and the like, which may be
performed in in vitro test systems or screening
processes, thereby providing information on the effect
of substances on hair follicle cells with in vivo
relevance. The provision of the products thus formed
is of particular benefit for large-scale screening
tests. All of them can be employed in screening
procedures suitable for high throughput to identify
active substances, or active substance compositions
for growth promotion or growth inhibition of hair, and
in toxicological testing of substances and chemicals.
The production methods as well as arising screening
methods of the invention can be performed in a simple
and fast manner. In addition, the appropriate kit is
cost-efficiently produced. It is to be understood that
this invention is not limited to the particular
methods, products, kit or uses described herein, as
such matter may, of course, vary. It is also to be
understood that the terminology used herein is for the
purpose of describing particular embodiments only and
is not intended to limit the scope of the present
invention, which is only defined by the appended
claims. As used herein, including the appended claims,
singular forms of words such as "a," "an," and "the"
include their corresponding plural referents unless
the context clearly dictates otherwise. Thus, e.g.,
reference to "a vessel" includes a single or
morevessels, which can be either identically or
differently sized, shaped or composed, and reference
to "a method" includes reference to equivalent steps
and methods known to a person of ordinary skill in the
art, and so forth. Unless otherwise defined, all
technical and scientific terms used herein have the
same meaning as commonly understood by a person of
ordinary skill in the art to which this invention
belongs. Although methods and materials similar or
equivalent to those described herein can be used in
the practice or testing of the present invention,
suitable examples are described below. 



The following examples are provided by way of
illustration and not by way of limitation. Within the
examples, standard reagents and buffers that are free
from contaminating activities (whenever practical) are
used. FIGURES: Fig. 1 shows: A) Punch biopsy of a
donor skin taken from a lifting surgery. The dashed
line indicates the cutting line of the
dermosubcutaneous border for further hair follicle
isolation. B) The "amputated" and dissected hair
follicle (highlighted box) is dissociated by a novel
technique: The connected tissue sheath is pulled
diametrically over the hair shaft resulting in a pure
separation of the hair shaft with outer and inner root
sheath keratinocytes and melanocytes on the on hand
and Dermal papilla and connective tissue sheath on the
other hand. C) Dissected connective tissue sheath with
its fibroblasts plus adjacent dermal papilla, which
can accurately, been cut off (highlighted box). D) A
dissected dermal papilla taken by electron microscopy.
E) Outgrowth of dermal papilla fibroblast from the
slightly scratched and anchored dermal papilla,
leaving their capsule structure almost intact. F)
Cultured dermal papilla fibroblast of the 3rd passage
in uncoated culture 75cm2 flasks.G) Dermal papilla
fibroblast forming dermal papilla-like condensates on
ultra low attachment 75cm2 flasks. H) Magnification of
a dermal papilla fibroblast condensation ready to be
processed to a Neopapilla with extracellular matrix
components in 6well low attachment plates. Fig. 2
shows: A) Neopapilla (white arrow) with extracellular
matrix and surrounded keratinocytes, which have been
added to the ultra low attachment plate forming a
multi-cellular condensate. B) First signs of the
formation of follicular structures after 24h in ultra
low attachment culture. C) Neofollicle formation after
1 week. Clearly visible is the formation of a
primitive hair shaft. D) Neofolllicle formation taken
by DIC light microscopy illustrating the intact dermal
papilla structure after 1 week of culture. E)
Neofollicles inserted in a skin equivalent showing
defined hair follicle like structures. The highlited
box shows a down-growing hair follicle. With the
inverted microscope you see the proximal portion of
the follicle/skin equivalent. F) Further culture of
the Neofollicles within the skin equivalent
demonstrating a clear anchorage of the hair follicle
and continued growth. Fig. 3 shows: Neofollicle
produced using KC and MC derived from sources
different than mammalian hair follicle durich
different stages of development and formation: A)
Stage 1: Neopapilla (without the addition of exogenous
extracellular matrix proteins) surrounded by
Melanocytes and keratinocytes, which have been added
to the ultra low attachment plate forming a early
multi-cellular condensate. B) Stage 2 : First signs of
the formation of follicular structures after 24h in
ultra low attachment culture (Note the protuberance on
top).The attached Cells adhere to the Neopapilla and
adopt a flattened shapeC) Stage 3: Beginning
Neofollicle formation after 1 week with hair
follicle-like sheath development. D) Stage 4: Within
the Neofolllicle a clearly visible formation of a
primitive hair shaft 



becomes visible. Fig. 4 shows: Formation of functional
neopapillae at two different time points; A) after
48hours condensation; and B) after 7 days of
condensation; at day 7, the aggregation of cells is
much more dense and the formation of self derived
extracellular matrix becomes visible. EXAMPLES:
EXAMPLE 1: Isolation and culture of human follicular
Dermal Papilla Fibroblasts (DPF), Connective Tissue
Sheath Fibroblasts (CTSF), Keratinocytes (KC), and
Melanocytes (MC) Single hair follicles were obtained
after micro-dissection of human scalp samples from
excess of lifting surgeries, received under required
regulations. To isolate matrix KC and MC, CTSF and
fibroblasts of the dermal papilla (DPF), the skin was
cut at the dermosubcutaneous interface with a scalpel
and hair follicles at anagen stage (growing phase)
were pull out with forceps under a dissecting
microscope. In contrast to previously described
isolation techniques (e.g. Magerl et al., Methods Exp.
Dermat. 11, 381-385, 2002), pure fractions of the
desired cell populations, were obtained by
longitudinally slicing the connective tissue of the
upper part of the dissected hair follicle. By fixing
the hair shaft on the one site, the CTS can be
diametrically pulled over the hair matrix with forceps
towards the lower proximal portion. With this
technique DP cells were automatically uncovered
avoiding damage and mixing cell types. Thus, the CTS
and the dermal papilla as well as the hair matrix
containing KC and MC cells were clearly separated and
can easily been cut off by a scalpel.DP and CTS
isolates were separately cultured into 6-well cell
culture plates (2-4 in one well) by fixing them to the
culture plate with a needle. To enable a fast
outgrowth but keeping the capsule morphology and niche
of the fibroblast at the same time, the thin membrane
was slightly scratched to loosen extracellular matrix
components (ECM). The cells were submerged with DMEM+
(Gibco/lnvitrogen) plus 10% fetal calf serum (FCS)
until growth of fibroblast was observed after 1-2
weeks based on donor variations. The cells were then
moved to a 25cm2 culture flask for another week and
were further passaged to a 75 cm2 culture flask. After
reaching sub-confluence passage 3 were split into
three 75 cm2-flasks obtaining 1.5 - 2 million DPF or
CTSF, respectively. The KC and amelanotic hair
follicle MC were removed from the remaining hair shaft
and the attached hair matrix by trypsinisation (0.05 %
trypsin and 0.53 mM EDTA) and were separated by
differential trypsinisation and cultured with standard
methods as described in Tobin et al., J. Invest.
Dermatology 104(1 ) , 86-88, 1995. EXAMPLE 2:
Formation of Neopapillae The optimized count of
500.000 DPF were seeded into a 75cm2 ultra-low
attachment culture flask (Corning) containing DMEM+
and were allowed to form cell aggregates. After 48
hours keeping them unmoved these aggregates shape the
size of a native human hair follicle dermal papilla.
Condensates were then transferred to a 6-well
ultra-low attachment plate and a mixture of Laminin
(final concentration 11.5 mg/ml), Fibronectin (final
concentration 10 mg/ml) and Collagen IV (final
concentration 40 mg/ml) is added to the wells. After
24-48 hours in culture, intrinsic ECM secretion and
the added proteins built a stable matrix envelop and
Neopapillae have formed. To facilitate faster ECM
accumulation and differentiation, growth factors i.e.
Hepatocyte Growth Factor (30ng/ml) and/or Connective
Tissue Growth Factor (20 



ng/ml) can alternatively been added to the medium.
These Neopapillae are ready to be implanted into skin
in vivo to develop hair inductive properties. EXAMPLE
3: Formation of Neofollicles 250.000 KC and MC (10:1)
were added to the Neopapillae in ultra-low attachment
culture flask (6 well, Corning) and DMEM+ Medium was
changed to Defined Keratinocyte SerumFree Medium
(Gibco). After 1 week the covered Neopapillae form
hair follicle like structures. These Neofollicles
could already been used for testing. To elaborate a
multilayered Neofollicle, which even better mimics
hair follicle structure and function can be obtained
by coating the generated Neofollicle with a mixture of
collagen IV (60mg/ml) with CTSF (200.000 cells) in
ultra low attachment plates with DMEM+ 10% FCS for
further 2 days and change of medium every further 3rd
day. EXAMPLE 4 : Generation of skin equivalents with
Neofollicles Juvenile Human Foreskin Fibroblasts were
isolated using previously described methods (Toma et
al., Stem Cells 23, 727-37, 2005) and cultured in
DMEM+10% FCS. 250.000 dermal fibroblast (also DPF or
CTSF were used, but foreskin fibroblasts were
preferred for handling reasons) were mixed to a
Fibrinogen solution (Sigma, 3 mg/ml) and 2.0 % (v/v)
Aprotinin (20 mg/ml) and 2.5 % (v/v) Thrombin 1.25
U/ml were added. This chilled solution was filled in
transwell culture chambers avoiding air bubbles. After
adjusting the temperature for 2-3 min at room
temperature, 30-40 Neofollicles were gently introduced
to the solution and polymerization to a gel was done
for 10 min at 370C. The composed matrix was soaked
with DMEM+ medium for 48 h . Dermal Keratinocytes were
isolated from skin biopsies obtained from face lift
surgeries or from foreskin (Barrandon & Green, Proc
Natl. Acad. Sd. 82, 5390-4, 1985). Briefly, the
underlying fatty tissue and dermis were cut off and
the remaining epidermis was digested overnight in a
Trypsin/EDTA solution (PAA) at 4C. KC were harvested
using a cell scraper and after passing through a 70mm
cell strainer (Becton Dickinson) they were seeded onto
collagen I coated culture flasks. Defined Keratinocyte
Serum-Free Medium (Gibco) was changed twice a week and
KC were passaged or harvested at 60-80 % confluence.
KC (250.000) were added on top of the matrix and let
them adhere for 24 hours. Excessive cells were taken
by changing the Defined Keratinocyte Serum-Free Medium
(Gibco) and after having reached confluence, the
transwell chambers were lifted to the air-liquid
interphase to enable KC differentiation.Also cell
lines (i.e. HaCat for KC and HS27 for fibroblasts)
were tested for generating a similar skin model as
they are easier to culture and reduce donor
variations. They were grown in DMEM+ (Gibco)
supplemented with 5 % fetal calf serum (FCS, Gibco).
EXAMPLE 5: Formation of Neofollicles comprising cells
not derived from mammalian hair follicles Neofollicles
have been prepared as described in Example 3 using KC
and MC obtained as outlined below. Cell Culture Human
Foreskin Keratinocytes and Fibroblasts: Human Foreskin
Fibroblasts and Keratinocytes were isolated from
circumcisions using previously described methods (Toma
et al., Stem Cells 23, 727-37, 2005 , Barrandon and
Green, Proc Natl Acad Sci. 1985, 82:5390-4. ). Briefly
the underlying fatty tissue and dermis were cut off
and the remaining epidermis was digested overnight in
a Dispase solution (4mg/ml, Sigma ) at 40C overnight.
Keratinocytes were then harvested using a cell scraper
and after passing through a 70mm cell strainer (Becton
Dickinson) are then seeded into 



culture flasks. All Keratinocytes were grown in
Collagen I coated cell culture flasks and Defined
Keratinocyte Serum-Free Medium (Gibco). Medium was
changed twice a week and the Keratinocytes were
passaged or harvested at 60-80% confluence.
Fibroblasts were cultured in DMEM+10% FCS. Cell
Culture Human Epidermal Melanocytes: Starting from a
cryovial of Human Adult Epidermal Melanocytes
(purchased from CellMade) cell culture procedures were
done according to the manufacturers protocol. Briefly,
15 ml Melanocytes Growth Medium was added to a T75
culture flask. The cells were thawed quickly by
placing the lower half of the vial in a 37C water bath
for 1minute. The cells were the resuspended in into
the T-75 flask containing Melanocytes Growth medium.
The T-75 flask was placed in a 37C, 5% CO2 humidified
incubator. The Melanocytes Growth Medium was changed
every 2-3 days. The cells were subcultured when the
culture reached 80% confluent. Resulting neofollicles
are depicted in Fig. 3. were the different stages of
development of Neofollicles produced using KC and MC
derived from sources different than mammalian
hairfollicle are shown. In stage 1, Neopapilla
(without the addition of exogenous extracellular
matrix proteins) are surrounded by Melanocytes and
keratinocytes, which have been added to the ultra low
attachment plate forming a early multi-cellular
condensate. A loose aggregate has been created. In
stage 2 , first signs of the formation of follicular
structures in ultra low attachment culture can be
seen. The attached cells adhere to the Neopapilla and
adopt a flattened shape while a protuberance has been
built on top of the condensate. After approximately 1
week, the Neofollicle begins to form comprising hair
follicle-like sheaths development. Within the
established Neofolllicle, a clearly visible primitive
hair shaft becomes visible. EXAMPLE 5: Gene expression
analysis of different human dermal papilla derived
cell samples using Agilent Whole Human Genome Oligo
Microarrays (one-color) 1. SuperAmp(tm) RNA
amplification Two isolated native Dermal Papillae, 1x
103 momolayer-cultured Dermal Papilla Fibroblasts,
re-condensed Dermal Papilla Fibroblasts after 48 hours
and re-condensed Dermal Papilla Fibroblasts after 14
days were prepared as described above. The Four human
cell samples were lysed using SuperAmp(tm) Lysis
Buffer. Sample no. Cell sample ID 1 DP 1 2 MONO 2 3
KOND 1 3 4 KOND 2 4 Table 2 : List of samples SuperAmp
RNA amplification was performed according to Miltenyi
Biotec's procedure. Briefly, the amplification is
based on a global PCR protocol using mRNA-derived
cDNA. mRNA was isolated via magnetic bead technology.
Amplified cDNA samples were quantified using the
ND-1000 Spectrophotometer (NanoDrop
Technologies).Table 3: Summary of cDNA yields The
integrity of the cDNA was checked via the Agilent 2100
Bioanalyzer platform (Agilent Technologies). The
results of the Bioanalyzer run have been analysed
using a gel image and an electropherogram using the
Agilent 2100 Bioanalyzer expert software. The average
length of the highly amplified cDNA products ranged
between 200-1,000 bp. 



2. Hybridization of Agilent Whole Genome Oligo
Microarrays 250 ng of each of the cDNAs were used as
template for Cy3 labeling which was performed
according to Miltenyi Biotec's protocol. The Cy3-
labeled cDNAs were hybridized overnight (17 hours,
65C) to an Agilent Whole Human Genome Oligo
Microarrays 4 x 44K (table 4) using Agilent's
recommended hybridization chamber and oven. Table 4:
Hybridisation schedule Finally, the microarrays were
washed once with 6x SSPE buffer containing 0.005%
Nlauroylsarcosine for 1 min at room temperature
followed by a second wash with pre-heated 0.06x SSPE
buffer (37 0C) containing 0.005% N-lauroylsarcosine
for 1 min. The last washing step was performed with
acetonitrile for 30 sec.3. Scanning results
Fluorescence signals of the hybridized Agilent
Microarrays were detected using Agilent's Microarray
Scanner System (Agilent Technologies). 4. Image and
data analysis The Agilent Feature Extraction Software
(FES) was used to read out and process the microarray
image files. The software determines feature
intensities (including background subtraction),
rejects outliers and calculates statistical
confidences. For determination of differential gene
expression FES derived output data files were further
analyzed using the Rosetta Resolver(r) gene expression
data analysis system (Rosetta Biosoftware). This
software offers - among other features - the
possibility to compare two single intensity profiles
in a ratio experiment. All samples were labeled with
Cy3, here, the ratio experiments are designated as
control versus (vs.) sample experiments (automated
data output of the Resolver(r) system). Please note,
that the ratios are always calculated by dividing
sample signal intensity through control signal
intensity. 5 . Gene lists Single-experiment raw data
list Single-experiment normalized data list Gene ratio
list / Pre-selected candidate gene list The output
data of the Agilent Feature Extraction software
includes gene lists with the complete raw data sets,
referred to as single-experiment raw data list.
Furthermore, the signal intensities from the
single-experiment raw data lists are normalized by
dividing the intensity values by their median. These
normalized signal intensities are joined to a common
table the single-experiment normalized data list. This
list comprises in addition to the normalized intensity
values the feature glsPosAndSignif which indicates
with a value = 1 that the signal intensity is positive
and significant above the background and a value = 0
that the signal intensity is not positive and
significant above the background. The Resolver(r)
Software allows the export of a gene list with all
normalized sample/controllogiO ratios and -fold
changes, sequence descriptions, p-values, etc.,
referred to as gene ratio list (of all genes). For
example: A "-10 fold change" in the gene ratio lists
therefore indicates a 10-fold higher gene expression
in the control compared to the sample. Putative
candidate genes with a fold change >2 and p-value
<0.01 are summarized in a pre-selected candidate gene
list. An extract of such a list comprising some of the
differentially expressed genes is shown in table
5.Table 5: Level (Ratio) of defined genes measured by
microarray analysis within fibroblasts (monolayered,
condensed 48hours, condensed 14 days) compared to
native dermal papilla fibroblasts. What can be deduced
from table 5 is that with prolonged culture time, the
expression level of genes involved in three
dimensional arrangement and tissue formation is
approaching the 



expression level observed in native dermal papilla
fibroblasts.Table 1: DMEM +- Dulbecco's modified Eagle
Medium - Composition (Gibco)Novel substituted
imidazoquinolines Field of Invention: The invention
relates to imidazoquinoline derivatives and to
pharmaceutical compositions containing the
imidazoquinoline derivatives. The imidazoquinoline
derivatives are useful as toll-like receptor
agonist/TLR7 activators. Background of invention:
Toll-like receptors (TLR) currently comprising a gene
family of 10 receptors with different specificities
are part of the cellular pathogen pattern recognition
system, which has evolved for defense against a
variety of infections (bacteria, virus, fungi).
Activation of TLRs leads to cytokine responses, e.g.
with release of interferons and activation of
specified immune cells. The functional expression of
selected TLRs in tissues is highly different. Part of
the receptors are located at the cell surface such as
TLR4 (stimulated by E.coli lipopolysaccharide LPS),
e.g. on epithelial cells, or TLR3, 7, 8 and 9 located
at endosomal membranes in specified immune cells. The
latter are all activated by nucleic acids, but
recognize various types of them. For instance, TLR9 is
activated by single stranded DNA containing CpG
subsequences, TLR7 and 8 are activated by single
stranded RNA, and TLR3 is activated by double-stranded
RNA. Some small-molecule (SMOL) TLR7 or TLR8 agonists
have been identified. Those agonists can be grouped
into purine-like molecules, such as
7-thia-8-oxoguanosine (TOG, isatoribine) or the
imidazoquinoline imiquimod. Imiquimod is so far the
only approved definitive TLR agonist, marketed as 5%
creme (by Aldara). It generates approx 80% 5 year
clearance of superficial basal cell carcinomas, which
is the most frequent cancer worldwide. Imiquimod
activates TLR7. The functional expression of TLR7
appears to be restricted to specified immune cells,
i.e. in humans so far solely plasmacytoid dendritic
cells, B-cells and probably eosinophils are known to
be activated by TLR7 agonists.For several years strong
efforts are ongoing worldwide trying to exploit the
strong immune activation induced by TLR7, 8 or 9
agonists for the treatment of cancer. Cancer
immunotherapy, however, experienced a long history of
failures. In recent years, though, the knowledge on
cancer immune surveillance and the function of subsets
of immune cells thereby was improved drastically. TLR7
or TLR9 agonists are in clinical development for
cancer mono- or combination therapies, or as vaccine
adjuvant. The TLR agonist approach for cancer
immunotherapy is different from earlier efforts using,
e.g. cytokines, interferons or monovalent vaccinations
TLR agonist mediated immune activation is pleiotropic
via specified immune cells (primarily dendritic cells
and B-cells, subsequently other cells), which
generates an innate and adaptive immune response.
Moreover, not only one interferon is induced, but
rather the many different isoform's altogether, and
not only type I (alpha, beta), but also (indirectly)
type II (gamma, NK cells). At least for local
application, Aldara has delivered a remarkable
proof-ofconcept. This demonstrates that antigens are
released by tumors, and that immune therapy can work
for cancer indications in principle, and even in
monotherapy. For a systemic administration route,
though, the clinical POC is pending for TLR7 or TLR9
agonists, which both are in clinical trials. For
advanced cancers and systemic application (preferably
s.c. or i.v. administration route) it appears to be
clear that such TLR agonists have to be combined with
other therapies. In case of earlier stages of cancer
the situation might be different. Tumor metastasis is
a 



most severe aspect of tumor development in patients,
largely because tumors are detected too late when
metastasis already has occurred. Established tumor
therapies mostly include cytotoxic drugs with rather
narrow therapeutic windows. Hence, for the treatment
in earlier tumor stages, when the suppression of
metastasis spread might still be possible, the need is
high for new therapies with good tolerability and
safety. The activation of the immune system, and in
particular, the activation of toll-like receptor (TLR)
signaling offers new promising approaches. TLR9
agonistic CpG oligos like H2Q06 or Hl 826, and TLR7
agonists like the guanosine derivative isatoribine or
an imiquimod derivative were tested in our murine
Renca lung metastasis model. All tested molecules
virtually completely suppressed the emergence of lung
metastases with good tolerability.This provides a
convincing rational for clinical development of such
molecules for suppression of cancer metastasis and
points to the possibility of systemic application of
such drugs. However, the SMOL type TLR7 agonists have
the advantage of established and cost effective
synthesis if compared to the nucleic acid type TLR9
agonists, and are 5 well suited for topical
application. US-B-6,573,273 describes imidazoquinoline
and tetrahydroimidazoqumoline compounds that contain
urea, thiourea, acylurea, sulfonylurea or carbamate
functionality. The compounds are said to be useful as
immunomodulators. IO US-B-6,677,349 describes
imidazoquinoline and tetrahydroimidazoqumoline
compounds that contain sulfonamide functionality at
the 1-position. The compounds are said to be useful as
immunomodulators. 15 US-A-2003/01 44283 and
WO-A-00/76505 describe imidazoquinoline and
tetraliydroimidazoquinoline compounds that contain
amide functionality at the 1-position. The compounds
are said to be useful as immunomodulators.
WO-A-2005/051324 describes imidazo-quinoline, pyridine
and naphthyridine rind systems 0 substituted in
1-position with oxime or a special N-oxide
functionality. The compounds are said to be useful as
immunomodulators.Summary of Invention: Small
molecules, in particular imidazoquinolines-4-amine
derivatives, have been found that are activators for
TLR7 with high potency. These imidazoquinoline
derivatives have favorable physicochemical and
pharmacokinetic properties. Accordingly, this
invention provides compounds, which have been found to
be activators for TLR7 and which are defined by
general structure formula I : (I) wherein: Rl, A and B
are as defined below. The compounds of formula I are
useful as TLR7 activators. The invention further
provides pharmaceutical compositions containing an
effective amount of compound of formula I. In
addition, methods of synthesizing compounds of formula
I are described. Description of Figures: Figure 1
shows the effect of chloroquine on cytokine induction
of TLR agonists in PCIR-I cells. Expression of IL8
mRNA was measured with TaqMan PCR after 16 hours
incubation of cells with H2006, LPS or Resiquimod
alone and in combination with cloroquine. Figure 2
shows the TLR agonist screening cascade.Figure 3 shows
cytokine mRNA induction in liPBMC treated with 3-
{acetyl[4-(4- 



amino-2-ethyl- 1H-imidazo [4, 5-c]quinolin-
1-yl)butyl]amino}-2,5-anhydro- 1,3,4-trideoxypentitol
(example III, TLR ago 1). Figure 4 shows studies with
reference compounds in the Renca lung metastasis model
(Leja A, Hofmann HP, Maier T, Drache D, Grebe C,
Fischer S, Gimmnich P, Sanders K, Gekeler V.
Metastasis of murine Renca kidney cancer cells to the
lungs of Balb/c mice is strongly suppressed by TLR9 or
TLR7 agonists. Abstract 3552, Proc Am Cancer Res 48,
2007), TOG = 7- thia-8-oxoguanosine; IMDZQ =
imidazoquinoline derivative), hi particular, female
Balb/c mice (n=10) were treated for 4 consecutive days
starting day 1 or day 8 after Renca LacZ tumor cell
injection, respectively. The compounds (small
molecules (SMOLs)) were applied in 20% PEG, ODNs in
0.9% NaCl as indicated. Lungs were excised 25 days
after tumor cell injection (see Figure 4A). Further,
female Balb/c mice (n=5) were treated for 4
consecutive days as indicated. The compounds (SMOLs)
were applied in 20% PEG, ODNs in 0.9% NaCl. At day 4
of treatment, blood was collected via orbital plexus
and spleens were excised. Subsequently, mRNA was
isolated for expression analysis via qPCR. Data were
normalized to vehicle control (mean set to 1).
Statistical evaluation was performed via Mann-Whitney
test (see Figure 4B). Figure 5 shows studies similar
to Figure 4, however performed with 3-{acetyl[4-(4-
amino-2-ethyl-lH-imidazo[4,5-c]quinolin-l-yl)butyl]ami
no)-2,5-anhydro- 1,3,4-trideoxypentitol (TLR ago 1,
example III) and N- [4-(4-amino-2-ethyl- 1H-imidazo
[4,5-c] quinolin-1-yl) butyl]-N-
(l,l-dioxidotetrahydro-3- thienyl) acetamide (TLR ago
2, example I) in the Renca lung metastasis
model.Detailed Description of Invention: It has been
found that the imidazoquinoles derivatives, which are
described in greater details below, are effective TLR7
activators and have surprising and particularly
advantageous properties. In addition and based on the
foregoing, it has also been found, that certain
pharmaceutically acceptable solvates, salts, N-oxides
or stereoisomers of these imidazoquinoles derivatives,
or combinations thereof, have surprising and
particularly advantageous properties. The present
invention provides compounds of formula I: (I) wherein
Ri is selected from the group consisting of: -H,
alkyl, alkynyl, aryl, alkoxy, heterocyclyl and
heteroaryl, wherein alkyl, alkynyl, aryl, alkoxy,
heterocyclyl or heteroaryl may be optionally
substituted by one or more groups, which are, e.g.
selected from the group consisting of; -H, -OH,
halogen, -CO-N(R4)2 -N(R4) , -CO-Ci-I0 alkyl, -CO-O-C
1- I0 alkyl, -N3, optionally substituted aryl,
heterocyclyl, or -CO-aryl; each R is independently
selected from the group consisting of: 



-H, -Ci -10 alkyl, -Ci -!0 alkyl-aryl, aryl; A is
Ci-C6 alkyl; B is -N(R2)(R3); R2 is hydrogen or
-(CO)-R5;R is selected from the group consisting of:
alkyl, alkynyl, aryl, heterocyclyl and heteroaryl,
each of which may be optionally substituted by one or
more groups, which are, e.g. selected from the group
consisting of: -H, -OH, halogen, -CN, -NCh, -COOH,
-SH, -CO-Ci - alkyl, -CO-O-Ci- alkyl, -N3, optionally
substituted aryl, heterocyclyl, -CO-aryl or
-CO-heterocyclyl; R is selected from the group
consisting of: -H, alkyl, alkenyl, aryl, heteroaryl,
cycloalkyl and heterocyclyl, wherein alkyl, alkenyl,
aryl, heteroaryl, cycloalkyl, or heterocyclyl may be
unsubstituted or substituted by one or more
substituents, which are e.g. selected from group
consisting of: -H, alkyl, alkenyl, alkoxy, halogen,
-OH, -N3, trifluromethyl, -alkyl-aryl, -O-alkyl-aryl,
-CO-aryl, aryl, heterocyclyl, heteroaryl,
-CO-heteroaryl, -CO-substituted aryl, -CO-substituted
heteroaryl, -CO-0-alkyl, -CO-N-alkyl, -CO-N-aryl; or
pharmaceutically acceptable solvates, salts, N-oxides
or stereoisomers thereof, or combinations thereof. As
used herein, the terms "alkyl", "alkenyl", "alkynyl"
and the prefix "alk" are inclusive of both straight
chain and branched chain groups and of cyclic groups,
i.e. cycloalkyl and cycloalkenyl. Unless otherwise
specified, these groups contain from 1 to 20 carbon
atoms, with alkenyl and alkynyl groups containing from
2 to 20 carbon atoms. Preferred groups have a total of
up to 10 carbon atoms. Cyclic groups can be monocyclic
or polycyclic and preferably have from 3 to 10 ring
carbon atoms. Exemplary cyclic groups include
cyclopropyl, cyclopentyl, cyclohexyl and adamantyl. In
particular, the term "alkyl" refers to a straight
chain or branched alkyl radical having 1 to 4 carbon
atoms. Examples include methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, secbutyl, ter-butyl.
Substituted alkyl is as defined above. Further, the
tenn "alkynyl" refers to an aikyl group having at
least two carbon atoms and including a carbon-carbon
triple bond. Substituted alkynyl is as defined
above.Likewise, "alkenyl" refers to an alkyl group
having at least two carbon atoms and including a
carbon-carbon double bond. Further, the term "alkoxy"
refers to an alkyl group being bonded via an oxygen
atom. The term "aryl" as used herein includes
carbocyclic aromatic rings or ring systems. Examples
of aryl groups include phenyl, napkthyl, biphenyl,
fluorenyl and indenyl. In particular, the term "aryl"
refers to phenyl or naphthalene. In a preferred
embodiment, aryl is phenyl. Substituted aryl is as
defined above. The term "heteroaryl" includes aromatic
rings or ring systems that contain at least one ring
heteroatom (e.g. O, S, N). hi particular, exemplary
heteroaryl groups include furyl, thienyl, pyrrolyl,
pyrazolyl, irnidazolyl, triazolyl, tetrazolyl,
isoxazolyl, oxazolyl, thiazolyl, isothiazolyl,
oxadiazolyl, oxatriazolyl, thiadiazolyl, pyridyl,
pyridazinyl, pyrimidinyl, benzofuranyl,
isobenzofuranyl, thionaphthenyl, isothionaphthenyl,
indolyl, isoindolyl, indazolyl, benzisoxazolyl,
benzoxazolyl, benzthiazolyl, benzisothiazolyl,
purinyl, benzopyranyl, quipolinyl, isoquinolinyl,
cinnolinyl, quinazolinyl, naphthyridinyl, and 



benzoxazinyl, which in each case is unsubstituted or
may optionally be substituted in one or more places.
Substituted heteroaryl is substituted, e.g. by one or
more of halogen, hydroxyl, aryl, alkyl, aralkyl,
alkoxy, carboxy, cyano, trifluoromethyl, nitro, amino,
alkylamino, dialkylamino, or combinations thereof. As
used herein, the term "heterocyclyl" refers to
non-aromatic rings or mono- or bicyclic ring systems
that contain at least one ring heteroatom (e.g.,
preferably selected from O, SOx or N, wherein x = 0, 1
or 2). Exemplary heterocyclic groups include
pyrrolidinyl, tetrahydrofuranyl, morpholinyl,
thiomorpholinyl, piperidinyl, piperazinyl,
thiazolidinyl, imidazolidinyl, tetrahydropyranyl,
azabicyclooctanyl, such as
l-azabicyclo[2.2.2]-octanyl, 1-oxo and
dioxo-tetrahydrothiophenyl or cyclopentylsulfonyl, as
well as benzocondensed forms and/or n-oxides thereof,
which in each case are unsubstituted or may optionally
be substituted in one or more places. Substituted
heterocyclyl is, e.g. substituted by one ormore of
halogen, hydroxyl, aryl, alkyl, aralkyl, alkoxy,
carboxy, cyano, trifluoromethyl, nitro, amino,
alkylamino, dialkylamino, or combinations thereof. It
is to be understood that the invention covers all
combinations of substituent groups referred to
hereinabove. In particular, the invention covers all
combinations of preferred groups described
hereinabove. Pharmaceutically acceptable salts of the
compounds according to the invention include all
inorganic and organic acid addition salts and salts
with bases, especially all pharmaceutically acceptable
inorganic and organic acid addition salts and salts
with bases, particularly all pharmaceutically
acceptable inorganic and organic acid addition salts
and salts with bases customarily used in pharmacy.
Examples of acid addition salts include, but are not
limited to, hydrochlorides, hydrobromides, phosphates,
nitrates, sulfates, acetates, citrates, D-gluconates,
benzoates, 2-(4-hydroxybenzoyl)benzoates, butyrates,
subsalicylates, maleates, laurates, malates,
fumarates, succinates, oxalates, tartarates,
stearates, toluenesulfonates, methanesulfonates,
3-hydroxy-2-naphmoates and trifluoroacetates. Examples
of salts with bases include, but are not limited to,
lithium, sodium, potassium, calcium, aluminum,
magnesium, titanium, ammonium, meglumine and
guanidinium salts. Of these, sodium and ammonium salts
are preferred. The salts include water-insoluble and,
particularly, water-soluble salts. The compounds of
the invention and the salts thereof may contain, e.g.
when isolated in crystalline form, varying amounts of
solvents. Included within the scope of the invention
are, therefore, all solvates of the compounds of
formula (I) and the salts thereof. Hydrates are a
preferred example of said solvates. N-oxides of the
compounds according to the invention and the salts
thereof include compounds, wherein a nitrogen atom of
a substituent moiety is oxidized.In certain
embodiments, the compounds according to the invention
and the salts thereof may include stereoisomers. Each
of the stereogenic centers present in said
stereoisomers may have the absolute configuration R or
the absolute configuration S (according to the rules
of Calm, Ingold and Prelog). All such stereoisomers
and the salts thereof are part of the invention. The
invention further includes all mixtures of the
stereoisomers mentioned above independent of the
ratio, including the racemates. Compounds of the
invention and salts thereof containing a double bond
may exist as E isomers and Z isomers. Both said
isomers are included in the invention. The Z isomer is



the geometric isomer in which the carbon atoms
connected by the double bond each have the two highest
ranking groups on the same side of the double bond.
The E isomer is the geometric isomer in which the
carbon atoms connected by the double bond each have
the two highest ranking groups on opposite sides of
the double bond. Some of the compounds and salts
according to the invention may exist in different
crystalline forms (polymorphs) which are within the
scope of the invention. Furthermore, derivatives of
the compounds of formula (I) and the salts thereof
which are converted into compound (I) or a salt
thereof in a biological system (bioprecursors or
prodrugs) are covered by the invention. Said
biological system is, e.g. a mammalian organism,
particularly a human subject. The bioprecursor is, for
example, converted into the compound of formula (I) or
a salt thereof by a metabolic process. According to
one preferred embodiment of the present invention,
compounds of formula I in which Ri is -H, alkyl,
optionally substituted aryl, heterocyclyl, or
optionally substituted heteroaryl; R is -(CO)-Rs,
wherein R5 is alkyl, aryl, or heteroaryl, and R3 is
-H, or alkyl, are excluded from the present invention.
In another preferred embodiment, the present invention
relates to a compound of formula Ia, which is a
compound of formula I as defined above, wherein R is
hydrogen. In another preferred embodiment, the present
invention relates to a compound of formula Ib, which
is a compound of formula I as defined above, wherein R
is -(CO)-Rs;and R is selected from groups consisting
of: alkenyl, aryl, heteroaryl, cycloalkyl and
heterocyclyl, each of which may be unsubstituted or
substituted by one or more substituents. In another
preferred embodiment, the present invention relates to
a compound of formula Ic, which is a compound of
formula I as defined above, wherein R1 is alkynyl or
alkoxy; and R2 is -(CO)-R5. In a preferred embodiment
of the compound of formula I, including the compounds
of formula Ia, Ib and Ic, according to the present
invention, R3 is heterocyclyl, which may be
unsubstituted or substituted by one or more
substituents, as defined above. In another preferred
embodiment of the compound of formula I, including the
compounds of formula Ia, Ib and Ic, Ri is alkyl, more
preferably ethyl. In another preferred embodiment of
the compound of formula I, including the compounds of
formula Ia, Ib and Ic, R5 is alkyl, more preferably
methyl. In another preferred embodiment of the
compound of formula I, including the compounds of
formula Ia, Ib and Ic, R3 is heterocyclyl, which may
be unsubstituted or substituted by one or more
substituents selected from group consisting of:
hydrogen, alkyl, alkenyl, halogen, or -OH. In another
preferred embodiment of the compound of formula I,
including the compounds of formula Ia, Ib and Ic, A is
C -4 alkyl, more preferably C4 alkyl. Another
preferred embodiment of the compounds according to the
present invention relates to compounds of formula I
selected from: N- [4-(4-amino-2-ethyl-lH-imidazo
[4,5-c] quinolin-1-yl) butyl]-N- (1,1-
dioxidotetrahydro-3-tm'enyi) acetamide,
N-[4-(4-amino-2-ethyl-lH-imidazo[4,5-c]quinolin-l-yl)b
utyl]-N-(l-methyl-loxidopiperidin- 4-yl)
acetamide,3-{acetyl[4-(4-amino-2-ethyl-lH-imidazo[4,5-
c]quinolin-l-yl)butyl]amino}-2,5-anl ydro-
1,3,4-trideoxypentitol, 



N-[4-(4-amino-2-ethyl-
1H~imidazo[4,5-c]quinoin-1-yl)butyl] -N-(
1-benzyl-2-methyl- 1- oxidoryrrolidin-3 -yl)acetamide,
2-ethyl-l -[4-(tetrahydro-2H-pyran-4-ylamino)butyl]-l
H-iinidazo[4,5-c]qmnolin-4-amme, 1-[4-(1-azabicyclo[2
.2 .2]oct-3-ylamino)butyl] -2-ethyl-
1H-imidazo[4,5-c]quinolin-4-amine or 1-{4-[(l
,1-dioxido~3
,4-dihydro-2H-tliiochromen-4-yl)amino]butyl}-2-ethyl-
1Himidazo[ 4, 5-c]quinolin-4-amine or pharmaceutically
acceptable solvates, salts, N-oxides or stereoisomers
thereof, or combinations thereof. Pharmaceutical
compositions of the invention contain a
therapeutically effective amount of a compound of
formula I (including formula Ia, Ib and Ic) according
to the present invention in combination with a
pharmaceutically acceptable carrier. The term
"therapeutically effective amount" means an amount of
the compound sufficient to induce a therapeutic
effect, such as activation of TLR7. This may cause
cytokine induction, antitumor activity and/or
antiviral activity. Although the exact amount of
active compound used in a pharmaceutical composition
of the invention will vary according to factors known
to those of skill in the art, such as the physical and
chemical nature of the compound as well as the nature
of the carrier and the intended dosing regimen, it is
anticipated that the compositions of the invention
will contain sufficient active ingredient to provide a
dose of about 100 ng/kg to about 50 mg/kg, preferably
about 10 mg/kg to about 5 mg/kg, of the compound to
the subject. Any of the conventional dosage forms may
be used, such as tablets, lozenges, parenteral
formulations, syrups, creams, ointments, aerosol
formulations, transdermal patches, transmucosal
patches and the like. The compounds of the invention
can be administered as the single therapeutic agent in
a treatment regimen, or may be administered in
combination with one another or with otheractive
agents, including additional anticancer agents, immune
response modifiers, antivirals, antibiotics, and the
like. The invention furthermore relates to
pharmaceutical compositions which comprise at least
one of the compounds and pharmaceutically acceptable
salts according to the invention together with at
least one pharmaceutically acceptable auxiliary.
Preferably, the pharmaceutical compositions comprise
one or two of the compounds and pharmaceutically
acceptable salts according to the invention. More
preferably, the pharmaceutical compositions comprise
one of the compounds and pharmaceutically acceptable
salts according to the invention. In a particularly
preferred embodiment of the invention, the
pharmaceutical compositions comprise a compound of the
examples according to the invention together with at
least one pharmaceutically acceptable auxiliary. The
pharmaceutical compositions can contain at least one
of the compounds and pharmaceutically acceptable salts
according to the invention (hereinafter referred to as
"the active compound") in a total amount of from 0.1
to 99.9 wt%, preferably 5 to 95 wt%, more preferably
20 to 80 wt%. As pharmaceutically acceptable
auxiliaries, any auxiliaries known to be suitable for
preparing pharmaceutical compositions can be used.
Examples thereof include, but are not limited to,
solvents, excipients, dispersants, emulsifiers,
solubilizers, gel formers, ointment 



bases, antioxidants, preservatives, stabilizers,
carriers, fillers, binders, thickeners, complexing
agents, disintegrating agents, buffers, permeation
promoters, polymers, lubricants, coating agents,
propellants, tonicity adjusting agents, surfactants,
colorants, flavorings, sweeteners and dyes. In
particular, auxiliaries of a type appropriate to the
desired formulation and the desired mode of
administration are used. The pharmaceutical
compositions can be fopnulated, for example, into
tablets, coated tablets (dragees), pills, cachets,
capsules (caplets), granules, powders, suppositories,
solutions (e.g. sterile solutions), emulsions,
suspensions, ointments, creams, lotions, pastes,oils,
gels, sprays and patches (e.g. transdermal therapeutic
systems). Additionally, the pharmaceutical
compositions can be prepared as, e.g. liposome
delivery systems, systems in which the active compound
is coupled to monoclonal antibodies and systems in
which the active compound is coupled to polymers (e.g.
soluble or biodegradable polymers). The pharmaceutical
compositions comprising the active compound and at
least one auxiliary can be manufactured in a manner
known to a person skilled in the art, e.g. by
dissolving, mixing, granulating, dragee-making,
levigating, emulsifying, encapsulating, entrapping or
lyophilizing processes. The selected formulation
depends inter alia on the route of administering the
pharmaceutical composition, The pharmaceutical
compositions of the invention can be administered by
any suitable route, for example, by the oral,
sublingual, buccal, intravenous, intraarterial,
intramuscular, subcutaneous, intracutaneous, topical,
transdermal, intranasal, intraocular, intraperitoneal,
intrasternal, intracoronary, transurethral, rectal or
vaginal route, by inhalation or by insufflation. Oral
administration is preferred. Tablets, coated tablets
(dragees), pills, cachets, capsules (caplets),
granules, solutions, emulsions and suspensions are,
e.g. suitable for oral administration. In particular,
said formulations can be adapted so as to represent,
for example, an enteric form, an immediate release
form, a delayed release form, a repeated dose release
form, a prolonged release form or a sustained release
form. Said forms can be obtained, for example, by
coating tablets, by dividing tablets into several
compartments separated by layers disintegrating under
different conditions (e.g. pH conditions) or by
coupling the active compound to a biodegradable
polymer. Administration by inhalation is preferably
made by using an aerosol. The aerosol is a
liquid-gaseous dispersion, a solid-gaseous dispersion
or a mixed liquid/solid-gaseous dispersion. The
aerosol may be generated by means of aerosol-producing
devices such as dry powder inhalers (DPIs),
pressurized metered dose inhalers (PMDIs) and
nebulizers. Depending onthe kind of the active
compound to be administered, the aerosol-producing
device can contain the active compound in form of a
powder, a solution or a dispersion. The powder may
contain, for example, one or more of the following
auxiliaries; carriers, stabilizers and fillers. The
solution may contain in addition to the solvent, for
example, one or more of the following auxiliaries:
propellants, solubilizers (co-solvents), surfactants,
stabilizers, buffers, tonicity adjusting agents,
preservatives and flavorings. The dispersion may
contain in addition to the dispersant, for example,
one or more of the following auxiliaries: propellants,
surfactants, stabilizers, buffers, preservatives and
flavorings. Examples of carriers include, but are not
limited to, saccharides, e.g. lactose and glucose.
Examples of propellants include, but are not limited
to, fluorohydrocarbons, e.g. 1,1,1,2- 



tetrafluoroethane and
1,1,1,2,3,3,3-heptafluoropropane. The particle size of
the aerosol particles (solid, liquid or solid/liquid
particles) is preferably less than 100 mm, more
preferably it is in the range of from 0.5 to 10 mm, in
particular in the range of from 2 to 6 mm (ID50 value,
measured by laser diffraction). Specific
aerosol-producing devices which may be used for
inhaled administration include, but are not limited
to, Cyclohaler(r), Diskhaler(r), Rotadisk(r),
Turbohaler(r), Autohaler(r), Turbohaler(r),
Novolizer(r), Easyhaler(r), Aerolizer(r), Jethaler(r),
Diskus(r), Ultrahaler(r) and Mystic(r) inhalers. The
aerosol-producing devices may be combined with spacers
or expanders, e.g. Aerochamber(r), Nebulator(r),
Volumatic(r) and Rondo(r), for improving inhalation
efficiency. In case of topical administration,
suitable pharmaceutical formulations are, for example,
ointments, creams, lotions, pastes, gels, powders,
solutions, emulsions, suspensions, oils, sprays and
patches (e.g. transdermal therapeutic systems). For
parenteral modes of administration such as, for
example, intravenous, intraarterial, intramuscular,
subcutaneous, intracutaneous, intraperitoneal and
intrasteraal administration, preferably solutions
(e.g. sterile solutions, isotonic solutions) are used.
They are preferably administered by injection or
infusion techniques.In case of intranasal
administration, for example, sprays and solutions to
be applied in drop form are preferred formulations.
For intraocular administration, solutions to be
applied in drop form, gels and ointments are
exemplified formulations. Generally, the
pharmaceutical compositions according to the invention
can be administered such that the dose of the active
compound is in the range customary for activators of
TLR7. In particular, a dose in the range of from 0.01
to 4000 mg, preferably 0.1 mg to 2000 mg, more
preferably 0.5 mg to 1000 mg and most preferably 1 mg
to 500 mg, of the active compound per day is preferred
for an average adult patient having a body weight of
70 kg. In this respect, it is to be noted that the
dose is dependent, for example, on the specific
compound used, the species treated, age, body weight,
general health, sex and diet of the subject treated,
mode and time of administration, rate of excretion,
severity of the disease to be treated and drug
combination. The pharmaceutical composition can be
administered in a single dose per day or in multiple
subdoses, for example, 2 to 4 doses per day. A single
dose unit of the pharmaceutical composition can
contain, e.g. from 0.01 mg to 4000 mg, preferably 0.1
mg to 2000 mg, more preferably 0.5 to 1000 mg, most
preferably 1 to 500 mg, of the active compound.
Furthermore, the pharmaceutical composition can be
adapted to weekly, monthly or even more infrequent
administration, for example by using an implant, e.g.
a subcutaneous or intramuscular implant, by using the
active compound in form of a sparingly soluble salt or
by using the active compound coupled to a polymer. The
compounds of the invention have been shown to activate
TLR7 in experiments performed according to the tests
set forth below. The compounds of the present
invention are useful as anticancer agents for cancers
that are responsive to TLR7 activation. Illustrative
cancers include, but are not limited to cancer of the
breast, bladder, bone, brain, central and peripheral
nervous system, colon, endocrine glands, esophagus,
endometrium, germ cells, head and neck, kidney, liver,
lung, larynx andhypopharynx, mesothelioma, sarcoma,
ovary, pancreas, prostate, rectum, renal, small
intestine, soft tissue, testis, stomach, skin, ureter,
vagina and vulva; inherited cancers, 



retinomblastoma and Wilms tumor; leukemia, lymphoma,
non-Hodgkins disease, chronic and acute myeloid
leukaemia, acute lymphoblastic leukemia, Hodgkins
disease, multiple myeloma and T-cell lymphoma;
myelodysplastic syndrome, plasma cell neoplasia,
paraneoplastic syndromes, cancers of unknown primary
site and AIDS related malignancies. Preferably, TLR7
agonists would be used to treat cancers of the skin or
kidney. Sensitivity of a given cancer to activation of
TLR7 can be assessed by, but not limited to
measurement of a decrease in primary or metastatic
tumor load (minor, partial or complete regression),
alterations in the hemogram, altered hormone or
cytokine concentrations in the blood, inhibition of
further increase of tumor load, stabilization of the
disease in the patient, assessment of biomarkers or
surrogate markers relevant for the disease, prolonged
overall survival of a patient, prolonged time to
disease progression of a patient, prolonged
progression-free survival of a patient, prolonged
disease-free survival of a patient, improved quality
of life of a patient, or modulation of the
co-morbidity of the disease (for example, but not
limited to pain, cachexia, mobilization,
hopitalization, altered hemogram, weight loss, wound
healing, fever). The compounds according to the
present invention may further be useful as immune
response modifiers that can modulate the immune
response in a number of different ways, rendering them
useful in the treatment of a variety of disorders.
Cytokines that may be induced by the administration of
compounds according to the invention generally include
interferon (IFN) and/or tumor necrosis factor- a
(TNF-a) as well as certain interleukins (IL).
Cytokines whose biosynthesis may be induced by
compounds of the invention include IFN- a, TNF- a,
IL-I, 6, 10 and 12, and a variety of other cytokines.
Among other effects, cytokines inhibit virus
production and tumor cell growth, making the compounds
useful in the treatment of tumors and viral diseases.
In addition to the ability to induce the production of
cytokines, the compounds of the invention affect other
aspects of the innate immune response. For example,
natural killercell activity may be stimulated, an
effect that may be due to cytokine induction. The
compounds may also activate macrophages, which in turn
stimulates secretion of nitric oxide and the
production of additional cytokines. Further, the
compounds may cause proliferation and differentiation
of B-lymphocytes. Compounds of the invention may also
have an effect on the acquired immune response. For
example, while not intending to be bound by any
particular theory, there is not believed to be any
direct effect on T cells or direct induction of T cell
cytokines, but the production of the T helper type 1
(Th 1) cytokine IFN-g is induced indirectly and the
production of the T helper type 2 (Th2) cytokines
IL-4, IL-5 and IL-13 are inhibited upon administration
of the compounds. This activity means that the
compounds are useful in the treatment of diseases
where up-regulation of the ThI response and/or down
regulation of the Th2 response is desired. In view of
the ability of certain compounds of Formula I to
inhibit the Th2 immune response, the compounds are
expected to be useful in the treatment of conditions
that are associate with overstimulation of a Th2
response such as atopic diseases, e.g., atopic
dermatitis; asthma; allergy; allergic rhinitis;
systemic lupus erythematosus; as a vaccine adjuvant
for cell mediated immunity; and possibly as a
treatment for recurrent fungal diseases, periodontitis
and chlamydia. The immune response modifying effects
of the compounds make them useful in the 



treatment of a wide variety of conditions. Because of
their ability to induce the production of cytokines
such as IFN-a and/or TNF-a, and IL- 12, the compounds
are particularly useful in the treatment of viral
diseases and tumors. This immunomodulating activity
suggests that compounds of the invention are useful in
treating diseases such as, but not limited to, viral
diseases including genital warts; common warts;
plantar warts; Hepatitis B; Hepatitis C; Herpes
Simplex Type I and Type II; molluscum contagiosum;
HIV; CMV; VZV; intraepithelial neoplasias such as
cervical intraepithelial neoplasia; human
papillomavirus (HPV) and associated neoplasias; fungal
diseases, e.g. Candida, aspergillus, and cryptococcal
meningitis; neoplastic diseases, e.g., basal cell
carcinoma, hairy cell leukemia, Kaposi's sarcoma,
renal cell carcinoma, squamous cell carcinoma,
myelogenous leukemia, multiple myeloma, melanoma,
non-Hodgkin's lymphoma, cutaneous T-cell lymphoma, and
other cancers; parasitic diseases, e.g. Pneumocystis
carnii, cryptosporidiosis, histoplasmosis,
toxoplasmosis, trypanosome infection,
andleislimaniasis; and bacterial infections, e.g.,
tuberculosis, and mycobacterium avium. Additional
diseases or conditions that can be treated using the
compounds of the invention include eczema;
eosinophilia; essential thrombocythaemia; leprosy;
multiple sclerosis; Ommen's syndrome; discoid lupus;
Bowen's disease; Bowenoid papulosis; and to enhance or
stimulate the healing of wounds, including chronic
wounds. Accordingly, the invention provides a method
of activating TLR7 in an animal, especially a mammal,
preferably a human comprising administering an
effective amount of a compound of Formula I to the
animal. An effective amount of a compound will vary
according to factors known in the art but is expected
to be a dose of about 100 ng/kg to about 60 mg/kg,
preferably about 10 mg/kg to about 30 mg/kg, more
preferably about 10 mg/kg to about 5 mg/kg. The
invention also provides a method of treating a viral
infection in an animal comprising administering an
effective amount of a compound of Fopnula I to the
animal. An amount effective to treat or inhibit a
viral infection is an amount that will cause a
reduction in one or more of the manifestations of
viral infection, such as viral lesions, viral load,
rate of virus production, and mortality as compared to
untreated control animals. The precise amount will
vary according to factors known in the art but is
expected to be a dose as indicated above with respect
to the activation of TLR7, or a dose of about 100
ng/kg to about 50 mg/kg, preferably about 10 mg/kg to
about 5 mg/kg. An amount effective to treat a
neoplastic condition is an amount that will cause a
reduction in tumor size or in the number of tumor
foci. Again, the precise amount will vary according to
factors known in the art but is expected to be a dose
as indicated above with respect to the activation of
TLR7, or a dose of about 100 mg/kg to about 50 mg/kg,
preferably about 10 mg/kg to about 5 mg/kg. The
compounds according to the invention can be prepared,
for example, as described as follows and according to
the following specified reaction steps, or,
particularly, in a manner as described by way of
example in the following examples.As shown in reaction
scheme A, a compound of formula 7 wherein R3 is having
meaning as defined above can be obtained by treating
quinolin-4-ol with nitric acid to afford its nitro
derivative of formula 1 which is further reacted with
phosphorus oxychloride in presence of N,N-dirnethyl
formaldehyde to yield 4-chloro-3-nitroquinoline of
formula 2. Compound of formula 2 on reaction with
(4-Amino-butyl)-carbamic acid tert-butylester resulted
in compound of formula 4 which is then reacted with
triethylorthopropionate in 



presence of toluene to afford compound of formula 5.
[4-(2-Ethyl-imidazo [4,5-c] quinolin-1-yl)
-butyl]-carbamic acid tert-butyl ester of formula 5 is
then deprotected to afford 4-(2-Ethyl-imidazo [4,5-c]
quinolin-l-yl)-butylamine of formula 6. A compound of
formula 6 is men treated with suitable heterocyclic
ketones to obtain a desired compound of formula 7. BOC
Scheme A As shown in reaction scheme B, compound of
formula I, wherein R is -CO-R 5 and all other symbols
have the meaning as defined above, can be obtained by
reacting compound of formula 7 with suitable acid
anhydride of formula R -CO-O-CO-Rs to obtain a
compound of formula 8 which is then treated with
m-chloroperbenzoic acid to yield its Noxide derivative
of formula 9. A compound of formula 9 is further
subjected to animation using aqueous (aq.) ammonia
solution to obtain the desired compound of formula I.
Scheme B As shown in reaction scheme C a compound of
formula I, wherein R is hydrogen and all other symbols
have the meaning as defined above, can be obtained by
reacting compound of formula 7 with
di-ter-butyl-dicarbonate to obtain a compound of
formula 10, which is then treated with
m-chloroperbonzoic acid to yield its N-oxide
derivative of formula 11. Compound of formula 11 is
then further subjected to animation using aq.amrnonia
to obtain a compound of formula 12 which is the
de-protected using acidic conditions to obtain the
desired compound of formula I . 12 10 11 Scheme CIt is
known to the person skilled in the art that, if there
are a number of reactive centers on a starting or
intermediate compound, it may be necessary to block
one or more reactive centers temporarily by protective
groups in order to allow a reaction to proceed
specifically at the desired reaction center. The
compounds according to the invention are isolated and
purified in a manner known per se, e.g. by distilling
off the solvent in vaccuo and recrystallizing the
residue obtained from a suitable solvent or subjecting
it to one of the customary purification methods, such
as column chromatography on a suitable support
material. Salts of the compounds of formula (I)
according to the invention can be obtained by
dissolving the free compound in a suitable solvent
(for example a ketone such as acetone,
methylethylketone or methylisobutylketone, an ether
such as diethyl ether, tetrahydrofuran or dioxane, a
chlorinated hydrocarbon such as methylene chloride or
chloroform, or a low molecular weight aliphatic
alcohol such as methanol, ethanol or isopropanol)
which contains the desired acid or base, or to which
the desired acid or base is then added. The acid or
base can be employed in salt preparation, depending on
whether a mono- or polybasic acid or base is concerned
and depending on which salt is desired, in an
equimolar quantitative ratio or one differing
therefrom. The salts are obtained by filtering,
reprecipitating, precipitating with a non-solvent for
the salt or by evaporating the solvent. Salts obtained
can be converted into the free compounds which, in
rum, can be converted into salts. In this manner,
pharmaceutically unacceptable salts, which can be
obtained, for example, as process products in the
manufacturing on an industrial scale, can be converted
into pharmaceutically acceptable salts by processes
known to the person skilled in the art. 



The compounds of formula (I) according to the
invention can be converted into their Noxides, for
example, with the aid of hydrogen peroxide in methanol
or with the aid of m-chloroperoxybenzoic acid in
dichloromethane. The person skilled in the art is
familiar with the reaction conditions for carrying out
the N-oxidation. Pure diastereomers and pure
enantiomers of the compounds and salts according to
the invention that are present in the form of such
stereoisomers can be obtained, e.g. byasymmetric
synthesis, by using cliiral starting compounds in
synthesis and by splitting up enantiomeric and
diasteriomeric mixtures obtained in synthesis.
Enantiomeric and diastereomeric mixtures can be split
up into the pure enantiomers and pure diastereomers by
methods known to a person skilled in the art.
Preferably, diastereomeric mixtures are separated by
crystallization, in particular fractional
crystallization, or chromatography. Enantiomeric
mixtures can be separated, e.g. by forming
diastereomers with a chiral auxiliary agent, resolving
the diastereomers obtained and removing the chiral
auxiliary agent, As chiral auxiliary agents, for
example, chiral acids can be used to separate
enantiomeric bases and chiral bases can be used to
separate enantiomeric acids via formation of
diastereomeric salts. Furthermore, diastereomeric
derivatives such as diastereomeric esters can be
formed from enantiomeric mixtures of alcohols or
enantiomeric mixtures of acids, respectively, using
chiral acids or chiral alcohols, respectively, as
chiral auxiliary agents. Additionally, diastereomeric
complexes or diastereomeric clathrates may be used for
separating enantiomeric mixtures. Alternatively,
enantiomeric mixtures can be split up using chiral
separating columns in chromatography. Another suitable
method for the isolation of enantiomers is the
enzymatic separation. As will be appreciated by
persons skilled in the art, the invention is not
limited to the particular embodiments described
herein, but covers all modifications of said
embodiments that are within the spirit and scope of
the invention as defined by the appended claims. The
following examples illustrate the invention in greater
detail, without restricting it. Further compounds
according to the invention, of which the preparation
is not explicitly described, can be prepared in an
analogous way. The compounds which are mentioned in
the examples and the salts thereof represent preferred
embodiments of the invention.Examples: Preparation of
4-(2-Ethyl~imidazo[4,5-c]quinolin-l-yl)~butylamine of
formula 6 Step-1: 3-Nitro-quino ine-4-ol A mixture of
quinolin-4-ol ( 1 eq.) in propionic acid was heated to
125C with stirring. Nitric acid (2.2 eq.) was added
drop wise to the stirred solution while maintaining
the reaction mixture temperature at 125C.Reaction was
stirred at 125C for 15 min. and cooled to ambient
temperature. The reaction was diluted with ethanol and
solid was collected by vacuum filtration. Solid was
washed successively with ethanol, water and ethanol.
Resulting yellow solid was heated in refluxing ethanol
and filtered from hot mixture to give pure
3-nitro-quinoline-4-ol. Step-II:
4-Chloro-3-nitro-quinoline Phosphorus oxychloride (1.2
eq.) was added slowly to well stirred suspension of
compound of formula 1 obtained in step I in N,
N-dimethylformamide .The reaction mixture was further
heated to 5O0C with stirring for 30 min. The resulting
solution was cooled at ambient temperature and poured
into an ice/water mixture. A solid was collected 



by filtration and dried to afford
4-chloro-3-nitro-quinoline. Step-III: tert-butyl
{4-[(3-nitroquinolin-4-yl) amino] butyl} carbamate A
compound of formula 2 ( 1 eq.) was added to a solution
of (4-Amino~butyl)-carbamic acid tert-butylester (1.2
eq.) and triethyl amine (1.5 eq.) in ethanol. Reaction
mixture was then refluxed for 15 min and then diluted
with water to precipitate impure product, which was
separated by filtration. Saturated ammonium hydroxide
solution was added to filtrate and precipitated solid
was collected by vacuum filtration and dried to yield
tert-butyl {4- [(3-nitroquinolin-4-yl) amino] butyl}
carbamate of formula 3.Step-IV: tert-butyl
{4-[(3-aminoquinolin-4-yl) amino] butyl} carbamate A
suspension of compound of compound of formula 3 ( 1
eq.), 5% palladium on carbon (2 % by wt.) and
magnesium sulphate in ethyl acetate was hydrogenated
on a parr apparatus at 50 psi of hydrogen gas for 4
hrs. The resulting reaction mixture was then filtered
and filtrate was concentrated at reduced pressure to
yield crude solid, which then purified by silica gel
column chromatography to afford tert-butyl
{4-[(3-aminoquinolin-4-yl) amino] butyl} carbamate of
formula 4. Step-V: tert-butyl [4-(2-ethyl-lH-imidazo
[4,5-c] quinolin-1-yl) butylj carbamate To a solution
of compound of formula 4(1 eq.) in toluene was added
triethylorthopropionate (2 eq.) and resulting reaction
mixture was heated at 80-90sC for 5 hrs. Reaction
mixture was then cooled and solvent was evaporated to
remove 50% of toluene. To a remaining reaction mixture
was added ice-water and product was precipitated as
white solid which was then separated by vacuum
filtration and dried to afford tert-butyl
[4-(2-ethyl-lH-imidazo [4,5-c] quinolin-1-yl) butyl]
carbamate of formula 5. Step-VI: 4-(2-ethy -lH-imidazo
[4,5-c] quinolin-1-yl) butan-1-amine A solution of
[4-(2-Ethyl-imidazo [4,5-c]
quinolin-1-yl)-butyl]-carbamic acid tert-butyl ester
of formula 5 obtained in step V in trifluroacetic acid
was stirred at 400C for 4 hrs. Reaction mixture was
then poured on ice-water mixture and extracted with
chloroform. Organic layer was dried over sodium
sulphate and concentrated under deduced pressure to
afford 4-(2-ethyl- lH-imidazo [4,5-c] quinolin-1-yl)
butan-1-amine of formula 6. Example I : N-
[4-(4-amino-2-ethyI-lH-imidazo [4,5-c] quinolin-1-yl)
butyI]-N- (1,1- dioxidotetrahydro-3-thienyl) acetamide
Step-I: N- [4-(2-ethyl-lH-imidazo [4,5-c]
quinolin-1-yl) butyl] tetrahydrothiophen-3- aminc.To a
suspension of 4-(2-Ethyl-imidazo [4,5-c]
quinolin-l-yl)-butylamine obtained in step VI in
tetrahydrofuran was added acetic acid ( 1 eq.) and
dihydrothiophen-3-one (1.1 eq.). Resulting reaction
mixture was stirred for 10 min. Sodium
triacetoxyborohydride (2.2 eq.) was added to reaction
mixture over a period of 1 hrs and resulting
suspension was then stirred for 4-5 hrs. Reaction was
then quenched with methanol and concentrated to
dryness. Reaction mixture was basified using aq.sodium
hydroxide solution and extracted with chloroform.
Organic layer was dried over sodium sulphate and
concentrated under reduced pressure to yield sticky
solid. Product was then purified by silica gel column
chromatography to afford [4-(2-Ethyl-imidazo [4,5-c]
quinolin-l-yl)-butyl]-(tetrahydrothiophen-
3-yl)-amine. Step-II:
N-[4-(2-ethyl-lH-imidazo[4,5-c]qui
polm-l-yl)butyI]-N-(tetrahydro-3- thienyl)acetamide To
a solution of [4~(2-Ethyl-imidazo [4,5-c]
quinolin-l-yl)-butyl]-(tetrahydro-thiophen-3-
yl)-amine in dichloromethane was added triethyl amine
(1.5 eq.) and acetic anhydride (1.5 



eq.) and stirred at ambient temperature for 4 hrs.
Reaction mixture was then diluted with dichloromethane
and washed with saturated sodium bicarbonate solution.
Organic layer was dried over sodium sulphate and
concentrated under reduced pressure to afford N- [4-
(2-ethyl-lH-imidaz s [4,5-c] quinolin-1-yl) butyl]-N-
(tetrahydro-3-thienyl) acetamide. Step-III: N-
(l,l-dioxidotetrahydro-3-thieny])-N-
[4-(2-ethyl-5-oxido-lH-imidazo [4,5- c] quinolin-1-yl)
butyl] acetamide To a solution of N-
[4-(2-Ethyl4midazo [4,5-c]
quinolin-l-yl)-butyi]-N-(tetrahydrothiophen-
3-yl)-acetamide in chloroform was added
m-chlroperbenzoic acid (4 eq.) and stirred at ambient
temperature for 2 hrs. Reaction mixture was then
diluted with chloroform and washed with saturated
sodium bicarbonate solution. Organic layer was dried
over sodium sulphate and concentrated under reduced
pressure to yield sticky mass. Product was then
purified using silica gel column chromatography to
afford N-(l,ldioxidotetrahydro- 3-thienyl)-N-
[4-(2-etliyl-5-oxido-lH-imidazo [4,5-c] quinolin-1-yl)
butyl] acetamide.Step-IV: N-
[4-(4-amino-2-ethyI-lH-imidazo [4,5-c] quinolin-l-yl)
bufyl]-N- (1,1- diaxidotetrahydro-3-thienyl) acetamide
To a solution of (1,1-Dioxo-tetraliydro-l lambda*
6*-thiophen-3-yl)-N- [4-(2-ethyl-5-oxyimidazo [4,5-c]
quinolin-l-yl)-butyl] -acetamide in chloroform was
added p-toluene sulfonyl chloride (1.2 eq,) followed
by aq.ammonium hydroxide solution. The resulting
reaction mixture was stirred at room temperature for
overnight. Reaction mixture was then diluted with
chloroform and washed with saturated sodium
bicarbonate solution. Organic layer was dried over
sodium sulphate and concentrated under reduced
pressure to yield sticky solid, which was then
purified using silica gel column chromatography to
afford the title compound. 1H NMR (300 MHz CDCl3) d
(ppm): 8.29(dd, IH, J=S ,4&J=3.OHz), 8.21(dd, IH,
J=8.4Hz, J=3.0Hz), 7.65(m, 2H), 5.49(s, 2H) 4.58(t,
2H), 3.78(t, 2H),3.3(t, 2H)1 3.02(q, 2H),2.34(d, 2H),
2.2(t, IH), 2.1(s, 3H), 2.09(m, 2H) 1.9(m, 2H),1.79(m,
2H), 1.55(t, 3H) Examples 2-4 were also prepared by
following procedure of example I. Example II: N-
[4-(4-amino-2-ethyl-lH-imidazo [4,5-c] quinolin-l-yl)
butyl]-N- (1- methyl-l-oxidopiperidin-4-yl) acetamide
1H NMR (300 MHz CDCl3) d (ppm): 8.24(dd, IH,
J=8.4&J=3.0Hz), 8.19(dd, IH, J=S.4&J=3.0Hz), 7.60(m,
2H)3 5.60(s, 2H), 4.52(t 3 2H), 3.75(t, 2H), 3.4(m,
IH), 3.2(m, 4H), 3.12(q, 2H), 2.16(s, 3H), 2.01(m,
2H), 1.99(m, 4H), 1.70(m, 2H), 1.51(t, 3H) Example HI:
3-{acetyl [4-(4-amino-2-ethyl- lH iniid
azo[4,5-c]quinolin l -yl)butyI]
amino}-2,5-anhydro-l,3,4-trideoxypentitol !H NMR (300
MHz CDCl 3) d (ppm):8.35(dd, IH1 J=8.4&J=3. OHz)3
8.29(dd, IH, J=8.4&J-3.0Hz), 7.63(m 5 2H), 5.56(s,
2H), 4.50(t, 2H), 4.42(m, IH), 3.70(t, 2H),3.62(m, IH)
5 3.35(t, 2H), 3.12(q 3 2H),2.15(s, 3H), 2.05(m3
2H),1.92(d, 3H),1.8(t, 2H) 1.70(m, 2H), 1.51(t,
3H)Example IV:
N-[4-(4-amino-2-ethyI-lH-imidazo[4,5-c]quinoli
p-l-yl)butyl]-N-(lbenzyl-
2-methyl-l-oxidopyrrolidm-3-yI)acetamide 1H NMR (300
MHz CDCl 3) d (ppm): 8.31(dd, IH, J-8.4&J=3.0Hz),
8.15(dd, IH, J=8.4Hz, J=3.0Hz), 7.62(111, 2H), 7.55(m,
5H), 5.59(s, 2H), 4.50(t, 2H), 3.71(t, 2H),3.35(t,
2H), 3.23(s, 2H), 3.21(q, 2H),2.19(d, 2H), 2.15(t,
IH), 2.10(s, 3H), 2.09(m, 2H), 1.9(m, 2H),1.79(m, 2H),
1.55(t, 3H). Example V:
2-ethyI-l-[4-(tetrahydro-2H-pyran-4-ylami
po)butyl]-lH-imidazo[4,Sc] 



quinolin-4-ami pe Step-I:
N-[4-(2-ethyl-lH-imidazo[4,5-c]quinoIin-l-yl)butyIItet
rahydro-2H-pyran-4- aniine To a suspension of 4-(2
-ethyl- lH-imidazo [4,5-c] quinolin-1-yl) butan-1
-amine obtained in step VI of example I in tetrahydrof
iran was added acetic acid ( 1 eq.) and
tetrahydropyran- 4-one (1.1 eq.). Resulting reaction
mixture was stirred for 10 min. Sodium
triacetoxyborohydride (2.2 eq.) was added to reaction
mixture over a period of 1 hrs and resulting
suspension was then stirred for 4-5 hrs. Reaction was
then quenched with methanol and concentrated to
dryness. Reaction mixture was basified using aq.sodium
hydroxide solution and extracted with chloroform.
Organic layer was dried over sodium sulphate and
concentrated under reduced pressure to yield sticky
solid. Product was then purified by silica gel column
chromatography to afford N- [4-(2-ethyl-lH-imidazo
[4,5-c] quinolin-1-yl) butyl] tetrahydro-2H-pyran-4-
amine. Step-II: tert-butyl [4-(2-ethyl-lH-imidazo
[4,5-c] quinolin-1-yl) butyl] tetrahydro-2Hpyran-
4-ylcarbamate To a solution of N-
[4-(2-ethyl-lH-imidazo [4,5-c] quinolin-1-yl) butyl]
tetrahydro-2Hpyran- 4-amine in dichloromethane was
added triethyl amine (1.5 eq.) followed by
di-terbutyl- dicarbonate (1.5 eq.) and resulting
reaction mixture was stirred for 4 hrs at ambient
temperature. Reaction mixture was then evaporated
completely and dissolved in dichloromethane, washed
with water and organic layer was dried over sodium
sulfate andconcentrated under reduced pressure to
afford tert-butyl [4-(2-ethyl-lH-imidazo [4,5-c]
quinolin-1-yl) butyl]
tetrahydro-2H-pyran-4-ylcarbamate. Step-III:
tert-butyl [4-(2-ethyl-5-oxido-lH-imidazo [4,5-c]
quinolin-1-yl) butyl]
tetrahydro-2H-pyran-4-ylcarbamate To a solution of
tert-butyl [4-(2~ethyl-lH-imidazo [4,5-c]
quinolin-1-yl) butyl] tetrahydro-
2H-pyran-4-ylcarbamate in chloroform was added
m-chlroperbenzoic acid (4 eq.) and stirred at ambient
temperature for 2 hrs. Reaction mixture was then
diluted with chloroform and washed with saturated
sodium bicarbonate solution. Organic layer was dried
over sodium sulphate and concentrated under reduced
pressure to yield sticky mass. Product was then
purified using silica gel column chromatography to
afford tert-butyl [4- (2-ethyl-5-oxido-lH-imidazo
[4,5-c] quinolin-1-yl) butyl] tetrahydro-2H-pyran-4-
ylcarbamate. Step-IV: tert-butyl
[4-(4-amino-2-ethyl-lH-imidazo [4,5-cJ quinolin-1-yl)
butyl] tetrahydro-2H-pyran-4-ylcarbamate To a solution
of tert-butyl [4-(2-ethyl-5-oxido-lH-imidazo [4,5-c]
quinolin-1-yl) butyl]
tetrahydro-2H-pyran-4-ylcarbamate in chloroform was
added p-toluene sulfonyl chloride (1.2 eq.) followed
by aq.ammonium hydroxide solution. The resulting
reaction mixture was stirred at room temperature for
overnight. Reaction mixture was washed with saturated
sodium bicarbonate solution. Organic layer separated,
dried over anhydrous sodium sulphate and concentrated
under reduced pressure to yield sticky solid, which
was then purified using silica gel column
chromatography to afford tert-butyl
[4-(4-amino-2-ethyllH- imidazo [4,5-c] quinolin-1-yl)
butyl] tetrahydro-2H-pyran-4-ylcarbamate. Step-V:
2-ethyl-l- [4-(tetrahydro-2H-pyran-4-ylamino)
butyl]-lH-imidazo[4,5-c] quinoIin-4-amine A solution
of tert-butyl [4-(4-amino-2-emyl-lH-imidazo [4,5-c]
quinolin-1-yl) butyl] 



tetrahydro-2H-pyran-4-ylcarbarnate in trifluroacetic
acid was stirred at 400C for 4 hrs. Reaction mixture
was then poured on ice-water mixture and extracted
with chloroform.Organic layer was dried over sodium
sulphate and concentrated under deduced pressure to
afford the title compound. 1H NMR (300 MHz5MeOD) d
(ppm):8.2(d, IH, J=8JHz), 7.75(m, 2H), 7.6(dt, IH,
J=1.5 & 7.2Hz),4.69(t, 2H), 4.0 l(d, IH), 3.98(d, IH),
3.4(m, 3H), 3.2(m, 2H), 3.1(m, 2H), 2.0(m, 4H), 1.9(m,
4H), 1.5(t 3H) Examples 6-7 were also prepared by
following procedure of example 5. Example VI:
l~[4-(l-azabicyclo [2.2.2] oct-3-ylamino)
butyI]-2-ethyl-lH-imidazo [4,5- cj quinoIin-4-amine 1H
NMR (300 MHz, MeOD) d (ppm): 8.01(d, IH, J=8.4Hz),
7.67(dd, IH, J=1.2 & 8.4 Hz), 7.4(dt, IH, J=1.5 &
7.8Hz), 7.33(dt, IH, J=I. 2 & 7.5Hz), 4.5 (m, 2H),
4.2(m, 2H), 3.6(m, IH), 3.4(m, IH), 3.1(m, 2H), 3.0(q,
2H), 2.7(m, 2H), 1.9(m 3H), 1.7(m, 2H), 1.5(t, 3H),
1.4(m, 2H), 1.3(m, 3H.). Example VII:
l-{4-[(l,l-dioxido-3,4-dihydro-2H-thiochromen-4-yI)ami
no]butyI}-2- ethyl-lH- midazo[4,5-c]quinoli p-4~amine
1H NMR (300 MHz5 MeOD) d (ppm);8.2(d, IH, J=8.1Hz),
7.80(dt, IH, J=I .5 & 6.3Hz),7,73(d, IH, J=7.5Hz),
7.64(dt, IH, J=I. 5 & 7.5Hz), 7.5(m, 4H), 4.59(t, 2H),
3.97(t, IH), 3.70(m, IH), 3.02(q, 2H), 2.71(m, 3H),
2.50(m, 2H), 1.99(m, 2H) 1.69(m, 2H), 1.48(t, 3H).
Example A - In vitro profiling: Cellular assays using
a human cancer cell line (PCIR-I) or human PBMC
fractions to test compounds for activating TLR7 are
established. Specificity for TLR7 and 9 was checked by
adding chloroquine, which abrogates signaling through
endosomal TLRs. The PCIR-I system is suited for
measuring the nterferonelinked cytokine IPlO by a
bead-based assay in the 384-well format.TLR mRNL
expression in PCIR-I (TaqMan PCR analysis) TLRl ++,
TLR2 (+). TLR3 +, TLR4 ++, TLR5 (+), TLR6 ++, TLR7 ++,
TLR8 - TLR9 +++, TLRlO - . Treatment of this cell line
with TLR agonist reference compounds LPS (TLR4 ago),
resiquimod (imidazoquinoline) and H2006 (CpG
oligonucleotide) result in strong cytokine mRNA
induction. Also response to poly I-C double-stranded
RNA (TLR 3 ago); 40-fold induction of IP-IO after 15h)
and MALP-2 (TLR 2/6 hetero-dimer ago, 100-fold
induction of IP-IO after 15h) is detected. RNA
induction data was confirmed by parallel Luminex
analysis showing strong release of IP-10 and IL8
cytokines, in particular, and also significant protein
levels of IL6, IL12p40/p70 and ILlO. The signaling via
TLR7 and TLR9 (both expressed in endosomes) can be
completely blocked by the addition of chloroquine,
which is known to disturb the endosomal pH gradient.
In contrast TLR4 signaling by LPS is not affected
(Fig. 1). The current concept for a TLR
agonist-screening cascade in a high- or
medium-throughput format is summarized in Figure 2.
Compounds of the present invention are tested for
specified cytokine induction at the mRNA or protein
levels. The Compounds show efficacy in the cellular
assays (Figure 3). Example B -In vivo PD profiling: In
the following, studies with the reference compounds
and compounds according to the 



invention are shown in the Renca lung metastasis model
as described in Leja A, Hofrnann HP, Maier T, Drache
D, Grebe C, Fischer S, Gimmnich P, Sanders K, Gekeler
V. Metastasis of murine Renca kidney cancer cells to
the lungs of Balb/c mice is strongly suppressed by
TLR9 or TLR7 agonists. Abstract 3552, Proc Am Cancer
Res 48, 2007.Figure 4A and 4B show the results of
reference compounds (TLR9 as well as TLR7 agonists,
which are either SMOLs or oligonucleotides; TOG =
7-thia-8-oxoguanosine; IMDZQ - imidazoquinoline
derivative). In particular, female Balb/c mice (n-10)
were treated for 4 consecutive days starting day 1 or
day 8 after Renca LacZ tumor cell injection,
respectively. The SMOLs were applied in 20% PEG, the
oligonucleotides in 0.9% NaCl as indicated. Lungs were
excised 25 days after tumor cell injection (see Figure
4A). Further, female Balb/c mice (n=5) were treated
for 4 consecutive days as indicated. The SMOLs were
applied in 20% PEG, oligonucleotides in 0.9% NaCl. At
day 4 of treatment, blood was collected via orbital
plexus and spleens were excised. Subsequently, mRNA
was isolated for expression analysis via qPCR. Data
were normalized to vehicle control (mean set to 1).
Statistical evaluation was performed via Mann-Whitney
test (see Figure 4B). Under the same conditions as
described above for the SMOLs as reference compounds,
3- {acetyl[4-(4-amino-2-ethyl-l
H-imidazo[4,5-c]quinolin-l -yl)butyl]amino
}-2,5-anhydro- 1,3,4-trideoxypentitol (TLR ago 1,
example III) and N- [4-(4-arnino~2-ethyl-lH-imidazo
[4,5-c] quinolin-1-yl) butyl]-N-
(l,l-dioxidotetrahydro-3-thienyl) acetamide (TLR ago
2, example I)TLR ago 1, both compounds according to
the invention, are examined in the Renca lung
metastasis model. 3- {acetyl[4-(4-amino-2-ethyl-l
H-imidazo [4,5-c]quinolin-1
-yl)butyl]amino}-2,5-anhydro- 1,3,4-trideoxypentitol
(TLR ago 1, example III) demonstrates a strong
anti-metastatic effect with virtually complete
clearance of the lungs after a short treatment (dl -
4) (Figure 5).Claims 1. A compound of formula I: (D
wherein Ri is selected from the group consisting of:
-H, alkyl, alkyiiyl, aryl, alkoxy, heterocyclyl and
heteroaryl, wherein alkyl, alkynyl, aryl, alkoxy,
heterocyclyl or heteroaryl may be unsubstituted or
substituted by one or more substituents; A is Ci-C6
alkyl; R2 is H or -(CO)-R5; R5 is selected from the
group consisting of: alkyl, alkynyl, aryl,
heterocyclyl and heteroaryl, each of which may be
unsubstituted or substituted by one or more
substituents. R is selected from the group consisting
of: -H, alkyl, alkenyl, aryl, heteroaryl, cycloalkyl,
and heterocyclyl, wherein alkyl, alkenyl, aryl,
heteroaryls, cycloalkyl or heterocyclyl may be
unsubstituted or substituted by one or more
substituents; or pharmaceutically acceptable solvates,
salts, N-oxides or stereoisomers thereof, or
combinations thereof. 2. The compound of formula I
according to claim 1, wherein R is selected from the 



group consisting of alkyl, alkenyl, aryl, heteroaryl,
cycloalkyl, and heterocyclyl,each of which may be
unsubstituted or substituted by one or more
substituents selected from group consisting of: -H,
alkyl, alkenyl, alkoxy, halogen, -OH, -N3
trifiuromethyl, -alkyl-aryl, -O-alkyl-aryl, -CO-aryl,
aryl, heterocyclyl, heteroaryl, - CO-heteroaryl,
-CO-substituted aryl, -CO-substituted heteroaryl,
-CO-O-alkyl, - CO-N-alkyl, -CO-N-aryl. 3. The compound
of formula I according to claim 1 or 2, wherein R is
selected from the group consisting of alkyl, alkynyl,
aryl, alkoxy, heterocyclyl and heteroaryl, each of
which may be optionally substituted by one or more
substituents which are selected from the group
consisting of: -H, -OH, halogen, -CO-N(R- )2, -N(R4) ,
-COCj-[ O alkyl, -CO-O-Ci-!0 alkyl, -N3, optionally
substituted aryl, heterocyclyl and - CO-aryl, wherein
each R4 is independently selected from the group
consisting of: -H, -C JO alkyl, -C .io alkyl-aryl, or
aryl, 4. The compound of formula I according to any of
claims 1-3, wherein R is substituted by one or more
substituents which are selected from the group
consisting of: -H, - OH, halogen, -CN, -NO2, -COOH,
-SH, CO-C - alkyl, -CO-O-C .6 alkyl, -N3, optionally
substituted aryl, heterocyclyl, -CO-aryl and
-CO-heterocyclyl. 5. The compound of formula I
according to any of claims 1-4, wherein R is hydrogen.
6. The compounds of formula I according to any of
claims 1-4, wherein R2 is -(CO)-R 5; and R3 is
selected from the groups consisting of alkenyl, aryl,
heteroaryl, cycloalkyl and heterocyclyl, each of which
may be unsubstituted or substituted by one or more
substituents. 7. The compound of formula I according
to any of claims 1-4 and 6, wherein Rj is alkynyl or
alkoxy; and R2 is -(CO)-R 5. 8. The compound of
formula I according to any one of claims 1-7, whereinR
is heterocyclyl, which may be unsubstituted or
substituted by one or more substituents which are
preferably selected from group consisting of: -H,
alkyl, alkenyl, halogen and -OH. 9. The compound of
formula I according to any of claims 1-8, wherein R3
is selected from the group consisting of:
dioxo-tetrahydrothiophenyl, piperidinyl,
tetrahydrofuranyl, pyrididine, tetrahydropyranyl and
azabicyclooctanyl, each of which may be optionally
substituted by one or more groups. 10. The compound of
formula I according to any one of claims 1-9, wherein
Ri is alkyl, preferably ethyl. 11. The compound of
formula I according to any one of claims 1-10, wherein
R is alkyl, preferably methyl. 12. The compound as
claimed in claim 1 which is: N-
[4-(4-amino-2-ethyl-lH-imidazo [4,5-c] quinolin-l-yl)
butyl]-N- (1,1- dioxidotetrahydro-3 -thienyl)
acetamide,
N-[4-(4-amino-2-ethyl-lH-imidazo[4,5-c]quinolin-l-yl)b
utyl]-N-(l-methyl-loxidopiperidin- 4-yl)acetamide,
3-{acetyl[4-(4-amino-2-ethyl-lH-imidazo[4,5-c]quinolin
-l-yl)butyl]amino}-2,5- anhydro-
1,3,4-trideoxypentitol, 



N-[4-(4-amino-2-ethyl-lH-imidazo[4,5-c]quinolin-l-yl)b
utyl]-N~(l-benzyl-2-methyl- 1-oxidopyrrolidin-3-yl)
acetamide,
2-etliyl-l-[4-(tetraliydro-2H-pyran-4-ylamino)butyl]-l
H-imidazo[4 35-c]quinolin-4- amine,
l-[4-(l-azabicyclo[2.2.2]oct-3-ylamino)butyl]-2-ethyl-
lH-imidazo[4,5-c]quinolin-4- amine or
l-{4-[(l,l-dioxido-3,4-dihydro-2H-thiochromen-4-yl)ami
no]butyl}-2-ethyl-lHimidazo[ 4,5-c]quinolin-4-amine or
pharmaceutically acceptable solvates, salts, N-oxides
or stereoisomers thereof, or combinations thereof.13.
A compound as claimed in any one of claims 1 to 12 for
use as a medicament. 14. A compound according to any
of claims 1 to 12 for the use in treatment of diseases
sensitive to TLR7 activation. 15. A compound according
to claim 14 wherein the disease is a viral or
neoplastic disease or cancer sensitive to the
activation of TLR7. 16. A pharmaceutical composition
comprising a therapeutically effective amount of a
compound of formula I as claimed in any one of claims
1 to 12 in combination with a pharmaceutically
acceptable carrier. 17. A pharmaceutical composition
according to claim 16 comprising an amount of the
compound of formula I, or pharmaceutically acceptable
solvates, salts, N-oxides or stereoisomers thereof, or
combinations thereof, sufficient to provide a dose of
about 100 ng/kg to about 50 mg/kg, preferably about 10
mg/kg to about 5 mg/kg of the compound to the subject.
18. A pharmaceutical composition according to claim 16
or 17 for the use in treatment of a disease sensitive
to TLR7 activation. 19. A pharmaceutical composition
according to claim 18 wherein the disease is a viral
or neoplastic disease or cancer sensitive to the
activation of TLR7. 20. Use of a compound according to
any of claims 1 to 12 or a pharmaceutical composition
according to claim 16 or 17 for the manufacture of a
medicament for activation of TLR7. 21. Use of a
compound according to any of claims 1 to 12 or a
pharmaceutical composition according to claim 16 or 17
for the manufacture of a medicament for the treatment
of a viral or neoplastic disease.22. Use of a compound
according to any of claims 1 to 12 or a pharmaceutical
composition according to claim 16 or 17 for the
manufacture of a medicament for the treatment of a
cancer sensitive to the activation of TLR7. 


