
SIX-MEMBERED HETEROCYCLES USEFUL AS SERINE PROTEASE
INHIBITORS CROSS-REFERENCE TORELATEDAPPLICATIONS
[0001] The present application claims priority benefit
of U.S. provisional application Ser. No. 60/
60/750,416, filed December 14, 2005, which is
incorporated by reference herein. FIELD OF THE
INVENTION [0002] The present invention relates
generally to novel six-membered heterocyclic
compounds, and analogues thereof, which are useful as
selective inhibitors of serine protease enzymes of the
coagulation cascade and/or contact activation system;
for example thrombin, factor XIa, factor Xa, factor
IXa, factor Vila, and/or plasma kallikrein. In
particular, it relates to compounds that are selective
factor XIa inhibitors or dual inhibitors of fXIa and
plasma kallikrein. This invention also relates to
pharmaceutical compositions comprising these compounds
and methods of using the same. BACKGROUND OF THE
INVENTION [0003] Factor XIa is a plasma serine
protease involved in the regulation of blood
coagulation. While blood coagulation is essential to
the regulation of an organism's hemostasis, it is also
involved in many pathological conditions. In
thrombosis, a blood clot, or thrombus, may form and
obstruct circulation locally, causing ischemia and
organ damage. Alternatively, in a process known as
embolism, the clot may dislodge and subsequently
become trapped in a distal vessel, where it again
causes ischemia and organ damage. Diseases arising
from pathological thrombus formation are collectively
referred to as thrombotic or thromboembolic disorders
and include acute coronary syndrome, unstable angina,
myocardial infarction, thrombosis in the cavity of the
heart, ischemic stroke, deep vein thrombosis,
peripheral occlusive arterial disease, transient
ischemic attack, and pulmonary embolism. In addition,
thrombosis occurs on artificial surfaces in contact
with blood, including catheters and artificial heart
valves. Therefore, drugs thatinhibit blood
coagulation, or anticoagulants, are "pivotal agents
for prevention and treatment of thromboembolic
disorders" (Hirsh, J. et al. Blood 2005, 105,
453-463). Thromboembolic disorders are the largest
cause of mortality and disability in the
industrialized world. [0004] Blood coagulation is
initiated in vivo by the binding of tissue factor (TF)
to Factor VII (FVII) to generate Factor Vila (FVIIa).
The resulting TF:FVIIa 



complex activates Factor IX (FIX) and Factor X (FX)
which leads to the production of Factor Xa (FXa). The
FXa that is generated catalyzes the transformation of
prothrombin into small amounts of thrombin before this
pathway is shut down by tissue factor pathway
inhibitor (TFPI). The process of coagulation is then
further propagated via the feedback activation of
Factors V, VIE and XI by catalytic amounts of
thrombin. (Walsh, P.N. Thromb. Haemostasis. 1999, 82,
234-242.) The resulting burst of thrombin coverts
fibrinogen to fibrin, which polymerizes to form the
structural framework of a blood clot, and activates
platelets, which are a key cellular component of
coagulation (Hoffman, M. Blood Reviews 2003, 17,
S1-S5). Factor XIa plays a key role in propagating
this amplification loop and is thus an attractive
target for anti-thrombotic therapy. [0005] An
alternative way of initiation of coagulation is
operative when blood is exposed to artificial surfaces
(e.g., during hemodialysis, 'on-pump' cardiovascular
surgery, vessel grafts, bacterial sepsis), on cell
surfaces, cellular receptors, and extracellular
matrices. This process is also termed contact
activation. Surface absorption of factor XII leads to
a conformational change in the factor XII molecule,
thereby facilitating activation to proteolytic active
factor XII molecules (factor XIIa and factor XIIf).
Factor XIIa (or XIIf) has a number of target proteins,
including plasma prekallikrein and factor XI. Active
plasma kallikrein further activates factor XII,
leading to an amplification of contact activation.
Alternatively, the serine protease
prolylcarboxylpeptidase can activate plasma kallikrein
complexed with high molecular weight kininogen in a
multiprotein complex formed on the surface of cells
and matrices (Shariat-Madar et al. Blood 2006, 108,
192-199). Contact activation is a surface mediated
process responsible in part for the regulation of
thrombosis and inflammation, and is mediated, at least
in part, by fibrinolytic-, complement-,
kininogen/kinin-, and other humoral and cellular
pathways (for review, Coleman, R.Contact Activation
Pathway, pages 103-122 in Hemostasis and Thrombosis,
Lippincott Williams & Wilkins 2001; Schmaier A.H.
Contact Activation, pages 105- 128 in Thrombosis and
Hemorrhage, 1998). The biological relevance of the
contact activation system for thromboembolic diseases
is supported by the phenotype of factor XE deficient
mice. More specifically, factor XII deficient mice
were protected from thrombotic vascular occlusion in
several thrombosis models as well as stroke models and
the phenotype of the XII deficient mice was identical
to XI deficient mice (Renne et al. J. Exp. Medicine
2005, 202, 271-281; Kleinschmitz et al. J. Exp.l
Medicine, 2006, 203, 513-518). The fact that factor XI
is down-stream from factor 



XIIa, combined with the identical phenotype of the XII
and XI deficient mice suggest that the contact
activation system could play a major role in factor XI
activation in vivo. [0006] Factor XI is a zymogen of a
trypsin-like serine protease and is present in plasma
at a relatively low concentration. Proteolytic
activation at an internal R369- 1370 bond yields a
heavy chain (369 amino acids) and a light chain (238
amino acids). The latter contains a typical
trypsin-like catalytic triad (H413, D464, and S557).
Activation of factor XI by thrombin is believed to
occur on negatively charged surfaces, most likely on
the surface of activated platelets. Platelets contain
high affinity (0.8 nM) specific sites
(130-500/platelet) for activated factor XI. After
activation, factor XIa remains surface bound and
recognizes factor IX as its normal macromolecular
substrate. (Galiani, D. Trends Cardiovasc. Med. 2000,
10, 198-204.) [0007] In addition to the feedback
activation mechanisms described above, thrombin
activates thrombin activated fibrinolysis inhibitor
(TAFI), a plasma carboxypeptidase that cleaves
C-terminal lysine and arginine residues on fibrin,
reducing the ability of fibrin to enhance tissue-type
plasminogen activator (tPA) dependent plasminogen
activation. In the presence of antibodies to FXIa,
clot lysis can occur more rapidly independent of
plasma TAFI concentration. (Bouma, B.N. et al. Thromb.
Res. 2001, 101, 329-354.) Thus, inhibitors of factor
XIa are expected to be anticoagulant and
profibrinolytic. [0008] Further evidence for the
anti-thromboembolic effects of targeting factor XI is
derived from mice deficient in factor XI. It has been
demonstrated that complete fXI deficiency protected
mice from ferric chloride (FeC^-induced carotidartery
thrombosis (Rosen et al. Thromb Haemost 2002, 87,
11A-Il; Wang et al., J Thromb Haemost 2005, 3,
695-702). Also, factor XI deficiency rescues the
perinatal lethal phenotype of complete protein C
deficiency (Chan et al., Amer. J. Pathology 2001, 158,
469-479). Furthermore, baboon cross-reactive, function
blocking antibodies to human factorXI protect against
baboon arterial - venous shunt thrombosis (Gruber et
al, Blood 2003, 102, 953-955). Evidence for an
antithrombotic effect of small molecule inhibitors of
factor XIa is also disclosed in published U.S. Patent
Application US20040180855A1. Taken together, these
studies suggest that targeting factor XI will reduce
the propensity for thrombotic and thromboembolic
diseases. [0009] Genetic evidence indicates that
factor XI is not required for normal homeostasis,
implying a superior safety profile of the factor XI
mechanism compared 



to competing antithrombotic mechanisms. In contrast to
hemophilia A (factor Vm deficiency) or hemophilia B
(factor IX deficiency), mutations of the factor XI
gene causing factor XI deficiency (hemophilia C)
result in only a mild to moderate bleeding diathesis
characterized primarily by postoperative or
posttraumatic, but rarely spontaneous hemorrhage.
Postoperative bleeding occurs mostly in tissue with
high concentrations of endogenous fibrinolytic
activity {e.g., oral cavity, and urogenital system).
The majority of the cases are fortuitously identified
by preoperative prolongation of APTT (intrinsic
system) without any prior bleeding history. [0010] The
increased safety of inhibition of XIa as an
anticoagulation therapy is further supported by the
fact that Factor XI knock-out mice, which have no
detectable factor XI protein, undergo normal
development, and have a normal life span. No evidence
for spontaneous bleeding has been noted. The APTT
(intrinsic system) is prolonged in a gene
dose-dependent fashion. Interestingly, even after
severe stimulation of the coagulation system (tail
transection), the bleeding time is not significantly
prolonged compared to wild-type and heterozygous
litter mates. (Gailani, D. Frontiers in Bioscience
2001, 6, 201-207; Gailani, D. et al. Blood Coagulation
and Fibrinolysis 1997, 8, 134-144.) Taken together,
these observations suggest that high levels of
inhibition of factor XIa should be well tolerated.
This is in contrast to gene targeting experiments with
other coagulation factors.[0011] In vivo activation of
factor XI can be determined by complex formation with
either Cl inhibitor or alpha 1 antitrypsin. In a study
of 50 patients with acute myocardial infarction (AMI),
approximately 25% of the patients had values above the
upper normal range of the complex ELISA. This study
can be viewed as evidence that at least in a
subpopulation of patients with AMI, factor XI
activation contributes to thrombin formation (Minnema,
M.C. et at Arte oscler. Thromb. Vase. Biol. 2000, 20,
2489-2493). A second study establishes a positive
correlation between the extent of coronary
arteriosclerosis and factor XIa in complex with alpha
1 antitrypsin (Murakami, T. et at Arterioscler Thromb
VaseBiol 1995, 15, 1107-1 113.). In another study,
Factor XI levels above the 90th percentile in patients
were associated with a 2.2-fold increased risk for
venous thrombosis (Meijers, J. C. M. eta!. N. Engl. J.
Med. 2000, 342, 696-701.). [0012] Plasma kallikrein is
a zymogen of a trypsin-like serine protease and is
present in plasma at 35 to 50 mg/mL. The gene
structure is similar to that of factor XI. Overall,
the amino acid sequence of plasma kallikrein has 58%
homology to 



factor XL Proteolytic activation by factor XIIa at an
internal 1 389- R390 bond yields a heavy chain (371
amino acids) and a light chain (248 amino acids). The
active site of plasma kallikrein is contained in the
light chain. The light chain of plasma kallikrein
reacts with protease inhibitors, including alpha 2
macroglobulin and Clinhibitor. Interestingly, heparin
significantly accelerates the inhibition of plasma
kallikrein by antithrombin El in the presence of high
molecular weight kininogen (HMWK). In blood, the
majority of plasma kallikrein circulates in complex
with HMWK. Plasma kallikrein cleaves HMWK to liberate
bradykinin. Bradykinin release results in increase of
vascular permeability and vasodilation (for review,
Coleman, R. Contact Activation Pathway, pages 103-122
in Hemostasis and Thrombosis, Lippincott Williams &
Wilkins 2001; Schmaier A.H. Contact Activation, pages
105-128 in Thrombosis and Hemorrhage, 1998). [0013]
Proteins or peptides that reportedly inhibit Factor
XIa are disclosed in WO 01/27079. There are advantages
in using small organic compounds, however, in
preparing pharmaceuticals, e.g., small compounds
generally have better oral bioavailability and
compatibility in making formulations to aid in
delivery of the drug as compared with large proteins
or peptides. Small molecule inhibitors of Factor
XIaare disclosed in U.S. Patent Application
Publications, e.g., US20040235847A1, US20040220206A1,
US20050228000A1, US20060009455A1, and US20050282805A1.
[0014] In addition, it is also desirable to find new
compounds with improved pharmacological
characteristics compared with known serine protease
inhibitors. For example, it is preferred to find new
compounds with improved factor XIa inhibitory activity
and selectivity for factor XIa versus other serine
proteases. Also, it is preferred to find new compounds
with improved plasma kallikrein inhibitory activity
and selectivity for plasma kallikrein versus other
serine proteases. It is also desirable and preferable
to find compounds with advantageous and improved
characteristics in one or more of the following
categories, which are given as examples and are not
intended to be limiting: (a) pharmacokinetic
properties, including oral bioavailability; (b)
pharmaceutical properties; (c) dosage requirements;
(d) factors which decrease blood concentration
peak-to-trough characteristics; (e) factors that
increase the concentration of active drug at the
receptor; (f) factors that decrease the liability for
clinical drug-drug interactions; (g) factors that
decrease the potential for adverse sideeffects; and
(h) factors that improve manufacturing costs or
feasibility. SUMMARY OF THE INVENTION 



[0015] The present invention provides novel
six-membered heterocyclic compounds, and analogues
thereof, which are useful as selective inhibitors of
serine protease enzymes, especially factor XIa and/or
plasma kallikrein, or stereoisomers, tautomers,
pharmaceutically acceptable salts, solvates, or
prodrugs thereof. [0016] The present invention also
provides processes and intermediates for making the
compounds of the present invention or stereoisomers,
tautomers, pharmaceutically acceptable salts,
solvates, or prodrugs thereof. [0017] The present
invention also provides pharmaceutical compositions
comprising a pharmaceutically acceptable carrier and a
therapeutically effective amount of at least one of
the compounds of the present invention or
stereoisomers, tautomers, pharmaceutically acceptable
salts, solvates, or prodrugs thereof. [0018] The
present invention also provides a method for
modulation of the coagulation cascade and/or the
contact activation system comprising administering toa
host in need of such treatment a therapeutically
effective amount of at least one of the compounds of
the present invention or stereoisomers, tautomers,
pharmaceutically acceptable salts, solvates, or
prodrugs thereof. [0019] The present invention also
provides a method for treating thromboembolic
disorders comprising administering to a host in need
of such treatment a therapeutically effective amount
of at least one of the compounds of the present
invention or stereoisomers, tautomers,
pharmaceutically acceptable salts, solvates, or
prodrugs thereof. [0020] The present invention also
provides a method for treating inflammatory diseases
disorders comprising administering to a host in need
of such treatment a therapeutically effective amount
of at least one of the compounds of the present
invention or stereoisomers, tautomers,
pharmaceutically acceptable salts, solvates, or
prodrugs thereof. [0021] The present invention also
provides the compounds of the present invention or
stereoisomers, tautomers, pharmaceutically acceptable
salts, solvates, or prodrugs thereof, for use in
therapy. [0022] The present invention also provides
the use of the compounds of the present invention or
stereoisomers, tautomers, pharmaceutically acceptable
salts, solvates, or prodrugs thereof, for the
manufacture of a medicament for the treatment of a
thromboembolic disorder. [0023] The present invention
also provides the use of the compounds of the present
invention or stereoisomers, tautomers,
pharmaceutically acceptable salts, 



solvates, or prodrugs thereof, for the manufacture of
a medicament for the treatment of an inflammatory
disorder. [0024] These and other features of the
invention will be set forth in the expanded form as
the disclosure continues. DETAILED DESCRIPTION OF THE
INVENTION [0025] In a first aspect, the present
invention provides, inter alia, a compound of Formula
(I):(I) or stereoisomers, tautomers, pharmaceutically
acceptable salts, solvates, or prodrugs thereof,
wherein: A is C3-7 cycloalkyl substituted with 0-1 R1
and 0-3 R2, C3.7 cycloalkenyl substituted with 0-1 R1
and 0-3 R2, phenyl substituted with 0-1 R1 and 0-3 R2,
naphthyl substituted with 0-1 R1 and 0-3 R2, or a 5-
to 12-membered heterocycle comprising: carbon atoms
and 1-4 heteroatoms selected from N, O, and S(O)p ,
wherein said heterocycle is substituted 0-1 R1 and 0-3
R2; provided that A is other than a thienyl
substituted with halogen, C _5 alkyl, C2-6 alkenyl, or
C2-6 alkynyl; the group is selected from: R1 is,
independently at each occurrence, -NH , -NH(Ci_3
alkyl), -N(Ci -3 alkyl)2, -C(=NH)NH 2, -C(O)NH 2,
-CH2NH2, -(CH2)rNR7R8, -CH 2NH(CL 3 alkyl), -CH 2N(CL
3 alkyl)2, -CH2CH2NH2, -CH 2CH2NH(CL 3
alkyl),-CH2CH2N(Ci.3 alkyl)2, -CH(Ci 4 alkyl)NH2,
-C(Ci 4 alkyl)2NH2 -C(=NR8a)NR7R8, -NR8CR8(=NR8a),
-NHC(=NR8a)NR7R8, =NR8, -C(O)NR8R9, -S(O)pNR8R9 5
-(CH2)rNR7C(O)ORa F, Cl, Br, I, OCF3 CF3, ORa, SRa,
CN, l-NH 2-l-cyclopropyl, or Ci_6 alkyl substituted
with 0-1 Rl a; Rl a is -C(=NR8a)NR7R8,
-NHC(=NR8a)NR7R8, -NR8CH(=NR8a), -NR7R8, -C(O)NR8R9,
F, OCF3, CF3, ORa , SRa , CN, -NR8SO2NR8R9, -NR8SO2R ,
-S(O)p-Ci_4 alkyl, -S(O)p-phenyl, or -(CF2)rCF3; R2
is, independently at each occurrence, =0, F, Cl, Br,
I, OCF3, CF3, CHF2, CN, NO2, -(CH2)rORa -(CH2)rSRa,
-(CH2)rC(O)Ra, -(CH2)rC(0)0R a, -(CH2)rOC(O)Ra
-(CH2)rNR7R8 5-(CH2)rC(O)NR8R9, -(CH2)rNR8C(O)R,
-(CH2)rNR8C(O)ORc, -NR8C(O)NR8R , -S(O)pNR8R9,
-NR8S(O)2R , -S(O)R0, -S(O)2R0, C1 6 alkyl substituted
with 0-2 R2a, C2_6 alkenyl substituted with 0-2 R2a C2
6 alkynyl substituted with 0-2 R2a, -(CH2)r- C3_io
carbocycle substituted with 0-3 



R2 , or -(CH2)r-5- to 10-membered heterocycle
comprising: carbon atoms and 1-4 heteroatoms selected
from N, O, and S(0) p , wherein said heterocycle is
substituted with 0-3 R2b ; R2a is, independently at
each occurrence, H, F, Cl, Br, I, =0, =NR8, CN, OCF3,
CF3, 0 Ra, SRa, -NR R8, -C(O)NR8R9, -NR8C(O)R0,
-NR8C(O)OR0, -NR8C(O)NR8R0, -S(O)pNR8R9, -NR8SO2R0,
-S(O)R0, or -S(O)2R0; R2b is, independently at each
occurrence, H, F, Cl, Br, I, =0, =NR8, -(CH2)rCN,
-(CH2)rNO2, -(CH2)rORa, -(CH2)rSR , -(CH2)rC(0)R ,
-(CH2)rC(O)ORa, -(CH2)rOC(O)Ra -(CH 1NR7R8,
-(CH2)rC(O)NR8R9, -(CH2)rNR8C(O)R, -(CH2)rS(O)pNR8R9,
-(CH2)rSO2R, -(CH2)rNR8SO2NR8R9, -(CH2) R8SO2R ,
-(CF2)rCF3, Ci 6 alkyl, C2.6 alkenyl, C2-6 alkynyl,
C3-6 cycloalkyl, Ci-4 haloalkyl, or Ci-4 haloalkyloxy;
alternately, when R1 and R2 are substituted on
adjacent ring atoms, they can be taken together with
the ring atoms to which they are attached to form a 5-
to 7- membered carbocycle or heterocycle comprising:
carbon atoms and 0-4 heteroatomsselected from N, O,
and S(0) p , wherein said carbocycle or heterocycle is
substituted with 0-2 Rg; R3 is, independently at each
occurrence, phenyl substituted with 0-3 R3 a and 0-1
R3d , naphthyl substituted with 0-3 R3a and 0-1 R3d ,
or -(CH2)r 5- to 12- mcmbcrcd heterocycle comprising:
carbon atoms and 1-4 hctcroatoms selected from N, O,
and S(O)P, wherein said heterocycle is substituted
with 0-3 R3a and 0-1 R3d ; R3a is, independently at
each occurrence, =0, F, Cl, Br, I, OCF3, CF3,
-(CH2)rCN, NO2 , -(CH 2)rOR3b , -(CH2)rSR3b , -(CH
2)rNR7R8, -C(=NR 8a)NR8R.9, -NHC(=NR 8a)NR?R 8,
-NR8CR8(=NR8a), -(CH2)rNR8C(O)R 3b , =NR8,
-(CH2)rNRSC(O)R 3b , -(CH2)rNR8C(O)2R3b , -(CH
2)rS(O)pNR8R9, -(CH2)rNR8S(O)pR 3 , -S(O)R 3C,
-S(O)2R3c, -C(O)-Ci -4 alkyl, -(CH2)rCO2R3b ,
-(CH2)rOC(O)R 3b , -(CH2)rC(O)NR 8R9, -(CH2)rOC(O)NR
8R9, -NHCOCF 3, -NHSO2CF3 , -SO2NHR 3b , -SO2NHCOR 3C,
-SO2NHCO 2R3C, -CONHSO 2R3C, -NHSO2R3C, -CONHOR 3b ,
C1.4 haloalkyl, Ci-4haloalkyloxy, Ci_6 alkyl
substituted by R3d , C2_6 alkenyl substituted by R3d,
Ci_6 alkynyl substituted by R3d, C3-6 cycloalkyl
substituted by 0-1 R3d, -(CH2)r-C3.io carbocycle
substituted with 0-3 R3d or -(CH2)r-5- to 10-membered
heterocycle comprising: carbon atoms and 1-4
heteroatoms selected from N, O, and S(O)p, wherein
said heterocycle is substituted with 0-3 R3d ;
alternately, when two R3a groups are substituted on
adjacent atoms, they can 



be taken together with the atoms to which they are
attached to form a C3-10 carbocycle substituted with
0-2 R3d, or a 5- to 10-membered heterocycle
comprising: carbon atoms and 1-4 heteroatoms selected
from N, O, and S(O)p, wherein said heterocycle is
substituted with 0-2 R3d ; R3b is, independently at
each occurrence, H, Ci_6 alkyl substituted with 0-2
R3d, C2_6 alkenyl substituted with 0-2 R3d , C2 -6
alkynyl substituted with 0-2 R3d, -(CH2)r-C3.io
carbocycle substituted with 0-3 R3d , or -(CH2)r -5-
to 10-membered heterocycle comprising: carbon atoms
and 1-4 heteroatoms selected from N, O, and S(O)p ,
wherein said heterocycle is substituted with 0-3 R3d
;R3c is, independently at each occurrence, Ci _6 alkyl
substituted with 0-2 R3d , C2-6 alkenyl substituted
with 0-2 R3d, C2-6 alkynyl substituted with 0-2 R3d,
-(CH2)r-C3.i0 carbocycle substituted with 0-3 R3d , or
-(CH2)r-5- to 10-membered heterocycle comprising:
carbon atoms and 1-4 heteroatoms selected from N, O,
and S(O)p , wherein said heterocycle is substituted
with 0-3 R3d ; R3d is, independently at each
occurrence, H, =0, -(CH2)rORa, F, Cl, Br, CN, NO2,
-(CH2)TNR7R8, -C(O)R a, -C(O)OR a, -OC(O)R a,
-NR8C(O)R , -C(O)NR 8R9, -S(O)2NR8R9, -NR8S(O)2NR8R9,
-NR8S(O)2R , -S(O)pRc, -(CF2)rCF3, Ci 6 alkyl
substituted with 0-2 Re, C2-6 alkenyl substituted with
0-2 Re , C2 6 alkynyl substituted with 0-2 Re,
-(CH2)r-C3.io carbocycle substituted with 0-3 Rd , or
-(CH2)r-5- to 10- membered heterocycle comprising:
carbon atoms and 1-4 heteroatoms selected from N, O,
and S(O)p, wherein said heterocycle is substituted
with 0-3 Rd; R4 is, independently at each occurrence,
H, =0, F, Cl, Br, I, OCF3, CF3, CN, NO2 , -(CH2)rORa,
-(CH2)rSRa, -(CH2)rC(O)R a, -(CH2)rC(O)OR a, -OC(O)R
a, -(CH2)rNR7R8, -NR8(CH2)rC(O)OR a, -(CH2)rC(O)NR
8R9, -(CH2)rNR8C(O)Rc, -(CH2>NR8C(O)2Rb,
-(CH2)rNR8C(O)NR 8R9, -S(O)pNR8R9, -NR8S(O)pRc ,
-S(O)2RC, C1-6 alkyl substituted with 0-2 R4 a, C2-6
alkenyl substituted with 0-2 R4a, C2-6 alkynyl
substituted with 0-2 R4 a, -(CH2)r -C3_io carbocycle
substituted with 0-3 R4b , or -(CH2)r-5- to
10-membered heterocycle comprising: carbon atoms and
1-4 heteroatoms selected from N, O, and S(O)p, wherein
said heterocycle is substituted with 0-3 R4b ; R4a is,
independently at each occurrence, H, F, =0, C alkyl,
ORa SRa, CF3, CN5NO2 , -C(O)R a, -C(O)OR a, -NR R8,
-C(O)NR 8R9, -NR7C(O)R , -S(O)pNR8R9 -NR8S(O)pR0,
-S(O)R 0, or -S(O) 2R0; R4b is, independently at each
occurrence, H, =0, =NR8, F, Cl, Br, I, 0 Ra, SRa, CN,
NO2 , -NR7R8 , -C(O)R a , -C(O)OR a, -NR7C(O)Rb,
-NR7C(O)OR C,-C(O)NR 8R9 , 



-SO2NR8R9, -S(O)2R0, Ci 6 alkyl, C2.6 alkenyl, C2-6
alkynyl, C3-6 cycloalkyl, CM haloalkyl, or Ci_4
haloalkyloxy;alternately, R3 and R4 groups when
located on adjacent atoms, can be taken together to
form a C3..10 carbocycle substituted with 0-2 R3d or a
5- to 10-membered heterocycle comprising: carbon atoms
and 1-4 heteroatoms selected from N, O, and S(O) P,
wherein said heterocycle is substituted with 0-2 R3d ;
R6 is, independently at each occurrence, H, Ci_6 alkyl
substituted with 0-3 Rd, -(CH2)r-phenyl substituted
with 0-3 Rd ; R7 is, independently at each occurrence,
H, Ci_6 alkyl, -(CH 2)n -C3-io carbocycle, -(CH2)n-(5-
to 10-membered heteroaryl), -C(O)R , -CHO, -C(O)2R C,
-S(O) 2R0, -CONR 8R0, -OCONHR 0, -C(O)O-(Ci 4
alkyl)OC(O)-(Ci_ 4 alkyl), or -C(O)O-(Ci -
alkyl)OC(0)-(C6-io aryl); wherein said alkyl,
carbocycle, heteroaryl, and aryl are substituted with
0-2 R ; wherein said heteroaryl comprises: carbon
atoms and 1-4 heteroatoms selected from N, O, and
S(O)p; R8 is, independently at each occurrence, H, C
alkyl, -(CH2) n -phenyl, or ~(CH2)n-5-to 10-membered
heterocycle comprising: carbon atoms and 1-4
heteroatoms selected from N, O, and S(0) p ; wherein
said alkyl, phenyl and heterocycle are optionally
substituted with 0-2 R ; alternatively, R7 and R8,
when attached to the same nitrogen, combine to form a
5- to 10-membered heterocycle comprising: carbon atoms
and 0-3 additional heteroatoms selected from N, O, and
S(O) wherein said heterocycle is substituted with 0-2
Rf ; R8a is, independently at each occurrence, R7, OH,
C alkyl, Ci_4 alkoxy, (C6_io aryl)-Ci.4 alkoxy, -(CH2)
n -phenyl, -(CH2)n-(5- to 10-membered heteroaryl);
wherein said phenyl, aryl and heteroaryl are
optionally substituted with 0-2 R ; R is,
independently at each occurrence, H, Ci_6 alkyl, or
-(CH2)n-phenyl; wherein said alkyl and phenyl are
optionally substituted with 0-2 Rf ; alternatively, R8
and R9, when attached to the same nitrogen, combine to
form a 5- to 12-membered heterocycle comprising:
carbon atoms and 0-2 additional heteroatoms selected
from N, O, and S(O) 1 wherein said heterocycle is
substituted with 0-2 Rd ;R11 is Ci_4 haloalkyl,
-C(O)NR 8R9, -CH2C(O)NR 8R9, -CH2CH2C(O)NR 8R9, -C(O)R
a, -CH2C(O)R a, -CH2CH2C(O)R a, -C(0)0R a, -CH 2C(0)0R
a, -CH2CH2C(O)ORa, Ci-6 alkyl substituted with 0-3
Rllc , C2 -6 alkenyl substituted with 0-3 Rlla ; C2_6
alkynyl substituted with 0-3 R lla -(CH2)S-C3_7
cycloalkyl substituted with 0-2 R1l b , -(CH2)s-phenyl
substituted with 0-3 R1l b , -(CH2)s-naphthyl
substituted 



with 0-3 Rllb , or -(CH2)s-5- to 10-membered
heterocycle comprising: carbon atoms and 1-4
heteroatoms selected from N, O, and S(O)p, wherein
said heterocycle is substituted with 0-3 R1l b ; R lla
is, independently at each occurrence, H, =0, C1-4
alkyl, 0 Ra SRa, F, CF3, CN, NO2 , -NR7R8, -C(O)Ra
-C(O)OR , -C(O)NR 8R9, -NR8C(O)R , -NR8C(O)OR ,
-NR8CHO, -S(O)pNR 8R9, -NR 8S(O)pRc, -S(O) pRc, C3-6
cycloalkyl, Ci-4 haloalkyl, C1-4 haloalkyloxy, -(CHJ)
1- C -IO carbocycle substituted with 0-3 R or -(CH
2)r-5- to 10-membered heterocycle comprising carbon
atoms and 1-4 heteroatoms selected from N, O, and S(0)
p , and substituted with 0-3 Rd ; R1l b is,
independently at each occurrence, H, =0, =NR8, 0 Ra
SRa, F, Cl, Br, CN5N O2 , CF3 OCF3, OCHF2, -NR R ,
-C(O)R a, -C(O)OR a, -C(O)NR 8R9, -NR 8C(O)R 0
-NR8C(O)2R , -S(O) pNR8R9 -NR 8S(O)p R, -S(O)pR, Ci -6
alkyl, C2_6 alkenyl, C2_6 alkynyl, C3- cycloalkyl,
C1-4 haloalkyl, C1.4 haloalkyloxy, -(CH 2)r-C 3_io
carbocycle substituted with 0-3 Rd , or -(CH 2)r-5- to
10-membered heterocycle comprising carbon atoms and
1-4 heteroatoms selected from N, O, and S(0) p , and
substituted with 0-3 Rd ; alternately, when two Rllb
groups are substituents on adjacent atoms they may be
taken together with the atoms to which they are
attached to form a 5- to 7- membered heterocycle
comprising carbon atoms and 1-4 heteroatoms selected
from N, O, and S(O)p and substituted with 0-2 Rg; Rllc
is, independently at each occurrence H, =0, 0 Ra, SRa,
F, CF3, CN, NO , -NR7R8, -NR8C(O)R 0, -NR8C(O)OR 0,
-NR 8CHO, -S(O) pNR8R9, -NR8S(O)pR0, -S(O) PRC, C1.4
alkyl, C3- cycloalkyl, C haloalkyl, Ci_4
haloalkyloxy,-(CH2)r-C3-iO carbocycle substituted with
0-3 Rd , or -(CH2) r 5- to 10-membered heterocycle
comprising carbon atoms and 1-4 heteroatoms selected
from N, O, and S(O)p , and substituted with 0-3 Rd ;
Ra is, independently at each occurrence, H, CF3, Ci_6
alkyl, -(CH2)r-C3-7 cycloalkyl, -(CH2) r-C6-io aryl or
-(CH2)r-5- to 10-membered heterocycle comprising:
carbon atoms and 1-4 heteroatoms selected from N, O,
and S(O)p ; wherein said cycloalkyl, aryl and
heterocycle groups are optionally substituted with 0-2
Rf; Rb is, independently at each occurrence, CF3, OH,
C1-4 alkoxy, Ci_6 alkyl, -(CH2)r-C3.io carbocycle
substituted with 0-3 Rd, or -(CH2)r-5- to 10-membered
heterocycle comprising: carbon atoms and 1-4
heteroatoms selected from N, O, and S(O)p and
substituted with 0-2 Rd; 



Rc is, independently at each occurrence, CF3, Ci_6
alkyl substituted with 0-2 Rf, C3_6 cycloalkyl
substituted with 0-2 Rf C6-10 aryl, 5- to 10-membered
heteroaryl, (C6-10 aryl)-Ci-4 alkyl, or (5-to
10-membered heteroaryl)-Ci_4 alkyl, wherein said aryl
is substituted with 0-3 R and said heteroaryl
comprises: carbon atoms and 1-4 heteroatoms selected
from N, O, and S(O)p and substituted with 0-3 Rf ; Rd
is, independently at each occurrence, H, =0, =NR 8,
ORa, F, Cl, Br, I, CN, NO2 , -NR?R 8, -C(O)R a,
-C(O)OR a, -OC(O)R a, -NR 8C(O)R , -C(O)NR 8R9, -SO
2NR R9, -NR 8SO2NR8R9, -NR 8 SO2 -CI 4 alkyl, -NR
8SO2CF3, -NR 8SO2 -phenyl, -S(O) 2CF3, -S(O) p -Ci -4
alkyl, -S(O)p -phenyl, -(CF 2>CF 3, Ci_6 alkyl
substituted with 0-2 Re, C2 -6 alkenyl substituted
with 0-2 Re, or C2-6 alkynyl substituted with 0-2 Re ;
Re is, independently at each occurrence, =0, 0 Ra, F,
Cl, Br, I, CN, NO2 , -NR7R 8 , -C(O)R a , -C(O)OR a,
-NR8C(O)R , -C(O)NR 8R9 , -SO 2NR8R9 , -NR 8SO2NR8R9,
-NR 8SO2-Ci 4 alkyl, -NR 8SO2CF3, -NR 8SO2-phenyl,
-S(O) 2CF3, -S(O)p-Ci_ 4 alkyl, -S(O) p-phenyl, or
-(CF 2)rCF3 ; Rf is, independently at each occurrence,
H, =0, -(CH 2)rORg, F, Cl, Br, I, CN, NO2 , -NRgRS,
-C(O)Rg, -C(O)ORS, -NRSC(O)Rg, -C(O)NRgRg, -SO2NRgRg,
-NRgSO 2NRgRg, -NRSSO2 -Ci 4 alkyl, -NRgSO 2CF3 ,
-NRgSO 2 -phenyl, -S(O) 2CF3,-S(O)P-CM alkyl,
-S(O)p-phenyl, -(CH2) n -phenyl, -(CF2)rCF3, Ci 6
alkyl, C2-6 alkenyl, C -6 alkynyl, -(CH2)n~phenyl, or
-(CH2)p-5- to 10-membered heterocycle comprising
carbon atoms and 1-4 heteroatoms selected from N, O,
and S(0) p ; alternately, when two R groups are
substituents on adjacent atoms they may be taken
together with the atoms to which they are attached to
form a 5-7-membered heterocycle comprising carbon
atoms and 1-4 heteroatoms selected from N, O, and
S(O)p and substituted with 0-2 RS; R is, independently
at each occurrence, H, C1.5 alkyl, or -(CH2)n-phenyl;
n, at each occurrence, is selected from O, 1, 2, 3,
and 4; p, at each occurrence, is selected from 0, 1,
and 2; and r, at each occurrence, is selected from 0,
1, 2, 3, and 4; and s, at each occurrence, is selected
from 1, 2, 3, and 4; provided that: when R 1 is -CH
CO2H, A is other than substituted piperidyl (J. Med.
Chem. (1999), 42(25), 5254-5265). [0026] In a second
aspect, the present invention includes a compound of
Formula (T), or stereoisomers, tautomers,
pharmaceutically acceptable salts, solvates, or
prodrugs thereof, within the scope of the first aspect
wherein: 



the group is selected from:[0027] In a third aspect,
the present invention includes a compound of Formula
(I), or stereoisomers, tautomers, pharmaceutically
acceptable salts, solvates, or prodrugs thereof,
within the scope of the first or second aspect
wherein: R4 is, independently at each occurrence, H,
Me, Et, Pr, F, Cl, Br, I, OCF3, CF3, CN, NO2,
-(CH2)rOH, -(CH2)rC(O)ORa, ORa, SRa, -C(O)R ,
-C(O)ORa, -NR7R8, -(CH2)rNH2, -NR8(CH2)rC(O)ORa,
-(CH2)rC(O)NR8R , -NR8C(O)RC, -NR8C(O)OR ,
-NR8C(O)NR8R9, -S(O)pNR8R9, -NR8S(O)pR, -S(O)pRc or
phenyl substituted with 0-2 R4b; R4b is, independently
at each occurrence, H, F, Cl, Br, I, 0 Ra, SRa, CN,
NO2, -NR7R8, -C(O)Ra, -C(O)ORa, -NR7C(O)Rb,
-NR7C(O)OR,-C(O)NR 8R9, -SO2NR8R , -S(O)2Rc, C1-4
alkyl, C3-6 cycloalkyl, Ci-4 haloalkyl, or Ci_4
haloalkyloxy; and R11 is Ci-4 haloalkyl,
-CH2C(O)NR8R9, -CH2CH2C(O)NR8R9, -CH2C(O)Ra,
-CH2CH2C(O)Ra, -CH2C(0)0R a -CH2CH2C(O)ORa, Ci 6 alkyl
substituted with 0-2 R1l c, C2_6 alkenyl substituted
with 0-2 R1l a C2-6 alkynyl substituted with 0-2 R1l
a, -(CH2V C3-IO carbocycle substituted with 0-3 Rllb ,
or -(CH2)r-5- to 10-membered heterocycle comprising:
carbon atoms and 1-4 heteroatoms selected from N, O,
and S(0) p , wherein said heterocycle is substituted
with 0-3 R1l b . [0028] In a fourth aspect, the
present invention includes a compound of Formula (T),
or stereoisomers, tautomers, pharmaceutically
acceptable salts, solvates, or prodrugs thereof,
within the scope of the first or second aspect
wherein: R1 is, independently at each occurrence, F,
Cl, Br, I, OCF3, CF3, OCH3, CH3, Et, NH2, -C(=NH)NH2,
-C(O)NH2, -CH2NH2, or -SO2NH2 ; R2 is, independently
at each occurrence, F, Cl, Br, CF3, NO2, -(CH2)rORa,
-(CH2)rSRa, -C(O)ORa, -C(O)NR8R , -NR8C(O)RC,
-NR8C(O)OR , -NR8C(O)NR8R , -S(O)pNR8R9, -NR8SO2Rc,
-NR7R8, -S(O)Rc, -S(O)2R ,Ci_6 alkyl substituted with
0-1 R2a, or a 5-7 membered heterocycle comprising
carbon atoms and 1-4 heteroatoms selected from N, O,
and S(O)P, wherein said heterocycle is substituted
with 0-2 R2b ; alternately, when R1 and R2 groups are
substituents on adjacent atoms they may be taken
together with the atoms to which they are attached to
form a 5- to 7- membered carbocycle or heterocycle
comprising carbon atoms and 0-4 heteroatoms selected
from N, O, and S(O)p and substituted with 0-2 RS; R3
is, independently at each occurrence, phenyl
substituted with 0-2 R3a and 0-1 R3d , naphthyl
substituted with 0-2 R3a and 0-1 R3d , or a 5- to
12-membered 



heterocycle substituted with 0-2 R3a and 0-1 R3d,
wherein said heterocycle is selected from: thiophene,
furan, thiazole, tetrazole, pyridine, pyridone,
pyrimidine, pyrrole, pyrazole, indole, 2-oxindole,
isoindoline, indazole, 7-azaindole, benzofuran,
benzothiophene, benzimidazole, benzisoxazole,
benzoxazole, quinazoline, quinoline, isoquinoline,
quinoxaline, phthalazine, dihydrophthalazine,
dihydroisoquinoline, dihydroquinoline,
dihydroquinolone, dihydroindole, dihydrobenzimidazole,
dihydrobenzoxazine, dihydroquinazoline,
dihydroquinoxaline, benzothiazine, benzoxazine,
tetrahydrobenzazepine, dihydroazabenzocycloheptene,
and tetrahydroquinoline; R3a is, independently at each
occurrence, =0, F, Cl, Br, Me, CN, OH, OMe, -OC( q
ct-Bu), -CH2OMe, CF3 COMe, CO2H, CO2Me, -CH2CO2H, -(CH
2)2CO2H, -CH2CO2Me, -CH2CO2Et, -CH2CH2CO2Et, -CH2CN,
NH2 , -CH2NH2 , -CH2NMe 2 , -NHCOMe, -NHCO 2Me,
-NHCO2Et, -NHCO 2 (Z-Pr), -NHCO 2(z-Bu), -NHCO 2O-Bu),
-NHCO 2Bn, -NHCH2CH2CO2H, -NHCO 2CH2CH2OMe, -NHCO
2CH2CH2CH2OMe, -NHCO 2CH2CO2H, -NHCO 2CH2CH2CO2H,
-NHCO 2CH2CH2OH, -NHCO2CH2CH2NH2 , -NHCO
2CH2-tetrahydrofuran-2-yl, -NHCO 2CH2CH2-morpholino,
-CH2NHCO 2Me, -NHC(O)NHMe, -NHC(O)N(Me) 2 ,
4-[(l-carbamoyl-cyclopropanecarbonyl)-amino]-, -NHSO
2Me, -SO2NH2 , SO2NHMe, -SO2NHCH 2CH2OH, -CONH2,
-CONHMe, -CON(Me) 2 , -C(O)NHCH 2CH2OMe, -CH2CONH2 ,
-CO(N-morpholino), -NHCH 2CH2(N-morpholino), -NR7R8,
-NH(lH-imidazol-2-yl), lH-tetrazol-5-yl,
tetrazol-1-yl, pyrimidin-5-yl, or N-mo f holino;R4 is,
independently at each occurrence, H5F, Cl, Br, OMe,
OH, NH2, NHMe, NHEt, NHPr, Me, Et, Pr,
4-(methoxycarbonylamino)phenyl, CN, CF3, -CH2OH,
-(CH2)2OH, -(CH2)3OH, -CH2NH2, -(CH2)2NH2, -(CH2)3NH2,
CO2H, -C(O)NH2, -C(O)NHMe, -C(O)N(Me) 2 , -CH2CO2H,
-CH2C(O)NH2, -CH2CH2CO2H, -NHC(O)Me, -NHCO2Me,
-NHC(O)NHMe, -NHC(O)N(Me) 2, -NHCH2CO2H, -NHSO2Me,
-SO2NH2, -SO2NHMe, Or-SO2N(Me) 2 ; and R11 is Ci -4
haloalkyl, -CH2C(O)NR8R9, -CH2CH2C(O)NR8R9,
-CH2C(O)Ra, -CH2CH2C(O)Ra, -CH2C(O)ORa, -CH2CH2C(O)OR*
Ci-6 alkyl substituted with 0-2 Rllc , -(CH2)r-C3-7
cycloalkyl substituted with 0-2 Rl l , -(CH2)r indanyl
substituted with 0-2 R1l b , -(CH2)r-indenyl
substituted with 0-2 R11 , -(CH2)r phenyl substituted
with 0-2 R , -(CH2)r-naphthyl substituted with 0-2 R1
Or -(CH2)r-5- to 10- membered heterocycle comprising
carbon atoms and 1-4 heteroatoms selected from 



N, O, and S(O)p, wherein said heterocycle is
substituted with 0-2 Rllb . [0029] In a fifth aspect,
the present invention includes a compound of Formula
(I), or stereoisomers, tautomers, pharmaceutically
acceptable salts, solvates, or prodrugs thereof,
within the scope of the first aspect wherein: A is
substituted with 0-1 R1 and 0-3 R2 and selected from:
C 7 cycloalkyl, phenyl, naphthyl, pyridyl, 1,2,3
,4-tetrahydronaphthyl, pyrrolidinyl, indazolyl,
indolyl, imidazolyl, furanyl, thienyl, benzimidazolyl,
benzisoxazolyl, benzothiazolyl, benzothiophenyl,
3,4-methylenedioxy-phenyl, oxazolyl, isoxazolyl,
thiazolyl, isothiazolyl, pyrazolyl, quinolinyl,
isoquinolinyl, lH-4-oxo-isoquinazolinyl,
2H-l-oxo-isquinilinyl, 3H-4-oxo-quinazolinyl,
3,4-dihydro-2H-l-oxo-isoquinolinyl,
2,3-dihydro-isoindolinyl,
5,6,7,8-tetrahydroquinolinyl,
1,2,3,4-tetrahydroquinolinyl,
5,6,7,8-tetrahydroisoquinolinyl,
1,2,3,4-tetrahydroisoquinolinyl, quinazolinyl, and
phthalazinyl; provided that A is other than a thienyl
substituted with halogen, 6 alkyl, C2-6 alkenyl, or
C2.6 alkynyl;R1 is, independently at each occurrence,
F, Cl, Br, CF3, NH2, -CH2NH2, -C(=NH)NH2, -C(O)NH2,
-SO2NH2, SRa, 0 Ra, or C1 6 alkyl substituted with 0-1
Rl a; R2 is, independently at each occurrence, =0, F,
Cl, Br, CF3, Me, Et, 0 Ra, CN, NO2, NR7R8, -CH2OMe3
-SRa, -CH2SMe, -C(O)ORa, -CH2NR R8, -SO2NH2, -SO2Me,
-NHSO2R , -CH2NHSO2R , -C(O)NR8R9, -NHC(O)R ,
-CH2NHC(O)R , -NHC(O)OR , -CH2NHC(O)OR 0, -NHC(O)NHR0,
-CH2NHC(O)NHR 0, or a 5-7 membered heterocycle
substituted with 0-2 R2b and selected from:
pyrrolidinyl, 2-oxo-l-pyrrolidinyl, piperidinyl,
pyrazolyl, triazolyl, or tetrazolyl; alternately, when
R1 and R2 groups are substituents on adjacent atoms
they may be taken together with the atoms to which
they are attached to form a 5- to 6- membered
heterocycle comprising carbon atoms and 0-4
heteroatoms selected from N, O, and S(O)p; R3 is,
independently at each occurrence, phenyl substituted
with 0-2 R3a, naphthyl substituted with 0-2 R3a, or a
5-to 12-membered heterocycle comprising: carbon atoms
and 1-2 heteroatoms selected from N, O, and S(O)p,
wherein said heterocycle is substituted with 0-2 R3a;
R3a is, independently at each occurrence, =0, F, Cl,
Br, Me, CN, OH, OMe, O(f-Bu), OBn, CF3, -CH2OH,
-CH2OMe, CF3, COMe, CH2CN, CO2H, CO2Me, -CH2CO2H,
-(CH2)2CO2H, -CH2CO2Me, -CH2CO2Et,
-CH2CH2CO2Et,-OC(O)(t-Bu), -KECOMe, -NHCO 2Me,
-NHCO2Et, -NHCO2 (Z-Pr), -NHCO2(Z-Bu), 



-NHCO2(^-Bu), -NHCO 2Bn, -NHCH 2CH2CO2H,
-NHCO2CH2CH2CO2H, -NHCO2CH2CH2OH, -NHCO 2CH2CH2NH2
5-NHCO 2CH2CH2OMe, -CHCO2CH2CH2CH2OMe, -C(=NH)NH 2 ,
-SO2Me, -SO2NH2 , -NHSO 2Me, -CH2NHCO2Me, -C(O)NHCH
2CH2OMe, -SO2NHCH 2CH2OH, -NHC(O)NR 8R9, -NR7R8,
-CH2NR R8, -S(O)pNR 8R9, -C(O)NR 8R , -CH2C(O)NR 8R9,
-NHCH2CH2(N-morpholino), -NH(lH-imidazol-2-yl),
-CO(N-morpholino), -NHCO2CH2-tetrahydrofuran-2-yl,
-NHCO 2CH2CH2-morpholino,
4-[(l-carbamoyl-cyclopropanecarbonyl)-amino]-,
2-oxo-piperidin-l-yl, phenyl substituted with 0-1 R3d,
or -(CH2)r-5- to 6-membered heterocycle comprising:
carbon atoms and 1-4 heteroatoms selected from N, O,
and S(O)p, wherein said heterocycle is substituted
with 0-1 R3d ; alternatively, when two of R3a groups
located on adjacent atoms, they can be taken together
with the atoms to which they are attached to form a 5-
to 10-membered heterocycle comprising: carbon atoms
and 1-4 heteroatoms selected from N, O, and S(0) p ,
wherein said heterocycle is substituted with 0-2 R3d ;
R4 is, independently at each occurrence, H, F, Cl, Br,
OMe, OH, NH2 , NHMe, NHEt, NHPr, Me, Et, Pr,
4-(methoxycarbonylamino)phenyl, CN, CF3 , -CH2OH,
-(CH2)2OH, -(CH2)3OH, -CH2NH2 , -(CH2)2NH2 ,
-(CH2)3NH2 , CO2H, -C(O)NH 2 , -C(O)NHMe, -C(O)N(Me) 2
, -CH2CO2H, -CH2C(O)NH2 , -CH2CH2CO2H, -NHC(O)Me,
-NHCO2Me, -NHC(O)NHMe, -NHC(O)N(Me) 2 , -NHCH2CO2H,
-NHSO2Me, -SO2NH2 , -SO2NHMe, or -SO2N(Me) 2 ; R6 is
H, or Ci-4 alkyl; R is Ci_4haloalkyl, -CH2C(O)NR 8R9,
-CH2CH2C(O)NR 8R9, -CH2C(0)R a, -CH2CH2C(O)Ra,
-CH2C(0)0R a, -CH2CH2C(O)OR a, -CH2OBn, -CH2SBn, Ci_6
alkyl substituted with 0-2 Rllc , C2_6 alkenyl
substituted with 0-2 Rlla , C2-6 alkynyl substituted
with 0-2 Rlla , -(CH2)r -C3_7 cycloalkyl substituted
with 0-2 Rllb , -(CH2)r-phenyl substituted with 0-2
Rllb , -(CH2)r-indanyl substituted with 0-2 Rllb ,
-(CH2)r-indenyl substituted with 0-2 R1l b , -(CH2)r
-naphthyl substituted with O- 2 R1l b , or -(CH2)r-5-
to 10-membered heteroaryl substituted with 0-2 R1l b
andselected from thiazolyl, oxazolyl, pyrazolyl,
triazolyl, tetrazolyl, thiadiazolyl, isoxazolyl,
imidazolyl, pyridyl, pyrimidinyl, pyrazinyl,
pyridazinyl, indolyl,indazolyl, isoindolyl, indolinyl,
isoindolinyl, benzimidazolyl, benzothiazolyl,
benzotriazolyl, quinolinyl, isoquinolinyl,
tetrahydroquinolinyl, tetrahydroisoquinolinyl, and
2,2-dioxo-2,3-dihydro-lH-2 l6-benzo[c]thiophenyl; and
Rllb is, independently at each occurrence, H, =0, F,
Cl, Br, CF3, OMe, OEt, 



0(/-Pr), OCF3, OCHF2, CN, OPh, OBn, NO2 NH2 -C(O)Ra,
-C(O)OR a, -C(O)NR7R8, -NR8C(O)Rc, -NR8C(O)2R ,
-S(O)PNR8R9, -NR8S(O)pRc, -S(O)pRc, Ci-6 alkyl, or
-(CH2)r-C3-io carbocycle substituted with 0-3 Rd ; and
alternately, when two Rllb groups are substituents on
adjacent atoms they may be taken together with the
atoms to which they are attached to form a 5- to 7-
membered heterocycle comprising carbon atoms and 1-4
heteroatoms selected from N, O, and S(O)p and
substituted with 0-2 RS. [0030] In a sixth aspect, the
present invention includes compounds of Formula (I) or
its stereoisomers, tautomers, pharmaceutically
acceptable salts, solvates, or prodrugs thereof,
within the scope of any of the first, second and fifth
aspects wherein: A is 4-aminomethyl-cyclohexyl,
4-methylcyclohexyl, 4-methylphenyl, 3-methoxyphenyl,
4-methoxyphenyl, 4-aminomethylphenyl,
3-carbamoylphenyl, 4-carbamoylphenyl, 3-amidinophenyl,
4-amidinophenyl, 2-fluoro-4-methylphenyl,
2,6-difluoro-4-methylphenyl, 2-fluoro-4-methoxyphenyl,
2,6-difluoro-4-methoxyphenyl,
2-fluoro-4-aminomethylphenyl,
2-fluoro-4-carbamoylphenyl,
2-chloro-4-carbamoylphenyl,
2-methoxy-4-carbamoylphenyl, 4-amino-2-fluorophenyl,
4-amino-2,6-difluoromethylphenyl,
4-amino-3-chloro-2,6-difluorophenyl,
4-amino-3-chlorophenyl, l,2,3,4-tetrahydronaphth-2-yl,
5-chlorothien-2-yl, indol-5-yl, indol-6-yl,
indazol-6-yl, 3-amino-indazol-6-yl,
3-amino-indazol-5-yl, l-methyl-3-amino-indazol-6-yl,
3-amino-benzisoxazol-6-yl, benzimidazol-5-yl,
6-fluoro-benzimidazol-5-yl,
1,2,3,4-tetrahydroisoquinolin-6-yl,
l,2,3,4~tetrahydroisoquinolin-3-yl,
l,2,3,4-tetrahydroisoquinolin-l-on-6-yl,
2H-isoquinolin- 1-on-6-yl, isoquinolin-6-yl,
1-amino-isoquinolin-6-yl,l-amino-3-methyl~isoquinolin-
6~yl, l-amino~5,6,7,8-tetrahydroisoquinolin-6-yl, or
4-amino-quinazolin-7-yl, 3H-quinazolin-4-on-7-yl; R3
is, independently at each occurrence, phenyl,
3-biphenyl, 4-biphenyl, 3-aminophenyl, 4-aminophenyl,
3-N,N-dimethylaminophenyl, 4-phenoxyphenyl,
4-benzyloxyphenyl, 4-(/~butoxymethyl)-phenyl,
4-methylsulfonylphenyl, 3-cyanophenyl, 4-cyanophenyl,
3-fluorophenyl, 4-fluorophenyl, 3-chlorophenyl,
4-chlorophenyl, 3-bromophenyl, 4-bromophenyl,
3-hydroxyphenyl, 4-hydroxyphenyl, 2-methoxyphenyl,
3-methoxyphenyl, 4-methoxyphenyl,
3-trifluoromethylphenyl, 4-trifluoromethylphenyl,
3-carboxyphenyl, 4-carboxyphenyl,
3-methoxycarbonylphenyl, 4-methoxycarbonylphenyl, 



3-carboxymethylphenyl, 4-carboxymethylphenyl,
4-methoxycarbonylmethylpheny 1,
3-ethoxycarbonylmethylphenyl,
4-ethoxycarbonylmethylphenyl,
4-ethoxycarbonylethylphenyl, 3-carbamoylphenyl,
4-carbamoylphenyl, 3-aminocarbonylmethylphenyl,
4-aminocarbonylmethylphenyl,
4-methylaminocarbonylphenyl,
4-dimethylaminocarbonylmethylphenyl, 4-amidinophenyl,
3-methylcarbonylaminophenyl,
4-methylcarbonylaminophenyl,
4-methoxycarbonylaminophenyl, 4-aminosulfonylphenyl,
3-methylsulfonylaminophenyl, 4- methylsulfonylamino,
2,4-difhiorophenyl, 3-fluoro-4-cyanophenyl,
4-amino-3-carboxyphenyl,
4-amino-3-methoxycarbonylphenyl, 2,4-dichlorophenyl,
3-cyano-5-fluorophenyl, 3-fluoro-4-carbamoylphenyl,
3-carboxy-4-cyanophenyl, 3-phenyl-4-carbamoylphenyl,
4-(2-oxo- 1-piperidino)-phenyl, thiazol-2-yl,
thien-2-yl, 4-methoxycarbonyl-thiazol-2-yl,
4-carbamoyl-thiazol-2-yl, 1-benzyl-pyazol-4-yl,
5-phenyl-oxazol-2-yl, 5-carbamoyl-thien-2-yl,
5-carboxy-thien-2-yl, pyrid-2-yl, pyrid-3-yl,
pyrid-4-yl, 6-amino-pyrid-3-yl, benzimidazol-2-yl,
6-methoxy-pyrid-3-yl, l-methyl-benzimidazol-2-yl,
benzoxazol-2-yl, benzothiazol-2-yl,
3-amino-benzisoxazol-6-yl, 3-amino-benzisoxazol-5-yl,
indazol-5-yl, indazol-6-yl, 3-amino-indazol-5-yl,
3-hydroxy-indazol-5-yl, 3-amino-indazol-6-yl, 3-amino-
1-methyl-indazol-6-yl, 3-amino-4-fluoro-indazol-6-yl,
3-amino-5-fhioro-indazol-6-yl,
3-amino-7-fluoro-indazol-6-yl,
4-imino-3,4-dihydro-2H-phthalazin-
1-on-7-yl,3-(5-tetrazolyl)-phenyl,
2,3-dihydro-isoindol-l-on-6-yl, quinolin-5-yl,
quinolin-6-yl, quinolin-8-yl, isoquinolin-5-yl,
2H-isoquinolin-l-on-6-yl, 2,4-diaminoquinazolin-7-yl,
4-NH2-quinazolin-7-yl,SKTN CARE COMPOSITIONS AND
TREATMENTS FIELD OF THE INVENTION [0001] The field of
the invention is cell culture and medical
biotechnology, particularly compositions containing
cultured skin agents synthesized from cultured cells
from skin. Skin cells such as keratinocytes and dermal
fibroblasts are cultured in vitro in cell medium and
in the course of culture the cultured cells synthesize
and secrete agents into the cell medium. The medium
containing agents arc collected and incorporated into
topical preparations to treat an individual. The
preparation is applied to an individual's skin and has
a rejuvenating effect on the cells and tissue to
reduce the appearance of fine lines and wrinkles.
BRIEF DESCRIPTION OF THE BACKGROUND OF THE INVENTION
[0002] As skin ages, dryness and loss of elasticity
become more prevalent. In 



addition, exposure to sun, wind, pollution and other
external irritants and environmental stresses can
aggravate skin aging. The alterations in the
structural and functional components of the skin as a
result of prolonged exposure to ultraviolet radiation
are collectively referred to as photoaging, or
photodamage. Most of the clinical features of
photoaging were thought to be those of chronological
aging, i.e., age spots (actinic lentigines) and
wrinkles. It is predicted that current lifestyle
changes of increased skin exposure to the sun and
artificial UV sources and consequent chronic effects
of ultraviolet radiation (UV) on skin will result in
an increasing number of photoaged patients requesting
treatment to improve their disordered skin. [0003] In
the general population, differences in photoaging is
dependent on skin types (e.g., a fair skin will be
photoaged more easily than a dark skin) and changes in
pigmentation seem to be a more important feature than
wrinkling in prematurely aged skin. These differences
may possibly be because of inherent differences in sun
exposure of individuals December 14, 2006 2and natural
defense mechanisms against chronic exposure to sun.
[0004] Chronic exposure to ultraviolet radiation
causes characteristic alterations in the cellular
components of skin. Some of the clinical signs, of
which include fine and coarse wrinkling, pigmentary
changes, roughness, laxity, sallowness and
telangiectasia (prominent fine blood vessels), lead to
the appearance of premature aging and can have a
significant impact on certain aspects of quality of
life. Histologically, epidermal atrophy and dysplasia,
dermal elastosis and increased melanocyte activity are
observed. Dysplastic and neoplastic changes such as
actinic keratoses and basal and squamous cell
carcinomas are also extreme features of photoaged
skin. [0005] Although aging has been thought to be
irreversible, studies made during the last decade have
shown that some topical compounds and surgical
procedures can improve age-related skin damage.
Surgical and interventional treatments include
face-lifts, dermabrasion, laser re-surfacing,
botulinum toxin injection and collagen injection.
These surgical treatments produce clinical and
histological improvement in photoaged skin but are not
without risk and contain no element of prevention.
[0006] To improve skin appearance, a number of
skin-care products and skin care treatments have been
developed. In addition, a variety of medical
treatments have been developed to treat chronic skin
problems, such as acne, precancerous lesions, scars,
pigmentation disorders, wrinkles and the like. [0007]
There are several recent topically applied skin care
products and skin care 



treatments that are currently being used or being
researched. For example, vitamin-A (retinol) and
vitamin-A derivatives, called retinoids, are topical
treatments believed to work by loosening the top layer
of skin and encouraging cellular turnover. Topical
applications of vitamin C (ascorbic acid), which
neutralizes free radicals, are used to heal skin and
reduce the appearance of fine lines and wrinkles.
Vitamin K is topically applied to help heal
brokenblood vessels, spider veins, bruises, under-eye
circles and blotchy red skin. Alpha-hydroxy acids
(AHAs) and beta-hydroxy acids (BHAs) are topical
exfoliants that improve skin vibrancy and help prevent
acne. Topical applications of epidermal growth factor
(EGF) may improve skin function and create an overall
more youthful appearance. Researchers continue to
research the features of skin that contribute to the
appearance of aging. [0008] One skin feature of
interest in the study of aging is the Grenz zone. The
Grenz zone is a band of homogeneous material that is
found in the dermis just beneath the epidermis that is
devoid of oxytalan fibers (i.e., elastin fibers). The
Grenz zone is eosinophilic, i.e., it stains pink when
stained with hemotoxylin and eosin stain. While some
define the Grenz zone to be equivalent to the
papillary dermis, this is really not the case. The
Grenz zone constitutes varying degrees of the
papillary dermis but it is not equivalent to the
papillary dermis as the staining properties of the
Grenz zone are quite distinct. The Grenz zone is the
result of new collagen deposition (Types I and 111)
and recent studies have shown that a thickened Grenz
zone is a result of increased collagen mJRJSlA
synthesis. In the literature in the last few years is
that there can be some deposition of new elastin in
the Grenz zone (just under the basement membrane). In
the context of UV photodamage and age-induced changes,
since photoaging is linked to the accumulation of
clastotic material (i.e., fragmented older elastin) in
the papillary dermis increased Grenz zone thickness
can compensate for the this loss of tissue flexibility
through the deposition of new collagen. [0009] As an
alternative to plastic or facial surgery to make skin
appear youthful, many individuals are opting for skin
resurfacing treatments that are not as invasive as
surgical procedures. These procedures include laser
peels, chemical peels, dermabrasion and dermaplaning.
All skin resurfacing treatments work essentially the
same way. First, the outer layers of damaged skin are
stripped away to a degree that levels the depth of
wrinkles and scars to the surrounding skin. For
superficial or medium resurfacing, the layers of
skintissue removed can be limited to the epidermis and
papillary dermis. For deeper resurfacing, the upper
levels of the reticular dermis can also be removed.
Varied penetration allows treatment of specific spots
or wrinkles. In the time after treatment, as new cells
multiply and migrate into the resurfaced area during
the healing process, a smoother, tighter,
youngerlooking skin surface appears. During the
healing process, skin care products are applied to the
treated area to enhance and accelerate skin healing. 



[0010] A variety of cosmetic preparations are widely
available for improving photoaged skin, the efficacy
of which is unclear. Therefore, given the large number
of treatments of unknown efficacy, it is vital for us
to identify those preparations that are effective and
safe for management of photoaging. Thus, it is a
continuing goal of both the cosmetic industries and
the pharmaceutical companies to develop skin care
products and skin care treatments to improve skin
appearance and to improve the healing process of
damaged skin. SUMMARY OF THE INVENTION [00 11] This
invention is based on the discovery that the
conditioned cell medium can be made into a composition
or preparation for use in topically treating skin. The
composition of this invention is a conditioned medium
containing one or more cultured skin agents
synthesized and secreted from cultured skin cells for
use as a pharmaceutical preparation or as a skin care
product. [0012] As a pharmaceutical preparation, the
product containing a conditioned cell medium is
topically applied to treat skin conditions, such as
promoting wound healing. The topical composition can
include any appropriate pharmaceutically acceptable
carrier. [0013] As a skin care product, or as a skin
care treatment, the product containing a conditioned
cell medium is topically applied to the skin to
improve the appearance of the skin in an amount
sufficient to increase cell proliferation and
generation and to decrease cellsenescence. [0014] The
invention is also directed to a method for producing a
composition or a preparation containing a conditioned
cell medium containing one or more cultured skin
agents produced by cultured skin cells. The method
includes culturing skin cells, either keratinocytes or
fibroblasts, or preferably co-culturing both cell
types, in a nutrient containing medium to grow the
skin cells and then inducing the cells to synthesize
and secrete one or more cytokines into the medium. The
thus produced conditioned cell medium, now containing
one or more cultured skin agents, is separated from
the cultured skin cells and used to produce a
composition or preparation for topical administration
to the skin. DESCRIPTION OF THE FIGURES [0015] Figure
1 depicts an apparatus for forming a skin construct
that produces cytokines and deposits them into the
surrounding medium to condition it. [0016] Figure 2 is
a graph showing the effect of conditioned medium (ACM)
on keratinocyte colony size. [0017] Figure 3 is a
graph showing the effect of conditioned medium (ACM)
on keratinocyte proliferation. 



[001 8] Figure 4 is a graph showing the effect of
conditioned medium (ACM) on keratinocyte migration on
fibrin. [0019] Figure 5 is a graph showing the effect
of conditioned medium (ACM) on keratinocyte helix
turns in migration along a fibrin substrate. [0020]
Figure 6 is a graph showing the effect of conditioned
medium (ACM) on endothelial cell proliferation. [0021]
Figure 7 is a graph showing the effect of conditioned
medium (ACM) on smooth muscle cell proliferation.
[0022] Figure 8 is a graph showing the effect of
conditioned medium (ACM) onfibroblast proliferation.
[0023] Figure 9 is a graph showing the
characterization of conditioned medium (ACM) cytokines
in conditioned medium, the cotton pad, and skin
construct cell extract. [0024] Figure 10 is a graph
demonstrating that the effect of the conditioned
medium (ACM) is independent of the EGF-receptor
pathway. DETAILED DESCRIPTION OF THE INVENTION [0025]
The invention is directed to conditioned medium
composition containing cultured skin agents produced
from cultured cells of skin such as dermal fibroblasts
and epidermal cells. The cultured skin agents in the
conditioned medium are biologically active molecules
that are used to formulate pharmaceutical, cosmetic,
and wound healing preparations. [0026] When cultured
skin agents from the cells are used in the field of
cosmetic formulations, they benefit the consumer for
overall skin rejuvenation, including the appearance of
enhanced pliability, softness and elasticity; wrinkle
reduction; reduced evidence of the aging process and
repair of the skin. When used on a regular and
periodic basis, as on a daily basis for example, the
cultured skin agents are absorbed by the skin and
initiate proliferation and generation of new skin
cells, keratinocytes and fibroblasts, the key cell
types found in skin, and decrease cell senescence and
support synthesis of extracellular matrix components
by skin cells, such as de novo elastin and collagen
synthesis and deposition in the Grenz zone by
fibroblasts, to hinder, halt, or reverse skin
wrinkling and the appearance of wrinkles by a
thickening of the Grenz zone. An improved evenness in
skin pigmentation also results. [0027] As a
pharmaceutical preparation, the cultured skin agents
in the conditioned media are used for the enhancement
of the healing process after second degree burns, skin
treatments, moisture retention; pain reduction;
soothingness, and establishment of morecomplete
healing with new skin faster after dermabrasion,
dermaplaning, exfoliation, chemical peel, laser
treatment, sunburn, windburn, irradiation burns, skin
treatments, 



blistering, spa treatments, and other procedures or
events that cause skin trauma. Cellulite, alopecia,
neuropathy, stretchmarks (also known as straie) may
also be treated. [0028] Straie are stretch marks that
can appear when there is rapid stretching of the skin.
They are often associated with the abdominal
enlargement of pregnancy. They can be found in
children who have become rapidly obese. They may also
occur during the rapid growth of puberty in males and
females. Striae are most commonly located on the
breasts, hips, thighs, buttocks, abdomen, and flank.
Stretch marks appear as parallel streaks of red,
thinned glossy skin that over time become whitish and
scarlike in appearance. The stretch marks may be
slightly depressed and have a different texture than
normal skin. Striae may also occur as a result of
abnormal collagen formation, or a result of
medications or chemicals that interfere with collagen
formation. They may also be associated with prolonged
administration of cortisone compounds, diabetes
mellitus, Gushing disease, and postpregnancy. [0029]
Preparations containing cultured skin agents may also
be used to promote angiogcncsis is tissues.
Pharmaceutical preparations containing these cytokines
may similarly be used to treat surfaces of the mucous
membranes after surgery or injury. [0030] In wound
healing preparations, a preparation containing
cultured skin agents from conditioned media is used by
directly applying the preparation to the wound bed or
by incorporation into a wound dressing. The
preparation may be used as an adjunct with grafts,
such as an autograft (skin removed from a patient and
reapplied elsewhere on the same patient) or a cultured
skin construct by coating the graft surface, the
entire graft or the wound bed with the preparation.
When used as an adjunct in wound healing, the cultured
skin agents contained in the wound healing preparation
generally increase and improve wound closure
byinducing keratinocyte and fibroblast proliferation
and generation, and granulation tissue and blood
vessel formation. [003 1] Conditioned medium means
medium that has contacted a tissue culture and has
been used by the cells of the tissue culture as a
source of nutrients, vitamins, hormones, and inorganic
compounds and salts and by having contacted the tissue
culture, now have added cell products, or "cultured
skin agents", such as cytokines, proteins,
extracellular matrix components, or any combination
thereof, synthesized and secreted by the cells into
the medium. Conditioning is the act of the cells'
synthesis and secretion of cytokines, proteins and
extracellular matrix components, into fresh medium
upon contact, exposure, exchange and interaction with
between the cells and the medium for a time,
preferably a time between 6 hours to 3 days, more
preferably 12 hours to 2 days, to condition the
medium. The then conditioned medium is removed from
the culture apparatus containing the skin construct in
culture and is collected for purification of its
cultured skin agents or is used whole or in part 



as a pharmaceutical, cosmetic or wound healing
composition or for use in cell culture, in vitro.
[0032] Cytokines are proteins that exert changes in
the function or activity of a cell such as
differentiation, proliferation, secretion or motility.
Growth factors arc a subset of cytokines that arc also
proteins that cause changes in functions or activities
that promote or inhibit cellular growth,
proliferation, migration, or other related cellular
events. Chcmokincs are another subset of cytokines
that attract and guide T-cells, B-cells, and other
chemokineresponsive cells to specific tissues in the
body. Lymphokines are still another subset of
cytokines involved in immune response. As used herein,
the term, "cytokines", includes cytokines, including
growth factors, chemokines and lymphokines, and are
not limited to their normal structure and function,
but may also include their naturally occurring
variants and hybrids. The cultured skin agents of the
invention comprise cytokines.[0033] Throughout their
fabrication and when fully formed, cultured skin
constructs contain living cells that synthesize and
secrete an array of cytokines and other substances
into the matrix of the construct and into the medium
bathing the construct. The cultured cells in the
cultured skin constructs typically consist of dermal
fibroblasts and epidermal cells, epidermal cells are
also referred to as keratinocytes. In the process of
fabricating and culturing a bilayer skin construct,
the epidermal and dermal tissue layers provide a
tissue-like environment, an organized co-culture
incorporating an extracellular matrix, for cell-cell
and cell-matrix interactions similar to those that
occur in native mammalian and human skin. These
interactions in the developing construct allow for a
wide profile of cytokine expression and secretion to
the media to induce other cells in the culture to
perform functions of extracellular matrix development,
basement membrane production, and cell proliferation
and differentiation. [0034] Cytokines and growth
factors that are produced by cultured skin constructs
that are a feature of this invention include, but are
not limited to: basic fibroblast growth factor (bFGF);
epidermal growth factor (EGF); keratinocyte growth
factor (KGF); transforming growth factor alpha (TGFa);
transforming growth factor beta (TGFb), including
transforming growth factor beta-1 (TGFbl ) and
transforming growth factor beta-2 (TGFb2); granulatory
colony stimulating factor (GCSF); insulin-like growth
factor (IGF); vascular endothelial growth factor
(VEGF), and tumor necrosis factor (TNF). In the
chemokine subset, interleukins affect cell apoptosis.
A number of interleukins including interleukin-1,
interleukin-6, interleukin-8, interleukin-1 1 are also
synthesized by the developing skin construct and are
also a feature of this invention. It should be noted
that the aforementioned terms in parentheticals are
abbreviations commonly known and used in the art for
the formal 



nomenclature preceding them. [0035] Other cytokines
and growth factors that comprise the cultured skin
agents of 10the invention comprise: Amphiregulin;
Angiogenin; Angiopoietin-2; DTK; EGF-R; ENA- 78; FAS;
FGF-I; FGF-2; FGF-6; FGF-7; FGF-9; FIT-3 ligand;
GCP-2; G-CSF; GM-CSF; GRO-alpha; HGF; IGF-I; IGF-2;
IGFBP-2; IL-1 1; IL-lalpha; IL-lbeta; L-IRA; IL-6;
IL-6R; IL-8; Leptin; MCP-I; MCP-2; M-CSF;
Osteoprotegrin; PDGF; PIGF; RANTES; Stem Cell Factor;
TGFalpha; TGFbetal; TGFbeta2; TGFbeta3; TIMP-I;
TIMP-2; TRAIL; UPAR; and VEGF. It should be noted that
the aforementioned terms are abbreviations commonly
known and used in the art and the long form
nomenclature for each term is incorporated herein by
reference. [0036] Preferably, the conditioned media of
the invention are produced by cultured cells of skin
cells: keratinocytes, dermal fibroblasts, or both,
more preferably when the cells are cultured together
as a co-culture of both keratinocytes and dermal
fibroblasts. The conditioned media of the invention
are most preferably produced when the co-culture is a
cultured skin construct having at least a dermal layer
and an epidermal layer arranged in orientation similar
to native skin. Dermal layers comprise fibroblast
cells, preferably of dermal origin and extracellular
matrix, primarily of collagen. It will be appreciated
by the skilled artisan that the cultured skin
construct may contain, by either intentional addition
or with continued culture of fibroblasts from primary
sources, other cells found in skin and other
extracellular matrix components. [0037] Preferred cell
types for use in this invention arc derived from
mesenchyme. More preferred cell types are fibroblasts,
stromal cells, and other supporting connective tissue
cells, or, as in the most preferred embodiment, human
dermal fibroblasts. Human fibroblast cell strains can
be derived from a number of sources, including, but
not limited to neonate male foreskin, dermis, tendon,
lung, umbilical cords, cartilage, urethra, corneal
stroma, oral mucosa, and intestine. The human cells
may include but need not be limited to: fibroblasts,
smooth muscle cells, chondrocytes and other connective
tissue cells of mesenchymal origin. 1 1It is
preferred, but not required, that the origin of the
matrix-producing cell used in the production of a
tissue construct be derived from a tissue type that it
is to resemble or mimic after employing the culturing
methods of the invention. For instance, a multilayer
sheet construct is cultured with fibroblasts to form a
living connective tissue construct; or myoblasts, for
a skeletal muscle construct. More than one cell type
can be used to fabricate a tissue construct. Cell
donors may vary in development and age. Cells may be
derived from donor tissues of embryos, neonates, or
older individuals including adults. Embryonic 



progenitor cells such as mesenchymal stem cells may be
used in the invention and induced to differentiate to
develop into the desired tissue. [0038] Although human
cells are preferred for use in the invention, the
cells to be used in the method of the are not limited
to cells from human sources. Cells from other
mammalian species including, but not limited to,
equine, canine, porcine, bovine, feline, caprine, and
ovine sources may be used. Murine cells, and other
cells from rodent sources, may also be used. In
addition, genetically engineered cells that are
spontaneously, chemically or virally transfected may
also be used in this invention. For those embodiments
that incorporate more than one cell type, mixtures of
normal and genetically modified or transfected cells
may be used and mixtures of cells of two or more
species or tissue sources may be used, or both. [0039]
Recombinant or gcnctically-cnginccrcd cells may be
used in the production of the tissue construct to
create a tissue construct that acts as a drug delivery
graft for a patient needing increased levels of
natural cell products or treatment with a therapeutic.
The cells may produce recombinant cell products,
growth factors, hormones, peptides or proteins for a
continuous amount of time or as needed when
biologically, chemically, or thermally signaled due to
the conditions present in culture. Cells may also be
genetically engineered to express cytokines, proteins
or different types of extracellular matrix components
which are either 12'normal' but expressed at high
levels or modified in some way to make a cell products
that are therapeutically advantageous for improved
wound healing, facilitated or directed
neovascularization. These procedures are generally
known in the art, and are described i Sambrook et al,
Molecular Cloning, A Laboratory Manual, Cold Spring
Harbor Press, Cold Spring Harbor, NY (1989),
incorporated herein by reference. All of the
above-mentioned types of cells may be used in this
invention for the production of a cultured skin
construct that will synthesize the conditioned media
containing cytokines. Cells in a cultured skin
construct are cultured in a matrix that supports the
cells in an arrangement and composition that mimics
that found in normal skin. [0040] Collagen is a common
and preferred composition for cultured skin
equivalents. While collagen is the most preferred
extracellular matrix composition for use in the
production of skin equivalents that produce and
secrete cytokines and other cultured skin agents to
condition the culture media, other extracellular
matrix components may be used. These extracellular
matrix components may be used alone or, preferably, be
included with the collagen to mimic native dermal
matrix. These extracellular matrix components may
include: other collagens, both fibrillar and non-f
brillar collagen from the collagen family such as 



collagen types II, III, IV, V, VI VII, VIII IX, X XI,
XII XIII, XTV, XV, XVI, XVII, XVIII, XIX other matrix
proteins that may include, but arc not limited to
clastin, proteoglycans such as dccorin or biglycan, or
glycoproteins such as tcnascin, vitronectin,
fibroncctin, laminin, thrombospondin I, and
glycosaminoglycans (GAG) such as hyaluronic acid (HA).
The dermal matrix may vary in composition and
structure. Collagen sponges, biocompatible,
bioremodelable, decellularized dermis, or collagen
gels. Rather than provide extracellular matrix
components to the dermal cells, they can be cultured
on biodegradable mesh members (such as nylon or
polygalactin (PGA)) to provide a culture support and
cultured to produce extracellular matrix until the
cells and their matrix envelope the support. In the
preferred 13embodiment, the dermal layer is a
contracted collagen gel, contracted by fibroblasts
such as those described in U.S. Patent No. 4,485,096
to Bell, incorporated herein by reference. In a more
preferred embodiment, the contracted collagen gel is
disposed on a bulk acellular collagen layer on a
porous membrane to anchor the gel to the membrane and
to prevent excessive radial contraction of the gel.
Methods for incorporating a bulk acellular collagen
layer are described in U.S. Patent No. 5,536,656 to
Kemp, et al., in Wilkins, L.M., et al, Development of
a Bilayered Living Skin Constructfor Clinical
Applications. Biotechnology and Bioengineering, vol.
43, pp. 747-756 (1994), and in Parenteau, N.L. Skin
equivalents. In: T. Leigh and F. Watt (eds.), The
Keratinocyte Handbook . Cambridge University Pres"s,
London (1994), the disclosures of which are
incorporated herein by reference. [0041 ] Both the
tissue equivalent and the acellular, hydrated collagen
gel in accordance with the present invention may be
prepared using collagen derived from skin and tendon,
including rat tail tendon, calfskin collagen, and calf
extensor tendon. Other sources of collagen would be
suitable. A particularly preferred collagen
composition derived from calf common digital extensor
tendon and methods of deriving such collagen
compositions are disclosed in U.S. Patent No.
5,106,949 to Kemp, the disclosure of which is
incorporated herein by reference. [0042] In one method
of the present invention, referring to Figure 1, an
acellular, hydrated collagen gel 25 is prepared from a
collagen composition comprising collagen at about 0.5
to 2.0 mg/nal, preferably about 0.9 to 1.1 mg/ml and
nutrient media. This collagen composition is added to
the inner container 20 and maintained under conditions
which permit the collagen composition to set and form
an acellular, hydrated collagen gel of suitable
dimensions, typically about 1to 5 mm thick, a
preferred thickness range being about 2 to about 3 mm.
An acellular, hydrated collagen gel 25 is preferably
thick enough so that a portion remains acellular as
cells migrate from the tissue equivalent into an
acellular, 



14hydrated collagen gel and thin enough so that the
tissue equivalent is not undesirably removed from the
nutrient source provided in outer container 10. [0043]
A dermal equivalent is next cast on an acellular,
hydrated collagen gel using procedures in accordance
with the aforementioned Patents and as described
hereinafter. A casting mixture containing collagen and
fibroblasts is added to inner container 20 over an
acellular, hydrated collagen gel 25 and maintained
under conditions that enable the tissue equivalent to
form. As the tissue equivalent forms on an acellular,
hydrated collagen gel 25, it contracts radially.
[0044] Typically, the sides of the dermal layer 26
slope towards the outer periphery of hydrated collagen
gel 25 to form a mesa as shown in Figure 1 at 52. The
dermal layer 26 is now seeded with epithelial cells to
form the epidermal layer 28. The epidermal cells are
seeded in culture medium at a concentration of between
about 0.3 x 106 to about 30 x 106 cells/ml. The volume
of epidermal cells seeded will depend upon the size of
the mesa. [0045] The concentration of collagen, the
number of cells and the volume of the casting mixture
can be controlled to optimize the diameter and
thickness of the living tissue equivalent. The casting
mixture comprises cells at a concentration of about
1.25 x 104 to about 5 x 104 cells/ml and collagen at
about 0.5 to about 2.0 mg/ml in a nutrient medium. A
preferred cell concentration is about 2.5 x 104
cells/ml. It has been found that the ratio of the
volume of the casting mixture for the tissue
equivalent to the volume of the casting mixture for
the acellular, hydrated collagen gel has an effect
upon cell viability and differentiation. Useful
ratios, volume to volume (v/v), of tissue equivalent
casting mixture to collagen gel casting mixture are
about 3 :1 to 1:3. A preferred ratio wherein the cell
concentration in the collagen lattice is at about 2.5
x 104 cells/ml is 3:1. [0046] The cultures are
maintained in an incubator to ensure sufficient
environmental conditions of controlled temperature,
humidity, and gas mixture for the culture of cells.
15Preferred conditions are between about 34 C to about
38 C, more preferably 37  1C with an atmosphere
between about 5-10 + 1% CO2 and a relative humidity
(Rh) between about 80- 90%. [0047] Methods for
providing epidermal cells to a dermal substrate, and
methods for their culture, including induction of
epidermal differentiation and cornif cation to form a
differentiated keratinocyte layer are known in the art
and are described in U.S. Patent No. 5,712,163 to
Parenteau, et al. and in U.S. Patent No. 5,536,656 to
Kemp, et al., in Wilkins (1994), supra, and in
Parenteau (1994), supra, the teachings of which are
incorporated herein by reference. Typically to perform
the epidermalization of the cell-matrix construct, 



keratinocytes are seeded to the cell-matrix construct
and cultured thereon until the layer is about one to
three cell layers thick. The keratinocytes are then
induced to differentiate to form a multilayer
epidermis and arc then induced to cornify to form a
stratum corncum. [0048] In the method of forming a
differentiated epidermal layer, subculturcd
keratinocytes arc taken from the cell stock and their
cell numbers arc expanded. When a necessary number of
cells have been obtained, they are released from the
culture substrate, suspended, counted, diluted and
then seeded to the top surface of the cell-matrix
construct at a density between about 4.5 x 103
cells/cm2 to about 5.0 x 105 cells/cm2, more
preferably between about 1.0 x 104 cells/cm2 to about
1.0 x 10s cells/cm2, and most preferably at about 4.5
x 104 cells/cm2. The constructs are then incubated for
between about 60 to about 90 minutes at 37  1 C, 10%
CO2 to allow the keratinocytes to attach. After the
incubation, the constructs are submerged in
epidermalization medium. After a sufficient length of
time in culture, the keratinocytes proliferate and
spread to form a confluent monolayer across the
cell-matrix construct. Once confluent, the cell media
formulation is changed to differentiation medium to
induce cell differentiation. When a multilayer
epithelium has formed, cornif cation media is then
used and the culture is brought to the air-liquid
interface. 16For the differentiation and cornification
of keratinocytes, the cells are exposed to a dry or
low humidity air-liquid interface. A dry or
low-humidity interface can be characterized as trying
to duplicate the low moisture levels of skin. With
time, keratinocytes will express most or all keratins
and other features found in native skin when exposed
to these conditions. [0049] When fully formed, the
epidermal layer is a multilayered, stratified, and
welldifferentiated layer of keratinocytes that exhibit
a basal layer, a suprabasal layer, a granular layer
and a stratum corneum. Rudiments of basement membrane
or a complete basement membrane are present at the
dermal-epidermal junction and appears thickest around
hemidesmosomes, marked by anchoring fibrils that are
comprised of type VTT collagen, as visualized by
transmission electron microscopy (TEM). The anchoring
fibrils are seen exiting from areas of basement
membrane formation and entrapping the collagen fibrils
in the dermal layer. These anchoring fibrils, as well
as other basement membrane components, are secreted by
keratinocytes. It is also known that while
keratinocytes are capable of secreting basement
membrane components on their own, a recognizable
basement membrane will not form in the absence of
fibroblasts. Immunohistochemical staining of the skin
construct of the present invention has also shown that
laminin, a basement membrane protein is present.
[0050] In their formation, the cultured skin
constructs arc nourished by contacting a culture
medium that becomes conditioned by the cells in the
skin construct as they metabolize 



components from the medium and secrete cytokines and
other proteins into it. A defined medium means a
culture medium for use in cell culture that contains
chemically defined components and is free of undefined
animal organ or tissue extracts, for example, serum,
pituitary extract, hypothalamic extract, placental
extract, or embryonic extract or proteins and factors
secreted by feeder cells. In a most preferred
embodiment, the media is free of undefined components
and defined biological components derived from
non-human sources. Although the addition of undefined
components is not preferred, they may be used in
17accordance with the disclosed methods at any point
in culture in order to fabricate successfully a tissue
construct. When the invention is carried out utilizing
screened human cells cultured using chemically defined
components derived from no non-human derived
biological components, the resultant tissue construct
is a defined human tissue construct. The advantages in
using such a construct to produce the conditioned
medium of the invention is the elimination of the
concern that adventitious animal or cross-species
virus contamination and infection may be present in
the tissue construct or the conditioned medium. [005
1] Culture medium, when fresh and unused, is comprised
of a nutrient base usually further supplemented with
other components. The skilled artisan can determine
appropriate nutrient bases in the art of animal cell
culture with reasonable expectations for successfully
producing a tissue construct and the conditioned
medium of the invention. Many commercially available
nutrient sources are useful on the practice of the
present invention. These include commercially
available nutrient sources which supply inorganic
salts, an energy source, amino acids, and B-vitamins
such as Dulbecco's Modified Eagle's Medium (DMEM);
Minimal Essential Medium (MEM); M199; RPMI 1640;
Iscove's Modified Dulbecco's Medium (EDMEM). Minimal
Essential Medium (MEM) and M199 require additional
supplementation with phospholipid precursors and
non-csscntial amino acids. Commercially available
vitamin-rich mixtures that supply additional amino
acids, nucleic acids, enzyme cofactors, phospholipid
precursors, and inorganic salts include Ham's F-12,
Ham's F-10, NCTC 109, and NCTC 135. Albeit in varying
concentrations, all basal media provide a basic
nutrient source for cells in the form of glucose,
amino acids, vitamins, and inorganic ions, together
with other basic media components. The most preferred
base medium of the invention comprises a nutrient base
of either calcium-free or low calcium Dulbecco's
Modified Eagle's Medium (DMEM), containing glucose at
4.5 g/L, magnesium and L-glutamine at 7.25 mM, without
sodium pyruvate, and Ham's F-12 in a 3-to-l ratio.
18[0052] The base medium is supplemented with
components such as amino acids, growth factors, and
hormones. Defined culture media for the culture of
cells of the invention 



are described in United States Patent No. 5,712,163 to
Parenteau and in International PCT Publication No. WO
95/3 1473, the disclosures of which are incorporated
herein by reference. Other media are known in the art
such as those disclosed in Ham and McKeehan, Methods
in Enzymology, 58:44-93 (1979), or for other
appropriate chemically defined media, in Bottenstein
et al., Methods in Enzymology, 58:94-109 (1979). In
the preferred embodiment, the base medium is
supplemented with the following components known to
the skilled artisan in animal cell culture: insulin,
transferrin, triiodothyronine (T3), and either or both
ethanolamine and o-phosphoryl-ethanolamine, wherein
concentrations and substitutions for the supplements
may be determined by the skilled artisan. [0053]
Insulin is a polypeptide hormone that promotes the
uptake of glucose and amino acids to provide long term
benefits over multiple passages. Supplementation of
insulin or insulin-like growth factor (IGF) is
necessary for long term culture as there will be
eventual depletion of the cells' ability to uptake
glucose and amino acids and possible degradation of
the cell phenotype. Insulin supplementation is
advisable for serial cultivation and is provided to
the media at a concentration range of preferably
between about 0.5 mg/ml to about 50 mg/ml, more
preferably at about 5 mg/ml. Appropriate
concentrations for the supplementation of insulin-like
growth factor, such as IGF-I or IGF-2, may be easily
determined by one of skill in the art for the cell
types chosen for culture. [0054] Transferrin is in the
medium for iron transport regulation. Iron is an
essential trace element found in serum. As iron can be
toxic to cells in its free form, in serum it is
supplied to cells bound to transferrin at a
concentration range of preferably between about 0.05
to about 50 mg/ml, more preferably at about 5 mg/ml.
[0055] Triiodothyronine (T3) is a basic component and
is the active form of thyroid 19hormone that is
included in the medium to maintain rates of cell
metabolism. Triiodothyronine is supplemented to the
medium at a concentration range between about 0 to
about 400 pM, more preferably between about 2 to about
200 pM and most preferably at about 20 pM. [0056]
Either or both ethanolamine and o-phosphoryl-ethanol
amine, which are phospholipids, are added whose
function is an important precursor in the inositol
pathway and fatty acid metabolism. Supplementation of
lipids that are normally found in serum is necessary
in a serum-free medium. Ethanolamine and
o-phosphoryl-ethanolamine are provided to media at a
concentration range between about 10 d to about 10 2
M, more preferably at about 1 x 10 4 M. [0057]
Throughout the culture duration, the base medium is
additionally 



supplemented with other components to induce synthesis
or differentiation or to improve cell growth such as
hydrocortisone, selenium, and L-glutaminc. [0058]
Hydrocortisone has been shown in kcratinocytc culture
to promote keratinocyte phenotype and therefore
enhance differentiated characteristics such as
involucrin and keratinocyte transglutaminase content
(Rubin et al., J . Cell Physiol., 138:208-214 (1986)).
Therefore, hydrocortisone is a desirable additive in
instances where these characteristics are beneficial
such as in the formation of keratinocyte sheet grafts
or skin constructs. Hydrocortisone may be provided at
a concentration range of about 0.04 mg/ml to about 4.0
mg/ml, most preferably at about 0.4 mg/ml. [0059]
Selenium is added to serum-free media to resupplement
the trace elements of selenium normally provided by
serum. Selenium may be provided at a concentration
range of about 10 9 Mto about 10 7M; most preferably
at about 5.3 x 10 8M. [0060] The amino acid
L-glutamine is present in some nutrient bases and may
be added in cases where there is none or insufficient
amounts present. L-glutamine may also be 20provided in
stable form such as that sold under the mark,
GlutaMAX-1(tm) (Gibco BRL, Grand Island, NY).
GlutaMAX-1(tm) is the stable dipeptide form of
L-alanyl-L-glutamine and may be used interchangeably
with L-glutamine and is provided in equimolar
concentrations as a substitute to L-glutamine. The
dipeptide provides stability to L-glutamine from
degradation over time in storage and during incubation
that can lead to uncertainty in the effective
concentration of L-glutamine in medium. Typically, the
base medium is supplemented with preferably between
about 1mM to about 6 mM, more preferably between about
2 mM to about 5 mM, and most preferably 4 mM
L-glutamine or GlutaMAX-1(tm). [0061] Growth factors
such as epidermal growth factor (EGF) may also be
added to the medium to aid in the establishment of the
cultures through cell scale-up and seeding. EGF in
native form or recombinant form may be used. Human
forms, native or recombinant, of EGF are preferred for
use in the medium when fabricating a skin equivalent
containing no non-human biological components. EGF is
an optional component and may be provided at a
concentration between about 1 to about 15 ng/mL, more
preferably between about 5 to about 10 ng/mL. [0062]
The medium described above is typically prepared as
set forth below. However, it should be understood that
the components of the present invention may be
prepared and assembled using conventional methodology
compatible with their physical properties. It is well
known in the art to substitute certain components with
an appropriate analogue or functionally equivalent
acting agent for the purposes of availability or
economy 



and arrive at a similar result. Naturally occurring
growth factors may be substituted with recombinant or
synthetic growth factors that have similar qualities
and results when used in the performance of the
invention. [0063] Media in accordance with the present
invention are sterile. Sterile components are bought
or rendered sterile by conventional procedures, such
as filtration, after 2 1preparation. Proper aseptic
procedures were used throughout the following
Examples. DMEM and F-12 are combined and the
individual components are then added to complete the
medium. Stock solutions of all components can be
stored at -20 C , with the exception of nutrient
source that can be stored at 4 0C. All stock solutions
are prepared at 500X final concentrations listed
above. A stock solution of insulin, transferrin and
triiodothyronine (all from Sigma) is prepared as
follows: triiodothyronine is initially dissolved in
absolute ethanol in IN hydrochloric acid (HCl) at a
2:1 ratio. Insulin is dissolved in dilute HCl
(approximately 0.1N) and transferrin is dissolved in
water. The three are then mixed and diluted in water
to a 500X concentration. Ethanolamine and
o-phosphoryl-ethanolamine are dissolved in water to
500X concentration and are filter sterilized.
Progesterone is dissolved in absolute ethanol and
diluted with water. Hydrocortisone is dissolved in
absolute ethanol and diluted in phosphate buffered
saline (PBS). Selenium is dissolved in water to 500X
concentration and filter sterilized. EGF is purchased
sterile and is dissolved in PBS. Adenine is difficult
to dissolve but may be dissolved by any number of
methods known to those skilled in the art. Human serum
albumin (HSA) or bovine serum albumin (BSA) may be
added for prolonged storage to maintain the activity
of the progesterone and EGF stock solutions. The
medium can be cither used immediately after
preparation or, stored at 4 0C. If stored, EGF should
not be added until the time of use. [0064] The mode of
supplying fresh medium to cultures is done by
pipetting, decanting, or pumping the medium into the
culture apparatus. Conditioning of the medium occurs
by contacting the medium with a cultured skin
construct for a sufficient amount of time, usually for
about 6 hours to 3 days or more to allow for the
construct to absorb or take up nutrients and the like
from the fresh medium and secrete cytokines into the
medium. Since the cultured skin construct is in a
constant metabolic state, only a short amount of time
is needed to condition the medium. It is preferred
that the construct and the medium contact 22each other
for the exchange until the nutrients are nearly
depleted from the fresh medium. [0065] Conditioned
medium is removed and collected from the cultures by
pipetting, aspirating, decanting, draining, siphoning,
or pumping at the time of each exchange of the
conditioned medium with fresh medium. In the
fabrication of a cultured skin equivalent, it is 



preferred that the conditioned medium be collected
from the apparatus containing the constructs when both
dermal fibroblasts and epidermal cells are present
together in the construct. The conditioned media
collections may be used individually as individual
collections, or pooled together. The development of a
cultured skin construct is marked with a number of
events that produce a conditioned medium having a
varying cytokine profile at each collection point. As
separate collections, the conditioned medium -will
have certain cytokines that may be desirable for a
particular treatment indication or product. When
combined by pooling the collections together, the
conditioned medium will have a broader range of
cytokines for treatments or products. [0066] Another
mode of collection of cytokines of the invention is
from the absorbent pad underlying the membrane on
which the skin construct is formed. The pad is
disposed beneath the membrane to wick medium to the
membrane at airlift, when the culture is raised to the
air-liquid interface to aid in cornif  cation of the
kcratinocytc cell layer. The pad may be of any
absorbent material but is preferably non-toxic and
compatible with the cell cultures, such as cotton.
Referring to Figure 1, the pad is disposed along the
bottom surface of membrane 24 between the membrane 24
on the bottom of outer chamber 60 The pad is shown to
have higher concentrations of certain cytokines. While
not wishing to be bound by theory, because the pad is
in close opposition to the developing skin construct,
it collects many of the cytokines secreted by the skin
construct. The cytokines can be utilized while still
in the pad when it is used as a bandage or part of a
bandage or they can be extracted or drained from the
pad. 23[0067] Once collected, the conditioned medium
is used as is collected or further processing is
performed on the medium for purification or ease in
application or storage before use. The conditioned
medium may be lyophilized or evaporated to remove the
liquid, or water, portion of the composition. Removal
of water leaves a crystalline powder form of the
conditioned medium containing the cultured skin
agents: cytokines, proteins and extracellular matrix
components, with decreased volume. This form makes it
easier to prepare products containing higher dosages
of the cultured skin agents composition without
diluting the preparation and thus making it easier to
store because of its decreased volume. [0068] The
conditioned medium may also be concentrated using a
filtration method, particularly one with a molecular
weight cut-off or a series of molecular weight
filters. The use of molecular weight filters will
remove large components found in medium such as
albumin, certain large molecular weight components
found in serum, cells and cell debris. Although not
required, it may be desirable to pre-filter the
conditioned medium to remove 



these larger components prior to filtration with a
smaller pore filter to prevent clogging and diminished
filtration capacity of any subsequently employed
filter. Other filtration and dialysis methods may be
used to remove salt from the cell product composition.
For example, tangential flow filtration may be
employed to increase the concentration of cultured
skin agents in the conditioned medium. In addition,
tangential flow filtration may be employed to reduce
the salt concentration in the conditioned medium. To
reduce the concentration of the salt, as the aqueous
component of the conditioned medium is removed, it is
replaced with water. Indeed, the concentration of the
cultured skin agents and reduction of the salt
concentration may be repeated at least once so that
the cultured skin agents are effectively rinsed of
salts. The cultured skin agents may be further
purified, fragmented, or conjugated to form a pure
cytokine, protein, or extracellular matrix
compositions or enhanced for directed delivery to a
particular tissue, tissue structure or cell type. The
purified and 24reduced salt aspects of the cultured
skin agents make them more compatible, and are
therefore preferred, for formulating topical
preparations of the invention. [0069] The conditioned
medium containing cytokines produced by skin
constructs or the cytokines of the invention alone are
useful in cell culture. The conditioned medium
containing cytokines are used to grow and sustain cell
lines by increasing cell-proliferation and generation
of vital new skin cells, control the proliferation and
differentiation of stem and progenitor cells, and
mesenchymal differentiation (such as differentiation
of mesenchymal cells to muscle cells). The conditioned
medium is also used for making other tissue constructs
for inhibiting or stimulating cell growth in
particular layers or directions. The effect of the
conditioned medium is concentration dependent, with
higher concentrations producing a greater effect than
lower concentrations. [0070] The cultured skin agent
compositions of the invention are particularly useful
in preparations used in treating skin. Thus, a
preferred embodiment of the invention comprises a
conditioned cell culture medium containing any one or
more of the following: cytokines, proteins, and
extracellular matrix components, that are synthesized
and secreted from cultured skin cells for use as a
pharmaceutical preparation or a skincare product. In
another preferred embodiment, the invention is a skin
care composition comprising cultured skin agents
synthesized and secreted from cultured skin cells and
a carrier agent. The type of the compositions
containing the cultured skin agents to be formulated
will depend on the particular form of the agent and
its intended use. Those of skill in treating
epithelial tissues can determine the effective amount
of cultured skin agents to be formulated in a
pharmaceutical or cosmetic preparation. In a preferred
embodiment, the invention is a 



cosmetic preparation, for topical administration to
skin, containing conditioned medium components to care
for and improve the skin's appearance. The cosmetic
preparation may be used as or as an ingredient of the
following non-limiting product examples: moisturizers,
25night creams, foundation creams, suntan lotions,
sunscreens, hand lotions, make-up and make-up bases,
masks, or ointments. [0071] A particular benefit of
the invention is a simple method of topical
administration to the skin of a composition for
increasing generation and proliferation of skin cells,
keratinocytes and fibroblasts, decreasing epidermal
cell senescence and supporting synthesis of
extracellular matrix components by skin cells, or
both, in a human. The method does not require the
intact skin to have been pretreated to stimulate cell
growth, making it a particularly simple method of
topical administration to the skin not requiring
abrading of the intact skin by a plastic surgery
technique or wounding in any way. However, in one
preferred embodiment of the invention, the skin is
pretreated to remove all or some layers of the stratum
corneum. The pretreatment can be mechanical, such as
abrading, for example, with a particulate scrub,
loofa, or the like or can be chemical, including
biochemical, such as treatment with a keratolytic
agent, such as alpha-hydroxy acid or retin-A, or with
a cosmetically acceptable oil. Surgical abradement
using mechanical, chemical or laser means, may also be
performed. [0072] The cultured skin agent formulations
used in the method of the invention are most
preferably applied in the form of appropriate
compositions comprising the cultured skin agents from
conditioned medium and a carrier agent. The carrier
should be substantially inert so as not to react with
the the cultured skin agents and diminish their
activity. It is preferable that the carrier enhances
and improves the permeation of the cytokines into the
skin to increase their efficacy. Suitable inert
carriers include water, alcohol polyethylene glycol,
mineral oil or petroleum gel, propylene glycol and
others known in the art. [0073] To prepare the
pharmaceutical compositions of this invention, an
effective amount of the particular cultured skin
agents as the active ingredient is combined in
intimate admixture with a pharmaceutically acceptable
carrier, which carrier may take a wide variety 26of
forms depending on the form of preparation desired for
administration. These pharmaceutical compositions are
desirable in unitary dosage form suitable,
particularly, for topical or percutaneous
administration. Also included are solid form
preparations that are intended to be converted,
shortly before use, to liquid form preparations. In
the compositions suitable for percutaneous
administration, the carrier optionally comprises a
penetration enhancing agent and/or a suitable wetting
agent, optionally combined with suitable additives 



of any nature in minor proportions, which additives do
not introduce a significant deleterious effect on the
skin. [0074] Because the cultured skin agents of the
invention are generally large molecules, the skin care
composition of the invention also comprises a
"penetration enhancer," sometimes termed "permeation
enhancer," to assist the cultured skin agents in their
passage through the stratum corneum. Penetration
enhancers are substances that reduce the skin's
ability to perform its barrier function. Without some
assistance, many substances will not diffuse into the
skin at meaningful rates and quantities to be
therapeutic. Penetration enhancers make the skin more
permeable, allowing substances to cross the skin at a
faster rate, in higher concentrations, or both. It
should be noted that a substance's particular
penetration route mainly depends on the condition of
the skin and the physico-chemical properties of the
substances needing penetration enhancement. [0075]
Permeability of human skin depends on differences
between people as well as between various regions of
the body. Permeability varies among individuals. A
subject's age affects the permeability of substances
through the skin. The skin of neonates and the elderly
is more permeable than that of other age groups. While
not wishing to be bound by theory, ethnicity is also a
factor in the permeability of skin; for example, the
skin of Caucasians is more permeable than that of
African-Americans. Permeability varies among regions
of the body. The most permeable areas are the mucous
membranes, scrotal skin, and eyelids. Areas 27of
intermediate permeability include the face, head,
chest, back, buttocks, abdomen, and upper arms and
legs. The least permeable areas are the palmar and
plantar surfaces and fingernails. Permeability varies
with skin or conditions. Hydrated skin is more
permeable than dry skin. For example, water is a
permeation enhancer. By increasing the hydration of
the stratum corneum, the barrier function of the skin
can be reduced, thus increasing skin permeability.
Occlusive agents inhibit the normal transepidermal
water loss and cause an increase in skin hydration. By
use of an occlusive agent, natural skin hydration
becomes a natural penetration enhancer. In broken or
irritated skin, substances can more easily bypass the
stratum corneum, thus increasing permeability. Warmer
skin is more permeable. Initially sunburned skin is
less permeable but if peeling occurs it becomes more
permeable. Thermally burned skin is more permeable.
Regions of skin affected by eczema exhibit increased
permeability. Regions of skin affected by psoriasis
are thicker and less permeable. Chemical peels remove
the stratum corneum and increase permeability of the
skin. Not only will effectiveness of penetration
enhancers will vary between skin types and skin
conditions, the penetration pathway will vary
depending on the penetration enhancer and the
substance 



needing penetration enhancement. [0076] There arc
several main pathways by which substances can cross
the unbroken stratum corneum of skin and reach the
systemic circulation. A direct route is known as the
transccllular pathway whereby substances cross the
skin by directly passing through both the phospholipid
membranes and the cytoplasm of the dead keratinocytes
that constitute the stratum corneum. Although this is
the path of shortest distance, substances may
encounter significant resistance to permeation because
the drugs must cross the lipophilic membrane of each
cell, then the hydrophilic cellular contents
containing keratin, and then the phospholipid bilayer
of the cell again. By having to pass through a number
of cells that comprise the stratum corneum means that
this resistance potential may be high in some cases.
Some 28penetration enhancers remove lipids from the
skin to temporarily destroy the skin's barrier
function. Other chemical substances can enhance
penetration in a more complicated fashion through
inhibition of stratum corneum formation, or promotion
of its breakdown, to compromise the barrier function
of the skin and, perhaps, enhance penetration. [0077]
Another pathway through the skin is via the
intercellular route whereby substances crossing the
skin by this route must pass through the small spaces
between the cells of the skin, thus making the route
more tortuous. Although the thickness of the stratum
corneum is only about 20 mm, the actual diffusional
path of most molecules crossing the skin is on the
order of 400 mm. A 20-fold increase in the actual path
of permeating molecules greatly reduces the rate of
penetration. [0078] Still another pathway of
penetration is the follicular route. Hair follicles
penetrate through the stratum corneum to the dermis,
allowing more direct access to the cells in the dermal
matrix. Follicular permeation enhancers target
follicular delivery by concentrating in the pores and
partitioning through the skin to carry agents to the
skin cells under the stratum corneum||The follicular
route depends on the presence of hair follicles in the
skin. [0079] Penetration enhancers can be classified
into categories such as "follicular penetration
enhancer," "chemical penetration enhancer," and
"active penetration enhancer." [0080] Examples of
follicular penetration enhancers include phospholipasc
A2 and phosphatidylcholine dependent phospholiphase C.
[008 1] Examples of chemical penetration enhancers
include alcohols such as ethanol, methanol, and
isopropanol; chloroform; menthol; terpenes; acetone;
detergents; bases; propylene glycol; pyrriolidones;
dimethylacetamide; dimethylformamide;
dimethylsulfoxide; alkyl sulfoxide; phosphine oxide;
surfactants; caprolactams such as azone; amines and 



amides; alkyl N.N-distributed-amino acetates;
decylmethylsulfoxide; pyrrolidones; 29pirotiodecane
(HPE-101); benzlyalkonium; benzylalkonium chloride
polymers; silicone based polymers; fatty acids; cyclic
ureas; terpenes; and cyclodextrins; and keratinolytics
such as salicylic acid urea. Preferred silicone-based
penetration enhancers include. Cyclomethicone and
Dimethicone Copolyol (PEG/PPG-18/18 Dimethicone).
[0082] Examples of active penetration enhancers
include liposomes, fullerenes and phospholipids, such
as those phospholipids described in United States
Patent Application 20040220100 to Waugh. [0083]
Physical techniques that may additionally be employed
for enhanced penetration of the skin care agents of
the invention include iontophoresis, ultrasound,
electroporation, tape stripping, the use of gene guns
or other propellant devices, tines such as used for TB
tine tests or microneedles which penetrate the outer
surface of the skin, or abrasives which remove the
outer layers of the skin. [0084] A preferred chemical
penetration enhancer is a silicone-based polymer.
Preferred silicone-based polymers for use in the
invention are selected from the group consisting of:
cyclomethicone and dimethicone copolyol (PEG/PPG-18/18
Dimethicone). Other silicone-based polymers may be
identified and incorporated into a preparation with
the cultured skin agents to assist in the penetration
of cultured skin agents into an individual's skin.
While not wishing to be bound by theory, the mechanism
of action of the siliconebased penetration is that the
siliconc-bascd polymer provides a moisture barrier on
the skin such that the skin is more hydrated than
without the silicone based polymer. As discussed
above, hydrated skin is more permeable than dry skin
and by increasing the hydration of the stratum
corneum, the barrier function of the skin is reduced,
thus increasing skin permeability allowing for the
passage of the cultured skin agents into the skin
layers. [0085] In addition to the direct topical
application of the cultured skin agent preparations,
the compositions of this invention can be topically
administered by other 30methods, for example,
encapsulated in a temperature and/or pressure
sensitive matrix or in film or solid carrier which is
soluble in body fluids and the like for subsequent
release, preferably sustained-release of the active
component. [0086] As appropriate compositions for
topical application there may be cited all
compositions usually employed for topically
administering therapeutics, e.g., creams, jellies,
dressings, shampoos, tinctures, pastes, ointments,
salves, powders, emulsions, liquid or semiliquid
formulation and the like. Application of said
compositions may be by aerosol, such as with a
propellant such as air, nitrogen, carbon dioxide, a
freon, or without a propellant such 



as a pump spray, atomizer, drops, lotions, or a
semisolid such as a thickened composition which can be
applied by a swab. Tn particular, semisolid
compositions such as salves, creams, pastes, jellies,
ointments and the like will conveniently be used.
[0087] The cultured skin agents of the present
invention can be used, as stated above, for the many
applications that can be considered skin care uses,
such as to maintain skin with a youthful appearance.
One way of retaining such appearance is to cease or
reverse cellular senescence in skin cells. A large
number of studies have shown that normal diploid cells
undergo numerous cellular, physiological, biochemical
and molecular changes during serial passaging in
vitro. Most of these changes arc progressive and
accumulative and lead to an irreversible cessation of
proliferation, followed by cell death. These changes
have been considered as indicative of cellular aging
in vitro. In short, in vivo and in vitro aging can be
summarized as a failure to repair which lead to cell
death. Similarly, these events occur in vivo, and are
visually appreciated in skin. Many researchers are
working to cease or reverse senescence to maintain
populations young, healthy, synthetic and
proliferative cells in patient tissues. Treatment of
skin cells using the cultured skin agents of the
invention results in the cells' synthesis of
extracellular matrix components to maintains and
restores the extracellular matrix that surrounds and
supports them. It follows that the maintenance and
restoration of 3 1the extracellular matrix results in
the cessation and reversal of signs of aging,
including the appearance of fine lines and wrinkles.
[0088] Skin care compositions known in the art for
topical use on skin, preferably hypoallergenic and pH
controlled are especially preferred, and include
toilet waters, packs, lotions, skin milks or milky
lotions. The preparations contain, besides the
cultured skin agents, components usually employed in
such preparations to function as carriers for the
cultured cytokines. Examples of such carrier
components are oils, fats, waxes, surfactants,
humectants, thickening agents, antioxidants, viscosity
stabilizers, chelating agents, buffers, preservatives,
perfumes, dyestuffs, lower alkanols, and the like. Tf
desired, further ingredients may be incorporated in
the compositions, e.g. anti-inflammatory agents,
antibacterials, antifungals, disinfectants, vitamins,
sunscreens, antibiotics, skin bleaching agents,
healing enhancers/fibroblast proliferation compounds,
neuromuscular blocking agents, suncreens, or other
anti-acne agents. [0089] Examples of oils as a carrier
agent comprises fats and oils such as olive oil and
hydrogenated oils; waxes such as beeswax and lanolin;
hydrocarbons such as liquid paraffin, ceresin, and
squalene; fatty acids such as stearic acid and oleic
acid; alcohols such as cetyl alcohol, stcaryl alcohol,
lanolin alcohol, and hcxadccanol; and esters such as
isopropyl 



myristatc, isopropyl palmitatc and butyl stcaratc. As
examples of surfactants as carrier agents, there may
be cited anionic surfactants such as sodium stcaratc,
sodium cctylsulfatc, polyoxyethylene laurylether
phosphate, sodium N-acyl glutamate; cationic
surfactants such as stearyldimethylbenzylammonium
chloride and stearyltrimethylammonium chloride;
ampholytic surfactants such as alkylaminoethylglycine
hydrocloride solutions and lecithin; and nonionic
surfactants such as glycerin monostearate, sorbitan
monostearate, sucrose fatty acid esters, propylene
glycol monostearate, polyoxyethylene oleylether,
polyethylene glycol monostearate, polyoxyethylene
sorbitan monopalmitate, polyoxyethylene coconut fatty
acid 32monoethanolarnide, polyoxypropylene glycol
(such as the materials sold under the trademark
"Pluronic"), polyoxyethylenc castor oil, and
polyoxyethylene lanolin. Examples of humectants as
carrier agents include glycerin, 1,3-butylene glycol,
and propylene glycol; examples of lower alcohols
include ethanol and isopropanol; examples of
thickening agents include xanthan gum, hydroxypropyl
cellulose, hydroxypropyl methyl cellulose,
polyethylene glycol and sodium carboxymethyl
cellulose. Examples of antioxidants comprise butylated
hydroxytoluene, butylated hydroxyanisole, propyl
gallate, citric acid, ethoxyquin, alpha lipoic acid,
vitamin C, vitamin E, co-enzyme Q-10, and idebenone;
botanical anti-oxidants include carotenoids such as
lycopene; flavonoids such as silymarin (milk thistle),
silybin, silydianin, silychristine; soybeans
(isoflavins), grape seed extract; polyphenols such as
green tea extract, rosmarinic acid (rosemary),
hypercin (Saint John's wort), oleuropein (olive leaf),
curcurmin (tumeric root), tetrahydrocurcumin, and
pycogenol (marine bark pine). Examples of anti
inflammatory agents include anti-inflammatory
botanicals such as allantoin, aloe vera, ginkgo
biloba, green tea (also considered an antioxidant).
Examples of skin bleaching agents are hydroquinone or
kojic acid. Examnples of healing enhancers/fibroblast
proliferation compounds include copper peptides or
palmitoyl-pentapetide (pal-KTTKS). Examples of
neuromuscular blocking agents such as acetyl
hcxapcptidc 3 (argirclinc) or dimcthylaminocthanol.
Examples of chelating agents include disodium cdctatc
and cthanchydroxy diphosphate. Examples of buffers as
carrier agents comprise citric acid, sodium citrate,
boric acid, borax, and disodium hydrogen phosphate;
and examples of preservatives are methyl
parahydroxybenzoate, ethyl parahydroxybenzoate,
dehydroacetic acid, salicylic acid and benzoic acid.
[0090] For preparing ointments, creams, toilet waters,
skin milks, and the like, typically from about 0.01 to
about 90% in particular from about 0.1 to about 20%
and more in particular from about 0.2 to about 25% of
the active ingredient, e.g., of the cultured
33cytokines, will be incorporated in the compositions.
In ointments or creams, the carrier, for 



example, consists of 1 to 20%, in particular 5 to 15%
of a humectant, 0.1 to 10% in particular from 0.5 to
5% of a thickener and water; or said carrier may
consist of 70 to 99%, in particular 20 to 95% of a
surfactant, and 0 to 20%, in particular 2.5 to 15% of
a fat; or 80 to 99.9% in particular 90 to 99% of a
thickener; or 5 to 15% of a surfactant, 2-15% of a
humectant, 0 to 80% of an oil, very small (< 2%)
amounts of preservative, coloring agent and/or
perfume, and water. In a toilet water, the carrier for
example consists of 2 to 10% of a lower alcohol, 0.1
to 10% or in particular 0.5 to 1% of a surfactant, 1
to 20%, in particular 3 to 7% of a humectant, 0 to 5%
of a buffer, water and small amounts (<2%) of
preservative, dyestuff and/or perfume. Tn a skin milk,
the carrier typically consists of 10-50% of oil, 1 to
10% of surfactant, 50-80% of water and 0 to 3% of
preservative and/or perfume. Tn the aforementioned
preparations, all % symbols refer to weight by weight
percentage. [0091] Particular compositions for use in
the method of the present invention are those wherein
the cultured skin agents are formulated in
liposome-containing compositions that are functional
carrier agents for the cultured skin agents. Liposomes
are artificial vesicles formed by amphiphatic
molecules such as polar lipids, for example,
phosphatidyl cholines, cthanolamincs and serines,
sphingomyelins, cardiolipins, plasmalogcns,
phosphatidic acids and ccrcbiosidcs. Liposomes arc
formed when suitable amphiphathic molecules arc
allowed to swell in water or aqueous solutions to form
liquid crystals usually of multilayer structure
comprised of many bilayers separated from each other
by aqueous material (also referred to as coarse
liposomes). Another type of liposome known to be
consisting of a single bilayer encapsulating aqueous
material is referred to as a unilamellar vesicle. If
water-soluble materials are included in the aqueous
phase during the swelling of the lipids they become
entrapped in the aqueous layer between the lipid
bilayers. [0092] Water-soluble active ingredients such
as, for example, various salt forms of 34cultured skin
agents, are encapsulated in the aqueous spaces between
the molecular layers. Lipid soluble active ingredients
of cultured cytokines, such as an organic mimetic, is
predominantly incorporated into the lipid layers,
although polar head groups may protrude from the layer
into the aqueous space. The encapsulation of these
compounds can be achieved by a number of methods. The
method most commonly used involves casting a thin film
of phospholipid onto the walls of a flask by
evaporation from an organic solvent. When this film is
dispersed in a suitable aqueous medium, multilamellar
liposomes are formed. Upon suitable sonication, the
coarse liposomes form smaller similarly closed
vesicles. [0093] Water-soluble active ingredients are
usually incorporated by dispersing the cast film with
an aqueous solution of the compound. The
unencapsulated compound is then 



removed by centrifugation, chromatography, dialysis or
other art-known suitable procedures. The lipid-soluble
active ingredient is usually incorporated by
dissolving it in the organic solvent with the
phospholipid prior to casting the film. If the
solubility of the material in the lipid phase is not
exceeded or the amount present is not in excess of
that which can be bound to the lipid, liposomes
prepared by the above method usually contain most of
the material bound in the lipid bilayers; separation
of the liposomes from unencapsulated material is not
required. [0094] A particularly convenient method for
preparing liposome formulated forms of therapeutics
containing cultured skin agents is the method
described in EP-A-253,619, incorporated herein by
reference. In this method, single bilayered liposomes
containing encapsulated cultured skin agents are
prepared by dissolving the lipid component in an
organic medium, injecting the organic solution of the
lipid component under pressure into an aqueous
component while simultaneously mixing the organic and
aqueous components with a high speed homogenizer or
mixing means, whereupon the liposomes are formed
spontaneously. 35[0095] The single bilayered liposomes
containing the encapsulated cultured skin agents can
be employed directly or they can be employed in a
suitable pharmaceutically acceptable carrier for
topical administration. The viscosity of the liposomes
can be increased by the addition of one or more
suitable thickening agents such as, for example
xanthan gum, hydroxypropyl cellulose, hydroxypropyl
methylcellulose and mixtures thereof. The aqueous
component may consist of water alone or it may contain
electrolytes, buffered systems and other ingredients,
such as, for example, preservatives. Suitable
electrolytes that can be employed include metal salts
such as alkali metal and alkaline earth metal salts.
The preferred metal salts are calcium chloride, sodium
chloride and potassium chloride. The concentration of
the electrolyte may vary from zero to 260 mM,
preferably from 5 mM to 160 mM. The aqueous component
is placed in a suitable vessel which can be adapted to
effect homogenization by effecting great turbulence
during the injection of the organic component.
Homogenization of the two components can be
accomplished within the vessel, or, alternatively, the
aqueous and organic components may be injected
separately into a mixing means located outside the
vessel. In the latter case, the liposomes are formed
in the mixing means and then transferred to another
vessel for collection purpose. [0096] The organic
carrier component consists of a suitable non-toxic,
pharmaceutically acceptable solvent such as, for
example cthanol, glycerol, propylene glycol and
polyethylene glycol, and a suitable phospholipid that
is soluble in the solvent. Suitable 



phospholipids that can be employed include lecithin,
phosphatidylcholine, phosphatydylserine,
phosphatidylethanol amine, phosphatidylinositol,
lysophosphatidylcholine and phospha-tidyl glycerol,
for example. Other lipophilic additives may be
employed in order to selectively modify the
characteristics of the liposomes. Examples of such
other additives include stearylamine, phosphatidic
acid, tocopherol, cholesterol and lanolin extracts.
36[0097] In addition, other ingredients that can
prevent oxidation of the phospholipids may be added to
the organic component. Examples of such other
ingredients include tocopherol, butylated
hydroxyanisole, butylated hydroxytoluene, ascorbyl
palmitate and ascorbyl oleate. Preservatives such a
benzoic acid, methyl paraben and propyl paraben may
also be added. [0098] Apart from the above-described
compositions, use may be made of covers, e.g.
plasters, bandages, dressings, gauze pads and the
like, containing the composition of this invention
with an appropriate amount of cultured skin agents. In
some cases use may be made of plasters, bandages,
dressings, gauze pads and the like which have been
impregnated with a topical formulation containing the
therapeutic formulation. Tissue sealants such as
surgical glues to aid in wound closure may also
contain cultured skin agents. Apreferred example of a
tissue sealant is fibrin glue due to its
biocompatability with cells. The sealants or in liquid
form, appropriate for the addition and mixing in of
the cultured skin agent composition. When the cultured
skin agents of the invention are added to the sealants
and the composition is applied to a wound to assist in
wound closure, the cytokines enhance wound healing by
the cells in the area the sealant is applied. In a
preferred method for treating skin with a cultured
skin agent composition, the cultured skin agent
composition is mixed with a carrier that includes a
penetration enhancer such as a silicone, which is an
example of a chemical penetration enhancer, to form a
skin care composition. The skin care composition is
topically applied to a region of skin exhibiting the
appearance of wrinkles to treat the skin to decrease
the appearance of wrinkles. Preferably, topical
application is made repeatedly, at least once daily
and more preferably twice daily. The composition of
the invention, when topically applied, induces
fibroblasts present in the skin to synthesize de novo
elastin and increase collagen in the grenz zone layer
of skin as demonstrated by histology. The appearance
of wrinkles is decreased as 37demonstrated by
photography. Therefore, one method of the invention is
a method for decreasing the appearance of wrinkles in
skin wherein the method comprises topically applying
the composition to skin having a region exhibiting the
appearance of wrinkles and 



wherein the composition induces de novo synthesis of
elastin and an increase of collagen in the grenz zone
layer of skin by skin cells in that region resulting
in a decrease in the appearance of wrinkles. 38[0099]
In another preferred method for treating skin with a
cultured skin agent composition, the skin has first
undergone a resurfacing treatment. All skin
resurfacing treatments work essentially the same way.
First, the outer layers of damaged skin are stripped
away. Then, as new cells multiply and migrate into the
resurfaced area during the healing process, a
smoother, tighter, younger-looking skin surface
appears. During the healing process, cultured skin
agent compositions derived from conditioned medium are
applied to the treated area to enhance and accelerate
skin healing and repigmentation. For superficial or
medium resurfacing, the layers of skin tissue removed
can be limited to the epidermis and papillary dermis.
For deeper resurfacing, the upper levels of the
reticular dermis can also be removed. Varied
penetration allows treatment of specific spots or
wrinkles. [00100] In laser resurfacing, sometimes
called "laser peel", a carbon dioxide (CO2) laser is
used to remove areas of damaged or wrinkled skin,
layer by layer. Laser resurfacing is performed using a
beam of laser energy that vaporizes the upper layers
of damaged skin at specific and controlled levels of
penetration. The procedure is most commonly used to
minimize the appearance of fine lines, especially
around the mouth and the eyes; however, it is also
effective in treating facial scars or areas of uneven
pigmentation. Laser resurfacing may be performed on
the whole face or in specific regions. Often, the
procedure is done in conjunction with another cosmetic
operation, such as a facelift or eyelid surgery.
[00101] "Dermabrasion" and "dermaplaning" help to
refmish the skin's top layers through a method of
controlled surgical scraping. The treatments soften
the sharp edges of surface irregularities, giving the
skin a smoother appearance. Dermabrasion is most often
used to improve the look of facial skin left scarred
by accidents or previous surgery, or to smooth out
fine facial wrinkles, such as those around the mouth,
but is also sometimes used to remove the pre-cancerous
growths called keratoses. In dermabrasion, the surgeon
scrapes 39away the outermost layer of skin with a
rough wire brush, or a burr containing diamond
particles, attached to a motorized handle. The
scraping continues until the surgeon reaches the
safest level that will make the scar or wrinkle less
visible. Dermaplaning is commonly used to treat deep
acne scars. In dermaplaning, the surgeon uses a
hand-held instrument called a dermatome. Resembling an
electric razor, the dermatome has an oscillating blade
that moves back and forth to evenly skim off the
surface layers of skin that surround the 



craters or other facial defects. This skimming
continues until the lowest point of the acne scar or
wrinkle becomes more even with the surrounding skin.
Both dermabrasion and dermaplaning can be performed on
small areas of skin or on the entire face. They can be
used alone, or in conjunction with other procedures
such as facelift, scar removal or revision, or
chemical peel. [00102] Chemical peels use a chemical
solution to improve and smooth the texture of the
facial skin by removing its damaged outer layers.
Phenol, trichloroacetic acid (TCA), and alphahydroxy
acids (AHAs) are used for this purpose. Although
chemical peel may be performed in conjunction with a
facelift, it is not a substitute for such surgery, nor
will it prevent or slow the aging process.
Alphahydroxy acids (AHAs), such as glycolic, lactic,
or fruit acids arc the mildest of the peel formulas
and produce light peels. AHA peels may be used to
treat fine wrinkling, areas of dryness, uneven
pigmentation and acne. Various concentrations of an
AHA may be applied weekly or at longer intervals to
obtain the best result. An alphahydroxy acid, such as
glycolic acid, can also be mixed with a facial wash or
cream in lesser concentrations, containing the
cytokines as part of a daily skin-care regimen to
improve the skin's texture. Trichloroacetic acid (TCA)
can be used in many concentrations, but it is most
commonly used for medium-depth peeling. Fine surface
wrinkles, superficial blemishes and pigment problems
are commonly treated with one or more TCA treatments.
Phenol is the strongest of the chemical solutions and
produces a deep 40peel and sometimes lightens treated
areas and affects skin pigmentation for the immediate
term. It is used mainly to treat patients with coarse
facial wrinkles, areas of blotchy or damaged skin
caused by sun exposure, or pre-cancerous growths.
[00103] After a skin resurfacing procedure, skin is
quite red and swollen, associated with some tingling,
burning, or aching; any pain can be controlled with
medications. Swelling subsides in a few days to a week
and a scab or crust will form over the treated area as
it begins to heal. This will fall off as a new layer
of tight, pink skin forms underneath. When the
procedure is over, the surgeon may choose to treat the
resurfaced skin with applications of protective creams
or ointments containing the cultured skin agent
composition until healing is complete. If ointment is
applied immediately after surgery, little or no scab
will form. Some surgeons may also choose to apply a
bandage over the treated areas that will cover and
protect the healing skin for the first five to ten
days. The ointment containing the cultured cultured
skin agent composition that is applied to the
resurfaced area benefits the patient by providing
growth factors that support the growth of young skin
cells for faster healing and an improved cosmetic
effect. 



[00104] The following examples are provided to better
explain the practice of the present invention and
should not be interpreted in any way to limit the
scope of the present invention. Those skilled in the
art will recognize that various modifications can be
made to the methods described herein while not
departing from the spirit and scope of the present
invention. EXAMPLES Example 1: Culturing a Bilayer
Skin Construct to Produce Conditioned Medium [00105]
Human neonatal foreskin fibroblasts (originated at
Organogenesis, Inc. Canton, MA) were seeded at 5 x 105
cells/162 cm2 tissue culture treated flask (Costar
Corp., 4 1Cambridge, MA, cat # 3150) and grown in
growth medium. The growth medium consisted of:
Dulbecco's Modified Eagle's medium (DMEM) (high
glucose formulation, without Lglutamine, BioWhittaker,
Walkersville, MD) supplemented with 10% newborn calf
serum (NBCS) (HyClone Laboratories, Inc., Logan, Utah)
and 4 mM L-glutamine (BioWhittaker, Walkersville, MD).
The cells were maintained in an incubator at 37  1 C
with an atmosphere of 10  1% CO2. The medium was
replaced with freshly prepared medium every two to
three days. After 8 days in culture, the cells had
grown to confluence, that is, the cells had formed a
packed monolayer along the bottom of the tissue
culture flask, and the medium was aspirated from the
culture flask. To rinse the monolayer,
sterile-filtered phosphate buffered saline was added
to the bottom of each culture flask and then aspirated
from the flasks. Cells were released from the flask by
adding 5 mL trypsin-versene glutamine (BioWhittaker,
Walkersville, MD) to each flask and gently rocking to
ensure complete coverage of the monolayer. Cultures
were returned to the incubator. As soon as the cells
were released 5 ml of SBTI (Soybean Trypsin Inhibitor)
was added to each flask and mixed with the suspension
to stop the action of the trypsin-versene. The cell
suspension was removed from the flasks and evenly
divided between sterile, conical centrifuge tubes.
Cells were collected by centrifugation at
approximately 800-1000 x g for 5 minutes. [00106] An
apparatus similar to that shown in Figure l was used
in conducting the work described hereinafter. The
cover is removed for conducting operation but is
otherwise kept in place to maintain sterility.
Pertinent information regarding the apparatus is
listed: Outer container 10 has a diameter of 38 mm and
a capacity of 35 ml, The inner container 20 has a
diameter of 24 mm and a capacity of 4 ml. The
permeable member 24 consists of a polycarbonate
membrane with a pore size of about 3 mm (micron) and a
thickness of 5 mm (micron). [00107] An acellular,
hydrated collagen gel 25 was formed on the permeable
member 



4224 as follows: A "premix" solution of 16.2 ml 1OX
Minimum Essential Medium (MEM), 1.6 ml 200 mM
L-glutamine, 0.2 ml 50 mg/ml gentamycin, 18.0 ml fetal
bovine serum, 5.0 ml 71.2 mg/ml sodium bicarbonate.
The stock solutions were ase.ptically combined in the
above sequence, and stored at 4C for approximately 30
minutes in a sterile 50 ml tube. About 27.8 g of 1
mg/ml collagen solution (extracted by acid from calf
common digital extensor tendon) in 0.05% v/v acetic
acid, was weighed out into a 50 ml tube and stored 40C
for 30 minutes. About 8.2 ml of the pre-mix described
above and 4 ml of DMEM complete (containing 10% FBS,
4rnM L-glutamine, 50 mg/ml gentamycin) was added and
1ml aliquots were pipetted onto the membrane of the
inner container 20 and allowed to gel at room
temperature. [001 08] The dermal layer, a hydrated
collagen gel containing cells, was cast with human
dermal fibroblasts and seeded with human epidermal
(epithelial) cells as described below. A general
description of procedures and reagents may also be
found in U.S. Patent No. 4,485,096 to Bell, U.S.
Patent No. 5,536,656 to Kemp, et al., and U.S. Patent
No. 5,712,163 to Parenteau. The casting mixture for
preparing the dermal layer included about 8.2 ml of
the pre-mix described above to which was added to 27.8
g of a 1 mg/ml collagen solution in 0.05% v/v acetic
acid, also described above, and 4 ml of human dermal
fibroblasts at a density of 2.5 x 105 cells/ml.
Aliquots of about 3 ml were pipetted into the
container 20 over the accllular, hydrated collagen gel
25 formed above and allowed to gel. About 4.5 ml
Dulbccco's Minimum Essential Medium (DMEM) complete
was added to the outside container 20 and then
incubated at 36C/10% CO for 4 to 8 days to allow the
cells to contract the collagen to form a contracted
collagen lattice to serve as a dermal layer 52.
[00109] The following medium was prepared for
providing epidermal cells to top surface of the dermal
layer 52, a process referred to as epidermalization.
Monolayer cultures of epidermal cells were cultured
and harvested in a similar fashion to dermal
fibroblasts, above. The epidermalization medium
formulation consisted of a base mixture of Calcium
43Free DMEM and Ham's F-12 mixed at a volume per
volume ratio of 3:1 was added the following
components: 1.1 mM hydrocortisone, 5 mg/ml insulin, 5
mg/ml transferrin, 20 pM triiodothyronine (T3), 1 x 10
4 M ethanolamine, I x 10 4 M o-phosphorylethanolamine,
0.18 mM adenine, 2 x 10 9 M progesterone, 5.26 x 10 8
M selenium, 0.3% newborn calf serum, 10 ng/ml
epidermal growth factor (EGF). [001 10]
Epidermalization was initiated at 6 days after casting
the tissue equivalent. The medium bathing the dermal
construct above was removed from both the inside 20
and outside 10 containers. A 50 ml suspension of human
epidermal cells (approximately 3.33 x 106 cells/ml)
was placed on the dermal construct. The container was
then incubated at 36C 



and 10% CO2 for 4 hours after which time 12.0 ml of
epidermalization medium was then added to the outside
chamber and 4 ml to the well. The cultures were then
returned to the same incubator. [001 11] At two days
post-epidermalization, differentiation of the
epidermal layer was induced by adding calcium to the
epidermalization medium formulation. The conditioned
epidermalization medium was removed from the culture
dish, set aside, and replaced with differentiation
medium. Differentiation medium consisted of a base
mixture of Calcium Free DMEM and Ham's F-12 mixed at a
volume per volume ratio of 3:1 was added the following
components: 1.1 mM hydrocortisone, 5 mg/ml insulin, 5
mg/ml transferrin, 20 pM triiodothyronine (T3), I x I
O M ethanolamine, I x 10 4 M
o-phosphorylcthanolarninc, 0.18 mM adenine, 2 x 10 9 M
progesterone, 5.26 x 10 8 M selenium, 0.3% newborn
calf serum, 10 ng/ml epidermal growth factor (EGF) and
1.8mM calcium chloride. The cultures were then
returned to the same incubator. [001 12] At 5 days
post epidermalization, the culture was airlifted to
bring the surface of the forming epidermal layer of
the cultured skin construct to the air-liquid
interface, that is, to contact the epidermal surface
to air. The conditioned differentiation medium was
removed 44from both inside and outside chambers of the
dish, set aside, and the inner container was removed
and cotton pads were positioned in the interior of the
bottom of the outer chamber 10 and cornif cation
medium was added to the lower chamber to soak the
pads. The inner container 20 was returned to rest on
the soaked cotton pads with care taken to ensure that
no air bubbles were trapped between the container and
the pads. Cornif cation medium consisted of a base
mixture of Calcium Free DMEM and Ham's F-12 mixed at a
volume per volume ratio of 1:1 was added the following
components: 1.1 mM hydrocortisone, 5 mg/ml insulin, 5
mg/ml transferrin, 20 pM triiodothyronine (T3), I x I
O M ethanolamine, 1 x 10 4 M o-phosphorylethanolamine,
0.18 mM adenine, 5.26 x 10 8 M selenium, 2.0% newborn
calf serum, and 2mM sodium ascorbate. The cultured
skin constructs were returned to the incubator and
cultured at 35.5C and 10% CO2. [001 13] Every 4 days
the conditioned medium was removed, set aside, and
replaced with fresh maintenance medium plus calcium.
Maintenance medium consisted of a base mixture of
Calcium Free DMEM and Ham's F-12 mixed at a volume per
volume ratio of 1:1 was added the following
components: 1.1 mM hydrocortisone, 5 mg/ml insulin, 5
mg/ml transferrin, 20 pM triiodothyronine (T3), 1 x 10
4 M ethanolamine, 1 x 10 4 M ophosphorylcthanolarninc,
0.18 mM adenine, 5.26 x 10 8 M selenium, and 1.0%
newborn calf scrum. At this point, a well stratified
epidermal layer 28 had formed on the top surface of
the 



dermal layer 52 that exhibited many of the
morphological and biochemical features of normal
native skin. [001 14] The conditioned
epidermalization, differentiation, cornif cation, and
maintenance media collected from the process of
fabricating a cultured skin construct were tested
using cell proliferation, migration, and ELISA assays.
Example 2: In Vitro Formation of a Skin Construct
Formed from Endogenously Produced Collagenous Matrix
By Human Neonatal Foreskin Fibroblasts [001 15]
Conditioned medium was produced by bilayer skin
constructs having a matrix 45endogenously produced by
dermal fibroblasts as described in International PCT
Patent Application Publication No. WO 00/29553 to
Murphy, the disclosure of which is incorporated
herein. [001 16] Human neonatal foreskin fibroblasts
were cultured, expanded in number, released from their
substrate, counted, concentrated, and then resuspended
to a concentration of 3 x 106 cells/ml, and seeded on
to 0.4 micron pore size, 24 mm diameter tissue culture
treated membrane inserts in a six-well tray at a
density of 3.0 x 106 cells/TW (6.6 x 105 cells/cm2).
These cells were then maintained with media exchanges
every two to three days with fresh media for 25 days.
More specifically the medium contained: a base 3:1
mixture of DMEM, Hams F-1 2 medium (Quality Biologies,
Gaithersburg, MD), 4 mM GlutaMAX (Gibco BRL, Grand
Island, NY) and additives: 5 ng/ml human recombinant
epidermal growth factor (Upstate Biotechnology, Lake
Placid, NY), 0.4 mg/ml hydrocortisone (Sigma, St.
Louis, MO), 1 x 10 4 M ethanolamine (Fluka,
Ronkonkoma, NY cat. #02400 ACS grade), 1 x 10 4 M
o-phosphoryl-ethanolamine (Sigma, St. Louis, MO), 5
mg/ml insulin (Sigma, St. Louis, MO), 5 mg/ml
transferrin (Sigma, St. Louis, MO), 20 pM
triiodothyronine (Sigma, St. Louis, MO), and 6.78
ng/ml selenium (Sigma Aldrich Fine Chemicals Company,
Milwaukee, WI), 50 ng/ml L-ascorbic acid (WAKO
Chemicals USA, Inc.), 0.2 mg/ml L-proline (Sigma, St.
Louis, MO), 0.1 mg/ml glycine (Sigma, St. Louis, MO)
and 0.05% poly-ethylene glycol (PEG) (Sigma, St.
Louis, MO). [001 17] Using a 25-day dermal constructs
as formed above, normal human neonatal foreskin
epidermal keratinocytes were seeded on the top surface
of the cell-matrix construct to form the epidermal
layer of the skin construct. The medium was
aseptically removed from the culture insert and its
surrounds. Normal human epidermal keratinocytes that
had been scaled up to passage 4 from frozen subculture
cell stock to confluence were used. Cells were then
released from the culture dishes using
trypsin-versene, pooled, centrifuged to form a cell
46pellet, resuspended in epidermalization medium,
counted and seeded on top of the membrane 



at a density of 4.5 x 104 cells/cm 2. The constructs
were then incubated for 90 minutes at 37  1 C, 10% CO
to allow the keratinocytes to attach. After the
incubation, the constructs were submerged in
epidermalization medium. The epidermalization medium
is composed of: a 3:1 base mixture of Dulbecco's
Modified Eagle's Medium (DMEM) (containing no glucose
and no calcium, BioWhittaker, Walkersville, MD) and
Hams F-12 medium (Quality Biologies Gaithersburg, MD),
supplemented with 0.4 mg/ml hydrocortisone (Sigma St.
Louis, MO), 1 x 10~4 M ethanolamine (Fluka,
Ronkonkoma, MY), 1 x 10 4 M o-phosphorylethanolamine
(Sigma, St. Louis, MO), 5 mg/ml insulin (Sigma, St.
Louis, MO), 5 mg/ml transferrin (Sigma, St. Louis,
MO), 20 pM triiodothyronine (Sigma, St. Louis, MO),
6.78 ng/ml selenium (Aldrich), 24.4 mg/ml adenine
(Sigma Aldrich Fine Chemicals Company, Milwaukee, WI),
4 mM L-glutamine (BioWhittaker, Walkersville, MD), 50
mg/ml Lascorbate sodium salt (Sigma Aldrich Fine
Chemicals Company, Milwaukee, WI), 16 mM linoleic acid
(Sigma, St. Louis, MO ), 1 mM tocopherol Acetate
(Sigma, St. Louis, MO) and 50 mg/ml gentamicin sulfate
(Amersham, Arlington Heights, IL). The constructs were
cultured in the epidermalization medium for 2 days at
37 1C, 10  1% CO . [001 18] After 2 days the medium
was exchanged with fresh medium composed as above, and
returned to the incubator set at 37  1 C, 10  1% CO2
for 2 days. After the 2 days, the carrier containing
the construct was aseptically transferred to new
culturing trays with sufficient media to achieve a
fluid level just to the surface of the carrier
membrane to maintain the developing construct at the
air-liquid interface. The air contacting the top
surface of the forming epidermal layer allows
stratification of the epithelial layer. The constructs
were incubated at 37  1 C, 10% CO2, and low humidity,
in media with media changes every 2-3 days for 7 days.
This medium contained a 1:1 mixture of Dulbecco's
modified Eagle's medium (DMEM) (containing no glucose
and no calcium, BioWhittaker, 47Walkersville, MD),
Hams F-12 medium (Quality Biologies, Gaithersburg,
MD), supplemented with 0.4 mg/ml hydrocortisone
(Sigma, St. Louis, MO), 5 x 10 4 M ethanolamine
(Fluka, Ronkonkoma, NY), 5 x 10~4 M
o-phosphoryl-ethanolamine (Sigma, St. Louis, MO), 5
mg/ml insulin (Sigma, St. Louis, MO), 5 mg/ml
transferrin (Sigma, St. Louis, MO), 20 pM
triiodothyronine (Sigma, St. Louis, MO), 6.78 ng/ml
selenium (Sigma Aldrich Fine Chemicals Company), 24.4
mg/ml adenine (Sigma Aldrich Fine Chemicals Company),
4 mM L-glutamine (BioWhittaker, Walkersville, MD),
2.65 mg/ml calcium chloride (Mallinckrodt,
Chesterfield, MO), 16 mM linoleic acid (Sigma, St.
Louis, MO ), 1 mM tocopherol acetate (Sigma, St.
Louis, MO), 1.25 mM serine (Sigma, St. Louis, MO),
0.64 mM choline chloride (Sigma, St. Louis, MO) and 50
mg/ml gentam cin sulfate (Amersham, 



Arlington Heights, IL). The cultures were fed every
2-3 days, for 14 days. [001 19] After the application
of epidermal cells to the dermal construct,
conditioned media are aspirated from the culture tray
containing the developing skin construct and frozen
until use as is or treated to concentrate or purify
the cell-produced skin agents. Example 3:
Administering a Composition Containing Cultured Skin
Agents to An Individual [00120] To determine the
effects of a topical cream containing the conditioned
media of Example 1 on senescence of the skin, subjects
are enrolled in a study to compare the test
composition to a control composition not containing
cultured skin agents from conditioned tissue culture
media. These volunteer subjects are treated topically
with two different cream preparations. The test areas
are divided into four regions on each forearm two
centimeters distal to the antecubital fossa and each
arm two centimeters proximal to the antecubital fossa.
[00121] Each test area is treated twice daily for 60
days. One milliliter of the respective cream is
applied to each test area during the dosing. At the
end of the 60-day period, respective photographs are
obtained from each test site on each subject; in
addition, 2 mm punch biopsies are obtained from each
test area. These biopsies are incubated for twelve
48hours in a trypsin solution to separate epidermis
from dermis. Once the epidermis was separated it is
submitted for flow cytometric analysis to determine
the percentage of keratinocytes in the S-Phase.
[00122] Results demonstrate that the test preparation
increases the cellular division rates significantly
over controls suggesting that the cultured skin agents
from conditioned tissue culture media exerts a
mitogenic effect that has a role in reversing or
ceasing the senescent epidermal cell cycle. [00123] To
determine if a dermal affect is produced by the strong
mesodermal effects of the conditioned media
composition, the dermis is further analyzed for
hydroxyproline content as an indirect measure of
cellular activity. The data demonstrates that by
hydroxyproline assay the control preparation seems to
exert no statistical effect on the dermis whereas the
test cream containing the cultured skin agent
preparation obtained from cultured skin constructs
produces an increase in the hydroxyproline content.
Example 4: Clonal Density Culture of Keratinocytes:
Evaluation of Colony Size [00124] The effect of
conditioned medium from the culture of cultured
bilayer skin constructs was evaluated on keratinocyte
migration using the method taught in Green H, Kchindc
O, Thomas J : "Growth of human epidermal cells into
multiple cpithclia suitable for grafting." Proceedings
of the National Academy of Science USA4 76:5665-5668
(1979), the 



teachings of which arc incorporated herein by
reference. Conditioned maintenance medium was removed
from cultured skin constructs between 10 and 12 days
post-air-lift (PAL). Control media were fresh,
unconditioned maintenance medium mixed 1:1 with fresh
FAD medium and fresh FAD medium ( 100%); test medium
was conditioned medium mixed 1:1 with fresh FAD
medium. 100mm or 60mm Petri dishes were coated with
type I collagen. Seeded to the collagen-coated dishes
were 1.5-5.OxIO5 Mitomycin C treated 3T3 cells used as
a feeder layer. The 3T3 cells were culture in FAD
medium 10% FCS without EGF. 49Keratinocytes were
seeded at 100 cells per 100mm dish or 50 cells per
60mm dish. Medium changes were done every 2-3 days and
the cultures were fixed at day 12 of culture. Cells
were visualized on the dishes using Acid Fucsin
staining and cell counts and area measures of the
keratinocyte cell colonies were determined. Data are
presented in Table 1 and in Figure 2. [00125] The
results demonstrate a large effect of conditioned
medium on keratinocyte colony size and number
indicating that the conditioned medium contains
bioactive components that increase keratinocyte
migration over fresh control media. Example 5: Measure
of Keratinocyte Proliferation [00126] To study the
effects of conditioned medium from cultured skin
constructs on keratinocyte proliferation, the 3T3
culture system described in Example 1 was used. The
proliferation assay was performed in 24-well plates
provided with a collagen coating. 3T3 feeder cells
were seeded to the plates in FAD medium. Keratinocytes
were seeded to the feeder layers at 1 x 103 cells/well
and cultured for 9 days with media changes every 2-3
days. Media conditions tested were: A. 100%
unconditioned maintenance medium. B. 100%
unconditioned maintenance medium + 1Ong/ml EGF. C. 90%
unconditioned maintenance medium/10% conditioned
maintenance medium from cultured skin constructs
between 10 and 12 days PAL. 50D. 50% unconditioned
maintenance medium/50% conditioned maintenance medium
from cultured skin constructs between 10 and 12 days
PAL. E. 100% conditioned maintenance medium from
cultured skin constructs between 10 and 12 days PAL.
[00127] Results from the proliferation assay showed,
as demonstrated in Figure 3, that the medium of
Condition E had increased proliferation over the
unconditioned medium containing EGF of Condition B.
Further, the 1:1 mix of unconditioned and conditioned
media of Condition D had increased proliferation of
keratinocytes over the 9:1 mix of 



unconditioned and conditioned media, respectively, of
Condition C which, in turn, had a greater
proliferative effect over the 100% unconditioned
medium of Condition A. These results suggest that the
conditioned medium contains other cytokines other than
EGF that promote keratinocyte proliferation. Example 6
: Effect of Conditioned Medium on Cell Migration on a
Fibrin Substrate [00128] Cell migration assays were
performed using a method for evaluating keratinocytes
migration of Ronfard, V. and Barrandon, Y. as
disclosed in International PCT Application Number WO
97/25617, the methods of which are incorporated herein
by reference. A fibrin gel substrate was prepared on
the bottoms of each dish according to the method.
[00129] To the top of the fibrin substrate, 1 x 104
keratinocytes were plated in 50% DMEM + 10% fetal calf
serum/50% test medium. Test media tested were: control
medium without EGF, control medium containing EGF, and
conditioned medium. The cultures were incubated at 37C
for 20-24 hours; fixed, and the migrating cells were
counted along with the helical turns made by the cells
as they migrated into the fibrin gel substrate. Cell
migration data are presented in Figures 4 and 5.
Figure 4 shows the number of adherent cells, both
immobile cells and mobile cells that migrate in a
helical pattern on the fibrin substrate. 5 1Figure 5
shows the average number of helical turns the mobile
cells make on the fibrin substrate. Cells in
conditioned medium (ACM) make nearly as many turns as
fresh control medium containing EGF indicating that
there is a growth factor effect on inducing cell
mobility suggesting that the conditioned medium (ACM)
also contains growth factors. Example 7: Cell
Proliferation of Other Cells [00130] Cell
proliferation assays for endothelial cells, smooth
muscle cells, and dermal fibroblasts were performed
using the method described in Kratz and, Haegerstrand:
"Conditioned Medium from Cultured Human Keratinocytes
Has Growth Stimulatory Properties on Different Human
Cell Types. Journal of Investigative Dermatology,
97:1039- 1043 ( 1991 ), the teachings of which are
incorporated herein by reference. [00131] Endothelial
cells, when cultured with condition medium taken from
cultured skin constructs, exhibit enhanced
proliferative activity over those cultured in control
medium. Data for endothelial cell proliferation are
presented in Figure 6. [00132] The proliferation
activity of smooth muscle cells and dermal fibroblasts
(separately) were tested in the following media
conditions: A. 100% unconditioned maintenance medium. 



B. 100% unconditioned maintenance medium + 10ng/ml
EGF. C. 90% unconditioned maintenance medium /10%
conditioned maintenance medium from cultured skin
constructs between 10 and 12 days PAL. D. 50%
unconditioned maintenance medium/50% conditioned
maintenance medium from cultured skin constructs
between 10 and 12 days PAL. E. 100% conditioned
maintenance medium from cultured skin constructs
between 10 and 12 days PAL. [00133] Results from the
smooth muscle proliferation assay are presented in
Figure 7, and those from the dermal fibroblast
proliferation assay are presented in Figure 8. For
these 52two cell types tested, conditioned medium from
the cultured skin constructs stimulated cell
proliferation at level above unconditioned media and
are increasingly proliferative in cultures containing
higher concentrations of conditioned medium. The
findings suggest that cultured skin constructs produce
cytokines that are biologically active with
significant effects on cell proliferation. Example 8:
ELISA [00134] Cytokines in conditioned media,
unconditioned control media, the cotton pad used in
airlift of the culture to bring it to the air-liquid
interface, and cell extract obtained from the cultured
skin construct were characterized using ELTSA.
Specifically, basic fibroblast growth factor (bFGF),
keratinocyte growth factor (KGF), and transforming
growth factor alpha (TGFa) were measured against
control group cytokines: KGF (R&D Systems, cat. #
DKGOO); bFGF (R&D Systems, cat. # DFBOO); and, TGFa
(alpha) (Oncogene Research Products, cat. # QIA61).
[00135] Results, as presented on Figure 9, show that
the small amounts of TGFa present in the fresh
unconditioned medium while conditioned medium also
contains KGF, bFGF, and increased levels of TGFa over
that of control indicating that the cells of the
cultured skin construct are producing these cytokines
and depositing them into the medium as it is
conditioned. The cotton pads from which conditioned
medium is obtained by compressing the medium from it
have even higher concentrations of bFGF and KGF and
nearly the same amount of TGFa. The results also show
that the cell extract obtained from the cultured skin
construct contains high levels of all three components
over the control medium and reemphasizes the use of
cultured skin constructs for stimulation of wound
healing processes. Example 9:
Purification/Concentration [00136] Conditioned media
from Example 1 is filtered using ultrafiltration cell
filters 



53to remove large molecular weight components from the
medium. The ultrafiltration is performed using the
Amicon 8050 Ultrafiltration Cell product that contains
an upper chamber and a lower chamber separated by a
molecular weight cut-off filter. Conditioned medium is
placed in the upper chambers of a number of
ultrafiltration units and is forced through the
filtration membrane using pressured nitrogen gas. The
conditioned medium retentate containing is added to
fresh unconditioned medium and. added to keratinocyte
cultures to test its proliferative ability when
compared to fresh medium without the retentate. Cells
cultured in fresh medium containing the conditioned
medium filtrate exhibits increased proliferative
ability over control cultures. Example 10: The Effect
of Conditioned Medium (ACM) on Human Keratinocyte
Migration is Independent of the EGF-Receptor Pathway.
[00137] To test whether the migration effect caused by
conditioned medium on keratinocyte cultures is due to
EGF, the following experiment was conducted.
Maintenance medium from Example 1 was collected and
used individually because fresh maintenance medium
does not initially contain EGF. Human keratinocytes
were grown to confluence in 100 mm plates and then
trypsinized to get a cell suspension. The cells were
incubated V _ hour at room temperature, in 1ml of
medium in the presence (GSR or ACMlR) or in the
absence (GS or ACMl) of a neutralizing anti-EGF
receptor antibody (Upstate Biotechnology, catalog #
05-101) at a concentration of 10 mg of antibody/10 4
cells/ml of medium. Then, cells were plated on the
fibrin substrate and tested for their ability to
migrate as previously described in Example 6.
Unconditioned (GS) or Conditioned mediums (ACM) were
tested in presence or in absence of EGF (10 ng/ml).
The results of the shown in Figure 10 are
representative of three experiments. [00138] The
present results show that cultured human keratinocytes
produce one or more factors that stimulate migration
of cultured human, this effect was comparable to that
of EGF. However, the addition of EGF antibodies, which
blocked the effect of EGF, did not 54abolish the
effect of ACM suggesting that EGF is not responsible
for the effects of the conditioned medium. These
results emphasize the fact that ACM produce one or
more factors other than EGF that greatly induce
keratinocytes to migrate as it is needed for in vivo
skin treatment. Example 11: Preparation of a Skin Care
Composition Containing Cultured Skin Agents and
Treatment of Patients After Skin Resurfacing [00139] A
topical formulation containing cultured skin agents
from Example 1 was developed as a skin care product to
enhance patient recovery by managing the degree of 



redness and discomfort following laser resurfacing.
The topical formulation was tested and found to
comprise at least the following components: FGF-I
(fibroblast growth factor), ILl a (interleukin), IL-6
(interleukin), IL-8 (interleukin), IL-Il
(interleukin), TGF-bl (transforming growth factor),
TGF-b3 (transforming growth factor), GMCSF
(granulocyte macrophage colony stimulating factor).
[00140] Under aseptic conditions, concentrated
cultured skin agents at 40% v:v were added to a gel
skin care base (carrier) consisting of sodium
carboxymethylcellulose, sodium chloride, sodium
acetate trihydrate, glacial acetic acid, methyl
paraben, propylparaben with m-cresol as preservatives
and 1-lysine hydrochloride as a stabilizer to form a
test product. [00141] The potential of the test skin
product to improve cosmetic outcomes when applied
after laser resurfacing was evaluated in ten healthy
subjects. The study was a double blind multi-center
study conducted at three clinical centers located in
the United States. At baseline, all ten subjects
received laser resurfacing with a Coherent Ultrapulse
5000C CO laser utilizing a hexagonal spot size 2,
density 6, power 300 millijoules, single pass with
wiping after the first layer. Each received treatment
on both sides of the face on the lower eyelids. Each
side was randomly assigned to receive either test
product (skin care agents in the carrier) or carrier
alone for 14 days post-op eratively. Therefore, each
subject served as his/her own control. During the
first 4 days after the laser resurfacing, both sides
of the lower 55eyelid were covered with Flexzan
Topical Wound Dressing (Dow B. Hickam, Inc., Sugar
Land, TX) after application of test product or control
to the respective assigned sites. Thereafter, the
subjects re-applied test product or control until
Study Day 14 and were followed until Study Day 90.
[00142] The following clinical assessments were
evaluated at Study Days 2, 4, 10, 14, 30 and 90:
redness, edema, epithelialization, patient discomfort,
patient satisfaction and overall cosmetic result. The
primary efficacy endpoint was the degree of erythema
at the treatment sites. The secondary endpoint was the
degree of edema, epithelialization, subject
discomfort, subject satisfaction and overall cosmetic
result. Determination of the treatment was judged by
the subject and investigators. Aphysician with
expertise and experience in the treatment of patients
with laser resurfacing reviewed the photographs in a
blinded fashion at the conclusion of the study.
Erythema was evaluated on a four-point scale: (1)
None, (2) Mild, (3) Moderate, (4) Intense. Safety was
assessed by clinical observation and subject query.
[00143] All patients experienced moderate to severe
erythema and edema and varying amounts of crusting in
the days following laser resurfacing. By
post-operative day 10, the 



mean erythema score (by photographic assessment) was
less for the test product side compared with control,
and remained so for the duration of the study. The
mean six visit cumulative erythema score was 1.85 for
the test product treated side compared to 1.9 1 for
the control treated side. All subjects returned to a
baseline assessment by post-operative Day 90. While
this difference was not statistically significant
using a one-sided t-test statistical analysis, the
inherent limitation of the small sample size will
hopefully be overcome by future studies using other
test product formulations, refined protocol and larger
sample size. Example 12: Concentration and De-Salting
Using Tangential Flow Filtration [00144] Collected
conditioned media from the skin cultures of Example
1were 56concentrated using filtration methods. [00145]
The conditioned media was first filtered through a
microporous membrane to remove any large particulates,
such as cells and cell debris. The removal of large
components from conditioned media makes downstream
filtration more efficient. [00146] A tangential flow
filtration system used to concentrate the collected
conditioned media was a closed loop system comprising
a feed tank, an outlet of which was connected in
series with a peristaltic feed pump, which in turn was
connected in series to a filtration module, which in
turn was connected in series to a valve, which was
connected in series to the inlet of the feed tank. The
feed tank also allowed for continuous feed to maintain
system volume as filtrate was removed. Connections
between these components was via medical grade tubing.
Pressure valves were connected in-line located on
either side of the filtration module. The filtration
module comprised an inlet and an outlet in line with
the filtration loop. On the opposite side of the
filter, a second outlet removed filtrate from the
closed loop system. [00147] Storage vessels containing
conditioned media was removed from refrigerated
storage (at about 40C) and decanted or pumped from the
storage containers into the feed tank of the
filtration system. Once the feed tank had a sufficient
volume of conditioned media the pump was turned on.
When the media was circulating, the media is pumped
tangcntially along the surface of the membrane. An
applied pressure serves to force a portion of the
media through the membrane to the filtrate side while
particulates and macromolecules that were too large to
pass through the membrane pores were retained on the
upstream side, swept along by the tangential flow, and
thus remained in circulation without build up at the
surface of the membrane. [00 148] The pump was left on
to conduct circulation of conditioned media through
the filtration circuit. During each pass of media over
the surface of the membrane, the applied 



57pressure forced a portion of the fluid through the
membrane and into the filtrate stream, thus increasing
the concentration of molecular weight components of
the medium that were too large to pass through the
membrane. After the conditioned media had reached a
concentration of about 2OX, that is, about twenty
times the concentration of the unfiltered (IX)
conditioned medium, the pump was turned off. [00149]
The tangential flow filtration system also provided a
system and means for the removal of salt from the
concentrated conditioned media components. To the feed
tank of the filtration system, sterile-filtered water
was added to dilute the water-soluble salts and large
molecular weight components in the conditioned media.
The pump was turned on to circulate fluid through the
system to reconcentrate the conditioned media while
removing water soluble salts. While the large
molecular weight components in the conditioned media
remained in the system, the aqueous portion including
the solubilized salts passed through the filter and
discarded as filtrate. Again, after the conditioned
media had reached a concentration of about 2OX, that
is, about twenty times the concentration of the
unfiltered (IX) conditioned medium, the pump was
turned off. The result was a decreased salt
concentration in the retentate that comprised filtered
and concentrated conditioned media components. Example
12: Preparation and Testing of a Skin Care Composition
Containing Cultured Skin Agents and a Permeation
Enhancer on Photoaged Skin [00150] To determine the
feasibility of a test formulation comprising cultured
skin agents to improve the appearance of photoaged
skin, a single center, double-blind, controlled, pilot
study was conducted with 10 study subjects, 35 years
or older, otherwise healthy, with signs of photoaging.
Photoaging for this study means photo-damaged skin on
arms and hands with an overall integrated assessment
of photoaging of 2 or more (see attached scale) on
both contralateral hands and arms. [0015 1] A test
formulation comprising cultured skin agents is
formulated by adding 58concentrated cultured skin
agents (20% v:v) to a skin care base (carrier)
consisting of components widely used in cosmetic
products with a penetration enhancer. Base ingredients
of the test formulation include: Purified Water, Poly
glyeerylmethacry late (AND) Propylene Glycol,
Petrolatum, Diccaprylyl Ether, PEG-5 Glyceryl
Stearate, Glycerin, Dimethicone (AND) Dimethiconol,
Cetyl Alcohol, Sweet Almond Oil, Acrylates/C 10-30
Alkly Acrylate Crosspolymer, Tocopheryl Acetate,
Phenoxyethanol, Benzyl Alcohol, Disodium EDTA, Sodium
Hydroxide, Lactic Acid. [00152] This is a double
blind, controlled, pilot study of test product vs.
control 



(carrier only as placebo). Each subject will have an
internal control (contralateral limb) and a historical
control (baseline). The effect of test product will be
compared to the baseline pretreatment evaluations of
the test area from each study subject as well as to
their contralateral limb. Ten study subjects with
signs of photoaging, as determined by evidence of
pigmentation, vascular changes, atrophy, and laxity of
skin, assessment on a semi quantitative scorecard,
will be entered into the study. The study subjects
will be asked to discontinue the use of all topical
agents to the treatment sites for two weeks prior to
the study. Standard 4-6 mm skin biopsies will be
performed at baseline from the pre-identified treated
and control sites of their arms, and at the Week 12
visit. On Day 0 each study subject will be supplied
with a treatment package containing tubes of test
creams labeled "Left" and "Right", randomly assigned
using labels "Left" or "Right" applied to the tubes in
each Treatment Package, and keep records to document
which tube in that particular Treatment Package
contains test product and which contains the carrier
only. The code will not be known to either study
subject or investigator until study completion and
data analysis. Either the right or left arm/hand will
serve as the treatment or control in each subject. A
sequential list of Treatment Packages will be
maintained, and the investigator will assign the
Treatment Packages to each new study subject
sequentially as they are enrolled in the study. Study
59subjects will be provided with sufficient quantities
of test product and carrier cream (placebo) for use
throughout the course of the study. Study subjects
will be asked to apply the test product and the
carrier cream to the forearms, wrist, and back of the
hands twice daily, and will be followed for a period
of 14 weeks. Study subjects will be told to use a mild
soap and moisturizer daily on treatment areas. [00153]
The study subject treatment sites will be evaluated
before treatment on Day 14, Day 0, Week 4, Week 8,
Week 12, and Week 14. At each visit each study subject
will be assessed for the appearance of fine wrinkles,
coarse winkles, mottled hyperpigmentation, lentigines,
irregular depigmentation, tactile roughness,
telangiectasias, elastosis, as well as an overall
integrated assessment. Each of these parameters will
be graded on a 6-point scale. Global response to
treatment will also be performed at each visit,
comparing the study subject's condition with that at
baseline, expression on a 7-point scale. Additionally,
non invasive measurements will be performed by the
investigator to assess the treatment and control
sites. These include photographs (digital,
cross-polarization, ultraviolet), spectroscopy, and
cutometry. Spectroscopy and cutometry are non-invasive
measurements that involve a probe placed against the
skin at the treated site. Fluorescence excitation
spectroscopy utilizes a light source and a
photomultiplicr to detect changes in endogenous 



fluorescence of chromophorcs such as collagen,
clastin, and markers of cellular proliferation.
Cutometry measures the elasticity of the skin through
suction generated at the end of a small probe. Study
subjects will also be evaluated for the presence of
pore size and photoaged related lesions (i.e., actinic
keratoses), and the investigator will note in the
chart if these lesions are present and if they are
changed by the study cream. At Week 14, study subjects
will complete a questionnaire to assess the cosmetic
appearance of their skin compared with their condition
at baseline and to assess their opinion about the
study cream. At each visit study subjects will be
asked if they have experienced any adverse events
which may have 60developed since starting the study,
changes in their medications, or deviations in any
procedures. [00154] Although the foregoing invention
has been described in some detail by way of
illustration and example for purposes of clarity and
understanding, it will be obvious to one of skill in
the art that certain changes and modifications may be
practiced within the scope of the appended claims. 6
1WE CLAIM: 1. A composition for use as a
pharmaceutical preparation or as a skin care product
comprising (a) a carrier base; (b) a conditioned cell
medium containing one or more cultured skin agents
synthesized and secreted from cultured keratinocytes
and fibroblasts; and, (c) penetration enhancer. 2. A
composition for use as a pharmaceutical preparation or
as a skin care product comprising (a) carrier base;
(b) a conditioned cell medium containing one or more
cultured skin agents synthesized and secreted from
cultured keratinocytes and fibroblasts; and, (c) a
penetration enhancer; and, (d) an antioxidant. 3. The
composition of claim 1, wherein the keratinocytes and
fibroblasts are a co-culture in a bilayer
configuration that resembles the native configuration
of skin. 4. The composition of claim 3 wherein the
co-culture comprises fibroblasts in a contracted
collagen lattice and keratinocytes disposed thereon. 5
The composition of claim 3, wherein the co-culture
comprises fibroblasts in an endogenously produced
matrix and keratinocytes disposed thereon. 



6. The composition of claim 3, wherein the co-culture
comprises fibroblasts in a collagen sponge and
keratinocytes disposed thereon. 7. The composition of
claim 6, wherein the sponge also comprises
glycosaminoglycans. 8. The composition of claim 3,
wherein the co-culture comprises fibroblasts on a
62mesh member and keratinocytes disposed thereon. 9
The composition of claim 1, wherein the permeation
enhancer is a chemical permeation enhancer, an active
permeation enhancer, or a follicular permeation
enhancer. 10. A method for producing a preparation
containing a conditioned cell medium containing one or
more cultured skin agents produced by cultured skin
cells, comprising: (a) culturing skin cells in a
nutrient containing medium to grow the skin cells to
induce the skin cells to synthesize and secrete one or
more cultured skin agents into the medium; (b)
separating the conditioned medium containing one or
more cultured skin agents from the cultured skin
cells; and, (c) producing a preparation comprising the
conditioned medium containing one or more cultured
skin agents. 11. A method for producing a preparation
containing a conditioned cell medium containing one or
more cultured skin agents produced by cultured skin
cells, comprising (a) culturing skin cells in a
nutrient containing medium to grow the skin cells and
inducing skin cells to synthesize and secrete one or
more cultured skin agents into the medium; (b)
separating the conditioned medium containing one or
more cultured skin agents from the cultured skin
cells; and, (c) increasing the concentration of the
cultured skin agents in the conditioned cell medium
(d) reducing the salt concentration in the conditioned
medium (e) producing a preparation comprising the
conditioned medium containing one or more cultured
skin agents. 12. The method of claim 11, wherein the
skin cells are keratinocytes and 63fibroblasts
co-cultured in a bilayer configuration that resembles
the native configuration of skin. 13. The method of
claim 12, wherein the bilayer configuration comprises
fibroblasts in a contracted collagen lattice and
keratinocytes disposed thereon. 



14. The method of claim 12, wherein the bilayer
configuration comprises fibroblasts in an endogenously
produced matrix and keratinocytes disposed thereon.
15. The method of claim 12, wherein the bilayer
configuration comprises fibroblasts in a collagen
sponge and keratinocytes disposed thereon. 16. The
method of claim 15, wherein the sponge also comprises
glycosaminoglycans. 17. The method of claim 12,
wherein the bilayer configuration comprises
fibroblasts on a mesh member and keratinocytes
disposed thereon. 18. The method of claim 11 wherein
the concentration of the cultured skin agents are
increased between 5 and 30 times. 19. The method of
claim 11 wherein the concentration of the cultured
skin agents are increased between 10 and 25 times. 20.
The method of claim 11 wherein the concentration of
the cultured skin agents arc increased between 15 and
20 times. 2 1. The method of claim 11 wherein steps
(c) and (d) occur at the same time. 22. The method of
claim 11, wherein steps (c) and (d) are repeated. 23.
The method of claim 11, wherein steps (c) and (d) are
performed using tangential flow filtration. 24. The
method of claim 11, wherein step (c) is performed
using tangential flow filtration. 25. The method of
claim 11, wherein step (d) is performed using
tangential flow 64filtration. 26. The method of claim
11, wherein conditioned cell media is pre-f ltered to
remove cells and cell debris before concentration. 27.
The use of a conditioned cell medium containing one or
more cultured skin agents synthesized and secreted
from cultural skin cells in the preparation of a
pharmaceutical preparation. 28. A method of treating
the skin an individual comprising: applying topically
to the skin a composition comprising a conditioned
cell medium containing one or more cultured skin
agents synthesized and secreted from cultured skin
cells. 29. The method of claim 28, wherein the skin of
the individual is treated to increase cell
proliferation and generation. 30. The method of claim
28, wherein the skin of the individual is treated to 



decrease the rate of cell senescence in the skin. 31.
The method of claim 28, wherein the skin of the
individual is treated to reduce wrinkles and fine
lines in the skin. 32. The method of claim 28 wherein
the skin of the individual is treated to reduce
cclhilitc. 33. The method of claim 28 wherein the skin
of the individual is treated to promote angiogenesis.
34. The method of claim 28 wherein the skin of the
individual is treated to treat neuropathy. 35. The
method of claim 28 wherein the skin of the individual
is treated to reduce scar formation. 36. The method of
claim 28 wherein the skin of the individual is treated
to reduce 65the appearance of a scar. 37. The method
of claim 28 wherein the skin of the individual is
treated to promote hair growth. 38. A skin treatment
comprising a topically applied composition for
increasing cell proliferation and generation and for
decreasing cell senescence formulated with conditioned
cell medium containing one or more cultured skin
agents synthesized and secreted from cultured skin
cells. 39. A composition for use as a pharmaceutical
preparation or as a skin care product comprising (a) a
carrier base; (b) a conditioned cell medium containing
one or more cultured skin agents synthesized and
secreted from cultured keratinocytes and fibroblasts;
and, (c) a silicone-based penetration enhancer. 40.
The composition of claim 39, wherein the
silicone-based penetration enhancer is selected from
the group consisting of: cyclomethicone and
dimethicone copolyol. 4 1. The composition of claim
39, wherein the cultured skin agents concentrated,
desalted and exhibit an approximately neutral pH. 42..
A method for treating a region of skin exhibiting the
appearance of wrinkles, comprising: applying topically
to a region of skin exhibiting the appearance of
wrinkles a composition comprising a conditioned cell
medium containing one or more cultured skin agents
synthesized and secreted from cultured skin cells 



wherein topical application is at least once a day to
treat the region of skin such that the fibroblasts in
the skin are induced to synthesize de novo elastin in
the Grenz zone of the skin to thicken the Grenz zone.
66 


