
PHENANTHRENONE COMPOUNDS, COMPOSITIONS AND METHODS FIELD OF THE INVENTION
The present invention includes compounds that are glucocorticoid receptor
modulators. The present invention also includes compositions and methods of
using compounds and compositions. BACKGROUND OF THE INVENTION
Glucocorticoid receptor modulators are glucocorticoid receptor ligands that
are used to treat a variety of conditions because of their powerful
anti-inflammatory, antiproliferative and immunomodulatory The invention
also relates to compositions comprising a therapeutically effective amount
of a compound of Formula I and a pharmaceutically acceptable carrier. Also
provided is a method of contacting a glucocorticoid receptor with a
compound of Formula I . Further provided are methods of treating a
condition in a subject mediated by glucocorticoid receptor activity by
administering to the subject a compound of Formula I .DETAILED DESCRIPTION
This detailed description herein is intended only to acquaint others
skilled in the art with the inventions, the principles, and the practical
applications so that others skilled in the art may adapt and apply the
inventions in their numerous forms, as they may be best suited to the
requirements of a particular use. These inventions, therefore, are not
limited to the embodiments described in this specification, and may be
modified. A. Definitions The term "subject" refers to any animal, including
mammals, such as mice, rats, other rodents, rabbits, dogs, cats, pigs,
cattle, sheep, horses, primates, or humans. The term "treating" (and
corresponding terms "treat" and "treatment") includes palliative,
restorative, and preventative ("prophylactic") treating of a subject. The
term "palliative treating" refers to treatment that eases or reduces the
effect or intensity of a condition in a subject without curing the
condition. The term "preventative treating" (and the corresponding term
"prophylactic treating") refers to treatment that prevents the occurrence
of a condition in a subject. The term "restorative treating" ("curative")
refers to treatment that halts the progression of, reduces the pathologic
manifestations of, or entirely eliminates a condition in a subject.
Treating can be done with a therapeutically effective amount of compound,
salt or composition that elicits the biological or medicinal response of a
tissue, system orsubject that is being sought by an individual such as a
patient, researcher, doctor, veterinarian, or clinician The terms
"pharmaceutically effective" or "therapeutically effective" refer to an
amount of a compound herein, or salt thereof, that is sufficient to provide
an effective treatment, as discussed above It is understood that what
comprises a pharmaceutically or therapeutically effective amount may be a
lesser amount of the compound or salt when it is administered in
combination with another agent than when utilized alone B. Compounds sodium
salt of the compound of Formula I 



Pharmaceutically acceptable acid addition salts are formed from acids which
form non-toxic salts Examples include the acetate, aspartate, benzoate,
besylate, bicarbonate/carbonate, bisulphate/sulphate, borate, camsylate,
citrate, edisylate, esylate, formate, fumarate, gluceptate, gluconate,
glucuronate, hexafluorophosphate, hibenzate, hydrochloride/chloride,
hydrobromide/bromide, hydroiodide/iodide, isethionate, lactate, malate,
maleate, malonate, mesylate, methylsulphate, naphthylate, 2-napsylate,
nicotinate, nitrate, orotate, oxalate, palmitate, pamoate,
phosphate/hydrogen phosphate/dihydrogen phosphate, saccharate, stearate,
succinate, tartrate, tosylate and trifluoroacetate salts Pharmaceutically
acceptable base salts are formed from bases which form non-toxic salts
Examples include the aluminium,arginine, benzathine, calcium, choline,
diethylamine, diolamine, glycine, lysine, magnesium, meglumine, olamine,
potassium, sodium, tromethamine and zinc salts. For a review on suitable
salts, see "Handbook of Pharmaceutical Salts: Properties, Selection, and
Use" by Stahl and Wermuth (Wiley-VCH, Weinheim, Germany, 2002). A salt may
be readily prepared by mixing together solutions of compounds of the
present invention and the desired acid or base, as appropriate. The salt
may precipitate from solution and be collected by filtration or may be
recovered by evaporation of the solvent. The degree of ionization in the
salt may vary from completely ionized to almost non-ionized. The compounds
of the present invention may be administered as prodrugs. Thus, certainAlso
included are acid addition or base salts wherein the counterion is
optically active, for example, D-lactate or L-lysine, or racemic, for
example, DL-tartrate or DL-arginine. Isomers may be separated by
conventional techniques well known to those skilled in the art. The present
invention includes isotopically-labeled compounds of the invention wherein
one or more atoms are replaced by atoms having the same atomic number, but
an atomic mass or mass number different from the atomic mass or mass number
usually found in nature. Isotopically-labeled compounds of the invention
can generally be prepared by conventional techniques known to those skilled
in the art or by processes analogous to those described in the accompanying
Examples and Preparations using an appropriate isotopically-labeled reagent
in place of the non-labeled reagent previously employed.For the treatment
of the conditions referred to below, the compounds of the present invention
can be administered. Salts of the compounds of the present invention could
also be used. C. Compositions Compounds or salts of the present invention
may be part of a composition. Compositions can also include one or more
compounds or salts of the present invention. The composition can also
include an enantiomeric excess of one or more compounds of the present
invention. Other pharmacologically active substances and carriers can be
included in the composition. One embodiment is a composition comprising a
compound of Formula I or a salt thereof. Another erythema multiforme
(Stevens-Johnson syndrome), exfoliative dermatitis, mycosis fungoides,
psoriasis, and seborrheic dermatitis; e) allergic states, such as seasonal
or perennial allergies, allergic rhinitis, bronchial asthma, contact
dermatitis, atopic dermatitis, serum sickness, and drug hypersensitivity
reactions; 



f) ophthalmic diseases and conditions, such as allergic corneal marginal
ulcers, herpes zoster ophthalmicus, anterior segment inflammation, diffuse
posterior uveitis and choroiditis, chronic uveitis, sympathetic ophthalmia,
allergic conjunctivitis, keratitis, chorioretinitis, optic neuritis, iritis
and iridocyclitis; g) respiratory diseases, such as symptomatic
sarcoidosis, Loeffler's syndrome, berylliosis, fulminating or disseminated
pulmonary tuberculosis, and aspiration pneumonitis;h) hematologic
disorders, such as idiopathic thrombocytopenic purpura, secondary
thrombocytopenia, acquired (autoimmune) hemolytic anemia,
erythroblastopenia (Red Blood Cell anemia), and congenital (erythroid)
hypoplastic anemia; i) neoplastic diseases, such as leukemia and lymphoma;
j ) edematous states, such as inducing diuresis or emission of proteinuria
in the nephrotic syndrome, without uremia, of the idiopathic type or that
due to lupus erythematosus; k) gastrointestinal diseases, such as
ulcerative colitis, regional enteritis, inflammatory bowel disease, Crohn's
disease, gastritis, irritable bowel syndrome; I) miscellaneous conditions,
such as tuberculous meningitis and trichinosis; and a) asthma of whatever
type, etiology, or pathogenesis, in particular asthma that is a member
selected from the group consisting of atopic asthma, non-atopic asthma,
allergic asthma, atopic bronchial IgE-mediated asthma, bronchial asthma,
essential asthma, true asthma, intrinsic asthma caused by pathophysiologic
disturbances, extrinsic asthma caused by environmental factors, essential
asthma of unknown or inapparent cause, non-atopic asthma, bronchitic
asthma, emphysematous asthma, exerciseinduced asthma, allergen induced
asthma, cold air induced asthma, occupational asthma, infective asthma
caused by bacterial, fungal, protozoal, or viral infection, non-allergic
asthma, incipient asthma, wheezy infant syndrome and bronchiolytis; b)
chronic or acute bronchoconstriction, chronic bronchitis, small airways
obstruction, and emphysema;c) obstructive or inflammatory airways diseases
of whatever type, etiology, or pathogenesis, in particular an obstructive
or inflammatory airways disease that is a member selected from the group
consisting of chronic eosinophilic pneumonia, chronic obstructive pulmonary
disease (COPD), COPD that includes chronic bronchitis, pulmonary emphysema
or dyspnea associated or not associated with COPD, COPD that is
characterized by irreversible, progressive airways obstruction, adult
respiratory distress syndrome (ARDS), exacerbation of airways
hyper-reactivity consequent to other drug therapy and airways disease that
is associated with pulmonary hypertension; d) bronchitis of whatever type,
etiology, or pathogenesis, in particular bronchitis that is a member
selected from the group consisting of acute bronchitis, acute
laryngotracheal bronchitis, arachidic comprising administering to the
subject a compound or salt of the present invention. The present invention
includes a method of treating conditions such as asthma, dermatitis,
inflammatory bowel disease, Alzheimer's disease, psychotic major
depression, neuropathy, transplant rejection, multiple sclerosis, chronic
uveitis, or chronic obstructive pulmonary disease in a subject comprising
administering to the subject a compound or salt of the present invention. 



The present invention includes a method of treating rheumatoid arthritis in
a subject comprising administering to the subject a compound or salt of the
present invention. Rheumatoid arthritis is considered a chronic autoimmune
and inflammatory disease producing inflamed joints, which eventually swell,
become painful, and experience degradation of cartilage, bone, and
ligaments of the joint. A result of rheumatoid arthritis is deformity,
instability, and stiffness of the jointand scarring within the joint. The
joints deteriorate at a highly variable rate. Many factors, including
genetic predisposition, may influence the pattern of the disease. People
with rheumatoid arthritis may have a mild course, occasional flare-ups with
long periods of remission without disease, or a steadily progressive
disease, which may be slow or rapid. Rheumatoid arthritis may start
suddenly, with many joints becoming inflamed at the same time. More often,
it starts subtly, gradually affecting different joints. Usually, the
inflammation is symmetric, with joints on both sides of the body affected.
Typically, the small joints in the fingers, toes, hands, feet, wrists,
elbows, and ankles become inflamed first, followed by the knees and hips.
Pain associated with rheumatoid arthritis is typically somatic nociceptive
joint pain. Swollen wrists proposed indication, the compounds or salts of
the invention can be assessed for their biopharmaceutical properties, such
as solubility and solution stability (across pH), and permeability. Doses
for compounds or salts of the invention range from 0.1 mg to 100 mg for
oral administration and doses range from 2 mg or less for inhaled
administration. The dose may be administered in single dose or two or more
divided doses and may fall outside of the typical range given herein. The
dosages are based on an average human subject having a weight of about 60
kg to 70 kg. Dosing and dosing regimen depend upon subject and a variety of
conditions that may affect dosing (age, sex, body weight, etc.). A
physician or other medical professional will readily be able to determine
doses for subjects whose weight falls outside this range, such as infants
and the elderly.Oral Administration The compounds of the invention and
salts thereof may be administered orally. Oral administration may involve
swallowing, so that the compound or salt enters the gastrointestinal tract,
and/or buccal, lingual, or sublingual administration by which the compound
or salt enters the blood stream directly from the mouth. Formulations
suitable for oral administration include solid, semi-solid and liquid
systems such as tablets; soft or hard capsules containing multi- or
nano-particulates, liquids, or powders; lozenges (including liquid-filled);
chews; gels; fast dispersing dosage forms; films; ovules; sprays; and
calcium phosphate dihydrate. Tablets may also optionally comprise surface
active agents, such as sodium lauryl sulfate and polysorbate 80, and
glidants such as silicon dioxide and talc. When present, surface active
agents may comprise from 0.2 weight % to 5 weight % of the tablet, and
glidants may comprise from 0.2 weight % to 1 weight % of the tablet.
Tablets also generally contain lubricants such as magnesium stearate,
calcium stearate, zinc stearate, sodium stearyl fumarate, and mixtures of
magnesium stearate with sodium lauryl sulphate. 



Lubricants generally comprise from 0.25 weight % to 10 weight %, preferably
from 0.5 weight % to 3 weight % of the tablet. Other possible ingredients
include anti-oxidants, colorants, flavoring agents, preservatives and
taste-masking agents.Exemplary tablets contain up to about 80% drug, from
about 10 weight % to about 90 weight % binder, from about 0 weight % to
about 85 weight % diluent, from about 2 weight % to about 10 weight %
disintegrant, and from about 0.25 weight % to about 10 weight % lubricant.
Solid formulations for oral administration may be formulated to be
immediate and/or modified release. Modified release formulations include
delayed-, sustained-, pulsed-, controlled-, targeted and programmed
release. Suitable modified release formulations for the purposes of the
invention are described in US Patent No. 6,106,864. Details of other
suitable release technologies such as high energy dispersions and osmotic
and coated particles are to be found in Pharmaceutical Technology On-line,
25(2), 1-14, by semi-solid, or thixotropic liquid for administration as an
implanted depot providing modified release of the active compound. Examples
of such formulations include drug-coated stents and semi-solids and
suspensions comprising drug-loaded poly(dl-lactic-coglycolic)acid (PGLA)
microspheres. TopicalAdministration The compounds or salts of the invention
may also be administered topically, (intra)dermally, or transdermal^ to the
skin or mucosa. Example 1 could be administered to the skin. Typical
formulations for this purpose include gels, hydrogels, lotions, solutions,
creams, ointments, dusting powders, dressings, foams, films, skin patches,
wafers, implants, sponges, fibres, bandages and microemulsions. Liposomes
may also be used. Typical carriers include alcohol, water, mineral oil,
liquid petrolatum, whitepetrolatum, glycerin, polyethylene glycol and
propylene glycol. Penetration enhancers may be incorporated - see, for
example, J Pharm Sci, 88 (10), 955-958, by Finnin and Morgan (October
1999). Other means of topical administration include delivery by
electroporation, iontophoresis, phonophoresis, sonophoresis and microneedle
or needle-free (e.g. Powderject(tm), Bioject(tm), etc.) injection.
Formulations for topical administration may be formulated to be immediate
and/or modified release. Modified release formulations include delayed-,
sustained-, pulsed-, controlled-, targeted and programmed release. A
suitable solution formulation for use in an atomiser using
electrohydrodynamics may comprise a compound of the present invention,
propylene glycol, sterile water, ethanol and sodium chloride. Alternative
solvents which may be used instead of propylene glycol include glycerol and
polyethylene glycol. Formulations for inhaled/intranasal administration may
be formulated to be immediate and/or modified release using, for example,
PGLA. Modified release formulations include delayed-, sustained-, pulsed-,
controlled-, targeted and programmed release. In the case of dry powder
inhalers and aerosols, the dosage unit is determined by means of a 



valve which delivers a metered amount. Units in accordance with the
invention are typically arranged toadminister a metered dose or "puff which
may be administered in a single dose or, more usually, as divided doses
throughout the day. Dose ranges for inhaled administration range from 2 mg
to less or 1 mg to less. Combination The compounds or salts of the
invention may be administered in combination with one or more other
therapeutic agents, such as a drug. The compound of the present invention
or salt thereof may be administered at the same time or different time as
one or more other therapeutic agents. For example, "in combination"
includes: simultaneous administration of a combination of F. Use in the
Preparation of a Composition or Medicament In one embodiment, the present
invention comprises methods for the preparation of a composition or
medicament comprising the compounds or salts of the present invention for
use in treating condition mediated by glucocorticoid receptor activity. In
another embodiment, the invention comprises the use of one or more
compounds or salts of the present invention in the preparation of a
composition or a medicament for inflammation, inflammation related
condition, rheumatoid arthritis, dermatitis, Alzheimer's disease.The
present invention also includes the use of one or more compounds or salts
of the present invention for preparation of a composition or a medicament
for treating one or more conditions detailed in the Methods section. G.
Schemes The compounds of the present invention may be prepared using the
methods illustrated in the general synthetic schemes and experimental
procedures detailed below. The reactions of the synthetic methods herein
are carried out in suitable solvents which may be readily selected by one
skilled in the art of organic synthesis, said suitable solvents generally
being any solvent which is substantially nonreactiveA-6 A-7 The compound
B-1,
7-bromo-2-ethoxy-3,4,4a,9-tetrahydro-4a-(phenylmethyl)-(4aS)-phenanthrene,
may be prepared as described in European Patent Applications EP 1201649 and
EP 1201660 (both to Liu et al.) and EP 1201665 (Murry et al.). Preparation
1: (S)-4a-benzyl-7-bromo-2-ethoxy-3,4,4a,9-tetrahydrophenanthreneB B-1
Starting Material A-8 (450 g ; 1.17 moles) was dissolved in ethanol (4.5 L)
at ambient temperature. 21% sodium ethoxide in ethanol (44 ml_; 0.12 moles)
was added and the mixture was heated to reflux for three h O h S i M i l A
8 d h i i hill d 2 C A l distillation process was repeated twice more. More
p-toluenesulfonic acid (6.1 g) was added each time fresh toluene was added.
During the reaction, two intermediates (detected by LC) were formed as the
substrate was converted into product. The end point of the reaction was an
equilibrium point between the two intermediates and the product. Once the
endpoint was reached, the mixture was cooled to ambient temperature. The
mixture was washed with 0.5 M NaOH (2 L). The phases separated quickly and
both were dark with a small rag layer. The mixture was washed with water (2
L). The phases separated very slowly. The mixture was dried by azeotropic
distillation. Methanol (4 L) was added to the mixture and 



solvent (4 L) was distilled from the mixture. The methanol addition and
solvent distillation were repeated twice more. Methanol was added to the
mixture and precipitation occurred a few minutes later. More methanol (4 L)
was added to the mixture and then brought to reflux. After 30 minutes, the
mixture was cooled to 0C. The mixture was filtered and the solid was washed
with chilled methanol (2 X 2L). Thesolid was dried in a vacuum oven at 65C.
The title compound (882 g ; 98 area %) was obtained as a beige solid. 1H
NMR (DMSO) d ppm: 1.71 (m, 2H), 2.06 (m, 2H), 2.31 (dd, 1H), 2.39 (m, 1H),
2.68 (d, 1H), 2.77 (m, 1H), 2.86 (dd, 1H), 3.36 (d, 1H), 3.86 (m, 4H), 5.45
(m, 1H), 6.50 (m, 2H), 7.00 (m, 4H), 7.37 (dd, 1H), 7.44 (d, 1H). 3.87 (m,
7H), 5.49 (m, 1H), 6.47 (m, 2H), 6.93 (m, 2H), 7.01 (m, 1H), 7.42 (d, 1H),
7.64 (d, 1H), 7.79 (dd, 1H). PreparationH C B-4 The (S)-methyl
4b-benzyl-7,7-(1,2-ethylenedioxy)-4
b,5,6,7,8,10hexahydrophenanthrene-2-carboxylate (201 g ; 0 515 moles which
may be prepared as described in Preparation 3) and 50 ml of ethylene
glycolPreparation 5:
(4bS,8aR)-4b-benzyl-7-oxo-4b,5,6,7,8,8a,9,10-octahydrophenanthrene-2-carbox
ylic acid
(4bS,8aR)-4b-benzyl-7-oxo-4b,5,6,7,8,8a,9,10-octahydrophenanthrene-2-carbox
ylic acid (6.5 g , 19.44 mmol) was suspended in water (65 ml_). 2.5 M NaOH
( 11.7 ml_, 29.16 mmol) was added followed by benzaldehyde (2.16 ml_, 21.38
mmol). Over time (at 50C for 4 hours or at 25C over night) the mixture
became homogeneous. The reaction was considered complete when there was
less than 2% of
(4bS,8af?)-4b-benzyl-7-oxo-4b,5,6,7,8,8a,9,10-octahydrophenanthrene-2-carbo
xylic acid (Preparation 5) remaining. The mixture was cooled to 25C if it
was not already at 25C. EtOAc (65 ml_) was added to the mixture followed by
aqueous 2 M HCI (29 ml_). Crystallization normally occurred during the
acidaddition or shortly thereafter. The mixture was stirred for 60 minutes.
Heptane (65 ml_) was added and the mixture was stirred for an additional 60
minutes. Do not worry about separating out the aqueous phase; filter the
entire mixture and wash the solid with water followed by heptane. A pale
yellow solid (6.55 g , 80% yield) was obtained. 1H NMR (DMSO): d 1.70 (m,
1H), 1.85 (m, 1H), 2.45 (m, 3H), 2.65 (d, 3H), 2.95 (m, 2H), 3.50 (d, 1H),
6.15 (d, 2H), 6.25 (d, 1H), 6.70 (t, 2H), 6.90 (t, 1H), 7.30 (d, 1H), 7.50
(m, 5H), 7.70 (d, 2H), 12.75 (s, 1H). Preparation 7:
(4bR,6E,7S,8aR)-4b-benzyl-6-benzylidene-7-hydroxy-7-phenyl-4b,5,6,7,8,8a,9,
10- octahydrophenanthrene-2-carboxylic acid OC q y q SO4 p maintaining the
temperature below 1OC. A total of 50 ml of the saturated solution was
added. Solids formed in the solution and were removed by vacuum
filtratration. The filter cake was washed with tetrahydrofuran (40 mL) and
water (40 mL). Ethyl acetate (100 mL) was added and the layers separated.
The organic layer was washed with saturated ammonium chloride (100 mL),
dried over sodium sulfate, and solvent removed at reduced pressure. The
aqueous layer was checked by HPLC/MS and did not contain any product. The
residue was taken up in methanol (15 ml) and water added. The solution
became milky and eventually a precipitate formed. Small amounts of methanol
and water were added to 



improve the quality and quantity of precipitate. The solids were collected
by vacuum filtration and air dried for about 2 hours. 3.4 grams of the
title compound as a light yellow solid was obtained in 8 1% yield.1H NMR
(400 MHz, DMSO-O ) d ppm 12.65 ( 1 H, s), 7.44 - 7.56 (7 H, m), 7.34 - 7.39
(2 H, m), 7.30 (2 H, t , J=7.7 Hz), 7.12 - 7.22 (2 H, m), 6.78 ( 1 H, t ,
J=7.4 Hz), 6.50 (2 H, t , J=7.8 Hz), 6.12 ( 1 H, d , J=8.3 Hz), 5.86 (2 H,
d , J=7.3 Hz), 5.44 ( 1 H, s), 3.61 ( 1 H, d , J=14.2 Hz), 2.96 ( 1 H, dd,
J=17.6, 7.9 Hz), 2.80 - 2.91 ( 1 H, m), 2.66 - 2.74 ( 1 H, m), 2.50 - 2.65
(2 H, m), 2.08 ( 1 H, t , J=13.3 Hz), 1.82 - 1.93 (1H, m, J=13.2 Hz), 1.75
- 1.82 ( 1 H, m), 1.59 - 1.74 (2 H, m); LC/MS, tr = 3.77 minutes (5 to 95%
acetonitrile/water over 5 minutes at 1 ml/min, at 254 nm, at 50 C).
Preparation 8:
(4bR,7R,8aR)-4b-benzyl-7-hydroxy-6-oxo-7-phenyl-4b,5,6,7,8,8a,9,1 0- q
grams of a orange brown oil was obtained. HPLC/MS obtained. The mother
liquor was purified utilizing preparative reverse phase chromatography to
afford an additional 22g of the title compound for a total recovery of
27.5g in 85% yield. MH+ [m/z] 501 M+Na [m/z] 523 ; 1H NMR (400 MHz,
DMSO-Cf6) d ppm 2.00 (s, 4 H) 2.10 - 2.21 (m, 3 H) 2.51 (q, 3 H) 2.73 -
2.85 (m, 4 H) 2.96 - 3.10 (m, 3 H) 6.15 (dd, 1 H) 6.60 (dd, 2 H) 7.09 -
7.15 (m, 3 H) 7.25 (d, 1 H) 7.30 (d, 1 H) 7.34 - 7.40 (m, 4 H) 7.69 (s, 1
H). Preparation 9 :
(4bR,7R,8aR)-4b-benzyl-7-hydroxy-N-(2-methylpyridin-3-yl)-6-oxo-7-phenyl-
4b,5,6,7,8,8a,9,10-octahydrophenanthrene-2-carboxamide(4bR,7R,8aR)-4b-benzy
l-7-hydroxy-6-oxo-7-phenyl-4b,5,6,7,8,8a,9,10-octahydrophenanthrene-2- b li
id (21 49 2 l) 3 i 2 i li (5 8 52 2 l) d 1 th li id l (20 l added Mel_i*
l_iBr (0.1 mL). After 1 hour the LCMS indicated that starting material
remained so an additional 0.1 5mL was added. The reaction stirred to room
temperature over 2 hours. By HPLC, 2.5% of the starting material remained.
To the reaction was added NH4CI slowly and off gassing was observed. The
reaction was diluted to 125mL with acetonitrile and water. The reaction was
purified by reverse phase chromatography then was lyophilized. The
resulting dried powder was dissolved in acetonitrile and water again with
two drops of concentrated HCI. The solution was lyophilized to dryness.
This afforded the title product (231.4mg) as the HCI salt in 73% yield.
LRMS ES+ 533.1 1H NMR (300 MHz, METHANOL-O4) d ppm 1.23 - 1.28 (m, 3 H)
1.53 - 1.62 (m, 1 H) 1.90 - 2.20 (m, 3 H) 2.70 - 2.74 (m, 3 H) 2.84 (d,
J=14.90 Hz, 1 H) 2.92 - 3.22 (m, 2 H) 3.28 - 3.40 (m, 4 H) 3.91 (d, J=12.08
Hz, 1 H) 6.50 (d,J=8.26 Hz, 2 H) 6.84 - 6.92 (m, 2 H) 6.99 - 7.10 (m, 3 H)
7.13 - 7.29 (m, 3 H) 7.45 (dd, J=8.15, 1.91 Hz, 1 H) 7.56 - 7.65 (m, 2 H)
7.77 (d, J=1.81 Hz, 1 H) 7.88 (dd, J=8.26, 5.84 Hz, 1 H) 8.51 - 8.63 (m, 2
H). Example 1:
(4bR,6R,7R,8aS)-4b-benzyl-6,7-dihydroxy-6-methyl-N-(2-methylpyridin-3-yl)-1
0-oxo-7- phenyl b da^iO-octahydrophenanthrene^-carboxamide product as its
parent compound. The resulting solid was crystallized by the following
procedure: The solid was slurried with MeOH (7 mL), the solids collected
after 1 hour and washed with an additional 2 mL of MeOH to furnish the
title compound 1802 mg, 79%. Analytical data as follows: 1H NMR (500 MHz,
D6 DMSO) d ppm 1.18 (s, 3 H) 1.51 (dd, J=12.66, 1.96 Hz, 1 H) 1.99 (d,
J=14.96 Hz, 1 H) 2.40 (dd, J=18.88, 4.85 Hz, 1 H) 2.43 - 2.49 (m, 1 H) 2.49
(br. s., 3 H) 2.56 (t, J=12.82 Hz, 1 H) 2.61 (d, J=12.53 Hz, 1 H) 2.75 (d,
J=15.12 Hz, 1 H )2.92 (dd, J=18.59, 12.74 Hz, 1 H )4.05 (d, J=12.45 Hz, 1 H
) 6.65 (d, J=8.27 Hz, 1 H )6.79 (dd, J=7.69, 1.59 Hz, 2 H )7.05 - 7.13 (m,
3 H )7.15 - 7.21 (m, 1 H )7.25 (t, J=7.69 Hz, 2 H )7.49 



(dd, J=7.94,5.10Hz, 1 H )7.62 (dd, J=7.44, 1.25 Hz, 2 H ) 7.87 (dd, J=8.23,
2.13 Hz, 1 H )8.01 (dd, J=7.78, 1.00Hz, 1 H )8.46 (dd, J=5.01, 1.50Hz, 1 H
)8.54 (d, J=2.09 Hz, 1 H ) 10.18 - 10.58 (m, 1 H , NH).Dependant upon the
water content of DMSO, two OH protons can be visible at 4.78 and 5.44 ppm.
HRMS m/z 547.2619 (C35H35N2O4: calcd for M+H, 547.2591). I. BIOLOGICAL DATA
Lipopolysaccharide (LPS)-lnduced Human Whole Blood Venous blood from human
donors was collected as 10 ml aliquots in tubes containing sodium heparin
(BD Vacutainer from Becton Dickinson and Company, Franklin Lakes, NY).
Blood was added to sterile polystyrene round bottom 96-well tissue culture
plates (Corning Costar) at 180 ml/well. Blood was placed in a humidified
37C incubator with 5% CO while compounds were prepared (nearly 60 minutes)
( , g p , , Sigma-Aldrich). Calibrators for standard curves were prepared
in human plasma/serum assay diluent as a 1/5 serial dilution to achieve
final concentrations ranging from 50000 pg/ml to 3.2 pg/ml. Samples were
added at 10 to 20 ml/well and calibrators were added at 20 ml/well, then
incubated at room temperature with gentle shaking for 2 hours. Plates were
again washed 3x with wash buffer. Detection antibody was diluted in human
plasma/serum antibody diluent to 1 mg/ml and added to the plate at 20
ml/well. Plates were incubated as before for 2 hours and washed again. Read
Buffer T (4x) was diluted 1:1 with mqH2O to 2x concentration and 150 ml
added to each well. Plates were read on the SECTOR Imager 6000 (Meso Scale
Discovery) to generate raw signal values.Individual sample signal values
were compared to positive and negative controls (vehicle treated blood with
LPS and vehicle treated blood without LPS, respectively) to generate %
inhibition. Triplicate values were averaged for each donor. The values for
three or four donors were averaged and graphed using Aparameterfit curves
in the LabStats plug-in for the Microsoft Excel application. Prednisolone
was obtained from Sigma-Aldrich (Saint Louis, MO). Table 1. Mean Values of
Prednisolone Inhibition Comparator A is (4bS,7S,8af?)-4b-benzyl-7-hydroxy-
L/-((2-methylpyridin-3-yl)methyl)-7-(3,3,3- trifluoropropyl)-4
b,5,6,7,8,8a,9,10-octahydrophenanthrene-2-carboxamide, the synthesis for
which is described as Example No. 771 C-3 on page 241 of WO 00/66522 (Dow
et al.), and has the following structure:The following comparative
compounds, Comparators B, C and D, can be prepared by methods described
herein, those known in the art and Scheme D, below.METHODS OF LONG-TERM
CULTURE OF EUKARYOTIC CELLS AND USES THEREOF FIELD OF INVENTION [0001] This
invention pertains to the field of immortalized cells, and their use in
experimental research, therapeutics and testing. This invention provides a
novel method of immortalizing cells that employs proteins instead of
nucleic acids. BACKGROUND OF INVENTION [0002] Conventional methods to
produce transformed cells employ the DNA or RNA of E6/E7 viral oncogenes.
Thereafter, a gene(s) may be transfected into a target cell. Alternatively,
the 



gene(s) may be cloned into a viral vector, and the hybrid vector
transferred into the target cells via viral infection. In many cases, the
gene transfer vector will be tagged with a drug resistant gene to
facilitate subsequent work steps and selection. Typically, the cells may be
selected immediately upon gene transfer using a drug resistant gene.
Alternatively, the normal cells may be allowed to die, and the surviving
cells may be analyzed to determine their characteristics for future use.
[0003] There exists a compelling need for a method of producing cells in
large quantities and lacking, or having minimal unwanted characteristics of
cancerous and transformed cells. There is also a clear need for cell lines
that may be easily derived, maintained in cultures and afford the ability
of differentiating, genetic variation, stable metabolism, and consistent
response to extracellular agents. For clinical application such as cell
therapy and tissue engineering, it is pivotal to have scalable quantity of
cells of various organ origins without genetic modification. SUMMARY OF
INVENTION [0004] For the practice of the invention, it is provided an
immortalizing protein complex that comprises an internalizing molecule(s),
a transforming polypeptide(s) and an endosome releasingmolecule(s); in a
preferred embodiment all molecules and/or polypeptides may be operatively
linked to one or more of the other polypeptides. In another preferred
embodiment, the internalization is endosome-mediated. In yet another
preferred embodiment, the immortalizing protein complex further comprises a
nuclear internalizing molecule(s) and a telomere extending molecule(s). In
a further embodiment, the internalizing function and the endosome releasing
function are performed by the same molecule and therefore the internalizing
molecule and the endosome releasing molecule are of the same, such as the
case in when viral particle and viral capsid proteins are used [0005] Also
part of the invention is an immortalizing polynucleotide(s), encoding the
immortalizing protein complex(es); a hybrid vector carrying an expression
vector(s), and the polynucleotide(s) of the immortalizing protein
complex(es); a cell(s) that is transformed with the hybrid vector(s); a
cell(s) that expresses the immortalizing protein complex(es); a composition
having the immortalizing protein complex(es); and a cell immortalization
kit, comprising the immortalizing protein complex(es) and/or a
polynucleotide(s) encoding the protein complex(es) and/or a hybrid
expression vector(s) carrying the polynucleotide(s), and instructions for
its(their) use to practice the method for immortalizing cells. [0006] In
addition, another aspect of this invention relates to a method of producing
immortalized cells or extending the life of primary cells, comprising
contacting the immortalizing protein complex(es) of the invention with a
target cell(s) under conditions and for a period of time effective for the
protein complex(es) to be internalized and the transforming polypeptide(s)
to be released; and allowing for the transforming polypeptide(s) to extend
the life of the cell(s) and/or 



overcome cell growth arrest and/or overcome cell senescence and/or prevent
cell differentiation. In a preferred implementation, the method further
comprises removing the immortalizing protein complex from the cell culture
media to reverse the immortalization effect to obtain cells with normal
phenotype and capable of undergoing full differentiation.[0007] This
invention also relates to a cell(s) and tissues that have been treated
according to the above method. BRIEF DESCRIPTION OF THE DRAWINGS [0008]
Figure 1 shows a sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) of the expression upon induction of the E6 fusion protein
complex according to one embodiment of the instant invention. Lane M
contains a low molecular weight marker; Lane 1 contains the sample without
IPTG induction incubated at 37C for 8 hrs; Lane 2 contains the sample
induced by 0.5mM IPTG at 37 0C for 4 hrs. [0009] Figure 2 shows an
SDSD-PAGE and western blot of the E6 fusion protein complex according to
the same embodiment of the present invention. Lane 1 shows a Coomassie Blue
stained E6 fusion protein complex; Lane 2 shows a western blot of the
fusion protein complex employing and anti-E6 antibody; Lane M contains a
low molecule weight marker. [0010] Figure 3 shows a SDS-PAGE of an induced
E7 fusion protein complex according to another embodiment of this
invention. Lane M contains a low molecular weight marker; Lane 1 contains
the supernatant induced by 0.5mM IPTG at 37C for 4 hrs; Lane 2 shows the
supernatant induced by 0.5mM IPTG at 25C for 5 hrs; Lane 3 shows the
supernatant without IPTG induction at 37C for 4 hrs. [0011] Figure 4 shows
an E7 fusion protein complex after elution from an Ni-IDA column according
to the same embodiment of the instant invention. Lane 1 shows the eluted
fractions; Lane M shows a protein marker. [0012] Figure 5 shows the
separation of E7 from the tag by Ni resin according to the same embodiment
of the present invention. Lane M contains a MW marker; Lane 1 contains the
wash from the column; Lane 2 shows a Western Blot after using HPV 16 E7
specific antibody. [0013] Figure 6 shows the response of keratinocytes to
HPV 16 in the E6 and E7 fusion protein complexes according to another
embodiment of this invention (a) 0.75 mg/ml E6 FP + 0.25 mg/mlE7 FP; (b) l
mg/ml E6 FP + 0.33 mg/ml E7 FP; (c) 0.67 to 2mg/ml E7 FP; (d) >2mg/ml E7
FP; (e) 2 to 6mg/ml E6 FP; (f) >6mg/ml E6 FP; (g) control. [0014] Other
objects, advantages and features of the present invention will become
apparent to those skilled in the art from the following discussion.
DETAILED DESCRIPTION OF THE INVENTION [0015] This invention arose from a
desire by the inventors to improve on prior art technology involving the
use of primary cells and malignant and transformed cell lines for
biomedical research. In their own research, the inventors were faced with
the problems associated with the use of mortal primary cells that must be
obtained anew from fresh cadavers and are difficult to maintain in 



culture. The inventors were also too familiar with the drawbacks of
employing malignant and transformed cell lines in the laboratory, namely
their lack of ability to differentiate, and the fact that they are prone to
genetic mutation and aberrant metabolism and many times display an abnormal
responses to extra-cellular agents. [0016] In trying to overcome the
above-mentioned drawbacks, the inventors discovered that employing a
protein for the cell immortalization process they could produce cells of
desired characteristics in large quantities and in a reproducible manner.
[0017] The present method is useful both in vivo, ex vivo and in situ
applications. Exemplary uses include, but are not limited to, the
production of extended life cells in culture, extension of stem cell and
progenitor cell cultures and implants, extension of skin or other
epithelial cell cultures and grafts, the expansion of mesenchymal cell
cultures and grafts, and expansion of chondrocyte and osteocyte cultures
and grafts. Exemplary stem and progenitor cells, whose lives are extended
by the method of the invention include neuronal, hematopoietic, epithelial,
pancreatic, hepatic, chondrocytic and osteocytic stem and progenitor cells,
among many others. The present method is also applicable in wound and burn
healing, and more generally in tissue repair applications, as well as
cosmetic uses. The present invention is also applicable to prolonging
thelifespan of a culture of normal cells or tissue generally being used for
research purposes, and in one aspect to normal cells employed in secretion
of therapeutic and other commercially significant proteins and products.
Protein Based Cell Immortalization Method [0018] The inventors are
providing a process for manufacturing cell lines suitable for biological
research and testing of foreign and endogenous agents that arose from their
experimental work. In the process of the present invention, a gene may be
expressed as a fusion protein using recombinant methods. The thus obtained
fusion protein, existing in the form of a protein complex, comprises an
immortalizing or transforming polypeptide, an internalizing or
translocating polypeptide, and an endosome releasing signal(s). An optional
addition to the protein complex is that of a cell surface receptor binding
domain to aid in the internalization of the protein complex by the cell.
The protein complex may also be produced as a fusion protein. The fusion
protein may be generated post-transcriptionally, for example, by the
chemical addition of the endosome releasing signal to the immortalizing
protein, and optionally the addition of the receptor binding domain. Once
obtained, the protein complex or the fusion protein is allowed to be
internalized in a cell by spontaneous means, optionally by binding to the
cell surface receptor via a receptor endocytosis pathway. The
internalization is also optionally endosome-mediated. Once inside the cell,
the protein complex or fusion protein enters the endosome, where the
immortalizing polypeptide is separated from the rest of the protein or
continues to be bound to the protein. As the endosome releasing signal
disrupts the endosome, it releases the immortalizing protein, which then is
free to exercise its immortalizing or growth promoting activity on the host



cell. [0019] This present invention is an effective process for prolonging
the life of a cell and obtaining an immortalized cell line(s) employing a
protein or protein complex rather than DNA or RNA encoding the
immortalization gene to immortalize or extend the life span of the cell(s)
inculture or in vivo. Although a specific example is provided, the method
provided herein is also suitable for use with other immortalizing
polypeptides and other types of cells. The benefits of cell lines developed
using the novel methods are clear. The immortalized cells of this invention
contain no permanent genetic alterations and, therefore, best resemble the
original, primary cells. The protein complex is employed as an exogenous
factor to be added to a cell, whether in culture or in vivo, to extend the
cell life span for an extended period of time or indefinitely. It should be
noted that the immortalizing effect may be reversed upon removal of the
protein complex from the cell culture media. When this is done, the cells
revert to their normal phenotype and may undergo full differentiation. The
cells propagated using the method of this invention are far superior
alternatives to conventional cell lines obtained by stimulation with
immortalizing/translocation proteins that do not have the endosome release
factor provided in the complex. Moreover, when the cells are propagated in
a GMP environment they are suitable for human cell therapy and
transplantation applications. This ability makes the present technology
extremely important for the treatment of metabolic diseases, autoimmune
diseases, congenital diseases, neuronal and muscular degenerative diseases,
blood disorders, chronic wounds and ulcers, among many others. Examples of
diseases that may be treated with the present cells are diabetes, autism,
lupus, Alzheimer's disease, Huntington disease, hemophilia leukemia,
lymphoma, burn and chronic wounds, among many others. [0020] The invention
will be described by reference to one or more examples, but is applicable
across the board to many target cells and suitable immortalizing,
transforming or internalizing polypeptides or proteins. The HPV 16 E6 and
E7 oncogenes have been employed as examples of transforming proteins in the
protein based immortalization of keratinocytes or keratinocyte life
extension. The gene products of E6/E7 oncogenes of various subtypes of
human papillomaviruses, SV 40 T antigen, Adenovirus EIa, and various growth
promoting/immortalizing genes such as human telomerase reverse
transcriptase (hTERT), ras, myc and others in combination are also suitable
for use with the invention method to achieve similar results. In
theformation of the fusion protein this invention also employs a cell
internalizing polypeptide, e.g. EGF receptor recognizing domain. Other
appropriate receptor recognizing domains should be employed for the
immortalization or extension of life of other cells. Examples of receptors
and cell combinations are VEGF receptor recognizing domain that would be
suitable for endothelial cells and smooth muscle cells; IGFI and IGFII
receptor recognizing domains that would be suitable for cardiac and
skeletal muscle cells; c-kit receptor recognizing domain for heamatopoetic
stem cells; and NFG receptor recognizing domain are for neurons and
astrocytes, among many others known in the art. The fusion protein of the
invention also comprises a domain of an endosome releasing 



signal such as the heamaglutinin peptide of the influenza virus, the entire
viral capsid protein or even the entire virus. [0021] Briefly, the HPV E6
protein is known to bind to the p53 tumor suppressor gene and causes its
rapid degradation via the ubiquitin pathways. The thus treated cell will
grow indefinitely for extended periods of time due to the absence of p53
protein. The HPV E7 protein, on the other hand, binds the pRB tumor
suppressor gene and renders it incapable of sequestering the E2F growth
promoting factor. The free E2F growth promoting factor promotes cell growth
and avoids senescence. Under the influence of the E6 and E7 oncoproteins,
the cells spontaneously acquire telomerase activity. It is important to
note that the E6 and E7 oncoproteins of various HPV subtypes have the
ability to bind to p53 and pRb, respectively. Nevertheless, since the E6
and E7 oncoproteins of HPV 16 and HPV 18 bind to their respective tumor
suppressor gene with higher affinity than the rest, these proteins have the
greater immortalizing or life extension ability in culture, as described in
J Dermatol. 2000 Feb; 27(2):73-86. In a similar fashion, the SV40 T antigen
and the Adenovirus EIa antigen are also extremely effective for
immortalizing their target cells by interfering the p53 and pRB pathways,
respectively. [0022] The invention will now be described with reference to
the claims. In a first aspect, this invention provides an immortalizing
protein complex that comprises an internalizing molecule, optionally in the
form of a protein or polypeptide; a transforming polypeptide and an
endosomereleasing polypeptide molecule that are operatively linked to one
another, optionally linked to one another in the form of a fusion protein.
In another preferred embodiment, the protein complex further comprises a
nuclear internalizing molecule and a telomere extending molecule. [0023] In
one embodiment of the present invention, the internalizing molecule aids in
transferring or internalizing the protein complex into the target cell(s).
In one preferred embodiment, the internalizing molecule is
endosome-mediated; yet in another preferred embodiment, the
endosome-mediated internalizing molecule is receptor-mediated. In another
preferred embodiment, the internalizing molecule(s) comprise(s) a
cell-surface receptor binding molecule(s), a cell-surface internalizing
molecule(s), and/or a virus binding receptor molecule(s). In a particularly
preferred embodiment, the internalizing molecule(s) further comprise(s) an
EGF receptor recognizing molecule or ligand, an IGF receptor recognizing
molecule or ligand, a VEGF receptor recognizing molecule or ligand, a FGF
receptor recognizing molecule or ligand, a PDGF receptor recognizing
molecule or ligand, an insulin receptor recognizing molecule or ligand, a
growth hormone receptor recognizing molecule or ligand, a hepatocyte growth
factor receptor recognizing molecule or ligand, a chemokine receptor
recognizing molecule or ligand, an erythropoietin receptor recognizing
molecule or ligand, a cytokine receptor recognizing molecule or ligand, a
cKit polypeptide, HSV virus protein VP22, and/or a liposome. [0024] In
another embodiment of the present invention, the transforming polypeptide
is capable of overcoming cell differentiation and/or cell cycle arrest
and/or cell senescence. In a preferred 



embodiment, the transforming polypeptide comprises one or more oncogene(s)
expression product(s) and/or one or more telomere extending molecule(s). In
a particularly preferred embodiment, the employed oncogene(s) expression
product(s) may be a viral oncogene expression product(s) comprising one or
more of HPV E6, HPV E7, SV40 T antigen(s), adenovirus EIa and adenovirus
EIb, Epstein Barr virus, EBNA2 protein and LMP-I protein and/or a cellular
oncogene expression product(s) comprising one or more of ras, myc and src
oncogene expression product(s).In another preferred embodiment, the
telomere extending molecule comprises hTERT, among many others known in the
art. [0025] In yet another embodiment of the instant invention, the
endosome releasing polypeptide promotes and/or facilitates the release of
the transforming or immortalizing polypeptide from the endosome. In a
preferred embodiment, the endosome releasing molecule(s) comprises an
endosome releasing signal polypeptide(s). In a particularly preferred
embodiment, examples of endosome releasing molecules include influenza
viral envelope HA20, adenovirus capsid, adeno-associated virus viral
capsid, retrovirus capsid, and other viral and synthetic endosome releasing
molecules. [0026] In still another preferred embodiment of this invention,
the nuclear internalizing molecule comprises a nuclear receptor binding
molecule(s) and/or a nuclear receptor molecule(s). In a preferred
embodiment, examples of nuclear internalizing molecules include a
steroid(s), a lipid-soluble moiety(ies), retinoic acid, vitamin D, members
of the steroid receptor super family, retinoid receptors, and vitamin D
receptor, or a combination(s) thereof. [0027] In another embodiment of this
invention, the telomere extending molecule(s) comprise(s) hTERT. In another
embodiment, the telomere extending molecule comprises hTERT telomerase
subunit, wherein the other two subunits of hTR and hTAP-1 are generally
expressed in all cell types. On the other hand, for those cell types that
hTR and hTAP-1 are not expressed therein, these two subunits can be
introduced into the cells additionally. In one preferred embodiment, the
telomerase extending molecule(s) comprise(s) the telomerase catalytic
subunit(s), hTERT, hTR, hTR, hTP-A, or TERT of human origin or other
mammalian homologues. [0028] A specific immortalizing protein complex of
the invention may have each polypeptide/molecule fused to at least one
other polypeptide/molecule to form a fusion protein. [0029] Another aspect
of the present invention is an immortalizing polynucleotide that encodes
the protein complex described above. Also provided herein in the form of a
hybrid vector is anexpression vector having operatively linked thereto the
described polynucleotide. Also provided by the inventors is a cell
transformed with the hybrid vector. [0030] Yet another aspect, this
invention provides a cell expressing the immortalizing protein complex.
[0031] In a further aspect, the aforementioned products may be packaged in
the form of a cell immortalization kit, comprising, in the alternative or
all inclusively, an appropriate immortalizing protein complex or fusion
protein for its intended application and/or DNA or RNA segments 



encoding each domain of the protein complex and/or a polynucleotide
encoding the entire protein complex and/or hybrid expression vectors, each
carrying a nucleic acid segment encoding one polypeptide and/or a hybrid
expression vector carrying the polynucleotide; and instructions for its use
for immortalizing cells. [0032] In another aspect, this invention also
provides a composition, comprising the immortalizing protein complex or
fusion protein of the invention, wherein different polypeptides may be
substituted for each of the different domains. [0033] Yet another aspect of
the present invention disclosed and claimed in this invention is a method
of immortalizing or of producing immortalized cells or extending the life
of primary cells, which process comprises contacting the immortalizing
protein complex of the invention with a target cell under conditions and
for a period of time effective for the protein complex to be internalized
and the transforming polypeptide released; and allowing for the
immortalizing or transforming polypeptide to extend the life of the cell,
and/or overcome cell growth arrest, and/or overcome cell senescence and/or
prevent cell differentiation. In a preferred implementation, the method may
comprise obtaining two separate immortalizing protein complexes, one
comprising HPV E6 operatively linked to at least one endosome releasing
molecule, and the other comprising HPV E7 operatively linked to at least
one endosome releasing molecule, and incorporating both complexes into a
target cell under conditions and for a period of time effective for the two
protein complexes to be internalized, whereby the immortalizing or
transforming polypeptides HPV E6and HPV E7 may be released into the target
cell, and allowing the extension of the life of the cell and/or overcoming
or preventing cell arrest and/or overcome cell senescence and/or preventing
cell differentiation . [0034] In yet another implementation, the method
further comprises removing the immortalizing protein complex from the cell
culture media to reverse the immortalization effect to obtain cells with
normal phenotype and capable of undergoing full differentiation. [0035] The
target cells for immortalization may be of many different types, and the
method of the present invention is effective in prolonging the life of
numerous cells, and it may be employed for the treatment of any and all
primary cells as target cells. In one implementation, the types of cells
comprises islet cells, hepatocytes, keratinocytes, endothelial cells,
smooth muscle cells, skeletal and cardiac muscle cells, nerve cells
astrocytes, and adult and cord blood hematopoetic cells. However, many
others are also suitable for treatment by the method of this invention. In
another preferred implementation, the immortalizing protein complex is
provided in the form of a liposome or any one of many other known
encapsulating entities. [0036] In one implementation of the method
disclosed in this invention, the fusion protein or polypeptide segment(s)
of any one, or any combination, of elements of the immortalizing protein
complex may be obtained by growing feeder cells carrying a hybrid vector(s)
expressing the immortalizing protein complex or any one of the
immortalizing or transforming polypeptides, 



followed by contacting the hybrid vector(s) with the target cells. In an
alternative implementation, the immortalizing protein complex is further
engineered to have a secretion signal so that they will be secreted from
the feeder cells to the growth medium and allow the protein complex to
enter the target cells via various protein internalization approaches. The
feeder cells may be maintained separately from the target cells so that the
feeder cells may be removed from the medium, as is known in the art.
Examples of feeder cells employed include 3T3, or stromal cells. Under
certain circumstances, the feeder cells themselves may be placed in the
same medium as the target cells,such as co-culturing of these two types of
cells, the removal of the feeder cells from the medium may be necessary. On
the other hand, the immortalizing protein complex may also be required to
be separated from the target cells and removed from the medium when the
target cells are to be reverted to their normal phenotypes. [0037] Thus, in
one implementation, the feeder cells may be co-cultured with the target
cells. In another, the feeder cells are maintained separately from the
target cells so that the feeder cells may be removed from the medium. In a
preferred implementation of the method, the internalization of the
immortalizing protein(s) into the target cell(s) may be aided by
electroporation, microinjection, transfection, and/or nanoparticle
bombardment, and/or other techniques known in the art. Specifically, in
nanoparticle bombardment, the nanoparticles are pre -coated or conjugated
with the necessary components of the immortalizing protein complex. The
nanoparticales are then being bombarded into the cells using machical force
such as the Helio gun manufactured by BioRad. [0038] The cells obtained by
the method described above are suitable for many uses, whether for
experimental research, as an alternative to clinical testing, for expansion
of freshly obtained primary cells, or for cell and tissue therapy. The
cells may be employed by themselves or by means of a device or implant to
preserve cell isolation and sterility. One aspect of the present invention
is in a method of reproducing organ or function specific cells by obtaining
a desired organ or function specific target cell(s); immortalizing the
organ or function specific cells by the method of the invention; growing
and expanding the thus immortalized cells; and re-mortalizing the expanded
cells by withdrawing the immortalizing protein complex or fusion protein
from the medium. [0039] In one implementation, the organ or function
specific cells may be multipotent stem cells. In another implementation,
the organ or function specific cells may comprise bone marrow mesenchymal
stroma cells, cardiac muscle cells, islet of Langerheim cells, liver cells,
brain cells, muscle cells, skin cells, kidney cells, bone cells, stem
cells, hematopoietic cells, pancreatic cells,thyroid gland cells, hearing
associated cells, vision associated cells, olfactory cells, and other
cells. In yet another implementation, the target cells may comprise
dividing or resting cells, terminally differentiated starting organ cells,
or the target cells may be transformed while being immortalized. The organ
or function specific cells may comprise autologous or allogeneic cells as
well. [0040] Another aspect of this invention also provides a cell(s)
obtained by the method of the 



invention, whether stopping at the end step of cell immortalization, or at
the further amplification of the immortralized cells, or at the
re-mortalization of the amplified cells. [0041] This invention, in one
aspect, also provides a method of transplanting cells for organ
regeneration, comprising transplanting normal, functional organ or function
specific cell(s) obtained by the method of the invention, into a subject's
organ site under conditions effective for continued growth; and allowing
the cells to grow and regenerate the organ. [0042] In yet another aspect
provided herein is a method of treating a disease or condition associated
with an organ or function specific cell malfunction. Such method may
comprise obtaining a targeted normal cell(s) from the specific organ or
function, immortalizing it(them) by the method of the instant invention
employing the appropriate immortalizing protein domains, and transplanting
the cells with or without prior re-mortalization as described above. The
method of this invention may be implemented in the treatment of many
diseases or conditions. Examples, in one implementation, are those diseases
and conditions that comprise or are associated with metabolic diseases,
e.g. diabetes, heart disease, burns, wounds, blindness, some types of
hearing impediments, liver diseases, autoimmune diseases, blood disorders
including hemophilia and neoplasms, among many others. [0043] The present
patent in another aspect provides a cell tissue transplant, comprising
cells obtained by the process of the invention. The tissue cells may
originate from different types of target cells, as described above. [0044]
In this context, the artisan will find simple and comprehensive guidance in
this patent for obtaining cells and tissue transplants comprising the
cell(s) that are suitable for many specificapplications. Yet in another
aspect of this invention, a method is provided of regenerating an organ by
transplanting normal, functional organ or function specific cell(s) or cell
tissue, obtained by the method described above, into a subject under
conditions effective for continued growth; and allowing the cells to grow
and regenerate, or generate a functional organ. FUSION PROTEINS EMPLOYED IN
THE EXAMPLES 1.E6 Fusion Protein Amino Acid Sequence (SEQUENCE ID NO. 1)
(EGFR binding domain) (Human Papillomavirus 16 E6 oncoprotein) NPVVGYIGERPQ
YRDL-MHQKRTAMFQDPQERPRKLPQLCTELQTTIHDIILECVYCKQQLLRREVY
DFAFRDLCIVYRDGNPYAVCDKCLKFYSKISEYRHYCYSLYGTTLEQQYNKPLCDLLIRCINCQKPL
CPEEKQRHLDKKQRFHNIRGRWTGRCMSCCRSSRTRRETQL-GLFEAIAEFIEGGWEELIEG (Endosome
releasing signal) 2.E7 Fusion Protein Amino Acid Sequence (SEQUENCE ID NO.
2) (EGFR binding domain) (Human Papillomavirus 16 E7 oncoprotein)
NPVVGYIGERPQ YRDL-MHGDTPTLHEYMLDLQPETTDLYCYEQLNDSSEEEDEIDGPAGQ AEPDR 



AHYNIVTFCCKCDSTLRLCVQSTHVDIRTLEDLLMGTLGIVCPICSQKP-GLFEAIAEFIEGGWEELIE G
(Endosome releasing signal) REFERENCES MoI Cells. 2002;13(3):351-61. J.
Dermatol. 2000; 27(2):73-86. US Patent No. 6,339,139 to Gu, et al. US
Patent No. 5,635,383 to Wu, et al. PCT Publication No. WO 00/031238 US
Patent Application No. US 2005/0244969 J . Biol. Chem. (1988) 15:263(29)
14621-4 [0045] Having now generally described this invention, the same will
be better understood by reference to certain specific examples, which are
included herein for purposes of illustration onlyand are not intended to be
limiting of the invention or any embodiment thereof, unless so specified.
EXAMPLES Example 1: Subcloning of an E6 Fusion Gene into the pET15b Vector
[0046] An E6 fusion polynucleotide (SEQUENCE ID NO. 1), that comprises from
the 5'- to the 3'- end a DNA segment encoding a polypeptide comprising an
EGF receptor recognizing domain, the HPV 16 E6 oncogene, and a DNA encoding
an endosome releasing signal polypeptide, was synthesized and cloned into a
pET15b vector (Novagen, Cat. No. : 70755) at the Nco I and Xho I sites. The
fusion polynucleotide was provided with a his-tag at the 5' terminus.
[0047] The thus obtained hybrid pET15b carrying the E6 fusion
polynucleotide was subjected to DNA sequencing to verify its sequence.
Example 2: Transformation of E.coli BL21 [0048] Five nanograms of the
hybrid plasmid pET15b carrying the E6 fusion polynucleotide were
transformed into E. coli BL21 and allowed to grow. Thereafter, one colony
was selected, and cultured in 4mL LB broth (lOOug/ml Amp) and expression
was induced employing 0.5mmol/L IPTG. The expression products were detected
by sodium dodecyl sulfate polyacrylamide gel electrophoresis, e.i. 15%
SDS-PAGE. The results are shown in Fig.l accompanying this patent. Example
3: Protein Expression [0049] A sample of the E.coli BL21 strain was
cultured in 1OL LB media for 4 hours, and then induced with 0.5 mmol/L IPTG
for 4 hours. The cells were harvested by centrifugation, and the resulting
cell paste was resuspended in 1000 ml lysis buffer and then sonicated on
ice to obtain a cell lysate.Example 4: Protein Purification [0050] After
sonication, the lysate was centrifuged at high speed for 10 minutes, and
the precipitate collected. The precipitate was resolved by gel
electrophoresis loading it with a 5x loading SDS buffer on a 15% SDS-PAGE
gel, and the gel was then negatively stained. The target 



band was cut and electroeluted as shown in Figure 2 accompanying this
patent. The identity of the bands was verified by Western Blot. See, also
Figure 2. [0051] The buffer employed for the final solution was 2OmM
Tris-HCl (pH8.0), and the target protein concentration was found to be
0.633mg/ml. The total volume of the lysate was 10OmL. Example 5: Subcloning
of the E7 Fusion Polynucleotide into a pET32a Plasmid [0052] The E7 fusion
polynucleotide (SEQUENCE ID NO. 2) (5'-EGF receptor recognizing domain -E7
oncogene -endosome releasing signal-3') was synthesized and cloned into a
pET32a plasmid (Novagen, Cat. No:69015) using the Kpn I and Not I enzyme
recognition sites. The sequence of the resulting hybrid pET32a-E7 fusion
plasmid was verified by DNA sequencing. Example 6: Transformation of E.
coli BL21 [0053] Five nanograms hybrid pET32-E7 fusion polynucleotide
plasmid were transformed into E. coli BL21 cells. One cell colony was
selected, cultured in 4mL LB broth (lOOug/ml Amp), and induced with
0.5mmol/L IPTG The expression results were observed after separation by gel
electrophoresis in 15% SDS-PAGE. See, Figure 3 provided with this patent.
Example 7: Protein Expression[0054] A sample of the E. coli BL21 strain was
cultured in 1OL LB media for 4 hours, and then induced with 0.5 mmol/L IPTG
for 4hrs. The cells were harvested by centrifugation, and the thus
resulting cell paste was resuspended in 1000 ml lysis buffer and then
sonicated on ice. Example 8: Protein Purification [0055] The sonicated
lysate was centrifuged at high speed for 10 minutes, and the supernatant
was collected and loaded onto an Ni-IDA column for purification. Samples of
the eluting fractions were subjected to gel electrophoresis on 15%
SDS-PAGE. See, Figure 4. The fractions containing target protein were
collected and dialysed against 2OmM Tris-HCl (pH 8.0). Example 9: Protein
Digestion and Separation [0056] 200mg of protein was digested with 6000
units of EK for 10 hours and then separated by NI-IDA column, the flow
through was collected, the column was then washed with wash buffer, and
eluted with elute buffer. The target protein found in the washing buffer
was verified by Western Blot (See, Figure 5 of this patent. The final
protein concentration was about lmg/ml (in 2OmM Tris, pH 8.0), and the
final volume was 50ml. Example 10: Culture of Immortalized Cells [0057]
Normal human keratinocytes were purchased from Gibco (Gaithersburg, USA,
Cat # 12568-010). The cells were isolated from a pool of male neonates'
foreskins. The cells were propagated in complete Keratinocyte SFM medium
(Gibco, Gaithersburg, USA, Cat # 17005-042), supplemented with 1:100
dilution of penicillin-Streptomycin (Gibco, Gaithersburg, USA, Cat #
15140-122). [0058] The frozen cells were quickly thawed and grown in a 25cm
2 culture vented flask. When the keratinocytes had grown to 80% confluence
they were passaged using mild 



Trypsin-EDTA digestion. Briefly, a cell monolayer was rinsed with 4 ml of
HBSS (Gibco,Gaithersburg, USA, Cat # 14170-112), and incubated at room
temperature with 4 ml of Trypsin-EDTA (Gibco, Gaithersburg, USA, Cat #
25300-054) diluted with Versene (Gibco, Gaithersburg, USA, Cat # 15040-066)
at a 1:10 ratio. [0059] Once the cells were detached from the flask, they
were neutralized with 2 ml of HBSS containing 10% calf bovine serum (Gibco,
Gaithersburg, USA, Cat # 26170-035), and centrifuged at 10 x g for 5
minutes. The supernatant was discarded, and the cell pellet was
re-suspended in complete growth medium at a 1:4 splitting ratio. On average
the cells took about 10 days to reach 80% confluence again, with the
doubling time of the cells being approximately 5 days. Example 11 : Results
from Culture of Cells with E6 Fusion Protein [0060] Cells were seeded at
20% confluent and cultured in 5 ml of Keratinocyte SFM medium at 37C in 25
cm2 culture flasks. After two months of culture, a dose response curve to
each of the fusion proteins was performed on the keratinocytes.
Surprisingly, the E6 fusion protein proved to be lethal to the cells at
high concentrations. Although being intended only as a hypothesis, this
effect may be due to the cells competing with EGF for binding to the EGF
receptor. [0061] Cell death was observed immediately the next day if the
concentration was about 6mg/ml E6 fusion protein or higher. At a lower
concentration, e.g. at about 2 mg/ml to about 6mg/ml, cell death was
observed to occur only after approximately 5 days. No cell death was
observed at a concentration of or lower than about 1.5mg/ml E6 fusion
protein, when the cells were observed for a period of more than 4 months.
Example 12: Results from Culture of Cells with E7 Fusion Protein [0062]
Cells were seeded at 20% confluent and cultured in 5 ml of Keratinocytes
SFM medium at 37C in 25 cm2 culture flasks. After two months of culture, a
dose response curve of the fusion protein was performed on the
keratinocytes. Surprisingly, the E7 fusion protein also proved to belethal
to the cells at high concentrations. As already being indicated above, this
may be due to the fact that the cells were competing with EGF for binding
to the EGF receptor. [0063] For the E7 fusion protein acute cell toxicity
was seen at about 2ug/ml E7 fusion protein. Mid-term toxicity was observed
at concentrations of 0.6mg/ml to less than about 2mg/ml E7 fusion protein.
At concentration at or lower than about 0.67 mg/ml E7 fusion protein no
cell toxicity at all was encountered when the cells were observed for a
period of 4 months. Example 13: Long Term Culture of Cells with E6 Fusion
Protein [0064] The following concentrations of the fusion proteins were
tested in long term experiments: lug/ml and 0.75ug/ml of E6 fusion protein
combined with 0.33ug/ml and 0.25ug/ml of E7 fusion protein, respectively.
The results were summarized in Figure 6 accompanying this patent. [0065] In
summary, the keratinocytes without treatment started to senesce after 4
months whereas the treated keratinocytes with non lethal dose of HPV 16 E6
and E7 continued to propagate up to 7 months. After 7 months their growth
was significantly slowed down; even 



though the cells remained viable but the doubling time was prolonged to 15
days or more and the experiment was terminated. Example 14: Lipid soluble
nuclear internalizing molecule [0066] In another aspect of the present
invention, the immortalizing polypeptide is adapted to be linked or
conjugated to a lipid soluble nuclear receptor ligand or a lipid soluble
moiety. The nuclear receptor ligand is selected based on the expression of
its corresponding nuclear receptor in the target cells. [0067] In this
application, the lipid soluble nuclear receptor ligand or the lipid soluble
moiety will diffuse across the cell surface membrane, bringing along the
immortalizing polypeptides into the cytoplasm of the target cells.
Specifically, when the nuclear receptor ligand is employed, it will bind to
the corresponding nuclear receptor in the cytoplasm, dimerize and
translocate into the cellnucleus. Alternatively, when lipid soluble moiety
is used, it will enter the nucleus from the cytoplasm by diffusing through
the nuclear membrane, and thus the immortalizing polypeptide is tagged
along into the nucleus. [0068] The invention and some preferred embodiments
and examples thereof now being fully described, it will be apparent to one
of ordinary skill in the art that many changes and modifications can be
made thereto without departing from the spirit or scope of the invention as
set forth herein. Although the above description refers to particular
embodiments, it will be clear to one skilled in the art that the present
invention may be practiced with variation of these specific details. Hence
this invention should not be construed as limited to the embodiments set
forth herein. [0069] For instance, multiple molecules may be used
simultaneously as the transforming polypeptides, as in the case of the HPV
E6 and HPV E7 polypeptides. As such, it is clear that multiple expression
vectors may be employed to express the transforming polypeptides separately
for generating the immortalizing protein complex.WHATIS CLAIMED IS: 1. An
immortalizing protein complex, comprising at least one internalizing
molecule; at least one transforming polypeptide; at least one endosome
releasing molecule; and wherein said at least one molecule or polypeptide
is operatively linked to at least one said molecule or polypeptide. 2. The
immortalizing protein complex of claim 1, further comprising at least one
nuclear internalizing molecule and at least one telomere extending
molecule. 3. The immortalizing protein complex of any one of claims 1 to 2,
wherein said transforming polypeptide is capable of overcoming cell
senescence; and/or said endosome releasing molecule promotes release of
said transforming polypeptide from the endosome; and/or 



said internalizing molecule aids in transferring said immortalizing protein
complex into target cell(s). 4. The immortalizing protein complex of any
one of claims 1 to 2, wherein said internalizing molecule is
endosome-mediated. 5. The immortalizing protein complex of claim 4, wherein
said internalizing molecule is receptor-mediated. 6. The immortalizing
protein complex of claims 5, wherein said internalizing molecule comprises
a cell-surface receptor binding molecule(s), a cell-surface internalizing
molecule(s) and/or a virus binding receptor molecule(s). 7. The
immortalizing protein complex of claim 6, wherein the internalizing
molecule comprises an EGF receptor recognizing molecule(s) or ligand(s), an
IGF receptor recognizing molecule(s) or ligand(s), a VEGF receptor
recognizing molecule(s) or ligand(s), a FGF receptor recognizing
molecule(s) or ligand(s), a PDGF receptor recognizing molecule(s) or
ligand(s), aninsulin receptor recognizing molecule(s) or ligand(s), a
growth hormone receptor recognizing molecule(s) or ligand(s), a hepatocyte
growth factor receptor recognizing molecule(s) or ligand(s), a chemokine
receptor recognizing molecule(s) or ligand(s), an erythropoietin receptor
recognizing molecule(s) or ligand(s), a cytokine receptor recognizing
molecule(s) or ligand(s), a c-kit polypeptide, HSV virus protein VP22
and/or a liposome(s). 8. The immortalizing protein complex of any one of
claims 1 to 2, wherein said transforming polypeptide comprises one or more
oncogene(s) expression product(s) and/or one or human telomerase reverse
transcriptase (hTERT). 9. The immortalizing protein complex of claim 8,
wherein said oncogene(s) expression product(s) comprise(s) a viral oncogene
expression product(s) comprising one or more of HPV E6, HPV E7, SV40 T
antigen(s), adenovirus EIa, adenovirus ElB, Epstein Barr virus, EBNA2
protein and LMP-I protein; and/or a cellular oncogene expression product(s)
comprising one or more of ras, myc and src oncogene expression product(s).
10. The immortalizing protein complex of any one of claims 1 to 2, wherein
said endosome releasing molecule comprises an endosome releasing signal
polypeptide(s). 11. The immortalizing protein complex of claim 10, wherein
said endosome releasing molecule comprises a viral or synthetic endosome
releasing molecule(s). 12. The immortalizing protein complex of any one of
claims 1 to 2, wherein said nuclear internalizing molecule comprises a
nuclear receptor binding molecule(s) and/or a nuclear receptor molecule(s).
13. The immortalizing protein complex of claim 12, wherein said nuclear
internalizing molecule further comprises a steroid(s), a lipid-soluble
molecule(s), retinoic acid, vitamin D, 



members of steroid receptor super family, members of retinoid receptor
family and vitamin D receptor or a combination(s) thereof.14. The
immortalizing protein complex of claim any one of claims 1 to 2, wherein
said telomere extending molecule comprises hTERT. 15. The immortalizing
protein complex of claim 14, wherein said telomere extending molecule
further comprises a telomerase catalytic subunit(s) hTERT, or hTR,
hTP-A,TERT of human origin or other mammalian homologue. 16. A method for
immortalizing cells, comprising contacting said immortalizing protein
complex of any one of claims 1 to 2 with a target cell under conditions and
for a period of time effective for said immortalizing protein complex to be
internalized and said transforming polypeptide to be released; and allowing
for said transforming polypeptide to extend the life of the cell and/or
overcome cell arrest, and/or overcome cell senescence and/or prevent cell
differentiation. 17. The method of claim 16, further comprising removing
said immortalizing protein complex from the cell culture media to reverse
the immortalization effect to obtain cells with normal phenotype and
capable of undergoing full differentiation. 18. The method of claim 16,
wherein said target cells comprise keratinocytes, hepatocytes, islet cells,
cardiac myocytes, skeletal myocytes, endothelail cells, smooth muscle
cells, neuronal cells and astrocytes. 19. The method of claim 16, wherein
said immortalizing protein complex is contacted with said target cell(s) in
the form of a liposome. 20. A method of reproducing organ or function
specific cells, comprising obtaining a desired organ or function specific
target cell(s); immortalizing the organ or function specific cells by the
method of claim 16; growing and expanding the thus immortalized cells; and
remortalizing the expanded cells by withdrawing the immortalizing protein
complex from the medium.21. A method of transplanting a cell(s) or cell
tissue for organ regeneration or generation , comprising transplanting the
normal, functional organ or function specific cell(s) obtained by said
method of claim 20, into a subject under conditions effective for
its(their) continued growth; and allowing said cell(s) to grow and
regenerate or generate the organ. 22. A method of treating a disease or
condition associated with an organ or function specific cell(s)
malfunction, comprising transplanting the cell(s) obtained by said method
of claim 20 into a subject in need thereof. 23. A tissue transplant,
comprising the cell(s) obtained by said method of claim 20. 


