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Ker.ati nocyte growh factor (KGF) for its use in nethod of therapeutic .
t r eat nent ThisShebtitias BeenBeplaoed ani nal body. The preseg, invention relates to
the applic nocyte grom h factor (KGF) to stinulate the
proliferat ?rtmﬂ“mg‘/mﬁlgwi di f f er ent&PR $18#78A%cel | s” ot her t han |
keratinocytes, an 0 e use of KGF to regenerate damaged or di seased
cells and t SgYSRsent invention relates 1o the zpplication of keratinocyss growth factor (KGF) to stimulste the

proliferation, growth and differentiation of cells other thar xerednocyles. and to the use of KGF to
regenerate damaged or diseased cells and Ussues. '

$ BACKGROUND OF THE INVENTION

In recent years agdvances in biotechnology have lead 10 the Oeveiopment and therapeutic use of novel
recombinant polypeptides, including erythropoietin and granuiocye colony stimulating factor, to the benefit
of many human patients. Increasing numbers of cother polypeptides have sincoe been discovered which

10 exhibit biological activity in vitro. However, the characterization of sarget cells of these factors and the
biologica! effects of the factors in vivo are essential for the identification of potential therapeutic applications
in humans. R ' ' ' :

<KGF is a known mitogen which has been previously identifled 2s specific for epithelial cells. particularly
- keratinocytes, Rubin et al.. Froc, Natl. Acad. Sci. USA, 86:802-806 (1989): Finch et al., Science, 245:752-

15 755 (1989); Marchese et al., J. Cell. Phys, 1£44:326-332 (1990). Expression of messenger RNA for KGF has

" been detectsd in several stromal fibroblast cell lines derived from epithelial tissues of embryonic, necnatal
and aduit human sources, and in RNA exiracted from normal adult kidneys and gastrointestinal tracts. Such
RNA has not been detected in glial cells, lung. brain. or in a variety of epithelial cell lines that included
squamous cell carcinomas, mammary epithelial cells, immortalized bronchial epithefial cells. mmortalized

20 keratinocytes, and primary. kerafinocyte cultures. Finch et al., Science. above. However, KGF is
mifogenically active for the continuous mouse cell line, BALB/MK cells. Weissman and Aaronson, Celf,
32:589 (1983); also, see PNAS and Science, above. This observation supporis evidence indicating a
paracrine action of KGF in the skin, with production of KGF in the dermis (but not in the epidermis) and
action -on keratinocyles. :

25 In addition, using the expression of keratins and filagrin genes it has been demonstrated that KGF

- ‘influences the differentiation and maturation of keratinocytes. See J. Cell Phys.. above.
Much of the aforementioned work investigating the biological activity of KGF has been carried out with
- recombinant KGF, which has permitted more widespread study of this factor. Published PCT patent
application WO 80/08771 describes the purification of KGF from the condilioned rnedium of a human

30 embryonic fibroblast cell line. partial aming zcid sequencing of the isolated polypeptide. cloning of the
-gena, and exprassion in bacterial cells (E. colf) lo achieve recombinant, biologically active KGF.

» While the role of KGF as a stimulatory agent for keratinocytes in vitro has been clearly identified, much
remains to. be known regarding KGF a2s a growth factor. including additional types of cells for which it may
be targeted, and the effect of KGF on such cell /n vivo. This information is vital for an understanding of the

35 full potential of KGF as a therapeutic agent. '

SUMMARY OF THE INVENTION

Briefly, the present invention concerns discoveries made with regard 10 the stimulatory effect of KGF on
<. non-keratinocyte epithelial celis. More specifically, it has now been found that KGF used in vivo induces
- praliferation and differentiation in normal adnexal structures such as sebocyles and hair follicle cells. in liver

cells such as hepatocytes, and in cells of the respiratory mucosal spithelium such as type Il pneumocyles.

There is also compeliing evidence that KGF stimulates proliferation and growth of cells of the intestinal

muecesa. a.g., mucin-producing goblet cells in the glandular stomach and small intestine. crypt cells in the
45 colon, and other epithelial cells within the gut.

. These discoveries, which form the basis of this invention. have significant implications in terms of
enabling the application of KGF to tissues specifically characterized by damage 1o or deficiencies in these
particular types of cells. The following is 2 description of diseases and medical conditions which can be
treated with KGF in accordance with the invention. _

50 /Stimulation of proliferation and differentiation of adnexal structures such as hair follicles, sweat glands,

" and sebsceous glands is of critical importance in regenserating epidermis and dermis in patients with bums
and other partial and full thickness injuries. At present, surface defects heal by scar formation and
keratinocyte resurfacing: full regeneration of skin is not yet possible. Repopulation of hair follicies, sweat
glands, and sebacoous glands does not occur presently in full thickness skin defects. inciuding bums. The

ss use of KGF can enable such repopulation. _

Epidermolysis bullosa is a defect in adherence of the epidermis to the underlying dermis, resuiting in

frequent open, painful blisters which can cause severe morbidity, Accelerated reepithelialization of these .
"lesions, such as by treatment with KGF, would result in less risk of infection, diminished pain. and less
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_DPuodena! ulcers, like gastic ulcers, are treateble, but the deveiopment of a therapeutic agent to more
.+ fully and more rapidly regenerate the mucosal lining of the duodenum would be an important advance. In

15 addition, a therapeutic agent io regeneratively heal these ulcers and decrease their recurrence would be of
benefit. KGF-offers such potential.

Inflammatory bowel diseases, such as Crohn's dissase (affecting primarily the small intestine) and
ulcerative colitis (affecting prirnarily the large bowel). are chronic diseases of unknown etiology which result
in the destruction of the mucossl surface. inflammation. scar and adhesion formation during repair. and

20 significant morbidity to the affected individuals. Therapy at present is designed to control the ml‘lammation
A therapeutic such as KGF to stimulate resurfacing of the mucosal surface, resulung in faster healing, may
be of benefit in controlling progression of disease.

Gut toxicity is a major limiting factor in radiation and chemotherapy treatment regimes. Pretreatment
with KGF may have a cytoprotective effect on the small intestinal mucosa, allowing increased dosages of

25 such therapies while reducing potential fatal side effects of gut toxicity. '

_' KGF treatment has a striking effect on the production of mucus throughout the gastromtestmal tract
This property may be useful in protecting the gut mucosa from injurious substances that are ingested. orin.
- limiting the spread of injury in conditions such as inflammatory bowel diseases.

Hyaline' membrane disease of premature infants results in the absence of surfactant production by type

30 Il pneumocytes within the lung, resuling in the collapse of the alveoli. Although corticosteroids can
accelerate maturation and secretion in fetuses twenty-eight weeks old and beyond fo a large extent, there is
presently no treatment for younger fetuses, resulting in significant morbidity and mortality in this population.
A therapeutic agent such as KGF which would induce proliferation and diiferentiation of type Il pneumocytes

+ would be of considerable benefit in the treztment of this disease.

35 Smoks inhalation is a sgmﬁcant cause of morbidity and moctality in the week foliowing a bum injury,
dua to necrosis of the bronchiolar epithelium and the alveoli. A growth factor such as KGF which could
stimulate proliferation and ditferentiation of these stmcmres. and induce their repair and regeneration, would
be of benefit in treating inhalation injuries.

Emphysema results from the progressive loss of alveoli. A growth factor such as KGF which could

<0. stimulate regrowth or is cyiprotective for remaining alveoll would be of therapeutic bensfit. At present, no
effective treatment is available.

Hepatic cirrhosis, secondary to viral hepelitis and chronic aicohol ingestion. is a significant cause of
morbidity and mortality. Cytoprotection, proliferation, and differentiation of hepatocytes such as by KGF to

; : increase liver function would be of benefit to slow or prevent the development of cirrhosis.

1 , 45 Fulminant liver failure is a life-threatening condition which occurs with endstage cirrhosis. An agent such

I

as KGF which could induce proliferation of remaining hepatacytes would be of direct beneﬁt to this disease,
which is presently treatable only with liver transplantation. ]
_ _ _ Acute viral hepatitis is frequently subclinical and self-limiting. However, in a minority of patients, severe
v liver damage can result over several wesks. A cytoprotective agent such as KGF would be of use in
50 -preventing hepatoceliular degeneration.

Toxic insults to the liver caused by acetamincphen, halothane, czrbon te:rachlonde and other toxins

Fo could be ameliorated by a growth factor (KGF) which is cytoprotective for hepatocytes.
C /chordmgly. the present invention encompasses the use of KGF therapeutically (or where appropriate,
: _ prophylactically) to treat the ebove mentioned conditions, as well as pharmaceu’acal preparabons contammg

, 85 KGFin suntable. therapeut«zlly eﬁecﬁm amounts. : A
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_Figure 6 depicts oil red o stammg of sebaceous glands from KGF—treated and control wounds of the

. same rabbit model.

20

2§

Figures 7 and 8 show mlcropaprllary overgrowth of alveolar septal epithelial cells within the [ungs of'

'healthy rats which have been treated intratracheally with KGF.

- Figures 9 and 10 show cuboidal growth of epithelial cells in the alveclt of large: segrnems of the lung
after intratracheal administration of KGF to the same healthy rats.
- Figures 11 and 12 show that the hyperplastic alveolar epithelial celis lining the alveolar septee of such
troated rats contain lamellar inciusions of varying size and shape.
Figure 13A shows hyperplastic effects of KGF treatment in the bronchial epithelium after intratracheal
administration to healthy rats.
Figure 13B shows the bronchial epnhsllum from a control (excipient only) group of healthy rats

corresponding to the test group of Figure 13A-

30

-

Figure 14 depicts the results of an RNase protection assay for KGF receptor (KGFR) in the adult rat

. ung.

Figure 15 shows the increased weight of the gastromt&snnal tract and liver in 2 dose-dependent fashion
following treatment with KGF for four days.

Figure 16 shows the increase in protein synthesis by the liver in rats treated with KGF for four days in
dose-depsndent manner.

.-Figure 17 demonstrates the increased prollfemon of hepatocytes within the liver of animals treated for

one 10 seven days with KGF. assessed using BrdU labeling (A) or mitotic counts (B).

Figures 18 and 189 depict the recovery in fiver mass, following traatment with KGF, of pamally
hepatectornized rats.

Figure 20 depicts the decrease in blood serum levels of serum giutamate-oxaloacetate transaminase

' {SGOT) in carbon tetrachloride poisoned rats, following treatment with KGF.

Figure 21 demenstrates the increased length of gastric glands and amount of mucus formation within
the glandular stomach of rats treated with KGF from one to seven days. :
Figure 22 shows the increased length of duodenal crypts and mucus production with the small intestine

. of rats treated from one 1o seven days with KGF.

Figure 23 shows an increase m hyperplastic crypts in the colon of rais treated from one 1o seven days

| with KGF.

&9

' Fgure 24 shows an increase in colonic crypt depth in rats treated from one to seven days with KGF.

DESCRIP_TION OF SPECIFIC EMBODIMENTS

To identify specific types of epithelisi cells in which KGF produces a significant biological effect
indicative of potential therapeutic value, an extensive study was undertaken using live animals and KGF
administration in vivo, with observation and analysis of the results. A recombinant KGF was used in each of

the following Examples, which was prepared as follows:

The recombinant KGF gene was isolated from human foreskin fibroblast (AG1523) RNA by PCR and
the resulting' ONA ligated into a pCFM1156 expression vector between the Ndel and BamHI restiction sites.
The plasmid pCFM1156 can be derived [rom the pCFMB836 plasmid described in U.S. Patent No. 4.710.473.
Incorporated herein by reference, by destroying the two endogenous Ndel restriction sites by end filling

. with T4 polymerase enzyme, followed by blunt end ligation and substituting the small DNA sequence

between the unique Clal and Kpnl restriction sites with the following oligonuclectide duplex comprised of

4
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elactroporation (BioRad Gene Pulser) transformation procedure. To reduce an observed intemmal translational
initiation, tho DNA sequence in the KGF gene bétween Kpnl and EcoRl was replaced with synthetic
oligonuclectide DNA designed to reduce the use of an intemal ribosomal binding site (Fig. 1). Following
ligation and electroporation into 'FMS cells (ATCC #53911). 2 clone containing pCFM1156KCGF-dsd was
selected. The DNA encoding the KGF gene was sequence confirmed. The cells were then cultured at 30*C
in 10-liter fermentors with a standard fed media that allows the cells to grow at an exponential rate under
glucose limitatiori to prevent toxic byproduct accurnulation. At mid-exponential cell density, the temperature

. was raised briefly to 42=C 10 induce trancription of the KGF gene and then maintained at approximatsly

37+ C for the remainder of the KGF induction phase of the fermentation. Cell paste was collected and stored

_frozen. The biologically active KGF was purified from mechanically lysed cell paste by standard chromatog-

raphy procedures that take advantage of the protein's very high isoelectric point (S-Sepharose Fast Flow by
Pharmacia) and size (Superdex 75 by Pharmacia). The purified recombinant KGF protein was measured for -
endotoxin and biological activity in the mitogenic assay as described by Rubin &t al. in PNAS, zbove.

EXAMPLE 1

KGF-STIMULATED PROLIFERATION AND DIFFERENTIATION OF ADNEXAL STRUCTURES IN AN IN

VIVO WOUND HEALING MODEL

In this Example, a modified rabbit ear partial thickness dermal wound model was used. The rabbrt ear
dermal ulcer model described by Mustoe ot al. in J. Clin. Invest., 87:694-703 (1991) was modified to
produce & wound through the cartilage, o the dermis on the back side of the ear, using a2 6mm trephine. As
a result, the wound heals by sprouting of epithelial elements beneath the cariilage. and contraction Is not a
“variable during healing, permitting accurate ‘quantitation of new tissues (See Fig. 2). Recombinant KGF,
prepared as described above, was ulilized as the therapeutic wound healing agent.

Materials _and-Methods

KGF or phosphate buffered saling vehicle alone was applied once- on the day of surgery and the
wounds (0.25cm?) were covered with Tegaderm occlusive dressing (manufactureql by 3M Company, St
Paul, MN). Prior to sacrifice, each animal received infravenous injections of BrdU (Aldrich Chemical

" Company, Milwaukee, WI), in an amount of 50 mg per kg of body weight. Administration of BrdU was:

50

employed to better quantify the degree of basal keratinocyte proliferation and the kinetics of basal celi
migration toward the stratum spinosum and stratum comneum. After sacrifice, each wound was bisected.
with one section being frozen in an optimum cooling temperature medium (OCT, Miles Inc.. Elkhart. IN), and
‘the second section being fixed in Omnifix (Al-Con, Genetics, inc., Melville. NY) and processed according to
‘routine histological methods. Masson Trichrome. cil red o, and immunohistochemical (IHC) stains were
perforrned.on 3um thick sections for each wound.

Measurement of Reepithelialization

Measurements of the total wound gap and epithelial gap were made for each wound using & calibrated
stage micrometer. The percentage of reepithelialization for each wound was calculated by teking the

- difference of the total gap and the epithelial gap and dividing it by the total gap for each wound. Data from

two sections per wound were averaged, Differences in the epithelial gap measurements and the percem of
resptheliallzation were analyzed by a one~failed, unpaired Student's t-test.
The area of epithelium produced in treated and untreated wounds was calculated for each dose group.. .

A one-way ANOVA and Dunnerlt's t-test was run for.each dose against the control group.

5
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' Histological AnaIySIs of BrdU-treated Hagir Follicles

15 Following Brdy incorporation and IHG staining. the total number of follicles per wound bed were
counted and analyzed using the Kruskaib-Wallls multiple comparison test. Further analysis included a Chi-
square test on the percentage of wounds having follicles with ten or more proiiferating cells in each
treatment group. Additionally, the number of Brdl posmve-stammg cells was counted in all folllcles having
greater than five prohferanng cells. .

20
Oil Red O Staining of Sebaceous Glands

_ Qil red 0. a stain specific for neutral lipids. was used for the identification of sebocyles and sebaceous
glands, and was performed on frozen sections using the procedure described by F.L. Carson in Histotech—
25 nology: A Self—Instructional. Text; ASCP Press. Chicago (1990). Briefly, 7 um frozen sections were air
dried and fixed in zinc-formalin for ten minutes, Slides were immersed on 0.3% w/v oil red o (Sigma
Chemical Co., St. Louis. MO), then in 60% isopropanol for thirty minutes at room temperature. decolorized
in 60% isopropanel, and counterstained with Leamer's hematoxylm The size of sebaceous glands and
. number of cells per gland were assesed
30
Rasuhs and DISCUSSIOI'I

Accelerated reepithelialization and increased thickness of epithelium was observed for wounds treated
with 4-40 ugiem? of KGF. Wounds on the fifth day post treatment showed significantly enhanced

35 reepithelialization compared with the control (76.7% vs 52.5%. 1 ug of KGF). The thickness of new

- epithelium was increased in a dose-dependent manner by the fifth and seventh days of past trestment to
nearly twice the area of the conirol wound epithelium at a2 dose of 10 ug of KGF per wound (Fig. 3).
Histologic analysis suggested epithelial regeneration occurred largely by sprouting from adnexal elements
within the dermis, i.e., sebaceocus glands. sweat glands and hair follicles.

. 40 Analysis of basal keratinocyte proififeration’ and basal cell migration revealed increased numbers of
proliferating basal keratinocylss a1 the wound margins after the first day of KGF treatment (Fig. 4). By the
second day of KGF treatment, increased numbers of proliferating keratinocytes in the suprabasal layer of
the epidermis suggested accelerated transit time of proliferating cells toward the siratum spinosurn. By the
fifth day of treatment, wounds showed less proliferation within the basal layer, indicating sel-limited

45 acceleration of epithelial repair and differentiation (Fig. 4). Keratinocytes appeared to undergo normal

~ maturation as they migrated upward to form the stratum cormeum.

Unexpectedly. increased sebocyte proliferation and differentiation as well as increased hair foliicle =
proliferation were also observed. Both hair follicles and sebaceous glands appeared larger and more ,
numerous in KGF-feated wounds compared with control wounds (Figs. 5 and 6. respectively), Histologic .

50 sections which had been stained with oil red o 10 selectively identify sebaceous glands showed significantly '
increased numbers aof such glands which were also markedly eniarged, indicating increased proliferation :
and differentiation of sebocytes into sebum-producing cells. Also, a dose dependent increase in the numnber '
of prollferatmg cells per hair follicle was observed in KGF-treated wounds. '

: Previously, epidermal growth factor (EGF) and basic fibroblast growth factor (FGF) have been exemined -

's6 in the rabbit ear medel. J. Clin. Invest.. above, and Pierce et al.. Amer. J. Pathol. 140:1375-1388 (1892).
Although both of these growth factors are known to stimulate reepithelialization, neither EGF nor basic FGF
influence proliferation or differeniation of adnexal structures such as sebaceous glands and hair follicles.

The -ability of KGF to stimulate prolfiferation and subsequent differentiation of multiple epithelial cell types
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. T EXAMPLE2

KGF-STIMULATED "PROLIFERATION AND DIFFERENTIATION OF IN VIVO TYPE I PNEUMQQYTES

“This a:ﬁ,rnple -was ‘caried out to'_ e@tﬁe ihe eﬁed of KGF administration on epithelial cells of the
- respiratory tract of healthy rats. g : -
0 .
Materials and ‘Methods
: Male Lewis ras. weighing 200-250 grams-each. received a single intratracheal injection of varying
- ~ doses of KGF diluted in saline or'phosphate buffered saline, using the. protocol described by Ulich et al. in
. 15 Amer, J. Pathol., 1358:1485-1496 (1991). KGE was injected at doses of 0.1. 1.0, 5.0 and 100 mg/kg. Control
' rats receivad an intratracheal iniection of excipient. At ime points of six hours and one, two, three. four. five
‘and six days after KGF injection the rats were sacrificed, the lungs were inflated with Bouin's fixative via an
intratracheal catheter, saggital seclions of the lung were parafﬁn-embedded, and histologic sections were
stained with hematoxylin and eoxin. o
20 : -
. Results and Discussion

'KGF at 0.1 mg/kg did not cause histologically discemible alveolar epithetial cell hyperplasia. KGF &t 1 0
" mglkg caused a mild but definite increase in alveolar epithelial cells. Increasing alveolar epithelial cell
25 hyperplasia was noted at 5.0 and 10.0 mgkg. respectively. KGF did not cause a histologically discernible
increase In alveolar epithelial coalls &t six hours or one day after’ intratracheal injection. Al two days, @
knobby micropapillary overgrowth of alveolar septal epithelial cells was noted within the lungs of KGF-
treated rats (Figs. 7. 8). At three days. a diffuse low-cuboidal to cuboidal growth of alveolar epithelial cells is
noted lining entire alveoli in large segments: of the lung (Figs- 9. 10). Some areas of the lung. however.
ag retained a normal histology. The histologic appearance of the hyperplastic alveolar epithelium in the rat on
day three was assentially the same as the appearance of reactive type I} pheumocyte hyperplasia in human
lungs. Hyperplastic alveolar epithelium was recognizable in decreasing amount in the lungs of KGF-treated
rats on days four and five after intratracheal injection. On day six, the lungs of KGF-treated and control rats
were indistinguishable. ' S '
ss - Thelungofa KGF-treated vat was ulirastructurally examined three days aiter intratracheal injection. The
hyperplastic alveolar epithelial ceils fining the alveolar septae almost invariably contained one or more
- Jamellar inclusions of varying size and shape (Figs. 11, 12). The bronchial epithelium of KGF-treated rats
_was hyperplastic on day three. but the hyperplasia was not as immediately stiking as the alveolar - cell
hyperplasia. Hyperplasia was apprecisted as pseudostratification of the gpithelial lining of smaller distal
-0 - bronchi that are normally lined by 2 single layer of epithelium, by tufting or micropapillary growth of
bronchial epithelium, and by an increase in mitotic figures within the pronchial epithelium (Figs. 13A, 13B).
KGF administered intraivacheally causes a striking hyperplasia of alveolar epithelial cells. The presence
of lamellar cytoplasmic-indusions within the cells at the ultrastructural level is consistent with the proposal
_ that the hyperplastic cells are type I} pneumocytes. The iameliar inclusions did not appear as numerous or
4 as osmiphilic as those illusirated in some Cases of experimental type 1l pneumocyte hyperplasia in the rat,
but are very similar to the lameilar inclusions illustrated in normal rat lung. In addition to causing alveolar
cell hyperplasia, KGF causes bronchial epithelial cell hyperplasia. It is possible that the hyperplastic alveolar:
: epithelium represents 2 downgrowth of bronchial epithelium from terminal bronchioles into the alveclar
v : parenchyma. However, it appears more fikety that KGF acts directly on type Il pneumocytes because of the
so- multifocal micropapillacy budding growth pstiem of pneumocytes on alveolar septae two days after injection
' of KGF. 2 growth pattem that precedes the confluent lining of the alveoli by cuboidal celis on the third day.
In addition, type 1 pneumocytes are thought to be. the mitotically responsive alveolar epithelial cell
_ population and would be expected 10 be the alveolar cell type 10 respond to a potential endogenous
, mediator of alveolar coll growth such 2s KGF. Finally, the identification of lamellar inclusions within the
ss - hyperplastic cells suggests not only’ their _diﬁeremiaﬁon into type il pneumocytes but also their origin from
" type Il pneumocytes. . o _ '
The stimulatory affect of KGF on iype Il poeurmnocytes is consistent with the observation that the amount
of KGF receptor messenger RNA in the jungs per equivalent sample of total RNA is two 10 three times the’

[

7

Received Time 23 Feb11:20 Print Time 2_3.Feb..11:39

——eem— i) MW RS AT



02/22/98 19:28 - 805 447 1090 LMGEN Law . @018/051
men i S a serious cosnetic problem This condition could "be treated usi ng

. KGF-ei ther systemically, or topically if the drug CThid Shedd HasHepd Repicednd
absorbed through the scal p‘,'or by spray injection in |ng an
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si gni f i cant Riheyelgyerr dete ?'h%"‘FF %F‘L’g ug’cers
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‘a therapeutic agent to nore fully and nore rapidly regenerate the rmcosal

ining of the duodenug%@faﬂp W&h@é&p&&m&g@ﬁﬂ Lti on,
t herapeutic agent to rege Ve these ul cers an ecrease - thelr

recurrence woul d be of be@@%W GG= | nflammatory
bowel di seases, such as qéﬁ‘Ft gmde@mmmm-t he smal | -
e colrtrs

intesting) and ul cerativ affectin rinmari Xégﬁgarge bowel ),
are chronic diseases of UWNSAYU %&@%%ﬁ “destruction of
.the mucosal surface, Inflgﬁv@m@cccmum@cﬁresu on formation during
repair, and

15  The antisense probe was prepared using a Promega Ribdpro_be Gemini 1l kit (#P2020) from a |inéaﬁ2ed .
-template DNA ericoding, the corresponding DNA sequence described above. The RNA probe was purified
from a urea-polyacrylamude gel by cutting out the oorrect snze band and eluhng the RNA probe in Ambnon :
Solution F, .
' “The "sense” RNA standard coding for the comp!ement RNA sequence to the "anhsenss probe is as
20 follows (SEQ. ID NO 4)

S' GGGAGACAAGCUUGCAUGCCUGCAGGUCGACUCUAG-
AGGAUCCACT GGGGADAA&UAGCUCCAAUGCAGAA—

® GUGCUGGCUCUGUUCAAUGUGACGGAGAUGGAUGCU-
; : _ GGGGAAUAUAUAUGGAAGGUCUCCAAUUAUAUAGGG-
. ' : CAGGCCAACCAGUCUGCCUGGIUCACUGUCCUGCCCA-

% - ~ AACAGCAAGG 3'

The sense standard was prepared cold (without radicactive label) using the Promega Riboprobe Gemini
Il kit (#P2020) and purified over 2 G50 Sephadex Quick spin column.
- 35 Following the standard Ambion (RPA 1i #1410) protocol, 50 ug of total RNA were incubated with 10°
- cpm of probe, first &t 95° C for four minutes, then twelve to eighteen hours at 45°C. RNAse (1:500 Arnbion
Solution R) was incubated with the hybridization solution at 37°C for forty minutes, followed by addition of
. the inactivating/precipitation reagent (Sclution Dx).
i . : “The RNAse prolected fragments were then sepasated by size using urea-poiyacrylamide gel elec-
40 trophoresis and the whole gel was exposed 10 3 phosphorimager screen. The bands were then quantified on
I . a Molecular Dynamics Phosphorimager. The resulis are shown in Fig. 14,
o The identification of KGF as a growth factor for type 1l pneumocytes raises the possibility that KGF will
" show therapeutic potential similar to glucocorticoids as a stimulant of fetal lung maturation. KGF might also
_ be clinically useful in stimulafing bronchoalveolar repair after lung injury in the adult. The proliferative sffect
. 45 of KGF on type il pneumocytes suggests that KGF may play an important role in regulating the synthesis
.and secrenon of surfactant.

EXAMPLE 3

s0 KGF-STIMULATED PROLIFERATION AND DIFFERENTIATION OF HEPATOCYTES |

: The éffects of systemiwly'administared KGF on the epithelial tssues of the liver in adult rats were
evaluated, '

s Materials and Methods

Male rats received water and food ad /biturn. All animals received either KGF or PBS by intraperitoneal
_injection daily, for one, four, or seven days. In all experiments, at least five animals were analyzed per
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significant norbidity to the affected individuals. Therapy--at—present is
designed to control the in{lammation. A therapeutic such as KGF to
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Resulis and Dlscussnon

- A dose response study was performed to identify an effective dose of KGF. KGF was injected daily for
20 four days, and organs were harvested. Liver, expressed as percent body weight. was significantly different
" from controls only at the highest dose of 5 mg/ikg per day when compared by ANOVA (Fig. 15). Of note.’
serum proteins, cholesterol and trigiycerides. compounds synthesized by the liver were stgmﬁcan:ly higher
! comparad with conirois at both 1'and 5 mg/kg of KGF (Fig. 16).
b ' . Animals were analyzed after one, four. or seven days daily treatment wuh KGF at § mg/kg. Upon gross
25 -necropsy oxam, the liver was nolably enlarged at the seven-day time point. Liver weight was significantly
. incregsed at all study me points in KGF-vreated rats (day seven. KGF 4.08 = 0.08% vs. confrol 3.49 =
I o "~ 0.06%, p=0.0003). :
Quantitation - of BrdU-positive nucle: damonsn'ated ihree to four-fold increases in KGF-treated rats
l - compared with controls at one day (Fig. 17). Mitotic Index expressed as mitotic figures per high pou_:ered
L ‘30 field was significantly elevated over controls at ong-day treatment, consistent with the BrdU counts.
. These results demonstrate potent mitogenic and ditferentiation effects of KGF on the liver. The rapid
- increase in liver weight after one day of KGF freatment coupled with an elevated mitolic index and BrdU-
positive fraction demonstrates the rapid and potent effects of KGF on this predominantly epithefial tissue.
. Though the mitotic effects of KGF drop off rapidly. the liver weight expressed as percent body weight
35 continued to increase throughout the studies. The increased waight was primarily due to an increase in cslls
that was histologically observable as early as one day and persisted through four and seven days of
treatment. Since liver mass can increase by greater than two-fold in less than two weeks during liver
regeneration, it was not surprising to find marked differences beginning after one day treaiment. '
_ . Elevated lovels of albumin are. not associated with any known disease state other than dehydration.
.40 KGF was likely inducing greater sérum lovels of albumin (and other proteins) due to the increased number
: . ~ of hepatocytes which were present. increasoed protein synthesis induced by KGF would be of tremendous
| _ lifesaving benefnt to individuals with end stage liver dissase or cm'hosrs

| | L EXAMPLE 4

- KGF-STIMULATED PROLIFEFIATION AND RECOVERY OF LIVER CELLS IN VIVO' FOLLOWING PARTIAL
HEPATECTOMY

d : _ In this expenmem. male Sprague-Dawley rafs, each weighing from 300 to 340 grams, were used asthe
s0 - test Subjects

oo L Materials and Mathods

Each of the rats was subjected o two-thirds partial hepatectommy using the procedure of Higgins and
s5 _ Anderson, Archives of Pathology, Volume 12, page 186 (1931). Commencing eight hours following
surgery, and continuing once a day theresfter. the rats were injected subcutaneously with either PBS
{control group) or KGF at a dose of 1 mg/kq. The control and KGF-treated rats were weighed and sacrificed
four, seven, ten, or fourteen days after surgery. Liver remnants were then removed and weighed.
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woul d be of considerable benefit in the treatnent of -this- dlsease r

Snoke inhalation is a si gq_,flcant cause of norbidity and m)rtallty in the
week following a burn injury, due to necrosis of theﬂm%mﬁasdeamegmeahel i um
and the alveoli. A growth factor s&EPP &8 ROAIwWich co
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n
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signifi canr,esﬁ,addge,n ,tpé,,cya;, and rmrtal ity. Cytoprotection.
proliferation, and d|fferent|at|on of hepatocytes such as by KGF to
i ncrease | igxampdegrcti on woul d be of benefit to slow or prevent the
devel oprent of cirrhosis. "Fulmnant liver failure is a

I [ An agent

woul d be of diigieSeragueRasipy rasoneighing 399 &8 grams fagh: ere Jesidde aYAuRty the BereRoice

only wit h |effeekpf KGF 2R gwhgﬁﬁp@f 1n59pucnon of & chemical toxin.

Administration

Groups of twelve male Sprague-Dawley rats were given sither 1 ml/kg or 2 mikg of carbon tetrachioride

(CCl) in a corn oil vehicle on day zero. Each dosage group was subdivided into two subgroups of six rats

20 “each. Beginning at three hours after CCl administration, and continuing daily thereafter, each subgroup was

injocted subcutaneously with either PBS or 1 mgkgday of KGF. At twenty-twa, soventy-two and one

hundred and forty-four hours after CCl. administration, a biood sample was tzken from each rat and the
serum glutamate-oxaloacetate transaminase (SGOT) level was determined. :

o Flesults and DISCUSSION

As shown in Fig. 20 subcutaneous mjecﬁon of KGF after oral administration of CCl significantly
" decreased blood serum levels of an enzyme (SGOT) which is a known indicator of liver damage The effect
is especially pronounced at 2 mikg, on the first day after admlmstraﬁon
)
- EXAMPLE 6.

KGF-STIMULATED PROLIFERATION AND DlFFEREN'ﬂATlON OF EPITHEHIAL CELLS OF THE INTES-
TINAL MUCQOSA '

35
~~This Example evaluates the bnalagxcal effects of KGF on epithelial cel!s of the intestinal mucosa of
. healthy rats,

Materials and' Methods

40 . . .
Male rats received water and food ad /ibitum, All animals received either KGF or PBS by intraperitoneal
injection daily for one, four or seven days. In all experiments, at least five animals were analyzed per group.
Al rats were euthanized by COz asphyxiation, Major organs were ‘weighed in a blinded fashion and
weights were expressed as grams per 100 grams body weight (percent body weight). The gut was divided
45 into the non-glandular foregut. glandular stornach. small intestine, and large intestine. Tissue samples were
placed in 10% buffered formalin for routine histological processing.
. Sections from all organs harvested were st2ined with homatoxylin and eosin (H and E). One hour prior
. to sacrifice, rats received S0 mg/kg BrdU via intraperitoneal injection, Anti-BrdU immunohistochemisiry was
performed using standard methods to visualize BrdU incorporation into DNA of replicating cells. Selected
s0 tissues were stained with periodic-acid-schiff (PAS), Alcian blue at pH 2.5. and Masson-Trichrome.
'A calibrated ocular was used to measure the heights of the gaswic mucosa and the depth of PAS
. staining with the gastric mucosa. Similarly, the length of villt and depth of intestinal crypts in the ducdenum
and depth of the colonic crypis in the colon were measured. To quantify the changes in goblet cell
production, the number of PAS pasitive goblet celis was counted along 100 um lengths beginning at the
‘5§ base of the duodenal villi. In all argas of the gut, measurements were made only on glands or villi that were
perpendicular fo the underlying muscularis. Results are recorded in microns or in the case of small
intestinal goblet colls average number per unit area In addition, the number of colonic crypts and the
" "number of hyperplasuc (bﬁurcated or trifurcated) crypts ‘occupying a defined length of colon were

- 10
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T . ' A doss response study wes penformed initially to idertily an effeclive dose of KGF. KGF was injected
' daily for four days, and organs were harvested. A pronounced dose response was observed in the glandular
" stornach, small intestine. and colon (Fig. 15). .
10 . Animals werg analyzed after one, four and seven days daily ireztment with KGF at 5 mg/kg. Upon gross
necropsy exam, the forogut was grossly thickensd with folding of the mucosa at four- and seven-day
"'treatment. The foregut. glandular stomach, duodenum and colon showed significant weight increases at four
and seven days, but not at one-day treatment. At seven days, the glandular stomach was 0.65 = 0.01g in

: - KGF-treated animals, and 0.48 = 0.02g in controls (p = 0. 0001).

) ' 15 The non-glandular foregut was significantly increased in weight at four and seven days of freatrment.
Histologically, the squamous epithelium of the non-glandular foregut was mildly (day four) 2o markedly (day
seven) hyperplastic in KGF-treated animals. The proliferative epithelium changed abruptly at the cardia from

-the normal squamous epithelium of the esophagus to the proliferative epithelium of the treated foregut. The

! . S glandular gastric mucosa appeared normal histologically after ona-day treatment. At four and seven days,
: 20 an increased number of goblet cells was apparent histologically as cells with clear open cytoplasm. The
animals treated with KGF for four and seven days showed 2 mild increase in the thickness of the mucosa

(Fig. 21). At seven days. the mucus neck cell layer was widened and displaced toward the serosal surface.

.PAS staining at four- and seven days demonstrated striking increases in the number and size of PAS
positive (mucin producmg) goblet cells. BrdUstained sections further identified this layer as the dividing cell

“25 layer in the glandular stomach and showed an increase in proliferating cells with treatment. The thickness of

: : ths PAS positive layer of the luminal surface of the gastric mucosa was also markedly increased at four and

Lo seven days KGF {reatment (Fig. 21).

' “The small intestine was grossly normal a2 all study points. PAS staining demonstrated an increased
number of mucus producing goblet cells. This difference was significant at four and seven days (Fig. 22).
30 The villus height was not different at any time point but the crypt depth was s:gmﬁcanﬂy greater at one and
seven days (Fig. 22). _
in seven-day ireatnen{ groups the colonic mucosa was thrown into rugaklike foids that greatiy
" increased the overall surface area, Indicators of hyperplasia. bifurcated and trifurcated colonic crypts, were
observed in ali groups. including controls, but were most numercus and prominent in the short term
35 treatment groups. e.g.. days one and four. with the number of hyperplastic crypts decreasing with length of
reatment (Fig. 23). Correspondingly, the dzpth of colonic Crypts increased with treatment (Fig. 24).
PAS and Alcian blue staining indicted an increase in mucus producing goblet celis througheut the colon
following KGF treatment. Additionafly, the number of Alcian blue positive goblet cells at the luminal surface
.. was increased at seven days in all reatment animals. Treatment animals as early as four days showed
<« marked increases in PAS positive cells in the upper one-half and one-third of the colonic crypis.
' ,These results demonstrate potent mitogenic and differeniiztion effects of KGF on epithelial tissues
 within the Gl tract. It'is ¢ apperent from BrdU isbeling that KGF initiates profiferation of cells in the mucus
_neck -Jayer of the gestic mucosa Thess cells constinte the progenitor cells of the glandular stomach.
Following division, cells from this layer migrate upwards, towards the gut lumen, to form surface cells or
45 ‘downward, towgrds the serosal surface, to become cells that occupy the gastric glands. (Toner et al., 1989,
in Gastrointestina! and Esqphages! Pathology., Churchill Livingstone, New York, NY, at pages 13-28). -
“Additionally, KGF promotes selective differentiaion of mucus neck ceils to cells that move upward and that -
becoms goblet cells. The overall thickness of the gasfric mucosa was increased st four and seven days of

. ' treatment. Similar effects were seen in the small and large intestines. KGF promoted increased cell division,

50 resulting in elongated crypts, via stimulation of progenttor cslls. KGF also induced differentiation of dividing

_ crypt cells, 8s evidenced by increased rrucus production and increased nurnber of goblet cells in the villi or

g : crypts.
- ' While this invention has been desm‘bed in ralation to specific embodiments and examples, it should be
understood that there is no intention for this descrintion 10 be limiting. Thus, for instance, any form of KGF .

.86 - which substantially duplicates the biological properties of naturally occurring KGF can be employed to carry
out the described uses. Such fosms include purified naturally occurring KGF itself, KGF synthesized by
chemical procedures. and KGF derived recornbinantly using other expression systems besides the one

- illustrated above, as well as analogs. variants, chimeras, etc., based on the naturally occurring amino acid

i | _ 11
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sequence of a synthetic -oljgonucl eotide DNA (SEQ ID NO 6 and SEQ.I D NO 7)
whi ch-was i ntroduced into e DNA- .sequence of the KGF™¥ene (SEQ I'D NO 5)
for the construction of ~a reconbi nagP ggIpIeGAIon system for the KGF
,enployed in the in vivo experinents described herein. Figure 2 deplcts
the rabbit ear partial thickness dermal wound nodel, as nodified to produce
a wound t hrepaggnce. Absush fars g istended mmxeﬁemmmmnwewew ti ssue growt h.
\Fi gure 3 depi Mé““%é’pﬂﬂ?@l?"&ﬂﬁ%&%?‘ﬂ@‘i‘r"‘%‘t’@ﬁ?’éﬁ?"@dﬁ%ﬂ% n’ﬂs
't romthe rml ‘PF% lff?‘e"é‘é’f"“ M?@Fa?ﬁn %"’“\Vﬁﬁ'dﬂd’ e (eg
total ar ea éf"ﬁtf’ r.%ms e mng yeast ﬁtrﬁ?orguer ria besides E.coli

baculow mtcroorga uch 3s yeast co
: transformed with bacteriophage DNA, piasmid DNA. or cosmid. DNA The expression elements of these
vectors vary in their strengths and specificities. Depending on e host-vector system utilized, any ons of 2
- number of suiteble transcription-and translation elements may be vsed.
Oncs the protein product of KGF cONA expression has been isolaied, purified and assayed for KGF
10 activity, using methods such as described in this text or other procedures known 10 those skilled in the an,

' it may be formulated in a variely of pharmaceutical compositions. Typically, such compositions include a
suitable, usually chemically defined, carrier or excipient for the therapeutic agent (KGF), and, depending on
the intended form of administration, other ingredients as well. The composition can include aqueous carriers
or consist of solid phase formulations in which KGF is incorporated into non-agqueous carriers such as

15 . collagens, hyaluronic acid, and various polymers. The composition can be suliably formulated to-be.
administered in a vanaty of ways, including by injection, orally, topically, intranasally, and by pulmonary
_ delivery.

As the skilled practitioner will understand, the amount of KGF to be dosed will vary depending on the
diseasé being treated and the route of administration. but may be effective in the range, for example, from
20 0.01 mg per kg of body weight 1o 500 mg per kg of body weight.  may be used once or administered
repeatedly, depending on the disease and condition of the patient. It may be used in conjunction with other
trestments, including, but not limited. to, other cylokines and growth factors and cother pharrnaceutical

preparations used to treat diseases of the skin, lungs. liver and gastrointastinal tract,
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shomn on-the left, and-the per cent age of reeplthellallzatlon of mounds 'S :
hown on the ri ght Fiqure 4 shows the proliferation of basal and
upr abasal keratinocytes at wound margins up to five d¥s after KGF
reatment, using the rabbit wound noddP 0619 3MiAfure 5 depicts a histologic
lanal ysi's of Br onodeoxyurtdine (BrdU)-treated hait follicles from KGF-
treated and control wounds to show cel l'ul ar proliferation in the nodified
rabbit nodel . Figure 6 depicts oil red o staining of sebaceous gl ands
f.rom KGF-treated and contro). wounds oY=QURECE #FETF¥hbit nodel . Figures 7
and 8 show m cropapillary overgromﬁh of “al veol ar sept al plthellal cells
vm thin the Lungs ekndigal bdsosi@tsonshi ch have been treat ed intratracheally
With KGF. Figures 9 and .10, show cuboidal growth of epithelial cells in
the. al veoli of |diye @é@hm ofmﬁﬁ@ I%g after intratracheal
adm ni stration of, ﬁGF'fI Q% Qé Cdtggcy.e G.Ja,gyrﬁgtgzl (@B lebyshow
t hat the hyperpl astic'a Veo eplt i a sal. thasapbatisept ae
of such treated rats contain |anell ar i RobarsiesnsEoxf -harlqug ot Aapindk kodupe.
Fi gure 13A shows h | astic effects. of,; KGF treatnent in the bronchial
eplthellun1after F%f é@#%@% SaquEicss!
) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: amgen Inc-
i - (B) STREET: Amgen Center, 1840 Dehav;l.i.a.nd Driv
(C). CITY: Thousand Oaks
(D) STATE: Califormia

(B} COUNTRY: U.S.A.
(F) 2IP:- 91320- 1759

% (v) COMPUTER READABLE FORM:
: """ (A) MEDIUM TYPE: Diskette, 3.5 in., DS, 720 X3
(B) CCMPUTER: IBM ©PC compatible
' (C) OPERATING SYSTEM: »C-DOS/MS-DOS

2 {2) INFORMATION FOR SEQ ID NO:1:
: (i) SEQUENCE CHARACTERISTICS:
- (A) LENGT=: - 55 nucleotides
' o (B) TYPE: - nucleic acid
C a0 " (C) STRANDEDNESS: single sr.ra.nded
' © (D) TOPOLOGY: lineax

(x1) | SEQUENCE DESCRIPTION: SEQ ID NO:1:
CGAT'I'TGATT CTAC-AAGGAG GAATAACATA TGGTTAACGS G"'NGAA’L'IC 50 .

L .
U GeTAC - - | , | | 55

(3) INPORMATION FOR SEQ ID NO:2: .

<0 S (i) ' SEQUENCE CHARACTERISTICS:
' : (A) LENGTH: <9 nucleotides
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single atra.nded
(D) TOPOLOGY: linear

« (x1) . SEQUENCE DESCRIPTION: SEQ ID NO:2: |
'CGAATTCCAA CGCGTTAACS ATATGTTIATT CCICCITCTA GAATCA_AAT 45
50 -
- heet Has Been Replaced
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admi 9%/ 33494t | 3 %% h&IPn§*T A Fi g‘umrcg 3% shows the bronchi al e .
-epitheliumfroma control (excipient only) group of althy rats
~corresponding to the test®™Yroup of Figure 13A Figure 14 depicts the
resul'ts of an RNase protection ass@ﬂfﬂﬂ%ﬂecept or (KGFR) in the adult
rat- | ung. Figure 15 shows the increased weight of the gastrointesti nal
tract. and l'iver in a dose-dependent fashion follow ng treatment with KG- :
for four days. Fiaur Lfe increase in protein synthesis by the .
liver in ratl4 twgwg%;%ﬁ&%éh or four days in dose-dependent manner. -
Firgure 17 demmtragmdmml $toliferation of hepatocytes within

the liver of aninahs IﬁN%'aiedl & c “t%°seven days with KG-, assessed using
Brdu | abeling (A) ¢ % 10ng&chB)stranded gures 18 and 19 depict the
recovery in I|ver Sforo vm.a.gaireatrrent with KGF, of partially -
hepat ect oni zed rat's. ure 28?19 gi.(? ;9 kd\8.decrease in bl ood serum
l evel s -of serutxl usmeﬁ é?‘crac dat & Yransam nase ~ 5o
10 GAAUACGAAU UCCUUGCTIGU UUGGGCAGGA CAGUGAGCCA SGCRGACTEE
' ' 100
UUGGCCUGCC CUAUAUAAUU GGAGACCUUA CAUAUAUAUU CCCCAGCATT
150
CAUCUCCGUC ACAUUGAACA GAGCCAGCAC TUCUGCATUG GAGCUAUGUA .

15 UCCCCGAGUG GAUC

(S) - INFORMATION FOR SEQ ID NO:4&:

CEARACTERI STICS:
20 (l)mfzgﬁg 191 ruclectides
: (B) TYPE: nucleic acid -
(C) STRANDEDNESS: single stranded
(D) TOPQLOGY: linear

" (x%) SEQUENCE DESCRIPTION: SEQ ID NO:4:.

&I JAGA o . 50.
'GGGAGACAAG CUUGCH-UG\-C CCCAGRICGA CUCUAGAGEA UCCACUCGuG
' . 300
GAUAAAUAGC UC('AAJGCAG AACJGCUGGC ‘UCDGWCARU G‘GACGGACA , _
: 150
UGGAUGCUGG GGAAUAU:.UA UGUAAC"UCIJ CCAAUTAUAY AGNCAGGC-. o |
| : S o 181
% _'AACCAGUCUG_ CCUGGCTCAC "IGUCCTETCC AAACAGCM_\G G | |

(6) INFORMATION FOR $2Q ID NO:5:

35 (i) SEQUENCE CEABACI’ERISTICS
' (A) LENGTR: 523 base pairs -
B) TYPE: nucleic acia
EC) STRANDEDNESS: double stranded
. (D) TOPOLOGY: linear

e e h— . ————

4%  (xi) SEQUENCE DESCRIPTION: SEQ ID NO:S: . |
: GACATG? GCARAT GG GTGAACTGTT - 50
TATGTGCAAT GACATGACTC CAGAGCRAAT GGCTACAART | | |
. CCAGCCCTGA GCGACACACA AGARGTTIATG ATTACATGGA AGGAGGGGAT | 1:.:.0,
¢ . ATAAGAGTGA GAAGACTCIT c:c-cs:-saca CAGTGGTACC TGCGTATCGR = 150
| CAAACGCGGC AAAGTCAAGG GQCCCAAGA GA‘I‘GAAAAAC AACTACRATA : 200
TTATGGAAAT CCGTACTGTT GCTGTTICTA TOGTTGCAAT CAAAGGTGTT : 250
50 | '
- .. . ' : This Sheet Has Been Repl
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(SGOT) In carbon tetrachloride poisoned rats, foI | owi ng treatnment with

F| gure. 21 denonstrates the,_l_ncreased length of gastric glands and amount of
mucus -formation within the glandular stonach of rats tTeated with KG- .from

one to seven days. Figure 22 show®POH893@Akased | ength of duodenal
crypts and nucus production with the small intestine of rats treated from
one t0 seven days with KGF. Fi gure 23 shows an increase in hyperplastic

crypts in the colfdedir rétsrcrhel rRtelicRip eledRasereratiayaa Wi th KGF. 300 -
Fi.gure 24 shows an increase in colonic crypt depth in rats treated from one
PERITRATE 350

to seven days \GABMGAKGK AATHRGGRIP R S To

i dent i fy Speci fig, LYPES 6 AfacRlinl Aok Alackl Iclaautd BcdGiratg oduces @ s0o
signi ficant bi (ﬁ ogr ca ect tndicative of potential therapeutic value, an
‘ext-ensi ve st udwmmaummmm%qm ARPARCEAR AN ni strat i Gﬁ"i n
vivo, with obseryabhofh AAMARELY UchrRirrtd SabkRkES achulafaghi nant KGF yge

used in each o
70 ATC _ 503

(7) INFORMATION POR SEQ ID NO:6:

(i) SEQUENCE CEARACTSRISTICS:
15 (A) LENGTHE: 118 nucleotides
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single stranded
{D) TOPOLOGY: lineax :

{xi) SEQUENCE DESCRIFTION: SEQ ID NO:6:
20

CTGCGTATCG ACAAACGOEG CAAAGTCAAG GGCACCCAAG AGATGAAAZA 50
~ CAACTACAAT ATTATGGAAA TCCGTACTGT TGCTGTTGGT ATCGTTGCAA 100

_ TCAMAGGETGT TGAATCTG - . ils
.28 .

{8) INFORMATION FOR SEQ D NO:7:

(i) SEQUENCE CEARACTERISTICS:
(A} LENGTE: 126 smucleotidas
30 (B) TYPE: nucleic acid
(C) STRANDEDNESS: sizgle stranded
(D)} TOPQLOGY: 1linear

ARTTCAGATT CAACACCTTT GATTGCAACG ATACCAACAG CAACAGTACG 50
" a5 GATTTCCATA ATATTGTAGT TGTTITTCAT CICTIGGGIG CCCTTGACTT , 100

TGCCGCG‘ITT GTCCA‘IAOSC AGGETAC ' , 126

. ————
_ This Sheet Has Been Replac
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t he follomnng Exanpl es, which was prepared aéAyolloms The reconblnan
KGF gene was: i sol ated fronlhunan foreskin fibrobl ast AEﬂ523) RNA by PCR
and the resulting DNA Ilgaféd into a pCFML156 expression vector between the
Ndel and BanH restriction sites. TERO@Bi®S?0 A1l pCFML 156 can be derived from
t he pCFN836 plasm d described in U S. Patent No. 4,710.473. incorporated
herei im by reference, by destroying the two endogenous Ndel restriction

sites by end filling with T4 pol ynmesaasxeszyienstol | oned by blunt end
Ilgatlon and substituting the small DNA sequence between the unique C al.

and Kpnl restrlctlon sites mn;h the foll owi ng oligonucl eotide duplex
'conprlsed oft:) GENERAL INFORMATION:

(i) = APPLICANT: Amgan :nc.

(ii) TITLE OF INVENTION: ZXeratinocvte Growtl Factor (KGF). for
' : izs use iz a3 method of tiherapeutic
: treatmens £or the humar or animal body
10
(1ii) NUMBER OF SEQUENCES: 7

(iv) CORRESPONDENC:-A»DQESS.
©  (A) ADDRESSEE: aAmgen IRC.
- {B) STREET: Amgen Cesxcer, 13840 Cehavilland Drive
o (C) CITY: Thousand Caks
: - - (D) STATE: Califgorni;
(E) COUNTRY: U.S.A.
(F) 212 91323--/8°

20 - (v}  COMPUTER READABLE FORM:

{A) MEDIUM T¥EE: Diskerce, 3.5 in., DS, 720 X3
(B) COMPUTER: I3M PC compatible '

(C) OPERATING SYSTEM: 2C-DOS/MS- ToS
(D) SCOFTWARE: Wcraserfecb 5.1

25

ID NC:x

(2) INFORMATION OX ST

K)

(i) SEQUENCE CRARACTERISTICS:
© (A) LENGTE: 55 nuglaorides
_ {B] TVYRE: -rnucleic acic.
20 ' (C) STRANDEDNESS: single stranded
(D) TOBOLOGY: linesx '

R

{xi) SEQUANC- DESCRI ?T:ON: SEQ ID NO:1:
CGATTTGATT CaAGnAG aAG Cnif%ACﬁ:R TGGTTAACEC GTTGGAATTC

Wl
O

35

w
()]

GGTAC

(3) INFORMATION FOR SEQ ID NC:2:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 45 nucisotides
{B) TYPE: =nucleicz acic
(C) STRANDEDNESS: single stranded
- (D) TOPOLOGY: 1lineaxr
45 ’
(xi) SEQUENCE DESCRISTION: S=Q ID NQ:2:

CGAATTCCAA CGCGTTRACC ATATGTTATT CCTCCTICTA GAATCAAAT ' s
. - 50

This Sheet Has Been Replaced
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SEQ- ITD:NO: 1 and SEQ 1D NO : : d a
Kpnt 5 OGATTGATTCTAGAAGGAGGAATAACATATGGTTAA
3' - TAAACTAAGATCTTCCTCCTTATTGTATACCAAT TGCGCAACCTTAA

@&

012/051

TGGAATTCGGTAC 3!

5|

The pCFML 156KGF pl asmi d was then cl (ﬁ?eqmmmlvs host cells (ATCC #53911)
u5|ng a standard- C

10

15

20

a5

30

33

80

.CCAGCCCTGA GCGACACA:

(4) INFORMAT"'O _? R :.Q -F XC:

(i)
. (A} LENGTE:
(B) TYPE: nucleic aci:
{C) STE,AI\IDEDNESS- sizgie
- (D) TOPQLOGY: near

.- (xi) SEQ'LENCE DESC’RIETICN
GAAUACGAAU UCCUUGCUGT U‘G"""C‘GGA
UUGGCCUGCC CUATAUAALY GGAGACCUUA
CAUCUCCGUC ACAUUGAACA GAGCCAGCAC

UCCCCGAGUG GAUC -

' (5) INFORMATION FCR SEQ ID MC:i:

(1) SEQUENCE "':ARAC.'.':R:STZC :
(A) LENGTE:
(B} TY2E: nucleic acig

- (C) STHRANDEDNESS

D) TUPOLOG&:

'.-a.ea-
(xi) SEQUENCE DESC?.-PTZO
GGGAGACAAC CUUGCCAUGTC .
G_AUAAAUAGC 'UC_CAAL’GCAG

UGCAGGUCSA
AAGUGCT

-u'-

UCGAUGCUGG GGAAUAUAUA uG' > ‘C-a.-mC’..

AACCAGUCUG CCUGGCUCAL UGUCC’GGCC

(§) ' INFORMATION FOR SEQ ID NO:3:
(i) SEQUENCE "'.:ARACI'RIS'.':CS.
(A) LENGTH: 503 base pairs
(B) TYPE: =nucleic acid

(C) STRANDEDNESS:
(D) TOPOLOGY: lineax
(xi) SEQU=ENCSE DESCRIPTION:
TATGTGCAAT GACATEALCTC CaGAGCAAxT
CA AGARGTTATG

TN —r
- o

ATAAGAGTGA GAAGA
CARACGCGGC AAMGTCAAGG

TTATGGAAAT CCGTIACIGTT GTICT TGGETA

CIGTCEACA

SEQUENC.. CHARACTER ISTICS:
1£4 nuceie -vides

rarded

ST

SEQ ID NO:5:

C lalat -

el -

CAUATATAUY
TUCUGCAUUG

-192 nuciectidss

sincls stranded

CUCUAGAGGA

GC UCUGUUCAAU

CCAAUCAUAT

T ARACAGCRAG

couble stranded

SEQ IL XD:5:

ATTACATCGA

CREIGET. ACC :
» GATCAARAAC

B vb - -ECGU‘l—

CCCCAGCAUC

GAGCUATUUA

VCCACUCERE
GUGACGGAGA

AGGGCAGGCC
G

GTGAACTGTT
AGGAGGGGAT.

TGCETATCGA
AACTACAAIA
CAAAGGTGTT

GEREACUCE

th
©

100
150
200
230

55
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observed internal translatj6nal i niti-ation,

gene between Kpnl and EcoRY"'vvas replaced wt

designed to reduce the use of an i nEProed9 37olaasonal

Fol lowing ligation and el ectroporation into

_ _ byGEN 1AW
el ectroporation (Bi.oRad Gene Pul ser) transformation procedure.

e

To r educgloéﬁm“.

the DNA sequence in the KG-

h synthet ™ ol i gonucl eot i de DNA
bi nding site (Fi g 1)
FMb cells (ATCC #53911),

cl one cont ai ni ng pCFML156KGF- dsd was sel ected. The DNA encodi ng the KGF
gene was . secﬂ&éﬁ@'&ﬁé@ﬁmﬁﬁﬁmqhé*@éﬁsf\ﬁéﬁé&%%ﬁ TOHAGEER at 30 [err] 3@0in

10-1iter feﬁﬂ standard. fed .
at an exponen & rate Uﬁ‘gs g FUCOSE.’l | m

the cells ta.grow

-Hhat.al
toxic byprdauc_t

0N to preven

accunul atj ORTTACAATAG- mm@u:emx armrtuﬁ@snmuecrmmmt ure was raisged

briefly to 42 C to induce trancri

at appr oxi meary SFT BT CRAOE

st andar d 1ehrd8®at og-

lption of the NEH
e TFemET iefét ot

bi ol ogically active KGF was puri f i ed from rrechanl ca_l I y I ysed cel |
raphy procedures that take advantage of. the proteiSA3s

gene and then maintai ned

nducti on phd88 o
The 500
paste by

very -high isoelectric point (S Sepharose Fast Fl ow by Pharmacia)—and size

(Super dex 75hynieangmoNaror Eag #isciéed reconbi nant

rreasured for endot oxi n and bl ol ogls_c_gl activi
descri bed, by Rt} FERYENE CRASETR: Thpne.

(B) TYPE: ﬂucle:l.c ac1d
{C) STRANDEDNESS:
(D) TOPOLOGY: li‘tﬂa"

KGE protein was

i

tylnth

inglie s::a..aed

f-wros'

© (xi) SEQUENCE DESCRIFTION: SIg
0 o
o CTGCGTATCG ACAAACC-CC\: CARRGTCAAG GGLACCCAAG AwATGAAAAA' ' 50
CAACTACAAT ATTATGGAA A\-CG‘.ns.a-.-I__ TGCTETIGET ATCGETTCCAA ~0¢C
TCAAAGGTGT TGAATCIG | 118
. {8) INFORMATION FOR SEC ID NC:7
(1) SEQUENCE CEARACTERISTICS:
a (A) LENGTH: 128 ::uc..eet: dss
3 (B) TYPE: nucleic azci
{(C) STRANDEDNESS: 's-rc:'é s:':a:'.c.ed
(D) TOPOLOGY: linea 3 R
(x4) SEQUENCE DESCRIZTION: SEQ ID NO:7:
96 AA'J.TCAGA’J.'J.‘ CAACACCTTT Ca?.‘CCmCC A"ACQ’-\AC.AC CRACAGTACG | G
GATTTCCATA ATATIGTAGT ~GTTITTCAT CICTISGGTG CCCTTRACTT 100
. TGCCGCGTTT GTCGATACEC AGGTAC 126
0. -
Claims
1. Chemical compound composed of keratinocyte growth factor (KGE) for its use in a method of
é5 . therapsutic treatment for the hurnan or animal body.
2. Ch.emlcat compound according 1o claim 1 for stimulating the production of non-keratinocyte epithelial
celis
& 3, Chemical compound acoordmg to c!a.nm 1or 2 for stimulating sebocytes. ha:r follicle cells, hepatocytes. :
type Il preumocytes, mucin-producing goblet cells, and other epithelial colls and their progenitars
_ contalned within the skin, lung, liver and gastmirnesﬂnal tract.
_ 4. Chemical compound aceora‘ ing to claim 1 or 2 for the treatment ot dermal wounds to stimulate the
, 88 production of cells of the sebaceous glands and hair follicles.
5.

18

- Received Time 23, Feb; 11:20

Chemical compound according to claim 4_. in wh:ch the dermal wound is a burn wound.

Print Tine 23 Feb, 11:38



02/22/96  18:27 73805 447 1090 LGEN LaW @o14/051
EXAMPLE 1 KG- STI MULATED PROLI FERATI ON AND DI FFERENTI ATI ON OF ADNEXAL .
STRUCTURES I N AN | N VI VO WJUND HEALI-NG -MODEL In this Exanple, a '
nodi fied rabbit ear parti a\"thickness dermal wound no®€l was used. The
rabbit ear dermal ul cer- nodel descr EB@®®BIOB70Mstoe et al. in J. din.
| nvest., 87:694-703 (1991) was nodified to produce a wound through the
cartilage, to the derms on the back side of the ear, using a 6nmmtrephine.

As a resul t SRHTHOT MFTATTISCHIAEHREOWS FG~SI~7epF (TFeRTREAAR| enent s beneddh
the cartil aggaa AN L. 3 aMal bdble duind ealing, permitting
Pilol IMThALR e "&-ZF'S_('%&‘IS%? 2)7 'ﬁ'e‘%%c i nant KGF. 356

accurate quantitation or new tlssues

pr epar ed ;as ARTATNACAE hTADSIATCAVESTARRTSGZ CACRSACEER SERTEapPat i ¢ wound headd ng
agent..- Mat b @B RS cosearrec erane CA: ARATACEAR 450
. GARAGAACAA AAAACAGCCC ACTTTCSTCS TATGGCAATR .,C':::-x*- | 500 . '
19 AIC ' o T | 503

(7) INFORMATION FOR SEQ ID NC:8:
' S ' This Sheet Has Been Replaced

LT

(i) SEQUENCE CHARACTERISTICS:
.15 (A) LENGTH: 118 nuclieotides o l
. (B) TYPE: aucleic acid _
{C) STRANDEDNESS: .single s:tranded
{D) TOPOLOGY: linear -

: (xi} SEQUENCE DESCRISTICN: SI¢ ID NO:§:
w0 _ . = %

CTGCGTATCG ACARACGCES CARAGTCAAG GGCACCCAAG AGATGAAMAA _ 50
CAACTACAAT ATTATGGAAA TCCGTACTGT TGCTGTICGT ATCCTTGCAA : oc
| TCAAAGGTGT TGAATCIG - S 128

25
. {8) INFORMATION FOR SEQ ID NC:7:

(1) SEQUENCE CRARACTERISTICS:
' (A) LENGTH: 326 nuclecotides
< (B) TYPE: nucleaic zciéd -
' (C) STRANDEDNESS: singiz styanded
{D) TOPOLOGY: lineax '~~~ =~

(xi) SEQUENCE DESCRIPTION: SZQ ID NO:7:

% AATTCAGATT CANCACCTTT GATTGCAACG ATACCAACAG CAACAGTACS . 50

GATTTCCATA ATATIGTAGT TGTTITICAT CTCTIRCGIG CCCTTGACTT 100

~ TGCCGCGTTT GTCGATACGC ACGTAC . 126
~ Clalms

- 1. Chemical compound composed of kérainqk.yt_e growth factor (KGF) for its use in ‘a imethod of

& therapeutic treatment for the human'cr animal body.

2 Chnemical compound according o claim 1 for stimulating the production of non-keratinocyte epithelial
cells. _ _ :

.0 3. Chemical compound according to claim 1 6r 2 for stimulating ssbocytes, hair follicle calls, hepatocytes; '
type 1l pnel_.lmocyt&s. mucin-producing goblet cells, and other epithelial cells and their progenitors )
contained within the skin, lung, liver and gastrointestinal tract. ' .

-4 Chemical compound according to claim 1 or 2 for the treament of dennél_ wounds to stimulate the
., &8 . production of cells of the sebaceous glands and hair follicles. -

- -

8. Chemical compéund according to claim 4, in which the dermal wound is a burn wound. -
®  OEH ) O
* c L L] S *

Received Time 23, Fed, 11:20 Print Time 23, Feb, 11:38



02/22/96 . 19:27 805 447 1090 . WMGEN LAV [@o013/051
KGF of phosphate buffered saline vehicle alone was applied once on the day

lof - Surgery and the wounds (0.25cnferr]) were covered with Tegaderm

occl usi ve dressing (manufatured by 3M Conpany. St. Reul, MN). Prior to
sacrifice. each animal recei ved i nt r aepgpzFonect i ons of BrdU (Al drich
|Cheni cal Conpany. M | waukee, W), in an anmount of 50 ng per kg of body ,
wei ght.  Adnministration of BrdU was -enployed to better quantify the degree
of basal ker i Gamitabcqmpoind factordingamcizimd foribe fgspeant QF§P'6‘F"“B'a%5a‘P““?§éi fP" t"e treatment
m gration towar df eHemotberanytingueed slaperiay fr hrdresimegt n‘F‘ ‘E‘@
each wound was Basgieices, for WPt"Ha"B?I‘é °§@E’E‘?"G‘d‘%|’9ﬁ ?’ﬁ“’é‘ﬁ"s

ahd
cool i ng terrperaﬁ?f’@g\‘ﬁeﬂ'lc’ﬂ‘fﬁ ?’ m
,section befng fPigeeges; fp W Pr °“f " °'n': e"mhe
processed accor §f 8”' Hﬁt'u?& | rZ]Q: ’Bélmoﬁiry
L o 'e&%eﬁx

red o, and inmu %exﬁ ﬁﬁrﬁ.hm liver
thick sections ';ﬁ; A e, f&mfs%@;mem%&.aingmsmemer
Measur enent.s ot aI wound gap an plthel ial gap were made for each

wound usi ng o, C%hénhéa@&d?rﬂuound according to anyone of claims 1 o 6. in which the KGF is a recombinant KGF.
8 Chemic_al compound accordmg to claim 7. in which the recombinant KGF is prod_uced in bacterial cells.
15 - 9. Chemical compound according 10 claim 8, in which the bacterial cells are E.cali.

10. A pharmsceutical composition comprising a therapeutically effective amount of KGF and a pharrn_aceu-
fically a_gce.ptable carrier. '

éo 11. The composition of claim 10 in which the KGF is a recombinant KGF.
12. The composition.of claim 11 in which the recombinant KGF is produced in bacterial celis.

13. The composition of claim 12 in which the bacterial calls are E.coli
% : : :

30

I
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stage mcroneter. The percentage of reepithelialization for each wound was.
cal cul ated by taking the difference of the total gap and the epithelial
gap and dividing it by thebtal gap for each wound. Demta from two
sectjons per wound were averaged. Diffi6? Q6t®870 Al t he epithelial gap
nmeasurenents and the percent of reepthelialization were analyzed by a _
one-tailed, unpaired Student's t-test. The .area of epithelium produced
in treated and untreated wounds was cal culated for each dose group. A
one-way A% qﬂd Dunnett S t-test wa;tGr.un J[or each dose agal nst the
control gro

TATGTGCMTGACA‘IGAC CAGAG&AAATGGCTACAAA‘:STSHAC‘GTTCCAGCCCTGA
' ACACGTTACTG'AC’GAGGTCTCGT?TACCGATGT'.": CACTIGACAAGGTCGGGACT

MCNDMTPEQMATNVNCSSP'E-

GCGACACACAAGMG"'TA"'GA‘ITACATGGAAGGAGGGGA‘A‘AACRG’IGAGAAGACTCTT
CGCTGTGTG‘I'ICT’ICAATACTMTG'ACCTTCCTCCCC‘:A‘:A??C:‘CACTCTTCTGAGAA

na-fr.nsrpru_z_scn:avnanr-

KpnI '

synthe:ic DNA
CTGTCGMCACBGTGGTACCTGCGTATCGACAAACGCGGCAMGTCMGGGCACCCMGA
GACAGCTTGTGTCACCATGGACGCATAGCIGTTTGCGCCGTTITCAGTICCCEGTGGGTTICT

C R T QW Y1 QR IDIEKTZBRGI KT YZXKTGTOGQTE-

GATGAAAAACAACTACAATATTATCCAAATCCGTACTG I TGCTCTTCGTATCGTIGCAAT
- CTACTTITTGTTGATGTTATAATACCT TTAGGCATGACAACGACAACCATAGCAACGTTA

M X N N ¥ N I M E I R TV A VvV G I V A 1=

" EGoRI

: , ——]
T - CAAAGGTGTTGAATCTGAATTCTATCITGCAATGAACAAGGAAGGAAAACTCTATGCAAA
- : ' GTTTCCACAACTTAGACTTAAGATAGAACGTTACTTGTITCCTTCCTTTTGAGATACGTIT

K G VE S EF YL AMNIEKTEGIZ KTULIL VYA ATK-

GAAAGAATGCAATGAAGATTGTAACTICAAAGAACTAATTCTGGAAAACCATTACAACAC
- CTTIT CTTAC_GT:KCTTCT“CATTGMGmm@ﬁnn@hcmm AATGTIGTG

K ECNEDO CNTZ GE T KEIULTIILIENUZ HYNT--

ATATGCATCAGCTAAATGGACACACAACGGAGGGGAAATGTTTGTIGCCTTAAATCAAAA
TATACGTAGTCGATTTACCTGIGTGITGTCTCCCCTTIACARACAACGGAATTTAGTTITT

Y A S A KW T HNGGEMTE  VATLNGQ QK-

| . GGGGATTCCTGTAAGAGGAAAAAAAACGAAGAAAGAACAAAAMACAGCCCACTTICTTCC
CCCCTAAGGACATTCTCCTTITTTTIGCTTCTTTICT TG TT T TTTGTCGGGTGAAAGAAGG |

‘G I P VR GKKTIKZKTE® QIKTA AEHTFTLEP-

TATGGCAATAACTTAATAG
- ATACCGTTATIGAATTATCCTAG

., M A I T *  BamHI . _
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Measurenent of Proliferation and. Differentiation of Epithel ial Cells '

Par af f i n- enbedded 3 [err] m'sections of tissue were stained using ‘anti-BrduU
(Dako-Corp. Carpinteria, CRY, Avidin-Biotin Conplex (Yttor Laboratories,

Inc., Burlingane, CA), and di ani noberER @BH3® Mt rate (DAB, Sigma Cheni cal
Co., St. Louis, M). Sections were digested with 0.1% protease sol ution,
followed by treatnent with 2N HCl. Endogenous peroxi dase was quenched by
exposure to 3% hydrogen peroxide solution. Slides were blocked with a 10%
solution of normal horse serumin phosphate buffered saline (PBS), then

i ncubated with anti-BrdU diluted 1:400 in 1% bovi ne serum al bumi n.

‘Fol'l owi ng washi ng, sections were incubated for twenty mnutes with

per oxi dase-1linked Avidin-Biotin Conplex diluted 1:100 in 1% BSA. Slides

wer,e then exposed to DAB substrate (10 mg of DAB, 20 nl of PBS, 20 [err]l|

of ‘30% hydr ogen peroxi de) for ten mnutes. Sections were counterstained

wi th hemat oxylin. :

histologic

*| cross section

/ SN S Sy
./ ST ry.

epithelium I‘iaﬁlf,gf,’

pilar units

omn——- .

- b ;
vl _/.-
—ay

EG - Epithellal Gap

' FIGURE 2

ect Has Been Replaced

\\I\\\\\ AN \l\\

Reseived Tine  23.Feb 11:20%  Print Time 23 Feb, 11137



. 02/22/96  18:31  T805 447 1090 ~ hMGEN LAW _ ido25/051
-H stological Analysis of BrdU-treated Hair Follicles Fol | owi ng BrdU

‘incorporation and | HC staining, the total number of follicles per wound bed
rwere counted and anal yzed T ng the Kruskall-Wallis miTtiple conparison
test. Further analysis included a Chi EP&RIARE0Atst on the percentage of
wounds having follicles with ten or nore proliferating cells in each '
treatment group. Additionally, the nunmber of BrdU positive-staining cells
was counted in all follicles having greater than five proliferating cells.
Ol Red O Staining of Sebaceous ands =~ =~ QI red o, a stain specific for
neutral |ipids, was used for the identification of sebocytes and sebaceous
:gl ands, and was perfornmed oARERA OFERITHELILUNM, (8gemMdcedur e descri bed
iby F.L. Carson in Hi stotech- nology; A Self-instructional Text; ASCP Press,

Chi;cago (1990). Briefl yg 7 [eg] m,,.f §)zen %ct i o@ wergair =
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drle and fixed in zinc-formalin for ten mnutes. Slides were i mersed on

_0. 3% w vV oil red o (Sigma Chemical Co., St. Louis, M), then in 60% _

i sopropanol for thirty m neses at roomtenperature, deeolorized in 60%

| sopropanol, and counterstai ned w th greenes?Anenat oxylin. The size of
sebaceous gI ands and number of cells per gland were assessed. Results and
Di scussion . Accel erated reepithelialization and increased thickness of
|epi thel i um was observed for wounds treated with 4-40 [err]g/cnferr] of KGF.
Wounds on the fifth day post treatnment showed significantly enhanced
reepithelialization conpared with the control (76.7%vs 52.5% 1 [err]g of
KGr). The thickness of new epithelium wag /:reased I n a dose-dependent
manner by the fifth and seventh days of ost treatnment to nearly tw ce the
area of the control SAAY IWSVEVHERS @Nhls\iHE:!ﬂC{Bdr]g of KGF per
wound (Fig. 3). Histologic analysis suggested epithelial regeneration

occurred largely b@sprouti n@from adns al el emepgs withinghe dermi s,
i.e., sebaceous gl qnds, .sweabt gl ands and hair.falliclas _
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“Anal % I'S™ of basa]f keratnocyte proliferation and basal cell mgration

‘reveal ed increased nunmbers of proliferating basal keratinocytes at the
-wound. margi ns after the fiwst day of* KGF treatment (F™§. 4). By the second
day of KGF treatnent, increased nunmbeER0619 BOAT f er ati ng keratinocytes in
the” suprabasal [ayer of the epidernms suggest ed accel er at ed transit tine of
proliferating cells toward the stratum spi nosum. By the fifth day of
treatment, wounds showed |ess proliferation within the basal |ayer,
i ndicating self-limted. accel erati on of epithelial repair and
differentiation (Fig. 4). Keratinocytes appeared to undergo nornal
maturation as they migrated upward to formthe stratum corneum
Unexpectedly, increased sebocyte proliferation and differentiation as well
as increased hair follicle proliferation were al so observed. Both hair
foflicles and sebaceous, glands appeared | arger and mre nunerous in
KGF-treat ed wounds® ED; a‘re'd' ixt.h, control wounds (Figs. 5 and 6, '
respectively). Hi 51;'01.6 1§03 sec,t i e.ns whrcheshadl been st ained with oil red o to
selectively identir iF'y s'et_lae‘eous el angls .showed significantly increased
nunbers of such gl»{ind:ii‘éehfoh wer é:sal so mar_kedl y enl arged;- indicating
I ncreased proli ferat-J-Q'FF‘ antt*'d#}—f—er:e.nt gt on<ofs;5ebocyt ds jat.o
|-sebum produ0| ng ceﬂ Sy &% nidod&e dependent i nctease ¥n t'hé®* nunber of

'- 3 T = I._],I'G| e V\.a,e observed in KGF treated vvounds

.-v‘ s ...

- e :'- . - .- - . - _q_
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805 447 10
.PreV|ous Y, eplderngF gromZ ?actor (EGF) . and ba5|c fi brobl ast gromﬁh

factor (FGF) have been exami ned in the rabbit ear nodel. J. din. Invest.,
above, and Pierce et al., ¥ter. J. Pathol. 140:1375- 1388 (1992). Al though.

both of these growh factors are knoER G&ISSPO MGl at e reepithelialization,

nei ther EGF nor basic FGF influence proliferation or differentiation of
adnexal structures such as sebaceous glands and hair follicles. The ablllty
of KG- to stinulate proliferation and subsequent di fferentiation of
nultlple epi thel i al ceII types

S : FIGURE6  _
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%’Fﬁ’gr?thleg %%(lnas .f1er Withits orlglnal i solation fromfibrobl asts,

suggesté that KGF is a potent paracrine stimulator of the skin regenerative
process. EXAMPLE 2 KGF- S MULATED PROLI FERATI ON ANDw®l FFERENTI ATI ON OF I N

VI VO TYPE || PNEUMOCYTES This exppb@smalcarried out to evaluate the
effect of KGF adm nistration on epithelial cells of the respiratory tract
of healthy rats. - Materials and Mt hods Mal e Lewi s rats, weighing

200-250 granms each, received a single intratracheal injection of varying

FIGURE 7
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doses of  [KG- diluted in saline or phosphate buffered saline, using the
prot-ocol described by Uich et al. in Aner. J. Pathol., 138:1485-1496 :
(1991),. KGF was injected atwdoses of 0.1, 1.0. 5.0 ance0.0 ng/ kg. Control
rats received an intratracheal injectBrogerssmuii pient. At tinme points of
six "hours and one, two, three, four, five and six days after KG- injection
the rats were sacrificed, the lungs were inflated with Bouin's fixative via
an intratracheal catheter, saggital sections of the lung were

.paraffln enbedded, and h|stolog|c sections were stained with hematoxylin

and eoxi n. Results and Di scussion: - KGF at 0.1 ng/ kg did not cause

hi st ol ogi cal |y di scernible al veol ar. eplthellal cell hyperplasia. KGF at 1.0
my/ kg caused a mld but definite increase in alveolar epithelial cells.

I ncreasi-ng al veol ar epithelial cell hyperplasia was noted at 5.0 and 10.0
ng/’kg, respectively. KG- did not cause a histologically discernible
increase in alveolar epithelial cells at six hours or one day after _
intratracheal injection. At two days. a knobby m cropapillary overgrowh of

‘al veol ar septal epithelial cells was noted within the Iungs of KGF-

FIGURE 8
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tr.ea?ze/ézlrgats (gFI gs. '9‘ 8). At three days, a diffuse | ow- cuboi dal”

cubBoi dal' growth of alveolar epithelial cells is noted |ining entlre al veol
in large segnents of the Iwng (Figs. 9, 10). Sone are®® of the |ung,
however., - retai ned a nornal histol ogy. EFig#618i320 A1 0gi ¢ appear ance of the
hyperpl astic alveolar epitheliumin the rat on day three was essentially
the sane as the appearance of reactive type Il pneunocyte hyperplasia in
.human | ungs. Hyperplastic: al veol ar epitheliumwas recognizable in
decreasi ng anmount in the lungs of KG--treated rats on days four and five
iafter intratracheal injection. On day six, the Iungs of KG-treated and
coptrol rats were indistinguishable. The lung of a KG~treated rat was
ultrastructurally exam ned three days after intratracheal injection. The
hyperpl astic al veol ar. epithelial cells lining the alveol ar septae al nost
invariably contai'ned.one or nore |anellar inclusions of varying size and
shape (Figs. 11, 12). The bronchial epitheliumof KG--treated rats was
hyperpl astic on day three, but the hyperplasia was not as i medi ately
-striking as the alveolar cell hyperpIaS|a prerpla3|a was appreci ated as
‘pseudostratification of tle- s et s ; q§3 di stal bronchi
that are normally |ined Hu¥altiases T ol by tufting or
.mcropapillary growth of S 3 i ncrease in
jmtotic figures within ths A 13B).

[@031/051

| ~ FIGUREY
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such as KGF. Finally, thel
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KGR, a nlsterea |ntratrachealfy causes a striking hyperpla5|a of al veol ar

eplthellal cells. The presence of | anel | ar cytoplasm ¢ inclusions within
the cells at the ultrastru®fural "l evel is consistent Wth the proposal that

the hyperplastic cells are type Il pFRMSRIBAl The | anellar inclusions did
not “appear as numerous or as osn1ph|I|c as-those illustrated in sone cases
of experinental type Il pneunocyte hyperplasia in the rat, but are very
simlar to the lanellar inclusions illustrated in normal rat l ung. In

addition to causing alveolar cell hyperplasia, KG causes bronchi al

epithelial cell hyperplasia. It is possible that the hyperplastic alveolar-

epftheliumrepresents a downgrowt h of bronchial epitheliumfromterm na

‘bronchi ol es into the al veol ar parenchynma. However, it appears nore |likely

that KG- acts directly on type Il pneunocytes because of the multifocal
mi Cropapil | ary budding growth pattern of pneunocytes on al veol ar septae two
days after injection of KGF,.a growh pattern that precedes the conf | uent

Jining of the alveoli by cuboidal cells onthe third day. In addition, type

res-on3|ve al veol ar

- al veol-ar cell
gamcol ar cell growth
sions within the
n into type I

‘pneunocytes are thought to be the nltotlcal
eplthellal cel | populatlo

hyperpl astic cells sugges
pneunocyt es but al so thei,

FIGURE 10
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'typé’zﬁz’ﬁﬁeu%ﬁﬁt es B805 44T 109 i mul ator?)l effoct of KGF on type |1
pneunocytes is consistent with the observation that the anmount of KGF
‘receptor messenger RNA inshe |lungs per equivalent swple of total RNAis
two to three tines the -+ EP 0618 370 A1 _
-7- -level found for various other organs from young adult rats. In this
exper.i ment, KG- receptor nmessenger :

1 - . FIGURE 11
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RNA. | evel s were detected using a nDdlfled Anblon RNAse Protectlon Assay :

(RPA 11, No. 1410). = The-"antisense" RNA probe used\l_g this assay had the:

f ol l.owi ng sequence. (SEG |D"NO.: 3):
GAAUACGAAUUCCUUGQJGJUUGGGCAGGACAGJGA EPO 619 370 A1
GCCAGGCAGACUGGUUGGECCUGCCCUAUAUAAULGG  + :
AGACCUUACAUAUAUAUUCCCCAGCAUCCAUCUCCG
UCACAUUGAACAGAGCCAGCACUUCUGCAUUGGAGC-

T UAUUUAUCCCCGAGUGGAUC 3 The anti sense probe was prepared using a

Promega Ri'boprobe Gemini Il kit (#P2020) froma linearized tenpl ate -DNA

lencodi ng the correspondi ng ‘DNA sequence described above. The RNA probe was

purified froma urea-pol yacryl am de gel by cutting out the correct size
band and eluting the RNA probe in Anbion '

'FIGURE 12

e
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Sol ution F. The "sense" RNA standard codi ng for the corrpl errent RNA :

,sequence to the "anti sense" probe is as follows (SEQ ~4):

. GEGAGACAAGCUUGCAUGCCUGCRGGUCGACUCUAG '
AGGAUCCACUCGGGGAUAAAUAGCUCCAAUGCAGAA EP 0 618 370 A1
GUGCUGGCUCUGUUCAAUGUGACGGAGAUGGAUGCU-
GGCGGAAUAUAUAUGUAAGGUCUCCAAUUAUAUAGGG
CAGGCCAACCAGUCUGCCUGECUCACUGUCCUGCCCA- ' AACAGCAAGG 3’
The sense standard was prepared col d (WIthOUt r adi. oactlve | abel ) "using the
-Prorrega Ri boprobe Gem ni _

FIGURE 13A
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%? (§P26303 an&apurl i ed over a G0 Sephadex Quick spin col um.

F04 | owi ng the standard Anbi on (RPA || #1410) protocol, 50 ug of total RNA
viere incubated with 10[er™ cpm of probe, first at 9?[err] C for four

m nutes, then twelve to ei ghteen hoEP9&93XbATerr]  C. RNAse (1:500 Ambion

Solution R) was incubated with the hybridization solution at 37 [err]C for.
forty mnutes, followed by addition of the inactivating/precipitation

. reagent. ( Sol uti'on Dx) . The RNAse protected fragnments were then separated

by size using urea-polyacryl anmide gel elec- trophoresis and the whole gel"

- was exposed to a phosphorinmager screen. The bands were then quantified on a

Mol ecul ar Dynam cs Phosphori mager. The results are shown in Fig. 14. The
iidentification of KGF as a growth factor for type |l pneunocytes raises the
possibility that KG will show therapeutic potential simlar to

gl ucocorticoids . as a stinmulant of fetal lung maturation. KGF might also be
clinically useful in stimlating bronchoal veol ar repair after lung injury
in the adult. The prollferatlve effect of KG- on type 1 pneunocytes
suggests that KGF may pl Tan ng the synthesis
and secretion of surfact '

FIGURE 13B
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EXANR(22/88  Kige3&T) VRRTEHT AP FeraTI BRI DI FFERENTI ATI ON OF HEPATCCYTES
The effects of system-cally adm ni stered KG- on the epithelial tissues of
the liver in adult rats were evaluated. Materials aM® Met hods Mal e
rats received water and food ad |ibi ERMEINETO &hi mal s recei ved either KGF of
‘PBS by intraperitoneal injection daily, for one, four, or seven days. In
all experinents, at least -five aninmals were analyzed per

'KGFR mRNA EXPRESSION IN THE LUNG
YEAST {- control)

!ﬂm (o conzol) |

- LUNG

L v L4 | 1 3 . \y

0 100 200 300 00 soo
Equivalent picograms KGFR mRNA per 50uG total RNA

FIGURE 14
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- 8- ‘6(2286 1?&4| rg?s wer e eut hani zed g@ Cﬁferr] asphyxi ati on and bl-ood

was -obt ai ned for serum chenmistry by cardiac puncture inmmedi ately postnortem
and stored frozen until asseyed. Serumwas anal yzed fow'standard serum
chem stries and el ectrolytes. The |ivepowigareaghed in a blinded fashion
and -wei ghts were expressed as grans per 100 granms body weight (percent body

wei ght) . Tissue sanpl es were placed in 10% buffered fornalln for routine
h|stolog|cal proceSS|ng
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Sectloons fom' he i \'/%r wer e’ st ai ned V\ntﬁdﬁemat oxylin and eosin (H and E).

One -hour prior to sacrifice, rats received 50 ng/ kg of BrdU via -

intraperitioneal i nfecti on™Anti-BrduU |nnunoh|stochenT§try was per- fornmed

to visualize BrdU incorporation into B\NAG8937WMl i cating cel | s. The

| abel i-ng index (LI) of the liver was determined using a calibrated eye

obj ective grid. Ten fields per aninmal were.counted and averaged. Tot al

nucl ei and | abel ed nuclei per unit area were counted. To standardi ze the

fields counted as representing si mipgrBareas of hepatic parenchyma, al

fields counted were agh acent t oga portal riad. Al data was anal yzed

uskng an unpaired two alled Eﬁuﬂent s t-seest or Ome- way ANOVA for nultiple
. + fome response study was

| was injected daily for

sed as percent body

performed to identify. an effec
folir days, and organs we

wei ght, was S|gn|f|cantly'd|ff- g
| | 2
[ 4
oS
>
=
N  w, § we
—1F
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fromcontrols only at the highest dose ofdgm%b%ﬁb per day when conpared gv4mm51
ANOVA (Fig. 15). O note..serumproteins, cholesterol and triglycerides;
conpounds synthesized by th&1iver were significantly Mwgher conpared with
control-s at both 1 and 5 ng/ kg of KGF EF® g19 370)A1 Ani mal s were anal yzed
after one, four, or seven days daily treatment wth KG- at 5 ng/kg. Upon
gross necropsy exam the liver was notably enlarged at the seven-day tine
poi nt. Liver weight was significantly increased at all study tine points in
KGF-treated rats (day sevgq 4.08 [err] 0.08%vs. control 3.49 0.06%

p = 0.0003). Quan it;‘ﬁjn{%saaﬂ L QLLQLIMCI ei denonstrated three-

to four-fold increaseg_in K& gt ed

day (Fig. 17). Mtotic Index expressed
field was significantly el evated over control s R
consistent with the BrdU counts. These r eSS onst r at e ‘pot ent

m togenic and differentiation effects -of KG- onNN\ Egeer. The rapid
increase in liver weight after one day of KGF tTeatpent coupled with an
el evated mtotic index and BrdU- positive fraction genonstrates the rapid
and potent effects of KG- on this predom nant epi f helial tissue. Though
the mtotic effects of KG- drop off. rapidl 'g: wei ght expressed as
percent body weight _ - ::.

&with controls at one
gures per high powered
guday treatnent,
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continued to increase throughout the studies. The increased wei ght was _
prirmarily due to an increasg in cells that was histol gically observable as
IearlyTas-one day and persi sted througFP%Q#ﬁ {y seven days of treatnent.
Since.liver mass can increase by greater an two-fold in I'ess than two
weeks ~during liver regeneration, it was not. surprising to find nmarked
|d|fferences begi nning after one day treatnent. El evated | evel s of
al bumi.n are not associ at ed W th any -known di sease state other than
dehydration. KGF was |ikely inducing greater serumlevels of albumn (and
ot her proteins) due to the increased nunber of hepatocytes which were
present. Increased protein synthesis i nduced by KG- woul d be of trenendous
| i fesaving benefit to individuals with end stage |iver disease or
ci rrhosis. EXAVPLE 4 KGF- STI MULATED PROLI FERATI ON AND RECOVERY OF LI VER
.'CELLS IN VI VO FO_LON NG PARTI AL HEPATECTOWY

Effect of KGF (1ng/Kg/d) on Liver Rggenerat:l.an

Liver Weight (g)

b nﬂyrvvﬁn}’{a‘wfr}wﬂ F‘~}'F'}‘fﬂq ,‘

FIGURE 18
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In this experinent,
grans, were -used as the Jgst subjects.
of.the rats was subjected to two-thig ga198sd A
procedure of Hi ggins and Anderson,

02/22/96  18:35

186 .¢{1931). Commenci ng ei ght
a day thereafter,
(control group) or

Li ver

Effect of KGTF

G
r
g' 5 -
e 1
o
L
= 4
u -
[—d
= §
< 3
-~
-] <
-

Liver wt,
AT T Y CEPTEYTE SR T WY pRTTAT t&f}w7§

Received Time

- 805 447 1080
mal e Sprague-Daw ey rats,

the rats were injected subcutaneously with either

KGF at -a dose of 1 ng/kg. The control
rats. were wei ghed and sacrificed
;surgery

_ #o42/051
each wei ghing from 300 to 340
Materi al s a@gd Met hods Each
hepat ect ony using the
~Archi ves of Pathol ogy, Volune 12, page
hours follow ng surgery, and continuing once
PBS
and KG--treated
or fourteen days after

ANGEN LaW

four, seven, ten,

remants were then removed and melghed

(Ingﬁhﬁg/db on Liver Regeneration

14
q".
FIGURE 19

This Sheet Has Been Replaced

[T

a9

23, Feb, 11:20 Print Time - 23. Feb, 11:35



- : @043/051
: 22/96 9:35 79805 447 1090 AMGEN LAW .
Resulof/ nd E%scusm on - It was found that treatment of partially

hepatectom zed rats wth KGF resulted in significant @gceleration in the

recovery of ‘|iver mass, bdTh on an a?&%& relative basis, as shown in
Figs.” 18 and 19, respectlvely I'n th ed group liver mass returned

"to pre-surgical values within seven days. By contrast, for the control

(non-KGF treated) group neither absolute nor relative liver nmass was

conpletely restored even after fourteen days.
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'EXAMPLE*S5 AMELI ORATI VE EFFECT OF KGF ON CHEM CAL | NDUCED LI VER TOXI ClI

Mal e Sprague-Dawl ey rats, wei ghing 300 to 340 grams each, were tested to

eval uate the therapeutic eTtect of Kgléoon the liver a™er introduction of a
chénmical toxin. Adninistration AIBSBHAT t wel ve mal e Sprague- Dawl ey

rats were given either 1 m/kg or 2 m/kg of carbon tetrachloride

(CdJ[err]) in a corn oil vehicle on day zero. Each dosage group was
subdivided into two subgroups of s(il)wf ts each. Beginning at -three hours
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hundr ed* and forty-four hours after CC[err] adm nistration, a blood sanple
was-t aken from each rat and the serum gl ut amat e- oxal Qacetate t ransam nase
(SGOT) | evel was determ ned. Results_and Discussion "As shown in Fig.
207, subcut aneous injection of KGF af E8Q B89 M i ni strati on of CC [err]
significantly decreased bl ood serumlevels of an enzynme (SGOT) which is a
known- i ndi.cator of |iver damage. The effect is especially pronounced at 2
m / kg, on the first day after(mg}sjw ion. EXAMPLE 6 KG- STI MULATED -
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Thi s anpl e eval uates the biological effects of KG- on epithelial cells of

the intestinal nucosa of healthy rats. Materials apd Methods - Mal e
rats recei ved water and T0od ad libitum Al animals received either KGF or
PBS by intraperitoneal injection d&M9S¥FPdMe, four or seven days. In all
experinents, at least five animals were anal yzed per group. Al rats
wer e eut hani zed by CJerr] asphyxi ation. Mjor organs were weighed in a

bl i nded fashi on and wei ghts were expressed as grans .per 100 grans body

wei ght (percent body weight). The gut was divided into the non-glandul ar

foregut, glandular stomach, small intestine, and large intestine. Tissue
sanpl es were placed in 10% buffered formalin for routine histological
processi ng. Sections fromall organs harvested were stained with

hemat oxylin and eosin (H and E). One hour prior to sacrifice, rats received
50 ng/ kg BrdU via intraperitoneal injection. Anti-BrdU i nmunohi stochemistry
was perfornmed using standard nethods to visualize BrdU incorporation into
DNA of replicating cells.~Selected... -
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tissues were stained wth periodic-acid-schiff (PAS). Alcian blue at pH
2.5, and NhssonfTrichrongb- A calibrated ocul ar s used to neasure the
hei ghts of the gastric mucosa and t d %ﬁ? f PAS staining with the
gastric nmucosa. Simlarly, the leng 00%3 .%1 and depth of. intestinal _
crypts in the duodenum and depth. of the colonic crypts in the colon were
measured. To quantify the changes in goblet cell production, the nunber of
PAS positive goblet cells was counted al ong 100 [err] mlengths begi nning at
t he base of the duodenal villi. I'n all areas of the gut, neasurements were
made only on glands or villi that were perpendicular to the underlying
Muscul aris. Results are recorded i'n mcrons or in the case of snal
i ntestinal goblet cells average nunber per unit area. In addition, the

number of colonic crypts and the nunber of hyperplastic (bifurcated or -

trifurcated) crypts occupying a defihed_Iength of colon were
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52:r'oliferatlon growth and differentiation of celis other than keratinocytes.
regenerate damaged or diseased cells and tissues.

BACKGROUND OF THE INVENTION -

recombinant polypeptides, including erythropoietin and granulocyte colony stimuta actor, to the benefit
of many human patients. Increasing numbers of other polypeptides have since been discovered which
exhibit biological activity in vitro. However, the ‘characterization of target cells of these factors and the
biological effects of the factors /in vivo are essential for the identification of potential therapeutic applications
in humans.

KGF is a known mitogen which has been previously identified as specific for epithelial cells, particularly
keratinocytes. Rubin et al., Proc. Natl. Acad. Sci. USA, 86:802-806 (1989); Finch et al., Science, 245.752-
755 (1988); Marchese et al., J. Cell. Phys. 144:326-332 (1990). Expression of messenger RNA for KGF has
been detected in several stromal fibroblast cell lines derived from epithelial tissues of embryonic, neonatal
and adult human sources, and in RNA extracted from normal adult kidneys and gastrointestinal tracts. Such
RNA has not been detected in glial cells, lung, brain, or in a variety of epithelial cell lines that included
squamous cell carcinomas, mammary epithelial cells, immortalized bronchial epithelial cells, immortalized
keratinocytes, and primary keratinocyte cultures. Finch et al., Science, above. However, KGF is
mitogenically active for the continuous mouse cell line, BALB/MK cells. Weissman and Aaronson, Cell,
32:599 (1983); also, see PNAS and Science, above. This observation supports evidence indicating a
paracrine action of KGF in the skin, with production of KGF in the dermis (but not in the epidermis) and
action on keratinocytes.

In addition, using the expression of keratins and filagrin genes it has been demonstrated that KGF
influences the differentiation and maturation of keratinocytes. See J. Ceff Phys., above.

Much of the aforementioned work investigating the biological activity of KGF has been carried out with
recombinant KGF, which has permitted more widespread study of this factor. Published PCT patent
application WO 90/08771 describes the purification of KGF from the conditioned medium of a human
embryonic fibroblast cell line, partial amino acid sequencing of the isolated polypeptide, cloning of the
gene, and expression in bacterial celis (E. coli) to achieve recombinant, biologically active KGF.

While the role of KGF as a stimulatory agent for keratinocytes in vitro has been clearly identified, much
remains to be known regarding KGF as a growth factor, including additional types of cells for which it may
be targeted, and the effect of KGF on such cell in vivo. This information is vital for an understanding of the
full potential of KGF as a therapeutic agent.

SUMMARY OF THE INVENTION

Briefly, the present invention concerns discoveries made with regard to the stimulatory effect of KGF on
non-keratinocyte epithelial cells. More specifically, it has now been found that KGF used in vivo induces
profiferation and differentiation in normat adnexal structures such as sebocytes and hair follicle cells, in liver
cells such as hepatocytes. and in cells of the respiratory mucosal epithelium such as type Il pneumocytes.
There is also compelling evidence that KGF stimulates proliferation and growth of cells of the intestinal
mucosa, e.g., mucin-producing goblet cells in the glandular stomach and small intestine, crypt cells in the
colon, and other epithelial cells within the gut.

These discoveries, which form the basis of this invention, have significant implications in terms of
enabling the application of KGF to tissues specifically characterized by damage to or deficiencies in these
particular types of cells. The following is a description of diseases and medical conditions which can be
treated with KGF in accordance with the invention.

Stimulation of proliferation and differentiation of adnexal structures such as hair foliicles, sweat glands,
and sebaceous glands is of critical importance in regenerating epidermis and dermis in patients with burns
and other partial and full thickness injuries. At present, surface delects heal by scar formation and
keratinocyte resurfacing; full regeneration of skin is not yet possible. Repoputation of hair follicles, sweat
glands, and sebaceous glands does not occur presently in full thickness skin defects, including burns. The
use of KGF can enable such repopulation.

Epidermolysis bullosa is a defect in adherence of the epidermis to the underlying dermis, resulting in
frequent open. painful blisters which can cause severe morbidity. Accelerated reepithelialization of these
lesians. such as by troatment with KGF, would resull in less risk of infection, diminished pain, and less
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showed a micksl i ncrease in the thickness of the nucosa (Fig. 21). At seven
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i NCr eases addition.lacthevaneiticragem do ®iganerathiely M4 these ulcers and decrease their recurrence would be of
benefit. KGF offers such potential.

Inflammatory bowel diseases, such as Crohn's disease (affecting primarily the small intestine) and
ulcerative colitis (affecting primarily the large bowel), are chronic diseases of unknown etiology which result
in the destruction of the mucosal surface, inflammation, scar and adhesion formation during repair, and

o significant morbidity to the affected individuals. Therapy at present is designed to control the inflammation.
A therapeutic such as KGF to stimulate resurfacing of the mucosal surface, resulting in faster healing, may
be of benefit in controlling progression of diseass.

Gut toxicity is a major limiting- factor in radiation and chemotherapy treatment regimes. Pretreatment
with KGF may have a cytoprotective effect on the small intestinal mucosa, allowing increased dosages of
such therapies while reducing potential fatal side effects of gut toxicity.

KGF treatment has a striking effect on the production of mucus throughout the gastrointestinal tract.
This property may be useful in protecting the gut mucosa from injurious substances that are ingested. or in
limiting the spread of injury in conditions such as inflammatory bowel diseases.

Hyaline membrane disease of premature infants results in the absence of surfactant production by type
Il pneumocytes within the lung, resulting in the collapse of the alveoli. Although corticosteroids can
accelerate maturation and secretion in fetuses twenty-eight weeks old and beyond to a large extent, there is
presently no treatment for younger fetuses, resulting in significant morbidity and mortality in this population.
A therapeutic agent such as KGF which would induce proliferation and differentiation of type Il pneumocytes
would be of considerable benefit in the treatment of this disease.

Smoke inhalation is a significant cause of morbidity and mortality in the week following a burn injury,
due to necrosis of the bronchiolar epithelium and the alveoli. A growth factor such as KGF which could
stimulate proliferation and differentiation of these structures, and induce their repair and regeneration, would
be of benefit in treating inhalation injuries.

Emphysema results from the progressive loss of alveoli. A growth factor such as KGF which could
stimulate regrowth or is cytoprotective for remaining alveoli would be of therapeutic benefit. At present, no
effective treatment is available.

Hepatic cirrhosis, secondary to viral hepatitis and chronic alcohol ingestion, is a S|gmf‘cant cause of
morbidity and mortality. Cytoprotection, proliferation, and differentiation of hepatocytes such as by KGF to
increase liver function would be of benefit to slow or prevent the development of cirrhosis.

Fulminant liver failure is a life-threatening condition which occurs with endstage cirrhosis. An agent such
as KGF which could induce proliferation of remaining hepatocytes would be of direct benefit to this disease.
which is presently treatable only with liver transplantation.

Acute viral hepatitis is frequently subclfinical and self-limiting. However, in a minority of patients, severe
liver damage can result over several weeks. A cytoprotective agent such as KGF would be of use in
preventing hepatocellular degeneration.

Toxic insults to the fiver caused by acetaminophen, halothane, carbon tetrachloride, and other toxins
could be ameliorated by a growth factor (KGF) which is cytoprotective for hepatocytes.

Accordingly, the present invention encompasses the use of KGF therapeutically (or where appropriate,
prophylactically) to treat the above mentioned conditions, as well as pharmaceutical preparations containing
KGF in suitable, therapeutically effective amounts.
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t hr oughoutreateth endeeghteph wounds to show cellular proliferation in the modified rabbit model.
Figure 6 depicts oil red o staining of sebaceous glands from KGF-treated and control wounds of the
same rabbit model.
Figures 7 and 8 show micropapillary overgrowth of alveolar septal epithelial cells within the lungs of
healthy rats which have been treated intratracheally with KGF.
Figures 9 and 10 show cuboidal growth of epithelial cells in the alveoli of large segments of the lung
after intratracheal administration of KGF to the same healthy rats. )
Figures 11 and 12 show that the hyperplastic alveolar epithelial cells lining the alveolar septas of stich
treated rats contain lamellar inclusions of varying size and shape.
Figure 13A shows hyperplastic effects of KGF treatment in the bronchial epithelium after intratracheal
administration to healthy rats.
Figure 13B shows the bronchial epithelium from a control (excipient only) group of healthy rats
corresponding to the test group of Figure 13A.
Figure 14 depicts the results of an RNase protection assay for KGF receptor (KGFR) in the aduit rat
lung.
Figure 15 shows the increased weight of the gastrointestinal tract and liver in a dose-dependent fashion
following treatment with KGF for four days.
Figure 16 shows the increase in protein synthesis by the liver in rats treated with KGF for four days in
dose-dependent manner.
Figure 17 demonstrates the increased proliferation of hepatocytes within the liver of animals treated for
one to seven days with KGF, assessed using BrdU labeling (A) or mitotic counts (B).
Figures 18 and 19 depict the recovery in liver mass, following treatment with KGF, of partially
hepatectomized rats. )
Figure 20 depicts the decrease in blood serum levels of serum glutamate-oxaloacetate transaminase
(SGOT) in carbon tetrachioride poisoned rats, following treatment with KGF.
Figure 21 demonstrates the increased length of gastric glands and amount of mucus formauon within
the glandular stomach of rats treated with KGF from one to seven days.
Figure 22 shows the increased length of duodenal crypts and mucus production with the small intestine
of rats treated from one to seven days with KGF.
Figure 23 shows an increase in hyperplastic crypts in the colon of rats treated from one to seven days
with KGF.
Figure 24 shows an increase in colonic crypt depth in rats treated from one to seven days with KGF.

DESCRIPTION OF SPECIFIC EMBODIMENTS

To identify specific types of epithelial cells in which KGF produces a significant biological effect
indicative of potential therapeutic value, an extensive study was undertaken using live animals and KGF
administration /n vivo, with observation and analysis of the results. A recombinant KGF was used in each of
the following Examples, which was prepared as follows:

The recombinant KGF gene was isolated from human foreskin fibroblast (AG1523) RNA by PCR and
the resulting DNA ligated into a pCFM1156 expression vector between the Ndel and BamH| restriction sites.
The plasmid pCFM1156 can be derived from the pCFMB836 plasmid described in U.S. Patent No. 4,710,473,
incorporated herein by reference, by destroying the two endogenous Ndel restriction sites by end filling
with T4 polymerase enzyme, followed by blunt end ligation and substituting the small DNA sequence .
between the unique Clal and Kpnl restriction sites with the following oligonucleotide duplex comprised of
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glucose limitation to prevent toxic byproduct accumulation. At mid-exponential cell density, the temperature
was raised briefly to 42°C to induce trancription of the KGF gene and then maintained at approximately
37°C for the remainder of the KGF induction phase of the fermentation. Cell paste was collected and stored
frozen. The biologically active KGF was purified from mechanically lysed cell paste by standard chromatog-
raphy procedures that take advantage of the protein’s very high isoelectric point (S-Sepharose Fast Flow by
Pharmacia) and size (Superdex 75 by Pharmacia). The purified recombinant KGF protein was measured for
endotoxin and biological activity in the mitogenic assay as described by Rubin et al. in PNAS, above.

foI_‘I owi ng KGF treatnent. Additionally, the nunber of A %ﬁgﬁgmﬁgg&ﬁ Ve
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EXAMPLE 1

KGF-STIMULATED PROLIFERATION AND DIRFERENTIATION OF ADNEXAL STRUCTURES IN AN IN
VIVO WOUND HEALING MODEL

in this Example, a modified rabbit ear partial thickness dermal wound model was used. The rabbit ear
dermal ulcer model described by Mustoe et al. in J. Clin. Invest., 87:694-703 (1991) was modified to
produce a wound through the cartilage, to the dermis on the back side of the ear, using a 6mm trephine. As
a result, the wound heals by sprouting of epithelial elements beneath the cartilage, and contraction is not a
variable during healing, permitting accurate quantitation of new tissues (See Fig. 2). Recombinant KGF,
prepared as described above, was utilized as the therapeutic wound healing agent.

Materials and Methods

KGF or phosphate buffered saline vehicle alone was applied once on the day of surgery and the
wounds (0.25cm?) were covered with Tegaderm occlusive dressing (manufactured by 3M Company, St.
Paul, MN). Prior to sacrifice, each animal received intravenous injections of BrdU (Aldrich Chemical
Company, Milwaukee, WI), in an amount of 50 mg per kg of body weight. Administration of BrdU was
employed to better quantify the degree of basal keratinocyte proliferation and the kinetics of basal cell
migration toward the stratum spinosum and stratum corneum. After sacrifice, each wound was bisected,
with one section being frozen in an optimum cooling temperature medium (OCT, Miles inc., Elkhart, IN), and
the second section being fixed in Omnifix (Al-Con, Genetics, inc., Melville, NY) and processed according to
routine histological methods. Masson Trichrome, oil red o, and immunohistochemical (IHC) stains were
performed on 3 um thick sections for each wound.

Measurement of Reepithelialization

Measurements of the total wound gap and epithelial gap were made for each wound using a calibrated
stage micrometer. The percentage of reepithelialization for each wound was calculated by taking the
ditference of the total gap and the epithelial gap and dividing it by the total gap for each wound. Data from
two sections per wound were averaged. Differences in the epithelial gap measurements and the percent of
reepthelialization were analyzed by a one-tailed, unpaired Student’s t-test. :

The area of epithelium produced in treated and untreated wounds was calculated for each dose group.
A one-way ANOVA and Dunnett's t-test was run for each dose against the control group.
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) igma Chemical Co., St. Louis, MO). Sections were digested with 0.1% protease solution, followed by
treatment with 2N HCI. Endogenous peroxidase was quenched by exposure to 3% hydrogen peroxide
solution. Slides were blocked with a 10% solution of normal horse serum in phosphate buffered saline
(PBS), then incubated with anti-BrdU diluted 1:400 in 1% bovine serum albumin. Following washing,
sections were incubated for twenty minutes with peroxidase-linked Avidin-Biotin Complex diluted 1:100 in
1% BSA. Siides were then exposed to DAB substrate (10 mg of DAB, 20 mi of PBS, 20 ui of 30%
hydrogen peroxide) for ten minutes. Sections were counterstained with hematoxylin.

Histological Analysis of BrdU-treated Hair Follicles

Following BrdU incorporation and IHC staining, the total number of follicles per wound bed were
counted and analyzed using the Kruskall-Wallis multiple comparison test. Further analysis included a Chi-
square test on the percentage of wounds having follicles with ten or more proliferating cells in each
treatment group. Additionally, the number of BrdU positive-staining cells was counted in all follicles having
greater than five proliferating cells.

Oil Red O Staining of Sebacsous Glands

Oil red o. a stain specific for neutral lipids, was used for the identification of sebocytes and sebaceous
glands, and was performed on frozen sections using the procedure described by F.L. Carson in Histotech—
nology: A Self-Instructional Text: ASCP Press, Chicago (1990). Briefly, 7 um frozen sections were air
dried and fixed in zinc-formalin for ten minutes. Slides were immersed on 0.3% w/v oil red 0 (Sigma
Chemical Co., St. Louis, MO), then in 60% isopfopanol for thirty minutes at room temperature, decolorized
in 60% isopropanol, and counterstained with Learner's hematoxylin. The size of sebaceous glands and
number of cells per gland were assessed.

Results and Discussion

Accelerated reepithelialization and increased thickness of epithelium was observed for wounds treated
with 4-40 ug/cm? of KGF. Wounds on the fifth day post treatment showed significantly enhanced
reepithelialization compared with the control (76.7% vs §2.5%, 1 ug of KGF). The thickness of new
epithelium was increased in a dose-dependent manner by the fifth and seventh days of post treatment to
nearly twice the area of the control wound epithelium at a dose of 10 1g of KGF per wound (Fig. 3).
Histologic analysis suggested epithelial regeneration occurred largely by sprouting from adnexal elements
within the dermis, i.e., sebaceous glands, sweat glands and hair follicles.

Analysis of basal keratinocyte proliferation and basal cell migration revealed increased numbers of
proliferating basal keratinocytes at the wound margins after the first day of KGF treatment (Fig. 4). By the

"second day of KGF treatment, increased numbers of proliferating keratinocytes in the suprabasal layer of

- the epidermis suggested accelerated transit time of proliferating cells toward the stratum spinosum. By the
fifth day of treatment, wounds showed less proliferation within the basal layer, indicating seff-limited
acceleration of epithelial repair and differentiation (Fig. 4). Keratinocytes appeared to undergo normal
maturation as they migrated upward to form the stratum corneum.

Unexpectedly, increased sebocyte proliferation and differentiation as well- as increased hair follicle
proliferation were also observed. Both hair follicles and sebaceous glands appeared larger and more
numerous in KGF-treated wounds compared with control wounds (Figs. 5 and 6, respectively). Histologic
sections which had been stained with oil red o to selectively identify sebaceous glands showed significantly
increased numbers of such glands which were also markedly enlarged, indicating increased proliferation
and differentiation of sebocytes into sebum-producing cells. Also, a dose dependent increase in the number
of proliferating cells per hair follicle was observed in KGF-treated wounds.

Previously, epidermal growth factor (EGF) and basic fibroblast growth factor (FGF) have been examined
in the rabbit ear model. J. Clin. Invest., above, and Pierce et al., Amer. J. Pathol, 140:1375-1388 (1992).
Although both of these growth factors are known to stimulate reepithelialization, neither EGF nor basic FGF
influence proliferation or differentiation of adnexal structures such as sebaceous glands and hair follicles.
The ability of KGF to stimulate proliferation and subsequent ditferentiation of multiple epithelial cell types
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Materials and Methods

Male Lewis rats, weighing 200-250 grams each, received a single intratracheal injection of varying
doses of KGF diluted in saline or phosphate buffered saline, using the protocol described by Ulich et al. in
Amer. J. Pathol., 138:1485-1496 (1991). KGF was injected at doses of 0.1, 1.0, 5.0 and 10.0 mg/kg. Controf
rats received an intratracheal injection of excipient. At time points of six hours and one, two, three, four, five
and six days after KGF injection the rats were sacrificed, the lungs were inflated with Bouin's fixative via an
intratracheal catheter, saggital sections of the lung were paraffin-embedded, and histologic sections were

stained with hematoxylin and eoxin.

Results and Discussion

KGF at 0.1 mg/kg did not cause histologically discernible alveolar epithelial cell hyperplasia. KGF at 1.0
mg/kg caused a mild but definite increase in alveolar epithelial cells. Increasing alveolar epithelial cell
.~ hyperplasia was noted at 5.0 and 10.0 mg/kg, respectively. KGF did not cause a histologicaily discernible
increase in alveolar epithelial cells at six hours or one day after intratracheal injection. At two days, a
knobby micropapillary overgrowth of alveolar septal epithelial cells was noted within the lungs of KGF-
treated rats (Figs. 7, 8). At three days, a diffuse low-cuboidal to cuboidal growth of alveolar epithelial cells is
noted lining entire alveoli in large segments of the lung (Figs. 9, 10). Some areas of the lung, however,
retained a normal histology. The histologic appearance of the hyperplastic alveotar epithelium in the rat on
day three was essentially the same as the appearance of reactive type Il pneumocyte hyperplasia in human
lungs. Hyperplastic alveolar epithelium was recognizable in decreasing amount in the lungs of KGF-treated
rats on days four and five after intratracheal injection. On day six, the lungs of KGF-treated and control rats

were indistinguishable.

The lung of a KGF-treated rat was uitrastructurally examined three days after intratracheal injection. The
hyperplastic alveolar epithelial cells lining the alveolar septae almost invariably contained one or more
lamellar inclusions of varying size and shape (Figs. 11, 12). The bronchial epithelium of KGF-treated rats
was hyperplastic on day three, but the hyperplasia was not as immediately striking as the alveolar cell
hyperplasia. Hyperplasia was appreciated as pseudostratification of the epithelial lining of smaller distal
bronchi that are normally lined by a single layer of epithelium, by tufting or micropapillary growth of
bronchial epithelium, and by an increase in mitotic figures within the bronchial epithelium (Figs. 13A, 13B).

KGF administered intratracheally causes a striking hyperplasia of alveolar epithelial cells. The presence
of lamellar cytoplasmic inclusions within the cells at the ultrastructural level is consistent with the proposal
that the hyperplastic cells are type Il pneumocytes. The lamellar inclusions did not appear as numerous or
as osmiphilic as those illustrated in some cases of experimental type |l pneumocyte hyperplasia in the rat,
but are very similar to the lamellar inclusions illustrated in normal rat lung. In addition to causing alveolar
cell hyperplasia, KGF causes bronchial epithelial cell hyperplasia. It is possible that the hyperplastic alveolar
epithelium represents a downgrowth of bronchial epithelium from terminal bronchioles into the alveolar
parenchyma. However, it appears more likely that KGF acts directly on type ll pneumocytes because of the
multifocal micropapillary budding growth pattern of pneumocytes on alveolar septae two days after injection
of KGF, a growth pattern that precedes the confiuent lining of the alveoli by cuboidal ceils on the third day.
In addition, type Ii pneumocytes are thought to be the mitotically responsive alveolar epithelial cell
population and would be expected to be the alveolar cell type to respond to a potential endogenous
mediator of alveolar cell growth such as KGF. Finally, the identification of lamellar inclusions within the
hyperplastic cells suggests not only their differentiation into type Il pneumocytes but also their origin from

type il pneumocytes.

The stimulatory effect of KGF on type Il pneumocytes is consistent with the observation that the amount
of KGF receptor messenger RNA in the lungs per equivalent sample of total RNA is two to three times the
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The antisense probe was prepared using a Promega Riboprobe Gemini Il kit (#P2020) from a linearized
template DNA encoding the corresponding DNA sequence described above. The RNA probe was purified
from a urea-polyacrylamide gel by cutting out the correct size band and eluting the RNA probe in Ambion
Solution F.

The "sense"” RNA standard coding for the complement RNA sequence to the "antisense” probe is as
follows (SEQ. ID NO.: 4):

S GG\:AGACAAG\, UUGCAUGCCUGCAGGUCGACUCUAG-
AGGAUCCACUCGGGGAUAAAUAGCUCCAAUGCAGAA-~
GUGCUGGCUCUGUUCAAUGUGACGGAGAUGGAUGCU-
GGGGAAUAUAUAUGUAAGGUCUCCAAUUAUAUAGGG-
CAGGCCAACCAGUCUGCCUGGCUCACUGUCCUGCCCA~
AACAGCAAGG 3'

The sense standard was prepared cold {without radioactive label) using the Promega Riboprobe Gemini
Il kit (#P2020) and purified over a GSO Sephadex Quick spin column.

Following the standard Ambion (RPA Il #1410) protocol, 50 g of total RNA were incubated with 10°
cpm of probe, first at 95 C for four minutes, then twelve to eighteen hours at 45 ° C. RNAse (1:500 Ambion
Solution R) was incubated with the hybridization solution at 37 °C for forty minutes, followed by addition of
the inactivating/precipitation reagent (Solution Dx).

The RNAse protected fragments were then separated by size using urea-polyacrylamide gel elec-
trophoresis and the whole gel was exposed to a phosphorimager screen. The bands were then quantified on
a Molecular Dynamics Phosphorimager. The resuits are shown in Fig. 14.

The identification of KGF as a growth factor for type It pneumocytes raises the possibility that KGF will

- show therapeutic potential similar to glucocorticoids as a stimulant of fetal lung maturation. KGF might also
be clinically useful in stimulating bronchoalveolar repair after lung Injury in the adult. The proliferative effect
of KGF on type Il pneumocytes suggests that KGF may play an important role in regulating the synthesis
and secretion of surfactant.

EXAMPLE 3

KGF-STIMULATED PROLIFERATION AND DIFFERENTIATION OF HEPATOCYTES

The effects of systemically administered KGF on the epithelial tissues of the liver in adult rats were
evaluated.

Materials and Methods

Male rats received water and food ad /ibitum. All animals received either KGF or PBS by intraperitoneal
injection daily, for one, four, or seven days. In all experiments, at least five animals were analyzed per
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group.

All rats were euthanized by CO; asphyxiation and blood was obtained for serum chemistry by cardiac
puncture immediately postmortem and stored frozen until assayed. Serum was analyzed for standard serum
chemistries and electrolytes. The liver was weighed in a blinded fashion and weights were expressed as
grams per 100 grams body weight (percent body weight). Tissue samples were placed in 10% buffered
formalin for routine histological processing.

Sections from the liver were stained with hematoxylin and eosin (H and E). One hour prior to sacrifice,
rats received 50 mgikg of BrdU via intraperitioneal infection. Anti-BrdU mmunohustochemlstry was per-
formed to visualize BrdU incorporation into DNA of replicating cells.

The labeling index (L) of the liver was determined using a calibrated eye objective grid. Ten fields per
animal were counted and averaged. Total nuclei and labeled nuclei per unit area were counted. To
standardize the fields counted as representing similar areas of hepatic parenchyma, all fields counted were
adjacent to a portal triad.

All data was analyzed using an unpaired two-tailed Student's t-test or one-way ANOVA for multiple
group comparison.

Results and Discussion

A dose response study was performed to identify an effective dose of KGF. KGF was injected daily for
four days, and organs were harvested. Liver, expressed as percent body weight, was significantly different
from controls only at the highest dose of 5 mg/kg per day when compared by ANOVA (Fig. 15). Of note,
serum proteins, cholesterol and trigiycerides, compounds synthesized by the liver were significantly higher
compared with controls at both 1 and 5 mg/kg of KGF (Fig. 16).

Animals were analyzed after one, four, or seven days daily treatment with KGF at 5 mgrkg. Upon gross
necropsy exam, the liver was notably enlarged at the seven-day time point. Liver weight was significantly
increased at all study time points in KGF-treated rats (day seven, KGF 4.08 = 0.08% vs. control 3.49 =
0.06%, p=0.0003). t

Quantitation of BrdU-positive nuclei demonstrated three- to four-fold increases in KGF-treated rats
compared with controls at one day (Fig. 17). Mitotic Index expressed as mitotic figures per high powered
field was significantly elevated over controls at one-day treatment, consistent with the BrdU counts.

These results demonstrate potent mitogenic and differentiation effects of KGF on the liver. The rapid
increase in liver weight after one day of KGF treatment coupled with an elevated mitotic index and BrdU-
positive fraction demonstrates the rapid and potent effects of KGF on this predominantly epithelial tissue.
Though the mitotic effects of KGF drop off rapidly, the liver weight expressed as percent body weight
continued to increase throughout the studies. The increased weight was primarily due to an increase in cells
that was histologically observable as early as one day and persisted through four and seven days of
treatment. Since liver mass can increase by greater than two-fold in less than two weeks during liver
regeneration, it was not surprising to find marked differences beginning after one day treatment.

Elevated levels of albumin are not associated with any known disease state other than dehydration.
KGF was likely inducing greater serum levels of albumin (and other proteins) due to the increased number
of hepatocytes which were present. Increased protein synthesis induced by KGF would be of tremendous
lifesaving benefit to individuals with end stage liver disease or cirrhosis.

EXAMPLE 4

KGF-STIMULATED PROLIFERATION AND RECOVERY OF LIVER CELLS /N VIVO FOLLOWING PARTIAL
HEPATECTOMY

in this experiment, male Sprague-Dawley rats, each weighing from 300 to 340 grams, were used as the
test subjects.

Materials and Methods

Each of the rats was subjected to two-thirds partial hepatectomy using the procedure of Higgins and
Anderson, Archives of Pathology, Volume 12, page 186 (1931). Commencing eight hours following
surgery, and continuing once a day thereafter, the rats were injected subcutaneously with either PBS
(control group) or KGF at a dose of 1 mg/kg. The control and KGF-treated rats were weighed and sacrificed
four, seven, ten, or fourteen days after surgery. Liver remnants were then removed and weighed.
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it was found that treatment of partially hepatectomized rats with KGF resuited in significant acceleration
in the recovery of liver mass, both on an absolute and relative basis, as shown in Figs. 18 and 19,
respectively. In the KGF-treated group liver mass returned to pre-surgical values within seven days. By
contrast, for the control (non-KGF treated) group neither absolute nor relative liver mass was completely
restored even after fourteen days.

EXAMPLE 5 -

AMELIORATIVE EFFECT OF KGF ON CHEMICAL INDUCED LIVER TOXICITY

Male Sprague-Dawley rats, weighing 300 to 340 grams each, were tested to evaluate the therapeutic
effect of KGF on the liver after introduction of a chemical toxin.

Administration

Groups of twelve male Sprague-Dawley rats were given either 1 mikg or 2 miikg of carbon tetrachioride
(CCL) in a corn oil vehicle on day zero. Each dosage group was subdivided into two subgroups of six rats
each. Beginning at three hours after CCla administration, and continuing daily thereafter, each subgroup was
injected subcutaneously with either PBS or 1 mgkg/day of KGF. At twenty-two, seventy-two and one
hundred and forty-four hours after CCl. administration, a blood sample was taken from each rat and the

serum glutamate-oxaloacetate transaminase (SGOT) level was determined.

Results and Discussion

As shown in Fig. 20, subcutaneous injection of KGF after oral administration of CCls significantly
decreased blood serum levels of an enzyme (SGOT) which is a known indicator of liver damage. The effect
is especially pronounced at 2 mlkg, on the first day after administration.

EXAMPLE 6

KGF-STIMULATED PROLIFERATION AND DIFFERENTIATION OF EPITHERIAL CELLS OF THE INTES-
TINAL MUCOSA

This Example evaluates the biological effects of KGF on epithelial cells of the intestinal mucosa of
healthy rats.

Materials and Methods

Male rats received water and food ad fibitum. All animals received either KGF or PBS by intraperitoneal
injection daily for one, four or seven days. In all experiments, at least five animals were analyzed per group.

All rats were euthanized by CO. asphyxiation. Major organs were weighed in a blinded fashion and
weights were expressed as grams per 100 grams body weight (percent body weight). The gut was divided
into the non-glandular foregut, glandular stomach, small intestine, and large intestine. Tissue samples were
placed in 10% buffered formalin for routine histological processing.

Sections from all organs harvested were stained with hematoxylin and eosin (H and E). One hour prior
to sacrifice, rats received 50 mg/kg BrdU via intraperitoneal injection. Anti-BrdU immunohistochemistry was
performed using standard methods to visualize BrdU incorporation into DNA of replicating cells. Selected
tissues were stained with periodic-acid-schiff (PAS), Alcian blue at pH 2.5, and Masson-Trichrome.

A calibrated ocular was used to measure the heights of the gastric mucosa and the depth of PAS
staining with the gastric mucosa. Similarly, the length of villi and depth of intestinal crypts in the duodenum
and depth of the colonic crypts in the colon were measured. To quantify the changes in goblet cell
production, the number of PAS positive goblet cells was counted along 100 um lengths beginning at the
base of the duodenal villi. In all areas of the gut, méasurements were made only on glands or villi that were
perpendicular to the underlying muscularis. Results are recorded in microns or in the case of small
intestinal goblet celis average number per unit area. In addition, the number of colonic crypts and the
number of hyperplastic (bifurcated or trifurcated) crypts occupying a defined length of colon were
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using an unpaired two-tailed Student's t-test or one-way ANOVA for multiple group comparisons (Statview i,
Abacus Concepts, Berkeley, CA).

Results and Discussion

A dose response study was performed initially to identify an effective dose of KGF. KGF was injected
daily for four days, and organs were harvested. A pronounced dose response was observed in the glandular
stomach, small intestine, and colon (Fig. 15). -

Animals were analyzed after one, four and seven days daily treatment with KGF at 5 mg/kg. Upon gross
necropsy exam, the foregut was grossly thickened with folding of the mucosa at four- and seven-day
treatment. The foregut, glandular stomach, duodenum and colon showed significant weight increases at four
and seven days, but not at one-day treatment. At seven days, the glandular stomach was 0.65 ¢ 0.01g in
KGF-treated animals, and 0.48 * 0.02g in controls (p = 0. 0001).

The non-glandular foregut was significantly increased in weight at four and seven days of treatment.
Histologically, the squamous epithelium of the non-glandular foregut was mildly (day four) to markedly (day
seven) hyperplastic in KGF-treated animals. The proliferative epithelium changed abruptly at the cardia from
the normal squamous epithelium of the esophagus to the proliferative epithelium of the treated foregut. The
glandular gastric mucosa appeared normal histologically after one-day treatment. At four and seven days,
an increased number of goblet cells was apparent histologically as cells with clear open cytoplasm. The
animals treated with KGF for four and seven days showed a mild increase in the thickness of the mucosa
(Fig. 21). At seven days, the mucus neck cell layer was widened and displaced toward the serosal surface.
PAS staining at four and seven days demonstrated striking increases in the number and size of PAS
positive (mucin producing) goblet calls. BrdUstained sections further identified this layer as the dividing cell
layer in the glandular stomach and showed an increase in proliferating cells with treatment. The thickness of
the PAS positive layer of the iuminal surtace of the gastric mucosa was also markedly increased at four and
seven days KGF treatment (Fig. 21). N

The small intestine was grossly normal at all study points. PAS staining demonstrated an increased
number of mucus producing gobilet cells. This difference was significant at four and seven days (Fig. 22).
The villus height was not different at any time point but the crypt depth was significantly greater at one and
seven days (Fig. 22).

In seven-day treatment groups the colonic mucosa was thrown into rugal-like folds that greatly
increased the overall surface area. Indicators of hyperplasia, bifurcated and trifurcated colonic crypts, were
observed in all groups, including controls, but were most numerous and prominent in the short term
treatment groups, e.g., days one and four, with the number of hyperplastic crypts decreasing with length of
treatment (Fig. 23). Correspondingly, the depth of colonic crypts increased with treatment (Fig. 24).

PAS and Alcian blue staining indicted an increase in mucus producing goblet cells throughout the colon
following KGF treatment. Additionally, the number of Alcian blue positive goblet cells at the luminal surface
was increased at seven days in all treatment ‘animals. Treatment animals as early as four days showed
marked increases in PAS positive cells in the upper one-half and one-third of the colonic crypts.

These results demonstrate potent mitogenic and differentiation effects of KGF on epithelial tissues
-within the GI tract. It is apparent from BrdU labeling that KGF initiates proliferation of cells in the mucus
. neck layer of the gastric mucosa. These cells constitute the progenitor cells of the glandular stomach.
Following division, cells from this layer migrate upwards, towards the gut lumen, to form surface cells or
downward, towards the serosal surface, to become cells that occupy thé gastric glands. (Toner et al., 1988,
in Gastrointestinal and Esophageal Pathology, Churchill Livingstone, New York, NY, at pages 13-28).
Additionally, KGF promotes selective differentiation of mucus neck cells to cells that move upward and that
become goblet cells. The overall thickness of the gastric mucosa was increased at four and seven days of
treatment. Similar effects were seen in the small and large intestines. KGF promoted increased cell division,
resulting in elongated crypts, via stimulation of progenitor cells. KGF also induced differentiation of dividing
crypt cells, as evidenced by increased mucus production and increased number of goblet cells in the villi or
crypts.

While this invention has been described in relation to specific embodiments and examples, it should be
understood that there is no intention for this description to be limiting. Thus, for instance, any form of KGF
which substantially duplicates the biological properties of naturally occurring KGF can be employed to carry
out the described uses. Such forms include purified naturally occurring KGF itself, KGF synthesized by
chemical procedures, and KGF derived recombinantly using other expression systems besides the one
illustrated above, as well as analogs, variants, chimeras, etc., based on the naturally occurring amino acid
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sequence. All such forms are intended for use in the practice of the present inverition:

As those skilled in the art will also appreciate, a variety of host-vector systems may be utilized to
express the KGF protein-coding sequence. These include but are not limited to mammalian cell systems
infected with virus (e.g., vaccinia virus, adenovirus, etc.); insect cell systems infected with virus (e.g..
baculovirus); microorganisms such as yeast containing yeast vectors, or other bacteria besides E.coli
transformed with bacteriophage DNA, plasmid DNA, or cosmid DNA. The expression elements of these
vectors vary in their strengths and specificities. Depending on the host-vector system utilized, any one of a
number of suitable transcription and translation elements may be used.

Once the protein product of KGF ¢DNA expression has been isolated, purified and assayed for KGF
activity, using methods such as described in this text or other procedures known to those skilled in the art,
it may be formulated in a variety of pharmaceutical compositions. Typically, such compositions include a
suitable, usually chemically defined, carrier or excipient for the therapeutic agent (KGF), and, depending on
the intended form of administration, other ingredients as well. The composition can include aqueous carriers
or consist of solid phase formulations in which KGF is incorporated into non-aqueous carriers such as
collagens, hyaluronic acid, and various polymers. The composition can be suitably formulated to be
administered in a variety of ways, including by injection, orally, topically, intranasally, and by pulmonary
delivery.

As the skilled practitioner will understand, the amount of KGF to be dosed will vary depending on the
disease being treated and the route of administration, but may be effective in the range, for example, from
0.01 mg per kg of body weight to 500 mg per kg of body weight. it may be used once or administered
repeatedly, depending on the disease and condition of the patient. It may be used in conjunction with other
treatments, including, but not limited to, other cytokines and growth factors and other pharmaceutical
preparations used to treat diseases of the skin, lungs, liver and gastrointestinal tract.




(D) TOPOLOGY: i near (xi) SEQUENCE DESCRI PTION: SEQ I D NO 2:
‘CGAATTCCAA CGOGTTAACC ATATGTTATT CCTCCTTCTA GAATCAAAT |

- 12 - 09 APR 1997

SEQUENCE LISTING

(1) GENERAL INFORMATION:
(i)  APPLICANT:’ Amgen Inc.

(ii) TITLE OF INVENTION: Keratinocyte Growth Factor (KGF) for
its use in a method of therapeutic
treatment for the human or animal body

(iii) NUMBER OF SEQUENCES: 7

{(iv) CORRESPONDENCE. ADDRESS:
(A) ADDRESSEE: Amgen Inc.
(B) STREET: Amgen Center, 1840 Dehavilland Drive
(C) CITY: Thousand Oaks
(D) STATE: California
(E) COUNTRY: U.S.A.
(F) 2Iip: 91320-1789

(v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Diskette, 3.5 in., DS, 720 KB
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS

{2) INFORMATION FOR SEQ ID NO:1:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 55 nucleotides
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single stranded
{D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:i:
CGATTTGATT CTAGAAGGAG GAATAACATA TGGTTAACGC GTTGGAATTC 50

GGTAC . §§

{3) INFORMATION FOR SEQ ID NO:2:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 49 nucleotides
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single stranded
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:
CGAATTCCAA CGCGTTAACC ATATGTTATT CCTCCTTCTA GAATCAAAT 49



- 13 - (4) | NFORMATI ON FOR SEQ I D NO 3: (i) SEQUENCE CHARACTERI STI CS:
. (A) LENGTH:. 164 nucl eoti des (B) TYPE: nucleic acj tiepl ACEMENG) SHEET

STRANDEDNESS: si ngl e stranded (D) TOPOLOGY: i near._..--~---(-)e4'—'-v E
DESCRI PTI ON: SEQ I D NO 3: GAAUACGAAU UC_CLHGQUGU UUGGGM

GGA CAGUGA
GGCAGACUGG 50 09 APR 199

(4) INFORMATION FOR SEQ ID NO:3:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: , 164 nucleotides
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single stranded
(D) TOPOLOGY: 1linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

GAAUACGAAU UCCUUGCUGU UUGGGCAGGA CAGUGAGCCA GGCAGACUGG : 50
UUGGCCUGCC CUAUAUAAUU GGAGACCUU& CAUAUAUAUU CCCCAGCAUC 100
CAUCUCCGUC ACAUUGAACA GAGCCAGCAC UUCUGCAUUG GAGCUAUUUA 150
UCCCCGAGUG GAUC _ 164

(5} INFORMATION FOR SEQ ID NO:4:

(i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 191 nucleotides
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single stranded
(D) TOPOLOGY: 1linear

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:

GGGAGACAAG CUUGCAUGCC UGCAGGUCGA CUCUAGAGGA UCCACUCGGS 50
GAUAAAUAGC UCCAAUGCAG AAGUGCUGGC UCUGUUCAAU GUGACGGAGA 100
UGGAUGCUGG GGAAUAUAUA UGUAAGGUCU CCAAUUAUAU AGGGCAGGCC 150
AACCAGUCUG CCUGGCUCAC UGUCCUGCCC AAACAGCAAG G 191

(6) INFORMATION FOR SEQ ID NO:5:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 503 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double stranded
(D) TOPOLOGY: 1linear :

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:

TATGTGCAAT GACATGACTC CAGAGCAAAT GGCTACAAAT GTGAACIGTT 50
CCAGCCCTGA GCGACACACA AGAAGTTATG ATTACATGGA AGGAGGGGAT 100
ATAAGAGTGA GAAGACTCTT CTGTCGAACA CAGTGGTACC TGCGTATCGA 150
CAAACGCGGC AAAGTCAAGG GCACCCAAGA GATGAAAAAC AACTACAATA 200

TTATGGAAAT CCGTACTGTT GCTGTTGGTA TCGTTGCAAT CAAAGGTGTT 250



UUGGECCUGCC CUAUAUAAUU GGAGACCUUA CAUAUAUAUU CCCCAGCAUC 100

CAUCUCCGUC ACAUUGAACA GAGCCAGCAC UUCUGCAUUG GAGCUAUUUA 150
UCCCCGAGUG GAUC 164 (5)
| NFORVATI ON FOR SEQ I D NG 4: (i) SEQUENCE CHARACTERI STI CS: (A
LENGTH: 191 nucl eoti des (B) TYPE:-n&leic acid (C) STRANDEDNESS:
singl e stranded
GAATCTGAAT TCTATCTTGC AATGAACAAG GAAGGAAAAC TCTATGCAAA 300
GAAAGAATGC AATGAAGATT GTAACTTCAA AGAACTAATT CTGGAAAACC 350
ATTACAACAC ATATGCATCA GCTAAATGGA CACACAACGG AGGGGAAATG 400
TTTGTTGCCT TAAATCAAAA GGGGATTCCT GTAAGAGGAA AAAAAACGAA 450
GAAAGAACAA AARACAGCCC ACTTTCTTCC TATGGCAATA ACTTAATAGG : 500

ATC 503

(7) INFORMATION FOR SEQ ID NO:6:

(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 118 nucleotides
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single stranded
(D) TOPOLOGY: linear .

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:

CTGCGTATCG ACAAACGCGG CAAAGTCAAG GGCACCCAAG AGATGAAAAA 50
CAACTACAAT ATTATGGAAA TCCGTACTGT TGCTGTTGGT ATCGTTGCAA 100
TCAAAGGTGT TGAATCTG ' 118

(8) INFORMATION FOR SEQ ID NO:7:
%

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTE: 126 nucleotides
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single stranded
(D)} TOPQLOGY: 1linear

AATTCAGATT CAACACCTTT GATTGCAACG ATACCAACAG CA.AC:AG'I‘ACG 50
GATTTCCATA ATATTGTAGT TGTTTTTCAT CTCTTGGGTG CCCTTGACTT 100
TGCCGCGTTT GTCGATACGC AGGTAC _ 126

REPLACEMENT SHEET
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(D) TOPOLOGY: linear (xi) SEQUENCE DESCRI PTION. SEQ ID NO 4: . GGGAGACAAG

CUUGCAUGCC UGCAGGEUCGA CUCUAGAGGA UCCACUCEEG 50 GAUAAAUAGC
UCCAAUGCAG AAGUGCUGGEC UCUGUUCAAU GUGACGGAGA 100 UGGAUGCUGG
GGAAUAUAUA UGUAAGGEUCU CCAAUUAUAU AGGGCAGECC 150  AACCAGUCUG
CCUGGCUCAC UGUCCUGCCC AAACAGCAAG G 15 - 191 (6)

| NFORVATI ON FOR SEQ | D NG 5:

SEQUENCE LISTING

{1) GENERAL INFORMATION:
(1) APPLICANT: Amgen Inc.

(ii} TITLE OF INVENTION: Keratinocyte Growth Factor (KGF) for
its use in a mechod of therapeutic
treatment for the human of animal body

(1iii) NUMBER OF SEQUENCES: 7

(iv) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: Amgen Inc.
(B) STREET: Amgen Csnter, 1840 Dehavilland Drive
{(C) CITY: Thousand Oaks
(D) STATE: California
(E) COUNTRY: U.S.A.
{F} 2IP: ©91320-178¢

(v) CCMPUTER READABLE FORM:
(A} MEDIUM TYPE: Diskette, 3.5 in., BS, 720 KB
(B) COMPUTER: IBM PC compatible
{C) OPERATING STYSTEM: PC-DOS/MS-DOS
{D) SOFTWARE: WordPerfect 5.1

(2) INFORMATION FOR SEQ ID NC:1:
(i)  SEQUENCE CHARACTERZSTICS:
(A) LENGTH: S5 nucleotides
(B} TYPE: nucleic acid
{C} STRANDEDNESS: single stranded
(D) TOPOLOGY: lirear
{xi) SEQUENCE DESCRIPTICN: SEQ ID NO:1:
CGATTTGATT CTAGAAGGAG GAATAACATA TGGTTAACGC GTTGGAATTC 50

GGTAC 55

(3) INFORMATION FOR SEQ ID NO:2:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 49 nucleotides
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single stranded
(D) TOPOLOGY: linear

{xi) SEQUENCE DESCRIPTICN: SEQ ID NC:2:

CGAATTCCAA CGCGTTAACC ATATGTTATT CITCCTTCTA GAATCAAAT 49

TR Y
=y
P
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(i) SEQUENCE CHARACTERI STI CS: (A) LENGTH: 503 base pairs (B)

. TYPE: nucleic acid (C) STRANDEDNESS: doubl e stranded
TOPOLOGY: | i near (xi) SEQUENCE DESCRI PTI ON: SEQ I D NG 5:
GACATGACTC CAGAGCAAAT GGCTACAAAT GIGAACTGIT 50
GCGACACACA AGAAGITATG ATTACATGGA AGGAGGEEAT - 100
GAAGACTCTT CTGITCGAACA CAGIGGTACC TGCGTATCCGA 150

{4) INFORMATION FOR SEC ID NO:2:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 164 nucle-tides
(B) TYPE: nucleic aci:
(C) STRANDEDNESS: single stranded
(D) TOPOLOGY: linear
{xi) SEQUENCE DESCRIPTICN: SEQ ID NO:3:
GAAUACGAAU UCCUUGCUGU UUGGGCAGGA CAGUGAGCCA GGCAGACUGG
UUGGCCUGCT CUAUAUAAUU GGAGACCUUA CAUAUAUAUU CCCCAGCAUC
CAUCUCCGUC ACAUUGAACA GAGCCAGCAC UUCUGCAUUG GAGCUAUUUA

UCCCCGAGUG GAUC

(5) INFORMATION FCR SEQ ID NC:4:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 191 nucleotides
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single stranded
(D) TOPOLOGY: 1iinear
(xiJ'SEQUENCE DESCRIPTION: SEQ iID NO:4:
GGGAGACAAG CUUGCAUGCC UGCAGGUCSA CIUCUAGAGGA UCCACUCGGG
3
GAUAAAUAGC UCCAAUGCAG AAGUGCUGGC UCUGUUCAAU GUGACGGAGA
UGGAUGCUGG GGAAUAUAUA UGUAAGGUCU CCAAUUAUAU AGGGCAGGCC

AACCAGUCUG CCUGGCUCAC UGUCCUGCCC AAACAGCAAG G

{6) INFORMATION FOR SEQ ID NO:S:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 503 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: double stranded
(D} TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:S:
TATGTGCAAT GACATGACTC CAGAGCAAAT GGCTACAAAT GTGAACTGTT
CCAGCCCTGA GCGACACACX AGAAGTTATG ATTACATGGA AGGAGGGGAT
ATAAGAGTGA GAAGACTITT CTGTCGAACA CAGTGGTACC TGCGTATCGA
CAAACGCGGC AAAGTCAAGG GCACCCAAGA GATGAAAAAC AACTACAATA

TTATGGAAAT CCGTACTGTT GCTGTTGGTA TCGTTGCAAT CAAAGGTGTT

(D

TATGIGCAAT
CCAGCCCTCGA
ATAAGAGTGA
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CAAACGCGEEC AAAGTCAAGG GCACCCAAGA GATGAAAAAC AACTACAATA

TTATGGAAAT CCGTACTGTG GCTGTTGGTA TCGTTGCAAT CAAAGGTGIT
- 14 -

GAATCTGAAT TTTATCTTGC AATGAATAAG GAAGGAAAAC TTTATGCAAA
GAAAGAATGC AATGAAGATT GTAACTTCAA AGAACTAATT CTGGAAAATT
ATTACAACAC ATATGCATCA GCTAAATGGA CTACACAACSGG AGGGGAAATG
TTTGTTGCCT TAAATCAAAA GGGSATTCCT GTAAGAGGAA AAAAAACSAA

GAAAGAACAA AAAACAGCCT ACTTTCTTCC TATGGCAATA ACTTAATAGG
ATC

{7) INFORMATION FCR SEQ ID NC:6:

(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 118 nucleotides
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single stranded
(D) TOPOLOGY: 1linear

{xi) SEQUENCE DESCRIPTICN: SEQ ID NO:6:

v
CTGCGTATCG ACAAACGCGG CAAAGTCAAG GGCACCCAAG AGATGAAAAA

CAACTACAAT ATTATGGAAA TCCGTACTGT TGCTGTTGGT ATCGTTGCAA
TCARAGGTGT TGAATCTG

{8) INFORMATION FOR SEQ ID NC:7:
'(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 126 nucleotides
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single stranded
(D) TOPOLOGY: linear
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:
AATTCAGATT CAACACCTTT GATTGCAACG ATACCAACAG CAACAGTACG
GATTTCCATA ATATTGTAGT TCTTITTCAT CTCTTGEGTG CCCTTGACTT

TGCCGCGTTT GTCGATACGC AGGTAC

200
250

joQ

150

SO
100

126
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GAATCTGAAT TCTATCTTGC AATGAACAAG GAAGGAAAAC TCTATGCAAA

300
GAAAGAATGC AATGAAGATT GITAACTTCAA AGAACTAATT CTGGAAAACC 350
ATTACAACAC ATATGCATCA GCTAAATGGA CACACAACGG AGGGGAAATG 400
TTTGITGCCT TAAATCAAAA GGGGATTCCT GIAAGAGGAA AAAAAACGAA 450
GAAAGAACAA AAAACAGCCC ACTTTCTTCC TATGGCAATA ACTTAATAGG 500
ATC 503
Claims - 18 -
1.

7.

8.

9.

10.

Chemical compound composed of keratinocyte growth factor (KGF) tor its use in a method of
therapeutic treatment for the human or animal body.

Chemical compound according to claim 1 for stimulating the production of non-keratinocyte epithelial
cells.

Chemical compound according to claim 1 or 2 for stimulating sebocytes, hair follicle cells, hepatocytes.

type Il pneumocytes, mucin-producing goblet cells, and other epithelial cells and their progenitors
contained within the skin, lung, liver and gastrointestinal tract.

Chemical compound according to _claim 1 or 2 for the treatment of dermal wounds to stimutate- the
production of cells ot the sebaceous glands and hair follicles.

Chemical compound according to claim 4, in which the dermal wound is a burn wound.

Chemical compound according to claim 1 for the treatment of epidermolysis bullosa. for the treatment
of chemotherapy-induced alopecia, for the treatment of malepattern baidness. for the treatment of
gastric ulcers; for the treatment of duodenal ulcer, for the treatment of erosions of the stomach and
esophagus, erosive gastritis, esophagitis, or esophageal reflux, for the treatment of inflammatory bowel
diseases. for the treatment or prevention of radiation or chemotherapy-induced gut toxicity, for the
treatment of hyaline membrane disease, for the treatment of necrosis of the respiratory epithelium
caused by smoke inhalation, for the freatment of emphysema, for the treatment of pulmonary
inflammation and fibrosis, for the treatment of hepatic- cirrhosis, for the treatment of fulminant liver
failure, for the treatment of acute viral hepatitis and for the treatment of toxic insult to the liver.

Chemical compound according to anyone of claims 1 to 6, in which the KGF is a recombinant KGF.
Chemical compound according to claim 7, in which the recombinant KGF is produced in bacterial cells.

Chemical compound according to claim 8, in which the bacterial cells are E.coli.

A pharmaceutical composition comprising a therapeutically effective amount of KGF and a pharmaceu-

- tically acceptable carrier.

"

12,

13.

The composition of claim 10 in which the KGF is a recombinant KGF.

The composition of claim 11 in which the recombinant KGF is produced in bacterial cells.

The composition of claim 12 in which the bacterial cells are E.coli.

T
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(7). | NFORMATI ON FOR SEQ | D NG 6: (1) SEQUENCE CHARACTERI STI CS: (A
LENGTH: 118 nucl eot i des (B) TYPE: nucleic acid (C) STRANDEDNESS:

si ngl e stranded (D) TOPOLOGY: |i near (xi) SEQUENCE DESCRI PTI ON: SEQ
| D No: 6: CTGCGTATCG ACAAACGCGG CAAAGTCAAG GGCACCCAAG AGATGAAAAA

50 CAACTACAAT ATTATGGAAA TCCGTACTGI TGCTGITGGI ATCGITGCAA
100

19
ABSTRACT

KERATINOCYTE GROWTH FACTOR (KGF) FOR ITS USE IN METHOD OF
THERAPEUTIC TREATMENT FOR THE HUMAN OR ANIMAL BODY

Based on extensive in vivo studies in animals, it has now
been discovered that KGF stimulates proliferation, growth and
differentiation in various cells of epithelial tissue, besides
keratinocytes. This better understanding of the biological
effects of KGF in vivo enables the use of this polypeptide as a
therapeutic agent, suitably' formulated in a pharmaceutical
composition, for the specific treatment of disease states and
medical conditions afflicting tissues and organs such as the
dermal adnexae, the liver, the lung, and the gastrointestinal
tract.
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TCAAAGGTGT TGAATCTG 118

(8) | NFORVATI ON FOR SEQ I D NG 7: (i) SEQUENCE CHARACTERI STI CS: DNES(S A)
LENGTH: 126 nucl eoti des (B) TYPE: nucleic acid- (C STRANDE -
si ngl e stranded (D) TOPOLOGY: |inear AATTCAGATT CAACACCTTT GATTGCAA
ATACCAACAG CAACAGTACG 50 GATTTCCATA ATATTGTAGI TGITSTTCAT
CTCTTGGGTG CCCTTGACTT 1ote5

NdelI KGF-dsd

TATGTGCAATGACATGACTCCAGAGCAAATSGCTACAAATG TGAACTGTTCCAGE = Cma

-~ .\'A

ACACGTTACTGTACTGAGGTCTCGTTTACCGATGTTTACACTTGACAAGS TCOGEACT
M C ND'M TP EQMATNUVNTECECSS P g-

GCGACACACAAGAAGTTATGATTACATGGAAGGAGGGGATATAAGAGTGAGAAGACTCTT
CGCTGTGTGTTCTTCAATACTAATGTACCTTCCTCCCCTATATTCTCACTCTT TGAGAA

R H T R § ¥ D ¥ M E G GD I RV RURTULF -
el e L L e e synthetic DNA —e-cecaaamao__
CTGTCGAACACAGTGGTACCTGCGTATCGACAAACGCGGCAAAGTCAAGGGCACCCAAGA
GACAGCTTGTGTCACCATGGACGCATRGCTGTTTGCGCCGTTTCAGTTCCCGTGGGTTCT

C R T QW Y L R I D K R G K V K G T Q E -

GATGAAAAACAACTACAATATTATGGAAATCCGTACTGTTGCTGTTGGTATCGTTGCAAT
CTACTTTTTGTTGATGTTATAATACCTTTAGGCATGACAACGACAACCATAGCAACGTTA

M K N N Y N I M E I R T V. A V G I VvV A I~
EcoRI ;
E;;;E;;;;;E;;;E;;;;;;éTATCTTGCAATGAACAAGGAAGGAAAACTCTATGCAAA
GTTTCCACAACTTAGACTTAAGATAGAACGTTACTTGTTCCTTCCTTTTGAGATACGTTT
K GV E S E F YL A MNVN K E G K L Y A K-

GAAAGAATGCAATGAAGATTGTAACTTCAAAGAACTAATTCTGGAAAACCATTACAACAC
CTTTCTTACGTTACTTCTAACATTGAAGTTTCTTGATTAAGACCTTTTGGTAATGTTGTG

K ECNEUDGCNTFIKTETULTI L E N H Y N T-

ATATGCATCAGCTAAATGGACACACAACGGAGGGGAAATG?TTGTTGCCTTAAATCAA&A
TATACGTAGTCGATTTACCTGTGTGTTGCCTCCCCTTTACAAACAACGGAATTTAGTTTT

Y A S A K W T HNUGGEMTE V A L N Q K-

GGGGATTCCTGTAAGAGGAAAAAAAACGAAGAAAGAACAAAAAACAGCCCACTTTCTTCC
CCCCTAAGGACATTCTCL;LLLlxleCTTLLL1LTTGTTTTTTGTCGGGTGAAAGAAGG

G I P VR G K K T K K E Q K T A HF L p -

TATGGCAATAACTTAATAG
ATACCGTTATTGAATTATCCTAG

M A I T BamHI
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TGCCGCGITT GICGATACGC AGGTAC
- 15 - SEQUENCE LI STI NG

2/25
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(ii) TITLE OF
t r eat nent
(iv)

Angen | nc.

(KGF) for
3/25

APPLI CANT:

(iii) NUMBER OF SEQUENCES: 7

(A) ADDRESSEE: Angen Inc.

(i)

body
AREA OF EPITHELIUM (sq mm)

t he human of ani mal

CORRESPONDENCE ADDRESS:

| NVENTI ON: Ker ati nocyte Growth Factor
its use in a nethod of therapeutic

(1) GENERAL | NFORMATI ON:

f or

5 days 7 days
0.0044

1.2 7

09 APR 1997

?

—y
(=]
L
0K
I,
A
LY
NN
I
oty
CYAN
s,

AJATATA A S0 LI YL L AN L
A AN LA AL AL ALY
LYL Y Y YEEN (LYY YL YA
P s e et s P AR

o
L3
X
4
-
L
~
‘\
’
)
4
L
’
L4
’
’
’
’

20 00 0 0 000 0 0 0 ~0.8

<

(2]
]
o
[~]
(-]
~N

_.l

(YA
LR AN AN L
YL YA RS YA SR O.Q
LYEN

LA
L4
~
L4
N
L)
\
.
L4
A Y
, o
~
L4
]
AL
“
~

\

1.0 ug N\ Q\\\\\\E

- 0.4

\

JARATA YA WA YA LA YA YL YA YR ) A A JA JL YA IR ) ™ ‘v MW
»

\Qs%
10.0 ug \ —'
N
s:i;\:Q
A A IS
, 80
A AR Y
T A
A\ ALY
TN 4
AR ALY
T REA 4
A YA YA Y
rar
OO
\'\'\’\
P e
A VA
\’\'\’\
P 4
\'\‘\‘\
N AN AN
a %W NN
o £ 0
LI YA
A A
& % NN
T A
AT Y
r A
A AN
r A
A A AYY
T 2K 4

CONTROL



(B) STREET: Anmgen Center, 1840 Dehavilland Drive (© daATY: Thousand

Caks (D) STATE: California (E) COUNTRY: U.S. A (F)
ZI P. 91320-1789 (v) COVPUTER READABLE FORM (A) MEDI UM TYPE:
Di skette, 3.5 in., DS, 720 KB (B) COWUTER: | BM PC conpati bl e

(C) OPERATI NG SYSTEM PC- DOS/ MS- DOS (D) SOFTWARE: WrdPerfect 5.1
(2) | NFORVATI ON FOR SEQ I D NO 1: 4/25
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(i) SEQUENCE CHARACTERI STI CS: (A) LENGTH: 55 nucl eoti des (B)
TYPE: nucleic acid (C) STRANDEDNESS: single stranded

(D
TOPOLOGY: |i near (xi) SEQUENCE DESCRI PTION: SEQ ID NG 1: CGATTTGATT
CTAGAAGGAG GAATAACATA TGGITAACGC GITGGAATTC 50 GGTAC

55

5/25

FIGURE §
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(3) I NFORMVATI ON FOR SEQ I D NO 2: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH. 49 nucl eoti des (B) TYPE: nucleic acid (O
STRANDEDNESS: si ngl e stranded (D) TOPOLOGY: |i near (xi) SEQUENCE

DESCRI PTI ON: SEQ I D NO 2: CGAATTCCAA CGCGITAACC ATATGITATT CCTCCTTCTA

GAATCAAAT 49

6/25

FIGURE 6
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- 16 - (4) I NFORVATION FOR SEQ I D NG 3: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH. 164 nucle tides (B) TYPE: nucleic aci: (O
STRANDEDNESS: si ngl e stranded

7/25

FIGURE 7
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(D) TOPOLOGY: i near (xi) SEQUENCE DESCRI PTION: SEQ I D NO 3:

GAAUACGAAU  UCCUUGCUGU UUGGGCAGGA CAGUGAGCCA GGCAGACUGG 50
UUGGECCUGCC CUAUAUAAUU GGAGACCUUA CAUAUAUAUU CCCCAGCAUC 100
CAUCUCCGUC ACAUUGAACA GAGCCAGCAC UUCUGCAUUG GAGCUAUUUA 150
UCCCCGAGUG GAUC 164

(5) I'NFORVATI ON FOR SEQ I D NO 4:

8/2'5

e
FIGURE 8 09 AM
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(i) SEQUENCE CHARACTERI STI CS: (A) LENGTH 191 nucl eoti des (B)

TYPE: nucleic acid (C) STRANDEDNESS: single stranded (D)
TOPOLOGY: | i near (xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 4: GCGAGACAAG
CUUGCAUGCC UGCAGGEUCGA CUCUAGAGGA UCCACUCGGG 50 GAUAAAUAGC
UCCAAUGCAG AAGUGCUGEC UCUGUUCAAU GUGACGGAGA 100 UGGAUGCUGG
GGAAUAUAUA UGUAAGGEUGCU CCAAUGAUAU AGGGCAGECC 150

9/25

FIGURE 9
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AACCAGUCUG CCUGGCUCAC UGUCCUGCCC AAACAGCAAG G 191

(6) | NFORMATI ON FOR SEQ I D NO 5: (i) SEQUENCE CHARACTERI STI CS: (A
LENGTH:. 503 base pairs (B) TYPE: nucleic acid (C) STRLANDEDNESS:
doubl e stranded (D) TOPOLOGY: |i near (xi) SEQUENCE DESCRI PTI ON: SEQ
| D NO 5:

10/25

FIGURE 10
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TATGTGCAAT GACATGACTC CAGAGCAAAT GGCTACAAAT GIGAACTGIT
CCAGCCCTGA GCGACACACA AGAAGITATG ATTACATGGA AGGAGGGCGAT
ATAAGAGTGA GAAGACTCTT CTGTCGAACA CAGTGGTACC TGCGTATCGA
CAAACGCGEEC AAAGTCAAGG GCACCCAAGA GATGAAAAAC AACTACAATA
TTATGGAAAT CCGTACTGIT GCTGITGGTA TCGITGCAAT CAAAGGTGIT

11/2 5

FIGURE 11
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FIGURE 12
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GAATCTGAAT TCTACTTGC AATGAACAAG GAAGGAAAAC TCTATGCAAA
GAAAGAATCC AATGAAGATT GAACTTCAA AGAACTAATT CTGGAAAACC
ATTACAACAC ATATGCATCA GCTAAATGGA CACACAACGG AGGEGAAATG
TTTGTTGCCT TAAATCAAAA GGGGATTCCT GTAAGAGGAA AAAAAACGAA
GAAAGAACA AAAACAGCC ACTTTCTTCC TATGGCAATA ACTTAATAGG
ATC

(7) 1 NFORVATI ON FOR SEQ I D NC: 6: 13/25

FIGURE 13A
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(i) SEQUENCE CHARACTERI STI CS: (A) LENGTH 118 nucl eoti des (B)

TYPE: nucleic acid (C) STRANDEDNESS: single stranded (D)
TOPOLOGY: | i near (xi) SEQUENCE DESCRI PTION: SEQ I D NO 6: CTGCGTATCG
ACAAACGCGG CAAAGTCAAG GGCACCCAAG AGATGAAAAA 50 CAACTACAAT
ATTATGGAAA TCCGTACTGI TCGCTGITGGT ATCGITGCAA 100 TCAAAGGTGT
TGAATCTG 118

14/25

FIGURE 13B
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(8) INFORVATION FOR SEQ I D NO 7: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH. 126 nucl eoti des (B) TYPE: nucleic acid (O
STRANDEDNESS: si ngl e stranded (D) TOPOLOGY: |i near (xi) SEQUENCE
DESCRI PTION: SEQ I D NG 7: AATTCAGATT CAACACCTTT GATTGCAACG ATACCAACAG
CAACAGTACG 50

15/25
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GATTTCCATA ATATTGTAGI TGITTTTTCAT CTCTTGGGTG CCCTTGACTT 100
TGCCCCGTTT GICGATACGC AGGTAC 126

16/25
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CLAI M5 1. A pharmaceutical conposition conprising an

ef fective anount of a keratinocyte growh factor 5 when used for the
treatment of a condition requiring the stinmulation of the
proliferation of epithelial cells selected fromthe group consisting
of hair follicle cells damaged by exposure to
chenot herapeutic agents, hepatocytes, type |1 10 pneunocyt es,
muci n- produci ng gobl et cells and ot her
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epithelial <cells and their progenitors

cont ai ned within the liver,
| ung, gastrointestinal tract and ski n. 15 2. A pharmaceuti cal
conposition conprising an ef fective anmount of a keratinocyte growth
factor when used for treating a condition selected fromthe
group consi sting of chenot herapy-i nduced al opeci a, gastric ul cer,
duodenal wul cer, erosions of the 20 st omach and oesophagus, inflammtory
bowel di sease,

radi ati on-i nduced gut toxicity,

chenot her apy-i nduced
gut toxicity, hyaline nmenbrane di sease, necfgghg of
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the respiratory epithelium caused by snoke I nhal ati on,
enphysenma, pul nonary inflammtion and 25 fibrosis, hepati c
cirrhosis, ful mnant liver failure, acute viral hepatitis and
toxic insult to the liver. 3. A pharnmaceutical conposition
according to claim 30 2 wherein the erosions of the stomach and
oesophagus are selected fromthe group consisting of erosive

gastritis, oesophagitis and oesophageal refl ux.

19/25
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conposition according to any

4. A pharnmaceuti cal

19
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one of clainms 1 to 3 wherein the pharmaceutically acceptable carrier

I S a non-aqueous carrier. 5 5. A pharnaceutical conposition
according to claim 4 wherein the non-aqueous carrier is selected from
the group consisting of collagen, hyaluronic acid and

car boxynet hyl cel I ul ose. 10 6. A pharmaceutical conposition according
to any on of clains 1 to 5 wherein the keratinocyte growh

factor product conprises the am no acid sequence of Figure 1 or

anal ogues, variants of chinmeras thereof. 15

21/25
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7. A pharmaceutical conposition according to any one of clains 1 to

6 wherein the keratinocyte growh factor is selected fromthe group
consisting of a naturally occurring keratinocyte growmh factor, a 20
chemcally synthesised keratinocyte growh factor and a
reconbi nantly produced keratinocyte growth factor. 8. A
phar maceuti cal conposition according to clamg5 7 wherein the
reconbi nantly produced kerati nocyte grow h factor conprises the am no
aci d sequence of a nat ur al | kEN&WrmhmAmm GEARggocyte growh
( um)
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factor. 30 9. A pharmaceutical conposition according to claim
7 or 8 wherein t he reconbi nantly produced
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20 keratinocyte growh factor is produced in bacteri al cells.

10. A pharmaceutical conposition according to claim5 9 wherein the
bacterial cells are E. coli. 11. A pharmaceutical conposition
according to any one of clainms 1 to 10 fornulated for use in vivo.
24 /25
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10 12. A pharnaceuti cal

clains 1 to 11 formnmulated for adm ni stration

conposi tion according to any

one of

t he group consi sting of i nj ection, or al adm ni stration,

t opi cal adm ni stration, i nt ranasal adm ni stration and 15
pul nonary delivery. 13. The wuse of an effective anount
a keratinocyte growh factor for the preparation of a

medi canment for the therapeutic or prophylactic 20

condi.tion requiring the stinulation
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of the proliferation or differentiation of epitheliaLﬁﬁ lySgpes
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exposure td
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claim 13
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CLAIMS

1. Use of an effective amount of a keratinocyte growth factor product to prepare a
pharmaceutical composition for the therapy or prevention of a condition in a patient by
stimulating the proliferation or differentiation of epithelial cells selected from the group
consisting of hepatocytes, type II pneumocytes, mucin-producing goblet cells, and other

epithelial cells and their progenitors contained within the liver, lung and gastrointestinal
tract.

2. Use of an effective amount of a keratinocyte growth factor product to prepare a
pharmaceutical composition for:

(A) reducing loss of hair by preventing chemotherapy-induced alopecia;
(B) the treatment, including for the therapy or prevention, of a gastric ulcer;
(C) the treatment, including for the therapy or prevention, of a duodenal ulcer;

(D) the treatment, including for the therapy or prevention, of erosions of the
stomach and esophagus, preferably erosive gastritis, esophagitis or esophageal reflux;

(E) the treatment, including for the therapy or prevention, of inflammatory bowel
diseases;

(F) the treatment, including for the therapy or prevention, of radiation- or
chemotherapy-induced gut toxicity;

(G) the treatment, including for the therapy or prevention, of hyaline membrane
disease;

(H) the treatment, including for the therapy or prevention, of necrosis of the
respiratory epitheleum caused by smoke inhalation;

(I) the treatment, including for the therapy or prevention, of emphysema;

(J) the treatment, including for the therapy or prevention, of pulmonary
inflammation and fibrosis;

(K) the treatment, including for the therapy or prevention, of hepatic cirrhosis;
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chenot her apy-i nduced al opéCi a, gastric ul cer,
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(L) the treatment, including for the therapy or prevention, of fulminant liver failure;

(M) the treatment, including for the therapy or prevention, of acute viral hepatitis;

or

(N) the treatment, including for the therapy or prevention, of toxic insult to the
liver.
3. The use according to any one of claims 1 to 2, wherein the keratinocyte growth factor

product is formulated in a pharmaceutical composition.

4, The use according to claim 3, wherein the pharmaceutical composition comprises a
non-aqueous carrier, preferably selected from the group consisting of collagen, hyaluronic
acid and carboxymethylcellulose.

5. The use according to any one of claims 1 to 4, wherein the keratinocyte growth factor
product is a naturally occurring keratinocyte growth factor, is a chemically synthesized
keratinocyte growth factor, or is a recombinantly produced keratinocyte growth factor.

6. The use according to any one of claims 1 to 5, wherein the recombinantly produced
keratinocyte growth factor product comprises the amino acid sequence of a naturally
occurring human keratinocyte growth factor.

7. The use according to any one of claims 1 to 5, wherein the keratinocyte growth factor
product comprises the amino acid sequence of Figure 1, or analogs, variants or chimeras
thereof.

8. The use according to any one of claims 1 to 7, wherein the recombinant keratinocyte
growth factor product is produced in bacterial cells, preferably E. coli.

9. The use of any one of claims 1 to 8, wherein said use is ir vivo.

10.  The use of any one of claims 1 to 9, wherein the keratinocyte growth factor product
is used by injection, orally, topically, intranasally or by pulmonary delivery.

11. A pharmaceutical composition comprising a therapeutically or prophylactically

effective amount of a keratinocyte growth factor product and a pharmaceutically acceptable
carrier.

12. A pharmaceutical composition comprising an effective amount of a keratinocyte
growth factor product for the therapy or prevention of a condition in a patient by stimulating
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oesophagus, inflammatory bowel disease, radiation-

t oxi ci ty, chenot her apy-i nduced gut toxicity,
di sease, necrosis of the 5 respiratory epitheliumc
i nhal ati on, enphysema, pul nonary inflammation
hepatic cirrhosis, fulmnant liver failure, acute
toxic insult to the liver. 10 15. Jhe wuse acco

wherein the erosi ons of the stondc
fromthe group consisting of erosive gastritis,

1 and oesophagu

r d na%l Dﬁp@b

14
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pesophagitis and

W,

oesophageal refl ux.
the proliferation or differentiation of epithelial cells selected from the group consisting of
hepatocytes, type II pneumocytes, mucin-producing goblet cells, and other epithelial cells

and their progenitors contained within the liver, lung and gastrointestinal tract.

13. A pharmaceutical composition comprising an effective amount of a keratinocyte
growth factor product for:

(A) reducing loss of hair by preventing chemotherapy-induced alopecia;
(B) the treatment, including for the therapy or prevention, of a gastric ulcer;
(C) the treatment, including for the therapy or prevention, of a duodenal ulcer;

(D) the treatment, including for the therapy or prevention, of erosions of the
stomach and esophagus, preferably erosive gastritis, esophagitis or esophageal reflux;

(E) the treatment, 1nc1ud1ng for the therapy or prevention, of inflammatory bowel
diseases;

(F) the treatment, including for the therapy or prevention, of radiation- or
chemotherapy-induced gut toxicity;

(G) the treatment, including for the therapy or prevention, of hyaline membrane
disease;

(H) the treatment, including for the therapy or prevention, of necrosis of the
respiratory epitheleum caused by smoke inhalation;

)

the treatment, including for the therapy or prevention, of emphysema;

(J) the treatment, including for the therapy or prevention, of pulmonary
inflammation and fibrosis;

(X) the treatment, including for the therapy or prevention, of hepatic cirrhosis;
L)

the treatment, including for the therapy or prevention, of fulminant liver failure;

(M) the treatment, including for the therapy or prevention, of acute viral hepatitis;
or
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15 16. The use accordihg to any one of clainms 13 and 15 wherein

the keratinocyte growmh factor 1is adm nistered in tng fprm of
a pharnmaceuti cal conposi tion. 20 17.  The pse—aeceording—t ny
one of claims 13 to 16 wherein the pharnaceutica %ﬁhﬁ%@“mwbgHEé%
conprises a non- aqueous carrier. 18. Thej ufg€-accordi ng tlo

claim 17 wherein the non- 25 agqueous_,qcarrier is 5e|1%ctJ€m 19980
t he group

(N) the treatment, including for the therapy or prevention, of toxic insult to the
liver.

14.  The pharmaceutical composition according to any one of claims 11 to 13, wherein
the pharmaceutically acceptable carrier is a non-aqueous carrier.

15.  The pharmaceutical composition according to claim 14, wherein the non-aqueous
carrier is selected from the group consisting of collagen, hyaluronic acid and
carboxymethylcellulose.

16.  The pharmaceutical composition according to any one of claims 11 to 15, wherein
the keratinocyte growth factor product is a naturally occurring keratinocyte growth factor, is
a chemically synthesized keratinocyte growth factor, or is a recombinantly produced
keratinocyte growth factor.

17.  The pharmaceutical compositibn according to any one of claims 11 to 16, wherein
the recombinantly produced keratinocyte growth factor comprises the amino acid sequence
of a naturally occurring human keratinocyte growth factor.

18.  The pharmaceutical composition according to any one of claims 11 to 16, wherein
the recombinantly produced keratinocyte growth factor comprises the amino acid sequence
of Figure 1, or analogs, variants or chimeras thereof.

19. The pharmaceutical composition according to any one of claims 11 to 18, wherein
the recombinant keratinocyte growth factor is produced in bacterial cells, preferably E. coli.

20.  The pharmaceutical composition of any one of claims 11 to 19, which is used in vivo.

21.  The pharmaceutical composition of any one of claims 11 to 20, wherein the
keratinocyte growth factor product is used by injection, orally, topically, intranasally or by
pulmonary delivery.
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consisting of col l agen, hyal uronic acid and

car boxynet hyl cel | ul ose. 19. The use according to any one of clains
13 to 18 30 wherein the keratinocyte growh factor

pr oduct
conprises the am no acid sequence of Figure 1 or anal ogues, variants
or chineras thereof.
-22- REPLACEMENT SHEET
15 JUN 1998

ABSTRACT

KERATINOCYTE GROWTH FACTOR (KGF) FOR ITS USE IN METHOD OF
THERAPEUTIC TREATMENT FOR THE HUMAN OR ANIMAL BODY

Based on extensive in vivo studies in animals, it has now
been discovered that KGF stimulates proliferation, growth and

differentiation in various cells of epithelial tissue,
keratinocytes.

besides
This better understanding of the biological

effects of KGF in vivo enables the use of this polypeptide as a

therapeutic agent, suitably formulated
.composition,

in a pharmaceutical
for the specific treatment of disease states and
medical conditions afflicting tissues and organs such as the
dermal adnexae, the liver, the lung,
tract.

and the gastrointestinal
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CLAIMS |

1. A pharmaceutical composition comprising an
effective amount of a keratinocyte growth factor
5 when used for the treatment of a condition requiring
the stimulation of the proliferation of epithelial

cells selected from the group consisting of hair

follicle cells damaged by exposure to
chemotherapeutic agents, hepatocytes, type IT
10 pneumocytes, mucin-producing goblet cells and other

epithelial cells and their progenitors contained
within the liver, lung, gastrointestinal tract and

skin.

15 2. A pharmaceutical composition comprising an
effective amount of a keratinocyte growth factor
when used for treating a condition selected from the
group consisting of chemotherapy-induced alopecia,
gastric ulcer, duodenal wulcer, erosions of the

20 stomach and oesophagus, inflammatory bowel disease,
radiation-induced gut toxicity, chemotherapy-induced
gut toxicity,hyaline membrane disease, necrosis of
the respiratory epithelium caused by smoke
inhalation, emphysema, pulmonary inflammation and

25 fibrosis, hepatic cirrhosis, fulminant liver
failure, acute viral hepatitis and toxic insult to

the liver.

3. A pharmaceutical composition according to claim
30 2 wherein the erosions of the stomach and oesophagus
are selected from the group consisting of erosive

gastritis, oesophagitis and oesophageal reflux.

T



produced keratinocyte growth factor. 21. The use according to claim
20 wherein the 10 reconbi nantly produced keratinocyte growh _f or

conpri ses the anino acid sequence of a naturally  REPYAGEMERT SHFED

kerati:nocyte growth factor. 22. The use accor DI
21 wherein 15 t he reconbi nantly produced keratfi gocyte growt h
factor is produced in bacterial cells. 19 AUG 999

19

]

4. A pharmaceutical composition according to any
one of claims 1 to 3 wherein the pharmaceutically

acceptable carrier is a non-agueous carrier.

5. A pharmaceutical composition according to claim
4 wherein the non-aqueous carrier is selected from
the group consisting of collagen, hyaluronic acid
and carboxymethylcellulose.
10
6. A pharmaceutical composition according to any
on of claims 1 to 5 wherein the keratinocyte growth
factor product comprises the amino acid sequence of
Figure 1 or analogues, variants of chimeras thereof.
15
7. A pharmaceutical composition according to any
one of claims 1 to 6 wherein the keratinocyte growth
factor is selected from the group consisting of a
naturally occurring keratinocyte growth factor, a
20 chemically synthesised keratinocyte growth factor
and a recombinantly produced keratinocyte growth

factor.

8. A pharmaceutical composition according to claim
25 7 wherein the recombinantly produced keratinocyte
growth factor comprises the amino acid sequence of a
naturally occurring human keratinocyte growth

factor.

30 9. A pharmaceutical composition according to claim

7 or 8 wherein the recombinantly produced

L



23. The use according to claim22 wherein the E.

coli. 20 24. The use according to any one of cl aﬁEEL&QfMENTZQHEET
wherein the treatnent is in vivo. 25. The us cording to any {one
of claims 13 to 24 25 wherein the adm nistration i Y 1%RADE B9 eqt 4d
from the group consi sting of I nj ectiop, orap

adm ni stration, topical admnistration, intranasal 1 tor] and
pul nonary delivery. 20

keratinocyte growth factor is produced in bacterial

cells.

10. A pharmaceutical composition according to claim

5 9 wherein the bacterial cells are E. coli.

11. A pharmaceutical composition according to any

one of claims 1 to 10 formulated for use in vivo.

10 12. A pharmaceutical composition according to any
one of claims 1 to 11 formulated for administration

by means selected from the group consisting of

injection, oral administration, topical
administration, intranasal administration and
16 pulmonary delivery.

13. The use of an effective amount of a
keratinocyte growth factor for the preparation of a
medicament for the therapeutic or prophylactic
20 treatment of a condition requiring the stimulation
of the proliferation or differentiation of
epithelial cells selected from the group consisting
of hair follicle cells damaged by exposure to
chemotherapeutic agents, hepatocytes, type II
25 pneumocytes,'mucin—producing goblet cells and other
epithelial cells and their progenitors contained
within the liver, 1lung, gastrointestinal tract and

skin.

30 14. The use according to claim 13 wherein the
condition is selected from the group consisting of

chemotherapy-induced alopecia, gastrlc ulcer,
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21

duodenal ulcer, erosions of the stomach and
oesophagus, inflammatory bowel disease, radiation-
induced gut toxicity, chemotherapy-induced gut
toxicity, hyaline membrane disease, necrosis of the
respiratory epithelium caused by smoke inhalation,
emphysema, pulmonary inflammation and fibrosis,
hepatic cirrhosis, fulminant 1liver failure, acute

viral hepatitis and toxic insult to the liver.

15. The use according to claim 14 wherein the
erosions of the stomach and oesophagus are selected
from the group consisting of erosive gastritis,

oesophagitis and oesophageal reflux.

16. The use according to any one of claims 13 and
15 wherein the keratinocyte growth factor is
administered in the form of a pharmaceutical

composition.

17. The use according to any one of claims 13 to 16
wherein the pharmaceutical composition comprises a

non-agueous carrier.

18. The use according to claim 17 wherein the non-
agqueous carrier is selected from the group
consisting of collagen, hyaluronic acid and

carboxymethylcellulose.

19. The use according to any one of claims 13 to 18
wherein the keratinocyte growth factor product
comprises the amino acid sequence of Figure 1 or

analogues, variants or chimeras thereof.
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20. The use according to any one of claims 13 to 19
wherein the keratinocyte growth factor is selected
from the group consisting of a naturally occurring
keratinocyte growth factor, a chemically synthesised
keratinocyte growth factor and a recombinantly

produced keratinocyte growth factor.

21. The use according to claim 20 wherein the
recombinantly produced keratinocyte growth factor
comprises the amino acid sequence of a naturally

occurring human keratinocyte growth factor.

22. The use according to claims 20 or 21 wherein
the recombinantly produced keratinocyte growth

factor is produced in bacterial cells.

23. The wuse according to claim 22 wherein the

bacterial cells are E. coli.

24. The use according to any one of claims 13 to 23

wherein the treatment is in vivo.

25. The use according to any one of claims 13 to 24
wherein the administration is by means selected from
the group consisting of injection, oral
administration, topical administration, intranasal

administration and pulmonary delivery.
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ABSTRACT

KERATINOCYTE GROWTH FACTOR (XKGF) FOR ITS USE IN METHOD OF
THERAPEUTIC TREATMENT FOR THE HUMAN OR ANIMAL BODY

Based on extensive in vivo studies in animals, it has now

been discovered that KGF stimulates proliferation, growth and

differentiation in various cells of epithelial tissue, besides

keratinocytes. This better understanding of the biological

effects of KGF in vivo enables the use of this polypeptide as a
therapeutic agent, suitably formulated in a pharmaceutical
composition, for the specific treatment of disease states and
medical conditions afflicting tissues and organs such as the
dermal adnexae, the liver, the lung,
tract.

and the gastrointestinal
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