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The present invention telates to lhe application of kera.1incx:yie ~ factor (KGF) to stimulate the 
proliferation, growth and differentiation of cells other ttiar: ~. and to the use of KG_F to 
regenerate damaged or diseNed cells and tissues. 

~ BACKGROUND OF THE INVENTION 

In recent years_ advances in biotechnology have lead to 1"e ~ent and ttlerapeutic use of novel 
recombinant polypeptides, including erylhropoietin and granukx.y.e coiarly stimulating factor. to the benefit 
of many human patients. Increasing number& of other po~ have since been discovered which 

10 exhibit biological activity in vitro. However, the characterizat>on el '2'get cells of these factors and the 
biological effects of the factors in vivo are es..i;ential for the identifica2joo of TJOtential therapeutic applications 
in humans. 

-.<KGF is a known mitogen which has been previously identified as specific for epithelial cells. particularly 
keratinocytes. Flubin et al .• Proc. Nari. Ar;ad. Sci. USA, 86:802-806 (1989): finch et al •• Science. 245:752-

15 755 (1989); Marchese et aJ •• J. Cell. Phys. 1 U:S'-6-332 (1990). Expression of messenger RNA for KGF has 
bean derected 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. immottalized 

20 keratinocytes, and primary keratinocyte coltures. 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. 

25 In addition, using the e>cpression of keratins and filsgrin genes it has been demonstrated that KGF 
influence$ the differentiation and ma!Uralion of keratinocytes. See J. Cell Phys .• above. 

Much of the aforementioned worfc investigating the biological activity of KGF has been carried out with 
recombinant KGF, which has -permitted more .,videspread study of lhis factor. Published PCT patent 
application WO 90I08T71 describes the purification of KGF from the conditioned medium of a human 

~o embryonic fibroblast cell -line. partial amino acid sequencing of the isolated polypeptide. cloning of the 
gene, and expression in bacterial cells (E. coif) to 3chieve recombinant. biologically adive KGF. 

/ While the role of KGF BS a Stimulatory agent for keratinocytes in vitro has been clearly identified. much 
remains-to be known regarding KGF as a. growth factor. including additional typn of cells fot which it may 
be targeted, and the effect of KGF on SUCh cell in vivo. This information is vital for an understanding of the 

35 full potential of KGF as a therapeutic agent 

SUMMARY OF THE INVENTION 

6rie11y, the present invention concerns di~veries made with regatd to the slimulafo.ry effect of KGF on 
40 · non-keratinocyte epithelial cells. _More specifically, it has nOYt been found thal KGF wed in vivo induces 

proliferation and differentiation in normal adnexal structures such as sebocytes and hair follide cells. in liver 
cells such -as hepatocytes, and in cells of the respiratory mucosa! epithelium such as type II pneumocytes. 
There is also compelling evidence ttiat 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 1he 

45 colon, and other epithelial cells-Within the gut. 
These discoveries, which form rhe basis of this invention. have significant implications in terms of 

enabling the application of KGF to tissues specifically characteri~d by damage to or deficiencies in these 
particular types of cells. The following is a description of diseases and medical conditions which can tie 
treated with KGF in accordance with the invention. 

50 ~rimulation of ptoliferation and d"lfferentiatlon of adnexal strudures such as hair follicles. sweat glands. 
and sebaceous glands is of critical· importance in regenerating epidennis and dermis in patients with bums 
and other partial and full thickness injuries. Al present. surface defects heal by scar formation and 
keratinocyte resurfacing: tUll regeneration of $kin is not yet possible. Repopulation of hair follic:Jes. sweat 
glands, and sebaceous glands does not occur presently in full thickness skin defects, including bums. The 

55 use of KGF can enable such repopu121ion. 
Epidermolysls bullosa is a defect in adherence of the epidermis to the underlying dermis. resulting in 

freQuent open, painful blisters which csn cause severe morbidity, Accelerated reepithelialization of-lhese . 
lesions. such as by treatment with l<GF, would -result in· less risk of infectjon, diminished pain. and less 
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wound care •. 
Chemotherapy-induced alopecia results when ~ are treated with courses of chemotherapy for 

malignancy. At pre8'flt no therapeutics are eliec::IMt a preiienting lhe hair follicle cells from dealh, which 
cause the transient loss-of hair. KGF provides such a means.. · 

Male-patwm baldness is prevalent and essentially untreatable- The. progressive loss. of hajr in men and 
women is a serious. cosmetic problem. This- condition could be lreSBd using KGF either systemrcally, or 
topically if the drug could be applied and absorbed through the scalp. or by spray injection into the scalp 
using an air gun or similar technologies, 

Gastric ulcers, aJthOl,IQh 1realable by H2 en1a.gonists. cause significa1t morbidity and a recurrence rate. 
and heal by scar formation of the mucosa! lining. The abifJty 1Q •agE11•$ glandular mucosa more rapidly, 
e.g~. by treatment with KGF, woulcJ offer a siQnificant therapeutjc improvement in the treatme!'lt of gastric 
ulcers. 

_))uoden~ ulcers, like gastric uk:ers, are 1re8table. but the deweiopmenl of a therapeutic agent to more 
fully and more rapidly regenerate lhe muccisal lining of 1he duodenum would be an important. advance. In 

1s addition, a therapeutic agem to regeneratively heal lbese ulcers and decrease their recurrence would be-of 
benefit. KGF ·offers such potential 

Inflammatory bowel diseases. sud1 as Crohn's disease (affecting priti'larily the small intestine) and 
ulcerative colitis (affecting primarily the large bowel). are chronic diseases of unknown etiology which result 
in the destniction of the mucosa.I surface. inflammation. scar and adhesion formation during repair. and 

20 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 mucosa! surface, resulting 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 cytoprotedive effect on the small intestinal mucosa. allowing increased dosages of 

a9 ~uch. therapies while reducing potential fatal side effects of gut toxicity. 
KGF treabTlent has a striking effect on lhe production of mucus throughout the gastrointestinal tract. 

This property may· be useful in protecting the gut mueosa from injurious substances thet ere ingested. or in. 
limiting the spread of injury in conditions such as inflammatory bowel diseases. 

Hyaline membrane disease of premature infants results in ihe absence of surfactant production by type 
30 II pneumocytes within the lung, resulting in the collapse of the alveoli. Although COl'lieosteroids can 

accelerate maturation and secretion in fatusea 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 II pneumoc:ytes 
would be of considerable benefit in the 1reatment of this disease. 

35 ~Smoke inhalation is a significant cause of morbidity and mortality in the w"k following a bum injury, 
due to necrosis of the bronchiolar epithelium and ttte alveoli. A growth factor such as KGF which could 
stimulate proliferation and.-differentiation of these struciures, and induce their repair and regeneration, would 
be of benefit in treating inhalation injuries. 

Emphysema results from the progre.ive loss of alveoli. A growth factor such as KGF which could '° . stimulate regrowth or is cymprotecrive for remaining alveoli would be of tl'lerapeutic benefit At present, no 
effective treatment is available.. 

Hepatic cirrhosis, -=ondary to vind h~tis and chronic alcohol ingestion. is a significant cause of 
morbidity and mortality. Cyt0pr0tection, 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. . 

45 Fulminant liver failure is a life.threatening condition which occurs with endstage cirrhosis. An agent such 
as KGF which coulcl induce proliferation of remaining heparocytes would be of direct benefit to this disease. 
which is presently 1raatable only with liver transplantation. 

Acute viral hepatitis is frequently subclinical and self-limiting. However, in a minority of patients. severe 
liver damage can result over several weeks. A c:ytoproteclive agent such as KGF would be of use in 

so ·preventing hepatocellular degeneration. 
Toxic insults to the liver cai.ised by acetaminophen, halothane, carbon terrachloride, and other toxins 

could be ameliorated by a growth factor (KGF) which Is cyt0pr018Ctive for hepatoeytes. 
;Accordingly, the present· invention encompasses the use of KGF therapeulically (or where_ appropriate. 

prophylactieally)" to treat the 2hove mentioned conditions. as well as pharmaceutical preparations containing ss KGF in suitable, therapeutically el'fedjvo amounts. · -------- - ----- --- -------------
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the nucleotide sequence of a synthetic ofigcnlcleo1ide DNA (SEQ 10 N0:.8 and SEQ 10 

N0:7) which wsa intrOduced into the DNA sequence of the KGF gene (SEQ JD NO:S) for the eonslrudion of 
5 a recombinant expre$sion SY$letl'I for ~ KGF employed in the in WYO experimenm described herein. 

Figure 2 depicts the rabbit ear partial thickness dermal wound model. as modified to produce a wound 

through the cartilage tor better Quantilalion ·of new tissue growth. 
Figure 3 depicts ·the reepitheli~on of KGF-tteated and c:anD'Oi wounds from the modified rabbit ear 

partial thiclcness dermal wound mcdel. The total area of IEIQ6i&atiug ePlhefium after KGF treatment is 

10 shown on the left. and the percentage of reepithelialization of woundS is srm.rt an the right. 
Figure 4 shows the proliferation of basal and suprabaSal kera2inocytes at wound margins up to five days 

after KGF treatment, ·using the rabbit wound model. 
Figure S depicts a hislologic analysis of Bror,nodeoXyuridine (BrdU)-treated hair follicles from KGF· 

. treated and control wounds to show cellular proliferation in the modified rabbit model. 
75 _,,Figure 6 depicts oil red o staining of sebaceous glands from KGF.treated and control wouncls of the 

same rabbit moQel. 
Figures 7 and 8 show· micropapmary overgrowlh of alveolar septal epithelial cells within the lungs of 

·healthy rats which have ~n treated intrs:tracheaJly with KGF. 
Figures 9 and 1 O show cuboidal growth of epithelial cells in rhe alveoli of large segments of the lung 

20 after intratracheal administration of KGF to the same healttly rats. 
Figures .11 end. 12 show that the hyperpla.Stic alveolar epithelial cells lining ~e alveolar septae of such 

treated rats contain lamellar inclusions of varying size and shape. 
Figure 13A shows hyperplastic effects of KGF treatment in the bronchial epi1helium after intratracheal 

administration to healthy rats. 
25 Figure 13B shows rhe bronchial epithelium from a control (excipient only) group of healthy rats 

corresponding to the test group of Figure 1 SA.. 
Figure 14 depicts the resuhs of an RNase protection assay for KGF receptor (KGFR) in the adult rat 

lung. 
Figure 15 shows the increased weight of the gastrointestinal tract and liver in a dose-dependent fashion 

30 following treatment with KGF for four days. 
Figure 16 shows !he increase in protein $)'111hesis by the liver in rats treated wirh KGF. for four days in 

dose-dependent manner • 
..,,Figure 17 demonstrates the increased proliferalion of hepatocytas within the liver of animals treated for 

one to seven days with KGF. assessed using BrtfU labeling (A) or mitotic counts (B). 
35 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-oxaloaeetate transaminase 

(SGOT) in carbon tetrachloride poisoned rats. following treatment with KGF. 
Figure 21 demonstrates the increased length of gastric glands and amount of mucus formstion within 

40 the glandular stomach of.rats treated wirh KGF·from one to seven days. 
Figure 22 shows t}1e in~ length of duodenal crypts and mucus production with the small intestine 

of· rats treated from one to seven days wflh KGF. 
Figure 23 shows an increase in hyperplastic crypts in the colon of rats treated from one to seven days 

with l<GF. 
•S /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 · epittie6al Qills in which KGF produces a significant biological effect 
60 indicative of potential therapeutic value, an extensive study was undertaken using live animals and KGF 

admlnlstratlon in vivo, with· observation and analysis of 1he resuha. 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) R.NA by PCR and 
the resulting· ONA ligaled imo a pGFMt 156 expression vector between the Ndel and BamHI resrricticm sites. 

ss The plasmid pOFM1166 can be derived from 'the pCFM836 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 en~e. followed by blunt end ligation and substituting the small DNA sequence 
between the unique Clal and ~nl restriction sites wilh the following oligonucleotide duplex comprised of 
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SEQ. ID NO.: 1 and SEQ. {D NO.: 2: 

Cl a I 

s I CGA'l'T?GA~'l'AACA'l'.i\IGG ... : H.C a::il lGGAA'l"?CGG?AC 3 I 

3' T»ACTAAGA!CnCC'tec:TTA'l'"rGTAtACOA.~C:t'TAAGC S' 

10 The pCFM1156KGF plasmid was then cloned into FM5 hast c8ls (ATCC 153911) using a standard 
electroporation (BioRac:I Gene Pulser) transformar.ion procedure- To reduce an observed intemal translational 
initiation, the . ONA sequence in the l<GF Qlilnlil between KpnI CllJC1 EcoRI was replaced with synthetic 
oligonucleotide DNA designed to reduce the use of an Internal 1ibosomal binding site (Fig. 1 ). Following 
ligation and electtoporalion into ·FM5 cell$ (ATCC #53911). a clone containing pCFM1156l<GM:lsd was 

7$ selected. The ONA encoding the KGF gene was sequence confinned. The cells were then cultured at 30 • C 
in 1 O·liter fermentorS with a ·stanclard fed media that allows the cells to grow at an exponential rate under 
glucose limitatior1to ·prevem toxic.byproduct acciJrnulation. At mid-exponential cell density, 1he temperature 

was raised briefly to 42 • C to induce tranaiption 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 

29 frozen. The biologically aclivlil KGF was purified from mechanically lysed cell paste by standard chromatog. 
raphy procedures Ehat take advantage of 1he protein's very high isoelec1ric point ($-Sepharose Fast Row 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. 

i5 EXAMPLE 1 

~(1 

35 

KGF·STIMULATED PROLIFERATION AND DIFFERENTIATION OF AONEXAL STRUCTURES IN AN JN 
VIVO WOUND HEALING MODEL . 

In . thi$ Example. a mOcflfied rabbit ear partial rhickness dermal wound model was used. The rabbij ear 
dermal ulcer model de&eribed by Mustoe et al. in J. Clin. fnvest., 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. ~ 
a result, the wound heals by sprouting of epittl,86191 elements benealtl the certilage, and contraction is not a 
variable during· healing, permitting accurate · quanlitation of new tissues (See Fig. 2). Recombinanl 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 Ehe day of surgery and the 
·· 40 wounds (0-25cm2) 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 SO mg per kg of body weight. Administration of SrdU was 

employed to better quantify the degree of basal l<eraiinocyte proliferation and the kinetics of basal cell 

migration toward the S1J'atUm spinosum and stratum · ex>meum. After sacrifice. each wound was bisected. 
4 with one section being fro2e11 in an optimum cooling temperature medium (OCT; Miies Inc •• Elkhart. IN). and 

the second sec:tlon being fixed in Omnifix (Al-Con, Genetics, Inc., Melville. NY) and processed according to 
·routine histological methods. Masson Tric:hrome. oil red o, and immunohistochemical (IHC) stains were 
performed.on 3 u.m thick sectians far each Wound. 

so Measurement of Reepithelialiiatlon 

Measurements of the total wound gap and epithelial gap were made for each wound using a calibrated 
stage micrometer. The percentage of reepilheliafiza:tion for each wound was calculated by taking the 

difference of the total gap and the epithelial gap and dividing it by the total gap for each wound. Data from 
· ss two sections per wound were averaged. Oifferences in U1e epittlelial gap measurements and the percent of 

reeptheliallzation. were analyzed. by a ane-railed. unpaired Student's t-test. · 
The area of. epithelium produced in trealaCI and untreared wounds was calculated for each dose group •. 

A one•way ANOVA and Dunneft's t·test was run for each dose against the control group. 
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Measurement of Proliferation and Differentiation of Epithelial Cells 

Paraffin-embedded· 3 um sedions Of tl$$Ue were stained using 8Jdi.BrdU (Daleo Corp. Carpinteria, CA). 
Avidin-Biotin Complex (Vector LabotBtories. Inc •• Burlingame, ·CA). 211d dlarninobenzidine substrate (DAB, 

s Sigma Chemical Co., St. Louis. MO). Sections were digested with 0.10/o protease solution, followed by 
treatment with 2N HCI. Endogenous pen:ixidase was quenched by exposure to 3'Yo hydrogen per'oxide 
solution. Slides were blocked with a 10% solution of normal horse serum in phosphate buffered saline 
(PBS). then. incubated with antiwSrdU diluted 1 :400 in 1 % bovine serum albumin. Following washing, 
sections were incubated fOr twenty minlJteS With peroxidase-linked AYidin-Biotin Complex diluted 1:100 in 

ro 1 O/o BSA. Slides were then exposed to DAB substrate (10 mg of DAB, 20 ml of PBS. 20 u.1 of 3Qo/ .. 
hydrogen permcide) for ten minutes. Sections were counterstained with hemalOl<ylin. 

Histological Analysis of BrdU-trea~. H!!_.Follicles 

15 Following 6rdU incorporation end IHC staining. the total number of follicles per wound bed were 

20 

counted and analyled using the K1·usk!l!l--Wallis multiple compari.i;on 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 fivs prcliferating cells.. 

.Q!!. Red _Q Staining of Sebaceous Glands 

Oil red o. a stain specific for neutral lipids. was used for the idenlification of .sebocytes and sebe.ceaus 
glands, and was perfonned on frozen sections using the procedure described by F.L Carson in Histotech-

2s no/ogy: A Sell-lnstrucrianal Texr: ASCP Press. Chicago (1990). Briefly, 7 u.m frozen sections were air 
dried and fixed in zinc-formalin for ten minutes. Slides were immersed on 0.3% w/v oil reel o (Sigma 
Chemical Co., St. Lol.lis. MO), then in 60o/g isopropanol for thirty minutes at room temperature. decolori.zed 
in 6Qo/o isopropanol, and counterstained with Learner"s hernatoxylln. The size of sebaceous glands and 
number of cells per gland were assessed. 

30 

Results and Discussion 

Accelerated reepithelialization end incr88$ed thickness of epithelium was ob$erved for wounds treated. 
with 4-40 u.g/cm2 of KGF. Wouncts on the fifth day post treatment showed significently enhanced 

35 reepithelialization compared with the ~I (76.70/o vs 52.5%. 1 u.g of KGF). The thidcneSs of new 
• · epithelium was increased in a dose-dependent manner by the fifth and seventh days of PQSt treatment to 

nearly twice the area of the comrol wound epithelium at a dose oJ 1 O u.g of KGF per wound (Fig. 3). 
Histologic analysis suggested epithelial regeneration occurred lsrgely by sprouting from adnexal elements 
within the dermis, i.e., sebaceous glands. sweat glands and hair follicles. 

40 Analysis of basal keralinocyte proliferadon' anci basal cell migration revealed increased numbers of 
proliferating basal keratinocytas at the· wound margins after the first day of KGF rreatment {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 spinosurn. By the 
fifth day of treatment, wounds showed I~ proliferation ·Within the basal layer, indicating self-limited 

.4G acceleration of epithelial repair and differentiation (Fig. 4). Keratinocytes appeared to und9t'QO normal 
maturation as they migrated upward to form the stratum c:omeum. 

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 ln KGF·treatecl wounds compared with control wounds (Figs. s and 6. respectively). Histologic 

so sections which had been stained with oil reel o to seledively identify sebaceous glands showed significantly 
increas&Q numbers of such glands which were also markedly enlarged, indicating increased proliferation 
and differentiation of sebocytes into sebumaproducing cells. Also, a dose dependent increase in the number 
of· proliferating cells per hair rolllc:le was obaeMld in KGF-treaiecl wounds. . 

Previously, epidermal grOWlh ~ (EGF) and b2sic fibroblast grOWlh factor (FGF) have been ~ 
H In the rabbit ear model. J. Clin. Invest .. above, and Pierce et al •• Amer. J. Pathol. 740:1375-1388 (1S92}. 

Although both of these growth factors are lcnOwn to stimulate reepithelialization, neither EGF nor basic FGF 
influence proliferation or d"tfferantiation of adnexal structures such as sebaceous glands and hair follicles. 
The · ebility of KGF to stimulate prorrferation and subsequent differentiation of multiple epithelial cell types 
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within the skin, together with H3 original isolalion from fibroblaSts. suggests that KGF is a Potent paracrine 

stimulator of the ~n regenerative process. 
. 

EXAMPLE2 

KGF-STIMULATED
0

PROUFERAT10N AND OiFFERENTIATION OF N VIVO lYPc II PNeUMOCYTES 

Thie example was ·catried out to evaluate the effect of KGF adrninislration on epithelial cells of the 

respiratory trect· of heafthy rass. · 

Materials and ·Methods 

Male Lewi$ rats. ~ighing 200-250 grams.· each. ret:eived 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. Pathal., 138:1485-1496 (1991). KGF was injected at doses of 0.1. 1.0. 5.0 and 10.0 mglkg. Control 

rats received an intratracheal injeetion of exeipient. At time points of six hours and one. two. three. four. five 

and six day• after KGF injection the rcdB were sacrificed. the lungs were inflated with Bouin's fixative via an 

intratrac:heal catheter,' saggital sections ()f the lung were paraffin-embedded, and histol()gic sectjons were 

ao 
stained with hematoxylin and eoxin. 

· 

Aesults and Discussion 

KGr at 0.1 mglkg did not cause histologic:ally i:liscernible alveolar epithelial cell hyperplasia. KGF at 1 .0 

mg/kg caused a · mild but definite increase il'l alveolar epithelial cells. Increasing elveolar epithelial cell 

as hyperplasia was noted at 5.0 and 10.0 m911cg • .respectively. KGF did not cause a histolagically discernible 

increase In alveolar epitheUal cells ·at six hours or one day after' intratracheal injection. At two days, a 

knobby mlcropapillary overgrowth Of . alVeolar septal epithelial cells was noted within ttte 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 segmen1$ of the lung (Figs. 9, 10). Some areas of th1t lung. however. 

30 retained a normal histology. The histologic appearance of the hyperplastic alveolar epithelium in the rar on 

day three was essentially the same as the appearance of f98Cfive type II pneumQCYte hyperplasia in human 

lungs. Hyperplastic alveolar epithelium was recogni2able in decr88$ing amoun[ in the lungs of KGF·treared 

rats on days four end five after in1t21rac:haal lnjedion. On day six. the lungs of KGF·11'eated and controt rats 

were indistinguishable. 

35 The lung of a KGFetreated rat was ulVas1ructutaHy e:icamined three days attar intratracheal injection. The 

hyperplastic alveolar epithelial cells lining 1he alveoJar septa& almost invariably contained one or more 

Jamellar incluSiOns of varying siie and $hape (Figs. 11, 12). The bronchial epithelium Of. KGF'·1reated rats 

was hyperplastic on day three. but the hyperplasia was not as immediately striking as the alveolar cell 

hyperr)lasia. Hyperplasia was apprecialed as pseudostratification of the epitheliaJ lining of smaller distal 

· 40. bronchi that are normally lined by a single layer of epitttellum, .by tuftjng or micropapillary growth of 

bronchial epithelium. and by an increase in mitotic figures within the bronchial epithelium (Figs. 13A, 136). 

KGF administered intmrachea11y causes a striking hyperplasia of at11eolar epithelial cells. The presence 

of lamellar cytOplasmic. inclusions wi1hin 1he cells at th9 ultrastructural level is consistent with the· proposat 

that the hyperplastic cells. are type II pneumocyteS.. The lamellar inclusions did not appear as numerous or 

4i ·~ osmiphilic as those iUUSl1ated in scme cases of experimental type ll pneumocyte hyperplasia in the rat. 

but are very similar to the tamellar inc:lusiOJ'lS illustrated in normal rat Jung. In addition to causing alveolar 

cell hyperplasia. KGF causes bronchial epithelial cell hy):)ef'plasia. It is PoSSible that the hyperplastic alveolar· 

epithelium represel'ltS a downgrowth of bronchial epilheliurn from terminal bronchioles into the alveolar 

parenchyma. However, it appears more likely that KGF acts directly on type II pneumocytes because of th~ 

so· multifocal micropapillary budding g~ paaem of pneumocyteS on alveolar septae two days after injection 

of l<GF: a growth pattern 1hat precedes 1t18 confluent lining of the alveoli by cuboidal cells on the third day. 

In addition. type · II pneumocyteS are thought to be the mitotfcally responsive alveolar eplthell'1 cell 

•population and would be expected to be lhe alveolar cell type to respond to a potential endogenous 

mediator of alveolar cell growth 8UCh as KGF. Fll1ally, 1he identification of· 1amellar inclusions within the 

$$· hyperplastic cells suggests not onlflheir differenliation into 'type II pneumocytes but also their origin fl'om 

type II pneumocytea. 
· 

The stimulatory effect of KGF on type II pneumocytes is consiant with the observation that the amount 

of KGF re~ptor messenger RNA in the iungs per equivalent sample of total RNA is two to three times the 
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level found f9r various other organs from young adult rGts- In 1his experiment,. KGF receptor messenger 
RNA levels were detected using a modmed Ambion RNAse Pralec:tion Assay (RPA 11. No. 1410). 

The "antisense" _RNA probe used in this assay had tte following sequence (SEQ. ID NO.: 3): 

S 1 GAAOACGAAt11JCCUOGCOGtruOGGGCAGGACAGA­

GCCAGGCA.GACOGGOUGGCCUGCCC:OAUAOAAUUGG­
AGACCtruACAUAUAOAOUCCCCAGCAOCCAOCttCCG-. 
OCACAC..1JGAACAG~.GCCAGCAct..'OC".JGCAWGGAGC­

OAotru'At1CCCCGAGOGGAUC 3 1 

1s The antisense probe was prepared using a Promega Riboprobe Gemini 11 l<it (#P.2020) 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 cgding for the complement RNA sequence to the "antisense" probe is as 
20 follows (SEQ. ID NO.: 4): 

25 

30 

51 GGGAGACAAGC9.;tlC-cAUGCC"'JGCAGGOCGACUCUAG'.'"" 

AGGAOCCACOCGGGGAOAAAUAGCUCCAAUGCAGAA­
GUGCtl'GGC"'JCUGUUCAAUGUGd.CGGAGAOGGAUGCO­

GGGGAAO'AUAUAUGUAAGGUCOCCAAOOAUAUAGGG­
CAGGCCAACCAGt.iCOC-CC"JGGCUCACUGUCCUGCCCA­

AACAGCAAGG 3 I 

The sense standard was prepared COid (without radioactive label) usiJJQ the Promega Riboprobe Gemini 
U kit (#P2020) and purified over a G50 sephadex Quick spin column. 

35 Following the stanClard Ambion {RPA II #1410) protocol. 50 u.g of total RNA were incubated with 105 
cpm of probe, first at 9S • C for tour minutes, rhen twelve fO eighteen hours at 45 • C. RNAse (1 :500 Ambion 
Solution Fl) was incubated with the hybridization solution at 37 • C for forty minutes, followed by addition of 
the inactive.ting/precipitation reagent (Soluticn DX). 

The RNAse protected fragments were then separated by size using urea-polyacrylamide gel elec-
40 trophoresis and the whole gel was expoa8d to a phosphorimager sereen. The bands were then quantified on 

a Molecul.,- Oynamics Phosphorimager. The results are shown in Fig. 14. 
The identification of KGF as a growth factor.tor type II pneumocytes raises the possibility that KGF will 

show therapeutic potential similar tO gJUCOCOtticoids as a stimulant of fetal lung maturation. KGF might also 
be clinically _useful in stimulating· bronctloatveolar repair after lung injury in the adult. The prolifera!ive effect 

45 of KGF cm type II pneumoeyteS suggests that KGF may play an impo11.ant role in regulating the synthesis 
. and s_ecretion of surfactant. 

EXAMPLE 3 

50 KGF·STIMULATED PROLIFERATION ANO OIFFERENnATION OF HEPATOCYTES 

The effects of systemically ·administered KGF on the epithelial tissues of !he liver In edult rats were 
evaluated. 

ss Materials and Methods 

Male rats received water and food ad Hbitum. All animals received either KGF or PBS by intraperitoneal 
Injection daily, for one, four, or seven days. In all experiments, at least five animals W8re analy~ed per 
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group. 
All rats were euthanized by COz asphyxiation and blood was obtained for serum chemistry .by cardiac 

puncture immediately po$tmortem and sltnd frozen unol assayed. serum was ljflalyzed for ~dard serum 

chemistries and electrolytes. The liver was we;gtl9d il'I e biindeCI fashiOtl and weights were expressed as 

$ grams per 100 grame body weight (percent body weight). Tissue samples were placed in 10·~ .buffered 

formalin for routine histological processing. · 
Sections from .tfle liver were stained with hematoxylin and easin (Hand E). One hour prior. to sacrifice. 

rats received 50 mg/kg· of .BrdU via .inuaperitioneaJ infedion.. Anl)-SrdU immunohistoct1emistry was per­

formed to visualize BrdU incorporation into DNA Of replioaring c:Ss. 
ro . The labeling index (LI) of the liver was detennined using a C2iibc2led eye objective grid. Ten fields per 

animal were counted and averaged. Total nuclei and labeled r...aei per unit area were counted. To 

standardize the fields counted as. represenling similar areas of .hepetic parenchyma. all fields counted were 

.adjacent to a portal triad. 
All data Wi$ analyzed using an unpaired. two:-tailed Student's C•test or one-way MOVA for multiple 

15 group comparison~ 

Results and OiscuSSion 
., 

A dew response study was performed to identify an effective aose of KGF. l<GF was injected daily for 

20 four days, and organs w8re 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. c;holesterol and triglycerides. compounds synthesized by the liver were slgnificanrly higher 

compared wirh c:Ontrols at both 1 and 5 mgJkg or KGF {Fig. 16). 
Animals were analyzed after one,. four. or seven days daily treatment with KGF at 5 mgAcg. 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 %. 0.08o/o ~' control 3.49 ::: 

0.06%, p•0.0003).· 
Quantitation . of Brdu-positive nuclei demonstrated thretr . to four-told increases in KGF-treated rats 

compared with ·controls at one day (Fig. 17). Mitotic ·Index expressed as mi:totic figures per high powered 

ao field was significantly elevated over oontrols at one-day treatment, consistent with the BtdU count.$. 

ThNe results demonstrate potent mitogenic and differentiatlon effects of KGF on the liver. The rapid 
increase in liver weight after one clay af KGF treatment coupled wirh an e!eV8ted mitctic index and BrdU­

positive fraction demonsarcnes rhe rapid and potent ef#eetS of KGF on this predominantly epitheDal 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 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 

regeneralion, it wes not surprising to find matked differences beginning after one day treatmenL 

Elevated levels of albumin are. not associated with any known disease S12le other than dehydration. 

tlO KGF was likely inducing greater serum levels of albumin (and other proteins) Oue 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 citrhosis. 

EXAMPLE4 

KGF·STIMULATED PROUFeRATION ANO RECOVERY OF LIVER CELLS IN VIVO' FOLLOWING PARTIAL 
HEPATECTOMV 

In this experiment. male Sprague-Dawey rm, NCll weighing from 300 to 340 grams, were used as the 
test subjects. 

Materials and Method8 

Each of the rats was subjec:;ted to two-1hirds 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 

(contt'ol group) or KGF at a dose of 1 mgrkg. The control and KGF-treated ratS were weighed and sacrificed 

four, seven, ten, or fourteen days after surgery. Liver remnarrts were then removed and weighed. 

9 
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Results and Discussion 

It was found that treatment of partially hepatea.oniized rats with KGF resulted in significant acceleration 
in the recovery of liver mass. both on an absolute Md relattwe baSis. as shown in Figs. 18 and .19, 

s respeetively. In the KGF-treated group liver mass returned to pre-surgical values within seven days. By 
contrast, for ttie control (non·KGF treated) group neither absolute nor relative liver mass was c::ompletely 

10 

15 

restored even after fourteen days. · 

EXAMPLES 

AMELIORATIVE EFFECT OF KGF ON CHEMICAL INDUCED LIVER TOXICITY 

Male SpraguewOawley rats. weighing · 300 to 340 grams each. were tested to. evaluate the therapeutic 
effect of KGF on the liver ~fter Introduction of a chemical toxin. 

Administration 

Groups of twelve male Sprague-Dawley rats were given either l ml/kg or. 2 ml/kg of carbon tetrachloride 
.(CC~) in a corn oil vehicle on day zero. Each dosage group was subdivided into two subgroups of six rats 

ao each. Beginning at three hours after CCI. administration. and continuing daily thereafter; each subgroup was 
Injected subcutaneo!Jsfy with either· PBS or 1 mQ11cg/day of KG~. At twenty-two. seventy-two and one 
hundred and forty-four hours after CCk administration, . a blood sample was t8ken from each rat and the 
serum glutamate-oxaloacetate transaminase (SG01) lever was determined. 

25 Results and Discussion 

35 

40 

As shown in Fig. 20, subcutaneous injedion of KGF after oral administration of CCIL significantly 
decreased blood serum levels of an· enzyme (SGOT) which is a kl'lown indicetor of liver damage. The effect 
i& especially pronounced at 2 mllkg. 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 c:ells of the inteStinal mucosa of 
healthy rats. · 

Materials and· Methods 

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

All rats. were euthani;i:ed by COa 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"'91andular foregut. glandular stOmach. small intestine. and lit.l'Qe intestine. Tissue samples were 
placed .in 10% buffered formalin for routine histological processing. · 

Sections from all organs haivested were Sl2ined with hematoxylin and eosin (H and E}. One hour prior 
to sacrifice, rats· received· 50 mgikg BrdU via intraperitQneal injection. Anti-BrdU immunohismchemistry was 
performed using standard methods to visualize BrdU incorporation into DNA of rep!icating cells. Selected 

110 tissues were stained with perioclic-acid-schiff (PAS), Alc:ian. blue at pH 2.5. and Masson· Trichrome. 
A calibrated ocular was used to measure the heighlS of the gastric mucosa and rhe depth of PAS 

staining with the gastric muCOSL Similarly, the length of viii! and depth cf intestinal crypts In the ducdenurn 
and depth of the colonic c:rypts in the colon were measured. To quantify the changes in goblet cell 
production, rhe number of PAS positive goblet cells was counted along 100 u.m lengths beginning at the 

·as base of the duodenal villi. In an areas of the gut measurements were made only on glands or villi thatt were 
perpendicular to the . underlying muscularis. Results are recorded in microns or in the case of srnar. 
intestinal goblet cells average number per unit area. In 2ddil'.ion, the number of colonic crypts and the 
number of hyperplastic (bifureatod or. trif\irc:ated} crypts occupying • defined length of c:Olon were 

.10 
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determined. Five .io· ten replicate measurements were made per animal and averaged. All data was analyzed 
using an unpaired two-tailed Student's t.zest or orie-way ANOVA for multiple group comparisons (Statview II, 
Abacus Concepts, Berl<eley, CA). 

Results and Discussion ·· 

A dose response study was pelformed initially to iden1ffY an eff8ctive dose of KGF. ,l(Gr 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). 

70 Animals were analYled after one; four and seven days daily zreamient with KGF at 5 mg/kg. Upon gross 
necropsy exam, the foregut -as grossly thickened with folding of lhe mucosa at four• and seven-day 

··treatment. The f'Oregut. glandular stomach. duodenum and colon shc7Mild significant weight increases at four 
and seven days,· but not at one-clay treatment A!. seven days, lhe glandular stomach was 0.65 : 0.01 g in 
l<GF·treated animals, and 0.48 ~ 0.029 in controls (p = 0- 0001 ). 

15 The non...gJandular foregut was significantly increased. in weight at four anci seven days of treatment. 
Histologically, the squamous epithelium of the non-glandular foregut was mildly (day four) to markedly (day 
$even) hyperplastic in KGF-treated animals. The proliferative epithelium changed abruptly at the cardia from 
the normal squamous eplttlelium 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 • 

. .20 an increased number of goblet cells was apparent histologically as cells with clear open cytoplasm. The 
animals treated with KGF for tour and seven days showed a mild increase in the rhicJcness of the mucosa 
(Fig. 21). At seven days. the mucus neck cell layer was widened end displac~ toward the serosal surface • 

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

··a layer in the glandular stomach and showed an increese in proliferating cells with ti'eatmenL The thickness of 
the PAS positive layer of the l1.1minal surfci.ce of rJte gastric mucosa was also markedly increased at four and 
seven da.ys KGF treatment (Fig. 21 ). , 

the small intestine was gro.s.sly normal a~ 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 significantly greater at one and 
seven days (Fig. 22). · · 

rn seven-day treatment groups the colonic mucosa was thrown into rugal-like folds that greatly 
increased the overall surface area. Indicators ot hyperpl8Sia. bifurcated and. trifurcated colonic QYPtS, were 
observed in all groups. including CQntrO!s. but were most numerous 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 
treatment (Fig. 23). Correspondingly, the d3p!h of colonic cryptS inerP.ased with treatmem (Fig. 24}. 

PAS and Alcian blue staining· indiCted an increase in mucus producing goblet cells throughout the colon 
following KGF treatment. Aciditionally, the number of Alcian blue positive goblet cells at the luminal surface 
was increased at seven days in all treatment anima!s. ·Treatment anil'flalS as early as four days showed 

«> marked increases in PAS po..tjlive cells in the upper one--half and one-third of the colonic crypts. 
, These results demonstrata potent mit<JQenic and differentiation effects of KGF on epithelial tissues 

within the GI tract. It· is np9aram from BrdU labeling Utat KGF initiates proliferation of cells in lhe mucus 
neck · layer of the gm!c rnuccea. Th5'~ cells oonstiM.e the progenitor cells of the glandular stomach. 
Following di'lision, cells from tliis . layer. migrate L!pwards. toward$ the gut lumen. to form suliace cells or 

~ ·downward, towards t.'1e seros;;J surface, to become cells that occupy the gutric glands. (Toner et al., 1989, . 
in Gastro;nresrine.I and Esophe.gesl l'?3t!wlogy. Ctmrchi!I Livingstone. New York, NY, at pages 13-28). 
Additionally, KGf promotes selective tfii'fer~ntiauon of mucus neck cells to cells that move upward and that 
become goblet cells. The overall thickness of the gastric mucosa was increi!Sed at four and se'len days of 
treatment. Similar effectS were seen in !he small and large intgstines. KGF promoted increased cell division, 

so resulting in elongated cryprs, . via stimulation ot progenitor cells. KG.F aJso induced differentiation of dividing 
crypt cells, as evidenced by·increased mucus produdion and increased number of goblet cells in the villi or 
crypts. 

While this invention has been descnDad in relation to specific embodiments and examples, it should be 
understood that there is no intention for 1his description to be limiting. Thus. for instance, any form of KGF 

es which substantially duplicates the biological properties of naturally occurring KGF can be employed t() carry 
out the described uses. Such fOtmS indude purified naturally occurring KGF itself, KGF synthesized by 
chemical prooedures. and KGF deri'll8d rec:ombinantly using other exprnslon systems besides the one 
illustr'imld above, as well as analQgs. vari~, chimeras, etc., based on the naturally occurring amino acid 

11 
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sequence; All such forms are intended for use in the pra:tk:e · af the present invention. . 
As those skilled in the art· will also apprecia!e.. a variety ~ host-vector systems may be utilized to 

express the KGF protein-coding sequence. 'these indude bcJ1' are not limited to mammalian cell systems 
infected with virus (e.g.. vaccinia virus~ adenovirus •. etc.): insect cell systems infected with virus (e.g .• 

s. baculovirus); microorganisms such as yeast containing yeast ~. or other bacteria besides E.coli 
transformed with bacteriophage DNA. plasmid. DNA. or cosmid. DNA. The expression elemenrs of these 
vectors vary in their strengths and spedfidties. Depending on h hc$i-WdOr system utili<led, any one of a 

· number of suitable transcription and translation elements may be used. 
Once the protein . product of KGF cONA expression has been isolated. purified and assayed for KGF 

10 activity, using methods such as described in this text or other r::irocectmes known to those skilled in the art, 
it may be formulated in a variety of J)harmaceutical composilions. Typicdy. such compositions include a 
suitable, usually chemically defined, carrier or exdpient for the therapeutjc agent (KGF), and, depending on 
the intended form of administtation, orher ingredients as well. The composition can include aqueous carriers 
or consist of solid phase formulations in which KGF is incorporated into nan-aqueous carriers such as 

15 . collagens, hyaluronic acid, and various p0lymers. 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 un.derstand, the amount of KGF to ~ dosed will vary depending on The 
disease being treated and the reute of administration. but may be effecrive in rhe range. for example, from 

ao 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. Ir may be used in conjunction With other 
treatments. including, but not limrtea. to. other cytokines an~ growth factors and other pharmaceutical 
preparations used to treat diseases of the skin, lungs. liver and gastrointestinal tract. 

so 

.55 
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~ ( l) GENERAL INi'OR..19.T!ON; 

10 

rs 

20 

25 

30 

. 35 

. . 
(il APi'LICANT:· ~en I:a.c. 

(ii) lte::cai:i.Doc:r-;e G~ Fact.or CKGF> for. 
i~s use 1~ a :ae:.::,gd of cherapeueic 
e:::-eacuenc. f o-r :he 'tclmaa or animal :body 

( ii.j.) NCMBER.. OF SEQUENO:S: 7 

(iv) C:OUESPONDDTCB ADDRESS.: 
. (A) ADDRESS:SE: Amg'en Inc:. 

(B) S"l:'RDT: Amgtm Center, 1840 Dehavilland Dri...,"e 
(C) CITY: Thou.sand Oaks 
(D l STATE: ~aliforn.i.a 
(E) COONI"RY: t1.S.A~ 
(Fl Z!P;· . ~1320-l769 

(v) COM..""Otn'ER. RBADABW: 'EOR."'!: .· 
(A) MEDIUM TYPE: Iliskecce, 3 .5 in., os. 720 XS 
(B) CCMPOTER: !SM p~ COmDatible 
(C) OPERATING SYSTEM: ~C-DOS/MS-DOS 

(2) INFO!UG.T?ON FOR SEQ m NO:l: 

(i) . SEQtJENC:S CiARAC".l'EllSTICS: 
(A) LENG'Ili: SS :aucleotir3.es 
CB) TY?E: · nucleic acid 
<C> S'I'RANDEDNZSS: · si:igle stranded. 
(I)) TOPOLOG"l; linea: 

(xi) SEQ"Oi:NCE .DESCR.IPTION: $EQ I:ONO:l: 

CGATTTGA'I'T CTAGAAGGAG GAATAACATA TGGTrAACGC GTTGGAATIC 

CooGTAC 

(J) INFORMATION FOR SEQ ID N0:2: 

40 (ii S.EQtJENO; CHARAC':t'ER.ISTICS: 

50 

CAJ I.EHG'l'E: . 49 nuc:leot.ides 
CB) TYPE: nuc1eic acid 
(C) STRANDEDNESS; si.ngl.e stranded 
CD) TOPOLOGY: .linear 

(Xi) . SEQOENCE DESCRIPTION: SEQ ID N0:2: 

CGAA'I"I'CCAA CGCG:'T'AACC ATA'l'G'ttA"lT CCTCC'l'TCTA GAATCAAAT 

50. 

55 
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(4) INFORMATION POR SEQ J:) !iO:l: 

(i) SEQUEN'C:E ~!S:"ICSr 

(A) LENGTK: .164 nucleo~ides 

C.B) TYPE: nucleic acid 
(C) STRANDEDNESS: s:i!:.;le st:rancled 

(D) TOiOLOGY :· lit:.ea.r 

(xi) SEQO'!NCE DESCR::CP'l"ICN: SEQ ID.N0:3: 

GAAt,iACGAAU UC:ctTTJGCUGu 'OCGGC~ ~Q Ge~ .. <:..:; 

WGGCCOGCC COAU:AtJAAW GGAGACCO't7A CAUAtiAOAtro cccc:;.c;o.m: 

CAUC:UCCGUC ACAU'WAACA ~O.C-CAC 'CtTCCC-0.tro'G GAGCrJAOUDA 

UCC:CCGAGUG G:At1C 

( 5) · INFORMATION FOR SEQ !::::> NO• 4 : 

Ci) SEQUENCE ~!STZCS: 
20 CA> LENGTH: l9i ~ucleo~ides 

(B) TYPE: · nucleic a.c:id. 

25 

3Q 

3S 

(Cl STRANDEDNESS; single s:.:ar.ded 

{D} TOPOLOG~; li~~ar 

ex:) SEQUENCE D£SCR.ZPTlON; SEQ !~ N0:4: 

. GGGAGACAAG Ctn.l"'GO.'O'GCC OC-CA.GGOC~ c;c"UAGAGGA U'CCACUCGGG 

GAU»AUAGC UCc:AAtl'GCAG AA.G'O'GCUGGC UCCGm1CAA-:J GO'GACGGAG4 

uGGAuGCUGG GGAAUAUAVA tJGO~ CCMUt1AOAt1 AGGGCAGGcc­

·AAco.QTJCOG: CCf1GGCUCAC ·-tJGtJCCOGCCC: AAACAGCAAG G 

(~) INPORJ(ATIO~ FOR SaQ ID BO:S: 

Ci) SEQUENCE CEARACTERISTIC:S: 
(Al LENGT!i: · 503 base pairs 
(B) TYPE: nucleic acici 
(C) STRANDEDNESS: double s:nnded 

. (D) ~OPOLOGY: linear 

•Q (xi) SEQt1E'NCE DESCRIP'.!':ION: SEQ ID NO: S : 

so 

TATGTGCAAT GACATGACTC c:AGAGCAAAT GGC'l'ACAAAT GTGAAC'I'GTr 

CCAGCCCTGA GCGACACACA ~A'l"G AT:"ACATQGA AGGAGGGGAT 

AT~TGA GAAGAC':t'L!. ?' C't'G':'CGAAO. ~ACC ·'l'C-cmTaa 

CA.Y.CGCGGC MAGTCAAGG Gc:ACCCAAGA GA'!GAAAAAC AACTACAATA 

50 

100 

l.50 

50 

::.oo 

l.50 

so 
lOO. 

150 

250 
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G~TCTGAAT TCTATCT!GC AA"I'GAAc::;;.AG ~ TCTAT"'"~ 

GAAAGAA'l"GC AAr.:;1' ... ~Tl' GTAAC".l'Trn AGAAC'l'M'l'T. CTC..ai\AAACC 

ATTACAACAC J\,TA'IGCd't'r;A Gc:"t"MATGGA CACAOAC..'C""\:' AGC-G'i..:a.-uro 

.Tn'GTTGCCT TAAATCAA.AA. GGGGA.Tt'Cc::T GTM,GAG;AA ~ 

GMP-GAACAA AAAACAGCCC AC'l*l •C~ i.:c "l"A:GC'OA'.C. A.t::™T'.n.GG 

ATC 

t7) INFORMATION i'OR SEQ ID N0:6; 

( j,) SEQUENCE CBAltACTD:IST!CS ! 
rs CAl Ll!!NGTF.: :.1s nt.:cleotiees 

(BJ TY~S: nucleic acid 

20 

25 

so 

SS 

(C) STRANDEDNESS; s~le st:-ande.d 
IC) TOPOLOGY: linear 

(xii S!QUDlCE DESCRIPTION; SEQ !D N0:6: 

CTGCGTATCG ACAAACGCGG· 0AAGTCAAG GGCACCCAAG AGATGAAAAA 

C.~CTACMT A:TATGGAAA Tc:CGTAC'l"GT ':GCTGT!"GGT ATCGTTGCAA 

TCAAAGGTGT 'IG;>.ATC'l'G 

(8) INFORMAT:tON FOR. Sii:Q T.D N0:7; 

( i) SEQOSNCE . c:::D.R:IC"tiltr.sncs: 
O\l LENGTS: 126 t::ucleot.ides 
CB) TYPE: nucleic a.cid 
(C) STRANDEDNESS; S.;""gle sc~ed 
CD> TOPOLOGY: linea: 

AATTQlGAlT CAACACCTTT GAT?GC:AAC:G ATACCAAC'AG CAACAGTACG 

GA!Tl'CCAT~ ATATTGTAGT iG'i 1 ! :t I'O."!' CTCl'TGGGTG CCC'ITGAC"l'T 

TGCCGCG'lT'l' GTCGATAC'GC AGGT"...C 

• 

15 
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so 
100 

118 

50 

l.00 

126 
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10 

.15 

20 

25 

30 

35 

46 

so 

55 

&P 0 619 370 Al 

·' 

( lJ GENli:RAL INFORMAT~~'l: 

( i) A.P'PLICANT: ~g~r. i:i~. 

(iil TITLE OE ~NV;NT!ON: J:e:-aci:::icc:.rce c:=owc::i :acto:::- CICGF) for 
i~s use i~ a :e~~od. of ~~e~apeutic 
~reacmen~ !e~ ~=a h-::mar.. or animal body 

(iiil NOMBER O~ SEQL'"i:NC~S: .. 
I 

(iv) CORRESPONDBNC:S .. · Ai:):iJR~SS: 
CA> ADDRESSEE; rimgen ":'P"--·· ...... 
(B) STRi!ET: A.rr.ger. Ce:tc.e::-, lS.:00 Deha·.r:.11 a.::td Drive 
(Cl CIT~: T-"!ousanc. Ca.ks 
COi STATE:: Ca.E.for:;.:!.a 
(El COv"NTRY: \J.S.A. 
(F) ZIP:· 9!.32.0·~7S~ 

Iv) COMPtl'!'£..~ ~.3:..E: :'OR.NI: . 
(A I M:EDI'OM '!YP:S : n:.sket: t e. 3 . 5 i~. • DS. 7 2 a :ca 
(EJ COMPU!.ER: Z~M ?C eomcaci~le 
(C) OPi.:RAT!?-."G S".:."STl::M: i>C~OOSIMS·:COS 
CDl SOFT"wAa=:: word.~e::-fcc:. 5. l 

(l) INFORMAT!ON FO~ S~Q !D NC:l: 

( i 1 ss:om:...;a ~~"qAC!:i:R:s:-rcs = 
.CA) L:SNGT:O:.: SS ~t.:.cleot:id.es 
!Bi TYPE: :r.u.c:!.eic ac:.c 
(Cl s~"DE!lm;ss: si:isle· sc:a..~ded 
<Dl TOPOLOGY:. li:;ea::- . 

(xi) SEQUE:NC~ 0£SCS,!;T:CN: SEQ !n NO:l! 

CGA'IT!GATl" CTAG.:\AG~G ~~T~t.CAT~ ':GGT!'AACGC GTI'GGMTTC 

GGTAC 

(3) INPORMATION :OR. Si:Q !:O NC:2: 

(i) S'EQUSNCE . CF..A..U.CT~:R.!ST!CS: 
(A) LENGTS= •9 ~~cleo=~~e& 
CB> T'.lP:E: n':l;le.:.:: acic! 
(C) Sl'RAh"DE!>l\l~SS: si::;la st:=ar..ded 
(0) TOPO;;:.OOY: . l:.nea:::-

16 
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• 

• -1.". 

:.· 

7$ 

20 

2S 

(4} !NPORMAT!ON , :"CR SSC :i: ~"C ; 3. : 

Ci) SEQUENCE C.~~~C!S..~!ST::cs~ 
·CA) LD"GTE: l.Ei-' r..i:~:e ·r::.ces 
(8) TlrPE • :iuclei1: ac:..: 
.cc> s-rc..,A?mmm:ss: s:.::--S'le s;::-ar..C.ed 
(0) TOPOLOGY: .-in.ea:-

(xi) SEQu"'!:NCE DESCR.!PT:CN: S:::Q ::::::> ~-0::; : 

troGGCCU'GCC CUA~tr....At;U' GG.;GA.C:Ctr"'UA C'\t:?.'O"rl.u~u'1.i CCCCAGCAUC 

CAUC:UCCGUC ACAut~O.. ~GCO-Gc>..:: triJCU"GO.tlUG GAGC'ti""At."'IJU"'A 

UCCCC:GAGUG GAUC 

··-~· 

(5) INFORMATION FOR SGQ :D NC:~: 

Ci) SEQUENCE' CE..~C~~R~ST!CS: 
(A) LENGTH: l.9.l. nucl.eot::.C.e:s 
(8) TYPE: nucleic aci~ 
(C) STRANDEDN~SS: si~gle s;=anded 
CDl TOPOLCG;; i.inea:-

(Xil SEQUENCE DESC?.!P'!':::ON: S~Q .!~ NC;~; 

GCGAGACMG CtT~GOs.UGCC t.r9GCAGGu~A C"'JC"U'AGAGGA. UCCACUCGC..G 

GAUAAAUAGC ·ucaA'CGO..G .UGt.-QC'"UC..GC :ZttGL"UCAAU .GUGACGGAGA 

30 UGGAUGCOGG· GGAAUAu:..u?. oG"'.;;w;c-G~C'"~ ::::c..;;..u~Ati"AlJ' AGGGCAGGCC 

AACCAGUCUG CCL"GGC"'uc:A.C UGtrC:C"u""GCC::· ,A;.ACri.Go.AG ·G 

50 

SS 

C 6 l INFORMATION FOR SEQ !D ~-0 : .5 : 

(i) SEQUENCE ~:iARACTE:R.!S~!CS: 
CA) LENGTH: 503 base ~ai~s 
<Bl TYPE: ~ucleic ac~d 
(Cl STRAND=:DN::ss~ double sc:-a:icied 
(D) TOPOLOGY; linea: 

(Xi) SEQU'ENcS nESC'RI~TION: SE~-~~ NO:S! 

'l7 
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ATTAcAACAC ATATGO..T~ GC"r..:;J.-;.T"'..,G;.. CACACAACC-G .AGC..C~TG 

'!"TTGTI'GCCT TAAAT~ C..Ca.:-GA:TCc:' GTAAGAC--G~~ M~-::.~aAA, 

ATC 

t "1) INFORMATION FOR. SE~ I::::i ?-iC: 6 : 

(i) SEQUENCE CHA..~C .. .E.R.!STIC:S: . 

300 

350 

400 

450 

.500 

503 

1s · (A) LENGTH: i:U r..t:.cleot:ides 

ao 

26 

(B> TYP£: nu.cleic: acid 
(C) STRAND!t>NCSS: si:::.gle s=ranc.ied 
(D) TOPO~OG~: linear 

(xi). SEQUENCE O~SC.~!it'TICN: S;'.Q !t: NO: 6 : 

CTGCGTATCG ACAAACGCC..-:2 c~:....r..G':'O-~ GGC\.CC:c:AAG AGA'l'GM.i\AA · 

TCAAAGGTGT.TGAATCTG 

{8) INFORMATION FOR S~Q !O ~"O:i; 

(i) SEQ~...NCS C£..ll.2AC"!'Si!S7!CS: 
<Al LENGTH; 126 ~ucleo~~~es 
(a) TYPS: nucleic aciC. 
(Cl STRANDEDNESS: sir..sle S::'a~ed 
('O) TOPOI.iOGY: l.i:nea::' . • .. . 

(Xi) SEQUENCE :OESCR.!r'!"!ON: s:;o !D N0;1: 

so 

:oo 
ll.S 

30 AA.'ITaGA'IT CAACACC.:. £ ;l. GATTGCUCG ATAC'OACAG o.1..C\GTAcc; 50 

100 

TGCCGCGTTT GTCGAT;r..cc-c A.GG7ri.~ 126 

""°. 
Cl alms 

1. Chemical compound composed of keratinocyte growth factor (KGF} for. its use in a method of 
45 therapeutic treatment for the human· or animal body. 

2. 

50 3. 

4. 
SS 

5. 

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

Chemical compoUnd according to claim 1 or ~ for stimulating sebocytes, hair follicle cells, hepatocytes, 
type II pneumQCytes, mud~ucing goblet cells. and olher epithelial cells and their progenitors 
contained within the skin, lung. liver and gastrointestinal ttacl. · 

Chemical compauncl accotding to claim 1 or 2 for the treatment of dermal. wounds to stimulate the 
production of cells of the sebaceous glands and hair follicles. 

Chemical compc:>und according to claim 4, in whieh the dermal wound·is a bum wound. 

18 
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i\TTJ\CAACAC: A'tATC-cri.TCA Gcr.;;._; 'F,.,G.;.. C::AC..~CAACC-G AG".;C~"l'G 

TTTGTI'GCCT TAAATcim C..C-C-GA'ZTCC:- GTAAGAC~.N; ;.~_:.;;}...."'GM 

ATC 

{1} INFORMATION FOR SEQ ID ~C:o: . ~ . 

( i) SEQUENCE ~UC. "R!ST!C:S: . 
(A) LENGTH: llS r..licleo"tides 
CB> T'/P£: :iu.cleic ac::i.d 
( C) STRANDEDNESS: .. si:igle 5=randed 
(D) TOPOI.iOGi: linea.:r 

(xi> SEQ"OENCE OESCR!;T!CN: s;Q !O NO:~: 

CTGCGTATCG ACAAACGCC"'2 C:A..;;...G':'q.-~G GGO.CCCAAG AGATGAAAAA · 

TC1'AAGGTGT TGAATCTG 

(8) INFORMATION FOR SEQ !D ~""0:7: 

(il S!QtJi:"...NC~ C£.1\.RAC'!S~!S~ZCS: 
CA) LENGTK: l2Ei :iucleot::.d.es 

300 

350 

400 

450 

500 

503 

so 
:oo 

30 (.8) . TYPE: nuclaic ac:iC. 
{C) STRANDEDF..SS: sir.slc. s;;-a.::.ded 
(OJ TOPOLOGY: linea: ... ·- . . 

(Xi) SEQUENCE D£SCR!r'!"!0~1: s=:Q !D .N0:7: 

36 AAlT~ATT CAACi\CC.1.h GAT1.G~CG A'!ACCAACAG c:;.,;..QGTACG 50 

40 

. 46 

100 

126 

Ctalms 
. . .. 

1. Chemical compound composed of keratinocyte groWth factor (KGF)_ for its use In ·a iTieth.od of 
therapeutic treatmenr for~ humarfcr animal bcdy. · · 

2. Chemical compound according to claim 1 for stimulating the production ot non-Jceratinocyte epithelial 
cells. 

·_.,,, 

.. so 3. Chemical co_mpound according to clcim. ·1 or ~ for stimulating sebocytes, hair follicle cells, hepatocytes, 
type II pneumocytes, mucin-producing goblet cells. and other epithelial cells and their progenitors 
contained within the skin_, lung. liver and gastrointestinal rrac:t. 

4. Chemical compound according to claim 1 or 2 for the treatment of dermal. wounds to stimulate the 
· ss . production ot cells of the sebaceol.ls glands and hair folrlde8. 

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

18 111111111111111111111111111111 
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6. Chemical compound according.to d2im 1 ·fer the VHtrnent of epidennolysis bullosa. for the trea,tment 

0, chemotherapy-induced alopecia. for 1he Ereatment of malepattem baldness. for the treatment .of 

ga~c ulcers, for the treatment of ~ ulcer. ftJr the treatment of erosions of the stomach and 

esophagus, erosive gastritis. esophagitis. or esophageal reflux, for the treatment of inftammatory 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 'lreatment of emphysema. tor ttle 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 ro 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 baaerial cells. 

Chemical compound acc:ording to clail'TI 8. in which the bacterial cells are E.coli. 

10. A pharmaceutical comPQSition compriSing a therapeutically effective amount of KGF and a pharmaceu· 

tically acceptable carrier. 

20 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 cells. 

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

26 

30 

·······-····--· ·-·-···-··--··· 

3$ il1i'1iU1i1lH°iii 
40 

-·······--·-·-·· 

45 I I/Ill~ 1111~ 11~/ lll{l II Ill/ 
* 

50 
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