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Keratinocyte Growth Factor Is Highly
Overexpressed in Inflammatory Bowel Disease
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Recently we demonstrated an important func-
tion of keratinocyte growth factor (KGF) in
wound re-epithelialization. As KGF is mito-
genic for various epithelial cells, we specu-
lated about a role ofKGF in epithelial repair
processes of other organs as seen in a variety
of inflammatory diseases. Here we demon-
strate a strikingly increased expression ofKGF
in surgical specimens from patients suffering
from Crohn's disease and ulcerative colitis. The
levels of KGF expression strongly correlated
with the degree ofinflammation as assessed by
histological analysis ofadjacent tissue and ex-
pression analysis of the pro-inflammatory cy-
tokine interleukin-l ,L The highest levels ofKGF
mRNA andprotein werefound in mesenchymal
cells of the lamina propria, particularly in
highly inflamed areas. As the KGF receptor is
expressed in intestinal epithelial cells, KGF
seems to act in aparacrine manner to stimulate
proliferation of these cells. These data suggest
a crucial role ofKGF in epithelial repair after
injury caused by inflammatory processes.
(AmJ Pathol 1996, 149:521-529)

Keratinocyte growth factor (KGF), a member of the
fibroblast growth factor (FGF) family, is a potent and
highly specific mitogen for epithelial cells.12 Re-
cently we demonstrated an important role of this
growth factor in cutaneous wound repair. KGF is
highly overexpressed in the mesenchyme below the
wound and at the wound edge during normal wound
healing in mice and humans.34 The highest levels of
KGF mRNA were found in dermal fibroblasts below

the wound and at the wound edge, whereas the
receptor for KGF, a splice variant of FGF receptor 2
(FGFR2)56 was expressed only in keratinocytes of
the epidermis and the hair follicles. The distribution
of KGF and its receptor in the wound suggested a
paracrine stimulation of epithelial cell proliferation by
KGF. This hypothesis was supported by our recent in
vivo studies, in which inhibition of KGF receptor sig-
naling in the epidermis of transgenic mice disturbed
epithelial morphogenesis and inhibited wound re-
epithelialization.7 Furthermore, reduced expression
of KGF after injury is associated with wound healing
defects as seen in genetically diabetic or glucocor-
ticoid-treated mice.89

The factors responsible for KGF induction in vivo
have not been identified. However, in vitro studies
have demonstrated a positive regulation of KGF ex-
pression by serum growth factors and pro-inflamma-
tory cytokines.1011 As the temporal and spatial ex-
pression patterns of these factors correlate with the
pattern of KGF expression in the wound,12 they
might likely be responsible for KGF induction in vivo.

Besides in the skin, KGF expression has also been
demonstrated in the mesenchymal compartments of
other tissues, including the gastrointestinal tract.13
Therefore, we speculated about a possible role of
KGF in repair processes of the gut epithelium as
seen, for example, in inflammatory bowel disease.
The latter encompasses at least two forms of severe
intestinal inflammation: Crohn's disease (CD) and
ulcerative colitis (UC). Both disorders are character-
ized by their chronic and unpredictable course and
the fact that acute inflammatory episodes are fol-
lowed by remissions. Patients suffering from these
diseases display local and systemic symptoms in-
cluding abdominal pain, diarrhea, weight loss, and
fever. Long-term complications such as fistulae for-
mation and obstruction are frequently observed in
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CD patients, and UC patients have an increased risk
of developing colon cancer. Histologically, inflam-
matory bowel disease is characterized by infiltration
with activated neutrophils, macrophages, and lym-
phocytes. In addition, granulomas, fibrosis, and
smooth muscle hyperplasia are present in CD. Epi-
thelial damage is frequently seen in inflammatory
bowel disease and is particularly severe in UC.14'15

Despite many clinical and experimental studies,
the etiology of these diseases is still unknown, and
the factors involved in the pathogenesis of these
disorders are poorly characterized.15'16 Most impor-
tantly, the mitogens responsible for the extensive
epithelial repair caused by acute inflammatory epi-
sodes have not been identified.

Because of the potent mitogenic effect of KGF on
intestinal epithelial cells13 and to its inducibility by
pro-inflammatory cytokines,1011 we speculated
about a possible role of this growth factor in inflam-
matory bowel disease. Here we demonstrate a
strong overexpression of KGF in the intestine of pa-
tients suffering from UC and CD, particularly in highly
inflamed areas. This finding suggests that KGF is not
only involved in cutaneous wound healing but also in
repair processes of the intestinal epithelium as seen
in inflammatory bowel disease.

Materials and Methods

RNA Isolation and RNAse Protection Assays
Fresh surgical specimens were frozen in liquid nitro-
gen and used for RNA isolation.17 RNAse protection
mapping of KGF and KGF receptor transcripts were
performed as recently described.3 Briefly, antisense
transcripts were synthesized in vitro by using T3 RNA
polymerase and [32P]UTP (800 Ci/mmol; Amersham,
Arlington Heights, IL). Samples of 30 jig of total RNA
were hybridized at 420C overnight with 100,000 cpm
of the labeled antisense transcript. Hybrids were
digested for 60 minutes at 300C with RNAses A and
Ti. Protected fragments were separated on 5%
acrylamide/8 mol/L urea gels and analyzed by auto-
radiography. The same RNA preparations were used
for the KGF, KGF receptor, and IL-1,B RNAse protec-
tion assays. The following templates were used: a
240-nucleotide fragment encoding the carboxy ter-
minus of human KGF2 and a 291-bp fragment cor-
responding to nucleotides 1629 to 1920 of the hu-
man KGF receptor cDNA.18 The latter includes 53
nucleotides that are specific for the KGF receptor
variant of FGFR2 (FGFR2-ll1b). The other nucleotides
are also part of other FGFR2 splice variants. There-
fore, the transcripts that encode the KGF receptor

give rise to a 291-bp protected fragment whereas
other FGFR2 transcripts generate a shorter 238-bp
protected fragment. A 149-bp fragment correspond-
ing to nucleotides 389 to 565 of the human IL-1,B
cDNA19 was also used.

In Situ Hybridization
Antisense riboprobes were made by in vitro tran-
scription with T3 RNA polymerase and 35S-labeled
UTP (1000 Ci/mmol; Amersham) using the templates
described above. In situ hybridization was performed
on 6-,um frozen sections as described.20 After hy-
bridization, sections were coated with NTB2 nuclear
emulsion (Kodak, Rochester, NY) and exposed in the
dark at 40C for 4 weeks. After development, the
sections were counterstained with hematoxylin and
eosin (H&E).

Western Blot Analysis ofKGF Protein

For the detection of KGF protein, intestinal speci-
mens were homogenized in 4 ml of 2x lysis buffer
(lx lysis buffer contained 1% Triton X-100, 20
mmol/L Tris-HCI, pH 8.0, 137 mmol/L NaCI, 10%
glycerol, 5 mmol/L EDTA, 1 mmol/L phenylmethylsul-
fonyl fluoride, 1% aprotinin (0.15 U/ml), 15 ,ug/ml
leupeptin, 10 ,ug/ml pepstatin). The tissue extract
was cleared by centrifugation, and the supernatant
was diluted 1:1 with water. The amount of protein in
the lysate was determined using the Bio-Rad protein
assay (Bradford method). Lysates containing 2 mg
of total protein were incubated overnight at 40C with
100 ,ul of heparin-Sepharose beads and subse-
quently washed three times with 1 ml of 20 mmol/L
Tris-HCI, pH 7.4 and 0.3 mol/L NaCI. Heparin-Sepha-
rose-bound proteins were eluted from the beads with
40 ,ul of 2x Laemmli sample buffer and analyzed by
Western blotting for the presence of KGF proteins,
using a KGF-specific polyclonal rabbit antiserum10
(1:1000 diluted) and an alkaline phosphatase detec-
tion system (Promega, Madison, WI).

Histological Analysis
Fresh surgical specimens were fixed in 4% parafor-
maldehyde, paraffin embedded or frozen in OCT,
and sectioned. The 6-p.m sections were stained with
H&E.

Immunohistochemistry
Fresh surgical specimens were frozen in OCT and
sectioned. The 6-p.m frozen sections were fixed with
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acetone and treated for 10 minutes at room temper-
ature with 1% H202 in phosphate-buffered saline to
block endogenous peroxidase activity. They were
subsequently incubated for 60 minutes at room tem-
perature with a 1:40 dilution of a KGF-specific rabbit
polyclonal antiserum that had been affinity purified
on a KGF column or with a 1:250 dilution of a poly-
clonal antiserum directed against the kinase insert
region of FGFR2. Antibody-binding cells were
stained with the avidin-biotin-peroxidase complex
system (Vector Laboratories, Burlingame, CA) using
3-amino-9-ethylcarbazole (AEC) as a chromogenic
substrate. After development, slides were rinsed with
water, counterstained with hematoxylin, and
mounted.

Results
To determine a potential role of KGF in inflammatory
bowel disease, surgical specimens from patients
suffering from CD (15 patients) or UC (7 patients)
were analyzed for expression of KGF and its recep-
tor by RNAse protection analysis. Tissue specimens
taken from the vicinity of these biopsies were ana-
lyzed histologically to examine the degree of inflam-
mation. In most cases, specimens from differently
affected areas of the same patient were taken to
correlate the levels of KGF expression with the de-
gree of inflammation. Tissue specimens from 11 pa-
tients without intestinal inflammation were used as
controls.
A basal level of KGF expression was found in the

bowel of all control patients. However, a strikingly
increased expression of this growth factor was seen
in specimens obtained from highly inflamed areas of
patients with inflammatory bowel disease. In 10 of 15
CD patients, KGF mRNA levels were 50 to 150-fold
higher compared with control patients (Figure 1, up-
per panel) and a 5 to 50-fold induction was seen in
another 4 CD patients (Figure 2A). Only 1 patient had
normal KGF mRNA levels. Most importantly, expres-
sion levels of KGF mRNA strongly correlated with the
degree of inflammation as assessed by histological
analysis of adjacent tissue (Figure 2C). Thus, ex-
pression of KGF mRNA was highest in highly in-
flamed areas that are characterized by epithelial
destruction, smooth muscle hyperplasia, and the
presence of multiple inflammatory cells (Figure 2, A
and C, sample 4). To further compare the level of
KGF expression to the degree of inflammation, we
used RNAs from the same tissue specimens to de-
termine the expression of the pro-inflammatory cyto-
kine interleukin (IL)-1P (Figure 2B). The latter has
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Figure 1. Expression ofKGF and FGFR2 mRNA in the ileum and the
colon of CD patients and control patients. Surgical specimens were
obtainedfrom different areas ofthe ileum and colon ofcontrolpatients
(P1 and P3) and CD patients (P2 and P4). Tissue specimens were
frozen in liquid nitrogen after surgery and used for RNA isolation.
Total cellular RNA (30 jig) from these specimens was analyzed by
RNAse protection assay for expression of KGF (upper panel) and
FGFR2 (lower panel). The upper bands in the FGFR2 protection assay
were generated by transcripts encoding the KGF receptor splice variant
ofFGFR2 (FGFR2-IIIb). The lower bands were protected by transcnpts
encoding the IIIc splice variant ofFGFR2, which does not bind KGF.
Hybridization probes (1000 cpm) were used as size markers, and 50
,ug of tRNA was used as a control.

been shown to be strongly overexpressed in UC and
CD, whereby the degree of overexpression corre-
lated to the activity index of the disease.21-24 We
found a strong correlation between KGF and IL-1,B
expression (Figure 2, A and B, Figure 3, A and D). As
this cytokine is a potent inducer of KGF expression in
vitro,10'11 it might also induce expression of KGF in
the gut of CD and UC patients.

In contrast to KGF, KGF receptor expression lev-
els in CD patients were similar or even lower com-
pared with control patients (Figure 1, lower panel).
The KGF receptor is a splice variant of FGFR2
(FGFR2-lllb), which is specifically expressed in epi-
thelial cells.6,25'26 In addition, FGFR2-lllc, an alterna-
tive splice variant of this gene, was expressed at
similar levels in biopsies from CD patients and con-
trol patients (Figure 1 B). This form of receptor binds
other members of the FGF family but not KGF.6 In
contrast to the KGF receptor, FGFR2-11lc is ex-
pressed in mesenchymal cells but not in epithelial
cells.6,25,26

In addition to CD, a dramatic overexpression of
KGF mRNA was also seen in all tested UC patients.
In five of these patients, KGF mRNA levels were 50 to
150-fold higher compared with the control (Figure 3A
and B) and a 5- to 50-fold induction was seen in the
other two patients. Similar to CD, KGF mRNA levels
strongly correlated with the degree of inflammation
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Figure 2. Esression ofKGF mRNA in the ileum of a patient witb CD (P7) correlates witb the degree of inflammation. Surgical specimens from
different areas of tbe ileum and cecum were obtainedfrom a CD patient. Total cellular RNA (30 ;Lg) was analyzed by RNAse protection assayfor
expression ofKGF mRNVA (A) and IL-18 mRNA (B). To determine a possible correlation betueen KGF/IL-lp pestion with pathologicalfeatures,
adjacent tissue specimens werefixed in 4%paraformaldebyde, frozen in OCT, and analyzed byH&E staining (C). Samples 2 and5 were takenfrom
non-inflamed tissue ofthe cecum or ileum, respectively. Sample 3 was takenfrom a region ofthe ileum where hfgbly inflamed tissue (right side) can
be clearly distinguishedfrom relatively normal tissue (left side). The arrow indicates the transition sitefrom normal to affected tissue. Sample 4 was
taken from a bighly inflamed area of the ileum. Magnification, X 100.

as assessed by analysis of IL-1,B expression (Figure
3D) and by histological analysis of adjacent tissue
(data not shown). Expression of the KGF receptor
was significantly reduced in highly affected areas of
all UC patients (Figure 3C). As the KGF receptor is
expressed only in epithelial cells,6'25'26 this finding
most likely reflects the gradual destruction of the
intestinal epithelium seen in these regions. A com-
parison of pathological data with the levels of KGF
receptor expression suggests a correlation between
KGF receptor expression and the degree of epithe-
lial cell damage.
To determine whether increased expression of

KGF mRNA correlates with elevated levels of KGF

protein, tissue lysates from the ileum of a patient with
CD and a control patient as well as lysates from
differently affected areas of the colon of an UC pa-
tient were prepared. KGF protein was enriched by its
capacity to bind to heparin-Sepharose beads and
subsequently detected by Western blot analysis. We
found a 24-kd KGF-specific protein in tissue speci-
mens from UC and CD patients, particularly in highly
inflamed areas (Figure 4). By contrast, it was not
detected in the bowel of control patients (Figure 4).
The size of this protein corresponds to the expected
size of glycosylated KGF.10 This finding demon-
strates a strong correlation between KGF mRNA and
protein expression.
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Figure 3. Expression ofKGFandFGFR2 mRRNA in the colon ofapatient
with UC. Surgical specimensfrom different areas of the cecum, colon,
and rectum were obtained from a patient suffering from UC (P5).
Tissue specimensfrom the cecum and rectum of control patients (P3
and P6) were used as controls. Total cellular RNA (30 ,ug) was ana-
lyzed by RNVAseprotection assayfor expression ofKGF(A), FGFR2 (C),
and IL-113 (D). The degree ofKGF overexpression in the cecum and in
different areas of the colon ofpatient P5 (colon specimens 1 to 5) in
comparison uwith the cecum ofcontrolpatient P3 was assessed by laser
scanning densitometry of the auitoradiograms and is shown schemat-
ically in B. In C, transcripts encoding FGFR2-IIIb (KGF receptor) and
FGFR2-IIIc give rise to differentprotectedfragments as indicated on the
right side ofthefigure. Hybridization probes (1000 cpm) were used as
size markers.

To further define the sites of KGF action, we ana-

lyzed KGF mRNA and protein expression in the co-

lon of a patient with UC using in situ hybridization
(Figure 5, A and B) and immunohistochemical stain-
ing with a KGF-specific antiserum (Figure 5C). The
highest levels of KGF mRNA and protein were found
in a certain population of mesenchymal cells in the
intestinal mucosa, immediately below the intestinal
epithelium (indicated with a arrow in Figure 5A).
Interestingly, expression of this gene was particularly
high in areas that were characterized by epithelial
damage. This expression pattern of KGF is compa-
rable to the localization of KGF mRNA in wounded
skin.3 In addition, high levels of KGF mRNA were

also detected in mesenchymal cells of the submu-
cosa (Figure 5B).
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Figure 4. Expression of KGF protein in the intestine of UC and CD
patients. Surgical specimens from the ileum of a CD patient and a

controlpatient (left side) andfrom different areas ofthe colon ofa UC
patient (right side) werefrozen in liquid nitrogen and homogenized in
lysis buffer. KGFproteins were enriched by their capacity to bind to
heparin-Sepharose and analyzed by Western blotting using a KGF-
specific polyclonal antiserum. The number of asterisks indicates the
degree of inflammation: '**specimens from highly inflamed areas;
*specimensfrom areas with a low degree of inflammation.

To determine the localization of the KGF receptor,
we stained the tissue with a polyclonal antibody di-
rected against the intracellular domain of FGFR2. As
this part of the receptor is identical in the KGF re-

ceptor (FGFR2-lllb) and in the Illc splice variants of
FGFR2, this antibody recognizes both forms of
FGFR2. However, use of the Illb exon has been
shown to be specific for epithelial cells, whereas the
Illc variant has never been detected in these cells.
The opposite is true for mesenchymal cells.6'25'26
Therefore, FGFR2 proteins in epithelial cells are likely
to be KGF receptors, whereas FGFR2-lIlc proteins
are expressed in mesenchymal cells. As shown in
Figure 5D, we detected FGFR2 protein in gastroin-
testinal epithelial cells. Given the cell type specificity
of the Illb and Illc splice variants, these receptors
are likely to represent KGF receptors. In addition to
the epithelium, FGFR2 was also found in the intesti-
nal mesenchyme, particularly in the muscularis mu-

cosae. In contrast to epithelial cells, these proteins
are likely to be encoded by the Illc variant of FGFR2,
which does not bind KGF.
A similar expression pattern of KGF and its recep-

tor was seen in CD patients. As shown in Figure 6,
A-C, KGF transcripts were abundant in inflamed
areas, particularly in mesenchymal cells that are sur-

rounded by many inflammatory cells (Figure 6C).
The receptor for KGF was expressed in the intestinal
epithelium (data not shown), suggesting that mesen-
chyme-derived KGF stimulates proliferation of intes-
tinal epithelial cells in a paracrine manner.
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Figure 5. In situ detection ofKGFand FGFR2 in the colon ofa patient with UC. A and B: In situ hybridization demonstrating KGF mRNA in the colon
of a patient with UC. Surgical specimens werefixed in 4% paraformaldebyde andfrozen in OCT. Frozen sections (6 pm) were hybridized with a
35S-labeled human KGF riboprobe and counterstained with H&E. A: KGF expression in mesenchymal cells ofthe lamina propria. B: KGF expression
in mesenchymal cells ofthe submucosa. E, intestinal epithelium; P, lamina propria. KGF-expressingfibroblasts are indicated with an arrow. C and
D: Immunohistochemical staining ofthe colon ofa patient with UC. Surgical specimens werefrozen in OCT. Sections (61Lm) werefixed with acetone
and incubated with an affinity-purified KGF-specific antiserum (C) or with apolyclonal antiserum directed against the kinase insert region ofFGFR2
(D). 7bis antibody is specificfor FGFR2 and does not recognize other FGF receptors (data not shown). Antibody-binding cells were identified using
a peroxidase detection system and AEC as chromogen. The latter causes a red stain in KGF-expressing cells. Slides were counterstained with
hematoxylin. KGF-expressing cells in the intestinal mesenchyme are indicated with an arrow in C. E, intestinal epithelium; M, muscularis mucosae;
P, lamina propria. Magnification, X200 (A-C) and x 100 (D).

Discussion
Inflammatory bowel disease is characterized by se-
vere intestinal inflammation that results in destruction
of the intestinal epithelium. However, this damage is
at least partially reversible, suggesting the existence
of soluble factors that mediate epithelial repair. The
study described in this manuscript suggests an im-
portant role of KGF in this process.
We found a basal expression of KGF in the small

and large bowel of all control patients, suggesting a
role of this growth factor in the continuous renewal of
the intestinal epithelium. However, a strong overex-
pression of KGF mRNA and protein was detected in
the intestine of UC and CD patients as assessed by
the highly sensitive RNAse protection assay and also

by Western blot analysis. The latter revealed the
presence of a 24-kd KGF-specific protein in inflamed
areas of the bowel but not in normal intestine. A
protein of similar size had also been found in the
conditioned medium of murine and human fibro-
blasts in vitro10 and most likely corresponds to a
glycosylated form of KGF. In situ hybridization stud-
ies demonstrated highest levels of KGF mRNA and
protein in a certain population of cells in the intestinal
mesenchyme that probably represent fibroblasts. By
contrast, expression of KGF was not seen in inflam-
matory cells. KGF-producing mesenchymal cells
were particularly abundant in highly inflamed areas.
They were found in close proximity to inflammatory
cells, including polymorphonuclear leukocytes and

%: ?..IlllplA-5
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Figure 6. In situ detection ofKGF mRNA in the ileum ofa CD patient. Surgical specimens werefixed in 4%paraformaldehyde andfrozen in OCT.
Frozen sections (6 ,um) were hybridized with a 35S-labeled human KGF riboprobe and counterstained with H&E. KGF-expressing cells are indicated
with an arrow. A: KGF expression in a moderately inflamed area of the ileum. Note the presence of KGF-expressing cells below the epithelium.
Magnification, X 200. A highly inflamed area of the same patient is shown at a X 200 and X 400 magnification in B and C. Note the presence of
KGF-expressing cells in the vicinity in inflammatory cells. M, mesenchyme; E, intestinal epithelium.

macrophages, suggesting that these inflammatory
cells produce and secrete factors that stimulate KGF
expression. This hypothesis is supported by recent
in vitro studies that demonstrated a strong induction
of KGF expression by pro-inflammatory cytokines
such as IL-1, IL-6, and tumor necrosis factor-a.
These cytokines are produced at high levels by poly-
morphonuclear leukocytes and activated macro-
phages, which are abundant in the intestine of UC
and CD patients.15 16'27 28 Furthermore, overexpres-
sion of these cytokines has been demonstrated in
inflammatory bowel disease,21-24,28-31 and the ex-
pression level of IL-13 correlates with the level of
KGF expression (this study). Therefore, these factors
might likely be responsible for the increased expres-
sion of KGF in patients suffering from CD and UC.
The strong inducibility of KGF expression by pro-
inflammatory cytokines provides the most likely ex-
planation for the strong correlation between the de-
gree of inflammation and the levels of KGF

expression. Besides pro-inflammatory cytokines, up-
regulation of KGF expression can also occur in re-
sponse to serum growth factors such as platelet-
derived growth factor and epidermal growth factor.10
These mitogens could be released in the inflamed
bowel upon local hemorrhage, a process that is fre-
quently seen in UC patients15 and could therefore
enhance the induction of KGF expression.

However, up-regulation of KGF expression in CD
and UC is unlike to be a simple consequence of the
increased levels of cytokines and serum growth fac-
tors in the affected tissue, as expression of other
mitogens, eg, vascular endothelial growth factor,
which is also induced by pro-inflammatory cytokines
and serum growth factors in vitro,32 is not increased
in inflammatory bowel disease (M. Brauchle,
unpublished data). Thus, additional, more specific
stimuli might also be responsible for the strikingly
increased KGF levels in the intestine of CD and UC
patients.
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Whereas KGF expression was exclusively de-
tected in the mesenchymal compartment, the recep-
tor for KGF was found only in epithelial cells. This
distribution of KGF and its receptor in the inflamed
bowel is reminiscent of the situation in wounded skin
where KGF is expressed in dermal fibroblasts at the
wound edge, whereas KGF receptors were detected
only in keratinocytes.3 Thus, KGF seems to act in a
paracrine manner to stimulate epithelial repair. This
has already been demonstrated in the skin,7 and the
data presented in this study suggest a similar mech-
anism in chronic inflammatory diseases of the intes-
tine. Furthermore, a recent study demonstrating a
strong mitogenicity of KGF for intestinal epithelial
cells in vitro and in vivo supports this hypothesis.13
Our data suggest an important role of KGF in epithe-
lial repair after injury occurring during the acute in-
flammatory episode. In addition, they provide the
basis for future studies that might lead to improved
therapy of these severe disorders, eg, by modulation
of KGF expression or availability. It will be interesting
to determine whether increased KGF expression is a
general phenomenon of epithelial repair processes
and also occurs in a variety of other inflammatory
diseases of epithelial tissues. Indeed, preliminary
studies from our laboratory suggest that KGF is also
overexpressed in acute diverticulitis, although to a
much lesser extent compared with UC and CD. Fu-
ture studies using animal models will be essential to
further clarify the role of KGF in various inflammatory
diseases.

Note Added in Proof
During the review process of this manuscript, Finch
et al also reported on increased expression of KGF in
inflammatory bowel disease (Gastroenterology 1996,
110:441-451).

Acknowledgments
We thank Dr. Wehrmann, Institute of Pathology, Uni-
versity of TObingen, and Dr. Hans Smola, University
of Cologne, for help with the histology, H. Riesemann
for technical assistance, and Drs. G. Koveker and M.
Starlinger for providing surgical specimens.

References

1. Rubin JS, Osada H, Finch PW, Taylor G, Rudikoff 8,
Aaronson SA: Purification and characterization of a
newly identified growth factor specific for epithelial
cells. Proc Nati Acad Sci USA 1989, 86:802-806

2. Finch PW, Rubin JS, Miki T, Ron D, Aaronson SA:
Human KGF is FGF-related with properties of a para-
crine effector of epithelial cell growth. Science 1989,
245:752-755

3. Werner S, Peters KG, Longaker MT, Fuller-Pace F,
Banda MJ, Williams LT: Large induction of keratinocyte
growth factor expression in the dermis during wound
healing. Proc Natl Acad Sci USA 1992, 89:6896-6900

4. Marchese C, Chedid M, Dirsch OR, Csaky KG, Santa-
nelli F, Latini C, LaRochelle WJ, Torrisi MR, Aaronson
SA: Modulation of keratinocyte growth factor and its
receptor in reepithelializing human skin. J Exp Med
1995, 182:1369-1376

5. Miki T, Fleming TP, Bottaro DP, Rubin JS, Ron D, Aaron-
son SA: Expression cDNA cloning of the KGF receptor
by creation of a transforming autocrine loop. Science
1991, 251:72-75

6. Miki T, Bottaro DP, Fleming TP, Smith CL, Burgess WH,
Chan AM, Aaronson SA: Determination of ligand-bind-
ing specificity by alternative splicing: two distinct
growth factor receptors encoded by a single gene.
Proc NatI Acad Sci USA 1992, 89:246-250

7. Werner S, Smola H, Liao X, Longaker MT, Krieg T,
Hofschneider PH, Williams LT: The function of KGF in
morphogenesis of epithelium and reepithelialization of
wounds. Science 1994, 266:819-822

8. Werner S, Breeden M, Hubner G, Greenhalgh DG,
Longaker MT: Induction of keratinocyte growth factor
expression is reduced and delayed in the genetically
diabetic mouse. J Invest Dermatol 1994, 103:469-473

9. Brauchle M, Fassler R, Werner S: Suppression of kera-
tinocyte growth factor expression by glucocorticoids in
vitro and during wound healing. J Invest Dermatol
1995, 105:579-584

10. Brauchle M, Angermeyer K, Hubner G, Werner S:
Large induction of keratinocyte growth factor expres-
sion by serum growth factors and pro-inflammatory
cytokines in cultured fibroblasts. Oncogene 1994,
9:3199-3204

11. Chedid M, Rubin JS, Csaky KG, Aaronson SA: Regu-
lation of keratinocyte growth factor gene expression by
interleukin 1. J Biol Chem 1994, 269:10753-10757

12. Hubner G, Brauchle M, Smola H, Madlener M, Fassler
R, Werner S: Differential regulation of pro-inflammatory
cytokines during wound healing in normal and glu-
cocorticoid-treated mice. Cytokine 1996 (in press)

13. Housley R, Morris CF, Boyle W, Ring B, Blitz R, Tarpley
JE, Aukerman SL, Devine PL, Whitehead RH, Pierce
GF: Keratinocyte growth factor induces proliferation of
hepatocytes and epithelial cells throughout the rat gas-
trointestinal tract. J Clin Invest 1994, 94:1764-1777

14. Podolsky DK: Inflammatory bowel disease. N Engl
J Med 1991, 325:928-937

15. Glickman RM: Inflammatory bowel disease. Harrison's
Principles of Internal Medicine, ed 13. McGraw-Hill,
1994, pp 1403-1417

16. Gibson PR, Pavli P: Pathogenic factors in inflammatory
bowel disease. Dig Dis 1992, 10:17-28



KGF in Inflammatory Bowel Disease 529
AJP August 1996, Vol. 149, No. 2

17. Chomczynski P, Sacchi N: Single-step method of RNA
isolation by acid guanidinium thiocyanate-phenol-chlo-
roform extraction. Anal Biochem 1987, 162:156-159

18. Dell KR, Williams LT: A novel form of fibroblast growth
receptor 2: alternative splicing of the third immuno-
globulin-like domain confers ligand binding specificity.
J Biol Chem 1992, 267:21225-21229

19. Auron PE, Webb AC, Rosenwasser LJ, Mucci SF, Rich
A, Wolff SM, Dinarello CA: Nucleotide sequence of
human interleukin 1 precursor cDNA. Proc Natl Acad
Sci USA 1984:7907-7911

20. Rosenthal A, Chan S, Henzel WM, Haskell C, Kuang
W-J, Chen E, Wilcox J, Ullrich A, Goeddel D: Primary
structure and mRNA localization of protein Fl, a
growth-related protein kinase C substrate associated
with synaptic plasticity. EMBO J 1987, 12:3641-3646

21. Ligumsky A, Simon PL, Karmeli G, Rachmilewitz D:
Role of interleukin 1 in inflammatory bowel disease:
enhanced production during active disease. Gut 1990,
31:686-689

22. Nakamura M, Saito H, Kasanuki J, Tamura Y, Yoshida
S: Cytokine production in patients with inflammatory
bowel disease. Gut 1992, 33:933-937

23. Isaacs KL, Sartor RB, Haskin S: Cytokine messenger
RNA profiles in inflammatory bowel disease mucosa
detected by polymerase chain reaction amplification.
Gastroenterology 1992, 103:1587-1595

24. McCabe RP, Secrist H, Botney M, Egan M, Peters MG:
Cytokine mRNA expression in intestine from normal
and inflammatory bowel disease patients. Clin Immunol
Immunopathol 1993, 66:52-58

25. Orr-Urtreger A, Bedford MT, Burakova T, Arman E,
Zimmer Y, Yayon A, Givol D, Lonai P: Developmental
localization of the splicing alternatives of fibroblast

growth factor receptor-2 (FGFR2). Dev Biol 1993, 58:
475-486

26. Gilbert E, Del Gatto F, Champion-Arnaud P, Gesnel
M.-C, Breathnach R: Control of BEK and K-SAM splice
sites in alternative splicing of the fibroblast growth fac-
tor receptor 2 pre-mRNA. Mol Cell Biol 1993, 13:5461-
5468

27. Mayer L: Mucosal immune system in inflammatory
bowel disease. Inflammatory Bowel Disease. Edited by
RP MacDermott, W Stenson. New York, Elsevier, 1992,
pp 53-75

28. Sartor R: Pathogenesis and clinical relevance of cyto-
kines in inflammatory bowel disease. Immunol Res
1991, 10:465-471

29. Murch SH, Braegger CP, Walker-Smith JA, MacDonald
TT: Location of tumour necrosis factor-a by immuno-
histochemistry in chronic inflammatory bowel disease.
Gut 1993, 34:1705-1709

30. Reinecker HC, Steffen M, Witthoeft T, Pfluegler I,
Schreiber S, MacDermott RP, Raedler A: Enhanced
secretion of tumour necrosis factor-a, IL-6, and IL-1,3
by isolated lamina propria mononuclear cells from pa-
tients with ulcerative colitis and Crohn's disease. Clin
Exp Immunol 1993, 94:174-181

31. Gilberts ECAM, Greenstein AJ, Katsel P, Harpaz N,
Greenstein RJ: Molecular evidence for two forms of
Crohn disease. Proc Natl Acad Sci USA 1995, 91:
12721-12724

32. Frank S, Hubner G, Breier G, Longaker MT, Green-
halgh DG, Werner S: Regulation of vascular endothelial
growth factor expression in cultured keratinocytes: im-
plications for normal and impaired wound healing.
J Biol Chem 1995, 270:12607-12613


