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SUMMARY

Background: Fibroblast growth factors play an import-
ant role in (patho)physiological processes such as
wound healing and tissue repair. We previously showed
that basic fibroblast growth factor is actively involved
in inflammatory bowel disease processes. In the present
retrospective study, we assessed whether serum basic
fibroblast growth factor levels in Crohn’s disease
patients reflect the response to anti-tumour necrosis
factor-o antibody infliximab treatment.

Aim and methods: Serum samples, biopsies and patient
data from a subgroup of patients included in two
placebo-controlled trials were used. Fistulizing Crohn’s
disease patients (n = 42) were administered placebo or
infliximab intravenously three times and evaluated for
response up to 18 weeks. Biopsies from a subgroup of
patients were stained for basic fibroblast growth factor
using indirect immunohistochemistry. In the active
Crohn’s disease trial, patients (n = 24) received either
placebo or infliximab once, and disease activity and
serum basic fibroblast growth factor were assessed at
weeks O and 4.

Results: Basic fibroblast growth factor levels at inclu-
sion were comparable in the fistulizing Crohn’s disease
patients regardless of whether the fistulas did or did not
respond or completely heal (median range: 9.3-

10.6 pg/mL). At the end of follow-up basic fibroblast
growth factor levels were lower in patients who
responded (9.2 pg/mL, P = 0.06) or who were com-
pletely healed (8.9 pg/mL, P = 0.009) when compared
with patients did not respond/heal (14.5 pg/mlL), the
latter not significantly increased from baseline. Decrea-
ses in the perianal disease activity index and open fistula
scores at the end of the follow-up were significantly
correlated with the decrease in basic fibroblast growth
factor (R =0.41; P=0.012 and R=0.35; P=
0.027, respectively). Immunohistological evaluation
also showed a trend towards decreased basic fibroblast
growth factor expression in intestinal biopsies of these
patients. Patients with active disease, i.e. a Crohn’s
disease activity index =220 combined from the two
studies, were found to have significantly (P = 0.0046)
lower baseline serum basic fibroblast growth factors
levels than those with inactive disease (5.3 vs. 10.3
pg/mlL, respectively). Treatment of the active disease
patients did not affect the serum basic fibroblast growth
factor level, although a general decrease in disease
activity was observed with infliximab treatment.
Conclusions: Healing of fistulizing/perianal Crohn’s dis-
ease seems to be reflected by a decrease in high serum
basic fibroblast growth factor. Basic fibroblast growth
factor levels do not relate with response in active
Crohn’s disease patients.

Correspondence to: Dr H. W. Verspaget, Department of Gastroenterology
and Hepatology, Leiden University Medical Center, Building 1, C4-P, PO
Box 9600, 2300 RC Leiden, The Netherlands.

E-mail: h.w.verspaget@Iumc.nl

INTRODUCTION

Crohn’s disease (CD) is characterized by granuloma
formation and inflammation, transmural ulcers and
intestinal fistulization.! The formation of fistulas is the
result of the extension of burrowing intestinal ulcers in



CD; this complication develops in about one-third of CD
patients. Surgery is frequently required since fistulas
rarely heal spontaneously or close in response to routine
therapy such as 5-aminosalicylates or corticosteroids.
Although the precise cause of CD remains unknown,
increasingly data suggest that genetic susceptibility,
immunological mechanism, microbial agents and envi-
ronmental factors are involved in the aetiology of
inflammatory bowel disease (IBD). A vast number of
inflammatory mediators, including cytokines and
growth factors, participate in the pathogenic process
of intestinal injury and healing in CD.>”® The multi-
functional proinflammatory cytokine tumour necrosis
factor-alpha (TNF-o) plays a pivotal role in the devel-
opment of CD. TNF-o has been demonstrated to induce
or up-regulate the production of not only other
inflammatory mediators, e.g. interleukin (IL)-1, -6, -8
and interferon (IFN)-y, but also adhesion molecules,
such as intercellular adhesion molecule (ICAM)-1 and
vascular adhesion molecule (VCAM)-1. In addition,
growth factors, like the epidermal growth factor family
(EGF), transforming growth factor-alpha and -beta
(TGFo. and TGFp), platelet-derived growth factor
(PDGF), vascular endothelial growth factor (VEGF) and
fibroblast growth factors (FGFs), have been shown to
play an important role in the pathogenesis of CD.®
Basic fibroblast growth factor (bFGF or FGF-2) is a
heparin-binding regulatory peptide and a member of a
family comprising at least 22 factors with pleiotropic
functions.” FGFs affect the embryonic development and
formation of tissues and organs. In the adult body, FGFs
regulate fundamental cellular activities, such as morph-
ogenic events involving epithelium cell survival, apopto-
sis, interaction of cell-matrix and cell-cell, and cell
motility and differentiation. The bFGF is also a potent
angiogenic factor in (patho)physiological processes that
include wound healing and tissue repair.®'' The bFGF
has been shown to promote proliferation of endothelial
cells, to increase the number of fibroblasts and myofibro-
blasts, and to activate these fibroblasts.'? ' The induc-
tion of collagen secretion from IBD fibroblasts by bFGF
may be one of the mechanisms relevant to the stromal
processes of the disease, including transmural fibrosis and
stricture formation, as well as tissue repair and healing. 14
Elevated levels of bFGF in serum and intestinal perfusion
fluid have been reported in paediatric and adult patients
with IBD."®>"'8 Although the significance of the increase
of bFGF is not completely understood, the increase
of bFGF in endothelial cells seems to be related to
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stimulation by TNF-o.'9 2° The application of infliximab,
a human-murine chimaeric immunoglobulin (Ig)G1
anti-TNFa antibody, was previously demonstrated to be
an effective and important biological therapeutic option
for patients with active, refractory CD and for patients
with fistulas.?' %3 In a previous study, we found indica-
tions that bFGF was actively involved in the processes of
IBD inflammation and tissue healing.?* In the present
study, based on the observed reduction of serum bFGF
levels that paralleled the closure of fistulas and a decrease
in the Perianal Disease Activity Index (PDAI), we describe
the role that bFGF may have as a response parameter in
the healing of fistulas and perianal disease during the
treatment with infliximab.

MATERIALS AND METHODS

In the present study, we included a subgroup of patients
from three centres that participated in a multicentre,
placebo-controlled trial of infliximab either for the
treatment of fistulas in patients with CD or for the
treatment of active CD.?" 23

Patients

Patients with confirmed Crohn’s disease were required
to be between 18 and 65 years of age. Assessment of
disease severity was made according to the Crohn’s
Disease Activity Index (CDAI) and the PDAI. For
inclusion in the fistula trial, patients had to have single
or multiple draining abdominal or perianal fistulas of at
least 3 months’ duration. Patients with CDAI scores
between 220 and 400, were eligible for the study of
infliximab in the treatment of active CD. Acceptable
concomitant medication and exclusion criteria for the
studies were previously described.?!* 23

Protocol 1: Fistulas

Eligible patients were randomly assigned to receive
one of three treatments at weeks O, 2 and 6: placebo
(n=14) or 5 or 10 mg/kg of infliximab intraven-
ously (total n = 28). After the first infusion of study
medication, patients returned for clinical and laborat-
ory assessments at weeks 2, 6, 10, 14 and 18. Blood
samples were drawn at each study visit through
week 18.

Efficacy evaluations included the number of patients
with a response (defined as a reduction of 50% or more
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in the number of draining fistulas from baseline) or with
complete healing (defined as the absence of any
draining fistulas) at two consecutive visits. Changes in
the CDAI and the PDAI were also evaluated.

Protocol 2: Active disease

Patients were randomly assigned to receive a single dose
of either placebo (1 =7) or 5, 10 or 20 mg/kg of
infliximab (total n = 17). Disease activity according to
the CDAI was assessed and serum samples were
collected at weeks O and 4.

The demographic and baseline clinical characteristics
of both patient groups are summarized in Table 1. No
significant differences were observed between placebo
and infliximab treatment groups and, in addition, these
characteristics were also found to have a comparable
distribution with the original studies.?!* *

Enzyme-linked immunosorbent assay for bEGF

Serum bFGF levels were determined with the high
sensitivity Quantikine enzyme-linked immunosorbent
assay (ELISA) kit (HSFB75, R&D System, Inc., Minnea-
polis, MN, USA). Analyses were performed according to
the instructions of the manufacturer. At appropriate
serum dilutions the sensitivity of this ELISA was
<0.23 pg/mL. The intra- and interassay coefficients of
variation were 3.9% and 11.6%, respectively.

Immunohistochemistry

Intestinal biopsy samples from macroscopically non-
inflamed areas of the intestine were available from six

Table 1. Patient demographic and baseline clinical characteristics

Fistula study Active disease study

Placebo Infliximab  Placebo Infliximab

n 14 28 7 18
Male/female 8/6 9/19 2/5 5/13
Disease duration (years)

Median 10.7 7.6 6.6 5.2

IQR 4.7-15.5 4.0-13.6 3.5-10.6 2.8-11.4
Location

[leum 0 7 3 2

Colon 5 10 2 9

Both 9 11 2 7

IQR, interquartile range.

fistulizing CD patients. Samples were obtained prior to
treatment and at 8-12 weeks of following the start of
infliximab treatment. Immunohistochemistry for bFGF
was performed as follows. The primary antibody was a
polyclonal antibody directed against bFGF (code no.
sc-79-G; Santa Cruz Biotechnology Inc, Santa Cruz, CA,
USA). This rabbit affinity-purified antibody to bFGF was
raised against the amino-terminal domain of human
bFGF. Secondary biotinylated antibodies (code no. E
0432), i.e. goat antirabbit IgG, were purchased from
Dako, Denmark. The colour reaction was developed by
3-amino-9-ethylcarbazole in acetate buffer containing
H;0,. Specificity of the immunohistochemical staining
was assessed by neutralization incubation of the
primary antibodies with a five- to 10-fold (by weight)
excess of blocking peptide (code no. sc-79-P) also
obtained from Santa Cruz Biotechnology, Inc., and
incubation of preimmune serum or buffer instead of the
primary antibody, all showing negative staining.

Statistical analysis

Descriptive statistics such as median and interquartile
range are used to summarize study results. Analysis of
variance on the van der Waerden normal scores was
used to compare groups. Correlations were evaluated by
the Spearman rank test for non-parametric data. All
P-values are two-sided.

RESULTS
Relation between disease activity and serum bFGF

At inclusion patients with active disease, ie. a
CDAI > 220 combined from the two studies, were found
to have significantly (P = 0.0046) lower baseline serum
bFGF levels than patients with inactive disease: 5.3
(3.2-10.0, n = 31) vs. 10.3 (5.3-18.8, n = 26) pg/mL,
respectively. Treatment of active disease patients with
infliximab, according to protocol 2, did not affect the
serum bFGF levels at week 4, although a general
decrease in disease activity was observed (Table 2).

Healing of fistulizing/perianal disease reflected by serum
bFGF

On average, the serum bFGF level in fistula patients
who received placebo was slightly, but not signifi-
cantly, increased after 18 weeks follow-up, from 11.4
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bFGF* CDAI

Parameter:

Table 2. Basic fibroblast growth factor
(bFGF) levels and Crohn’s Disease Activity

Treatment: Pre-treatment Week 4

Pre-treatment

Index (CDAI) prior to and following treat-
ment of patients with active Crohn'’s disease

Week 4

Placebo (n = 7)
Infliximab (n = 17)} 5.2 (3.5-9.0)

3.2 (2.7-6.9)% 3.6 (2.4-5.2)

4.8 (3.1-10.1) 335 (286-363)

257 (233-348)+ 288 (281-298)

143 (69-222)

* Basic FGF expression in pg/mL.
+ Median (interquartile range).
1 5-10-20 mg/kg combined.
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Figure 1. Change in serum basic fibroblast growth factor (bFGF)
in patients with fistulas during treatment. Twenty-eight patients
were treated with infliximab and 14 patients received placebo.

(7.0-29.3) pg/mL at inclusion to 13.8 (7.7-17.9) pg/
mL at week 18. The patients who received infliximab
showed relatively stable levels of bFGF: 9.6 (5.4-13.6)
pg/mL at inclusion and 9.3 (5.4-15.5) pg/mL at the end
of follow-up. The differences in serum bFGF levels at
inclusion and at all follow-up time-points between
placebo and infliximab-treated patients were not statis-
tically significant (Figure 1).

Fistulizing CD patients who responded or completely
healed had baseline bFGF levels comparable with those
observed in non-responders/non-healers at inclusion
[median range: 9.3 (5.0-12.8) to 10.6 (8.6-18.8) pg/
mlL]. At the end of follow-up these levels were found to
be lower in the responders/healers [9.2 (4.9-12.6),
P=0.06 and 8.9 (4.8-12.4) pg/mL, P = 0.009,
respectively) compared with the non-responders/non-
healers, both with bFGF levels of 14.5 pg/mL (8.6-23.0
and 9.4-23.0; Figure 2). The non-responders/non-
healers were found to have increased bFGF levels,
although not significantly, compared with their baseline
values.

16 - = = = Noncomplete healers
koS £ = €1 = Nonresponders

’ —— Responders
——&— Complete healers

Start  Week2 Week6 Week 10 Week 18

Figure 2. Serum basic fibroblast growth factor (bFGF) levels in

patients with fistulas in relation to treatment response. *P = 0.06
for responders (n = 23) vs. non-responders (n = 17); *P = 0.009
for complete healers (1 = 19) vs. non-complete healers (n = 21).

The PDAI in fistulizing patients was found to decrease
during infliximab treatment, from 9 at baseline to 5 at
week 18. At the same time, the PDAI in patients
receiving placebo decreased from 8.5 to 7. At the end
of follow-up (week 18), open fistula scores changed by
1.5 to 1 in infliximab-treated patients and 2 to 1 in the
placebo group (Table 3). The decrease in PDAI and
open fistulas scores was significantly correlated with
the decrease in bFGF (R = 0.41; P = 0.012 and R =
0.35; P = 0.027, respectively).

Immunohistological results

In colonic biopsies of patients included in the fistula
study, immunoreactivity for bFGF was observed in
epithelial cells, (myo)fibroblasts and endothelial cells. In
some cases monocyte/macrophages and neutrophils
were found to be positive as well. In areas with signs
of inflammation, the bFGF reaction in the extracellular
relatively intense. A trend towards
decreased bFGF expression in intestinal biopsies was
observed at the end of follow-up, i.e. 4 sets with a lower,
one with the same and one set with a higher overall
staining intensity compared with pre-treatment biopsies
(Figure 3a—d).

matrix was
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Table 3. Outcome of treatment in Crohn'’s disease patients with
fistulas

Pre-treatment Week 18
PDAI, median (IQR)
Placebo (n = 14) 8.5 (7-10) 7 (4-9)
Infliximab (n — 24)* 9 (7-10.5) 5 (2.5-9.5)
Fistulas score, median (IQR)
Placebo (n = 14) 2 (1-4) 1(0-2)
Infliximab (1 — 28)* 1.5 (1-3) 1(0-1)

PDAI, Perianal Disease Activity Index; IQR, inter quartile range.
*5 and 10 mg/kg doses combined.

DISCUSSION

The severe intestinal ulcers of CD can result in the
formation of fistulas, one of the major complications of
this disease. The healing of gastrointestinal tract ulcers
is related to cell migration, proliferation, angiogenesis
and re-epithelialization. In the present study, we show
that healing of fistulas/perianal disease in CD is
correlated with a reduction of serum bFGF concentra-
tions and suggest that the latter may be a potential
serological marker for fistula healing. Basic FGF is one of
the growth factors that plays a role in the diverse
consecutive stages of inflammatory response, fibrosis
and stricture formation, and tissue healing.® % '* As
an important inducer of angiogenesis, bFGF promotes
the proliferation, differentiation and migration of

Figure 3. Immunohistochemical staining
showed that basic fibroblast growth factor
(bFGF) was present in epithelial cells,
(myo)fibroblasts, endothelial cells and
extracellular matrix. The expression of
bFGF in the intestinal mucosa from Crohn’s
disease (CD) patients with fistulas (a, c) was
decreased after 10 (b) or 7 (d) weeks of
treatment (magnification: x200).
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endothelial cells, and enhances the quality of ulcer
healing by affecting muscle regeneration and prolifer-
ation in healing.?> 26 The bFGF and VEGF can stimu-
late the formation of granulation connective tissue
within ulcers.?” Basic FGF also affects the proliferation
of fibroblasts and epithelial cells and the migration of
epithelial cells.?® All of these bFGF-related processes
might contribute to mucosal remodelling and healing.
The source of bFGF in serum has not yet been defined.
Basic FGF is expressed in various cell types such as
fibroblasts, epithelial cells, endothelial cells, smooth
muscle cells and some activated monocytes/macroph-
ages in tissue or in the circulation.'® 2% 29 Serum bFGF
is possibly derived from activated leucocytes in the
circulation because the condition of leucocytes is
essentially changed in IBD.*° However, it is more likely
that the elevated serum bFGF in fistulizing CD is derived
from local inflammatory sites. Thérn et al.'® found that
the high concentrations of bFGF in the intestinal
perfusion fluid of patients with ulcerative colitis reflected
disease activity; however, they did not simultaneously
determine serum bFGF levels. In a study of collagenous
colitis, Taha et al.2' concluded that the increased
colorectal mucosal secretion of bFGF was of significance
in the pathology of this colitis but was not reflected in
the serum bFGF levels. The results from these studies

showed that the high expression of bFGF at local sites
was directly related to the intestinal disease process.




In adult patients with IBD, increased serum bFGF levels
and endothelial bFGF expression were found; however,
whether these elevated bFGF levels reflected the activity
of CD disease was not conclusive.'” '® In contrast,
Bousvaros et al.'® studied children with CD and found a
correlation between the serum bFGF and disease
activity, although the overall bFGF level was not
increased. In this study, no relation was found between
bFGF levels and the presence of fistulas. In addition,
they did not include follow-up of serum bFGF levels
during treatment with an effective therapy.

In the present study, we found significantly higher
baseline serum bFGF levels in patients with fistulas/
perianal disease than in patients with active CD, and
an apparent decrease in serum bFGF after 18 weeks of
follow-up in healers and responders. Very recently,
Di Sabatino et al.®? reported an almost identical
observation to our study, i.e. down-regulation of bFGF
levels in CD patients who responded to treatment with
infliximab. Furthermore, evaluation of bFGF levels and
efficacy of infliximab in the ‘Expanded Access Program
for Anti-TNF Chimeric Monoclonal Antibody in the
Treatment of Crohn’s Disease’>® we found again a
decrease in serum bFGF of responding patients with
fistulizing disease (unpublished observations). These
independent studies indicate that a decrease in serum
bFGF upon treatment with infliximab strongly relates
to therapy response, whereas absence of a decrease, or
even an increase, in serum bFGF indicates non-
reponse. The immunohistochemical results in the
present study showed that bFGF seems to be reduced
in gut tissue of CD patients with fistulas at the end of
the treatment period. Apparently, at the local intestinal
sites fibroblasts, endothelial cells and leucocytes in
patients with fistulas/perianal disease express more
bFGF, probably under the stimulation of inflammatory
mediators, the activation of the stromal component of
the disease process, and the demand of local tissue
wound repair. Accompanying the closure of fistulas
and alleviation of inflammation, the concentration of
bFGF in the intestinal tissue cells was reduced. In
addition, serum bFGF levels seem to reflect this change
of bFGF in intestinal tissue. In a time course study,
Vincze et al.** revealed that the levels of bFGF in local
tissues returned to normal as the experimental upper
gastrointestinal tract ulcers healed.

During follow-up in the present study, we did not find
a correlation between changes in serum bFGF levels
and the CDALI score, i.e. the successful treatment of the
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active disease patients with infliximab did not affect the
serum bFGF levels. The reason for stability of the
relatively low serum bFGF level in patients with active
disease might be that the bFGF is possibly not primarily
derived from the inflammatory cell infiltrate. Further,
the lack of association between serum bFGF and CDAI
might reflect the inclusion of several subjective param-
eters in the overall CDAI score. By contrast, the
patients with fistulas may have a stronger stromal
component in the disease process that coincides with
the immunohistological expression of bFGF in fibro-
blasts, endothelia, epithelial cells and muscle cells, and
this might be a further illustration of a pathophysio-
logical difference between fistulizing and active CD.3°
In this context, it is interesting that the down-
regulation of bFGF by infliximab was speculated to be
relevant for the process of intestinal fibrinogenesis and
strictures/stenosis formation in CD, which was reported
to be prevented by infliximab treatment.>* *6 Previous
studies already indicated that bFGF in these cells might
be a marker for tissue damage in IBD.% !¢ '8 3! Basic
FGF is a potent mitogen for fibroblasts and endothelial
cells. These two kinds of cells are essential and
fundamental elements in the formation of granulation
and angiogenesis in tissue repair, and are also the
important producers of bFGF. Like other regulatory
peptides, the activity of the bFGF gene is cell-type
specific, and developmentally or conditionally regula-
ted. TNF-o can enhance the expression of bFGF mRNA
in endothelial cells and stromal cells.'® ?° Results
reported by Yoshida et al.?® showed that TNF-o
stimulates the expression of bFGF and VEGF mRNA
in endothelial cells to mediate angiogenesis. This might
be a partial explanation for the decreased levels of
bFGF following TNF-o inhibition by infliximab, since
this latter inhibition was also observed with local
intestinal cells obtained from similar macroscopically
non-inflamed biopsies of CD patients as used in our
study, which showed reduction of the intrinsically
enhanced TNF-o and IFN-y production at 2-3 months
after infliximab infusion.®” This reduced cytokine
production by infliximab occurred in parallel with the
decrease in bFGF expression in our biopsies and in the
serum.

In conclusion, bFGF actively participates in the
processes of inflammation and tissue repair in CD,
particularly in the formation and healing of fistulas.
Therefore, bFGF might be a useful serological marker for
treatment response in fistulizing Crohn’s disease.
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