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There have been several reports implying a benefit for heparin
therapy in patients with refractory ulcerative colitis. Although
this effect has been attributed to the anti-inflammatory properties
of heparin, other mechanisms have not been excluded. Heparin is
a potent modulator of receptor binding of growth factors such as
fibroblast growth factor (FGF), vascular endothelial growth fac-
tor, and heparin-binding epidermal growth factor (HB-EGF), that
play a role in wound repair. We examined the effect of heparin on
the functional levels of FGF and HB-EGF in a model of exper-
imental colitis. Fifty-six Wistar rats were divided into four
groups: group 1 was the control group, group 2 received s.c.
heparin 50 units/kg/d, group 3 underwent induction of 3% io-
doacetamide colitis, and group 4 underwent induction of colitis
and heparin treatment. Rats were killed and evaluated for sever-
ity of colitis by macroscopic and microscopic colitis scores, area
of inflammation, and myeloperoxidase levels. FGF and HB-EGF
levels were functionally assessed in colonic tissue in each group.
Heparin therapy resulted in significant improvement in macro-
scopic and microscopic features of colitis (p � 0.05), accompa-
nied by a partial reduction in myeloperoxidase levels. FGF
receptor binding activity was identical in groups 1 and 2 but
increased more than 3-fold after colitis induction in group 3 (p �

0.05). Treatment with heparin caused a significant decrease in
FGF concentration. Levels of HB-EGF binding activity were
similar in groups 1 and 2 and decreased in group 3 (p � 0.01).
Heparin caused a significant increase in HB-EGF content in
group 4 (p � 0.05). Levels of growth factors are altered differ-
ently in experimental colitis. Colonic FGF binding activity in-
creases with colitis, whereas HB-EGF binding decreases with
colitis. These trends were reversed by heparin, concomitant with
a clinical and pathologic improvement in colitis. We suggest that
one mechanism of heparin-mediated improvement in colitis may
involve tissue healing associated with changes in functional
levels of colonic growth factors. (Pediatr Res 51: 635–640,
2002)

Abbreviations
HS, heparan sulfates
FGF, fibroblast growth factor
HBGF, heparin-binding growth factor
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Since the first report, by Gaffney et al. (1), of the response
to heparin in patients with severe ulcerative colitis, there have
been conflicting studies regarding its potential use in this
setting. Several studies have implied a benefit for heparin
therapy for patients with refractory ulcerative colitis (2–7).

Heparin is a polyanionic, highly sulfated, linear polysaccha-
ride belonging to the family of glycosaminoglycans, which

include HS, chondroitin sulfate, hyaluronic acid, dermatan
sulfate, keratan sulfate, and heparin. Although most noted for
its anticoagulant effect, heparin has a wide range of biologic
activities, which include activation of lipoprotein lipase, acti-
vation of growth factors, and immune modulation (8–13).

The response of an inflammatory disease to heparin could be
theoretically related to a direct effect on the inflammatory
response or an improvement in the tissue regenerative capacity.
Proposed mechanisms of response have focused mainly on the
anti-inflammatory properties of heparin. These involved bind-
ing activity of heparin to multiple cytokines, such as IL-2 (8),
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Figure 1. (A) Normal appearance of rat colon (hematoxylin and eosin �100). (B) Microscopic appearance of colitis, untreated (group 3). Focal superficial
mucosal ulceration with a mixed inflammatory exudate is seen on the right. The rest of the specimen demonstrates a prominent inflammatory infiltrate in the
lamina propria with a crypt abscess (hematoxylin and eosin �200). (C) Microscopic appearance of colitis treated with heparin (group 4). The mucosa and mucosal
glands show preserved morphology. A moderate, focally dense infiltrate is present in the lamina propria. The muscular wall and serosa are preserved, without
inflammation (hematoxylin and eosin �200).

636 LEVINE ET AL.



interferon-� (9), IL-8, and macrophage chemotactic proteins
(10). In addition, Cahalon et al. (11) described a sulfated
disaccharide generated through cleavage of heparin by the
enzyme heparanase 1, which can inhibit the production of
tumor necrosis factor-�. Heparin-FGF has been shown to cause
down-regulation of class II antigen in a macrophage cell-
culture model. This effect was independent of FGF (14).

Wound healing could play an important role and serve as
one of the mechanisms by which heparin improves colitis.
Heparin and HS bind and activate HBGF such as FGF and
HB-EGF (12, 13). FGF and HB-EGF are heparin-binding
proteins that have an important function in wound healing and
angiogenesis. EGF and FGF have both been shown to enable
epithelial reconstitution of colonic mucosa in vitro (15, 16).

In injured tissue, heparin and specific HS directly enhance
the formation of high-affinity FGF-FGF receptor complexes
required for biologic activity. Such a mechanism has been
found for many other heparin-binding factors, such as vascular
endothelial growth factor, hepatocyte growth factor (HGF),
and HB-EGF (17), which constitutes a common theme for the
local regulation of HBGF activity in vitro and in vivo (18).

Several cell surface HS proteoglycans such as syndecan,
fibroglycan, and glypican also possess the ability to inhibit
binding of FGF and activation of its receptor. Both activating
and inhibitory HS exist, and the balance between them can
determine the extent and timing of the response to the associ-
ated growth factor in a tissue-specific manner. This inhibitory
activity can be competitively reversed by heparin (19, 20).

Heparin can also prevent FGF degradation by proteolysis,
thus serving as a storage depot and possibly increasing tissue
FGF or other HBGF levels and activity in tissue (21–23).

The possible role of growth factors in mediating recovery
has been strengthened by a recent study showing that EGF
enemas are as effective as mesalamine in colitis (24).

It is therefore important to understand the role that HBGF
may play during inflammation, with tissue remodeling, and the
possible modulation of these factors by heparin in a model of
experimental colitis.

METHODS

Induction and assessment of experimental colitis. Iodoac-
etamide colitis was induced as described by Rachmilewitz
(25). In short, male Wistar rats were placed on a fast for 24 h.
Colitis was induced by the intrarectal administration of 0.2 mL
of 3% iodoacetamide (Sigma Chemical, St. Louis, MO,
U.S.A.) with 1% methylcellulose (Sigma Chemical). Rats were
divided into four groups, 14 rats per group: group 1 was the
control group and received sham saline enemas, group 2
received s.c. heparin therapy as an additional control, group 3
underwent iodoacetamide-induced colitis, and group 4 under-
went iodoacetamide-induced colitis with heparin therapy. Pilot
studies were performed to find the optimal dose of heparin to
improve colitis, using doses ranging from 50 to 500 units
(U)/kg given once daily. Unfractionated heparin (Kamada,
Rehovot, Israel) was initiated 24 h after colitis induction in
groups 2 and 4. Rats were injected daily for 7 d, and killed on
d 8. Colons were measured and weighed, and areas of inflam-

mation were measured (in square centimeters) and assessed
macroscopically for inflammation. Samples of colon including
areas of inflammation from areas of colitis were snap frozen at
�70°C for growth factor analysis. Additional samples from the
inflamed and control groups were coded and sent to a pathol-
ogist for blinded assessment of microscopic colitis using a
scale from 0 to 4 (0 � normal; 1 � mild mixed inflammatory
infiltrates in lamina propria; 2 � focal superficial ulceration of
mucosa only, moderate cryptitis, and crypt abscesses; 3 � deep
ulceration penetrating colonic wall through muscularis propria
and severe inflammation; 4 � necrosis through large-bowel
wall). MPO levels from colonic mucosal scrapings were as-
sessed in a blinded fashion using the technique described by
Krawisz et al. (26).

Determination of colonic FGF and HB-EGF content.
Functional FGF levels were assayed by a modified method
using prepared FGF receptor-1/alkaline phosphatase fusion
proteins, as described by Aviezer et al. (19), in duplicates. In
brief, samples of colon were mechanically disrupted and lysed
and placed in 300 �L 0.15 M NaCl lysis buffer containing
0.001 M EDTA (BDH, Poole, Dorset, U.K.), 0.05 M Tris, 10%
glycerol, and 1% NP40 (Sigma Chemical), along with com-
plete protease inhibitor cocktail (Roche Molecular Biochemi-
cals, Mannheim, Germany) for 1 h on ice. After centrifugation,
the resulting supernatant was placed on 50 �L heparin Sepha-
rose beads (Pharmacia Biotech, Uppsala, Sweden) for 90 min
at 4°C and then centrifuged again. PBS was added to each
sample, and samples were centrifuged and divided into aliquots
of 25 �L. FGF receptor-1/alkaline phosphatase and PBS were
added to each aliquot of beads and left for 90 min. The
supernatant was then set aside. The beads were washed once
with 0.5 M NaCl and then repeatedly with PBS. One hundred
microliters alkaline phosphatase substrate (Sigma Chemical)
was then added to the beads, which were left for 12 h and then
analyzed at 410 nm by ELISA reader (TECAN SPECTRA,
Mannedorf, Switzerland). Recombinant basic FGF was used as
a control for all experiments.

For HB-EGF analysis, supernatant from colon lysis was
placed on heparin-coated plates (Carmeda Microtiter Plate,
Carmeda AB, Upplands Väsby, Sweden), incubated overnight,
and washed extensively to eliminate non-HBGF. BSA 1%
(Sigma Chemical) was added for 1 h at room temperature and
then plates were washed repeatedly with PBS. EGF receptor-
1-Fc (EGF receptor extracellular domain fixed to human Fc
heavy chain, 50 ng/well) was added, incubated for 2 h, and
washed with PBS. Protein A horseradish peroxidase (1:5000;
Amersham Pharmacia Biotech AB, Uppsala, Sweden), 100
�L/well, was added to the plates, which were then incubated
for 2 h and washed with PBS. Horseradish peroxidase substrate
(Sigma Chemical), 100 �L/well, was added to the plates,
which were then examined on an ELISA reader (TECAN
SPECTRA) at 415 nm. Recombinant human HB-EGF was
used as a positive control. EGF receptor-1-Fc and human
HB-EGF were a generous gift from Yossi Yarden, Weizmann
Institute of Science.

This study was approved by an animal use in research
committee.
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Statistics. Means with upper and lower 95% confidence
limits, SD, and SEM were calculated for parameters of colonic
inflammation and severity, and pair-wise analysis was per-
formed using the Mann-Whitney U test, assuming a power of
detection of 80%. A p value �0.05 was considered significant.
Growth factors were assessed across all groups using the
Kruskal-Wallis test, and pair-wise analysis was performed
using the Mann-Whitney U test.

RESULTS

Effect of heparin on colitis. During the pilot study, heparin
at a dose of 500 U/kg appeared to cause more severe colitis
over a larger area, whereas a dose of 200 U/kg had no effect.
Treatment with heparin at a dose of 50 U/kg resulted in
improvement of colitis. Mean parameters of inflammation were
as follows: The areas of inflammation measured for colitis
groups treated with heparin 50 U/kg, 200 U/kg, or 500 U/kg
were 1.8, 1.9, and 3.6 cm2, respectively (p � 0.05 for 500
U/kg). Severity scores for colitis groups treated with heparin
50 U/kg, 200 U/kg, or 500 U/kg were 2.39, 2.3, and 3.0 (NS),
and weight/area of colon was 0.13, 0.27, and 0.44 g/cm (p �
0.06), respectively. HBGF analysis was not performed in this
group. The study was then repeated, using heparin at a dose of
50 U/kg/rat with 14 rats in each of the four groups. After the
rats were killed, mean weights were similar for controls and
groups 1 and 2 (470.5 � 57 g versus 460.7 � 18 g, respec-
tively) and significantly higher than weights in groups 3 and 4
(274.2 � 27 g versus 282 � 41 g, respectively, p � 0.05).
Heparin therapy resulted in decreased severity of colitis (Fig.
1). Parameters of severity of inflammation such as colonic
weight/cm2 colon, area of inflammation, severity of macro-
scopic inflammation, and microscopic colitis score were all
significantly higher in the colitis group in comparison with the
colitis group treated with heparin (Table 1) and groups 1 and 2.
MPO levels increased significantly in group 3 in comparison
with the control groups (0.88 � 0.73 U/g versus 0.22 � 0.06
U/g wet tissue, p � 0.05), and although there was a 50%
decrease in mean MPO levels with heparin treatment (0.40 �
0.46 U/g wet tissue), this did not attain statistical significance,
possibly due to sample size.

Effect of heparin on functional levels of growth factors.
Tissue binding activity levels of FGF and HB-EGF are de-
picted in Figures 2 and 3. The elevation in FGF binding
activity during colitis was statistically significant (p � 0.05) in
comparison with the other three groups. FGF levels, expressed
as means and SEM in groups 1 through 4 were 10.86 � 2.44,
10.93 � 0.4, 35.69 � 7.3, and 10.53 � 1.8 ng/mg protein,

respectively. Tissue HB-EGF during colitis was significantly
depressed in comparison with the other three groups, p � 0.01
in comparison with groups 1 and 2, and p � 0.05 in compar-
ison with group 4. HB-EGF equivalents (mean and SEM) for
groups 1 through 4 were 23.88 � 2.8, 20.18 � 3.59, 5.9 �
1.15, and 12.37 � 2.1 ng/mg protein, respectively.

DISCUSSION

In our study, tissue FGF binding activity was significantly
increased, more than 3-fold, in the colitis group, and almost
identical in the three other groups. Although we cannot dis-
criminate at this stage which of the FGF receptor-1 binding
members of the FGF family was specifically altered, treatment

Table 1. Parameters of colitis severity (mean and SEM)

Group
Weight of

colon (g/cm)

Area of
inflammation

(cm)
Macroscopic

score
Microscopic

score

I 0.14 � 0.005 0 0 0
II 0.12 � 0.03 0 0 0
III 0.50 � 0.17** 2.6 � 0.78** 2.4 � 0.2** 2.7 � 0.43**
IV 0.23 � 0.03* 1.1 � 0.52* 1.3 � 0.31* 0.9 � 0.46*

* p � 0.05 groups 3, 4; ** p � 0.01 groups 1, 3.

Figure 2. Mean tissue FGF binding activity and response to heparin therapy.
* p � 0.05.

Figure 3. Mean tissue HB-EGF–like binding and response to heparin therapy.
* p � 0.05, ** p � 0.01.
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of colitis with heparin caused a decrease in total tissue FGF
binding activity to normal levels. This result could be due to a
direct effect of heparin on protein or receptor binding activity
of FGF or an indirect effect on these parameters attributed to
tissue recovery, with normalization of FGF activity. The iden-
tical levels of FGF activity in groups 1and 2 indicate that this
effect is not due to a heparin-mediated change in binding to
heparin Sepharose beads.

The therapeutic effect of heparin in experimental colitis has
been previously shown in both iodoacetamide- and trinitroben-
zensulfonic (TNBS)-induced colitis (27). Our rats were killed
on d 8. Rachmilewitz et al. (25), in the same model, demon-
strated that peak inflammation was achieved between d 3 and
7, and that recovery time in untreated rats was 3 wk. Mucosal
regeneration was noted after 2 wk of inflammation. Thus, 1 wk
after induction of colitis, at peak inflammation and before full
recovery, would seem to be the ideal time to associate changes
in HBGF levels with a therapeutic agent, as opposed to recov-
ery from spontaneous tissue regeneration. Furthermore, the
heparin-treated group still had significant inflammation
present, although HBGF levels were significantly altered. The
kinetics of our study may therefore suggest a direct effect of
heparin on HBGF levels, including a decrease in total FGF
levels with treatment.

Total tissue FGF activity was decreased in the healing phase
associated with heparin therapy. If FGF accelerates tissue
recovery and healing from inflammation, the drop in tissue
levels during therapy and recuperation would be an unlikely
reason for recovery. An alternative, although less likely, pos-
sibility is that heparin may have improved colitis by decreasing
tissue FGF levels. If a HBGF has a deleterious effect on
inflammation, decreasing certain HBGF levels could mediate
recovery. Byrd et al. (28) demonstrated that FGF-1 stimulation
of T cells expressing receptors for FGF-1 augmented IL-2
production through FGF-1 activation of nuclear factor-�B.
Thus, decreasing FGF tissue levels might attenuate inflamma-
tion while still enabling augmentation of mechanisms leading
to tissue proliferation and differentiation. The similar levels in
the heparin-treated control and normal control groups (groups
1 and 2) make a direct effect of heparin therapy on tissue
binding activity of FGF less likely, although the effect of
heparin may differ during inflammation.

Our data regarding increased FGF binding activity during
colitis are supported indirectly by the findings of Bousvaros et
al. (29), who found increased serum FGF in pediatric patients
with inflammatory bowel disease, which parallels disease ac-
tivity. To our knowledge, FGF has not been quantitatively
assessed in inflamed colonic tissue from patients with inflam-
matory bowel disease, although Ohtani et al. (30) described
increased immunocytochemical staining for FGF in inflamma-
tory exudates in comparison with colonic tissue from control
samples. Our results, demonstrating a decrease in FGF with
heparin, contrast with those published in an experimental ulcer
model using a similar compound (acetic acid), in which both
tissue FGF and EGF levels increased after heparin therapy.
Doses of 100, 500, and 1000 U/kg were used, and response
occurred in a dose-dependent fashion, resulting in healing (21).
These opposite interactions may be explained by the presence

of inflammation in our model, which appears to be a potent
stimulus for FGF. Tissue HB-EGF responded differently than
FGF to heparin therapy. HB-EGF binding activity was signif-
icantly decreased in the colitis group, and increased signifi-
cantly with heparin therapy, although the levels measured were
well below the normal values. EGF has been found to have a
direct beneficial effect on colitis (24), and the increase in
HB-EGF may have played a role in tissue recovery that we
observed. The same arguments put forth previously for cause
and effect are relevant here as well. The increased binding
activity of this growth factor in the treatment group (group 4),
suggests a role for heparin in growth factor-mediated response.
Epithelial damage in colitis may have caused a decrease in
epithelial HB-EGF, leading to decreased HB-EGF binding
activity that we measured in the colitis group.

There are other heparin–growth factor interactions that may
play a role in colitis and explain a response to heparin therapy.
HS, which bind FGF, appear to be depleted in areas of inflam-
mation in inflammatory bowel disease (23, 31). This could lead
to decreased tissue binding of HBGF and decreased HBGF
activity in areas of inflammation. Other HBGF implicated in
colitis, such as vascular endothelial growth factor, were not
evaluated.

The dose-response curve in our pilot studies, with a lower
dose being efficacious and a high dose detrimental, is of
interest. Assuming a purely anti-inflammatory role for heparin
based on binding of pro-inflammatory cytokines, or an increase
in HS barrier function, increasing the heparin dose would be
expected to decrease inflammation in a dose-related fashion.

A low-dose effect could support a role for a direct increase
in HBGF activity as a mechanism of response. At low tissue
levels, optimal heparin levels required for the formation of an
active ternary complex can bind to both a HBGF and its
receptor, facilitating growth factor activity. Because heparin
acts as a ligand to HBGF, higher doses, in excess of tissue
receptor levels needed for growth factor activity, might have a
competitive effect and actually reduce tissue levels by binding
circulating beneficial HBGF. This could decrease the potential
for recovery, leading to aggravation of colitis at higher doses
(27, 32). We did not evaluate HBGF levels or binding activity
at the higher doses.

An alternative explanation for a low-dose response has been
proposed by Lider, Cahalon, and colleagues (11, 33). They
found that low-dose heparin inhibits T-cell heparanase, and
prevents T-cell migration toward antigen, in an animal model
of inflammation. This effect was abolished by lower or higher
doses of heparin. Variation in tissue levels of heparin may be
responsible for different results achieved during therapy of
ulcerative colitis. In theory, heparin may have a narrow ther-
apeutic margin, which should not be exceeded. High-dose
heparin may have decreased clinical potential with a higher
risk for side effects. The effect achieved with use of low-dose
versus high-dose heparin in patients with ulcerative colitis
needs to be evaluated in clinical trials.

In conclusion, experimental colitis affects HBGF in different
ways. Resolution with heparin therapy led to near or complete
normalization of HBGF binding activity, elevating HB-EGF
and decreasing FGF receptor binding activity. Although
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changes in HBGF may play a role in recovery from colitis,
kinetic studies of HBGF during early inflammation may help to
clarify the interaction between HBGF, heparin therapy, and
colitis and may further elucidate the role that heparin might
play in the treatment of inflammatory diseases. The optimal
dose of heparin needs to be evaluated in clinical trials.
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