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Abstract
Purpose—We have demonstrated that administration of heparin-binding EGF-like growth factor
(HB-EGF) protects the intestines from injury. The aim of the current study was to evaluate the effect
of HB-EGF gene disruption on intestinal restitution, angiogenesis and long term survival after
intestinal ischemia/reperfusion (I/R) injury.

Methods—HB-EGF (−/−) and wild-type HB-EGF (+/+) litter mate mice were subjected to 45 min
of superior mesenteric artery (SMA) occlusion followed by reperfusion. Functional recovery of the
gut permeability barrier was evaluated with Ussing chamber studies, and microvessel density (MVD)
was evaluated immunohistochemically. Animal survival was evaluated using the Kaplan-Meier
method.

Results—Histological damage after ischemia was significantly higher in HB-EGF (−/−) mice
compared to HB-EGF (+/+) mice, associated with a significantly higher number of incompetent (non-
healed, non-resurfaced) villi indicative of delayed structural healing by restitution. HB-EGF (−/−)
mice had increased intestinal permeability after intestinal I/R. HB-EGF (−/−) mice had significantly
lower MVD at 3 and 7 days after I/R, indicating that HB-EGF gene deletion resulted in delayed onset
of angiogenesis. Two week mortality rates were significantly higher in HB-EGF (−/−) mice.

Conclusions—Endogenous HB-EGF significantly enhances healing by restitution, prolongs
survival and enhances angiogenesis in mice subjected to I/R. These findings support our hypothesis
that HB-EGF administration may improve outcome in patients with intestinal I/R injury, including
necrotizing enterocolitis.
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INTRODUCTION
The gut mucosa is constantly subjected to injury and is continuously undergoing renewal. In
addition, the gut is highly susceptible to hypoperfusion injury due to its higher critical oxygen
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requirement compared to the whole body (1) and due to the mucosal countercurrent
microcirculation (2). Restitution, a process dependant upon intestinal epithelial cell (IEC)
migration, is a critical form of intestinal healing that rapidly restores the gut permeability
barrier, resulting in protection of the interior milieu from the hostile external environment.

Heparin-binding EGF-like growth factor (HB-EGF) was initially identified in the conditioned
medium of cultured human macrophages (3), and later found to be a member of the epidermal
growth factor (EGF) family (4). We have shown that administration of HB-EGF promotes IEC
migration in vitro (5) and enhances restitution in rats subjected to I/R or hemorrhagic shock
and resuscitation (HS/R) in vivo (5;6). Additionally, blocking of endogenous HB-EGF using
the HB-EGF-specific inhibitor CRM197 or blocking of EGFR in vitro resulted in suppression
of intrinsic IEC migration and healing in vitro (5). These studies suggest that endogenous HB-
EGF is involved in IEC migration and restitution.

Healing by restitution is efficient for superficial intestinal injuries. However, deep mucosal
injuries are more clinically relevant, with recovery from deep injuries requiring remodeling of
the extracellular matrix and the submucosa as well as angiogenesis (7). In addition to being
important for deep injuries, angiogenesis is also essential for restitution. Despite significant
progress in our understanding of intestinal healing by restitution, very little is known about the
role of angiogenesis in the healing of deeper intestinal injuries.

Expression of HB-EGF is significantly increased in response to tissue damage (5;8), hypoxia
(9), oxidative stress (10) and wounding of intestinal epithelial monolayers (11). This pattern
of expression is consistent with a pivotal role for HB-EGF in I/R injury and repair processes.
The critical role for HB-EGF in post-ischemic regeneration has been demonstrated in various
organs including the brain, kidney, and heart (9;12;13). HB-EGF is also a potent
chemoattractant for various cell types (14;15). Exogenous HB-EGF promotes rabbit corneal
angiogenesis and neovascularisation in mouse skin (16), and recent studies have shown that
HB-EGF is involved in tumor angiogenesis (17), catecholamine-induced vascular trophic
effects (18) and angiopoietin-induced angiogenesis (19). We have recently demonstrated that
HB-EGF administration preserves the mesenteric microcirculation in rats subjected to HS/R
(6).

Taken together, it is conceivable that HB-EGF may be involved in angiogenesis during healing
from deep intestinal injuries. The current study was designed to demonstrate the role of
endogenous HB-EGF gene expression on healing by restitution, angiogenesis and overall
animal survival in HB-EGF null mice subjected to various degrees of ischemic injuries.

MATERIALS AND METHODS
Mouse model of intestinal ischemia/reperfusion (I/R) injury

HB-EGF (−/−) and HB-EGF (+/+) mice were a kind gift from Dr. David Lee (Chapel Hill,
NC) (20). In HB-EGF (−/−) mice, HB-EGF exons 1 and 2 were replaced with PGK-Neo, thus
deleting the signal peptide and propeptide domains. The desired targeting events were verified
by Southern blots of genomic DNA and exon-specific PCR, with Northern blots confirming
absence of the respective transcripts (20).

All animal procedures were approved by the Institutional Animal Care and Use Committee of
the Children’s Research Institute (Protocol #00903 AR). Ten week-old male HB-EGF (−/−)
or HB-EGF (+/+) mice were fasted for 16–18 h with access to water only. Under inhalation
anesthesia using 2% isoflurane, a midline laparotomy was performed, followed by ligation of
collaterals between the SMA, celiac, and inferior mesenteric arteries. The SMA was then
occluded using two microvascular clamps for 45 min followed by various durations of
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reperfusion. Changes in arterial flow were assessed by morphological intestinal changes, and
by intravital microscopy in randomly selected animals. Control HB-EGF (−/−) and HB-EGF
(+/+) mice were subjected to identical procedures with the exception of vascular manipulation.
Throughout the procedure the abdominal cavity was kept temporarily closed, with body
temperature maintained at 37ºC. Animals were euthanized by exsanguination under anesthesia.
All animals survived the initial ischemic injury with complete recovery from the procedure for
at least 12 hours. Three mice were used per group, with each experiment performed in duplicate.

For evaluation of HB-EGF gene deletion on animal survival, both HB-EGF (−/−) and HB-EGF
(+/+) mice were subjected to a pilot study to determine a suitable duration of ischemia. These
studies showed that 45 min of ischemia was not enough to cause significant mortality in either
group, and that 90 min of ischemia resulted in over 70% mortality in both groups. Accordingly,
70 min of ischemia was selected in order to evaluate the tolerance of HB-EGF (−/−) and HB-
EGF (+/+) mice to prolonged ischemia. After the 70 min ischemic period, animals were allowed
to recover and were kept in a heat controlled environment for two weeks after surgery.

Histologic injury score
Tissue sections were deparaffinized, rehydrated, and stained with hematoxylin and eosin
(H&E). Histologic scoring of the depth of tissue injury was performed according to Chiu et al.
(21) with modifications as follows: score 0, no damage; score 1, subepithelial space at villous
tip; score 2, loss of mucosal lining of the villous tip; score 3, loss of less than half of the villous
structure; score 4, loss of more than half of the villous structure; and score 5, transmural
necrosis. Sections were evaluated blindly.

Morphological criteria indicative of in vivo restitution
Whereas the histologic injury score evaluates the depth of intestinal injury, quantification of
incompetent villi was used to evaluate the structural intestinal barrier as we have previously
described (5). An incompetent villous was identified as a villous with an incomplete mucosal
lining, regardless of the depth of injury. Any epithelial gap was considered as a potential port
of bacterial or macromolecular translocation into the submucosal space, and hence was
considered a breach in the intestinal barrier. We have previously demonstrated that the number
of incompetent villi reflects both the functional integrity of the intestinal barrier as well as early
healing by restitution (5). The degree of in vivo restitution was evaluated using our previously
outlined criteria (5). These criteria are applied to well-aligned villi in PAS-stained sections and
include: 1) histologic features indicative of prior loss of mucosa resulting in subsequent villous
contraction, with short, blunted, or concave villous tips compared to non-damaged or less
injured villi in the same histologic section; 2) restoration of the mucosal surface of injured villi
with a single layer of flat, squamous enterocytes resulting from migration and flattening during
restitution; and/or 3) restoration of mucosal continuity with a single cell layer containing four
or more goblet cells in continuity, without intervening enterocytes. The average numbers of
incompetent villi per cross section were quantified as an indicator of intestinal restitution.

Intestinal permeability assay using Ussing chambers
Intestinal permeability in Ussing chambers was used as an index of recovery of the gut barrier.
Ileum was opened along the mesenteric border to produce a flat sheet and rinsed with ice-cold
HEPES buffer solution (HBS) at a constant pH of 7.4. HBS containing 1.25 mmol/L Ca was
used as the bathing solution for the mucosal component during the experiment and as a
stabilizing solution for both the mucosal and the serosal sides between experiments. The
bathing solution was maintained at 37°C with water jacketed reservoirs connected to a constant
temperature circulating pump gassed with 95% O2/5%CO2. Full-thickness ileal specimens
were mounted onto Ussing chambers to expose a circular area of epithelium (0.25 cm2). The
serosal and mucosal sides of the segments were bathed in 1ml of HBS containing 1.25 mmol/
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L Ca and continuously exposed to 95% O2. Mucosal barrier function was determined by
measurement of unidirectional mucosal-to-serosal flux of FITC-dextran for 30 min. After
dilution of the FD-4muc, both serosal and mucosal FD-4 were measured using a Bioassay
Reader HTS 7000 (Perkin Elmer) with excitation wave of 485 nm and emission measured at
520 nm. The mucosal-to-serosal FD-4 clearance was calculated using the following modified
formula:

Evaluation of microvascular density (MVD) during intestinal healing from I/R injury
Immunohistochemistry was performed on paraffin-embedded tissue sections using the avidin-
biotin peroxidase complex method, as described previously (22). Deparaffinized rehydrated
sections were treated in 0.1% trypsin for 30 min at room temperature (RT). Vascular endothelial
cells (EC) were stained with rabbit polyclonal anti-Von Willebrand factor antibody (Abcam
Inc., Cambridge, MA) at a final dilution of 1:800. The incubation time for the primary antibody
was 1 h at RT. Immunohistochemistry was conducted using a Mouse to Mouse HRP staining
kit (ScyTeck Laboratories, Logan, UT) according to the recommendations of the manufacturer.
V-W antibody staining was labeled using 3-Amino-9-Ethylcarbzole (AEC) as chromogenic
substrate. Stained sections were scanned and captured using Metamorph computer software to
evaluate villous MVD. Immunoreactive (dark staining) EC in longitudinally oriented villi were
quantified in at least 12 sections per animal. Average EC staining was then estimated per animal
group. Three animals were evaluated per group with the entire experiment performed in
duplicate.

Statistical analyses
All results are presented as mean ± SD. Statistical comparisons between all groups were
performed using one-way ANOVA. When significant differences were detected between
groups, further comparisons between two groups were performed using Student t test. Animal
survival was assessed using the Kaplan-Meyer method with comparisons made using the Log-
rank test. A level of p<0.05 was considered statistically significant.

RESULTS
HB-EGF gene disruption is associated with increased intestinal injury in mice subjected to
ischemia/reperfusion injury

To evaluate the role of endogenous HB-EGF on intestinal tolerance to I/R injury, HB-EGF (−/
−) and HB-EGF (+/+) mice were subjected to 45 min of ischemia and a variable duration of
reperfusion. Changes in histological injury in the ileum within the first 3 h after I/R were
determined. Immediately after ischemia, histologic injury scores in HB-EGF(+/+) mice (1.5 ±
0.18) were not significantly different from those in HB-EGF (−/−) mice (2.15 ± 0.45) (Figure
1). One hour after reperfusion the degree of intestinal injury increased slightly but not
significantly in both animal groups. By 3 h of reperfusion the depth of intestinal damage
significantly decreased in HB-EGF (+/+) mice (1.5 ± 0.2) but not in HB-EGF (−/−) mice, which
continued to have a high depth of injury (2.36 ± 0.26; p<0.05). Thus, early healing results in
rapid tissue recovery in HB-EGF (+/+) mice but not in HB-EGF (−/−) mice, suggesting that
endogenous HB-EGF enhances early recovery from post-ischemic injury.

HB-EGF gene disruption is associated with delayed structural recovery of the gut barrier
after ischemia/reperfusion injury

We have demonstrated that restitution occurs during the first 3 h after I/R and that restitution
is responsible for early recovery of the gut mucosal barrier in rats subjected to I/R (5). To assess
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structural restitution quantitatively, we determined the average number of structurally
incompetent villi (villi which can serve as a portal of entry for macromolecules due to
incomplete mucosal epithelial lining regardless of the depth of injury). At the end of ischemia,
the average number of incompetent villi was 8.5 ± 3.4 in HB-EGF (+/+) mice compared to
22.0 ± 12 in HB-EGF (−/−) mice (Figure 2A). One hour after reperfusion, the number of
incompetent villi increased to 19.2 ± 4.0 in HB-EGF (+/+) mice and to 44.4 ± 16 in HB-EGF
(−/−) mice, coinciding with changes in the intestinal injury score. Three hours after reperfusion,
the number of incompetent villi declined significantly in HB-EGF (+/+) mice (8.0 ± 2.6)
compared to HB-EGF (−/−) mice (31.9 ± 5.2; p<0.05), with the latter having a significantly
higher number of incompetent villi. This indicates that endogenous HB-EGF is essential for
early restitution and structural recovery of the gut barrier after I/R, and that deletion of the HB-
EGF gene delays the occurrence of restitution.

HB-EGF gene disruption is associated with delayed functional recovery of the intestinal
permeability barrier in vivo

To evaluate the effect of endogenous HB-EGF on the functional gut permeability barrier, we
investigated the mucosa-to-serosa unidirectional clearance to FD-4 using the Ussing system.
The basal level of FD-4 clearance in HB-EGF (+/+) mice (0.13 ± 0.07 nl/cm2/min) was
comparable to that of HB-EGF (−/−) mice (0.11 ± 0.05 nl/cm2/min) (Figure 2B). Three hours
after I/R, the level of FD-4 clearance in HB-EGF (+/+) mice (0.62 ± 0.07 nl/cm2/min) was
significantly lower than that in HB-EGF (−/−) mice (1.7 ± 0.49 nl/cm2/min; p<0.05), indicating
that endogenous HB-EGF gene expression is essential for functional recovery of the gut barrier.

HB-EGF gene disruption is associated with delayed angiogenesis during intestinal
regeneration after ischemia/reperfusion injury

Regeneration after ischemic damage occurs as a two stage process. While restitution occurs in
the early stages resulting in reestablishment of mucosal continuity and barrier function,
complete regeneration and restoration of villous height requires regrowth of connective tissue
and angiogensis. To evaluate the angiogenic changes after I/R in mice, villous MVD was
evaluated 3 and 7 days after I/R by immunohistochemistry using Von Willibrand factor related
antibody. Under basal conditions, EC immunoreactivity to VW factor in HB-EGF (+/+) mice
(1.56 ± 0.41%) was not significantly different from that in HB-EGF (−/−) mice (1.33 ± 0.33%)
(Figure 3). Three days after I/R, villous MVD in HB-EGF (+/+) mice decreased significantly
to 1.2 ± 0.45%. At this time point, the MVD in HB-EGF (−/−) mice (0.59 ± 0.29%) was
significantly lower than basal levels, and significantly lower than that of HB-EGF (+/+) mice.
Seven days after I/R, villous MVD increased in both animal groups but was still significantly
lower in HB-EGF (−/−) mice (1.06 ± 0.31%) compared to HB-EGF (+/+) mice (1.35± 0.21%,
p<0.05).

HB-EGF gene disruption is associated with significantly lower survival after prolonged
intestinal ischemia in mice

To elucidate the importance of endogenous HB-EGF to survival after I/R, both HB-EGF (+/
+) and HB-EGF (−/−) mice were subjected to severe intestinal ischemia for 70 min. Whereas
the overall 2 week survival in HB-EGF (+/+) animals was 63.6%, survival in HB-EGF (−/−)
mice was significantly reduced to 30.8% (p<0.05) (Figure 4). This indicates that endogenous
HB-EGF expression plays an axial role in both healing and survival in animals subjected to
intestinal I/R.

DISCUSSION
Our results demonstrate that endogenous HB-EGF is important for intrinsic restitution,
preservation of gut barrier function and survival after intestinal I/R injury. These results clearly
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demonstrate that endogenous HB-EGF expression plays an axial role in both structural and
functional recovery of the gut barrier by restitution in mice subjected to I/R. It is well
established that the mortality rate after intestinal ischemia often exceeds 90% (23). In HB-EGF
(−/−) mice subjected to 70 min of ischemia the mortality rate was significantly higher than that
in HB-EGF (+/+) mice. Most animal mortality occurred between 12–48 h after injury,
suggesting that acute complications such as bacterial toxemia or multiorgan dysfunction
syndrome are the most probable causes of death. These results are not surprising since it has
been known for decades that loss of the barrier and immune functions of the intestine are major
contributing factors leading to deleterious complications and death after I/R. These results
support the crucial role of HB-EGF in the recovery of gut barrier function after I/R, and explain
our previous results showing that administration of exogenous HB-EGF increases survival in
rats subjected to I/R injury in vivo (24).

Despite the critical role of healing by restitution in the rapid restoration of the mucosal barrier,
full recovery of deeper intestinal injuries requires connective tissue remodeling, regeneration
of the submucosa and effective angiogenesis. In the current study, we found that 45 min of
ischemia was enough to produce intestinal damage involving more than half of the villous
height in mice, indicating that the distal microvascular villous structures had been damaged or
lost. This depth of injury has been consistently observed in our previous studies in rats subjected
to intestinal I/R or to HS/R (5;6) indicating that even moderate degrees of intestinal injury will
require angiogenesis for complete intestinal regeneration. Surprisingly, despite a fair
understanding of angiogenesis regulators in inflammatory bowel disease and healing of GI
ulcers, neither angiogenesis nor angiogenesis regulators have been studied during intestinal
regeneration from injuries such as ischemia or hypoperfusion.

To understand the changes in angiogenesis during intestinal healing, we evaluated MVD
beginning on the third day after I/R. This time point has been suggested to be the initiation
point of angiogenesis (25;26). In HB-EGF (+/+) mice we found that MVD was significantly
lower than basal pre-ischemic levels, consistent with the initial degree of injury with damage
to distal villous structures. Seven days after intestinal I/R, MVD approached basal levels in
HB-EGF (+/+) mice, indicating that angiogenesis occurs between 3 and 7 days after injury.
Three days after I/R, MVD was significantly lower in HB-EGF (−/−) mice compared to HB-
EGF (+/+) mice, and continued to be significantly lower 7 days after I/R. This suggests that
endogenous HB-EGF is involved in angiogenesis during intestinal healing and that deletion of
the HB-EGF gene results in delayed onset of angiogenesis.

HB-EGF is a potent mitogen and chemotactic factor for fibroblasts and smooth muscle cells
(27) both of which play important roles in angiogenesis and reconstruction of connective tissue
structures. Although HB-EGF is not a direct mitogen for EC, it is a potent chemoattractant for
these cells. We have demonstrated that HB-EGF stimulates tube formation in EC in vitro, and
that HB-EGF stimulates angiogenesis in endothelial cells via PI3-kinase and MAPK signaling
pathways (28). Thus, HB-EGF can induce angiogenesis via enhancing migration of fibroblasts,
EC and vascular smooth muscle cells, all of which are important elements of angiogenesis.

As part of its role in promoting angiogenesis, HB-EGF may protect vascular EC from
hypoperfusion/hypoxia-induced vascular injury. We have recently shown that HB-EGF
significantly reduces post-resuscitation deterioration of mesenteric microcirculation in rats
subjected to HS/R (6). A common sequellae after hypoperfusion is damage to EC, most likely
due to polymorphonuclear leukocyte (PMN)/EC interactions (29). Mice deficient in leukocytes
or endothelial adhesion molecules demonstrate improved capillary blood flow after intestinal
I/R (30). This suggests that PMN/EC interactions play an important role in microvascular
damage after hypoperfusion states. We have recently demonstrated that pretreatment of PMN
with HB-EGF significantly reduces PMN/EC adhesion and PMN transendothelial migration
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after anoxia/reoxygenation injury in vitro (31). We also demonstrated that HB-EGF down-
regulates the expression of adhesion molecules and the infiltration of inflammatory cells after
SMA occlusion in rats (32). Taken together, it is possible that HB-EGF improves the
microcirculation via multiple mechanisms including induction of angiogenesis as well as
protection of EC from damage during hypoperfusion states.

Deletion of the HB-EGF gene results in abnormal embryonic cardiac cushion development
resulting in defective valvulogenesis, with stenosis of the semilunar and atrioventricular valves
leading to cardiac hypertrophy (20). Although the use of HB-EGF (−/−) mice allows
assessment of the effects of loss of HB-EGF signaling, the effects of potential cardiac failure
must be taken into consideration. Chalothorn et al. used 4 month old HB-EGF(−/−) mice in
studies of the effect of HB-EGF on angiogenesis in a hindlimb ischemia model (33). The
authors demonstrated that HB-EGF (−/−) mice had cardiac hypertrophy without evidence of
heart failure, with normal hemodynamic parameters both awake and under anesthesia.
Furthermore, 6 month old HB-EGF (−/−) mice only have a 25% reduction in left ventricular
fractional shortening (20). This is less than the mildest level of human heart failure which is
characterized by an ejection fraction that is reduced by at least 40%. Take together, these results
suggest that HB-EGF (−/−) mice have compensated cardiac hypertrophy without heart failure,
arguing against the presence of hemodynamic disturbances affecting our observed results. In
addition, the fact that our studies were performed in HB-EGF KO mice that were only 10 weeks
old makes it even less likely that HB-EGF KO-related hemodynamic disturbances would affect
our results. Interestingly, Chalothorn et al. found no differences in angiogenesis after hindlimb
ischemia in HB-EGF (−/−) compared to HB-EGF (+/+) mice (33), as opposed to the results in
the intestine reported here.

In conclusion, deletion of the HB-EGF gene results in decreased intestinal healing by restitution
in mice subjected to moderate I/R. In mice subjected to prolonged intestinal ischemia, deletion
of HB-EGF results in significantly higher mortality indicating its essential role in tolerance to
ischemic injury and its critical role in restoration of barrier function of the gut. More
importantly the current study highlights the importance of endogenous HB-EGF in
angiogenesis during intestinal recovery from deep mucosal injuries secondary to I/R. Despite
the multiplicity of EGF family members, the effect of loss of HB-EGF is not compensated for
by other EGF family members. These results support the therapeutic use of HB-EGF in the
prevention or treatment of disease processes involving intestinal I/R injury, including
necrotizing enterocolitis.
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Figure 1. Deletion of the HB-EGF gene is associated with higher intestinal injury scores in mice
subjected to moderate intestinal ischemia/reperfusion
A) Representative examples of histologic injury in the distal 5 cm of ileum at the end of
ischemia in HB-EGF (+/+) mice (a) and HB-EGF (−/−) mice (b); one hour after reperfusion
in HB-EGF (+/+) mice (c) and HB-EGF (−/−) mice (d); and 3 hours after reperfusion in HB-
EGF (+/+) mice (e) and HB-EGF (−/−) mice (f).
B) At the end of ischemia there was no significant difference in injury score between HB-EGF
(+/+) (□) and HB-EGF(−/−) (■) mice. Histological damage reached a higher level in HB-EGF
(+/+) mice one hour after injury and was significantly reduced at three hours of reperfusion.
However, in HB-EGF(−/−) mice, the injury score at three hours of reperfusion was significantly
higher than that in HB-EGF (+/+) mice. *p<0.05.
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Figure 2. Endogenous HB-EGF promotes intestinal healing by restitution after I/R in mice
A) Quantification of restitution as determined by the number of structurally incompetent villi.
HB-EGF (−/−) mice (■) had a higher number of incompetent villi compared to HB-EGF(+/+)
mice (□) at all time points. Three hours after reperfusion, HB-EGF (−/−) mice continued to
have a significantly higher number of incompetent villi compared to HB-EGF (+/+) mice.
*P<0.05.
B) Quantification of the mucosa-to-serosa unidirectional clearance of FITC-dextran as an index
of functional gut barrier recovery using the Ussing system. Under basal conditions, there was
no significant difference in FITC-dextran clearance between HB-EGF (+/+) (□) and HB-EGF
(−/−) (■) mice. Three hours after reperfusion, HB-EGF (+/+) mice had a significantly lower
clearance compared to HB-EGF (−/−) mice, indicating a better functional recovery of the gut
barrier in wild-type mice. *p<0.05.
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Figure 3. Endogenous HB-EGF gene expression promotes angiogenesis after I/R in mice
A) Representative examples of immunoreactivity to VW factor related antibody which stains
endothelial cells. Staining is seen as black color for computer analysis purposes. Shown are
representative examples of the terminal 5 cm of ileum at: basal levels in HB-EGF (+/+) mice
(a) and HB-EGF (−/−) mice (b); three days after I/R in HB-EGF (+/+) mice (c) and HB-EGF
(−/−) mice (d); and 7 days after I/R in HB-EGF (+/+) mice (e) and HB-EGF (−/−) mice (f).
B) Quantification of the extent of VW factor related antibody (MVD) immunoreactivity/20X
scanned section was evaluated using a Metamorph computer analysis software. At basal levels,
there was no significant difference between MVD in HB-EGF (+/+) (□) and HB-EGF(−/−) (■)
mice. Three days after I/R, the MVD decreased significantly in HB-EGF (+/+) mice compared
to the basal levels, but then approached basal levels at 7 days after I/R. In HB-EGF (−/−) mice
however, MVD was significantly lower than that in HB-EGF (+/+) mice at both 3 and 7 days
after I/R. *p<0.05.
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Figure 4. Deletion of the HB-EGF gene is associated with decreased survival in mice subjected to
prolonged intestinal ischemia/reperfusion
Mice were subjected to 70 min of ischemia and were observed for 2 weeks for evaluation of
overall survival. Survival curves were evaluated using the Kaplan Meyer method and survival
rates were compared using the Log Rank test. HB-EGF (+/+) animals (solid line) had
significantly improved survival compared to HB-EGF(−/−) mice (dotted line). *p<0.05.
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