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Background. Platelets play an important role in hemo-
static and inflammatory responses. To evaluate any po-
tential enhancement of platelet activity in patients with
inflammatory bowel disease (IBD), we measured the
platelet aggregation responses to various stimuli. Meth-
ods. Twenty-two healthy controls, 24 patients with ul-
cerative colitis (UC) and 25 patients with Crohn’s
Disease (CD) were studied. The aggregation responses
induced by three agonists (epinephrine, collagen, and
ADP) were measured by an 8-channel aggregometer.
The platelet-derived microparticles (PDMP) levels
were measured by an enzyme-linked immunosorbent
assay. Results. Twenty-one out of the 22 healthy con-
trols did not respond to epinephrine (0.1ug/ml), col-
lagen (0.2pg/ml), or ADP (1.0uM). Eight out of the 12
active UC patients were sensitive to all agonists, and 4
patients showed increased sensitivity to epinephrine/
collagen or epinephrine/ADP. Three out of the 12 inac-
tive UC patients were normal, but 9 of these patients
showed increased sensitivity, mainly to epinephrine.
Ten out of the 12 active CD patients were sensitive to all
agonists, and 2 active CD patients were sensitive to
epinephrine/collagen or epinephrine/ ADP. Eight out of
the 13 inactive CD patients were sensitive to two or all
agonists. Even after remission, almost all of the UC and
CD patients showed some increased sensitivity to the
agonists. The platelet number and the plasma PDMP
levels were significantly higher in the active IBD pa-
tients than in the control group. Conclusions. Platelet
aggregation responses are enhanced in IBD, even in
inactive-phase patients. This increased sensitivity of the
platelets may play an important role in the pathophysi-
ology of IBD.
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Introduction

The precise etiologies of ulcerative colitis (UC) and
Crohn’s disease (CD), the two major forms of inflam-
matory bowel disease (IBD), remain unclear. Recent
studies have suggested that the mucosal inflammation
observed in IBD is not exclusively dependent on
dysregulated immune responses but also involves the
active participation of other cellular systems. Platelets
are anuclear, nonimmune cells derived from the cyto-
plasm of bone marrow megakaryocytes, and play a key
role in blood hemostasis and inflammation.!? Recently,
an increasing number of reports have described the con-
tribution of platelets to the pathogenesis of IBD. For
example, an increase in the number of circulating plate-
lets is a common feature in active IBD patients.3* A
lower mean corpuscular volume of platelets is consid-
ered to be a potential marker of clinical activity in IBD.?
Histopathological studies have revealed the presence of
mucosal capillary thrombi in biopsy specimens from
patients with IBD,%” and thromboembolic complica-
tions are substantially increased in active IBD pa-
tients.”® Furthermore, strong activation of the platelets
in IBD patients is supported by the expression of plate-
let activation markers such as P-selectin (CD62P)
and by serum measurements of B-thromboglobulin (-
TG).> Enhanced platelet activation in IBD is also
supported by reports showing an elevation in various
products such as platelet factor 4 (PF4) and CD40
ligand (CD40L).%112

Platelets respond to a number of stimuli by changing
their shape from discoid cells to spherical spiny cells,
and by aggregating into large clumps. Experimentally,
these dynamic processes can be measured by
turbidometric aggregometry.’* As the platelet suspen-
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Table 1. Baseline clinical characteristics

A. Andoh et al.: Platelet aggregation and IBD

Control (n = 22) UC (n=24) CD (n=25)

Sex (M/F) 12/10 13/11 12/13
Smokers 2 4 4
Age (years) 334+£75 35.6 £ 155 324175
Disease duration (years) — 87x75 85£6.8
Body mass index (kg/m?) 23.8+£28 223+18 213128
Platelet count (x10%/ul) 192+£33 333+ 15.0% 28.7 £ 9.6*
5-ASA treatment — 24 25
Corticosteroid use — 15 18
Type of CD

Ileal — — 3

Ileocolonic — — 20

Colonic — — 5
ED over 1 year — — 17
CDAI > 150 — — 12
Average CDAI 204 + 63
Type of UC

Proctitis — 4 —

Left-side colitis — 8 —

Pancolitis — 12 —
CAI>5 — 12 —

Values are means £ SD

CD, Crohn’s disease; UC, ulcerative colitis; CDAI, Crohn’s disease activity index reported by
Best et al.;'7 CAI, clinical activity index of UC reported by Rachmilewitz;'> ED, elemental diet

* P < 0.05 compared to control value

sion is stirred, agonists (e.g., collagen, ADP, and epi-
nephrine) are added, and the coalescence of the indi-
vidual platelets into aggregates is measured by the
changes in light transmission.!* This is a typical tool for
the functional analysis of platelets, although various
other markers such as sP-selectin, PF4, and B-TG are
not functional but represent a consequence of platelet
activation. The most characteristic feature of platelet
aggregometry is its ability to serve as a functional evalu-
ation tool of platelet samples. However, in IBD
patients, there are few reports of platelet functions
evaluated by aggregometry. Van Wersch et al. reported
that ADP (a low concentration of 0.2 or 2 uM)-induced
aggregation was increased in active IBD patients. How-
ever, they failed to detect any abnormality for the other
types of agonist (collagen, ristocetin, or epinephrine)-
induced platelet aggregation, since they used high
concentrations (10uM) of agonists, which easily induce
aggregation even in normal platelets. Webberly et al.™#
showed that platelets of IBD patients had a marked
sensitivity to low concentrations of aggregating agents
(ADP, collagen, and arachidonic acid). They did not
find any differences between UC and CD patients, and
did not perform any analysis in association with disease
activity.

In this study, we evaluated the platelet functions of
IBD patients by means of a detailed protocol of platelet
aggregometry. The key points of this study are follows:
(1) we focused on the platelet responses to low to high
concentrations of agonists (epinephrine, 0.1, 0.2, and

2.0ug/ml; collagen, 0.2, 0.5, and 2.0 ug/ml; and ADP, 1.0
and 3.0uM); (2) we evaluated platelet function in asso-
ciation with disease activity and clinical course; and (3)
we compared these findings with other platelet activa-
tion markers. We found that platelets are functionally
activated in IBD patients. An increased sensitivity of
the platelets to agonists was observed even in inactive
UC and CD patients, although other platelet activation
markers were not elevated. These findings suggest that
platelet aggregometry is useful for the evaluation of the
activation status of platelets in patients with IBD.

Methods

Patients

The backgrounds of the patients enrolled in this study
are presented in Table 1. Twenty-two healthy controls
(10 women and 12 men), 24 in- and outpatients with UC
(11 women and 13 men), and 25 in- and outpatients with
CD (13 women and 12 men) were studied (Table 1). All
patients were managed at the Division of Gastroenter-
ology at the Hospital of the Shiga University of Medical
Science. The baseline characteristics of the healthy con-
trols were matched to those of the patients with UC and
CD. All patients had their diagnosis established by the
usual radiological, histological, and clinical criteria.
Twelve UC patients had a high clinical activity
index (CAI > 5) as described by Rachmilewitz,"® and
these patients were regarded as active-phase patients.
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Twelve patients with a CAI < 4 were regarded as
remission patients.

Twelve CD patients had a high disease activity
[Crohn’s disease activity index (CDAI) > 150%], and 13
patients had a lower CDAI (CDAI < 150). In this study,
those patients whose CDAI was above 150 points were
regarded as active phase cases, and those patients
whose CDAI was lower than 150 were defined as remis-
sion cases.

Sample collection and platelet aggregation test

To minimize any platelet activation during sample
collection, blood was drawn from an antecubital vein
through a 20-G needle and mixed with a one-tenth vol-
ume of ACD (2.2¢ trisodium citrate, 0.807 g citric acid,
2.2 g dextrose in 100ml of distilled water). Platelet-rich
plasma (PRP) was prepared by centrifugation at 150g
for Smin at room temperature. The PRP was added to
one-half volume of 0.1% ethylene diamine tetra ac-
etate/saline, and centrifuged at 1500g for 20min
(platelet-poor plasma; PPP).

The number of platelets in the PRP was adjusted to
30 x 10%/ul using PPP. A 200-ul aliquot of the PRP and
a magnetic stir bar were added to each channel of the
platelet aggregometer. Next, freshly prepared agonist
solution (epinephrine, 0.1, 0.2, or 2.0ug/ml; collagen,
0.2, 0.5, or 2.0ug/ml; or ADP, 1.0 or 3.0uM) was
added. Platelet aggregation was then measured by a
turbidometric method. The light transmission of the
PPP was defined as the 100% aggregation value, and the
light transmission before the addition of the agonist was
regarded as 0% aggregation.

The ethics committee of Shiga University of Medical
Science approved this project, and the blood was
sampled with the patients’ informed consent.

Measurement of platelet-derived microparticles

The platelet-derived microparticle (PDMP) levels were
determined by an enzyme-linked immunosorbent assay
(ELISA) system, as was recently reported by Osumi et
al.'” This system is commercially available from Japan
Immunoresearch Laboratories (Takasaki, Japan). One
unit/ml of PDMPs was determined to represent 24000
solubilized platelets/ml. An ELISA system for sP-
selectin was purchased from BioSource (Sunnyvale,
CA, USA).

Statistical analysis

Data are expressed as means + SD. Comparisons be-
tween the means were performed using the Mann-
Whitney U test. Differences resulting in P values less
than 0.05 were considered to be statistically significant.
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Results

Aggregation patterns

In normal subjects, platelet aggregation was induced by
a high concentration of agonist (2.0 tg/ml epinephrine,
2.0pg/ml collagen, or 3.0uM ADP), but the platelets did
not respond to low concentrations of agonists (0.1 pg/ml
epinephrine, 0.2 ug/ml collagen, or 1.0uM ADP) (Fig. 1,
pattern 1). Platelet aggregation caused by low concen-
trations of agonists therefore represents an increased
sensitivity of the platelets.

In IBD patients, five patterns of increased platelet
sensitivity were observed. In all patterns, an increased
sensitivity to epinephrine was observed; this was de-
fined as normal or pattern 1. In pattern 2, platelet aggre-
gation was induced by low concentrations of all agonists
(0.1pug/ml epinephrine, 0.2pg/ml collagen, or 1.0uM
ADP). In pattern 3, the platelets responded to low con-
centrations of epinephrine or ADP, but collagen aggre-
gation was normal. Pattern 4 was characterized by an
increased sensitivity to epinephrine or collagen, but
ADP aggregation was normal. In pattern 5, epinephrine
aggregation increased, but collagen and ADP aggrega-
tion were normal.

Increased sensitivity in IBD patients

Aggregation patterns in the controls and IBD patients
are shown in Table 2. In the healthy controls, 1 out of 22
showed increased sensitivity to epinephrine (pattern 5),
but 21 were normal (pattern 1). Similarly, the aggrega-
tion pattern was almost normal in patients with infec-
tious colitis (data not shown).

All of the active UC patients showed an increased
sensitivity of platelet aggregation. In particular, 8 out of
12 active UC patients were sensitive to all agonists
(pattern 2), whereas 4 patients showed an increased
sensitivity to epinephrine/collagen or epinephrine/ ADP
(patterns 3 or 4). Increased sensitivity was observed
even in the inactive UC patients. Only 2 out of the
12 inactive UC patients were normal, but 8 patients
showed an increased sensitivity to epinephrine (pattern
5). Two inactive UC patients showed pattern 3 or 4.

Similarly, 10 out of 12 active CD patients were
sensitive to all agonists (pattern 2), and 2 active CD
patients showed pattern 3. One characteristic of the CD
patients we observed was that many inactive CD pa-
tients (CDAI < 150) were still sensitive to two or all
agonists.

Platelet aggregation patterns with disease activity

We evaluated the relationship between the platelet
aggregation patterns and disease activity (Table 3). In
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patients with mild-active UC (5 < CAI < 12), the platelet
aggregation distributed among patterns 2, 3, 4, and 5,
but in the severe UC patients, the aggregation patterns
concentrated into pattern 2 (Table 3).

We divided the inactive CD patients into two groups:
a low CDALI group (CDALI < 100) and a high CDAI
group (100 £ CDAI < 150) (Table 3). In the inactive CD
patients with a low CDAI (CDAI < 100), the aggrega-
tion patterns distributed into patterns 1, 3, 4, and 5. Like

the active CD patients, many of the inactive CD pa-
tients with a high CDAI (100 < CDALI < 150) exhibited
pattern 2.

Changes in aggregation pattern after remission

We analyzed the changes in the aggregation patterns
after remission induction in 12 UC and 12 CD patients.
Platelet aggregation was determined both during the



A. Andoh et al.: Platelet aggregation and IBD

Table 2. Platelet aggregation patterns in inflammatory bowel disease (IBD) patients
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Pattern 1
(normal)

Pattern 2

Pattern 3

Pattern 4

Pattern 5

Epinephrine (—)
Collagen (—)

Epinephrine (T)
Collagen (T)

Epinephrine (T)
Collagen (—)

Epinephrine (T)
Collagen (T)

Epinephrine (T)
Collagen (—)

ADP (=) ADP (T) ADP (T) ADP (=) ADP (—)

Healthy control (n = 22) 21 (95.5%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1(4.5%)
Infectious colitis (n =7) 6 (83.3%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (16.7%)
Active UC (n=12) 0 (0.0%) 8 (66.7%) 2 (16.7%) 2 (16.7%) 0 (0.0%)
Inactive UC (n = 12) 2 (16.7%) 0 (0.0%) 1 (8.3%) 1(8.3%) 8 (66.7%)
Active CD (n=12) 0 (0.0%) 10 (83.3%) 2 (16.7%) 0 (0.0%) 0 (0.0%)
Inactive CD (n = 13) 2 (15.3%) 5 (46.2%) 2 (15.3%) 1(7.6%) 3 (23.0%)
Table 3. Platelet aggregation patterns with disease activity

Pattern 1

(Normal) Pattern 2 Pattern 3 Pattern 4 Pattern 5

Epinephrine (—)
Collagen (=)

Epinephrine (T)
Collagen (T)

Epinephrine (T)
Collagen (—)

Epinephrine (T)
Collagen (T)

Epinephrine (T)
Collagen (—)

ADP () ADP (T) ADP (T) ADP () ADP ()
ucC
0<CAI<4 (n=12) 3 (25.0%) 0 (0.0%) 1(8.3%) 1(83%) 7 (58.3%)
5<CAI<10 (n=7) 0 (0.0%) 2 (28.5%) 2 (28.5%) 2 (28.5%) 1(142%)
10 < CAI (n=5) 0 (0.0%) 5 (100.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
CD
CAI <100 (n="7) 2 (28.4%) 0 (0.0%) 1(142%) 1(142%) 3 (42.8%)
100 < CDAI < 150 (1 = 6) 0 (0.0%) 5(83.3%) 1(16.7%) 0 (0.0%) 0 (0.0%)
150 < CDAI <200 (n = 6) 0 (0.0%) 4 (66.7%) 2(33.3%) 0 (0.0%) 0 (0.0%)
200 < CDAI (1 = 6) 0 (0.0%) 6 (100.0%) 0 (0.0%) 0 (0.0%) 0(0.0%)

active phase and 1 month after remission induction. As
shown in Table 4, many of the active UC patients with
pattern 2 switched to pattern 5 after remission. After
remission, almost all UC patients still demonstrated an
increased sensitivity to epinephrine. In contrast, many
of the CD patients with pattern 2 still remained in pat-
tern 2 at 1 month after remission (Table 4).

Relationship between platelet aggregation
response and other markers

As shown in Fig. 2A, the number of platelets was signifi-
cantly elevated in the pattern 2 group (42.5 £ 11.0 x
10%/ul) as compared with the healthy controls (20.1 £ 4.0
x 10%/ul; pattern 1 group). Similarly, in the pattern 3 and
4 groups (31.6 £ 3.9 x 10%ul), the platelet number
was significantly higher than in the control group. On
the other hand, there was no significant difference be-
tween the control group and the pattern 5 group (24.9 +
4.1 x 10%ul).

Table 4. Changes in aggregation patterns of active IBD
patients

Active o

phase — Remission UC (n=12) CD (n=12)
Pattern 2 — pattern 5 6 (50.0%) 2 (16.6%)
Pattern 2 — pattern 3 1(8.3%) 1(8.3%)
Pattern 2 — pattern 2 1(8.3%) 7 (58.3%)
Pattern 3 — pattern 5 2 (16.7%) 2 (16.6%)
Pattern 4 — pattern 5 1(8.3%) 0 (0.0%)
Pattern 4 — pattern 1 1(8.3%) 0 (0.0%)

Changes in platelet aggregation were evaluated at both the active and
inactive phase in 12 UC and 12 CD patients. In UC patients, assess-
ment in the remission phase was determined 1 month after remission
induction (CAI < 4). In CD patients, assessment in the remission
phase was performed 1 month after reaching remission (CDAI < 150)

Recently, we reported that circulating PDMPs, a
novel marker of platelet activation, were elevated in
active IBD patients.!® As shown in Fig. 2B, circulating
PDMP levels were significantly higher in the pattern 2
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Fig. 2. Platelet number and plasma platelet-derived
microparticle (PDMP) levels in different groups of aggrega-
tion patterns. Data points are means £ SD. *P < 0.05,
P < 0.01
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group (58.3 £ 17.2U/ml) than in the control group (17.2
+ 2.4U/ml). PDMP levels were also increased in the
pattern 3 and 4 groups (37.5 + 2.8 U/ml). However, the
PDMP levels were not significantly elevated in the pat-
tern 5 group (24.8 + 6.6 U/ml).

Patients with spontaneous aggregation

In five patients not included in above assessment, plate-
let aggregation was observed without any stimuli (spon-
taneous aggregation). As shown in Table 5, all of these
patients had relatively higher activity. All of the UC
patients with spontaneous aggregation were resistant to
drugs and received a total colectomy. At 1 month after
the colectomy, their aggregation patterns were still in-
creased. Two CD patients with spontaneous aggrega-
tion exhibited pattern 2 at 1 month after remission
induction.

Discussion

When platelets are exposed to aggregating agents such
as epinephrine, collagen, or ADP, they change from
disk shaped to a more rounded form.!*! In this altered
form, they release their granule contents and adhere to
each other. Epinephrine, collagen, and ADP are rou-
tinely used as aggregating stimuli, but the mechanisms
by which they induce platelet activation have not been
fully identified. Various studies have demonstrated that
one common mechanism is to induce endogenous ADP
from dense granules.

In the normal pattern, low concentrations of these
agonists did not cause platelet aggregation. In IBD pa-
tients, increased aggregation was divided into four
patterns. In these four patterns, epinephrine aggrega-
tion was characteristically involved, and combinations
of the epinephrine response with a collagen response
and/or an ADP response determined each pattern. Ac-
tive UC and CD patients were sensitive to two or all
agonists, and this indicated that their platelets were po-
tentially highly activated during the active phase.
Increased responses to these agonists tended to be asso-

Table 5. Clinical course of IBD patients with spontaneous aggregation

Final assessment of

Case no. Initial clinical activity Clinical course platelet aggregation

1. Case 1 (UC) CAI 12 Total colectomy Pattern 5 (after colectomy)
2. Case 2 (UC) CAI 12 Total colectomy Pattern 5 (after colectomy)
3. Case 3 (UC) CAI 13 Total colectomy Pattern 3 (after colectomy)
4. Case 5 (CD) CDAI 230 Responded to infliximab Pattern 2

5. Case 6 (CD) CDALI 245 Responded to corticosteroid Pattern 2

Spontaneous aggregation of platelets was observed in eight patients at initial assessment. In cases 1-3, final assessment was performed 1 month
after total colectomy. In cases 4 and 5, final assessment was performed 1 month after the inactive phase was reached (CDAI < 150)
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ciated with disease activity, because many cases of mild
disease activity were sensitive to two agonists (epineph-
rine/collagen or epinephrine/ADP), but all severe cases
such as UC (10 < CAI) and CD (200 < CDAI) were
sensitive to all agonists. It is possible that increased
aggregation may be an effect of drugs such as corticos-
teroids. However, early studies have reported that cor-
ticosteroid inhibits platelet aggregation and release
responses.!’

We found that platelet aggregation responses in-
creased even in inactive IBD patients. Many of the
inactive UC patients (8 out of 12) were sensitive to
epinephrine. Inactive CD patients (CDAI < 150) also
showed increased sensitivity to the agonists. The sub-
group of inactive CD patients with a higher CDAI (100
< CDAI < 150) was sensitive to all agonists, and a sub-
group with a lower inactive CDALI also showed in-
creased sensitivity. In the inactive CD patients with a
higher CDAI, gut inflammation might remain and thus
stimulate platelet aggregation responses. These findings
are compatible with the observations reported by
Fagerstam et al.? They reported that platelet activation
marker CD62P expression was enhanced even in inac-
tive IBD patients. Thus, these findings indicate that
platelets are potentially activated even during the inac-
tive phase in IBD patients. Since recent studies have
revealed that platelets play an active role in a variety of
inflammatory and immune processes,’ this exaggerated
platelet activity even in the inactive phase could have a
reinforcing and aggravating influence on the inflamma-
tory response, and thus increase patient susceptibility to
flare-ups of IBD.

One characteristic finding in this study was that the
platelets of IBD patients are fundamentally sensitive to
epinephrine. Even in those IBD patients with normal
collagen and ADP aggregation, epinephrine aggrega-
tion was selectively enhanced. To our knowledge, such
a specific elevation of epinephrine aggregation has
not been reported in other diseases. The presence of
o,-adrenoceptors on human platelets has been previ-
ously reported,?! and it is recognized that epinephrine
aggregation is mediated by o,-adrenoceptors since
it is antagonized by o,-antagonists but not by o,-
antagonists.”! These findings suggest that the platelets of
IBD patients are potentially sensitive to sympathetic
stimuli, even during the inactive phase. In general,
the sympathetic nervous system is stimulated by
proinflammatory stimuli, which are secreted in the pe-
riphery and appear in the systemic circulation.?>>* For
example, the plasma levels of neuropeptide Y (NPY), a
marker of the activity of the sympathetic nervous sys-
tem,” are elevated in inactive and active IBD patients.
Thus, some parts of platelet activation in IBD patients
may be associated with excitation of the sympathetic
nervous system.
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Spontaneous aggregation is characterized by
platelet aggregation without any stimuli, and this indi-
cates hyperactivation of platelets. In this study, sponta-
neous aggregation was observed in five severe cases.
In particular, three patients with UC were resistant to
steroid and/or cyclosporine A, and received total
colectomy. Although the number of cases is small, this
finding suggests that spontaneous aggregation may be
one factor predicting therapeutic intractability of UC
patients. To confirm this speculation, further study is
necessary.

Recently, we reported that platelet-derived
microparticles are novel markers of platelet activation
in IBD patients.!® The generation of PDMPs is associ-
ated with platelet activation induced by stimuli such
as high shear stress, thrombin, collagen, and calcium
ions.?2 PDMPs play a role in hemostatic responses
under normal and pathological conditions.?® In addition,
previous studies have reported a role for PDMPs during
inflammatory responses.”® As shown in Fig. 2B, the
PDMP levels were significantly elevated in groups 2, 3,
and 4. Since almost all of these patients were in the
active phase, PDMP elevation in these groups is com-
patible with the results of our recent study showing that
circulating PDMP levels are correlated with the disease
activity of IBD patients. On the other hand, in group
5, in which epinephrine aggregation was elevated, the
PDMP levels were within the normal range. Since
PDMPs are generated as a consequence of platelet acti-
vation,? these results indicate that the selective increase
of epinephrine aggregation in the inactive phase reflects
a potentially activated state of the platelets, but not
ongoing platelet aggregation.

In conclusion, we demonstrated that platelet ag-
gregation responses are enhanced in IBD patients.
These responses were potentially enhanced even in in-
active IBD patients. Since recent studies have demon-
strated that platelets play a role not only in hemostasis
but also in inflammatory and immune responses, the
increased platelet activity observed in this study may be
an important factor involved in the pathophysiology of
IBD.
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