An acquired form of Bernard Soulier syndrome
associated with acute myeloid leukemia

Khalil A. Aziz, PhD.

ABSTRACT

Objective: To investigate glycoprotein-1b (GP-1b)
expression on platelets from patients with acute myeloid
leukemia (AML).

Methods: Purified platelets, obtained from
AML-patients and norma control subjects, were
examined for surface membrane GPlb-expression by
flow cytometry and GPlb-mediated aggregation
responses by aggregometry. The level of elastase in
plasma from patients and controls was measured by
enzymed-linked immunosorbent assay. The whole of this
work was carried out at the University of Liverpool,

Results: Platelets from the majority of AML-patients
showed reduced GPlb-expression and reduced
GP1b-mediated aggregation responses. Reduction in
platelet GP1b-expression was associated with increased
plasma elastase levels.

Conclusion: The present study suggests that elastase,
released from leukemic blasts, degrades platelet GP1b,
resulting in dysfunctional circulating platelets in
AML-patients. These results could explain the bleeding
disorders observed in these patients.
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Liverpool, United Kingdom during the period of

1994-2001.

P olymorphonucl ear leukocytes (PMN,
neutrophils) play an important role in

inflammation, while platelets play an equaly
important role in the process of hemostasis.! In the
past, the 2 processes of inflammation and
hemostasis were viewed to occur independently of
each other and, therefore, the function of each
cell-type was examined in isolation. However, the
observations of close proximity of PMN and
platelets in histo-pathological samples from patients
with the adult respiratory distress syndrome
suggested the possibility that these 2 cell types
might interact in-vivo2® Such observations
stimulated many researchers to investigate the
interaction of these cellsin-vitro.

We were amongst the first to provide direct
evidence for the interaction of PMN and platel ets*1t
Thus, we showed that platelets enhanced various
PMN function including oxidant production and

enzyme degranulation, while PMN were shown to,
reciprocally, induce the proteolytic loss of platelet
glycoprotein-lb  (GP-1b).>*t  The enzyme was
identified as elastase released from PMN primary
granules.:t

Glycoprotein-1b is an important cell membrane
receptor that mediates the initial binding of platelets
to exposed subendothelial matrix of damaged blood
vessels. Such binding results in platelet activation
and aggregation leading to the formation of a
hemostatic plug that prevents blood loss from the
damaged blood vessel. Congenital deficiency of
platelet GP-lb, as seen in patients with Bernard
Soulier syndrome (BSS), is associated with life
threatening bleeding episodes.

Our in-vitro study showing elastase, released
from stimulated-PMN, causes the degradation of
platelet GP-1b led us to postulate that elevation of
this enzyme in-vivo could, similarly, lead to the

From the Department of Immunology, Birmingham Heartlands Hospital, Bordesley Green East, Birmingham, United Kingdom.

Received 18th January 2005. Accepted for publication in final form 30th April 2005.

Address correspondence and reprint request to: Dr. Khalil A. Aziz, Senior Clinica Scientist, Regional Department of Immunology, Birmingham
Heartlands Hospital, Bordesley Green East, Birmingham B9 5SS, United Kingdom. (Formerly affiliated to the University of Liverpool, Liverpool,
United Kingdom). Tel. +1(121) 4240185. Fax. +1 (121) 4243129. E-mail: khalilazizh@yahoo.co.uk

1095



Acquired Bernard Soulier syndrome ... Aziz

degradation of platelet GP-1b; producing an
acquired form of BS-like platelets.

Elevation of elastase enzyme in-vivo has been
demonstrated in patients with acute myeoid
leukemia (AML).2 These patients suffer from life
threatening bleeding episodes, particularly during
the remission induction therapy, and the bleeding
patterns reflect that of platelet disorders, rather than
coagulation factors deficiency. This led us,
therefore, to postulate that the high levels of elastase
in AML-patients could result in the degradation of
platelet GP-1b in-vivo.

In the present study, we have therefore examined
GP-Ib expression on platelets from patients with
AML.

Methods. Isolation of platelets from whole
blood. Fresh citrated normal and patient venous
blood (12.9 mM tri-sodium citrate) was centrifuged
for 10 minutes at 200g and platelet-rich plasma
(PRP) removed. To separate platelets from plasma,
PRP was centrifuged for 30 minutes at 500 g, at
room temperature, on a discontinuous abumin
density gradient consisting of 340 mg/ml and 250
mg/ml  bovine serum albumin (BSA) (Sigma
Chemical Co.) solutions in citrated Hanks balanced
salt solution (HBSS) (Flow Laboratories, Scotland).
Platelets were collected from the interface between
the two abumin solutions and washed once in
citrated HBSS. The cells were gently resuspended in
0.5 ml of citrated-HBSS, counted and finally diluted
to the desired concentration with RPMI-medium
(Northumbria Biological Ltd).

Platelet aggregation. Aggregations studies
were performed at 37°C by the turbidimetric
method® with 5 x 107 plateletsin a final volume of 1

Table 1 - Dataof patients with acute myeloid leukemia

ml using an aggregometer (Accuteck, Litteborough)
coupled to a chart recorder. The cells were initialy
suspended in 0.2 ml of RPMI-medium. Prior to
aggregation measurements, 0.66 of pre-warmed
citrated HBBS and 0.1 ml of normal plasma (source
of VWF) were added to the cell suspensions. Platel et

aggregation was initiated by the addition of 40 ni
of 20 mg/ml ristocetin solution. The optical density
changes resulting from aggregation were recorded at
the appropriate sensitivity setting and chart speed.

Analysis of platelet surface GP-lb by flow
cytometry. Platelets were fixed with
paraformaldehyde for one hour. Following fixation,
platelets were then washed with 1% bovine serum
albumin (BSA) in phosphate-buffered saline (PBS)
and stained with anti-GP-Ib monoclona antibody
(AN51), or class specific control (Dako) at 4°C for
30 minutes. Following washing, platel ets were again
washed with BSA/PBS and incubated with a second
layer antibody (fluorescein isothiocyanate (FITC)
labeled goat anti-mouse immunoglobulin for 30
minutes at 4°C. After washing, the cells were finally
suspended in fluorescein activated cell sorter
(FACS) buffer (Becton Dickinson) and fluorescence
measured by flow cytometry with Becton Dickinson
FACS analyser using the standard recommended
procedure.

Measurement of plasma elastase levels. The
levels of eastase (complexed to a-1
proteinase-inhibitor) were measured by a
commercia enzyme-linked immunosorbent assay.

Results. Surface expression of GP-Ib on
platelets from patients with AML. Platelets from
10 patients with AML were examined for GP-Ib

Patient Agel FAB WBC Blast Platelets Elastase GP1b
No. Gender classification X 10°/L (%) x 109/L ug/L negative platelets

(%)
1 68/M M1 166 78 35 377 (90)
2 83/M M1 63 70 100 485 (33)
3 64/M M2 97 >90 16 214 (30)
4 66/M M1 24 >90 112 56 (10)
5 50/M M4 132 >90 50 153 (30)
6 30/F M3 50 >90 18 383 (46)
7 44/F M4 27 56 12 209 (70)
8 54/M M3 3 0 35 841 9
9 78/M M1 9 66 28 29 (76)
10 52/F M1 8 84 26 ND 47

Normal values: Elastase; 22 +10 no/L, (%) GPIb-negative platelets 4.4 + 3.2 (mean + SD of 10 normal individuals).
ND; not done, WBC - white blood cell count, FAB - French-American British
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expression by flow cytometry. The classification
and the hematological data of these patients are
shown in Table 1 Two distinct populations of
platelets were observed in 8 of the 10 AML-patients
examined. One population corresponded to platelets
with a normal expression of GP-Ib, while the other
corresponded to platelets that were completely
devoid of GP-Ib expression. Table 1 shows the
number of GP-lb-negative platelet populations from
the 10 AML-patients used in the present
study. For comparison, we examined GP-lb
expression on platelets from patients with
myelodysplastic syndrome (MDS). Unlike the
AML-patients, MDS-patients showed one single
platelet population that was similar to that observed
in normal control subjects.

In addition, we examined platelets from 2
AML-patients after achieving remission. Prior to
treatment, both patients had 2 platelet populations.
Treatment resulted in the disappearance of the
GP-Ib-negative population, and the single platelet
population observed was comparable to that of the
normal control subjects.

Measurement of ristocetin induced platelet
aggregation. Platelets from 2 AML-patients were
tested for their ability to aggregate in response to
ristocetin. Compared with the control, platelets
devoid of platelet GP-Ib failed to aggregate, while
platelets with a moderate GP-1b expression (from
patient 2 in Table 1) showed only a moderate
aggregation response. It appears therefore that
reduction in platelet GP-1b expression is paraleled
by reduction in ristocetin induced platelet
aggregation.

Measurement of elastase levels in plasma from
AML -patients. Table 1 shows the levels of elastase
in the ten AML-patients. Elastase levels were
elevated in 9 out of the 10 patients examined, with

concentration ranging between 56 ng/L and 841
ng/L.

Discussion. In the present study, we have
demonstrated that a proportion of platelets from the
majority of AML-patients lacked the surface
membrane receptor, GP-1b. In-vivo, GP-1b mediates
platelet adhesion to exposed subendothelial matrix
of damaged blood vessels, via von-Willebrand
factor (VWF), resulting in platelet activation and
aggregation leading to the formation of a hemostatic
plug that prevent blood loss. Platelet aggregation via
GP-Ib can be demonstrated in-vitro using ristocetin
in the presence of VWF.14 As expected, reduction in
GP-Ib expression on platelets from AML-patients
was associated with reduction in ristocetin-induced
platel et aggregation.

We have previously shown in-vitro that elastase,
released from stimulated-PMN, induced degradation

of platelet GP-1b and reduction in ristocetin-induced
platelet-aggregation.it In the present study, we have
shown that high levels of elastase in AML-patients
were associated with the presence of GP-1b negative
platelet population. Myeloid leukemic blasts contain
large amount of elastase and release of this enzyme
in-vivo would be expected to lead to degradation of
platelet GP-1b, and thus would explain the presence
of the GP-1b negative platelets in AML-patients.

In-vivo, released elastase is normally inhibited by
the plasma a-1 antiproteinase (a-1 AP) inhibitor
and, to some extent, a-2 macroglobulin.> However,
it is anticipated that release of large amounts of
elastase enzyme from leukemic blasts would result

in saturation of a-1 AP in the local vicinity and
excess enzyme would then be free to act on platelet
GP-Ib. This would be expected to occur in
microcirculations that exist in organs such as the
spleen and lungs. Indeed, our previous in-vitro
study, showing that elastase inhibitors failed to
prevent platelet GP-Ib degradation under stirring
conditions, would support this hypothesis.™t

Bleeding in AML-patients is common,
particularly in patients with promyelocytic leukemia
(M3) and during remission induction therapy. Such
bleeding has previously been attributed to reduction
in coagulation factors.’® The present findings would
offer an additional explanation for the bleeding
disorders associated with AML, and open the way
for the wuse of anti-proteinase therapy in
AML-patients. Anti-proteinase therapy has been
successfully and safely used in open-heart surgery.
However, before proceeding to clinica trias,
further work would clearly be needed, in particular,
to asses the contribution, if any, of leukemic blast
fragments to the GPIb-negative platelet population.

In conclusion, the present study suggests that
elastase, released from leukemic blasts, lead to
degradation of platelet GP-Ib;  producing
dysfunctional platelets resembling those observed in
patients with BSS.
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