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BSTRACT

 

Background

 

Acute promyelocytic leukemia (APL)
is associated with a hemorrhagic disorder of un-
known cause that responds to treatment with all-

 

trans

 

-retinoic acid.

 

Methods

 

We studied a newly described receptor
for fibrinolytic proteins, annexin II, in cells from pa-
tients with APL or other leukemias. We examined ini-
tial rates of in vitro generation of plasmin by tissue
plasminogen activator (t-PA) in the presence of APL
cells that did or did not have the characteristic trans-
location of APL, t(15;17). We also determined the ef-
fect of all-

 

trans

 

-retinoic acid on the expression of an-
nexin II and the generation of cell-surface plasmin.

 

Results

 

The expression of annexin II, as detected
by a fluorescein-tagged antibody, was greater on
leukemic cells from patients with APL than on other
types of leukemic cells (mean fluorescence intensity,
6.9 and 2.9, respectively; P<0.01). The t(15;17)-posi-
tive APL cells stimulated the generation of cell-sur-
face, t-PA–dependent plasmin twice as efficiently as
the t(15;17)-negative cells. This increase in plasmin
was blocked by an anti–annexin II antibody and was
induced by transfection of t(15;17)-negative cells
with annexin II complementary DNA. The t(15;17)-
positive APL cells contained abundant messenger
RNA for annexin II, which disappeared through a
transcriptional mechanism after treatment with all-

 

trans

 

-retinoic acid. 

 

Conclusions

 

Abnormally high levels of expression
of annexin II on APL cells increase the production of
plasmin, a fibrinolytic protein. Overexpression of
annexin II may be a mechanism for the hemorrhagic
complications of APL. (N Engl J Med 1999;340:994-
1004.)

 

©1999, Massachusetts Medical Society.

 

From the Division of Hematology–Oncology, Departments of Pediatrics
(J.S.M., A.T.J., E.A.L., K.A.H.) and Medicine (K.A.H.), Weill Medical
College of Cornell University, New York; the Division of Hematology–
Oncology, Department of Medicine, Instituto Nacional de la Nutricion
Salvador Zubirán, Mexico City, Mexico (G.M.C.); and the Division of Car-
diology, Department of Medicine, Mount Sinai Medical Center, New York
(M.A.M.). Address reprint requests to Dr. Menell at Columbia University,
College of Physicians and Surgeons, 180 Ft. Washington Ave., HP5, New
York, NY 10032, or at menellj@sjhmc.org.

 

N acute promyelocytic leukemia (APL) there is
clonal expansion of immature promyelocytes
with a characteristic balanced translocation,
t(15;17)(q22–24;q12–21).

 

1,2

 

 This fusion of
genetic elements gives rise to a chimeric protein
(PML–RAR

 

a

 

) derived from genes for a putative tran-
scription factor (

 

PML

 

) on chromosome 15 and the
nuclear retinoic acid receptor 

 

a

 

 (

 

RAR

 

a

 

) on chro-
mosome 17.

 

2-4

 

 APL is notable for its response to all-

 

trans

 

-retinoic acid, which induces differentiation,
rather than destruction, of the leukemic promyelo-
cytes.

 

5-11

 

 The mechanism of this action is poorly un-
derstood.

Another feature of APL is a hemorrhagic diathesis,
which is thought to result from disseminated intra-
vascular coagulation, abnormal fibrinolysis, or both.

 

1

I

 

Evidence of enhanced thrombin activation supports
the mechanism of disseminated intravascular coagu-
lation.

 

12-16

 

 However, plasma levels of the anticoag-
ulant proteins antithrombin III and protein C are
usually normal

 

17-19

 

 and platelet survival is normal

 

20

 

 in
patients with APL, unlike the findings in patients with
disseminated intravascular coagulation.

Plasminogen and its activators, tissue plasmino-
gen activator (t-PA) and urokinase plasminogen ac-
tivator (u-PA), generate plasmin, a proteolytic en-
zyme that cleaves fibrinogen and fibrin, thereby
dissolving clots.

 

21

 

 Overproduction of this fibrinolyt-
ic enzyme can cause abnormal bleeding. The hemor-
rhagic complications of APL may be due to increased
fibrinolysis. Evidence in support of this possibility
includes low plasma levels of plasminogen, 

 

a

 

2

 

-plas-
min inhibitor (the primary plasmin inhibitor), plas-
minogen-activator inhibitor 1 (an inhibitor of both
t-PA and u-PA), and other abnormalities in patients
with APL that are consistent with excessive fibrinol-
ysis.

 

12,13,18,22-32

 

Annexin II is a calcium-regulated, phospholipid-
binding protein on endothelial cells, macrophages,
and some tumor cells.

 

33

 

 It is a cell-surface receptor
for both plasminogen (the inactive precursor of plas-
min), and its activator, t-PA.

 

34

 

 Soluble annexin II acts
as a t-PA cofactor, increasing the efficiency of plas-
min formation by a factor of 60.

 

35

 

We examined the expression of annexin II on leu-
kemic cells from 14 patients with APL or other leu-
kemias and determined the initial rate of plasmin
generation in myeloid leukemic cells that were posi-
tive or negative for the t(15;17) translocation. We
correlated plasmin activity with the expression of both
annexin II protein and messenger RNA (mRNA).
All-

 

trans

 

-retinoic acid reversed the excessive annexin
II–mediated fibrinolytic activity of leukemic promy-
elocytes by blocking transcription of the annexin II
gene in translocation-positive cells. This effect of the
drug may explain the reversal of the bleeding tend-
ency in APL within the first days of treatment with
all-

 

trans

 

-retinoic acid.
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METHODS

 

Isolation of Leukemic Cells

 

Surplus peripheral-blood leukocytes or bone marrow samples
from 14 patients with leukemia were treated with heparin, coded
to maintain the patients’ anonymity, and centrifuged with Ficoll–
Hypaque (Sigma, St. Louis) at 800¬

 

g

 

 for 30 minutes. Cells were
collected at the interface between the Ficoll–Hypaque and
HEPES-buffered saline, washed in RPMI 1640 medium, and re-
suspended in growth medium.

 

Cell Culture

 

NB4 cells, a stable, translocation-positive cell line, were cul-
tured as described elsewhere

 

36

 

; the cells were provided by Dr.
M. Lanotte (Hôpital St. Louis, Paris). Human umbilical-vein en-
dothelial cells were propagated as described elsewhere.

 

37

 

 Cells
from a patient with acute myeloblastic leukemia (AML) charac-
terized by poorly differentiated myeloblasts (AML-M1) were pro-
vided by Dr. S. Rafii (Weill Medical College of Cornell Universi-
ty, New York). APL-1 cells, cloned from a patient with APL, were
shown to be t(15;17)-negative by fluorescence in situ hybridiza-
tion (performed by Dr. M.J. Macera, Long Island College Hos-
pital, Brooklyn, N.Y.) and by a reverse-transcriptase–polymerase-
chain-reaction assay (performed by Dr. E. Dmitrovsky, Memorial
Sloan-Kettering Cancer Center, New York).

 

38

 

 HL-60 cells de-
rived from a patient with AML were provided by Dr. P. Tempst
(Memorial Sloan-Kettering Cancer Center).

 

39,40

 

 All leukemic cells
were propagated in RPMI 1640 medium containing 10 percent
fetal-calf serum, 2 mM glutamine, penicillin (100 U per millili-
ter), streptomycin (100 µg per milliliter), and amphotericin B
(0.25 µg per milliliter).

 

Flow Cytometry

 

Washed cells from 13 patients were incubated with rabbit pre-
immune or anti–annexin II IgG

 

35

 

 (100 µg per milliliter) for 15
minutes at 4°C, washed three times, incubated with fluorescein
isothiocyanate–conjugated goat antirabbit IgG (20 µg per milli-
liter) for 30 minutes at 4°C, fixed in 2 percent paraformaldehyde
for 2 minutes at 21°C, and analyzed on an Epics flow cytometer
(Coulter, Miami). With the use of lysates from human umbilical-
vein endothelial cells and NB4 cells, the rabbit anti–annexin II IgG
and a mouse monoclonal IgG antibody specific for annexin II re-
acted with the same single band on Western blotting.

 

Indirect Immunofluorescence Microscopy

 

Cells were centrifuged onto cytospin slides (134¬

 

g

 

) for 6 min-
utes at 21°C, air dried, and fixed with 3.7 percent formaldehyde
for 20 minutes at 21°C. The slides were washed, blocked with 0.1
percent bovine serum albumin and 1 percent normal goat serum
in Dulbecco’s phosphate-buffered saline for 20 minutes at 21°C,
washed again, incubated with polyclonal anti–annexin II IgG or
control rabbit preimmune IgG (12 to 24 µg per milliliter) for
1 hour at 21°C, and incubated with fluorescein isothiocyanate–
conjugated goat antirabbit IgG (8 µg per milliliter) for 1 hour at
21°C. The slides were then washed five times and counterstained
with Evans blue or propidium iodide.

 

Plasminogen Activation Assay

 

Cells were preincubated with 100 nM lysine–plasminogen or
200 nM glutamic acid–plasminogen (Immuno, Vienna, Austria)
for one hour at 21°C. Then, 10 nM t-PA (Genentech, South San
Francisco, Calif.) and the plasmin substrate 

 

D

 

-valine-leucine-lysine-
7-amino-4-trifluoromethyl coumarin (AFC-81, Enzyme Systems
Products, Dublin, Calif.) were mixed and added in the presence or
absence of the following inhibitors: amiloride (Sigma), anti-uroki-
nase IgG (no. 3940A, American Diagnostica, Greenwich, Conn.),
anti–t-PA IgG (no. 364B, American Diagnostica), anti–annexin
II IgG (Oncogene Research Products, Cambridge, Mass.), and
anti–annexin I IgG (Zymed, San Francisco). Substrate cleavage

was measured in duplicate or triplicate at two-minute intervals (ex-
citation, 400 nm; emission, 505 nm) with 2-nm slit widths in a
fluorescence spectrophotometer (model 650-10S, Perkin-Elmer,
Norwalk, Conn.) as described elsewhere.

 

35

 

 Anti–annexin I IgG
and anti–annexin II IgG were pretreated with carboxypeptidase
B–sepharose as described elsewhere.

 

41

 

Ribonuclease Protection Assay

 

Bases 51 through 350, encoding the unique “tail” region of
annexin II,

 

42

 

 were amplified by the polymerase chain reaction
from human annexin II complementary DNA (cDNA)

 

34

 

 with the
use of primers 5'AAAGGATCCTGTCTACTGTTCACG3' and
5'AAAGAATTCCCAAAATCACCGTCT3', ligated into pBlue-
script KS(+) at 

 

Eco

 

RI and 

 

Bam

 

HI restriction sites,

 

43

 

 and propa-
gated in transformed 

 

Escherichia coli

 

 selected on the basis of its
resistance to ampicillin. Plasmids were isolated with the Maxi-
Prep kit (Qiagen, Chatsworth, Calif.), linearized with 

 

Eco

 

RI, and
purified. Radiolabeled probes for annexin II and glyceraldehyde
phosphate dehydrogenase (Amersham, Arlington Heights, Ill.)
were transcribed with an RNA-transcription kit (Stratagene, La
Jolla, Calif.) and the use of [

 

32

 

P]uridine triphosphate and either
T3 or T7 RNA polymerases to yield 377-base and 139-base an-
tisense riboprobes with 300-base and 100-base targets, respec-
tively. Hybridizations were carried out with the Direct Protect kit
(Ambion, Austin, Tex.). Double-stranded protected RNA frag-
ments were visualized by autoradiography of dried gels (7 M
urea, 6 percent polyacrylamide, and TRIS, borate, and EDTA
buffer) and analyzed by densitometry or quantitated with a Phos-
phorimager (Molecular Dynamics, Sunnyvale, Calif.).

 

Nuclear Run-on Assays

 

The pBluescript vector containing 300 bases of the annexin II
tail sequence and a pBR322 plasmid containing 4.5 kb of a 28S
ribosomal RNA sequence (provided by Dr. I. Gonzales, Hahne-
mann Hospital, Philadelphia) were used to screen radiolabeled
transcription products in nuclear run-on assays.

 

44

 

 Plasmids were
linearized and applied to nitrocellulose membranes with the use
of a vacuum slot-blot apparatus (Hoefer Instruments, San Fran-
cisco). Radiolabeled transcripts were purified as described else-
where

 

44

 

 and hybridized at 65°C for 36 hours.

 

Transfection of APL-1 Cells

 

APL-1 cells (2¬10

 

6

 

 per milliliter) were incubated with 20 µg
of Lipofectin per milliliter (Life Technologies, Gaithersburg, Md.)
and an annexin II–expression vector, pCMV5-Annexin II (2 µg
per milliliter for 24 hours); supplemented with minimal essential
medium; and assayed for plasmin at 48 hours.

 

34

 

 The efficiency
of transfection was assessed on the basis of the expression of

 

b

 

-galactosidase activity after the introduction of pSV-

 

b

 

-galactosi-
dase (Promega). The empty pCMV5 vector served as the control.

 

Statistical Analysis

 

Data were analyzed with Student’s two-tailed t-test.

 

RESULTS

 

Patients

 

All six patients with APL had evidence of increased
fibrinolysis (low plasma levels of fibrinogen, high
plasma levels of fibrin split products, or high plasma
levels of 

 

D

 

-dimer, alone or in combination) (Table 1).
In the four patients with APL who also had severe
thrombocytopenia (platelet count, <20,000 per cu-
bic millimeter), there was overt bleeding, including a
life-threatening pulmonary hemorrhage in one case.
In Patient 2, who had minimal bleeding at presen-
tation, fibrinogen levels decreased during cytotoxic
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*PT denotes prothrombin time, PTT partial-thromboplastin time, FGN fibrinogen, FSP fibrin-split products, APL acute promyelocytic leukemia, AML
acute myeloblastic leukemia, DIC disseminated intravascular coagulation, and ALL acute lymphocytic leukemia.

†The French–American–British system of classification was used.

‡Peripheral-blood leukocytes from whole blood or mononuclear cells from bone marrow were isolated from the patients before treatment and evaluated by
flow cytometry. The results are expressed as the ratio of relative mean fluorescence units with immune IgG to the mean value with preimmune (control) IgG.

§An exchange transfusion was performed in this patient.
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SION
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sec
mg/
dl µg/ml ¬10

 

¡3

 

/mm

 

3

 

1 M/28 APL Gingival and 
subconjunctival 
hemorrhage, 
melena, ecchy-
moses

13/34 178 20 — 3.7 8 All-

 

trans

 

-reti-
noic acid

Platelets Corrected 4.0

2 M/38 APL Oral mucosal 
and cutaneous 
bleeding

17/40 127 — — 14 12 Daunorubi-
cin, cytara-
bine

Fresh-frozen
plasma, 
platelets, 
heparin, 
aminoca-
proic acid

Worsened 
then im-
proved

6.6

3 M/46 APL None 12/57 139 — >1.0 1.8 250 All-

 

trans

 

-reti-
noic acid

None Corrected 8.8

4 F/47 Relapsed 
APL

None 15/23 256 — >1.0 19 21 Cytarabine Fresh-frozen
plasma,
platelets

No change 10.9

5 M/2.5 Relapsed 
APL

Generalized pur-
pura, mucosal 
bleeding

20/35 40 — >1.0 2.7 17 All-

 

trans

 

-reti-
noic acid 
(resistant)

Fresh-frozen
plasma, cryo-
precipitate, 
platelets§

Worsened 7.5

6 F/40 Relapsed 
APL

Gingival bleed-
ing, pulmonary 
hemorrhage,
hematuria

15/26 193 80 — 36 8 Arsenic triox-
ide

Fresh-frozen
plasma,
platelets

Corrected 3.8

7 F/7 AML stage 
M2

None 15/28 235 — >1.0 48 17 Dexametha-
sone, cytara-
bine, thio-
guanine, 
etoposide, 
and dauno-
rubicin

Fresh-frozen
plasma,
platelets

DIC and 
bleeding 
with che-
motherapy

3.1

8 F/16 AML stage 
M1

None 13/27 297 — 0.5–1.0 25.5 45 Dexametha-
sone, cytara-
bine, thio-
guanine, 
etoposide, 
and idaru-
bicin

None No change 2.4

9 F/3 ALL None 11/27 337 — 0.5–1.0 4.0 106 Vincristine, 
prednisone, 
asparaginase

None No change 2.6

10 F/3 ALL None 12/34 305 — <0.5 3.2 88 Vincristine, 
prednisone, 
asparaginase

None No change 2.2

11 M/24 Relapsed 
ALL

None 13/35 280 — <0.5 60.3 19 Topotecan, cy-
clophospha-
mide, gem-
citabine, 
vinorelbine, 
dexametha-
sone

Platelets,
fresh-fro-
zen plasma
for DIC
with infec-
tion

DIC with 
pneumo-
nia and 
septic 
shock

1.2

12 M/43 AML stage 
M5

Gingival bleeding 13/26 140 — >1.0 98 37 Daunorubi-
cin, cytara-
bine

Fresh-frozen
plasma,
platelets

Hematoma 
after line 
placement

2.7

13 F/14 Relapsed 
AML 
stage M4

Melena, subcon-
junctival hemor-
rhage

17/30 530 — >1.0 98 18 Thioguanine Platelets, 
vitamin K

No change 5.9
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chemotherapy. This patient required a continuous
infusion of aminocaproic acid and heparin. Severe
hypofibrinogenemia and an elevated plasma 

 

D

 

-dimer
level developed in Patient 5, who had APL that was
resistant to treatment with all-

 

trans

 

-retinoic acid, and
he died from multiorgan failure. (The cells from this
patient were tested one week after treatment with all-

 

trans

 

-retinoic acid had been discontinued.) Patient 6
presented with relapsed APL and received arsenic tri-
oxide. A pulmonary hemorrhage and a coagulation
disturbance improved during the first week of thera-
py; similar results have been reported previously.

 

45

 

Annexin II Expression in APL Cells

 

Immunofluorescence microscopy was used to de-
tect annexin II in promyelocytes from patients with
APL (Fig. 1). The results were strongly positive with
t(15;17)-positive leukemic blasts (Fig. 1A and 1C),
whereas the results were only slightly positive with
the t(15;17)-negative cell line, APL-1 (Fig. 1E). Stain-
ing of (t15;17)-positive APL cells with IgG from the
serum of an unimmunized rabbit was negative (Fig.
1B). Leukemic blasts from a patient with AML char-
acterized by minimal myeloid differentiation did not
react with the anti–annexin II antibody (Fig. 1D).

Flow-cytometric studies showed that t(15;17)-
positive APL cells from three patients with recent di-
agnoses and three with relapses had mean fluores-
cence intensities with anti–annexin II antibodies
that were 3.8 to 10.9 times the intensity observed
with the control IgG (Table 1). Leukocytes from six
of the seven patients with other forms of leukemia
expressed lower levels of annexin II. The relative
mean fluorescence intensity for APL cells was 6.9,
whereas for AML and acute lymphocytic leukemia
cells it was 2.9 (P<0.01). One patient with relapsed
AML (Patient 13) had a relatively high level of an-
nexin II (mean fluorescence intensity, 5.9). She also
had elevated plasma levels of D-dimer, a prolonged
prothrombin time, severe thrombocytopenia, and ex-
cessive bleeding.

The expression of annexin II on t(15;17)-positive
APL cell lines was further evaluated by Western blot-
ting of eluates from cell surfaces.46 With the use of an
annexin II–specific monoclonal IgG antibody, an-
nexin II was detected in eluates from umbilical-vein
endothelial cells and t(15;17)-positive NB4 cells but
not in eluates from t(15;17)-negative cell lines (HL-
60, AML-M1, and APL-1) (data not shown).

Generation of Plasmin in APL Cells

Using a fluorogenic assay, we assessed the ability
of t(15;17)-positive NB4 cells to activate plasmino-
gen (Table 2). By itself, t-PA was a weak plasmino-
gen activator, but with t-PA in the presence of NB4
cells, the rate of plasmin generation was increased by
a factor of 28. Approximately 45 percent of this in-
crement occurred in the absence of t-PA, whereas

about 55 percent was dependent on exogenous t-PA
(P<0.001). Without added t-PA, plasminogen acti-
vation was inhibited by the u-PA–specific antagonist
amiloride and by anti–u-PA antibodies but not by
anti–t-PA antibodies. These results suggest that en-
dogenous production of plasmin by NB4 cells is large-
ly due to u-PA and that NB4 cells enhance plasmin-
ogen activation by mechanisms that depend on t-PA
and by mechanisms that are independent of t-PA.

NB4 cells stimulated t-PA–dependent activation
of plasminogen more effectively than equivalent num-
bers of t(15;17)-negative cells (Table 2). For HL-60,
AML-M1, and APL-1 cells, the rates of activation
were 58.8, 48.2, and 45.2 percent of the value ob-
tained with NB4 cells (P<0.001), respectively, sug-
gesting that cells with the t(15;17) translocation sup-
port plasmin generation much more efficiently than
cells without the translocation. Furthermore, in the
presence of aminocaproic acid, a lysine analogue that
inhibits the binding of plasminogen to annexin II,37

plasmin production by NB4 cells was reduced to
29.2 percent (P<0.001) of the rate in its absence,
whereas the formation of plasmin in the soluble
phase was not affected. Moreover, a monoclonal
anti–annexin II antibody reduced plasmin genera-
tion by NB4 cells to 65 percent (P<0.02) of that
observed when NB4 cells were incubated with an
equivalent concentration of anti–annexin I IgG an-
tibody. These results constitute evidence that annex-
in II on the surface of leukemic promyelocytes has a
key role in the production of plasmin.

For further analysis of the role of annexin II in the
activation of plasminogen by t-PA, t(15;17)-negative
cells (APL-1), which lack cell-surface annexin II, were
transfected with a plasmid containing either the full-
length annexin II cDNA or an empty vector.34 APL-
1 transfectants stimulated plasmin production 2.7
times as effectively as nontransfected cells (P<0.001)
and nearly twice as effectively as cells transfected
with the empty vector (P<0.01). These data suggest
that the expression of annexin II is directly correlat-
ed with the capacity to generate plasmin.

Annexin II mRNA levels were determined with a
ribonuclease protection assay. Steady-state mRNA
levels in two t(15;17)-negative cell lines, AML-M1
and APL-1, were 11 and 10 percent, respectively, of
levels in t(15;17)-positive APL cells (NB4 cells) (Fig.
2). HL-60 cells expressed nearly equivalent levels of
annexin II mRNA (74 percent), but the protein
was not detected on the cell surface in experiments
involving ethylene glycol-bis(b-aminoethyl ether)-
N,N,N',N'-tetraacetic acid elution.

Effect of All-Trans-Retinoic Acid on the Synthesis
of Annexin II by NB4 Cells

After five and seven days of treatment of NB4 cells
with all-trans-retinoic acid, the rate of plasmin pro-
duction fell to nearly that observed in t(15;17)-neg-

Copyright © 1999 Massachusetts Medical Society. All rights reserved. 
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E
Figure 1. Immunofluorescence Staining of APL Cells with Anti–
Annexin II Antibodies.
Cells from two patients with t(15;17)-positive APL (Panels A
and C) and one patient with AML characterized by minimal
myeloid differentiation (Panel D) and cells from the t(15;17)-
negative APL cell line (APL-1) (Panel E) were stained with anti–
annexin II (Panel A, ¬600; Panels C, D, and E, ¬1000). The
t(15;17)-positive APL cells shown in Panel A were also stained
with preimmune IgG (Panel B, ¬600). Cells were counter-
stained with propidium iodide (Panels A, B, D, and E) or Evans
blue (Panel C).

C D

BA
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ative cells (61.1 and 67.5 percent, respectively, of the
rate in untreated control cells; P<0.001). Similarly,
cellular expression of annexin II in cells treated with
all-trans-retinoic acid was lower than that in mock-
treated controls at 72 hours and was completely ab-
sent at 120 hours (Fig. 3A).

The effect of all-trans-retinoic acid on annexin II
mRNA levels in NB4 cells was evaluated by a ribonu-
clease protection assay (Fig. 3B). Annexin II mRNA
levels were reduced within 24 hours after treatment
with all-trans-retinoic acid and reached a nadir after
72 hours. The inhibitory effect of all-trans-retinoic
acid was evident over a range of concentrations (50
percent inhibitory concentration, <10 nM). For con-
centrations of 100 nM or more, the rate of inhibition
was greater than 85 to 90 percent. Moreover, the ex-

pression of annexin II mRNA was diminished after
treatment for 48 hours with a stereoisomer of all-
trans-retinoic acid, 13-cis-retinoic acid (36 percent of
the control value), but not on exposure to two non–
retinoid-differentiating agents, phorbol myristate ace-
tate47 and vitamin D3 (87 and 97 percent of the con-
trol value, respectively). These data indicate that the
expression of annexin II in NB4 cells exhibits a high
degree of retinoid-specific sensitivity.

Using nuclear run-on analyses, we assessed the ef-
fect of all-trans-retinoic acid on the rate of annexin
II gene transcription. In two experiments, the aver-
age rate of annexin II transcription was reduced to
70 and 80 percent of the value in vehicle-treated
controls after 12 and 24 hours of treatment with all-
trans-retinoic acid, respectively. In three experiments,

*Plus–minus values are means ±SE. Percentages are percentages of reference values. RFU denotes
relative fluorescence units, t-PA tissue plasminogen activator, u-PA urokinase plasminogen activator,
and EACA aminocaproic acid.

†The samples were incubated with 200 nM glutamic acid–plasminogen before the addition of plas-
min substrate with or without t-PA.

‡This is the reference value.

§P<0.001 as compared with the reference value.

¶The samples were incubated with lysine–plasminogen (100 nM) before the addition of plasmin
substrate with or without t-PA.

¿Amiloride inhibited 65 percent of u-PA in solution.

**Anti–u-PA antibodies inhibited 80 percent of u-PA in solution.

††Anti–t-PA antibodies inhibited 91 percent of t-PA in solution.

‡‡P<0.02 as compared with the reference value.

TABLE 2. PLASMINOGEN ACTIVATION IN THE PRESENCE OF LEUKEMIC CELLS.*

CONDITION PLASMINOGEN ACTIVATION

RFU/min2 %
no. of 

experiments

t-PA–dependent generation of plasmin†
No NB4 cells, no t-PA
t-PA alone
NB4 cells with t-PA
NB4 cells alone

14±8
18±4

516±38‡
234±15§

2.7
3.5

100
45.3

4
4
4
4

t-PA–independent generation of plasmin by NB4 cells¶
NB4 cells alone
NB4 cells with amiloride¿
NB4 cells alone
NB4 cells with anti–u-PA antibodies**
NB4 cells alone
NB4 cells with anti–t-PA antibodies††

203±13‡
69±5§

194±20‡
76±10§

317±56‡
307±56

100
34.6

100
39.8

100
97.4

6
6

10
10
5
5

Plasmin generation by various leukemic cells¶
NB4 cells, t(15;17)-positive
HL-60 cells, t(15;17)-negative
AML-M1 cells t(15;17)-negative
APL-1 cells, t(15;17)-negative
No cells

753±6‡
443±36§
363±7§
340±7§

4±3

100
58.8
48.2
45.2
5.3

7
7
7
7
7

Effect of EACA on plasmin generation by NB4 cells¶
NB4 cells alone
NB4 cells with EACA
No NB4 cells, no EACA
EACA alone

970±8‡
283±56§
30±6
30±6

100
29.2
3.1
3.1

4
4
4
4

Effect of anti–annexin IgG antibody on plasmin
generation by NB4 cells†

Anti–annexin I antibody
Anti–annexin II antibody

664±76‡
434±58‡‡

100
65.4

3
3
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Figure 2. Steady-State Levels of Annexin II mRNA.
Guanidine thiocyanate lysates from five cell types were hybridized with annexin II and glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) riboprobes to yield protected fragments of 300 and 100 bases,
respectively. Probes before and after treatment with ribonuclease, as well as protected fragments from
each sample, are shown. The numbers at the bottom of the figure indicate the quantities of the annexin
II mRNA fragment, normalized to the GAPDH fragment, expressed as the value relative to that in NB4
cells. HUVEC denotes human umbilical-vein endothelial cells. These cells are included as a positive
control for the expression of annexin II mRNA.

Annexin II Probe

Annexin II mRNA

GAPDH Probe
G

A
P

D
H

A
n

n
ex

in
 II

R
ib

o
n

u
cl

ea
se

H
L-

60

A
M

L-
M

1

A
P

L-
1

N
B

4

H
U

V
E

C

GAPDH mRNA

0.74 0.10
0.11 1.00

2.47

Figure 3 (facing page). Expression of Annexin II Protein (Panel A) and Annexin II Messenger RNA
(mRNA) (Panel B) in NB4 Cells.
To study the effect of all-trans-retinoic acid on the expression of annexin II protein, we treated NB4
cells with 0.1 percent ethanol (control cells) or 1 µM all-trans-retinoic acid and then incubated the
washed cells in calcium-free Dulbecco’s phosphate-buffered saline and 10 mM ethylene glycol-
bis(b-aminoethyl ether)-N,N,N',N'-tetraacetic acid (EGTA) for 30 minutes at 4°C. Panel A shows West-
ern blots of EGTA extracts of NB4 cells with the use of monoclonal anti–annexin II IgG after treatment
with ethanol (control, C) or all-trans-retinoic acid (R) for the indicated periods. The molecular-size
marker (mass ratio, Mr) and native annexin II (25 µg) are shown in the first and last lanes, respectively.
The membrane was probed again for glyceraldehyde-3-phosphate dehydrogenase (GAPDH) with the
use of a monoclonal antibody from Biodesign International (Kennebunk, Me.) and detected with the
use of the Enhanced ChemiLuminescence kit (Amersham). Panel B shows the results of the ribonu-
clease protection assay for annexin II mRNA. Lysates of NB4 cells were treated for the indicated peri-
ods with 0.1 percent ethanol (C) or 1 µM all-trans-retinoic acid (R).
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