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Cancer Procoagulant and Tissue Factor Are Differently Modulated
by All-trans-Retinoic Acid in Acute Promyelocytic Leukemia Cells

By A. Falanga, R. Consonni, M. Marchetti, G. Locatelli, E. Garattini,
C. Gambacorti Passerini, S.G. Gordon, and T. Barbui

All-trans-retinoic acid (ATRA) downregulates the expression
of two cellular procoagulants, tissue factor (TF) and cancer
procoagulant (CP), in human promyelocytic leukemia cells.
To evaluate whether or not changes of the procoagulant
activities (PCAs) may share mechanisms with the ATRA-
induced cyto-differentiation process, we have characterized
the effect of ATRA on the TF and CP expression by NB4 cells,
an ATRA maturation-inducible cell line, and two NB4-derived
cell lines resistant to ATRA-induced maturation, the NB4.306
and NB4.007/6 cells. Next, we evaluated the effect on the
PCAs of the NB4 parental cells of three synthetic retinoid
analogues, ie: AM580 (selective for the retinoic acid receptor
[RAR] ), capable to induce the granulocytic differentiation
of NB4 cells; and CD2019 (selective for RARB) and CD437
(selective for RARYy), both lacking this capability. Cells were
treated with either ATRA or the analogues (10¢ to 108
mol/L) for 96 hours. The effect on cell differentiation was
evaluated by morphologic changes, cell proliferation, nitro
blue tetrazolium reduction assay, and flow cytometry analy-
sis of the CD33 and CD11b surface-antigen expression. PCA

by the one-stage clotting assay of normal and FVII-deficient
plasmas. Further TF and CP have been characterized and
quantified in cell-sample preparations by chromogenic and
immunological assays. In the first series of experiments,
ATRA downregulates both TF and CP in NB4 parental cells,
as expected. However, in the differentiation-resistant cell
lines, it induced a significant loss of TF but had little or no
effect on CP. In a second series of experiments, in the NB4
parental cells, the RARa agonist (AM580) induced cell matu-
ration and reduced 91% CP expression, whereas CD437 and
CD2019 had no cyto-differentiating effects and did not affect
CP levels. On the other hand, in the same cells the TF
expression was reduced by ATRA and AM580, but also by the
RARB agonist CD2019, which did not induce cell maturation.
These data indicate that in NB4 cells, ATRA modulation of CP
occurs in parallel with signs of cell differentiation, while the
regulation of TF appears to be at least in part independent
from these processes, and involves both a and B nuclear
retinoid receptors.

© 1998 by The American Society of Hematology.

was first measured in 20 mmol/L Veronal Buffer cell extracts

LL-TRANSRETINOIC ACID (ATRA) induces the differ- Mechanisms of ATRA-induced changes of APL cell PCAs
entiation of acute promyelocytic leukemia (APL) cells are not clarified. We have designed this study to define whether
into mature granulocytes. APL is a variety of acute myeloid these changes correlate to ATRA-induced cell differentiation.
leukemia (AML-M3 in the French-American-British classifica- To this purpose we have followed changes in the expression of
tion) characterized by the association with a life-threateningTF and CP and in cell differentiation features : (1) in response to
coagulation/bleeding syndrofteand by the balanced recipro- ATRA treatment in APL cell lines sensitive and resistant to
cal t(15;17) chromosomal translocation with breakpoints in theATRA-induced cyto-differentiation; and (2) in response to a
retinoic acida receptor (RAR:) gene on chromosome 17 and series of retinoid analogues with a different capacity to induce
the promyelocyte (PML) gene on chromosome 15. A PmL/ differentiation in ATRA-sensitive cells.
RARa chimeric gene encoding a fusion PML/RARrotein is First, we have compared the effect of ATRA on the expres-
formed as a result of the translocation. The presence ofion of TF and CP by NB4 cells, a human APL cell line sensitive
PML/RARq confers to leukemic cells a unique sensitivity to {0 ATRA-induced maturation (S-NB4Jto the effect on TF and
ATRA-induced cyto-differentiation. ATRA therapy for remis- CP expressed by two _NB4-der|ved cell lines, resistant to the
sion induction of APL represents one of the most important”1 RA-induced maturation (R-NB4), NB4.306, and NB4.007/6
advances in the field of leukemia therapy, because it induces thee!l linesi®1? S-NB4 and R-NB4 cells contain the {(15;17)
complete remission in greater than 90% of APL patients and £1romosome translocation and show the PML/RARybrid
simultaneous rapid resolution of the bleeding symptéfns. DNA; however, they differ in that R-NB4 cells do not possess
Among the mechanisms responsible for the intravascuIaFhe complete form of the PML/RARprotein!&:19 L
clotting activation in APL is the release of procoagulant Second, we have exposed S-NB4 cells to three retinoid
activities (PCA) by the promyelocytic blast cells. APL cells
possess at least two procoagulants: (1) tissue factor (TF), a

trarlsmembrane glyCOprOte!n of normal and mallgnar_1t CeHSNegri Institute for Pharmacological Research, Milan; Istituto Nazion-
which forms a complex with factor VIl (FVIl) to activate e tymori, Milan, Italy; and the Department of Biology, San Diego
coagulation factor X (FX9® and (2) cancer procoagulant (CP), state University, San Diego, CA.
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tissues, which directly activates FX in the absence of PVAI. M.M. is the recipient of a fellowship from the Associazione Italiana
ATRA treatment significantly depresses both TF and CP expresRicerca sul Cancro (AIRC).

sion in human APL cells in vitro and in vivi:16 Furthermore, Address reprint requests to A. Falanga, MD, Hematology Division,
in APL patients, the decrement of the bone marrow (BM) cells' OSPedali Riuniti, Largo Barozzi 1, 24100 Bergamo, ltaly.

PCA parallels the improvement of clotting parameters, includ- The publication costs of this article were defrayed in part by page
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derivatives, selective for each of the nuclear RAR subfamilyTripan Blue (Crle Erbe, Milan, Italy) exclusion dye test, was more than
members, RAR, RARB, and RARy.2021ATRA does not have  95%.

any selectivity for the RAR subtypes. The use of these
compounds has shown that the R&Rgonist AM580 is a
potent inducer of the granulocytic differentiation of leukemic Cell diffentiation was evaluated after 96 hours treatment with ATRA
promyelocytes, whereas CD2019 and CD437, the RARdy or retinoids or the vehicle by different criteria. (1) Morphological
agonists, respectively, lack this capa@fhe effect of AM580, changes (appearanct_e of nuclfear segr_nen‘tation arjd grarjule_s formation)
CD2019, and CD437 on CP and TF expression by S-NB4 cell ere aqalyzed b_y microscopic examl_natlon _of histologic slldes_ after
was evaluated. The results of this study show that while C ay-Grinwald-Giemsa and cytochemical stainings. (2) Cell prolifera-

. .. . . tion was evaluated by direct cell counting (trypan blue exclusion
downregulation by retinoids correlates with phenotype differen-,q o4y using a hematocytometer chamber. (3) The capability to reduce

tiation features, TF modulation occurs at least in part indepengjrg blue tetrazolium (NBT), a property associated with myeloid cell
dently from these processes and involeeandf retinoic acid  maturation, was evaluated spectrophotometrically at 540 nm, as previ-
receptors. The different regulation of these procoagulant proeusly described* (4) Analysis of myeloid cell-surface markers in-
teins by ATRA suggests new implications for ATRA/PCA cluded the quantification of the number of CD38nd CD11b cells
interactions in human malignancy. using a FACScan analyzer (Becton Dickinson, Mountain View, CA).
CD33 and CD11b are cellular surface antigens of early and late myeloid
differentiation, respectivel§? Increase in CD11b and decrease in CD33
MATERIALS AND METHODS expressions correlate with cell differentiation in S-NB4 and R-NB4
cells17-19.22.24.26Determination of the surface markers was performed
by a directimmunofluorescence assay using the following fluorescence-
The following human leukemic cell lines were used: (1) The NB4 conjugated monoconal antibodies (MoAbs) (Becton Dickinson): phyco-

parental line, kindly provided by Dr M. Lanotte’s laboratory (St Louis erythrin (PE)-conjugated Leul5 (anti-CD11b) and Leu M9 (anti-
Hopital, Paris, France). This line, established in vitro from an APL cp33).

patient}” shows the typical t(15;17) chromosomal translocation, ex-

presses the PML/RAR fusion protein, and is sensitive to ATRA- Samples

induced cell differentiation (S-NB4). (2) Two cell lines derived in vitro
from S-NB4, which are resistant to ATRA-induced differentiation > ; . ;
(R-NB4): (a) NB4.306 cell line, obtained by mutagenesis with Iow-doseW_aShed three times in sterile phosphate-buffered saline §PBS) and
radiation and then selected with increasing ATRA concentrations?(10 dlffgrent types of §§1mp|es were ad hoc prepared according to the
to 10-6 moliL),1® and (b) NB4.007/6 cell line, obtained by long-term optimal assay conditions required for each type of procoagulant (CP or

culture with increasing ATRA concentrations (£0to 10-¢ mol/L).1° TF():' T”he followmgiamplelzzwf?re r\)/rgpasred: | . isted
NB4.306 and NB4.007/6 cells contain the t(15;17) chromosome ell extracts in Veronal buffer (VB). Sample preparation consiste

translocation, but express no detectable amount of the intact PMLPf protein extraction in a low ionic strength aqueous buffer (Veronal,

RARa protein, a property considered relevant for the resistence toBDH Chemicals Itd, Poole, UK), which is the optimal condition to

ATRA. 1819 extract CP, as describ&d3 Cells (40x 1P cells/mL) were extracted in
Cells were maintained in RPMI 1640 containing 10% fetal calf WO changes of 20 mmol/L VB, pH 7.8, at 4°C.

serum, penicillin (100 U/mL), and streptomycin (100 pg/mL). In the VB cell extracts were centrifuged at 10,@pfr 10 minutes_and the
first series of experiments, S- and R-NB4 cells were resuspended iﬁupernatants were assayed for: (1) total and factor Vil-independent

fresh medium (2x 10° cells/mL) and cultured for 96 hours in the PCA by the_ coagulation assay; (2,) CP activity bY the CP fgnctional
absence or presence of Bamol/L ATRA (Hoffman-La Roche, Basel, chromogenic assay; and (3) CP antigen by the CP |mmuno|og|cf';\l_assay.
Switzerland), the optimal condition to induce cell differentiatiérn Cell lysates. Cell Iysates.were prepared tq measure the ac.tlwty of
the second series of experiments, S-NB4 cells were cultured for 96+ @ Membrane glycoprotein, by the TF functional chromogenic assay.
hours either with ATRA or the following synthetic agonists of RARs: Specifically, cells (33< 10° cells/mL) were resuspended in 10 mmol/L

(1) the RAR agonist AMS8G[4-(5,6,7,8-tetrahydro-5,5,8 8-tetramethyl- HEPES buffer, pH 7.45 (containing 137 mmol/L. NaCl, 4 mmol/L KCl,
2-naphthalenyl) carboxamido] benzoic acid), (2) the RARgonist 11 mmol/La-D glucose, 5 mg_/mL oval.bumln, 2.5 mmoliL. Cafland
CD2019 {6-[3-(1-methylcyclohexyl)-4-methoxyphenyl]-2-naphthoic lysed by three cycles_of freezmg/_thaW|?17g.

acid, and (3) the RAR agonist CD43B-[3-(1-adamantyl)-4- _CeII extracts in Tris Buﬁer/_T_rlto_n (TB_T).TBT cell _extracts con-
hydroxyphenyl]-2-naphthoic acid] (CIRD Galderma, Sophia Antipolis, sisted of cell membrang solublllgatlon with Tnton: This typz'a.of sample
Valbonne, Francé22The RARx agonist AM580 induces the granulo- VS to quantlfy TF‘ ant;gen, as is the most efficient condition for the
cytic differentiation of NB4 cellg? whereas both the RAR agonist recovery of this antige#’ CeII_s _(20>< 106 ceIIs/mI__) were resuspended
CD2019 and RAR agonist CD437 lack this capacity. In most of the in Tris Buffer, pH 7.5 (containing 50 mmol/L Tris, 100 mmol/L NaCl,

experiments the three compounds were used at a final concentration %‘f% ;’nton X-|100 [f'vfleer_'D"’/‘r'TSt"_"dt’ Frgnkfurt, Gsrmany]),f dlssruhpted
10-8 mol/L, the highest concentration showing selective binding for the y three cycles of freezing/thawing and extracted on ice for 3 hours.

receptors and not affecting cell viability. Samples were cen_trifuged at 10,@0f0r 10_minutes an_d supernatants
In some experiments RARwas blocked by the RAR synthetic assayed for TF antigen content by the TF immunological assay.
inhibitor Ro 41-5253 (p-[(E)-2-[34'-dihydro-4,4’-dimethyl-7-
(heptyloxy)-2H-1-benzothiopyran-6yl]propenyl] benzoic acid 1 1'-
dioxide) (Hoffman-La Roche®?while RARB was blocked by an RAR Total PCA of VB cell extracts was measured by the one-stage
antagonist CD2665 (CIRD Galderma). S-NB4 cells were cultured withrecalcification assay of normal human plasma (NHP, containing the
10-®mol/L Ro 41-5253 or 10° mol/L CD2665 or both plus 1¢ mol/L coagulation factors, including factor VII [FVII]), as previously de-
ATRA or 10-8 mol/L AM580. Stock solutions of the various retinoids scribed?13Briefly, 0.1 mL of cell extract was incubated with 0.1 mL of
(102 mol/L) were prepared in dimethylsulfoxide under dimmed light, NHP for 1 minute at 37°C. The reaction was started by the addition of
stored at-80°C, and protected from light until use. After treatment with 0.1 mL of 25 mmol/L CaCl and the clotting time was recorded. To
ATRA or RARs-agonists and antagonists, cell viability, evaluated by identify an FVII-independent PCA, a characteristic of CP, the recalcifi-

Analysis of Cell Differentiation

Cell Lines and Reagents

After 96 hours of treatment with ATRA or the retinoids, cells were

Coagulation Assay

20z dunr Z0 uo 1s8nb Aq Jpd ey 1L/L9GSIL/EY L/L/26/Pd-8loNE/POO|q/eU"SUONeDlaNdysE//:dnY WOy papeojumod
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cation assay of human plasma congenitally deficient of FVII (FVII-DP; TF Functional Assay
Behringwerke, AG, Marburg, Germany) was performed. PCA was

expressed as Russell's Viper Venom (RVV) units per milligram of
protein. Units were calculated on a calibration curve obtained with
. A 1 6 - .

different dilutions (from 107 to 107) of RVV (Sigma Chemical Co, St and incubated with 1 nmol/L FVII for 10 minutes at 37°C to allow

Louis, MO); 1 unit = activity of 1 mEg/mL RVV in the one-stage ;i 1o TF. The reaction of FX hydrolysis was started by the addition
clotting assay:'3 Protein content was determined by the Bradford assayot 01 pmol/l FX. After 0, 2.5, 5, 10, and 20 minutes, 30-uL
method. _ _ _ sub-samples were taken from the reaction mixture and diluted in 20pL
To enzymatically characterize the VB cell extract PCA, an inhibition ;e 614 50 mmol/L Tris/EDTA (pH 7.5) stopping buffer. To measure
study was conducted by assaying the samples’ clotting activity in thegy; content, each sub-sample was 1:1 diluted with 50 mmoliL
presence of three cysteine proteinase inhibitors, including HYCl 1yjs.Nacl buffer and the reaction started by adding 0.2 mmol/L S-2337
(Sigma), lodoacetic acid (Sigma), and Z-Ala-Ala-peptidy| diazomethyl- chromogenic substrate (Ortho Diagnostic System, Milan, ltaly). After
ketone (Z-Ala-Ala-CHN; Enzyme System Products, Dublin, CA), 30 minutes, the reaction was stopped by 50 mmol/L benzamidine and
which inhibit CP, and of two TF inhibitors, including Concanavalin A {he 405 nm absorbance was recorded. The assay was calibrated by
(Con A) and anti-TF MoAb (anti-human TF TF9-9B4; American active site-titrated FXa and results expressed as rate of FX hydrolysis
Diagnostica Inc, Greenwich, CT). Cell extracts were incubated with 0.1(pmol FXa/min/16 cells).
mmol/L HgCh, 1 mmol/L lodoacetic acid and 0.2 mmol/L Z-Ala-Ala-  Under these conditions, the FXa formation was completely depen-
CHN; and with anti-TF (0.1 mg/mL final concentration) for 30 minutes dent on the presence of FVII and totally inhibited by antibody against
at 25°C, and with 200 ug/mL Con A for 50 minutes at 37°C, before thehuman TF (0.1 mg/mL final concentration MoAb anti-human TF
coagulation assay, as descrilfed:?” TF9-9B4, American Diagnostica Inc).

TF activity of cell lysates was measured as the rate of FX hydrolysis
using a spectrophotometric assay for FXa, as descfib@defly, 30 pL
of lysed cells were 1:6 diluted with 10 mmol/L HEPES buffer (pH 7.45)

CP Functional Assay TF Antigen Assay

CP functional activi determined by a th ‘ h . TF antigen was measured in a Tris/NaCl buffer-1% Triton X-100
unctional activity was determined by a three-stage ¢ romogem(iTBT) solubilized cell samples by a double-antibody enzyme-linked

8 . . :
assay’ VB C?" gxtract (100 pL) Wa}s mixed V\I”th 10 “hl‘ of bovm:e FX immunosorbent assay (ELISA) Briefly, microtiter plates were coated
(100 mg/mL; Sigma) and 30 WL of 25 mmol/L CaGh 50 mmol/L with the anti-TF MoAb TF8-10H10 (American Diagnostica Inc) and

bis—Tri; propane buﬁer (pH 6.7). After 30 minutes of incubation,. 10 il jncubated overnight at 4°C (0.25 pg/well). After three washings, 100 pL
of bovine prothrombin (1 mg/mL; Enzyme Research Laboratories InC)gampie or standard TF dilutions (O to 400 pmol/L; Recomboplastin S,

and 30 pL of rabbit brain cephalin (RBC)/Camix were added to the  gayter Diagnostica Inc, Deerfield, IL) were added to each well and
samples [RBC/CH mix = 1 part of a 1:10 dilution RBG- 1 partof SO ¢ pated overnight at 4°C. Plates were then washed and 100 pL of
mmol/L CaCh + 2 parts of 100 mmol/L bis-Tris propane buffer (pH  pistinylated anti-TF MoAb TF9-9B4 (2 pg/mL/well; American Diagnos-
7.8)]. After a further 30-minute incubation at 37°C, 200 pL. 50 mmol/L icq Inc) were added. After 4 hours of incubation at 25°C, a 1:1,000
Tris buffer, pH 7.8, and 50 pL thrombin substrate Sar-Pro-Arg-p- gjjution Avidine-horse radish peroxidase conjugate (Sigma) was added.
nitroanilide (2 mmol/L in 10% dimethyl sulfoxide [DMSO; Sigma])  ater 3 hours at 25°C, bound peroxidase activity was detected by the
were added. Color development at 405 nm was recorded in the timgypstrate tetra-methyl benzidine (100 pg/mL). The color reaction was
(from O to 30 minutes). Samples’ CP content was expressed as mUnitstopped after 10 minutes by 100 pL 4 N$O, and the absorbance at
per milliliter (1 Unit = the amount of enzyme responsible for releasing 450 nm was read. Results were calculated on the reference curve of
1 pmol of p-nitroaniline from the subtrate in 1 minute). RVV, a serine standard TF and expressed as femtomoles of TF gerell3.
proteinase FX activator, was the standard control to calibrate the assay. In this case the results were expressed per cell number, as appropriate
Under these conditions, thrombin formation is totally inhibited by for this type of sample and because protein could not be technically
incubation of the VB extracts (30 minutes at 25°C) with 1 mmol/L determined on account of interference by the detergent (Triton) in this
HgCl,. sample.

CP Antigen Assay Statistical Analysis

. ) . . Statistical analysis of the data was performed by the unpaired and
CP antigen was measured with a standard dot-blot analysis agaln%taired Student's-tests

calibrated CP standards purified from human amnion-chorion t®sue.
Five CP standard concentrations (from 0 to 41 pg of CP/mL) and cell RESULTS

extract samples were diluted to 0.4 mL in VB and 100-pL samples were
added to the wells of the dot-blot apparatus containing nitrocellulose. Untreated and ATRA-treated S-NB4 and the two R-NB4 cells

After 30 minutes’ incubation of the sample solution with the nitrocellu- (NB4.306 and NB4.007/6) were first assayed for PCA by the
lose, remaining solution was removed by applying a vacuum. Then theeoagulation assay (Fig 1). Total PCA is the activity measured
nitrocellulose sheet was removed and blocked overnight by Tris-bufferdyith the clotting assay using NHP, and FVII-independent
saline (pH 7.6) (TBS) containing 10% nonfat dried milk. The membrane (CP-like) PCA is the activity measured with the clotting assay
was first incubated with anti-CP IgG in TBS-0.1% Tween 20 (TBST) ysing FVII-DP. All the cell lines were assayed for both total and
containing 1% nonfat dried milk for 2 hours at 25°C, and then, aﬂerFVII-independent PCA. Treatment of S-NB4 cells with-$0
washings with TBST, was incubated with an antimurine IgG alkaline mol/L ATRA for 96 hours significantly decreased (59%) the

phosphatase conjugate goat antibody for 2 hours at 25°C. Finally, aﬁe{otal PCA from the control level of 12.2 6.2 RVV units/mg

washing again, the nitrocellulose was incubated in BCIT/NBT alkaline . .
phosphatase substrate at room temperature until the color developmemoteln to the ATRA-treated level of & 4 RVV units/mg

was of satisfactory intensity. The nitrocellulose image was scanned intd@rotein @ < .01); the total PCA of the NB4.306 and NB4.007/6
a computer and the dot intensity was determined by SigmaScan. cPells decreased 44% and 42%, respectiviely(.05) (Fig 1, left

antigen content was calculated from a calibration curve obtained withpanel). In contrast, ATRA treatment virtually abolished the
the different concentrations of pure CP. FVIl-independent PCA of S-NB4 cells from a control level of
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CLOTTING ASSAY

NORMAL HUMAN PLASMA A FVII-DEFICIENT PLASMA B

20 10

18 -

16 8

14 | Fig 1. PCA of normal human plasma (A) and
% 12 56 FVIl-deficient plasma (B) of cell extracts from NB4
g * . £ cells, sensitive to ATRA-induced differentiation, and
gw 10 4 . %‘ two NB4-derived cell lines, resistant to ATRA-
E 84 E 4 4 induced differentiation (ie, NB4.306 and NB4.007/6).
P < Cells were cultured with 10~¢ mol/L ATRA (H) or the
= = s vehicle (0J) for 96 hours. Results, expressed as RVV

4 7] units/mg total proteins, are the mean of at least

2 " three experiments. Statistical analysis of PCA of

0 0 | ! untreated versus treated samples was performed by

NB4 NB4.306 NB4.007/6 NB4 NB4.306 NB4.007/6 the paired Student’s t-test; *P < .05, **P < .01.

5.46 = 2.83 RVV units/mg protein to an ATRA-treated level of content of TBT extracts (3B) from S-NB4, R-NB4.306, and
0.006+ 0.024 RVV units/mg protein, while there was little or R-NB4.007/6 cells. TF chromogenic activity was differently,
no effect on the activity of the FVII-independent PCA of but significantly, downregulated by ATRA treatment in all three
ATRA-resistant cells (NB4-306 showed a 15% decrease anaell lines (61%, 39%, and 39% decrease in TF activity,
NB4-007/6 showed no decrease in PCA) (Fig 1, right panel). respectively). A similar profile was observed for TF antigen
The PCA of untreated and ATRA-treated samples was furthereduction (55%, 38%, and 45% reduction in TF antigen,
characterized by testing the sensitivity to three cysteine proteinrespectively). Measurements of CP chromogenic activity and
ase inhibitors, known to inhibit CP (ie, HgCllodoacetic acid  antigen in VB extracts from the same cell lines are shown in Fig
and Z-Ala-Ala-CHN), and to Con A and anti-TF MoAb, as TF 3C and D. After ATRA treatment, there was a significant
inhibitors (Fig 2). As previously observéélin S-NB4 cells, the  decrease of 85% in the CP activity of the S-NB4 cefis(.01),
PCA of untreated samples was highly sensitive to HdBI< but there was little or no reduction in the two R-NB4 lines.
.0001), lodoacetic acidP(< .05), and Z-Ala-Ala-CHN (P < Accordingly, CP antigen showed a 79% reduction in the S-NB4
.005), while the ATRA-treated counterparts were unaffected bycells ® > .01) but no significant changes in the R-NB4 cell
the cysteine proteinase inhibitors. In addition untreated andines.
ATRA treated S-NB4 cells were significantly affected by Con A ATRA-induced cell maturation of NB4 cells was evaluated
(26% and 15% inhibition, respectively) and anti-TF MoAb by microscopic examination, cell proliferation, NBT reduction
(65% and 93%, respectively). In contrast, in R-NB4 cell assay, and the expression of CD33 and CD11b surface antigens,
extracts the PCA of either untreated or ATRA-treated sampleshe two markers of early and late myeloid differentiatfén,
were significantly inhibited by the three cysteine proteinaserespectively. In NB4 parental cells, ATRA treatment caused
inhibitors and the anti-TF MoAb (Fig 2). growth inhibition (fold increase: untreated treated cells:
These results prompted us to further characterize the effect 0£.174 = 2.28v 2.02 £ 0.77; P < .01). The analysis of cell
ATRA on the different procoagulants. Thus, we measured CRnorphology, evaluated on May-Giwald-Giemsa—stained cells,
and TF activities and antigens by specific chromogenic andhowed that ATRA treated S-NB4 cells became morphologi-
immunological assays in optimized experimental conditions.cally similar to metamyelocytes and polynuclear neutrophils, as
Untreated and ATRA-treated S- and R-NB4 cells were subdi-described” Morphologic maturation corresponded to increased
vided in aliquots to prepare different samples for the separateapacity to reduce NBT and to changes in myeloid differentia-
analysis of CP and TF activities and antigens. Figure 3 showsion marker expression. The results of the NBT reduction assay
TF chromogenic activity of cell lysates (3A) and TF antigen and the cell-surface markers analysis are reported in Table 1. In

S-NB4 R-NB4. 306

Fig 2. Sensitivity to three cysteine proteinase "
inhibitors (0.1 mmol/L HgCl,, 0.2 mmol/L ZAA- 75 ** 75 *k
diazomethyl-ketone, and 1 mmol/L lodoAcetic acid
[IA]), and to the TF inhibitor anti-TF MoAb (0.1
mg/mL final concentration) of the PCA of S-NB4 (left)
and R-NB4-306 cells (right) treated with 10-¢ mol/L
ATRA (H) or the vehicle (OJ) for 96 hours. VB cell
extracts were incubated with cysteine proteinase 5 *
inhibitors or the anti-TF MoAb for 30 minutes or the
vehicle (control), before the clotting assay. Statistical
analysis compares the inhibitor-treated sample with
the untreated (vehicle treated) corresponding con-
trol. *P < .05, **P < .01.
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% of inhibition
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HgCly Todoacetic ~ ZAA- anti-TF HgCly Todoacetic ~ ZAA- anti-TF
Acid CHN2 MoAb Acid CHN2 MoAb
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TISSUE FACTOR
Chromogenic Assay A Antigenic Assay B
0.4 50
40 7
0.3 7
2 2
e €30 7
0.2 NB4.306+ é NB4.306*
= -~ &k
£ B 20 -
o 20
%3 ; NB4.007/6*
g NB4.007/6* g
20.1 7 &
10
0 T T 0 T T
untreated ATRA treated untreated ATRA treated
CANCER PROCOAGULANT
Chromogenic Assay C Antigenic Assay D
Fig 3. Effect of ATRA on cellular procoagulants 15
analyzed by chromogenic and immunological assays 30
for TF and CP expressed by S-NB4 cells and the two
R-NB4 cell lines, NB4.306 and NB4.007/6, cultured for NB4.306 251 NB4.007/6
96 hours with 10-¢ mol/L ATRA or the vehicle. TF " NB4.007/6 NB4.306
functional activity (A) was measured as rate of FX g 7 20 7
hydrolysis by the TF/FVII complexes in cell lysates. E E
TF antigen (B) was measured in TBT cell extracts by g & 151
ELISA, using an anti-human TF MoAb. CP functional 5 A
activity (C) was measured in VB cell extracts by a E 54 10
three-stage chromogenic assay. CP antigen (D) was
immunologically identified by a dot-blot assay using 5 [sNBa]™
. £l
a pure anti-CP monoclonal IgG. The results are the
mean of at least three experiments. Statistical analy- 0 T . 0 . .
sisasinFig1l. *P < .05, **P < .01. untreated ATRA treated untreated ATRA treated

Table 1. Effect of ATRA and Selective RAR Agonists on NB4 Cell
Differentiation

CD11b CD33
NBT Reduction (% positive (% positive
Cell Line Treatment (AOD/h) cells) cells)
S-NB4 Control 32+4 58+3.0 96.8+*48
ATRA 110 = 10* 31.6 £5.0* 83.0 = 8.8*
R-NB4.306 Control 34*6 49*+14 98612
ATRA 35+3 56*+02 982x11
R-NB4.007/6 Control 314 47+28 940x72
ATRA 34+8 59+49 943x*44
S-NB4 Control 29+ 6 58+3.0 96.8*48
AMS580 190 + 12* 56.21 = 5* 73.2 = 7.6*
CD2019 307 6.1 =43 91.8 + 4.9
CD437 275 53*41 919 +6.2

Cells were grown in the presence of 10-6¢ mol/L ATRA or 10-8 mol/L
RAR agonists (AM580 = RARa agonist; CD2019 = RARB agonist;
CD437 = RARy agonist) or the vehicle (control) for 96 hours. Washed
cells were analyzed for NBT reduction activity and surface-marker
CD11b and CD33 expression. Results are mean *= SD of five experi-
ments (determinations in duplicate).

*P < .01 compared with controls. Statistics for S-NB4 adjusted for
multiple comparisons.

all the experiments, in the NB4 parental cells, ATRA increased
the capacity of reducing NBT (from 32 4 to 110+ 10 A/h;
P <.01) and the number of CD11keells (control, 5.8%+ 3%;
+ATRA, 31.6% = 5%, P < .01), whereas it significantly
decreased the CD3Xells (control, 96.8%t+ 4.8%; +ATRA,
83.0% =+ 8.85%,P < .01). The same treatment did not induce
significant NBT reduction capacity and surface antigen changes
in the two R-NB4 cell lines.

In further experiments we focused our attention on the effect
of three synthetic RAR agonists (RARRARRB, and RARy) on
the PCA expression by S-NB4 cells. The RARgonist AM580
induces granulocytic differentiation of NB4 cefs,while
neither the RAR agonist CD2019 nor the RARagonists
CD437 have the capacity to induce differentiation. Table 1 also
shows the effect of AM580, CD2019, and CD437 on the NBT
reduction capacity and the expression of the surface differentia-
tion antigens, CD11b and CD33, by S-NB4 cells. Only AM580
was able to significantly affect both the NBT assay (fromt26
to 190 = 12 AOD/h; P < .01), and the CD11b and CD33
expression. A low percentage (ranging from 5.3% to 6.1%) of
the undifferentiated cells expressed CD11b; the RAsgonist
induced the CD11b expression up to 56%, a ninefold increase
over the control NB4 cellsR < .01). The expression of CD33
in the undifferentiated cells (ranging from 97% to 92% of the
cells) decreased to 73% with the agonist AM5BO<( .01).
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CANCER PROCOAGULANT A TISSUE FACTOR B
15 0.6
10 ] ;=:; 0.4
b4
£ S
2 >E Fig 4. Effect of AM580 (RARa agonist), CD2019
5 ™ E 02 (RARB agonist), and CD437 (RARy agonist) on CP
=) . .. . .
chromogenic activity (A) and TF activity (B) in S-NB4
014 cells. Cells were cultured ATRA (10-% mol/L) or syn-
T thetic retinoids (10-® mol/L) for 96 hours. (0J), Un-
N ﬁ 0 treated; (M), treated. The results are the mean of at
ATRA AMSS0 CD2019 D437 ATRA AMS80 CD2019 D4y least three experiments. Statistical analysis as in
RARo.agonist RARP agonist RARyagonist RARo agonist RARP agonist RARyagonist Fig 1.*P < .05, **P < .01.
S-NB4 cell maturation induced by AM580 was accompanied DISCUSSION

by a significant 91% losX< .01) of CP chromogenic activity  geyeral studies have shown ATRA's capability to downregu-

(from 11.48% 2.9 mU/mL to 1= 0.8 mU/mL), while treatment |56 the PCA of APL cell$3-16 This property may be one of the
of the NB4 cells with CD2019 or CD437 did not modulate CP o chanisms by which ATRA facilitates a beneficial effect on

expression (F_|g 4A) In contrast, cellular TF Chromogenlcthe coagulopathy associated with the early phase of APL. We
act|V|_ty was significantly decreased not only by the RAR have observed that both procoagulants, CP (a cysteine protein-
agon!stAM580 (58% gecreasié,< 01), but .also by the RAR ase) and TF (a membrane glycoprotein), are decreased by ATRA
agonist CD2019 (36% decreas, < .05); CDA37 (RAR in the BM cells of patients under treatméhtiowever, whether

agonist) had no effect (Fig 4B). . . this decrease is produced by a direct mechanism or is a part of
To evaluate the role of RARIN the downregulation of the - - . .
the differentiation process is not known. To address this

two procoagulants, in some experiments RARas blocked by - - . L

the RARy antagonist Ro 41-5253 (Fig 5). Treatment of S-NB4 questlon,_we have deS|_gned this study primarily to follow the

cells with Ro 41-5253+ ATRA completely prevented the changes in the expression of the two procoagulants in response
to retinoids, in the presence or absence of retinoids-induced

ATRA-induced CP downregulation, and only partially counter- ) o i ) "
acted the TF downregulation, confirming a role of other cyto-differentiation. Specifically, two experimental conditions

receptor(s) in the regulation of TF expression. In contrast, theVere exploited, the availability of ATRA maturation-resistant
treatment of S-NB4 cells with Ro 41-5253 in addition to \NB4-derived cell line¥!° and the use of synthetic retinoid
AMS580 completely prevented the AM580-induced downregula-analoQueS with different granulocytic differentiating capacity
tion of both CP and TF. In these conditions, CP chromogenic®" NB4 cellsi®?2 The results show that CP downregulation
activity was 100% inhibited by treatment of the sample with Parallels cell differentiation, whereas TF occurs, at least in part,
HgCl, and TF chromogenic activity was 100% abolished by theindependently from this mechanism.
anti-TF MoAb. All of the experiments to evaluate the modifications of CP
To further investigate the role of RARIn the modulation of and TF expression were uniformly conducted treating the cells
TF, we have studied the effect of ATRA and AM580 in the with retinoids for 96 hours to allow the time necessary for cell
presence of RAR and RARB antagonists. As shown in Table 2, differentiation!’”-22 The effect of retinoid treatment on cell
the RARB antagonist slightly counteracted the action of ATRA, maturation was confirmed by the study in the same cells of
whereas the simultaneous presence of both the ®ARd  morphological changes, growth arrest, NBT reduction capacity,
RARpB antagonists completely abolished its effect. The BAR and by the analysis of surface expression of CD11b and CD33
antagonist did not affect the activity of AM580. markers of myeloid differentiatio?f. The surface CD11b in-

CANCER PROCOAGULANT TISSUE FACTOR

1 : wf 1

Fig5. Effect of the RARa antagonist Ro 41-5253in
blocking the ATRA-induced and AM580-induced re-
duction of CP and TF expression in S-NB4 cells. The
cells were cultured for 96 hours with 10-8 mol/L
ATRA = 10-¢ mol/L Ro 41-5253 or with 10-8 mol/L
AMS580 + 10-¢ mol/L Ro 41-5253. Results are the
mean of at least three experiments. Statistical analy-
sis to compare untreated and treated samples as in 0 : :
Fig 1. *P < .05; **P < .01 versus untreated control Untreated  ATRA ATRA+  AM580  AMS580 + Untreated

treated Ro041-5253  treated Ro41-5253
samples. treated treated

04

mUnits/ml
3
1
pmol FXa/min/10*6 cells

02

AM580 AM580 +
treated  R041-5253
treated
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Table 2. Downregulation of TF Expression by ATRA and RARa samples by specific chromogenic and immunological assays.
Agonist AM580 in S-NB4: Inhibition of the Effect by RARa and RARp Because the VB aqueous extract is the optimal condition for the
Selective Antagonists CP recovery, ad hoc samples from S- and R-NB4 cells were
TF Activity prepared to optimize the detection of TF as well. Specifically,
Treatment (6 ofcontroh) P Control cell lysates were prepared for the chromogenic assay of TF

Untreated control 100 =0 activity and cell extract in Tris/NaCl buffer containing 1%
ATRA* 513+ 36 -0001 Triton were prepared for the ELISA of TF; these are the most

ATRA + anti-RAR« 80.1 * 5.3 .001

efficient condition for TF antigen recovely?” These further

i + . o
ATRA + anti-RARB ) 594 =1 05 analyses, by different assays, confirmed the occurrence of CP
ATRA + anti-RARe + anti-RARR 9% =16 NS reduction in association with cell differentiation features, while
AM580 (RARa agonist)* 35.7+26 .0001 R i X ! N
AMB80 + anti-RAR« 100 + 2 NS TF modulation was, at least in part, |nerendent from this
AMS580 + anti-RARS 317+ 1 0001 process. TF was downregulated by ATRA in both S- and R-NB4

cells. Because NB4.306 and NB4.007/6 contain no or very low

Cell incubated with ATRA 108 mol/L or RARa agonist . L
&S were [eubated Wi o agon! levels of the PML/RAR proteini&19these data indicate that

(AM580, 108 mol/L) for 96 hours in the presence of 10-6 mol/L retinoid

receptor antagonists: anti-RAR« (Ro 41-5253) or anti-RARp (CD2665).  the reduction of CP by retinoids requires the presence of

TF activity was measured by a spectrophotometric assay for FXa. detectable PML/RAR protein levels.

Results are expressed as percent of untreated control cells (=100%). These results are in agreement with known characteristics of

Statistical analysis was done versus the untreated control by the the two procoagulants. TF is a procoagulant of malignant cells,

paired Student’s t-test. but it is also the cellular procoagulant found in normally
Abbreviation: NS, not significant. differentiated cells that activates normal blood coagulaii#n.

“Comparison between the effects of the wo agonists, by the  cp has peen described in extracts of neoplastic cells or in
“mn;Z'rEdt Stuie"t:;:zslalsgs h_owes that _Ar:' 580 was significantly 5 mnion-chorion tissues, but not in extracts of normally differen-
potent than (P< .05 inreducing TF activity. tiated cellst0-12:31-33|n patients with acute myeloid leukemias,
CP was detected in the BM mononuclear cells at the onset of the
crease and CD33 decrease induced by retinoids highly correlatéljsease, but not in samples from the same subjects during
in previous studies, with morphological changes, growth arrestcomplete remissiof? All of these findings support the thesis
and NBT reduction capacity in S- and R-NB4 célig9222426  that CP may be expressed by undifferentiated fetal and dediffer-
They also correlate with the expression of alkaline phosphatasegntiated malignant cells and, once normal differentiation occurs,
another marker of granulocytic differentiation, in NB4 cells the expression of this enzyme is repressed. On the other hand,
treated with ATRAZ22 TF has been shown to be downregulated by ATRA in leukemic

PCA was identified in the study by four different criteria: (1) cells other than APL, not expressing the PML/RARNd not
the clotting activity by the one-stage clotting assay of NHP andsensitive to ATRA-induced cyto-differentiatiéh,and also in
FVII-DP; (2) selective inhibition by agents known to block normal human endothelial cells and monocyfe¥.
either TF or CP PCA; (3) the chromogenic assays for CPand TF To confirm the relation to cell maturation of the two
activity; (4) the immunological identification of the two proco- procoagulants modulating mechanisms, we used a second
agulants by specific anti-TF and anti-CP MoAbs. The clotting experimental approach, the treatment of NB4 cells with retinoic
assay of NHP and FVII-DP allows identification of total PCA acid analogues that selectively act on the RAR subtypes and
(including all possible procoagulants present) and the proporpossess different cyto-differentiating capacity. The RAR gene
tion of FVIl-independent PCA. We choose to perform thesefamily comprises three subtypes B, and~.?° The classifica-
plasma assays in the VB extracts because these conditions hatien of these receptors is based on differences in amino acid
been used in previous studies to characterize &% and,  sequence, responsiveness to different retinoids, and the ability
therefore, permit comparisons of the results. In agreement witlio modulate the expression of different target genes. ATRA
our previous findings in the same céHland in cells from APL  binds to all members of this family with the same affinity.
patients'®1215we found that in NB4 cells, before treatment, a Therefore, the multiple effects of retinoic acid are better
large proportion (45%) of total PCA is FVII independent. The analyzed by using ligands selective for the known recepfors.
use of inhibitors of cysteine proteinases or of TF provides aUsing this strategy RAR has been shown to play a major role
sensitive way to identify the presence of CP or TF or both. in the granulocytic differentiation of leukemic promyelocy#és.

In the first part of the study, after ATRA, the total PCA was In our study the compound AM580, which selectively binds to
significantly reduced in all cell lines, regardless of their RAR«a and induces cell differentiation, produced a significant
sensitivity to ATRA-induced differentiation. However, the FVII- reduction of CP levels, whereas the CD2019 and CD437
independent CP-like PCA was virtually abolished only in the retinoid-analogues, which selectively bind to RBBnd RARy,
S-NB4 cells that underwent differentiation, but not in the respectively, neither showed an effect on modulation granulo-
resistant cells that did not differentiate. The assay of PCAscyte differentiation nor affected the expression of CP in the NB4
sensitivity to inhibitors confirmed the persistence, after ATRA, cells. In contrast, TF was modulated not only by AM580, but
of a cysteine proteinase procoagulant in the R-NB4, but not iralso by CD2019, regardless of the cell maturation status. The
the S-NB4, cells. RARy agonist CD437 had no effect on either TF or CP

This first observation suggested that ATRA might differently regulation. These data suggest a major role for RAR CP
affect the two procoagulants. Therefore, we further characterdownregulation by retinoids, whereas both RABnd RAR3
ized the two procoagulants in the treated and untreated celppear to be implicated in the regulation of TF expression in
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promyelocytic leukemia cells. A major role for RARn the CP 6. Nemerson Y: The tissue factor pathway of blood coagulation.
downregulation by retinoids is also shown by the experimentsSemin Hematol 29:170, 1992
with the RARx antagonist Ro41-5253. Cotreatment of cells 7- Goualt-Heilmann M, Chardon E, Sultan C, Josso F: The procoagu-
with this compound completely blocked the downregulation of lant factor qf _Ieukt_amic promyelqcyt_es. Demonstration of immunologic
CP induced by both ATRA and AM580. On the other hand, the;;o;;—reactlvny with human brain tissue factor. Br J Haematol 30:151,
same agent completely prevented the reduction of TF induce -
by AM580, the RARx agonist, but counteracted only partially 8. Kubota T, Ando.h K, Sadakata H, KObayas,h' N: Tissue factor
. . . . released from leukemic cells. Thromb Haemost 65:59, 1991

the reduction of TF induced bYATRA’ which binds to all RARs. 9. Falanga A, Gordon SG: Isolation and characterization of cancer
The COt!’eatmem of cells with both the RARand RAR3 procoagulant: A cysteine proteinase from malignant tissue. Biochemis-
antagonists completely blocked the ATRA-induced TF down-try 24:5558, 1985
regulation (Table 2). This provides evidence for arole of BAR  10. Falanga A, Alessio MG, Donati MB, Barbui T: A new procoagu-
in the downregulation of TF by retinoids. The involvement of lant in acute leukemia. Blood 71:870, 1988
RARR in the regulation of TF (in leukemic cells and normal  11. Alessio MG, Falanga A, Consonni R, Bassan R, Minetti B,
endothelial cells) has also been recently demonstrated biponati MB, Barbui T: Cancer procoagulant in acute lymphoblastic
Shibakura et a38 leukemia. Eur J Haematol 445:78, 1990

It is known that AM580 is a more powerful cyto-differentiat- _ 12. Donati MB, Falanga A., Consonni R, Alessio MG, Bassan R,
ing agent than ATRA in NB4 cell® In our study AM580 is Buelli M, Borin L, Catani L, Pogliani E, Gugliotta L, Masera G, Barbui
more potent than ATRA in downregulating TF in the S-NB4 T: Cancer procoagulant _in acute nph lymphoid leukemia: Relationship
cells (see Table 2). In addition, treatment of NB4 cells with of legZylee detezt'ocn o d'se.al_\s,el\:mt'v:y: T&ro'\r;blﬂigxgsltfmtl,l c}_gps\ao

: Lo . . . Falanga A, Consonni R, Marchetti M, Mielicki WP, Rambaldi A,

AMS80 res_u“s in a significant reduction of TF expression at_ Lanotte M, Gordon SG, Barbui T: Cancer procoagulant in the human
concentrations 109'f0|d lower than tho.se nlecessary to Obta”Bromyelocytic cell line NB4 and its modulation by retinoic acid.
the same effect with ATRA (as shown in Fig 4). In contrast, | ¢kemia 8:156, 1994
AM580 and ATRA have the same effect in the R-NB4.306 line 14, Koyama T, Hirosawa S, Kawamata N, Tohda S, Aoki N: All-trans
(data not shown). These data confirm that, while AM580 is anretinoic acid upregulates thrombomodulin and downregulates tissue
active retinoid in cells expressing RAR its potential iS  factor expression in acute promyelocytic leukemia cells: Distinct
enhanced in cells containing PML/RAR expression of thrombomodulin and tissue factor in human leukemic

The different pathways of regulation of the cell procoagu- cells. Blood 84:3001, 1994
lants, CP and TF, by ATRA, have important new implications 15. Falanga A, lacoviello L, Evangelista V, Belotti D, Consonni R,
for these proteins during ATRA therapy in human malignancy. ItP’Orazio A, Robba L, Donati MB, Barbui T: Loss of blast cell
supports the concept that CP is a differentiation dependerRro_Coagma_m activity and |mpr0\{ement of. hem0§t§t|c variables in
protein that is expressed by malignant and fetal cells. Further?a“ems with acute promyelocytic leukemia administered all-trans

- - retinoic acid. Blood 86:1072, 1995
we postulate that the CP loss, besides reducing the procoagular?tle. De Stefano V, Teofili L, Sica S, Mastrangelo S, Di Mario A,

capacity of APL cells, might provide an important new tool Rutella S, Salutari P, Rumi C, d’'Onofrio G, Leone G: Effect of all-trans

(marker) to m_onltor leukemic cell (and possibly cher Cancer qtinoic acid on procoagulant and fibrinolytic activities of cultured blast
cells) maturation. Furthermore, the TF loss even in non-ATRAgj| from patients with acute promyelocytic leukemia. Blood 86:3535,

maturation-sensitive tumor cells might help to improve clotting 1995
complications in other malignant diseases different from APL  17. Lanotte M, Martin-Thouvenin V, Najman S, Ballerini P, Valensi

treated with ATRA. F, Berger R: NB4, a maturation inducible line with t(15;17) marker
isolated from human acute promyelocytic leukemia (M3). Blood
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