
1–74) in patients (n = 68) with normal MP-TF activity

(P = 0.028). In the group of 51 patients who presented with

VTE, survival was significantly worse in patients with elevated

MP-TF activity than in those with normal MP-TF activity

(P = 0.010). In univariate analysis only tumour type, throm-

bosis and MP-TF activity were significantly associated with

survival. In multivariate analysis, adjustment for tumour type,

age and stage, did not affect the association between MP-TF

activity and mortality (P < 0.015).

The present study is the largest series of unselected patients

with both cancer and VTE, in whom MP-TF activity has

been measured in the acute phase of thrombosis. The strength

of the present study is that we did not select for any tumour

type but instead investigated all cancer patients who pre-

sented with acute VTE irrespective of the type of malignancy.

We observed that MP-TF activity in cancer patients with

VTE is higher than in matched cancer patients without VTE.

This finding strongly supports previous observations of a

relationship between elevated MP-TF activity and VTE in

patients with cancer from small studies of selected cancer

patients [1,4–6].

It is interesting that the large majority of patients who

develop VTE during chemotherapy have normal MP-TF

activity, suggesting that an acute thrombotic event itself is

not the cause of an elevated MP-TF activity. Our data

point to a contribution of cancer cells themselves as (in)

direct cause of elevated MP-TF activity and ask for novel

studies better designed to study prospectively the relation-

ship between chemotherapy, elevated MP-TF activity and

venous thrombosis.
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Human alternatively spliced tissue factor is not secreted and
does not trigger coagulation
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Human tissue factor (TF), a 45-kDa transmembrane protein,

initiates coagulation. In 2003, Bogdanov et al. described an

alternatively spliced form of TF (asTF), which lacks a trans-

membrane domain and is present as a soluble protein [1]. asTF

is produced by various cell types [1–3] and was reported to be

present in human plasma, suggesting that asTF is secreted [1].

At present, the coagulant properties of asTF are disputed. Al-

though recombinant asTF shortened the clotting time of

platelet poor plasma [1], asTF was enriched in human thrombi

[1] and triggered activation of factor (F)X when secreted by

human umbilical vein endothelial cells (HUVEC) [4], asTF

expressed by human embryonic kidney (HEK) cells failed to

activate FX [5]. To further explore the putative role of asTF in

coagulation, we studied the procoagulant properties of asTF
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cloned from HUVEC in an expression model of MIA PaCa-2

cells, a human pancreatic TF-deficient cell line [2,6–8]. Using

these cells, confounding factors such as concurrent expression

of TF are excluded.

First, we investigated the production and secretion of asTF

using HUVEC. Upon activation with interleukin (IL)-1a (1 h),

both asTF RNA and TF RNA were detectable (data not

shown). The asTF protein, however, was not detectable in cell

lysates of activated HUVEC (IL-1a, 5 ng mL)1; 5 h), whereas

TF was clearly present (Fig. 1A). Similarly, the corresponding

lysates of microparticles (MP) contained TF but not asTF. In

contrast, the MP-free culture supernatant (SN) contained nei-

ther asTF nor TF. Thus, expression of asTF RNA in activated

HUVEC is not paralleled by translation into the asTF protein,

and asTF is neither sorted intoMP nor secreted into the culture

supernatant.

To investigate production, secretion and procoagulant

properties of asTF by MIA PaCa-2 cells, we subcloned cDNA

from both asTF and TF into a pDESTN3 gateway vector. The

transcript sequences were verified and identical to AF487337

andNM001993, respectively (NCBI). Both asTFDNAandTF

DNA were transfected into MIA PaCa-2 cells. After transfec-

tion,MIA PaCa-2 cells expressed both asTF and TF (Fig. 1B),

but only TF was detectable in MP and MP-free culture super-

natant. Given the facts that (i) asTF was still not visible when

these Western blots were exposed overnight (not shown), (ii)

asTF was detectable in the lysate of 40 000 cells (Fig. 1B;

exposure 0.5 h), and (iii) MP and the corresponding MP-free

culture medium were isolated and concentrated from the con-

ditioned culture medium of 250 000 cells, we estimate that

< 0.5% of the produced asTF is secreted. In summary, al-

though MIA PaCa-2 cells translate asTF, asTF is not sorted

into MP or released as a soluble protein into the culture

medium.

The procoagulant properties of transfected MIA PaCa-2

cells were studied using cell lysates as described earlier [5]. A

lysate of TF-transfected cells initiated thrombin generation

(n = 3; Fig. 1C), which was inhibited by anti-FVII(a) but

not by anti-FXII(a). The asTF-transfected cell lysate also

initiated a low level of thrombin generation, which was only

partially FVII(a) dependent (Fig. 1D). Thrombin generation

using lysates from untransfected and EGFP-transfected cells

was comparable to the asTF cell lysate (Fig. 1E,F, respec-

tively), as was the extent of inhibition by anti-FVII(a),

indicating that asTF does not initiate additional thrombin

generation in our experimental conditions compared with

controls.

To explain thrombin generation by untransfected MIA

PaCa-2 cells, we hypothesized that asTF in human plasma

binds to membrane fragments, thereby facilitating FVII(a)-

mediated thrombin generation [1]. However, a comparable

level of FVII(a)-dependent thrombin generation was ob-

served after reconstitution of a lysate from untransfected

cells into normal plasma depleted of asTF and TF (data not

shown). Thus, the low level of thrombin generation is not

explained by binding of exogenous asTF. Alternatively, we

can not exclude that MIA PaCa-2 cells produce very low

amounts of procoagulant TF which may be involved in the

basal thrombin generation.

Whether asTF is coagulant remains controversial. First,

extremelyhigh levels of recombinantasTF, that is over 3000-fold

higher than the asTF level in normal plasma, shortened the

clotting time of human platelet-poor plasma [1], but the

relevance of these results were seriously questioned [9].

Thereafter, two studies were published by the same investi-

gators, who investigated the production and procoagulant

properties of native asTF from HUVEC [4,10]. Although in

both studies identical experimental conditions resulted in simi-

lar quantities of TF, as detected byWestern blot, in the study of

Szotowski et al. the amounts of asTF exceeded those of TF,

whereas in the study of Eisenrach et al. only small amounts of

asTF were found compared with TF. Taken together, even the

amount of asTF produced by the only primary cell type studied

thus far remains controversial.With regard to secretion of asTF

by primary cells, the conditionedmedium of TNF-a stimulated

HUVEC was shown to contain asTF, indicating secretion of

asTF. Although this secreted asTF was procoagulant, its

activity was < 0.1% of the corresponding TF activity [4].

With regard to asTF-transfected cells, Censarek et al. trans-

fected HEK cells with a FLAG-tagged asTF [5]. Similar to our

findings, asTF was present in cell lysates, absent in MP and

culture supernatant and lacked procoagulant activity. Recently,

Hobbs et al. expressed asTF in MIA PaCa-2 cells [2]. They

reported secretion of asTF in the conditioned medium, but

found no shortening of a clotting time, again indicating that

asTF lacks procoagulant activity. Taken together, the reported

procoagulant activity of asTF was either extremely low com-

pared with TF, or absent.

Despite detectable levels of asTF inMIAPaCa-2 cells, lysates

thereof did not initiate additional FVII-dependent thrombin

generation. Various encryption mechanisms have been de-

scribed for TF, including a phosphatidylserine-enriched mem-

brane environment [11–13], dimerization of TFmonomers [12],

and a conformational change initiated by protein disulfide

isomerase (PDI) [14].A role forPDI, however, seemsunlikely as

asTF lacks both cysteines (Cys186 and Cys209). Whether or not

the other mechanisms, including various post-translational

modification mechanisms, affect the ability of asTF to initiate

coagulation remains to be determined.

In our present study, we demonstrate that despite expression

of asTF RNA in HUVEC, no detectable levels of the corre-

sponding protein were detectable in these cells, their MP or the

culture medium. In contrast, when this asTF cDNA was

expressed in MIA PaCa-2 cells, the asTF protein became

detectable. Also several other pancreatic cells produce and

secrete substantial quantities of asTF [2]. Last year,Hobbs et al.

reported a higher tumor mass in mice injected with

asTF-transfectedMIA PaCa-2 cells, suggesting a role in tumor

growth and angiogenesis. Thus, also based on our present

findings, we speculate that the main physiologic or pathologic

role of asTFmay not be coagulation but rather angiogenesis or

other processes.
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Fig. 1. Expression and procoagulant activity of asTF. (A) Human umbilical vein endothelial cells (HUVEC) were non-activated ()) or activated (+) with

interleukin-1a (IL-1a) for 5 h in serum-free culture medium. Culture supernatant was centrifuged (10 min, 180 ·g), and microparticles (MP) were isolated

by centrifugation (60 min, 18 890 ·g). MP-free culture supernatant (SN) was concentrated using a 3-kDa column. Lysates of HUVEC, MP and SN were

subjected to SDS-PAGE under reducing conditions, followed by Western blotting using an antibody recognizing both asTF and TF (4501; American

Diagnostica, Stamford, CT, USA). As secondary antibody, rabbit anti-goat HRP was used. Subsequently, blots were incubated with lumi-light and

exposed for 2.5 h. (B) MIA PaCa-2 cells were left untransfected or transfected (lipofectin; 10 lL) with asTF, TF or EGFP (mock) DNA (1 lg; 48 h).

Samples were prepared and used for Western blot as described for HUVEC. Blots were exposed for 0.5 h. Lanes entitled �Cells� contained lysates

from approximately 40 000 cells each, lanes entitled �MP� contained lysates of MP isolated from serum-free conditioned culture supernatant of 250 000

cells, and lanes entitled �SN� contained lysates from concentrated supernatant from approximately 250 000 cells. As positive controls, thromboplastin

(of human origin) and recombinant asTF were used. (C–F) Thrombin generation by lysates from untransfected (E) or transfected MIA PaCa-2 cells

(C,D,F). Transfected cells (48 h) were lysed with n-octyl-D-b-glycopyranoside (15 mmol L)1) in HEPES buffer (10 mmol L)1) for 15 min at 37 �C.
Cell lysates were centrifuged to remove debris (5 min at 2000 ·g and 4 �C). Lysates were pre-incubated (30 min) without antibodies (filled circles) or

with antibodies against human factor (F)VII(a) (open circles) or human FXII(a) (open triangles). After 30 min, the mixtures were added to defibrinated

and MP-free normal pool plasma, which also had been pre-incubated with the indicated antibodies. Thrombin generation was initiated by addition of

calcium, and every 30 s a subsample was collected and added to the chromogenic thrombin substrate pefachrome (Pentapharm, Basel, Switzerland).

After 3 min, thrombin generation was stopped by addition of citric acid and free thrombin formation was monitored by measuring p-nitroaniline

(k = 405 nm). Representative thrombin generation curves are shown of thrombin generation by cell-lysates from TF-transfected (C), asTF-transfected

(D), untransfected (E) or EGFP (mock)-transfected (F) MIA PaCa-2 cells.
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Role of magnesium in factor XIa catalyzed activation of factor
IX: calcium binding to factor IX under physiologic magnesium

S . AGAH and S . P . BA JA J
Protein Science Laboratory, UCLA/Orthopaedic Hospital, Department of Orthopaedic Surgery and Molecular Biology Institute, University of

California at Los Angeles, Los Angeles, CA, USA
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Factor IX (FIX) is a vitamin K-dependent protein that

circulates in blood as a zymogen (57 000 Da) of the serine

protease FIXa. It consists of an aminoterminal c-carboxyglu-
tamic acid (Gla) domain, two epidermal growth factor (EGF)-

like domains, a connecting activation peptide segment, and a

carboxyterminal catalytic domain [1]. The Gla domain binds

eight calcium cations (Ca2+) that are coordinated to 12 c-
carboxyglutamate residues [2]. The EGF1 domain contains a

single Ca2+-binding site that is coordinated to Asp47, Gln50,

Asp64, and the backbone carbonyls of Gly48 and Asp65 [3].

The protease domain also contains a single Ca2+-binding site

that is coordinated toGlu235,Glu245, andbackbone carbonyls

of residues 237 and 240 [4]. The importance of FIX in

coagulation is inferred from the severe bleeding disorder

accompanying its deficiency [1]. During the sustained phase

of coagulation, FIX is activated by factor XIa (FXIa) requiring

Ca2+ [1], and Mg2+ is thought to potentiate the rate of this

reaction [5]. However, the number and location of Ca2+

binding sites in FIX that are substituted by Mg2+ under

physiological conditions is not known. We measured Ca2+

binding to full-length human FIX and decarboxylated FIX in

the absence and presence of physiologic concentrations

(0.6 mM, [6]) of Mg2+. FIX in the absence of Mg2+ bound

�10.4 Ca2+ ions (Kd�400 lM) with positive cooperativity for

the initial 2–4 sites (Fig. 1A). In the presence ofMg2+, numbers

of Ca2+ binding sites in FIXwere reduced to�7.1 (Fig. 1A) at
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