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Abstract

Factor VIII antigen (VIII:CAg) exhibits molecular weight het-
erogeneity in normal plasma. Wehave compared the relative
quantities of VIII:CAg forms present in normal individuals
(n = 22) with VIII:CAg forms in renal dysfunction patients
(n = 19) and in patients with disseminated intravascular coag-
ulation (DIC; n = 7). In normal plasma, the predominant VIII:
CAg form, detectable by sodium dodecyl sulfate polyacrylamide
gel electrophoresis, was of molecular weight 2.4 X j05, with
minor forms ranging from 8 X 104 to 2.6 X i05 D. A high pro-
portion of VIII:CAg in renal dysfunction patients, in contrast,
was of 1 X i0 mol wt. The patients' high 1 X iOs mol wt VIII:
CAg level correlated with increased concentrations of serum cre-

atinine, F1+2 (a polypeptide released upon prothrombin activa-
tion), and with von Willebrand factor. Despite the high proportion
of the 1 X 105 mol wt VIII:CAg form, which suggests VIII:CAg
proteolysis, the ratio of Factor VIII coagulant activity to total
VIII:CAg concentration was normal in renal dysfunction patients.
These results could be simulated in vitro by thrombin treatment
of normal plasma, which yielded similar VIII:CAg gel patterns
and Factor VIII coagulant activity to antigen ratios. DIC patients
with high F1+2 levels but no evidence of renal dysfunction had
an VIII:CAg gel pattern distinct from renal dysfunction patients.
DIC patients had elevated concentrations of both the 1 X lO,
and 8 X 104 mol wt VIII:CAg forms. Weconclude that an increase

in a particular VIII:CAg form correlates with the severity of
renal dysfunction. The antigen abnormality may be the result of
VIII:CAg proteolysis by a thrombinlike enzyme and/or prolonged
retention of proteolyzed VIII:CAg fragments.

Introduction

In the presence of Factor IXa, phospholipid, and calcium, Factor
VIII (antihemophilic factor) accelerates the conversion of Factor
X to Xa. Although diminished Factor VIII coagulant activity
(VIII:C)' has long been recognized as a major cause of inherited
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1. Abbreviations used in this paper: DIC, disseminated intravascular co-

agulation; SDS-PAAGE, sodium dodecyl sulfate-polyacrylamide agarose
gel electrophoresis; vWF, von Willebrand factor; VIII:C, Factor VIII
coagulant activity; VIII:CAg, Factor VIII antigen.

hemorrhagic disease, little is known about the association of
Factor VIII structural abnormalities with disease processes. This
relationship can now be examined by employing a recently de-
veloped (1, 2) immunological sodium dodecyl sulfate-polyacryl-
amide agarose gel electrophoresis (SDS-PAAGE) method to an-
alyze Factor VIII antigen (VIII:CAg) molecular weight forms
present in whole plasma.

Most VIII:CAg in normal plasma is noncovalently bound
to von Willebrand factor (vWF), a large multimeric glycoprotein
essential for proper platelet adhesion to subendothelium (3). VIII:
CAgexhibits molecular weight heterogeneity in normal plasma:
most VIII:CAg has an apparent molecular weight by SDS-
PAAGEof 2.4 X lO1, with minor forms ranging in size from 8
X 104 to 2.6 X l10 D (2). VIII:CAg forms above 1 X lOs mol
wt are very sensitive to cleavage by a number of plasma enzymes
including thrombin, Factor Xa, protein C, and plasmin. be-
pending on the enzyme, proteolytic cleavage of Factor VIII can
both increase (4) and decrease (5) VIII:C coagulant activity. Thus
analysis of changes in the quantity, structure, and activity of the
highly labile protein could theoretically serve as a good indicator
of in vivo serine protease generation.

Wehave surveyed a number of patient populations to de-
termine if VIII:CAg abnormalities can be detected in disease
states, if these abnormalities can be correlated with disease etiol-
ogy, and if modification of protein form can be related to VIII:
C. This report describes abnormal VIII:CAg molecular weight
forms in patients with renal dysfunction and those with dissem-
inated intravascular coagulation (DIC). The abnormal VIII:CAg
form that occurs in renal dysfunction patients is distinct from
that present in DIC patients and reflects the severity of renal
disease.

Methods

Patients. Blood samples were drawn from four groups of individuals: I I
patients with varying degrees of renal dysfunction not requiring dialysis,
8 patients receiving regular hemodialysis, 7 DIC patients with normal
renal function, and 22 normal individuals.

The average serum creatinine of renal patients not requiring dialysis
was 6.0 mg/dl (range, 1.5-9.4 mg/dl). Their ages ranged from 46 to 72
yr (mean, 58.7 yr). Four patients had hypertensive renal disease; three
had diabetic nephropathy; and there was one patient with each of the
following: focal sclerosis, lupus nephritis, and drug-induced tubuloin-
terstitial disease. In one patient, the etiology of the patient's renal disease
could not be clearly established. All patients were receiving antihyper-
tensive medications, were clinically stable, and were being followed on
an outpatient basis. One patient complained of intermittent epistaxis.
None of the remaining patients had overt signs of impaired hemostasis.

Each of the eight patients requiring dialysis received hemodialysis
three times per week for a total of 12 h each week. All were clinically
stable. Three of these patients received their dialysis at home. Their ages
ranged from 48 to 67 yr (mean, 58 yr), and their serum creatinines
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ranged from 6.9 to 19.1 mg/d1 (mean, 10.8 mg/dl). End-stage renal disease
was secondary to diabetic nephropathy in two patients; in two patients,
it was due to hypertensive renal disease; and in one patient each, it was
secondary to membranous nephropathy, polycystic kidney disease, and
obstruction plus chronic pyelonephritis. One patient had probable chronic
glomerulonephritis, although kidney tissue was not available for evalu-
ation. None of these patients had overt signs of impaired hemostasis.

Of the patients with DIC, four had acute promyelocytic leukemia,
two had prostate cancer, and one had pancreatic cancer. Coagulation
abnormalities included thrombocytopenia, prolonged prothrombin and
thrombin times, increased levels of fibrinogen/fibrin degradation prod-
ucts, and hypofibrinogenemia. Specimen collection and informed consent
procedures were approved by the institutions' Human Subjects Review
Committees.

Plasma preparation. Venous blood (9 vol), collected by a two-syringe
technique, was anticoagulated with a solution (1 vol) of either 3.8% so-
dium citrate or citrate containing 90 U/ml hirudin (Sigma Chemical
Co., St. Louis, MO)and 100 kallikrein inhibitor units/ml Trasylol (Mobay
Chemical Corp., Pittsburgh, PA). Platelet-poor plasma was separated by
centrifugation at 3,000 g for 15 min (40C). Plasma samples were used
immediately or stored at -700C for subsequent analysis. Pooled normal
plasma from 22 individuals was prepared in citrate without added in-
hibitors.

Assays of Factor VIII/vWF-related activities. VIII:C was measured
by one-stage activated partial thromboplastin time (6) using hemophilia
A plasma as substrate (VIII:C < 1%). 1 U of VIII:C is the amount present
in 1 ml of plasma. vWFantigen levels in patient and normal pooled
platelet-poor plasma were quantified by Laurell (7) electroimmunoassay,
using rabbit anti-human Factor VIII (Calbiochem-Behring Corp., La
Jolla, CA) and 0.5% SeaKemHGTagarose on gel bond backing (Marine
Colloids Division, FMCCorp., Rockland, ME).

Previously described procedures were employed to prepare '25I-Fab,
quantify VIII:C by immunoradiometric assay (1), and analyze VIII:CAg
forms by SDS-4% PAAGEand densitometry (2).

To determine the ratio of VIII:CAg forms, each sample was analyzed
in duplicate at least twice on separate gels. The values presented are the
mean of these determinations; standard deviations were within ± 10%
of these values. Data were analyzed using the least-squares method of
linear regression analysis to calculate Pearson correlation coefficients.

vWFmultimer analysis was performed using SDS agarose gels and
rabbit '251I-labeled anti-human vWF IgG (8). Plasma levels of the pro-
thrombin activation peptide, F1+2, were measured by radioimmunoassay
(9, 10).

Thrombin activation of normalpooled plasma. Normal pooled citrated
plasma was incubated for 20 min (22°C) with 100 U/ml Trasylol and 5
mMGly-Pro-Arg-Pro (Cal Med, South San Francisco, CA). The latter
was added to prevent fibrin gel formation after thrombin addition (1 1).
Humanthrombin (2,500 U/mg, sp act; final concentration, 0.05 U/ml),
kindly provided by Dr. John Fenton II (New York State Department of
Health, Albany, NY), was added at 37°C to the plasma solution. At
various times, samples were withdrawn for analysis of VIII:C, VIII:CAg
concentration, and VIII:CAg molecular weight forms. WhenVIII:C had
dropped back to the initial level, more thrombin (final concentration,
0.05 U/ml) was added and the solution was again assayed for Factor
VIII-related activities.

Results

Comparison of VIII:CAg forms in normal controls and in renal
dysfunction patients. The distribution of VIII:CAg forms in nor-
mal plasma was compared, by 125I-Fab-SDS-PAAGE, with that
present in patients with renal dysfunction. Normal plasma con-
tained a major 2.4 X 105 mol wt VIII:CAg form and a number
of minor forms that were relatively quantitatively equivalent.
Plasma from renal dysfunction patients, in contrast, had an un-
usually high percentage of a 1 X 105 mol wt species (Fig. 1). In
normal individuals, including men and women from 25 to 65

Ad

Figure 1. Comparison of VIII:CAg forms in
B- plasma from a normal (N) individual and a renal

dysfunction patient (R). The autoradiograph of
25I-Fab-VIII:CAg complexes, analyzed by SDS-
PAAGE, shows the major 2.4 X 105 mol wt VIII:
CAg form (A) found in normal plasma and the
increased amount of the I X 105 mol wt VIII:
CAg form (B) typically present in the patient

N R population.

yr old, the mean 2.4 X i05/I X 105 mol wt VIII:CAg ratio
(henceforth referred to as the 2.4/1 VIII:CAg ratio) was 3.3±0.5
SD (n = 22; range, 2.5-4.6). For the dialyzed and undialyzed
chronic renal failure patients examined in the present study, this
ratio was 1.3±0.4 SD (n = 19; range, 0.5-2.1).

Correlation of VIII:CAg forms with creatinine, vWF, and
F,+2 concentrations. The increased percentage of the 1 X 105
mol wt VIII:CAg relative to the 2.4 X 105 mol wt form was
linearly correlated (r = 0.93, P < 0.0001) with the log of cre-
atinine concentration (Fig. 2). Patients undergoing dialysis, the
group with the highest creatinine values, had the greatest per-
centage of 1 X 105 mol wt VIII:CAg. Undialyzed patients with
intermediate creatinine values had 2.4/1 VIII:CAg ratios between
those of dialyzed patients and normal individuals.

To be certain that creatinine itself did not cause the increase
in the 1 X 105 mol wt VIII:CAg form, creatinine (final concen-
tration, 2, 5, 10, 15, 20 mg/dl) was added to pooled normal
plasma. After incubation at 370C for 1 h, the samples were an-
alyzed by 1251I-Fab-SDS-PAAGE. No increase was observed in
the percentage of the 1 X I05 mol wt VIII:CAg. Creatinine levels
were also measured in four patients before and after they had
undergone dialysis. Despite substantial removal of creatinine,
the 2.4/1 VIII:CAg ratio remained abnormal in all cases
(Fig. 3).
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Figure 2. Creatinine concentration (log mg/dl) vs. the ratio of 2.4
X 105/l X 105 mol wt VIII:CAg forms present in normal individuals
(-) and undialyzed (o) and dialyzed (-) renal dysfunction patients.
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CD)

Figure 3. Changes in the creatinine concentration and the 2.4 X I05/1
X 105 mol wt VIII:CAg ratio in four patients before (o) and after (ED)
dialysis. The normal range of the VIII:CAg ratio is between 2.5 and
4.5.

Since the 1 X 105 mol wt VIII:CAg form can be generated
in vitro by proteolysis of the 2.4 X i05 mol wt VIII:CAg (1), we
considered the possibility that an active enzyme might still be
present in the citrated patient plasma. To test this hypothesis,
normal citrated plasma (9 vol) was incubated at 370C for 1, 16,
and 20 h with plasma (1 vol) from a patient with a 2.4/1 VIII:
CAg ratio of 0.67. Neither this treatment nor incubation of the
patient plasma alone under the same conditions produced an
increase in the 1 X 105 mol wt VIII:CAg form.

Considering the close association of vWF with VIII:CAg,
vWFwas also evaluated for evidence of proteolytic degradation.
vWFmultimers were analyzed using SDS agarose gel electro-
phoresis, 251I-labeled anti-vWF antibody overlay, and autora-
diography (8). While vWFlevels were generally elevated, all pa-
tients, even those with the lowest 2.4/1 VIII:CAg ratios, had
normal distributions of vWF multimers with no evidence of
lower molecular weight vWFfragments. Also fibrin-split products
were not elevated in any of five patients examined having the
lowest 2.4/1 VIII:CAg ratios.

High vWF levels, however, did correlate (r = 0.69,
P < 0.0001) with increasing amounts of the 1 X i05 mol wt

A 0
0

a

1.01_

L0

VIII:CAg form, expressed as log 2.4/1 VIII:CAg ratio (Fig. 4).
Those patients with the lowest 2.4/1 VIII:CAg ratios had vWF
levels of at least 2.8 U/ml.

In vivo activation of the coagulation system can be deter-
mined by measuring the plasma concentration of F1+2, a poly-
peptide cleaved from prothrombin during its transformation to
thrombin by Factor Xa. The average value of F1+2 for normal
individuals is 1.97±0.97 nM(SD) (9). Renal dysfunction patients
generally had high levels of F1+2 (Fig. 5). The log of F1+2 con-
centration correlated (r = 0.75, P < 0.0001) with the patients'
abnormal 2.4/1 VIII:CAg ratios.

VIII:CAgforms in patients with DIC. To further analyze the
relationship between VIII:CAg forms, F1+2 levels, and renal dis-
ease, an additional group of patients (n = 7) with DIC but without
renal failure was examined. The average F1+2 concentration in
these patients' plasma, 40.1±13.7 nmol/liter (range, 21.3-63.4
nmol/liter), was higher than the average value for renal dys-
function patients of 7.0±3.7 nmol/liter (range, 2.6-16.2 nmol/
liter). Except for one DIC patient with VIII:CAg forms quan-
titatively comparable to those of normal individuals, DIC pa-
tients, like renal dysfunction patients, had a relatively high pro-
portion of their VIII:CAg in the 1 X 105 mol wt form (Fig. 6).
Unlike renal dysfunction patients and normal individuals, how-
ever, DIC patients generally had a large proportion of VIII:CAg
in the 8 X 104 mol wt form.

Changes in Factor VIII-related activities generated by
thrombin. In earlier studies (1, 2) we showed that in vitro throm-
bin proteolysis of the 2.4 X 105 mol wt VIII:CAg form yields
the 1 X 10 and lower molecular weight VIII:CAg species, a
reaction accompanied first by an increase and then a decline in
VIII:C. These results support the notion that the 2.4 X 105 mol
wt VIII:CAg must be proteolytically modified to produce acti-
vated VIII:C, analogous to Factor V-Va activation (12). Since
patient plasma contained more of the 1 X 105 mol wt VIII:CAg
form than normal, one would also expect the patient's ratio of
VIII:C to a unit of VIII:CAg concentration to be different from
normal plasma. To determine whether increased levels of the 1
X 10 mol wt form might be indicative of "activated" or "in-
activated" Factor VIII protein, the ratio of VIII:C to VIII:CAg
concentration (VIII:C/VIII:CAg) was analyzed with respect to
the 2.4/1 VIII:CAg ratio in normal individuals and renal dys-
function patients (Fig. 7). A VIII:C/VIII:CAg ratio above or be-
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Figure 4. vWFconcentration (units per milliliter) vs. the log 2.4
X 105/1 X lOs mol wt VIII:CAg ratio for normal individuals (e) and
undialyzed (o) and dialyzed (A) renal dysfunction patients.

Figure 5. F1+2 concentration (log nM) vs. the 2.4 X 105/1 X 105 mol
wt VIII:CAg ratio in samples from normal individuals (.) and undi-
alyzed (o) and dialyzed (A) renal dysfunction patients.
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Figure 6. Densitometric scans of autoradiographs obtained by 125[1
Fab-SDS-PAAGE analysis of plasma samples from a normal individ-
ual, a renal dysfunction patient, and a patient with DIC. In normal
individuals, the 2.4 X 10 mol wt VIII:CAg form (A) is predominant,
while the I X lO mol wt VIII:CAg form (B) is more prominent in the
renal disease patient. Both the 1 X 10 and 8 X 104 mol wt VIII:CAg
forms (C) are increased relative to the 2.4 X 101 mol wt form in pa-
tients with DIC.

low the normal range would indicate, respectively, activated or
inactivated VIII:C.

Surprisingly, no correlation was found between the activity
to antigen ratio and the ratio of VIII:CAg molecular weight
forms. With a few high and low exceptions, the patient VIII:C/
VIII:CAg ratio was within the normal range even though the
2.4/1 VIII:CAg ratio was as low as 0.54 in some instances.

To further examine how such a major change in the pro-

portion of VIII:CAg forms could have so little effect on the VIII:
C/VIII:CAg ratio, normal plasma was treated with thrombin
and analyzed for variations in VIII:C activity and VIII:CAg forms
over time (Fig. 8). Our experimental objective was to see if
thrombin proteolysis could generate abnormal VIII:CAg mo-
lecular weight ratios but give normal VIII:C-to-VIII:CAg ratios,
similar to those present in patient plasma.

Within 3 min after the addition of thrombin (final concen-
tration, 0.05 U/ml) to whole plasma, VIII:C activity rose 12-
fold and then slowly declined to approximately the initial VIII:
C level 3 h later. VIII:CAg, measured by a quantitative immu-
noradiometric assay, changed little over this time period. The
2.4/1 VIII:CAg ratio, in contrast, dropped from 3.7 to 1.8 1 min
after thrombin addition. The ratio fell to 1.5 at the end of 6 min
and was unchanged at the end of 4 h. In other experiments (not
shown) using 0.02 and 0.07 U of thrombin, the 2.4/1 VIII:CAg
ratios fell to 2.6 and 0.7, respectively, and the VIII:C/VIII:CAg
ratio returned to the initial value 4 h after thrombin addition.

More thrombin (final concentration, 0.05 U) was added to
the sample 4 h after the first addition (Fig. 8). Once again VIII:
C rose to a maximum 3 min after thrombin addition but declined
somewhat more rapidly compared with the first activation. The
2.4/1 VIIl:CAg ratio decreased from 1.5 to 1, while the VIII:C/
VIII:CAg ratio returned to the initial level within 2 h. Thrombin-
treated renal dysfunction plasma gave similar VIII:C activation
and inactivation curves (data not shown). Based upon the above
data, we infer that the Factor VIII-related properties of renal
dysfunction patient plasma in vivo are qualitatively similar to
those of a thrombin-treated normal plasma sample, examined
at a time when the VIII:C-to-VIII:CAg concentration ratio had
declined to a value within the normal range.

Discussion

Our initial interest in investigating patients with renal dysfunc-
tion for potential VIII:C/vWF abnormalities arose from earlier
studies (13-15) of the hemostatic mechanism in uremia. Here
we have used the '25I-Fab-SDS-PAAGE procedure to detect dis-
ease-related structural variations of VIII:CAg in this patient
group. Additional studies were performed to determine the mo-
lecular basis and functional correlates of the unusually high
1 X 105 mol wt VIII:CAg concentration found in these patients.
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Figure 8. Changes of VIII:C (-), VIII:CAg (o), and the 2.4 X I05/l
X l0 mol wt VIII:CAg ratio (o) in normal pooled plasma treated with
thrombin (final concentration, 0.05 U/ml) at time zero, followed by a
subsequent addition of thrombin (final concentration, 0.05 U/ml) at
240 min, when VIII:C had returned to the initial level.
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The severity of renal disease, as evidenced by increasing cre-
atinine levels, was related to the high concentrations of the
1 X 105 mol wt VIII:CAg form. The creatinine increase was
associated with but did not cause the VIII:CAg abnormality,
since removal (Fig. 2) or addition of creatinine had little influence
on the 1 X 105 mol wt VIII:CAg concentration. Despite the
substantial structural modification of VIII:CAg in these patients'
plasma, the protein still retained the antigenic and functional
activity of unmodified material as analyzed by standard quan-
titative methods.

Wehave compared our findings in the above subjects with
those in patients with disseminated intravascular coagulation
who had markedly increased generation of thrombin within their
vascular system as determined by radioimmunoassays for F1+2
as well as fibrinopeptide A (10). None of these individuals ex-
hibited evidence of overt renal dysfunction. These patients had
not only increased amounts of 1 X 105 mol wt VIII:CAg, but
also generally elevated levels of 8 X 104 mol wt VIII:CAg.

To examine the molecular basis for the observed VIII:CAg
abnormalities in renal dysfunction, we carried out a series of in
vitro experiments. Both the VIII:CAg gel pattern and VIII:C-to-
antigen concentration ratio of renal dysfunction patients could
be simulated by treating normal plasma with low concentrations
of thrombin. For example, the 2.4/1 VIII:CAg ratios produced
by reacting whole plasma with 0.02 and 0.07 U of thrombin
(final concentration) bracketed the range of abnormal 2.4/1 VIII:
CAg ratios observed in patient plasmas.

Similarly, the normal ratio of VIII:C to VIII:CAg concen-
tration but abnormal VIII:CAg gel pattern characteristic of renal
patients were produced in vitro by incubating normal plasma
with 0.05 U of thrombin (Fig. 8). In these experiments, VIII:C
rose and fell, but VIII:CAg, measured by a quantitative im-
munoradiometric assay, remained constant, producing for a time
an abnormally high VIII:C/VIII:CAg ratio. Within 4 h, however,
the VIII:C/VIII:CAg ratio had returned to initial levels and the
VIII:CAg gel pattern was like that of a renal dysfunction patient.
Also like the response of a renal dysfunction patient's plasma
to thrombin, VIII:C levels rose and fell normally in plasma
treated a second time with 0.05 U of thrombin. These results
demonstrate that an abnormally high 1 X 105 mol wt VIII:CAg
level, indicative of proteolysis, is not necessarily accompanied
by detectable abnormalities in VIII:C or in the quantitative
analysis of VIII:CAg.

Since thrombin-activated VIII:C declined without detectable
changes of the 1 X 105 mol wt VIII:CAg by the SDS-PAAGE
procedure, it is possible that Factor VIII activation and inacti-
vation is not only a function of proteolytic cleavage. A transient
enzyme-cofactor complex may form that loses activity through
reaction of the enzyme with another plasma protein and/or
through a conformational change of the cofactor (16). The 1
X 105 mol wt VIII:CAg may still be available for further complex
formation with a thrombinlike enzyme, resulting in apparent
VIII:C activation before the complex finally becomes irreversibly
degraded. Thrombin proteolysis of VIII:C also produces a num-
ber of polypeptides involved in VIII:C activation/inactivation
that are not detected by the immunological '25I-Fab-SDS-
PAAGEprocedure (17).

With the recent successful cloning of the VIII:C gene (18,
19), it is now known that Factor VIII is synthesized as a single
polypeptide chain of 265,000 mol wt (nonglycosylated). Throm-
bin, and perhaps other enzymes, partially proteolyze Factor VIII
to produce a noncovalently bound complex composed of the
protein's 90,000-mol-wt amino terminal and 80,000-mol-wt

carboxy terminal ends. This complex may be an activated form
of the protein and/or may undergo further proteolysis to produce
activated VIII:C. Continued thrombin digestion splits the 90,000-
mol-wt polypeptide into 50,000- and 43,000-mol-wt fragments,
and shortens the 80,000-mol-wt polypeptide to a 73,000-mol-
wt form. Weare not certain at this point whether 1251I-Fab reacts
with the 90,000- or 80,000-mol-wt fragment. Thus, while the
2.4 X 105 mol wt VIII:CAg form corresponds to undegraded
Factor VIII, the 1 X 105 mol wt VIII:CAg may be derived from
either the amino or carboxy terminal portion of the protein.

Patients with DIC exhibit a different VIII:CAg gel pattern
from those with renal dysfunction, consistent with more com-
plete proteolysis by serine proteases such as thrombin. The high
levels of both the 8 X 104 and 1 X 105 mol wt VIII:CAg forms
observed in DIC patients are in accord with prior in vitro studies
(2) showing that the 8 X 104 mol wt form is produced after more
prolonged exposure of VIII:CAg to thrombin than the 1 X 105
mol wt VIII:CAg form. Our in vivo and in vitro observations
therefore support the postulate that a thrombinlike enzyme me-
diates VIII:CAg degradation in the plasma of patients with either
DIC or renal dysfunction.

High F1+2 levels were observed in renal dysfunction patients.
Without carrying out metabolic clearance studies in this pop-
ulation, it cannot be determined with certainty whether these
high levels were the product of an increased rate of in vivo pro-
thrombin activation or a diminished clearance rate of the frag-
ment.

The role that impaired renal and/or reticuloendothelial
clearance may play in producing the aberrant 2.4/1 VIII:CAg
ratio cannot be assessed from our present data. Milani et al. (20)
showed that the degree of reticuloendothelial malfunction in
renal disease, measured by the removal of human albumin mil-
limicrospheres, was correlated with elevated vWFlevels. In the
present study, the abnormally high levels of vWFfound in most
patients correlated (r = 0.69, P < 0.0001) with the log of the
2.4/1 VIII:CAg ratio (Fig. 4), and patients with vWF> 3 U/ml
had low 2.4/1 VIII:CAg ratios. These observations are consistent
with the hypothesis that slow removal of degraded VIII:CAg
forms is responsible in part for the abnormal 2.4/1 VIII:CAg
ratio. However, high vWFlevels may also be produced by stim-
ulated or damaged endothelial cells. Although removal of al-
bumin microspheres and high vWF levels might be associated
with each other, they could be caused by different mechanisms.
Only direct metabolic clearance studies will show whether the
abnormal 2.4/1 VIII:CAg ratio is related to prolonged retention
of VIII:CAg fragments.

In summary, we have described the first example of a disease-
related VIII:CAg molecular weight abnormality. Further inves-
tigation will be necessary to discover whether this structural
modification is unique to the renal patient group and whether
this alteration in VIII:C structure correlates with the bleeding
diathesis of uremia.
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