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Summary

�A/�’ fibrinogen is a fibrinogen isoform that constitutes about 15%
of total plasma fibrinogen.  This isoform contains an additional binding
site for zymogen factor XIII and for active thrombin, and forms fibrin
clots that are resistant to fibrinolysis in vitro.  Little is known about the
variability of �A/�’ fibrinogen levels in human populations, whereas
total fibrinogen levels are known to increase with age and are higher in
women than in men. In this report, evidence is presented that, in 
contrast to total fibrinogen levels, �A/�’ fibrinogen levels showed no
significant association with age or gender in a population of normal
blood donors. A study of �A/�’ fibrinogen levels in patients under-
going coronary angiography also showed that �A/�’ fibrinogen levels
were higher on average in coronary artery disease patients than in 
patients without coronary artery disease, and that this association was
independent of total fibrinogen levels.

Introduction

Fibrinogen consists of three polypeptide chains, �, �, and �, 
arranged as a dimer with the stoichiometry (�, �, �)2. In approximately
15% of fibrinogen molecules, one � chain, termed �’ (1) �B (2), or �57.5

(3) has the twenty amino acid sequence VRPEHPAETEYDSLY-
PEDDL (4) substituted for the carboxyl terminal four amino acids
AGDV found in the more common � chain, sometimes termed �A (2)
or �55 (3). This gives rise to a heterodimeric molecule termed �A/�’ 
fibrinogen (also known as “peak 2” fibrinogen) (5) with the stoichio-
metry (�, �, �A) (�, �, �’). The �’ extension results from alternative
mRNA processing (6, 7) and disrupts the binding site for platelet 
integrin �IIb�3 (8, 9, 10). This alternative mRNA processing event 
(Fig. 1) is also found in other species (11) and is tissue-specific (12).
Furthermore, the �’ extension is highly anionic, containing sulfotyrosine
residues (13) and seven Asp and Glu residues (1), and mediates binding
of �A/�’ fibrinogen to zymogen coagulation factor XIII (14, 15) and

thrombin (16, 17). Previous studies (18) have shown that �A/�’ 
fibrinogen forms clots that are more extensively crosslinked by factor
XIIIa, a plasma transglutaminase (19), and are therefore resistant to
breakdown by fibrinolytic enzymes. In addition, �A/�’ fibrin binds
thrombin more avidly, and the increased binding of thrombin to this
form of fibrin provides an additional source of clot-bound thrombin
(16, 17). Clot-bound thrombin is active even in the presence of heparin,
since clot-bound thrombin is resistant to heparin-catalyzed inhibition
by antithrombin III (20, 21). These unique characteristics of �A/�’ 
fibrinogen have lead to the hypothesis that �A/�’ fibrinogen levels may
contribute to thrombosis (22).

Although many studies have been performed that measured levels of
total fibrinogen in plasma (23-28), little is known about the variability
of �A/�’ fibrinogen levels in human populations. Indeed, little is 
known about the regulation of �A/�’ synthesis, although there is 
compelling evidence that the mRNA processing that gives rise to the �’
mRNA is a tissue-specific and regulated event (12). In contrast, much
is known about factors that regulate total fibrinogen levels in humans.
Fibrinogen is an acute phase protein whose synthesis increases during
inflammation (29). Polymorphisms in the fibrinogen genes have been
shown to affect levels of total fibrinogen (30-32). Studies have shown
that levels of total fibrinogen increase with age (33). Studies have also
shown that total fibrinogen levels tend to be higher overall in women
than in men (34, 35). The levels of total fibrinogen in plasma correlate
strongly with myocardial infarction and stroke (23). In this report, 
evidence is presented that in contrast to total fibrinogen levels, �A/�’
fibrinogen levels showed no significant association with age in a 
population of normal blood donors. In addition, �A/�’ fibrinogen levels
showed no significant association with gender. A study of �A/�’ 
fibrinogen levels in patients with coronary artery disease (CAD) also
showed that �A/�’ fibrinogen levels were higher on average in CAD
patients than in non-CAD patients.

Materials and Methods

Plasma Samples

Blood samples were obtained from anonymous blood donors between 
the ages of 41 and 80 at the Hershey Medical Center blood bank at the 
Pennsylvania State University College of Medicine. Blood samples were also
obtained from patients between the ages of 41 and 80 at the Hershey Medical
Center who were referred for elective, outpatient diagnostic cardiac 
catheterizations. Indications for catheterization included anginal chest pain, 
positive stress test, valvular heart disease, and preoperative clearance prior to
non-cardiac surgery in patients suspected of ischemic heart disease. Patients
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were entered sequentially during two different sampling intervals; April
through August, 1996 and October through December, 1997. All patients 
signed an informed consent form approved by the Pennsylvania State University
College of Medicine Institutional Review Board and the study was done in 
accordance with the Helsinki Declaration.

All cardiac catheterizations were performed via the femoral approach using
the Judkin’s technique, with arterial blood samples obtained immediately after
arterial access before the administration of heparin. Coronary cineangiography
was performed in standard projections. All studies were interpreted qualitatively
by two angiographers, with a third angiographer reviewing films as required.
All discrepancies in interpretation were settled by consensus. A patient was
considered to have significant CAD if the patient had a luminal narrowing 
lesion of 50% or greater in at least one major coronary artery or branch. CAD
was diagnosed in 91 cases; 42 patients had no angiographic evidence of 
disease and constituted the non-CAD group.

Laboratory Studies

Blood was collected in standard citrate anticoagulant. Plasma was prepared
by centrifugation at 10,000 � g for 10 min at room temperature and was stored
at –70° C. Samples were thawed only once for use in the assay.

A monoclonal antibody directed against the �’ chain (2.G2.H9) was 
developed at the Pennsylvania State University Biotechnology Institute, 
University Park, PA by Dr. William Scheuchenzuber. The immunogen was a
synthetic peptide corresponding to the carboxyl terminal twenty amino acids of
the �’ chain, VRPEHPAETEYDSLYPEDDL, coupled to keyhole limpet 
hemocyanin as a carrier protein. 2.G2.H9 recognized �A/�’ fibrinogen 

exclusively, and did not cross-react measurably with �A/�A fibrinogen (data
not shown). 2.G2.H9 was purified from 30 ml of a concentrated bioreactor 
preparation by precipitation with 50% ammonium sulfate followed by DEAE-
cellulose chromatography in 0.01 M potassium phosphate, pH 8.0.

Monoclonal antibody 2.G2.H9 was used to develop an ELISA assay 
specific for �A/�’ fibrinogen, using a buffer and blocking system described
previously for the measurement of annexin V in plasma (36). 2.G2.H9 
(1.5 �g/ml) in 120 mM NaCl/2.7 mM KCl/10 mM sodium phosphate, pH 7.4
(PBS) was used as the capture antibody, and 50 �l was coated per well over-
night at 4° C in 96 well MaxiSorp plates (Nunc, Naperville, IL). Plates were
blocked with 230 �l 1% bovine serum albumin (BSA) in PBS for 90 min at 
37˚ C, and 50 �l plasma samples diluted 1:1,000 in PBS/5 mM EDTA/0.1%
BSA/0.1% Triton X-100 were incubated for 1 h at 37° C. Bound �A/�’ 
fibrinogen was detected with 50 �l of a 1.25 �g/ml solution of a biotinylated
rabbit anti-human fibrinogen immunoglobulin fraction (Accurate Chemical &
Scientific Corp., Westbury, NY) in PBS/0.1% BSA/0.1% Triton X-100 for 
1 h at 37° C. The biotinylated immunoglobulin was detected with 50 �l of a
1.25 �g/ml solution of streptavidin-alkaline phosphatase conjugate (Life 
Technologies, Gaithersburg, MD) in PBS/0.1% BSA/0.1% Triton X-100 for 
1 h at 37° C, and incubated with 50 �l of a 1 mg/ml solution of p-nitrophenyl
phosphate (Sigma Chemical Co., St. Louis, MO) in 5 mM MgCl2/0.1 mM 
Tris pH 8.8 for 30-60 min at 37° C. The reaction was quenched with 150 �l of
0.1 N NaOH, and the absorbance at 405 nm was read using a microplate reader 
(Dynatech, Chantilly, VA).

�A/�’ fibrinogen was purified as described previously using DEAE-cellulose
chromatography (5, 18). Pooled human plasma was heat-defibrinated for 
30 min at 56° C and centrifuged at 100,000 � g for 30 min at 4° C. ELISA 

Table 1 Characteristics and �A/�’ fibrinogen levels
of the normal blood donors

Fig. 1 Alternative mRNA processing of the � chain
mRNAs. In about 90% of transcripts, the ninth intron is
spliced out and the ninth exon and tenth exon are joined
in frame, giving rise to the �A mRNA. But in the 
remaining transcripts, polyadenylation and cleavage
occurs within the ninth intron before the ninth 
intron can be removed, giving rise to the �’ mRNA (5).
The tenth exon encodes the �A chain four amino acid
carboxyl terminal sequence AGDV, whereas the ninth
intron encodes the �’ chain twenty amino acid carboxyl
terminal sequence VRPEHPAETEYDSLYPEDDL

Gender

Age
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standards were prepared by reconstituting defibrinated plasma with purified
�A/�’ fibrinogen. Plasma samples and standards were diluted 1:1000 for the 
assay.

Total fibrinogen was assayed similarly, except that rabbit anti-human 
fibrinogen was used as capture antibody, heat-defibrinated plasma was 
reconstituted with unfractionated fibrinogen rather than �A/�’ fibrinogen, and
samples were diluted 1:10,000 for the assay.

Statistical Analysis

Each variable was summarized for each subgroup by calculating mean 
values and associated standard deviations (SD) and standard errors (SE). Data
are presented with associated SD or SE as noted. Differences between patients
with angiographic confirmation of CAD and those without CAD were assessed
using a t-statistic, as were differences in the ratio (case/control). Gender 
differences between the two patient groups was assessed using a Pearson’s 
Chi-Square statistic. Regression analysis was used to assess the relationship
between total fibrinogen and �A/�’ fibrinogen.

Results

Little is known about the distribution of �A/�’ fibrinogen levels in
adult human populations. We therefore assayed �A/�’ fibrinogen levels
in 120 plasma samples obtained from normal blood donors aged 41-80.
This population (Table 1) had a mean age of 60.0 ± 9.9 years (mean ±
SD) and was predominantly male (61.7%). The mean level of �A/�’ 
fibrinogen in this population was 0.285 ± 0.088 mg/ml (mean ± SD),
which is consistent with previous estimates that �A/�’ fibrinogen 
constitutes about 15% of total fibrinogen (17). The �A/�’ fibrinogen 
levels showed a normal distribution about the mean (Fig. 2).

Since total fibrinogen levels vary with age and gender, the association
between �A/�’ fibrinogen levels and either age or gender was 
examined. Mean �A/�’ fibrinogen levels were slightly higher in 
females than in males (Table 1), but this did not reach statistical signi-
ficance (P = 0.207), indicating that �A/�’ fibrinogen levels did not vary
significantly between men and women. This result is in contrast to the
levels of total fibrinogen in females, which have been shown to be 
significantly higher than in males (34, 35).

The relation between �A/�’ fibrinogen levels and age was then 
examined. Mean �A/�’ fibrinogen levels were determined for each age
group and analyzed by decade. �A/�’ fibrinogen levels showed no 
obvious trend with age (Table 1); in no instance did the mean �A/�’ 
fibrinogen levels for any age group vary significantly from the mean of
0.285 ± 0.008 mg/ml (mean ± SE). This result is also in contrast to the
levels of total fibrinogen, which increase significantly with age (33).
These combined results indicate that �A/�’ fibrinogen levels did not
show gender and age differences that are found with total fibrinogen 
levels.

Since total fibrinogen levels are correlated with ischemic heart 
disease (23-28), a study of 91 CAD patients and 42 patients without
CAD aged 41-80 was subsequently conducted using blood samples 
obtained during cardiac catheterization on patients investigated for
ischemic heart disease. The number of CAD patients was higher than
the number of non-CAD patients (Table 2), since in patients who 
present with symptoms suggestive of ischemic heart disease, cardiac
catheterization typically confirms the diagnosis of CAD in about two
thirds of cases, while the remaining third show no demonstrable 
coronary lesion. The CAD patients tended to be slightly older than non-
CAD patients (62.8 ± 1.01 years vs. 59.1 ± 1.62 years (mean ± SE); 
P = 0.0522), but no significant association (P = 0.0732) was found 

Fig. 2 Distribution of �A/�’ fibrinogen levels in normal blood donors. The
frequency of the indicated �A/�’ fibrinogen levels are shown for normal blood
donors aged 41-80. The �A/�’ fibrinogen levels showed a normal distribution
about the mean of 0.285 ± 0.088 mg/ml (mean ± SD)

Table 2 Characteristics of the CAD and non-CAD 
patients
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Fig. 3 Elevation of �A/�’ fibrinogen levels in CAD patients vs. non-CAD 
patients. �A/�’ fibrinogen levels were determined in 133 cardiac catheteriza-
tion patients aged 41-80, of whom 91 were diagnosed with CAD; bars indicate
SE. Mean �A/�’ fibrinogen levels were significantly higher in CAD patients
(0.413 ± 0.016 mg/ml vs. 0.299 ± 0.024 mg/ml, P < 0.0001). The mean �A/�’
fibrinogen levels for the combined CAD and non-CAD patient groups of 
0.377 ± 0.014 mg/ml is shown by the horizontal line

Table 3 �A/�’ fibrinogen levels of the CAD and non-CAD patients

between age and �A/�’ fibrinogen levels in this population, similar to
the normal blood donors. The CAD patients also tended to be male (61
vs. 30) while the non-CAD patients tended to be female (27 vs. 15), but
no significant association was found between gender and �A/�’ 
fibrinogen levels (0.373 ± 0.016 for males, 0.383 ± 0.024 for females
(mean ± SE); P = 0.714), as was found for the normal blood donors.
When �A/�’ fibrinogen levels were compared between CAD patients
and non-CAD patients (Fig. 3), �A/�’ fibrinogen levels were signifi-
cantly higher in CAD patients (0.413 ± 0.016 mg/ml vs. 0.299 ± 0.024
mg/ml (mean ± SE); P < 0.0001), both in men and women (Table 3).
Mean �A/�’ fibrinogen levels in the non-CAD patients (0.299 ±
0.024 mg/ml) were also similar to those found in the normal blood 
donors (0.285 ± 0.008 mg/ml (mean ± SE), who were from the same
age range of 41-80 years.

Total fibrinogen levels were also significantly higher (P < 0.0001) in
CAD patients than non-CAD patients (data not shown), consistent with
many previous studies of coronary heart disease (37). It was possible,
therefore, that �A/�’ fibrinogen levels were simply a surrogate marker
for total fibrinogen levels. In order to address this possibility, total 
fibrinogen levels were compared to �A/�’ fibrinogen levels (Fig. 4).
There was no significant association (P = 0.200) between total fibrino-
gen levels and �A/�’ levels in this population, indicating that the 
association between CAD and �A/�’ fibrinogen levels was independent
of total fibrinogen levels. In addition, the ratio of �A/�’ fibrinogen to
total fibrinogen was not significantly associated with CAD (P = 0.330),
contrary to a previous report (22). From these results, it is clear that
�A/�’ fibrinogen levels were not simply a surrogate for total fibrinogen
levels, but showed an independent association with CAD. This result
was confirmed by multivariate analysis. The odds ratio for the associat-
ion between CAD and �A/�’ fibrinogen was 7.16 (95% CI = 1.82 -
27.7) per �A/�’ fibrinogen quartile (Fig. 5), adjusted for age, gender,
and total fibrinogen levels.

Discussion

The factors that regulate the levels of �A/�’ fibrinogen are, for the
most part, uncharacterized. The levels of total fibrinogen have been
correlated with gene polymorphisms (30-32); however, as shown in the
present study, �A/�’ fibrinogen levels can vary independently of total
fibrinogen levels. This may be explained by the fact that synthesis of
the � chain mRNA is a rate-limiting factor in total fibrinogen expression
(38), whereas expression of the �’ chain mRNA is more likely to be 
affected by the cleavage of intron/exon boundaries and polyadenylation
sites in the mRNA by spliceosomes and cleavage/polyadenylation 
enzymes, respectively (6, 7). The processing events that give rise to the
�’ mRNA are also liver-specific, since the �’ mRNA is not found in
other tissues that express �A mRNA (12). Mechanistically, the relative
levels of �A vs. �’ mRNA may be the result of direct competition 
between spliceosomes that remove the ninth intron encoding the 
carboxyl terminus of the �’ chain vs. enzymes that cleave and 
polyadenylate the 3’ end of the �’ mRNA within the ninth intron (6).
Presumably, elevated levels of spliceosomes would favor removal of
the ninth intron, thus increasing the level of �A mRNA. In contrast, 
elevated levels of cleavage and polyadenylation activity would favor
termination of the mRNA within the ninth intron, increasing the level of
�’ mRNA. Therefore, an understanding of the regulation of �A/�’ 
fibrinogen levels will likely come from future investigations of ninth
intron boundary polymorphisms, polyadenylation recognition sites, and
liver-specific mRNA spliceosome and cleavage/polyadenylation 
enzymes rather than the fibrinogen gene promoters.



Fig. 5 Distribution of �A/�’ fibrinogen levels in CAD patients vs. non-CAD
patients by quartile. The CAD patients (black bars) and non-CAD patients (stip-
pled bars) were stratified in quartiles according to the �A/�’ fibrinogen level.
The odds ratio for the association between CAD and �A/�’ fibrinogen was 7.16
(95% CI = 1.82 - 27.7) per �A/�’ fibrinogen quartile, adjusted for age, gender,
and total fibrinogen levels
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The data also indicate that the level of �A/�’ fibrinogen in plasma
correlates with CAD. This conclusion differs significantly from that of
Drouet et al. (22) who hypothesized that only the ratio of �A/�’ 
fibrinogen to total fibrinogen may be a potential marker for cardio-
vascular risk. In addition, the study of Drouet et al. (22) showed an 
unexplained bimodal distribution of �A/�’ fibrinogen to total fibrino-
gen ratio that was not apparent in the present study. Furthermore, no
odds ratios were presented to substantiate their hypothesis that the ratio
of �A/�’ fibrinogen to total fibrinogen may be a marker of cardiovas-
cular risk.

A limitation of the present study is that it does not include an 
extensive number of potential confounding factors. It is possible that
other variables (such as smoking, exercise, hypertension, alcohol intake,
and obesity) that influence total fibrinogen levels may also have an 
impact on �A/�’ fibrinogen levels. Furthermore, it is not known if
�A/�’ fibrinogen levels are associated with other thrombotic disorders
that have been correlated with total fibrinogen levels, including 
myocardial infarction and stroke. A larger, prospective study will be
necessary to definitively address these issues.

Presently, it is not clear which, if any, of the properties of �A/�’ 
fibrinogen are responsible for its association with CAD. It is possible
that elevated �A/�’ fibrinogen levels in CAD are simply an epipheno-
menon unrelated to the mechanisms that lead to the disease. It is also
possible that elevated �A/�’ fibrinogen levels are a consequence of the
disease, rather than a causative factor. However, �A/�’ fibrinogen has

several unique biologic activities that may be causally related to CAD.
Fibrin clots made from �A/�’ fibrinogen are more extensively cross-
linked by factor XIIIa and are resistant to fibrinolysis (18). In addition,
�A/�’ fibrin(ogen) serves as a carrier protein for factor XIII (14, 15),
and acts as a cofactor in factor XIII activation (39). Furthermore, �A/�’
fibrin(ogen) binds thrombin more avidly (16, 17), providing an additio-
nal source of clot-bound thrombin. Clot-bound thrombin is particularly
difficult to manage clinically, since it is resistant to heparin-mediated
inhibition by antithrombin III (20, 21). However, irrespective of the
mechanism, the finding that �A/�’ fibrinogen levels were elevated in
the CAD patients is provocative and bears further investigation.
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