
as the one organized by project ASTRA 
(13). 

'Finally, esthetic arguments against 
useless outdoor lights are beginning to 
be appreciated. The chairman of the 
Los Angeles City Planning Commission 
actually proposed in 1972 that the 
Santa Monica Mountains be outfitted 
with many searchlights to scan the skies 
every night, for their dramatic effect 
(14). Public outrage was instantaneous 
and nearly unanimous. But aside from 
this isolated and somewhat bizarre inci- 
dent, there is some growing feeling that 
a dark night sky is a nice thing; millions 
of urban children have never seen the 
Milky Way. In 1971, the board of di- 
rectors of the Sierra Club adopted a 
policy against unnecessary outdoor 
lighting because it wastes energy, is 
esthetically unpleasant, and interferes 
with astronomical research. This point 
of view should be encouraged. 
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high rate, about 20 percent per year 
nationwide. In addition, the spectral 
distribution of man-made light pollu- 
tion may change in the next decade 
from one containing a few mercury 
lines to one containing dozens of lines 
and a significantly increased continuum 
level. Light pollution is presently dam- 
aging to some astronomical programs, 
and it is likely to become a major factor 
limiting progress in the next decade. 
Suitable sites in the United States for 
new dark sky observing facilities are 
very difficult to find. 

Some of the increase in outdoor il- 
lumination is due to the character of 
national growth and development. Some 
is due to promotional campaigns, in 
which questionable arguments involving 
public safety are presented. There are 
protective measures which might be 
adopted by the government; these 
would significantly aid observational 
astronomy, without compromising the 
legitimate outdoor lighting needs of 
society. Observatories should establish 
programs to routinely monitor sky 
brightness as a function of position, 
wavelength, and time. The astronomical 
community should establish a mecha- 
nism by which such programs can be 
supported and coordinated. 
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The discovery that many of these dis- 
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overthrown our simplistic views and 
has raised, in the usual way, more 
questions than answers. The next few 
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Normal Blood Coagulation 

In mammals, blood clotting results 
from the conversion of a soluble 
plasma protein, fibrinogen (factor I), 
into fibrin, an insoluble network of 
fibers. The jelly-like appearance of 
blood clots is due to the entrapment 
of cells and serum within the meshes 
of this network. The formation of 
fibrin is catalyzed physiologically by a 
hydrolytic plasma enzyme, thrombin, 
which cleaves two pairs of small poly- 
peptides, fibrinopeptides A and B, from 
each fibrinogen molecule (Fig. 1). 
What remains, so-called fibrin mono- 
mer (1), then aggregates into an in- 
soluble polymer, fibrin. The monomeric 
units of fibrin are further bound cova- 
lently through the action of another 
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plasma enzyme, fibrin-stabilizing factor 
(factor XIII), a transamidase bearing 
some functional resemblance to a sim- 
ilar enzyme in liver. Fibrin, formed in 
the presence of functional fibrin-stabi- 
lizing factor, is insoluble in such dis- 
persing agents as 5M urea or 1 percent 
monochloroacetic acid, while that 
formed in its absence readily dissolves 
in these agents. 

Thrombin is not found in normal 
circulating blood, but generates from 
its precursor, prothrombin (factor II) 
only as the clotting process proceeds. 
The formation of thrombin can be 
brought about, under normal condi- 
tions, by one or both of two mecha- 
nisms, designated as the extrinsic and 
intrinsic pathways of thrombin forma- 
tion (Fig. 2). When blood comes into 
contact with injured tissue, the latter 
initiates clotting via the extrinsic path- 
way. The active moiety of tissue, a 
lipoprotein called tissue thromboplastin 
(factor III, a seldom-used synonym) 
interacts with a plasma protein, factor 
VII, and calcium ions to form an agent 
that transforms another plasma protein, 
Stuart factor (factor X) to an active 
state; the enzymatic groups responsible 
are probably on the factor VII mole- 
cule (2). The thromboplastic lipopro- 
tein contains at least two functional 

components, a peptidase and a mixture 
of phospholipids, of which phospha- 
tidyl ethanolamine is most important. 
These two components are both re- 

quired for the formation of a thrombo- 

plastin-factor VII complex and for the 
activation of Stuart factor. In its active 
form, Stuart factor has esterolytic and 

presumably specific proteolytic prop- 
erties. Optimal conversion of prothrom- 
bin to thrombin by activated Stuart 
factor occurs only after complex for- 
mation with another plasma protein, 
proaccelerin (factor V), which takes 

place in the presence of calcium ions 
on phospholipid micelles provided by 
tissue thromboplastin itself. The prod- 
uct of this interaction, vaguely called 
the prothrombin-converting principle, 
splits prothrombin enzymatically into 
two fragments of approximately equal 
size, one inert and the other possessing 
the properties of thrombin. 

Plasma, depleted of blood cells, in- 

cluding anuclear platelets which are 
needed for hemostasis in small wounds, 
clots when placed in glass tubes. The 

process through which this comes 
about has been designated the intrinsic 

pathway, although it cannot take place 
without exposure of plasma to sub- 
stances extrinsic to plasma such as 
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Fibrinogen (I) 

I Plasma 
Thrombin accelerator (?) 

Fibrin monomer + fibrinopeptides 
(soluble) 

Thrombin + Ca2 
fibrin 

stabilizing 
factor (U) 

Fibrin polymer 
(insoluble) 

Fig. 1. The formation of fibrin in human 
plasma. The site of action of the plasma 
accelerator, if this exists, is not known. 
[From Ratnoff (51); courtesy of Lippin- 
cott, Philadelphia] 

glass or other agents whose common 
property seems to be a negative surface 
charge. Glass activates a plasma pro- 
tein, Hageman factor (factor XII), 
which then activates a plasma enzyme, 
plasma thromboplastin antecedent 
(PTA, factor XI). This, in turn, 
changes another protein (the list seems 
endless), Christmas factor (PTC, factor 
IX) to activated Christmas factor, a 
step requiring calcium ions. Activated 
Christmas factor interacts with anti- 
hemophilic factor (AHF, factor VIII), 
the protein functionally deficient in 
classic hemophilia, on the surface of 
phospholipids, but only if calcium ions 
are present. The product, like that 
formed by tissue thromboplastin and 
factor VII, converts Stuart factor to its 
active state; in all probability, the en- 
zymatic groups required for this step 
are on the Christmas factor molecules. 
The succeeding steps in the formation 
of thrombin appear to be the same as 
those of the extrinsic pathway. The 
stepladder nature of the intrinsic path- 
way has led to its description as a 
waterfall (3) or cascade (4). Phospho- 
lipids required for the intrinsic path- 
way are supplied by the plasma itself 
or, when whole blood clots via this 
mechanism, by the lipids present in 
platelets. 

In vitro, both the participation of 
AHF and of proaccelerin in clotting 
occurs optimally only if these clotting 
factors have first been altered by 
thrombin. Thrombin is also needed to 
activate fibrin-stabilizing factor. Thus, 
this enzyme has functions other than 
the conversion of fibrinogen to fibrin. 

Two uncertainties among many must 
be recorded. First, we do not know 

the physiologic stimulus which acti- 
vates the intrinsic pathway, although 
collagen (the structural protein of con- 
nective tissue, including blood vessel 
walls) and sebum (the oily secretion 
on skin) seem probable candidates. 
Second, a hereditary disorder has been 
recognized, Hageman trait, in which 
plasma is deficient in Hageman factor, 
the agent activated by glass. Although 
blood clotting in vitro is grossly im- 
paired in Hageman trait, patients with 
this abnormality usually escape any 
consequences of the defect. Thus, other 
mechanisms must exist in vivo for 
activation of the intrinsic pathway. 
Recently, evidence has been obtained 
that pancreatic trypsin can bring about 
activation of PTA, eliminating the re- 
quirement for activated Hageman fac- 
tor (5). Because trypsin is not present 
in normal blood, perhaps some other 
protease plays this role. The physiologic 
necessity for the intrinsic pathway is 
revealed by the major hemorrhagic 
disorders which accompany functional 
deficiencies of Christmas factor or 
AHF. 

Plasma contains inhibitors of the 
activation of Hageman factor and of 
activated Hageman factor, activated 
PTA, activated Stuart factor, and 
thrombin. The role of these inhibitors 
in modulating the clotting process is 
still uncertain. 

This short review of the normal 
process of blood coagulation would be 
incomplete without our noting that 
four of the protein factors involved, 
Christmas factor, factor VII, Stuart 
factor, and prothrombin, require vi- 
tamin K for their synthesis, which 
takes place within the parenchymal 
cells of the liver. Although a persua- 
sive argument can be made that these 
four clotting factors are derived from 
a single parent molecule, most evidence 
suggests that they are distinctive pro- 
teins. An unsolved genetic puzzle is 
why these four proteins, all involved in 
blood coagulation, are the only pro- 
teins known whose synthesis requires 
vitamin K. 

The Ileterogeneity of Hereditary 

Clotting Disorders 

Hereditary disorders due to abnor- 
mal functioning of each of the plasma 
protein clotting factors have been iden- 
tified; in fact, the existence of several 
of the known clotting factors has been 
discovered as a result of the study of 
individuals with coagulation abnormal- 
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ities. In almost every case, the abnor- 
mality has been restricted to a single 
factor. The familial clotting disorders 
serve as model systems to support long- 
held views concerning hereditary prin- 
ciples. 

At first, the assumption was universal 
that patients who shared the same 
spectrum of symptoms had the same 
biochemical defect. The first major 
disturbance to this view came from 
the demonstration by Pavlovsky (6) 
that a mixture of plasmas, obtained 
from two patients thought to have 
hemophilia, behaved like normal plas- 
ma. This startling observation led to 
the division- of hemophiliacs into two 
groups. Some patients appeared to be 
deficient in AHF and were said to have 
classic hemophilia (hemophilia A), 
while others appeared deficient in an 
entirely separate protein, Christmas 
factor, and were said to have Christ- 
mas disease (hemophilia B, PTC de- 
ficiency). Thus, a single clinical pheno- 
type resulted from functional protein 
deficiencies representing either of two 
different genotypes. 

Soon it became apparent that even 
when only a single clotting factor was 
involved, the disorder might nonethe- 
less be heterogeneous. Thus, in differ- 
ent families individuals with classic 
hemophilia or Christmas disease were 
affected to different degrees, the inten- 
sity of symptoms being in proportion 
to the degree of the deficiency of AHF 
or Christmas factor, as measured in 
clotting assays. That this heterogeneity 
might be due to the existence of mul- 
tiple alleles for the defective gene was 
apparent from the fact that within a 
single family different bleeders had ap- 
proximately the same degree of func- 
tional abnormality (7). In these two 
diseases, the allelic genes appeared to 
direct the quantity of functional clot- 
ting activity of the factors synthesized 
by each patient. 

It is perhaps even more exciting that 
heterogeneity has been established by 
discovering that the disorder in synthe- 
sis of clotting factors may occur in 
qualitatively different forms. Until re- 
cently, the dominant view was that 
patients with hereditary disorders of 
blood coagulation were unable to syn- 
thesize normal amounts of the clotting 
factor whose deficiency was recognized 
by functional tests. The equally logical 
possibility, that the abnormality might 
be due to synthesis of a defective vari- 
ant of the normal clotting factor, was 
first proposed by Fantl, Sawers, and 
Marr (8) in a study of Christmas 
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disease. Although little attention was 
paid to these pioneer studies at the 
time they were conducted, a bewilder- 
ing number of examples have now 
been found in which patients synthesize 
an abnormal form of the supposedly 
missing clotting factor. 

In most instances, the abnormal 
variant has been discovered by finding, 
in the plasma of a patient with a 
hereditary hemorrhagic disorder, anti- 
genic material related to the clotting 
factor whose functional activity is de- 
ficient. Such antigens are recognized 
by a specific antiserum. A patient whose 
plasma contains antigenic material is 
said to be CRM+ (that is, the plasma 
contains antigenically cross-reacting 
material), while a patient whose plasma 
contains no demonstrable antigenic 
material is said to be CRM-. This 
division is an oversimplification. In 
some instances, such as in classic he- 
mophilia, heterologous antiserum dem- 
onstrates the presence of antigens in 
every patient, while homologous anti- 
serum detects antigens in only a small 
proportion of bleeders. Presumably, 
homologous antiserum reacts with a 
much more limited portion of the 
aberrant protein than heterologous an- 
tiserum, which recognizes not only the 
aberrant portion of the molecule but 
also species differences. 

Heterogeneity has been recognized 
in others ways. Thus, patients with 
hereditary disorders of fibrinogen may 
be unable to synthesize any substance 
recognizable as fibrinogen by chemical 

or physical as well as immunologic 
means, while other patients may have 
essentially normal amounts of func- 
tionally abnormal protein in their plas- 
ma. Among the latter patients, said to 
have dysfibrinogenemia, affected indi- 
viduals in different families may have 
qualitatively distinguishable defects, as 
if different parts of the fibrinogen mol- 
ecule were aberrant. Still another type 
of heterogeneity has been observed in 
Hageman trait, the hereditary deficien- 
cy of Hageman factor. In most indi- 
viduals, the disorder has been inherited 
in a classic autosomal recessive man- 
ner. In one family, however, a severe 
deficiency of Hageman factor has ap- 
parently been inherited as an auto- 
somal dominant trait with variable ex- 
pressivity (9). Thus, the phenotype, 
Hageman trait, may result from two 
genotypic abnormalities. 

We have made the assumption that 
a patient whose plasma contains no 
detectable CRM is unable to synthesize 
the missing clotting factor. Perhaps, 
instead, such a patient synthesizes a 
variant protein that is so rapidly catab- 
olized that no appreciable amount 
can be detected. Alternatively, a vari- 
ant protein may be present but not 
detected by the methods available. 
Similarly, the presence of aberrant 
protein in CRM+ patients may arise 
in several different ways. Perhaps an 
error in DNA coding results in the 
substitution of an amino acid in a 
polypeptide chain, a situation analo- 
gous to that in the hemoglobinopathies. 

The intrinsic clotting mechanism 

Hageman factor (XI Activated Hageman factor 

PTA (XI) Activated PTA 

.^^"""""g^s.~~ The extrinsic clotting mechanism 

Christmas factor (IX) Activated Christmas factor Tissue thromboplastin 
AHF (i) Thrombin f.. Altered (AlF 

Ca2+ ul Ca2+ 

phosphollpld 

Stuart factor (X) Activated Stuart factor 
Thrombln 

Proaccelerin ()- - - . ... Altered proaccelerin 
Ca2+ 

phospholipid 
Prothrombin- 
converting 
principle 

? 
phospholipid 

Prothrombin (IIf Thrombin 

Fig. 2. The mechanisms of normal coagulation. [From Bennett et al. (52); courtesy of 
Medical Clinics of North America] 
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Fig. 3. The relationship of AHF activity to AHF-like antigen in normal individuals, 
hemophiliacs, and individuals with von Willebrand's disease. AHF-like antigen was 
measured by quantitative immunoelectrophoresis. The center line is the regression line 
for normal individuals; the outermost lines represent the 99 percent confidence belt; 
and the other two lines, the 95 percent confidence belt. One unit of AHF activity or 
antigen is the amount present in 1 milliliter of pooled normal plasma. [From Zimmer- 
man et al.(24); courtesy of Journal of Clinical Investigation] 

An almost infinite variety of amino 
acid substitutions can be imagined, but 
this area has hardly been explored. In 
other instances, perhaps the patient 
synthesizes an incomplete form of the 

clotting factor, or fails to carry out 
excision of a portion of a parent mol- 
ecule. Conceivably, too, the patient 
may synthesize an additional inhibitory 
fragment which, attached to an other- 
wise normal clotting factor, keeps it 
from functioning normally. 

We will now discuss briefly some 

specific examples of hemorrhagic dis- 
orders to illustrate this heterogeneity. 
Many other examples have been de- 
scribed in a recent review (10). 

Disorders of Fibrinogen 

Congenital afibrinogenemia is an 
autosomal recessive disorder in which 
affected individuals lack all but traces 
of any protein recognizable as fibrino- 

gen by chemical, physical, or immu- 
nologic means (11). As befits an 
extremely rare autosomal recessive dis- 
ease, the patients' parents were con- 

sanguineous in 31 of 50 families. The 

heterozygous state is usually not de- 
tectable, although occasionally parents 
or sibs have had an intermediate de- 
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ficiency of fibrinogen. As might be 
expected, the plasma of patients with 
congenital afibrinogenemia does not 
clot upon the addition of thrombin. 
It is conceivable that patients with 
congenital afibrinogenemia synthesize a 
variant protein which so differs from 
normal fibrinogen that our present 
techniques cannot detect it. Alterna- 
tively, a variant might be synthesized 
which is so rapidly catabolized that 
no appreciable amount remains in the 
plasma. Congenital afibrinogenemia, 
then, is the prototype of a CRM- 
state. 

Congenital dysfibrinogenemia, in 
contrast, is clearly a CRM+ condition. 
In studies that began with those of 

Ingram (12) and Imperato and Dettori 
(13), a number of individuals have 
been identified whose plasma contains 
normal, or almost normal, amounts of 
a variety of fibrinogen which behaves 
abnormally upon the addition of throm- 
bin. At least 22 families have been 
described in which the fibrinogen of 
affected individuals clots abnormally 
slowly upon the addition of thrombin. 
In most cases, the abnormal fibrinogens 
have been distinguishable on the basis 
of electrophoretic or chromatographic 
behavior of the abnormal protein, its 
content of carbohydrate (a normal 

constituent of fibrinogen) or its func- 
tional characteristics (Table 1). In 
some cases, the functional defect in 
fibrinogen has been a failure to release 
fibrinopeptides at a normal rate upon 
the addition of thrombin. In others, 
fibrinopeptide release has proceeded 
at a normal rate, but aggregation of 
the fibrin monomers to form a visible 
clot has been, delayed. In a family 
under study, the abnormal protein, 
fibrinogen Cleveland II, releases its 
fibrinopeptides abnormally slowly, and 
the fibrin monomers then aggregate at 
a slower than normal rate, so that both 
of these functional abnormalities are 
present. 

Patients with these defective fibrino- 
gens have had relatively few symptoms. 
A few have had a mild bleeding tend- 
ency, and three individuals have had 
postoperative disruption of wounds, as 
if the fibrin which formed was incapa- 
ble of sealing the wound edges. Para- 
doxically, a few patients have had re- 
peated episodes of thrombosis. In all 
affected families, dysfibrinogenemia has 
been identified in both sexes and in 
succeeding generations, as if the trait 
were inherited in an autosomal domi- 
nant manner. In agreement with this, 
in some affected individuals both nor- 
mal and abnormal fibrinogens have 
been demonstrated in plasma, but 
studies of this phenomenon have been 
incomplete. 

The abnormal fibrinogens immedi- 
ately bring to mind the apparently 
innumerable variants of hemoglobin. 
Only in fibrinogen Detroit has it been 
possible to demonstrate an abnormality 
in protein structure; in this disorder, 
a serine residue is substituted for argi- 
nine No. 19 in the amino terminal 
part of the a (A) chain (14). Differ- 
ences in carbohydrate composition have 
been described in some abnormal fi- 
brinogens; whether these changes are 
secondary to alterations in the poly- 
peptide chains is not yet known. 

As might be anticipated, families 
have been found in which the abnormal 
fibrinogen exhibits functional defects 
other than delayed response to the 
addition of thrombin. In one interest- 
ing family, Egeberg (15) observed the 
association between frequent throm- 
botic episodes and the presence of a 
variant of fibrinogen which clotted 
unusually rapidly upon addition of 
thrombin. In another family studied 
by Hampton (16), the fibrinogen of 
affected individuals was incapable of 
forming normal covalent cross-links 
when treated with fibrin-stabilizing fac- 
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tor; the defect was inherited as an 
X chromosome-linked trait. Presum- 

ably, as more individuals are studied, 
fibrinogens will be found which behave 
in still other abnormal ways. The 

dysfibrinogenemias, then, exemplify 
disorders of clotting in which patients 
synthesize functionally defective vari- 
ants of a normal clotting factor. 

Fibrin-Stabilizing Factor Deficiency 

In the hereditary deficiency of fibrin- 

stabilizing factor, the fibrin of clotted 
blood is of poor tensile strength and 
dissolves readily in agents such as 5M 
urea or 1 percent monochloroacetic 
acid, because the covalent bonding 
induced by this enzyme is missing. 
Patients with this disorder, first de- 
scribed by Duckert et al. (17), have a 
severe bleeding tendency, manifested 
within a few days after birth by bleed- 

ing from the umbilicus, and all too 
often terminating in hemorrhage of 
the central nervous system. Two groups 
of patients have been distinguished 
(18). In families in which females are 
affected, the disorder appears to be in- 
herited as a rare autosomal recessive 
trait, parental consanguinity being rec- 

ognized in about half of the families. 
In other families, only males have 
been affected, and consanguinity is 
much less frequent. The possibility 
that this bizarre distribution of con- 
sanguinity has occurred by chance is 
less than 0.01, supporting the view 

that fibrin-stabilizing factor "deficien- 
cy" is the phenotypic expression of at 
least two genotypes. No evidence has 

yet been obtained that inheritance in 
families in which males alone are af- 
fected is by way of the X chromosome. 

The heterogeneity of fibrin-stabiliz- 
ing factor deficiency is manifest by 
other observations. In most cases, re- 
gardless of the mode of inheritance, 
the plasma of affected individuals con- 
tains antigens cross-reacting with rab- 
bit antiserum directed against fibrin- 

stabilizing factor, albeit in somewhat 
reduced amounts (19). In at least one 
case, however, no antigenic material 
was detected (20). 

Disorders of Antihemophilic Factor 

Three distinct hereditary diseases 
have been described in which func- 
tional AHF is deficient in plasma, 
namely, classic hemophilia, von Wille- 
brand's disease, and combined deficien- 
cies of AHF and proaccelerin (factor 
V). 

Patek and Stetson (21) demonstrated 
that the clotting defect of plasma of 
patients with classic hemophilia could 
be corrected in vitro and in vivo by 
the addition of a fraction of normal 

plasma, while the analogous fraction 
of hemophilic plasma was without ef- 
fect. At first, the prevalent view was 
that patients with classic hemophilia 
were unable to synthesize the missing 
agent, AHF (factor VIII). In 1957, 

Shanberge and Gore (22) reported, on 
the contrary, that the plasma of pa- 
tients with classic hemophilia contained 
material which neutralized the capac- 
ity of specific rabbit antiserum to in- 
hibit normal AHF. This view, that pa- 
tients with hemophilia were CRM+ 
for AHF, did not attract the attention 
it deserved, in part because investiga- 
tors had great difficulty in confirming 
the reported observations. 

When much more highly purified 
preparations of AHF became available, 
Zimmerman, Powell, and Ratnoff (23, 
24) prepared antiserum in albino rab- 
bits which inactivated AHF in normal 
plasma, as demonstrated in functional 
tests of blood clotting. The inhibitory 
properties of this antiserum were 
blocked by prior absorption with nor- 
mal plasma. To our surprise, the plas- 
ma of hemophiliacs was equally effi- 
cient in absorbing the antiserum, con- 
firming Shanberge and Gore's (22) 
view. Functional tests are cumbersome, 
but fortunately the antiserum could be 
made monospecific by appropriate ab- 
sorption; it then formed a single line 
of precipitation upon immunoelectro- 
phoresis against plasma or crude AHF- 
rich fractions of plasma. Utilizing 
Laurell's (25) technique for semiquan- 
titative immunoelectrophoresis, we 
demonstrated that a linear relationship 
existed between the concentration of 
functional AHF and the amount of 
antigen reacting with specific antiserum 
(Fig. 3). In hemophilia, the concen- 
tration of AHF was decreased in func- 

Table 1. Some distinguishing features in congenital dysfibrinogenemia [adapted from Ratnoff (10)]. 
concentration and upward arrows an increase. 

Downward arrows indicate a decrease in 

Effect of Effect of 
Fibrinogen Immunoelectro- Chromato- Carbohydrate fibrinogen Thrombo- 
Fib rinogen hCarbohydrate calcium rinoephoresis graphyt on normal elastogram 

~~~~~~plasma ~on defect 
plasma 

Disordered release of fibrinopeptides 
Baltimore Anodal Abnormal Hexose normal None Abnormal Correction 
Bethesda Anodal Normal Sialic acid normal Inhibition 
Giessen Normal 

Disordered aggregation of fibrin monomers 
Zurich It Normal Normal Hexose J4 Inhibition Normal Correction 
Zurich II Normal Inhibition 
Detroit Normal Hexose J Inhibition Abnormal None 
Paris IIt Normal Normal ? Inhibition Slightly abnormal Correction 
Wiesbaden Normal Inhibition 
ClevelandS Cathodal Inhibition Abnormal Correction 
Amsterdam ? Cathodal Slight inhibition Normal 
Nancy Anodal Abnormal Sialic acid T Slight inhibition 
St. Louis Normal Normal Hexose normal Slight inhibition Partial correction 
Montreal Sialic acid normal Inhibition 
Bethesda II Anodal Normal Normal Inhibition None 
Paris It Anodal Inhibition Abnormal Correction 
Vancouver Anodal None 
Louvaint Anodalll Inhibition 
Metz Abnormal None None 
Troyes Correction 
* Migration of abnormal component at pH 8.6 relative to normal fibrinogen. t On columns of diethylaminoethyl cellulose. $ Fibrinogens distinguished 
from fibrinogen Detroit by the presence of a normal fibrinogen A chain. ? Defect observed only if a-2 globulin is present. 1] Distinguished from 
fibrinogen Baltimore upon immunoelectrophoresis at pH 7.4. 
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tional tests, but the concentration of 
antigens related to AHF was normal. 
Similar results have been reported 
from other laboratories (26, 27). 

The nature of the antigenic material 
in hemophilic plasma is not yet clear. 
It could be an aberrant, nonfunctional 
form of AHF, in which, perhaps, sub- 
stitution of an amino acid occurred. 
Alternatively, it could be an incom- 
pletely synthesized AHF, or a com- 
bination of AHF with some inhibitory 
fragment which normal individuals do 
not produce or can separate from the 
parent molecule. Antiserum prepared 
against antigen-rich fractions of hemo- 
philic plasma inactivates AHF (28, 
29), but this experiment does not dis- 
tinguish among the three possibilities. 
When fractions of normal plasma, rich 
in AHF, are transfused into patients 
with classic hemophilia, the concentra- 
tion of functional AHF rises immedi- 
ately to the predicted level, and then 
rapidly disappears from plasma, the 
time for half of the AHF to disappear 
being about 12 hours (30). The rate 
of disappearance of the infused anti- 
genic material is much slower, the 
half-disappearance time being 24 to 
48 hours (31). Experiments we de- 
scribe later in this article make it seem 
unlikely that the longer survival of 
antigenic material is due to the pres- 
ence of denatured AHF in the mate- 
rial transfused. It is possible that the 
infused material contains a mixture of 
functional AHF and a precursor of 
this substance which the hemophiliac 
is unable to utilize. 

Classic hemophilia, then, is a dis- 
order in which patients synthesize a 
functionally abnormal form of AHF. 
The defect, however, is not the same 
in all patients. The severity of hemo- 
philia varies from family to family, 
suggesting that multiple alleles may 
exist for the X chromosomal gene de- 
termining synthesis of AHF (7). More- 
over, different cases of hemophilia can 
be distinguished by their behavior to- 
ward human antibodies directed against 
AHF, found in the plasma of perhaps 
10 percent of severe hemophiliacs 
and certain nonhemophilic individuals. 
These human antibodies, or "circulat- 
ing anticoagulants," inhibit the clot- 
promoting properties of AHF. Hoyer 
and Breckenridge (32) described six 
patients, members of five unrelated 
families, whose plasma contained ma- 
terial which neutralized human anti- 
bodies to AHF. In contrast, the plasma 
of 28 patients with classic hemophilia, 
members of 25 families, did not neu- 
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tralize the human antibodies. In this 
way, these workers distinguished two 
groups of hemophilic patients, depend- 
ing on whether their plasmas neutral- 
ized circulating anticoagulants. It is in- 
teresting that goat antiserum directed 
against AHF distinguishes the same 
two groups of patients (33) in con- 
trast to the rabbit antiserum used by 
Zimmerman, Powell, and Ratnoff (23). 
Human and goat antiserums evidently 
react with a much more restricted part 
of the AHF molecule than rabbit anti- 
serum. 

Our studies of hemophilia have pro- 
vided a useful way to identify female 
carriers of the disease. Geneticists have 
long been puzzled by the fact that the 
concentration of enzymes whose syn- 
thesis is directed by genes on the X 
chromosome is the same in males and 
females, although the former have only 
one X chromosome in each somatic 
cell, and the latter, two. One current 
hypothesis to explain this observation 
suggests that at an early stage of ontog- 
eny, one of the X chromosomes in 
each female somatic cell is activated 
(or inactivated) so that these cells, and 
their descendants, have only one func- 
tional X chromosome (34). Inactiva- 
tion occurs at random, so that in some 
cells the X chromosome remaining 
functional is of paternal, and in others, 
of maternal origin. Carriers of hemo- 
philia have one X chromosome derived 
from the normal parent, and one from 
the parent carrying the defective gene. 
As one would anticipate, the concen- 
tration of functional AHF in the plas- 
ma of carriers is, on the average, 
about 50 percent of normal, since 
only half of a carrier's functional X 
chromosomes would be derived from 
her normal parent. The variation in 
functional AHF concentration in the 
plasma of both carriers and normal 
women is great, so that only about 
one-fourth of carriers can be identified 
solely by this measurement (35, 36). 
On the other hand, since patients with 
hemophilia synthesize normal amounts 
of AHF-like protein, this is also true 
of carriers. By determining the ratio 
of functional AHF to antigenic AHF, 
it should be possible to distinguish the 
carrier state (26, 36, 37) because ap- 
proximately half the AHF-producing 
cells of the carrier should manufacture 
protein which, though nonfunctional, 
remains immunologically detectable. 
Indeed, among 42 proved carriers 
(that is, daughters of hemophiliacs, 
mothers of two hemophiliacs, or moth- 
ers of a single hemophiliac who had 

other relatives with the disease), 40 (95 
percent) could be identified because 
they had relatively less functional than 
antigenic AHF (29, 36). Proof of the 
validity of this technique comes from 
a study of daughters of carriers, half 
of whom should themselves be car- 
riers. Among 19 daughters of carriers 
whom we tested, 9 (47 percent) had 
the laboratory characteristics of the 
carrier state, the predicted result (36). 

About one-third of patients with 
classic hemophilia have no family 
history of the disorder. Presumably, in 
some cases the abnormal gene respon- 
sible for the defect has passed through 
several generations unidentified; few of 
us know our family medical histories 
beyond three generations. But in other 
cases, perhaps the disease arises as the 
result of fresh mutation. Our data 
support this possibility. In contrast to 
the results obtained in proved carriers, 
only 13 of 19 mothers (68 percent) of 
patients with isolated cases of hemo- 
philia have been identified as carriers 
(29, 36). Perhaps some of the other 
six cases arose as the result of muta- 
tion in the ovum from which the 
patient arose. 

A second type of disturbed AHF 
synthesis occurs in von Willebrand's 
disease, a hemorrhagic disorder in- 
herited as an autosomal dominant trait. 
The bleeding tendency is ordinarily 
mild, although hemorrhage, particular- 
ly from the gastrointestinal tract, may 
prove fatal. The bleeding time-that 
is, the length of time elapsing until 
bleeding stops from a deliberately in- 
cised wound-is usually prolonged, 
and the normal adhesiveness of plate- 
lets to glass is often reduced, two ab- 
normalities not found in classic hemo- 
philia. 

When patients with von Willebrand's 
disease are transfused with normal 
plasma or AHF-rich fractions of 
plasma, the concentration of functional 
AHF gradually rises above that which 
can be accounted for by the amount 
infused, reaches a maximum in per- 
haps 6 to 8 hours, and then falls at a 
much slower rate than in patients 
with classical hemophilia (38). A sim- 
ilar result follows transfusion with he- 
mophilic plasma, although this is, of 
course, deficient in functional AHF 
(39). These observations imply that 
normal and hemophilic plasmas con- 
tain an agent stimulating the synthesis 
of AHF-like material in patients with 
von Willlebrand's disease. 

Zimmerman et al. (23) observed 
that in von Willebrand's disease the 
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concentration of AHF, as measured in 
functional assays, was proportional to 
the concentration of AHF-like anti- 

genic material, as if in this disorder 
there was a true deficiency of AHF. 
When normal plasma, or an AHF-rich 
fraction of normal plasma, was trans- 
fused into patients with von Wille- 
brand's disease, the concentration of 
AHF-like antigenic materials increased 
immediately after infusion, but then 
decreased rapidly (40) (Fig. 4). Put 
another way, the secondary increase in 
functional AHF which followed trans- 
fusion in von Willebrand's disease was 
not associated with a proportional in- 
crease in AHF-like antigen, as if the 
"new" AHF-like agent generated after 
transfusion was antigenically distinct 
from normal AHF in which clot-pro- 
moting activity and antigen appear 
closely associated. No explanation for 
this phenomenon is yet available. Per- 
haps the high molecular weight AHF 
detected in normal and hemophilic 
plasma by physical or immunologic 
means is a composite of a functional 
component and a second fraction 
which bears the antigenic sites. If this 
is so, the newly synthesized material 
in the transfused patient with von 
Willebrand's disease might contain the 
functional component alone. It is in- 
teresting that Owen and Wagner (45) 
have demonstrated that the subunits of 
normal canine AHF, separated by the 
addition of detergents or salts, retain 
their functional activity. Another possi- 
bility is that a new form of AHF is 
generated in the transfused patient. 
In a most challenging series of ex- 
periments, Barrow and Graham and 
their co-workers (42) have demon- 
strated that AHF-like properties can 
be induced by succinylation of serum 
albumin, a protein not ordinarily 
thought of as having clot-promoting 
properties. The significance of this 
startling observation is not yet clear. 

None of these experiments attacks the 
question of why patients with von Wille- 
brand's disease have a long bleeding 
time. Early experiments indicated this 
defect was due to the deficiency of a 
plasma factor distinct from AHF 
(39). Recently, Bouma et al. (28) 
raised the possibility that this second 
factor is related in some way to AHF 
itself. These workers demonstrated 
that purified AHF corrected the de- 
fective adhesion of platelets to glass 
observed in von Willcbrand's disease, 
and that antiserum against either puri- 
fied AHF or the corresponding frac- 
tion of hemophilic plasma reduced ad- 
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hesiveness of normal platelets 
The situation is probably more 
cated. During pregnancy, the 
AHF rises in patients with vo 
brand's disease. Recently, we 
a pregnant woman with vor 
brand's disease in whom the cc 
tions of AHF procoagulant and 
had risen to normal levels, 
bleeding time remained abi 
long (29). Thus, the defect 
bleeding time cannot yet 
plained by the data. 

The information we have ] 

suggests that the synthesis of 
determined by at least two ge 
of which is carried on an X 
somle, and the other on an at 
chromosome. A few patien 
been observed in whom a c 
deficiency of AHF and pro; 
(factor V) has been detected. 
families, the disorder has bee 
in both sexes, has been limite( 
generation, and has been a; 
with a high frequency of parer 
sanguinity (43). This remarka 
drome suggests that a third gi 
be involved in the synthesis c 
regulating a step also needed 
synthesis of proaccelerin. 

Christmas Disease 

Christmas disease, the hi 
functional deficiency of C 
factor (PTC, factor IX), is ( 

indistinguishable from classic hemo- 
3.0 philia and, like this disorder, is inher- 

E ited as an X chromosome-linked defect. 
c The locus for Christmas factor on the 

-20 X chromosome appears to be widely 
.0 separated from that for the synthesis 
C of AHF (44). 

-0 When Christmas disease was first 
v 

I^ described, the assumption was made 
_ < that patients with this defect were un- 

--n able to synthesize normal amounts of 
72 Christmas factor. The situation, how- 

ever, appears to be analogous to that 
HF pro- in classic hemophilia. Meyer and her 
ine) and colleagues (45) found that the plas- 
ne) after ma of 21 of 22 patients with Christ- 

patient mas disease contained antigenic ma- 
20 kilo- 

3 her eye terial which neutralized a rabbit an- 
As ini- tiserum directed against Christmas 

oprecipi- factor. Thus, the great majority of 
the two patients seem to be CRM+, synthe- 

,ws (one 
sed from sizing a nonfunctional variant of 

Bennett Christmas factor. The patients can be 
of Clifi- divided into at least three subgroups, 

based in part upon their behavior 
toward human antibodies against 
Christmas factor, found in a small 

to glass. number of patients with Christmas 
compli- disease. As early as 1956, Fantl et al. 
titer of (8) distinguished two forms of Christ- 

n Wille- mas disease. The plasma of one of 
studied their patients, like normal plasma, 
Wille- contained an agent which neutralized 

incentra- the effects of human antibody, as if 
I antigen it contained cross-reacting antigenic 
but the material. No such neutralizing activity 
normally was found in the plasma of two other 

in the patients. Among a larger group of 
be ex- patients, Roberts and his associates 

(46) found that cross-reacting ma- 
reviewed terial, detected by human antibodies 
AHF is effective against Christmas factor, 
nes, one were present in 16 percent of affected 
chromo- kindred individuals. In a small num- 
utosomal ber of patients with cross-reacting 
ts have material, a second functional abnor- 
ombined mality is detected. The cross-reacting 
accelerin material appears to have the property 
In these of inhibiting the extrinsic pathway of 
:n found coagulation, although normal Christ- 
d to one mas factor is thought not to participate 
ssociated in this chain of reactions (47). Yet 
ntal con- another variant of Christmas disease 
ible syn- has been reported by Veltkamp et al. 
ene may (48). 
Df AHF, These several studies, then, demon- 

for the strate that Christmas disease is the 
phenotype for a variety of genetic 
traits. The great majority of patients 
with Christmas disease synthesize a 
nonfunctional variant of Christmas fac- 
tor. Among these patients, only a small 

ereditary number can be detected by reactions 
'hristmas with human antibodies and, in turn, 
clinically these patients form a heterogeneous 
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group. Presumably, in the latter pa- 
tients, the defect is located near an ac- 
tive site on the Christmas factor mole- 
cule. 

Other Disorders of Blood 

Coagulation 

We will not attempt to review the 
literature concerning heterogeneity 
among other hereditary defects of 
blood coagulation. Heterogeneity has 
been demonstrated among patients with 
functional deficiencies of prothrombin, 
Stuart factor, and factor VII, by both 
immunologic and functional tests (10). 
Heterogeneity has also been demon- 
strated, entirely on the basis of patterns 
of inheritance, among patients with 
functional deficiencies of Hageman 
factor (9). No evidence has yet been 
reported concerning heterogeneity of 
deficiencies of proaccelerin (para- 
hemophilia) or PTA, but if experience 
is a guide, these disorders too will be 
found to be divisible into subgroups. 

Discussion 

We have reviewed a number of ex- 
amples of heterogeneity among the 
hereditary disorders of blood coagula- 
tion. Two general types of abnormal- 
ity have been described, those in 
which the patient's plasma contains 
normal or near normal amounts of a 
nonfunctional variant of the factor 
whose deficiency is detected in tests of 
clotting function, and those in which 
the plasma appears to be truly deficient. 
In other contexts, these two states have 
been referred to as allotypy (the syn- 
thesis of an abnormal protein) and 
eniotypy (failure to synthesize a pro- 
tein) (49). It is a safe assumption 
that normal clotting factors may vary 
widely in their amino acid composi- 
tion, as long as the significant func- 
tional groups are unaffected. When the 
heterogeneity affects functional groups, 
impaired hemostatic function may re- 
sult. Thus, it is not surprising to find 
that among CRM+ patients with co- 
agulative disorders, heterogeneity de- 
tected by a variety of techniques is 
commonplace. These considerations 
have several important pragmatic con- 
sequences. As has been pointed out, 
some patients with hemophilia and 
Christmas disease develop antibodies 
against the functionally deficient fac- 
tors. These antibodies appear almost 
exclusively in patients who have been 
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transfused. Perhaps in such patients the 
transfused material differs in a subtle 
way from their own nonfunctional 
clotting factors. Since only a small 
number of patients develop antibodies, 
it is likely that there are antigenic dif- 
ferences among the CRM+ materials 
found in bleeders. Perhaps, too, nor- 
mal individuals differ significantly in 
the antigenic nature of their clotting 
factors. If this is the case, it may be- 
come important to learn how to type 
normal AHF and Christmas factor, so 
that type-specific preparations can be 
given to patients. We have all looked 
forward to the time when an appropri- 
ate normal tissue might be transplanted 
to cure the hereditary hemorrhagic dis- 
orders. These hopes seem dimmed by 
the discovery of cross-reacting anti- 
genic material in the plasmas of pa- 
tients with classic hemophilia and 
Christmas disease. The concentration 
of clotting factors is clearly closely 
regulated, so that the amount of anti- 
genic material present both in normal 
individuals and those with classic 
hemophilia and Christmas disease is 
kept within narrow limits. If the rate 
of synthesis of clotting factors is con- 
trolled by the amount of the protein 
in the plasma rather than the degree 
of clot-promoting activity, tissues trans- 
planted into patients who produce 
nonfunctional proteins may receive lit- 
tle stimulus to produce the active clot- 
ting factor. The gain to the patient in 
terms of clot-promoting activity under 
these circumstances will be small, even 
if the new factors and the transplanted 
tissues are not rejected by his various 
immunologic defenses. It is true that 
hepatic transplantation has appeared to 
induce synthesis of AHF in hemophilic 
dogs (50), but these animals, unlike 
human patients with classic hemophilia, 
have no demonstrable cross-reacting 
AHF-like antigens in their plasma. 
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