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Variation with Age and Disease of

an Amyloid A Protein-Related Serum Component

C. JULIAN ROSENTHALand EDWARDC. FRANKLIN

From the Irvington House Institute, Rheumatic Disease Study Group,
Department of Medicine, NewYork University Medical Center,
NewYork 10016

A B S T R A C T Using the radioactively-labeled alkaline-
degraded acid-soluble fraction of amyloid (["SI] DAA),
we developed a radioimmunoassay for the previously
described amyloid-related component of the human
serum (SAA). Screening the sera of 228 normal in-
dividuals and of 297 patients with a variety of illnesses,
we found that SAA is a component of all human sera,
including cord blood (mean 94±57 ng/ml). The con-
centration of this component increases significantly
with the aging process, reaching very high levels in
the eighth and nine decades. It is also elevated in all
cases of amyloidosis (except for those associated with
nephrotic syndrome) as well as in many patients with
myeloma, macroglobulinemia, lymphoma, carcinoma,
rheumatoid arthritis, and tuberculosis. A marked in-
crease was noted in the early stages of a variety of
acute inflammatory and infectious states with a re-
turn to normal levels paralleling clinical improvement
and faster than the erythrocyte sedimentation rate. The
possible implications of this component in the genesis of
amyloid and in the immune process are discussed.

INTRODUCTION
Recent studies from a number of laboratories have
demonstrated the existence of at least two major types
of amyloid fibril proteins. One, found mainly in patients
with primary amyloidosis and amyloidosis associated
with multiple myeloma, consists primarily of frag-
ments of immunoglobulin light chains (1, 2). The
other, present in the fibrils of patients with secondary
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amyloidosis and some familial forms of amyloidosis, as
well as in the amyloid in three experimental animals-
monkey (3), duck (4), and guinea pig (5)-has as
a major component a unique protein known as amyloid
A (AA) 1 protein (6). This material was previously
called A component by Benditt and Eriksen (7), amy-
loid of unknown origin by Ein, Kimura, Terry, Mag-
notta, and Glenner (8), acid-soluble fraction by Pras
and Reshef (9), Franklin, Pras, Levin, and Frangione
(10), and Levin, Franklin, Frangione, and Pras (11),
and amyloid subunit by Husby, Sletten, Michaelson,
and Natvig (12).

As described by Pras and Reshef (8) and Levin
et al. (11), AA is a polypeptide with a mol wt of 8,500
daltons, which is insoluble in water, but soluble in
solutions with low pH. Amino acid sequence studies (3,
8, 10, 11) of human and primate AA showed hetero-
geneity at the amino terminus (11) and in some in-
stances also at the carboxy terminus (8) and have
raised the possibility that it is the product of enzymatic
digestion of a precursor molecule. Chemical (8, 10,
12) and immunologic studies (11, 12) showed AA ex-
tracted from different patients to be virtually identical
and provided clear evidence that this is a unique pro-
tein with no homology to any known protein.

The finding (13, 15), with relatively insensitive tech-
niques, of an antigenically related al globulin compo-
nent having a mol wt of about 100,000 in the sera of
few normal individuals and in a majority of patients
suffering from chronic diseases such as tuberculosis,
rheumatoid arthritis, Hodgkins' disease, etc., has raised
the possibility that this may be the putative precursor
molecule and that more detailed investigation of its

1 Abbreviations used in this paper: AA, amyloid A; BGG,
bovine -y-globulin; BSA, bovine serum albumin; DAA, de-
graded amyloid A; SAA, Amyloid A-related serum com-
ponent.
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incidence, nature, and possible origin may shed some
light on the pathogenesis of amyloidosis. This compo-
nent will henceforth be called serum amyloid A-related
protein (SAA).

To study in greater detail the distribution of this
component in the normal and diseased population and
its possible relation to the aging process, which is fre-
quently accompanied by amyloid deposits in the brain
and other tissues (16, 17), and to obtain additional
information on the physicochemical properties of this
SAA, we have developed a radioimmunoassay to de-
termine its concentration. This report describes the
immunoassav and the results of studies on sera from
a large group of normal individuals of varying ages
and patients with a variety of pathologic states.

METHODS
Antisera against AA. AA was extracted from the water-

soluble amyloid of a patient with familial Mediterranean
fever by the technique of Pras and Reshef (9).

To solubilize the protein in physiologic solvents, AA was
degraded (DAA) with 0.1 N NaOH for 1 h at 370C and
neutralized. Immunization of five rabbits was carried out
with a 1: 1 mixture of complete Freund's adjuvant and
antigen, in the footpads (1 mg/animal). Several animals
produced detectable amounts of antibody but only one yielded
an antiserum suitable for the development of an immuno-
assay after 3 mo of bimonthly boosting. During part of
the immunization period, AA conjugated to horse by globulin
was used for boosting. However, since this did not increase
the immunogenicity of the material, antibody levels were
maintained for over a year by monthly injections of 0.5 mg
DAA (in 0.5 ml saline mixed 1: 1 with complete Freund's
adjuvant subcutaneously). The antisera were screened by
Ouchterlony analysis (18) and immunoelectrophoresis (19).
To determine the amount of antibody, quantitative precipitin
analyses (20) were performed with sera from several indi-
viduals known to have relatively large amounts of SAA.
In one of the early studies, a trace amount of radioactive
AA (50,000 cpm/tube) was added to the antigen in the event
that the amount of antibody was not sufficient to be detect-
able by the Folin-Ciocalteu method (21), but subsequent,
experiments were done without the radioactive antigen.

Labeling of AA with Iodine-125. DAA, neutralized with
sulfuric rather than hydrochloric acid, was used for iodina-
tion. Initially iodination at pH 7 gave erratic results with
yields of iodination less than 50% and ['"I]DAA binding to
excess antibody less than 70%. For this reason experiments
were performed to improve the solubility of DAA and the
iodination conditions. The solubility of DAA at pH's rang-
ing from 6 to 10 in 0.1 M phosphate or barbital buffer was
first established, and then the optimal pH for the iodination
was determined. Iodination was performed by the procedure
of Greenwood, Hunter, and Glover (22). 2 mCi iodine-125
as NaI in 0.1 NaOH (New England Nuclear, Boston,
Mass.) was mixed with 10 ,ug of DAA dissolved in 0.2 M
barbital buffer, pH 8.6; 50 lug chloramine T in 0.1 Mbarbital
buffer, pH 8.6, (2 mg/ml) was added. Oxidation was stopped
after 30 sec with 60 Ag sodium metabisulfite in 0.1 M
barbital buffer (1.2 mg/ml). Subsequently the labeled DAA
was separated from the free iodine-125 by filtration through
a Sephadex G-25 column (0.7 X 30 cm), with 0.1 M barbital
buffer as eluant. 0.5-ml fractions were collected and counted

in a gamma counter (Nuclear-Chicago Corp., Des Plaines,
Ill.). The most radioactive fraction collected in the first
eluted peak was used for the radioimmunoassay. To minimize
adsorption of the "I-labeled AA, the Sephadex column was
pretreated with 30 ml of 1% bovine serum albumin (BSA)
in 0.1 M barbital buffer, pH 8.6. 0.5 ml of BSA was also
present in the tubes used to collect the eluates. The [15I]AA
was stored at -20'C after adding 0.1 ml of 1% Thiomerosal
(Sigma Chemical Co., St. Louis, Mo.) solution. Trasylol,
an inhibitor of proteolytic digestion, was added in early ex-
periments to minimize possible enzymatic digestion of [1;I]-
AA, but was later omitted. Since the [`2I]AA prepared by
this procedure was rapidly inactivated as a result of "iodina-
tion damage", enzymatic iodination by the procedure of
Marchalonis (23), modified by Thorell and Johansson (24),
was also attempted. 5 gg DAA in 25 ,ul 0.2 Mbarbital buffer,
pH 8.6 was added to 2 mCi Na [12J]. Oxidation by 1 ,ul
0.88 mMperoxide (Fisher Scientific Co., Pittsburgh, Pa.)
in the presence of 4 Ag lactoperoxidase (Calbiochem, San
Diego, Calif.) in 4 IAI 0.1 M barbital buffer was stopped
after 2-5 s by adding 0.5 ml 0.1 M barbital buffer, pH 8.6.
The subsequent steps were identical to those in the technique
previously described.

Radioimmunoassay for SAA was carried out according to
the general principles described by Yalow and Berson (25),
with polyethylene glycol (26) for the precipitation of the
antigen-antibody complexes in triplicate tubes for each
sample. To 0.5 ml of specific rabbit antiserum against
AA, diluted 1: 1000 (50% of the concentration required
for maximal binding) in 0.5% bovine gamma globulin
(BGG-fraction II-Sigma Chemical Co.) in 0.1 M barbital-
buffered saline, pH 8.2, was added 0.2 ml of the sera to be
tested, followed by 0.3 ml of a solution of ['"I]DAA in
0.5% BGGhaving 50,000 cpm. Each series was accompanied
by 10 serial dilutions of pure DAAin 0.5% BGGto establish
a standard curve. After thorough mixing and incubation for
2 h at 37°C, 0.5 ml of cold 30% polyethylene glycol (Mathe-
son, Coleman & Bell, East Rutherford, N. J.) in water
was added to each tube to precipitate antibody-antigen com-
plexes. After centrifugation at 3,000 rpm for 30 min at 4°C,
the supernate was discarded, and the precipitate counted in
a gamma counter (Nuclear Chicago). The mean of the
triplicate samples for each serum was used to calculate the
percent of the total radioactivity in the precipitate. The SAA
concentration was calculated from a standard curve obtained
by plotting on a semilogarithmic graph, the percentage of
counts per minute precipitated against the quantity of
"cold" DAAadded. This curve was linear from 7 to 180 ng
of DAA in the reaction mixture. The results were expressed
as DAA equivalents in nanograms per milliliter. The SD
of duplicate determinations in different assays performed
48 h after iodination of DAA was 4.6%. In view of the
possibility that the binding affinities of DAA and SAA may
differ and the fact that the molecular weight of the serum
component is ten times that of AA, these values do not
represent the precise concentration of SAA.

Sitbjects. The SAA concentration was first determined
in the sera of 228 normal subjects including 117 randomly
selected blood donors, aged 15-65 yr, from the New York
Central Blood Bank; 71 individuals, aged 60-95 yr, from
two old-age homes who did not have any of the chronic
disorders known to be associated with amyloidosis, nor any
acute inflammatory or infectious disease during the 2 mo
preceding the study; 18 children, aged 1-15 yr, with con-
genital cardiac or neurologic disorders, but without any
acute or chronic acquired disease, and 22 cord blood samples
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FIGURE 1 Curves comparing the displacement by cold
of ['1I]DAA iodinated by two different methods: chlo
T oxidation (X X) and enzymatic iodination with
peroxidase (0 ---0). The data are plotted on a set
rithmic scale.

from normally delivered newborns. All assays weri
on serum remaining after the performance of routine

Subsequently the sera of 157 consecutive patients ad
to the Medical Service of the University Hospital o
York University over a 6-wk period and 27 pregnant
at the time of delivery were examined. When analysis
results of this survey revealed a marked elevation ol
levels in certain disorders, 107 additional patients witl
diseases seen in the clinics or hospitalized on war
chronic patients at Bellevue and Goldwater hospital
studied.

Statistical analysis. The statistical significance
variations of SAA concentration in different groups
jects tested was calculated by applying the Student
(27). The values found in various age groups were
pared with the mean SAA concentration in the firs
decades of life, while those from different groups
tients were referred to the mean of SAA levels in tl
of the normal subjects aged 31-70. Different group
also compared by the analysis of variance method

RESULTS
Radioimmunoassay. To develop optimal con

for the radioimmunoassay, it was first necess

study the solubility of DAA and to establish c

conditions for radioiodination and precipitation. '
of the solubility of DAA indicated that it was m

at alkaline pH's greater than 10. and that it de(
significantly below a pH of 8.2. Because of this,
tion was performed at a pH of 8.6 rather the
as is usually recommended (29), and a pH of 8
chosen for the performance of the radioimmun
Two techniques of radioiodination were trie(
of chloramine T (22) resulted in an iodinatioi
of 85%. The iodinated DAA was 95% precipito

excess antibody. The lactoperoxidase method (23, 24)
was only 55% effective in iodination and resulted in
a labeled protein that was 85% precipitable by excess
antibody.

As shown in Fig. 1, the slope of the curve measur-
ing the displacement of labeled DAA by cold antigen
was more suitable when chloramine T-labeled antigen
was used than with lactoperoxidase DAA. Because of
these advantages, chloramine T oxidation was chosen
even though the decrease in binding of ['JI]DAA,
probably a result of radiation damage during storage,
was 50% greater than that of material labeled by the
lactoperoxidase method. Because of these difficulties,
which were only partially alleviated when the use of
Trasylol, an inhibitor of proteolysis, was discontinued,
each batch of iodinated material was used for no longer

*500 than 1 wk.
Assessment of the rabbit antisera to AA. The speci-

DAA ficity of the antisera collected at various times after

lramine immunization or boosting was tested by double diffusion.
lacto- After absorption with horse y-globulin, used as a

niloga- carrier in some of the booster injections, only a single
precipitin line was noted when the antisera were re-

e done acted with whole serum or tissue extracts. The precipi-
e tests. tin curves with radioactive DAA by rabbit antisera
Imitted obtained at selected intervals from 1 to 12 mo after
f New immunization indicated that the antibody titer re-
women

of the mained relatively constant over a 1-yr period. The pre-
f SAA cipitin curve in Fig. 2, carried out with increasing
h these amounts of serum to which a constant trace amount of
-ds for labeled AA was added, indicates a relatively narrow

zone of equivalence. The decrease in precipitated radio-
of the activity beyond the equivalence point is consistent with
of sub-

t test
e com-
t three
of pa-

he sera
s were
(28).
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FIGURE 2 Precipitin curve obtained with a rabbit antiserum
against degraded amyloid A fraction and increasing amounts
of a serum whose content of SAA was determined pre-
viously. The amount of antigen is expressed in micrograms
of DAA. The interrupted line indicates the precipitate from
a constant amount of radioactive iodinated degraded amyloid
A fraction added to each tube.
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FIGURE 3 Concentration of SAA in the normal population
in relation to age.

but does not necessarily prove that AA and SAA react
with the antiserum in an identical manner.

Concentration of SAA in normal and patient sera.

SAA was found in the sera of all normal subjects re-

gardless of age (Fig. 3). In the cord blood and during
the first three decades of life, its concentration was 50
+40 ng/ml. The level increased slowly but steadily
with age and reached the highest values over the age
of 70. This increase was statistically significant (P
< 0.01) in all age groups over the age of 30 yr.

While some individuals over the age of 70 had a serum

concentration of this component equal to that found
in the first three decades of life, the majority had a

moderately or markedly increased concentration of SAA
(P < 0.001). That this rise of the SAA in the elderly
was not due to some age-associated chronic disorders
such as arteriosclerosis, diabetes mellitus, or chronic
osteoarthritis is shown by the results depicted in Fig.
4, which clearly demonstrate that among patients suf-
fering from these disorders, only those over the age

of 70 had an increased concentration of SAA, while
those younger than 70 had normal levels, with the
exception of three patients with myocardial infarction
of less than 1 wk duration.

Among the patients with various pathologic states
(Fig. 5) included in the initial survey of hospitalized
patients, the SAA concentration in patients under the
age of 70 was significantly elevated in patients with
pulmonary tuberculosis, lymphoma of various histologic
types, rheumatoid and psoriatic arthritis, carcinoma,
and leukemia. The results of patients over 70 yr were

not included in the calculation of the means of each
group, since it was not possible to differentiate an age-

related elevation of SAA concentration from that as-

sociated with these diseases. When the number of pa-

tients suffering from these disorders was enlarged by

FIGURE 4 Concentration of SAA in certain common diseases
of the elderly. ASHD, atherosclerotic heart disease; DM,
diabetes mellitus; Chr. Osteo-arth., chronic osteoarthritis.
The interrupted line indicates the upper level of SAA in the
normal population under 70 yr of age. 0 70 yr; 0 2 71 yr.

including patients, most of whom appeared to be clini-

cally in a quiescent stage, seen in the clinics or hos-

pitalized in the wards for the chronically ill, some
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FIGURE 5 Concentration of SAA in various diseases states.
Lung TB, lung tuberculosis; Lymph, lymphomas; Ca + Leuk.,
carcinoma and leukemia; Rh. Arth., rheumatoid arthritis;
Endoc. Dis., endocrine diseases; COPD, chronic obstruc-
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higher than 2,500 ng/ml were not estimated, many of the
means are higher than those indicated. The interrupted line
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under 70 yr of age. 0 < 70 yr old; 0 2 71 yr old.
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FIGURE 6 Concentration of SAA in patients with amyloido-
sis and certain plasma cell dyscrasias. Amyloidosis, primary;
with myeloma (MM); secondary and familial Mediterranean
fever (FMF). All values were from patients younger than
70 yr of age. Legend otherwise identical to that of Fig. 5.

were found to have normal SAA levels. However, the
overall mean concentration of SAA in patients with
these diseases, remained elevated and was approxi-
mately four to six times the mean of 95+57 ng/ml of
the 67 normal subjects aged 31-70 yr.

In contrast, patients with chronic liver diseases, with
the exception of two patients with biliary cirrhosis, and
those with chronic obstructive lung disease, various
endocrine disorders (Fig. 5), including diabetes mel-
litus, as well as those with artherosclerotic heart dis-
ease (except for three patients with recent myocardial
infarction) and chronic osteoarthritis (Fig. 4) had
levels of the SAA within the normal limits.

The concentration of the SAA was also elevated (P
<0.01) in 33 patients with amyloidosis (Fig. 6). This
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FIGURE 7 Concentration of SAA in pregnancy (Preg.)
acute inflammatory states (Acute Inflam.), and recurrent
tonsillitis (Rec. Tons.). Remainder of legend identical to
that of Fig. 5. * < 70 yr old; 0 2 71 yr old.

elevation was only moderate (mean, 235 ng/ml) but
statistically significant (P < 0.001 ) in patients with
primary amyloidosis. In those with secondary amyloido-
sis and with amyloidosis associated with multiple mye-
loma, the mean SAA level was markedly elevated (1,-
151 ng/ml and 1,130 ng/ml, respectively). This was
statistically significant (P < 0.01), despite the large
range of values in each of these two groups (SD,
1,089 and 1,102). An increase of the SAA concentra-
tion was also found in the sera of patients with mono-
clonal gammopathies (Fig. 6) especially those with
IgA myeloma and macroglobulinemia (mean, 1,464
ng/ml and 1,431 ng/ml, respectively). All three pa-
tients with secondary amyloidosis whose SAA level
was normal, as well as many of those with monoclonal
gamnmopathies without a rise of SAA, had nephrotic
syndrome.

Among the 27 pregnant women whose SAA level
was determined at the time of delivery (Fig. 7), 70%
had values above the upper limit of the normal (208
ng/ml). The mean of 431 ng/ml of the whole group
was significantly elevated, a finding in agreement with
previous qualitative studies (30) by Husby and Natvig.
Somewhat unexpected was the finding that all 13 pa-
tients with acute infectious and inflammatory disorders
included in the initial survey of hospitalized patients
(Fig. 7) had a marked elevation of the SAA level
(mean, 1,668 ng/ml), statistically highly significant
(P < 0.001). This group included cases of pneumonia,
meningitis, diverticulitis, cholecystitis, subacute bac-
terial endocarditis, hepatitis, and acute rheumatic fever.
Similarly, a group of children 4-15 yr old with recur-
rent tonsillitis (Fig. 7) had a mean concentration of
342 ng/ml, six times that of normal children of this
age. In followup studies of the SAA level in nine pa-
tients with acute inflammatory diseases after recovery
(Table I), it was noted that the level of this serum
component appeared to return to normal as soon as
the clinical status improved, faster than the return to
normal of the sedimentation rate.

In diseases where it was applicable, there was no
close correlation between the SAA level and the serum
levels of C'3, immunoglobulins, C-reactive protein, nor
with the sedimentation rate (Table II). While both
the SAA level and the other tests generally appear to
parallel activity, the results would seem to preclude
identity between the SAA and the factors involved in
these other tests.

DISCUSSION

The presence of a serum component antigenically re-
lated to the acid-soluble fraction extracted from the
amyloid fibrils was first noted by Levin et al. (13)
and by Husby et al. (14), using the double immuno-
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diffusion. With this rather insensitive technique, SAA
was found in the sera of most patients with primary
and secondary amyloidosis and in a large number of
platienits suffering from myeloma, niacroglobulineemia,
hypogammaglobulinemia, as well as of some chronic
diseases such as rheumatoid arthritis, tuberculosis, and
chronic liver diseases. Amyloid-related serum compo-
nent was also found in a small percentage of normal
subjects, but could not be detected in cord blood. Using
the somewhat more sensitive technique of immuno-
electro-osmophoresis, Husby and Natvig (30) found
the amvloid A-related serum component in 10% of the
normal individuals and reported that the frequency
increased to 50% in sera from apparently normal sub-
jects between the ages of 80 and 95 yr as well as in
the sera from pregnant women. A higher incidence of
positive sera was also noted in a few patients with
various lymphoproliferative disorders, some other ma-
lignant diseases, and primary biliary cirrhosis, but not
in acute hepatitis. Some of these results were recently
confirmed by Benson, Skinner, Lian, Cohen, and Shira-
hana (15).

The physicochemical properties and the composition
of this serum component are only partially known. It
was found to have the electrophoretic mobility of an
al globulin (13, 30), to be resistant to boiling (30),
and to have an approximate mol wt of 100,000 in physi-
ologic solvents (13, 30).

Recent studies have indicated that its mol wt is
slightly lower 2 and amino acid analyses of partially
purified amyloid-related protein from the sera of two
subjects appeared to be different from the acid-soluble
fraction of amyloid fibrils (15).

Because of its much greater sensitivity, the radio-
immunoassay for the determination of the SAA re-
ported in this study has allowed more precise quantita-
tion of this protein, thus permitting a more detailed
analysis of its distribution in the normal and diseased
populations. Previous studies of assays for ACTH and
other hormones have indicated the possibility of de-

2 Rosenthal, C. J., and E. C. Franklin. Unpublished ob-
servations.

TABLE I
Followup Study of Patients with A cute Infectiou s

and Inflammatory Processes

Patient Age Diagnosis Date ESR SAA

mm/h 1ag/ml

C. J. 17 mo Ac. meningitis 2/28 65 1,075
(Hemophilus influenzae) 4/2 34 10

W. L. 52 yr Ac. cholecystitis 2/12 88 >2,500
2, 20 77 280

P. H. 54 yr Pneumococcal pneumonia 4 '7 38 475
4, 17 35 100

L. I. 27 yr Viral pneumonia 4/7 39 90
4/ 12 35 20

S. T. 9 yr Acute rheumatic fever 4/23 58 1,250
5/10 45 125

T. W. 8' yr Acute rheumatic fever 4/23 60 950
5, 15 50 130

L. WV. 14 yr Acute rheumatic fever 5/1 60 >2,500
(recurrent) 6/5 59 1,(5()

P. A. 24 yr Erythema nodosum 4/15 130 950
5/13 145 170

A. J. 72 yr Pneumonia 5/21 82 305
5/28 70 260

ESR, erythrocyte sedimentation rate.

tecting in the serum a presumably larger precursor
molecule, with the help of a radioimmunoassay in which
the standard displacement curves were obtained with a

purified protein of smaller mol wt, with an antibody
that reacted with some antigenic sites common to both
the small and the large molecule (29). The use of
such a system introduces several difficulties which, while
they may preclude an accurate estimate of the precise
concentration of the larger component, do not negate its
use for comparative estimates of the type reported
here, in view of the antigenic identity of the two
proteins (13). There are two major limitations to
precise quantitation. One is that the amino acid se-
quence of the serum related component is not known.
If AA is a piece of a larger protein that consists pri-
marily of an unrelated protein, it seems likely that the
actual concentration of the SAA would be about 10
times greater than that calculated. If, on the other
hand, the serum component consists of two or more
repeating units of AA, the actual concentration would
be less and would lie somewhere between the one listed

TABLE I I
Comparison between the SAA Level and Other Tests Usually Abnormal in Inflammatory States

ESR CRP C'3 Total Ig's

No. No. No. No.
patients Range Mean patients Range Mean patients Range Mean patients Range Mean

mm/l h mm U mg/100 ml

SAA < 200 ng/ml 20 16-80 25.9 11 0-8 1.0 6 45-130 87 11 720-1,991 1,093
SAA > 200 ng/ml 40 14-160 44.4 15 0-8 1.53 3 35-122 68 15 535-2,430 1,250

CRP, C-reactive protein; ESR, erythrocyte sedimentation rate.
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and the upper limit expressed above. The other limita-
tion is lack of information concerning the avidities of
the antiserum for AA and SAA. If they are not the
same, the effect of the two antigens on the precipita-
tion of the labeled antigen might differ, and thus add
further problems in accurate quantitation. Indeed, as
shown in Fig. 2, such differences in avidity could not
be excluded with certainty when quantitative precipitin
analyses were done with a mixture of radioactive DAA
and serum in the hope of making the precipitin analy-
sis more sensitive. For these reasons we have expressed
the SAA concentrations in terms of nanograms of
DAA per milliliter, thus avoiding any errors that could
be introduced by the above-mentioned unknown factors.

The results of the determination of the SAA in the
normal population (Fig. 3) have demonstrated for the
first time that this component is a physiologic con-
stituent of all normal sera, present at a mean concen-
tration of 94±57 ng/ml, and that its concentration in
serum increases slowly but steadily in parallel with the
aging process. The increase was most striking in in-
dividuals over the age of 70 and appeared to be un-
related to the common age-associated diseases. This
finding appears to be consistent with pathological and
electron microscopic observations by Divry (31), Mari-
nesco (32), and Terry (33), indicating the presence
of amyloid in the senile plaques of brains from old in-
dividuals, as well as with more recent studies by
Schwartz (16), suggesting that the aging process in
man, ducks, mice, and dogs is associated with the
deposition of amyloid in the brain, heart, and Langer-
hans' islets of the pancreas.

Our studies confirmed and quantitated the previously
reported increase of the SAA in pregnancy (30), in
some chronic inflammatory diseases such as tuberculo-
sis, rheumatoid and psoriatic arthritis (13, 15, 30), and
biliary cirrhosis (30) as well as in the sera of patients
with lymphoproliferative disorders, myeloma, macro-
globulinemia, and some other malignancies, including
a few cases of leukemia. The mean SAA concentration
in amyloidosis was more elevated in patients with
secondary amyloidosis than in patients with primary
amyloidosis or myeloma-associated amyloid. However,
in several patients with amyloidosis and in some pa-
tients with monoclonal gammopathies complicated by
the nephrotic syndrome, the SAA level was normal or
low. It is of interest that in patients with amyloidosis
associated with myeloma and those with primary amy-
loidosis, the increase of the SAA level occurs in the
face of tissue deposits of amyloid, which in our experi-
ence often contain little or no acid-soluble fraction
(34), though some of these do contain this protein (35).
This discrepancy suggests the possibility of a blockade
in the transfer of the nonimmunoglobulin amyloid

precursor from the blood vessels to the tissues, or such
a marked excess of light chain production and deposi-
tion that the amyloid fibrils consist primarily of light
chain fragments.

In contrast to the results in these diseases, the SAA
level remains normal in a number of illnesses with no
apparent active inflammatory, proliferative, or immu-
nologic features, such as chronic obstructive lung dis-
eases, diabetes mellitus, chronic osteoarthritis, arterio-
sclerosis (except for patients with recent myocardial
infarctions), and chronic liver diseases (with the ex-
ception of biliary cirrhosis, known to be associated
with certain peculiar immunologic phenomena). Be-
cause of the elevated levels of SAA seen in a variety
of diseases other than amyloidosis, it is important to
emphasize that the SAA level is of no value as a pos-
sible diagnostic test for the presence of amyloid.

Of particular interest in relation to possible factors
involved in the pathogenesis of amyloidosis was the
significant rise of SAA seen in acute inflammatory
and infectious disorders, and in preliminary studies,
its rapid return to normal in parallel with the im-
provement of the clinical state. This observation, which
must be confirmed by further investigations, is con-
sistent with the increase of SAA concentration during
the early stages of acute myocardial infarction, in pa-
tients with biliary cirrhosis and with chronic inflam-
matory and proliferative disorders (lymphoma and
other malignancies), and with the relatively normal
levels during the quiescent stages of these disorders.
These findings suggest that the SAA may be released
much like an acute phase reactant in many common
inflammatory and immune disorders. It is conceivable
that if these processes are short-lived, and the release
of SAA only transient, it can be rapidly cleared from
the circulation or removed from the tissues. In con-
trast, if the liberation of SAA persists for longer
periods, or if the liberation is massive, it may lead to
the formation of amyloid by mechanisms yet to be
uncovered. It seems possible that during this process,
the nonimmunoglobulin amyloid precursor may interact
with fragments of imnmunoglobulin light chains, thus
accounting for the presence of both components in the
deposits.

In view of the depressed state of cellular and humoral
immunity often seen in patients with amyloidosis and
in experimental animals with the disease (36) and
during the aging process (16), it would be tempting
to implicate this material in these phenomena. The
precise physiologic role of the SAA remains to be
defined. It is hoped that the radioimmunoassay herein
reported will be a useful tool in future studies to in-

vestigate many of the unknown aspects of this SAA,
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to uncover its site of origin, and to establish its pos-
sible role in the formation of the amvloid fibrils.
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