The New England Journal of Medicine
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ABSTRACT

Background After the age of 60, isolated cardiac
amyloidosis is four times more common among
blacks than whites in the United States; 3.9 percent
of blacks are heterozygous for an amyloidogenic al-
lele of the normal serum carrier protein transthyretin
in which isoleucine is substituted for valine at posi-
tion 122 (lle 122). We hypothesized that the high
prevalence of transthyretin lle 122 is at least partially
responsible for the increased frequency of senile car-
diac amyloidosis among blacks.

Methods Paraffin blocks of cardiac tissue were ob-
tained from an earlier study of 52,370 autopsies in
Los Angeles and were examined by immunohisto-
chemical and DNA analyses. Samples were available
from 32 of 55 blacks and 20 of 78 whites over 60
years of age with isolated cardiac amyloidosis and
from two control groups (228 cases).

Results Transthyretin amyloidosis was identified
in 31 of the 32 cardiac-tissue samples from the black
patients and in 19 of the 20 samples from the white
patients. Six of the 26 analyzable DNA samples (23
percent) from the black patients and none of the 19
samples from the white patients were heterozygous
for the lle 122 variant. Four of 125 DNA samples ob-
tained at autopsy (3.2 percent) from a second, more
recent, age-matched cohort of blacks without amy-
loidosis at the same institution were heterozygous
for the transthyretin lle 122 allele. On reexamination
the cardiac tissue from these four patients contained
small amounts of amyloid not detected at the initial
autopsies. All subjects with the lle 122 variant had
ventricular amyloid.

Conclusions The assessment of elderly black pa-
tients with unexplained heart disease should include
a consideration of transthyretin amyloidosis, partic-
ularly that related to the lle 122 allele. (N Engl J Med
1997;336:466-73.)
©1997, Massachusetts Medical Society.

SOLATED cardiac amyloidosis appearing late
in life (senile cardiac amyloidosis) was first de-
scribed in the 19th and early 20th centuries.):2
Pathological studies established its greater prev-
alence with increasing age, but the distinction be-
tween atrial and ventricular deposits was usually
ignored.?¢ The amyloid was thought to be a coinci-
dental finding of limited importance. Later studies
documented the clinical significance of the ventric-
ular deposits in producing congestive heart failure,
atrial fibrillation, and death from cardiac causes.”8
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The subsequent detection of small vascular deposits
in other tissues prompted the suggestion that this
disorder be renamed senile systemic amyloidosis.

The deposited fibrils contain transthyretin, a se-
rum protein that normally transports retinol-binding
protein and 25 percent of circulating thyroxine.®10 In
some elderly patients, the transthyretin amyloid has
a normal amino acid sequence!!'13; the cause of amy-
loid formation in these patients is unknown. In con-
trast, patients with autosomal dominant familial trans-
thyretin amyloidosis produce a more fibrillogenic
mutant protein.’* More than 50 amyloidogenic trans-
thyretin mutations are known, most of which cause
deposition in midadult life, primarily in the heart and
peripheral nerves (designated familial amyloid car-
diomyopathy or familial amyloid polyneuropathy, de-
pending on the primary site of deposition).415

Senile cardiac amyloidosis and familial amyloid car-
diomyopathy are clinically similar; thus, amyloido-
genic transthyretin variants may be unrecognized,
common causes of cardiac amyloidosis in some pop-
ulations. One such candidate is transthyretin iso-
leucine 122 (Ile 122), which results from a change
from A to C in codon 122, leading to the substitu-
tion of isoleucine for valine. This variant was discov-
ered in 1988, in transthyretin isolated from the
fibrils of a 68-year-old black man with no known
family history of amyloidosis who died of massive
cardiac amyloidosis.!® DNA analysis revealed that
the patient was homozygous for the amyloidogenic
allele.’” Three unrelated patients of black ancestry
with cardiac transthyretin amyloidosis and the Ile 122
substitution were subsequently described.!$20 The
presence of transthyretin Ile 122 in several patients
of black ancestry with cardiac amyloidosis suggested
that the variant may be a common cause of heart
disease in blacks. If so, it would contribute to the 28
percent of deaths that are due to cardiovascular dis-
ease among blacks and a rate of death from cardio-
vascular disease that is 1.5 times that of the total
population of the United States.2!
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In a molecular epidemiologic analysis, we found
66 transthyretin Ile 122 alleles in DNA samples
from 65 of 1688 black Americans. The calculated al-
lele frequency of 0.020 was similar for all geographic
areas in the United States, indicating that 1.3 million
U.S. blacks carry the Ile 122 allele, including 13,000
homozygotes.22 To date the variant has been report-
ed only in persons of African ancestry, despite exten-
sive screening of other populations.23-25

In a review of 52,370 autopsies performed at the
Los Angeles County—University of Southern Cali-
fornia Medical Center from 1949 to 1982, 136 cas-
es of senile cardiac amyloidosis were identified on
the basis of the patient’s age (over 60 years), the
heart as the main organ involved, and the confine-
ment of amyloid in other organs to small blood ves-
sels. After the age of 60, the prevalence of senile car-
diac amyloidosis among U.S. blacks (55 of 3334, or
1.6 percent) was significantly greater than among
either non-Hispanic whites (78 of 18,470, or 0.42
percent) or Hispanics of Mexican origin (3 of 2354,
or 0.13 percent), even though all other types of amy-
loidosis were less prevalent among blacks.2¢ These
data suggested that the higher prevalence of senile
cardiac amyloidosis among blacks reflected a factor
increasing the likelihood of cardiac amyloid deposi-
tion that was specific to this group, perhaps the
transthyretin Ile 122 allele.

The present study was designed to analyze the
molecular genetics of late-onset cardiac transthyretin
amyloidosis, in particular to assess the role of trans-
thyretin Ile 122.

METHODS

Pathological Analysis

Cardiac-tissue blocks were available from 32 of the 55 blacks
and 20 of the 78 non-Hispanic whites given a diagnosis of senile
cardiac amyloidosis on the basis of conventional pathological cri-
teria in an earlier review of autopsies performed at the Los Ange-
les County—University of Southern California Medical Center.26
They were confirmed to be positive on the basis of Congo red
staining, and the degree of deposition was assessed according to
established standards: a score of 1+ indicates replacement of <10
percent of myocardium with amyloid; a score of 2+, replacement
of 10 to 25 percent of myocardium; a score of 3+, replacement
of 26 to 50 percent of myocardium; and a score of 4+, replace-
ment of more than 50 percent of myocardium.?” An additional
score of 0.5+ (trace) was used to identify barely detectable de-
posits. The slides were processed for immunoperoxidase staining
and examined with antiserum specific for transthyretin, immuno-
globulin kappa and lambda light chains, amyloid A, and amyloid
P component.28 Control specimens for the immunohistologic
studies included cardiac tissues from New York patients known to
have AL (amyloid light chain) amyloid, patients with familial
amyloid polyneuropathy with cardiac involvement, and patients
with AL amyloid from the Los Angeles autopsy series. The pa-
thologist performing the immunohistochemical analyses did not
know the genetic results.

The original study, which was the source of the archival ma-
terial,26 was a retrospective analysis of all autopsies in which
amyloidosis had been diagnosed. The cases that could not be
confirmed on histologic reexamination were excluded. The inves-

tigators did not ascertain how often histologically evident cardiac
amyloidosis was missed in the original autopsies. To establish the
frequency of false negative results in the original series, we reex-
amined cardiac tissue from 103 randomly chosen black patients
over the age of 65, in whom amyloidosis was not diagnosed at
the time of the original autopsy, for histologic evidence of ven-
tricular amyloid.

DNA Analysis

DNA was extracted from the paraffin blocks as described pre-
viously.2? The polymerase chain reaction (PCR) was used to am-
plify exon 4 of the transthyretin gene.3® Because very little DNA
was extractable from the paraffinized tissue blocks, two rounds of
PCR were required; an aliquot of the initial PCR product was
used as the template for the second reaction, in which both prim-
ers bound to the product of the initial amplification and one
primer contained a mismatch that introduced a Fokl restriction
site into the PCR products derived from the transthyretin Ile 122
allele.3! Digested PCR products were subjected to electrophoresis
on agarose gels and stained with ethidium bromide to identify
bands representing the digested (transthyretin Ile 122) and undi-
gested (transthyretin Val 122) alleles (Fig. 1).

To minimize the risk of false positive results,32 PCR was per-
formed in laminar-flow tissue-culture hoods exposed to ultravio-
let light between experiments, acrosol-resistant pipette tips were
used, and DNA isolation and PCR analyses were performed in
separate laboratories. PCR controls included DNA samples from
a normal subject, a subject who was heterozygous for the trans-
thyretin Ile 122 allele, a subject who was homozygous for the al-
lele, and multiple negative controls (no DNA) in each experi-
ment. Because of variations in the age of the samples and the
method of fixation, the amount of intact DNA in the samples var-
ied considerably, with some yielding PCR products only sporad-
ically; thus, any PCR product seen in a single experiment could
have represented a contaminant or may have been derived from
only one allele in the original sample.333¢ To ensure that all assays
detected the true genotype, results were considered reliable only
if they were confirmed during at least two separate determina-
tions of each of two independent DNA extractions (each result
had to be confirmed in quadruplicate). Samples for which these
criteria were not fulfilled were considered technically inadequate.
As population controls we assayed DNA isolated from tissue

bp 1 2 3 4 5 6 7 8

151 —
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Figure 1. The Transthyretin lle 122 and Val 122 Alleles.

PCR products were digested with Fokl. Lanes 1 and 2 show
samples from blacks with cardiac transthyretin amyloidosis
and the normal allele at position 122 (Val 122); lane 3 shows a
sample from a black patient with cardiac transthyretin amyloi-
dosis who was heterozygous for the transthyretin lle 122 allele.
Lanes 4, 5, 6, and 7 show control specimens from subjects with
the normal allele (lanes 4 and 7), a subject heterozygous for the
transthyretin lle 122 allele (lane 5), and a subject homozygous
for the transthyretin lle 122 allele (lane 6). Lane 8 shows the
DNA size markers, with sizes of 383 and 121 bp.
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blocks from 19 whites with senile cardiac amyloidosis from the
same autopsy series and from autopsies of 125 age-matched blacks
without a pathological diagnosis of any form of amyloidosis from
a later period (1984 to 1989) at the same institution.

Clinical Data

Clinical summaries contained in pathology files were reviewed
for all patients given a diagnosis of senile cardiac amyloidosis.
Electrocardiograms or information revealing the presence or ab-
sence of congestive heart failure, atrial fibrillation or other ar-
rhythmias, hypertension, and a history of treatment with digitalis
glycosides was available in 59 of 136 cases. Among the 31 blacks
with isolated cardiac amyloidosis, the clinical cardiac data sets
were complete for only 7. The original hospital charts were not
available for any patient.

RESULTS

Fifty of the 52 available cardiac blocks (31 of 32
from black patients and 19 of 20 from white pa-
tients) were positive for transthyretin (Table 1); 49
of the 50 did not react with any of the other precur-
sor antiserum. One sample (from Patient 9 in Table
1) was positive for both transthyretin and immuno-
globulin light chains, presumably reflecting nonspe-
cific binding due to variability in tissue processing.
The patient met all other criteria for senile cardiac
amyloidosis. All samples were positive for amyloid
P component, confirming that they contained amy-
loid.3® The transthyretin-negative specimen (from Pa-
tient 27), although positive for anti-amyloid P com-
ponent, did not react with any other antiserum.
These results validated the original pathological di-
agnosis of senile cardiac amyloidosis in 96 percent of
the patients.

Among the cardiac-tissue samples from black pa-
tients, 6 of the 31 that were positive for transthyret-
in had amyloid-deposition scores of 4+; 5 had scores
of 3+; 1 had a score of 2+ to 3+; 6 had scores of
2+; and 13 had scores of 1+. One patient had cor-
onary arterial amyloidosis, and two had deposits in
intramural vessels. Apart from minimal-to-mild cor-
onary atherosclerosis, amyloidosis was the only car-
diac abnormality in 10 of 26 patients (38 percent).
The remainder had more extensive coronary artery
disease or hypertensive cardiovascular disease. When
the cardiac-tissue slides from 103 black patients over
the age of 60 that were presumed to be amyloid-
negative (obtained during the same period as the
original study) were reexamined for the presence of
amyloid, 1 contained trace amounts of transthyretin
amyloid. Thus, the false negative rate in the original
sample was less than 1 percent. DNA was not avail-
able from that sample.

Molecular analysis was successful on DNA isolated
from cardiac tissue from 26 of 31 blacks (Table 1).
Six of the 26 (23 percent; 95 percent confidence in-
terval, 11 to 35 percent) were heterozygous for the
transthyretin Ile 122 allele, a value that is significant-
ly higher than the value of 3.9 percent for the U.S.
black population at large2? (P<<0.001). The sample

468 - February 13, 1997

TABLE 1. CLINICAL, PATHOLOGICAL, AND MOLECULAR
CHARACTERISTICS OF 37 BLACK PATIENTS
WITH LATE-ONSET CARDIAC AMYLOIDOSIS. *

CONGESTIVE ATRIAL  EXTENT OF
PATIENT AGE (YR)/ HEeART FIBRILLA- AmyLOID TRANS- lle
No. SEX FaLUrRet TIoNt  DEPOSITIONS THYRETINY 122
1 71/M - - 1+ + -
2 69/F - - 4+ + -
3 81/M - + 1+ + —
4 78/F - - 2+ + -
5 77 /M - - 2+ + -
6 84/F + + 4+ + +
7 71/M + + 4+ + +
8 83/M - - 3+ + +
9 91/F NA NA 3+ E* +
10 85/F + - 2+ + +
11 74/F + + 1+ + -
12 79/M + - 2+ + —
13 91/M NA NA 1+ + -
14 >65/Ftt - - 2+ + -
15 71/F NA NA 2+ + —
16 82/M NA NA 1+ + -
17 85/M - - 4+ + TI
18 77 /M + - 2+ to 3+ + —
19 76/F + - 3+ + -
20 83/F + - 1+ + TI
21 72/M - - 1+ + TI
22 72/M NA NA 1+ + TI
23 93/M + - 3+ + +
24 73/M NA NA 1+ + —
25 67/F NA NA 1+ + -
26 85/F + NA 4+ + -
27 84/M NA NA 1+ — -
28 86/M + - 4+ + TI
29 97 /M - - 1+ + -
30 71/F NA NA 1+ + —
31 86/M + - 3+ + TI
32 80/M NA NA 1+ + -
331t 64/F - - 0.5+ + +
341t 72/M + - 0.5+ + +
351t 70/M - - 0.5+ + +
361t 60/M - - 0.5+ — +
371t 79/F + + 2+ + -

*A plus sign indicates the presence of the variable, and a minus sign its
absence. NA denotes information not available, and TI technically inade-
quate (samples in which DNA could not be amplified from the archival ma-
terial).

tThe presence or absence of congestive heart failure was determined
from information in the clinical abstract.

1The presence or absence of atrial fibrillation was determined only in pa-
tients for whom electrocardiograms were available.

§The extent of amyloid deposition was determined by Congo red stain-
ing. A score of 1+ indicates replacement of <10 percent of myocardium
with amyloid; a score of 2+, replacement of 10 to 25 percent of myocar-
dium; a score of 3+, replacement of 26 to 50 percent of myocardium; and
a score of 4+, replacement of more than 50 percent of myocardium.?” An
additional score of 0.5+ (trace) was used to identify barely detectable de-
posits.

Y Transthyretin status was determined by immunohistochemical analysis.

| Transthyretin Ile 122 status was determined by PCR and restriction-
enzyme analysis.

**This sample was also positive with an antiserum against immunoglob-
ulin light chains.

t1The patient’s exact age was not known.

tiPatients 33 through 37 were part of a cohort from whom samples
were obtained between 1982 and 1985 (see the Results section).
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that could not be classified immunohistochemically
was negative for transthyretin Ile 122. None of the
samples from the 19 white patients with amyloidosis
were positive for transthyretin Ile 122 (Table 2).

Of the 6 black heterozygotes, 5 (83 percent) had
amyloid-deposition scores of 3+ or 4+, whereas
only 3 of the 20 black patients who were negative
for the transthyretin Ile 122 allele (15 percent) had
heavy deposits (P<<0.005). The clinical summaries
provided pertinent data on five of the six heterozy-
gotes: four had congestive heart failure, and two had
atrial fibrillation.

To control for geographic, temporal, and selec-
tion biases inherent in autopsy studies, we assayed
DNA obtained from tissue blocks from 125 ran-
domly chosen U.S. blacks over the age of 60 in
whom no amyloid was identified at the original au-
topsy, performed at the same institution from 1984
to 1989. Four patients (Patients 33, 34, 35, and 36
in Table 1) were heterozygous for the transthyretin
Ile 122 allele (3.2 percent; allele frequency, 0.016);
this prevalence is statistically identical to that in the
general black population in the United States,?? in-
dicating that the autopsy population was not biased
with respect to the frequency of the allele. Histolog-
ic examination of cardiac ventricles from 115 of the
125 controls by an observer who was unaware of the
molecular analysis revealed myocardial amyloid in
5 (additional tissue was not available from 10 sam-
ples obtained at autopsy, all of which were negative
for transthyretin Ile 122). Four were those identified
as heterozygous for the transthyretin Ile 122 allele
(Patients 33, 34, 35, and 36 in Table 1). Review of
the fifth case (Patient 37 in Table 1) confirmed the
presence of moderate amyloidosis, which was misdi-
agnosed at the time of the original routine autopsy.
The prevalence of detectable amyloid was significant-
ly greater in the patients with transthyretin Ile 122
than in those without (Table 3).

When the prevalence of transthyretin amyloid dep-
osition was analyzed according to the age at death, a
greater proportion of blacks than whites was affected
in every age group, with a ratio of blacks to whites
of approximately 8:1 for the ages 60 to 69. The ratio
was greatest (13:1) for the ages 70 to 79 (Table 4).
The ratio decreased in later decades because of an
increase in cardiac amyloidosis among whites (Fig.
2). Homozygosity for the transthyretin Val 122
allele predominated in blacks with cardiac trans-
thyretin amyloidosis into the ninth decade, whereas
among blacks over 90 years of age, the majority were
heterozygous for the transthyretin Ile 122 allele.

DISCUSSION

These data, obtained with the use of tissue from
a large, racially and ethnically diverse autopsy study
of amyloid in which specific precursors were identi-
fied, confirm earlier observations that the prevalence

TABLE 2. FREQUENCY OF HETEROZYGOSITY
FOR TRANSTHYRETIN Ile 122.

No. witH
PoPuULATION TRANSTHYRETIN P
EXAMINED lle 122/ToTAL (%)  VALUE*
Blacks over 60 yr with 6/26 (23)
cardiac amyloidosis
All blacks 65/1688 (3.9) <0.001

Whites over 60 yr with 0/19 0.03
cardiac amyloidosis

*The P value is for the comparison with blacks
over 60 years of age with cardiac amyloidosis, by
Fisher’s exact test.

TABLE 3. FREQUENCY OF LATE-ONSET
TRANSTHYRETIN AMYLOIDOSIS IN AUTOPSIES
OF PATIENTS OVER 60 YEARS OF AGE,
ACCORDING TO THE TRANSTHYRETIN
Ile 122 StATUS.

No. witH CARDIAC
AmYLOIDOSIS/TOTAL (%)

TRANSTHYRETIN
lle 122 StaTUs

Positive 4/4 (100)*

Negative 1/111 (0.9)

*P<0.001 for the comparison between the two
groups, by Fisher’s exact test.

TABLE 4. DEMOGRAPHIC FEATURES OF PATIENTS WITH SENILE
CARDIAC AMYLOIDOSIS, ACCORDING TO THE AGE AT DEATH.

BLack:
AGE (YR) BLAcks WHITES WHITE*
NO. IN WHICH NO. IN WHICH
NO. OF AMYLOIDOSIS NO. OF AMYLOIDOSIS
AUTOPSIES ~ DIAGNOSED (%) AUTOPSIES ~ DIAGNOSED (%)
60-69 1652 4(0.2) 6563 2 (0.03) 8:1
70-79 1118 18 (1.6) 7209 9(0.1) 13:1
80-89 464 22 (4.7) 4145 46 (1.1) 4:1
90-99 98 8(8.2) 551 15 (2.7) 3:1
>99 2 2 (100) 2 1 (50) 2:1

*The ratio was calculated as (the number of blacks given a diagnosis of
amyloidosis + the number of blacks autopsied) + (the number of whites
given a diagnosis of amyloidosis + the number of whites autopsied). The
Hispanic cohort was of Mexican, not Caribbean, origin and was not in-
cluded in the analysis since the number was too small (3 of 2354, 0.13 per-
cent) for meaningful comparison by decade; the 3 cases of amyloidosis
were in patients 80 to 89 years of age.
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Figure 2. Percentage of Autopsies among All Blacks, Blacks Ho-
mozygous for the Transthyretin Val 122 Allele, Blacks with the
Transthyretin lle 122 Allele, and Whites in Which Transthyretin
Cardiac Amyloidosis Was Identified, According to the Age at
Death.

Only 3 of 2354 Mexican Americans (0.13 percent) had this form
of amyloidosis, all of whom were 80 to 89 years of age.

of cardiac amyloid increases with age and demon-
strate that, after the age of 60, the risk among blacks
is four times greater than that among whites in the
United States. Among blacks, the prevalence of the
transthyretin Ile 122 allele was higher among those
with cardiac amyloidosis at autopsy than among age-
matched controls or in the general black population
in the United States. Transthyretin Ile 122 was re-
sponsible for approximately 25 percent of the cases
among blacks. Despite extensive screening in several
centers, transthyretin Ile 122 has not yet been re-
ported in persons who are not of African descent.23:25

Prior autopsy studies suggested that isolated ven-
tricular amyloidosis (i.e., transthyretin-related amy-
loidosis) occurs in up to 25 percent of persons over
the age of 90.8 In the present study, 2.7 percent of
whites and 8.2 percent of blacks who were 90 to 99
years of age had ventricular amyloidosis. Since both
the current data and prior prevalence data were de-
rived from autopsies, it is unlikely that the difference
between them reflects the systematic underestima-
tion of disease prevalence known to occur in autopsy
series. The documentation of a false negative rate of
1 percent in the detection of cardiac amyloid at au-
topsy also makes a systematic error in diagnosis un-
likely. It is not known why the prevalence was lower
than in previous reports, but the discrepancy may re-
flect population differences or a disparity in autopsy
rates.®

Our data raise the question of whether other in-
vestigators have found an increased risk of cardiac
amyloidosis among blacks. Most series do not ad-
dress ethnic or racial status, but two studies, both
conducted before specific amyloid antiserum became
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available, suggested a high risk in this group. In a
Tennessee hospital, cardiac amyloidosis was identi-
fied in 15 of 600 of consecutive autopsies (2.5 per-
cent) of patients over the age of 503¢; 14 of the 15
patients were black. The reporting institution had
a predominantly black population, making racial or
ethnic comparisons impossible. Another study, which
included both blacks and whites in the cohort of
1958 subjects over the age of 60, noted 42 cases of
cardiac amyloidosis.? There was a trend toward a
greater prevalence in blacks, but the sample size was
too small to detect less than a threefold increase.

Of four patients with cardiac transthyretin Ile 122
amyloidosis described in prior case reports, two were
homozygous for the variant allele,}720 despite the
heterozygote-to-homozygote ratio of 100:1 in the
black population in the United States,?? suggesting
that the risk of clinical disease is further increased in
homozygotes. The absence of homozygotes in the
present study is reasonable because of the size of the
autopsy population: 0.038 percent of U.S. blacks are
predicted to be homozygous for the variant allele. If
there is no early increase in mortality among ho-
mozygotes, 1.3 homozygotes (95 percent confidence
interval, 0.67 to 2.2) would be expected among
3334 subjects.

The examination of tissue obtained at autopsy from
ethnically and age-matched patients without amyloi-
dosis from a subsequent period (1984 to 1989) per-
mitted us to evaluate the hypothesis that trans-
thyretin Ile 122 confers an absolute risk for some
degree of cardiac amyloidosis. The availability of a
genetic marker, identifying persons potentially at
risk, enabled us to study the genome and cardiac tis-
sues independently (Table 3). The 3.2 percent prev-
alence of transthyretin Ile 122 in patients in whom
amyloid deposition was missed at the initial autopsy
did not differ statistically from that (3.9 percent) in
our population survey.?2 The fact that the quantities
of amyloid found in these patients (all under the age
of 72) were very small supports a relation between
increasing age and the degree of deposition (Fig. 3).
The transthyretin Ile 122 allele appears to behave as
an autosomal dominant gene with age-dependent
penetrance. Our studies indicate that there is a
threshold for detection of amyloidosis by a patholo-
gist during a routine autopsy and that the observer
must be both assiduous and suspicious.

Although the degree of deposition of transthyret-
in Ile 122 defined pathologically is semiquantitative,
it is at least partially related to age (Fig. 3); a similar
association was not seen among whites or blacks
without the transthyretin Ile 122 allele. Additional
factors (different environments, other gene prod-
ucts, or both) must affect the extent of deposition
and explain the portion of the increased risk in
blacks that is not related to the transthyretin Ile 122
allele. Some persons who are negative for the trans-
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Figure 3. Degree of Amyloid Deposition According to the Age
of the Patient at the Time of Death and the Type of Transthy-
retin Present.

Each point represents one patient. Since the degree of deposi-
tion was not measured as a continuous variable, the relation
between age and amyloid deposition was assessed with a non-
parametric analysis (Spearman’s rank order). For patients who
had one transthyretin lle 122 allele, the r value was 0.5938, sug-
gesting that approximately one third of the variance could be
attributed to age. The analysis of the patients who were ho-
mozygous for transthyretin Val 122 revealed no relation be-
tween age and the degree of amyloid deposition. A score of 1+
indicates replacement of <10 percent of myocardium with
amyloid; a score of 2+, replacement of 10 to 25 percent of my-
ocardium; a score of 3+, replacement of 26 to 50 percent of
myocardium; and a score of 4+, replacement of more than 50
percent of myocardium.

thyretin Ile 122 allele but have amyloidosis may have
other mutations. The proposed model of an auto-
somal dominant disease with age-dependent pene-
trance is similar to that for disease associated with
other transthyretin variants, such as transthyretin
Met 30, although the latter usually has an earlier age
of onset.37:38

What are the clinical implications of these find-
ings? Almost 3 million blacks in the United States
are over the age of 65, and 107,000 carry at least one
transthyretin Ile 122 allele.21.22 In this age group, a
score of 3+ or 4+ for cardiac ventricular amyloid
deposition is associated with an increased frequency
of atrial fibrillation and congestive heart failure.?”
Among persons over the age of 90 in whom cardiac
amyloidosis was found at autopsy, amyloid was the
cause of death in half.?

Fragmentary information gleaned from the avail-
able hospital records of 59 of the 136 patients with
senile cardiac amyloidosis included in the original
autopsy study allowed some tentative judgments con-
cerning the clinical relevance of the finding in those
patients. Almost one third of the patients with con-
gestive heart failure, atrial fibrillation, other conduc-
tion disturbances, or some combination thereof had
no serious pathological evidence of heart disease
other than amyloidosis.

With recent advances in the treatment of amyloi-
dosis, the specific type of amyloid in each patient
must be determined, because chemotherapy is now
the standard approach to the treatment of patients
with AL amyloid deposition®40 and liver transplan-
tation is useful for young patients with familial
transthyretin amyloidosis.4#2 Although there is no
specific therapy for patients with deposition of nor-
mal-sequence transthyretin amyloid and liver trans-
plantation is problematic in elderly patients, our
observations indicate that molecular diagnosis is im-
portant. Two thirds of the patients with amyloidosis
had other types of heart disease. Since cardiac amy-
loidosis is known to increase sensitivity to digoxin
and calcium-channel-blocking drugs,*3-45 the identi-
fication of amyloid deposition may affect the treat-
ment of coexisting heart disease. Echocardiography
and endomyocardial biopsy should make possible pre-
cise diagnosis in living patients whose transthyretin
genotype is known.

In the absence of a known family history, patients
with cardiac transthyretin Ile 122 amyloidosis may be
given a clinical diagnosis of senile cardiac amyloidosis.
Their disease is, by molecular definition, more accu-
rately termed familial amyloid cardiomyopathy; thus,
the term senile cardiac (systemic) amyloidosis should
be reserved for patients confirmed to have deposition
of normal-sequence transthyretin amyloid. Elderly
patients with cardiac transthyretin amyloidosis who
are not further evaluated are best given a diagnosis
of late-onset cardiac transthyretin amyloidosis, indi-
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cating the biochemical identity of the amyloid pro-
tein and the major clinical features of the disease.#0:47

Except for some areas of Portugal, Sweden, and
Japan in which there is a high prevalence of the
transthyretin Met 30 allele, familial amyloidosis re-
sulting from deposition of variant-sequence trans-
thyretin has been considered rare. The data suggest
that in the United States, transthyretin Ile 122 is a
common, unrecognized genetic cause of late-onset
heart disease among blacks. Our study was per-
formed on autopsy samples collected from 1949 to
1982, when the average life expectancy was several
years less than it is today.*® The findings are even
more relevant now when life expectancy, even among
the medically underserved, has increased. The high
frequency of the transthyretin Ile 122 allele among
blacks and its age-dependent penetrance require that
it be considered in any assessment of cardiac disease
in black patients over the age of 60.
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