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F HAVE PREVIOUSLY REPORTED the pres-
E \’ ence of an isoanugen of buman sera,
rare or absent in normal U. S. and northern
European populations but relatively com-
mon in patients with leukemia (I, 2). The
“new” isoantigen has been called "Aus-
tralia antigen” becawse it was first found
in the serum of an Australian aborigine. It
appears to be different from the low-density
lipoprotein isoantigen system first described
in our laboratory (3-5). Hemophilia pa-
tients and others who have received mulei-
ple transfusions may develop precipitating
isoantibodies against Australia antigen,
These precipitating isoantibodies react with
a protein in the bleod of some normal and
some sick individuals. This isoantigen (Aus-
tralia antigen) could not be identified as
being any of the known serum proteins.
Australia antigen (Au(l)) has the im-
munoelecirophoretic mobility of an alpha
globulin and a specific gravity of less than
1.21 (6). It stains faintly with the lipid-
specific dye Sudan black, indicating the
presence of some lipid. It can be distin-
guished from the serum alpha- and beta-
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lipoproteins by its staining characteristics,
flotation  properties, and immunological
specificities. Specific antibodies against Aus-
tralia antigen have been produced in rab-
bits by immunization with whole serum
that contains Australia antigen followed by
absorption with the sera of individuals
without the protein (7).

Recent studies of bloed collected in
Cebu, Peru, and Rongelap Atoll show sig-
nificant family clustering of the trait (8).
In addirion, the segregation data are con-
sistent with the hypothesis that individuals
homozygous for an allele 4w (genotype
A | Auty have detectable Australia antigen
{phenotype Au(l)) while those homozygous
for an alternative allele (Au/4u) and het-
erozygotes (4w ] Au) have no detectable an-
tgen (phenotype Au(0)). Pending the ac
quisition of additional data, this generic
hypothesis has been proposed to explain
the family clustering in the populations
tested,

With the nse of human and rabbit anu-
sera, the distribution of Aw(l) in several
normal and patient populations has been
derermined (2, 8). Au(l) is absent in normal
U. S, populations and rare in north Euro-
pean populations (approximately 171,000}
but is fairly common in some Southeast
Asian and Mediterranean populations. Ii is
also relatively common in patients with leu-
kemia, particularly in those with acute
granulocytic leukemia (see below).

The original finding of Au(l) in very low
frequency in normal individuals and in
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relatively high frequency in some kinds of
leukemia suggested that individuals with
this trait (which they may have inherited)
may be 'more susceptible to leukemia than
those without it. A ¢orollary of this hypoth-
esis is that individuals with a high risk of
developing leukemia would comprise a
population having a higher frequency of
the trait than subjects drawn from the nor-
mal populations. Several”such groups are
known. These include patients with Down’s
syndrome (mongolism), polycythemia vera,
co-twins of an identical twin having leu-
kemia, individuals exposed to'radiation,
and others (for a review, see Miller (11)).
Several of these groups have been tested for
the presence of Au{l), and the highest fre-
quency in amy U. 8. population'so far
tested has been found in a group of pa-
tients with Down’s syndrome (9, 10).

In the presemt paper, we describe our
further studies on the prevalence ol Au(l)
in Down’s syndrome patients.

Matenzar, anp Mgermobs

Blood specimens were obtained from 75 male
residents of the Swate Colony at New Lisbon,
N. J.. who were admitted with che diagnosis of
mongolism. For a control group; blood speci-
mens were obtained from 76 male residents
with the diagnosis of “epilepsy.” The age dis-
wribiution was approximately the same as in the
Down's syndrome group, and they had been
institutionalized for approximately the same
length of tme. The admirting  diagnoses of
residents at New Lisbon State Colony are sup-
plied by the patient’s local physician, and these
in general are not altered after admission. Chvo-
mosome studies were performed on 17 of the
Down’s syndrome patients and 4 of the con-
wols (see below).

Alter the identification of Down’s syndrome
patients with and without detectable Australia
antigen, a second collection was undertaken in
which blood was withdrawn from 19 residents
with Aufl) and 26 residents without it. A series
of tests were performed on these samples. The
white blood cell, red blood cell, and platelet
coumnts, the white lilood cell differential count,
hemoglobin concentration, and hematocrit vol
ume were determined using standard laboratory
methods. We are indebted to Dr. R. A. Donato
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of Jeanes Hospital, Fox Chase, Philadelphia,
Pa, for performing these tests. The ‘follow-
ing red blood .cell antigens were ddentified
using the appropriate antisera: B, As, A, C, D,
DY E, ¢, e, Le', Le¥ Kp", Kp", M,'N, §, s, Vd,
K. k, Fy*, Fy", Jk¥ Lu", Lu®, Js* B, T}, and V=
We are indebted to Dr. Neva M. Abelson of
the Hospital of the University of Pennsylvania
for pevforming these tests, Uricacid levels were
determined by the method of Liddle, Seeg-
miller, and Laster (12) through the courtesy of
Dr. L. A Healey of the University of Washing:
ton. The white blood cell glucose-6-phosphate
delyydrogenase and galactose-1-phosphate uridyl
transferase levels were determimed by Drs. W, J.
Mellman and F. A. Oski ol the University of
Pennsylvania ‘using the methods described by
them (13). The vitamin B levels were deter-
mined by the method of Hutney, Bach, and
Ross (14). We are indebted to Dr. W. J. Wil
liims of the University of Pennsylvania for per-
forming these tests.

Blood specimens from nine Down's syndrome
residents. (five girls and four boys) of a Mary-
land institution for mentally retarded children
were also tested. Blood from patients with poly-
cythemia vera was obtained ar three diffexem
clinics. These inicluded 14 patients from Phila-
delphia, 36 from Portland, Ore, and 32 from
San Francisco. Other sera from patients were
collected primarily in the Philadelphia area, as
noted, in the Adinowledgments section. Venous
Bblood was collected into dry Vacutainers (Bee-
ton, Dickinson Co.) or testtubes. The blood
was allowed to clot overnight and the serum,
removed by centrvifugation. In'some_cases, small
amounts-of sera, weve separated from the bldod
immediately after collection and used in the
double diffusion tests. Sera were stoved at —20.C
for later tesing.

Double diffusion in agar gels was done by
a micro-Ouchterlony technigne deseribed pre-
vipusly (15). Double diffusion in agar gel tubes
was done by the method of Preer and Preer
(16). Chromosome studies wére performed on
leukocyte cultures from 17 of the Down's syn-
drome patients using a method recently de-
seribed (17).

The' chisquare determinations were done as
described by Snedcor (18), When any of the
two-bytwo table cells contained numbers lower
than five, Fisher’s exact method was used. Swu-
dent’s ¢ test was nsed for comparing the quan-
titative results obtained on the antigen-positive
and -negative bloods, Where appropriate, the
miethod for comparing unpaired series of num-
bers was 'used.
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Distribution of Australia Antigen in Patients and U. 8. Normals

Tsease

No, Tested No. Positive 7 Positive

A-beta-lipoproteinemia

Amyotrophic lateral sclerosis

Anemia, various

Arthritis¥

Cancer, other than leukemia

Diaberest

Down's syndrome (mongelismi]

Fancont’s anermia (hypoplasia hone marrow)
Hemophilia

Hepatitis, virus§

Hodghkin's disease

Hypercholesterolemia

Leukemia and related diseases (see Table 23
Lupus erythematoesus

Multiple mywloma and macroglobulinemialj
Myasthenia gravis

Pelveyvthemia vers

Rheumaric fever

Tangier disease

Thalusssemia

1. &, normal population™

Total

& 0 0
13 0 0
2 £} 0
it 1 i
05 0 0

303 % 6]
84 25 208

2 1
61 3 50
18 5 1.4
12 i 83

7 0 ¢

177 16 o0
i) 0 &
2R 1 1.1
11 & 0
82 e} 4]

124 & i)

A 0 0
84 2 24

1,524 i} i
2,907 34

# Fifty rheumatoid arthritis, 3 psoriatic, 4 Sjogren’s, 8 ankylosing spondylitls, 5 Yconnective tissue’" disease,
+ Includes 96 from the United States and 207 from Brazil.
% Includes 73 male patients from the Wew Jersey institution, and 5 females and 4 males from the Maryland

insritution.

§ These sera were from patients suspected of having infectious or serum hepatitis.
| One patient with Au{1} bad both chronic lymphocytic leukemia and multiple myeloma and is included in both

eptegories, . )
** P'hig fncludes 607 Negro and 917 white persons.

Resvrrs

DISTRIBUTION OF AUSTRALLA ANTIGEN IN

PATIENTS

Nearly 309, of the Down's syndrome pa-
tients had detectable Australia antigen in
their serum. This includes (Table 1} 19 of
the 75 males from the New Jersey institu-
vion and $ of 5 females and 3 of 1 males
from the Maryland institudon. This repre-
sents the highest frequency found in any
patient group so far tested. Four of the 76
control patients had Australia antigen. Of
these, three had some stigma of Down's syn-
drome, that is, prominent ¢picanthal folds,
Brushfield’s spots, large interpupillary dis-
tance, short middle phalanx of the filth
finger, “‘mongoloid crease” of the palm,
high palatal arch, etc. However, none of
these had the typical Down's syndrome

chromosome pattern on examination of the
peripheral blood. As noted below, mosai-
cismn cannot be ruled out by chromosome
analysis of a relatively small number of
cells from a single source. The difference
in frequency of Australia antigen between
the Down's syndrome and the control group
is highly significant (x? = 11.8, P < 0.001).
The protein was not found in any of the
normal individuals from the United States.
Australia antigen has been found in pa-
tients with leukemia, hemophilia, and thal-
assemin as well as in those with Down’s
syndrome. Forey-eight sera from patients
suspected of having either serum or infec
tious hepatits were tested. OF these, five
were found to have Australia antigen. The
findings in hepatits will be described in
greater detail in a subsequemt paper. In
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addition, a single patient with Fanconi's
anemia (hypoplasia of the marrow} and one
patient (from Finland) with Hodgkin's dis-
ease have the antigen (Table ).

The distribution of Australia antigen in
lenkemia and related disease groups is
given in Table 2. The frequency is rela-
tively high in acute granulocytic leukemia
patients and to this date has not been found
in any patient with chronic granulocytic
leukemia. Australia antigen was found in
a single case of the velatively rave chronic
reticuloendotheliosis. None of the polycy-
themia vera patients had dewectable Aus-
tralia antigen.

We have recently concluded a study on
Cebu Island, the Philippines, which in-
cluded blood specimens from 584 patients
with lepromatous leprosy, 377 patients with
tuberculoid leprosy, and 764 controls with-
out leprosy (19, 20). There was a signifi-
cantly higher incidence of Au{l) in the
lepromatous leprosy cases as compared with
either the tuberculoid leprosy cases or the
controls (9.49, lepromatous, 3.4%, tubercu-
loid, 4.8%, control). This difference is even
more striking if only young men (under 20
years) are considered (26.7%, lepromatous,
7.9%, tuberculoid, 5.5%, controls). As noted
above, Au(l) is relatively common (about
59 in nonhospitalized, apparently normal
populations in several Asian and Oceanic
countries including the Philippines (8).

A SEREM ANTIGEN IN DOWN'S SYNDROME,
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Distribution of Australia Antigen in
Leukemia and Related Diseases

TABLE 2.

Disease Total  Pesitive for
No. of Australia
Cases Antigen
no. A
Acute granuloeytic leokemia 38 7 18.4

Chronie granulocy tic leukemia 41 4] o

Acute lymphocytic leukemia 58 2 33
Chronic lymphocytic leukemia 30 4 13.3
Other* 10 2% e

* Lymphosarcoma, J3, reticolum cell sarcoms, 3,
chranic reticuloendotheliosis, 1, plasma cell leukemia, 1,
acute sten cell lentkemia, 2,

t Chronic reticulvendotheliosis, 1, acute stem cell
feukemia, 1.

AGE

The age distribution by 20-year groups
of the trait in the Down’s syndrome pa-
tents is shown in Table 8, in which this
distribution is compared with that in sev-
eral populations of apparently normal peo-
ple in whom Au(l) occurs and with that
in the sera of leprosy patients and controls
from Cebu. The normal and patient groups
used in the comparison were selected be-
cause of the high frequency of Au(l) and
the availability of relatively large numbers
of samples. The frequency of Au(l) de-
creases with age in all of these populations.
When each of the populations is divided
into younger (0 to 39) and older (404) age
groups, the differences in frequency of Au(l)

TaBLE 3. The Distribution of Australia Antigen by Age in Patients with Down's Syndrome
and in Three Other Populations

Age Down's Syndrome, Marshall Islands,

roup New Jersey UusTI.P.I* Cebu, Philippinest Manila, Philippines
Cases Pagitive Cases Positive Casges Pasitive Coses Positive
yr 3. na. & no. o, ni. 2o, “ TR o, e
0-19 34 12 353 196 16 835 348 30 8.6 22 2 9.4
20-39 30 ) 20:0 148 12 3.1 G4R 62 6.5 132 ] 4.5
4054 i1 1 o1 83 4 3.7 378 16 4.2 36 1 2.8

O 0 ] e 67 1 1.5 128 3 2.3 0 & 0
Total 75 19 496 33 6.2 1,802 11 6.2 196 9 4.6

* [1.8. Trust Territary of the Pacific Islands,

f The Cebu population includes persons with and without leprosy.
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TABLE 4. Blood Factors Studied in Austyalia Antigen-positive (Auil)) and ~negative (Aui0)? Sera™

Studyt

Posttdve, Auils

Total

Megative, Au{lh Autiy b Audn

RBC count, siliion fynrd
Hematocrit reading, * |
MOV,

MOH, uug

MCHC, 4.

WBC count, /mm®
Pobrmorphonuciear cells, 75
Stab cells,
Lymphooytes, %,
Monocytes, /)
Eosinophils, ]
Basophils, Y

WBC G-0-PD, pmeles TPN
redugced f 108 W BC jmin

WBC G-1-PUT, pneles UDPG e/ 1P WBC
Platelets, /mm®

Uric acid, me/ 00 ml

No. Mean No Mean No. Mean

studied  Valoue Studied Value Studied  Value
v 15.2 26 5.5 45 15.%

14 +48 20 168 43 1,58
19 43,0 20 EXR 45 43,5
19 96.2 26 94,5 43 95,2
19 330 26 335 45 33.7
19 353 26 353 43 354
19 7,133 M 7,725 15 7483
10 56.3 23 540 42 55.0
1o 39 23 4.4 42 4.2
19 L2 N 13 RIS 42 38,7
19 2.3 23 2.3 12 2.3
14 2.8 23 2.0 12 2.4
19 0.4 23 0.3 42 0.3
9 7. G 13.0 18 16.4
L} 201 10 16,3 10 PR

19 191,158 200 213,461 45 204,044

i§ 3.2 206 5.3 44 52
17 o986 23 34T 3 4068

Vitamin Bs, pue/mi

* None of the differences were significant with the exception of vitamin B, where ¢ = 2920 and P < 0.01,

T MCV = mean corpuscular volume, MCH = mean corpuscular hemoglobiz, MCHC = mean corpuscular
Lemoglobin concentration, G-6-PD = gluvose-G-phosphate dehydrogenase, TPN = wiphosphops ridine nueleotide,
G-1-PUT = galactose-1-phosplate widyl transferase, UDPG = uridine dipbosphate glucose.

are statistically significant for the Cebu
population (0.02> P > 0.01) and nearly so
for the Marshall Islands (0.1 > P> (.05)
but not for the others.

CHROMOSOME STUDIES

Seventeen patients of the 75 Down’s syn-
drome patients included in this study were
selected for cytogenetic examination, Cri-
teria used in the selection were low ma-
ternal age at birth or other indication of
possible familial transmission of the syn-
drome, relatively high intelligence, and, in
one case (385H), the relatively advanced age
of the patient (60 years). One case was
chosen at random. The selection was made
without prior knowledge of the antigen
phenotype. A minimum number of 10 meta-
phase chromosome counts and [ karyotype
analysis was made on each individual (leu-

kocyte cultures); in those cases in which the
modal chromosome number was not 47,
additional counts and analyses were made.
Fourteen of the 17 patients were found 1o
be trisomic for chromosome 21, the classi-
cal finding in Down's syndrome (21). Ot
the remaining 3. 1 (389H) was a mosaic
ol normal and trisomy-21 cells, the second
{381H) was the carrier of a 15-15/21 wans-
location and effectively trisomic for 21, and
the third (385) had only chromosomes that
were entively normal in number and mor-
phology in the single cell type studied.
More extensive cytogenetic analysis might
have vrevealed additional mosaicism in
which cells of subordinate clones were pres-
ent in low frequency, but because it i3 pos-
sible 1o study the chromosomes of relatively
few cell types trom a limited number of
sites, it iy impossible o rule out mosaicism
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completely in any human, None of these
three had detectable Au(l).

Of the 14 typical Down's syndrome pa-
tients (that is, with 47 chiromosomes), 3 had
Australia antigen. Chromosome studies
were done on 4 of the control patients.
None of these had the typical Down's syn-
drome trisomy pattern.

The blood factors studies are shown in
Table 4. With the exception of the vitamin
By, values, there was no significant dif-
ference berween the patienis with and
those without Australia antigen. The mean
of the By, values for the positive group
{(Australia antigen present) was 698.6 and
for the negative group (Australia anti-
gen absent), 3413, This gives a ¢ value
of 2926 and 001> P> 0.001 and indi-
cates that it is highly unlikely that this
difference between the means is due to
chance. The levels of white blood cell galac-
tose-1-phosphate uridyl transferase and glu-
cose-G-phosphate dehydrogenase are higher
on the average in the Au(l) than the Au(0)
patients, but this difference is not signifi-
cant. They are considerably higher than
the values given for novmal white blood
cells in the table published by Mellman and
colleagues (13). The hematocrit reading,
mean corpuscular volume, mean corpuscu-
lar hemoglobin, and mean corpuscular
hemoglobin concentration for all the
Down's syndrome patients combined are
slightly higher than those for normals, con-
firming the findings of Naiman, Oski, and
Mellman (22). The average of the uric acid
levels for all patients combined is about
the same as that found for male Down's
syndrome patients by Mertz, Fuller, and
Concon (23) (who used a differemt tech-
nigue for measuring uric acid). They noted
that young mongoloids had higher levels
than did the control patients.

Discussion
There is a significantly higher frequency
of Au(l) in the Down’s syndrome patients
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than in the controls. From this, we may
conclude that the high frequency is asso-
ciated with Down's syndrome and that it
is not due to institutionalization alone. The
frequency appears to decrease with age in
the Down's syndrowe patients as it does in
other populations. There is a higher aver-
age vitamin By, level in the Au(l) individu-
als compared with the Au(0), but this find-
ing should be confirmed before further
comment is warranted. All the Downt's syn-
drome patients with Au(l) and whose chro-
mosome complement is known have the
usual 21 trisomy.

The present state of knowledge concern-
ing Australia antigen has been sumumarized
in the introduction. The most striking fea-
ture of our data is the discovery of Aus
tralia antigen in high frequency in patients
with Down's syndrome, leukemia (par-
ticularly acute granulocytic Jeukemia and
chronic lymphocytic leukemia), and viral
hepatitis. These diseases have been linked
for other reasoms: Padents with Down's
syndrome have an increased risk of develop-
ing leukemia, particularly acute myeloge-
nous leukemtia (11); an association has been
found between epidemics of hepatitis and
the birch 9 months later of children with
Down's syndrome (24); furthermore, it has
been reported that sera of patients conva-
lescing from hepatitis cause chromosome
aberrations in tissue cultures (25),

Most of the disease associations could be
explained by the association of Au(l) with
a virus, as suggested in our previcus publi-
cations (2, 6, 8). The discovery of the fre-
quent occurrence of Au(l) in padents with
viras hepatitis raises the possibility that the
agent present in some cases of this disease
may be Australia antigen or be responsible
for its presence, The presence of Australia
antigen in the thalassemia and hemophilia
patients could be due to virus introduced
by wansfusions. This, however, could not
be the only explanation, since many trans-
fused patients neither have the antigen nor
an antibody against it. To our knowledge,

~ PEN.002.0797
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none ol the Down’s patients with Australia
antigen have received transfusions, and its
presence in these patients may be the resule
of very early or maternal infection. Associa-
tions between Down’s syndrome and thy-
roiditis (26) and rubella (27) have also been
suggested, but these have not been studied
in respect to Au(l).

As noted in the introduction, a suiking
tamily clustering of Au(l) has been found
in Filipino and other populations (8). This
could be explained on a simple inlection
hypothesis if the anack rate were higher in
children than it is in adults, (See Table 3
of this paper and Table 5 of reterence 8.)
However, the segregation in the families is
consistent with simple awtosomal recessive
inheritance. If Au(l) is inherited, as these
resulis suggest, this would require an ex-
planation consistent with the infection
theory. v is possible that the wrait is in-
herited in some groups such as the Filipinos
but not in others. Or, the presence of the
appropriate genes may confer an added sus-
ceptibility to infection with the virus. In
areas where infection is very common, the
trait could follow a patiern of mendelian
segregation as it appeared to do in the
Philippine studies.

Studies on the biochemical and immuno-
logic nature of Au(l) are in progress, as
are additional studies on the association
with hepatitis. When the results of these
are available, a more explicit interpretation
may be possible.

SumMarRy

Australia antigen (Au(l)) found in pa-
tients with leukemia (particularly those
with acute granulocytic leukemia) has now
been found in high frequency in patients
with Down’s syndrome and virus hepatitis.
Down's syndrome patients with Australia
antigen have, on the average, a higher level
of vitamin B,, than do the patients without
this trait. Several hypotheses are discussed
in an attempt to explain the associations.
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Svmnvanmio v INTEALINGUA

Antigeno Australia, trovate in patientes con
leucernia  {particalarmente in casos de acufe
leucomia granulocyric) ha essite incontrate con
un alte frequentia in patientes con syndrome
de Down e heparitis virusal, Patientes con syn-
drome de Down ¢ antigeno Australiz ha, al
media, un plus alte nivello de vitamina Be, que
pii[if}ﬂiﬂs sin i$l€ tracto. Es commentate plure
hypotheses presentate pro explicar le mentio-
nate associationes.

Berenences

1. Brumsege, B, 5. Pelvmorphism of serum pro-
teins and the development of iso-precipitins
in vransfused patients. Bull. N, Y. dcad, Med,
40 577, 1964

2. Brumsere, B, 5, Avies, H. J., Vissies, 8@ A
“new” antigen in leukemdia sexa, JAMA 191
541, 1965,

B, Avuson, A, C, Brumsesc, B. 8§ An Isoprecipi-
tin reaction distinguishing human serum-pro-
tein rypes, Lancel 10 634, 1961,

4. Buomsere, B, S, Avwson, A, G Studies on the
isoprecipitin-determined homan serum poly-
morphism, in Proceedings of the Duerna-
tional Congress on Humon Gengtics, 2nd
{Rome). lstitute  Gregerio Mendel, Rome,
1961, pp. 783-736.

5 Brumsere, B. 8, Drav, 8., Ropmson, J. G Antd-
gen  polymorphism of 2 low-density beta-
lipoprotein. Allotypy in human seram. Ne-
ture {London) 194: 656, 1962,

6. Arrgr, H. J, Brumsesc, B. 5. Stodies on 2
“pew” human iseprecipitin system (Auvstralia
antigen). Blood 27: 297, 1966.




PEN.002.0799

Volume 66, No. 5 A SFRUM ANTIGEN IN DOWN'S SYNDROME, LEUKEMIA, AND HEPATITIS 931

May 1947

7. MerarriN, L., Brumpere, B, S Production of
antibody against “Auvstralia antigen” in rab-
bits. Nature {London) 210: 1340, 1966.

8. Brumsirs, B. 8, Mrrakmiy, L., Guinte, R. A,
Wernek, B.: Family studies of a “new” human
serum isoantigen system {Australia antigen).
Amer, J. Huwm. Genel. 18: 594, 1966,

9. Brumeere, B. S, Aprer, F. J.o Precipitating
antibodies against a serum protein ("Auscralia
antigen”™) in the serum of transfused hemo-
philia patients (abstract). J. Clin, Tnvest, 44
1029, 1965,

10. Brumsere, B. 8. An inherited scrum isoantigen
in leukemia and Down’s syndvome (abstract).
J. Clin, Inwvest. 45: 988, 1966.

1), Mrzier, R. W Radiation, chromosomes and
viruses in the etiology of leukemia. Evidence
from epidemiologic research. New Eng. J.
Med. 271: 30, 1964,

12, Lwprg, L., Sseomiier, L. E., Laster, L. The
enzymatic spectrophotomotic method for de-
weymination of wrie acid. J. Lab. Clin. Med.
54; 908, 1959,

18, Mrarman, W, T, Osey, F. A, Tepesco, T, A.,
Maciero-Cozrne, A, Hammas, H.: Leucocyte
enzymes in Down's syndrome. Lancet 2: 674,
1964.

4. Hurxexr, 8. H,, Bacy, M. K., Ross, G. . M A
familial form of aplastic anemia supposed to
bhe hereditary; due to a recessive gene. J.
Protozool. 3: 101, 1956,

15, Brumsers, B. 8., Rwperr, N. M.: Inherited anii-
genic difference in human serum beta-lipo-
proteins, A sccond antiserum. J. Clin. Invest.
42: 867, 1863.

16, Prexx, J. R., Preer, L. B Gel diffusion on the
antigens of isolated components of parame-
ciurm. J. Protozool. 6: 88, 1959.

17. Huncerrorp, D, A, Leucocytes cultured from
small inocula of whole blood and'the prepa-
ration of metaphase chromesomes by treat-
ment with hypotonic KCL Siein Techn, 4
533, 1965.

18. Swupconr, G. W,: Stadistical Methods. Yowa State
Umniversity Press, Ames, Towa, 1962, p. 534.

19. Brusmsers, B. 8, Mecarnn, L Conjectures on
inherited susceptibility to lepromatous lep-
vosy. Int. J. Leprosy 34: 6D, 1966.

20. Brumpy¥re, B. 8., MzEuartwy, L., Lecnar, M.,
Guinro, R. A, Studies on Ieprosy and Aus-
tralia antigen. J4AMA, March 1967,

21. LeJesune, J., Teremw, R., Gavimr, Mo Le mon-
golisme, premier exemple diaberration au-
tosomique humaine. dnn. Genet. (Paris) L
41, 1959

22. Namvan, J. L., Osxy, Fo A, MErivan, W, Jo
Phosphokinase acivity of erythrocytes in
mongolism. Lancet 1: 821, 1965.

28. Mrrtz, E. T, Fuonrer, R, W, Concon, J. M.:
Serum uric acid in young mongoloids. Scignce
141: 535, 1963,

24, Srorier, A, Couiman, R. D Incidence of in-
fectious heparitis followed by Down’s syn-
drome nine months later. Lancer 20 1221,
1965.

25, Mewrs, B, Lane, D. J.: Leucocyte mirogis: sup-
pression in vitro associated with acute infec-
tious hepatitis. Science 155: 80, 1967,

26. Fanxow, P, ]., Ucmipa, 1., Hecur, F., Mortue-
sky, A. G.u Increased frequency of thyroid
auto-antibodies in mothers of patients with
Doway's syndrome. Lancet 2; 868, 1965,

27. Rominson, A, Puck, T. T.0 Sex chromatin in
newboms: presumptive evidence for external
factors in human nondisjunctions. Science
148: 83, 1965,




PEN.002.0800

Copyright © 2002 EBSCO Publishing



