DNA. Arrows point to loops
X 75,000).

(about

that the DNA is circular, as it could
be the result of replicative unwinding
(8). Although few or no free ends
could be seen, it was impossible to say
that the tangled mass of a display con-
sisted of only one molecule.

Acetabularia chloroplasts did not re-
lease anything resembling the single-
stranded “mesh” DNA of spinach chlo-
roplasts (9). Although strands about 15
A in diameter were seen in some dis-
plays, they were always near other
strands or stroma debris, whose effect
on width of rotary-shadowed DNA is
unknown. We did not see anything re-
sembling the “hybrid loops” reported
for A. crenulata chloroplast DNA (10).

Between 20 and 40 percent of the
ruptured chloroplasts had DNA asso-
ciated with them. The percentage de-
pended on the degree of intactness of
the chloroplast preparation. This is
probably due to the presence of an
intrachloroplastal nuclease, because
chloroplasts incubated in buffered su-
crose at 37°C for half an hour before
spreading released only short frag-
ments. The addition of deoxyribonu-
clease just before spreading produced
the same effect. In addition, some of
the DNA could be lost into the hypo-
phase.

Attempts to isolate intact molecules
by using phenol extraction resulted in
extensive breakage. The largest amount
of DNA released by osmotic shock
which was untwisted enough to mea-
sure was 419 um in length, correspond-
ing to a molecular weight of 805 X 108
daltons (I1). This suggests that the
amount of DNA per chloroplast is in
the same range as that of bacteria
(2, 3) and within the range of DNA
content determined chemically for
chloroplasts of Chlorella (12), Chla-
mydomonas (13), Euglena (14), and
lettuce (I5). This amount is much
greater than that of a mitochondrion
(1). Whether the chloroplast DNA

_consists of unique sequences or highly

redundant ones (that is, its information
content) will have to be determined by
renaturation kinetics (15).
BEVERLEY R. GREEN
HucH BURrTON
Department of Botany, University of
British Columbia, Vancouver 8
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Myxovirus Antibody Increases in Human

Connective Tissue Disease

Abstract. Antibodies to measles and parainfluenza type 1 viruses were signifi-
cantly increased in systemic lupus erythematosus and Reiter’s syndrome. Of the
individuals with highest titers of measles antibody, 75 percent had neurblbgic ill-
ness. Persistent virus infection may be a factor in the pathogenesis of these diseases.

The human connective tissue dis-
eases are characterized by abnormal
immunologic processes, which appear,
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in part, to mediate pathogenesis. How-

ever, the stimulus initiating this abnor-

mal response, and hence the etiology

of these diseases, remains obscure.
There has been renewed interest in the
role of microbial agents as initial, and
perhaps persisting, etiologic factors (7).
A possible parallel exists in the evolu-
tion of knowledge about subacute scle-
rosing panencephalitis (SSPE), where
initially myxovirus-like inclusions were
found in brain tissue by electron mi-
croscopy, next the titers of serum anti-
bodies to measles were shown to be
increased, and then measles virus was
isolated from brain (2). In view of
these findings, the discovery of similar
microtubular inclusions in renal tissue
from a patient with systemic lupus ery-
thematosus (SLE) was of interest (3).
These morphologic observations have
been confirmed and extended, but their
real nature and specificity is unclear
(4). Measles and the other viruses
known to cause such inclusions belong
to the paramyxovirus group. We now
report on the concentration of anti-
bodies to two of these viruses in pa-
tients with connective tissue diseases.
Patients were divided into groups ac-
cording to their clinical diagnoses. The
SLE group was further subdivided into
those with (SLE + N) and those with-
out (SLE — N) neurologic symptoms
or signs, since an earlier study sug-
gested that the titer of antibodies to
measles was higher in the former (5).
Of the six patients with Reiter’s syn-
drome, four had all three typical char-
acteristics (arthritis, urethritis, and
conjunctivitis). The rheumatoid ar-
thritis group contained 15 patients with
classical or definite, and five with prob-
able, rheumatoid arthritis. The juvenile
rheumatoid arthritis group contained
three patients with definite, and four
with possible, disease. The other con-
nective tissue disease group had six
with progressive systemic sclerosis, five
with vasculitis, two each with derma-
tomyositis, “overlap” syndrome (fea-
tures of several distinct connective tis-
sue diseases), and Dilantin-induced
SLE, and one with arthritis and hypo-
gammaglobulinemia. The miscellaneous
group included ten patients with ar-
thritides other than rheumatoid arthri-
tis, eight members of two families
in each of which several children had
polyarthritis of undetermined etiology,
four patients with undiagnosed neuro-
logic illness, and ten with various other
conditions. Serums were obtained from
three patients with SSPE (6). The nor-
mal group was drawn from physicians
and laboratory personnel. Serums were
stored at —20°C. Subsequent analysis
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of the sex, race, and age of the sub-
jects in each group showed that females
predominated in the SLE, rheumatoid
arthritis, juvenile rheumatoid arthritis,
other connective tissue disease, and the
miscellaneous groups. There were more
Negroid than white subjects in the SLE
and rheumatoid arthritis groups (71
and 76 percent), equal numbers in the
Reiter’s syndrome and miscellaneous
groups, and fewer in the other groups.
Mean age was similar in all groups, ex-
cept in the juvenile rheumatoid arthritis
and rheumatoid arthritis groups which
were younger and older, respectively.

Measles antibody was measured by
the hemagglutination inhibition meth-
od (7) modified for microtechnique
(8). All serums were initially absorbed
with 25 percent kaolin and then with
rhesus monkey erythrocytes. Measles
virus hemagglutinating antigen was
grown in a human heart cell line; a
1 percent suspension of rhesus red cells
was used in the test (9). Five known
positive and negative serums and a ref-
erence measles antiserum obtained
from hyperimmunized monkeys (10)
were included as standards in each test.
The antibody titer was recorded as the
reciprocal of the last dilution showing
complete or partial hemagglutination
inhibition, converted to the log, value
and adjusted to the titer of the monkey
reference serum standard in the same
test.

Antibody to parainfluenza type 1 was
also measured by the hemagglutination
inhibition micromethod (7, 8, 11), with
the use of commercial reagents (9).
Serums were absorbed with receptor-de-
stroying enzyme; parainfluenza type 1
hemagglutinating antigen, grown in
rhesus monkey kidney tissue culture,
and an 0.5 percent suspension of type
O human erythrocytes were used. Three
known positive and negative serums, a
commercial parainfluenza type 1 rabbit
antiserum (9), and two reference
guinea pig antiserums against para-
influenza type 1 strains HA-2/C-39 and
Sendai (12) were included in each test
as standards. The geometric mean titers
(and range) of the three animal anti-
serums were 9.8 (9.3 to 11.3), 6.9 (6.3
to 7.8), and 4.6 (4.3 to 5.3), respec-
tively. Since these standards showed no
consistent variation in different tests,
the titer of antibody to parainfluenza
type 1 was expressed without adjust-
ment as log, of the reciprocal of the
last serum dilution showing com-
plete or partial hemagglutination in-
hibition.
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Table 1. Measles hemagglutination inhibition antibody in human connective tissue disease.
Symbols: SLE, systemic lupus erythematosus; SLE — N and SLE + N, SLE without and with
neurologic signs or symptoms; RA, rheumatoid arthritis; JRA, juvenile RA; OCD, other
connective tissue diseases; Misc., miscellaneous diseases; SSPE, subacute sclerosing panen-
cephalitis; NS, not significant, P >.05; NT, not tested, group too small for analysis.

Titer (log,) P to:

Diag- Subjects peyw—

nosis (No.) mean Range S.D. Normal SLE
SLE 42 6.31 1.9-11.0 2.42 <.005

SLE — N 16 6.08 1.9-10.0 222 <.02

SLE + N 26 6.45 2.0-11.0 2.56 <.005
Reiter's ; 6 6.00 5.0~ 8.0 1.27 <.05 NS
RA 23 494 0 -90 2.40 NS <.05
JRA 7 4.04 0 -93 2.85 NS <.05
ocCDh 18 492 0’ - 8.4 2.39 NS <.05
Misc. 31 4.85 0 -90 1.92 NS <.05
SSPE 3 4.93 1.9- 6.6 2.63 NT NT
Normal 20 4.46 23—~ 175 1.64 <.005

All serums were tested against con-
trol antigens produced from uninfected
tissue cultures of the same kind used to
produce the viral antigens, and also
without any antigen against the red
cells used in the test. In addition to
the six serum standards included in each
test, many patient serums were tested
repeatedly to check the reproducibility
of titers. The mean value for each was
used for statistical analysis. Two to five
specimens obtained at intervals from
each of 12 individuals were tested to
measure changes in titer; the value for
the earliest serum sample from each
patient was used for analysis. The geo-
metric mean titers and standard devi-
ations were calculated for each patient

group and compared for significant

differences by Student’s t-test (13).
The results of the measles antibody
study are shown in Table 1. The geo-
metric mean titer of the SLE group was
significantly higher than that of all
other groups except the Reiter’s syn-
drome and SSPE (the latter being too
small a group to analyze statistically).

Although the titer of SLE 4+ N was
higher than that of SLE — N, the dif-
ference was not significant. However, of
the 12 patients with the highest titers
(=9.0), seven were from the SLE
+ N, two from the SLE — N, and one
each from the rheumatoid arthritis, ju-
venile rheumatoid arthritis, and miscel-
laneous-undiagnosed neurologic illness
groups. Thus, 75 percent of these pa-
tients had neurologic signs or symp-
toms. One of the SLE + N group had
detectable antibody in the cerebrospinal
fluid, an wunusual finding except in
SSPE. Ten of these patients with high
titers were adults, mean age 40 (range
22 to 68). These titers were well above
the highest of the limited SSPE sample
tested.

The only other group showing a sig-
nificantly higher geometric mean titer
than that of the normals was the small
Reiter’s syndrome sample. Significant
differences were not found within any
group. However, the mean titer of four
patients with undiagnosed neurologic
illness was moderately higher (5.90)

Table 2. Parainfluenza type 1 hemagglutination inhibition antibody in human connective tis-

sue disease. Symbols as described in Table 1.

Titer (log.) P to:

Diag- Subjects =

nosis (No.) Ge;r::;n ¢ Range S.D. Normal - SLE
SLE 42 8.49 6.3-12.3 1.08 <.001

SLE — N 16 ' 8.74 7.3-12.3 1.20 <.001

SLE 4+ N 26 8.34 6.3-10.3 0.99 <.001
Reiter’s 6 - 8.47 7.3- 9.3 0.75 <.02 NS
RA 20 7.65 6.3-11.3 1.46 NS <.02
JRA 7 7.73 6.3- 9.3 0.98 NS NS
OCD 18 7.61 4.3-10.3 1.36 NS <.01
Misc. 32 7.66 4.3-11.3 1.58 <.02
SSPE 3 8.97 8.3-10.3 1.17 NT NT
Normal 20 7.03 4.3-10.3 1.27 <.001
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than that of the other miscellaneous
subgroups (4.41 to 5.13). Samples
taken over periods of 2 weeks to more
than 5 years (mean 16 months) were
measured for each of 12 subjects, in-
cluding six with SLE. No significant
change in titer (> 1 dilution) was
found.

Table 2 shows the results of the
study on antibody to parainfluenza
type 1. The titer of the SLE group was
significantly higher than that of the nor-
mal group, and of the rheumatoid ar-
thritis, other connective tissue disease,
and miscellaneous groups. The SLE 4+ N
subgroup was slightly lower than the
SLE — N. Of the 11 patients with the
highest titers (=10.3), five were in the
miscellaneous group and one each in
the SLE — N, SLE + N, rheumatoid
arthritis, other connective tissue dis-
ease, SSPE, and normal groups. There
was no common clinical feature among
these patients.

The only other group showing a
significant increase over that of the
normal group was the Reiter’s syn-
drome group, in which there were only
six individuals. Analysis within groups
did not reveal significant differences;
the undiagnosed neurologic illness sub-
group had a similar titer to the other
miscellaneous subgroups (7.80 as op-
posed to 7.65 to 8.00). No significant
change in titer was found between
serial samples from five individuals
(three SLE) spanning 7 months to
more than 5 years (mean 24 months).
There was no correlation between
measles and parainfluenza type 1 titers
in individual subjects.

There are at least three possible
explanations for the increase in anti-
bodies to measles and parainfluenza
type 1 in SLE and Reiter’s syndrome.
First, they could reflect persistent virus
infection. This may, in fact, be the
mechanism of the usually lifelong im-
munity seen after most viral infections.
Certainly animals, and to a lesser extent
man, harbor many clinically inapparent
viruses for long periods (I14). The im-
munologic hyperreactivity well known
in SLE could then result in increased
antibody formation to such viral anti-
gens. However, if a latent virus entered
a replicative stage, many immunologic
consequences may follow, particularly
if host antigens were part of the viral
membrane (I5). Aleutian mink dis-
ease, lymphocytic choriomeningitis, and
New Zealand mouse disease are exam-
ples in animals (76). In man the best
example is SSPE, where antibody titers
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to measles virus have generally been
above normal (2). The 12 patients with
the highest measles titers in this study
were in the usual SSPE range. The fre-
quency of neurologic involvement in
these patients (mostly adult) suggests
that persistent measles infection of the
central nervous system may not be
limited to the children and adolescents
in whom SSPE has been found.

Second, the increased antibody levels
might be a nonspecific result of im-
munologic hyperreactivity. In Reiter’s
syndrome, increase in Bedsonia com-
plement-fixing (CF) antibodies has
been reported, but antibodies to viruses
were not measured (/7). Our data sug-
gest that a generalized hyperimmune
response may exist in this disease.
Such a response does exist in the
connective tissue diseases, but there
have been few reports on titers of
antibody to exogenous antigens. Bac-
terial antibodies were decreased in SLE,
the decrease being primarily in 195 anti-
body (18). However, viral hemaggluti-
nation inhibition antibody is thought to
be primarily 78 (19). Viral CF anti-
body levels were decreased in women
with positive tests for rheumatoid fac-
tor, but no information about the oc-
currence of arthritis in these subjects
was presented (20). In another study,
CF antibody to herpes simplex was de-
creased in rheumatoid arthritis patients.
No significant differences were found
in titers of varicella, adenovirus, cyto-
megalovirus, or psittacosissLGV CF
antibody, or of rubella hemagglutina-
tion inhibition antibody (27). Where
decreases in CF antibody levels were
observed, rheumatoid factor may have
played a role.

Finally, the increases in antibody
might result from antigens shared by
host cell and virus. Paramyxoviruses
are enclosed by a membrane, part of
which is host cell material (15). Thus,
one of the autoantibodies produced in
SLE might cross-react with a host anti-
gen on the viral membrane. However,
this is unlikely because the serums did
not react with the control antigen pro-
duced in the same system as the viral
antigen. An autoantibody to RNA
would be unlikely to affect the hemag-
glutination inhibition reaction because
the viral RNA is distinct from the
hemagglutination antigen.

Current information does not allow
a definitive interpretation of the ob-
served increases in antibody to measles
and parainfluenza type 1 viruses in
SLE. These data, together with other

‘16. D. D.

features of the syndrome, are compati-
ble with the hypothesis that persistent
virus infection may underlie the patho-
genesis of SLE.
PaurL E. PHILLIPS

CHARLES L. CHRISTIAN
Department of Medicine,
Columbia Upniversity College of
Physicians and Surgeons,
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