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A B S T R A C T Most patients with seropositive
rheumatoid arthritis, and a variable but lesser per-
centage of normal subjects, have precipitating anti-
bodies to a nuclear antigen, rheumatoid arthritis nu-
clear antigen, present in Epstein-Barr virus-infected
human B lymphoblastoid cells. Wehave used a sensi-
tive indirect immunofluorescence assay for antibody to
rheumatoid arthritis nuclear antigen in a study of pa-
tients with infectious mononucleosis and healthy con-
trol subjects. Of 110 sera from normal, college-age
cadets, 58 were from individuals without prior Epstein-
Barr virus infection, as indicated by the lack of anti-
body to viral capsid antigen. All of these also lacked
activity to rheumatoid arthritis nuclear antigen. 52
sera were positive for antibody to viral capsid antigen,
and antibody to rheumatoid arthritis nuclear antigen
was present in 26 (50%) of these. In 67 sequential
sera from 11 college-age students with infectious
mononucleosis who became positive for antibody to
rheumatoid arthritis nuclear antigen, only 2 were posi-
tive during the 1 mo. Thereafter the incidence and
titers increased progressively through the 1st yr after
infection. This time-course resembled that for the
development of antibody to Epstein-Barr nuclear anti-
gen, another transformation antigen in Epstein-Barr
virus-infected B lymphocytes. The development of
positivity for both was much later than that of anti-
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body to the structural viral capsid antigen, which in the
current study was always positive by 1 wk. Thus, anti-
body to rheumatoid arthritis nuclear antigen is present
in a large proportion of normal individuals and can now
be clearly ascribed, from both in vivo and in vitro
studies, to prior infection with Epstein-Barr virus.

INTRODUCTION
In vitro infection of B lymphocytes with the Epstein-

Barr virus (EBV)' results in the appearance of the
Epstein-Barr nuclear antigen (EBNA) in the trans-
formed B cell nuclei (1) and the later appearance of
the viral capsid antigen (VCA) in Epstein-Barr viral
particles (2). Alspaugh and co-workers have described
another EBV-associated antigen, which appears in the
nuclei of transformed B cells 20-30 d after in vitro
EBV infection (3). They have designated it the rheu-
matoid arthritis nuclear antigen (RANA) because pa-
tients with seropositive rheumatoid arthritis have an
increased frequency of precipitating antibody to it, as
detected by Ouchterlony immunodiffusion (4). Were-
cently demonstrated that anti-EBNA antibody titers
were significantly higher in anti-RANA2-positive than

'Abbreviations used in this paper: EBNA, Epstein-Barr
nuclear antigen; EBV, Epstein-Barr virus; IF, indirect im-
munofluorescence; IM, infectious mononucleosis; RANA,
rheumatoid arthritis nuclear antigen; VCA, viral capsid anti-
gen of the EBV.

2 Anti-RANA was called "RAP" (RA precipitin) by Alspaugh
and Tan, but for simplicity we refer to it as anti-RANA.
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negative sera, irrespective of whether or not they came
from patients with rheumatoid arthritis or control sub-
jects (5). These observations suggested a positive rela-
tionship between antibodies to EBNAand RANAin
the normal population, and a subset of normals from
which patients who subsequently develop rheumatoid
arthritis may derive.

Natural in vivo EBV infection during adolescence
or young adulthood causes infectious mononucleosis
(IM) in about 50% of cases (6). Within 1-2 wk of
disease onset, patients become seropositive for anti-
VCA (6). Anti-EBNA appears later, usually 1 mo or
more after the onset of IM (7). Until now, the rela-
tionship of anti-RANA to in vivo EBVinfection has not
been defined. Weundertook these studies to determine
the frequency of anti-RANA in sera from normal in-
dividuals by the sensitive technique of indirect im-
munofluorescence (IF), to determine whether anti-
RANAonly appears after EBV infection, and to com-
pare the development of the anti-RANA response to
that of anti-VCA and of anti-EBNA during the course
of IM.

METHODS

Sera. These were obtained from three groups of subjects.
Single serum samples were collected from 110 normal enter-
ing cadets at the U. S. Coast Guard Academy, New Lon-
don, Conn., for studies of EBV infections in this popula-
tion. 67 sera were obtained by Dr. Niederman from 11 under-
graduates at Yale University, New Haven, Conn., as part of
ongoing prospective studies of IM. These sera were col-
lected serially at times ranging from 1 wk to 5 yr after onset
of clinical IM and were used to determine the patterns of
anti-VCA, anti-EBNA, and anti-RANA responses after primary
EBV infection. The third group consisted of 59 patients with
heterophile-positive and/or anti-VCA-positive IM from
whom single serum samples were sent to Dr. Feorino at
the Center for Disease Control, Atlanta, Ga., for EBVserology.
All 59 sera were collected during the 1 mo after the onset of
IM and were assayed for anti-RANA. All sera were aliquoted
to minimize subsequent thaws and were stored at -20°C.
Phosphate-buffered saline, pH 7.4, was used for serum
dilutions.

Heterophile antibody assay. Sera from IM patients were
assayed for heterophile antibodies by the method of David-
sohn and Lee (8).

Anti-VCA and anti-EBNA assays. Anti-VCA was meas-
ured by IF as described by Henle and Henle (2). Sera were
considered positive if a 10-fold dilution produced the typical
diffuse cytoplasmic pattern of immunofluorescence.

Anti-EBNA was assayed similarly by the anticomplement
IF method of Reedman and Klein (1) using the WI-L2 human
B lymphoblastoid cell line as substrate, exactly as described
(5). Sera were considered positive if a twofold dilution
produced the typical, coarsely granular, nuclear immuno-
fluorescence (1). Known positive and negative control sera
were titered with each set of test sera and yielded repro-
ducible titers.

Anti-RANA assay. Recent work in our laboratory has
shown that human B lymphoblastoid cells maximally ex-
press RANAduring the early "gap 1" phase of the cell replica-

TABLE I
Anti-RANA Frequencies* in Anti-VCA (-) and

Anti-VCA (+) Normal Sera

Anti-RANA (+)
Number

tested Nuumber Percentage

Anti VCA(-) 58 0 (0)4
Anti VCA(+) 52 26 (50)t

* By indirect immunofluorescence of 10-fold diluted sera.
1 Chi square = 35.2, P < 10-.

tion cycle.3 To assay RANA, the EBV-containing cell line
WI-L2 (5) was therefore first synchronized into "gap 1" by suspen-
sion of density-inhibited stationary phase cultures in fresh
medium, as described by Lerner and Hodge (9). 4 h later, the
cells were harvested, washed, and cytocentrifuged as for
the anti-EBNA assay (1, 5). The preparations were then
heat-fixed at 37°C for 15 min. Using this substrate, anti-
RANAwas detected by anti-immunoglobulin (Ig) IF of 10-
fold diluted sera, exactly as described by Alspaugh et al.,
(3) using rhodamine conjugated anti-human IgG (Bionetics,
Laboratory Products, Litton Bionetics, Kensington, Md.) as
the secondary antiserum. Sera were considered positive if a
10-fold dilution produced the typical, finely granular, nuclear
pattern of immunofluore-scence.

Non-EBV-determined antinuclear antibodies. Prepara-
tions of the EBV-genome-negative T lymphoblastoid cell
lines, CCRF-CEM(10), from the American Type Culture Col-
lection (Rockville, Md.) were made as for WI-L2 to test anti-
EBNA-positive test sera and anti-RANA-positive test sera for
non-EBV-determined antinuclear antibodies by anticom-
plement IF, and by indirect IF, respectively. All sera tested
were negative.

Statistics. Anti-RANA frequencies were compared by the
chi-square method with Yates' correction (11).

RESULTS

Prevalence of anti-RANA in anti-VCA-positive and
negative persons. 110 healthy cadets were studied.
52 were anti-VCA-positive. Only 4 of these (7.6%) had
a history of IM, and the remaining 48 had thus under-
gone prior, clinically silent EBV infection. 26 of the
52 (50%) were anti-RANA positive. Conversely, all of
the 58 anti-VCA-negative cadets were also anti-RANA
negative. The difference in anti-RANA frequencies is
highly significant (Table I).

Times of appearance of anti-RANA, anti-EBNA,
and anti-VCA after acute IM. 11 Yale University
undergraduates, who were bled a total of 67 times after
the onset of IM, each yielded at least one serum sam-
ple positive for anti-RANA. Fig. 1 shows the percentage
of sera per time point that was anti-RANA positive

3 Slovin, S. F., J. H. Vaughan, and D. A. Carson. Expression
of Epstein-Barr-associated transformation antigens, EBNA
and RANA, in synchronized cell cultures. Submitted for
publication.
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FIGURE 1 Timies of appearance of anti-RANA and anti-EBNA
after acute IM in Yale undergraduates. 67 sequential sera from
11 subjects were assayed for anti-RANA (0) by indirect IF of
10-fold diluted sera and for anti-EBNA (0) by anticomplement
IF of twofold diluted sera. Not shown: 100% of 1 wk sera were

anti-VCA-positive by IF at a 10-fold dilution.
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and anti-EBNA positive. There were at least nine for
each of seven time points up to 5 yr after the oniset of
IM. All the sera at each time point were from different
individuals except for the 12 sera collected at 5-12 wvk,
2 of which were collected from the samne subject at
different times (one was positive and the other was
negative for anti-RANA). The anti-RANA frequencies
were 20% in the 3-4 wk sera and 67% in the 7-12 miio
sera, respectively. By comparison, the anti-EBNA fre-
quencies at the same time points were 50 an-d 100%,
respectively. In contrast, the frequency of anti-V'CA
(not depicted) reached 100% at 1 wk.

The 59 sera from the Center for Disease Control
were obtained from 59 IM patients during the 1st miio
of illness. Only seven (12%) were positive for anti-
RANA, thus confirming the low frequencies of aInti-
RANAin the Yale student sera during the samiie timiie
interval.

Titers of anti-RANA and anti-EBNA after acute IM.
39 sequential sera from six of the Yale undergraduates
were titered for anti-RANA and anti-EBNA (Fig. 2).
For both antibodies, titers did not begin to rise until at
least 40 d after the onset of IM, after whiclh they rose
nearly simultaneously and to comparable levels. The

TIME AFTER ONSET

FIGURE 2 Titers of anti-RANA and anti-EBNA after acute IM in Yale undergraduates. 39 se-

quential sera from six subjects were assayed. Methods and symbols are as for Fig. 1.
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longest followup wvas achieved in cases 14 and 2, in
which titers of anti-RANA (case 14), and of both anti-
RANAand anti-EBNA (case 2), were not greatly dif-
ferent at 3 anid 5 yr from those at 1-2 yr.

DISCUSSION

These sttudies indicate that anti-RANA appears only
after in vivo EBV' infection (Table I), as was alreadv
knowvn for anti-V'CA (6) and anti-EBNA (7). This result
is conisistent witlh the observation that these antigens
have been detected in vitro only after EBVI infection
of B cells (1-3). Wehave also shown that anti-RANA
frequenecies (Fig. 1) and titers (Fig. 2) parallel those
of 'anti-EBNA, increasing significantly months after the
onset of IM. They are distinct in their time-couirse
from the much earlier-appearing anti-VCA. Titers of
anti-RANA did not start to plateau until after 1 yr.

Several observations indicate that RANAand EBNA
are different antigenis. Sera have been found with
antibodies exclusively to one and not to the other (3).
RANAanid EBNAhave different solubilities in am-
moniium sulfate, and EBNAcannot be detected by im-
mnllilofluorescence in transformed B cells after treat-
menit of the cells with deoxyribonuclease, while
RANAis unaffected by such treatment (12, 13). RANA
has a fine, granuilar appearance (3), whereas EBNA
has a coarse, granular appearance (1). Recently, ex-
perimenits with hybrids of EBV-transformed human B
cells and rodent fibroblasts have shown that RANA
and EBNA segregate into separate hybrid sublines,
strongly suggesting that RANAand EBNAare distinct
entities.'

In ouir previous studies of anti-RANA in normal
adult individuals (5), we employed a more sensitive im-
munoprecipitation in gel than that used by Alspaugh
and Tan (4) and consequently increased the percentage
of anti-RANA positives in the nonrals to 25% from
Alspaugh and Tan's 8%. In th.e present study using im-
munofluorescence, we have found a 50% positivity in
recently infected anti-VCA positive college-age stu-
dents. As indicated by the time study in Fig. 2, an inves-
tigation of older anti-VCA-positive adults would be ex-
pected to reveal an even higher percentage positive
for aniti-RANA, and a recent study in our laboratory of
72 norml-al adult sera has actually revealed a 75% figure.

In our previous study (5), it was intriguing that
normal persons positive for anti-RANA precipitins also
had higher titers of anti-EBNA than did normal persons
negative for anti-RANA precipitins. In this respect,

4Slovin, S. F., M. C. Glassy, NM. A. Catalano, R. Curry,
S. Ferrone, J. H. Vaughan, and D. A. Carson. Segregation of
two Epstein-Barr-associated transformation antigens, EBNA
and RANA, in human-rodent somatic cell hybrids. Submitted
for publication.

normal persons with anti-RANA precipitins resemble
patients with seropositive rheumatoid arthritis, and
therefore we have speculated that patients with sero-
positive rheumatoid arthritis may derive from that
population of otherwise normal individuals who are
hyperresponsive to RANA and EBNA. The hyper-
responsiveness we observed did not include elevated
levels of antibodies to several other herpes viruses,
and probably not to VCA. The reasons for the selective
hyperresponsiveness to RANA and EBNA are not
known, but may conceivably lie in the fact that both
RANAand EBNAare transformation antigens, whereas
VCA and the other viral antigens we investigated in
that study are virus structural antigens. As documented
in the present study, the normal immune response to
the transformation antigens follows distinctly different
kinetics than does the normal immune response to
viral structural antigens. Whether this is important in
interpreting the rheumatoid arthritis data remains to be
determined.
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