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During recent years there have been several attempts to demonstrate acqui-
sition of immunologic activity by either normal or immunologically incompetent
animals following transfer of subcellular fractions prepared from antibody
forming cells (Stavitsky, 1961, Cochrane and Dixon, 1962). In most cases,
interpretation of results has been complicated by possible active antibody for-
mation of recipients to antigens which may have been transferred with the
fractions,

Recently, Jerne described a procedure whereby lymphoid cell suspensions
from animals immunized with foreign erythrocytes farm localized zones of hemoly-
sis (“antibody plaques") when incubated in vitro in semi-solid agar containing
red blood cells and complement (Jerne and Nordin, 1963). Using this procedure,
Cohen and Parks reported a significant increase in antibody plaque formation
by normal BGAF1 mouse spleen cells treated in vitro with splenic RNA extracted
from donor mice previously immunized with sheep erythrocytes (Cohen and Parks,
1964), The pre-treatment "background” count of 20 to 25 plaques per 5 normal
spleens was increased to an average of 90 to 100 plaques following in vitro
incubation for 30 minutes at 37°C with RNA extracted from 20 immune donor mouse
spleens. This report is concerned with results of experiments demonstrating
acquisition of plaque forming ability by normal mouse spleen cells exposed to
RNA extracts obtained at varying time intervals after a primary immunization
of donor mice with sheep red blood cells. NIH mice were used in this study
since they have been shown to produce high levels of anti-sheep hemolysins
and form antibody plaques much more readily than more highly inbred strains
of mice used by others (Friedman, 1964).

Experimental

Groups of donor adult male NIH mice were injected intraperitoneally (r.P.)

with 0.5 ml 20% washed sheep erythrocytes (S-RBC). At periodic intervals after
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immunization (1, 2, 3, 4, 6, 10 and 14 days) three or more mice were bled from
the retro-orbital plexus to obtain serum specimens for hemolysin titrations. The
animals were then sacrificed and spleens obtained, A small sample from each
spleen (approximately 5 mmS) was kept separate for preparation of cell suspensions
to determine the number of antibody plaque forming cells per total number of cells
(Jerne and Nordin, 1963). The bulk of each spleen was quickly frozem with dry
ice. RNA was prepared by phenol extraction (Gierer and Schram, 1955; Maloney,
1963), The RNA extracts were tested for hemolysins and for S-RBC antigenic
determinants using standard serolsgic procedures. One ml extract (equivalent to
RNA extracted from one donor spleen) was added to 1 ml freshly washed spleen cell
suspensions (2 - 9 x 107 viable nucleated cells in sterile Medium 199) obtained
from 6 to 8 week old normal, non-immunized adult male NIH mice., The mixtures
were incubated in roller tubes at 37°C for 60 minutes. Following incubationm,

the RNA treated cell suspensions were washed twice in sterile Hanks solution,

pH 7.2, A tenth ml of each suspension was then added to melted agar containing
sheep erythrocytes and complement according to the antibody plaque procedure
described by Jerne et al (Jerne, Nordin and Harvey, 1963). Resulting plaques
could be visualized as small zones of hemolysis against the light pink background
of unlysed erythrocytes. The number of plaques per 106 cells plated was recoxded.
As controls, samples of RNA extract were treated with RNAase (40 ug per ml) or
DNAase (50 ug per ml) for 30 minutes at 28°C, followed immediately by chilling

at 0°c.

Results

NIH mice injected with S-RBC responded with a rapid appearance of anti-sheep
hemolysins, reaching a peak titer at 4 to 5 days post injection (Table 1). At
the same time, splesn cells prepared directly from groups of mice injected with
S=RBC formed relatively large numbers of antibody plaques (Table I). For exam-
ple, spleens obtained prior to S<RBC injection revealed only slight, if any,
detectable plaque formation (averaged 2-3 plaques per 106 viable nucleated cells),
The plaque count incressed to 50 to 200 plaques per 106 cells one to 2 days
after immunization, and reached a peak of 400-800 plaques per 106 cells at &4
to 5 days. The count decreased at the 7th dey, reaching a low level of 10 to
80 plaques per 106 cells plated at 10 days, Incubation of normal spleen cellas
from non-immnized mice with the RNA-rich extracts prepared from denor mouse
spleens at various time intervals after immunization with S=RBC, followed by
plating in agar with sheep erythrocytes, resulted in varying numbers of plaques
(Table I), Whereas incubation with WNA from non-immune donors did not result
in significant plaque formation by mormal cells, treatment of the same number
of cells with RNA obtained 24 hours after primary imwunization of domor mice
with sheep red cells resulted in readily detectable plaque formation (8 to 17
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plaques). The number of plaques per 106 normal spleen cells increased after
treatment with RNA obtained at 48 and 72 hours post injection. Incubation with
RNA obtained 96 hours after immunization resulted in maximum numbers of plaques.

Table I.
Antibody plaque formstion by spleen cells from mice immunized with S-RBC
and by normal mouse spleen cells following incubation in vitro with RNA
extracted from domor mouse spleens at varying times after immunization.

Donor Mice* Donor Direct plaque count Plaque count per 106
Hemolysin per 10° spleen cells normal splesn cells after
Titers from immune mice. incubation with RNA¥*
_(Means)
Mean Range Mean Range
Count Count
NonzImmune <1310 2 1-7 1 0-3
Immune +
24 hours 1:13 38 21-96 11 8-17
Immune +
48 hours 1346 138 101-260 19 10-31
Immune +
72 hours 13230 342 180-460 33 19-39
Iamune +
96 hours 1:423 612 380-790 40 23.58
Immune +
144 hours 1:450 401 29-640 38 19«52
Immune +
240 lours 13122 17 1180 2 0-11

* Imaune mice injected I.P, with 5 x 109 S<RBC at indicated time interval
prior to sacrifice, at least 3 to 4 donor mice per group tested,

** Jmgune RNA obtained for incubation with normal spleen cells at time interval
indicated after immunization of domor mice with S<RBC.

Specificity of amtibody plaque formation was demonstrated by incubating
normal spleen cells in vitro with RNA obtained from mice immunized wither with
chicken erythrocytes (0.2 ml 20% C-RBC I.P,) four days previously, or with
bovine serum albumin (BSA) 10 days previously (0.2 ml 10 mg BSA per ml complete
Freund's adjuvant). Spleen cells from C-RBC or BSA immunized mice did not form
plaques in agar containing sheep erythrocytes only (Table II). Normal spleen
cells incubated with RNA obtained from mice immunized with chicken red cells
were found to form plaques im agar containing chicken erythrocytes, but not
sheep RBCs. No plaques were formed im either chicken or sheep agsr plates with
normal spleen cells tresated with RNA prepared from mice immunized with BSA
(Table II).
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Table II
Antibody plaque formation in agar containing eitherssheep or chicken RBCs
by immune spleen cells from mice injected with sheep or chicken RBCs or
BSA, and by non-immune normal spleen cells following incubation in witro
with RNA from the immunized donors.

Donor Mice* Hemolysin titer of Antibody Plaques per

105 SEleen colla plated
Agar vwith Sheep Agar with Chtltth
Erythrocytes
Anti=-Sheep Anti-Chicken Donor Normal Donor Noml
Spleen Spleen Spleen Spleen
Cells (Cells Cells Cells
Treated Treated
with with
RNA®* RNA**
Non={immune ¢<1:10 <1:10 3 2 1 0
S=RBC Immune 11462 <1:10 264 36 4 0
C=RBC Immune <1:10 1:264 3 0 114 12
BSA Immune <1:10 €1:10 2 1 1 0

* Inmune donoxs injected 4 days prior to sacrifice with either sheep (S=RBC)
or chicken (C=RBC) erythrocytes, or 10 days previously with bovine serum
albumin (BSA in Freund's adjuvant).

Immune RNA from mice injected either with S-RBC, C-RBC or BSA.

Table III
Effect of various treatments of immune RNA on subsequent induction of
plaque formation in normal spleen cells,

Treatment of Immine R!IA*' No, of Plaques per 106 normal cells

following incubation with indicated RNA
Mean Count Range '

None 40 17-53

RNAase (50 ug/ml) 2 1-12

DNAase (50 ug/ml) 43 16-59

Actinomycin-D (50 ug/ml) 39 21-52

*None" (Donors pre-injected

with actinomycin-D¥*) 1 0-3

* Obtained from donor mouse spleens 4 days sfter immunization with sheep RBCs.

** Donors injected with antinomycin 1, 2 and & days prior to immunization with
S~RBC; RNA obtained 4 days sfter immunization.

RNAase treatment of immume donor RNA (cbtained 96 hours after immunization) prior

to incubation with normal spleen cells suppressed expected plaque formation,
Treatment with DNAase had no detectable effect (Table III).
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Incubation of immune RNA in vitro with actinomycin-D (10 ug/ml) had no
effect on antibody plaque inducing activity. However, prior treatment of
prospective donor mice with 50 ug actinomyein-D (administered I.P. 1, 2 and
4 days prior to S-RBC immunization) completely suppressed direct antibody
plaque formation by donor spleen cells (Table III). Actinomycin treatment
also interfered with subsequent induction of plaque formation in normal cells
by RNA extracted from the treated donors.

Discussion

The results reported here confirm and extend the observation of Cohen and
Parks concerning acquisition of hemolysin forming capacity by normal mouse
spleen cell suspensions incubated in vitro with RNA-rich extracts from immune
spleen cells (Cohen and Parks, 1964)., Whereas Cohen and Parks observed a 3 to
5 fold increase in plaque formation, the experiments reported here, using NIH
mice, demonstrated a 20 to 40 fold increment in specific plaque forming
ability following incubation of normal cells with immune RNA,

In addition, these experiments demonstrate that an incresse in plague
forming ability by immune mouse spleen cells is reflected in an increased abili-
ty of extracted splemic RNA to "induce” plaque formation in non-immune normal
cells, It appears unlikely that such induction 1s due primarily to antigenic
determinants transferred with the RNA extracts. Incubation of normal spleen
cells in tissue culture with RBCs does not induce antibody activity in vitro
(Cohen and Parks, 1964; Friedman, 1964a). However, it has been observed in
other experiments that treatment of normal spleen cells with immune RNA,
followed by incubation in tissue culture medium at 37°¢ for a period of several
days, results in a marked increase in the number of antibody plaques, as
compared to the number cbtained immediately after RNA treatment (Friedman, H.,
1964b). Although immune RNA extracts in the study reported here were found to
be free of serologically detectable antibody or antigens, the possibility exists
that RNA extracts contain potent immunogenic nucleic acid-antigen complexes
(Garvey and Campbell, 1957, Haurowitz, 1959, Friedman, 1963) which may rapidly
convert normal cells to antibody secreters.

Treatment of the immune extracts with RNAase, but not with DNAase, com-
pletely suppressed biologic activity. ActinomycineD treatment in vitro did
not affect plaque imduction activity. However, pre-treatment of prospective
donor mice with actinomycin-D prevented plaque formation by donor spleen cells
and also resulted in failure of subsequently extracted RNA to induce plaque
formation by normal spleen cells, These observations suggest that production
of new RNA is essential for antibody formation. These experiments also indi-
cate that the antibody plaque procedure of Jerne is a valuable tool for
studying subcellular mechanisms in antibody synthesis.
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Summa

RNA rich extracts prepared from spleen cells from NIH mice immunized with
sheep RBCs were incubated in vitro with suspensions of normal NIH spleen cells.
Subsequent incubation in agar containing sheep erythrocytes and complement
resulted in appearance of a significant number of antibody plaques. RNA
obtained from donor mouse spleens 4 days after primary immunization (at the
peak of hemolysin formation) was most efficient, Treatment of immune RNA
extracts with RNAase, but not DNAase, inhibited this effect., Actinomycin-D
treatment of donor mice in vivo, but not of RNA extracts in vitro, was capable
of suppressing plaque inducing activity.
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