the length of the semiminor axis which
is equal, in these calculations, to R.

Since we can measure A directly, the
expression for the volume of the parti-
cles is

V= 4/3r AR?

A population of 34 particles was
measured from a typical field, and the
volumes of each of the particles were
calculated. Five arbitrary classes of par-
ticle size were designated. The mini-
mum, maximum, and mean values for
the length (=24), height (=2R), and
volume were tabulated for each of the
particle classes (Table 1).

A further analysis was performed as
follows. It was postulated that the three
smallest particles might be “monomers”
or, more correctly, small integral poly-
mers of a monomer of protein insoluble
at pH 5. The average volume of these
three particles was 1.75 X 10° A’ and
was designated as X. The hypothetical
polymers of this assumed “monomer”
were then calculated and are repre-
sented by the straight line in Fig. 2.

Figure 2 shows the linearity of the
distribution of the particles of protein
at pH 5 whose volumes were experi-
mentally determined. Despite the errors
inherently involved in the measure-
ments and calculations of the volumes
of the particles, the suggestion that they
are small integral values of some “mo-
nomer” is correct. Class V particles
(Table 1) were not included in Fig. 2
because the probability for linearity in-
creases with larger multiples of X (7).
Figure 2 also indicates that errors re-
maining in the calculation of volume
are linear with respect to the actual
volumes. The polymeric nature of the
small particles of the protein strength-

Table 1. Particle sizes of insoluble protein
from soluble fraction of rat liver.

Par-
ticle Min. Max. Mean
class
Height (A)
1 68 145 105
1I 148 194 164
I 171 194 184
v 201 223 212
\" 240 308 281
Length (A)
I 424 791 576
11 622 791 740
jiis 734 961 833
v 828 993 883
\' 960 1545 1184
Volume (10° A3)
I 1.642 5.994 3.393
11 8.419 11.95 10.26
11 14.28 15.03 14.73
v 18.47 22.76 20.58
v 28.95 72.75 50.02
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ens the possibility that this material
could have the dimensions of intracellu-
lar membranes and could contribute to
their formation. We reason, too, that
localized intracellular changes in pH
likely exert a profound influence on the
formation of membranes from the “sol-
uble protein” fraction. The size classes
of the particles, as presented in this re-
port, have no definable biological real-
ity, other than those implied above.
CHARLES A. LEONE
MARION REDSTONE
Department of Zoology,
University of Kansas, Lawrence

References

1. C. A. Leone and M. Redstone, Kansas Sci.
Bull, 53, in press.

2. C. DeDuve, Intern. Rev. Cytol. 3, 225 (1954);
P. P. Klein and R. M. Johnson, Arch.
Biochem. Biophysics 48, 172 (1954).

. N. G. Anderson, J. Cellular Comp. Physiol.

49, Suppl. 1, 221 (1957).

F. Hagenau, Intern. Rev. Cytol. 7, 425 (1958).

F. S. Sjostrand, ibid. 5, 455 (1956).

. B. O. Hall and P. Doty, J. Mol. Biol. 1, 111

(1959).

. A. McF. Mood, Introduction to the Theory
of Statistics (McGraw-Hill, New York, 1950),
pp. 289-312.

25 April 1961

w3

RISV N

Transfer of Allergic
Encephalomyelitis by Lymph Node
Cells in Inbred Guinea Pigs

Abstract. Severe or lethal allergic en-
cephalomyelitis was transferred between
histocompatible guinea pigs by lymphoid
cells capable of persistence in a viable
state in the recipient. For optimum induc-
tion of passive disease, cells must be trans-
ferred before the day on which the disease
becomes manifest in the donor.

Experimental allergic encephalomye-
litis, induced in animals sensitized with
brain or spinal cord preparations (7),
was first passively transferred between
parabiotic rats by Lipton and Freund
(2). The disease has not been pas-
sively induced by transfer of anti-cen-
tral nervous system serum or sensitized
cells to normal random-bred animals,
but has been transferred with lymphoid
cells in “tolerant” rats by Paterson (3).
Koprowski et al. (4) found histological
evidence of passive sensitization in a
small percentage of transfers between
inbred rats (4 of 48 recipients showed
damage in the central nervous system).
The percentage of successful transfers
was higher when the donors were
splenectomized before lymph node cells
were transferred (5). Since this disease
is widely considered to be associated
with hypersensitivity of the delayed
type, and since the guinea pig is the
animal of choice for studies in this

area, in the experiments described in
this report guinea pigs of the Wright
(6) histocompatible (7) strain 13 were
used for passive transfer of allergic
encephalomyelitis. The facility with
which transfers of this type of hyper-
sensitivity are accomplished within this
strain of guinea pig [Chase (8); Bauer
and Stone (9)] is attributable to the
viability of the lymphoid transplant in
the recipient animal.

Except for cases otherwise recorded
in Table 1, adult male strain 13 guinea
pigs were sensitized by a single dose of
strain 13 brain or spinal cord emulsified
in complete Freunds adjuvant (/0) in-
jected intracutaneously into multiple
sites in the nuchal region (0.25 ml of
a 50 percent suspension of spinal cord
or brain in 0.25 ml of Arlacel-Bayol
containing 2.5 mg killed Mycobacteri-
um tuberculosis). These donor animals
were killed 5, 8, 11, or 12 days after
injection, and the lymph nodes draining
the nuchal region were removed; cell
suspensions were then prepared and
transferred by injection into the peri-

toneal cavity of normal recipients,
as previously described (9). The
donor : recipient ratio was roughly

2% : 1. Some of the recipients were
skin-tested with purified protein deriva-
tive (PPD) of tuberculin 14 to 23 days
after transfer. Random-bred guinea pigs
of the Hartley strain were used as con-
trol recipients. Donor and recipient
animals were weighed each day to
determine the onset of disease.

Table 1 shows that the allergic en-
cephalomyelitis induced by isologous
brain or spinal cord can be transferred
between strain 13 guinea pigs and that
the transfer results in severe or lethal
disease in a large percentage of the
recipients. In groups receiving cells 5,
8, or 11 days after active sensitization
of donors, 17 of 20 strain 13 and none
of 10 Hartley guinea pigs had the
disease. In confirmation of Chase’s
prediction (II) and of Koprowski’s
results with inbred rats (4), the
transfer was more likely to result in
passive disease when the cells were
taken before the symptoms were appar-
ent in the donor (transfer at 5 and 8
days after active sensitization). Eleven
days could elapse between sensitization
and the successful transplantation of
lymphoid cells from guinea pigs actively
sensitized with brain preparations; but
guinea pigs sensitized with the more
potent spinal cord preparations were
frequently manifestly ill by this time,
and transfers at 11 or 12 days from
these animals were not made under
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optimum conditions. Early transfers
insure that ample numbers of sensitized
cells are still in the lymph node. Trans-
fers made soon after the sensitizing
injection are feasible in histocompatible
guinea pigs because the cells are viable
and the sensitization process can con-
tinue in recipients (9). The time
interval between transfer and onset of
disease in recipients was 7 to 10 days
whether the transplant was made 5, 8,
or 11 days after active sensitization of
donor.

Several recipients receiving the cells
from 2% donors sensitized with the
less potent brain preparation had a
more severe form of the disease than
actively sensitized animals from the
group used for donors. Allergic en-
cephalomyelitis in the recipients was

not induced by active sensitization
caused by traces of adjuvant-antigen
removed with the lymph nodes, as is
shown by the absence of signs of the
disease in the Hartley recipient controls.
Hartley guinea pigs have been shown
to be of highest susceptibility to actively
induced allergic encephalomyelitis (/2);
furthermore, this line is as susceptible
as, or more susceptible than, strain 13
animals whether sensitized by intra-
dermal or intraperitoneal route (/3).
When transfers were made at 5 days,
although the disease was not appar-
ent in control Hartley recipients,
sensitization to tuberculin, probably of
the active type, did occur, as was
shown by strong reactions to puri-
fied protein derivative in the Hart-
ley controls. In Hartley guinea pigs,

Table 1. Transfer of allergic encephalomyelitis. PPD = purified protein derivative of tuberculin;
ND = not done;? = doubtful reaction. Braces ({) encompass animals receiving a given pool of cells.

. PPD test
Strain Disease
Cell1 of tDay i?f Cellli 5 - Igaytgf Square of
poo recipient ransfer  (ml) ay ol Degreel ca Day radius at
onsett 24 hr (mm?2)
Brain antigen
I (13 11 2.0 10 ++ 22 72
1 13 11 2.0 10 ++ 22 61
1 Hartley 11 2.0 0 22 30
I Hartley 11 2.0 0 22 ?
11 13§ 11 2.0 8 ++ 22 106
It 13§ 11 2.0 9 ++ 22 121
11 { 13§ 11 2.5 0 20 64
I 13§ 11 2.5 10 ++++ 17 ND
Spinal cord antigen
v {13 12 2.0 10 + 14 68
v } 13 12 2.0 0 14 64
v 13 11 1.8 9 + 4+ ND
v 1 13 11 1.8 10 + 23 25
VI (13 8 1.7 0 17 42
VI 13 8 1.7 9 +++ 17 ?
VI 13 8 1.7 8-9 ++++ 12 ND
Vi 13 8 2.0 8 ++++ 14 ND
Vil 1 13 8 2.0 10 ++ -+ 17 49
VIIL 13 8 2.0 8 ++ 16 28
VI Hartley 8 2.0 0 16 36
VIIL Hartley 8 2.0 0 16 49
X 13 8 2.4 0 20 40
X 13 8 2.4 9 +++-+ 16 ND
IX Hartley 8 2.4 0 20 25
X Hartley 8 2.4 0 20 69
X 13 5 1.3 8 ++++ 13 ND
X 13 5 1.3 7 ++++ 10 ND
XI 13 5 0.8 7 ++++ 10 ND
XI 13 5 0.8 8 ++++ 11 ND
XI Hartley 5 0.8 0 20 117
XI Hartley 5 0.8 0 20 100
XI1 Hartley 5 1.0 0 16 105
XII Hartley 5 1.0 0 16 46
Egg albumin antigen
13 8 1.8 0 18 110
13 8 1.8 0 18 110
13 8 1.8 0 18 106

* Packed lymph node cells.

1 Day after transfer that weight loss began.
or paralysis; + -+, impacted feces, wet mouth, loss of weight; 4+, loss of weight only.

i ++++, 'death; 4+ 44, paresis
§ Received 5 mg of M.

tuberculosis and 0.5 ml of 50 percent brain suspension in 0.5 ml of Arlacel-Bayol (2 X dose).
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0.02 mg of Mycobacterium tuberculosis
is a threshold dose in the emulsion used
for induction of allergic encephalo-
myelitis, but only 1 ug of the killed and
dried mycobacteria is required to in-
duce strong sensitivity to purified pro-
tein derivative (/4). Transfers at 8 to 12
days conferred weak active or possibly
weak passive sensitivity to purified
protein derivative to Hartley recipients
(also see 9). The eliciting of a tuber-
culin reaction in recipients of lymph
node cells harvested 8 to 12 days after
active sensitization, which would other-
wise serve as a control for the success-
ful transfer and persistence of viable
lymphoid cells (9), was complicated
by probable impairment of the skin
reactivity of animals sick with encepha-
lomyelitis.

The problems which come to the fore
concerning lymphoid transfers between
histocompatible guinea pigs were dis-
cussed previously (9, 15).

SANFORD H. STONE
Laboratory of Immunology, National
Institute of Allergy and Infectious
Diseases, Bethesda, Maryland
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