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In rats infected with Taxoplarma pondii, humoral antibodies were
chovwn to be fonnd in only IgM on the Hth day pastinfection. On the Tth
dwmﬂtfecﬁmmﬂhﬁiuwmtmﬂhbﬂh!gﬂm&lﬂ.mﬂwm
lnterobaervedhlaﬂ‘almtmmthga:d.toabqwetheﬂthwmpmﬁn-
fection. ) . :

The erythrocytes in the rats were examined by means of the direct
fection, although the positive phenomenon was slight. Positivity was
] - also proved by the eluaate factor from the posftive erythrocytes. The
Cocinba teats with mt-rat IgG for newhorn mfants {romn tnother rois
im the 7th week postinfection were megative m all cages until the bth:
_week after birth. In the anti-globuline, after the absorption of IgG the
positive phenoinenon on the ervilvocytes disappeared. In consequence,
the auto-immume antibody on the erytheocytes of the xats infected with
toxoplasma was thought to he simflar to antgenic snbstances with the
_ imwmunogiobmlin G alone. )

_ '! Roscite forming cells, which were thought to be the autoimamme anti-

ol body producing cells on the eryihrocytes end having anto-eérythrocybes
N of the imdected rats, were found in the thyinmus, lymph nodes ad spléen.
\ ¥n the fractionations of lymphoid cells, the rosette forming cells were
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fornd in the highest percentage fn the lst band of thymocyiea. The
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band contained mainly mmall and middle sized Iymphoid cells. No posi-
thvity ol 'surface inwunoglobalin G or M was found in any rosette form-
ing cefla. The cells of the lat band in the thymus and spleen were shown
to be in remarkable agglutmation and immomofinorescence with the anti-
rat thymocryte sercm. Bdoreuseaftheauﬁdthymwymamitﬁmad-
sorbed with hone marrow cefls. The authors, therefore, presnmed that
the rosette forming cells with suto-erythrocytes of the Iet band in the thy-
musandsplmmightbelongtotheseﬂesdthethymusdedvedlymph-
old cells.

In the preceding parts of this serles of studies on experimental toxoplasmosis, the
authors have reported on the pathophysiological observations of an acute and a chronic
toxoplasmosis in mice and rats infected with Toxopiesmea (T') gondii'“t~T  In these
experiments,™ only very few parasites of the virulent strain of 7. gondii are required
to kill & mouse within 10 days. Using the same strafn, a raf can survive inoculation
with millions of the parasites, showing a slight body defense reaction in the acate stage,
having a tendency to recover to a subclinical stage in the 8th week postinfection®
As noted in the authors’ earlier reports,* the activity of glucose-6-phosphate dehydro-
genase, and lactate production in the erythrocytes in toxoplasma-infected Tats in sub-
clinical cases showed slight tendencles to decrease in the 8th week postinfection, show-

ing a slightly shorter swrvival time than for the non-infected rats. The authors ob-

served that the morphomaintenanes and function of the erythrocytes in subclinical cases
of rat toxoplasmosis might probably be affected by the toxoplasma parasites.

Reports are available on such hematological changes, as hemolytic anemia, eryth-
roblastosis fetalis, Hodgkin's disease or lymphoma with toxoplasma parasites in human
clindcal cagses 4008050

In this experiment, the anthors attempted to confirm whether the slightly short-
ened He span and the changes of the erythrocytes in toxoplasma-infected rats were
caused by auto-lmmune antibodies on the erythrocytes by the extracorpuscular abnor-
malities, and to determine whether the auto-immune antibody producing cells are de
rived from the thymus or the bone marrow cells.

MATERIALS AND METHODS

Wistar-Imamichi strain female rats, aged 5 to 8 weeks, were used for all experi-
ments. Rats were inoculated intraperitoneally with 1107 parasttes of the RH or Be-
verley-Shimizu® strain obtained from the peritoneal fluid of 2-day infected mice. ‘To
prepare the inocula, mowse peritoneal fluid was centrifuged at 2,000 rpm for 15 minates,
and the lower portion of the fluid was then washed tweo times with physiological saline.
The organisms were resuspended in the saline solution and adjusted to contain approxi-
mately 1x10% organisms in 1.0 mi of the suspension. :
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Antibody titers to toxoplasma were examined by the dye test and indirect imrmmo-
fluorescent methods.'®

Erythrocytes in acid-citrate-dextrose (ACD) at 4 C were washed four times with
phosphate buffer saline solution (PBS) by centrifugation at 1,500 rpm for L0 mimites, so
that the supernatant liquid and buffy coat were carefully removed. An aliquot of this
snspension in the PBS after the last washing was diluted to 2% ufthePBSsoluﬁnn.l .

Before the Cpombs tests, anti-rat sera were adsorbad with the erythrocytes from
all rats used for the experiment. This served to demonstrate incomplete sntibodies on
the ervthrocytes. As for jdping pseudopositive or true positive phenomenon In the
Coombs test, the eluate test by Weiner was used. '

The direct Coombs test,") using macroscopical and immunoflugrescent exainations,
was cmrrid out by mixing 0.1 mf of the washed 2% erythrocyte solution with fema of
0.1 m? each from rabbits immunized with the following sera; rat-whele serpm, rat-globu-
Hns, rat-IgG and rat-IgM.® These anti-rat sera were conjugared with fluorescein isothioc-
yavate (FITC)» and were Inactivated at 56 C for 30 mimstes. They were then centri
fuged at 1,000 rpm for one minute. COne drov of the sedimentation was put on the slide
glass, and was thon judged by the agglutination.

Lymphoid cells in the bone marrow, thymus, lymph nodes and spleen in rats were
separated by the method of Conray 400-Ficoll® The lymphoid cells isolated by the
Conray 400-Ficoll method were separated in bands 1, 2, 3 and 4 by the arabic gum den-
sity method!? They were mixed with the ervibrocytes of rats infected with toxoplas-
ma at 4 C for one howr. Then the positive cells, auto-immune antibody producing cells
with four or more auto-erythrocytes around the rosette forming cell, were counted by the
methed of HORIUCHL under microscopical examination.®

Rahbit anti-rat thymocyte serum (ATS) was prepared in the following manner.
Suspensions of thymocytes for each of three injections into rabbits were obtained by e
moving the thymus from ether-killed rats iminediately after death and homogenizing it
in a cold PBS, pH 7.3. The thymocytes were washed three times in fresh PBS by
centrifugation at 1,000 rpm for 10 minutes at 4 C . Following each centrifugation, the
thymocytes were scraped from the residual erythrocyies with a spatula.  The percent-
age of viable cells immediately prior to isjection into rabhits was estimated by use of
a 1:20 dilution of 0.1% Trypan blue’  Viability of the thymocytes ranged from 90—
95%. A PBS suspension of approximately 5x10* thymocytes was injected into the
marginal ear vein of the rabbit in each of three injections 7 days apart. At the same
time, thymocytes suspended in the complete adjuvant were injected intramuscularly.
Seven days following the third injectlon, the rabbits were exsanguinated by cardiac punc.
ture, the blood was allowed to clot, and the seram was collected after adsorption as
described below and then frozen at —20 C.  Sexum from control rabbits (NRS} which
received injections of PBS without cells was handled similarty. The ATS was inactiva-
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ted by incubstion at 56 C for 30 minutes and subsequently adsorbed once with sheep
orythrocytes washed three times with PBS at 57 C for one hour to remove heterophile
(Forssman) antibodies, A refrigerated adsorption was made overnight at 4 C using the
washed rat erythrocytes (1 ml of packed cells per 15 mJ of serum). Incubated adsorp-
tions ‘at 37 C for one hour with | m! of packed mat erythrocytes per 30 mJ of serum
were repeated umtil the sera showed no evidence of agghitination of the rat erythrocytes
under the microscope. In order to produce the specific thymus derived lymphocyte ser-
um, ATS was adsorbed with rat liver and bone marrow cells. The serum was conjugated
with FITC, and was then filtered into screw cap vials and held frozen at —20 € wmtil
used. Rat thymocyte agglutination titers were determived by the modified methed of
SLOBODA.Y Serial dilutions of ATS were made with PBS. A solution of approximately
8x10* thrice washed mat thymocytés (0.02 mJ) was added to each tube containing 0.5 m!
of fluid. Control tubes included rat thymocytes in normad rabbit seram, thymecytes in
PBS, and rat erythrocytes in serial dilutions of ATS, NRS, and PBS. All tubes were
1muhatedat37Cmﬂemmnwdagammtahghwdbackgrmuﬂformdmeofagglmmn
at two hours.

RESULTS

Humoral and mdo-tmmune axiibodies in the infected rols

Toxoplasma antibodies wsed in the dye test, and the indirect imrounofluorescent
methods obtained in the rats are shown in Table 1. SF dye titers appeared from the
5th day to above the 25th week postinfection {p.i). By the indirect immumofluorescent
method, toxoplasma antibody was foumd in only the IgM on the Sth day pi. On the
lat week p.i., antibodies were obszerved in both IgM and IgG, and were later observed in
IgG alone from the 4th to above the 25th week pi  Antibody activities in the newborn
infants from mother rats in the 7th week pi were cbserved in IgG alone up to the 5th
week after delivery. No parasites of T gondii were found in any infants In this experi.
ment. . '
By means of the direct Coombs tests the erythrocytes in the rats were examined, and
the results were positive in the anti-IgG tests, both in the macruscopical and immuno-
fluorescent examinations, from the 4th week p.i (Figs. 1-3} Positivity was also proved
by the eluate factor from the positive ervthrocytes. The direct Coombs tests with anti-
rat glebulin for the newhorn infants on the 1st week after delivery was positive, show-
ing a high percentage of reticulocytes. Otherwise, both the tests ‘with amtiret IgG and
with the elvate factor from the ervthrocytes in the infanis were negative in all cases
until the 5th wesk after birth, _

In the anti-globulins after the abserption of IgG, the positive phenomenon on the
erythrocytes disappeared. In conseguence, the auto-immune antibody on the erythrocytes
t}fthemtinfectedwithtuxoplwnawasthmlghttubesimﬂa;‘tumrﬁgmicsubsmcm
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Table 1. HumornlAnﬁbodisinSarnandCoombaAnu'ﬁodiesuntheEmhrm
in Raiz Infected with Texoploomas gondis

1
|

IgG
Eluate from RBC

Week= postinfection
. Preinfecion™577 1 2 3 4 7 8@ 10 1z aver 25
. Mating Partu-
| THoNm
i Toxoplasma antibodies
B Mother e e 4 2 2% 1056 4096 w6 409
. TeM 64 2% g6 {18 L6 <15
126G <4 35 16000 4095 240% 4006
- | EECR
o Mother rats .
- Whole serum’ - - - - % + + + + +
: Globulin - - + + 4+ o+ 2
. ﬁ - + + + + +
ol Infant rats
O Globulin + = -

Notes: %5/7, 5 days poatinfection; and **EEC, Erythrocytes,
with the immunoglobulin G alone.
Awdo-immune antibody producing cells in the infected rals

As shown in Chart 1, rosstte forming cells, these lymphoid cells with auto-crythro-
S cyte clusters were separated by the Conray 400-Ficoll inethod. They were formd in the
s thymus, lymph nodes and spleen in rats over 4 weeks pi  Almost no cases of rosette
N forming cells were found in bone marrow.

In bands [, 2,3anﬂ4ofthﬂcdlams1ﬂtmgfromthembmgumaepm'ahun,m
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Table 2. SpmﬁuhasofﬁmCeﬂsmtheT}wnnm,I.ymthudasmdSpl&n
of Rat Toxoplaamosis by the Arabic Gum Method

. Antithymocyte serum
Rosd:t&formmgcelﬁa umora.IArm-sern .
absoxbed with bone
(with autoerythrocytes) {conjugated ‘with FITC) { marrow cells)
' Anti-IgG Anti-TgM Finoreacent mﬁm"‘ﬁm‘- -
T L s

T L S T L 5 T L & T _L -]

Bands 1 4+ =+ + <+ 4+ + = — 4+ + + + ++ + +
2 + + + ++ + £ + + + = 4+  ++ =+
3 0+ = = + 4+ FF + FF 4+
s+ =+ + 4+ F+ - o+ o+ F ok

Remarks: T., Thyoms: L., Lymph nodes and S., Spleen,
—, Megntive; &, Mot decided as pegative; 4, Positive and ++, Strong positive.

%
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1 23a| 2341234
BANDS THYMUS ~ LYMPH KDDES BANDS SPLEEN

Chart 2, Distributions of the Rosette Forming Cells
in Bande 1, 2,2 and 4 by the Cell Separation
in the Toxoplasma infected Rats

shown in Table 2 and Chart 2, the highest percentage of roseite forming cells in the or-
gans was observed in the 15t band of the thymus and spleen, appearing mostly in lymph-
oid cells (Figs. 4-6). In the Iymph nodes, the rosette forming cells were seldom found
in bands |, 2, 3 and 4. )

" By contrast, a high occurrence of the sirface IgG-positive cells was found in bands
1, 2, 3 and & in the ¢ell separation of lymph nodes and spleen. In the cells of the thy-

mus, however, a low occurrence of the IgG-positivity was observed and that ondy in band -

3. Surface IgM-positive cells in the spleen were found in bands 1, 2, 3 and 4, in bands 2, 3
and 4 of the lymph nodes, end in hand 3 of the thymus cells,

As for the examination of specific ATS, all bands in the thymus and splean cells,
and bands 1, 3 and 4 in the Iymph nodes were positive in the fluorescent and agghuti-
nation tests. No swiace Ig(G- or IgM-positivity was found in rosette forming cells in
any case.




L0
R
1
|
|
Lo

An Aute-Tmmune Antibody of Rate with T gondéd P -

Tahle 3. Rosette Forming Cells in the Thymuss and Lymph Nodes
of Rats Infected with Toxoplasma

Percentage of the rosette forming cells
{Abeorption with antithymocyte seram) -
Thymus Lymph nodes
Wo, Cazes Bef AF . Bef AT
1 2.9 1.3 25 2.3
2 ' 15. 4 - 2.7 ’ 1.5 0.4
3 14.3 L3 . .
Average 16T - 51 20 1.3

When rosette forming cells in the thymus aod lymph nodes were adsorbed with
ATS, as shown in Table 3, the percentage of rosette formation decressed remarkably
hath in the cells of the thymus and in the lymph nodes.

_ DISCUSSION :

In the present examinations for erythrocytes in mat toxoplasmosis by means of the
direct Coombs test, the results were slightly positive in the antiIgG tests, both in the
macroscopical and immunoflucrescent methods, from the 4th week postinfection. TPosi-
tivity was also proved by the eluate factor from the positive erythrocytes. As for the indi-
rect Coomba test in rats, since there were problems such as the pseudopositive phenomena
resulting from isoantibodies, the authors did not wse it in this experiment, although it
is valuable in determining the serum factor which reacts as an incomplete antibody. -

The authors, however, presumed that the rositive results in the direct Coombs test
are strong evidence for the presence of a so-called mdo-immune hemolytic process. In
its simplest interpretation this indicates the presence of an abnormal protein factor on
the surface of the ervthrocytes as reported in the preceding parts of this series of stu-
dies -8~ Immunclogic changes in symptomatic or secondary hemolytic anemias have
usually been identical with those found in the idiopathic forms®#  Their frequent oc-
currence in diseases associated with abnormal proliferation of the reticuloendothelial sys-
tem and lymphatic tissues has suggested to many investigators that the autoantibodies
may be derived from these hyperplastic tissnes™ Such amtibodies have been extracted
in high concentration from lymphosarcoma tissue? and the demonstration of a large
amount of intracellular periodic acid-Schiff positive protein in the neaplastic tissue of ma-
lignant lymphomas, hemolytic anemia, lymphoma, Hodgkin's disemse and positive anti-

Iglnbdhmhnsbemhﬂ«mmdaswidmmthatthﬁseﬁssuesmmpableofm

sizing abnormal proteins®®  Toroplasma perasites occagionally were found in these
hanatological diseases in heman clinical caseg 101710 Tn the authors past experiments,
ne remarkahle changes in histopathological findings of rat toxoplasmosis were found in
any of the experiments. However, zithough the mutual mechanism of the Coombs
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positive phenomenon is uot yet clear, it might be caused by the production of an incom-

plete antibody on the erythrocytes in rats after infection of toxoplasma. In the anti-

~ globuline after the absorption of IgG, the Coombs positive phenomenon on the erythrocy- -

tes disappeared. The auto-immune antibody on the erythrocytes of the rat infected with

toxoplasma was thought to be similar to antigenic substances with immunoglobulin G

alone. The authros presumed that the slight changes of ‘erythrokinetics in rat toxopla-
smosis might be caused by the primary infection of toxoplasma. In consequence, the
Coombs positive phenomenon might probably suggest the status of hematological changes,
or latent muto-immune hematological disorder associated with toxoplasma infection,

On the other hand, rosette forming cells with auto-erythrocytes in rats infected
with toxoplasma, which was thought as the amto-immume antibody producing cslls on
the ervthrocytes® were found in the thymus, lymph nodes amd spleen. In the bone
marrow, however, the cell was not found in quantity. In the fractionations of Iymphoid
cells by the method of arabic gum density gradient centrifugation,'V the rosette forming
cells were found in the highest percentage in the 1st band of thymus cells. “The band
contained mainly small and middle sized lymphoid cells. No positivities of surfsce im-
munoglobuling G and M were found in the rosette forming cells of the 1st hand of the
thymocytes even when the cells were agglutinated and made flaorescent by means of
ATS. As for the aunto-immume antibody producing cells in a typical auto-immune henio-
cyte anemia in human cases, it is known that the cell belongs to the abnormal plasmo-
lytic series. In our present examination, however, the authors presumed that the rosette
forming cells in rat toxoplasmosis may bhelong to the series of thymus derived lymphoid
cells. In consequence, studies are pow in progress to clarify whether the rosette form-
ing cell shifts to the plasmocyte serics.
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Explanation of Plate T

Fig. 1. wamgimmhmmthedireﬂﬂnomhsmmmmmmfedadmewmmmﬁ.

Fig. 2. and 8. Positive agglutination in the diract Coombs and-IgG test in toxoplasma-infected mat er-
ythrocytes on the 4th week postinfection

Fig. 4 A rosette forming cell with aubo-erythrocytes in the (st band of the thymocytes by the arabic ©
gum method in a toxoplasma infectad rat. SmmdwﬁhMay—Gmnwa]dandGiemsaafterl%
formaline foxation,

Fig. § and 6. 'Viable rosette forming cells with the auto-erythroeytes in the thymaocytes of toxoplasma-
infectad rats. wmmmﬂmmmwmm
ical obesrvation.
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