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Host Versus Graft (HVG) syndrome is
a fatal disease complex that occurs in pa-
rental strain mice perinatally inoculated
with F, hybrid spleen cells. C3H mice in-
oculated neonatally and again at 7 days
with (C3H X T,)F, spleen cells developed
thrombocytopenia and died of massive in-
testinal hemorrhage usually within 60 days
(1). At autopsy massive lymphospleno-
megaly and thymic atrophy were observed.
Longer lived C3H/(C3H X T¢)F, and
RFM/(Ts X RFM)F, mice were found to
have renal disease resembling human mem-
branous glomerulonephropathy caused by
glomerular deposition of immunoglobulins,
presumably as antigen-antibody complexes
(2). The supposition that the disease was
most likely due to an allogeneic host reac-
tion against donor F, cells was strongly
supported by the finding that the clinical
and pathological disturbances could be pre-
vented by neonatal thymectomy or X-irradi-
ation of the host, measures known to sup-
press immunocompetence (1).

According to the rules of transplantation
in inbred mice (3), HVG syndrome ought
not have happened. The parental host
should either have tolerated or rejected the
F, hybrid cells. F, hybrid immunocompe-
tent cells have never been shown capable of
causing pathological lesions by allogeneic
reactions against parental strain hosts. Be-
cause of these considerations and because of
histopathological changes similar to those
of Graft Versus Host (GVH) disease (4),
it was postulated that premature exposure
of the immature parental strain host to F;
hybrid histocompatibility antigens had led
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to aberrant immunologic responses (2).

The objectives of the work reported
herein were to test the immunocompetency of
RFM/(T; X RFM)F, chimeras in the pre-
clinical stages of HVG disease, and to cor-
relate this result with gross and microscopic
tissue alterations. For the initial probe of
the immunological status of parent/F;
chimeras before advanced disease had be-
come manifest, antibody response to anti-
genic challenge with sheep red blood cells
(SRBC) was selected. Hemolysin forma-
tion, detected as hemolytic plaque forming
cells (PFC), has been shown to be a sen-
sitive test of functional, coadjutant compo-
nents of the immune response system, in--
cluding thymic derived (T) lymphocytes
and bone marrow derived (B) lymphocytes
(5) and reticuloendothelial cells (6). To
complement this broad spectrum immuno-
logical probe, histological studies of the
spleens tested for PFC were undertaken, in
order to identify significant changes in one
or more of these essential cellular compo-
nents. Previous studies (7) had demon-
strated that concentrations of T or B
lymphocytes could be identified presump-
tively by their sites of localization in the
spleen. Numerical changes in reticular cells
are easily detectable by light microscopy.
Data will be presented that implicate deple-
tion of thymic dependent lymphocytes as
the cause of the severe immunodeficiency
observed.

The mice used were RFM/AI(+)
(RFM) and TeT, (T,) mice, and their
(Ts X RFM)F, hybirds, all from our own
conventional colony. The RFM/Al(+)
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subline was derived from outbred RF strain
mice, and by now have been inbred for more
than 20 generations since their acquisition
from Dr. Robert Allen, formerly of Oak
Ridge National Laboratory. T,T. mice,
homozygous for the characteristic chromo-
some markers, have been similarly inbred
since receipt of the Harwell-derived mice
from Dr. John Trentin of Baylor University.
The F, hybrids accept Ts and RFM skin
grafts indefinitely.

HVG disease was initiated in RFM host
mice by neonatal inoculation of (T; X RFM)
F; hybrid, nucleated spleen cells in dosages
of 5 X 10¢ intravenously and 10 X 10° in-
traperitoneally. A booster dose of 100 X 10°
F, hybrid spleen cells was given intraperi-
toneally at 7 days. Control littermates re-
ceived the same doses of syngeneic RFM
cells or were untreated. Because no differ-
ences were detected between the controls
that had received syngeneic RFM spleen
cells (RFM/RFM), and those that had not
(RFM), they were considered together. At
21 days, when experimental mice were
clinically healthy, but were known from
previous work to have marked lympho-
splenomegaly, SRBC were inoculated intra-
peritoneally in doses of 20 X 10° per gram
body weight. Four days later, cell suspen-
sions were made from a portion of the
spleen of known weight, quantified and
mixed with SRBC, then plated and incu-
bated with guinea pig complement accord-
ing to the method of Jerne et al. (8). The
total numbers of splenic cells were calcu-
lated. The remainder of the splenic tissue
was fixed in buffered formalin for prepara-
tion of paraffin sections, cut at the micro-
tome setting of 3 micra, and stained with
hematoxylin and eosin, and methyl green
pyronin.

At the time of sacrifice, when the mice
were 25 days old, both experimental and
control groups appeared healthy.

Numbers of splenic cells capable of form-
ing hemolytic antibody following intraperi-
toneal challenge with SRBC were analyzed
as PFC per 10 X 10° nucleated spleen cells
and as PFC per spleen (Table I). By both
measures, experimental chimeras were
markedly deficient in their responses to

SRBC, having on average only 1.3% of
control numbers of PFC per 10 X 10° cells,
and only 4.9% of control PFC per spleen.
Decreased numbers of PFC per 10 X 10°
nucleated spleen cells in mice with HVG
disease might have been interpreted merely
as dilution in the enlarged spleens. However,
the severe parallel depression in counts of
PFC per spleen provided solid evidence of
immunodeficiency in  the parent/F,
chimeras.

The focus of morphologic studies was on
the splenic white pulp. This lymphoid com-
ponent of the spleen has been separated into
two morphologically identifiable compo-
nents (7), the central periarteriolar area
known to be infiltrated with T lymphocytes,
and eccentrically situated germinal centers
known to be sites of localization of B
lymphocytes.

The photomicrograph of the white pulp
shown in Fig. 1A was considered repre-
sentative of normal, 25 day old RFM mice
which had received neonatal and 7 day in-
oculations of syngeneic spleen cells as de-
scribed above. Moderate numbers of small
lymphocytes have accumulated in the peri-
arteriolar area, over a background of retic-
ular cells with indistinct, amphophilic or
slightly ecosinophilic cytoplasm and large
pale-staining nuclei. Inferiorly a hemispher-
ical germinal center has been formed of
proliferating reticular cells infiltrated by
small lymphocytes.

In contrast, the periarteriolar portions of
the white pulp from RFM/(Ts X RFM)F,
chimeras (Fig. 1B) was site of a vigorous
inflammatory response. The normal com-
plement of small lymphocytes was reduced
to negligible numbers (1% ). Infiltrating
among the reticular cells in their place were
polymorphonuclear leucocytes, predomi-
nantly neutrophils (66%) but also some
eosinophils (15%), together with large
mononuclear cells with moderately pyro-
ninophilic cytoplasm (12% ), macrophages
(3%) and a few plasma cells (3% ). De-
spite the havoc raised in the thymic de-
pendent portion of the white pulp, the ad-
jacent germinal center seemed to have
emerged unscathed. The numbers of retic-
ular cells appeared equivalent or even in-
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FiG. 1A. This photomicrograph of spleen from a control RFM mouse shows the numbers
and types of cells normally found in the white pulp around the central arteriole (a), and the
germinal center (gc) at 25 days of age. Typically, 90% of the cells infiltrating the reticular
framework of these 2 areas are small lymphocytes. (Hematoxylin and eosin X190.) 1B. In
this section of spleen from a 25 day old RFM/(T: X RFM)F,: chimera there is only a moder-
ate decrease in cellularity around the central arteriole (a), but nearly complete replacement of
lymphocytes by neutrophils, eosinophils, large mononuclear cells, macrophages and plasma
cells. The large germinal center (gc) has a nearly normal complement of small lymphocytes.
Tingible bodies, presumed to be DNA fragments, are characteristically prominent in germinal
centers early in HVG disease. (Hematoxylin and eosin X 190.)
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FiG. 1B.

creased when compared with those of the
control. Lymphocytes associated with the
germinal centers of the experimental mice
were present in relatively normal numbers,
and acute and chronic inflammatory cells
were essentially absent.

‘When compared with normal organs, the
typical thymus from an immunodeficient
animal weighed 43% less (Table I). Histo-
pathologic study revealed diffuse and focal
depletion of cortical thymocytes. The mor-

phology of all thymi at this stage of HVG
disease varied from severe atrophy to
normal. .

In brief, these immunopathologic investi-
gations have revealed severe immunodefi-
ciency in RFM/(T; X RFM)F, chimeras
coincident with acute and chronic inflam-
matory changes and lymphocytic depletion
in thymic dependent areas of the splenic
white pulp. Splenic germinal centers,
thought to be sites for antigen trapping and
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X RFM) F; Experimental Chimeras Compared

Thymic and Splenic Weights with Hemolytic Plaque Forming Cells of 25 Day Old RFM/ (T,

TABLE 1.

with Littermate RFM/RFM and RFM Controls.

Splenic
weight (mg)

PFC®

PFC?
10 x 107 cells

Splenic

Thymic Thymic

weight (mg)

Body
weight (g)

spleen

index®

index®

Group

IMMUNODEFICIENCY AND T CELL DEPLETION

246 (48-604)
5,004 (2,298-8,314)

18 (2-69)
1,358 (305-4,113)

20.4 (15.0-32.8)
5.7 (4.6-8.0)

35 (11-63) 27 (1.2-47) 290 (117-514)
47 (4.0-5.6)

61 (53-76)

127 (7.8-15.7)
12.6 (9.9-14.5)

HVG

78 (45-117)

Control

All figures represent mean values, with ranges in parenthesis for 10 experimental and 8 control mice.

o Index = Organ Weight (mg) X 16°

Body Weight (mg)
® PFC = Hemolytic Plaque Forming Cells detected 4 days after challenge with sheep red blood cells.

localization of B lymphocytes, appeared to
have been spared.

Among several possible interpretations of
these results, the most obvious is that the
parent strain host has developed an im-
munodeficiency state due to destruction of
T lymphocytes during an unusually vigor-
ous allogeneic reaction against subtolero-
genic inocula of F; hybrid cells. But how to
explain this nearly complete devastation of
the splenic T cell population?

In light of current knowledge of cell
mediated immunity, it could be postulated
that an initially specific, allogenic, parent
versus F, reaction caused an inflammatory
response (9) in the homing sites for T cells,
the great majority of which were destroyed
non-specifically as innocent bystanders.
With loss of the T cells required as helpers
for B cell antibody responses to SRBC, a
sharply reduced hemolysin response would
be expected. This was exactly the result
seen in HVG chimeras, despite apparent
preservation of the B cell system. After de-
pletion of host T cells, it could also be an-
ticipated that the aggressive attack on donor
F, T cells would falter, the acute inflam-
matory response would wane, and rejection
of donor erythroid, myeloid and B cells
outside the thymic dependent areas might
be impaired. Partial confirmation of this
hypothetical sequence has been obtained by,
histopathological observations, and by pre-
liminary studies (10) that revealed per-
sistence of low numbers of donor F,; hybrid
cells in the spleens and nodes of old host
mice, which could reject F, skin grafts only
after extended periods. Transition from an
acute to chronic HVG reaction could, with
the help of spared B cells sensitized to donor
histocompatibility antigens, lead to forma-
tion of antigen—antibody complexes, thought
to be the cause of renal disease in parent/
F, chimeras (2).

It should be clear that these morphologic
studies at the light microscopic level have
not ruled out functional impairment of B
lymphocytes as cause of the poor PFC re-
sponse to SRBC. This important point is
under current investigation. Nor have these
studies ruled out the possibility that the
decreased numbers of PFC were due to
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poor antigen handling by a disrupted retic-
ular system (11). In reference to this last
possibility, increased activity and efficiency
of reticuloendothelial cells have been re-
ported following Graft Versus Host (GVH)
allogeneic reactions (12).

The role of infectious agents in HVG
disease is problematic at this point. Im-
munological depression and immune com-
plex nephropathy are among the features
of HVG syndrome that have been observed
in other animal models but attributed to
viral infections (13). Because the Ilesions
of HVG disease may be largely due to an
inefficient or inappropriate host response,
there are intriguing similarities to the in
utero infections of rubella and syphilis which
are exacerbated by the immunological re-
action of the immature host (14). Mouse
hepatitis virus—3 has been shown to cause
lymphocytic depletion (15), but descrip-
tions of the nature and progression of the
lymphoid lesions differed from those of
HVG reactions.

Depressed hemolytic PFC responses to
SRBC have also been observed in GVH
disease (16, 17). In both reports, the in-
vestigators attributed inhibition of antibody
response in F,/Parent chimeras to antigenic
competition. According to their concept,
immunocompetent cells were so preoccupied
with F, histocompatibility antigens, they had
sharply reduced reserve capacity for re-
sponse to SRBC antigens. Immunological
and morphological similarities to the studies
reported here would suggest as an alter-
native, that the allogeneic GVH reaction
had caused sharp reductions in numbers
of T lymphocytes, thereby severely limiting
any immunological reaction for which they
were required. Just as described above for
HVG disease, the early stages of GVH
disease were also marked by acute and
chronic inflammatory reactions and Iympho-
cytic depletion of the thymic dependent,
periarteriolar portions of the splenic white
pulp (4).

Past and present work has led to the
hypothesis that the basic cause of immuno-
deficiency in HVG, and perhaps GVH,
disease is a T cell deficiency induced by
allogeneic cellular interactions. It has been

difficult to explain satisfactorily the failure
of the young parental strain mice to re-
plenish the T cells presumed lost in the
HVG battle. Both gross and microscopic
observations of the thymus pointed toward
organic impairment, but offered no clue to
the etiology. It may have been that thymic
shrinkage and insufficiency were results of
elevated levels of adrenal corticoids, sec-
ondary to the stress of the vigorous allo-
geneic HVG reaction. Such a mechanism
has been invoked to explain the thymic
atrophy seen in GVH disease (18). Direct
attack on F, hybrid thymus by immuno-
competent parental cells has also been sug-
gested as a cause of atrophy in GVH disease
(19). Although the possibility of cellular
attack does not seem applicable in HVG
disease, some other form of F, versus parent
activity has not been excluded. Such an F,
hybrid antiparent immunologic reaction has
been reported (20), and recent work has
demonstrated that F, hybrid cells could pro-
duce antibody to receptor antigens of paren-
tal immunocompetent cells (21). The cor-
rect exposition of this allogenic effect on the
thymus and thymic derived cells may well
provide the key to the mechanisms of fatal
HVG and GVH reactions in vivo. The sim-
ilarity of the histopathological findings that
follow neonatal thymectomy and GVH (19)
and HVG syndromes supports the specu-
lation that a deficiency of T cells may be
the common denominator among them.
Summary. Host Versus Graft (HVG)
syndrome is a fatal disease complex induced
in parental strain mice by perinatal inocu-
lations of F, hybrid spleen cells, and mani-
fested by platelet deficiency, intestinal
hemorrhage, massively enlarged lymph
nodes and spleen, thymic atrophy and renal
disease. In this study, severe depression in
splenic hemolytic plaque forming cell re-
sponses was observed in 25 day old RFM/
(Ts X RFM)F; mice. Histopathological sur-
veys of the spleens revealed that depletion
of lymphocytes in the thymic dependent
areas of the white pulp accompanied an
acute inflammatory reaction. Germinal cen-
ters and their accompanying lymphocytes,
thought to be of bone marrow origin, were
spared. Certain immunological and mor-
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phological similarities suggested that Graft
Versus Host and Host Versus Graft diseases
may have in common an induced deficiency
of thymic derived (T) cells.
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