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the relationships among infection, virus production, and cell
transformation by this group of oncornaviruses cannot yet
be studied in in vitro systems, and analysis of these separate
events must be carried out in vivo.

Since these lymphomas appear almost exclusively in the
thymus (20), and since the eventual neoplastic cell bears
several surface markers characteristic of T-lymphocytes (cf
Ref. 2), it is likely that the original target cells for neoplastic
transformation are thymic lymphocytes or precursors of
thymic lymphocytes (cf. Ref. 2 1). The target cell(s) for
MuLV leukemogenesis need not be randomly derived from
the entire spectrum of thymocytes and/or precursor cells;
instead, the virus may select a particular subpopulation of
these cells as its target. This target cell hypothesis was first
suggested by Kaplan (19), who presented preliminary
evidence suggesting that the large lymphoid cells of the
outer thymic cortex were likely targets.

Studies on the maturational lineages of thymic lympho
cytes have revealed several subclasses that possess distinc
tive properties (4, 11, 38â€”40).Within the thymus, most of
the dividing cells belong to a pool of large lymphocytes
residing in the subcapsular cortical zone; these represent @â€˜@-5
to 10% of all thymic lymphocytes in weanling mice. A 2nd
population of small, nondividing cells also resides in the
cortex and comprises â€˜@â€”85%of thymic lymphocytes. These
are recently derived (within 3 to 5 days) from dividing outer
cortical precursors and have a short i.t. residence or life
span (3, 4, 11, 39, 40). A 3rd population of thymocytes,
slightly larger than the small cortical thymocytes and also
nondividing, resides in the thymic medulla. Only a portion
of these are derived from recently dividing outer cortical
precursors (4, 11, 40), and some have an extremely long i.t.
life-span (10).

A potential pool of thymic lymphocyte precursors resides
in the bone marrow and other sites of hematopoiesis, and
these cells may repopulate an experimentally depopulated
thymus (4, 13, 22, 32, 33). This repopulation follows defined
kinetics; few marrow-derived thymic mitoses are found in
the 1st 2 weeks after host irradiation and i.v. bone marrow
infusion (5). During the interval between 2 and 4 weeks after
irradiation, donor marrow-derived cells become the pre
dominant thymic lymphocyte population (5, 22, 30, 32, 34).
In the unirradiated host, however, the rate of thymus
seeding by marrow precursors is very low, and several weeks
must elapse before a steady-state proportion of these cells in
the thymus is attained (13, 33). In contrast, emigration of
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SUMMARY

Studies on the maturational lineages of thymic lympho
cytes have revealed several subclasses which are distinguish
able on the basis of cell size, topographic distribution within
the thymus, DNA synthetic and mitotic activity, migratory
behavior, and other properties. Strain C57BL/Ka mice
were inoculated with radiation leukemia virus at different
concentrations, and tissues were removed at defined inter
vals. Sequential sections were analyzed for virus-specific
cytoplasmic antigen expression, for morphological evidence
of neoplastic transformation, and for alkaline phosphatase
activity. The first detectable sign of MuLV infection was the
focal appearance of cytoplasmic viral antigens in cells of the
outer thymic cortex, followed by coalescence of such foci
and, several weeks later, by the appearance of morphologi
cally transformed and alkaline phosphatase-positive cells,
again often focally distributed in the outer thymic cortex.
These observations strongly suggest that the large, mitoti
cally active cells of the outer thymic cortex are the principal
source of target cells for both productive infection and
subsequent lymphoma induction by the virus.

INTRODUCTION

Thymic lymphoid tumor induction by the thymotropic
MuLV,8 such as Gross-AKR virus (15) and RadLV
(27), is characterized by the elapse of a relatively bong time
interval between the introduction of leukemogenic virus and
the appearance of neoplastic cells (20). Although such
viruses are capable of rapidly and productively infecting
various in vitro cell lines (29), and although lymphoid cells
thus infected in vitro may later undergo neoplastic transfor
mation in vivo (28), no in vitro transformation of cell lines
by the thymotropic MuLV has been reported to date. Thus,
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T-cells from the thymus to peripheral lymphocyte pools is
massive and rapid (38); these cells and other peripheral
lymphocytes do not possess the property of reentry into the
thymus (14, 38).

Thus, at least 5 distinct thymic or T-cell populations
exist: marrow precursors, outer cortical large cells, cortical
small cells, medullary medium cells, and the emigrating
population. Each of these can also be distinguished with
respect to cell surface antigens, mitogenic responses to
lectins, lymphoid tissue homing properties, steroid hormone
sensitivities, enzymatic activities, and immunological func
tions (for review, ci. Ref. 4). These surface markers and
functional properties provide valuable criteria for the identi
fication and characterization of the target cell population.

Since each of the above cell populations resides in an
architecturally defined locus, this initial se'ries of experi
ments was designed to define the sites of: (a) MuLV gene
expression, as revealed by the appearance of cytoplasmic
virus-associated antigens (CVA); (b) morphological evi
dence of neoplastic transformation; and (c) induced AP
activity (12, 24, 31, 37, 41). If the target cell hypothesis is
correct, each of these events should be focal initially, and
the sites of their expression should give some clue as to the
nature of the target cell(s) involved. Accordingly, mice were
inoculated with RadLV at different concentrations and
tissues were removed at defined intervals for analysis. The
pattern of virus-specific cytoplasmic antigen expression was
determined by immunofluorescence on frozen sections of
these tissues, using reagents previously described (8). Alter
nate sections were also analyzed for morphological changes
and alkaline phosphatase expression. We have observed that
the first sign of MuLV infection isthe focal appearance of
cytoplasmic viral antigen expression in cells of the outer
thymic cortex, that these foci rapidly enlarge and coalesce,
and that coalescence of these areas precedes both morpho
logical evidence of neoplastic transformation and AP
expression by several weeks.

MATERIALS AND METHODS

Mice. C57BL/Ka mice, 4 to 6 weeks old, of both sexes
were used.

Virus. In vivo-derived RadLV was prepared as previ
ously described (26, 27). Virus titers were determined by a
rapid in vivo assay (6). Injections i.v. into the tail vein were
performed on 91 mice, using 0.2 ml of a virus preparation
with a titer of 2 x 10' infectious units per ml. Injections i.t.
were made into I lobe of the thymus of 5 1 mice with 0.02 ml
ofvirus preparations with a titer ofeither 2 x 10' or 2 x 10'
infectious units per ml. Virus dilutions were made in PBS
(Grand Island Biological Co., Santa Clara, Calif.).

Preparation of Tissue for Staining. Two to 3 mice per
experimental point were killed with ether, and the thymuses
were removed, fresh-frozen, and sectioned at 6 sm on an
IEC cryostat. More than 50 sequential sections through
each thymus were processed for immunofluorescence, H &
E, and AP.

Immunofluorescence. Sections were fixed in acetone for

10 n,in and stored at â€”20Â°until processed. Slides were
brought to room temperature, and each section was sur
rounded with fast-drying liquid marker. Slides were incu
bated in a 37Â°humidified incubator for 60 mm with rat
anti-MuLV serum (8), rinsed twice in 0.9% NaCl solution
(once for 10 mm with agitation), once in water, and air
dried. These slides were then incubated again with fluores
ceinated goat anti-rat immunoglobulin (Hyland Laborato
ries, Costa Mesa, Calif,), rinsed as before, and counter
stained with 0.06% Evans blue, dried, and coverslipped with
50% glycerin in PBS. The specificity of the immune serum
used for cytoplasmic viral antigen detection has been
previously documented (8, 18).

H & E Preparations. Sections were fixed in absolute
methyl alcohol for 10 mm and stored at room temperature
until processed.

AP. Sections were fixed in acetone for 30 sec and then
stained according to the recommendations of Sigma Techni
cal Bulletin No. 85 (36).

RESULTS

Previous immunofluorescence studies on thymus cell
suspensions (6, 9) have demonstrated that the percentage of
cells that are positive for viral antigens and the time of first
appearance of such antigens are both related to the concen
tration of RadLV inoculated I to 2 weeks earlier. These
parameters are also dependent on the route of inoculation;
the i.v. route is 100 to 1000 times less sensitive than the i.t.
route, and titration curves after i.v. inoculation display
multihit kinetics, whereas those obtained after i.t. injection
are single hit.

Injections i.v.

Choice of Virus Dilutions. It was recognized that virus
concentration might well be critical, since too high a
concentration of virus would be expected to infect too many
cells, and individual foci would be obliterated by early
confluence. Conversely, too little virus might be detected in
too few mice, too late after inoculation to be meaningful.
Accordingly, a pilot experiment utilizing 51 mice was
designed to explore the response to a range of virus
concentrations. Three mice/dilution point were given i.v.
injections of RadLV, either undiluted or diluted 1:5 to
1: 100. Two control mice were given injections of PBS. The
thymuses were removed at I, 3, 6, 9, 12, and 15 days after
inoculation, and serial frozen sections were processed for
immunofluorescence.

No fluorescence was found in the control mice. Late
fluorescence was found at 12 to 15 days in I of 3 mice that
received the I: 100 virus dilution. Both the undiluted and the
1:5 diluted preparations yielded earlier positive responses.
With the undiluted preparation, immunofluorescence posi
tivity was first observed at 6 days as confluence-positive
areas throughout the cortex of the thymuses of all 3
animals. Focal immunofluorescence was detected only at
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the 1:5 virus dilution, and then only in the thymus of 1
animal.

On the basis of these preliminary findings, the 1:5 virus
dilution was chosen for our subsequent experiments. By the
cell suspension assay (6), using groups of 6 mice, this 1:5
virus dilution (titer, 2 x 10' infectious units per ml) yielded
5 to 50 immunofluorescence-positive cells per 10,000 at 1
week after i.v. inoculation of 0.2 ml of virus. The wide
variation observed with the cell suspension assay, which
may be accentuated by the multihit kinetics associated with
i.v. injection, suggests that some thymuses would receive too
many virus particles and reveal diffuse fluorescence by the
frozen section technique at 1 to 2 weeks after virus
inoculation; some would not be detected at that time; and,
finally, a group of thymuses receiving an intermediate
amount of virus should show the focal development of viral
antigen expression, if indeed such a focal phenomenon
occurs.

Cytoplasmic Viral Antigen Expression. The distribution
and type of immunofluorescence positivity observed in
frozen sections of the thymus after i.v. virus injection are
indicated in Table I . Both were in reasonably good agree
ment with the distribution patterns predicted by the suspen
sion technique. At I and 2 weeks after injection, I or 2
rather large but well-defined foci of immunofluorescence
positive cells were observed in the subcapsular region of the
cortex (Fig. 1). Only 1 lobe of the thymus was involved.
Very few scattered immunofluorescence-positive cells were
present in the thymic medulla. At 2 weeks, 3 mice had focal
positive areas, and I had diffuse positivity involving the
entire cortex of both lobes. In time, the foci intended to
coalesce, and a mixture of positive and negative cells was
found around the main foci. By the 3rd week, most positive
thymuses exhibited diffuse positivity in the cortex of both
lobes (Fig. 2). Numerous immunofluorescence-positive cells
were also found scattered in the medulla. After the 8th
week, some regions of the thymic cortex became negative
again. Large groups of positive cells were admixed with
groups of negative ones. In a thymoma found 17 weeks after
inoculation, the entire thymus (cortex and medulla) was
immunofluorescence-positive in both lobes.

Morphological Transformation. One week after infection,
the morphology of the thymus was normal. At 2 weeks, a
discrete loss of small thymic lymphocytes and a relative
increase of large lymphocytes were observed in the subcap
sular cortical region. This subcapsular area of large lym
phocytosis was positive by immunofluorescence on the
corresponding sections. From 3 weeks on, the sequence
described by Siegler (35) for morphological changes in the
thymus of preleukemic AKR mice was observed (Table I).
The small lymphocyte population became progressively
more depleted and, as a result, the stromal background of
epithelial cells was drawn together. Increased numbers of
large lymphocytes were found scattered throughout the
cortex. By the 8th week, both lobes were involved in the
preneoplastic process (although 1 lobe was more affected
than the other most of the time), and the proportion of
mitotic figures was also increased.

Focal collections of morphobogically transformed cells

Table I

Immunofluorescence positivity and morphological evidence of tumor
developmentin the thymic cortex of C57BL mice after iv.

inoculation of RadL V

Titer, 2 x 10' infectious units per ml.
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a 0, negative; F, focal; D, diffuse; ( + + ), many, intensely positive cells;
(+),few,weaklypositivecells;THY, macroscopicthymoma.

(microtumors) were found in the subcapsular zone and
sometimes also scattered throughout the outer cortex.
Transformation was virtually never observed in a lobe that
was not virus antigen-positive on the corresponding immu
nofluorescence sections. In rare cases, transformed cells
were seen in I lobe or areas of a lobe for which the cor

DECEMBER 1975 3587

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2394320/cr0350123585.pdf by guest on 19 M

ay 2023



A. Decteve et al.

responding immunofluorescence section showed no viral
antigen. Whereas CVA-positive cells first appeared as a
single focus by immunofluorescence, transformed cells
sometimes showed a multifocal pattern of cortical distribu
tion.

After 15 weeks, the thymic lobes became involved in a
diffuse neoplastic process and increased progressively in
size. At I7 weeks, 1 macroscopically recognizable thymoma
was found. Both lobes appeared involved by tumor micro
scopically. The normal corticomedullary differentiation was
lost because transformed cells had invaded the entire
thymus. Overall, during a postinjection interval ranging
from 8 to 23 weeks, 14 of 18 mice showed signs of
transformation in the thymus.

AP Activity. Several groups of investigators have re
ported that AP activity is lacking in the lymphoid cells of
the normal mouse thymus and becomes histochemically
demonstrable during the course of development of either
virus- or irradiation-induced thymic lymphomas (12, 24, 31,
37, 41). In the present experiments, frozen sections which
alternated with those processed for immunofluorescence
and for H & E were stained for AP activity in an attempt to
determine the relative temporal sequences of appearance of
enzyme activity, CVA activity, and morphological transfor
mation.

No AP activity was detected in either lobe of the thymus
until the 17th week after virus inoculation. At that time, AP
activity was noted in both lobes of I thymoma. At the 21st
and 23rd weeks, AP activity was present in 2 thymuses that
showed microscopic signs of transformation in the cortex.
Comparison between the corresponding H & E sections and
those stained for AP activity showed that the enzyme
activity was present only in the cortical areas occupied by
morphologically transformed lymphocytes, as previously
reported (24). Accordingly, the induction of AP activity in
neoplastic murine thymocytes appears to correlate in time
and localization with morphological transformation, and is
not observed until several weeks after the appearance of
virus-associated cytoplasmic antigens under these experi
mental conditions.

Intrathymic Injection

Direct injection of RadLV into I lobe of the thymus of
C57BL mice was first used in our laboratory several years
ago (17) to establish that thymic lymphomas develop in the
injected lobe and spread secondarily to the opposite lobe,
thus demonstrating that the induction of these tumors is a
direct effect of the virus. More recently, direct injection of
virus into the thymus was found to provide the basis for a
rapid and convenient in vivo assay of thymotropic MuLV
(6). It seemed desirable to use this method again to deliver
highly concentrated virus locally in order to saturate the
virus-susceptible population of cells in the thymus. Thereby,
it should become possible to determine the earliest time of

appearance of virus-associated antigens in the lymphoid
cells of the thymus; to detect a lag phase in virus expression,
if one exists; to obtain a more accurate estimate of the time

lapse between the appearance of viral antigens and the
occurrence of lymphoid-cell transformation; and to study
the secondary spread of virus to the noninjected lobe of the
thymus.

Response to High-Titer Virus. A group of 15 mice were
given injections of high-titer undiluted virus (2 x 108
infectious units per ml), and thymus sections were made at
1,2, 3, 4, and 7 days after injection.One day after injection,
no fluorescence could be detected in any of the 3 thymuses
analyzed. By Day 2, a layer of immunofluorescence-positive
cells appeared in the subcapsular area and along the
connective tissue septa, delineating the lobules of the
injected lobe (Fig. 3).

Groups of very brightly fluorescent cells also appeared at
the corticomedullary boundary. These cells were much
larger than the largest of the immunofluorescence-positive
lymphocytes of the subcapsular area (Fig. 4). It is possible
that they are sessile nonlymphoid cells, such as epithelial
cells or macrophages, the latter perhaps filled with the
debris of virus-infected lymphocytes.

At 3 and 4 days after infection, several characteristic
features were observed. The layer of immunofluorescence
positive cells at the periphery of the lobules had grown
wider, and scattered positive cells were found deeper in the
cortical parenchyma, extending inward from the positive
outer cortical layer. A continuous band of positive cells,
larger than the large lymphocytes of the outer cortex, was
now found in some areas of the corticomedullary boundary
(Fig. 5). A striking feature was the gathering of positive cells
around the postcapillary venules located deep in the medulla
(Fig. 6). A similar cuff of positive cells could be found
around the capillaries running through the cortex (Fig. 7).

Up to the 4th day after injection, immunofluorescence
positivity was limited to the injected lobe. By Day 7, the 1st
foci of immunofluorescence-positive cells were found in the
subcapsular area of the cortex of the noninjected lobe. Some
scattered immunofluorescence-positive cells were also pres
ent in the medulla of that lobe. The cortices of the injected
lobes were almost entirely positive, and the positivity was
accentuated at the periphery of the lobules, giving the cortex
a reticulated effect. The centers of the lobules displayed
immunofluorescence-positive cells scattered among others
that werenegative.The medulladisplayedall of the features
seen at 3 and 4 days after injection, but more cells were
positive. Finally, even though the cortex of the injected lobe
was almost entirely positive, no immunofluorescence-posi
tive reactions were detected leaking through the median
septum separating the 2 lobes of the thymus (Fig. 8). The
foci seen in the outer cortex of the noninjected lobe seem
therefore to have originated from blood-borne virus and/or
cells coming from the injected lobe.

Response to Medium-Titer Virus. The response to high
titer virus was so rapid that no discrete foci could be
detected, even at 2 days. It seemed possible that a less
concentrated virus preparation would reveal foci after direct
i.t. injection. Accordingly, another group of 50 mice were
given injections of the virus stock that had been used for the
i.v. injection experiment (titer, 2 x 10' infectious units per
ml), diluted 1:5, and thymus sections were made at weekly

3588 CANCER RESEARCH VOL.35

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2394320/cr0350123585.pdf by guest on 19 M

ay 2023



Interval
after

injection
(wk)MouseCortical

immuno
fluorescence
positivityâ€•Morphologicallytransformedcellsâ€•-

In- Unin
jected jected

lobe lobeInjected
Uninjected

lobelobeII

2
3D

F
D F
D F0

0
0 0
002I

2
3D

D
D D
D D0

0
0 0
003I

2D
D

D D0
0

F041

2
3D

D
D D
F F0

0
F 0
005I

2
3F

F
F 0
D 00

0
0 0
F06I

2
3D

D
D D
D FF

0
D 0
D071

2
3D

D
D F
D DF

F
0 0
DF8I

2
3D

D
D D
D DD

0
F 0
F091

2
3D

D
D D
D DD

0
THY THY
THYTHY101

2
3D

D
D D
D DD

F
THY THY
THYTHYII1

2
3D

D
F F
D DTHY

THY
0 0

THY THY

Target Cell Studies of Virus-induced Thymic Lymphomas

intervals from I to 11 weeks after injection. The results are
seen in Table 2.

Surprisingly, both lobes of the thymus were almost
equally active in replicating the virus. At I week after
infection, the noninjected lobe had foci of virus-positive cells
in the cortex. In most of the mice examined, both lobes
became diffusely positive and remained so until the end of
the experiment I I weeks later, but in a few mice the
immunofluorescence positivity was still focal at that time.

Table2
Immunofluorescence positivity and morphological evidence of tumor
development in the thymic cortex of C57BL mice after intrathymic

inoculation ofRadL V

Titer, 2 x l0'@infectious units per ml.

Histological examination of alternate slides correspond
ing to the immunofluorescence-stained sections confirmed
previous observations by Haran-Ghera et al. ( I7). The
earliest changes were noted at 3 weeks. They consisted of
multiple small foci of large, immature lymphoid cells in the
outer cortical area of the injected lobe; mitoses were
abundant. A marked depletion of the small lymphocyte
population was also observed. These microtumors increased
in size progressively; by about 6 weeks after virus injection,
the entire injected lobe was involved in the neoplastic
process. Paradoxically, despite the early appearance of
viral-associated antigens in the noninjected lobes, trans
formed cells did not appear in them until 7 weeks postinjec
tion, at which time multifocal microtumors were first
detected. Their evolution into diffuse tumors could not be
followed serially, however, because, by the 9th week,
invasion of the noninjected lobe by transformed cells
coming from the macroscopically neoplastic injected lobe
had also begun to occur. Table 2 shows that virus replica
tion, as revealed by immunofluorescence staining, preceded
transformation by at least 3 to 5 weeks under these
experimental conditions.

DISCUSSION

It has long been known that an intact thymus is essential
for neoplastic transformation in mice inoculated with the
thymotropic MuLV's (16, 20, 25). The heightened suscepti
bility to lymphoma development of neonatal and irradiated
hosts suggested the particular importance of a thymocyte
subpopuation prevalent in such animals, namely, the large
lymphoblastic cells of the subcapsular thymic cortex (1,
19). Later, direct i.t. inoculation of RadLV revealed that
the 1st foci of transformed cells appeared in the same outer
cortical zone ( 17), giving further support to the concept that
the immature large outer cortical lymphocytes are the prin
cipal target cell population for neoplastic transformation by
the virus.

In a recent publication (9), we showed that the thymus is
also essential for the productive in vivo replication of
RadLV. In the present investigation, we have endeavored to
define the thymic cell subpopulation involved, and its
relation to the cells that eventually undergo neoplastic
transformation.

These experiments were designed to answer 2 questions.
(a) Is the infection focal or diffuse? (b) Is the infection
architecturally localized to any particular thymocyte sub
class? For appropriate dilutions of RadLV injected i.v., the
appearance of CVA+ cells proved to be demonstrably focal
and was localized in the subcapsular region of the thymic
cortex. Injection of high-titer RadLV into 1 thymic lobe
confirmed the occurrence of the initial CVA expression in
cells of the subcapsular cortical region of the injected lobe.
It also clearly indicated that the lag phase for the appear
ance of virus-related antigens is shorter than 48 hr for
saturating preparations of virus. At lower titers, it was again
possible to demonstrate the early focal appearance ofa @,negative; F, focal; D, diffuse; THY,. macroscopic thymoma.

DECEMBER 1975 3589

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2394320/cr0350123585.pdf by guest on 19 M

ay 2023



A. Decfeve et al.

CVA+ cells in the outer thymic cortex. By 2 to 4 weeks
after infection, the foci became larger and, finally, essen
tially all cortical cells were CVA+.

The spread of infection to the noninjected lobe in the i.t.
injection experiment occurred rapidly, probably via blood
borne circulation of virus and/or virus-infected cells. In
deed, foci of CVA expression appeared more rapidly than
those observed after i.v. injection, suggesting the possibility
that some preferential route of spread may exist between the
2 lobes. However, no direct transmission was seen through
the median septum separating the lobes.

Scattered CVA+ cells larger than lymphocytes appeared
in the thymic medulla of the i.v.-injected animals; after i.t.
injection, more of these positive cells were found around the
vessels and at the corticomedullary boundary of the injected
lobe. It has not yet been determined whether these cells
represent the progeny of infected outer cortical precursors
[by analogy with their maturation in uninfected hosts (I I,
39, 40)1 or cells infected independently. Since the immuno
fluorescence-positive cells in the medulla appeared to be
larger than the large outer cortical lymphocytes, they could
be nonlymphocytic cells, such as macrophages, perhaps
filled with the debris of infected lymphocytes. The distribu
tion of positive cells in the medulla remained scattered, in
keeping with the slow turnover of this population.

Morphologically, transformed cells appeared late and
were always cortical in location, conforming to the descrip
tion given earlier by Haran-Ghera el al. (17). These foci of
transformed cells are CVA+, but it is not known whether
they are the direct descendents of cells infected at the time
of initial virus injection or derived from cells secondarily
infected at some later interval. Only at a later stage in their
development do these transformed cells exhibit AP activity.

How can the observed results be interpreted in terms of a
target cell hypothesis of viral infection? Let us first consider
the bone marrow-derived thymic precursor cells as target
cell candidates. It is known that bone marrow cells infected
with RadLV in vitro and inoculated into histocompatible
recipient mice yield thymomas of donor cell origin (23)
thus indicating that virus-infected marrow-derived cells can
indeed undergo neoplastic transformation in the i.t. envi
ronment. However, bone marrow cells of 6-week-old
C57BL mice do not sustain productive infection by RadLV
in situ. Instead, the thymus becomes selectively positive for
CVA and must remain present to sustain virus replication
(9). In the present experiments, the appearance of CVA
positivity in the thymic cortex was complete within 9 days
after i.v. injection of RadLV, correlating well with the
known turnover time of cells in the thymic cortex (10, 11,
40), but not at all with the relatively slow rate of marrow
cell seeding to the thymus under physiological (13) or re
population (5) conditions. Thus, for the marrow-derived
thymic precursor cells to function as target cells, the
process of virus in fection would have to selectively and
specifically accelerate the rate of seeding to the thymus of
infected, as distinguished from uninfected, marrow-derived
precursor cells, a rather unlikely hypothesis.

We can also rule out the thymus-emigrating class of cells
because of the lack of appearance of all 3 markers (CVA+,

transformation, and AP) in the periphery until long after
thymic lymphomas had developed in situ. We are left, then,
with the 3 known thymocyte subclasses. Two of these, the
small lymphocytes of the cortex and the large lymphocytes
ofthe medulla, are nondividing, making it very unlikely that
they are the target cells for productive infection, since
sustained replication of RadLV has been shown to be
critically dependent on sustained cell proliferation (7).
Moreover, the first CVA+ foci do not appear in their
respective zones, the inner cortex and medulla. Thus, the
striking appearance, first, of CVA+ cells and, much later,
of transformed cell foci in the subcapsular cortical zone,
together with the fact that the large lymphocytes of the
outer cortex are known to be mitotically active, strongly
implicates these cells as the most plausible target cells for
productive infection, as well as for transformation.

These experiments yielded certain other observations that
remain puzzling. Why was there such a long lag between
productive viral infection and neoplastic transformation?
Moreover, although the uninjected lobe showed signs of fo
cal infection very soon after the injected lobe showed wide
spread CVA positivity, why did neoplastic foci arise pre
dominantly in the injected lobe? Is the process of neoplastic
transformation induced by the same virus as that which
induces productive infection? Are there viral subpopulations
that can induce the infected state in thymic target cells but
are nononcogenic, and others that selectively induce neo
plastic transformation, with or without the aid of other
viruses? Such a possibility would be in keeping with the
observation of multihit kinetics after i.v. injection of
RadLV, as contrasted with the 1-hit type of response after
i.t. inoculation (6). It might be postulated that 2 (or more)
virus populations are present in the inoculum, and that both
of these are made available to the thymic target cells on di
rect inoculation, whereas one or the other might not reach
its thymic destination when introduced into the blood
stream.

Does the process of productive and/or transforming
MuLV infection alter the normal maturation and migration
patterns of the affected thymus cell subclass(es)? Does the
accumulation of CVA+ cells at the corticomedullary junc
tion and later in the perivenous space represent expansion of
a population that can carry out normal i.t. migration (39),
but which is relatively inefficient at emigration? This
possibility would explain the accumulation of cells around
postcapillary venules and the prolonged localization of
CVA+ cells and later of transformed cells in the RadLV
injected thymus, compared with the rapid turnover and loss
ofcells in the normal thymus (4). Further resolution of these
issues will require the use of techniques of cell separation
( I 1) to providehighlyenrichedpreparationsof genetically
distinct thymocyte subclasses (1 1, 40) for in vitro infection
and i.t. inoculation.
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Fig. I. Focus of CVA+ large lymphocytes in the subcapsular region of the cortex at 7 days after i.v. injection of RadLV. x 960.
Fig. 2. Diffuse CVA positivity in the thymic cortex 3 weeks after i.v. injection; the medulla (Al) shows scattered immunofluorescence-positive

cells. x 600.
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.A+ cells in the outer thymic cortex under the capsule (C) and along the septa (5) separating the lobules, 2 days after i.t. injection
ofRadLV. x 960.

Fig. 4. Small group of large CVA+ cells at the corticomedullary boundary ofthe thymus 2 days after it. injection of RadLV. Cortex (CO); capsule
(C); medulla (M). x 960.
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Fig. 5. Continuous band of large positive cells at the corticomedullary boundary 3 days after it. inoculation of RadLV. Cortex (CO); medulla (M).

x 960.
Fig. 6. Cuff of positive cells around the venules in the medulla of the thymus 4 days after the it. injection of RadLV. x 960.
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Fig. 7. CVA+ cells around the capillaries running through the cortex and extending to the medullary vascular system (arrows). Capsule (C); cortex
(CO); medulla (M). x 960.

Fig. 8. At 7 days after i.t. injection of 1 lobe, no immunofluorescence positivity is seen passing through the septum separating the injected lobe (A)
from the noninjected lobe (B). x 960.
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