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By using strand-specific in situ hybridization and immunohistochemistry, evidence for replication of the
Aleutian mink disease parvovirus was observed in cells resembling macrophages and cells resembling follicular
dendritic cells at 10 days after infection but only in macrophages at 60 days. Sequestration of the Aleutian mink
disease parvovirus in larger numbers of macrophages and follicular dendritic cells was noted at both 10 and 60
days.

Aleutian mink disease parvovirus (ADV) causes a persis-
tent infection characterized by chronic viremia, extremely
high levels of antiviral antibodies, polyclonal hypergamma-
globulinemia, and plasmacytosis (2, 5, 6, 14). It has been
proposed that the glomerulonephritis and polyarteritis ob-
served in Aleutian disease (AD) are caused by deposition of
immune complexes, and AD has been considered a typical
immune complex disease (17-19). However, the relationship
between the disturbances of the immune system and the
persistent ADV infection has remained unclear.
One problem in the analysis of AD pathogenesis has been

the difficulty in elucidating the cellular site for ADV replica-
tion in adult mink. In previous studies, we tried to identify
the cells that support ADV replication in the mink by using
strand-specific in situ hybridization (3-5) for specific inter-
mediates of ADV replication.
ADV replicative-form (RF) DNA and mRNA were ob-

served in association with germinal centers at 10 days after
infection of adult mink coincident with the peak of viral
replication, but the signal intensity was extremely low, and
consequently, the cell type could not be convincingly iden-
tified (3). In the same specimens, ADV virion DNA was
readily observed in locations surrounding germinal centers
of the lymph node at 10 days after infection but was below
the level of detection at later stages of infection (3). There-
fore, although ADV replication was localized to lymphoid
tissues, the specific cell supporting ADV replication and
perhaps mediating the immune disturbances remain poorly
characterized.

In order to better characterize these cells, we have em-
ployed in situ hybridization (13) and immunohistochemistry
(13) to demonstrate specific viral nucleic acids and antigens.
By using these techniques, ADV replication in lymphoid
tissues of adult mink was localized to cells of dendritic
morphology and macrophages.
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Initially, we performed immunohistochemical staining for
ADV structural antigens or mink immunoglobulin (Ig) on
4-,um frozen sections of mesenteric lymph node using rabbit
antisera prepared against purified ADV virions and mink Ig
(4, 7). Sections were stained by the avidin-biotin-peroxidase
complex immunoperoxidase technique (10, 13).

In brief, slides were blocked with normal goat serum,
incubated with specific or control primary antisera, and
incubated with a biotin-conjugated goat anti-rabbit IgG
(heavy and light chain) antibodies (Vector Laboratories,
Burlingame, Calif.) diluted with phosphate-buffered saline
containing normal mink serum. Localization of the antigen
was visualized by using the avidin-biotin-peroxidase com-
plex (ABC kit PK-4000; Vector Laboratories).
The samples were taken from five normal sapphire mink

(Aleutian genotype), seven mink 10 days after inoculation
with 107 50% lethal doses of a standard ADV-Utah 1
inoculum (3), and seven mink 60 days after inoculation.
Lymph node sections prepared from the mink infected

with ADV for 10 days showed the presence of ADV struc-
tural proteins (VP) in some individual cells with anti-VP
antiserum (Fig. 1C and D) but showed no significant staining
when normal rabbit serum was used as a negative control for
the primary antibody (Fig. 1A).

Cells staining for VP antigens at 10 days after infection
exhibited both nuclear and cytoplasmic staining and could be
classified as one of two major morphological types. One type
possessed long processes and little cytoplasm and exhibited
a dendritic shape (Fig. 1C and D, arrows). These dendrite-
shaped cells were found in the centers of the primary lymph
follicles, the peripheries of the germinal centers, or both the
peripheries and the centers of germinal centers (Fig. 1C). A
population of dendrite-shaped cells with exactly the same
distribution was also strongly positive for mink Ig (Fig. 1B,
arrow). The location and morphology of these cells were
consistent with their being follicular dendritic cells (FDC) (9,
22, 23, 25).
The other type of cells staining for VP at 10 days had

irregular shapes and abundant cytoplasm but lacked the
prominent long processes. These cells were most often
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FIG. 1. Immunohistochemical staining on parallel sections of a lymph follicle in the lymph node obtained from a mink 10 days after ADV
infection. Staining was done with normal rabbit serum (negative control) (A), anti-mink Igs (B), and anti-VP antiserum (C). Bar = 85 ,um. (D)
Higher-magnification micrograph taken from the periphery of a germinal center stained for VP. Bar = 25 ,um. The sections were
counterstained with methyl green. Sections prepared from the control mink consistently gave no significant staining with anti-VP antiserum
or with normal serum. Arrows indicate dendrite-shaped cells.

observed in the medullary, intermediate, and marginal si-
nuses and in the germinal centers. They showed weaker VP
staining than the dendrite-shaped cells, and mink Ig staining
was not convincingly elevated above the background level.
On the basis of morphology and distribution, these cells
were likely to be macrophages (23, 25).

In contrast, staining for VP in lymph node sections from
ADV-infected mink at 60 days postinoculation was either
weak or undetectable. Furthermore, although the number of
positive cells was fewer at 60 days than at 10 days, the
distribution and morphology of such weakly VP-positive
cells were the same.
We next analyzed parallel sections from the same mink by

in situ hybridization using the strand-specific in situ hybrid-
ization protocol previously reported. 35S-labeled strand-
specific RNA probes were prepared as described previously
(4). Sections were probed either with the plus-sense probe to
detect virion DNA or with the minus-sense probe to detect
RF DNA and viral mRNA (3, 8). The in situ hybridization
protocol was optimized for higher sensitivity with these
probes (13). In brief, sections were refixed in 5% paraform-
aldehyde for 20 min at room temperature, acetylated twice,
denatured by heating slides at 65°C in 95% formamide in
0.1x SSC (lx SSC is 0.15 M NaCl plus 0.015 M sodium
citrate) for 15 min, and prehybridized at 45°C for 4 h.
Hybridization proceeded under sealed coverslips with 6 x
104 cpm of 35S-labeled RNA probe per ,ul at 45°C for 15 h in
the dark. Slides were then washed, dehydrated, and autora-
diographed. Some sections were treated with RNase for 2 h
prior to hybridization to verify that signals were deriving
from ADV mRNA and not from the low level of complemen-
tary virion DNA strands (3).

Sections prepared from the lymph node and spleen of the
control mink consistently showed no significant grain pro-
duction with either the plus- or the minus-sense probe (Fig.
2A, B, E, and F).
The lymph node sections prepared from the ADV-infected

mink at 10 days showed significant grain production with
both probes.

Cells reactive with the minus-sense probe and thus con-
taining ADV RF DNA-mRNA (3, 4) were readily identified
in lymph nodes from mink at 10 days (Fig. 2G and H) in
association with primary and secondary lymphoid follicles.

The distribution of positive cells appeared to mirror that of
the dendrite-shaped cells containing VP antigen; however,
autoradiographic grain scatter made it impossible to identify
these cells unequivocally even at low grain density. In
addition, some cells located in the medullary cords and in the
lymphoid sinus system were also positive with the minus-
sense probe. Because RNase treatment of the samples prior
to hybridization greatly reduced the amount of grain produc-
tion (data not shown), this signal was due mostly to viral
mRNA, and thus, ADV replication was occurring in these
cells. The density of grain production with the minus-sense
probe and hence the level of resolution were substantially
higher than in former studies (3). The higher resolution
resulted from superior retention of the ADV mRNA signal
by the modified in situ hybridization procedure (13).

Cells reactive with the plus-sense probe (thus containing
virion DNA [3, 4]) were also primarily found in association
with primary and secondary lymph follicles, often ringing
germinal centers (Fig. 2C). In some instances, the grain
deposition appeared to be along processes of dendrite-
shaped cells. Other positive cells were located along lymph
node sinuses and occasionally in the medullary cords (Fig.
2D). The distribution of these cells exactly mirrored that of
cells positive for the VP antigen. RNase treatment prior to
hybridization did not affect grain development by the plus-
sense probe (data not shown).
The distribution of grains with the plus-sense probe at 60

days was essentially identical to that seen at 10 days with the
same probe (Fig. 3A and B), although the level of grain
production was substantially lower at 60 days.
The number of cells positive with the minus-sense probe

was much lower at 60 days than at 10 days. Furthermore, the
level of grain production in individual cells was also much
reduced, especially in the lymph follicles (Fig. 3C). Never-
theless, occasional cells exhibited strong signals with the
minus-sense probe in the sinuses or medullary cords (Fig.
3D), suggesting that some cells continued to support repli-
cation of ADV.
Lymphoid organs contain, in addition to lymphocytes, a

variety of other cells such as macrophages and FDC (9, 22,
23, 25). Although many of these cells remain poorly charac-
terized, some are thought to be involved with antigen
processing or presentation. FDC express Fc and C3 recep-
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FIG. 2. In situ hybridization on parallel sections from mesenteric lymph node. (A, B, E, and F) Lymph follicle (A and E) and medullary
area (B and F) of lymph node from an uninfected mink. Probes were plus sense to detect virion DNA (A and B) and minus sense to detect
RF DNA-viral mRNA (E and F). (C, D, G, and H) Lymph follicles (C and G) and the medullary area (D and H) of the lymph node from a
mink 10 days after ADV infection. Probes were plus sense (C and D) and minus sense (G and H). The sections were counterstained with
hematoxylin. Bar = 85 ,um. RNase treatment prior to hybridization did not affect grain development by the plus-sense probe but greatly
reduced the amount of grain production by the minus-sense probe.

tors and can retain immune complexes on their surfaces for
extended periods (21-23, 25). It has been speculated that the
complexes are slowly released from the FDC and thus
provide a constant source of antigenic stimulation. Further-
more, FDC have been shown to present antigens and stim-
ulate the proliferation of B lymphocytes (24). The work

presented in this note has suggested that FDC in mink
lymphoid organs may be targets for ADV replication.
When sections of infected lymph node taken at the peak of

ADV replication (10 days postinoculation) were studied by
immunohistochemistry and in situ hybridization, ADV com-
ponents were found in two types of cells.

r~~~~~~~~~~~~~~4siIEM
FIG. 3. In situ hybridization on parallel sections from a mink 60 days after ADV infection. (A and B) Lymph follicle and medullary area,

respectively, with the plus-sense probe. (C and D) Lymph follicle and medullary area, respectively, with the minus-sense probe. The sections
were counterstained with hematoxylin. Bar =85 ,u.
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One cell type positive for ADV was primarily observed in
the follicles and had morphology and distribution character-
istic of FDC (Fig. 1C and D, arrows) (9, 23, 25), i.e.,
dendritic morphology with scant cytoplasm and long pro-
cesses. ADV virion antigen was present in the nucleus and
cytoplasm. As would be expected for FDC sequestering
immune complexes, mink Ig was also readily found on these
cells (Fig. 1B). In earlier studies (14, 17, 20), staining for
ADV antigen in a crescentic cap or ring around germinal
centers of the spleen and lymph nodes obtained from ADV-
infected Aleutian mink were noted. The reported distribu-
tion of the viral antigen in those studies is consistent with our
observation of VP-positive FDC.
A population of cells with an identical distribution was

also positive for virion DNA, RF DNA, and mRNA by in
situ hybridization. These results strongly suggested that a
significant fraction of the presumed FDC were supporting
viral replication at this time point. However, the number of
cells positive for virion DNA was greater than the number
positive for RF DNA-mRNA, implying that some of these
cells were merely sequestering ADV or ADV-containing
immune complexes as previously suggested (3, 5). In fact, by
60 days after infection, replication and VP staining were
barely detectable in such FDC-like cells, although virion
DNA was still evident. Thus, although our data implied that
some FDC may be targets for replication early after infec-
tion, continued viral replication within these cells may not be
obligatory. Alternatively, as we propose elsewhere (3), the
infection may be so severely restricted that replication is
undetectable.
The other population of ADV-positive cells was most

likely composed of macrophages. Located in the sinuses and
germinal centers, they had irregular shapes with abundant
cytoplasm but lacked long processes (25). At 10 days, these
macrophages also were supporting replication of ADV as
evidenced by the presence of ADV RF DNA-mRNA. Fur-
thermore, at 60 days, they were the only cells in the lymph
node in which replication was demonstrable (Fig. 3C and D).
Nevertheless, there was an excess of macrophages contain-
ing only virion DNA, implying that, as for the FDC, not
every cell containing ADV DNA was engaged in active
replication and that some cells merely sequestered ADV.
The source of the sequestered virions and the viral anti-

gens in the immune complexes is unclear. One possibility is
that virions produced in the FDC and macrophages in early
stages of infection are retained as immune complexes on
FDC and macrophages for a long time. It is well established
that ADV remains infectious even in immune complexes
(15), and virion DNA is detectable even in renal glomeruli
(3). Another possibility is that although the production of
ADV in FDC and most macrophages is highly restricted by
60 days, the small population of macrophages in which
replication is ongoing continues to produce virus or viral
degradation products (1). Finally, we have also observed
that a few cells in other organs such as the spleen, liver,
kidney, and bone marrow support low-level ADV replication
throughout the course of infection (3, 12). Small amounts of
virus and viral antigens may also be released from these
cells. Virus or virus antigens from these sources might make
up the sequestered viral components observed in the im-
mune complexes (15) or in the FDC and macrophages.

Interestingly, Porter et al. (17) described that maximal
viral titers were recovered from the spleen, lymph nodes,
and liver of the mink 10 days after inoculation with ADV-
Utah 1. The titers slowly decreased and plateaued by 60 days
after infecti(o'n (17). Thus, the initial burst ofADV replication

may be in both FDC and macrophages but may then be
restricted markedly so that only a small population of
macrophages continues to produce the virus at later times.

Replication and sequestration of ADV in FDC may have
biological significance when the pathogenesis ofADV infec-
tion is considered. The work reported here extended previ-
ous results (3) and strongly suggested that ADV replication
and sequestration occur in cells that govern the differentia-
tion of memory B lymphocytes into plasma cells (24). FDC
present antigens to and stimulate the proliferation of B cells
(11, 22, 23). The presence ofADV in the FDC may abrogate
normal control mechanisms and at the same time provide a
chronic ADV antigenic load. This might lead to an exagger-
ated stimulation of B-lymphocyte maturation and to the
subsequent channeling of Ig production into a poorly con-
trolled polyclonal response largely directed against ADV
antigens (2, 6, 14). The hypergammaglobulinemia that is so
characteristic of this persistent infection might then result.
Studies are currently under way to characterize more fully
the presumed FDC in vitro (21) and to assess their function
in infected mink.

We acknowledge the assistance of Robert Evans and Gary Het-
trick in preparation of the photomicrographs.
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