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CMV-induced class Il antigen expression

in various rat organs

Abstract Cytomegalovirus (CMV)
is thought to trigger acute or chronic
allograft rejection by inducing the
expression of MHC class II antigens
in the graft. This induction may be
mediated by y-interferon or directly
by CMV. In this study, we have in-
vestigated which structures in the rat
kidney, liver, and heart are re-
sponsive to CMV-induced class 11
expression in vivo. Rats were in-
fected with rat CMV, the organs were
harvested during the acute phase of
infection, and the virus was demon-
strated by culture from each organ.
Direct CMV antigen detection was
performed on frozen sections to de-
monstrate the detailed localization
of CMV in the organs. In the kidney,

CMYV antigens were found in the
vascular endothelium, in tubular
cells, and scattered in the glomeruli.
In the liver, the vascular structures
and parenchyma contained CMV
antigens. In the heart, CMV antigens
were seen only in the capillary en-
dothelium. Class II antigen expres-
sion was demonstrated by a mono-
clonal antibody and immunoperoxi-
dase techniques. The induction of
class II molecules was recorded in
exactly the same cellular structures
as those in which CMVantigens were
detected.
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Introduction

Cytomegalovirus (CMV) infection is a major complica-
tion after organ transplantation [22]. In addition to a
variety of clinical manifestations, an association between
acute or chronic rejection and CMYV infection has been
reported in several series of renal [16,23,29], liver [1,20],
and heart [10, 15, 19, 28] transplants. An upregulation of
MHC antigens—~- MHC class Il antigen expression—in the
graft has been demonstrated at least in kidney and liver
allografts during CMV infection [13, 29]. It has been
suggested that this upregulation of class II antigens is
mediated by y-interferon that is produced by activated
lymphocytes during the viral infection [29].

The effect of y-interferon at the molecular level,
namely, the attachment of y-interferon to its receptor on
the cell surface, is necessary as a second signal in the in-
duction of class IT antigen expression [8]. However, a di-

rect viral induction of class II molecules has been de-
scribed for different cell types [12, 17, 18]. Wg have pre-
viously demonstrated CMV-induced class I1 expression
in rat heart endothelial cells in the/absence of interferon-
v [26, 27], which suggests that a direct mechanism of up-
regulation of class Il expression by the CMV might exist,
at least in vitro. This induction of class II antigen expres-
sion seems to be y-interferon-independent and caused by
the virus itself. A direct induction of class II expression
by CMV may also play a role in various organs in vivo.

In this study, we have investigated the upregulation of
MHC class II antigens associated with rat CMV infection
in various structures of the rat kidney, liver, and heart in
Vivo.
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Materials and methods
Rat CMV infection

Inbred DA rats were used. The rats were infected by intraperitoneal
(i.p.) injection of 10° plaque-forming units (PFU) of rat cytomega-
lovirus (RCMV) strain (RB61), as described previously [4]. After 6-
7 days, when the infection was in its acute phase [5], the animals
were sacrificed and the organs harvested. Altogether, five control
animals and five infected animals were studied.

Viral cultures

For viral cultures, the tissues were disaggregated and suspended in
tissue culture medium. Rat embryonic fibroblasts and standard
virus culture conditions were used. Both conventional cultures and
rapid shell vial cultures [25] were performed, and the virus was de-
monstrated in the cultures by indirect immunofluorescence and a
monoclonal antibody against RCM V-specific early nuclear proteins
and late antigens (mixed antibody) as described elsewhere [6]).

Direct demonstration of RCMV antigens in various tissues

Frozen sections of rat heart, kidney, and liver tissues were fixed in
acetone, and the presence of the virus in various organs was de-
monstrated by indirect immunofluorescence and the RCMV-spe-
cific monoclonal antibody. Normal rat organs were used as controls.

Table 1 Detection of CMV and class II antigens in different rat or-
gans. The intensity of antigen expression ranged from — to +++
(- none, + weak, ++ moderate, +++ strong staining)

Organ CMVantigens Class IT antigens
DuringCMV ~ Normal
Infection animals

Kidney

Tubuli /4R +/+++2 -

Glomeruli +++P° +44b _

Interstitial cells ++/+++ 4+ +

Endothelial cells ++/+++ +4/+++ +

Liver

Parenchyma

Hepatocytes ++/+++€ +/+++E _

Endothelial cells +++ +H/+++ +

Portal area

Bile ducts ++/+++ ++/+++ -

Endothelial cells +++ ++/+++ +

Sinusoids

Kupffer cells +++4 A/ +d ++

Endothelial cells +++ ++ +

Heart

Myocardial cells - - _

Interstitial cells ++° +/++¢ +,

Endothelial cells +4+T +/4+T -

# Antigens were not found in all tubuli

b Strong, scattered, positive staining

¢ Diffuse staining

® Number of cells was increased

¢ Scattered, positive staining

£ Only a few scattered positive cells in the capillaries

Demonstration of MHC class II antigens

An indirect immunoperoxidase technique and a monoclonal anti-
body against rat MHC class II (MAS 043c, Seralab, Sussex, Eng-
land) were used. Normal mouse IgG antibody was employed as a
negative control. The frozen sections were first incubated with the
monoclonal mouse antibody. A peroxidase-conjugated rabbit anti-
mouse antibody (Dako, Copenhagen, Denmark) and a peroxidase-
conjugated goat anti-rabbit antibody (Tago Inc. Burlingame, Calif,,
USA) were used as second and third antibodies, respectively. The
reaction was revealed by AEC (3-amino-9-ethyl carbazole) solution
containing hydrogen peroxide. Mayer’s hemalum was used for
counterstaining.

Demonstration of T lymphocytes

T lymphocytes were identified using the immunoperoxidase techni-
que mentioned above. Monoclonal antibodies against T-helper cells
(MAS 1131c, Seralab) and T-suppressor/cytotoxic cells (MAS 041c,
Seralab) were used. Activated T cells were identified by a mono-
clonal antibody against IL-2 receptor (a gift from Dr. J. Kupiec-
Weglinski, Harvard Medical School, Boston, Mass., USA).

Results

RCMV infection in various organs

Using viral culture techniques, RCMV could be detected
from both kidney and liver tissues but not from heart tis-
sues. The more detailed analysis, using direct detection of
RCMYV antigens in the frozen organ section, demon-
strated the location of the infection in each of the organs
(Table 1).

Kidney

RCMYV antigens were detected in interstitial macro-
phage-like cells, in most vascular endothelial cells, and in
tubular cells. However, not all tubuli seemed to be in-
fected, although some areas were rather strongly infected
(Fig.1a). In glomeruli, only a few scattered cells (mostly
mesangial cells) were positive for thg virus (Fig. 1b).

Liver

In the portal area, the vascular endothelial cells of the
biliary artery and vein, as well as the epithelial cells of
the bile ducts, were often RCMV-positive. In the par-
enchyma, large areas of hepatocytes expressed RCMV
antigens (Fig.2a), as well as sinusoidal and central vein
endothelial cells. Also, several Kupffer cells were in-
fected.
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Heart

Only very few RCMV-infected cells were found in the
heart tissue. All myocardial cells were negative for the
virus, but a few scattered CMV antigen-positive endo-
thelial cells were found in the capillaries (Fig. 3 a).

The organs of uninfected animals were used as con-
trols, and no positive staining for RCMV antigens could
be seen. The histology of the organs was normal in the
infected animals, no viral inclusions were observed, and
no tissue damage was caused by the virus.

MHC class II expression in various organs

In normal animals, the expression of class Il antigens was
faint and seen in vascular endothelia of the kidney and
liver but not of the heart. Also, in the normal liver, the
Kupffer cells were class II-expressing. All epithelial cells
of the kidney and liver, as well as myocardial cells, were
completely negative for class II expression. In CM V-in-
fected animals, a strong upregulation of class II antigens
was recorded in kidney and liver parenchyma, as well as
in vascular structures. In the heart, the upregulation was
recorded in vascular endothelial cells only. The intensity
and location of class II antigen staining correlated with
that of CMV expression. The location of induced class 11
expression in each organ is described in detail and sum-
marized in Table 1.

Kidney

Intensive staining with anti-class IT antibody was seen in
the tubular epithelium (Fig. 1 e}, especially in the areas of
CMV-infected tubuli. In addition, the vascular en-
dothelium of capillaries and larger vessels strongly ex-
pressed class II antigens. In the glomeruli, which in nor-
mal animals were absolutely negative (Fig.1d), a strong,
scattered, positive staining was recorded in CMV-in-
fected animals (Fig.1f). Most of the stained cells were
mesangial cells.

Liver

The hepatocytes throughout the parenchyma showed
moderate to intense diffuse staining with anti-class IT
antibody. The Kupffer cells, scattered in the sinusoids,
were strongly stained and the sinusoid endothelium
(Fig.2c) moderately stained. In the portal area, both bile

d
-

Fig.1a-f CMV antigens were demonstrated by immuno-
fluorescence staining both in a tubuli and b glomeruli during the
infection. In normal kidneys, ¢, d both structures were class I1-
negative, but during CMV infection, e tubuli and f partly glome-
ruli became strongly class II-positive, as demonstrated by im-
munoperoxidase staining

Fig.2 a CMYV antigens were demonstrated in hepatocytes during
the infection. b Class II expression was not seen in normal speci-
mens, ¢but during CMV infection, a clear positive reaction was
demonstrated in hepatocytes (diffuse staining) and in endothelial
cells of central veins (arrows) and sinusoids (arrowheads)
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Fig.3 a CMVantigens were found only in a few endothelial cells of
vascular structures of the rat heart during the infection (arrows).
b No class IT antigens were detectable in endothelial cells in normal
hearts, ¢but a few scattered vascular endothelial cells expressed
class II antigens during CMV infection (arrows)

ducts and the vascular endothelium of arteries and veins
were strongly positive. Also, the endothelial cells of the
central vein (Fig.2c) were all positive.

Heart

In general, the heart tissue of the infected animals was
not as rich in class I antigens as the tissues of the kidney
and liver. The myocardial cells were absolutely negative
for class IT expression. However, the endothelial cells of
the capillaries showed a clear reaction to anti-class 11
antibody (Fig.3c¢), which was not recorded in normal
animals (Fig.3b). The larger vascular structures re-
mained negative for class I expression.

In these organs, neither infiltration of inflammatory
cells nor IL-2 receptor-positive T lymphocytes were de-
tected.

Discussion

These results support the suggestion that CMV induces
the expression of class II antigens in parenchymal struc-
tures of several organs. An intense increase in class 11
molecules on the surface of most endothelial cells was
recorded. Also, in the epithelial cells of kidney tubuli as
well as in glomeruli, class II induction appeared. Liver
parenchymal cells, hepatocytes, and bile duct epithelial
cells also became strongly positive for class II antigen
expression. However, myocardial cells remained class II-
negative, and the expression was recorded in the vascular
endothelium only. CMV antigens were detected in ex-
actly the same structures as those in which the induction
of class IT molecules was seen. The histology of the or-
gans remained normal during the viral infection and no
morphological changes or IL-2 receptor-positive, acti-
vated T lymphocytes were seen.

In kidney transplantation, an association has been re-
corded between acute allograft rejection, pargnchymal
cell class II expression, and CMV infection [29]. In liver
allografts too hepatocytes and otherparenchymal cells in
the graft demonstrate a strong class 1l expression during
CMV infection |{13]. Although there is no causal associa-
tion with acute liver rejection, clear evidence of an asso-
ciation with chronic rejection exists [1, 20]. On the other
hand, some controversial results have also been pub-
lished [21]. CMV DNA has also been detected in the he-
patocytes of livers exhibiting chronic rejection [1]. An
especially significant association between CMV and
chronic rejection has been reported after heart trans-
plantation [10, 28]. Chronic heart allograft rejection
manifests itself as accelerated arteriosclerosis and affects
the vascular structures. CMV nucleic acids have been
found in the vascular walls of arteriosclerotic patients too
[11].
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It has been suggested that the increased expression of
class II antigens in the graft during CMV infection trig-
gers rejection [29]. This is thought to be mediated by -
interferon that is produced by activated T cells during
viral infection. Our rat model demonstrates that CMV
infects the kidney and liver parenchyma and that class 11
induction occurs in the infected cells without lymphocyte
infiltration in the organ. In the heart, the only target of
CMYV was the vascular endothelium, in which class IT
expression was also induced. One might assume that this
induction occurs in the infected cells without the help of
infiltrated T cells and y-interferon. However, T-cell acti-
vation may occur in the circulation, and the induction of
class II expression may be caused by a systemic effect of
y-interferon. Alternative pathways that induce class II
expression may also exist via different cytokines or via a
combination of them.

In nonimmunosuppressed, CMV-infected rat heart
allograft, the inflammatory episode occurred during the
1st week after transplantation when the recipient rats
were inoculated with CMV on the 1st post-transplant
day. In uninfected rat allografts, the inflammatory peak
occurred only 1 month after infection [14]. In addition,
most endothelial cells were class 1I-positive in capillaries
of CMV-infected grafts. In uninfected grafts, the expres-
sion of class II antigens was lower (K. Lemstrom, perso-
nal communication).

In CMV-infected rat heart allografts triple-im-
munosuppressed with CyA (20 mg/kg per day), methyl-
prednisolone (0.5 mg/kg per day), and azathioprine
(2 mg/kg per day), an inflammatory episode and in-
creased MHC class II expression have been demon-
strated during the 1st week after transplantation in the
perivascular space of capillaries and arterioles
(K.Lemstrom, personal communication). Endothelial
cells were class II-positive mainly in capillaries, and the
number of positive cells was higher in CMV-infected
grafts than in uninfected grafts. On the other hand, class
IT expression was lower than in nonimmunosuppressed
rats.

The direct effect of CMV on class 11 molecules is most
likely based on the virus’ own molecules, which modify

the host’s genome products during infection. During in-
flammatory infiltration of an allograft, CMV activates -
interferon production of T cells and further stimulates
MHC class II molecule production.

In previous studies, direct induction of MHC class I -
but not class II — antigens by CMV has been demon-
strated in human endothelial cell cultures [7, 24]. How-
ever, these experiments were done on human umbilical
vein endothelial (HUVE) cells, and not on normal en-
dothelial cells from vascular structures of organs. In our
previous studies [26, 27], y-interferon-independent
CMV-induced class I expression was recorded in rat
heart endothelial cells in culture. Also, direct virus-in-
duced class Il expression has been demonstrated in other
types of cells [12, 17, 18], indicating that viral agents,
during binding, penetration, or replication, can cause
some y-interferon-independent events that lead to
class 1I expression in the target cells.

Recently, new information regarding the mechanisms
by which CMYV infection may contribute to graft rejec-
tion has been published. DNA sequence analyses have
demonstrated not only that CMV encodes a molecule si-
milar to the MHC class [ antigen [3], but also that there is
a sequence homology between some CMV-encoded mo-
lecules and the HLA-DR f chain [9] and o chain [2]. Im-
munological crossreactivity between CMV IE-2 antigen
and DR antigen has also been recorded [9]. Thus, the
immunoresponse generated against CMV could also re-
act with class II antigens, or vice versa.

Taken together, we have demonstrated which cellular
structures in various organs are targets for CMV in vivo.
The induction of class IT expression has been studied in
the situation where CMV has not attracted inflammatory
cells. Class II expression appears in CM V-infected cells
and may even be caused by the virus itself. However,
whether this is “real” class II expression or a CMV-en-
coded gene product that mimics class 11 expression is not
clear.
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