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Lack of MHC class I complex expression has no effect on spread and 
control of cytomegalovirus infection in vivo 
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Pero  Lu~in ~ and Ulrich H.  Kosz inowski  2. 

1 Department of  Physiology and Immunology, Medical Faculty, University of  Rijeka, B. Branchetta 20, 51000 Rijeka, 
Croatia and 2 Department of  Virology, University of  Heidelberg, Im Neuenheimer Feld 324, D-69120 Heidelberg, 
Germany 

It has been claimed that MHC class I proteins serve as 
receptors for murine cytomegalovirus (MCMV) and that 
this interaction is the most important mechanism for 
virus entry in most cells. This claim is based on the 
observation that the MHC haplotype contributes to the 
susceptibility to cytomegalovirus (CMV) infection in 
vivo. Results from in vitro studies support the concept 
that stable expression of correctly folded MHC class I 
molecules contributes to infection, since the individual 
properties of MHC class I alleles, the availability offl2- 
microglobulin (fl2m) and also the degree of peptide 
charging of the MHC class I heavy chain fl2m hetero- 
dimers determined the infection phenotype of cell lines. 
To assess the biological relevance of proper MHC 
class I expression we investigated CMV infection in 
fl2m-deficient mice which fail to express ternary MHC 

class I complexes and lack peripheral CD8 + T lympho- 
cytes. We found that organ virus titres and virus 
clearance kinetics were not altered in fl2m mutant mice. 
In addition, there was no indication of diminished virus 
propagation in fl2m / embryonic fibroblasts, fl2m -l- 
mice suffered from the lack ofCD8 + T lymphocytes that 
was partially compensated for by the function of CD4 ÷ 
T lymphocytes. An organ-specific anti-virus function of 
natural killer (NK) cells was observed, independent from 
the p2 m deletion. The immune control unique for salivary 
gland infection was maintained. From the data presented 
here, we confirm the role of MHC class I molecules in 
the immune surveillance of CMV infection but question 
the biological impact of correct MHC class I complexes 
for productive infection. 

Introduction 

Published reports have suggested that the MHC proteins 
serve as receptors for murine cytomegalovirus (MCMV) 
(Price et al., 1990; Wykes et al., 1992, 1993; Price, 1994). 
The sensitivity of macrophages and certain cell lines to 
MCMV infection is associated with the MHC class I 
haplotype and correlates with the sensitivity of mice to 
MCMV infection in vivo (Chalmer et al., 1977; Price et 
aI., 1990). Studies using mutant and transfected cell lines 
expressing various MHC class I genes indicated that all 
class I proteins confer sensitivity to MCMV infection, 
but D '~ and K u were the most efficient (Wykes et al., 
1993). MAbs directed against MHC class I molecules can 
inhibit the infection, which is indicative of the role of 
these molecules in virus entry (Price et al., 1990; Wykes 
et al., 1993). 

* Author for correspondence. Fax +49 6221 563953. 
e-mail Koszino @novsrvl.piol.uni-heidelberg.de 

The finding that human CMV (HCMV) is coated with 
/~2-microglobulin (f12 m) led to the suggestion that HLA 
class I molecules may serve as receptors for HCMV by 
forming a bridge between the virion-surface-bound-/?2m 
and MHC class I heavy chains on the cell surface 
(Grundy et al., 1987a, b; McKeating et al., 1987). This 
proposal was also supported by the observation that the 
infection with HCMV of permissive fibroblasts that were 
propagated in/?2m-free medium was impaired unless the 
cultures were supplemented with /~2m (Grundy et al., 
1987b). Subsequent reports on the interaction between 
HCMV and class I molecules, however, have argued 
against this hypothesis (Beersma et al., 1991). 

The absence of /~2m from the virion envelope of 
MCMV and the moderate enhancement of infection 
after the addition of fi~m to the culture medium (Wykes 
et al., 1992), suggested that the function offi2m could not 
be to provide a bridge between the virus and MHC class 
I molecules. A cell line in which reduced sensitivity to 
MCMV infection was associated with the lack of f12 m 
gene expression indicated that stable expression of 
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correctly folded class I molecules was required for 
infection (Wykes et al., 1993). Similarly, a requirement to 
expose ternary MHC class complexes at the cell surface 
for MCMV entry was demonstrated by using cells which 
lack a peptide transporter (TAP) gene and consequently 
fail to express peptide filled MHC class I complexes at 
the cell surface. Stabilization of empty class ! molecules 
by cognate peptides improved MHC class I surface 
expression and infectivity with MCMV (Wykes et al., 
1993). 

This report investigates the biological role of MHC 
class I molecules in MCMV infection by using fl2m- 
deficient mice which fail to express ternary MHC class I 
complexes, and which are consequently devoid of CD8 + 
T lymphocytes (Zijlstra et al., 1990). These mice thus 
represent a model that can be used to assess the 
virological importance of MHC class I expression for 
virus spread and tropism to different tissues, and allow 
the general resistance of MHC class I-deficient mice to 
CMV infection to be determined. Altogether, the results 
do not support a major virological role for correctly 
folded MHC class I molecules during MCMV infection. 

M e t h o d s  

Animals. fl2m / mice (129/Sv x C57BL/6, H2 ~) were kindly pro- 
vided by Rudolf Jaenisch (Whitehead Institute of Biomedical Research, 
Cambridge, USA) (Zijlstra et al., 1989). The fl2m /--genome-trans- 
mitting chimeras were mated with the C57BL/6 strain mice. In the F~ 
generation, 25 % of  mice were homozygous for the ]~2m -/- genotype. 
The homozygous mice were then mated with their heterozygous 
littermates to obtain 50 % of each genotype. The genotype of  individual 
mice was determined by cytofluorometric screening of CD8 + cells in the 
peripheral blood. Briefly, 100 gl of blood from a tail vein was preserved 
from coagulation with 5 lal of 0.5 M-EDTA (pH 8.0). FITC-conjugated 
MAbs to CD8 (rat anti-mouse Lyt-2 FITC; Becton Dickinson) were 
added to this suspension. After a 30 min incubation period at 4 °C, red 
blood ceils were lysed by lysis solution (Becton Dickinson) and the 
remaining cells were analysed by a FACScan cytofluorometer (Becton 
Dickinson). Individual animals were considered homozygous if CD8 + 
cells were completely absent from the sample. 

Viruses. The Smith strain of MCMV (VR-194, ATCC) was 
propagated in mouse embryo fibroblasts and purified by ultra- 
centrifugation on a 15% sucrose gradient, as described previously 
(Reddehase et al., 1984). The mice were infected with 1 × l0 s p.f.u, of 
MCMV in the footpad. 

Salivary gland isolates of MCMV (SGV) were obtained from 7- 
irradiated (6 Gy) MCMV-infected weaning mice of strain C57BL/6. 
Two weeks after infection, salivary glands were collected, homogenized 
and stored at - 7 0  °C (Osborn & Walker, 1970). 

Depletion o f  lymphocyte  subsets. Depletion of lymphocyte subsets 
was performed as described previously (Cobbold et al., 1984; Jonjid et 
at., 1990). Briefly, purified M Abs were used for the elimination of  CD4 + 
(YTS 191.1.2.) (Cobbold et al., 1984), CD8 + (YTS 169.4.2.) (Cobbold 
et al., 1984) or natural killer (NK) NK 1.1 + (PK-136) (Koo et al., 1986) 
cell subsets. 

Groups of  mice were injected with antibody for three successive days 
before infection, and then every fifth day until the end of  the 

experiment (Jonjid et al., 1990). The efficacy of cell depletion was 
monitored by a two-colour cytofluorometric analysis of spleen and 
lymph node cells. Reagents used for FACS analysis were: anti-Lyt-2 
FITC (Becton Dickinson), anti-L3T4 PE (Becton Dickinson), anti-NK 
1.1 biotin (Pharmingen), anti-CD2 PE (Pharmingen) and streptavidin 
FITC (Becton Dickinson). 

Detection o f  M C M V  in tissues. Virus titres in tissues were determined 
by plaque assay (Reddehase et al., 1985). The detection limit of the 
assay was extended to 1 p.f.u, per organ homogenate as described 
previously (Jonjid et al., 1994). The statistical significance of the 
differences between experimental groups was determined by the Mann- 
Whitney exact rank sum test. Virus titres (X and Y) were considered 
significantly different for P (X versus Y) < a = 0.05 (one sided), where 
P is the observed probability value and a is a selected significance level. 

Detection o f  serum antibodies by E L I S A .  Virus-specific antibodies 
from murine sera were detected by an ELISA as described previously 
(Jonjid et al., 1988). Infected murine embryonic fibroblasts were used as 
a source of virus antigens. Isotype specificities of the antibodies were 
determined by using isotype-specific peroxidase-conjugated antibodies 
(Serotec). Concentrations of anti-virus antibodies were determined 
using the standard curves of isotype-specific immunoglobulins (Klein- 
Schneegans et al., 1989). 

Virus neutralization assay. A virus neutralization assay was used to 
determine the capacity of  sera from infected fl2m +/- and fl2m / mice to 
neutralize MCMV (Reddehase et al., 1994). Sera obtained at 22 weeks 
after infection from each group of mice were pooled and diluted in 96- 
well microtitre plates in minimal essential medium (MEM) (Gibco) 
containing 3 % FCS in a volume of 0.1 ml. For controls, pooled sera 
from non-infected fl~m +/ and fl2m -/- mice were used. Tissue-culture- 
grown MCMV was diluted to obtain 200 p.f.u, per well and was added 
to the diluted sera. After an incubation period of  1 h (37 °C, 5 % CO~) 
virus titres were determined by plaque assay. 

Injection o f  fl~m -/-  cells in vitro. The productivity of MCMV 
infection was tested by an in vitro assay. Mouse embryonic fibroblasts 
(MEF) obtained from fl2m /- or fl2m +/- mice were grown in 24-well 
plates (Greiner) in MEM (Gibco) supplemented with 3% FCS. 
Alternatively, sera derived from fl~m -/- or fl2m +/ mice were used 
instead of FCS. The expression of  cell surface MHC class I molecules 
was monitored by flow cytometry (FACScan, Becton Dickinson). The 
cells were stained with MAbs either to K b (B8-24-3) (Kohler et al., 
1981) or D b molecules fl28-14-8S) (Ozato et al., 1980). Cells were 
infected with 100 p.f.u, per well. After incubation periods of 3, 4 and 5 
days the plates were frozen and thawed to release intracellular virus, 
and samples from three wells for each incubation period were pooled 
and tested in the plaque assay. 

R e s u l t s  

fl2m -/- mice control M C M V  infection 

With the exception of virus control in the salivary glands, 
the clearance of MCMV from tissues is a function of 
CD8 + T lymphocytes (Jonjid et  al., 1989). After elim- 
ination of CD8 + T lymphocytes in adult mice, CD4 ÷ T 
lymphocytes compensate for the deficit (Jonjid et  al., 
1990) and clear the virus with an efficiency similar to that 
of fully immunocompetent mice. This compensatory 
function of the CD4 ÷ subset is not mediated by 
antibodies since CD8+-depleted and B-cell-deficient mice 
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Fig. 1. Clearance kinetics in MCMV-infected fl2m -/- and fl2m +/- mice. 
Virus titres in salivary glands, lungs and spleen were compared at 2, 4, 
8 and 12 weeks after infection with 105 p.f.u, of MCMV. Open circles 
(©) and closed circles (0) represent individual virus titres in fl2m +/- 
and fl2m / mice, respectively. Median values (--) and detection limits 
(DE) are shown. 

titres, i.e. spread and clearance of MCMV,  since no 
significant differences could be detected between the 
fl2m / and heterozygous mice (Fig. 1). Note that small 
differences in organ titres observed at 2 weeks after 
infection, in this particular experiment, could not be 
reproduced (not shown). Thus, similar virus titres are 
reached in different organs in the presence or absence of  
correctly folded M H C  class I molecules. Secondly, the 
delayed clearance of  M C M V  from the salivary gland can 
not be associated with an unusual M H C  class ! 
expression in this organ. Thirdly, the lack of CD8 ÷ T 
cells can also be compensated for by other effector 
functions of  the immune system when mice are born with 
a CD8 + T cell deficit. 

Permissive injection o f  fl~m -/- cells with M C M V  in vitro 

Fibroblasts derived from fl2m /- mice and their het- 
erozygous littermates (fl~m +/-) were tested for cell surface 
expression of class I molecules by flow cytometry (Fig. 
2a). Almost no expression of class I molecules could be 
detected on fl2m / cells whereas cells derived from mice 
heterozygous for the fl2m mutation were all class I 
positive. The same type of results was observed for K b 
molecules (data not shown). 

The fl2m /- and fl~m +/ fibroblasts were infected with 
M C M V  and virus production in vitro was determined. 
No differences in the kinetics of  virus production and 
virus yield were observed with either low (Fig. 2b) or 
high m.o.i. (not shown). Thus, the lack of ternary class I 
complexes had no influence on the infectivity and 
productive infection in permissive cells in vitro. M H C  
class I complexes are required neither for virus entry into 
the cell nor for the morphogenesis of  progeny virus. To 
exclude the putative role of  serum-derived fl2m on virus 
infection and productivity, fibroblasts were cultured in 
medium supplemented with 2 % normal mouse serum 
derived from fl2m -/- mice instead of  FCS. As a control, 
serum derived from fl2m +/ mice was also included (Fig. 
2 c). No differences in virus productivity were observed 
between the cultures containing either fl2m / or fl~m +/ 
sera. 

are still able to control virus infection with clearance 
kinetics similar to that of  their seropositive littermates 
(Jonjid et al., 1994). 

The result of  primary infection with tissue-culture- 
grown M C M V  in fl~m -/- mice and their heterozygous 
littermates was investigated by measuring infectious 
virus titres in organs at different time points after 
infection with tissue-culture-grown MCMV. The absence 
of class I molecules and CD8 + T cells did not alter virus 

Analysis o f  M C M V  control in flzm -/ mice 

To study whether essential components of  the immune 
response that control M C M V  infection differ between 
fl2m -/- and fl~m +/ mice, animals were treated prior to 
infection with anti-CD4, anti-CD8 or an t i -NK 1.1 MAb 
in order to deplete CD4 +, CD8 + and N K  lymphocytes, 
respectively. Virus titres in tissues were determined 2 
weeks later. Depletion of the CD4 + subset compromised 
the capacity of  fl2m -/- mice as well as of  fl2m +/ mice to 
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Fig. 2. M C M V  propagation in cells deficient in M H C  class I complexes. 
(a) Absence of  cell surface expressed M H C  class I molecules on M E F  
derived from flzm / mice. M E F  were labelled with M A b  28-14-8S that 
recognizes D b molecules. Surface expression of  class I molecules was 
measured by FACS using goat anti-mouse FITC-conjugated antibodies 
as a second reagent. (b) In vitro productivity of  MCMV-infected MEFs  
derived from flzm -/ and fl2m +/- mice. M E F  were infected with 
0.001 p.f.u, per cell without centrifugal enhancement.  At 3, 4 and 5 
days after infection the yield of  virus was determined. Virus 
productivity in M E F  derived from fl2m +/- (unshaded bars) and fl2m / 
(shaded bars) mice, respectively, cultured in medium supplemented 
with FCS are shown. The data represent the mean value and range of 
virus titres of  triplicate cultures. (c) As for (b) except that the culture 
medium was supplemented with sera from fl2m -/- or fl~m +/- mice. 

control the virus in salivary glands. A similar effect on 
virus titres in this tissue was observed after the depletion 
of N K  cells, whereas the depletion of  the CD8 + subset 
had no effect on the salivary gland clearance, irrespective 
of the mouse strain used (Fig. 3). 

Different results were obtained when the virus titres in 
other organs were tested. Depletion of  the CD4 + subset 
did not alter the virus content in the lungs and spleen of 
fl2m +/ mice but resulted in significantly higher virus 
titres in fl2m -/- mice. Apparently, the residual cells could 
not fully compensate for the lack of the CD4 + subset in 
fl2m / mice, whereas in fl2m +/ mice this function was 
provided by CD8 + T cells in the absence of CD4 + T cells 
(Jonjid et at., 1989). Altogether, the organ-specific 
differences in virus control are probably only due to the 
lack of CD8 + T lymphocytes and not to the lack of 
correctly folded MHC molecules. This conclusion is 
based on similar findings after selective depletion of T 
cell subsets (Jonjid et al., 1989, 1990). 

Remarkably, anti-CD8 treatment showed a small, but 
reproducible effect on virus titres in the lungs of fl~m -/ 
mice, indicating that some CD8 + T cells are also present 
and can be functional in fl2m -/- mice, as reported by 
other authors (Apasov & Sitkovsky, 1993; Correa et al., 
1992; Lehmann-Grube et al., 1994). The depletion of 
NK ceils had no detectable effect on the control of 
MCMV in lungs and spleen, suggesting that these cells 
are not essential for virus control in tissues other than 
those of the salivary glands under the experimental 
conditions used. In addition, the data show that the 
function of N K  cells was not affected by MHC class I 
expression. These results indicate that N K  cells do not 
represent the major compensatory immune mechanism 
in a CD8+-depleted host. 

The virus-specific antibody response was diminished in 
fl2m -/- mice compared to their heterozygous littermates 
(Fig. 4a). Levels of IgG isotypes were significantly 
reduced in fl~m-deficient animals, which was also found 
after vaccinia virus infection (Spriggs et al., 1992). To 
asses whether this quantitative difference in IgG levels 
has functional consequences, an in vitro virus neutral- 
ization assay was performed (Fig. 4b). The neutralizing 
capacity of  the serum derived from MCMV-primed 
f12 m-/- mice was indeed lower by 2-3 log 2 steps when 
compared to the control serum derived from f12 m+/- mice. 

Control o f  virulent M C M V  in fi2m -/- mice 

Mice deficient in the MHC class I-restricted effector 
mechanism were able to control the infection with low 
virulence tissue-culture-grown virus. Their resistance to 
the infection with the virulent SGV isolate of MCMV 
was questionable. Therefore, groups offl2m / andfl~m +/ 
mice were infected with various doses of SGV and the 
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Fig. 4. Antibody responses in fl~m -/-  mice. (a) Comparison of  specific 
IgG anti-virus antibody responses between fl2m -/-  mice and their 
heterozygous littermates. Specific anti-virus antibody concentrations in 
pooled sera offl2m +/- (unshaded bars) and fl2m / (shaded bars) mice, 
respectively, are shown. Virus-specific antibodies were determined by 
ELISA. (b) Neutralization capacity of serum from fl2m -/-  mice. A 
comparison of the neutralization capacity of  pooled sera from six 
immune fl~m +/ (O) and six immune fl2m -/-  ( 0 )  mice is shown. A 
virus plaque reduction of  50 % was used to determine the differences in 
neutralization titres. Non-immune sera from fl2m +/ ([])  and fl2m / ( l l )  
mice were used as controls. 

Fig. 3. Effect of lymphocyte subset depletion on virus clearance in vivo. 
Individual virus titres in salivary glands, lungs and spleen of fl2m +/ (O) 
and fl2m / (@) mice were compared after treatment with anti-CD4 
(MAb YTS 191.1.2.), anti-CD8 (MAb YTS 169.4.2.) and anti-NK 1.1. 
(MAb PK 136) antibodies. The virus titres were determined 2 weeks 
after footpad infection with 105 p.f.u, of MCMV. Median values (--)  
and detection limit (DL) are shown. There is a significant difference in 
the virus titres in salivary glands between non-treated (both fl~m -/ and 
fl2m +/ ) and anti-CD4 and anti-NK treated animals (P < 0.001). 
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Table 1. Suscept ibi l i t ies  o f  fl2m +/ and  fl2m -/-  mice  to 
S G V  infection* 

Survivors/total no. of mice 
SGV 
(p.f.u.) fl2m +/- fl2m -/- 

5 x 10 4 6/6 5/11 
1 x 10 5 5/6 0/6 
2 x l0 s 3/6 0/6 
4 x l0 s 1/6 0/6 

* The mice were infected intraperitoneally. 

survival of animals was monitored daily (Table 1). fl2m -l-  
mice were more susceptible to SGV in comparison to 
age-matched controls. The LDa0 for the control group of 
mice was 2 x l 0  sp.f.u, of SGV, in contrast to 
5 x 104 p.f.u, for fl~m / mice. This compromised virus 
resistance in fl2m -/-  mice could be due to the lack of 
CD8 + cells (Zijlstra et  al., 1990), a defective N K  cell 
response (Liao et al., 1991), the impaired antibody 
response, or a combination of these deficiencies. To 
assess the putative role of the CD8 + subset in the control 
of acute infection with a virulent virus, fl~m +/- mice were 
depleted of CD8 + T lymphocytes and infected with half 
the LDs0 dose of SGV (Fig. 5). Most of the fl2m +/ CD8- 
depleted animals succumbed to the infection with kinetics 
similar to those of fl2m -/-  mice, whereas all non-treated 
fl2m +/- mice survived the infection. Thus, the presence or 
absence of class I-restricted CD8 + T cells is considered to 
be responsible for the differences in the control of 
MCMV infection with a high dose of  virulent virus. 

Discussion 

The requirement of stable expression of correctly folded 
MHC class I proteins for MCMV infection was evaluated 
by using fl2m-/--deficient mice lacking ternary MHC 
class I complexes (Zijlstra et al., 1989). We showed that 
for fl2m / mice the virus titres in organs and the 
clearance kinetics were indistinguishable from those 
found in the heterozygous littermates. Furthermore, 
embryonic fibroblasts derived from the MHC class I 
negative mice showed similar infectibility and virus 
productivity to control cells with a high expression of  
trimolecular class I complexes. Collectively, these results 
do not support published in vitro data, which suggest 
that MHC class I molecules serve as receptors for 
MCMV (Wykes et al., 1992, 1993) and conclude that 
MHC class I molecules represent the most important 
mechanism for infection in most murine cells (Price, 
1994). 

Based on published in vitro data we expected fl2m- 
deficient animals, and also cells derived from them, to 
exhibit a certain degree of resistance to MCMV infection. 

Fibroblasts derived from fl~m negative animals, however, 
were equally permissive for infection as class I positive 
control cells. These results are not easily reconciled with 
the reported findings of a reduced sensitivity to MCMV 
infection by the RIE/TL8X.  1 cell line when compared to 
its parental RI.1 cell line (Wykes et al., 1993). The 
RIE/TL8X.1 cells synthesize class I heavy chains, but 
they do not produce fl2m (Williams et al., 1989). 
Accordingly, class I heterodimers cannot be efficiently 
assembled and transported to the cell surface (Williams 
et al., 1989; Rock et al., 1991). One explanation for these 
opposing reports is that another molecule may serve as 
the dominant receptor for MCMV and that MHC class 
I molecules at best may modulate the function of this 
unknown receptor. The fact that certain cell lines lacking 
functional class I molecules can still be infected with 
MCMV suggests the existence of other modes of virus 
entry besides MH C class I molecules (Wykes et  al., 
1993). Thus, the embryonic fibroblasts used in our study 
are heterogenous concerning the mode of MCMV entry, 
whereas RI.1 cells which may be deficient in the 
expression of the dominant virus receptor MHC class I 
molecules may represent a supportive mode for virus 
entry. 

An alternative explanation is that the virus can use the 
free class I heavy chains as a receptor. Indeed, it was 
observed by Wykes et  al. (1993) that D "° transfected to 
fl2m-deficient RIE.TL8.X1 cells improves their infect- 
ibility. The possibility that free heavy chains can be 
expressed on the cell surface of fl2m -/-  embryonic 
fibroblasts cannot be excluded (Allen et  al., 1986; Hansen 
et al., 1988). However, free heavy chains are usually 
detected only on cells with normal class I expression but 
not on the fl~m-deficient cell line (Williams et al., 1989; 
Rock et  al., 1991). Therefore, it appears that these 
molecules arise from previously assembled class I 
molecules (Rock et al., 1991). RMA-S cells have a 
mutation at the TAP site and form unstable complexes 
between heavy chains and fl2m, which reach the cell 
surface but dissociate rapidly at 37 °C (Ljunggren et al., 
1990). Thus, these cells do exhibit probably much more 
free class I heavy chains than cells from fl2m -/-  mice. 
Nevertheless, these cells are also quite resistant to 
MCMV infection, unless the MHC class I complex is 
stabilized (Wykes et al., 1993). Collectively, the results 
do not support suggestions that the isolated heavy chains 
function as virus receptors (Price et  al., 1990; Wykes et 
al., 1993). 

A putative role for extracellular fl~m in MCMV 
infection was also addressed in this work and no effect 
was seen. Previously published data show that exo- 
genously added fl2m facilitates MCMV infection in vitro 
(Wykes et al., 1992). However, the rather modest effect 
on infectivity and the finding that fl2m was not associated 
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Fig. 5. Reduced resistance of fl~m -/- mice to acute infection with 
virulent MCMV. fl~m +/ mice (n = 9) were infected with half the LDs0 
of SGV and depleted of CD8 + T cells (O), or treated with PBS (D). 
The group of fl2m -/- mice (n = 9) was infected with SGV and treated 
with PBS (11). The survival of mice was monitored daily. 

with the virion envelope led these authors to conclude 
that extracellular fl~m is of  limited importance for 
M C M V  infection. Using sera derived from fl2m -/-  and 
fl2m +/- mice we also found no difference in productive 
M C M V  infection in vitro. Altogether, the results of  our 
study question the biological significance of M H C  class 
I molecules in the process of  M C M V  entry and M C M V  
productivity. 

The mouse lacking fl2m gene expression has been 
shown to be a suitable model for studying compensatory 
immune effector mechanisms which operate in the 
absence of M H C  class I-restricted effector functions 
[reviewed by Raulet (1994)]. We previously reported that 
in the absence of CD8 + T cells the remaining functions of  
the immune system can compensate (Jonjid et al., 1990; 
Lu6in et al., 1992; Pavid et  al., 1993). This mechanism of 
virus control in the CD8-deficient host is supported by 
CD4 + T lymphocytes (Jonjid et al., 1990). However, this 
study indicates that the plasticity of  immune effector 
functions is limited and that M H C  class I-restricted 
CD8 + T cells represent the main mechanism for the 
survival of  an acute infection with a high dose of virulent 
virus. This is in accordance with the data reported for the 
infection offl2m -/- mice with a virulent strain of  influenza 
virus (Bender et  al., 1992; Eichelberger et  aI., 1991). 
Apar t  from the lack of CD8 + cells, a defective antibody 
response could contr ibute  to the enhanced sensitivity to 
SGV. However, this is unlikely since mice that are 
genetically deficient in the production of B cells are not 
more susceptible to acute M C M V  infection (Jonjid et al., 
1994). In addition, the depletion of CD8 + T cells in 

normal animals reduced their resistance to SGV to a level 
similar to that observed in fl2m - / -  animals. 

The data confirm the organ-specific function of  
effector mechanisms. The virus infection in salivary 
glands, which also shows a distinct immune control in 
the immunocompetent host (Jonjid et al., 1989, 1990), is 
controlled by mechanisms dependent on the CD4 + 
subset, and is irrespective of  the presence of CD8 + T 
cells. It appears that N K  cells contribute to virus 
clearance in this particular tissue and require the 
supportive function of CD4 + helper T cells. This N K  cell 
function could be detected so far only in the salivary 
glands. There is no need to assume that the function of 
N K  cells is defective in fl~m - / -  mice. It is known that the 
expression of MH C class I molecules on target cells 
correlates inversely with the resistance to lysis by N K  
cells (Ljunggren & Karre, 1990; Hoglund et  al., 1991a; 
Liao et al., 1991). Published data indicate that fl~m -l-  
mice exhibit an impaired N K  cell response, in spite of the 
normal development of this subset (Hoglund et al., 
1991 a,b;  Denkers et  al., 1993). These mice failed to reject 
an allogeneic bone marrow transplant (Liao et  al., 1991), 
and also, the cytotoxicity against the N K  tumour target 
YAC-1 and other target cells was reduced (Denkers et  
al., 1993). Yet, N K  cells in fl2m - / -  mice are still a 
considerable source of cytokines, especially interferon- 

(IFN-~), which plays a substantial role in the resolution 
of parasite infections (Denkers et al., 1993). IFN-~, 
however, also plays a role in the control of MCMV 
infection (Lu6in et al., 1992; Hengel et al., 1994). 

To summarize, this study demonstrates that the 
absence of  correct MHC class I complexes does not affect 
the capacity of MCMV to spread and replicate in vivo 
and in vitro. 
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