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The major immediate-early (MIE) gene of human cytomegalovirus (HCMV) encodes several MIE proteins
(MIEPs) produced as a result of alternative splicing and polyadenylation of the primary transcript. Previously
we demonstrated that the HCMV MIEPs expressed from the entire MIE gene could rescue the temperature-
sensitive (ts) transcriptional defect in the ts13 cell line. This defect is caused by a ts mutation in TAFII250, the
250-kDa TATA binding protein-associated factor (TAF). These and other data suggested that the MIEPs
perform a TAF-like function in complex with the basal transcription factor TFIID. In addition to the tran-
scriptional defect, the ts mutation in ts13 cells results in a defect in cell cycle progression which ultimately leads
to apoptosis. Since all of these defects can be rescued by wild-type TAFII250, we asked whether the MIEPs could
rescue the cell cycle defect and/or affect the progression to apoptosis. We have found that the MIEPs, expressed
from the entire MIE gene, do not rescue the cell cycle block in ts13 cells grown at the nonpermissive
temperature. However, despite the maintenance of the cell cycle block, the ts13 cells which express the MIEPs
are resistant to apoptosis. MIEP mutants, which have previously been shown to be defective in rescuing the ts
transcriptional defect, maintained the ability to inhibit apoptosis. Hence, the MIEP functions which affect
transcription appear to be separable from the functions which inhibit apoptosis. We discuss these data in the
light of the HCMV life cycle and the possibility that the MIEPs promote cellular transformation by a
“hit-and-run” mechanism.

The major immediate-early (MIE) gene (Fig. 1) of human
cytomegalovirus (HCMV) encodes several MIE proteins
(MIEPs) produced as a result of alternative splicing and poly-
adenylation of the primary transcript (46, 72, 74). Two of these
proteins appear in greater abundance in the lytic infection and
have been extensively examined for their ability to affect RNA
polymerase II transcription in a cell- and promoter-specific
manner (1–4, 7–11, 13–15, 19, 20–22, 24, 25, 27–30, 34–36, 38,
40–47, 50–55, 58, 61, 62, 68, 70, 71, 73, 77–79, 82–84). They are
IEP72 (72 kDa; also called IE1, IE1491aa, or ppUL123) and
IEP86 (86 kDa; also called IE2, IE2579aa, or ppUL122a). The
MIEPs function in transcription by participating in direct pro-
tein-protein interactions with cellular promoter binding factors
(9, 18, 21, 24, 32, 33, 38, 41, 62, 68, 84). In addition, the MIEPs
directly contact cell cycle-regulatory proteins to abrogate some
of their functions (17, 20, 44, 53, 69).

We have previously suggested that IEP72 and IEP86 per-
form a function similar to that of the TATA binding protein-
associated factors (TAFs) as components of the basal tran-
scription factor TFIID (40). One of the pieces of supporting
evidence for this came from the use of the temperature-sensi-
tive (ts) BHK-21 cell line, ts13. The mutation causing the ts
phenotype is in TAFII250 (26), the largest TAF in TFIID.
When ts13 cells are cultured at the nonpermissive temperature
the ts mutation in TAFII250 results in promoter- and activator-

specific effects on cellular gene transcription and defects in cell
cycle progression leading, ultimately, to apoptosis (23, 49, 57,
64, 66, 75, 80, 81). Expression of wild-type (WT) human
TAFII250 (hTAFII250) rescues these transcriptional and cell
cycle defects, and the cells do not become apoptotic (23, 49, 57,
64, 66, 75, 80, 81). In support of a TAF-like function of the
MIEPs we demonstrated that expression of the MIEPs from
the entire MIE gene (Fig. 1) rescued the ts transcriptional
defect in TAFII250 (40). In addition, specific mutants, previ-
ously shown to be defective in transcriptional activation, failed
to rescue the ts defect (40).

In the present studies we asked whether the MIEPs could
also rescue the cell cycle defect and/or affect the progression to
apoptosis. Various studies have addressed the function of the
MIEPs in cell cycle and growth control. The MIEPs upregulate
p53 but inhibit its ability to activate transcription (48, 69).
Similarly, the MIEPs can inhibit the ability of Rb family mem-
bers to repress E2F activity (20). Both IEP72 and IEP86 can
bind to p105/Rb and inhibit its ability to induce the flat-cell
phenotype in Saos-2 cells (17). The ability of the MIEPs to
interact directly with both p53 and p105/Rb suggests that the
MIEPs may function similarly to proteins of the small DNA
tumor viruses, which abrogate the G1-to-S-phase checkpoint
controls. However, results are conflicting concerning the sig-
nificance of these interactions in the ability of the MIEPs to
stimulate the cell cycle (5, 17, 53, 67). It has been reported that
human cytomegalovirus (HCMV) infection of permissive cells
can cause G1 arrest and a block to S-phase entry in infected
cells (6, 16, 39). Regarding apoptosis, the MIEPs have been
shown to block E1A and tumor necrosis factor alpha-induced
apoptosis in HeLa cells (85).

The experiments presented below show that MIEP expres-
sion does not rescue the cell cycle block. However, despite the
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maintenance of the block, the expression of the MIEPs in ts13
cells inhibited the progression to apoptosis. MIEP mutants
which failed to rescue the ts transcriptional defect maintained
the ability to inhibit apoptosis, suggesting that the MIEP func-
tions which mediate transcription are separable from the func-
tions which affect apoptosis. These findings are discussed in
light of the HCMV life cycle and data (67) suggesting that the
MIEPs may promote cellular transformation by a “hit-and-
run” mechanism.

MATERIALS AND METHODS

Plasmids. All plasmids were propagated in Escherichia coli DH5a or HB101.
Plasmid DNA for transfections was prepared as previously described (40). Plas-
mids pRL43A and pSVHwt contain the genomic HCMV MIE region (Fig. 1) and
express HCMV IE regions IE1 and IE2 from the MIEP (37, 40, 52, 73). Plasmids
which produced mutant IE proteins included pSVHm2, pSVHm13, pSVHm14,
pSVHm16, and pSVHm19 (73). Plasmid pc-hCD4, expressing the human CD4
(hCD4) cDNA, was constructed by digesting p-ts-CD4 (a gift of Michael Malim)
with EcoRI and blunting it with Klenow polymerase. The hCD4 insert was then
liberated with a BamHI digest. This was cloned into pcDNA3 (Invitrogen), which
had been digested with HindIII, blunted with Klenow polymerase, and then
digested with BamHI. Plasmid pCMV-bgal was a gift of Michael Malim.

Cell culture and lipofection. The cell line BHK-21 ts13 was propagated and
maintained as previously described (40). Cells (2 3 105) were plated and lipo-
fected by procedures supplied by the manufacturer (Gibco/BRL) with 1 mg of
total plasmid per plate. The lipofection efficiency was 15 to 30%, as determined
by fluorescence-activated cell sorter (FACS) analysis or by transfection of
pCMV-bgal followed by LacZ staining.

FACS analysis of ts13 cells. Cultures of ts13 cells were lipofected with 1 mg
each of pXJ40E/B, pCMV-hTAFII250, and pRL43a. pc-hCD4 (1.5 mg) was
colipofected to allow sorting of lipofected cells. The lipofections, done in tripli-
cate, were incubated at either 32 or 39°C for 24 to 28 h. A previously described
whole-cell isolation protocol was used (60), with modifications, to allow simul-
taneous detection of cell surface and nuclear staining. Specifically, cells were
scraped into 1 ml of staining medium (13 phosphate-buffered saline [PBS]–1%
bovine serum albumin [BSA]). The cells (106) were resuspended in 50 ml of a 1:5
dilution of fluorescein isothiocyanate (FITC)-conjugated anti-hCD4 antibody
(Sigma). Nonstained controls received only 50 ml of staining medium. All tubes
were incubated for 30 min on ice, washed with staining medium, and then
resuspended in 0.5 ml of ice-cold PBS. The cells were fixed by the addition of 0.5
ml of ice-cold 0.5% paraformaldehyde for 1 h at 4°C. For permeabilization, the
cells were pelleted by centrifugation, resuspended in 1 ml of 0.2% Tween 20 in
PBS (prewarmed to 37°C), and incubated for 15 min at 37°C. One milliliter of
PBS containing 0.2% BSA and 0.1% sodium azide was added to each sample
with brief mixing followed by centrifugation to pellet the cells. For DNA labeling,
the cells were resuspended in PBS containing 0.2% BSA, 0.1% sodium azide, 10
mg of propidium iodide (Sigma)/ml, and 50 mg of RNase (Sigma)/ml. These were
mixed well and incubated for 18 to 24 h at 4°C.

The cells were analyzed with a Becton-Dickinson FACScan running CellQuest

software for data collection. Only CD4-positive cells were gated for analysis of
DNA content. Cell cycle analysis was performed with the program ModFit
(Verity). The data shown is representative of five separate lipofections.

TUNEL for detection of apoptosis. ts13 cells were grown on sterilized glass
coverslips in 35-mm-diameter plates. The cells on individual coverslips were
lipofected with 1 mg of one of the following plasmids: XJ40E/B, pCMV-
hTAFII250, pc53-wt, pSVHwt, or one of the pSVH mutant plasmids described
above. The cells were analyzed at 24 to 28 h postlipofection. The coverslips were
washed on the plates three times with 1 ml of PBS, pH 7.4, and then fixed in fresh
4% paraformaldehyde in PBS, pH 7.4, for 30 min at room temperature. The
coverslips were washed three more times with 1 ml of PBS, pH 7.4, and then
permeabilized in PBS, pH 7.4, containing 0.1% Triton X-100–0.1% sodium
citrate for 10 min at 4°C and washed twice with 1 ml of PBS, pH 7.4.

Terminal deoxynucleotidyltransferase-mediated dUTP nick end labeling
(TUNEL) reactions were performed with the fluorescein cell death detection kit
(Boehringer Mannheim) with a modified protocol. Specifically, the cells were
labeled on the coverslips with 50 ml of reaction mixture containing terminal
deoxynucleotidyltransferase and a nucleotide mix containing FITC-conjugated
dUTP. The reaction mixtures were incubated at 37°C for 60 min. The coverslips
were washed three times with PBS, pH 7.4, and then blocked by incubation in 1
ml of blocking buffer (PBS, pH 7.4, containing 1.0% Triton X-100, 0.5% Tween
20, and 0.1% BSA) for 30 min at room temperature. After removal of the
blocking buffer, the coverslips were incubated with appropriate primary antibod-
ies in 250 ml of blocking buffer for 1 h at room temperature. These antibodies
included AB810 (anti-IEP72 and -IEP86) at 1:200, anti-p53 (Ab-2) at 1:100, and
anti-hTAFII250 at 1:100 diluted in blocking buffer. Following incubation, the
coverslips were washed three times in PBS, pH 7.4, and then incubated in 250 ml
of tetramethyl rhodamine isothiocyanate (TRITC)-conjugated anti-F(ab9)2 frag-
ments for 30 min at room temperature. The anti-F(ab9)2 secondary antibody was
diluted 1:1,000 for Ab810, 1:500 for anti-p53, and 1:250 for anti-hTAFII250. The
coverslips were washed extensively in PBS, pH 7.4, dried well, and then mounted
on microscope slides with Permount (Fisher). The coverslips were sealed to the
slides. At least three fields of each coverslip were photographed for visualization
of FITC and TRITC staining, and representative fields are presented.

RESULTS

HCMV MIEPs do not rescue the cell cycle block in ts13 cells.
In our previous analysis of ts13 cells, we found that the HCMV
MIEPs expressed from a plasmid containing the entire
genomic MIE region (Fig. 1) rescued the transcriptional defect
in TAFII250 (40). Under these conditions all of the possible
MIEPs can be made from the variably spliced and polyadenyl-
ated primary transcript (i.e., IEP86, IEP72, and possibly oth-
ers). In addition, the ratio of the MIEPs produced is deter-
mined, at least in part, by RNA processing. Individual MIEPs
(IEP72 and IEP86) encoded by cDNA plasmid constructions
were also tested in these transfection experiments (40). IEP86
alone could only modestly rescue the transcriptional defect,
and this occurred only at very low plasmid input concentra-
tions. IEP72 alone had no effect at any plasmid input concen-
tration, and coexpression of each protein in cotransfection
experiments showed no additional effects. Given the lack of
effect of the individual proteins, we chose to do the subsequent
experiments with plasmid pRL43a, which contains the entire
MIE genomic region (Fig. 1).

The ts mutation in TAFII250 produces a defect in cell cycle
progression indicated by a block in late G1. This block can be
rescued by transfection of a plasmid encoding hTAFII250 (49,
64, 66). In order to determine whether the MIEPs would sim-
ilarly rescue this cell cycle defect, we measured the total DNA
content of ts13 cells transfected with various plasmids:
pRL43a, described above; pCMVhTAFII250, which expresses
hTAFII250; or a control plasmid encoding no eucaryotic pro-
tein. Each transfection also contained a plasmid which en-
coded the hCD4 molecule. The expression of CD4 allowed the
specific sorting and analysis of only the transfected cells (see
Materials and Methods).

Figure 2 shows a summary of five experiments performed in
triplicate. When the control plasmid-transfected cells were in-
cubated for 24 h at the nonpermissive temperature (39°C), the
percentage of cells in the G0/G1 population increased relative
to similarly transfected cells grown at the permissive temper-

FIG. 1. Diagram of the MIE gene of HCMV showing alternatively spliced
and polyadenylated (PA) transcripts produced from its primary transcript. The
transcripts encoding the 72-, 86-, and 55-kDa MIEPs (IEP72, IEP86, and IEP55)
are shown. The various exons are numbered; open reading frames (ORFs) within
exons are shaded. The IE1 region is composed of exons 1 to 4, and the IE2 region
consists of exon 7. Note that IEP55 differs from IEP86 by having an extra splice,
resulting in the removal of an IEP86 unique region in exon 7. The IE2-derived
ORFs flanking the UR are labeled as exons 5 and 6, specific to IEP55. In some
diagrams of the MIE region the exon we have called 7 is numbered as exon 5.
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ature (32°C). This correlated with a decrease in the percentage
of cells in S phase at the nonpermissive temperature and is in
agreement with previously published reports (63, 76). When
cells were transfected with the WT hTAFII250-expressing plas-
mid, the percentage of cells in G0/G1 and S returned to the
levels seen at the permissive temperature, agreeing with pre-
vious data showing that expression of WT hTAFII250 rescues
the ts cell cycle defect in ts13 cells (49). Transfection of the
genomic MIE region gave results similar to those of the control
transfected cells, indicating that the expression of the MIEPs
failed to rescue the ts cell cycle defect. The conditions used in
these experiments were the same as those used to demonstrate
that the MIEPs can rescue the ts transcriptional defect. In
addition, MIEP expression was verified in each experiment;
specific data pertaining to the expression of the MIEPs in ts13
cells has been previously presented (40).

These data indicate that the HCMV MIEPs do not rescue
the cell cycle defect in ts13 cells when tested under conditions
where they are known to rescue the transcriptional defect. In
fact, repeated experiments indicated that expression of the
MIEPs consistently resulted in even fewer cells entering S
phase at the nonpermissive temperature. Hence, the MIEPs
may augment, or duplicate, the mechanisms blocking the cell
cycle in ts13 cells at the nonpermissive temperature.

Apoptosis in ts13 cells at 39°C is blocked by the HCMV
MIEPs. The ts mutation in ts13 cells and in tsBN462 cells
(containing a similar ts mutation in TAFII250) induce apopto-
sis when the cells are grown at the nonpermissive temperature
(64). Introduction of WT hTAFII250 into these cells has been
shown to eliminate apoptosis (64). Therefore, we asked
whether the MIEPs could block apoptosis in ts13 cells at the
nonpermissive temperature despite the fact that they did not
activate the cell cycle.

Coverslips containing ts13 cells grown at 32°C were trans-
fected with pSVHwt, which encodes the WT MIEP genomic
region, and incubated at 39°C. Twenty-four to 28 h posttrans-
fection, the cells were fixed and (i) subjected to the TUNEL
assay for immunofluorescence detection (with FITC) of apo-
ptosis and (ii) treated with anti-IE72 and -IE86 antibody for
immunofluorescence detection of the IE proteins with TRITC-
conjugated secondary F(ab9)2 fragments. Control experiments
(not shown) with mock-transfected cells indicated no immu-
nofluorescence due to cross-reactivity of the anti-IE72 and
-IE86 antibody with cellular proteins.

Figure 3 (upper two panels) shows a representative field of
cells expressing the WT MIEPs. The right panel shows the
results of the TUNEL assay for apoptosis (yellow nuclei). As
can be seen, many cells in the field were positive for apoptosis;
a similar assay with cells grown at 32°C indicated that very few
cells were apoptotic (not shown). The left panel shows the
immunofluorescence of cells in the same field which are pro-
ducing the MIEPs (red nuclei). Comparison of the two panels
shows that cells which produce the MIEPs are rarely apoptotic,
and vice versa.

In previous studies (40) we characterized a number of MIEP
mutants which had reduced abilities to rescue the transcrip-
tional defect in ts13 cells. The steady-state amounts of IEP86
and IEP72 produced by these mutants in ts13 cells is equivalent
to that produced by WT MIEP-expressing plasmids (40). One
of the mutants, m13 (with a mutation in amino acid 359 of
IEP86 [73]), was virtually unable to rescue the transcriptional
defect. Transfection of the m13 MIEP-expressing plasmid had
no greater effect than transfection of a control plasmid (40).

As shown in the lower two panels of Fig. 3, we examined the
ability of the mutant m13 MIEPs to block apoptosis. Compar-
ison of the panels again shows that cells expressing the m13
MIEPs are rarely apoptotic and vice versa. Hence, the MIEP
function(s) needed to block apoptosis is separate from the
functions needed to rescue the transcriptional defect in ts13
cells at 39°C. In addition, we tested m2 (with a mutation in
amino acid 59, which is common to both IEP72 and IEP86
[73]), another mutant severely affected in transcriptional acti-
vation, and found that it also maintained the ability to block
apoptosis (data not shown).

In control experiments (not shown) we confirmed that ts13
cells expressing hTAFII250 at the nonpermissive temperature
were not apoptotic, which agrees with previous results (64). It
can be argued that the results we see could occur if the sub-
population of transfectable cells were somehow resistant to
apoptosis. However, this does not seem to be the case. Previ-
ous experiments (64) have suggested that overexpression of
p53 only partially rescues the apoptotic induction of tsBN462
cells at 39°C (64). In control experiments (not shown) where
WT p53 was overexpressed we detected only partial rescue of
apoptosis; i.e., many TUNEL-positive cells also showed p53
immunofluorescent staining due to overexpression of p53.

DISCUSSION

The ability of the HCMV MIEPs, particularly IEP72 and
IEP86, to promiscuously activate transcription has been docu-
mented in many reports (1–4, 7–11, 13–15, 19–22, 24, 25, 27–
30, 34–36, 38, 40–47, 50–55, 58, 61, 62, 68, 70, 71, 73, 77–79,
82–84). In large part, transcriptional activation appears to in-
volve interactions of these proteins with both non-basal-tran-
scription factors (e.g., Tef-1, Sp1, AP-1 family members,
CREB, and Egr-1) and basal-transcription factors, such as TBP
and TAFs (9, 21, 24, 32, 33, 38, 40, 41, 62, 68, 83). IEP72 and
IEP86 can interact simultaneously with hTAFII130 through

FIG. 2. Effect of MIEP expression on the block to cell cycle progression in
ts13 cells. Cultures of ts13 cells were transfected with pXJ40E/B (control),
pRL43a (encoding the MIEPs), or pCMV-hTAFII250 (encoding hTAFII250). In
addition, the cells were cotransfected with plasmid pc-hCD4, which expresses
CD4. The transfected cells were then subjected to FACS analysis for DNA
content; only CD4-positive cells were gated so that the transfected cells would be
preferentially analyzed (see Materials and Methods). Cell cycle modeling and
quantitation were performed with ModFit software. The bars show the percent-
age of cells in the various phases of the cell cycle. The data show representative
results from an experiment where samples were tested in triplicate. Similar
results were obtained in five separate experiments. The first (solid) bar in each
phase indicates control plasmid-transfected cells at 32°C, the second (lightly
shaded) bar indicates control plasmid-transfected cells at 39°C, the third (darkly
shaded) bar indicates MIEP-expressing cells at 39°C, and the fourth (open) bar
indicates hTAFII250-expressing cells at 39°C. The error bars indicate standard
deviations.
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regions required for transcriptional activation (40). These in-
teractions may account for the synergy of transcriptional acti-
vation seen when both proteins are expressed in a cell. These
and other data have led us to propose that the MIEPs can
perform a TAF-like function (40). Both IEP72 and 86 can
interact with multiple components of TFIID in vitro. In addi-
tion, they copurify with TFIID and coimmunoprecipitate with

purified TFIID from nuclear extracts from infected cells (40).
Finally, expression of the MIEPs can rescue the ts transcrip-
tional defect in TAFII250 in the tsBHK-21 cell line ts13 when
grown at the nonpermissive temperature (40).

In addition to the transcriptional defect caused by the ts
mutation in TAFII250, ts13 cells grown at the nonpermissive
temperature are defective in G1 progression and S-phase entry

FIG. 3. Effect of MIEP expression on apoptosis in ts13 cells grown at the nonpermissive temperature. Coverslips containing ts13 cells grown at 32°C were transfected
with either pSVHwt (upper panels), which encodes the WT MIEPs, or pSVHm13 (lower panels), which encodes MIEPs which are defective in transcriptional activation
(40). The cultures were incubated at 39°C for 24 to 28 h posttransfection and then fixed. The fixed coverslips were tested for (i) immunofluorescence detection of the
MIEPs (left panel in each set) and (ii) immunofluorescence detection of apoptosis (by TUNEL assay; right panel in each set) (see Materials and Methods for details).
Identical fields of cells are shown for MIEP detection (red) and apoptosis (yellow). For comparison, the arrows indicate the positions of MIEP-expressing cells in the
fields.
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and eventually become apoptotic (23, 49, 63–66, 76). Each of
these ts conditions, the transcriptional defect, the cell cycle
defect, and the resultant apoptosis, can be rescued by the
expression of a WT form of TAFII250 (23, 26, 40, 49, 56, 57, 64,
65, 75, 80, 81).

Viral proteins have been shown to overcome these ts defects
in ts13 cells grown at the nonpermissive temperature. As men-
tioned previously, the MIEPs can rescue the ts transcriptional
defect (40). This ability is shared by simian virus 40 large T
antigen (12). Additionally, large T antigen can rescue the cell
cycle defect (42a), and this appears to sustain the cells in such
a way that apoptosis does not occur. Simian virus 40 large T
antigen and the MIEPs are similar in that they are promiscu-
ous transcriptional activators, apparently targeting similar
components of the transcription complex. However, large T
antigen is known for its obvious activation of the cell cycle,
whereas HCMV infection, although shown to upregulate the
expression of some markers of normal cellular proliferation,
appears to induce a late G1 block (5, 6, 16, 17, 31, 39, 58).
Taken together, these facts seem to show that HCMV infection
upregulates specific cellular replicative functions while block-
ing S-phase entry. Thus, the question to be asked was whether
the MIEPs could rescue the specific cell cycle defect in ts13
cells at the nonpermissive temperature and/or inhibit the ap-
optosis which results under these conditions.

In the present studies we have found that expression of the
MIEPs in ts13 cells at the nonpermissive temperature did not
increase the level of cells in S phase as measured by propidium
iodide staining and FACS analysis. In fact, numerous analyses
indicated that the MIEPs slightly enhanced the G1 block
caused by the ts13 ts mutation. This agrees with previous data
indicating a G1 block by the MIEPs in primary foreskin fibro-
blasts (39) and with data indicating the inability of the MIEPs
to overcome G1 arrest in Rb-transfected Saos-2 cells (17) and
in fibroblasts treated with actinomycin D (5). Thus, the inabil-
ity to rescue the ts cell cycle defect in ts13 cells is to be expected
and is supportive of a model, in normal human cells, where a
function of the MIEPs is to establish and/or maintain a cell
cycle block that inhibits the G1-to-S transition.

A consequence of blocking the cell cycle in ts13 cells at the
nonpermissive temperature is the onset of apoptosis. Our data
show that in this system the MIEPs effectively block the onset
of apoptosis. Additionally, this function of the MIEPs is sep-
arate from the function which mediates rescue of the transcrip-
tional defect in ts13 cells. Specifically, mutations in the MIEPs
which eliminate the transcriptional rescue do not affect the
ability of the MIEPs to block apoptosis.

How might our observations relate to the life cycle of
HCMV? Clearly the ts13 cell line is not permissive to HCMV
infection. However, we feel that our data provide insight into
the functions of the MIEPs in permissive cells, since there is no
comparably mutated human cell line. Many studies suggest
that specific cellular genes must be induced for viral replication
and that this apparently occurs under conditions where the
cells will become blocked in G1, a point in the cell cycle where
the cellular milieu is apparently preferred for optimal viral
replication (5, 16, 17, 31, 39, 58). The transcriptional activation
functions, and/or the TAF-like functions, of the MIEPs can
apparently accomplish the induction of cellular gene expres-
sion which will initiate the cell cycle block at the appropriate
point. However, an HCMV lytic cycle is very long, even under
the most permissive conditions; for example, detectable prog-
eny virions only begin to appear after 72 h postinfection. It
would be deleterious for the success of the viral infection if the
cells began to die due to the long and stressful effects of the
viral infection and the cell cycle block. The data reported here

and the data of others (85) suggest that the MIEPs contain a
function, separable from the transcriptional activation func-
tion, which blocks apoptosis. This antiapoptosis function would
maintain cells in the population long after they would normally
have been eliminated by apoptosis.

What might be the consequences of the inhibition of apo-
ptosis if the MIEPs were expressed in cells where the progres-
sion of the lytic infection may be incomplete or blocked? We
would propose that damaged cells, which should be removed
from the population, would be maintained. Shen et al. (67)
have shown that the MIEPs can cooperate with adenovirus E1a
to generate transformed foci with primary baby rat kidney
cells. Their data suggest that the MIEPs are mutagenic and the
resultant mutations in cellular genes predispose some of the
cells to transformation in cooperation with E1a. Interestingly,
MIEP gene expression appears to be transient, as viral DNA is
not present in clonal cell lines derived from the transformed
foci. Therefore, it has been proposed that the MIEP-induced
mutagenesis contributes to oncogenesis through a hit-and-run
mechanism. Our data may extend this proposal by suggesting
that the MIEP may be not only mutagenic but also able to
maintain the cells, through inhibition of apoptosis, in such a
way that deleterious DNA damage can accumulate. Hence a
putative “transient immortalization” state induced by the
MIEP may be a causative effect leading to unexpected pathol-
ogy, such as cancer and atherosclerosus, which have long been
associated, but never definitively correlated, with HCMV.
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