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ABSTRACT

Monocytes and tissue macrophages play important roles
in hos: defence against virus infections and can
respond to infections by secretion of inflammatory
mediators, The effect of HCMV infection on monocyte
cytokine production was therefore studied at functional
and molecular 1:vels, This study primarily investigated
the influence of HCH / infectlon on 1L-18 production and
expression in peripheral blood monocytes and the
promyelocytic cell line, ML-3, The expression of
several octher inflammatory response genes, TNFa ,
C8F~1, MAD-2, MAD-6 and N "-Y was investigated in ML-3
cells, LPS~stimulated and unstimulated monocytes
infected with a clinical isolate o€ HCMV showed
egpression of HCMV IE antigens and were significantly
more suppressive for lymphocyte proliferation than were
gtrain aDlé%-~infected monocytes, which rarely expressed
detectable HCMV IE viral antigens, HCMV infection of
LPS-stimulated and unstimulated monocytes resulted in
abrogation of functional IL-1l biocactivity, with the
effect being marked in LPS-stimu.ated monocytes
infected with the clinical isolate of HCMV, Addition of
1L-1 to infected, stimulated monocytes completely
restored lymphoproliferative responseg to PHA, whereas
addition of this monokine to infected, unstimulated
cells could not restore rhis response, At the level of

IL-1# steady steie mRNA exptression, both RNA Jot-biot
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and in situ hybridization stiudies demonstrated that
infection of monocytes with HCMV lead to sustained

expression of IL-18 mRNA for up to 96 hr, which

-contrasted markedly with mock~infected or

LPS~-stimulated monocytes, Exposure of ML-3 cells to
virus prior to induction of differentiation had little
influence on mediator gene expression, However,
induction of the macrophage phenotype by pretreatment
of ML-3 cells with the phorbol ester, PMA, followed by
HCMV challenge resulted in a greatly extended period of
expression of IL .8 , TNFa *AD-9 and CSF-1 but not
MaD-6 and MAD-2, Constitutively expressed genes such as
lysozyme and actin were not similarly modulated., Flow
cytometric analysis of the intracellular levels of I.L-~18
protein in ML-3 cells indicated that more protein was
produced in infected cells than in uninfected controls,
Enhanced levels of the intracelluiar form of IL-1B in
monocytes was confirmed by Western blot analys’s.
Cotransfection experiments were performed using IL-18
-CAT chimeric plasmids together with plasmids encoding
HCMV 1E gene region products, Transactivation of the
Il~-18 gene by region 2 of the IE gene was obsarved in
ML-3 cells that had been induced to differentiate prior
to transfection, Nc stimulation nf IL-18 promoter
activity was observed in ML-3 cells that were

undifferentiated prior to transfection.
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1.0.0. INTRODUCTION

1.1.0. General characteristics of the cytomegalovirus

feMy) group

The family of Herpesviridae is divided intc three
subfamilies consisting of the herpes simplex viruses
(Alphaherpesvirinae), the cytomegaloviruses
(Betaherpesvirinae) and the lymphoproliferative virus
groups {Gammaherpesvirinae), Fach subfamily has been
taxonomically named according to its biological

properties (Roizman, 1982),

Human herpesvirus 6 (HHV-6) is a new herpesvirus,
antigenically distinct from other human herpesviruses
and has been isolated recently from peripheral blood
lymphocytes of patlents with the afquired
immunodeficiency syndrome (AIDS) (Lopez et al., 1988;
Tedder et al,, 1987), from patients with
lymphoproliferative disorders (Salahuddin et al., 1986)
and from infants with exanthem subitum (Yamanishi et

al., 1988).

The main characteristics of the cytomegalovirus (CMV)

group are the following (Mathews, 1979):

1} The complete virion is 150 to 200 nm in diameter,




[

(o]

2}

3)

4)

and consists of an inner core, a capsid and an
envelope, The coure contains the DRA genome which has
a molecular weight of 150 x 106 with a G + C ratio
of 50%, The virus nucleocapsic is an icosahedrin (90
to 110nm) consisting of 162 capsomere subunits. The
capsid is surrounded by the tegument which is

enclosed by a lipid bilayer envelope,

The reproductive cycle is slow {>24 hr) and is
characterised by slowly forming progressing foci in
cell culture and enlargement of the infected cell jin
vivo and in vitro (cytomegalia). Inclusion bodies
containing IPNA may be present in the nuclei and

cytoplasm late in infection,

Mouse cytomegalovirus (MCMV) persists in the
salivary glands of mice and can also latently infect
mouse macrophages (Brautigam et al,, 1979). The site
of human cytomegalovirus (HCMV) persistence is much
less certain, Epithelial cells in salivarv glands
and renal tubules have been suggested as possible

sites (Sissons et al., 1986),

CMV displays strong species and cell specificity. In
cell culture, the virus usually grows best in
fibroblasts of _he species from which it was

ariginally isolated, but exceptions do exist,

@]




1,11, Medical Importance

The genus human cytomegalovirus (HCMV) is recognised au
an important pathogen.The incidence of HCMV infection
of humansg is high, but most postnatal infections are
acquired without clinical symptoms (Huang and Pagano,
1977). During their lifetime, 60 - 80% of individuals
in developed countries and almost 100% in developing
courtries become infected with HCMV (Peckham et al.,
1983 ; Griffiths et al., 19835). After primary HCMV
infection in vivo, the virus often establishes a latent
existence which is clinically important (Diosi et al.,
1969}, The severe diseases caused by HCMV frequently

result from reactivation of latent virus, and are

usually associated with immunosuppression due to a
variety of conditions such as malignant disease,
chemotherapy, organ transplantation {(Ho, 1982) and the
acguired immunodeficiency syndrome (AIDS) (Drew et al.,
1985), HCMV is the causative agent of a wide varjety of
diseases ranging from the classicel cytomegalic
inclusicn disease to intrauterine 4. 'th, prematurity,
congenital defects, infectious mononucleosis,
postperfusion syndrome, and interstitial pneumonia in
transolant patients (Raonp, 1980; Weller, 1971). In

kidney, bone marrow or heart trangplant pacients and

patients with maliignancies or counective tissue disease

who are maintained on immunossupressive agents, HCMV




infection is commonly associated with organ rejection
or loss, Infection also contributes to mortality and
predisposes these patients to sevece or fatal
bacterial, fungal and parasitic infections by causing

further immunosuppression,

Drug therapy of herpesviruses has recently advanced
with the development of nucleoside analogs that are
active only in herpesvirus infected cells (Biron et
al,, 1985), The most recent therapy has used
ganciclovir, an acyclovir analogue, that is active
against HCMV and all herpes viruses (Mar et al., 1983),
The mechanism of action has not been fully elucidated
but appears to be due to the selective phosphorylation
of the drug to ganciclovir triphosphate in HCMV
infected cells but not in uninfected cells (Biron et
al., 1985), It is a more potent inhibitor of HCHV in
vitro than acyclovir and has exerted an antiviral
effect against HCMV in bone marrow and organ transplant
recipients (Erice et al., 1087). It has also baen used
in clinical trials in patients with AIDS who have
serious HCMV infection (Laskir et al., 1987). Clinical
trials have also used vidaribine monohydrate (Meyers et
ai,, 1382), acyclovir (Wade et al., 1982 ; Balfour et
al., 1982), interferon {(Meyers et al., 1980) or

conb ations of these various agents (Shepp et al.,
1984), However, none of these agents has exerted the

same antiviral effect as that shown by ganciclovir,
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The prevention of primary.infection by means of

vaccinati- nresumably depend on antibody
recogniz . izing detcrminants on the virion
(Sissons e, The most suitable vaccine would
be a subunit ve . e of live HCMV as a vaccine has
been reported by « gt al, (19473, There are

however numerous draw: wks to this type of raccine, The
extent of attenuation ot the strains is uncertain, as
well as the biological yr» erties and ability to

establish latency.

In addition to the clinical manifestations mentioned,
HCMV nas been implicated with malignant disease by
virtue of its ability to transform cells in vitro and
the tiading of HCMV DNA, RNA and virus specific
antigens associated with Kapusi's sarcoma, prostatic
adenocarcinoma, cervical and colon cancers (Huang gt
al,, 1984), These findings have more recently been
substantiated by Fletcher st al. (1986) who have
detected restriction endonuclease sites colinear with
virion DNA in a small percentage of histologically
abnormal cervices, Mocrphological transformation studies
have failed to demonstrate a viral oncogene, a virus -
coded transforming protein or any sequence of DNA that
uniquely transforms cells according to ®one - hir*
kinetics, The transformed cells are howev~r all

oncogenic in the host animal and in immunocompromised

0y
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mice (Macnab, 1987), Transforming domains among the
herpesviruses have been localised in small DNA
fragments (Nelson et al., 1984; Galloway et al., 1984)
and have stem/loop structures bounded by direct
repeats, The morphological transforming region of HCMV

DNA (mtr) consists of three regions mtrl, mtrll and

mtrIIl which have been mapped in the long unigque region

of tie viral genome, Razzaque et al. (1988) have
identified the mtrll of HCMV, In view of the
transcriptional control signals and stem/loop
structures that have been identified in mtr II, it is
possible that mtr I1 transforms cells by increasing the
transcription of critical cellular genes or may induce
transformation by altering the structure of host DNA
through fusion and gene rearrangement (Jariwalla et
al., 1986 ; Bejeck and Conley, 1986). Molecular studies
have also suggested a role for HCMV in carcinogenesis,
The major enhancer of HCMV increases transcription of
cellular genes (Boshart et al., 1985) which may be of
great importance in cell behaviour during the

progresaion of carcinogenesis,

i.1.2, Structure of HCMV

1.1.2.1, DNA of HCMY
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The HCMV genome consists of double stranded DNA with a

molecular weight of 150-155 x 10%

. It is a linear
molecule congisting of a long unique (L) and a short
unique (8) component which a2re covalently linked
{Figure 1), Each component may be inverted which gives
four different isomeric arrangements of the molecule,
The L and S components are flanked by different repeat
sequences that are inverted relative to each other
(stinski et al,, 198l). The biological significance of
this DNA structure is unknown, A number of strains of
HOCMY have been isolated including the Davis, Esp, Kerr
Towne and AD169 strains, The commonly used laboratory
strains of HCMV (AD169, Towne and C87) had

approximately 80% genome homology when analysed by

nucleic acid reassociation kinetics (Huang et al.,

1976).

1.1.2,2, Structural Proteins of HCMV

Many of the structural proteins of HCMV have been
determined using chemical denaturation of virions
purified by physical methods (Gibson, 1983; Irmiere and
Gibson 1983) (Table 1). More recently. Wright et al.
(1988) have identified the proteins encoded by the .2
kb early transcript of ADiI69, The proteins were

phosphorylated and had molecular weights of 84K, S5CK,

43K and 34K, They were associated predominantly with

the nuclei of infected cells,
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Figure 1
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Schematic representation of the HCMV genome and 1E plasmid
constructs (afier Davis ot a/., 1987).

(a) Fr.ctional length of the HCMV genome

~ (b) Plasmid pHD101SV1. Plasmid sequence= derived from

pBR 322 (open box) and RNA transcripts corresponding to
HCMV 1E regions 1 and 2 (closed boxes) are shown right to
ieft.

(¢} Plasmid pHD1018V2. The Bam Hl fragment from region 2 of
pHD1015V1 has been deleted to form pHD101SV2.

{d) Plasmid pHD1014. The Bam HI fragment from region 2 of
pHD 18V 1 was inserted downstream from « e Tagl frag-
ment containing the promoter and first three exons « f 1E
region 1,




Provisional

L name Virion NIEP  Dense
Body
212 000 High molecular + +
weight protein
153 000 Major capsid + *
protein
149 900 Basic + +
phosphoproteln
115 006 emeee + +
74 000 Matrix protein + +
39 000 Matrix protein + + +
36 000 Assembly +
34 000 Minor capsid + +
protein
8 00u Minor capsid + +
protein
NIEP - Mon infectlous envelope particle

Data from Gibson (1983) and Irmiers and Gibson (19823)

(after Griffiths and Grundy (1987))

Table 1

Major Structural proteins of virus particles




Three distinct families of disulphide~linked
Jlycoprotein complexes have been observed in the
envelope of HCMV and have been designated gel, gcll and
geIll (Gretch et al,, 1988), The three cmplexes are
almost certainly imporkant targets ¢f ul& “uman
response to HCMV infection (Gretch et ai., 1983), The
gcl complex contains the gpS5 gene product which has
amino acid seguence homology with HSV ¢gB, BBV gB, VIV
(varicella zoster virus) gpll aasd pseudorabies virus
gpll suggesting that the gel family may play a role in
the fusion of viral and cellular membranes, Functional

roles for gcll and gclIl have not yet been assigned,

Each protein of HCMV will ultimately be identified as

ar B0ry , being derived from q,z, Or yprimary genomic

transcripts respectively. Most of the structural
proteins are classified asy ., Examples of 8 proteins

are the virion DNA polymerase, the 50K phosphorylated
DNA-binding protein (Gibson, 1983) and the 140K
non-phosphorylated protein which binds single-stranded
DNA (Anders et al., 1986), The most prominent a protein
is phosphorylated and has a molecular welght of between
70 KDa and 79 EDa (Michelsor-Fiske et al,, 1977;

Stinski et al., 1983).

The assembly of proteins to form progressively more
mature A,B and C capsids is shown in Figure 2. Two
morphonlogical forms other than virions can be

identified when HCMV is passaged in c¢21l culture. One
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GOLGI

CYTOPLASM fNIEP
virion
r'y
153000
36000
28000 34000
NS —
l / l DNA
A LAY ! »C
capsid capsid l capsid
NUCLEUS 36 000
Figure 2

Schematic outline of asscmbly of CMV particles
(after Griftiths and Grundy, 1987)

Numbers represent the Mr of identified proteins
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is the derss body, which is much larger (300 nm) and
more pleomorphic than the virion. tore than 303 of its
protein is the 69 KDa matrix protein together with
envelcpe glycoprotein {(frmiere and Gibson, 1983), Dense
bodies do not contain nucleic acid or a nucleocapsid,
Tae second form is known as a non-infectious enveloped
particle (NIEP) which resembles a virion without a
central core containing DNA, The NIEP is thought to bha
an enveloped B capsid containing an excess of the 36K

aggembly protein,

1.1.3, Regulation of ACMV Gene Expression

HCMV undergoes a sequantial order of gene expression in
permissively infected cells (McDonough and 3pector,
1983 , Wathen and Stinski, 1982)., The first genes to be
expressed are the o or inmediate-early (IE} genes
(Figure 1) which can be transcribed in the asbsence of
de novo protein gynthesis {(McDonough and Spector, 1983
; Stinski et al., 1983 ; Wilkinson et al., 1984), The
products of the © genes are those the virus reguires
to take over control of host cell macromolecule
synthesis (Griffiths and Grundy, 1987}, The maijcs site
of 1IE transcription for AD169 and Towne is located in
the long unique segment (Stinski et al., 1v83), is
mapped at coordinates 0,71 to 0,75 {(Figure 1) and
encodes at least three transcription units designat &
IEl, IE2 and IE3 {(Wathen and Stinski, 1982 ; Stenberg

t al., 1984), A fourth IE transcription unit

O




initiating in this region specifies a 5 kb RNA {(Jahn et
al,, 1984},

IEl encodes & 72 kDa nuclear phosphoprotein (Stinski et
al,, 1983 ; Stenberg et al., 1984) und is efficiently
expressed following either infection or transfection of
the isolated gene into tissue culture cells, The
expression is medjated via a strong enhancer element
consisting of different subsets of repeats that can
independently substitute for enhancer activity (Boshart
et al.,, 1989 ; Stinski and Roehy, 1985). An HCMV
component further enhances IE gene expression in trans

via these repeat sequences (Stinski and Roelr, 1985},

1E2 is immediately downstream of IEl and consists of
two subregions IE2a and IE2b (Hermiston et al., 1987),
Transcription is highly complex with different
transcripts being produced as a result of differential
mRNA splicing, Predominant transcripts consist of all
four exons of IEl but there are also transcripts
consisting of the first three exons of IE1l linked to

IE2a (Hermiston et al., 1987),

An important phenomenon that has been observed in the
infection of nonpermissive celis is the expression of a
and 8 genes only, Transcription of the late genes is
blocked, This has been shown in human monocytes and
lymphocytes acdter in vitro infection (Rice et al.,

1984; Einhorn and Ost, li.4),




Early or 8 genes (Figure 1) are transcribed before the
onget of viral DNA replication and their transcription
requires prior expression of one or more of the

genes, Products of the B genes are recuired to control
production of daughter virions (Griffiths and Grundy,

1987). The mechanism of this activation as well as the

cis-acting elements of the HCMV early genes responsible

for that temporal regulation have not yet been fully
elucidated (Staprans et al., 1988). These investigators
have shown thus far cthat the HCMV maijor IE region can
trans-activate the 2,2 kb early RNA promoter., Further
studies will determine if addicional viral or cellular
factors are involved in the regulation of HCMV 2,2 kb

early RNA transcription,

The ¥ or late genes (Figure 1) code for the structural
componants of the virion (Griffiths and Grundy, 1987).
Geballe et al. (1986) have shown that expression of the
late genes is controlled by post-transcriptional
events, Two late genes encoding infected cell protein
(ICP}27 and ICP36 are transcriptionally active at early
times (4h post infection) but their expression is
delayei, This may depend on post~transcriptional
influe ces such as transcript transport to the
cytoplasm, transcript arcumulation, differential

polysome association or differential stability of mRNA,

s s o . i e,
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1,1,4, Trans-activation by the HCMV Immediate-Early

Gene Products

The region of the HCMV genome which reportedly
activates heterologous promoters in trangient assays is
the Hind IIT E fragment for strain AD169 and ¥ba I E
fragment. for the Towne strain {Everett, 1984). Ihis
region of the genome has at least four transcription
units within approximately 20 kb (Stinski et al.,

1983}, Three of these units are positioned downstrean
of the major iE promoter regulatory region which
contains cgis-acting enhancer elements {(Boshart a2t al.,
1985; Stinski and Roehr, 1985 ), These HCMV genes have
been designated IE]l, IE2 and IE3 (Stinski et al,,1983),
It has been postulated that one or more of these genes
may function to regulate HCMV by stimulating
transcription from virs1 and other promoters, Numerous
studies have proposed thac IEl might be responeible for
this function (Bvecett, 1984; Spector and Tevethia,
1986; Stinski et al., 1983), However, IEl is expressed
at a much higher level than is necessary for most

trans-acting proteins, and reaches maximum levels 5-6

hrs after infection, long before extensive
transcription of the genome begins. When tested in
permigsive cells, the IELl gene product had little
stimulating effect on the adenovirus E2-inducible

promote: {(Hermiston et al., 1987), IE2, however, is
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made at levels more consistent with its role as a
regulatory protein and reaches a macimum level of
transcription 48 to 72 hr postinfection, when viral
gene expression is at its highest wWathen and Stinski,
1982), It has been found to express a regulatory factor
that sicnificantly stimulates the adenovirus E2
promoter as judged by expression of the chluranphenicol
acetyltransferase (CAT) gene linked to this promoter
(Hermiston et al., 1987). There are procein products of
verious sizes associated with IEI, Two of these of 27
and 30 kDa coded for by the IE2a gene ¢uan independently
gtimulate the adenovirus £2 promoter, as *udged by CaT

activity,

Pizzorno et a1.(1988) have also shown that one of the
phosphorylated nuclear proteins ennedsd by the major IE
gene region acts as a powerful but nonspecific

trans-activator of gene expression, In transient CAT

agsay experiments, the Hind III C fragment nf HCMV
Towne strain DNA, encompassing the IE! and IE2 coding
regions {excns 1 to 5), was able to stimulate
expression from a variety of promoters, These included
the human beta interferon gene, The IEl coding region
alone (exons 1 to 4) was inactive, but trang-activation
was restored by insecrtion of the IE2 coding regiocn

(exon 5) in the correct orientation downatream from

IEl.

O
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Davis et al, (1987) shoved that the HCMV IE gene region
stimulated expressiorn, of the CAT gene linked to the
human immunodeficiency virus (HIV) promoter, The HIV
proviral genome hasg a promoter located within the &' -

long terminal repeat (LTR) that is trans-activated by

the HIV-rncoded gene tat (trans-activating
transcriptional activator). Seqguences located on the 3'
side of the mRNA start site termed transcriptional
activating region (TAR) are necessary for
trans-activation by tat to occur (Chen, 1986). The HCMV
IE gene region continued to trans-activate the HIV
promoter even when the tat-responsive sequence had been
deleted, which suggested that the HIV tat and HCMV IE
region trans-activated the HIV promoter using different
mech&anisms, It was also found that the IE region 2 gene

products could trans-activate the HIV promoter

independsntly of the IE region 1 gene products.

1.1.5. Replication in Nonpermissive and Permigsive

Cells of Human Origin and Latency of HCMV

In the human host HCMV can irfect & variety of ce'l
types and presumably enters both nenproductive
(nonpermissive) and productive (permisaive) cells,
Several studies have proposed that HCMV eariy gene

expression but not late gene expression occurs in

nonproductive cells (Mocurski and Stinaski,1979; Wathen

S
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et al., 1981) and that the nonproductive cell may

favour latency of the viral genone,

HCMV frequently establishes a latent infection after an
asymptomatic infection in a healthy individual, It can
be reactivated, usually in association with
immunosuppression to cause interstitial pneumonia and
systemic disease (Hn, 1982), The site of latency angd
the molecular mechanisms of the establishment and
maintenance of HCMV latency have yvet to be determined,
Seronaegative individuals have been infected via blood
transfusions from healthy seropositive donors (Stevens
et al.,, 1970). This has led to speculation that
peripheral blood mononuclear cells (PBMC) in
asyaptomatic in . duals may be a resevolr for latent
RCMV, aybridization experiments using a ¢DNA probe
specific for IE transcripts of HCMV have suggested that
natural infection in healthy seropositive individuals
may result in a low freguency of circulating PBMC that
express HCMV RNA (Schrier ot al,, 1985). This finding
has several implications. Ficst, a population of cells
capable of harbouring HCMV has been identified, Second,
the presence of primarily HCMV IE RNA transcripts
indicates that virus vaplication {s restricted,
Transfusion-mediated transmissior suggests that

Infectious HCMV can be

e v
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reactivated from a lymphoid population, The biological

mech ~ism remains vnclear,

5. .th (1986) attempted to define the characteristics
which render a cell permssive for HCMV, A number of
human cell lines differing in morphology, ploidy and
extent of differentiation were screened., High titre
HOUMV replicaticn occurred in a well-differentiated,
diploid epithelial « ..l line derived from normal human
colonic mucosz, Aneuploid cell types vere all
nonpernisaivne, Net all fibroblastic ~ell lines were
cermigsive for HCMV, When permissive and uonpermissive
nell types were cocultured prior to infection, neither
aell ype released sclubl> mediators capable of
reversging the HCMV susceptibility of the other cell

type,

Several investigators have attempted to dstermine an in
vitro HOMY latency model in an attempt to establish
which celle harbour HCMV in the latent state, the
mechanisms involved in reactivation and the state of
the latent genome in persiscently infected cells,
Tanaka gt al. (1987) attempted to establish an in vitro
model veing a huran epithelial thyroid papillary
carcinoma cell line (TPC~1), YCMV was reactivated from
latently infected TPC-1 cultures by decreasing the
incubation tempurature from 40.5 C to 37 C, with

cultures subsgeguently enterincg into virus pers’ “ent
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infection, Virus-specific DNA polymerase { an early
viral protein )} was not induced in latently infected
TPC-1 cultures, suggesting that the block in
repiication occurred at the early stages, Latently
infected cells were susceptible to superinfection by
homologous and heterologous strains of HCMV, In
persistently infected cultures, 38% of the cells could
be lysad by reaction with HCMV immurne serum and
complenent, Complement-mediated immune cytolysis could
not be detected in latently infected cultures, Their
data suggested that a temperature sensitive cellular
funcrion(s) that controls the expression of the UCMV
early functions plays an important toiz in the
maintenance of the HOMV genome in the latent state and
its reactivation to a persistent infaition as a result
of decreasing the temperature, Suvsequent studies by
Tanaka et al. {19%8) have shown that when the latently
infected cells were treated with indcmethacin or
tatracaine imnediately after being shifted to 37 C,
reactivation of latent virus was not observed,
Indomethacin and tetracaine intibit replication of DNa
viruses in cells, suggesting a role for arochidonic

metabolites as regulatory agents for productive viral

infection,

Gonczol et al. (1984, 1985) examined HCMV infected
human teratocarcinoma cells as a possible latency model

for HCHMV, Undifferentiated cells produced neither
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viral antigens or progeny virus, However, treatment
with retincic acid allowed for expression of viral

antigens and release of progeny virus.

LaFemina and Hayward (1988) localised the block in the
nonpermissive teratocarcinoma cells as occurring before
1E protein synthesis and suggested that it cccurred at
the level of IE transcription, After differentiation,
synthecis of the IE 68K protein was induced and viral

DRA raplication occurred,

1.1.6, BCMV Infection in Normal Hosus

Primary infection is generalised and portals of entry
may include blood via blood transfusions, oral or
srogenital contact or possibly genital contact alone,
Viraemia is detwctable for a f2w weeks to a “aw months
{Xlemola, 1973)., Th# polvmorphonuclear leukocyte is the
main source of HCMV in the blood, but monocytes and
gaecasionally T lymphocytes may harbour HCMV in a form
as ya2t undefined (Carney and Hirsch, 1981; riala et
al., 1975; Garnett, 1982; Rinaldo et al., 1977; Rinalde

et al., 1979),

Cell-mediated immunity is depressad with syaptomatic
primary infections, with T cell dysfunction being

prominent (Rinaldo et al., 1977). Peripheral blood
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monocytes in blastogenlc assays respond poorly to the
nitogens concanavalin A and pokeweed mitogen,
HCMV-specific antigens and other herpesvirus antigens
during the acute phase c¢f HCMV-associated illness
{(Rinaldo et al., 1977). Responsivensss to mitogens and
heterologous antigens returns vefore responsiveness to
HCMV-specific antligens, Cytotoxic/suppressor
lymphocytes (78) increase strikingly while the
helper/inducer subset (T4) cells are slightly
diminished, resulting in a reversal of the normal ratio

of these cell types (Carney et al., 1981),

1.1.7. Infection ‘n Immunosuppressed Hosts

Following ronal transgplantaticon, reactivation of latent
infection from the recipient nr from the donated
allograft accounts for most infections (Bethks et al.,
1975; Pass st al., 1973), Virus shedding posttransplant
in individuesls who were seropositive prior to
crangplant is referread Lo as nonprimary infection and
shedding and sevovonversion is referred to as primary
infection, Approaches to the prevention of primary HCMV
infections in transplant recipients have included use
of seronegative biood products in seronegacive patients
who received marrow transplants from seronegative
donors (Hersman et ai., 1982)., the use of live
attenuat=d vaccine i* venal transplant recipients

(Piotkin et al., 1934), use of HCVV immune plasma

o
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(winston et al., 1982) or HCMV immune globulin (Condie
and O'Reilly, 1984).

Grundy et al. (1986) used restriction endonuclease
analysis of HCMV isolates to show that HCMV infection
of a sgeropositive renal allograft recipient was due to

a virus from the donor kidney. This finding suggested
that HCMV infection could behave as a primary infection
when there was transmission of a viral strain from the
donor that was different from that of the recipient,
Rakela gt al. (1927) have shown that serolcgy cf the
donor is still the most important factor in predicting
p:ima:g wnfections, Chou (1987) showed thatuantigenic
celatedness among HCMV strains may dete aine if
reactivation of endogenous strains or reinfectiun O

occurs in seropositive organ recipients receiving

trangplants €rom seropositive donors,

HCMV conaunly infects patients with AIDS and may be an '
important co-factor for the full expression of AIDS :
{Drew et al., 198%). More than 95% of homosexual men

are saropositive for HCMV and many actively shed “irus

(Huang et al,, 1985). Recent observations have shown

that an elevated titre of HCMV antibody is a

significant predictor of t levelopment of AIDS in HIV
-seropositive individuals (polk et al., 1987).

Purthermore, HCMV viremia increases with progressive

immune deficiency in patients infected with HIV-1

(Fiala et al., 1986),
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HCMY has the potential for interacting with HIV at
molecular and functional levels, thereby contributing
to progression of the immunodeficiency syndrome (Nelson
et al., 1988), HCMV-induced immunosuppression (Carney
and Hirsch, 1981 ; Schrier et al., 1986) may lower the
immunocompetence and allow for spread of HIV, Ar *he
in yivo level, N.lson et al, (1988) have shown direct
interaction between HIV and HCMV, Double latelling
techniques have shown that HIV and HCMV caa coinfect
central nervous system tissce in AIDS patients. This
observation, together with the report of Divis et al.
(1987), that HCMV can increase transcription of HIV in
vitro, suggest a direct role for HCMV in the

pathogenesis of AIDS,

Severe bacterial and fungal L.uections ar® incres.ed in
cacrdiac and renal transplant patients fillowing HOMV
infection, particularly when it is of the de novo
primary type (Chatterjee et ul., 1978; Braun and
Nankervis, 1978;)., These investigators have shown tha-
sinze the early nse of lwmmunosuppression in transplant
surgery, ianfections - in particular witl, pseudomcnas
and otner Gram-negativ2 bacilli, Nocardia,

opportunistic fungi and Pneumocystis carinii ~ were the

major ~arieg of death, Their study showed that
cpportunistic fungal infections occured much more
Erequently in renal allograft recipients who tested

HCMY seronegative prior to transplantation,




Comparison of HCMV Laboratory Stvains and

and T and B iymphocytes can be abortively

h HCMY in vitro, as demonstrated by

of %rima ﬁh;éh were extensively adapted to growth in
“Gtt. Among PBMC, monccytes coxprise the cell
3 kkl’ith the greatest proportion of cells
EX I +0g éha immediate-early qgene product, All 15

pww;a is&l‘tﬁﬂ of HCMV used in the study completely

abmqauﬁ ti‘u mitogenic respons: of peripheral olood

mananueuu eells to phytohemagglutinin (PHA), The

» G&chﬂtﬁny S.n the behaviour of freshly isclated and
o 1abe:.a ory adapted strains of HCMV has been
corcquund by Binhorn and 0st {19831), who also faund
that nﬁnﬁnutlut cells had a differential tropism gnr
the @&:!e:&n: str2ing of virus, The highest percentaje
¢ of 1B O&tlﬁqn pogitive cells in this stody was
«\W‘w monocytes, Infected cells remaired YE-antigen positive

in csmmu foc 7-13 days.
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Restriction site polymorphisms among clinical isolates
and lcboratory strains of HCMV have been compared
{Chandler and McDougall, 198§}, Thye:e authors compared
#ind III and Eco RI restriction sites in the long and
shorc unique regions of the HCMV genome among 20 low
pissage clinical isolates and four laboratory strains,
Southern blot aralysis with a2 series of subgenonmic
cloned fragments of AD169 was performed, Although ao
two strains were identical throughout the genome,
identical patterns «f varlation in a given region
frequently occurred in rultiple strairs., Polymorphisnms
oceurred throughout the entire genome, including the
region coding for immediate-early functions. All
strains studied showed an identical fragment which
hybridized to the cellular transforuing region of
AD169, No specifi~ difference which could be related to
length of time in t.ssue culture passage wi3 found
between the laboratory strains and the clinical

isolates in their study,

The differential tropism that has been observed may be
an important phenomenon among the heilpesviruses. Sixbey
et al, (1983) showed that recently isolated strains,

but not laboratory adapted strains of tpscein-Barr
virus could infect human epithelial cells and that

viral genomic expression was incomplete in cells

infected with rec atly isolated strains,




L3.0 MONOMUCLEAR PHAGOCYTES

All mononuclear phagocytes constitute a cell lineage
that originates crom a pluripotent stem cell in the

bone marrow, The differentiation pathway proceeds
through the stages of monoblasts, promonocytes,
monocytes and macrophages (van Furth, 1980), Moncblasts
and promonocytes are located in the bone marrow and are
actively dividing cells that give rise to monocytes,
Monocytes are transported via peripheral blood to the
tissues where they become macrophages, Dep~nding on the
destination tissue site they become histiocytes of
connective tissue, osteoclasts in bone tissue, Kupffer
cells in the liver, alveolar macrophages in the lung,
macrophages of the spleen, lymph nodes and bone marrow
and free macrophages of the pleural and ~eritoneal
cavity, It is becoming nore evident that in addition to
being ei{fectors of ncen-~specific host defenses,

morocytes also play an impo tant role in the induction

and modulation of specific immune responses,

Monocytes measure 12 to 15 um and make up ? Lo 8
percent of peripheral blood leukocytes. The nuacleus is
indented and has a characteristic kidney shape. The
cytoplasm containg many fine azurophilic granules
(Nichols et al., 1971). Electron microscopy shows the

Golgi apparatus of monocytes to be well developed;

.




lysosomal granules are numerous and mitochondria are
evenly distributed., Nucleoli are seen in about half the
cells, Cytochemical studies help identify promonocytes,
monocytes and macrophages, the latter being positive
for non-specific esterases (Lam et al,, 1971).
Macrophages represent a later stage in the development
and maturation of monocytes, In the transition from
monocyte to macrophage, there are increases in the
number of lysosomes, the number of mitochondria, the
activity of mitochondrial enzymes and the rate of

cellular respiration,

1.3,1., Monocyte Cell Lines

Studies of macrophage differentiation using primary
cultured cells are difficult due to the heterogrneity
between and within macrophage populations., The highly
variable state of dif{erentiation that cells of the
mononuclear phagocyte series may exhibit and the
influence that this may have on virus exposure and
latency ate issues that are presently being addressed,
For these reasons, monocyte or macrophage cell lines
are used in many areas of macrophage research, Of
special interest are cell lines such as ML~3 and HL-60
winich can be induced to cnange differentiation states
in response to stimulation with a variety of chemical

and biological agents (Harris and Ralph, 1985),
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The human promyelocytic cell line, ML-3, usec in this
study is essentially identical to the HL-60 cell line
e¢stablished by Collins st al.(1877),

1,3.1.1. Fhenotype of Uninduced Promyelocytic Cells

The phenotypic character of HL-60 reflects its reukemic
origins, Phenctypically HL-60 resembles blast cells of
their lineage and are pelieved to be the neoplastic
derivatives of commited progenitors of granulocytes and
monocytes, RHistochemistry and mourphology of these cells
typify them as immature cells of the myelomonocyte
iineage, They have a population doubling time of 24-48
hr and stain ag myeloblasts and proamyelocytes, though
approximately 10% appear to be more mature cell:s
{Gallagher et al,, 1979). Cells are characterised Ly a
lack of lymphold markers, growth as compact colonies in
semisolid culture and nonadherence to subastrata, Cells
possess few Po-IgG and C3b receptors and weakly
phagocytize latex or yeast particles, HL-860 cells also
pocsess receptors for the chemotactic tripeptide

tormyl-methionyl-leucyl-phenylalanine ard insulin,

1.3.1.2,  piffersntiation of human Promyelocytic Cells

aloug the Monocyte/Macrophage Pathway




3

Treatment of HL-60 cells with 12-O-tetradecanoylphorbol
13-acetat2 (TPA) results in terminally differentiated
cells with several characteristics of macrophages
(pvera et al,, 1979), Addition of TPA to suspension
cultures of HL-60 results in more than B0% of the cells
adhering to the plastic substrate within 24 hr. Within
the same time period immature azurophilic granulations
typical of HL-60 promyelocytic cells disappear, nuclear
nhromatin becomes more condensed, but the nucleolus i3
retained, Attached cells stop dividing and DNA
synthesis stops. The phenomenon is irreversible and
independent of the continuous presence of TPA, There is
no change in the percentage of cells bearing surface Fc
receptors for 1g9G. Cellular levels of NADase, acid
phosphatase and non-specific esterase are markedly
increased after TPA treatment, these enzymes being
characteristic of macrophages, More lysozyme is found
in the medium of TPA-treated cells than in the z~Aium
of untreated ceils which is also characteristic of the

macrophage phenotype .Rovera gt al,, 1979),

1.3.1.3, Differentiation of Human Promyelocytic Ceils
along _the Granulocyte Pathway

Treatment of HL-60 cells with dimethyl sulfoxide (DMSO)
results in tecninaily differentiated cells with several
characteristics of mature granulocytes (Collins et al.,

1978), The addition of DMSO to cultures resulted in the
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following morphological nhanges: smnaller size,
decreased nucletr/cytoplasmic ratin, less prominent
cytoplasmi. granules, rarked reduction or complete
dissapearance of nucleoli and marked indentation,
convoliution and segmentation of the nuclei, Punctic s}l
changes include increased phagocytic ability,
Pro‘iferation of HL~60 cells ceases after addition of

DMSO and is irreversable,

1.4.0. VIRUS INTERACTIONS WITH MONQCYTES / MACROPHAGES

Macr.phages are susceptible to inf tion by a num* T

viruses and their function may b ‘red as 2
despite their role as phagocytic aVers”t . Livees
preferentially replicate in macr Taoti
dehydrogenase virus (LDH) of mice oily . #a gn
macrophages (Porter et al., 1969) iDH 1= 1z, iE of
a virus which appears to replicace in ot ine

infected host without causing any 7> i+ gsvage. The
virus impairs the clearance from *  : ~l.01 ¢, the
endogenous enzyme, lactic dehyd: rrrisc. R, wocpe

macrophages, antigen presentation 1° 1 g0 affecy

g
]
)
&

(Isakov et al,, 1982) in infected cells, sut all other

functions appear Lo be normal,

Macrophage resistance to virus infection may he of <y
types: extrinsic or intrinsic resistance (Stohlmar et

al., 1982), Extrinsic resistence of macrophaves ig
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defined as their ability to inactivate extracellular
virus or reduce production in other surrounding cells
that are normally permissive, Intrinsic resistance is
defined as the permissiveress/non-permissiveness of the
macrvophage itself for growth of a virus, The
inteiaction may pe completely no.-specific or may be
modirfied immunologically in either direction, Por
intrinsic interactiors, there may be a multitude of
possible outcomes. These include abortive, cytolytic,

peraisztent, latent infections and transformations,

Interferons produced by macrophages appear to play a
complex role in intrinsic resistance, Interferon,
induced by a high multiplicity of infectinn with herpes
simplex virus (HSV) was correlated with inhibition of
productive virus replication in human monocytes in

vitro (Linnavuori and Hovi, 1983),

Increasing evidence suggests that monocytes and
macrophages also play a major role in the propagation
and pathogenesis of H1V infection, Monocytes can be
infected in vitro with HIV and virus cas be igolated
from blood and various organs of the HlV-infected
individual (Nicholson et al., 1986). In the brain
monocvtes/macrophages are the major cell type infe-*ed

with HIV (Koenig et al., 1986). A number of monocyte
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functional abnormalities have been reported in
monocytes infected with HIV in vitro, These include
defective chemotaxis and killing of microorganisms,
Although these abunormalities may be solely due to
direct irfection of monocytes by HIV, it seenms
unlikely, as the frequenry of infection of circulating
blood monocytes is low, The deficiency of inductive
signals from T4 cells is likely to contribute to
functional defects in mgnocytes (Fauci, 1988}, The most
important implication of HIV- infected monocytes is the
possibility that they serve as the major resevoir for
HIV infection in the body, in view of the extended time
frame (more than 5 yrs) from initial irnfection with HIV
to clinically detectable disease manifestation,
Monocytes are relatively refractory to the cytopathic
effects of HIV, The virus can therefore survive in
these cells and be transported to various organs in the
body such as the lungs and brain., Cells may survive
that are either latently infected (integrated provirus
without virus expression) or chronically infected
(low-level virus expression), Activatior signals are
required for the establishment of a produntive
infection in v_"ro (Folks et al.,, 1986). In view of

this, it is likely that various activation signals in
vive contribute to conversion from latent or chronic
infection to productive infection, such as antigenic
stimulation, Physiologic cellular inductive signals

that might be encountered as part of the normal immune
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response might also play a role, Folks gt al. (1987)
showed that cytokine-containing supernatants from
PHA-stimulated human mononuclear cells as well as
granulocyte/macrophage-colony stimulating factoer
(GM-CSF) were capable of induci.gs virus expression in a
latently infected, cloned, promonocyte cell line (U1)
which did not constitutively express virus, In

addition, HIV infection of the Ul clone resuited i
upregulation of IL-1B expression, an irdication that
HIV infection may have important influences on the

expression of certain cellular genes,

1.4.1, Effects of activation and Differentiation

Signals on Virus Interaction with Monoucytes

Macrophages

Rumerous studies have indicated that macrophage
resistancs to vicus infection (intrinsic resistance)
changes with the state of differentiation of the
macrophage, It is well estaolished that macrophages
that differ in the state of activation, anatomical
location or in vitro treacment show differences in
resistance to infection by the same virus (M,rahan et
al., 1985). 1nfection of human wacrophages in vitro
with HSV-1 varies with tnhe differentjation stute of the

macrophage (Daniels et al., 1978),
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response might also play a role, Polks et al. {1987)
showed that cytokine-containing supernatants from
PHA-gtimulated human mononuclear cells as well as
granulocyte/macrophage-colony stimulating factor
{(GM-CSF) were capable of inducing virus expression in
latently infected, cloned, promonocyte cell line (Ul)
which did not constitutively express virus, In
addition, HIV infection of the Ul clone resulted in
upregulation of IL-18 expression, an indication that
HIV infection may have important influences cn the

expression of certain cellular genes.

1.4,1. Effects of Activation and Differentiation

Signals ca Virus Intsraction with Monocytes

Macrophages

Numercus studies have indicated that macrophage
resistance t. “irus infection (intrinsic resistance)
changes with the state of differentiation of the
macropnage, It i8 well established that macrophages
that differ ir the state ot activation, anatomical
location or in vitro treatment show differences in
resistance to infection by the same virus {Morahan et
al., 1985). Infection of human macrophages in vitro

with HSV-1 varies with the differentiation state of the

macrophage (Daniels et al., 1978),

a
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response might also play a role, Folks at al. (1987)
showed that cytokine-containing supernatants from
PHA~-stimulated human mononuclear cells as well as
granulocyte/macrophage-colony stimulating factcr
(GM~CSF) were capable of induci.y virus expression in a
latently infected, cloned, promonocyte cell line {(Ul)
which did not constitutively express virus, In

addition, HIV infection of the Ul clone resuited i
upregulation of IL-18% expression, an irdication that
HIV infection may have important influences on the

expression of certain cellular genes,

1.4.1. Effects of Activation and Differentiation

Sianals on Virus Interaction with Monucytes /
Macrophages

Numerous studies have indicated that macrophage
resistance to virus infection (intrinsic resistance)
changes with the state of differentiation of the
macrophage, It is well estaplished that macrophages

that differ in the state of activation, anatomical

location or in vitro treatment show differences in
O resistance to infection by the same virus (M,rahan et

al., 1985). Infection of human wacrophages in vitro
with HSV-1 varies with the differentiation stcte of the

macrophage (Daniels et al., 1978),
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response might also play a role, Folke et al. {1987)
showed that cytokine-containing supernatants from
PHA~stimulated human mononuclear cells as well as
granulocyte/macrophage-colony stimulating factor
(GM~-CSF) were capable of inducing virus expression in a
latently infected, cloned, promonocyte cell line (U])
which did not constitutively express virua, In

addition, HIV infection of the Ul clone resulted in
upregulation of IL-18 expression, an indication that

H1V infection may have important influences cn the

expression of certain cellular genes,

1.4.1, Effects of Activation and Differentiation

Signals ¢a Virus Interaction with Monocvtes /

Macrophages

Numerous studies have indicated that macrophage
resistance t. "irus infection {intrinsic resistance)
changes with the state of differentiation of the
macrophage, It is well established that macrophages
that differ irn the state ot activation, anatomical
location or in vitro treatment show differences in
resistance to infectjon by the same virus (Morahan et
al., 1985), Infection of human macrophages in vitro
with HSV~1 varies with the differentiation state of the

macrophage (Daniels et al,, 1978).

PP
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studies of visra virusg irfection of sheep have
suggested a crucial role for macrophage differentiation
in the persistent nature of this disease (Gendelman et
al., 1986). Immature macrophages in the boue marrow
show a restricted, norcytolytic pattern of visna virus
infection, These cells give rise tu infected monocytes,
wnich upon infiltrating an inflammatory site undergo
differentiation to an inflammatory macrophage that
triggers a productive, lytic infectior thereby serving

to disseminate the virus,

HIV may also rely on persistent, noncytolytically
infected macrophages to disseminate virus to tissue
sites of inflammation such as the brain and lung
(Streicher and Joynt, 1986), Recent raports have shown
that Lreatmant »f the monocyte-like cell line, U937,
with agen-- that induce didferentiation increased
resistance to HIV (Hammer et al., 1986; Clapham gt al,,
1987).IFN~- and GM=-CSF increased resistance only when
in culture both before and during the infection (Hammer
et al., 1986). PMA (13~-phorbol- .2-myristate acetate)
treatment has been reported to decrease HIV replication
in US37 cells by decreasing the surface expression of

the HIV receptor, the CD4 molecule.

Murine CMV can be activated to produce infection in
teratocarcinoma lines only after differentiation is

chemically induced by dimethylacetamide (Dutko and
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Oldstone, 1981). Gonczol et al. (1984) found that only
human embryonal carcinoma cells induced to
differentiate with retinoic acid expressed CMV antigens
and produced infectious virus. Phorbol esters have
repeatedly been shown to activate BBV replication in
lymphoblastoid cell lines that are low level producers
of infectious EBV particles (Yamamoto and Zur Hausen,

1979).

Tenney and Morahan (1987) have characterised the effect
of differentiation on the resistance of the mononuclear
phagocyte to HE8V-1 using U937 cells, Replication of
H8V~1 was compared in undifferentiated U937 cells and
in cells induced to undergo differentiation by PMA
treatment, Undifferentiated cells were highly resistant
to infection while PMA-differentiated U937 cells
acquired full susceptibility to HSV-1l-induced
cytopathic effects, U937 cells were also induced to
differentiate by trestment with retinoic acid, DMSO and
lymphokine. The change in permissiveness, however, was
uniquely associated with PMA treatment,
Undifferentiated U937 cells adsorbed as much virus as
PMA~Cifferentiated cells, but immunoflouresence assays
az well as DNA hybridization analysis demqnstrated an
early block in replication in undifferentiated cells,
before syntaesis of viral protein and DNA, It was also
established that PMA must be added before infection,

suggesting that replication is enhanced as a result of




the differentiated phenotype.

Weinshenker et al, (1988) have made a similar study of
HCMV infection of human aonocyte cell lines, They
gtudied the susceptibility of a number of different
cell lines to infection by HCMV in vitro, These were
HUT 102, THP-], MOLT~4 and HL-60, THP-1, a monocytic
cell line, could be infected by HCMV with a full cycle
of replication after induction with TPA which results
in differentiation of the cell line into cells with
characteris’ ‘cs of mature macrophages, HL-60, a
promyelocytic cell line, was not susceptible to CMV
infection after induction with TPA, suggesting that
cell iineage was important, They were not, however,
able to establish whather the enhanced susceptibility
of THP-1 to CMV was due to an increase in viral
attachment and penetration {(i.e an increase in
receptors) or to enhanced transcription of the
intracellular viral genome, fajlure to induce
expression of the virus by treatment with TPA after
infection suggested that the enhancement was due to an

increase in viral receptors,
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1.4.2, Interaction of HCMV with Moiocytes

Virus~monocyte interactions were evaluated in patients
with mononucleosi. 3Jue to HCMV (Carney and Hirsch
19P1), The study showed that the suppressor cell during
acute HCMV mononucleosis had the characteristics of
cells of the monocyte-macrophage series and was
infected with HCMV, In addition, monocytes from
uninfected control donors were infected in vitro with
HCMV and evaluated for che induction of suppressor
activity, HCMV=-infected monoc,tes were significantly
more suppressive for autologous lymphocyte resporses to

con A than were ‘ininfected monocytes,

Einhorn and Ost (1984) showed that clinical isolates of
HCMV, passaged one to ten times ip vitro, regularly
induced HCMV early antigens in human leukocytes, The
population of leukocytes that were most positive for
HCMV early antigens ( EAs) were monocytes, No evidence
of viral production was found. In concrast, EA-positive
leukocytes were only rarely found after exposucre to the
HCMV laboratory adapted strain, AD169, These findings
were corroborated by Rice et al., (1984) who
demongtrated that KCMV could infect T and B
lymphocytes, natural killer cells and monocytes, Virus
expression was limited to the synthesis of
immediate-early (IE) HCMV polypeptides and this

abortive infection was also
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most convincingly shown by strains of HCMV recently
isolated fron infected patients. In this study,
monocytes were also found to comprise the cell
population with the greatest proportion of cells
expressing the IF gene product, In addition, infection
of peripheral blood mononuclear cells with low passage

isolates completely abrogated their response to PHA,

Kapasi and Rice (1936) have confirmed that the
immunosuppressive effect of HCMV depends on the
presence of monocytes in the cultures., They found that
monocyte viability was unaltered by HCMV infection, but
that phagocytic activity and respiratory burs* were
markedly suppressed, Kinetic studies revealed .':at the
suppressive effect required at least 24hr to develop

after infection,

1.5.0, INTERLEUKIN 1

§

1.5.1, Cell Sources of Interleukin 1

Interleukin l-like factors are still identified by

thelr ability to activate thymocytes, IL-1 is
distinguished from IL~2, the only otler cytokine known
to have thymocyte activating activity, by its inability
to support the growth of IL-2-dependent lymphocyte cell
lines. Many cell types have been documented to produce

IL-1-like activities (Dinarello, 1984; Oppenheim et
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al., 1986}, although the biochemical properties of the
IL-1 activities produced by these diverse cell types
have only been partly defined., Many non-monocytic cells
produce IL-l-like activity with the same molecular
weight and major pl's as monocyte derived IL-1, IL-1
mediates several diverse bilological activities

including induction of fever, stimulation of secret.ion
of acute phase proteins from hepatocytes, PGEZ from
fibroolasts and synovial cells and a maturational

influence on T and B lymphocytes (Appendix A).

1.5.2, Production and Release of IL~-1

Must norrmal cell types and a number of cell lines
produce IL-1 only in rosponse to a variety of
stimulants, although some transformed B and T cell
lines spontanecusly produce soluble IL-l-like factors.
Reports of constitutive pioduction of IL-1 by normal
cells can probably be attributed to a continuation in

vitro of a response to p.ior stimulation in vivo or as

a result of a contaminating stimulant such as the
ubiquitous endotcvin (LPS), Stimulants that induce IL-1
synthesis by monocytes act un the plasma membrane. For
monucytes and macrozhage cell lines, stimulants include
LPS, PMA, CSF and I¥N y, with LFS being the most potent
solvble inducer in vitro. Following LPS stimulation,

low levels of IL-) appear very rapidly (intracellular

IL-1 activity appears within 30 min and extracellular
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IL-1 within 60 min). High levels of intracellul
extracellular TL-1 are reached 3h after stimu. ..on and
this LPS-induced increase is both actinomycin D and
cycloheximide sensitive, thereby excluding a major
contribution to IL-1 production by either preformed
mRNA or protein (Oppenheim e. al., 1986). Further
studies by Fenton et al, (1987) have shown that
cycloheximide inhibition of de novo protein synthesis
results in superinduced levels of IL-13mRNA (400-600
fold over background) with accumulation rates and decay
kinetics being identical, IL-18 is thus a transiently
expressed, tightly regulated gene which implies a novel
role for proIL-18 in monocyte differentiation
particularly when considering that most of the IL-1

8
1.,

synthesized remains inside the cell (Matsushima et
1986), A puzzling feature of the IL-1 protein is its
lack of a signal sequence which s v sually
characteristic of secreted proteins that are
transported from an intracellular to an extracellular
environment, This feature raises questions about
whether IL-1 is tru’y a secretory protein ard by what
mechanism it is released from cells (Oppenheim et al.,

1986)

Several investigators have shown that essentially all
IL-1 is the product of two genes, designated as IL-1l@
and IL-18 that each encode distinct polypeptide
products (Auron et al.,, 1984; March et al,, 1985), The

products are clearly defined on the basis of distinct
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isoelectric points {(namely pI 5 for IL-laand pI 7 for
IL-1 B), but have indistinguishable biological

profiles. Common structucral genes essential to function
are found in both IL-1lc and IL-18 , which accounts for

their sim.lar biological acl.vilies,

Comparison of the gene segquences has revealed extensive
similarity of genomic organization, Both the IL-la and
the IL-1 Bgenes are split into seven exons, but the
primary transcription products (7 kb for the beta gene
and 10.2 kb for the alpha gene) are consistent with the
relative mRNA sizes (1.5 kb for beti and 2.2 kb for
alpha), Despite the poor overall amino acid homclogy
(25%), there i3 a ° gh conservation of organization for
both exon size and position of splice junctions,
Furthermore, the evolutionary constraints on this
genomic patcern of crganization have been maintained
despite a sequence divergence of 45% (March et al.,
1985}, The paradox of the existence and functioning of
two genes with indistiaguishable biological activities
is further complicated by differential expression of
these two genes, Human monocytes transcribe the IL-13
gene 10-50 times more efficiently than the IL-la
sequence (March et al,, 1985) and consejuently produce
about 10 times more pI 7 than pl 5 IL-1., This may be
due to a more efficient set of typical eukaryotic
promoter elements frund in association with the IL-1p

gene, The IL-1 gprecursor may be active without
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processing {(van Damme et al,, 1985) whereas the IL-lo
precursor may require cleavage, Considerable IL-1
activity can be extracted from cells with Jctergent and
much of this celi- associated IL~1 activity is located
in the cytosolic fraction of the cell, However, IL~1
activity that is exposed on the macrophage plasna

membrane has been detected by Kurt-Jones et al. (1985},

Gel filtration or high pressure liquid chromatography
reveals that a low level of the cell-associated IL-18
activity is associated with a 30-kDa precursor moiety,
whereas most of the activity extracted with detergent
from both cytosol and membrane exhibits a mw of 23kDa,
In view of the absence of a nucleotide sequence in the
cDNA for IL-la or8 that codes for such a sigpal
peptlide, it has been postulated that the IL-1 precursor
undergoes sequential enzymatic cleavage into
progressively smaller peptides from the biologically
inactive 31 kDa precursor form to an intermediate 23
kDa intracellular and membrane form and subsequently to
a 17 xDa extracellular peptide. Conlon et al. (1987)
have performed studies on the localisation of the a

and 8 forms of IL-1 in human mononuclear cells, They
have demonstrated by two distinct criteria, flow
cytometry and inhibition of biological activity of cell
bound IL-1, that the ~ form is associated with the cell
membrane, whereas the 8 form was not detected, If IL~18

was present on the surface, it might be there in a
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biologically inactive form, Indeed, Mosley gt al.
(1987) »ave shown that only the processed 17 kDa form
of IL-1® is active, Their conclusions were that [L-1¢
is preferentially associated with surfaces of cells,
particularly those involved in antigen presentation,
while the iL-18 form remains predeminantly inside the

cytoplasm and is only secreced upon stimulation,

1.5,3, Receotors for IL-2

The availability of purified recombinant IL-1 has made

125x to detect

it possible to label IL-1 with
receptors on cell surfeces (Dower et al., 1985}, In

this study, it was found that a wide variety of cell
types have a low number of binding sites, Fibroblasts
had the highest number of sites (1500-5000 sites/cell),
The murine T lymphoma LBRM~33-1A5 I'.-1 dependent cell

line bound 500 12°

I - IL~1 molesules / cell at
saturation ~nd of 12 polypeptide hormones, only IL-1
competed with labelled IL~1 in a dose dependent manner,
A membrane polypeptide «f mw 79 500 was found to be
crosslinked to IL-1, Dower et al, (1985) also obsgerved
that unlabelled IL-1% competed equally with IL-18 for
hinding sites, suggesting that receptors for the two
molecules may be identical, A c¢cDNA clone encoding a
molecule of 576 amino acids corresponding to the IL-1
teceptor has been isolated (Sims et al,, 1988), This

transmembrane molecule appears to be a member of the

O
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gene family, Mutations of a unique histidine residue
(position 30) in IL-1g resulted in a 100 fold reduction

in receptor-binding affinity (MacDonald et al,, 1986 ).

ParadoXically, only 50 IL-1 binding sites / cell have
been observed for peripheral T lymphocytes /Dower et
al., 1985) ~ the reason for such a low detection is
unknown, Little is known concerning iochemical events
following interaction of IL-]l with its receptor, The
calcium ionophore, A23187, has been shown to
synergistically eanhance the effects of IL-1 in the
thymocyte activation assay {Matsushima and Oppenheim,
1985), This suggests that IL-1 depends on calcium
channel formation for its effects, but attempts to
ascertain whether IL-1 rapidly influences the
intracellular activity of protein kinase C have been

unsuccesful,

1.5.4, gGenomic Structure of IL-1

1.5.4.1, Homology Regions within IL-1 Molecules

Since both IL-la and IL-13 ¢DNAs have been shown to
code for blologically active IL~1 , regions of homology
between the two DNA sequences could identify the
important regulatory funcctions of these proteins, The

regions cf strongest homology between the

WO
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human 1L-1 « and human IL-1l8genes respectively, are

known as the R, and R2 regions {(Figure 3) .

1
March et al. (1985) have shown that bioclogical activity
is conveyed by 159 and 153 amino acids from the C =~
terminal end of the It-l aand IL-18 wmolecules
respectively, They suggest that the primary difference
between tha IL-la and IL-18 species is that the primary
translation product of the IL-18 is biologically

active, while that of IL-la is not, as Jetermined in a

reticulocyts lysate system,

1.5.4.2, Regulatjon of IL-1 Gene Expression

Oppenheim et al, (1986) have analysed the rate of IL-1l
mRNA accumulation in peripheral blood monocytes and
also observed differential expression of the IL-Xk and
IL-13 genes., Dot blot analysis revealed that the levels
of TL-18 mRNA began rising 1 hour after stimulation of
cells with LPS, reaching a maximum 6 hours after
treatment and was 40 fold greater than the level
measured in unstimulated cells, Spontaneous expression
of low levels of both IL-la and IL-18 mRNA by the
monocyte population was also observed, Following LPS
stimulation, the amount of IL-la and # mRNA produced by

human monocytes determined
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the relative amount of IL-le¢ and B protein produced by
the cells and 10 fold greater concentrations of both
the IL~-16 mRNA and protein were measured compared with

the levels of IL-1% |

1.5.4.3, BRole of cis and trans acting elements

involved in expression of the proIL-18 gene,

Fenton et _al, (1987) showed that the prolL-18 gene was
differentially expressed in human monocytic cells
following induction with LPS or PMA and that the
kinetics of IL-18 expression is stimulant specific, LPS
stimulation results in rapidly and transiently
expressed IL-18 message whereas PMA leads to a much
slower appearance and decay of IL~18 mRNA,suggesting
separate membrane receptor/transduction systems for LPS
and PMA, These data also suggested a model for
regulation involving a transcriptional activator during
the induction of the IL-18 gene followed by the action
of a represgsor to partially down-regulate
transcr‘iption. Clark et al. (1988) therefore
investigated whether cis and trang-acting elements may

be involved in the regulation of the IL-J gene,

TWwo approaches were used to analyze DNA sequences
ubstream of the “ranscriptional initiation site of the
prolL-18 gene, The first vsed chimeric plasmids

containing proIL-18 DNA sequences fused to the

O
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bacterial CAT gene, The insertion of the prolL-1B
promoter in front of the promoter~less CAT gene allows
for promoter testing by the expresgsion of CAT in a
transfected host cell, Using this technique, they have
identir’ed gis-acting sequences of the prolL-18 gene
necessary for expression of the gene, In order to
define the cis-acting sequences necessary for
expreasion, they tested constructs containing
successively smaller fragments of the proIL-¥ upstream
sequence generated by progressive cleavage at specific
endonuclease sites, Clones designated PT, AT, DT, NT
and HT contained 1097, 513, 314, 235 and 132 bp of
upstream IL-18 sequence respectively. Seccndly
electrophoretic gel mobility shift assays were used to
identify sequences to which trans-acting factors could
bind, This method provided additional information on
the regions identified by the CAT functional analysis
by determining if nuclear factors bound to cis-acting

sequences,

Four different human cell lines, THP~-1, U937, Colo/16
and HeLa were transfected with the various IL-18 -~ CAT
plasmids, The data showed that the prolL-18 upstream
sequences were only able to direct CAT expression in
monocytic THP~1 and U937 cells and not in non-monocytic
HBelLa and Colo/16 cells, IL~18 -~ CAT constructs
containing the SV40 enhancer could direct CAT
expression in all cell types tested but, without the

enhancer, only monocytic cell lines could express CAT.

O
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In THP~-1 cells, the DNA fragment containing the R2
homology reglon was required to direct CAT expression,
This espression was increased by additional sequences
extending into and beyond the Rl region, Clones AT

and PT with 513 and 1097 bp of upstream 1L-18 gequunce
and containing the R2 fragment, directed CAT
expression with nearly equal efficiency with or without
the SV40 enhancer, Clone DT with 314 bp did not,
suggesting that DNA sequences between -513 and -314

possessed enhancer-like activity.

The two upstream regions which were used as
radiolabelled probes in the band shift agsays contained
the Rl and R2 regions respectively, These fragments
were incubated with nucl ar extracts from unstimulated
or LPS~-stimulated {(for 1 or Shr ) THP-1l cells, Specific
regions of the prolL-18 upstream sequence that bound
nuclear factors were identified. A factor present
maximally in Shr extracts and specific for THP~1 cells,
bound to the fragment containing the Rz regicn with a
kinetic binding profile reflecting that previously
proposed for a transcrip~ional repressor that

down-regulated IL-18 transcription,

1.5.5., Effect of 1L-1 on T Cells

o
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A recent model attempting to explain the function of
iL~1 in T cell activation is that of Mizel (1987). In
the presence of a specific antigen or T cell mitogen, T
cells and accessory cells are mutually stimulatory. The
accessory cell is induced to begin IL-1l synthesis and
secretion. In return, T cells initiate IL-2 and IL-2
receptor synthesis and expression, In addition T cells
are stimulated to produce IL-l receptors and thus
become fully responsive to IL-1l, IL-1 responsiveness
confers upon the T cell a heightened ability to produce
IL-2 and IL~2 receptors in response to processed
antigen / class II MHC antigen or mitogen, Interaction
petwaen IL~2 and its receptor then results in T cell
proliferation, Activated 7T cells may also produce a
lymphokine vthat augments the ability of accessory cells
to produce IL-1 thus prov'ding for a secondary
amplification loop in the interactiors of T cells and

accesso.y cells,

1L-2 is the sole requirement for stimulation of the
enti.e series of events known as G1 progression in
cells (3tern and Smith, 1986), IL-2 receptor density
and the absolute number of receptor interactions
determines the time required to transit the G1 phase,
At the level of the =ingle cell, progressicn to DNA
replication is determined precisely by a finite number
of IL-2 receptor interactions. The actual molecular

mechanisna underlying competence, or Gy to Gl
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transition, is the expression of IL-2 receptors (Smith,
1988), In contrast, IL-2 promotes a gradual and
sustained increase in cell size, known as the
lymphocyte blastic transformation, and prepares the

cell metabolism for DNA replication,

In addition to its effects on IL-2 production and
action, IL-1 also induces other T cell effects

including changes in membrane viscosity (Puri et
al1,,1980) and increased chemotaxis (Miocssec et

al.,1984), The production »f several other T cell
lymphokines in addition to IL-2, increases following
IL~1 exposure, These include IFN- vy and CSP (Kius~hara et
al,,1985),

1.6.0, EFPECTS OF VIRUS INFECTION ON INTERLBUKIN 1
ARD 2 PRODUCTION

Rodgers et al. (1985) showed that infection of human
monocytes with the AD169 strain of HCMV abrogates their
production of functional IL-1 bioactivity. This was
associated with the release from infected monocytes of
an inhibitor of IL-1 activity, which was also released
after HCMV infection of rhe U937 macrophage~like cell
line, It appeared that the inhibitor decreased the
proliferation of the IL-1 responsive cells in the IL-1
assay ( ymocytes), The action of HCMV strain AD169 was

virus specific and required infectious virus but
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occurred without virus replication or detectable

expression of viral proteins, Fractionation studies did
not reveal whether both inhibitor and IL-1 are present
in supernatants of HCMV-infected monocytes at the same

time,

In a different study oy Smith ¢t al, (1.°5) it was also
shown that HCMV infection depressed monocyte production
of functional IL-1 bioactivity. In both LPS-stimulated
and unscimulated monocytes, IL~1 production by
HCMV~-infected monocytes was significantly depressed as
determined by the thymocyte proliferation assay.
However, in this system, CMV did not induce monocytes
to release an inhibitor of thymocyte croliferation, The
reduced proliferation was also not duc to an increase

in progtaglandin E (PGE) production,

Kapasi and Rice (1988) also investigated the role of
IL-1 and IL-2 in HCMV-mediated .mmunosuppression in
vitro and found that HCMV infection of monocytes,
iymphocytes «r PBMC resulted in reduction of IL-1 and
IL-2 production in the cultures., Addition of exogenous
IL-1 or IL -2 did not restore these responses. However,
if reduced production of IL~1l or production of in IL-1l
inhibitor had been the only flaw, PBMC should still
have responded tc IL-2 which they did not, There was

also no evidence of an IL-2 inhibitor, suggesting that

o
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CMV causes a metabolic derangement ir lymphocytes and
monocytes and impairs their ability both to produce and
respond to physiological mediators o9f the imumune

response,

Roberts et al., (1986) examined IL-1 and IL-1 inhibitor
production by human monocytes exposed to influenza
virus or respiratory syncytial virus (RSV) and showed
that both influenza virus and RSV induce concomitant
production of IL-1 and IL~1 inhibitors by peripheral
blood monocytes. The net IL-1 activity proluced after
exposure to influenza virus resulted in enhanced

thy mocyte proliferation to PHA, In contrast, lymphocyte
proliferative responses to mitogens and antigens were
significantly depressed in the presenc= of influenza-
infected monocytes, This suggests that this phenomencn
was not due to inability of the infected monocytes to
produce IL~1, but rather the effect of concomitantly
produced inhibitors to IL-1, The net IL-1 activity
produced by RSV-infected monocytes resulted in marked
inhibition of thymocyte proliferation, either in
regponse to any IL-1 activity that was produced ac the
same time, or in response to exogenous IL-1 added to

the cultures,

Berman et al. (1987) performed studies using peripheral
blood mononuclear cells from AIDS patients, In this

study, however, in addition to finding marked increases
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in the amounts of 50 000-100 000 and 6 000-9 000
molecular weight factors which inhibited IL-1l activity,
results showed that PBMCs from patients with AIDS
produced increased amounts of the 30 000-40 000 mw fora
of IL~1 compared with those of controls, The action of
the 6 000~9 000 mw inhibitor of functional IL-1
activity appeared to be directed specifically against
the maturatjonal effect of IL-1 on immature T
lymphocytes (thymocytes) -~ the same phenomenon reported
by Rodgers et al. (1985) for CMV-infected monocytes,
The inhibitor of functional IL-1 activity produced by
PBMCs from AIDS patients did not inhibit proliferative
responses to mitogens by peripheral blood T lymphocytes
or IL-2 action or synthesis, The increased activity of
an IL-1 form with higher mw in AIDS suggests either a
decrease in 1!-1 processing to the 17 000 mw forpm
(Auron gt al.,1984) or preferential synthesis of a
certain type of 1L-1, since 1L-1 appears to represent a
family of related peptides (Billian et al.,1985).
Maonocytes / macrophages also comprise cells of
different stages of differentiation or activation which
are likely to exhibit different properties .n IL-1l
production (Khansari et al.,1985). Such subsets of

cells could be altered in AIDS, A change in monocyte
differentiation or activation could be a result of the
continuous activation of monocytes by the various
opportunistic infections that accompany AIDS, or
directly through infection of monocytes / macrophages

by HIV,
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In a study by Gupta et al, (1987), IL-1 acztivity in the
supernatants of cultured peripheral blood monocytes
from patients with AIDS was examined, Spontanecour 1L-1
production was significantly increased in patlienta with
AIDS, whereas I[L-1 production by LPE-stimulalad
monocytes was significantly decreased, They fugges:
that in the early stage of the Adisease, 2dhecent cells
are activated in vivo, However, with progression »f
immune deficiency, ~dherent cells are fraccionaily
deficient, They did not assay for the siwultraenis
production of an IL-1 inhibizor by the 5. S-stimula.ed

monocytes,

Under normal conditions, the release of IL-' ~And IL~l
inhibitors . ays a role in tissue homeocts~is (Larrick,
1989). several molecules 4ith I.-1 ianhibitory activity
{as tested in a limited number of assays) have been
identified and partially characterised, Factors with
distinct molecular weights of 8, 20 - 25 ar~d 95 kDa
have been identified. Molecules that limix
transcription of IL-1, bind directly to the IL-1 gene,
bind to its receptor or act ac other giter o limit the
activity of the receptor have been 7esciibel, The
altered production of IL-1 and/or Iu-1 inhi:itors in
AIDS and othe: viral diseases may play a major role in
the immune disfunction associated with these digseases

(Larrick, 1989), The isolation and cDNA cloning of the
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mRNAS qgiving rise co these molecules will permit their

evaluation as modulators of immune function,

Folks et al.(1987) established a mcdel system for
cytokine~-induced up-regulation of HIV-1 expression in
chronically infected promonocyte clones. The parent
promonocyte cell line U937 was chronically infected
with HIV-1 and from this line a clone. Ul, was derived,
U1l ghowed minimal constitutive expression of HIV-1l, but
virus expression was markedly up~regulated by a
PHA-induced supernatanc containing multiple cytokines
and by recombinant GM~-CSP alone, Recombinant IL-1,
IL-2, interferon-y and tumour tecrosis factor (THP),
did nct up-regulate virus expression, Concomitant with
the cytokine~induced up-regulation of HIV-1l. expression

of membrane bound IL-18 was selectively induced in Ul

in the absence of induction of other surface membrane
proteins, This cytokire up-regulation of IL~18 was not
seen in the uninfected parent U937 celi line, These

studies have implications for the urderstandirg of the

mechanisa of progressgion from a latent or low-lievel

HIV~1l infection to a productive infection with
resulting immunosuppression, In addition, this model
can be used to delineate the potential mechanisms
whereby HIV-1l infection regulates cellular gene
expression, Additional studies were performed to
determine whether HIV induction occurred via activation

of the HIV promoter, Constructs made from the HIV long
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terminal repeat (LTR) and the CAT gene were transfected
into 0937 cells, Transfected cells were exposed to
cytokines and showed increased levels of CAT activity,
suggesting that the site of cytokine~induced activation
resided in the LTR ‘A, Rabson and E,Dub et al,,
unpublished obsecvations, In Rosenberg and Fauci,
1989), To further identify specific sites on the HIV
LTR that were involved in virus induction, gel
retardation experiments were performed using labelled
oligonucleotides in the presence of nuclear extracts
from stimulated and unstimulated cells. Nuclear
oxtracts from PHA supernatant-stimulated cells retarded
mobility of oligonucleotides from the HIV LTR region,
The retardation cculd be .nhibited by probes to
binding asites within the transcription initiation
region, The induction of virus expression from latently
or chronically HIV-infected cell lines ther=fore occury
as @ result of the in*eraction of specific DNA-binding

E<oteina with the HIV LTR.

e e
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1.7.0. AINS OF THIS STUDY

Monocytey play an important part in host defence
against virus infection and in the case of HCMV may
also be the reservoir for latent disease, The highly
variable state of stimulation and/or differentiation
that cells of the mononuclear phagocyte series may
exhipit and the influence that this may have on the
outcome of virus infection at functional and molecular
levels have been the aima of investigation in tnis

gtudy,

At a functional level, monocvies play an essentlial role
in the initiation of immune responses through antigen
presentatior. and production of IL-1° and other
mediators, Impairment of these accessory cell functions
could be a major factor contributing to the

immunosuppression and pathology of HCMV infection,

At & molecular level, there has been considerable
interest in the IE gene products of HCMV since they
possess transactivating properties and have baen shown
to transactivate transc:iption from viral and cellular
promoters, Alteration in transcription of host cell
genes might therefore also contribute to the pathology

of infection at a molecular level,

The aims of this study therefore can be listed as

follows:~
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1. To evaluate the effect of HCMV infection on

monocyte accessory cell functions, notably production
of IL-1 biocactivity which is requirea for T lymphocyte

respounses to mitogens,

2. To compare effects of HCMV infection ua oroduction
of IL-1 biocactivity in stimulated and uqstimulated |
peripheral blood monocytes, in an attemp to evaluate

an in vivo situation in which HCMV infection is

frequently accompanied by superinfection with other

organisms,

3. To evaluate effects of HCMV infection on expression
of IL-18 steady state mRNA in peripheral blood ;("”»
monocytes, 1

4, To investigate the influence of various
differentiation states on th> expression of maedlator
genes in HCMV-i:fecced and uninfected monocytes, In
order to investigate the effect of HCMV exposure in
terms of an oVerall response to infection and
inflammation, the expression of IL-18 and saveral other

monocyte~associated genes wece studied., This was done

using a promyelocytic cell line which can be induced to

differentiate along d'<ferent ccllular lineages,

5. To determine whether the IE gene products of HCMV

are capable of activating transcription of the TL-B8

promoter,



2.0,0, MATERIALS AND HETHODS

2.1,0, Antibody Status of Donors

Peripueral blood monocytes and autologous T lymphocytes
were obtained from ten healthy adults, all of whom were
seronegative for HCMV as dctermined by enzyme-linked

immunosorbent assay (ELISA),

2,2.0. Isolation and Separation of Mononuclear Cells

Heparinised (15U/ml) human peripheral blood was diluted
1:2 with endotoxin free phosphate buffered saline
(PBS), and separated into mcnonuclear and
polymorphonuclear cell fractions using lymphocyte
geparation medium (Flow Labs, 1nc., C.A., USA)., The
mononuciear cells were washed twice in endotoxin free
PBS and once with endotoxin free RPMI 1640 culture
medium (Cellgro, Mediatech) containing penicillin
(100uU/~1), streptomycin (100ug/ml) and L-glutanmine
(2mM), They were then resuspended in RPMI 1640 and 10%
heat inactivated (56°C for 30 min) AB serum (South
African Blood Transfusion Service, Johannesburg, SA),
free of antibodies to CMV, Monocytes were removed by
adsorption onto the flat surfaces of 100mm tissue
culture petri dishes (Falcon Plastics. Oxnard, C.A.,
USA) at 37°C for &0 min, After incubation, the

nonadherent cells were removed by washing with RPMI
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1640, This nonadherent fraction is referred to as the
lyrphocyta ppulation, Monocytes were recovered by
incubating the adherent cells on the surfaces of tissue
culture petri dishes with Versene solution (Gibco Labs,
Grand Island, N.Y., USA) for 20-25 min at 4°C with
occasional gentle shaking, After removal, monocvtes
were washed three times with RPMI 164( medium, The
resulting cell popilation was >95% monocytes as
determined by non-specific asterase staining, 2nd rhe
viability was >95% as determined by trypan blue dye

exclusion,

2.2,1, Non-specific Esterase Staining of Monocytes

Esterasc staining of monocytes was performed using
the o ~napthyl ace:cate esterase staining kit (Sigma
Diagnostics, St. Louis, MO,, USA) according to

manufacturers specifications,

2.2,2. Separation of T Lymphocytes

T lymphocytes were separated from other non-adherent
cells by differential centrifugation of lymphocytes
rosetted with sheep red blood cells (SRBC) treated with
2-amincethyl-isothiouronium bromide (AET), using the
method of Boylston and Anderson (1979) (appendix 1),
AET-treated SRBC were prapared from packed SRBC washed

three times in PBS using centrifugations of 1000
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for 10 mins each, Two and a half ml AET golution was
added to (,5 ml packed SRBC and incubated at 37°C for
1% min with gentle agitation, The SRBC were then washed
with PBS until there was no haemolysis and resupended
to a 10% concentration in RPMI 1640 and 10%
heat-inactivated fetal calf serum (PCS) (Hyclone,
Logan, UT, USA), preabsorbed with SRBC fappendix 1),
The final cell density of non~adherent cells was

adjusted to 3-4 x 106

cells in 2,5 ml RPMI 1640 and
incubated at 37 °C with ¢,5 ml of AET-treated SRBC and 1
ml of PCS preabsorbed with SRBC, The suspension was
incubated for 15 min with gentle agitation and
subsequently pelleted by centrifugation. After
overnight incubation at 4 € the pellet was resuspended
by gentle agitation of the tube, The suspension was
underlayed with a 10 ml cuchion of lymphocyte
separation medium (LSM) (Flow Labs,.inc,. C.A., USA) and
centrifuged at 1000 ¢ for 30 min, SRBC-rosetted cells
(T lymphocytez) pellet through the LSM cushion, while
non-rosetted cells remain at the interface, T
lymphocytes were recovered by lysis of SRBC using
freshly prepared cold (4°C) ammonium chloride lysing
buffer (appendix 1), after which the cells were washed
three times in RPMI 1640, viability was assessed oy

trypan blue dye exclusion and was >95%,

2.3.0, Culture of ML-3 Cells and Induction of Cell

Differentiation
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ML-3 cells vere grown in endotoxin free RPMI 1640
supplemented with 10% PCS (Hyclone, Logan, UT, USA) and
were subcultured every four days by resuspending at
2x10% cells/ml in fresh media. For induction of cell
different.ation, ML-3 cells were cultured in complate
RPMI 1640 containing 10 ng/ml 13~phorbcl~l2-myristate
acetate (PMA) or 10 ng/ml dimethylsulphoxide (DMSO) for
24 hr and then washed twice with RPMI 1640, Trypan blue
dye exclusion showed that viability at the time of HCMV

infection was >90% for control and PMA treated cells.

2.4.0. VIRUS STRAINS

2.4.1, CMV Strain AD169 and Towne Strain

Human embryonic lung fibroblasts (HEL) (Flow Labs.
Inc,, C.A., USA) were grown as monolayers in 25 cm2
plastic tissue culture flasks {(Falcon Plastics, Oxnard,
Ch, USA) in Eagle's minimal essential medium (MEM)
(Gibco Labs,. Grand Island, NY, USA) supplemented with
10% FCS (Flow Labs., Inc., C.A, USA), Once a confluent
monolayer had been obtained, cells were trypsinised
using 0,25% trypsin (w/v), and the cells seeded into
two n'w flasks of the same size, Stock virus was
obtajied by infecting a 90% confluent HEL monolayer
with virus at a low multiplicity of infection (0,1

pfu/cell;, After 90 min adscrption, the inoculum was

O
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removed and rep:.red wih Eagle's MEM supplemented with
6% (v/v) heat inactivated FCS, Culture supernatant
containing virus was collected 7 days after inoculation
and the quantity of virus determined by plaque assay
(appendix 2). Virus was used for infection when the

titer was 107 pfu/ml in HEL,

2.4.2, Clinical Isolate Strain

A fresh isolate strain of human CMV, V3474 - 84,
{obtained €from the virology laboratory, Medical
University of South Africa) was isclated from the urine
of an adult with CMV mononucleosis and passaged three
times in mycoplaswa~free HEL, Infected fibroblasts
showing characteristic CP2 were harvested and virus
containing mediun from passage three was used for
infection of cells. The titre of the fresh isolate was

1xl()4 pfu/ml in HEL,

2.5.0. Stimulation of Monocytes and Production of

1L-1 Containing Supernatants

Monocytes were stimulated with lipopolysaccharide (LPS)
from E,coli (Difco, Detroit, Mich,, USA) for the
generation of IL-l containing supernatants (Lachman et
al. (1977), Monocytes were resuspended to a
concentration of lxl()6 per mi in R®MI 1640 and 5%

heat inactivated AB serum, Aliquots (2 ml), were plated

into 60 mm tissue culture dishes (Costar), with

O
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or without l0ug/ml LPS, D.shes were incubated for 20
hr at 37°C in a humidified atmosphere containing 5%
Co2 in air. Supernatants were collucted by
centrifugation at 800g for 10 min and frozen at ~2,°C

until used,

2,6.0. Virus Infection of Monocytes and ML-3 Cells

Virus was added tc cell pellets in polypropylene tubes
at varying multiplicities of infection (MOI) and
iacubated for 2 hvs at 37°C with gentle agitation
every 20 min, After infeoc*ior, the cells were washed
twice in RPMI 1640, Monocytes were resuspended to a
concentration of 1x106 cells/ml in RPMI 1640 and 10%
heat inactivated AB serum and ML~3 cells resuspended
to “ne same concentration in RPMI 1640 and 10% FCS,
Stimulated and unstimulated monocytes and ML-3 cells
were mock infected with growth medium from uninfected

fibroblasts,

2,7.0. Ascessment of T Lymphocyte Transformation

Autologous T lymphocytes were prepared by differential
centrifugation of lymphocytes rosetted with sheep red

blood cells treated with AET, as described above,

R o Y
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T lymphocytes wer¢ warhed and resuspended to a
concentration of 1x.0% cells/ml in RPMI 1640 and 10%
heat inactivated AB serum witn or without a previously
determired optimum dose of 2ug/ml of
phytohemaqglutinin {PEA) (Wellcome Reagents,
Beckenham, England), T lymphocytes, 2x105/vell, were
incubated alone or vith uninfected or HCMV-infected,
LPS-stimulated or unstimulated monocytes that had been
cultured for 3 days, Maximum stimulation of T
lymphocytes by PHA occurred after a further 72 hrs in
culture, Lymphocyte stimulation was measured by the
addition of 0,.5.Ci of {Ja]thymidina {specific
activity, 19.3 Ci/mmol; New England Nuclear Corp.,
Boston, MA, USA) to each well 16 hr before harvest,
Cells were harvested with a multiple automatic
harvester (MASH II, Microbiolcgical Asscciate
Bioproducts) on glass fibre filters (Whatman, Clif*-on,
N.J.), air dried and immersed in toluene gcintillation
£luid, IJH]thymsdine incorporation was assessed by
liquid scintillation counting for 10 min in a liquid
scintillation counter (Packard Instrument Co., Downers
Grove, I11) and expressed in drm. All experiments were

performed in tripii~ste and results averaged,

2,8,0, Immuroflouresence for dotection of HCMV

Immediate-Early Antigen Expression

o
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Tmmunoflouresence for detection of HCMV immediate -
early (IEB) antigen expressior in infected periphecil
blood monocytes and ML~ cells was ascessed on
aytocentrifuge preparations, Slides were air dried and
f£ixed seguentially in the following solutions: 3.7%
formaldehyde for 5 min at room temperature, methanol
for 2~4 min at -20°C and avetone for 2 min at -20°C.
Fixed monocytes were then blocked with 10% human AB
gserum for 30 min at 37 C to prevent non-specific
binding of monoclonal antibody to monocyte Fe
receptors. Slides were then rinsed in PBS and incubated
for 1 hr at 37°% with a monoclonal antibody recognising
the major 72-kilodaiton (kDa) immediate-early proteia
of HCMV (a gift from L.Goldstein, Fred Hutchinson
Cancer Hegearch Centre, Seattle, Washington, 0SA},
Control slides were incubated with PBS + 5% BSA instead
of monoclonal ant.Indy, Slides were then rinsed
thoroughly in PBS and incubated with FITC labelled
rabbit antimouse immunoglobulin (Cappel
Labs,,Cochranville, PA.,USA) at 37 C for 1 hr. Slides
were rinsed thoroughly in ©BS and stained cells
observed with a Leitz Weitzlar Dialux 20 microscope

(West Germany).

2.9.0, Assay for Functional Interieukin 1 Activity

The assay for detection of functional IL-1l activity is

based upon the enhancement 0f murine thymocyte
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proliferation by IL-1 in cesponse to suboptimal
concentrations of the mitogens PHA oL Con A (Gerv gt
al., 1972). Sinqla ~ell thymoryte suspensions were

pre 24 by aseptically teasing the thymus glands of 6
«{ 4eek oid Balb-c mi-e., The larger clumps of cells
were allowed to settle, and the zingle cell suspension

pelletad by centrifugation at 1000 y for 10 min.

Cells were washed twiue in PBS and resuspended in RPMI
1640 containing 5% eat inact.vated PCS, 2.5x10°2 M
2—mercgyto&eh&nol, 2 mM glutamine and 2ug/ml PHA,
Viability was assessed by try-an blue dye exclusion,
Aliquots, .00u, of the cell suspuension containing
10% cells ware plated iato the wells of 96 well

tissve culture plates (Falcon, Oxnard, CR, 6SA).
culture. supernatants (100¥l) from infected or
uninfected, stimulated or unstimulated monocytes that
had been cultured for 3 days post infection were added
to the wells, Thymocyte proliferation was maximal after
96 hr, Cultures were pulsed with 0,5uCi of
[3H]tnymidine per well for che final 16 hr of
incubation, Cells were harvested with a multiple
autcmatic harvester, and taa)tnymidine incorporation
assesced by liquid scintillation counting, Experiments
were performed in triplicate and the mean

disintegrations wer minute calculated,

Pt
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2.9.1. Dpecection of IL-1 B using ELISA

LPS-stimulated or unstimulated monocytes were infected
or mock~infected as described above and then cultured
for 13 after infection., After 24 hr, supernatants were
removed, replaced with fresh medium and this
supetrnatant collected after a further 24 hr
{repcesenting 14-24 mediator production), Fresh
supernatant w&s added and removed after an additional

24 hr {representing 2d-3d mediator production).

Quantitative measurement of gecreted IL-18 in culture
supernatants was pertormed using an IL-18 BLISA kit
{Cistron Biotechnclogy, 2ine Brook, NJ, USA) following

instrucrions given by the manufacturers.

2,10.0, Addition of Pure IL-1 or IL-1 Containing

Suvernatant to HCMY-infected Monocytes

Pure IL-1 (a gift from L, Traub of the Immunology
Department, South African Institute for Medical
Research; was serially diluted from an iritial
concentrat’an of 4U/ml using 0.1% bovine serun albumin
(BSA) in PBS, IL-1 conditioned supernatant uvbtained
from LPS-stimulated monocytes was diluted 1-2, 1:4 and

1:16.

O
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Stimulated or unstimulated, HCMV-infected or uninfected

monocytes were cultured in vitro for 3 days. After 3

days, culture medium was removed and cells washed with

RPMI 1640,

T lymphocytes, 1004, (10% cells/ml) in REMI 1640
supplemented with 10% heat inactivated AB serum and 2
w/ml PHA, were added to wells containing monocytes
(105 lymphocytes/well), Pure IL-l or IL-1 conditioned
medium serially diijuted in RPMI 1640, 100Hl, was addegd
to the T lymphocytes - a total of 200ul added per
well. Concrol wells consisteu of monocytes, T

lymphocytes and PHA, with no exogenous IL-1 added.

Infected and uninfaected monocytes were incubated for a
further 3 days in the presence of autologou- T cells
and PHA, with or without various concentrations of
IL~1l. Lymphocyte stimulation was assessed after 72h by
the addition of 0.5 uCi of {3H]thymidine (specific
activity, 19,3 Ci/mmol) per well for 16 hr., Cells were
harvested using an automatic cell harvester and
incorporated radiocactivity .. asured by liquid
scintillation counting and expressed as mean dpm for

triplicate samples,

2.11.0, Detection of Intracellular IL-18 in Monocytes

anc ML-3 Cells by Immunoblotting

O
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2,.11,1., Protein Isolation

HCMV-infected or mock infected ML-3 cells and
peripheral blood monocy'.es were harvested at 24 hr and
72 hr post infection and washed three times with PBS,
Approximately 5 x 106 cells were extracted with

200 u1 of lysis buffer consisting of 0.05 M Tris
hydrocnloride, 0,15 M NaCl, 0.1% SDS, 1% sodium
deoxycholate, 1% Triton X-100, 0.1 mM phenylmethyl
sulfonyl flouride for 30 min on ice, The cells were
disrupted by 20 strokes in a 1 ml Dounce homogenizer
{Wheaton, Mellville, NJ, USA) and then centrifuged at
10 000 g for 20 min, The supernatant was decanted angd

stored at -20°C,

The Bio-Rad protein assay was employed, which is based
on the shift in the absorbance maximum of Coomassic
Brilliant Blue {(CBB) G-250 from 463 nm to 595 nm when
binding to protein occurs {(Bradford, 1976), The protein
content of samples solubilised in lysis buffer could be
accurately estimated by this method, In all cases, a
standard curve of absorbance vecsus concentyation eof
protein was drawn up for BSA in the concentration range
of 0~-50 mg/ml protein and the unknown sample protein

caoncentrations were resd off the curve,

2.11.2, Polyaciylam‘de Gel Electrophoresis

O
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Proteing from ML-3 cells and monocytes were analysed by
sng-polyacrylamide gel elecrophocesis by the metbod of
taemmli (1970), The glab gels uszed in this work
consisted of a running gel (appendix 3) of 12%
acrylamide and a 4% stacking gel (appendix 3}, A
Bio-Rad vertical slap gel apparatus was used,
Electrophoretic separation was carried out in a
cortinuous Tris-glycine buffer system at a pH of 8.3
(appendix 3), Thirtyul of sample containing 20-25ug

of protein was mixed with 30ul of 2X sample buffer
(appendix 3) and heated to 95°C for 5 min, Twoul of
bromophenol blue tracking dye solution (appendix 3) was
added tc each sample, The samples were loaded onto the
gel and eolectrophnoresis performed at ror temperature

for 5 - & hr at 100 V.

2.11.3. Western Blot Analysis

Proteins separated on SDS-polyacralamide ge.s were
transferred electrophoret.cally onto nitrocellulose
sheets by a modification of the original procedure
degcribed by Towbin et al. (1979). The electrode “uffer
used for transfer was composed of 25 mM tris bawe, (92
mM glycine and 20% methanol (v/v) at pH 8.3. A sheet of
nitrocellulose {(0,45um po size, Scnleicher and

Schuell Inc,, Keene, NH, u3SA) and gheets of Whatman's

number 1 filter paper were soaked with electrode

O




buffer, The gel was rinsed with electcode buffer and a
sandwich prepaced with the following successive layers
(1) two gheets of filter paper

(ii) the nitrocellulose sheet

(1ii) the SDS-polyacrylamide slab gel with the stacking
gel removed

(iv) two more s*2ets of filter paper

Care was taken to remove all air buliles between .ne
gel and the aitrocellulose, The assambly was placed in
a Bio-~Rad elezctrophoretic transfer apparatus with the
gel facing the cathode, The buffer tank was filled with
transfer buifer to cover the gel and elecrophoretic

transfer performed at 200 nA for 16 hr at 4,

The nitrocellulose sheet wan wathad in PPS at room
temperature for 10 min with gentle agitation, To
prevert non-specific background binding, the filtecs
uged in cthe transfer were ’icubated at 37°C for 1 hr in
PBS containing 1% BSA., This blocking soluticn was

agpirated and replaced with a 1:100 dilution of rabbit

sy

; - anti-human 1L-18 polyclonal antibody (Cistron

i o Biotechnclogy, Pine Brook, NJ, USA) in 10 ml of

i blocking solution, Incubation was continued for 1 hr at

i
H
*

17°C witn yentls agitation, The immunoblotted filcer
was vashed tnree times for 10 min sach with PBS

containing 0,05% Tween-20,
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it" immunoglobulin alkaline phosphatase
;khﬂﬁu Biotechnology Associates,

AB,USA) at a 1:1000 dilutior ia blocking
32 used for detection of IL-18 antigen, The
oubated with the secondary antibody fur 1
Eh' gentle agitation and then washed three
taining 0,05% Tween-20. The colour
rate was prepared ag follows: 3.3 mg
6ro-3-~indolyl phosphate p~toluidine salt
1‘61?06 in 1 ml N N~dimethyl-formamide

mdg ‘nitro blue tetrazolium (NBT) dissclved
water, One ml of each reagent was

' added to 200 ml of a 100mM Tris HCl (pH
RaCi, 5 mM »:Cl, solution and immediately
filter, The filter was incubated at room
with gentle agitation until a purple colour

sd {2030 min). The filter was then transfer -

‘eontainer containing water to halt colour

development. Filters were air dried and stored between

sheatd of filter paper in the dark,

2,128, RNA_PROC DURES

2.12.%, "prapacation of Total RNA from ML-3 Cells

PMA-gtimulated or unstinulated ML-3 cells were infected
or mogh:infected with HCMV and total RNA eXxtracted o

1,2 and & days post i~fection, RNA was isolated by une
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guanidine isothiocyanate method of Chirgwin et al.
(1979), Cells were harvested by centrifugation and
#ashd twice with PBS, The cell pellei was resuspended
in 3,2 ml of 4 M guanidine isothiocyanate solution
{appendix 4) and the suspension vortexed for 20 secs.
The cells were homogenized at medium speed for 30 secs
using a Polytron homogenizer (Brinkman Instruments
Inc,, Westbury, NY, USA), The lysate was carefully
layered onto 1.2 ml of a 5.7 M CsCl solution in a 5 ml
centrifuge tube (Beckman Instruments Inc.,, Palo Alto,
CA, USA) and centrifuged for 18 hr at 36 000 rpm at 20°
C in a 8W 55 rotor (Bec.man), The supernatant was
carefully removed and the RNZ pellet resuspended in a
total of 400l of diethyl pyrocarbonate (DEPC) treated
water {appendix 4)., The RNA solution was transferred to
a 1.5 ml microfuge tube and 40vl of 3 M sodium

acetate, pH 6, added to the RNA preparation followed by
900 ul of 95% =2thanol, The suspension was thoroughly
mixed by veortexing, RNA was precipitated at -20°C
ovarnight and the suspansion spun in an Eppendorf
ricrofuge for 30 mia, The supernatant was discarded and
the RNA pellet dried ia a vacuum centrifuge (Savant
Instruments, Hicksville, NY, USA)., The pelle:t was
resuspended in 50 u 1l of DEPC-treated water and the RNA

concentration determined by 0,0 at 260 nm,

2.:2.2, Elecrophoretic Separation of RNA and Northern

Blot
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Total RNA extracted by the guanidine isothiocyanate
method was resolved by agarose gel electrophoresis in
the presence of formaldehyde according to the method of
Lehrach et al. (1977). Agarose, 29, (BRL,
Gaithersburg,Md, USA) was dissolived oy heating in 1€0
ml distilled water and cooled to 50°C before addition
of 20 ml of 10X MOPS buffer (appendix 4) and 20 ml of
37% formaldehyde, A horizontal gel electrophoresis
apparatus was used (Hoefer Scientific Instrumente, San
Prangisco, CA, USA). Equal amnunts of each RNA sample
(201g) were applied to wells in 5 mm thick agarose
formaldehyde gels., RNA was denatured in 25-30u)l of
loading buffer (appendix 4) by heating to 56 C for 15
min, Elecrophoretic resolution was carried out using 1
X MOPS as the runninj buffer at 4« for 18-20 hr at

35-40 V per gel.

Total RNA resolved by agarose gel electrophoresis inco
28 S rRNA and 18 S rRNA species was transferred onto
nitrocellulose sheets using the procedure described by
Mariatis et al. (1982). Nitrocellulose (0.45m pore
size, Scheicher and Schull) and three pieces of Whatman
IMM paper cut to size were wetted in 2 X SSC buffer
(appandix 3), Whatman 3MM paper was wrapped arocund a
alags plate and the plate placed on a support in a
large baking dish, The dish was {il.ed with 20 X 8SC to

just below the top of the support and a sandwich
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prepared on the glass plate with the following
successive layers :

(i) two sheets of Whatman 3MM paper cut to the size of
the gel and soaked in 2 X SSC

(ii) the agarose gel

(iii) a nitrocellulose sheet cut 1-2 mm smaller than
the gel and soaked in 2 X SSC

(iv) one sheet of Whatman 3MM paper snaked in 2 X SSC
(v) paper towels cut to the size of the nitrocellulose
to a height of 5-8 cm

This arrangement allowed for a flow of liquid from tae
reservoir through the gel so that the RN\ was depeosited
on the nitrocellulose, Transfer was complete within 12
hr. The paper towel stacks and paper sheets were
removed and the nitrocellulose sheet placed Letvween two
sheets of 3IMM paper and baked for 2 hrs at 80" under

vacuum,

2.12.3, Dot Blot Analysis of Monocyte RNA

LPS-stimulated or unstimulated monocytes were infected
(5 pfu/cell) or mock-intected with HCMV and total RNA
extracted at 1,2 and 4 days post-infection using a
modification of the method of White and Bancroft

(19825,

Monocytes were cultured in 15 ml polypropylene tubes at
a concentration of 1-2 x 106 cells/ml and transferred

to Eppendorf microfuge tubes fcr RNA extraction, Cells
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were harvested and washed twice with DEPC~treated PBS,
Two hundredil of lysis buffer (appendix 4B) was then
added to tne pellet, The cells were sheared using a 266G
needle attached to a 1 ml syringe and the cell lysate
incubated at 37 C for 15 min. Phenol:chloroform (1:1),
200 ;1, was added to the lysate, the suspension
vortexed and allowed to stand at room temperature for 3
min, The two phases were sepacated by spinning in an
Eppendorf microfuge for 2 min, The aqueous phase was
tranrfe:red to 2 new tube and extracted with 0.5 ml
chloroform, The suspension was vortexed and spun for 2
min in an Eppendorf microfuge, The aqueous phase was
collected and 0.5 ml cold ethanol added. The RNA was
allowed to precipitate at -209C overnight, The ethanri
precipitates were spun in an Eppen@crf micréfuge fecr 10
min and tha ethanol decanted. RNA pellets were dried in
a vacuum centrifuge for 5 min, The pellet was dissolved
in 1001 of TE buffer (pHB) by occasional vortexing.
One hundred il of 4 M Liclz was added and the tubes
placed at 4°C overnight, Samples were centrifuged at 12
000 rpm for 20 rin in 2n Eppondorf microfuge and the
superratants carefully removed, The RNA pellet was
resusperded in 10yl of DEPC treated water, 6yl of 20X
88C and 4,1 of 37% formaldehyde, The samples were
heated at £0 € for 15 min and 80l of L5X SSC added to
bring the volume to 100ul. RNA was serially diluted
two-fold in 15X SSC and applied to nitrocellulose, The
dot blot maiifold (Schleicher and Schuell Inc., Keene,

NH, USA) was assembled as fol ows : Whatman 3MM paper
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and 0,45um nitrocellulose were cut to the size of the
apparatus, The nitrocellunlose was soaked first in
DEPC~treated water followed by 15X S8C.This was placed
on top of the Whatman 3MHM paper also soaked with 15X
8SC. The wells were rinsed twice with 15X 88C. The RNA
samples were applied tc the wells after which they were
rinsed twice with 15X SSC. The nitrocellulose filter
was baked in a vscuum oven at 80°C for 2 hrs.

2.12.4, oOligonucleotide and cNNA probes

2,12.4.,1. Kinase Labelling of 5' ends of

oligonucleotide DNA Probes

Oligonucleotide probes for IL-18, CSF-1, TNFqa, lysozyme
and B-actin were a gift from E., Kawasaki and were
synthesized at Cetus Corporation (San Prancisco, CA,
USa) from published sequences: IL-18 (March et al.,
1985), CSF-1 (Jawasaki et al., 1985%;, TNF u (Wang et
al., 1985}, lysozyme (synthesized from a consensus
sequence) and B-actin (Ponte et _al., 1984),

The 5' ends of the DNA probes were labelled with T4
polynucleotide xinase in a rerction mixtare containing
1-50 pmcles of dephosphorylated DNA ( 5' ends), 10ul

of 10X kinase buffer T (appendix 4), 150 uCii 3291

ATP ( specifi~ activity=3000 Ci/mmole ), 10-20 uaits T4

polynucleotide kinase and water to 50ul., The reaction
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nix was incubated at 379C for 20 min, Folle
incubation, 2ul of 0.5M EDTA was added, the
extracted once with phenol/chloroform {1:1) ‘&nd
precipitated with ethanol. The DNA was redissolved i
50Ul of TE buffer (pH 3) and labelled DNA separate

q 32

from unincorporate P-ATP by separation th‘aﬂéh o

small columns of Sephadex G-50,

Sepnhadex G-50 columns viere set up as tolluﬂl'&tthi
bottom of a 1 ml syringe was plugged with sterile’glass
wool. In the syringe a column { 0.9 ml bed volume ) was

pre-ared using Sephadex G-50 equilibrated ian TB (pr 3

containing 0.1 M NaCl, The syrir g ing~rhed
pla.tic centrifuge tube and spt A0 rpr

for 10 min., Sephadex was added sentrif
repeated untilthe column volum> ... v s elamn
was washed twice using 200ul of T2 ec: e DNA
was applied to the column in a v -a; ¥ P S A

The column wag gspun at 2 000 rpm ;or [ANEELEE 1)

effluent from the syringe collectes 1o . & CRpped

3.

Eppendorf tube, The vnincorpcrst~d ~ P AW™ - temained & .

in the syrin, ..

2.12.4.2, Nick Translation of cDNA probes

Three cDNA clones, MAD-2, MAD-6 and MAD-9 wire isc) ted
by Dr. Stephen #Haskill, Chapel Hill, NC, USA, while

some of the above studies werw being carried ouv in his
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labora.ory. The clones were induced in .onocytes in a
rapid response to adherence. These cDNA clores werz (i)
MAD~9, which is identical to a proinflammatory protein
that is chemotactic fcr human neutrophils. This protein
{8 known as monocryte-derived neutrophil chemotactic
factor (MDNCP) purified by Ynshimura et a. (1987) or
a3 reutrophil-activating factor (NAF) (Peveri et al.,
1988) or as neutroplil-activating protein (NAP-1l)
(Larsen et al., 1989). (ii) MAD-2 shows 88% nucleotide
anA aming acid homology with a melanoma stimulatory
growth factoc called h-gro or MGSA {(Anisowicz et al..
1987; Richmond et al., 1988) and (iii. MAD-6 whose DNA

sequence shows no homolagy to know gene..

The cDNA clones were Jabelled with (a-32P] in a nick
translation reaction containing 5 ul cf 10X
nick-translation buffer, 1 ug of DNA, lul of a 1 mM
solution of dANTP3, 100 pmoles of (m—3291dNTPs in a
total reaction volume of 44 ul., The reaction mixture
was chilled to 0° before addition of 0.5 yl «t a DNase
I solucion (0,1 ug/ml), Acter vortexing, 5 units of E,
coli DNA polymerase I (Promega Biotech,, Madison, WI,
USA) was added and the reaction mixture incubated at 16
C for 1 hr, The reaction was stopped by addition of 2

W of 0.5 EDTA =nd the nick-translated DNA separated
from the unincorpucated ANTPs by chromatography on 2

Sephadex G-50 coluan.
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A Sephadex G-~50 column was prepared in a disposable §
ml borosilicate glass pipette , The DNA sample in a
volume of 2004 1 was applied to the column and &
reservoir of TE {(pH B8) connected to the column so
chatthe flow rate was 0.5 ml/min. The leading peak of
radicactivity consisted of nucleotides incorporated
into the DNA, These fractions were pooled and stored at

~200 C,

2.12.5, Hybridization

Baked nitrocellulose filters were prewashed for 1 hr at
42°C in & solution containing 0.1 ¥ EDTA (pH 8), 5 ¥
NaCl, 1 M Tris-HCl (pH 8) and 10% SDS, This was
followed by prehybridization at 42° for 7 hr in
hybridization fluid containing 50% formamide, 5X 3SC,
5X Denhardts, 0,1% SDS, 10 mM NaH PO, and 100ug/ml

gsalmon sperm DNA, [32

Pl-~labelled oligonucleotide

probes or cDNA probes were then added to the
hybridization fluid at 10 6 cpm/ml and filters
hybridized for 18 to 24 hrs >+ 27 % {or oligonucleotide
probes and 42 ¢ for cDNA probes, Filters were washed to
a final stringency of 0,2X SSC as follows :

(i) 6 X SSC, 20 mM NaH PO 0.1% SDS for 10 min at

"
27 c,

(ii) 2 X $sC, 20 mM NaH PO, for 20 min at 42°C,

4
(iii) 1 X S8, 20 mM NaH PO, for 20 min at 4% C,

(iv) 0.2 X SSC, 20 mM NaH 904 for 20 min at 42°C,
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Filters were exposed to Koda¢ XAR X-ray film at -7¢ C,

2.13.,0. In situ Hybridization

2,13.1. Cell Culture and Fixaticn

Monocytes were isolated by Picoll-Pypaque separation

and 2x10°

cells/well adhered to an 8 chamber Labtek
culture slide for 30 min at 37°C, After removal of
non-adherent lymphocytes, the remaining adherent
monocytes were incubated overnight in RPMI 1640
supplemented with 10% AB serum, Mononcytes were then
infected with HCMV at a MOI of 5 pfu/cell or mock

infected with supernatant from uninfected fibroblast

cultures as described previously,

At 1,2 and 4 days post-infecton, culture medium was
removed and cells rinsed with RPMI 1640, Cells were
fixed in 4% paraformaldehyde/PBS for 15 min at 4°C
followed by a second incubation at room temperature for
15 min, Cells were then gently rinsed twice with P8BS
with 5 mM MqC12 added (PRSM), Slides were dehydrated

at 22°C as follows: 70% ethanol for 3 minutes, 9%5%

ethanol for 3 minutes, 100% ethanol for 3 minutes,

2.13,2. Hybridization

Slides were incubated sequentially in PBSM and 0 M
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Tris-HC. (pH 7.%), 0.1M glycine for 10 min at room
temperature, Labelled cRNA probe was resuspended at
3x106 cpm/ml in hybridization buffer containing 50%

aeionized formamide, 0,6 M NaCl, 10 mM Tris-f#Cl pH 7.5,

1 mM EDTA, 1% SDS, 10 mM dithiothreitol (DTT), 10%
polyethylene glycol (PEG-6n00), 1X Denharat's scolution
and 0.25 mg/ml E,coli tRNA. A 15l volume of this
solution was applied to each chamber of the slide and
covered with a coverslip, Slides were incubated at 59 C
for 20 hr in petri dishes containing moist Whatman
filter paper circles ( wetting sclution contained 50%
v/v deionized formamide, 50% v/v distilled water and
100 mg/ml PEG-8000), Petri dishes were sealed with

plastic tape,

Coverslips were removed by gently dipping slides into
PBSM, Slides were incubated for 30 min at 37° in a 0.5
M NaCl, 10 m.. "ris~HCl (pH 8) solution containing 20
mg./ml RNAse A to facilitate digestion of non-hybridized
SSRNA, Slides were then washed in 0.5 M NaCl, 10mM
Tris-HCl pH 8 at 37°C for 30 min followed by four
stringency washes as follows

(1) 2X $SC, 50% formawide, 16 mM DTT for 30 min at 5% C
(ii) 1X 8SC, 50% formamide, 10mM DTT for 30 min at 5% C
(iii) 1X ssc, 50% formamide, 10mM DTT, 0.05% Triton
X=-100 for 30 min at 37°C,

{(iv) 1X S8sC, 50% formamide, 10mM DTT, 0.05% Triton
X-100 for 30 min at 55°C,

i 1§
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Slides weroe then dehydrated with increasing

concentrations of ethanol and air dried,

2.13.3, Autovadiography

NTB2 nuclear track emulsion (Bastman Xodak Co.,
Rochester, NY, USA) was dissolved in 0,6 M ammonium
acetate which had been prewarmed to 42°C. $Slides were
coated with emulsion solution which was kept at 42 C in
a waterbath, After air drying for 1 hr, slides were
exposed at 4°C in a light tight “ox containing

dessicant chips for 5-10 days.

2.13.4, Development and Counterstain

Slides were warmed to room temperature and developed in
Kodak D19 developer for 1 min and fixed in Kodafix
(Eastman Kodak' for 5 min at room temperature, After
two washes i{n distilled water for 5 min each, slides
were counterstained as follows:

(i) Gil's haematuxylin, No.,2 (Sigma Corp.,St.Lcuis,
MO., USA) for 5 secs followed bty three 10 second and
one 5 minute wagh in distil'ed water

(ii) water soluble eosin, 0.5% w/v, (Sigma) for 90
seconds, followed by three 10 second and one 5 minute
wash in distilled water.

Slides were dehydrated in increasing concentrations of

ethanol followed by three xylene dips of 3 minutes
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each, For viewing, slides were mounted in Permount,

2.13.5, CRNA probe labelling

Por the generation of sense and antisense RNA probes,
the full length 1.8 kb IL-18 cDNA was subcloned into
the Bam HI site of the plasmid pGEM-blue (Promega
Biotech, Madison, WI, USA) in two different
orientations, Run-on transcripts of the template cDNA
were synthesized using T7 RNA polymerase in a 20ul
reaction mix containing 0.2ug of linearized template
DNA, 40 mM Tris (pH 7.5), 6 mM Mgclz, 2 mM

spermidine, 10 mmM NaCl, 10 mM DTT, 2.5 mM each of ATP,

CTP and 0.04 mM 17

-a-~UTP (650 Ci/mmol; Amershim
Corp., Arlington Heights, IL, USA), The labelled INA
was extracted with phenol:chloroform (1:1), ethanol

precipitated and resuspended in hybridization buffer,

2.14,0. Transfection Studiesg

2,14,1, Plasmid DNA

Plasmids 3M-AT and 3ME-AT were obtained from Dr. P,
Auron, MIT, Cambridge, MA, USA, These plasmids
containing putative human prollL-18 gene regulatory
tegions were derived by insertion of each of two
different fragments derived from the BDC-454 clone

descrivbed by Clark et al. (1986), The Aval, Taql

oy
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fragment located between positions -~512 and +12
(Fragment AT) was treated with the Klenow fragment of

BE. coll DNA polymerase and inserted by blunt-end

ligation into the pSVCAT-3M plasmid described by
La'mins et al, (1984), Therefore the resulting plasmid
coniained proIL~-18 gencaic DNA corraesponding to
positions =512 to +14 for AT (Figure 3}. In addition,
these fragments contain a TATA sequence at position -31
as well as other features which have been described by

Auron et al. (1989),

The HCMV immediate-early gene region plasmids
PHD101SV1l, pPHD101SV2 and 106142 (Davis et al., 1987)
were constructed in the laboratory of Dr. Eng-Shang
Huang, In piiD101SV1, the region 1 and region 2 of the
HCMV IE region are under control of the HCMV IE
promoter with the SV40 enhancer located further
upstream. Plasmid pHD101§V2 is identical to pHD101SV1
except that the 5.% kb Bam H1l fragment containing

region 2 has been deleted, Plasmid 10142 has the exon

sequence of region 1 deleted.

2.14.2, Plasmid Purification

An overnight culture of E,coli containing plasmids
34-AT and 3ME-AT respgctively, was grown at 37°% in 40
ml LB medium (appendix 5) supplemented with 50.g/ml

ampicillin, The culture was added to 1 litre of
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minimal medium (appendix 5) and grown with shaking in a
Gallenkamp orbital shaker until the optical density
(0D) at 6GJ nm was 0,6, When this OD was reached, 1 ml
of a 100 g/ml chloiamphenicol solu-ion was added to
amﬁlify copy nur’ 'r of the plasmid while stopping
bacterial replication., The flask was shaken at 120 rpm
overnight at 379, Cells were spun down at 6000¢ for
5 min at 4°C, The pellet was resuspended in 10 ml of a
solution containing 0,05 M Tris-HCl, 0.0} M EDTA and
20% sucrose together with 1 ml of 50 mg/m]l freéshly made
lysozyme solution., Twonty ml of a solutioa containing
0.2 N NaOH and 1% SDS was tlen added with gentle mixing
and the tube incubated on ice for 15-20 min. Fifteen ml
of a 3 M NaAc solution was then added and the tube
swir’ed very geutly, The suspension was incubated on
1ce for a further 15 min, The white precipitate was
spun down at 10 000 g for 20 min, The supernatant was
extracted with an equal volume of phencl:chloroform
(1:1} and the phases separated at 5 000 g for 10 min.
The upper agueous phase was transferred to a new tube,
extracted with an equal volume of chloroform and the
phases separated by centrifugation. The aqueous phase
wag removed and one tenth of this volume of 3M NaAc
plus 2 volumes of 95% ethancl were added to the agueous
phase, The DNA was precipitated for 1 hr at =20v7 and
centrifuged at 10 000 q for 30 min at 49°C., The peliet
was dried at room temperature for 25 min, CsCl was made

up at 1.58g/ml in TE buffer and the refractive index
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adjusted to 1,395-),400, The DNA pellet was resuspend.d
in 36 ml of Cs8Cl solutiun and the suspension
t-.ansferrcd to Beckman quick-seal tubes (VTi 50; 25 x
89 mm tube), The remaining volume of the tube was
completely filled with ethidium bromide in TE buffer
(10 mg/ml), the tubes sealed and spun in a Beckman VTi
' 50 vertical rotor a: 45 000 rpm for 18 hrs. After
eentrifugation, the lower band containing plasmid DNA
was removed using a syringe needle attached to a
gyringe, The collected material was made up to 36 ml
with CsCl and banded a second time as hefore, The
plasmid band was removed ir the same way and an equal
volume of n-butanol added. This was mixed well and the
upper butanol layer discarded. This extracti . was
repeated three more times until all traces of ethidium
bromide were removed, The lower aqueous phase was
transferred to a 30 ml glass tube and extracted once
with phenol:chloroform (l:1) and once with chloroform,
DNa was ethanol precipitated and centrifuged at 10 000
rpm for 30 min at 4°C, The pellet was dried,
resuspended in 1 m) sterile distilled water and the 0D

at 260 nm measured to determine the UNA concentration,
2,14,3, DNA Transfections
Plasmid DNA was reprecipitated with 3 M ammoniunm

acetate, pH 6, and 95% ethanol prior to transfection

and resuspended in sterile distilled water at a
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adjusted to 1,395-1,400. The DNA pelle: was resuspended
in 36 ml of CsCl solution and the suspension
transferred to Beckman quick-geal tubes (VTi 50; 25 x
89 mm tube). The remaining volume of the tube was
completely filled witi ethidium bromide in TE buffer

{10 mg/ml), the tubesg sealed and spun in a Beckman VTi

50 vertical rotor at 45 000 rpm for 18 hrs. After

centrifugation, the loer band containing plasmid DNA
was removed using a syringe needle attached to a
syringe. The collected material was made up to 36 ml
witk Cs8Cl and banded a second time as before, The
plasm.d band was removed in the same way and an equal
volume of n-butanol added, .his was mixed well and the
upper butanol layer discarded, This extraction was
repeated three more times until all traces of ethidium
bromide were removed, The lower aqueous phase was
transferred to a 30 ml glass tube and extracted oace
with phenol:chloroform (1:1) and once with chloroform,
DNA was ethanol precipitated and centrifuged at 10 000
rpm for 30 min At 4°C, The pellet was dried,
resuspended in 1 ml sterile distilled water and the OD

at 260 nm measdred to determine the DNA concentration,

2.14.2, DNA Trancfeccions

Plasmid DNA was reprecipitated with 3 M ammonium

acetate, pH §, and 95% ethanol prior to transfection

and resuspended in sterile distilled water at a
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concentration of M g/ul, PMA-stimulated or
unstimulated ML-3 cells were resuspended in I +640

7 cells/0.%

and 10% AB serum at a concentration o¢ 10
ml for each transfection, ML-3 cells were transfectad
by electroporation with a Zapper Electroporation Unit
(University of Wisconsin Medical Electronics Lab,
Madison, WI, USA) at 1300 V, Cells and plasmid DNA were
mixed in 0,5 ml RPMI 1640 and 10% AB serum in a 1l cm X
1 cm plastic cuvette to which aluminium electrode
strips were glurd, After voltage was applied to the
samples, the cells w re diluted into 10 ml RPMI medium
containing 10% AB serum in 100 mm plastic petri dishes

and incubated at 37°C in an atmosphere of 5% Coz/QSt

air,

2,14.4, Chloramphenicol Acetyltransferase (CAT) Assay

Cell ~xtracts were prepared and assayed for CAT
activity by a modification of the method described by
Gorman et al., (1982), Cells were pelleted at 1 000 rpm

and washed three times with PBS, The cell pellet was
resuspended in 200 ul of 0.25 M Tris-HCl, p# 7.8. ‘4
chloramphenicol (0.2 uCi: specilier activity 60
mCi/mmol; New England Nuclear, Boston, MA) was
incubated with 0,7 mM acetyl coenzyme A (Sigma Chemical
Co., St Louis, MO, USA) and 100 M1l of cell extract in a
final volume of 120 yul of Tris-HCl, pH 7.8 for 60 min
at 37°C, Radioactive materials were extracted with

ethyl acetate and the
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non-acetylated ciiloramphenicol and acetylated reaction
products separated by chromatography on thin layer
chromatography {(TLC) plates (Bastman Kodak Co.,
Rochester, NY, USA). Plates were exposed to Kodak ¥AR

X-ray £ilm overnight,

2,15.0, Staining of ML-3 Cells and Flow ~"ytometry
Analysis

The method was adapted directly from the method of Mann
et al. (1987). Cells were washed in PBS and the cell
pellet resuspended in 1,5 ml of PBS containing 4%
paraformaldehyde, Cells were incubated at 37°C for 15
min with constant »qitation, The cell pellet was
resuspended in PBS supplemented with 0.2% Triton X-100
and incubated on ice for 10 min, The cells were then
pelleted by centrifugation, resuspended in PBS
containing 0,1% Tween 20 and 1% BSA and incubated on
ice for 10 min. Cells were then resuspended in Sul of
anti-human IL~1B (IgGl) monoclonal antibody (1:20)
(Cistron Biotechnology, Fine Brook, NJ, USA) or Sul of
the T cell specific Leu 2a, an antibody non-reactive
for macrophages of the IgGl subtype (Becton
Dickinson,Mountainview, CA, USA) and incubated for 30
min at 37°, The cells were then washed twice in PBS
supplemented with 0,1% Tween 20 and 1% BSA . pelleted by
centrifugation and resuspended in 10ul of a 1:20
dilution of phycoerythrin conjugated goat anti-mouse
IgGl (Southern Biotechnology Associates, Birmingham,

AB, USA) and
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incubated at 37 C for 30 min, Cells were then washed
twice a~d resuspended in PBS for flo+ cytometry
analysis, Control cells were¢ ztained with secondary
antibody only. Flow cytometric analysis was carried out
on an ORTHO SYSTEM 50 operatiag with simultaneous 488

and 514 nm excitation,

%.16,0, Staining of Monocytes for Intracellular I"~-18

CMV infected and mock-infected monocytes were cultured
in Labtek slides and stained for the presence of
intracellular IL-18 at various times post infection,
Cells were washed in PBS and fixed in PBS containing 4%
paraformaldehyde at 37°% for 15 min, This solution was
replaced with PBS containing ¢,2% Triton X-100 and
incubated on ice for 10 min. Slides were then incubated
in 3% hydrogen peroxide on ice for 10 min to pre;ent
endogenous monocyte peroxidase activity, followed by
incubation in a S0% v/v normal goat gserum (NGS)/PBS
solution to prevent non-specific binding of monoclonal

antibody to Fc receptors on monocytes,

Slides were then incubated with anti-human IL-1 (IgG
1) monoclonal antibody {(Cistron Bictechnology, Pine
Brook, NJ, USA) or Leu 2a (Becton Nickinsoen,
Mountainview, CA, USA)} for 30 min at 37°C and then
washed in three changes of PBS, care being taken to

prevent drying at any stage, Peroxidase-conjugated
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incubated at 37 C for 30 min. Cells wnre then waghed

twice and resuspended in PBS for flow cytometry
analysis, Control cells were stained with secondary
antibody only. Flow cytometric analysis was ~acried out
on an ORTHO SYSTEM 50 operating witn simultaneous 488

and 514 nm excitation,

2.16.0, Staining of Monocytes for Intracellular IL-18

CkV infacted and mock-infecteu 'monocytes were cultnred
in Labtek slides and stained for the presence of
intracellular IL-18 at various times post infection.
Cells were washed in PBS and fixed in PB3 containing 4%
paraformaldehyde at 37° for 15 min, This solution was
replaced with PBS containing 0,2% Triton X-100 and
incubated on ice for 10 min. Slides were then incubated
in 3% hydrogen peroxide on ice for 10 min to pre;ent
endogenous monocyte percoridase activity, follcwed by
incubation in a 50% v/v normal goat serum (NGS)/PBS
solution to prevent nan-specific binding of monoclonal

antibody to Fc receptors on monocytes.

Slides were then incubated with anti-human IL-18 (IgG

1) monoclonal antibody (Cistron Biotechnology, Pine

Brook, NJ, USA) or Leu 2a (Becton Dickinson,
Mountainview, CA, USA) for 30 min at 37°C and then
washed in three changes of PBS, care being taken to

prevent drying ak any stage, Peroxidase-conjugated
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goat antimouse IgGl (Cappel Labs,, Cochranville, Pa,
USA) (1:30 Zijution) was then added for 30 min at 37°C, i
glides were vins~d i, three changes of PBS and

incubated in PBS containinrzy 0,02% diaminobenzidine

{DAB} aud 0,01% hydrogen peroxide in PBS at room

temperature for 5-10 min , After & final rinse in PBS, ‘
stained cells were counters:ained with a ¢.1% solution

of methyl green,
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3.0.0, RESULTS

3.1.0. Comparison of the degree of infection of

monocytes with a clinjcal isolate of HCMV and
laboratory-adapted strein AD169

Unstimulated or LPS-stimulated monocytes challenged with
Hi ¥ strain AD169, which has been hichly nassaged in
numan fibroblasts, showed very low (0,01% - 0,.1%)
expregssion of HCMV immediate-early antigens, even when a
multiplicity of jafection of % pfu/cell was used., No
differeaces in the number of IE~-positive monocytes were
observed for stimulated or unstimulated cultures, HCMV IE
antigen expression in both unstimulated and
LPE-stimulated monocytes was demonstrable in a higher
percentage of monocytes after infection with the clinical
isojate of CMV (Figure 4), The percentage of monocytes
showing nuclear or perinuclear flourescence increased
slightly with increasing MCI's (Table 2). For an MOI of
0.001 pfu/cell, as assessed by plaque forming assays on
fibroblasts, 1-2% of infected monocytes showed detectable
IE antigen expression, while for MOI's of 0,005 and 0.1
pfu/cell, the percentage of monocytes showing
flourescence varied between 3-5% and 7-9% respectively
(Table 2)., 1l.ideed,the results suggest that many more
infectious virus particles were present in the clinical
isolate, than could be detected by pfu assays on

fibroblasts, When an MOI of 1 pfu to 1
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Table 2
Percentage of monocytes expressing the major 72-kDa immediate-early
CMV polypeplide after infection with CMV strain AD169 or a CMV isolate

CMV stiain Multiplicity of infection ¥
(PFU/cell)” E-3 positive' (%)

AD169 0.5 0
10 0-0.01
50 001-04

i6

v3a74-84¥ 0.001
0005

4

3
0.0 4-
04 7

* Mulliplicities of infection were astimated by plaque forming assoys
on fibrobiasts.
1t Monoclonal antibody E-3 detects the mojor 72-kDa immediate-early

¢
CMV polypeptide.
1 CMV clinical isolate strain, V3474-84, was isolaled from an adult with

CMV mononucieosis.
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monocy*re, as assayed on fibroblasts, was usad, cell
lysis of monocytes was chserved (unpublished data), No
expression of IE antigen was observed in unintected
nonocytes (Figure 4), or in infected monocytes where
only secondary antibody was used for staining.
Monccytes that were positive for TE antigen expre: ion
were observed after 3 days in culture, and thereafter

for as long as cells remained viable (7-9 days),

3.2.0, Suppressgion of T Lymphocyte Proliferation by

Autologous, LPS-stimuleted or Unstimulated,

HCMV-infected monocytes.

The number of unstimulated, uninfected monocytes needed
to augment the proliferative tesponse of purified
autologous T cells was initially established (Table 3),
For all donors tested the ratio of monocytes:T
lymphocytes that gave a significent increase in
lymphocyte stimulation was found to be 1 ;: S (‘xlo‘
monocytes 2x105 T lymphocytes), Therefore for all
subsequent experiments, a 1:5 ratcio was used, and the
percentage stimulation of T lymphocytes in the presence
of 4 x 10‘ unstimulated, uninfected monocytes taken

as 100; all other increases or decreases cdetailed in

Table 3 were calculated relative to this,
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FIGURE 4

HCMV immediate-early antigen immunoflouresence staining
of human peripheral blood monocytes infected with HCMV
isolate V3474-84, Immedlate-early antigen was probed
with monoclonal antibody E3 and indirect

immuncfiouresence.

(a) HCMV IE antigen flouresence staini af
uninfected monocytes, Cells were stained

3 days after mock-infection (500X}

{b} Peripheral blood monocytes infected with HCMV
isolate V3474-84 stained positive for IE

antigen expression 3 days after infection (500X)

[—
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Addition of IPS~stimulated monocytes to autologous T
lymphocytes, in the same ratios as for unstimulated
monocytes, significantly augmented the T cell response
to PHA when compared to unstimulated monocvtes plus T

cells, to 7T cell: alone (Table 3).

In the presence of both unstimulated and stimulated
monocytzs, the proliferative response of autologous T
cells %o PHA was significantly suppressed in the
presence of monocytes infected with either the ziinical
isolate of HCMV or strain AD169 (Table 3). For both
strains of virus, the higher the MOI uged, the greater
was the supprersion of lymphocyte responses by infacted
monocytes, However, for all donors tested, monccytes
infuoted with the clinical isolate were significantly
more suppress.ve for T cell responses to PHA than were
monocytes infected with strain AD169 ( P<.01 by

Student's t test),

LPS-stimulated monocytes infected with either strain of
HCMV at tie same MOI's used for unstimulated monocytes,
were significantly more suppressive for autologous T
lymphocyte proliferation than were infected,
unstimulated monocy :s, Infection of LPS-stimulated
monocytes with the clinical isciate at MOI's of as low
as 0,005 pfu/cell, completely abrogated the mitogenic

response of T lymphocytes,

e iR




Tebe 3
Suppression of T lymphocyte prulileration by LPS-stmuiated or unsfimulated, CMV-inleciad monocyles.

SHTHYMIDINE INCORPORATION" (A DPM X 40°%)

Cell lype CMV shain cng 4 x 10 monocyfes % stimulation 8 x 104 monocyles % stimulotion
MO (Pfu/ce )
T iymphocyles - 0982+ 794 485 10082+ 794 455
only (2 x 10%)
1 lymphocytes and - 20142 4 1545 100t 27547 1 1384 14
unslimuloled monocytes
AD 169 (0.5) 174462 + 1245 124 22382+ 994 228 —
AD 469 (1.0) 440.46 + 100 453 13343+ 875 552 3
AD 169 (5.0) 5530+ 825 229 010+ 628 49
V347484 (0001)! 15041 & 952 623 23040+ 946 955
V3474-84 (0.005) 056+ s48 03 12085+ 893 449
o . V3474-84 (0.01) B8+ 282 "9 4033+ 521 16.7
1 and - 35052 4 249 180 38027 4 2¢4 158
i LPS-s et ADA69 (0.05) 21021 £ 1542 874 20140 + 1432 834
o C monocyles
: AD169 (1.0) A+ 497 139 2203 2M (1]
Al 169 (5.0) 1825+ 244 03 1001 + 1.04 42
V3474-4e (0.001) 30064 1 2142 1247 31045 + 2100 4508
V347484 (00US) 3446 % 40V 143 4563 + 542 189
VM74-84 {0.04) 239+ 22 “3 2542 204 105
: * () thyrnione nComorsiion IS expesied ot the mean tpm of Wiplicole somplas + 4 3D,
A te ol yles in the of 4x 108
monocyles and PHA (2u0/mR) is sepresenied a3 100%. All ol percentages am caiculaled

wittive 10 this volue.
1 CMV clinical isolote shoin VIAT4-34 wos isolated rom an odul! with CMV mononucleosss.

nww;‘m PR I o Efm
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Differences in the degree of suppression that were
obgerved for monocytes infected with either strain of
HCMV, appear to be related to the extent of expression
of the HCMV genome in infectel cells, with monocytes
infected with the clinical isolate showing cetectable
expression of i1-mediate-early antigens and being
significantly more s ppress‘ve for T lymphocyte

responses than monocytes challenged with strain AD163.

3.3.0, Effect of HCMV Infection on Production of

Functional IL-l Activity by Unstimu.at»d and
Les-stimulated Munocytes.

Intfection of bo.a unstimulated and stimulated monocytes
with cither the clinical isolate of HCMV or strain
AD169 abrngated their production of functional IL-1
activity (Pigure 5), Supernatants from unstimulated and
stimulated HCMV-infected monocytes were significantly
more suppressive for PHA-incuced proliferation of mouse
thymocytes than were uninfected monocytes, Uninfected,
unc-imulated monocytes produced low levels of IL-1 over
the three days in culture, but IL-1 activity of
monocytes infected with either strain of HCMYV was 3-5
times lower thar that of uninfected cells with the
decrease in production of functional IL-l activity
being more marked in monocytes infected with the
clinical isolate of HCMV (Figure 5), The net levels of

IL-1 activity produced by monocytes stimulated with LPS
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were considerably higher than those produced by
unstimulated monocytes over the given zulture peringd
{Figure 5), The decreased production of I1L-1 activity
from stimulated monocyte: as a result of infection by
either strain of HCMV is more marked than for
unstimulated cells, with levels nroduced vy stimulated
infected monocytes being 17-35 times lower “han foc
stimulated, uninfected monocytes, Indeed. the
supernatants of stimulated, int-cted monorytes did not

augment lgﬂ}thymidine incorporation a% all,

3.4.0. Effect of addition of IL-1 CinkAaining

Supernatants or Pure IL-]l on T Lymonceyis Proliferation

in the Presenc: of HCMV-infected Monroucytaez.

Having observed the suppression of prelitacative
responses cf T lymphocytes to PHA in :he presence of
HCMV-infected monocytes, as well as a d(4V-induced
abrogation of functional IL-l activitv, subsequent
experiments in this study investigatved waiether this
decrease was contributing to the hysoresponsiveness of
lymphocytes, as IL-1 is an ess=ntiz2l s:3cnd sigral for

T cell activation (Oppenheim a ¢ Ger'w, 682),

Addition of varying dilutions of pure IlL-~l or IL~l-
containing supernatant to stimulated, HCMV-infected
monocytes, completely restored the proliferative

response of autologous T lymphocytes to similar levels

T TP
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measured in the presence of stimulated uninfected
monocytes (Figure €), This effect was observed fe. all
concentrations of pure IL-1 used, ranging from 0,25
U/ml to 2 U/ml. Addition of IL-l-containing supernatant
from LPS~-stimulated monocytes undiluted and at a 1:2
and a 1:4 dilution, was able to restore the normal PHA
response, At 3 1:16 dilution, the response couid not be
fully restored, Proliferation at a 1:16 cilution was
nevertheless significantly increased compared to levels

in the pregence of HCMV infected monocytes.

However, addition of varying dilutions of pure IL-1 or
IL-l-containing supernatants to unstimulated,
HCMV~-infected monocytes was unable to resteore the
proliferative response of autclogous T lymphocytes to
levels found in the presence of unstimulated,
uninfected monocytes (Figure 7)., This was observed for
the equivalent concentrations of IL-1 that were added

to stimulated HCMV-infected monocytes,

3.5.0. Expresgion of HCMV IE Antigens in

Differentiated and Undjifferentiated ML-3 Cells

After treatment with PMA and infection with the Towne
strain of HCMV, 10-12% of the cells were positilve for
IE proteins at 72h post infection (Figure 8), For

undifferentiated cells infected with the Towne strain,

O
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the percentage of cells positive for IE proteins was
0~-2% at 72h post infection., Pre-treatment of ML-3 cells
wi.h PMA for 24h prior to HCMY challenge, with
subsequent washing to remove PMA, achieved the same
effect a3 the continued presence of PM» n the medium
throughout tne 72h period after infeccion, 1uis
suggests that differentiation alone was responsible for
increased expression of HCMV IE antigens, Treatment of
ML~-3 cells with PMA after infection also resulted in a
greatly reduced frequency of cells expressing JE
antigens (0 ~ 2%) at 72h, suggesting that pretreatment

was egsential for [E antiqgen expression,

3.6.0., HCMV Enhances Expresgion of Monocyte

Inflammatory Mediatnr Genes in ML-3 Promyelocytces

Following Induction of Differentiation by PMA

The results shown in Pigure 9 irdicate that exp :sure of
tre promyelocytic cell line, ML~3, to PMA prior to
virus infection resulted in a high lavel of HCMV
modulation of IL-1 ,TNP- and CSF-1, These three
genes were all induced following PMA differentiation
and their expression was further enhanced and sustained
following HCMV infection, Within 24h of virus exposure,
significantly higher lev:ls of IL-1 , TNF and CSF-1l
steady state MRNA ware observed in HCMV-infected cells
compared to uninfected controls. These levels were

sustained for the next 3 days after infection, In ML-3
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Bigure 8

Iindirect immuncflouresence staining of HCMV IE antigen

in ML-3 cells following PMA-induced differentiation®

{a) HCMV IE antigen flouresent staining of uninfected
ML-3 cells following PMA-induced differantiation.

Cells were stained 3 days after mock-infection
(500%)

{b) HCMV IE antigen expression in ML-3 cells following
PMA~induced differentiation, Cells were stained 3
days after infection (500X)

* Cells were counterstained with methyl red to reduce

non~gpecific flourescence
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Northern transfer analysis demonstrating that HCMV
infection modulates expression of IL-lg, TNFa and

CSF~1 in ML-3 cells

{a) induced to differentiate prior to HCMV challenge

(b) wundifferentiated prior cto challenge with HCMV

Autorads were exposed overnight for IL-18, TNPa
CSF-1, lysozyme (LYS) and p-actin in (a).
Exposure for LYS and B-actin was overnight for (b)

and 2 weeks for IL-18 in (b).

(+) HCMV infected

{=) Uninfected controls
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cells that were undifferentiated prior to HCMV
challenge, only the IL~18 gene could be detected at
very low levels in infected cells after a two week
exposure of Northern blots (Pigure 9B}, CSFP-1 and TNF-a

were not dotectable after this exposure period,

Results for Northern blot analysis obtained with the
cDNA clones are shown in Figure 10, The only one of
these jnflammatory response genes to behave in the same
way as IL-B, TNFa and CSP-1 was MAD-9, Two days after
infection enhanced levels of MAD-9 mRNA were still
present in cells that were differentiated prior to
infection by HCMV. Very low levels were detectable in
uninduced ML-3 cells that were challenged with HCMV,
PMA treatment of ML-3 cells did not result in i-duction
of MAD-6 and MAD-2 mRNA and the expression of these
genas was not enhenced and sustained after HCMV

infocetion (Figure 10),

3.7.0. HCMV Dependent Enhancement Requires Induction

of the Macrophage Phenotype

The results depicted in Figure 11 indicate that
induction of the macrophage pathway of differentiation
was required for enhancement of IL-18 steady-.tate mRNA
levels., The low but significant level of IL-18 mRNA at
24h post infection, wa~ markedly less than that

observed in PMA-differentiated infected ML-3 cells at
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FIGURE 10

Northern transfer analysis demonstrating that not all
macrophage~asgsociated inflammatory gene expression is

up-regulated following HCMYV challenge

Lanes (1) Vauman monocytes ‘solated by percell gradient
" sgeparation

(2) Mcnocytes adhered to plastic for 30 minutes

(3) ML-3 cells prior to PMA-induced
differentiation

(4) ML-3 cells cultured with PMA f .. 8 hours

(5) Undifferentiated ML-3 cells cultured for 2
days after mock~infection

(6) Undifferentiated ML-3 cells cultured for 2
days after HCMV challenge

{(7) PMA-Cifferentiated KL-3 cells cultured for 2
days after mock-infection

(8) PMA-differentiated ML-3 cells cultured for 2
days after HCMV challenge
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the same time point (Fiqure 11), Purthermore, this
enhanced mRNA expression was not gustained in infected
cells after 24h, Py 72h post infection, the level of
MRNA expression in infected cells had decreased and was
comparable to that seen in uninfected cells, DMSO
treatment resulted in depressad levels of lysnzyme
(LYS) mRNA at 72hr, but these were not further

increased or decieased by virus exposure,

3.8.0. HCMV Infection of Monocytes Results in

Enhanced and longterm Expression of IL-1g mRNA

Cytoplasmic "dot blot" analysis of IL-18 mRNA lev2ls in
HCMV-infected and uninfected peripheral blood monocytes
at 24h, 48h and 72h post infection is shown in Figure
128 and the densit :tric analysis is shown in Figure
12A, Monocytes cultured in the absence of LPS and mock
infectad with culture supernatant from uninfected
fibroblasts gave only a weak transient signal, whereas
LPS~-scimulated mock infected monocytes gave a strong
transient response that was still detectable at 48h, In
cantrast, BCMV infection of LPS-stimulated monocytes
resulted in a more sustained response that continued
for 96 hr. The combination of HCMV and LPS gave a
transicnt response not unlike LPS alone, except that

the plateau phase was significantly elevated,
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FiGURE 11

Northern transfer analysis showing that ML-3 cells
require differentiition with PMA rather tian DMSO in
order to express competence for HCMV modulation of the

IL-18 response

{(+) HCHV infeoted

{~) Uninfected

PMA~-differentiated HCMV infected ML-3 cells in lane 1

were used as a raferenct
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-“MLPS + CMV

FIGURE 12

Total cytoplasimic dot-blot analysis of IL-18 mRNA
expressiun in monocytes, Densitometcic analysis (A)
wag derived from analysis of the dot blots in (Bj and
is intended as =»n approximation of the kinetics of

the response rather than an e.act quantitation,
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In situ hybridization analysis to resolve IL-]l mRNA
expression in HCMV-infected and uninfected monocytes at
the single cell level is depicted in Figures 13 and 14,
Data from 3 different donors is shown in Figure 13, as
donor variations in levels of IL-1 mnRNA expression
were observed at the more seneitive single cell level,
For all three donors however, it was observed that HCMV
infection always had the same effect on IL~l1 mRNA
exprecsion, The percentage of positive cells at 1, 2
and 4 days post infection was consistently higher in
infected monocytes than in mock infected controls, For
all donors, HCMV infection resulted ir a small
parcentage of monocytes (1 ~ 84) showing high levels of
IL~-1 mRNA expression (> 100 grains/cell for donor 2
and »>200 grains/cell for donor 1 (Figure 14) and donor
3) which was sustained for up to 4 days post-infection
(FPigures 13 and 14). There was no difference in I.-1
mMRNA expression levels in unstimulated versus

LPS-stimulated monocytes (data shown for donor 2 only).

3.9.0. HCMV pependent Enhancement of IL-1 mRNA

Levels Leads to Trangiently Enhs- ed Translation of

iz-1

in the first study that was carried out to determine if
the enhanced levels of steady state IL-1 mRNA were a
reflection of enhanced translation of this important
mediator gene, flow cytometric analysis demonstrated
that although PMA treatmeunt alone lead to expression of

protein, exposure to HCMV following induction of
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FIGURE 13

IL~18 mRNA expression in HCMV infected and uninfected
monocytes analysed by in gitu hybridization. Monocytes
from three different donors were analysed for IL-18
mRNA expression 1,2 and 4 days after infection using a
3Ss-laballod IL~-1g anti-sense RNA probe. Background
staining was revealed by hybridizing cells to
358-1abe}1ed IL-18 sense RNA sequences (A) for each
donor, Numbers of positive cells and grain counts were

determined by evaluating approximately 200 cells/slide.

{v-) uninfecced

{v+) HCMV infected
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EIGURE 14

In situ hybvidization analysis of IL~18 mRNA expression
in monocytes from Donor 1, HCMV infected (v+) or

uninfected (v~) monocytes were cultured for up to 4

days post~-infection, At 1,2 and 4 days, 14A,B and C
respectively, cells were hybridized with a
355-Labelled anti-sense RNA probe specific for IL-18,
Arrows indicate cells chronically expressing IL-18
mRNA, Concrol hybridizations were performed with a

cense IL-18 probe (14D).
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differen-iation (Figure 15) lead to a marked increase
in the anount of cell associated intracellular IL-18
24hr after infection. At later time points (72 hr after
infection), no intracellular 1.-18 was detectable, The
isotype control monoclonal antibody that was u d (Leu
2A) gave gimilar levels of flouresence or both vell
preparations., HCMV- infeted cells had the same levels

of flouresence as controls (data not shown),

Staining for the presence of intracellular IL-18 in
peripheral blood monocytes is shown in Figure 16, At 14
post infection, the majority of mcnocytes in both
infe-ted and uninfected cultures were positive for
intracellular IL-18, However, in the infected cultures
there was a subpopuiation of cells showing high IL-18
levels, as was observed [or mRNA expression at the
gingle cell level, A: 24 post infection there was a
decrease in the number of IL~18 positive ce'is, as
well as a decrease in IL-18 levels. By 96h post

infection Intracellular IL-18 was ro lcnger detactable,

To confirm the presence of intracellular IL-18 protein
and to corpare responses in ¥ML-3 cells and monocytes,
Western blotting analysis was performed, the results of
which are shown in Figure 17 . In both cell types the
intracelluiar form of 1L-1R vas only detected at 24 hr
post-infection, indicating that sustained expression

did not neccessarily lead to continued translation,
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FIGURE 15

Flow cytometric analysis of intracellular IL-18

exp-ession in PMA differentiated ML-3 celis with or

without HCMV 24 hr after infection, Both the IL-18

monoclonal antibody and the Leu-2a control are IgGl

subclass,
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PIGURE 16

Indirect immunoperoxidase staining of cell associated
IL~1 8 in uninfected and HCMV-infected monocytes at 1
(16A) and 4 (16B) days after infection, Arrows indicate

positive cells,

(v~} uninfected

{(v+¢) HCMV infected
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FIGURE 17

Western blotting analysis of cell associated IL-la

translation products in monocytes and ML-3 cells, 1-5

(monocytes) and (6-11) ML-3 cells.

1 =~ Uninfected monocytes cultured for 24hr

© 2 - Monocytes infected with heat-inactivated virus

24hr after infection

3 ~ HCMV infected monocytes 24hr after infection

4 -~ Monocytes infected with heat-inactivated virus
72hr after infection

6 = HCMV infected monocytes T72hr after infacrtion

7 - PMA treated ML-3 cells cultured for 24hr

8 - PMA treated ML-3 cells infected with
heat-inactivated virus 24hr after infection

9 -~ HCMV infected PMA treated ML-3 cells 24hr after
infection

10 -PMA treated ML-3 cells infected with

™ heat~inactivated virus 72hr after infection
o 11 ~HCMV infected PMA treated ML-3 cells 72hr after
infection
* The blot was cut into individual strips to be
o develaped, hence the overlapping of lanes in the
photograph.
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FIGURE 17
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Unstimulated, mock infected monocytes cultured for 24h
post infection showed, as expected, no pro-IL-1B
nrotein production, HCMV infected monocytas, however,
showed a significant level of the intracellular form of
pro~-IL-18 protein at 24h post infection., No activity
was detected in uninfected or infected monocytes at 72h
post infection., For ML-3 cells, only PMA-induced cells
that had been inteqted with HCMV gave a detectable

signal at 24h post infection,

Results in Figure 18 show that supernatants from HCMV
infected unstimulated monocytes, at 24h post infection,
contained significantly higher levels of secreted IL-18
than supernatants from uninfected unstimulated
monocytes, The marked increase in intracellular IL-18
that was observed by Western blot analysis and
monoclunal antibody staining was reflected in increased
secretion of IL-18 up to 48 hr post infection, However,
for LPS~stimulated monocytes, levels of secreted IL-18
were significantly lower in supernatants of infected

monocytes compared to uninfected monocytes,

3.10.0, The Immedjate-Early Gene of HCMV

Trapsactivates the IL~18 Promoter in PMA Treated Cells

To examine the possibility that enhanced expression of
IL-18 seen in ML-3 cells could result from

transactivation of the IL-18 gene by HCMV IE gene
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PIGURE 18

Quantitative measurement of IL-1 levels in
supernatants from LPS-stimulated and unstimulated
CMV-infected or uninfected monncytes, Supernatants from
uninfected (~) and CMV-infected (+) monocytes were
removed 1d after infection (1~ and 1+) and replaced
with freszh medium, Supernatants were removed after a
further 24h (2~ and 2+) and replaced with fres' wedium,
After a further 48hr supernatants were removed again

(4~ and 44),

O
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products, chimeric plasmids containing prollL-)
sequences fused to the CAYT gene were co~transiected
into undifferentiated and PMA-differentiated ML-3 cells
with various HCMV Il gene region plasmid constructs.
The data in Pigure 19 chows the effect of the HCMV IBE
geae region when tested in cotransfection experiments
Wwith the positive control plasmid 3ME-AT, The HCMV IE
gene region plasmid contained both regions 1 and 2 of
the IE coding sequences. In PMA-differentiated cells,
increasing additions of the IE gene region DNA led to a
marked expression of CAT activity, Co~transfection with
10ug each of plasmid pHD101SV1 and 3ME-AT DNA gave
maximum activity in the dose response as shown in
Figure 19, In undifferentiated ML-3 cells there was no
trang-activation of the IL-if gene by the HCMV 1E gene
region. The anparent requirement for differentiation
suggests the need for a host derived competence factor

that appears to be derived from PMA stimulation,

To confirm that the trang-activation of the IL-18 gene
by HCMV IF gene products was not due to an enhancing
effect of the £V40 enuancer located adjacent to the
SV40 promoter in plasmid 3ME~AT, H_MV IE region gene
constructs were co-transfected into ML-3 cells with
plasmid 3M-AT. Results in Figure 20 show the effect of
HCMV IE region expression plasmids on IL-B promoter
function in ML-3 cells that were induced to

differentiate with PMA prior to transfection, When
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FIGURE 19

Effect of HCMV IE region gene products on the IL-18
gene in undifferentiated and PMA~differentiated ML-3
cells, Cells were cotransfected with the positive

4] control IL~1B-CAT plasmid DNA (3ME-AT) and pHD10O1lSV1
coding for regions 1 and 2 of the HCMV IE region. CAT

activity was assayed for 48hr after transfection,
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FIGURE 20

Effect of HCMV IE gene products on the IL-18 gene in
undifferentiated (B) and PMA-differentiated (A} ML-3
cells, Cells were cotransfected with IL-18 -CAT plasmid
DNA (3M-AT) and HCMV IE gene region plasmids, pHD1G1SV1
containing regions 1 and 2, pHD101SV2 containing region
1 only or 10142 containing reglon 2 only., CAT activity

was assayed for 48hr after tvansfection,
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3M~-AT DNA was transfecued singly into
PMA-differentiated ML-3 cells there was no CAT
activity, When plasmid 2M-AT containing 524 bp of
pro-IL-1f genomic DNA was cotr»nsfected with the HCMV
IE reyicn 1 and 2 expression plasmid, pHD101SV1, there
was stimulation of activity of the IL~-18 promoter as
judged by CAT activicy (Figure 20), To ascertain
vhether regions 1 and 2 of the HCMV IE region were both
required for transactivation of 3M~AT, HCMV plasmids
encoding either iegion 1 or region 2 were cotransfected
with 3M-AT, The region 1 products alone (pHD10lSV2) do
not support IL-13 promoter activity (Figure 20A). In
contrast, region 2 products resulted in activity
equivalent to that obtained with regions 1 and 2
together, Pigure 20B shows that cotransfection
experiments in ML-3 cells that were not induced to
differentiate prior to transfecttion, resulted in no

stimulation of IL-1B promoter ac“ivity,
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4.0.0, DISCUSSION

In this study the functional effect of HCMV infection
on production of IL-1 activity was irvestigated in
both unstimulated and LPS-stimulated monocytes in an
attempt to examine mure closely the mechanisms £
immunosuppression that may accompany HCMV infe -ion in

vivo, Previous reports have desgcribed effects of HCMV

infection on unstimulated monocytes only,

At a functional level, infection of monocytes with
laboratory-adapted strains and clinical isolates of
HCMV were also compared, as previous reports had
described biological differences between such strains
with regard to degree of infection cf peripheral blood
mononuclear cells (Rice gt al,, 1984; Einhorn and Ost,
1984), Results obtained in this study confirmed that
strains AD169 and Towne failed to initiate expression
of detectable immediate early antigen in the majority
of infected monocytes even when these cells were
ctimulated with LPS (Table 2). However, a small
fraction of monocytes infected with the clinical
isolate of HCMV expressed IE antigen (Pigure 4) with
the percentage of apparently infected cells rising with

increasing MOI (Table 2),




163

146

A possible explanation for the detection of viral
antigens or genes in such a limited proportion of cells
is that immunological and molecular tiological probes
studied and used to date might not be able to detect
latent HCMV infection at a sencitive enough level
Monoclonal antibodies for detection of HCMV IE antigens
enable dztection nf reqion 1 and 2 gene products
collectively, but not independent of one another,
Recent studies by several diffe.unt investigators heve
proposed that the HCMV IE region 2 gene products are
involved in the regulation of viral or host cell
promoters, either independently or in combination with
HCMV IE region 1 gene products (Hermiston et al,, 1987;
Pizzorno ex al., 1988). Gene amplification experiments
using probes for specific IZ region gene products will

allow for an investigation of this phenomenon.

In addition to their effecror role, monocytes play an
egsential role in the initiation of {mmune responses
through antigen presentation and production of IL-1.
impairment of these accessory functions could be a
major factor in the im~unosuppression that is
associated with HCMV infection, Changes ia IL-1
regulation could contribute to the pathology of the
infecticn, The investigation in this study into the

role of monocyte infection in T lymphocyte responges to
mitogens showed tha“ virus-challenged monocytes were

suppressive for T cell blastogenesis, LPS-stimulated
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monocytes challenged with either strain of HCMV were
more suppressive for autologous T lymphocyte responses
than were virus-challenged unstimulated monocytes when
tested under identical assay conditions (Table 3).
gtimulated monocytes pinduce significantly higher
levels of functional IL-1 activity than do unstimulated
monocytes, but virus infectioa abrogated production of
functional IL-1 bioactivity, as assessed by the mouse
thymocyte bhloassay with monocyte-conditioned medium
{Rigure 5), Monouytes infected with the clinical
isolate were more suppressive than ADL69 infected
monocytes, with a MOl of 0.005 and 5 PPU/cell,
respectively, resulting in a similar abrogation of

released IL~1 activity (Figure 5},

The next stage in this study sought to determine
whether the decrease in production of IL-1 bicactivity
by HCMV-infected monocytes was con:tributing to the
suppresvsion of T cell proliferative responses.
gxogenous IL~1 was therefore added tc HCMV infected
monocytes to determine whether this impaired accessory
cell function could be recsanstituted, Addition of
gupernatant coataining IL-! from LPS-stimulated
monocytes or of ultrapure IL-1, fully restored the
proliferative response of T cells cultuced in the
presence of gtimulated HCMV-infected monocytes to that
cbserved in the presence of control monocytes {(Figure

6), In sontrast, however, addition of IL-1 to T cells
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cultured with unstimulated HCMV-infected monocytes did
not restore proliferation (Figure 7), a result
suggesting that unstimulated, HCMV~infected monocytes
release functional IL~1 inhibitory activity, To assess
whether unstimulated, infected monocytes were in fact
releasing IL-1 activity that was being masked by the
concomitant production of functional IL-1 inhibitory
activity in the mouse thymocyte bicassay, quantitative
measurements of IL~-1 levels were made using ELISA

assays,

supernatants from infected stimulated monocytes
contained significantly less secreted 1L-1 actirity
tiian uninfected stimulated monocytes (Figqure 18), which
suggested that the decreased proliferation of mouse
thymocytes was not due to inhibitcory activity masking
reiease of functional IL-1 , Also, the observation that
normal T cell proliferative responses could be
cteconstituted by addition of exogenous IL-1 to
stimulated, infected monocytes further substantiates
the observation that suppression of lymphocyte
responses by stimulated infected monocytes was not due
to releage of IL~1 inhibitory activity. However, in the
unstimulated system, supernatants from infected
monocvtes contained increased amounts of IL-1 compared
with those of controls (Figure 18) at 24h and 48h
post~infection. The functional activity of this IL-1

could not be detected in the mouse thymocyte
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proliferation assays, suggesting that IL-1 inhibitory
activity was being concomitantly released, The release
of IL-1 inhibitory factors by unstimulated, infected
monocytes also explains the inability to reconstitute
the PHA-induced proliferative response of T lymphocytes

by addition of erogenous IL-1.

In an earlier study of HCMV-mediated immunosuppression,
Carney and Hirsch (1981) showed that monocytes from
HCMV-infected patients as well as monocytes infected in

vicro inhibited the con A-induced proliferation of

lymphocytes in subsequent culture, Rodgers et al.
(1985) proposed that HCMV-infected unstimulated
monocytes were defective in IL-1 production, They
agsociated this with tne release of a monocyte-derived
inhibitor of IL-1l. However, a subsequent report by
Scott et al., (1989) has suggested that this inhibitory
activity was due to mycoplasma contamination of the

cell lines used,

Although the possibility exists that the stocks of
strain AD169 used in the functional studies reported in
Dudding and Garnett (1987), were contaminated with
mycop asma, the clinical isolate was passaged directly
from a patient into HELs that were rigorously checked
for mycoplasma., Furthermore, at a functicnal level, the
clinical isolate had a greater immunosuppressive e’*fect
than strain AD169, The above observations (Dudding and

Garnett, 1987) have since been corroborated by others,
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Kapasi and Rice (1988), using stocks of Towne strain
that were passaged in mycoplasma-free cell lines found
that prior infection of either monocytes or lymphocytes
with HCMV in vitro followed by reconstitution with
uninfected lymphocytes or monocyces respectively,
abrogated the proliferative response of lymphocytes to
PHA in subsequent culture, Infection of either cell
type reduced IL-1 and IL-2 production. Normal
proliferative responses of lymphocytes cultured in the
pregence of unstimulated infected monocytes could
similarly not be reconstituted by exogenously supplied
IL~1 or IL-2, Their data suggested that decreased
proliferative responses of PBMC were not solely due to
decreased IL-1 production or production of IL-1
inhibitors, as PBMC should have responded to IL-2,
which they did not. Purthermore, no evidence of an IL~-2
inhibitor was found. A generalised metabolic depression

of PBMC activily was proposed,

Purther support for results obtained in this study is
found in other virus systems, Roberts et al, (1986)
showed that I.L-1l inhibitors were produced concomitantly
with substantial IL-1 activity by influenza and
respiratory syncitial virus (RSV) infected monocytes,
Much attention has recently been focused on IL-1
production by HIV-infected monocytes, in view of the
fact that monocyt2s can be infected by HIV and that

impairment of monocyte accessory cell functions could
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be a major factor in the immune deficiency and
pathogenesis of AIDS, Findings for 1L-1 production by
KIV-infected monocytes have been gimilar to those
reported in this study. Berman et al. (1987) eciamined
monocyte production of IL-1 activity from ,atients with
AIDS and quanrtitated production of endogenous
macrophage~derived IL-1 inhibitors, Cultute
supecnatants from unstimulated peripheral blood
monocytes were fractionated to assess spontaneous IL-1
release, PBMCs from patients with AIDS produced
increased amounts of IL-~1 activity compared with those
of controls, together with marked increases in factors
which inhibited this functional IL-1 activity, as
assessed in the mouse thymocyte proliferation assay,
Enk et al, (1986) found depression of T lymphocyte
responsivenaess to IL-1, but enhanced production of
IL-1, Roux-Lombard et al. (1989) measured production of
IL-1 and TNF in supernatants of monocytes obtained
from HIV l-infected patients that had been cultured in
vitro for 18h, IL-1 1levels were elevated in
symptomatic patients compared with contrzols and
intermediate in asymptomatic H1V l-infected

individuals,

The inhibitory factors produced by unstimulated
HCMV-infected monocytes in this study and by
HIV-infected monuacytes are perhaps common endogencus
mediators of virus~induced immunosuppression which are

present in healtay individuals but increased in
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infection, Larrick (1989) proposes that these
macrophage~derived inhibitors associated with viral
infections are likely to coatribute to the pathogenesis
of the disease either by direct inhibition of IL-1
secretion or by binding to receptor sites on IL-1
responsive cells, thereby interfering with accessory

funccions of IL-1,

Ac the molecular level, experimen:s done to assess the
effect of HCMV infection on steady state IL-18 mRNA
expression showed that HCMV infection of monocytes
resulted in enhanced and long-term expression of steady
state IL-18 mRNA, Dot blot analysis of total
cytoplasmic RNA (Figure 12) showed that monocytes
cultured in the absence of LPS gave only a weak
transient signal, whereras LPS addition stimulated a
str~ng transient response that was weakly detectable at
24 to 48hr, Similar kinetics have been described by
Fenton et al. (1987), In contrast, HCMV exposure
resulted in a more sustained response that continued
for 96hr, The combination of HCMV and LPS gave a
transient response, not unlike LPS alone, except that

the plateau phase was significantly elevated,

In order to assess if these enhanced luvels of
steady~state 1L-18 mRNA were Gue tz increased
expression by the entire population of monocytes or a

certain fraction only, in situ hybridization was .sed
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