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Cytotoxic T Lymphocyte (CTL) Responses to Human Cytomegalovirus
pp65, IE1-Exond, gB, pp150, and pp28 in Healthy Individuals: Reevaluation

of Prevalence of IE1-Specific CTLs
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The prevalence of human cytomegalovirus (HCMV) pp65-, pp150-, IE1-exond—, gB- and
pp28-specific cytotoxic T lymphocyte (CTL) responses was compared among 34 healthy in-
dividuals, grouped by neutralizing antibody titers. Moderately and highly seropositive donors
showed predominantly pp65- and IE1-exon4-specific CTL responses (92% and 76% of the
donors, respectively), with similar precursor frequencies in the 2 donors tested. In addition,
highly seropositive and a few moderately seropositive donors showed CTL responses to gB
and pp150 (33% and 30% of the donors, respectively). No individual recognized pp28 as a
target in the CTL assay. Phenotypic analysis revealed a mixed effector population of CD4*
and CD8* (1 donor) or only CD8"* cells for pp65-specific effectors (2 donors). IE1-exond-
and pp150-specific effectors were CD8* (2 donors and 1 donor, respectively), whereas gB-
specific CTLs were CD4* (1 donor). These data may help to design a cellular immunity-based

vaccine effective against HCMYV diseases.

Human cytomegalovirus (HCMV) is a member of the her-
pesvirus family and infection is widespread in the population.
Although primary HCMYV infection is often asymptomatic, in-
fection or reactivation in the immunocompromised host is as-
sociated with significant morbidity and mortality. In allogeneic
bone marrow transplant recipients, HCMYV infection is the prin-
cipal cause of death [1, 2. HCMV is also the most common
congenital or intrauterine viral infection, with an incidence be-
tween 0.2% and 2% of live births [3]. Studies in immunosup-
pressed humans have pointed to the importance of the cellular
immune response, particularly CTLs, for controlling HCMV
disease [4, 5], and recovery of HCMV-specific CTL responses
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in bone marrow and renal transplant recipients correlates di-
rectly with protection from CMV disease [6-9]. Thus, an ef-
fective HCMYV vaccine will probably need to induce a specific
CTL response.

Studies to identify which HCMV antigens might be impor-
tant for immunity have shown that the lower matrix protein
pp65 is the immunodominant target for HCMV-specific CTLs
[8, 10-13]. Indeed, high pp65-specific CTL precursor frequen-
cies were shown in seropositive donors [12, 13]. Epitope speci-
ficity of pp65-specific CTLs and the presenting HLA alleles
were also identified in some donors [11, 12, 14]. HCMV IEl-,
pp150-, gB-, and/or gH-specific CTLs have also been detected
in studies, but the data are scarce, and the prevalence of protein-
specific CTLs remains controversial {8, 12, 13, 15-20]. To our
knowledge, the only study to examine CTL responses specific
to pp28, which is a potent inducer of antibody production [21],
reported the absence of these CTLs in all 4 seropositive donors
tested [13]. At least some of the conflicting results might rest
in the haplotype differences that affect antigen presentation in
different racial groups and in the dominance of CTL epitope
variations in HCMYV strains in one geographical area but not
in another.

In the present study, we compared the prevalence of IEl-
exon4-, pp65-, pp150-, gB- and pp28-specific CTLs in a ran-
domly selected population of 34 donors, representing a large
panel of naturally seropositive, racially and geographically di-
vergent, HLA-typed donors. We were especially interested in
the nonstructural IE1-exond4 protein, which is abundantly ex-
pressed very early after infection (earlier than pp65) and con-
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Table 1.  Spectrum of human cytomegalovirus (HCMV) protein-specific cytotoxic T lymphocyte (CTL) activity of 34 donors.
HLA haplotype
Neuv,!'ahzmg Class I Class 11 CTL activity®

Group and antibody

donor code”® Race  (NA) titer A B DR DQ pp65S [IEl-exond gB  pplS0  pp28

Seronegative
H-26 w <1:8 L3 7.8 - - - - -
H-62 w <l:8 24/9, 25/10 51/5, 37 - - - - -
H-61 B <l:8 26/10, 31719 13,35 - - - - -
H-40 B <1:8 NT - - - - -
H-27 B <i:8 L, 17 3 - - - - -
K w <l:8 2 8, 27 - - - - -
PVL w <l:8 3, 1026 7 - - - - NT
GG w <l:8 2,3 7,13 215,10 1 - - - - NT

Moderately seropositive
H-6226 w 1:12 3,9/24 12,18 + - - - -
KL w 1:32 2, 11 8,18 + - NT NT NT
H-6265 w 1:64 NT + + - - -
H-34 B 1:64 2409, 11 7, 62/15 + - - - -
H-22 w 1:64 3,24 7,8 3,15 2,6 + + - - -
MA w 1:64 9/24, 19/32 15162, 27 2/16, 4 1,3 + - - NT -
MBM w 1:64 3, 1929 7, 12/44 + + - - NT
TK w 1:64 3, 19/29 12/44, 14 + + + + NT
BJ w 1:96 1,2 8, 17/57 + + - - NT
BK w 1:96 2 35, 40/60 4 + + - + -

Highly seropositive
H-23 B 1:128 NT + + NT - -
H-12 B 1:128 1,33 60, 65 1,13 56 - + - - -
H-33 B 1:128 30,74 14, 70 11, 13 2,6 + + + - -
H-P A 1:128 NT + NT NT NT NT
CK w 1:128 2, 10/25 5/51, 18 51, 6/14 + + - - -
MT A 1:128 9124, 19/31 5I51, 40/61 9, 6/14 + + + + -
NJ w 1:128 10/25, 19729 7,18 1,10 1 - + - - -
GE w 1:128 3,32 8, 60 3,7 + - + - -
H-35 B 1:256 68 1,70 1,17 2,6 + + + + -
H-36 B 1:256 2,3 58 4,13 3,5 + + + + -
BI w 1:256 2,28 35, 53 I, S/t 1,3 + - - NT -
H-48 B 1:348 NT + + NT NT NT
H-47 B 1:348 NT + + NT NT NT
H-49 B 1:512 28 51/5, 35 + + - - -
KI w 1:512 924, 11 7,18 3,5Mm 2,3 + + - - -
DF w 1:512 3,28 14, 40/61 1, 5/11 + + + + -

% positive/tested 92 76 33 30 0

NOTE. Peripheral blood mononuclear cells were restimulated in vitro with canarypox-pp65, —IE1-exond4, -pp150, -gB, or -pp28. W, white; B, black;

A, Asian; NT, not tested.

* Donor’s code with the initial H and nos. or H-P indicates donor in the United States; code with any other capital letters indicates donor in Hungary,
® positivity reflects 310% HCMYV antigen-specific lysis at effector-to-target ratios =50 1.

tinues to be expressed throughout the replicative cycle, making
it an attractive vaccine candidate antigen together with pp65

for CTL induction.

Materials and Methods

Study population.  Thirty-four healthy adults enrolled in the
blood donor program of the Wistar Institute (Philadelphia, PA)
and the Albert Szent-Gyorgyi University (Szeged, Hungary) were
studied. The group was composed of 12 blacks, 1 Chinese, 1 Jap-
anese, and 20 whites (age range, 22-60 years). HCMV seroposi-
tivity was determined by microneutralization assay [22], where sera
with a neutralizing antibody (NA) titer <12 were considered neg-
ative, with an NA titer of 1:12 to 1:96 were “moderately” se-
ropositive, and with an NA titer =1 : 128 were “highly” seropos-
itive. Seropositivity was confirmed by standard ELISA by use of

purified HCMYV as a coating antigen and lysates of uninfected
MRC-5 cells as a control antigen. For each serum dilution, optical
density (OD) values obtained in control antigen—coated wells were
subtracted from those obtained in HCMV antigen-coated wells.
Sera with HCM V-specific OD values =0.2 than the reference nega-
tive serum, at a dilution of 1: 100, were considered positive. Pe-
ripheral blood mononuclear cells (PBMC) were typed for major
histocompatibility complex (MHC) class I and class II antigens by
standard complement-mediated cytotoxicity assay and by poly-
merase chain reaction (PCR) testing, which were performed by the
Immunology and Histocompatibility Laboratory of the Hospital
of the University of Pennsylvania, Philadelphia, and by the Blood
Transfusion Center at the Albert Szent-Gyorgyi University. Table
1 lists the characteristics of each donor.

Viruses. Human CMV strain Towne was propagated and ti-
tered on MRC-5 cells (obtained from Coriell, Camden, NJ) in
monolayers. HCMV stocks were stored at —70°C.
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The pp65 gene was PCR amplified by use of genomic HCMV
DNA as a template (Towne strain) and cloned as described else-
where [23]. The IEl-exon4 gene (AD169 strain) was amplified by
PCR from the pJD083 plasmid [24]). The ppl50 and pp28 genes
were amplified from HCMV genomic DNA (Towne strain) by PCR.

For restimulation of CTL effector cells in vitro, canarypox re-
combinants that express individual HCMYV proteins were used. The
gB-expressing canarypox recombinant has been described else-
where [25]. pp65, pp150, IE1-exon4, and pp28 canarypox recom-
binants were constructed by placing these genes under the control
of a vaccinia virus promoter in a canarypox donor plasmid, from
which a nonessential gene was specifically deleted, as described
elsewhere [25].

The WR strain of vaccinia virus (Vac-WR) and Vac-WR-based
recombinants (Vac-gB, Vac-pp65, Vac-IEl, and Vac-pp28) that en-
code HCMV proteins were used for infection of target cells in
cytotoxicity assays. The WR-gB recombinant (Vac-gB) was derived
in the WR L variant vaccinia virus by use of previously described
methods [26, 27]. WR-pp65, IE]1-exon4, and pp28 recombinants
(Vac-pp65, Vac-IEl, and Vac-pp28) were derived by use of a host-
range selection system [27] that consists of WR virus deleted of the
KIL host-range gene and an insertion plasmid that contains the
KIL gene and the relevant HCMV gene. Expression of inserts in
all recombinants was confirmed by immunoprecipitation of radio-
labeled-infected cell extracts by use of specific monoclonal anti-
bodies (MAbs) and polyacrylamide gel electrophoresis analysis.
The Vac-pp150 construct was kindly provided by Stanley Riddell
(Fred Hutchinson Cancer Research Center, Seattle, WA).

Vaccinia viruses were propagated and titered on Vero cells
(American Type Culture Collection, Rockville, MD). Canarypox
viruses were grown and quantitated on primary chick embryo fi-
broblast cultures. Virus stocks were stored at —70°C.

Target cell lines. Autologous B-lymphoblastoid cell lines (B-
LCL) were established from each donor by incubation of PBMC
with supernatant from the Epstein-Barr virus (EBV)-producing
marmoset cell line B95.8 (American Type Culture Collection).
Transformed cell lines were grown in RPMI 1640 with 15% fetal
calf serum (FCS) and were cryopreserved until use.

Effector cells. PBMC were separated from freshly drawn he-
parinized venous blood by centrifugation on Ficoll-Paque (Phar-
macia, Piscataway, NJ) density gradients. Our preliminary results
showed no difference between fresh or cryopreserved effector cells
in their CTL activity; thus, fresh or cryopreserved PBMC were
stimulated in vitro with autologous PBMC expressing HCMV pro-
teins in the bulk CTL assays. Stimulator cells were prepared by
infecting PBMC with canarypox virus vectors that encode HCMV
pp65, IE1-exond, gB, pp150, or pp28 at a multiplicity of infection
(MOI) of 5. After a 1-h incubation, stimulator cells, infected sepa-
rately with the canarypox virus constructs or with control parental
canarypox virus, were washed and mixed with responder PBMC
at a responder-to-stimulator ratio of 5 : 1. The mixture of responder
and stimulator cells was placed in 24-well plates at 3.5 X 10° cells/
2 mL medium/well. The culture medium was RPMI 1640 (Medi-
atech Cellgro, Herndon, VA), supplemented with 10% FCS (Hy-
clone, Logan, UT, or Cansera Atlanta Biologicals, Norcross, GA),
4 mM L-glutamine (Sigma, St. Louis), 60 ug/mL gentamicin
(Sigma), and 5 uM 2-mercaptoethanol (Sigma). PBMC cultures
were supplemented with 330 U/mL interleukin (IL)-7 (R&D Sys-
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tems, Minneapolis, MN) at the start of culture, and with 20 U/mL
IL-2 (Genzyme, Cambridge, MA) on days 4 and 8. Cell lines were
tested for CTL activity between days 8 and 13 of culture.

Restimulation of PBMC with HCMV-infected autologous mono-
cytes. Monocytes were separated from PBMC by plastic adher-
ence: 30 X 10° PBMC were incubated on 96-well plates for 1 h at
37°C, nonadherent cells were aspirated, and plates were washed 3
times with warm medium. Adherent cells were infected with HCMV
(MOI, 2-4 plaque-forming units per cell). After a 3-h virus ad-
sorption, cells were washed with medium, and PBMC were added
as responder cells (responder-to-stimulator ratio, 4 : 1). pp65- and
IE1-exond-specific lysis were tested after 8 days of in vitro restim-
ulation by use of vaccinia recombinant—infected target cells.

Infection and labeling of target cells. Each of 5 individual
HCMY protein-expressing vaccinia recombinants was used to in-
fect 2 X 10°%-6 % 10° B-LCL (MOI, 10) for 1 h. Cells were diluted
to 10%1.5 mL with culture medium and were incubated an addi-
tional 16 h, washed, and labeled with 100 uCi of *Cr-NaCrO,
(Amersham, Arlington Heights, IL) for 1 h. Labeled cells were
washed 3 times before assay.

Cytotoxicity assays.  Cytolytic activity of antigen-driven effec-
tors that are present in bulk cultures established from PBMC was
measured in a 4-h 3'Cr-release assay. Nonadherent effector cells
were collected, washed once, and plated in triplicate round-
bottomed 96-well microtiter plates at effector-to-target ratios
(E : T) indicated for individual experiments. Targets were autolo-
gous B-LCL or heterologous B-LCL or B-LCL matched with
effectors in a single HLA class I allele. Chromium release was
measured in a gamma counter (Cobra II Packard Instrument, Meri-
den, CT). Percentage-specific lysis was determined as follows:
100 X (experimental release-spontaneous release)/(maximal release-
spontaneous release). For each target, spontaneous release was de-
termined from wells containing medium only, and maximal release
was calculated from wells containing 1% NP-40. Spontaneous re-
lease was always <30%. Effector cells were considered positive for
CTL activity if the percentage specific lysis of test wells was =10%
above background lysis (cytotoxicity directed at WT-Vac-infected
autologous target cells). Nonspecific background cytolysis was re-
duced by adding a 30-fold excess of unlabeled, WT-Vac-~infected
target cells to each well of the *'Cr-release assay.

Limiting dilution assay.  Fresh effector PBMC were plated at
different cell numbers in 30 replicate wells and were cultured with
y-irradiated (3000 rad delivered by an MKA model 68A irradiator;
Shepherd, Glendale, CA) autologous PBMC as feeder cells
(6 X 10*/PBMC per well) and with 4 X 10* autologous EBV-trans-
formed lymphoblasts infected with Vac-pp65 or Vac-IE| for 6-16
h, v irradiated (3000 rad), and ultraviolet irradiated (10 min at a
distance of 25 cm with a germicidal lamp) as stimulator cells. After
12-14 days, pp65- or IEl-specific CTL activity of each well was
determined on autologous Vac-pp65- or Vac-IEl-infected, autol-
ogous WT-Vac-infected, and HLA-mismatched Vac-pp65- or Vac-
IEl-infected target cells. CTL precursor frequency was estimated
as the input cell number that resulted in 37% negative cultures
against the pp65- or IEl-specific target [28). *'Cr-release in each
well was considered significant at >3 SD above mean lysis observed
in control wells (containing only feeder and stimulator cells).

Determination of CTL phenotype. Bulk CTL cultures were es-
tablished from PBMC. After 8-13 days of culture in vitro, effector
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cells were harvested, and aliquots of 3 X 10° cells were depleted of
CD4"* lymphocytes by anti-CD4 MAD + complement (C'), or of
CD8* lymphocytes by anti-CD8 MAb + C’, or of both CD4" and
CD8" by both antibodies + C'. Antibodies were from Caltag Lab-
oratories (Burlingame, CA) and were used at a predetermined con-
centration (16 pg/mL). Nontoxic rabbit complement was from Ac-
curate (Westbury, NY) and was used at a final dilution of 1 : 10.
Effector cells were incubated with the antibodies at 4°C for 45 min.
After washing with medium, cells were further incubated with com-
plement for 30 min at 37°C, washed, and resuspended in the prede-
pletion volume of medium so that nondepleted cells would remain
at the original concentration, and CMV antigen-specific lysis was
determined in a 4-h *'Cr-release assay.

Statistical analysis.  Linear regression analysis was done on
results of limiting dilution assays (LDAs). Precursor frequency was
determined by solving the equation of the best-fit line where the
fraction of nonresponding wells equaled 0.37.

Results

CTL responses to pp65, IEl-exond, gB, ppl50, and pp28 in
HCMYV-seropositive donors. PBMC were either separated
from fresh heparinized blood or reconstituted after cryopres-
ervation, and effector cells were restimulated by individual
HCMYV antigen—expressing canarypox recombinants. Lytic ac-
tivity of restimulated memory CTLs was tested in antigen-spe-
cific >'Cr-release assays. The seronegative donors tested showed
no CTL activity against the HCMYV antigens. CTLs specific for
pp65 and IEl-exon4 proteins were detected in 92% and 76%
of the seropositive donors, respectively, whereas gB- and pp150-
specific CTLs were identified in 33% and 30% of the seropositive
donors tested, respectively; no pp28-specific lysis of target cells
was detected in any individual (table 1). The number of PBMC
obtained from the blood of 4 donors (KL, H-P, H-47, and
H-48) was sufficient for testing only pp65- or pp65- and IE1-
specific CTLs; therefore, we cannot exclude the presence of
CTLs specific for CMV antigens other than pp65 and IE1. Of
the volunteers tested for 4 or 5 different CMV antigens, 5 (TK,
MT, H-35, H-36, DF) were positive for 4 antigens (pp65, IE1-
exon4, gB, and ppl50). As shown in figure 1, for 1 of these
donors (H-36), the autologous target cells infected with Vac-
pp65, Vac-IEl, Vac-gB, or Vac-ppl50 showed significant lysis
at E : T ratios of 40 : 1, whereas autologous WT-Vac-infected
and HLA-mismatched (not shown) Vac-recombinant-infected
target cells were not lysed, indicating that the cytotoxic response
was MHC restricted. No CMV antigen-specific lysis of target
cells was detected when PBMC from the same donor were re-
stimulated in vitro with parental canarypox-infected autologous
PBMC (not shown). Two donors (BK and H-33) were positive
for 3 antigens (pp65, IEl-exon4, and gB or ppl150); 9 donors
showed double-CTL specificity (pp65 and gB in donor GE;
pp65 and IEl-exon4 in donors H-6265, H-22, MBM, BJ, H-
23, CK, KI, and H-49); and 6 donors showed single specificity
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Figure 1. pp65-, IE1-, gB-, and pp150-specific cytotoxic T lympho-

cyte (CTL) activity of donor H-36. Cytomegalovirus antigen-specific
CTL activity was measured in bulk cultures. Peripheral blood mono-
nuclear cells (PBMC) were restimulated in vitro with canarypox re-
combinant-infected autologous PBMC for 11 days. Cytolytic activity
of effectors was measured in 4-h *'Cr-release assays by use of autolo-
gous and human lymphocyte antigen-mismatched Epstein-Barr vi-
rus—-transformed B lymphoblastoid cell lines as target cells. Significant
lysis of autologous target cells infected with Vac-pp65 or Vac-1E1, Vac-
gB, or Vac-ppl150 was observed at effector-to-target ratios of 40: 1,
whereas autologous WT-Vac—infected target cells were not lysed.

(H-6226, H-34, H-12, NJ, MA, and BI). Of these latter 6 do-
nors, 2 highly seropositive donors (H-12 and NJ) exhibited only
IE1-exon4-specific CTLs; repeated testing of these donors (5
times over a 2-year period for donor H-12; 3 times over a 1-
year period for donor NJ) consistently revealed IE1-exon4 CTL
positivity, as well as pp65, pp150, and gB negativity. In addition,
the profile of CTL specificity remained stable over a 27-month
observation time, as exemplified in figure 2 for a highly sero-
positive individual (H-35) who had specific CTLs for IEI-
exon4, pp65, gB, and ppl150 (shown only for IEl-exon4 and
pp65).

Strong pp65- and IEI-specific CTL activity of bulk cultures
reflects similar pp65 and IElI CTL precursor frequencies.
LDAs were done to determine CTL precursor frequencies with
PBMC of 2 donors who were repeatedly positive for both pp65
and IEl-exon4 in bulk cultures. Figure 3 shows the results
obtained with donor KI (NA titer, 1 : 512). Both the IE1-exon4
and pp65 antigens that were shown to be CTL targets in bulk
assays were also detected at similarly high frequencies in LDAs,
that is, 566/10° PBMC and 699/10° PBMC, respectively. Pre-
cursor frequencies were also similar for the 2 antigens in donor
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Figure 2. 1EIl- and pp65-specific cytotoxic T lymphocyte (CTL) ac-
tivity of peripheral blood mononuclear cells (PBMC) of donor H-35
over a 27-month period. Cytomegalovirus IE1-exon4— and pp65-spe-
cific CTL were repeatedly measured in bulk cultures with PBMC from
donor H-35. PBMC were restimulated in vitro with canarypox recom-
binant-infected autologous PBMC for 11-13 days. Cytolytic activity
of effectors was measured in 4-h *'Cr-release assays by using autologous
and human lymphocyte antigen-mismatched Epstein-Barr vi-
rus-transformed B lymphoblastoid cell lines as targets. IE1-exond— ()
and pp65- (M) specific lysis of target cells was observed at an effector-
to-target ratio of 50 : 1. Antigen-specific lysis was calculated by sub-
tracting percentage lysis of autologous WT-vaccinia-infected target
cells from percentage lysis of autologous vaccinia recombinant-infected
target cells.

DF (NA titer, 1 : 512), for whom IE1-exon4- and pp65-specific
CTL precursor frequencies were 78/10° PBMC and 67/10°
PBMC, respectively.

HCMV-infected monocytes restimulate both IEl-exond— and
pp65-specific memory CTLs.  To test whether IE1-exon4 pre-
sented together with pp65 by the same stimulator cells can
restimulate TE1-exond—specific CTLs, we performed experi-
ments by using effector cells restimulated with HCM V-infected
monocytes, that is, cells that express HCMV IE antigens at
very low levels [29-31]. Presentation of the input pp65 to CTLs
has also been reported [32]. PBMC from IEIl- and pp65-
responder donor H-22 were restimulated for 8 days with au-
tologous monocytes infected with the Towne strain of HCMV
(MOI, 2-4), and effector cells were tested for IE1-exon4— and
pp65-specific CTL activity on autologous and MHC-mis-
matched Vac-recombinant-infected B-LCL cells. IE1-exon4—
and pp65-specific CTL activity was detected (table 2), indicating
that both pp65 and IEl-exon4 proteins in monocytes can re-
stimulate CTL memory cells. Effector cells of the same donor
restimulated with canarypox-pp65 or canarypox-IE1 lysed cells
coinfected with Vac-IE1 and Vac-pp65, indicating that expres-
sion of both antigens did not interfere with pp65- or IE1-specific
CTL activity (table 2).
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HLA restriction of effector populations. It is generally ac-
cepted that activated T cells recognize antigens on the surface
of antigen-presenting cells in the context of MHC molecules.
To determine the MHC restriction of the stimulated CTL ef-
fectors, cells were tested against a panel of partially HLA-
matched and HLA-mismatched targets that express CMV pro-
teins. Figure 4 shows the results obtained from donor H-36,
whose cells consistently generated high levels of CTL against
pp65, IE1-exond, and ppl150. The pp65-specific CTLs of this
donor were directed by the HLA-A2 molecule (figure 44), be-
cause only target cells sharing the A2 allele were lysed. IE1-
exon4 was also presented by HLA-A2, because only partially
matched target cells sharing HLA-A2 were significantly lysed
(figure 4B). The ppl50 antigen was presented through the
A3 allele (figure 4C). Analysis of effectors from donor H-36
on partially HLA-matched target cells of donors sharing
alleles other than HLA-A2 or HLA-A3 revealed no pp65-, IE1-
exond—, or ppl50-specific lysis of target cells (not shown). The
percentage-specific lysis of class I HLA-matched targets was
similar to the cytotoxic response against the autologous targets,
which suggests a predominance of activated CD8" cells specific
for epitopes presented by the particular HLA allele. Further
analysis of selected CTL responders to identify other restricting
alleles for pp65-, IE1-exon4—, and ppl50-specific CTLs indi-

0.15 0.6 25 10 40

Fraction of negative wells
o

0.01 . a
cellsiwell (x10%)

Figure 3. pp65-and IE1-specific cytotoxic T lymphocyte (CTL) pre-
cursor frequencies in donor KI. pp65- and IE1-specific CTL precursor
frequencies were determined in limiting dilution assays (see Materials
and Methods). Effector peripheral blood mononuclear cells (PBMC)
were plated at different cell numbers per well and cultured with 7-
irradiated autologous PBMC as feeder cells and autologous Epstein-
Barr virus-transformed lymphoblasts infected with Vac-pp65 or Vac-
IE1 as stimulator cells. After 12-14 days, pp65- or IEl-specific CTL
activity in each well was determined on autologous Vac-pp65-infected
or Vac-IEl-infected autologous WT-Vac-infected and human lym-
phocyte antigen-mismatched Vac-recombinant-infected target cells.
CTL precursor frequency was estimated as the input cell number that
resulted in 37% negative cultures against the pp65- or IE1-specific tar-
get. A, Vac-IEl-infected target cells; @, Vac-pp65-infected target cells.
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Table 2.
pp65-specific cytotoxic T lymphocyte (CTL).

JID 2000;181 (May)

Human cytomegalovirus (HCMV) (Towne strain)-infected autologous monocytes (donor H-22) stimulate both IE1- and

Lysis (%) of autologous B-LCL
targets infected with®

Lysis (%) of mismatched B-LCL
targets infected with

Effectors restimulated with Vac-pp65 Vac-IE1 Vac-IE} + Vac-pp65 Wt-Vac Vac-pp65 Vac-IE] Vac-IEl + Vac-pp65
Canarypox-pp65-infected PBMC 39 + 3.2 NT 58 + 39 3+13 5% 16 NT 9.8 = 2.1
Canarypox-I1E1-infected PBMC NT 65 £ 2.8 68 + 4.5 615 NT 43 £ 8 109 + 2.6
HCM V-infected monocytes 40 £ 28 45 x 24 659 = 6.5 17223 18x16 11 +12 21 225

NOTE. Percentage lysis (2SD) at effector-to-target ratios of 50 : 1. B-LCL, B-lymphoblastoid cell line; PBMC, peripheral blood mononuclear

cells; NT, not tested.

* Target cells were coinfected with Vac-pp65 and Vac-IE1 or with Vac-pp65 combined with WT-Vac or Vac-IE] combined with WT-Vac or with

WT-Vac only (final multiplicity of infection, 10).

cated that pp65 was presented by Al, A2, A28, A68, B7, and
B12/44 alleles; IE1-exond was presented by class I HLA alleles
Al, A2, A3, B7, B8, B18, and B70; and ppl50 was presented
by the A3 and B14 alleles (table 3). Analysis of the restricting
allele for gB-specific effector cells identified the class IT antigens
DR 7, DR15, and DQ 2 or 6 (not shown).

Phenotype of effector cells. The phenotypic characteristics
of the pp65-, IE1-exon4-, pp150-, and gB-specific effector cells
were examined after depletion of CD4* and/or CD8* lympho-
cytes by use of the respective MAbs plus complement. The
subpopulations of the donor effector cells were tested against
autologous and MHC-mismatched target cells that express
HCMV antigens (figure 5). Depletion of both CD4* and CD8"*
cells completely abrogated killing by the pp65-specific effector
cells of donor H-35 (not shown), whereas partial inhibition of
specific lysis was observed when either CD8* or CD4" cells
were depleted (21% and 32% inhibition, respectively; figure 54).
The depletion experiment was repeated 3 times with PBMC of
donor H-35 at different time points with similar results, indi-
cating the consistent presence of both CD4* and CD8* pp65
effector cells in this donor. To exclude the possibility that the
long restimulation in vitro and the addition of IL7 and IL2
favored the growth of CD4* effector cells, we tested pp65-
specific effector cells after a short (6 days) restimulation in vitro
without cytokines; phenotypic analysis again revealed mixed
effector populations of CD4* and CD8* pp65-specific CTLs
(data not shown). In contrast, phenotypic analysis of pp65-
specific effector cells from another donor (H-36) showed that
effector cells were CD8*, whereas the CD4* population showed
no significant pp65 CTL activity (figure 5B). The CTL response
was exerted mainly through CD8* cells specific for pp65 in an
additional donor (H-33), pp150 (donor H-36), and TEl-exon4
(donors H-35 and H-36), because killing of specific target cells
after depletion of CD4* cells was similar to the killing of non-
depleted cells (table 4). gB-specific effector cells, however, lost
their activity after CD4* depletion, but not after CD8* deple-
tion (donor H-35; table 4). The CD8* phenotype of IE1-exond
and pp150 CTLs and the CD4"* phenotype of gB-specific CTLs
are consistent with the finding that IEl-exon4 and pp150 are
presented by class I alleles, whereas gB is presented by class IT
alleles.

Discussion

In the present study, we analyzed the HCMV-specific CTL
responses of naturally seropositive healthy adult blood donors,
comprising different racial groups in different geographic areas
with a variety of HLA haplotypes, to determine the prevalence
of CTLs specific to various HCMV proteins. We used in vitro
cytotoxicity assays, which, to date, remain the best way to
examine antigen-stimulated T cells that function as CTLs. All
26 HCMV-seropositive donors mounted specific CTL responses
against at least 1 of the HCMYV proteins, pp65 or IEl-exon4.
In addition, PBMC of some of the seropositive donors revealed
CTLs specific to the pp150 and/or gB proteins. However, no
pp28-specific CTLs were evidenced, indicating that this protein
is not among the immunodominant CTL targets induced by
natural HCMV infection. In the experiments described earlier,
no obvious differences were observed among racial groups of
different geographic areas in the cytotoxic pattern of response
to the specific antigens. However, CTL responses did correlate
with HCMV NA levels, that is, donors with HCMV NA titers
21 : 128 were more likely to have CTLs positive for multiple
CMYV antigens, whereas all but 2 of the moderately seropositive
donors (HCMYV NA titers <1 : 96) had CTLs specific for only
pp65 or for pp65 and IEl-exon4 (table 1), indicating the im-
munodominance of these 2 antigens. These results also suggest
that high NA titers are indicative of a broad spectrum of CTL
targets in seropositive donors.

Previous reports have implicated the most abundant protein
constituents of the HCMYV virion, including the major matrix
proteins pp65 and pp150, in CTL induction [32], and pp65 was
identified as the immunodominant CTL target [8, 11]). CTLs
have also been shown to recognize exogenously introduced
pp65, suggesting that the pp65-specific CTL response acts on
virus-infected cells soon after infection and that recognition and
cell lysis occur before the onset of viral replication and virion
assembly [32]. In a study to determine pp65-specific CTL pre-
cursor frequencies, Wills et al. [12] found that all 7 donors tested
had CTLs specific for the pp65 protein, and a very high pro-
portion of all HCMV-specific CTLs in any given donor was
specific for this single virus protein. In our study, 24 of the 26
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%0 A variety of HLA alleles. Indeed, HLA-B35 [11], A2, B7, B8, and
.% 80 B35 [12] were identified as pp65 epitope-presenting alleles. In
270 -ET our panel, by using partially HLA-matched target cells, we
:c_’ 60 confirmed and identified alleles A1, A2, A28, A68, B7, and
§ 50 B12/44 presenting pp65.
@ 40 The pp65-specific effector cells of donor H-35 comprised a
e'g. ;g mixed population of CD4* and CD8" cells, in contrast to the
g- 10 exclusively CD8* pp65-specific CTLs reported in the literature.
-4 0 The discrepancy might reflect our use of EBV-transformed B
autologous "'(‘a:)\z HL&')AZ N(‘:('l')" lymphoblastoid cells that express both MHC class I and II
90 antigens, in contrast to the use by other investigators of mainly
© 80 B fibroblast target cells that express only MHC class I alleles,
L7 -IT which do not enable detection of CD4" effector cells. We also
& 60 found donor variability in the phenotype of pp65-specific CTLs,
2 ig s because donors H-36 and H-33 showed only CD8" effector
E 30 cells. The percentage of pp65-specific CTL responders with both
w CD4" and CD8" effector cells is unclear. Although the role of
B fg CD8* CTLs in prevention of HCMYV disease is well known,
0 S — the significance of CD4" effector cells remains unclear. CD4*
s H(L’ﬁ'-:l)\z leg;:u N(;T)e CTLs may be effective against latently infected cells with ex-
w0 C pressed HLA—class II alleles.
_"_>'. 60 —5- Studies in the murine CMV (MCMYV) model have shown the
& 50 F!' important contribution of IEl proteins to MCMYV immunity
© 40 and protection against the disease, and an antigenic peptide
§- has been mapped to IE1 [33-36]. In 1 study, a high proportion
e ” of HCM V-specific CTLs recognized TE1 in 2 donors tested [15].
5 20 IE1-specific CTLs were also shown in bulk culture assays [8,
;’10 p 19, 32], but only in a few donors, and TE1 CTLs were less
5 \Rologous HCAT R A HILA :‘% dominant than pp65 CTLs. Split-well LDA revealed CTLs di-

A23 A3 A2 (MA)
(GG) (GE) (MF)
Target cells sharing HLA alleles

Figure 4. Human lymphocyte antigen (HLA)-class I restriction of
pp65- (4), 1E1- (B), and ppl50- (C) specific cytotoxic T lymphocytes
(CTLs) of donor H-36. Peripheral blood mononuclear cells (PBMC)
were restimulated in vitro, and effector cells were tested against a panel
of partially HLA-matched and HLA-mismatched targets expressing
individual cytomegalovirus proteins. Percentage specific lysis of target
cells is shown at an effector-to-target ratio of 50 : 1. 4, pp65-Specific
effector cells of donor H-36 tested against partially HLA-matched tar-
gets of donor MF and donor K sharing HLA-A2 alleles with donor
H-36, and HLA-mismatched targets of donor KI. B, IEl-specific ef-
fector cells of donor H-36 tested against partially HLA-matched targets
of donor MF and donor BI sharing HLA-A2 alleles with donor H-36,
and HLA-mismatched targets of donor KI. C, pp150-Specific effector
cells of donor H-36 tested against partially HLA-matched targets of
donor GG sharing HLA-A2 and A3 alleles with donor H-36, partially
HLA-matched targets of donor GE sharing HLA-A3 alleles, partially
HLA-matched targets of donor MF sharing HLA-A2 alleles, and HLA-
mismatched targets of donor MA.

tested seropositive donors responded with pp65-specific CTLs
on in vitro pp65-specific stimulation.

The ubiquity of pp65-specific CTLs in natural HCMV in-
fection suggests that pp65 epitopes can be presented by a wide

rected to the IEl protein in 3 of 5 donors tested, but with
significantly lower precursor frequency than that of pp65 CTLs
[12]. In a recent study, the frequencies of CD8"* T cells that
were directed against IE1 were similar to those directed against
pp65 in donors tested by a flow cytometric assay [20]. In our
study, IEl-exon4-specific CTLs were nearly as prevalent as
pp65-specific CTLs, with similar precursor frequencies. More-
over, this response was maintained over a prolonged period of

Table 3. Human lymphocyte antigen (HLA) alleles presenting hu-
man cytomegalovirus (HCMYV) pp65, 1El-exon4, and pp150.

HLA class I alleles presenting HCMV antigens

Donor pp65 IEl-exon4 ppl50
H-22 B7 B8

H-33 B70

H-35 A68 B7

H-36 A2 A2 A3
BJ Al, A2 Al

TK B12/44 A3 Bl4
KI B7 B7, BI8

DF A28

CsK BI18

NJ B18

BI A2

NOTE. Effector cells were tested against a panel of partially HLA-matched
and HLA-mismatched targets expressing cytomegalovirus proteins.
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time, as shown in 10 donors, specifically for donor H-35 who
showed IEl-exon4— and pp65-specific lysis of target cells at
multiple time points during a 27-month period. This result sug-
gests that detectability of the IE1-exon4—specific CTLs is not
a random phenomenon due to a HCM V-reactivation episode
or other reasons in some donors, but instead, that IEIl-
exon4-specific memory CTLs are constantly present in the cir-
culation at detectable levels. The broad spectrum of HLA alleles
that present IEl-exon4 (Al, A2, A3, B7, B8, B18, and B70)
also supports the high prevalence of IE1-exon4—specific CTLs.
Note that 2 donors in our highly seropositive study group had
IE1-exon4-specific CTLs but not pp65-, pp150-, or gB-specific
effector cells. It is possible that restimulation of individual
HCMV-specific CTLs by use of canarypox recombinants en-
hances the detection of IEl-exon4—specific CTLs, compared
with the use of vaccinia-IE1 recombinants or CM V-infected
fibroblasts for restimulation. Gilbert et al. [18] reported that
pp65 diminishes the IE1-specific CTL activity exerted by IE1-
specific CTL clones through a selective abrogation of IE1-pep-
tide presentation by pp65 and its associated kinase activity. In
our study, IEl-specific effector cells readily lysed target cells
coinfected with Vac-pp65 and Vac-IE1. We did not observe this
inhibition in bulk CTL assays where HCM V-infected autolo-
gous monocytes were used to restimulate memory CTLs, a
situation perhaps more relevant to the in vivo milieu. During
HCMV reactivation, IE1 appears earlier than pp65, so that
IE1-exon4-specific CTLs may be more effective than pp65-
specific CTLs for preventing reactivation. It is not clear why
donors H-12 and NJ were negative for pp65-specific CTLs,
although both donors have HLA class I alleles (Al and B7,
respectively) that presented pp65 CTL epitopes in other donors.
Perhaps HLA Al and B7 subtypes not identified in this study
are involved.

Although 2 of the recently identified 10 CTL epitopes were
outside exon4 [20], inclusion of the full-length IE1 protein in
an HCMYV vaccine may be problematic because of the known
transactivating ability of the HCMV-IE1 proteins [37]. Im-
munofluorescence analysis to localize the IE1 protein expressed
in several forms by a panel of poxvirus recombinants revealed
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Figure 5. Phenotype of pp65 cytotoxic T lymphocyte (CTL) of do-
nors H-35 (4) and H-36 (B). Bulk CTL cultures were established from
fresh peripheral blood mononuclear cells. After 11- to 13-day culture
in vitro, effector cells were harvested, and aliquots of 3 X 10° cells were
depleted of CD4" lymphocytes by anti-CD4 monoclonal antibody
(MADb) + C, or of CD8" lymphocytes by anti-CD8 MADb + C. Per-
centage specific lysis is shown at an effector-to-target ratio of 30 : 1.

the full-length IE1 gene product predominantly in the nucleus
with some cytoplasmic staining, whereas the exon4 protein was
found only in the cytoplasm (authors’ unpublished observa-
tions). Recent data show that IE1-exons2 and 3, but not exon4,
are required for binding to pl07, a member of a family of cell-

Table 4.  Phenotype of pp65-, IE-, pp150-, and gB-specific cytotoxic T lymphocyte (CTL) of selected
donors.
CTL Specific lysis (%) of target cells by effector cells treated with®

Donor specificity — (2 Anti-CD4  Anti-CD4 + C' Anti-CD8  Anti-CD§ + C'
H-35 IEl'exond®* 3B £23 41 £26 46+ 31 47 + 34 36 = 2.9 10 £ 19
H-36 IE1 exon4* 18 £ 1.5 ND 172 1.1 19 % 23 21 226 1+ .8
H-36 ppl150** 33 £ 32" A8l ViE 19 54 + 43 37.+£ 21 | § B IS
H-33 pp65** 52 + 6.6 ND ND 60 = 54 ND 138
H-35 gB** 18224 " 22 =18 185113 2.£.8 20 %22 25419

NOTE. Human cytomegalovirus (HCMYV) antigen-specific lysis (+SD) is shown at effector-to-target ratios

(E:T)of 20: 1 (*) and of 30 : 1 (**). ND, not done.

* Peripheral blood mononuclear cells (PBMC) were restimulated in vitro with ALVAC-recombinant-infected au-
tologous PBMC, after 8-12 day in vitro culture effector cells were depleted of CD4* and CD8"* lymphocytes, and
their IE1-exond—, pp65-, pp150-, or gB-specific CTL activity tested as described in Materials and Methods.
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cycle inhibitors [38], and that deletion of exon3 eliminates trans-
activation by IE1 [39]. Canarypox recombinants that express
only exon4 or most of exon3 and exon4 were equivalent in their
ability to stimulate IE1-specific CTLs from several HCMYV se-
ropositive donors (authors’ unpublished observations). Taken
together, these observations suggest that expression of the
exond segment of IE1 eliminates the cellular activation potential
associated with IE1 while maintaining most of the CTL
epitopes.

gB-specific CTLs were shown in a considerable percentage
(33%) of seropositive donors, consistent with previous reports
[15, 40). Hopkins et al. [19] showed gB-specific CTLs in 4 of
7 donors and found that these CTLs were MHC class II-
restricted CD4* lymphocytes. CD8* MHC class I-restricted
gB-specific CTLs have also been described [8, 32]. In donor H-
35, showing gB-specific CTLs in our study, the effector cells
were found to be CD4* lymphocytes, and MHC-class IT mole-
cules were identified as the restricting alleles. Together, the ev-
idence indicates that gB-specific CTLs characterized as CD8*
or CD4* cells are induced by natural HCMYV infection and can
be shown in in vitro CTL assays. Thus, gB protein can serve
as an important inducer of NAs in the majority of the popu-
lation and as a target of CTL responses in about one-third of
the population.

The ppl150 protein has also been reported as an immuno-
dominant target for HCMV-specific CTLs [8, 11, 13]. Our stud-
ies indicated that pp150 was less dominant than pp65 or IE1-
exond protein, that is, ppl50-specific CTLs were detected in
only 30% of seropositive donors, with A3 and B14 alleles pre-
senting pp150 to CD8" cells.

The lack of detectable pp28-specific CTLs in our study might
rest in the absence of donors with haplotypes presenting pp28
CTL alleles. Although vaccinia- and canarypox-HCMYV recom-
binants that express pp65, pp150, IE1-exon4, and gB were con-
structed similarly, we cannot exclude the possibility that pro-
cessing and presentation of pp28 was not authentic in cells
infected with vaccinia- or canarypox-pp28, resulting in pp28-
specific negativity in the CTL assays.

Our study shows that (1) regardless of racial and geograph-
ical distribution of the population, IE1-exon4 protein is nearly
as prevalent a CTL target as is pp65; (2) gB- and pp1 50-specific
CTLs are detectable in about one-third of the seropositive do-
nors; and (3) pp28 is not an immunodominant CTL target.
These results, as well as our findings on the phenotype of
HCMV protein-specific CTLs and the presenting alleles, may
provide some insight into the immunology of HCMYV infection
and may contribute to the design of a vaccine that elicits ef-
fective CTL responses against both acutely infected cells, which
express nonstructural IE1 and structural antigens, and latently
infected cells during reactivation, in which nonstructural an-
tigens are expressed earlier than structural proteins.
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A Canarypox Vector Expressing Cytomegalovirus (CMYV) Glycoprotein B
Primes for Antibody Responses to a Live Attenuated CMYV Vaccine (Towne)
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To develop a vaccine against cytomegalovirus (CMYV), a canarypox virus (ALVAC) ex-
pressing CMV glycoprotein (gB) was evaluated alone or in combination with a live, attenuated
CMYV vaccine (Towne). Three doses of 10%° TCID,, of ALVAC-CMV(gB) induced very low
neutralizing or ELISA antibodies in most seronegative adults. However, to determine whether
ALVAC-CMV(gB) could prime for antibody responses, 20 seronegative adults randomly re-
ceived either 10°% TCID,, of ALVAC-CMV(gB) or 10%® TCID,, of ALVAC-RG, expressing
the rabies glycoprotein, administered at 0 and 1 month, with all subjects receiving a dose of
10** pfu of the Towne vaccine at 90 days. For subjects primed with ALVAC-CMV(gB), neu-
tralizing titers and ELISA antibodies to CMV(gB) developed sooner, were much higher, and
persisted longer than for subjects primed with ALVAC-RG. All vaccines were well tolerated.
These results demonstrate that ALVAC-CMV(gB) primes the immune system and suggest a
combined-vaccine strategy to induce potentially protective levels of neutralizing antibodies.

A live, attenuated cytomegalovirus (CMV) vaccine (Towne)
has been evaluated in normal volunteers and in renal transplant
patients [1, 2]. Towne was immunogenic, reduced the severity
and incidence of CMV-associated disease among seronegative
recipients of seropositive kidneys [2], and did not reactivate in
these patients [3). Although Towne protected against low doses
of an unattenuated strain of CMV in an artificial challenge
study, at a reduced dose that induced low neutralizing titers,
Towne failed to prevent child-to-mother transmission of CMV,
whereas naturally seropositive women were protected [4, 5).

Avipox viruses, such as canarypox (ALVAC), are candidate
vaccine vectors because the ALVAC genome accepts large
amounts of foreign DNA and will direct the synthesis of mul-
tiple foreign proteins. ALVAC does not produce progeny in
mammalian cells or nonavian species. It does, however, elicit
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protective immune responses in nonavian species [6, 7). More-
over, live ALVAC does not produce disease in healthy subjects
or immunosuppressed patients [8].

To develop a vaccine strategy for obtaining high levels of
neutralizing antibodies against CMV. in humans, we evaluated
the safety and immunogenicity of an ALVAC recombinant ex-
pressing the major CMV envelope glycoprotein (gB) given alone
or in combination with Towne vaccine.

Materials and Methods

Trial A. The first study, conducted at the Hopital de I’Archet
(Nice, France), enrolled 20 healthy male and female volunteers (10
seronegative and 10 seropositive), 18-50 years old. By use of an
open-label format, each volunteer received three doses of ALVAC-
CMV(gB) vaccine (batch $2723), each dose containing 10%* TCID,,
of canarypox. The second and third doses were administered 28
and 180 days after the initial dose. Volunteers were monitored for
30 min after each injection and then were examined by a study
physician on days 1, 2, 3, and 7 after each injection, to monitor
local and systemic reactions. Blood samples were taken on days
—-14,0, 2, 7, 28, 30, 35, 56, 180, 182, 187, and 208. Samples of
saliva and urine were taken on days —14, 0, 7, 28, 35, 56, 180,
187, and 208.

Trial B. The second vaccine study, conducted in Richmond,
VA, enrolled 20 healthy CMV-seronegative male and female vol-
unteers, 20~43 years old. By use of a double-blind format, vol-
unteers were randomized to receive either an initial injection of
10%* TCID,, ALVAC-CMV(gB) (batch $3145) and a second, similar
injection 1 month later or a first injection of 10%* TCID,, of AL-



844 Adler et al.

VAC-RG (batch S3106) and a second, similar injection 1 month
later. Both groups received a single dose of 10** pfu of Towne
vaccine 90 days after the initial dose of ALVAC vaccine. Samples
of blood, urine, and saliva were collected for each subject on days
30, 60, 90, 97, 114, 120, 180, 270, and 360 after immunization. Two
subjects, both assigned to the ALVAC-RG group, withdrew from
the study prior to completion for reasons unrelated to study par-
ticipation. The data on their immune responses were not included.

All Richmond subjects were monitored for vaccine-associated
illness: (1) the subjects maintained a temperature chart for 2 weeks
after vaccination; (2) the subjects were contacted by phone by a
research nurse 3 days after each vaccine administration; (3) the
subjects self-reported (via a diary card) any acute local or systemic
reaction, including any pain, swelling, or erythema; and (4) at fol-
low-up visits, an interval history was obtained.

Vaccines. The Towne vaccine (lot C-107) was prepared by Pro-
gram Resources (Rockville, MD). The seed strain was Towne pool,
passage 131. The vaccine pool was prepared in cultures of MRC-
5 cells. A harvest pool was clarified by centrifugation at 1200 g for
20 min and then aliquoted into 3 mL vials for lyophilization. The
vials were stored at 2°C-8°C for 19 days, then at —20°C, and finally
at —70°C.

The mean infectivity titer was 10** pfu/lyophilized vial (0.5 mL),
which constituted a single dose. Before use, the vaccine was re-
constituted in sterile water, maintained on ice, and administered
subcutaneously in the deltoid region within 1 h of reconstitution.

ALVAC was developed by Virogenetics (Troy, NY) and manu-
factured by Pasteur Mérieux Connaught (Marcy I’Etoile, France).
ALVAC-CMV(gB), laboratory designation vCP139, is a recombi-
nant canarypox virus encoding the full-length gB gene of the Towne
strain of CMV, whereas ALVAC-RG, laboratory designation
vCP65, expresses the glycoprotein G gene of the ERA strain rabies
virus. Both vaccines were prepared in primary chick embryo fi-
broblasts derived from specific pathogen-free eggs. Clarified lysates
of infected cells were diluted in serum-free virus stabilizer and lyo-
philized. Titrations were performed on QT35 cells by the endpoint
dilution method. Batches §3106 (ALVAC-RG), $2723 (ALVAC-
CMV[gB]), and $3145 (ALVAC-CMV[gB]), with titers of 10°%, 105*,
and 10%® TCID, per dose, respectively, were used in the trials. Both
recombinants were tested in small animals [9], and ALVAC-RG
was previously tested in humans and has an extended record of
safety [8]. The lyophilized preparations were reconstituted in 1.0
mL of sterile water. The vaccines were given by injection (1.0 mL)
into the deltoid muscle within 15 min of reconstitution.

Laboratory methods.  Seronegativity prior to enrollment was
established by measuring IgG to CMV by use of an enzyme im-
munoassay, as described elsewhere [10]. Neutralizing antibodies
were determined by a standard reduction assay [11]. A titer was
defined as the reciprocal of the highest dilution of serum that fully
inhibited viral cytopathic effect (CPE), compared with 100% CPE
in control wells.

IgG antibodies to gB in sera were measured by an enzyme im-
munoassay, as described elsewhere [12]. Antibodies to the cana-
rypox vector (ALVAC) were measured at Pasteur Mérieux Con-
naught by use of an enzyme immunoassay with plates coated with
purified ALVAC-CPpp virus (ALVAC vector without insert).

CMV-specific lymphocyte responses were determined as de-
scribed elsewhere [13]. Lymphocyte proliferation responses were

JID 1999;180 (September)

expressed as stimulation indices, defined as the ratio of counts per
minute (CPM) in CMV antigen-stimulated cultures to CPM in
control antigen—stimulated cultures. To measure lymphocyte re-
sponses to CMV(gB), purified gB was used at 3.0 ug/mL.

Urine and saliva samples of trial B were cultured, before and
after concentration, in duplicate on MRC-5 fibroblasts, and white
blood cells were prepared from each plasma sample and cultured
for CMV.

Statistical analysis.  Groups were compared with repeated-mea-
sures analysis of variance assessing group versus time interactions.
For antibody data, the log of the reciprocal titers was analyzed.
A neutralizing titer of 1 was attributed to sera showing incomplete
neutralization at the lowest dilution tested (1 :4 or 1 : 8).

Results

Safety and reactogenicity. No severe adverse reactions oc-
curred in either trial. Local and systemic reactions were mild,
consisting mainly of pain and redness at the injection site. All
three immunizations were well tolerated in all recipients. Se-
ropositive and seronegative subjects had the same frequency of
local and systemic reactions.

In trial B, for the first two doses, reactogenicity was mild,
and both ALVAC-CMV(gB) and ALVAC-RG were well tol-
erated. Towne vaccine (dose 3) induced a frequency of local or
systemic reactions similar to that for the ALVAC vaccines. No
subject had Towne vaccine virus recovered in urine, saliva, or
blood.

Immunogenicity. In trial A, three doses of ALVAC-
CMYV(gB) administered on days 0, 28, and 180 failed to increase
neutralizing titers among the 10 seropositive subjects or to in-
duce significant neutralizing titers among the 10 seronegative
subjects. No intercurrent CMV infections occurred.

We performed a second trial to determine whether ALVAC-
CMV(gB), while not eliciting detectable levels of antibodies
itself, could prime an immune response to gB. Two groups were
randomly assigned to receive two injections, 1 month apart, of
either ALVAC-CMV(gB) (10 volunteers) or ALVAC-RG (8 vol-
unteers). Both groups received a single injection of Towne vac-
cine 90 days after the first ALVAC injection.

After two injections of ALVAC and before booster with
Towne on day 90, a low increase (P <.057) in anti-gB ELISA
titers was observed in ALVAC-CMV(gB) recipients, whereas no
change was observed in the neutralizing titers. No change in
either anti-gB ELISA or CMV-specific neutralizing antibodies
was observed in ALVAC-RG recipients (table 1).

After administration of the Towne vaccine on day 90, the
ALVAC-CMV(gB) group developed significantly higher mean
ELISA titers against CMV gB [F(9144) = 4.03, P <.0001] and
mean neutralizing titers [F(9142) = 8.9, P <.0001] than the AL-
VAC-RG group. The kinetics of the responses of the two groups
were also different: in the ALVAC-CMV(gB) group, the ELISA
anti-gB response increased as early as day 7 and the neutralizing
response as early as day 14 after Towne booster, whereas 28
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Table 1. ELISA antibody responses to cytomegalovirus gB and neutralizing titers in trial B.
IgG to gB (reciprocal titers) Neutralizing titers (reciprocal titers)

ALVAC-gB ALVAC-RG ALVAC-gB ALVAC-RG
Days after (n=10) (n=8) (n=10) (n=8)
first dose” mean (range) mean (range) Ratio mean (range)  mean (range) Ratio®
0 115 (100-400) 119 (100-400) 1.0 1.0 (1-1) 1.0 (1-1) 1.0
30 163 (100-1600) 100 (100-100) 1.6 1.1 (1-3) 1.0(1-1) 1.1
60 303 (100-1600)° 119 (100-400) 25 1.6 (1-10) 1.0(1-1) 1.6
90 303 (100-1600)° 100 (100-100)° 30 1.2 (1-8) 1.0 (1-1) 1.2
97 566 (100-1600) 14} (100-1600)° 4.0 1.5 (1-8) 1.0 (1-1) 1.5
104 3676 (100-6400) 141 (100-1600)° 26.0 10 (1-25) 1.1 (1-2)° 9.1
120 38,802 (100-409,600) 1345 (100-6400)° 28.8 207 (39-670) 23 (15-39)° 9.1
180 89,144 (25,600-409,600) 15,222 (100-102,400)° 59 266 (105-839) 89 (56—1283" 30
270 58,813 (25,600-409,600) 10,764 (I00—102,4002" 55 109 (46-419) 36 (2~128) 30
360 22,286 (6400-102,400) 4526 (100-25,600) 49 96 (26-364) 33 (2-257)¢ 29

NOTE. ALVAC, canarypox virus; gB, glycoprotein.

* The ALVAC vaccines were given at days 0 and 30 and Towne at day 90.
b At each timepoint, ratios are the values of the ALVAC-gB group divided by the ALVAC-RG group.
¢ A value of 1 was used in the calculation of the geometric means for neutralizing titers <1 : 4 (or in some cases <1 :

8) and gB titers <1 : 100.

d Significantly lower (P <.05) than the values for the ALVAC-gB group at the corresponding time.

days were needed to obtain a response, measured by either
ELISA or neutralizing titers, in the ALVAC-RG recipients. The
titers also persisted at significantly higher levels up to day 360
in the ALVAC-CMV(gB) group, compared with the ALVAC-
RG group (table 2). An IgG antibody response to the cana-
rypox vector was induced in all vaccinees in both trials (data
not shown).

Priming with ALVAC-CMV(gB) allowed the Towne vaccine
to induce peak ELISA titers to gB and CMV neutralizing titers
at levels significantly higher than those observed among the
naturally seropositive subjects in trial A. For the naturally se-
ropositive subjects at entry (day 0), the geometric mean ELISA
antibody titer to gB was 1 : 25591, compared with a peak (180
days) geometric mean titer of 1 : 89321 for the subjects primed
with ALVAC-CMV(gB) in trial B (P = .03). The same was true
for neutralizing titers. At entry, the naturally seropositive sub-
jects in trial A had a geometric mean neutralizing titer of 1:
79, compared with a peak (180 days) geometric mean titer of
1 ;259 for the subjects primed with ALVAC-CMV(gB) in trial
B (P = .008).

Lymphoproliferative responses.  Lymphoproliferative re-
sponses were measured monthly in trial B over the first 180
days in each subject by use of two antigens: purified gB and
extracts of Towne CMV-infected cells. There were no statis-
tically significant differences in the mean lymphoproliferative
responses between the group primed with ALVAC-CMV(gB)
and the group primed with ALVAC-RG (table 2).

Discussion

The results of these trials demonstrated that an ALVAC re-
combinant containing the gene coding for CMV gB could prime
the immune system to produce a strong neutralizing response
to the gB produced by an attenuated CMV virus.

Like other ALVAC recombinants tested in humans, the AL-

VAC-CMV(gB) vaccine was well tolerated: only mild local re-
actions and minimal systemic reactions were observed. These
reactions were similar to those observed with the CMV Towne
vaccine.

The very low levels of gB-specific IgG and neutralizing ac-
tivities induced by ALVAC-CMV(gB) in humans were unex-
pected, because this vaccine induces detectable levels of these
activities in mice and guinea pigs [9]. Mammalian cells support
only an abortive infection by canarypox, with viral gene ex-
pression limited to only early genes and for a relatively short
duration. As there is no evidence that expression of CMV gB
is lower in humans than in small mammals, CMV gB may be
a poorer immunogen in humans than in laboratory animals.
The observation that two immunizations of ALVAC-CMV(gB)
induced a low immune response in trial B but none in trial A
can probably be explained by a difference in the titer of the
two batches of vaccine used.

An important observation made in this trial is that this AL-
VAC vaccine could prime for an immune response to a live,
attenuated vaccine (Towne) and induced peak ELISA anti-gB

Table2. Lymphoproliferative responses to either cytomegalovirus gB
antigen or Towne antigen in trial B.

Mean stimulation index

(range)
Towne antigen gB antigen

Days after ALVAC-gB ALVAC-RG ALVACgB  ALVAC-RG
first dose (n=10) (n=8) (n=10) (n=8)

0 1.9 (1-5.6) 1.6 (1-3.5) 1.3(1-3.2) 1.3(1-19)
30 2.7(0-9.3) 23(14-35) 1.6(1-6.7) 1.5(1-3.4)
60 2.1(1-6.2) 22(1.6-41) 11(1-1.7) 1.5 (1-6.4)
90 3.2(1.3-12) 31(1.4-9) 2.6 (1-8.6) 1.6 (1-4.1)
120 9.7(1.8-113.7) 9.6 (1.7-122) 2.3 (1-46.2) 3.4 (1.2-8.6)
180 19.1 (3.7-74.3)  21.0 (3.9-66.2) 6.6 (1.5-53.1)" 3.9 (1-22.9)

NOTE. ALVAC, canarypglt_yirus; gB, glycoprotein.
* Not significantly h}ghei"(l’> .05)-than for those primed with ALVAC-RG.

£ .
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titers and neutralizing titers at levels equal to or higher than
those observed among the naturally seropositive subjects.

For CMYV, the majority of the immunogenic neutralizing ep-
itopes occur on the gB envelope glycoprotein of the viral par-
ticle [14], and the data of the current study are consistent with
this, as both antibodies to CMV gB and neutralizing activity
were boosted to high levels after priming with CMV gB.

Lymphoproliferative responses to the Towne vaccine were
not primed by gB. We previously found that induction of max-
imal lymphoproliferative responses to Towne antigen required
less antigen than that required to induce maximal antibodies,
suggesting that the Towne vaccine is an effective inducer of
lymphoproliferative responses [S]. The lack of priming of lym-
phoproliferative responses by ALVAC-CMV(gB) suggests that
gB expressed in ALVAC-infected cells is an inefficient inducer
of lymphoproliferative responses.

Results of this trial confirm similar trials using ALVAC ex-
pressing HIV-1 MN gp160 [15]): ALVAC alone induces a weak
antibody response but primes for subsequent exposure to HIV
envelope.

We previously evaluated the ability of the Towne strain of
CMY to prevent the child-to-mother transmission of CMV [5].
Women who were naturally seropositive appeared to be pro-
tected from acquiring a CMV infection, but women who re-
ceived the Towne vaccine were unprotected. In this previous
trial, the Towne vaccine was used at a very low dose and pro-
duced neutralizing titers that were 10- to 20-fold lower than
those produced by a wild-type infection. Furthermore, we ob-
served that naturally seropositive adults and those with vaccine-
induced immunity who had serum neutralizing titers =1 : 64
also had detectable levels of IgG antibodies to CMV gB in
nasal washes and saliva [12]. Because gB contains the majority
of neutralizing epitopes, we proposed that serum neutralizing
titers >1 : 64 would be necessary for protection against wild-
type infection [12]. The current trial has demonstrated the feas-
ibility of using low doses of ALVAC-CMV(gB) to prime the
immune system to the gB protein and obtain enhanced antibody
responses and neutralizing titers >1 : 64. These results define a
vaccine strategy to induce potentially protective levels of neu-
tralizing antibodies. The recall antigen could be either a live
virus or, potentially, a subunit antigen.
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A Canarypox Vector-Expressing Cytomegalovirus (CMV) Phosphoprotein 65
Induces Long-Lasting Cytotoxic T Cell Responses in Human

CMYV-Seronegative Subjects
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The major matrix phosphoprotein 65 (pp65) of cytomegalovirus (CMYV) is an important
target of HLA-restricted cytotoxic T cells (CTL) after natural infection. A canarypox-CMV
pp65 recombinant was studied for its ability to induce CMV pp65-specific CTL, helper T
lymphocytes, and antibodies in a phase I clinical trial. Twenty-one CMV-seronegative adult
volunteers were randomized to receive immunizations at months 0, 1, 3, and 6 with either
canarypox~-CMYV pp65 or placebo. In canarypox-CMYV pp65-immunized subjects, pp65-spe-
cific CTL were elicited after only 2 vaccinations and were present at months 12 and 26 in all
subjects tested. Cell-depletion studies indicated that the CTL were phenotype CD8". Peripheral
blood mononuclear cells proliferated in response to stimulation with purified pp65, and anti-
bodies specific for pp65 also were detected. Canarypox-CMYV pp6S5 is the first recombinant
vaccine to elicit CMV-specific CTL responses, which suggests the potential usefulness of this

approach in preventing disease caused by CMV.

Cytomegalovirus (CMV) infection occurs in nearly half the
persons in the Western hemisphere and in almost all persons
elsewhere. Infection is usually asymptomatic in immunocom-
petent persons; however, under certain conditions, it may have
serious consequences. Each year in the United States, ~8000
CM V-infected infants are born with congenital defects, includ-
ing deafness, blindness, and mental disorders. Although some
data point to the importance of recurrent infection [1], the
majority of studies indicate that CMV-induced defects result
from a primary maternal CMYV infection during pregnancy. In
contrast, such defects are rare in children born to mothers who
were CMV-seropositive before pregnancy [2, 3], which suggests
a protective effect of maternal immunity.

Organ transplantation is also affected by CMV-related com-
plications in 20%—60% of subjects, depending on the immune
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status of the donor and recipient. A graft from a CMV-sero-
positive donor may lead to serious and sometimes life-threatening
disease in a seronegative recipient; symptoms are usually less
severe in a seropositive recipient [4]. The relative significance of
cellular and humoral immunity in defense mechanisms against
CMV disease is uncertain, but the following observations point
to the importance of cellular responses. First, kidney transplant
recipients have more frequent and severe CMYV infections in the
posttransplantation period after the use of antithymocyte globu-
lin or monoclonal antibody (MAD) directed to CD3"* lympho-
cytes [5, 6]. Second, there is an inverse correlation between the
presence of CMV-specific cytotoxic T lymphocytes (CTL) and
CMV-related complications of transplant recipients, and CMV-
specific T cell immunity after renal transplantation mediates pro-
tection from CMYV disease by limiting systemic virus load [7-10).
Third, the transfer of T cells obtained from HLA-matched-
seropositive donors reduces the incidence of severe CMV disease
in bone marrow transplant recipients [11-13].

Infection-induced CTL in naturally infected people target
several CMV proteins, including the major matrix protein,
phosphoprotein 65 (pp65; UL83), immediate-early 1 (UL123),
pp150 (UL32), glycoprotein B (gB; ULSS5), and glycoprotein H
(UL75). pp65 is considered to be the dominant CTL target
[14-23] and thus the most likely vaccine candidate to induce
CTL-mediated protection against CMV diseases.

Induction of CTL responses by vaccination is best achieved
by methods that allow for intracellular processing of antigens
such as live attenuated viral vaccines, plasmid DNA carriers,
or recombinant viruses. Canarypox recombinants based on an
attenuated strain of canarypox virus (ALVAC) [24-26] are well
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tolerated when administered to humans and induce antibody
responses against many viral antigens, including rabies virus
glycoprotein [27, 28], measles virus hemagglutinin and fusion
proteins [29], and human immunodeficiency virus (HIV) type
1 envelope glycoproteins [30]. CTL responses to HIV glyco-
proteins were elicited in 30%-39% of vaccinated persons, with
60%-70% positive responses at =1 time points [30, 31]. In ad-
dition, immunization with an ALVAC vector expressing mul-
tiple HIV-1 genes that was followed by a boost with recom-
binant gpl120 resulted in durable CTL responses in all of the
encoded genes [32]. We recently reported that canarypox-CMV-
gB recombinant primes for antibody responses to the Towne
vaccine strain of CMV ([33].

The ALVAC vector system offers several advantages, in-
cluding a genome that can easily accommodate large or multiple
foreign genes from heterologous pathogens and the ability to
abortively infect mammalian cells. Expression of the foreign
gene product is induced in the absence of productive viral repli-
cation. Thus, the ALVAC vector system provides a strong safety
barrier against potential vaccine-associated complications in
humans. In fact, live ALVAC has been administered to im-
munosuppressed mice and HIV-infected adults without serious
adverse effects [25, 26).

The present study was designed to test the ability of a can-
arypox-CMYV pp65 recombinant to elicit pp65-specific CTL
and antibody responses in CMV-seronegative humans. We
characterized the level and duration of the CTL activity, pre-
cursor frequency, lymphoproliferation, and antibody response
and determined the phenotype of the cytotoxic effector cells.

Materials and Methods

Study design.  This randomized placebo-controlled clinical trial
was conducted at Children’s Hospital of Philadelphia. Healthy
adult volunteers, 18-35 years old, were eligible to participate unless
they had =1 of the following exclusion criteria: history of severe
adverse reaction or allergy to any vaccine; known or suspected
allergies to eggs, monosodium glutamate, or neomycin; history of
any immunosuppressive disease or major chronic disorder; receipt
of immunoglobulins, blood or blood products, steroids, oral or
parenteral immunosuppressive therapy, or cimetidine within the
previous 6 months; prescription medication use (other than oral
contraceptives); planned immunization with other vaccines within
7 months of the study period; and pregnancy.

Two months before the first immunization, eligible volunteers were
screened for CMV antibodies and for hematologic and biochemical
status by means of commercial ELISA kit (Wampole Laboratories).
Screenings were done for neutralizing antibodies to CMV [34), as
well as for ELISA antibodies to CMV pp65, HIV, hepatitis C, and
hepatitis B surface antigen. A complete blood cell count was done,
and levels were determined of aspartate aminotransferase, alanine
aminotransferase, blood urea nitrogen, and creatinine.

Subjects were admitted to the study if they had no abnormal
laboratory results and no detectable CMV antibodies. Inclusion
was also proposed to an additional 4 subjects with high titers of
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CMYV neutralizing antibodies. All subjects had 50 mL of blood
drawn for preparation of Epstein-Barr virus (EBV)-transformed
Iymphoblastoid cell lines and for HLA typing.

Two months later, the seronegative subjects were randomized to
receive canarypox-CMV pp65 (vCP260) or placebo (sterile saccha-
rose reconstituted with diluent) at a ratio of 2:1. The 4 subjects with
high titers of CMV neutralizing antibody were immunized with ca-
narypox-CMV pp65 (vCP260). All subjects received 4 immuniza-
tions intramuscularly at months 0, 1, 3, and 6. To increase the dose
of canarypox-CMYV pp65 administered, 2 injections (1 in each arm)
were given concomitantly on each occasion. A negative urine preg-
nancy test was required for female participants before each vacci-
nation. Subjects were seen monthly for the first 7 months after the
first immunization and at month 12. During each study visit, blood
was drawn for hematologic, biochemical, and immunologic tests.
Specific immunologic assays were done on the following schedule:
CMV pp65-specific lymphocyte proliferation at months 0, 3, 4, 6,
7, 12, and 26; CTL at months 0, 3, 4, 5, 7, 12, and 26; and ELISA
antibodies to CMV pp65 at months 0, 1, 3, 6, and 7.

All subjects were observed for 30 min after each immunization
to detect immediate adverse effects. Telephone inquiries were made
on days 2 and 9 after each immunization to document reactions.
In addition, subjects were required to maintain postvaccination
diaries that included a list of systemic reactions (fever, chills,
generalized pruritus, urticaria, rash, headache, nausea, vomiting,
diarrhea, dizziness, malaise, abdominal pain, arthralgia, myalgia,
wheezing, dyspnea, and lymphadenopathy) from days 0 to 7 and
local reactions (erythema, induration, bruising, swelling, tender-
ness, pain, pruritus, and regional adenopathy) at day 3 after each
dose. Interim medical histories were obtained at each study visit
to detect unreported events, including hospitalizations and medical
office or emergency room visits for any reason.

We graded adverse reactions as follows: mild (grade 1), subject
is aware of symptom, but symptom is tolerated and does not in-
terfere with daily activities; moderate (grade 2), symptom interferes
with or restricts the subject’s ability to perform usual activities;
and severe (grade 3), symptom is incapacitating and prevents the
subject from working or carrying out usual activities. Statistically
significant differences were calculated by using Student’s 2-tailed
t test. P<.05 was considered to be significant.

Viruses. The canarypox—-CMV pp65 (ALVAC pp65, vCP260) re-
combinant containing the pp65 gene derived from the Towne strain of
human CMYV {23] and the parental canarypox (ALVAC, CPpp) were
used for restimulation of CTL effector cells in vitro. We used the WR
strain of vaccinia virus (Vac-WR) and Vac-WR-based recombinant
encoding CMV pp65 protein (Vac-WR—pp65) to infect target cells in
cytotoxicity assays [23]. Vaccinia viruses were propagated and titered
on Vero cells (American Type Culture Collection [ATCC]). Immuni-
zations were with batch §3227 of canarypox-CMV pp65, which con-
tained 10°* TCIDy, per dose. Canarypox viruses were grown on pri-
mary chick embryo fibroblast and were titered on QT35 cells.

CTL assays. CTL assays were done at months 0 (26 subjects),
3 (13 subjects), 4 (24 subjects), 5 (13 subjects), 7 (19 subjects), 12 (24
subjects), and 26 (10 subjects). An internal positive control subject
(pp65-specific CTL-positive naturally seropositive person) and a neg-
ative control subject (CMV-seronegative and pp65-specific CTL neg-
ative person) were included in each assay. Control subjects were
volunteers from the Wistar Institute’s blood donor program; their
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pp65-specific CTL reactivity was established in preliminary experi-
ments. Peripheral blood mononuclear cells (PBMC) were typed for
major histocompatibility complex class I and class II antigens by
means of standard complement-mediated cytotoxicity assays and of
polymerase chain reaction testing at the Immunogenetics Laboratory
at the Children’s Hospital of Philadelphia.

Target cell lines.  Autologous B lymphoblastoid cell lines (B-
LCLs) were established from each donor by incubation of PBMC
with supernatant from the EBV-producing marmoset cell line B95.8
(ATCC). Transformed cell lines were grown in RPMI 1640 with
15% fetal calf serum (FCS; Cansera Atlanta Biologicals) and were
cryopreserved until use.

Effector cells. Bulk CTL assays were done, as described else-
where [23). In brief, PBMC were separated from freshly drawn
heparinized venous blood by centrifugation on Ficoll-Paque (Phar-
macia Fine Chemicals) density gradients. Stimulator cells were pre-
pared by infecting PBMC with canarypox-CMYV pp65 or parental
canarypox at an MOI of 5. After incubation for 1 h, infected cells
were washed and were mixed with responder PBMC at a responder:
stimulator ratio of 4:1. The mixture of responder and stimulator
cells was placed in 24-well plates at 3.5 X 10° cells in 2 mL/well of
culture medium (RPMI 1640; Cellgro; Mediatech), supplemented
with 10% FCS (Hyclone [for restimulation cultures] or Cansera
Atlanta Biologicals [for chromium release tests]), and 4 mM L-
glutamine (Sigma Chemical), 60 ug/mL of gentamicin (Sigma), and
5 uM 2-mercaptoethano! (Sigma). PBMC cultures were supple-
mented with 330 U/mL of interleukin (IL)}-7 (R&D Systems) at
the start of culture and with 20 U/mL of IL-2 (Genzyme) on days
4 and 8. Cell lines were tested for CTL activity between days 10
and 13 of culture.

Infection and labeling of target cells. We used Vac-WR-pp65
or Vac-WR to infect 2 X 10° to 6 X 10¢ of B-LCLs at an MOI of
10 for 1 h. Cells were diluted to 10° cells/1.5 mL with culture
medium, were incubated an additional 16 h, and were washed and
labeled with 100 uCi of Na[*Cr]O, (Amersham Life Sciences) for
1 h. Labeled cells were washed 3 times before use.

Cytotoxicity assays. 'We measured cytolytic activity of antigen-
driven effectors present in bulk cultures established from PBMC
in a 4-h 3'Cr release assay. Nonadherent effector cells were collected,
were washed once, and were added in triplicate to round-bottomed
96-well microtiter plates at effector-to-target ratios (E: T) indicated
for individual experiments (typically 50:1, 25:1, 12.5:1, 6:1, 3:1,
and 1.5:1). Targets were autologous B-LCLs infected with Vac-
WR-pp65 or Vac-WR or heterologous (HLA mismatched) B-LCLs
infected with Vac-WR—-pp65. Nonspecific background cytolysis was
reduced by adding a 30-fold excess of unlabeled, Vac-WR~infected
target cells to each well in the assay. Chromium release was mea-
sured by gamma counter (Cobra II; Packard Instrument). Per-
centage of specific lysis was determined as follows: 100 X [(exper-
imental release — spontaneous release)/(maximal release -
spontaneous release)]. For each target, spontaneous release was
determined from wells containing medium only, and maximal re-
lease was calculated from wells containing 1% NP-40. Spontaneous
release was always <30%. Effector cells were considered to be posi-
tive for CTL activity if percentage of specific lysis of canarypox—
CMYV ppé65-restimulated effector cells on Vac-WR-pp65—infected
autologous target cells was 10% above background. Background
was defined as percentage of specific lysis of canarypox-CMV
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pp65-restimulated effector cells against Vac-WR-~infected autolo-
gous target cells or Vac-WR-pp65-infected HLA-mismatched tar-
get cells or percentage of specific lysis of ALVAC-restimulated ef-
fector cells against Vac-WR-pp65-infected autologous target cells,
whichever was highest.

Limiting dilution assay.  Fresh or cryopreserved effector PBMC
were plated at different cell numbers in 24-30 replicate wells and
were cultured with gamma-irradiated (3000 rad delivered by an
MKA model 68A irradiator; Shepherd and Associates) autologous
PBMC as feeder cells (6 X 10* PBMC/well) and 4 X 10 autologous
EBV-transformed lymphoblasts infected with Vac-WR—pp65 for 16
h and gamma irradiated (3000 rad) and UV irradiated (10 min at
a distance of 25 cm with a germicidal lamp) as stimulator cells.
After 12-14 days, pp65-specific CTL activity was determined for
the cells of each well on autologous Vac-WR-pp65-infected,
autologous Vac-WR-infected, and HLA-mismatched Vac-WR-
pp65-infected target cells. CTL precursor (CTLp) frequency was
estimated as the input cell number resulting in 37% negative wells
against the pp65-specific target [35]. Linear regression analysis was
done, and precursor frequency was determined by solving the equa-
tion of the best-fit line, in which the fraction of nonresponding
wells equaled 0.37. *'Cr release for each well was considered to be
significant at >3 SD above mean lysis observed in control wells
(containing only feeder and stimulator cells).

Determination of CTL phenotype. Bulk CTL cultures were es-
tablished from freshly prepared PBMC. After 10-13 days of culture
in vitro, effector cells were harvested, and aliquots of 3 X 10 cells
were depleted of CD4* lymphocytes by anti-CD4 MAD plus com-
plement (C)) or of CD8* lymphocytes by anti-CD8 MADb plus C' or
of both CD4* and CD8* by both antibodies plus C. Antibodies
(Caltag Laboratories) were used at a predetermined concentration
(16 pg/mL). Nontoxic rabbit complement (Accurate Chemical) was
used at a final dilution of 1:10. Effector cells were incubated with
the antibodies at 4°C for 45 min. After a wash with medium, cells
were further incubated with complement for 30 min at 37°C and
were washed and resuspended in the predepletion volume of medium,
to maintain nondepleted cells at the original concentration. CMV
antigen-specific lysis was determined in a 4-h *'Cr release assay.

Lymphocyte proliferation assay.  Freshly separated PBMC or,
in a few cases, cryopreserved PBMC were resuspended to a con-
centration of 2 X 10€ cellsymL in RPMI medium supplemented with
10% autologous plasma (when available) or with human AB serum
(Sigma). We added (in triplicate) a 100-uL aliquot containing
2 X 10° cells to wells of a 96-well microtiter U-bottom plate. pp65
purified by high-pressure liquid chromatography from CMV-in-
fected (strain Towne) MRC-5 cells, as described elsewhere [36], or
MRC-5 antigen (control antigen) at final concentrations of 2.5, 0.6,
and 0.15 pg/mL in 100 xL was added to wells in triplicate. Plates
were incubated at 37°C in 5% CO, for 6 days. In some experiments,
2 identical plates were set up and were incubated for 5 and 6 days.
[H]Thymidine (0.5 xCi) was added to each well for the fast 6 h
of incubation. Cells were harvested in an automatic cell harvester
(Tomtec), and incorporated radioactivity was measured by using
a beta plate reader (Packard).

We determined the stimulation index (SI) as the count in the
presence of pp65 antigen divided by the count in wells with MRC-
5 control antigen. An SI 23 and a difference in experimental counts
(count in the presence of pp65 antigen minus the count in the
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Table 1. Reactogenicity in healthy volunteers
after vaccinations with canarypox-cytomegalo-
virus phosphoprotein 65 (CMV pp65).

Reactogenicity in subjects
immunized with

Canarypox— Placebo

Reaction CMV pp6s* =7 P
Local

Any 100 57 013

Pain 100 29 .001

Tenderness 100 5 .013
Systemic

Headache 80 43 .049

Myalgia 65 14 .047

Malaise 70 57 .856

Nausea 55 29 .368

NOTE. Data are percentages unless otherwise
indicated.

* Seronegative subjects (n = 16) and seropositive
subjects (n = 4).
® P<.05 is significant.

presence of control MRC-5 antigen) of 500 were considered to be
indicative of a positive response to pp65. A subject’s proliferative
responses were defined as positive if both criteria were fulfilled with
=] concentration of the pp65 antigen after 5 or 6 days of incu-
bation. The highest SI for each time point is given in the Results.

ELISA. pp65- and gB-specific antibodies were determined in a
standard ELISA. The gB-specific ELISA plates were coated with 150
ng/well purified gB (Chiron). Serum samples with optical density
(OD) values >0.100 at a serum dilution of 1:200 were considered to
be positive for gB antibody. In a pp65-specific ELISA, lysates of 293
cells transiently transfected with pARC-pp65 were used as coating
antigen, and lysates of untransfected 293 cells served as control anti-

A Seronegative vaccinated
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gen [37]. The pp65-specific OD values were calculated as follows:
OD values obtained in control antigen—coated wells were subtracted
from those obtained in pp65 antigen—coated wells. Serum samples
with OD values >0.053 (mean OD of serum 200 X dilution + 2 X
SD of the originally seronegative subjects at month 0) were consid-
ered to be positive for pp65 antibody.

Results

We enrolled 27 volunteers in the trial: 23 were seronegative
for CMV and received the vaccine (n = 14) or placebo (n =
9), and 4 were seropositive. Two seronegative canarypox-CMV
pp65-immunized subjects did not complete the study: one re-
ceived an initial dose, and the other received 2 doses. The pur-
pose in immunizing highly seropositive volunteers was pri-
marily to assess the safety of the vaccine in this population.
The study subjects (22 women and 5 men) were primarily white
(n = 23) and were 21-35 years old.

Reactogenicity.  Table 1 shows the rates of the most com-
monly reported postvaccination adverse reactions for all enrolled
subjects, regardless of the number of vaccinations. Elicited re-
actions recorded on diary cards were more common in subjects
who received vaccine than in placebo recipients. There was no
evidence that either the severity of the reaction or the frequency
of occurrence increased after the administration of successive
doses. Reactogenicity did not appear greater in the 4 seropositive
subjects than in the seronegative subjects. Mild-to-moderate pain
or tenderness lasting 24-48 h were the most frequent local re-
actions. Headache, malaise, nausea, and myalgia were the most
common systemic reactions. All of the vaccinated subjects and
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Figure 1.

Kinetics of phosphoprotein 65 (pp65)-specific cytotoxic T cell activity of 25 subjects after initial immunization with canarypox—

cytomegalovirus pp65. pp65-Specific lysis at an effector-to-target (E:T) ratio of 25:1 (E:T of 30:1 for subjects 9, 27, 32, 33, and 38 at month 5).

pp65-Specific lysis was considered to be significant at 10%.
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Table 2. pp65-Specific cytotoxic T lymphocyte precursor
(CTLp) frequencies in healthy volunteers after vaccination with
canarypox-cytomegalovirus phosphoprotein 65 (CMV pp65).

Time
after first
immunization, CTLp/10¢
Immune status, donor" month PBMC
Seronegative canarypox-CMV
pp65 vaccinated

27 7 257

15 12 105

22 12 61

29 12 147
Seronegative placebo inoculated

25 12 UND
Naturally seropositive nonvaccinated

16 155

H-35 206

NOTE. PBMC, peripheral blood mononuclear cells; UND,

undetectable.

* Freshly obtained (donors H-35, 27, 15, 22, and 29) or cryopreserved
(donor 16) peripheral blood PBMC were used in limiting dilution assays,
as described in Materials and Methods.

57% of placebo recipients developed local pain and tenderness.
Among all systemic symptoms, only headache (P = .049) and
myalgia (P = .047) occurred significantly more frequently in vac-
cinees. Although there were other reactions among both placebo
and vaccine recipients, none were of statistical significance.
Fourteen subjects reported 22 adverse events during the
study. Only 2 were considered to be related to vaccination (both
among seronegative canarypox—CMYV pp65 recipients): a severe
local reaction after dose 2 (subject was discontinued from the
study) and 35 days of rash (contact dermatitis) after dose 3 in
another subject. Two serious (nonrelated) adverse events (or-
thopedic) were reported, each requiring hospitalization.
Induction of pp65-specific CTL responses in all originally sero-
negative vaccinees. ~ PBMC obtained from the vaccinees at
months 0, 3, 4, 5, 7, 12, and 26 were tested for pp65-specific
CTL activity in bulk cultures. The CMV-seronegative subjects
were CTL negative at time 0, and the placebo recipients re-
mained CTL negative, whereas all subjects who received the
canarypox—-CMV pp65 vaccine responded with pp65-specific
CTL activity at each time point tested (figure 1). All 8 sero-
negative vaccinees tested after 2 doses of vaccine exhibited HLA
class I-restricted pp65-specific CTL activity; after inoculation
3, all of the 14 originally seronegative vaccinees showed CTL
activity when tested at months 4, 5, 7, 12, and all of the 5 tested
were positive at month 26. We tested 1-4 of the naturally sero-
positive subjects at months 3, 4, 7, 12, and 26: all were pp65-
specific CTL-positive and remained positive for the entire study
period. In the originally seronegative vaccinees, specific lysis
was obtained even at very low E:T ratios (1.5:1 or 3:1) in 13
of the 14 volunteers at 1-3 time points after vaccination and
at an E:T ratio of 6:1 in 9 volunteers at all time points from
months 4 to 12. Of the 14 originally seronegative vaccinees, 13
exhibited =1 HLA alleles (A1, A2, A3, A68, B7, and B35)
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previously shown to present pp65 epitopes; 1 vaccinee had al-
leles (A31, B49, and B15) not previously shown to present pp65.
All of these subjects mounted pp65-specific CTL responses after
vaccination. These results indicate that CMV pp65, as ex-
pressed by the ALVAC recombinant, induced CTL responses
in persons with different HLA haplotypes, that 2 doses of ca-
narypox-CMV pp65 were sufficient for CTL induction, and
that CTL activity did not change significantly during the 20
months after the last vaccine dose in the 5 subjects tested at
month 26.

Similarity of pp65-specific CTLp frequencies in canary-
pox—CMYV pp65 vaccinees and naturally seropositive persons.
CTLp frequencies were determined at months 7 or 12 (1 and
6 months after inoculation 4) in 4 originally seronegative vol-
unteers who received the canarypox—-CMV pp65 vaccine and
in 2 naturally seropositive donors who were not vaccinated. In
3 of the 4 vaccinees, the CTLp frequencies per 10° PBMC was
similar to that of the 2 naturally seropositive donors (range,
105-257/10° PBMC for vaccinees 27, 15, and 29 vs. 155 and
206/10° PBMC for naturally seropositive subjects), whereas, in
the fourth subject, it was lower (61; table 2). CTLp frequencies
were undetectable in volunteer 25, a seronegative subject in-
oculated with placebo. In an experiment to test the number of
CTLp frequencies in the course of the immunization process,
PBMC cryopreserved at 0, 4, and 7 months from vaccinee 35
were used as effector cells. CTLp frequencies were undetectable
at month 0, were not tested after 1 or 2 doses, and were detected
after 3 vaccinations (92/10° PBMC at month 4) and after 4
vaccinations (264/10° PBMC at month 7). These results indicate
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Figure 2. Phenotype of phosphoprotein 65 (pp65)-specific effector

cells. Bulk cytotoxic T cell (CTL) cultures were established from fresh
peripheral blood mononuclear cells of donor 15. After 11-day culture
in vitro, effector cells were harvested, and aliquots of 3 X 10° cells were
depleted of CD4 lymphocytes by anti-CD4 monoclonal antibody
(MADb) plus complement (+C') or of CD8 lymphocytes by anti-CD8
MAD + C' or of both CD4 and CD8 by both antibodies + C'. pp65-
Specific lysis is shown at an effector-to-target ratio of 30:1.
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Table 3.
pp65) vaccination.
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Lymphocyte proliferation responses in healthy volunteers after canarypox-cytomegalovirus phosphoprotein 65 (CMV

pp65-Specific proliferation by month

Vaccine group 0 3 6 7 12 26
Seronegative canarypox— 1.53 + 0.63 11.04 + 126 16.6 + 17.5 121 £ 7.1 22.1 % 26.5 19.02 + 26.1 248 £ 29.9
CMYV pp65 vaccinated 0na) 9N4) (13n4) (12/14) (11n2) (13114) @/5)
Seronegative placebo 093 = 0.25 178 £ 14 1.25 = 0.46 1.6 £ 0.6 14 + 0.51 26 + 0.82 1.7 £ 098
inoculated o7 o (0/6) ©7) (0/6) (0/6) (0/2)
Seropositive canarypox— 26,03 + 21.87  28.35 % 13.1 13.1 £ 111 74 £ 14 121 £ 094 62.7 £ 26.7 229 = 234
CMYV pp65 vaccinated 22 (4/9) (4/4) 22 an) @n) (2/2)

NOTE. Data are mean stimulation index (SI) & SD (no. of subjects positive/total no. of subjects tested) by months after immunization.

that the number of memory CTL increased during the repeated
immunization of this subject with canarypox-CMYV pp6S. Fur-
thermore, CTLp frequencies detected at 7-12 months after the
first immunization with the canarypox—-CMYV pp65 vaccine in
seronegative persons were similar to that detected in CMV-
seropositive subjects after natural infection that occurred at an
undefined time in the past and that may have been boosted or
expanded by multiple exposures.

Phenotype of pp65-specific CTL.  The phenotype of pp65-
specific CTL was determined at month 5 in originally seronega-
tive subjects who received the canarypox—CMV pp65 vaccine.
Figure 2 shows the results of a depletion experiment that used
cells from vaccinee 15. Although depletion of effector cells with
anti-CD4 antibodies and C' did not change the percentage of
lysis of the target cells, depletion with anti-CD8 antibodies and
C' or with a mixture of anti-CD4 and anti-CD8 antibodies and
C' decreased the lysis to <10%, which indicates that the effectors
were CD8*. Of 13 vaccinees analyzed for phenotype of pp65-
specific CTL, 11 exhibited CD8* effector cells. In 2 vaccinees
(subjects 38 and 10), the determination of CTL phenotypes did
not give clear results because of low pp65-specific CTL activity
(subject 38 had 16% of pp65-specific lysis at an E:T ratio of 30:
1 and 9% of pp65-specific lysis at an E:T ratio of 15:1) and the
apparent presence of effector cells partially resistant to CD4 and
CD8 antibodies and C' (subject 10).

pp65-specific lymphoproliferative responses in vaccinees. To
determine whether pp65, as expressed by canarypox—-CMYV pp65,
elicits helper T lymphocytes, we analyzed pp65-specific lympho-
cyte proliferation responses. Responses to a purified pp6S prep-
aration were measured for all subjects (table 3). In the originally
seronegative subjects who received the canarypox-CMV pp65
vaccine, pp65-specific responses were negative (SI, <3) at the time
of the first immunization but became positive (SI, =3; mean SI,
11.04) after 2 immunizations. All of the vaccinated subjects
showed pp65-specific lymphocyte proliferation: 7 were positive
at all time points tested, and 7 were positive at 2—4 time points
(months 3-12). Four of the 5 vaccinated subjects tested at month
26 were found to be positive (table 3). Originally scronegative
persons who received the placebo remained negative. Originally
seropositive vaccinees remained positive, although there was
some decrease in lymphocyte proliferation indices after 3 inocu-
lations. By month 12, SIs were greater than before the initial
immunization process (table 3).

Antibody responses in vaccinees.  Antibodies were measured
by a pp65-specific ELISA in 21 volunteers at different times
after the first vaccination. The originally seronegative vaccinees
who received the canarypox—-CMV pp65 vaccine developed
pp65-specific binding antibodies (mean OD, 0.077-1.261) after
2 or 3 inoculations and remained positive during the obser-
vation period (table 4). Originally seronegative vaccinees who
were inoculated with placebo remained negative.

Discussion

This ALVAC construct was safe and well tolerated in most
subjects, which confirms the safety profile observed with all
ALVAC recombinant vaccines tested in human volunteers.
CMYV pp65 is a major CTL target in naturally seropositive
persons [16-19, 22, 23], and CTL induction in humans was
demonstrated after Towne attenuated CMV vaccination in 3
of 4 immunized volunteers for 6 months [38], although the
target protein(s) specificity of these CTL was not determined.
In the present trial, we showed for the first time that pp65-
specific CTL can be induced in humans by a recombinant vac-
cine candidate. Canarypox-CMV pp65 induced CD8* CTL
responses in all of the seronegative subjects, and the responses
were detectable at each time point between months 3 and 12
and during a 26-month observation period in all 5 persons
tested. Moreover, the CTLp frequency was comparable with
that of unvaccinated naturally CMV-seropositive donors, and
CTL responses were accompanied by CMV pp65-specific lym-
phocyte proliferation and antibody responses. All volunteers
who were tested after the second of 4 immunizations were al-
ready positive for pp65-specific CTL, which suggests that 2
immunizations may be sufficient for induction of a CTL re-
sponse. Tests were not done after a single vaccination. The
possibility that the pp65-specific CTL responses of the origi-
nally seronegative subjects reflected natural intercurrent CMV
infection during the study period was ruled out by the absence
of CMV gB-specific ELISA antibodies in these persons (data
not shown).

‘We observed pp65-specific lysis of target cells in bulk CTL
assays at low E:T ratios (<6:1) in most subjects at each time
point, which suggests that pp65 is a strong CTL inducer in hu-
mans when expressed by the canarypox-CMYV pp65 recombinant
and that CTL responses do not differ significantly among per-
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Table 4. Induction of phosphoprotein 65 (pp65)-specific antibodies in vaccinees by canarypox—cyto-
megalovirus (CMV) pp65.
pp65-Specific OD of serum samples after immunization 1 by month

Subject group 0 3 4 6 7
Seronegative canarypox—

CMV pp6S vaccinated  —0.004 + 0.029 0.077 = 0.041 1.261 £ 0.771 1.047 + 0452 0.9818 % 0.29
Seronegative placebo

inoculated -0.014 £ 0035 -0.031 x 0.106 —0.003 + 0.062 0.028 + 0.028 0.017 + 0.029
Seropositive canarypox—

CMYV pp65 vaccinated 1.862 = 1.608 ND ND 1.808 + 1.685 1.843 + 1.635

NOTE. Data are mean OD = SD. In the group of originally seronegative vaccinees, serum samples of 6-8 subjects at a
dilution of 1:200 were tested at indicated time points. Cutoff, mean OD of serum 200 X dilution + 2 X SD of originally
seronegative subjects at month 0:0.053. ND, not done; OD, optical density.

sons. The HLA haplotype of the vaccinees was determined before
the trial, to guide selection of mismatched targets in the CTL
assays, but vaccinees were not selected for the known HLA hap-
lotypes presenting pp65. CD8 T cell reactivity to pp65 is strongly
linked to HLA-A2 [39, 40]. Al, A3, A68, B7, and B35 also were
shown to present pp65 epitopes [18, 19, 23]). Among the cana-
rypox-CMYV pp65 vaccinees, 57% were positive for A2, and 93%
were positive for =1 pp65-presenting alleles. One vaccinee (sub-
ject 31) had HLA haplotype with an allele composition not pre-
viously shown to present pp65 (A31, B49, and B15). Therefore,
our findings indicate that the range of pp65-presenting alleles is
even broader than that previously shown.

Restriction maps of DNA extracted from laboratory strains
and fresh isolates of human CMYV show that each strain is
distinct but related [41-45]. The significance of the restriction
pattern polymorphism of the different strains is not clear, al-
though genotypes characterized by specific sequence variations
of the gB gene may be associated with certain CMV diseases
[46-50). The pp65 gene of the canarypox-CMYV pp65 recom-
binant was derived from CMV Towne strain. It has not been
demonstrated that the pp65-specific CTL induced by the can-
arypox-CMV pp65 recombinant would recoghize target cells
expressing pp65 from other strains in naturally infected persons.
However, the use of the same canarypox—-CMYV pp65 construct
for restimulation of PBMC obtained from naturally seroposi-
tive donors in an in vitro CTL assay revealed high pp65-specific
CTL responses in 24 of 26 subjects tested (i.e., memory CTL
from persons of heterologous HLA haplotypes responded to
the canarypox-CMYV pp65 recombinant {23]), which indicates
common CTL epitopes in the Towne strain and in the clinical
strains that infected these persons.

Our results do not provide direct evidence for the protective
effect of canarypox-CMV pp65 against CMV disease. How-
ever, the pp65-specific lysis at low E:T ratios in the bulk CTL
assays and the similar CTLp frequencies of PBMC from vac-
cinees and from naturally seropositive persons suggest that im-
munization with canarypox—-CMYV pp65 might elicit a sufficient
immunologic response to confer protection similar to that ob-
tained through natural infection. Although the phenotype of
pp65-specific CTL in some naturally seropositive persons is
both CD8* and CD4* mediated [23], the CTL phenotype in

all 11 vaccinees who could be tested was CD8*. Lymphocyte
proliferation responses specific for pp65 detected in our in vitro
assays indicate that the canarypox-CMV pp65 recombinant
also stimulates CD4* T cells. This suggests the release of cyto-
kines that could contribute to the protective effect of the vac-
cine. In murine models, CD4 helper function, although not
required for CD8* CTL generation, is needed for persistence
of CD8"* cell memory [51, 52].

The function of the anti-pp65-specific antibodies is uncertain,
but their induction by the canarypox-CMYV pp65 reflects stimu-
lation of B cells by the insert of the ALVAC recombinant. The
demonstration of an antibody response to pp65 may be useful
in future vaccine studies as a surrogate for CTL response. This
clinical trial clearly shows that CMV pp65, when expressed by
an ALVAC recombinant, induces strong CD8* CTL responses
in humans. Thus, we conclude that ALVAC CMYV recombinants
can stimulate functional immune responses and are promising
candidates for immunization against CMV disease, perhaps when
combined with antigens that stimulate neutralizing antibodies.
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The N-terminal 303 amino acids of the
‘human cytomegalovirus envelope —
glycoprotein B (ULSS) and the exon 4
region of the major immediate early
protein 1 (UL123) induce a cytotoxic

T-cell response

Klara Berencsi*, Eva Goncz6l*, Valeria Endresz*, John Kought,
Shin Takedaf, Zsofia Gyulay*, Stanley A. Plotkin§ and Robert F. Randof]|

We reported earlier that an adenovirus (Ad) recombinant expressing the full-length
human cytomegalovirus (HCMYV) gl}copiotem B (gB) gene induces gB-specific cyto-.
toxic T lymphocyte ( CTL) responses in CBA ( H-2%) mice (Berencsi et al., J. Gen. Virol.
74, 257-2512, 1993). Here we show that mice, immunized with Ad lecombmant viruses
expressing truncated forms of the gB gene containing the first 700 (Ad-700), 465
(Ad-465) or 303 (Ad-303) amino acids of gB or an Ad construct containing exon 4 (E4)
of the HCMV immediate. early 1 (IEl) gene (Ad-IE1 (E4)) demonstrate HCMV-
specific CTL responses. These data suggest the importance of the first 303 amino acids of
the gB polypeptide and the 1EI E4 product in designing a vaccine to induce anti-HCMYV

CTL responses. Copyright © 1996 Elsevier Science Ltd,

Keywords: CTL epitope; HCMV; 1E] exon 4; Ad-HCMYV recombinants

Infections with human cytomegalovirus (HCMYV) are
common and usually asymptomatic; -however, the inci-
dence and spectrum of HCMV-induced disease in new-
borns and immunocompromised hosts, including organ
transplant rec1p1ents establish this virus as an important
human pathogen'. In addition, HCMV has Jbeen
associated with the development of atherosc]ex osis* and
restenosis after coronary angioplasty®.

Although the exact role of individual HCMYV proteins
in protective immunity in humans is unclear, the viral
surface glycoprotem B (gB, ULS5), glycoprotein H (gH,
ULY75), the major tegument proteins pp65 (UL83) and
© ppl50 (UL32), the major immediate early proteins (IE1,
UL123 and IE2, UL122) as well as UL69 of the virus,
appear to be important in the neutralizing antibody
(NA), lymphocyte proliferation and cytotoxic T lym-

*The Wistar Institute, 3601 Spruce Street, Philadelphia, PA
19104, USA. tUnited States Environmental Protection
Agency (USEPA), 401 M Street S. W., Washington DC
20460, USA. }Department of Surgery il, Nagoya University
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MD, USA. |[To whom correspondence should be addressed
at: Aronex Pharmaceutical Inc., 9391 Grogan's Mill Road,
The Woodlands, TX 77380, USA. (Received 17 April 1995;
revised 17 October 1995; accepted 17 October 1995)

phocyte (CTL) responses to the virus after natural
infection®'". The majority of neutralizing epitopes on
gB are in the C-terminal part of the mo]ecule while the
N-terminal part is considered less important in inducing
antibody response'$-'?. Recently, we demonstrated that
purified and subcutaneously inoculated gB induces \'A
and lymphocyte proliferation responses in humans?,
and NA, lymphocyte proliferation and CTL responses
when expressed by adenovirus (Ad Or poxvirus recom-
binants in mice and guinea pigs'®?'-*’, However, the
CTL epitopes of gB have not been premsely localized.
To date, mapping of CTL epitopes on gB has indicated
that the N-terminal 513 amino acids and a region
between amino acids 619 and 628 can be targets of CTL
recognition in certain seropositive individuals''?*. As
for mapping of CTL epitopes of the IE protein, CTL
from one individual specifically lysed target cells sensi-
tized with a peptide spanmng amino acid residues 167—
180 of the exon 4 (E4) region of the IE1 polypeptide®.
In the present study, we asked whether the N- termmal
part of gB is important in eliciting CIL responses, and

" analyzed the CTL responses induced by Ad recom-

binants expressing truncated forms of the HCMV-gB.
We also.asked whether the E4 protein, when expressed
by a< recombmant virus in vivo, can induce a CTL
respornise, in ordér to confirm its immunogenicity in a
potentxal combmed vaccine against HCMY infection.
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MATERIALS AND METHODS

Viruses and cells
The early region 3 (E3)-deleted Ad-5 mutant virus

which lacks the Xbal D fragment of Ad (Ad3AE3), the

Ad-gB recombinant, and the replication of Ad-gB in the
mouse lung have been described®>?52’, Ad recom-
binants expressing truncated forms of gB or E4 of the
IE1 gene were constructed by overlap recombination
using-plasmid pAd-5 (m.u. 0-75.9), and the correspond-
ing plasmids containing the subfragments ot the gB or
IE genes inserted into the E3-deleted plasmid pAd-5
(m.u. 59-100) as described™®. Truncated gB and IEl
gene fragments were constructed by amplification of
plasmids containing the intact gB (pAd-5-gB)*¢ or IE1
(pRL43a)® genes, using the polymerase chain reaction
(PCR) technique. The 5’ gB- and IEl-specific PCR
primers were engineered so that an Xbal site was placed
upstream of the initial ATG codon. The 5’ IE1 primer
was also engineered to change the first codon in the
E4 region to an ATG, resulting in methionine as the
first residue of the translated protein product®®. The
sequences of the 5’ gB and IE1 PCR primers are
S’-acacgcaagagatctagacgegectcat-3’ and 5'-ttatcctectcta
gaatgaaacagattaag-3’, respectively. The 3’ gB-specific
primers were engineered to place a termination signal
just downstream of the indicated amino acid of the gB
gene’®. The sequences of the 3’ gB-specific primers
used to generate Ad-700, Ad-465 and Ad-303 are 5'-
tcgtecagactctagaggtaggge-3’, 5'-cgactccattctagattaatgag

ttge att-3°, 5'-caaagtcggagtctagagtctagttcggaaa-3’ and 5'-
cagataagtggtctagatctaagegtagetacg-3', respectively. The
sequence of the 3° IEI PCR primer is 5’-atatatatattctag
agtttactggtcage-3'2°, Figure ] shows schematic diagrams
of the Ad-HCMY recombinant viruses.

Expression of gB-polypeptides was detected in A549
human lung carcinoma cells infected with Ad-700,
Ad-465 or Ad-303 recombinants by an immunofluores-
cence test using monoclonal antibody (Mab) 3C2
(courtesy of R.C. Gehrz, Biomedical Research Center,
St. Paul, MN, USA)"**!'. This Mab recognizes an
epitope in the region of the gB protein between amino
acids 50 and 77. Expression of the E4 polypeptide in
A549 cells infected with Ad-IE1 (E4) was confirmed by
immunofiuorescence assay using Mab P63-27 (kindly
provided by W. Britt, University of Alabama at
- Birmingham, AL, USA).

The parental Ad strain Ad-5, obtained from the
American Type Culture Collection (ATCC, Rockville,
MD, USA), and recombinant Ad were grown and
titered on A549 cells. For immunization of mice, Ad
grown on A549 cells was purified by CsCl gradient
centrifugation®®.

A vaccinia (WR strain) recombinant carrying the 1E1
gene of HCMV (Vac-IEl) and the parental vaccinia
(WT-Vac) were provided by Enzo Paoletti (Virogenetics
Corp., Troy, NY, USA) and used for infection of target
cells in CTL assays for Ad-IEl (E4). The vaccinia
recombinant carrying the gB gene of HCMV (Vac-gB)
has been described'®.

PR

Immunization of mice

Six- to 8-week-old female CBA mice of MHC haplo-
type H-2¥ (_Jackson Laboratories, Bar Harbor, ME,
USA) were inoculated intraperitoneally with 10% p.f.u.
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of recoﬁiﬁxnant_y_iruses or as a control with Ad5SAE3
parental virus; sera and splenocytes were collected and
analyzed for antibody and CTL responses.

Neutralization assay

HCMYV (Towne strain) neutralization titers were
determined on MRC-5 cells by microneutralization and
plaque-reduction neutralization assays*’. Ad-5 neutral-
ization titers were detected by a microneutralization
assay as described for HCMV*, except that AS549
instead of MRC-5 cells were used.

ELISA assay

An ELISA assay was carried out as described™. As
antigens, HCMV (Towne strain) was collected by high-
speed centrifugation from culture medium of infected
MRC-5 cells, and as control, lysates of uninfected
MRC-5 cells, both at a protein concentration of 1.5 ug
well ™!, were used. Peroxidase-conjugated goat affinity-
purified F(ab’), fragment to mouse IgG (Cappel,
Durham, NC, USA) was used as a second antibody.
The optical density (O.D.) was read by a microtiter
plate reader (Bio-Tek Instruments, VT, USA) at 490 nm.
Antibody response was considered positive when
the O.D. value exceeded the mean density value of
Ad5AE3-immunized mice plus two standard deviations.

CTL assay

CTL assay and the characterization of cells
responsible for insert-specific lysis were carried out as
described?. Briefly, spleens of CBA mice immunized
with the Ad-gB or truncated-gB recombinant viruses or
AdSAE3 were aseptically removed and cell suspensions
were prepared from them. Cells were suspended at
2.5x 10% viable cells ml~' in RPMI 1640 medium
containing 5% fetal bovine serum, 2Xx 107° M
2-mercaptoethanol, 10 mM-HEPES bufier, 2 mM-
glutamine and 50 g ml~' gentamicin. Spleen cell
cultures were restimulated in vitro with Ad-gB-infected
(multiplicity of infection (m.o.i) 10) autologous spleen
cells (effector:stimulator ratio 2:1) for 5 days in 24-well
plates. Cytolytic activity of non-adherent spleen cells
was tested in a >'Cr release assay. Target cells (L-929
and MCS57) were infected with the AdSAE3 (m.o.i.
40-80, for 40 h) or with Vac-gB, Vac-IE1 or WT-Vac
(m.o.i. 5-10, for 4 h). Cells were labeled with 100 mCi of
[*'Cr]Na,CrO, (Amersham, Arlington Heights, IL,
USA,; specific activity 250-500 mCi mg~') for 1 h.
Labeled target cells were mixed with effector cells at
various effector:target ratios in triplicate using 96-well
U-bottomed microtiter plates and incubated for 4 h.
Percentage specific *'Cr release was calculated as
[(c.p.m. experimental release —c.p.m. spontaneous
release)/(c.p.m. maximal release —c.p.m. spontaneous
release)] X 100. Standard deviation of the mean of
triplicate culture was <10%, and spontaneous release
was always <25%. Significance of lysis was determined
by comparing test c.p.m. to control c.p.m. using the

“Student’s f-test.

To characterize the cells responsiblc for anti-gB cyto-
toxicity, 3 x 10% in vitro restimulated spleen cells of
Ad-recombinant-immunized mice were incubated with
anti-mouse CD4 Mab (Pharmingen, San Diego, CA,
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Schematic representation of the HCMV gene fragments inserted into the Ad E3 deletion vector. (A) Full-length and truncated versions

of the HCMV-gB gene are depicted as Xbal DNA fragments inserted downstream of the Ad E3 promoter. The gB open reading frame starting
at the first methionine (ATG; amino acid position 1) and the site of proteolytic processing of the gB gene (arrow between amino acids 460 and
461) are indicated. Also indicated are the gB leader peptide, amino acids 1-24 ([J), N-terminal part (0), C-terminal part (shaded square),
transmembrane region (hatched square) and the positions of the Xbal sites. (B) The E4 region of the major immediate early protein (MIEP) locus
was amplified using PCR and inserted downstream of the Ad E3 promoter. The PCR primers were engineered so that a methionine (ATG) codon
begins E4. In addition, a redundant termination signal was placed downstream from the natural stop codon. The positions for the initiation of
transcription and of the Xbal sites are indicated. The first four exons of the HCMV MIEP complex are part of the mature mRNA for the HCMV
IE1 protein. Striped boxes indicate the actual portions of these exons which encode the IE1 protein

USA; Cat. No. 3:01061D; 20 ug/3 x 10° cells) or
CD8 Mab (Accurate, Westbury, NY; Cat No. CL-8921;
diluted 1:4) for 60 min at 4°C, and further incubated in
the presence of rabbit complement (Accurate; Low-Tox
M; diluted 1:10) for 30 min at 37°C. Cells were washed
twice and used as effector cells in a >!Cr release test.

RESULTS AND DISCUSSION

Antibody responses to truncated forms of gB

Sera obtained from all immunized mice showed a
significant level of Ad-5-NA. Sera obtained from mice

inoculated with Ad-gB or Ad-700, but not sera from
mice inoculated with the other two truncated gB recom-
binants (Ad-465 and Ad-303), induced a significant level
of HCMV-NA (Table 1). These data are consistent with
the well-confirmed observation that the HCMV-gB
immunodominant antibody neutralizing domain is
located between amino acids 476-645 of the—gB
gene'*'%3% In addition, these data show that the neu-
tralizing domain located between amino acids 28-67'°
induced no NA response in CBA mice.

ELISAs used to confirm production of anti-HCMV
antibodies in Ad recombinant-immunized mice revealed
antibodies in all groups (Table 1). However, only 12/16
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Table 1 Antibody respenses to Ad-recombinants expressing trun-
cated forms of HCMV-gB

Specific neutralizing? antibodies
Mice inoculated P S

with: _~ HCMV_ Ad-5 ELISA® HCMV !
Ad-gB 84.2 362.0 1313+120
Ad-700 76.1 430.5 407 =201

© Ad-485 5.2 430.5 487140
Ad-303 5.6 362.0 2664135 = L ———
AdS5DES 4.2 440.5 44+31

2Geometric mean of serum dilutions of eight mice in each group
showing complete inhibition in the microneutralization assay. “Mean
0.D. of sera from 10—-16 mice at 480 nm=S.D. at 1:40 serum dilution

(75%) mice immunized with Ad-303 responded with
antibody production, whereas all mice in groups immu-
nized with Ad-gB, Ad-700 or Ad-465 were positive for
anti-HCMV ELISA antibodies (individual data not
shown). Like the variability in antibody response to
Ad-303 in our study, Curtsinger et al.'> have reported
antibody responses to a truncated gB antigen containing
amino acids 1-163 in some seropositive individuals but
not in others with the same HLA class II haplotype.

CTL responses to truncated forms of gB

Because HCMYV does not infect mice in vivo or murine
cells in culture, we used an approach based on two
distinct viral expression vectors, Vac and Ad, carrying
the same HCMYV genes or gene fragments, to determine
the CTL response of mice immunized with HCMV

22 . . » .

genes**. This dual vector system allows immunization
of mice with one vector system (Ad) and infection of
target cells with the other (Vac). Consistent with the
Ad-specific NA responses (Zable 1), mice immunized
with any of the recombinants carrying intact or trun-
cated forms of the HCMV-gB gene or with Ad5AE3
parental ‘strain demonstrated Ad-specific cytotoxic re-
sponses (Figure 2). Ad-gB-, Ad-700-, Ad-465- or Ad-
303-immunized mice but not the AdSAE3-immunized
mice developed gB-specific cytotoxic responses; per cent
specific 3'Cr-release of Vac-gB-infected target cells sig-
nificantly (P<0.01 at 50:1 effector-to-target ratio)
exceeded per cent specific lysis of WT-Vac-infected
target cells (Figure 2). Infected major histocompatibility
complex (MHC) class I mismatched MC57 (H-2°) cells
were not gB-specifically lysed, indicating MHC class I
(H-2%) restricted lysis of target cells. Treatment of in
vitro restimulated spleen cells of mice immunized with
the Ad-gB, Ad-700, Ad-465 or Ad-303 with anti-mouse
CD8 Mab and complement®?, abolished the anti-gB
activity, whereas CD4-depleted cells continued to medi-
ate this activity (data not shown), confirming that the
CD8 lymphocyte subset mediates the gB-specific lysis of
the target cells. These results suggest the presence of a
CTL epitope between amino acids 1-303 in’ the
N-terminal fragment of HCMV-gB when it is expressed
by Ad recombinants in CBA mice, and an authentic
presentation of gB peptides by the MHC class I mol-
ecules of cells infected with the Ad-700, Ad-465 and
Ad-303 recombinants.

CTL responses to IE1 E4 product

Spleen cells from five individual mice and a pool of
splenocytes from two mice, obtained 7 or 10 weeks after

.372  Vaccine 1996 Volume 14 Number 5

[ Ad-700

70 Ad-gB
60 ?
50
Somag ~
£ -
o 20
2 10} .
Fd SRR H G :
’§ 70 Ad-465 1 Ad-303 Ad5AE3
Q.
77}

)0, e,

§0:1 25:1 1211 61

i/
7

73 ; J

501 251 12:1 6it

56:1 25:1 12‘:1 6?1 >
E:T ratio
Figure 2 CTL responses in mice immunized with Ad constructs
containing truncated forms of the gB gene. Ten CBA mice in each
group were inoculated interperitoneally with Ad recombinants at a
dose of 1x102 p.f.u., boosted similarly 7 weeks later, and tested for
HCMV-gB-specific cytotoxicity 2 weeks after booster. Splenocytes of
two mice from each group were pooled, restimulated with Ad-gB for
5 days in vitro, and tested in a >'Cr-release assay?2. MC57 (H-2°,
MHC-mismatched), and L929 (H-2%, MHC-matched) cells were used
as targets. Data are from a representative experiment of three
performed with superimposable results. Uninfected L929 and MC57
target cells infected with AdSAES3, Vac-gB or WT-Vac were not
significantly lysed (not shown). L929 (H-2%) target cells infected with

Wt-Ad, O; Vac-gB, @; Wt-Vac, A

immunization, respectively, were tested for E4-specific
CTL responses on Vac-IEl-infected target cells. The
IE1 E4-specific lysis (per cent specific STCr-release of
Vac-1El-infected target cells — per cent specific lysis of
Wt-Vac-infected target cells) was in the range of 19-25%
in each case at an effector-to-target ratio of 50:1
(P<0.01, Student’s t-test), and almost no anti-IEIl
activity was detected using CD8-depleted spleen cells,
while CD4-depleted spleen cells retained their activity
(data not shown). These results indicate a significant
E4-specific stimulation of CTLs in CBA mice.

HCMYV IEl stimulates its own synthesis and co-
operates with the IE2 gene product and other trans-
activators in the activation of gene expression®*. The
functional domains for transactivation of this protein
have not been identified, and it is unknown whether the
E4 product is involved in the transactivation activity of
IEl. Further studies are necessary to map this activity
on the IE1 protein in order to design the antigen without
transactivating activity.

Precise mapping of CTL epitopes of the gB poly-
peptide and IE1 E4 product is a difficult task. There may
be several CTL epitopes in the gB polypeptide that
function depending on the MHC class I haplotype of the
individual. For example, CTLs reactive with epitopes on
the N-terminal 513 amino acids portion of gB were
detected in one seropositive individual'!, whereas an
HLA-A2.1-restricted CTL recognition has been de-
scribed between amino acid positions 619-628 of
HCMYV-gB using CTL lines generated from two HLA-
A2.1+ donors®*. A synthetic peptide encompassing a
sequence of IE1 E4 gene was identified as a class
I-restricted CTL determinant using a CTL line derived
from a human donor®.

Effective protection against HCMYV disease correlates
with the presence of CTL in the infected individuals>**®.
Further, treatment of HCMYV infection by the adoptive
transfer of HCMV-specific CTL has shown reconstitu-
tion of immunity in bone marrow transplant recipients’.
The nature of major viral target antigens to which the
CTL response is directed in vivo is not clear, but they

- P



may comprise pp65 and pp150%.-However, CD8+ CTL
clones specific for gB have also been isolated from
certain seropositive individualsS, CTL specific for IE
were also detected in some HCMpV-infected indi-
viduals, especnally when target cells were preincubated
with y-interferon®'’ which might upregulate expres-
‘sion of class I MHC genes not only in vitro, but-alfter
natural challenge infection. Those findings suggest the
involvement of the IE protein in protective immunity.
Our data map a CTL epitope in the amino acids 1-303
region of the N-terminal portion of gB and suggest that
both the C-terminal and the N-terminal portion of gB
‘are lmportant in mducmg protectlve immunity and
should be included in a HCMYV vaccine. Our data also
show that the IE E4 protein is immunogenic and induces
CTL after presentation by a recombinant virus. How-
ever, the MHC-restriction of individual HCMYV proteins
in the heterogeneous human population is a potential
obstacle in developing an effective recombinant vaccine.
One approach towards overcoming this obstacle might
involve the use of a combination of recombinant pro-
teins. The gB and IE E4 gene products appear to be
good candidates for combination, possibly with other
HCMY gene products.
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Abstract

Plasmids expressing the human cytomegalovirus (HCMV) glycoprotein B (gB) (ULSS) or phosphoprotein 65 (pp65) (UL83)
were constructed and evaluated for their ability to induce immune responses in mice. The full-length gB as well as a truncated
form expressing amino acids 1-680 of gB, and lacking the fragment encoding amino acids 681907 including the transmembrane
domain of gB (gB680) were evaluated. Immunization of mice with plasmids coding for gB or gB680 induced ELISA and
neutralizing antibodies, with the highest titres in mice immunized with the gB680 plasmid. Mice immunized with the gB plasmid
predominantly produced IgG2a gB-specific antibody, while the gB680 plasmid raised mostly IgGl anti-gB antibody. Mice
immunized with the pp65 plasmid developed pp65-specific cytotoxic T lymphocytes (CTL) and ELISA antibodies. Immunization
with a mixture of both gB and pp65 plasmids raised antibodies to both proteins and pp65-specific CTL, indicating a lack of
interference between these two plasmids. These results suggest that DNA immunization is a useful approach for vaccination
against HCMYV disease. © 1998 Elsevier Science Ltd. All rights reserved.

Keywords: HCMV; Antibody; CTL; DNA immunization

1. Introduction eases, including influenza [1-7], AIDS [8-10],
' rabies [11], hepatitis B [12-15] and hepatitis C [16],
Induction of specific cellular and humoral immune lymphocytic choriomeningitis [17-19], and herpes sim-

respor?ses in experimen?al ar_)imals ingculated with plex virus- and murine cytomegalovirus (MCMYV)-
plasmid vectors expressing viral proteins has been induced diseases [20-24].

amply documented. Such studies have led to efforts to

use naked DNA as vaccines against several viral dis- Infection with cytomegalovirus (CMV) in humans is

common and usually asymptomatic; however, the inci-
dence and spectrum of disease in newborns and immu-
* Corresponding author. Fax: +1 215 898 3868; E-mail: gonczol nocompromised hosts establishes this virus as an

@wista.wistar.upenn.edu. .
! Present address: Department of Microbiology, Semmelweis important human p.athogen [25]. CMYV has also been
Medical University, Budapest, Hungary. suggested to be an important co-factor in the develop-
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ment of atherosclerosis [26,27] and restenosis after
angioplastic surgery [28, 29].

Among the estimated 200 proteins encoded by the
human cytomegalovirus (HCMYV) genome [30], glyco-
protein B (gB) [31-33] and phosphoprotein 65
(pp65) [34-37] have been implicated as principal tar-
gets of virus neutralizing antibody and virus-specific
CTL responses, respectively. Work in our laboratory
aimed at developing a recombinant vaccine to HCMV
has shown that the gB protein when expressed by
adenovirus [38], vaccinia virus [39], or canarypox
(ALVAC) virus [40] vectors induces neutralizing anti-
bodies in experimental animals, lymphocyte prolifer-
ation upon in vitro antigen stimulation [41], and CTL
responses in mice of H-2k haplotype [42]. In this
. study, we constructed plasmids containing the full-
length or truncated genes of HCMV-gB or the pp65
gene, respectively. gB is the major immunogenic pro-
tein of HCMYV that induces neutralizing antibodies [31—
33,39], and the 1-680 amino acid fragment of gB con-
tains most of the neutralizing epitopes but lacks the
transmembrane domain, resulting in the secretion of
gB from cells [47,48]. Thus, these plasmids are suitable
for evaluating whether the secreted form or the mem-
brane-bound form of gB induces stronger NA re-
sponses. pp65 is the most prominent target of CTL
responses after natural infection [34-37]. We report
here that the gB and pp65 proteins, as expressed by
mammalian expression plasmids inoculated alone or in
combination, induce gB and pp65-specific antibody
and pp65-specific CTL responses. Mice immunized
with the plasmid encoding gB produced predominantly
IgG2a gB-specific antibody, while those immunized
with the gB680 plasmid developed a greater antibody
~ response dominated by IgG1 gB-specific antibody.

2. Materials and methods

2.1. Expression plasmids carrying HCMV gB (UL55)
and pp65 (UL83) genes

2.1.1. pK-gB, pARC-gB and pARC-gB680 plasmids

The gB gene, derived from the plasmid pAd-gB [38],
was subcloned into pUC-8, obtained as a HindIII-
BamH] fragment, and inserted into the pARC vector
digested with HindIIl and BamHI (pARC-gB). pARC-
gB680 was derived from pARC-gB by digestion with
Xhol and removal of the C-terminal part of the gB
gene. The pARC vector contains the CMV-IE promo-
ter; it was derived from pRC/CMV (Invitrogen) by
deleting the Pvull 1290-Pvull 3557 fragment to obtain
more unique restriction sites. The full-length gB gene
was also inserted to a plasmid expressing gB under the
control of a tetracycline-regulatable promoter. This
plasmid utilizes the tetracycline-regulatable system

obtained from plasmids pUHDI10-3 and pUHDI5-1
(kindly provided by Dr H. Bujard, Heidelberg,
Germany; described in Ref. [43]). The resulting plas-
mid, pK-gB contains: the tetracycline-regulatable pro-
moter (seven tetracycline operators (Tet’) and the
HCMYV minimal promoter), HCMV-gB, SV40 poly A
signal, HCMV-IE promoter/enhancer, tTA gene
(encoding a fusion protein consisting of the tetra-
cycline repressor from Escherichia coli and herpes sim-
plex virus protein-16), and the SV40 poly A signal.
The fusion protein is a powerful transactivator of the
7 Tet°’-HCMYV minimal promoter; however, in the pre-
sence of tetracycline, the transactivation is switched
off, since tetracycline prevents the attachment of the
tetracycline repressor to the tetracycline operator
sequences. pK-gB expresses gB in a tetracycline-regula-
table fashion: tetracycline (1 ugml™!) reduces gB ex-
pression, however, in the absence of tetracycline the
tetracycline-regulatable promoter is fully functional
and gB is expressed.

2.1.2. pARC-pp65 plasmid

First, the pp65 gene was cloned into a pUC-8 based
plasmid. The HCMV pp65 gene was PCR-amplified
using genomic DNA as template (Towne strain), oligo-
nucleotides pp651 (5'‘GATTATCGCGATATCCGTTA
AGTTTGTATCGTAATGGCATCCGTACTGGGT
CCCATTTCGGG-3") and pp651R (5-GCATAGG
TACCGGATCCATAAAAATCAACCTCGGTGCT
TTTTGGGCG-3'), and Taq I polymerase (Perkin
Elmer Cetus). The 1.6 kb product was digested with
Nrul and BamHI (sites present at the 5/ end of oligo-
nucleotides pp651 and pp651R, respectively) and
cloned into Nrul/BamHI-digested SPHA-H6 (a pUC-
8-based plasmid containing an irrelevant gene flanked
by Nrul and BamHI sites), generating plasmid
CMV65.1 in which the first 30 bp of the pp65 gene
were missing.

To derive a plasmid containing the entire pp65 gene,
oligonucleotides RNApp651 (5-TAGTTCGGATCCC
CGCTCAGTCGCCTACA-3’) and pp65R4 (5'-ATC
AAGGGATCCATCGAAAAAGAAGAGCG-3") were
used in PCR with genomic DNA. The resulting 1-kb
fragment was digested with BamHI1 (BamHI sites pre-
sent at the 5’ ends of both oligonucleotides) and
cloned into BamHI-digested IBI24 (International
Biotechnologies), generating plasmid pp65.7. Plasmid
pp65.7 was used in PCR with oligonucleotides pp651B
(5'-GATTATCGCGATATCCGTTAAGTTTGTATC
GTAATGGAGTCGCGCGGTCGCCGTTGTCCCG-
3’) and pp65BstX1 (5'-ACCTGCATCTTGGTTGC-3')
to generate a 0.5-kb fragment. This fragment was
digested with Nrul and BstXI (sites at the 5’ ends of
oligonucleotides pp651B and pp65BstXI, respectively)
and ligated to a 4.8-kb Nrul/BstXI fragment of
CMV65.1, generating plasmid pCMV65.2. The 1696-
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bp pp65 gene was obtained from plasmid pCMV65.2
by Nrul-BamHI digestion. The pARC-CMV vector
was blunt-ended with Klenow polymerase, digested
with BamH]I, and the pp65 gene was inserted.

Transient transfections of human 293 cells (ATCC)
were performed using purified plasmid preparations
(1.5ug/3x10° cells), and Lipofectamine (BRL,
Gaithersburg, MD). Two days after transfection, cells
expressed the HCMYV proteins as detected by immuno-
fluorescence assay using gB-specific monoclonal anti-
body (Advanced Biotechnologies, Columbia, MD) and
pp65-specific monoclonal antibody (Virostat, Portland,
ME).

2.2. Preparation and purification of plasmids

Plasmids were transfected into Escherichia coli strain
DH5« and stored at —70°C in medium and 10% gly-
cerol solution. Bacteria were grown in LB broth sup-
plemented with ampicillin. Large-scale purification was
conducted using Quiagen Giga kits (Quiagen, Santa
Clarita, CA) according to the manufacturer’s protocol.
Purity and concentration of DNA were determined by
UV spectrophotometry. Purified plasmid DNA was ali-
quoted and stored at —70°C.

2.3. Immunization procedure

Seven- to ten-week-old female BALB/c mice were
used in all immunizations. DNA was inoculated intra-
muscularly into the quadriceps at doses of 50-80 ug/
mouse at times indicated in the specific experiments
(see Results). In co-immunization experiments groups
of mice were inoculated with either a mixture of both
pK-gB and pARC-pp65 plasmids (80 ug of each DNA/
mouse, 40 ug of each DNA/leg, 160 ug DNA/mouse),
or each plasmid inoculated into two different legs
(80 ug DNA of each plasmid/mouse, a total of 160 ug
DNA/mouse inoculated in left and right legs). Booster
injections were given 4 and 8 weeks later.

2.4. Microneutralization assay

HCMYV neutralizing activity of sera was tested in a
microneutralization assay [44]. Neutralizing titres
higher than 1:8 were considered positive.

2.5. Cytotoxic T lymphocyte assay

The pp65-specific CTL assay was performed as pre-
viously described {42]). Briefly, spleen cells of immu-
nized mice were restimulated in vitro with autologous
spleen cells infected with vaccinia virus recombinant
expressing HCMV-pp65 [42] (VacWR-pp65) or wild-
type vaccinia (VacWR) for 5 days in 24-well plates
(m.o.i = 0.2-0.5; effector:stimulator  ratio, 2:1).

Cytolytic activity of non-adherent spleen cells was
tested in a 4-h >'Cr-release assay. Target cells (P815
MHC class I-matched, MC57 MHC class I-mis-
matched) were infected with VacWR-pp65 or VacWR
(m.o.i = 4-8). Percentage of specific >!Cr-release was
calculated as [(cpm experimental release—cpm spon-
taneous release)/(cpm maximal release—cpm spon-
taneous release) x100].

2.6. ELISA assay

A preparation of gB protein purified by immunoaffi-
nity column chromatography was used as coating anti-
gen in assays to detect gB-specific serum antibody
responses. Optical density values (4) higher than mean
A +2 S.D. of pre-immune sera or A-values greater
than or equal to 0.05 were considered positive, which-
ever was higher. For pp65-specific antibodies, lysates
of 293 cells transiently transfected with pARC-pp65
were used as coating antigen, and lysates of untrans-
fected 293 cells served as control antigen. For each
serum dilution optical density values obtained in con-
trol antigen-coated wells were subtracted from those
obtained in pp65 antigen-coated wells and were con-
sidered positive if they were greater than or equal to
0.05. Plates were blocked with PBS containing Tween
20 (0.05%, v/v) and skim milk (2.5% w/v) for 1h.
Serum samples and peroxidase-conjugated anti-mouse
antibodies were diluted in blocking buffer and incu-
bated sequentially on the plates. For colour develop-
ment, 0.1 M citrate buffer (pH 4.5) containing
hydrogen peroxide (0.012%, v/v) and O-phenylenedia-
mine (1 mg/ml) was added for 15 min, at which point
the reaction was stopped with 1 M sulfuric acid. Plates
were read spectrophotometrically at 490 nm.

2.7. Isotype assay

Peroxidase-conjugated rabbit anti-mouse IgG3 and
rat monoclonal anti-mouse IgGl, IgG2a, and IgG2b
(Zymed, San Francisco, CA) were used to detect
specific immunoglobulin isotypes. Each of the second-
ary antibodies was determined to be highly specific for
the appropriate isotype and quantitatively similar in
reactivity in the ELISA, allowing quantitative com-
parisons between the levels of each isotype. For deter-
mination of antigen-specific isotype content of sera, a
standard curve was prepared for each isotype for each
ELISA using purified mouse IgGl, IgG2a, or IgG2b
(Cappel, Aurora, OH) as antigens. Serum titres were
converted to antibody concentration by comparison
with a standard, calculated from two points of the lin-
ear portion of the curve.
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3. Results

3.1. pK-gB and pARC-pp65 induce insert-specific
antibody and pp65-specific CTL responses in mice

Groups of 10 BALB/c mice were inoculated with
pK-gB or pARC-pp65 (80 ug/mouse) and then boosted
with the same amount of plasmid 4 and 8 weeks later.
In mice immunized with pK-gB, HCMYV-gB-specific
ELISA antibodies were detected in 9 of 10 mice at 8
weeks and in all mice tested at 13 and 21 weeks
(Fig. 1). Antibodies were still present in 4 of 5 mice
tested at 31 weeks (Fig. 1). HCMV neutralizing anti-
bodies were detected in 4 of 10 mice with titres ranging
between 1:12 and 1:48 (data not shown). All mice
immunized with pARC-pp65 responded with pp65-
specific ELISA antibodies after the first booster
(Fig. 2). Six mice were sacrificed at week 13 for CTL
analysis. Three responded with pp65 specific lysis of
target cells (Fig. 3). All four remaining mice had sig-
nificant ELISA antibodies at week 13 (Fig. 2).
Parental vector plasmids did not induce gB or pp65-
specific ELISA antibodies. In additional experiments, 5
of 9 mice immunized with pARC-pp65 showed strong
pp65-specific CTL responses (data not shown).

3.2. Co-immunization with a mixture of pK-gB and
PARC-pp65 induces antibody and pp65-specific CTL
responses

To determine whether the injection of a mixture of
the two plasmids pK-gB and pARC-pp65 had an effect
on the immune response towards each encoded anti-
gen, mice were immunized either with a mixture of
both plasmids or with each plasmid at different sites.

oD
o
=

0 T AR s 3

weeks after initial immunization
Fig. 1. pK-gB induces gB-specific antibody in mice. Mice were
immunized with pK-gB and boosted at weeks 4 and 8. Serum
samples were analyzed at the indicated times by gB-specific ELISA.
Optical density values obtained with 1:40 dilution of serum are
shown. Each curve represents results of individual mice. Some mice
died during the course of the study as a consequence of anaesthesia
and/or bleeding.
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Fig. 2. pARC-pp65 elicits pp65-specific antibody responses. Mice
were immunized with 80 ug pARC-pp65 and boosted at weeks 4 and
8. Serum samples were analysed at the indicated times by pp65-
specific ELISA. pp65-specific optical density values obtained with
1:40 dilution of serum are shown. Each curve represents results of in-
dividual mice.

They were boosted 1 and 2 months later, and serum
samples collected at different times after the initial im-
munization were assayed for both gB and pp65 anti-
bodies. All ten mice inoculated with the plasmid
mixture developed both gB (Fig. 4A) and pp65
(Fig. 4B) specific antibodies 8 or 13 weeks after the
first inoculation and in those mice where serum
samples were assayed, antibodies were detected

503 25:1.12.5:1 611
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Fig. 3. pp65-specific CTL responses in BALB/c mice immunized with
pARC-pp65. Mice were immunized as described in Fig. 2 and sacri-
ficed 1 month after booster. Spleen cell cultures were restimulated
with VacWR-ppé65-infected autologous spleen cells for 5 days.
Specific lysis was tested on WT-Vac- or VacWR-pp65-infected P-815
(MHC-matched) and VacWR-pp65-infected MC57 (MHC-mis-
matched) target cells. The figure shows the result obtained with one
of the three CTL-responder mice. [J, P-815 VacWR-pp65-infected;
O, P-815 WT-Vac-infected; O, MC57 VacWR-pp65-infected.
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Fig. 4. Kinetics of gB and pp65-specific antibody responses of mice
immunized with a mixture of pK-gB and pARC-pp65. Mice were
immunized with a mixture of 80 ug pK-gB and 80 ug pARC-pp65
and boosted at weeks 4 and 8. Serum samples were analysed at the
indicated times by gB and pp65-specific ELISA. (A) and (B) show
gB-specific and pp65-specific optical density values, respectively,
obtained with 1:40 dilution of individual serum samples. Some mice
died during the course of the study as a consequence of anaesthesia
and/or bleeding.

throughout the 31-week observation period. The time
course of the gB- and pp65-specific ELISA antibody
response in the group immunized with the mixture was
not significantly different from that of the group
immunized with the two plasmids at separate sites
(data not shown).

In another experiment, similar gB- and pp65-specific
antibody responses were observed. A pp65-specific
CTL response was detected in 4 of 5 mice immunized
with a mixture of both plasmids, while a pp65-specific
CTL response was obtained in 4 of 6 mice that
received the two plasmids at different sites (data not
shown).

These results establish that the injection at the same
site of a mixture of plasmids coding for pp65 and gB
does not affect the specific immune response directed
towards each antigen.

3.3. Immunization with the secreted form of gB (pARC-
gB680) induces a greater gB-specific ELISA and
neutralizing antibody response than immunization with
the natural membrane-anchored form of gB (pARC-gB)

To determine whether a secreted form of gB would
induce a greater level of antibody response than the
native membrane-anchored form of the protein, two
kinds of gB-expressing plasmids were constructed:
pARC-gB expresses the full-length protein and pARC-
gB680 expresses gB lacking the transmembrane
domain of the protein. Each plasmid was injected at 0
and 8 weeks in different groups of mice and the
ELISA response was assessed at 12 weeks. The mice of
the pARC-gB680 group responded considerably better
than the mice of the pARC-gB group. In the pARC-
gB680 group, 9 of 10 mice responded with a mean
optical density value of 2.833 +0.194, while 6 of 10
mice in the pARC-gB group responded with a mean
optical density value of only 0.436 + 0.470 at a dilution
of 1:40. The difference is statistically significant
(p <0.01) by Student’s z-test. As shown in Fig. 3,
there is also a difference between the two groups when
the neutralizing antibody responses are compared. In
the pARC-gB680-immunized group, 10 of 10 mice had
neutralizing antibodies with titres ranging from 1:12 to
1:192, whereas only 4 of 10 mice immunized with
pARC-gB responded with titres of 1:12 to 1:48.

3.4. Different gB-specific IgG isotypes are generated by
the membrane-anchored and the secreted form of gB

Because the way an antigen is presented to the
immune system can affect the T-helper cell type and
ratio of antibody isotypes that are induced [45, 46], we
tested whether antibody isotypes might be differentially
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Fig. 5. Higher HCMV neutralizing antibody titres are elicited by
pARC-gB680 than by pARC-gB. Mice were immunized with 50 ug
pARC-gB or pARC-gB680, and a corresponding booster was given 8
weeks later. Sera were obtained 8 weeks after the booster and tested
for HCMV neutralizing antibodies. Neutralizing antibody titres of
individual mice are shown. Horizontal bars show geometric means.
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affected by the immunization with plasmids coding for
the membrane-bound form of gB versus the secreted
form. Two groups of mice received two immunizations
of pARC-gB or pARC-gB680 8 weeks apart and indi-
vidual sera obtained 4 weeks after the booster were
analysed for gB antibody in IgG isotype-specific
ELISA assays. Both forms of the protein generated
IgG1 and/or IgG2a gB-specific antibodies (Table 1)
while other antibody isotypes, including IgG2b and
IgG3, were either undetectable or present in only mar-
ginal amounts. Both IgGl and IgG2a antibodies were
formed after pARC-gB immunization, although IgG2a
antibodies were much more abundant; the ratio of
IgG1/IgG2a was less than 1 in all but one mouse.
Mice in the pARC-gB80-immunized group also devel-
oped both IgGl and IgG2a antibody, but IgG2a was
less abundant than IgG1 (except in one mouse), and
thus IgGl:IgG2a ratios were greater than 1 in these
mice (Table 1).

4. Discussion

The pARC-pp65 and the gB plasmids expressing the
full-length gB or the 1-680 amino acid fragment of the
gB polypeptide proved to be good immunogens.
However, the secreted form of gB induced significantly
higher ELISA and neutralizing titres than did the
membrane-bound full-length gB (Fig. 5). It remains
unclear why pARC-gB680 is a better immunogen; one
possibility is that the mechanism of antigen presen-
tation is different for the membrane-bound and se-
creted gB. The membrane-bound gB may be presented

Table 1
Isotypes of anti-gB Ab generated by immunization with plasmids
expressing the membrane-bound or the secreted form of gB

Anti-gB Ab®
Immunization Mouse # 1gG1 1gG2a
pARC-gB 1 20 120
2 <10 400
3 25 67
4 45 30
5 <10 82
6 50 140
PARC-gB680 1 928 98
2 116 204
3 191 89
4 114 66
5 212 74
6 306 90
7 611 17

"Mice were inoculated with 50 ug of pARC-gB or pARC-gB630,
and boosted 8 weeks later under the same conditions. Sera obtained
after booster were assayed for isotype-specific anti-gB Ab. Values are
given as ug Ab per 1 ml of serum.

by transfected myocytes and/or professional antigen-
presenting cells (APC) that become transfected at the
site of inoculation, while a secreted protein can be
taken up and presented by non-transfected resident or
recruited APCs [11,49]. Our findings are that the mem-
brane-bound form of gB produces an IgG2a-dominant
response, whereas similar inoculations with the se-
creted gB-expressing plasmid generates a predomi-
nantly IgGl response suggesting a different antigen
presentation mechanism. Several studies have demon-
strated IgG2a-dominant immune responses after intra-
muscular DNA immunization with membrane-bound
protein or intracellularly localized protein expressing
plasmids [11,22, 50]. Feltquate et al. [51] compared the
IgG isotype pattern after immunization with DNA
expressing the membrane-bound or secreted form of
influenza haemagglutinin (HA); predominant IgG2a
induction using the whole protein and IgG1 using the
secreted form of HA was demonstrated. The biological
significance of the differential isotype pattern induced
by the membrane-bound and secreted gB is not
known. In sera from healthy blood donors, IgG1 was
the most frequently detected gB-specific subclass [52],
and a range of human gB-specific neutralizing mono-
clonal antibodies were found to belong to the IgGl
isotype [53]. The human IgGl subclass is the func-
tional analogue of murine IgG2a, and in agreement
with the correlation between neutralizing activity and
IgG1 subclass in humans, in mice immunized with gB
and QS21 adjuvant, a significant correlation was found
between the levels of virus-neutralizing antibodies and
IgG2a anti-gB antibodies [54]. On the other hand, im-
munization with gB given together either with alumi-
num hydroxide or Freund’s adjuvant resulted in the
production of only IgG1 antibodies, and these anti-
bodies also neutralized the virus [45, 54]. Other studies
also showed that neutralizing CMV-specific mouse
monoclonal antibodies may belong to either the IgGl,
1eG2a or IgG2b isotypes [55-57]. Moreover, a syner-
gistic effect was described between two monoclonal
antibodies in a virus neutralization assay, where one
monoclonal antibody had a much greater neutralizing
activity in the presence of a non-neutralizing IgGl
antibody [55]). Further studies are needed to demon-
strate the possible role of gB-specific IgG subclasses in
vivo,

We did not test gB-specific CTL responses since the
major function of the gB protein is considered to be
the induction of neutralizing antibodies. We also
showed previously that BALB/c mice do not respond
with gB-specific CTL after immunization with an ade-
novirus-gB recombinant, although CBA mice showed
a strong CTL response [42). However, in view of
recent studies on hepatitis B virus surface antigen,
showing that DNA immunization can induce insert-
specific CTL in mice previously considered non-
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responders [15], we cannot exclude the possibility of
gB-specific CTL induction in BALB/c mice. We did
test for pp65-specific CTL responses, since the pp65
protein is a predominant protein for CTL induction in
natural infections [34-37]. Indeed, pp65-specific ELISA
antibodies were detected in all mice, and pp65-specific
CTL responses were found in 16 of the 26 mice tested.
It remains unclear why some of the mice failed to
demonstrate pp65-specific CTL activity. Fuller and
Haynes [8] also reported variable CTL responses after
immunization of mice with a DNA-based HIV glyco-
protein 120 vaccine.

Pande et al. [58] reported the induction of pp65-
specific ELISA antibodies by DNA immunization
using two plasmid expression vectors, in which the
inserted gene was expressed under the control of the
human f-actin promoter or the HCMV IE promoter
along with intron A. However, neither plasmid con-
struct induced ELISA antibodies in more than 60% of
the inoculated mice after two inoculations [58],
whereas nearly 100% of mice in our study responded
with pp65-specific ELISA antibodies. The difference in
the ELISA antibody responses in these studies might
reside in the use of different vector plasmids, inocu-
lation protocols and antibody detection systems. Our
results also demonstrate that DNA immunization
induces CTL specific for pp6S5.

Although specific immunity following vaccination
can last for years or even a lifetime, some vaccines
induce only short-term protection. The physical prop-
erties of the antigen, its in vivo persistence, route of in-
oculation, dose and frequency of reinoculation all may
influence the duration of immune response. In our
study, pp65- and gB-specific antibody responses were
detectable by ELISA in mice for the duration of the
observation period, i.e., for nearly 8 months after the
first inoculation with pARC-pp65 or pK-gB, respect-
ively. Long-lasting antibody responses have been
demonstrated in mice immunized with DNA expres-
sing the influenza virus haemagglutinin and
nucleoprotein [3,59], the hepatitis B virus surface
antigen [14] and rabies virus glycoprotein G {11]. In
contrast, only transient antibody responses were
observed in macaques after repeated inoculation with
a plasmid DNA expressing a simian immunodeficiency
virus protein [10] and in mice immunized with DNA
expressing the circumsporozoite protein of malaria [60].

pK-gB inoculated in combination with pARC-pp65,
given as a mixture or separately, induced gB- and
pp65-specific ELISA antibodies in nearly all mice.
Four of 5 mice immunized with the mixture of two
plasmids showed pp65-specific CTL. The presence of
both gB- and ppé65-specific ELISA antibodies and
pp65-specific CTL in the mice inoculated with the mix-
ture of the two plasmids indicates that gB and pp65
do not mutually block antigen presentation or B and

T cell stimulation when expressed in the same cells or
in close vicinity.

Our results show that DNA immunization can be
carried out successfully with plasmid DNA expressing
the HCMYV gB and pp65 proteins and that the secreted
form of gB is more immunogenic than the membrane-
bound full-length gB. A combination of two plasmids
expressing the gB and pp65 proteins or a single chi-
meric plasmid would induce both cellular and humoral
immune responses important in protection against
CMYV disease.
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Uj vakcinak lehetésége

a jové szazad elsé
negyedében

POSSIBLE NEW VACCINATIONS IN THE FIRST

QUARTER OF THE NEXT CENTURY
The WHO-directed vaccination campaign against
smallpox in the late 1970s led to the eradication of
the variola virus and made the anti-smallpox vac-
cination unnecessary. The currently available vac-
cines have also provided substantial protection
against various infectious diseases. “Convention-
al” vaccines (containing attenuated live or inacti-
vated pathogens or their immunogenic compo-
nents), however, would not afford protection
against many bacterium-, virus- or parasite-caused
diseases, or their use would not meet the neces-
sary safety requirements. The increasing knowl-
edge in molecular biology relating to these
pathogens and basic immunology, and also revo-
lutionary progress in gene technology, have pro-
vided alternative possibilities for the development
of vaccines against such pathogens. One of the
alternatives is the production and use of bacterial
or viral proteins engineered by expression vectors
{bacterium, virus, yeast or plant), which would
induce humoral immune responses in the immu-
nised individuals. Another alternative is the use of
recombinant vectors themselves (bacterium, virus
or plasmid) for immunisation, which would
induce not only humoral, but also cellular
immune response against the inserted gene prod-
uct. The most promising vectors are the virus vec-
tors, which do not fully replicate, but express early
genes in human cells, and the eukaryotic plasmid
vectors (DNA immunisation). The application of
molecular biology in preventive approaches, will
soon lead to the development of a number of
effective and safe vaccines against severe human
and animal diseases.
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A himlémegbetegedés elleni vakcindciés kam-
pannyal a WHO az 1970-es évek végén him-
Ivirusmentessé tette a Foldet, és a himlé
elleni vakcindciét megsziintette. A jelenleg
forgalomban 1évé baktérium- és virusvakcindk
is jelentds védelmet biztositanak szamos fer-
t6z6 betegséggel szemben. Sok virus, bakté-
rium és parazita okozta megbetegedéssel
szemben azonban a konvencionilis Gton elé-
illitott vakcindk (él6 attenualt vagy inaktivalt
mikroorganizmusok vagy azok immunogén alko-
téelemei) nem biztositanak védelmet, vagy
alkalmazasuk nem biztonsagos. Ezen patogé-
nek molekuldris biolégiai ismerete és a gén-
technoldgia fejliédése alternativ megoldasokat
tesz lehetévé; ezek kozott emlitheték az
expressziés vektorokkal (virusok, baktériu-
mok, gombaik, ndvények) termeltetett bakté-
rium- vagy virusfehérjék (a patogénnek a vek-
torba beiiltetett génproduktumai), amelyek
humordlis immunvilaszt hoznak létre az
immunizilt egyénhen. Az expressziés vekto-
roknak (baktériumok, virusok és plazmidok}
az immunizélasra valé felhasznélisa azonban
még hatdsosabb, azaz mind celluldris, mind
humorélis immunvélasz létrején. Az immuni-
zéalasra potencidlisan haszndlhaté vektorok
kozott az emberi sejtekben nem replikalédé,
de a korai géneket kifejezd virusvektorok és
az expressziés eukaryotaplazmid-vektorok
(DNS-vakcindk) igéretesek. A fenti molekula-
ris biolégiai technikdk alkalmazasdval a
kévetkezé években tébb Gj hatdsos és bizton-
sagos vakcina keril dltalanos hasznalatra.
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Uj cikksorozatunkban jeles szakemberek tarjak az olvasék elé az orvoslds egyes szakteriileteinek ezredvégi kihivdsait.
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z orvostudominy eddigi sikerei kdzé sorol-
hatjuk a vakcinicié terén elért eredménye-
ket. Ezek kézdrtt taldn legnagyobb a himlé-

betegség és a himlGvirus-fert6zés leherSségének tel-
jes kiikratdsa, amelyet az Egészségiigyi Viligszerve-
zet (World Health Organization, WHO) az 1970-es
évek végén viligrasz616 oltdsi kampannyal bonyoli-
tott le. A kampany utin a WHO a himl8oltis meg-
sziintetését javasolta, és az oltdst 1980-ban vilig-
szerte elhagytdk (7). Ugyancsak sikert jelentett az
1950-es évek végén az eldlt (Salk), majd az 1960-as
évek elején az él8 attenudlt poliomyelitis-oltéanya-
gok (Sabin) kiterjedt alkalmazisa, amelynek hati-
sira gyakorlatilag nem fordul el fert6zés a vad
poliomyelitisvirussal. A WHO a himlévakciniciés
kampiny analégi4ja alapjin poliomyelitiskampanyt
tervez a 2000-es évek elején, amelyt8l a vilig polio-
myelitismentességét reméli. Ezt kdvetné a kanyaré-
virus eradikiciéja, szintén az egész viligra kiterjedd
oltisi kampiny eredményeképpen, amelyhez él§
attenuilt kanyarévirust tartalmazé oltéanyagot
hasznilnak majd. A fentieken tilmenden hazinkban
a kotelezé él6 attenudlt virusvakcinik, mint a
mumpsz és a rubeola, az él8 attenuélt bakreriilis
vakcina, mint a tuberkulézis (BCG), az inaktivalt
bakterislis vakcinik kézill a szamirkshdgés (Borde-
tella pertussis) -vakcina biztositanak lényeges védel-
met. Ezen konvencionilis vakcinik tehit vagy a
patogén inaktivilasival, azaz elslésével (eldlt polio-
myelitis, B. pertussis), vagy a patogén attenuildsdval,
azaz virulencidjinak megsziintetésével, de ugyan-
akkor immunogenitisinak megtartisival (él6 atte-
nudlt poliomyelitis, kanyaré, mumpsz, rubeola,
BCG) keriilnek eléallitasra (2-4).

A patogén attenudldsa rendszerint évekig tartd,
szuboptimilis koriilmények koézott végzetr, soroza-
tos tovibboltdssal tortént, és a vakcinicidra alkal-
mas mikroorganizmusegyedeket dgy vilasztottdk
ki, hogy a tovibboltott kultdrik vxrulencna]at és
immunogenitdsit kisérleti dllatok szervezetében
mérték. Ilyen médon az attenuilds sorin véletlen-
szerli muticidk jottek létre a patogén genomjiban,
amelyek a virulencia elvesztését és az 1mmunogem-
tis megtartisit eredményezték: a mutins egyedeket
in vivo teszteléssel vilasztottdk ki. Jelenleg, a viru-
sok genomjinak ismeretében, a patogenitisért fele-
18s gének genetikai médositisival végzik az atte-
nuilést.

A baktériumok protektiv hatdsére felelds kompo-
nenseinek — amelyek sok esetben a patogenitdsért
felelds komponensek is — felhasznilisa oltéanyag-
ként szintén gyakorlatban van, természetesen a
patogén hatisért felelés mechanizmus inaktivilisa
utin. Ilyenek a diphtheria- és tetanusexotoxinokbél
készitett toxoidok, amelyek a kételez8 oltasok kozé
tartoznak. Tovabbi valogatott, nagy rizikéjd cso-
portba tartozd emberek vakciniciéja lehetséges a

LAM 1999;9(2):88-95.

* Bizonyos virusoknil és intracellulirisan szaporodé bak-
tériumoknadl olyan mechanizmusok alakultak ki, ame-
lyek segitségével a fert6zés kiviltotta immunvilasz elél
el tudnak menekiilni, azaz az immunvilasz nem tudja
Sket elpusztitani.
A patogének misik csoportjival tortént fert8zés vagy
vakcinicié kivilt ugyan protektiv immunvilaszt, de a
kérokoz6 kitlonbsz§ térzsei kézétti antigénkitlonbsé-
gek (példiul a rhinovirusokndl) vagy a patogén felszini
antigénjeinek gyakori viltozdsa (példaul az influenza-
virus és a HIV esetében) miatt az egyén védtelen az G
antigénstruktirival rendelkez8 patogénnel szemben,
tehdt Gjrafert6zédik.
¢ Vektor az a mikroorganizmus vagy plazmid, amely
genetikai illominyiba egy misik mikroorganizmus
valamilyen génjét klonoztnl\ amely gént a vekror sajit-
jaként fejez ki és termel.
* A kandripox rekombinins virusok protektiv immun-
vilaszt viltanak ki kiilénb6z6 emldsfajokban.
Az izomba vagy bérbe inokulilt DNS az 4ltala kédolt
fehérjét kifejezve immunogén, és immuavilaszt vile ki.
Ha ismert, hogy a virus vagy baktérium melyik alko-
téeleme viltja ki a protekeiv immunavilaszt, ezen alkot6-
részt vakcinaként lehet hasznélni.

baktérium mis alkotdérészeinek hasznilatival is,
ilyenek a Neisseria meningitidis-, a Haemophilus
influenzae- és a Streptococcus pneumoniae-poli-
szacharidavakcinik. A H. influenzae b (Hib)-poli-
szacharida-hordoz6 fehérjéhez (tetanustoxoid)
k&tve hatdsosabb immunvilaszt hoz létre (hosszabb
ideig tarté B- és T-sejt-aktiviciét is jelentd vilaszt),
és hazinkban 1999-t6] az ilwalinos hasznilatra
kijeldlt vakcindk kozé tartozik (5). Jarvinyveszély,
endémids teriiletre utazis vagy feltérelezerten meg-
toreént fertézés esetén tovibbi vakcindk 4llnak ren-
delkezésiinkre, ezek kézé tartoznak a Yersinia pes-
tis-, a Vibrio cholerae-baktérium-, a hep1titis A-, a
sirgaldz-, a kullancsencephalitis- és a veszettségvirus-
vakeindk. E18 attenuilt varicellavakcindt 4llitottak el
japan kutatdk az 1980-as években, amelyet 1987 6ta

Japinban és 1995 6ta az ,
dr. Gonczél Eva

Egyesiilt Allamokban j 16 O EonezO vl
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portba tartozé (leukae-
mids) gvermekek vakci-
niciéjit engedélyezték,
de remélhetéleg a vari-
cellavakcina az 4leali-
nos vakcindciés prog-
ramba is hamarosan
bekeriil (2-5).
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. esetenként azt bgvits, modern vakcinolégia elsg, a

gyakorlatban is alkalmazast nyert terméke a hepatitis B
felszini antigént (HBsAg) tartalmazé rekombinins
vakcina. A rekombinins HBsAg-vakcina kidolgozisa-
kor a felszini antigént kédoldé gént élesztSgomba
DNS-ébe klénoztik, majd ezt a rekombinins éleszté-
gombit nagy mennyiségben elszaporitottik, és a
tenyészkultiribél a HBsAg-t tisztitdsi eljdrdssal 4lli-
tottik elé (6). A vakcina hiromszori oltds utin véds
hatisd. A hepatitis B-virus-fertdzésnek fokozottan
kitetr egyének — mint példiul a virushordozé anyik
gyermekei, a virust hordozé betegek hozzitartozéi,
vérkészitményeket rendszeresen kapé betegek, homo-
szexuilisok, egészségiigyi munkit végzsk — eddig is
részesiilhettek oltasban, de 1999-t8] a HBsAg az ilta-
linos hasznilatra alkalmazott vakeindk kézé tartozik.

A vakciniciéval megel6zhets betegségekénél azon-
ban hosszabb listat lehet késziteni azokbél a beteg-
ségekbdl, amelyeknek kialakuldsit nem tudjuk védé-
oltissal megakadilyozni. A teljesség igénye nélkiil
emlitjiik a fert8z8 légati betegségeket, amelyek min-
den évben az emberek millisit betegitik meg. Leg-
gvakoribb virilis okozéik: rhinovirusok (ndtha), coro-
navirusok (nitha), respiratory syncytial virus (bron-
chitis), influenzavirus (influenza), parainfluenzavirus
(krupp), adenovirus (pharyngitis); leggyakoribb bak-
teridlis okozéik: Staphylococcusok, Streptococcusok,
Chlamydiik, Legionellik, Mycoplasmik (felsé és alsé
légiiti megbetegedések, pneumonia). Nem rendel-
keziink véd&oltissal sok szexuilis tton terjeds ferts-
zéssel szemben sem, mint a Neisseria gonorrhoeae
(gonorrhea), a Treponema pallidum (syphilis), a Chla-
mydia trachomatis-species tagjai (urethritis), a herpes
simplex virus 1-es és 2-es tipusa (herpes labalis, her-
pes genitalis). Ugyancsak védtelenek vagyunk sok, az
emésztStraktust megbetegitd kérokozéval szemben,
mint a hepatitis C-, D-, E-virusok (hepatitis), rota-
virusok (csecsem8kori hasmenés), Norwalk-virus
(gastroenteritis), adenovirusok (hasmenés). Nem
tudunk véddoltissal védekezni a congenitalis kiroso-
dist okozé cytomegalovirussal, a genitalis malignus
daganatok etiolégiai dgenseként szimon tartott papil-
lomavirusokkal, bizonyos lymphomik etiolégidjiban
valésziniileg szerepet jitsz6 Epstein—Barr-virussal
szemben. Nem lehet emlités nélkiil hagyni a humin
immundeficiencia-virus (HIV) elleni vakcina hiinyit,
amely kidolgozisira pedig az elmiilt 15 évben vilig-
szerte igen nagy anyagi erGket mozgésitottak.

Ugy ldtszik, hogy vannak baktériumok és virusok,
amelyek ellen a konvencionilis eljirisokkal (inaktivi-
ls és attenuilds) nem lehet vakcinit kialakitani. Ennek
oka ezen patogének tulajdonsigaiban keresends. Mint
minden élSlénynek, igy a patogén mikroorganizmu-
soknak is az elsédleges célja a tilélés.

Bizonyos virusoknil és intracellularisan szapo-
rodé baktériumoknil olyan mechanizmusok alakul-
tak ki, amelyek segitségével a fertSzés kiviltotra

Génczél Eva

immunvilasz elél el tudnak menekiilni, azaz az
immunvilasz nem tudja 8ket elpusztitani.

Ilyen mechanizmusok példdul az intracellularis
perzisztencia/latencia, amelynek kapcsin a patogén .
genomja az akut fert8zés utin hosszi ideig, esetleg
az egész életén keresztiil a gazdasejtben tartézkodik,
de nem 6li meg azt, hiszen ezzel nmagit is elpusz-
titand. Nem viligos, hogy ezen perzisztens fert§zé-
sek a gazdasejt milyen kirosodisit idézik eld, de
krénikus idegrendszeri (Guillain—-Barré-szindréma,
sclerosis multiplex) és daganatos betegségek eseté-
ben (bizonyos lymphomik) perzisztens virusferts-

zések hatdsic feltérelezik. A perzisztens fert6zések
alatt az intracelluliris parazita genomja reaktiviléd-
hat, és aktiv produktiv szaporodis indulhat el,
amelynek kapcsén tjabb sejtek fertéz8dhetnek, tehit
a patogén tilélése biztositott. Az akut fert8zés utin
perzisztens/litens fertdzést alakitanak ki példiul az
adeno-, a herpes- és a papillomavirusok (7-9). Ezen
patogének elleni immunvédelem kidolgozisa azére
nehéz, mert ezekben az esetekben nemcsak a pato-
gén okozta megbetegedést§l kell megvédeni az
egvént, hanem a fertdzést8l is, ami igen erds
immunvilasz esetén sem biztositott. Ilyen patogé-
nekkel szemben az inaktivilt vakcina nem nydjtana
védelmer, él6 attenudlt vakcindval pedig a vakcina-
virussal kialakithaté perzisztens/litens fert&zés
veszélye miatt nem tanicsos az immunizilis.

A patogének mdsik csoportjival tdrtént fertzés
vagy vakcinicié kivile ugyan protektiv immunvilaszt,
de a kérokozé kiilénboz8 térzser kdzott antigén-
kiilonbségek (példiul a rhinovirusoknil) vagy a pato-
gén felszini antigénjeinek gyakori viltozisa (példiul
az influenzavirus és a HIV esetében) miatt az egyén
védtelen az 1] antigénstrukuirival rendelkezé pato-
génnel szemben, tehit Gjrafertéz8dik (10-13).

El6tordul, hogy mir az egyén szervezetén beliili
szaporodds sorin megviltozik a patogén antigén-
struktirija (példiul HIV-fertzésekben), igy az
egvén a reaktiviciéval szemben is védtelen.

A molekuldris biolégia szemiink el&tt lejitsz6dé
hatalmas fejlédése Gj vakcinastratégidk kifejlédését
tette lehet6vé. Ezen stratégidk alapja a mikrobiilis
gének klénozisa az expressziés vektorokba. Defini-
ci6 szerint vektor az a mikroorganizmus vagy plaz-
mid, amelynek genetikai dllomanyaba egy misik mik-
roorgmizmus valamilyen génjét klénoztik, amely
gént a vektor sajitjaként fejez ki és termel. Vektorok
lehetnek virusok, baktériumok, gombik és bakrterii-
lis plazmidok. Ezen vektorokba klénozott gének
produktumait vagy nagy mennyiségben termeltetik
az expresszibs vektorral, és tisztitds utdn haszniljik
immunizilisra, vagy magit az e\pressziés vektort
mokulal)'lk az immunizilandé egyénbe, és a beklé-
nozott gén ott fejezddik ki, és valtja ki az immun-

vilaszt. A kétféle felhasznilis eredménye kozote
lényeges kiilonbség van: mig a tsztitott produktum
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(fehérje) csak B-sejtes, azaz humorilis immunvilaszt
tud kivaltani, addig a rekombinédns vektor intracel-
luliris replikicidja az immunizilandé organizmuson
beliil nemcsak humorilis, hanem T-sejtes, azaz celluli-
ris (példaul citotoxikus lemphocyta) immunvalaszt
is kivale. A humorilis és a celluliris immunvilasz
egyiittes kialakuldsa és mikodése elengedhetetlen az
intracelluldrisan szaporodé organizmusok (virusok,
intracelluldris baktériumok) elleni védelemben.

Virusvektorok

Erdekes médon nem sokkal azutin, hogy a vaccinia-
virussal térténd immunizéilis eredményeként a
WHO himlémentesnek nyilvanitotta a Féldet, vek-
torvirusnak a vacciniavirust javasoltdk (74, 15).
A vacciniavirus elénye, hogy egy nagyon sikeres
vakcindciés programot hajtottak mir vegre vele,
azaz a himl6megbetegedést eradikiltdk, és hogy
igen nagy méreti DNS-genommal rendelkezik,
amelybe nagyméreti idegen DNS-szakaszokat,
esetleg tdbb protein kédoldsira alkalmas géneket
tudnak beiiltetni anélkiil, hogy a virus struktardjat
és funkciéjit megzavarnik. Hétrdnya, hogy — bér
nagyon ritkdn, 100 000-bé&l egy esetben — komplika-
ciékat, f8leg encephalitist okoz az immunizilt
egyénnél. Toviabbad, immunfunkciéjukban kiroso-
dott egyének immunizéldsira sem javasolt az esetleg
kialakulé generalizalt vacciniamegbetegedés miatt.

Rekombinéns konstrukciék inokuldldsinak felté-
tele természetesen a vektor édrtalmatlan volrta.
A rekombindns vacciniavirusok potenciilis kéros
hatédsai miatt kidolgozott poxvirusvektor-alternati-
vikat egyrészt a tovabbi attenuildsi folyamatokon
atvitt vacciniavirus-térzsek, méisrészt a madarpox-
virus-torzsek jelentették. A vacciniavirus tovabbi
attenuildsa itt azonban mir nem empirikus volt,
mint a korabbi virusvakcindk attenuildsira hasznéle
eljdrisok soran, hanem a vacciniavirus-genom szer-
kezetének ismeretében a genombdl egy 16 kilobizis
hosszlisigd génszakaszt eltivolitottak, amellyel a
virus replikdcidjit gyengitették, de a korai pro-
moterek ald beiiltetett idegen gének még kifejezéd-
nek a virussal fert6zétt sejtekben. Ezen attenuilt
vacciniarekombinansok éllatkisérletekben a beiilte-
tett génproduktumra specifikus immunvélaszt hoz-
nak létre, de emberi immunizéldsra jelen formdjuk-
ban nem haszniljak 8ket (16).

Az emberi felhasznilishoz kozelebb illnak a
maddrpoxvirus alapd rekombinidns virusok, ezek
kéziil 1s a canaripox rekombinans virusok. A kanarit
megbetegitd poxvirus attenuilt forméjit hasznadljak
vektornak, amely méir a madarat sem betegiti meg,
az eml@ssejtekben pedig a teljes replikiciéra nem
képes, de a korai génjeit kifejezi, tehit a korai pro-
moterek ali iiltetett idegen géneket is (17-19).
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O (HCMV-NA-titer): CMV-neutraliziciés ellenanyagtiter (humordlis immun-
vdlasz

e: gB) -specifikus lizis (citotoxikus T-sejt, azaz celluldris immunvilasz)
p-fu. (plague forming unit): fertézé viruspartikula, amely szovetkultira-
sejtekben elszaporodva szemmel lithaté elvdltozist, plakkot okoz

1. dbra. Immunizalis ALVAC-gB-vel CMV-specifikus
neutralizilé ellenanyagot és citotoxikus T-sejt-vilaszt
indukal (18). Hdrom csoportba osztva dsszesen 58 egeret
immunizdltak az ALVAC-gB rekombindns virussal (sc.
1x10° p.fu./d6zis). Az elsé csoport egerei egy, a mdsodik
csoport egerel kettd, a harmadik csoport egerer harom oltds-
ban részesiiltek. A CMV-gB-specifikus immunvdlaszt az
dbrdn jelolt idépontokban vizsgdltik. Az adatok egyedi
egerek immunvdlaszdt tintetik fel egy dozis alkalmazdsa
utdn és két egér immunvdlaszdanak dtlagdt két vagy harom
dézis alkalmazdsa utin.

A kanidripox rekombinins virusok protektiv
immunvilaszt viltanak ki kiilénb6z6 emléstajokban.
Macskaleukémiavirus-fehérjét kifejez6 kanaripox-
rekombindnssal immunizalt macskak védettek voltak a
macskaleukémiavirus-fert6zéssel szemben (20),
kanyarévirus-fehérjét kifejez6 kaniripox-rekombi-
nénssal immunizilt kutyik védettek voltak a kanyaré-
virushoz hasonlé antigénszerkezet canine distemper
virus fert§zésével szemben. Ugyancsak a védelemhez
elegendd szintd ellenanyagot valtott ki egy kandripox-
veszettség rekombindns virus emberben (20). Mint
emlitettiik, a beiiltetett idegen gén expresszidja a vek-
torvirus DNS-szintézise elétt megtérténik, de a vek-
torvirus teljes replikdciéja gitolt a nem madareredett
sejtekben, ami biztonsigossd teszi az eml8sszerve-
zetek, igy az ember immunizildsat a kandripox-rekom-
bininsokkal. Mivel a kanaripox-rekombininsokkal
inokuldlt egyének szervezetében a beiiltetett idegen
gén kifejez8dése intracelluldrisan térténik meg,
rekombindnsok mind humorilis, mind cellularis
immunvélaszt kiviltanak. Ennek bizonyitisa egy
kandripox-humin cytomegalovirus glikoprotein B
(HCMV—gB) -rekombindns preklinikai kiprébalisa
sordn tértént meg (18). Az 1. dbra mutatja, hogy ege-
rek esetében — emberi inokulildsra alkalmas mennyi-
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2. dbra. Immunizilds plazmid-gB-vel CMV-specifikus
neutralizil ellenanyagvalaszt indukal (24). Az egereket
50 ug plazmiddal immunizdltik im. oltdssal, a negyedik és
a nyolcadik héten djraoltisban részesiiltek. ELISA-val
mérték a gB-specifikus ellenanyagokat tisztitott gB-proteint
haszndlva antigénként. Az egyedi egerek savdinak OD-
értékeit tiintetik fel a gorbék, a savok 1:40 higitdsiak.

ségben (1,5%10° p.f.u.) adva — egy dézis utdn alacsony

ellenanyagszint és a kimurathatésdg kiiszobértéke alat-
ti citotoxikus T-lymphocyta (CTL)-vélasz, két dézis
utin magasabb szint(i ellenanyag és kimutathaté
szintd CTL—valasz, a harmadik oltds utin az el6z6hoz
hasonlé ellenanyagszint és magas szintli CTL-vilasz
mérhetd, ami a rekombindns virus j6 hatdsfokd insert-
specifikus immunogenitisit mutatja, és azt a feltéte-
lezést bizonyitja, hogy kaniripox-rekombindnssal
térténé immuniziliskor mind humorilis, mind CTL-
vilasz kialakul. Mivel az insertspecifikus ellenanyag-
vilasz nem volt magas a masodik dézis inokulaldsa
utdn, és nem fol\ozodott a harmadik inokulalast kéve-
téen (1. dbra), felmeriilt, hogy specifikus fehérjeanti-
génnel végzett ismételt oltissal esetleg nagyobb ellen-
anyagvalaszt lehet kiviltani, azaz a kandripox-rekom-
binins j6 ,,priming” hatdsd (az elsédleges immunvalasz
lassabban fejlédik ki és kisebb, mint az azt koévets,
mikdzben memériasejtek alakulnak ki), de kevésbé
hatékony ,booster” hatdst (az ismételt antigén-talal-
koziskor gyorsabb és intenzivebb vilaszt kivalté) vek-
torkonstrukcié. Egérimmunizaldsi kisérletek igazol-
tik, hogy a kanaripox-HCMV-gB rekombinans virus-
sal végzett elsS oltds utdn a misodik oltisként alkalma-
zott tisztitott fehérje igen magas ellenanyagszintet vil-
tott ki az immunizéle éllat szervezetében. A kandripox-
rekombindns ,,priming” hatdsit az egérly mphocvnl\
specifikus stimuldcié utdni interferon- {-termelese s
jelezte, amely a celluliris immunvélasz irdnydban
elkérelezett T-sejtek jelenlétét igazolta. Az interfe-
ron-y antivirlis hatdssal is rendelkezik, igy a védShatis
egyik komponense is lehet.

Mivel a feln8tt populicié (az 1980 elSte sziiletett
egyének) a himlémegbetegedéssel szembeni védelem
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céljabél immunizilva lett vacciniavirussal, kérdés volt,
vajon a vacciniaimmunitds nem fogja-e gitolni a vacci-
nidval rokon kandripoxvirussal valé immunizils hatis-
fokat. Ezért egereket immuniziltak vacciniavirussal, és
a vacciniaimmunizalt egereket késébb immunizaltdk a
kandripox-HCMV-gB rekombinins virussal. Az ered-
mények azt igazoltik, hogy a vacciniaimmunitds nem
gitolja a kandripox-rekombindnssal kivalthaté insert-
specifikus immunvilaszt, tehdt vaccinia-véddoltisban
részesiilt emberek is immunizilhaték kandripox-
rekombindnsokkal. A kandripox-HCMYV rekombinans
virusok humén kiprébalis alatt vannak.
Vektorvirusnak nemcsak poxvirusokat, hanem
genetikailag modifikalt adenovirusokat, herpes simp-
lex virust, retrovirusokat is javasolnak. Kiilondsen a
modifikilt adeno- és retrovirusvektorok alkalmazha-
t6k potenciilisan bizonyos genetikai betegségek (pél-
ddul cysticus fibrosis) terdpidjira is, azaz a hidnyzé
vagy hibis sejti gének funkcionilisan ép génekkel valé
pétlasira, eziltal a génhidnyos éllapot tiineteinek
megsziintetésére. Ezen hibds sejti géneket pétld
rekombindns vakcinik a rekombinidnsok felhaszni-
lisanak céljar is kiszélesitették, azaz nemcsak fert6z6
betegségek megel6zésére, hanem genetikai betegségek
gyogykezelésére is alkalmazhaték (21).

Baktériumvektorok

Baktériumvektorként elssorban attenuilt Salmo-
nella-térzsek és BCG jénnek széba. A Salmonella-
vektor elénye, hogy orilisan alkalmazva a gastroin-
testinalis rendszerben szaporodik, és mucosalis
immunitast valt ki a bélrendszerben, igy az enteralis
betegségek kérokozdinak megfelels génjeit beiil-
tetve ezen enteralis betegségek megel8zésére lenne
alkalmas. A BCG-vektor elénye, hogy a sziiletés
utdn nem sokkal adva vakcinaként kiterjedten alkal-
mazzik, valamint celluliris immunvilaszt valt ki,
igy intracelluldrisan szaporodé mikroorganizmusok
(virusok és intracellulirisan szaporodé baktériu-
mok, parazitdk) elleni védelemben hasznos lehet.

Genetikai vagy DNS-immunizalas,
azaz expresszids plazmidvektorok

Az alap- és alkalmazott immunolégiai tudominyok
nagy meglepetese volt az 1990-es években annak fel-
ismerése, hogy az izomba vagy bérbe inokulalt DNS
az iltala kodolt fehérjée klfe}ezve immunogén, és
immunvélaszt vilt ki. A technolégia lényege az, hogy
az immunogén fehérje génjétr bakteriilis plazmidba
kédoljik az eukaryotiban funkcionilé promoter és
enhancer szekvencidk ald. Az ilyen médon elkészitett
plazmid-DNS-t izomba vagy bérbe adva a génpro-
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duktum (fehérje) hosszi ideig tarté helyi kifejez8dése
j6n létre, amely hossza ideig tarté immunvilaszt ered-
ményez. Az immunvilasz mind B-, mind T-sejtes,
azaz ellenanyagok és cellulris immunvélasz jon létre.
A celluliris immunviélaszt a citotoxikus T-sejtek
indukciéja is jellemzi, tehdt a fehérje intracelluldrisan
fejezédik ki, és az MHC 1. osztaly molekulai mutatjik
be az antigén-prezentilé sejtek felszinén a T-sejtek
részére. A plazmidvektorok elénye, hogy hosszi ideig
tarté immunvilaszt eredményeznek, az immunvilasz
mind B-, mind T-sejtes, és mivel fert6z8 dgens bevitele
nem torténik az immunizicié kapesan, ismételt dézis
immunogenitisit nem akadilyozza az el6z6 dézisra
kivaltott vektorspecifikus immunvilasz. Tovibbi
elényiik, hogy eldallitisuk egyszeri és olcs6 (22-24).

A 2. dbra szemlélteti, hogy egy expresszids eukary-
otaplazmid, amelybe a HCMV-gB gént klénoztik,
egerek esetében gB-specifikus ellenanyagvilaszt valt
ki; a plazmid kétszeri vagy hiromszori im. oltdsa
utdn az egerek tdbbségénél tartésan (a vizsgalat kozel
nyolc hénapja alatt) tapasztalhaté magas szint(i ellen-
anyagvilasz. Az egerek vérsavéjidban HCMV neutra-
lizal6 ellenanyagokat is kimutattak.

A 3. dbra azt mutatja, hogy egy expressziés euka-
ryotaplazmid, amelybe a HCMV-65 kD foszfopro-
tein gént (pp65) klénoztik, pp65-specifikus ellen-
anyagvélaszt indukilt egerek esetében kétszeri im.
oltds utdn. Hasonléan a humoralis immunvélaszhoz a
plazmid pp65-specifikus CTL-vilaszt is kiviltott az
egereknél. A két plazmid kevert inokuldlisakor mind
gB-, mind pp65-specifikus ellenanyagok és CMV-
neutralizalé aktivitist mértek a savékban. Ugyan-
ezen egerek T-lymphocytdi pp65-specifikus CTL-ak-
tivitassal rendelkeztek. Ezek az eredmények aldta-
masztjdk a DNS-immunizéilds lehet8ségét CMV
okozta megbetegedések kivédésére is (24).

Potenciilis hitrinyuk példiul a gazdasejt genom-
jaba valé integrilédas, amely a gazdasejt genetikai
véltozasit idézheti els. A plazmidvektorok tanul-
ményozisa viligszerte intenziven folyik, azonban
integrilédast a gazdasejtbe vagy a DNS-immuni-
zilis egyéb esetleges komplikici6jit eddig nem
tapasztaltdk. A legtébb virus protektiv immun-
vélaszban részt vevd génjét plazmidvektorba mir
beklénoztik, és kisérleti allatok esetében bizonyi-
tottdk a hatdsossdgit. Expressziés eukaryotaplazmi-
dokba klénozott HIV-génekkel térténé emberi
immunizalisi prébilkozasok folyamatban vannak.

Szubunit vakcinak

Ha ismert, hogy a virus vagy baktérium melyik
alkotéeleme viltja ki a protektiv immunvilaszt,
ezen alkotérészt vakcinaként lehet hasznilni. Erre
példa a hepatitis B-virus felszini antigénje (HBsAg),
amely nagy mennyiségben termelédik a virussal fer-
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3. abra. Immunizilas plazmid-pp65-tel CMV-specifikus
citotoxikus T-lymphocyta-valaszt indukal (24). Az ege-
reket a 2. dbrdndl leirt médon immunizdltdk, és az utolsé
oltds utdn egy hénappal 6lték le. A lépsejteket pp65-speci-
fikusan stimuldltik in vitro, és azonos, valamint kiillonbozé
MHC-I. osztilyba tartozé sejtekben mérték a citotoxicitdst.
Az dbra egy reprezentativ egér esetében kapott eredményeket
mutatja. A sziilé-vacciniavirussal fertézott MHC-I. szerint
megegyezd sejtek és a vaccinia-pp65 rekombindns virussal
fertézitt MHC-1. megegyezd sejtek lizise kizitti kiilonbség
mutatja a pp65-specifikus lizist.

t6z5tt sejtekben, és tisztitott dllapotban elillithaté
a virushordoz6 emberek plazmajibél, vag gy mosta-
niban rekombindns DNS-technolégia segitségével.
Az utébbi eljirissal el&éllitott HBsAg-vakcindt
hasznailjék jelenleg immunizaldsira. Tébb mas virus
protektiv hatdsdért felelgs fehérjéjér is elSallitottak
mir a rekombinins DNS-technolégia médszerével
(példdul herpes simplex virus 2-es tfpusa,
cytomegalovirus), azonban ezek immunogenitisa
gyvengének bizonyult. A szubunit vakcinik immu-
nogenitisinak novelése Gj adjuvansok és az immu-
nogenitist fokozé mis eljarisok kidolgozdsinak
segitségével viligszerte folyik.

A szubunit virusvakcinik kézé sorolhaték a szinte-
tikus dton el8illitott peptidek, amelyek B- vagy
T-sejt-epitopként viselkednek természetes kornyeze-
tikben, a \n'usprotemben Elényiik, hogy a protein
nemkivinatos részeit nem tartalmazzak. A szintetikus
peptidek azonban iltaliban gyengén immunogének.
Immunizildsra hasznilhaték, ha a peptideket hordozé
molekulikhoz kétik, és adjuvinssal egyiitt adjik az
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vagy a jelenleginé] fejlettebb vakcinik

Virusvakcindk
Influenzavirus®
Hepatitis A virus®
Parainfluenzavirus
Respiratory syncytial virus
Adenovirus 1, 2, 5-7 tipusok
Rotavirus
Hepatitis C-, E-virus
Humain immundeficienciavirus
Papillomavirus
Herpes simplex virus 2. tipus
Cytomegalovirus
Epstein—Barr-virus

Baktérium- és parazitavakcindk
Pneumococcus™
Meningococcus™
Mycobacterium tuberculosis*®
Vibrio cholerae™
Acelluliris pertussis
E. coli (orilis enterotoxinogén)
Helicobacter pylori (ulcus duodeni, ventriculi)
Borrelia burgdorferi (Lyme-kér)
Maldria

* Jelenleg is meglévo, fejlesztésre keriilé vakcindk

immunizalandé egyénnek. Tébb B- és T-sejt-epitop
dsszekapesoldsival hatisosabb vakcina dllithaté eld.
Tébb T-sejt-epitop sszekapesoldsa esetén is eléfor-
dulhat, hogy az egyén HLA 1-es és 2-es osztélyba tar-
tozé molekuldi nem hordoznak olyan allélokat, ame-

 lyek a szintetikus T-sejt- epltopok‘u tilalni tudjik a

T-sejtek felé, igy az ilyen egyén esetében immunvilasz
nem jon létre. A szintetikus peptidvakcinik alkalma-
sak lehetnek vakeindciéra, ha a leirt problémik megol-
disra keriilnek. Virusbetegségek profilaxisira még
nem haszniljik &ket.

Néhény tovibbi fontos és nem kellgen ismert
aspektusa a vakcindcié tudoményanak:

1. Ujsziilsttek immunizaldsanak problémai, ame-
lyet az §jsziilétt immunrendszerének miikédésére
vonatkozé igen hidnyos ismereteink hitraltatnak.
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2. A mucosalis immunitdst kivilté eljirasok kez-
detlegesek, amelyek pedig igen fontosak lennének,
hiszen sok patogén (HIV-, influenza-, herpesvirus)
behatolasi helye els8sorban a mucosalis hirtya, igy a -
szisztémds immunitds mellett a lokilis, mucosalis
immunitis is sziikséges lenne.

3. Egyetlen dézisban adott, tébb immunogént
tartalmazé vakcina lehet8sége, amely nemcsak azon
milik, hogy példiul melyik vektorba lehet tébbféle
fehérjét kédold gént beiiltetni, hanem ezen immu-
nogének esetleges immunolégiai kompeticiéjinak
ismeretére is sziikség lenne.

4. Blzon)os patogének (f8leg parazitik) patolé-
gidjaére felel6s immunolégiai reakciék megértésé-
nek hidnyossigai.

A vakcinolégia mostanihoz hasonlé nagy lendii-
letii fejlédése azonban tovibbi izgalmas és hasznos
eredményeket fog produkilni a fent vizolt problé-
makérokben is.

A vilagszerte folyé kutatémunkik alapjin a
koévetkezd 25-30 évben az 1. tdbldzatban felsorolt )
vagy a jelenleginél fejlettebb vakcindk hasznilatba
1épése j6solhaté meg (20).

Meghaladni a dolgozat kereteit annak a megbe-
szélése, hogy a felsorolt vakciniciés prébilkozisok
kdziil az eldre jelzett vakcindk mindegyikére vonat-
kozéan melyik bizonyul optimilisnak, mivel ez a
patogén antigénjeitdl és a betegség patomechaniz-
musatdl is fiigg.

A vakcinolégia a dolgozatban érintett mikrobio-
l6giai, immunolégiai, molekuldris biolégiai kérdés-
csoportok1t oleli fel, és napjainkban mir &nsllé
tudomanyagl\ent miikédik. Uj kérokozék felbuk-
kandsa (HIV), régi kérokozékkal kiviltott betegsé-
gek djra megjelenése (tbc), vagy annak a felisme-
rése, hogy klasszikus belgyégviszati betegségeket
fert6z8 dgensek okozhatnak (Helzcobacter pylori-
b1ktermm az ulcus duodeni és ventriculi eseteinek
nagy részét), a vakcinolégia tudoményit fontossa és
aktudlissd teszik.

A kézlemény az MKM 528, az AMFK 474 ésaz OTKA T 19 256
szdmit pdlydzatdnak timogatdsdval késziilt.

5. Johan Béla Orszigos Epidemioldgiai K6zpont. Médszertani levél
az 1999. évi véddoltasokrél. Fletkorhoz kotstten kételez véds-
oltasok. Epinfo 1999;1:10-20.

6. Burnette VYN, Samal B, Browbe JK, Fenton D, Bitter GA. Produc-
tion of hepatitis B recombinant vaccines. Cold Spring Harbor, NY:
Cold Pring Harboe Laboratory 1984:245-250.

7. Horwitz MS. Adenoviruses. In: Fields. Virology. 3rd ed. Lippin-
cott-Raven Publ, 1996:2149-2171.

8. Banks TA, Rouse BT Herpesviruses-immune escape artists? Clin
Infect Dis 1992;14:933-941.

9. Shah KV Howley PM. Papillomaviruses. In: Fields. Virology. 3rd
ed. Lippincott-Raven Publ, 1996:2077-2109.



Rekombindns vakcinik

10.
1.
12,
13.
14,

15.

16.

Couch RB. Rhinoviruses. In: Fields. Virology. 3rd ed. Lippin-
cott—-Raven Publ, 1996:713-734.

Murohy BR, Webster RG. Orthomyxoviruses. In: Fields. Virology.
3rd ed. Lippincott-Raven Publ, 1996:1397-1445.

Hirsch MS, Curran JW Human immunodeficiency viruses. In:
Fields. Virology. 3rd ed. Lippincott—Raven Publ, 1996:1953-1975.
Norley S, Kurth R. Vaccination against HIV. Immunobiology
1992;184:193-207.

Mackett M, Smith GL, Moss B. Vaccinia virus: a selectable eukaryo-
tic cloning and expression vector. PNAS USA 1982:79:7415-7419.

Panicali D, Paoletti E. Construction of poxviruses as cloning vec-
tors: insertion of the thymidine kinase gene from herpes simplex
virus into the DNA of infectious vaccinia virus. PNAS USA
1982,79:4927-4931.

Moss B. Genetically engineered poxviruses for recombinant gene
expression, vaccination, and safety. PNAS USA 1996;93:
11341-11348.

. Taylor J, Weinberg R, Tartaglia J, et al. Nonreplicating viral vectors

as potential vaccines: recombinant canarypox virus expressing
measles virus fusion (F) and hemagglutinin (HA) glycoprotein.
Virology 1992;187:321-328.

. Génczol E, Berencsi K, Pincus S, Endresz V| Méric C, Paolettie E,

19.

20.

21.

22,
23.

24,

LAM 1999;9(2):88-95.

et al. Preclinical evaluation of an ALVAC {canarypox)-human cyto-
megalovirus glycoprotein B vaccine candidate. Vaccine
1995,;13:1080-1085. .

Gdnczél E, Berencsi K, Kauffman E, Endresz \{ Pincus S, Cox W et
al. Preclinical evaluation of an ALVAC (canarypox)-human cyto-
megalovirus glycoprotein B vaccine candidate; immune response
elicited in a prime/boost protocol with the glycoprotein B subunit.
Scand | Infect Dis Suppl 1995;99:110-112.

Plotkin SA. Vaccination in the 21st century. Infectious diseases
1993,168:29-37.

Rosenfeld MA, Yoshimura K, Trapnell BC, et al. In vivo transfer of
the human cystic fibrosis transmembrane conductance regulator
gene to the airway epithelium. Cell 1992,68:143-155.

McCarthy M. DNA vaccination: a direct line to the immune sys-
tem. The Lancet 1996,;348:1232.

Robinson HL. Nucleic acid vaccines: an overview.
1997;15:785-787.

Endresz \ Kari L, Berencsi K, Kari Cs, Gyulai Zs, Jeney Cs, et al.
Induction of human cytomegalovirus (HCMV)-glycoprotein B (gB)-
specific neutralizing antibody and phosphoprotein 65 (pp65)-spe-
cific cytotoxic T lymphocyte responses by naked DNA immuniza-
tion. Vaccine 1999;17:50~58.

Vaccine

AZ EGESZSEGUGYI MINISZTERIUM PALYAZATOT HIRDET
hazai szakmai rendezvények timogatdsira

Pdlydzati feltérelek:
orvostudominyi, egészségiigyi teriileten folyd kutatdsokkal foglalkozé szeminirium,
workshop, konferencia, kongresszus;

magyarorszigi, 1999-ben tartand6 rendezvény.
El8nyben részesiilnek a nemzetkézi részvérellel megrendezett tudominyos események.

A pilyidzatnak tartalmaznia kell az alibbiakat:
adatlap a pilydzé, intézményvezet§ aldirdsival;
a rendezésben részt vevé tudomanyos tirsasigok, intézmények felsorolisa;
a rendezvény témdja, programja, a résztvev8k szima.
A rimogatis dsszege 300 ezer forinttol 1 milli forintig terjedher.

Pdlydzat benyiijtdisinak batdrideje:
1999. mijus 1.
1999. augusztus 1.

Tovibbi informécié és adatlap az Egészségiigyi Minisztérium Egészségiigyi Tudoményos Tanics Tickirsig
Kuratisszervezési Osztilyan vehet8 du: 1051 Budapest, Arany Janos u. 6-8. III. emelet 337-es szoba.
Telefon: 311-9651. Fax: 311-9651. E-mail: alfreda.temesi@n-m.x4006wv.itb.hu



mailto:alfreda.temesi@n-m.x4006w.itb.hu

VII.



[EGE ARTIS
MEDICIN

MAGYAR ORVOSI HIRMONDO

ALAPITVA 1990-BEN A MAGYAR ORVOSLAS TUDOMANYOS ES MUVESZI SZINVONALANAK EMELESERE,
A NEMZET EGESZSEGI ALLAPOTANAK JOBBIiTASARA.

KULONLENYOMAT




A Kaposi-sarcoma és a humin herpesvirus-8

Szisztémais retinoidok

A

9-cis-retinoidsav a betegek 37%-4nil klinikai

vilaszt viltott ki, mig 34%-uk stabil maradt (36).
Saiag mucocutan Kaposi-sarcomiban all-trans-
retinoidsavval 40%-os klinikai vilaszt ért el, emel-
lett a betegek 40%-a nem progredidlt a vizsgilati
id&szakban (37).
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larisan adott 100 000-300 000 egységek alkalma-
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A herpesvirusok elleni
vakcinacié lehetSségei

POSSIBILITIES OF VACCINATION AGAINST
HERPESVIRUS DISEASES
Currently available vaccines provide protec-
tion against various infectious diseases, but
there is an even longer list of infections that
can not yet be prevented by vaccination,
including the majority of diseases caused by
herpesviruses (with the exception of varicel-
la). Herpesviruses are widespread in the po-
pulation, and although most infections are
asymptomatic or manifest in clinically mild
symptoms, there are severe, often life threat-
ening diseases seen in the immunocompro-
mized patients and in neonates. The complex
interplay between host and virus makes it dif-
ficult to mount useful vaccine strategies. Her-
pesviruses have developed a number of suc-
cessful mechanisms to evade immunosurveil-
lance. Following acute infection they estab-
lish latency, during which they express few, if
any protein antigens. In addition, herpesvirus-
es interfere with cytotoxic T-cell function and
antigen recognition by different means. An
ideal herpesvirus vaccine would not only pre-
vent disease development, but also the infec-
tion and the establishment of latency, which
is not easy to achieve, since even natural
immunity does not provide complete protec-
tion. Conventional vaccines (containing
attenuated live or inactivated viruses) do not
afford protection against these viruses, nor
their use would meet the necessary safety
requirements. The use of gene technology has
opened up an exciting new era in vaccinolo-
gy, providing alternative possibilities for the
development of effective and safe new vac-
cines. Examples of these alternative possibili-
ties include recombinant vaccines and DNA-
immunization.

herpes simplex viruses,

varicella-zoster virus, cytomegalovirus,
Epstein-Barr virus, recombinant vaccines,
DNA-immunization

Erkezett: 2000. aprilis 03.
Elfogadva: 2000. junius 21.

Gyulai Zséfia

A jelenleg forgalomban 1évé vakcinik védelmet
biztositanak szdmos fert6z6 betegséggel szem-
ben, azonban rendkiviil sok fert6zés kialaku-
lasit még ma sem tudjuk véddoltassal meg-
akadalyozni. A baranyhimlét kivéve ide sorol-
haték a herpesvirusok altal okozott megbetege-
dések is. A herpesvirusok igen elterjedtek a po-
pulaciéban, és noha klinikailag a fertézés alta-
ldban tiinetmentes vagy enyhe lefolyasa, csok-
kent immunfunkciéji egyéneknél és ajszilot-
teknél silyos, gyakran életveszélyes megbetege-
dések fordulnak el6. A megfelel6 vakcinaciés
stratégia kialakitisat megneheziti a gazdaszer-
vezet és a virus kozotti dsszetett kolcsonhatas.
Kiilénb6z6 mechanizmusok segitségével a her-
pesvirusok rejtve maradhatnak a fertézés kival-
totta immunvaélasz ell. A herpesvirusok az akut
fert6zést kovetSen latenciat alakitanak ki,
amelynek kapcsan a patogén genomja hosszi
ideig a gazdasejtben tartézkodik, és a latens fer-
t6zés alatt csak néhany gén transzkripcidja,
esetleg transzlicidja megy végbe. A herpesviru-
sok tobbféle médon gatoljak az adaptiv immun-
vélaszban szerepet jatsz6 citotoxikus T-lympho-
cytik antigénfelismeré és a fertGzott sejtet
pusztitd hatdsit is. A hatékony immunvédelem
kialakitasa azért is nehéz, mert nemcsak a her-
pesvirus okozta megbetegedéstsl kellene meg-
védeni a szervezetet, hanem a fertGzéstél, igy a
latencia kialakuldsatdl is; erre azonban a termé-
szetes fert6zés altal kialakitott immunvalasz sem
képes. Ezen megbetegedésekkel szemben a kon-
vencionalis uton eldillitott vakcinak (él6, atte-
nuilt, illetve inaktivalt virusok) nem biztositanak
kell6 védelmet, vagy alkalmazasuk nem bizton-
sagos. A géntechnolégia alkalmazésa 4j, izgal-
mas korszakot nyitott a vakcinagydrtas teritletén,
lehetévé téve hatékony és biztonsigos olto-
anyagok kifejlesztését. Ezen qj, alternativ meg-
oldasok kozé tartoznak a rekombinans vakcindk
és a DNS-immunizalis.

herpes simplex virusok,

varicella-zoster virus, cytomegalovirus,
Epstein—Barr-virus,

rekombindns vakcinidk, DNS-immunizalis

DR. GYULAI ZSOFIA (levelez§ szerzé/corres-
pondent): Szegedi Tudomanyegyetem, Altalanos
Orvostudomianyi Kar, Orvosi Mikrobiolégiai
Intézet/University of Szeged, Faculty of Medi-
cine, Department of Medical Microbiology;
H-6720 Szeged, Dém tér 10.
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H

gi vakcinicié az orvostudominy legnagyobb
re felfedezései kozé tartozik. Jenmner korszak-
1¢ alkoté megfigyelése utin, amely a himl§
o ellen1 sikeres vakcinicibhoz és az 1970-es évek

K Végére a Fold himl@virus-mentesitéséhez vezetett,
F 80 év telt el, mig Pastenr létrehozta a veszettség
megel&zésére az elsd €16, attenuilt kérokozér tar-
. talmazé vakcinit. Nem sokkal ezutin Salmon és
k Smith eldlt Salmonella bakiériumokkal tudot
b, immunizilni. Igy mir t6bb mint sziz éve ismert az
. immunizilis két {6 alapmédszere, az é18, attenuilt
di mikroorganizmusokkal és az inakuvilt, teljes kér-
okozékkal végzett vakcinicié. A usztitott, egyedi
(. mikrobiilis antigénkomponensek immunogenitisa-
d nak felismerése megteremtette az alegységvakcink
:¢ bevezetésének elméleti alapjit. Az oltéanyagok
2y €zen tipusdba sorolhaték a tokos baktériumok tisz-
| titott poliszacharid-antigénjeit tartalmazé készit-
¢ mények is. A molekularis biolégiai médszerek fejlé-
d désével lehetvé vélt a mikrobiilis gének klénozisa
. killéonbé2z8 vektorokba (virusok, baktériumok,
b gombik, névények), és az ezek iltal termeltetett
ri baktérium- vagy virusfehérjéket haszniljik fel
immunizilds céljara. A tisztitott fehérjék 4ltaliban
g humorilis immunvilaszt hoznak létre; a rekom-
v bindns expresszi6s vektorok (baktériumok, virusok
k és plazmidok) felhasznilisival végzett vakcinilis
azonban ugy celluliris, mint humorilis immunva-
laszt eredményez.

| A herpesvirusok csalddjiba tartozé té6bb mint 100
r: kilénboz8 virus koziil jelenlegi ismereteink szerint
f, nyolcat sorolunk az embert megbetegité kérokozék
n kézé. Ezen nagyméretd, boritékos, kettds szild,
s linedris DNS-genommal rendelkez8 virusok iltal
& okozott megbetegedések széles spektrumot alkot-
. nak; jellemzd tulajdonsiguk, hogy a primer fertd-
n zést koverSen a gazdaszervezetben latencidt alaki-
o tanak ki, amelyet a virus periodikus reaktiviciéi
cl kévetnek. A herpesvirusok igen elterjedtek a popu-
n licié nagy része fert6z8dik veliik és immunitdssal
ri rendelkezik. Klinikailag a fert8zés 4ltaldban enyhe
p vagy tinetmentes formiban zajlik, de csokkent
a immunfunkciéji egyéneknél silyos, gyakran élet-
n veszélyes megbetegedések fordulnak elé.

4 A herpesvirusokat a szaporodisi ciklus hossza, a
sejtkdrosité hatds és a latens fert8zés jellemzéi alap-
jin hidrom (ot-, B- és y-herpesvirus) alcsalidba sorol-
ai Jak. Az a- herpesv:rusok kézé tartozik a herpes simp-
4 lex virus 1-es és 2-es tipusa (HSV-1, HSV—’) és a vari-
a cella-zoster virus (VZV), amelyek érz8 ganglionok-
13' ban alakitanak ki latens fert6zést. A cytomegalovirus
1¢ (CMV) B-herpesvirus; latens médon valészintleg a
h monocyta eredetd sejtek és a nyilmirigy, valamint a
ti vesetubulusok epithelialis sejtjei hordozzik. A lym-
al photrop humién herpesvirus-6-ot (HHV-6) és humin

.<L

LAM 2000;10(7-8):612~622.

herpesvirus-7-et (HHV-7) szintén a B-herpesvirusok
kézé soroljik. A y-herpesvirusok kozé tartozé
Epstein-Barr-virus (EBV) az oropharynx és a parotis
epithelialis sejtjeit, valamint a B-lymphocytikat fer-
t8zi meg, és a B-lymphocytikban alakit ki latencit.
Szintén Y-herpesvirus a humin herpesvirus-8
(HHV-8). Az utébbi két virusnak kéroki szerepet
tulajdonitanak bizonyos humin malignus daganatok
kialakuldsiban. A humin patogén herpesvirusok éltal
okozott megbetegedéseket és a latencia jellegzetes
anatémiai lokaliziciéit az 1. tdbldzatban foglaltuk
Ossze.

Az élethosszig tarté fert&zétrség, valamint az
immunhidnyos illapotokban fellépd betegség és az
tjsziildtteknél észlelhetd silyos kérlefolyds miatt
szitkséges a hatékony vakcina mielébbi kifejlesz-
tése. Az EBV- és a HHV-8-fertSzések megel&zése
vakciniciéval el8segithetné az alualuk okozott
rosszindulatd daganatos megbetegedések eléfordu-
lisdnak csékkenését is.

A gazdaszervezet és a virus kdzétti komplex kél-
csonhatis nagymértékben lassitja a megfeleld vakei-
néciés stratégia kialakitdsit. Mindegyik herpesvirus
latens fert&zést hoz létre, és ezen id& alatt csak
néhiny gén transzkripcidja, esetleg transzliciéja
megy végbe; ezenkiviil tébbféle mechanizmus révén
giroljik az adaptiv immunvalaszban szerepet jitsz6
citotoxikus T-lymphocytik (CTL) antigénfelismerd
és sejtpusztitd hatdsit, igy blokkoljak a virusanti-
gének prezenticiéjit az MHC I hisztokompatibili-
tisi antigénekkel (7). Mindezen hatisoknak
készénhetSen a virus rejtve maradhat az immun-
rendszer szimira. Ismeretes tovibb4, hogy a termé-
szetes fertdzés ltal kialakitott immunvédelem csak
részben védi meg a szervezetet az Gjrafert§z8déstél,
és az immunrendszer reaktivicidk alkalmaval létre-
jov8 restimuliciéja nem jelent tékéletes védelmet az
Gjbéli reaktivici6kkal szemben. Ezen adatok bir-
tokdban tehit nehéz meghatdrozni a hatékony her-
pesvirus-vakcindval szembeni elvirisokat. Olyan
torekvés latszik redlisnak, amely csékkentené a fer-
t6zés helyén a replikilédé virusok mennyiségét, igy
enyhitené az akut fert&zés tiineteit, csdkkentené a
latensen fert&zétt sejtek szimadt, és igy a reaktivi-
ciét is. A kiildnbdz8 herpesvirusokkal kapcsolato-
san részletesebben tanulméinyozott vakcindkat a
2. tdbldzatban foglaltuk 6ssze.

Herpes simplex virusok

A t5bbi herpesvirushoz hasonléan a herpes simplex
virusok is igen elterjedtek a populdciéban. Széles
gazdaspektrummal rendelkeznek, gyorsan szapo-
rodnak és er8sen citolitikus hatistak. A két herpes
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nik felhasznildsinil szimos elény adédhat. A her-
pes simplex virusok iltal okozott fertézések meg-
el6zésében hatékonysiga az é16, attenuilt vakcinié-
hoz hasonlithat6. Ezen oltéanyagok alkalmazisa
esetén azonban nem kell szimolni a HSV latencidji-
val, reaktiviciéjival és potenciilis onkogenitdsival
kapcsolatos problémakkal. Tébb -vacciniavirus-,
adenovirus-, varicella-zoster virus-, adeno-associa-
ted virus- és Salmonella typhimurium-HSV rekom-
binins vakcina hatékonysigit mutattdk ki illa-
toknél; emberi kiprébalis még nem ismert (23-28).

.

Varicella-zoster virus -
A varicella-zoster virus (VZV) az egyetlen olyan
herpesvirus, amelynek a megel6zésére engedélye-
zett vakcina 3ll rendelkezésre. A barinyhiml8 kér-
okozéja cseppfert§zéssel, illetve hélyagbennékkel
terjed. A légutakban végbemend lokilis szaporodis
utin a virus a vériramba keriil, majd a bér sejtjeit
fert6zi meg, és azokban. szaporodik. Retrogrid
axonalis transzport titjin keriil az érzéganglionok
neuronjaiba, ahol latens fert&zést alakit ki. A primer
varicella ép immunrendszer{ gyermek esetén dlald-
ban j6indulatti betegség, de felndtteknél, jsziiloe-
teknél és csdkkent immunfunkciéji egyéneknél
stilyos komplikdciék léphetnek-fel. A celluldris
immunrendszer fontos szerepet jitszik a virussza-
porodis visszaszoritiasdban (29). Csékkent celluli-
ris immunvilasz kévetkeztében a virusszaporodas

elhizé6dé; gyakoriak a szévédményes kérformik,
igy a pneumonia, a mij és a kézponti idegrendszer.

20, 27

fert6z8dése, valamint haemorrhagiis varicella. A
leginkébb veszélyeztetettek a leukaemiis gyerme-
kek és a velesziiletett' immunhiinyos alhpotb'm
szenvedSk (30). I v

A celluldris immunvilasz id6s korban vu;y beteg-
ség, immunszuppressziv teripia esetén bekvetkezd
csdkkenését teszik felel&ssé az ezen embercsopor-
toknil megfigyelt herpes zoster (6vsémor) kiala-
kuldsaért, amely a VZV reaktiviciéjit jelenti (31).
Fontos tehit a populicié varicellaspecifikus cel-
luldris immunvilaszanak fenntartdsa, noha bizony-
talan, hogy a restimulicié elsGsorban szubklinikus
reaktiviciék vagy a virussal valé Gjrafert6z6dések
eredménye-e (32, 33). Ezen tényez8k ismerete fon-
tos az esetleges témeges vakcindcié hatdsinak és
annak megitélése szempontjibél, hogy sziikséges-e
szeropozitiv, VZV-hordozék vakcinilésa.

Az Oka virustdrzset tartalmazé vakcindt, amely-
ben €18, attenuilt virus tallhaté, Japanban fejlesz-
tették ki. A virustérzset az 1970-es évek elején egy
Oka nevi varicellis gyermekbél izoliltik; tengeri-
malac eredetf és humin embrionilis, valamint
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huméin diploid (WI-38) sejtekben véghezvitt
sorozatos passzilassal attenudltik (34). A varicella-
vakcinidt azéta szimos orszdgban, kéztik Dél-
Koredban, az USA-ban és Eurépa tébb orszigiban,
igy Magyarorszigon is engedélyezték. A vakcina-
tdérzs gyakorlatilag minden virusantigént kifejez;
antiviralis ellenanyagokat, lymphocytaprolifericiés
vilaszt, citotoxikus T-lymphocytikat (CTL) egy-
arint indukil (35). Egészséges, egy alkalommal
vakcinilt gyermekeknél a szerokonverzié 97%-os,
hosszi tivon 85-90%-uk védett a varicellamegbete-
gedéssel szemben (36, 37). Mindezek ellenére el6-
fordul a fert&zésveszélynek gyakran kitett, vakci-
nilt iskolds gyermekek kézétt vad tipusd, VZV 4ltal
okozott megbetegedes, de a posztvakciniciés vari-
cella ritka és szerencsére szinte minden esetben
enyhébb lefolyas, mint a természetes fert8zés. A
vakcinavirus képes latens fert&zés kialakitdsira,
reaktivicibra, és zostert okozhat. Azonban a ren-
delkezésre ll6 adatok szerint leukaemids gyerme-
keknél vakciniciét kévetden lényegesen ritkibban
fordult el§ zoster, mint természetes fert6zés utdn,
és a betegség lefolyisa is enyhébbé vilt (36). Nor-
malis immunrendszerd gyermekeknél a vakciniciét
kovet8en ritka a kiiités, ezért feltételezhetd,
reaktivicié is ritkin fog eléfordulni (38).

hogy:
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A

A Magyarorszigon Varilrix néven forgalomban.
lév& vakcina alkalmazisa kilenc hénaposnil idé-

sebb, az USA-ban forgalomban 1évé vakcina (Vari-
vax) beadisa pedig 12-18 hénapos kor kézstt java-
solt. 13 éves kor f6lott két vakcinadézis adésa ajin-
lott. Hazinkban a varicellavakcina az iltalinos
vakciniciés programba még nem keriilt be, csak
magas rizikécsoportba tartozé (leukaemids, im-
munszupprimilt, szervtranszplanticiéra vird, kré-
nikus betegségben szenvedd, veszélyeztetetrek kor-
nyezetében él8) gyermekek oltisit engedélyeziék
(39). Immunkompetens egyéneknél az Oka vakcina
biztonsigos; leggyakoribb mellékhatds az oltds
helyére lokaliz4lédé "diszkomfort, liz, kiiités az
oltis helyén, esetleg testszerte enyhe, varicellihoz
hasonlé eruptié. A véd&oltds kontraindikile vak-
cinakomponensekkel (zselatin, neomycin) szem-
beni tdlérzékenység, kezeletlen aktiv tuberkulézis
és terhesség esetén. Bizonyos esetekben a vakcina
alkalmazisa fokozott elévigyizatossigot, koriilte-
kintést és egyedi elbirilast igényel. Fontos a beteg’
iltalinos 4llapotinak, immunstatusinak mérlegelése

és a folyamatban 1év6 gybgyszeres terdpia hati-.

sainak és mellékhatisainak - monitorozisa. Ellen-
javalleed vilhat a vakcina beadisa malignus betegsé-
gek, primer vagy szerzett immunhidnyos 4llapotok
(példdul AIDS-szel egyiitt jaré immunszupprimile.
sllapot) esetén, celluliris immundeficientia, hypo-
gammaglobulinaemia és dysgammaglobulinaemia
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Herpesvirus elleni vakcindk

fennillisakor. Immunszuppressziv dézisban adott, .

szisztémis szteroidkezelés alkalmazdsakor a vak-
cina csak a templa minimum hirom hénapos sziine-
teltetése utdn adhaté be. Vér, plazma vagy immun-
globulinok adésa utdn a vakcina beadésaval legalibb

ot hénapot kell virni (40). - ;

A tdmeges vakcinicié egyik fontos célja a popu-
liciéban cirkullé vad varicellavirus eléforduldsi-
nak csékkentése lenne, egyrészt a véd&oltasban
nem részesiiltek, misrészt a csékkent immunfunk-
ci6ji egyének védelmében. A témeges vakcinicié
kérdése azonban nem egyértelmd. A vakcina indu-
kélta immunvilasz csékkenésével a vakciniltak fel-
néttkorban vilhatnak fogékonnyi az id&sebb kor-
ban jellemz8, stlyos lefolydsa varicellival szem-
ben. A populicié6 immunkésziiltségének fenntar-
tisa érdekében ezért indokolttd vilhat egy mésodik
oltis alkalmazisa. A virusspecifikus immunvilasz
id&skori vakciniciéval létrehozott ismételt stimu-
1alasaval csokkenthetd a zosteres esetek szdma (41,
42). Felmeriilhet a varicellafert6zésen korabban 4t
nem esett feln8ttek véd@oltasinak szitkségessége
is, a természetes fert8zés kapcsin ebben az élet-
korban megfigyelt komplikiciék kivédése érde-
kében. A klinikai tiinetek kivédésére az Oka vak-
cina esetleges posztexpoziciés alkalmazamt 1s java-

soljik (43). L

Cytomegalovirus : ’

A cytomegalovirus-fert§zés kézvetlen kontaktus-
sal, nyallal, szexuilis Gton, vértranszftiziéval, szerv-
transzplanticiéval vagy transplacentaris Gton terjed.
A sziil8csatorndn valé 4thaladis kézben is fertd-
z6dhet az djsziilétt. A populicié dtfertézértsége
igen nagy, feln8ttkorra az emberek 50-100%-a it-
esik az infekcién. Ennek klinikai kévetkezménye a.
gazdaszervezet immunstatusitdl fiigg. Egészséges
immunrendszerd gyermekeknél és feln&tteknél a

i fert6zés ilraliban tiinetmentes forméaban zajlik,

illetve fiatal feln&tteknél mononucleosis infectiosa
szindréma joén létre. Stlyos kévetkezményekkel jir
a cytomegalovirus-fert6zés Gjsziilétteknél, immun-
hidnyos illapot esetén és transzplanticiét kéveten.

¢ A virus a primer fert&zés utdn gyakorlatilag minden
; esetben latencit alakit ki a gazdaszervezetben. Az
. utébbi idében gytilnek az adatok a CMV-fert8zés-

nek az atherosclerosis és az angioplasticus mitérek
utdni restenosis kialakuldsiban jitszott etiolégiai
szerepére vonatkozéan is (44-46).

A humin cytomegalovirus jelenleg a leggyako-
ribb congenitalis fejlédési rendellenességet okozé

fert8z8 4gens. Az Gjsziilétrek 0,5-2,5%-a sziiletik
intrauterin korban lezajlott HCMV-fert6zéssel; a

LLAM 2000;10(7-8):612-622.

fert8zés kovetkezményei sziletéskor az érintett
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gyermekek koriilbeliil 10-15%-4nil figyelhetk

meg. A fertdzés a legstlyosabb esetekben a magzat
méhen beliili elhalisidhoz vezet. A sziiletés utin
sdlyos tiinetekkel jelentkezd cytomegalids zdrviny-
betegség az érintett gyermekek kériilbeliil 5%-4nil
fordul el8. Ugyancsak 5%-ban figyelhetd meg ati-
pusos megbetegedés a kézponti idegrendszer érin-
tettségével. Az esetek zémében (a fertézdtt gyer-
mekek 90%-4nil) az infekcié tiinetei kdzvetleniil a
sziiletés utin nem lithat6k, de ezen gyermekek
10-15%-4nél (azaz az dsszes élve sziiletett gyermek
koriilbelil egy ezrelékénél) négy-6t éves korra
késér kévetkezmények — mentilis retardicié, chori-
oretinitis, microcephalia és halliskirosodis — ala-
kulhatnak ki (47, 48).

A csontvel8-, illetve szervtranszplanticiét kévetd

CMV-infekciébél eredd szévédmények az érintet-

tek 20~60%-4nil jelentkeznek (pneumonia, hepati-
tis, nephrms, encephalitis, csontvel6-depresszié,
bakteridlis és gombis fert6zések irinti esenddség
forméjiban) (49, 50). Humin immundeficientia
virus- (HIV-) fert&zést kévetSen az esetek 20%-
dban figyelhet6 meg stlyos, cytomeg,ﬂovn-us
okozta betegség.

Komoly kévetkezményekkel jiré intrauterin
fert6zések 4ltaliban olyan anyik gyermekeinél
figyelhet8k meg, akiknél a terhesség alatt primer
CMV-fert6zés zajlott le. Szeropozitiv terhes anyik’
egy részénél a CMYV reaktivalédik a terhesség alatt,
a virus dthatol a placentdn és megfert6zi a magza-
tot; tartds virusiirités is létrejdhet, de ilyen esetek-
ben ritka a szervi kirosodés (48, 51). Hasonlékép-
pen fontos tényezd a donor és a recipiens CMV-
szerostatusa a transzplanticiét kdvet8en kialakulé
betegség szempontjibsl: silyos, gyakran élet-
veszclyes megbetegedés szeropozitiv donor és sze-
ronegativ recipiens esetében gyakori, mig sze-
ropozitiv reciprensnél a tiinetek &ltaliban enyhék
(49). Ezek a megflgyelesek arra utalnak, hogy a
virusspecifikus immunitis védelmer jelent 2 CMV
okozta megbetegedéssel szemben, a természetes
immunitds azonban nem védi meg sem a szeropo-
zitiv. AIDS-betegeket, sem az egészséges szero-
pozitiv egyéneket az Gjrafert6z8dést8l vagy a reak-
tivaciéedl (52-55). A virus ki tud térni az immun-
feligyelet alél, és a primer infekciét kdverSen kré-
nikus vagy latens virusfert§zést alakit ki. A reak-
tiviciéval jaré virusiirités lehet6vé teszi G gazda-.

szervezetek fert6z6dését.

A szeropozitivitdis CMV-specifikus celluliris
immunitissal is egyiitt jir; nem tisztdzott azonban,
hogy a CMV okozta betegségekkel szembeni véde-
lemért milyen arinyban felelds a humorilis és
milyen arinyban a cellularis immunitis. A cellularis
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