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Summary

We describe a 27-year-old woman with systemic chemoresistant and radioresistant metastatic disease secondary to a recurrence
of human papillomavirus (HPV) 18 infected cervical adenocarcinoma of the uterine cervix who received adoptive transfer of
peripheral blood T cells stimulated with HPV 18 E7-pulsed autologous dendritic cells (DC). Extensive in vitro characterization of
the DC-activated T cells derived from peripheral blood mononuclear cells (PBMC) included phenotypic analysis, cytotoxicity and
intracellular cytokine production. High cytotoxicity activity was observed by CD8+T cells against autologous tumor cells, but not
against NK-sensitive K562 cells, autologous Con-A lymphoblasts, or autologous Epstein-Barr virus-transformed lymphoblastoid
cells. Blocking studies demonstrated that lytic activity was significantly inhibited by pretreatment of tumor targets with MAD spe-
cific for HLA class I as well as that of effector cells with anti-CD8, anti-LFA-1, but not anti CD3 MAb. Two-color flow cytome-
tric analysis of the cytotoxic T cells revealed that a significant proportion of CD8+ cells was also CD56+. These double positive
CTLs were thymically derived, as shown by expression of heterodimeric CD8 molecules (0/3 CD8) and were endowed with high
cytotoxic activity against tumor cells. Analysis of intracellular cytokine expression showed that the striking majority of E7-pulsed
DC activated CD8+ T cells strongly expressed IFN-y, TNF-a and IL-2 but not IL-4. The patient received two infusions of cytotoxic
tumor-specific T cells at 2 week intervals, and in vivo distribution of the T cells was followed by'""In oxine labeling and serial
gamma camera imaging. Persistent accumulation of radioactivity in the lungs, which harbored extensive metastatic disease, was
detected up to 120 hrs after the infusion. Taken together, these results illustrate the potential of E7-specific and tumor-specific CTL-
based immunotherapy for the treatment of patients with invasive cervical cancer.

The abbreviations used are: HPV, Human Papillomavirus; MHC, Major Histocompatibility Complex; CTL, Cytotoxic T
Lymphocyte; LCL, Lymphoblastoid B-cell line; DC; dendritic cells.

Key words: Cervical cancer; HPV; CTLs; Dentritic cells; Adoptive immunotherapy.

Introduction review see 2). Therefore, E6 and E7 viral proteins could
be ideal candidates as potential tumor-specific targets for
cervical cancer immunotherapy.

Dendritic cells (DC) are the most effective professional
antigen presenting cells (pAPC) at activating naive T
cells [3, 4] and recently the combination of GM-CSF and
IL-4 has been shown to generate large numbers of DCs
for stimulation of autologous human T cell responses [5].
In this study, we have used autologous DCs pulsed with
full-length HPV 18 E7 oncoprotein in an attempt to gene-
rate a cytotoxic HPV-specific T cell response that also
recognizes and kills tumor cells from a patient with ade-
nocarcinoma of the cervix. In addition, after extensive in
vitro characterization of the E7-specific CD8+ cytotoxic
T lymphocytes (CTL), we performed adoptive transfu-
sions to the patient. At that time, the patient had large
metastatic tumor masses in multiple organs secondary to
Revised manuscript accepted for publication September 24, 1999 a systemic cervical adenocarcinoma recurrence that had

Human papillomavirus (HPV) infection represents the
primary risk factor for the development of cervical cancer
[1]. Recent accumulating evidence suggest that the majo-
rity of cervical squamous cell carcinomas (SCC) and a
large proportion of adenocarcinomas share a common
pathogenesis involving oncogenic HPV types 16 and 18.
Over 90% of SCCs have been shown to contain HPV
DNA, while the range of HPV positivity in adenocarci-
nomas has been reported to be between 18% and 75%
(for review see 2). E6 and E7 transforming oncoproteins
of these two viruses are detected in a large majority of
HPV-positive cancer biopsies and almost all HPV-contai-
ning cell lines, and play a crucial role in both transfor-
mation and maintenance of the malignant phenotype (for
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failed all conventional treatment modalities and had
brought the patient to an advanced cachectic state.

Patients and Methods

A 27-year-old woman presented in March 1998 with multiple
systemic metastases secondary to a recurrence of HPV 18-posi-
tive cervical adenocarcinoma. In 1996 she was diagnosed with
stage Ib2, grade 3 adenocarcinoma of the uterine cervix. At that
time, she underwent a radical hysterectomy with bilateral sal-
pingo-oophorectomy and pelvic lymphadenectomy. The final
pathology report demonstrated an 8 mm invasion along the
cervix with possible lymph space involvement. All the excised
pelvic lymph nodes were negative for metastatic disease. No
additional therapy was recommended at that time. In June 1997,
she was found to have multiple metastatic lesions in both lungs
consistent with recurrent adenocarcinoma of the uterine cervix.
This diagnosis was confirmed with a computerized tomography
(CT) guided needle biopsy. She subsequently underwent multi-
ple courses of chemotherapy (6 courses of Cisplatinum, Ifosfa-
mide and Bleomycin, 1 round of single Cisplatinum infusion,
and 1 round of 5-Fluorouracil, Cisplatinum and Adriamycin). In
addition, she received brain radiation, and left and right pelvic
radiation, for cerebral and bone marrow pelvic metastases,
respectively. After an initial response to chemotherapy, disease
progressed during treatment. At the time of the beginning of the
adoptive treatment with E7-pulsed DC-activated T cells, the
patient had large and multiple systemic metastatic lesions in the
brain, kidney, bone marrow, lungs and lumbo-aortic lymph
nodes and was in an advanced cachectic state.

Tumor cells

Fresh autologous tumor cells were obtained from multiple
punch biopsies obtained at the time of surgical treatment. Fresh
tumor cells were prepared as described [6], and cultured in
serum-free keratinocyte medium (KSFM-GibcoBRL), supple-
mented with 5 ng/ml epidermal growth factor and 35 to 50
ug/ml bovine pituitary extract (Gibco Life Technologies, Grand
Island, N.Y.) at 37°C, 5% CO,. PCR analysis on fresh tissue
biopsies and tumor cell cultures revealed that tumor cells har-
bored the HPV 18 genotype. All the experiments testing in vitro
cytotoxicity before reinfusion (see below) were performed with
fresh tumor cultures which contained >99% pure tumor cell
populations.

Dendritic cell cultures and generation of HPV E7-specific T
cells

Peripheral blood mononuclear cells (PBMC) were obtained
by leukopheresis two months after the radical hysterectomy in
1996. The derivation of dendritic cells from the patient’s
PBMC, and their subsequent use for generation of HPV E7-spe-
cific T cells, was carried out essentially as described [6]. Func-
tional assessment of E7-specific T cells, including phenotypi-
canalysis, flow cytometric analysis of intracellular cytokine
expression, and cytotoxicity assays against autologous tumor
cells, was also conducted as previously described [6]. Expres-
sion of CD56 and the CD8 f3 chain was assessed by flow cyto-
metry, using the Leu-19 (Beckton-Dickinson, San Jose, CA)
and MCA 1722 (Serotec, Oxford, UK) MAbs, respectively.
Demonstration of HLA class I restriction of tumor specific
CD8+ T cell responses was achieved in standard cytotoxicity
assay [6] in the presence of a blocking MADb specific for a non-
polymorphic HLA class I determinant (W6/32) (50 ug/ml). In
addition, to determine the structures on the effector cells invol-

ved in lysis, monoclonal antibodies against CD8 (5 pg/ml)
(Ortho Pharmaceutical Corp, Raritan, NJ), CD3 (10 pg/ml),
CDI11a/LFA-1 (10 pg/ml) and its isotype control IgG1K MAb
isotype standard anti TNP (10 pg/ml) (Pharmingen, San Diego,
CA) were used to block cytotoxicity.

""Indium-oxine labeling procedure

A fraction of the activated lymphocytes (from 4x10’ to
80x107 cells) was used for labeling. Briefly, cells were radiola-
beled by incubation with 800 uCi of "'In-oxine (Amersham,
Arlington Heights, IL) in 5 ml of PBS for 20 min at room tem-
perature. The labeled cells were washed twice in autologous
plasma, and before reinfusion were resuspended in 5 ml of
normal saline plus 5% autologous plasma. Analog and digital
gamma camera images were obtained at 4, 24, 48, 72 and 120
hours after T-cell injection using a ADAC Vertex (ADAC, Mil-
pitas, CA) and Siemens Diacam (Siemens, Chicago, IL) equip-
ped with a medium-energy-parallel-hole collimator for static
imaging and a diverging collimator for whole-body scanning.
Twenty percent windows were centered over the 173 and 247
KeV photopeaks of'"'Indium 10-minute regional scintiphotos of
the anterior, posterior, right and left chest, abdomen and pelvis
were recorded on film and computer.

Regions of interests were manually drawn around computer-
digitized images of both lungs and liver from the anterior regio-
nal scintiphotos. Lung to liver ratios of radioactive counts were
normalized for region size and decay-corrected for comparison
of tracer uptake at serial time points.

Safety testing

Lymphocyte cultures were routinely checked before each
infusion to exclude bacterial and fungal contamination. Stan-
dard Gram staining and culture analysis were performed. In
additon, lymphocyte products were tested for mycoplasma con-
tamination as well as endotoxin levels. No culture was obser-
ved to be contamined with mycoplasma, and the level of endo-
toxin did not exceed 1 endotoxin U/ml of culture medium.

Results

In vitro assessment

Extensive characterization of the peripheral blood
lymphocytes primed by HPV 18 E7-pulsed DC was
performed in vitro before the in vivo therapy. HLA-
typing of the patient was found to be positive for HLA
Al, A2, B7, B41, CW2, CW7. In addition, phenotypic
expression of surface antigens on fresh cervical tumor
cells was measured by flow cytometry. In this regard,
autologous tumor cells expressed HLA class I but were
negative for HLA-DR (data not shown). T cells were sti-
mulated from PBMC collected by leukopheresis before
the clinical appearance of recurrence (two months after
surgical debulking). Almost all of the cultured lymphocy-
tes expressed CD3 antigen on the surface (85% to 95%).
Full-length E7 pulsed-DC-activated lymphocytes consi-
sted of subpopulations with predominance of CD4+ T
cells (range from 55 to 75%) over CD8+ T cells (range
from 28 to 47%). Further activation with OKT3 and
feeder cells produced an average 100-fold increase in cell
number after 2 weeks and increased the number of TcR
v/d positive cells from 2% to 7%. CD56+ cells ranged
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Figure 1. — Tumor specific CD8+ CTL responses induced by
HPV18 E7-pulsed DCs measured in a 6 h 51Cr-release assay.
Percentage lysis (+ standard deviation) at a 20:1 effector/target
cell ratio is shown. 1, Autologous tumor; 2, Autologous tumor +
W6/32 anti-Class I MAb; 3, Autologous tumor + anti-CD8
(OKT-8) MADb; 4, Autologous tumor + anti-CD1la (LFA-1)
MADb; 5, Autologous tumor + anti-CD3 MAb; 6, Autologous
LCL; 7, K562.

from 10 to 27%. In vitro cytotoxicity assays were con-
ducted using pure CD8+ populations (i.e., more than 98%
CD8+). As shown in Figure 1, significant cytotoxicity
against autologous tumor-cell targets was demonstrated
in several separate assays. In this regard, cytotoxicity
ranged from 25 to 65% at 20 effectors per target while the
level of cytotoxicity against the NK-sensitive cell line
K562 was always at a lower level (Fig. 1). The absence
of cytotoxicity against autologous Con-A lymphoblasts
(data not shown) or autologous EBV-transformed LCL
(Fig. 1) showed that, although these cells were highly
cytotoxic against autologous tumor cells, they failed to
kill normal cells or autologous cells infected with EBV.
Blocking studies demonstrated in all cases that the tumor-
specific lytic activity against autologous tumor targets
was significantly inhibited by pretreatment of tumor
targets with MAb specific for HLA class I (W6/32)
(range of inhibition: from 30 to 65%) (Fig. 1) but not
with pretreatment of target cells with isotype controls
(data not shown). These results are broadly in agreement
with our previously reported characterization of E7-spe-
cific CD8+ T cell responses from cervical cancer patients
[6]. We also found that MAbs specific for anti-CDl1l1a
(LFA-1) and anti-CD8 (OKT-8) but not anti-CD3 MAD
were also able to block tumor lysis to a significant extent,
the range of inhibition being from 50 to 76% and from 59
to 67%, respectively. These findings suggest that the CD8
co-receptor molecule and CD11a-CD54 adhesion
pathway are critical for effective CD8+ T cell mediated
lysis of cervical tumor target cells (Fig. 1). Interestingly,
when the expression of CD56 on T lymphocytes was
future analyzed by two color immunofluorescence we
found that different percentages of CD8+ T lymphocytes
(range from 15 to 53%) co-expressed the CD56 surface
antigen during culture (Fig. 2). The percentage of CD56
expression has previously been reported to be strongly
correlated with a high cytotoxic activity [6]. Recently, a
novel population of T cells co-expressing the CD8+ and
CD56+ markers and endowed with a potent antitumor
activity have been described in mice as well as humans
(10-12). The origin of these cells expressing both the T

cell markers CD3/CD8 and the NK cell marker CD56, is
still uncertain, but recent reports have suggested that
these T cells could be extrathymically differentiated [10-
12]. In this regard, homodimeric CD80/0. expression has
been previously shown to be inducible in multiple cell
types by activation events in the periphery, whereas T
cells of thymic origin express the CD8a/p heterodimer
[13, 14]. To discern between the thymic or extrathymic
origin of these highly cytotoxic CD8+/CD56+ T cell
populations, we stained the pure populations of
CD8a/CD56+ T cells with Ab against the 3 chain of the
CD8 molecule [13, 14]. As can be seen in Figure 2 we
found that all of the CD80+/CD56+ CTL expressed the
CD8a/p heterodimer, confirming the thymic origin of
these highly cytotoxic T cells.

Finally, we took advantage of a recently developed
flow cytometric technique for detecting intracellular
cytokine expression at the single cell level in the tumor
specific CD8+ T cell populations. Two-color tlow cyto-
metric analysis of intracellular IFN-y, TNFa, IL-2 and
IL-4 expression of the CTLs demonstrated a striking
dominance of Type | cytokine phenotype (Fig. 3). These
data, therefore show a strong correlation between Type 1
cytokine production by HPV/tumor specific CD8+ T
cells and high cytotoxic activity against tumor cells.

In vivo localization

Before the study, the patient had failed all conventional
treatment modalities, as well as chemotherapy and
radiotherapy salvage treatments, and late stage metastatic
disease had brought her to an advanced cachectic state.
At the time of adoptive T cell therapy, large tumor meta-
stases were detectable by chest X-ray and CT scan in the
lungs (Fig. 4 A and B), as well as the kidneys, brain,
pelvic bone marrow and lumbo-aortic lymph nodes (data
not shown). Because the tumor specific DC-activated
lymphocytes consisted of subpopulations of CD4+ as
well as CD8+ T cells, and the patient was at high risk for
respiratory dysfunction due to the advanced metastatic
tumor spread in the lungs, no recombinant IL-2 was
administered with the T cells. Both injections were
infused intravenously through a central line. The total
numbers of lymphocytes delivered were 2x10® and
5.8x10%, respectively, while the number of"'In-radiolabe-
led lymphocytes ranged from 4x107 to 8x107 cells,
respectively. Cell viability of the DC-activated lymphocy-
tes after radiolabelling was 98%=+1% (range, 96-99%).
Four hours after intravenous bolus infusion, gamma
camera imaging showed exclusive distribution of
radioactivity in the lungs, liver and spleen (Fig. 5). The
greatest amount of uptake was measured in the liver and
spleen at all time points tested thereafter. Serial images
obtained at up to 120 hrs revealed that although pulmo-
nary uptake cleared significantly during the first 24 hrs,
persistent radioactivity remained detectable in the lungs
throughout the study period (Fig. 5). When the lungs to
liver ratios of radioactive counts were normalized for
region size and decay corrected, approximately 60% of
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Figure 2. — Flow cytometric analysis of CD56 expression by tumor-specific CD8+ T cells (left panel) and CD8[3 chain (right panel).
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Figure 3. — Two-color flow cytometric analysis of intracellular IFN-y vs IL-4 (left panel), TNF-a vs IL-4 (middle panel), IL-2 vs
IL-4 (right panel) expression by tumor specific CD8+ T cells. T cells were activated with PMA and ionomycin 14 days after the last

antigen stimulation.

residual activity was found in the lungs at 24 to 120 hrs
when compared to 4 hrs (Fig. 5). These data, therefore sug-
gested a specific localization and persistent accumulation
of the E7-pulsd DC activated CTL in the lungs harboring
the extensive metastatic disease (Figs. 4 and 5). Distribu-
tion of '"'In DC-activated lymphocytes in bone marrow and
lumbo-aortic lymph nodes was also observed at 24-hr
images, and showed a steady rise over the first 72 hrs (data
not shown). Infusions of DC-activated lymphocytes were
not associated with any significant side-effects.

Discussion

Several lines of evidence derived from epidemiological
and experimental studies suggest that cell-mediated
immune responses are important in controlling both HPV
infections and HPV-associated neoplasms [for review see
| and 2]. Despite these observations, to date, only a few
reports of HPV-specific CTL responses in humans have
been documented. This has led to the suggestion that
HPV has coadapted to the human host by evading the
immune system. However, HPV-infected epithelial cells
could fail to generate CTL responses effectively, not for
the lack of specific CTL precursors, but because the virus

tightly controls the expression of antigenic proteins in the
replicating cells that are subjected to T cell surveillance,
(e.g. basal epithelia) [15]. Therefore, because very little
transcriptional activity and low numbers of viral genomes
are presented in infected basal cells [16, 17], only a
minimal amount of viral antigens might be available for
an efficient presentation by epidermal professional DC.
In agreement with this hypothesis, antigen load has been
previously shown to be a decisive factor in the generation
of HPV specific T lymphocytes responses [18]. In addi-
tion, immunological ignorance of HPV oncoproteins with
respect to a CTL response has recently been reported in
transgenic mice expressing E6 and E7 oncoproteins in
keratinizing epithelia [19]. Nevertheless such mice were
immunized by E7-based peptide vaccination and were
protected against a subcutaneous challenge with E7-posi-
tive tumor cells [19].

In this paper we report the distribution of E7-pulsed
DC-activated lymphocytes in a patient with a systemic
recurrence of a highly aggressive HPV 18 infected adeno-
carcinoma of the uterine cervix. Functional characteriza-
tion of the DC-activated E7-specific T cells showed that
the CD8+CTL response was capable of killing the
patient’s autologous tumor cells in a highly specific and
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Figure 4. — Representative X-ray (A) and CT scan (B) images of the patient’s chest 1; Scans obtained 1 weeks before the first treat-

ment. Note the extensive metastatic lesions in both lungs.
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Figure 5. — Representative anterior scintiphotos at 4, 24 and
120 hrs of the chest. Regions of interest used to calculate lungs
to liver radioactive signal ratios at different time points are also
shown in the scintiphoto at 4 hrs. Note that qualitatively the heart
is a cold shadow after 24 hrs, indicating more than normal resi-
dual activity in the lungs. Quantitatively, lung to liver ratios of
radioactivity counts, normalized for region size and decay cor-
rected, show approximately 60% residual activity in the lungs at
24, 48 (not shown) and 120 hrs compared to 4 hrs.

HLA class I-restricted manner. In addition, MAbs speci-
fic for anti-CD11a (LFA-1) and anti-CD8 (OKT-8) were
also able to significantly block tumor lysis. These data,
therefore, support, in addition to HLA Class I restriction
elements, an important role played by the CD8 molecule,
which is also known to be involved in T cell-target cell
interactions [20], and the LFA-1 molecule, which can act
as accessory receptor able to increase TCR-dependent
target cell binding [21], in lysis of HPV-infected autolo-
gous tumor cells.

Interestingly, a significant proportion of the CD8+ T
cells also expressed the natural killer cell marker CD56.
This observation is in agreement with our previous fin-
dings (6) as well as those of others [22], showing a signi-
ficant correlation between high CD56 expression on
CD8+ CTL and cytotoxic activity against cervical cancer.
Recently, a novel population of CD8+/CD56+ cells
derived from T cells with potent antitumor activity have
been described in humans [10-12]. However, the origin of
these cells expressing both the T cell markers CD3/CDS8
and the NK cell marker CD56 is still uncertain, but recent
reports have suggested that these T cells could be
extrathymically differentiated [10-12]. To investigate this
hypothesis we stained the populations of CD8a/CD56+ T
cells with a MAb against the (3 chain of the CD8 molecule.
In this regard, extrathymically differentiated T cells have
been reported to preferentially express the CD8c/0. homo-
dimer, rather than the o/p heterodimer that is restricted to
populations generated in the thymus [13, 14]. We found
that in our culture conditions the CD56+CTL were hete-
rodimeric for the CD8 molecules (CD8a/p), therefore
confirming the thymic origin of these highly cytotoxic and
HLA-restricted T cells. We would suggest, therefore, that
CD56 expression by CD8+CTL may be an activation
antigen associated with high cytotoxic function, rather
than a lineage-specific marker.

Finally, using two-color flow cytometric analysis of
intracellular cytokine expression by CD8+ T cells, we
found that DC-stimulated tumor-specific T cells showed
a striking dominance of Type | cytokine expressors.
These findings, therefore, indicated a strong correlation
between high cytotoxic activity against autologous tumor
cells and IFN-y, TNF-a and IL-2 secretion by E-7 speci-
fic CD8+ CTLs.

The homing and migration of normal lymphocytes as
well as in vitro activated tumor infiltrating lymphocytes
(TIL) has been studied extensively [23, 24]. In contrast,
the migration potential of tumor specific DC-activated
lymphocytes after adoptive transfer to cervical cancer
patients has not been studied. '""In-labeled-PBL infused
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in normal human volunteers as well as "'In-labeled-TIL
infused in patients with melanoma have been shown to
result in initial uptake in the lungs, then clearing by 24
hrs, followed by stable uptake in the liver and spleen [23,
24]. In agreement with these observations, after i.v. infu-
sion of ""In-labeled DC-activated lymphocytes, signifi-
cant accumulation of radioactivity in the lungs as well as
spleen and liver was readily detectable by gamma camera
images at 4 hrs. Furthermore, persistent accumulation of
activity in the lungs was detectable throughout the study
period (e.g. 120 hrs), and quantification of lungs to liver
ratios of radioactive counts, normalized for region size
and decay corrected, showed 60% of residual activity
after 24 hrs up to 120 hrs. These data, therefore, sugge-
sted a specific localization and persistent accumulation of
E7-pulsed DC activated T cells around the extensive lung
metastases. Because of the advanced cachectic state of
the patient and the short time available for the expansion
of E7-specific DC activated lymphocytes to be used for
adoptive transfer, only a relatively low number of E7-
pulsed DC activated lymphocytes were available for rein-
fusion. This may explain the lack of a significant clinical
effect against the large amount of metastatic tumor har-
bored by the patient. The infusions of DC-activated
lymphocytes were not associated with any significant
side-effects, confirming the safety of this approach.

DC are the most powerful APC known in humans, and
their manipulation has already shown significant thera-
peutic effects in several established human tumor models
[25, 26]. The ex-vivo manipulations required to produce
tumor antigen-pulsed autologous DC-based vaccines are
safer, less expensive and less cumbersome than those
required for the generation of genetically engineered
autologous tumor cell vaccines. In addition, the presence
of a well defined tumor antigen (e.g. HPV E7) that is con-
stantly expressed by cervical tumor cells as a defined
CTL target antigen, as well as the readily available
supply of recombinant E7 oncoprotein from the high risk
HPV genotypes renders this approach feasible for large
scale applications. Taken together, the findings presented
in this paper indicate that it is possible to elicit HPV-spe-
cific CTL with E7-pulsed DC against autologous cervical
cancer tumor cells in vitro, and these activated lymphocy-
tes may have the potential to traffic to the tumor site in
vivo. Further studies in patients at an earlier stage of
disease or with a lesser tumor burden will be necessary
to evaluate whether E7-pulsed DC-based vaccination or
the adoptive transfer of in vitro generated E7-specific
CTL hold the potential for therapeutic benefit with HPV
positive cervical carcinoma.

Acknowledgments

This work was supported in part by grants from the Camillo
Golgi foundation, Brescia, Italy, the Lega Nazionale contro i
Tumori Sezione di Brescia, NIH grant CA 63931 to M.J.C., and
a grant from the Arkansas Science & Technology Authority to
G.PP. The authors thank Donna Dunn, Cathy Buzbee, Janet
Linam and Phillip Clifford for their excellent technical support
and assistance and Laurie Brandstetter for the generous gift of
OKT-8 MAb.

References

(1]

(2]

(4]

(3]

(6]

(7]

(8]

(91

[10]

(11]

[12]

[13]

[14]

[15]

[16]

(171

[18]

[19]

Bosch F. X., Manos M. M., Munoz N. et al.: “Prevalence of
human papillomavirus in cervical cancer: a worldwide per-
spective”. J. Natl. Cancer Inst., 1995, 87, 796.

Brinton L. A.: “Epidemiology of cervical cancer: over-
view”. In: N. Munoz, F. Bosch, K. V. Shah, A. Meheus
(eds.): The epidemiology of human papillomavirus and cer-
vical cancer. Lyon, France; IARC Science Publications,
1992, 119, 3.

Steinman R. M.: “The dendritic cell system and its role in
immunogenicity”. Ann. Rev. Immunol., 1991, 9, 271.
Young J. W., Inaba K.: “Dendritic cells as adjuvants for
Class I major histocompatibility complex-restricted antitu-
mor immunity”. J. Exp. Med., 1996, 183, 7.

Romani N., Gruner S., Brang D. et al.: “Proliferating den-
dritic cell progenitors in human blood”. J. Exp. Med., 1994,
180, 83.

Santin A. D., Hermonat P. L., Ravaggi A. et al.: “Induction
of human papillomavirus-specific CD4+ and CD8+
lymphocytes by E7 pulsed autologous dendritic cells in
patients with HPV16 and 18 positive cervical cancer”. J.
Virol., 1999, 73, 5402.

Mclntrye M. C., Ruesch M. N., Laimins L. A.: “Human pa-
pillomavirus E7 oncoproteins bind a single form of cyclin E
in a complex with cdk2 and p107”. Virology, 1996, 215, 73.
Hopkins K. A.: “Basic microlymphocytotoxicity test”. In:
“ASHI manual”. Lenexa (KS), American Society for Histo-
compatibility and Immunogenetics, 1990, 195.

Openshaw P.J. M., Murphy E. E., Hosken N. A. et al.:
“Heterogeneity of intracellular cytokine synthesis at the
single cell level in polarized T helper 1 and T helper 2 popu-
lations”. J. Exp. Med., 1995, 182, 1357.

Lu P.-H., Negrin R. S.: “A novel population of expanded
human CD3+ CD56+ cells derived from T cells with potent
in vivo antitumor activity in mice with severe combined
immunodeficiency”. J. Immunol., 1994, 153, 1687.

Takii Y., Hashimoto S., liai T., Watanabe H., Hatakeyama
K., Abo T.: “Increase in the proportion of granulated CD56+
T cells in patients with malignancy”. Clin. Exp. Immunol.,
1994, 97, 522.

Satoh M., Seki S., Hashimoto W. et al.: “Cytotoxic y/d or
o/p T cells with a natural killer cell marker, CD56, induced
from human peripheral blood lymphocytes by a combina-
tion of IL-12 and IL-2". J. Immunol., 1996, 157, 3886.
von Boehmer H., Kirberg J., Rocha B.: “An unusual lineage
of a/B T cells that contains autoreactive cells”. J. Exp. Med.,
1991, 174, 1001.

Rocha B., Vassalli P., Guy-Grand D.: “The extrathymic T
cell development pathway”. Immunol. Today, 1992,
13, 449.

Doherty P. C., Tripp R. E., Sixbey J. W.: “Evasion of host
immune responses by tumors and viruses”. In: “Vaccines
Against Virally Induced Cancers”. Wiley, Chichester (Ciba
Foundation Symposium, 187), 1994, 245.

Durst M., Glitz D., Schneider A., zur Hausen A.: “Human
papillomavirus type 16 (HPV 16) gene expression and DNA
replication in cervical neoplasia: analysis by in situ hybri-
disation”. Virology, 1992, 189, 132.

Yukawa K., Butz K., Yasui T., Kikutani H., Hoppe-Seyler
F.: “Regulation of human papillomavirus transcription by
the differentiation-dependent epithelial factor Epoc-1 skn-
1a”. J. Virol., 1996, 70, 10.

Chambers M. A., Wei Z., Coleman N., Nash A. A., Stanley
M. A.: “‘Natural’ presentation of human papillomavirus
type-16 E7 protein to immunocompetent mice results in
antigen-specific sensitization or sustained unresponive-
ness”. Eur. J. Immunol., 1994, 24, 738.

Melero L., Singhal M. C., McGowan P. ez al.: “Immunolo-
gical ignorance of an E7-encoded cytolytic T-lymphocyte
epitope in transgenic mice expressing the E7 and E6 onco-
genes of human papillomavirus 16”. J. Virol., 1997,
71, 3998.



[20]

(21]

[22]

[23]

Development, characterization and distribution of adoptively transferred peripheral blood lymphocytes primed by human etc. 23

Moretta A., Pantaleo G., Mingari M. C., Melioli G., Moretta
L., Cerottini J.-C.: “Assignment of human natural killer
(NK) like cells to the T-cell lineage. Single allospecific T-
cell clones lyse specific or NK-sensitive target cells via
distinct recognition structures”. Eur. J. Immunol., 1984,
14, 121.

Thiele D. L., Lipsky P. E.: “The role of cell surface reco-
gnition structures in the initiation of MHC-unrestricted
‘promiscuous’ killing by T cells”. Immunol. Today, 1989,
10, 375.

Hilders C. G.J. M., Ras L., Van Eendenburg J. D. H.,
Nooyen Y., Fleuren G. J.: “Isolation and characterization of
tumor-infiltrating lymphocytes from cervical carcinoma”.
Int. J. Cancer, 1994, 57, 805.

Read E. J., Keenan A. M., Carter C. S., Yolles P. S., Davey
R.J.: “In vivo traffic of Indium'"oxine labelled human
lymphocytes collected by automated apheresis”. J. Nucl.
Med., 1986, 31, 999.

[24]

[25]

[26]

Pockaj B. A., Sherry R. M., Wei J. P. et al.: “Localization
of'"Indium-labeled tumor infiltrating lymphocytes to tumor
in patients receiving adoptive immunotherapy”. Cancer,
1994, 73, 1731.

Hsu F. J., Benike C., Fagnoni F. er al.: “Vaccination of
patients with B-cell lymphoma using autologous antigen-
pulsed dendritic cells”. Nature Med., 1996, 2, 52.

Nestle F. O., Alijagic S., Gilliet M. et al.: “Vaccination of
melanoma patients with peptide-or tumor lysate-pulsed den-
dritic cells”. Nature Med., 1998, 4, 328.

Address reprint requests to:

ALESSANDRO D. SANTIN, M.D., UAMS
Medical Center, Division of Gynecologic Oncology
University of Arkansas

4301 W Markham

Little Rock, AR, 72205-7199 USA



