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Abstract We are investigating the use of Alpha Fetopro-
tein (AFP) as a tumor rejection antigen for hepatocellular
carcinoma (HCC). We recently completed vaccination of
10 AFP+/HLA-A2.1+ HCC subjects with AFP peptide-
pulsed autologous dendritic cells (DC). There were increased
frequencies of circulating AFP-specific T cells and of
IFNy-producing AFP-specific T cells after vaccination. In
order to better understand the lack of association between
immune response and clinical response, we have examined
additional aspects of the AFP immune response in patients.
Here, we have characterized the cell surface phenotype of
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circulating AFP tetramer-positive CD8 T cells and assessed
AFP-specific CD4 function. Before vaccination, HCC
subjects had increased frequencies of circulating AFP-
specific CD8 T cells with a range of naive, effector, central
and effector memory phenotypes. Several patients had up-
regulated activation markers. A subset of patients was
assessed for phenotypic changes pre- and post-vaccination,
and evidence for complete differentiation to effector or
memory phenotype was lacking. CD8 phenotypic and cyto-
kine responses did not correlate with level of patient serum
AFP antigen (between 74 and 463,040 ng/ml). Assessment
of CD4+ T cell responses by ELISPOT and multi-cytokine
assay did not identify any spontaneous CD4 T cell responses
to this secreted protein. These data indicate that there is an
expanded pool of partially differentiated AFP-specific CD8
T cells in many of these HCC subjects, but that these cells
are largely non-functional, and that a detectable CD4 T cell
response to this secreted oncofetal antigen is lacking.

Keywords Alpha fetoprotein - Immunotherapy -
T lymphocytes - Immunological monitoring -
Cancer vaccine

Abbreviations
AFP  Alpha fetoprotein
AFP+  AFP-expressing

HCC  Hepatocellular cancer
DC Dendritic cell(s)
PBMC Peripheral blood mononuclear cells

Introduction

Hepatocellular carcinoma (HCC) is one of the main causes
of cancer deaths with a global incidence of over 600,000
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new cases per year. Once diagnosed, HCC has no effective
systemic therapy and an overall 8% probability of 5 year
survival. We are investigating the use of Alpha Fetoprotein
(AFP) as a tumor rejection antigen for HCC. We previously
vaccinated six AFP+/HLA-A2.1+ subjects with 4 immuno-
dominant AFP-derived MHC class I-restricted peptides
emulsified in Montanide and found that the frequency of
circulating AFP-specific T cells increased (by MHC Tetramer
assay) and the frequency of interferon-gamma (IFNy)-
producing AFP-specific T cells also increased after vacci-
nation (by ELISPOT assay) [1].

We recently completed treatment of 10 AFP+/HLA-
A2.1+ HCC subjects with AFP peptide-pulsed autologous
dendritic cells (DC) [2]. As in the pilot peptide/Montanide
trial, we have seen increased frequencies of circulating
AFP-specific T (AFP T) cells and of IFNy-producing AFP-
specific T cells after vaccination. This vaccine did not result
in objective clinical responses in that group of ten advanced
stage patients. To better understand the biology of the pre-
existing immunity to this antigen and the changes induced
with vaccination, we now report further study of the periph-
eral blood cells of these subjects, including several who
were enrolled but not fully treated.

AFP is an oncofetal antigen and is the most abundant
serum protein in the fetus (with serum levels at 1-3 mg/ml).
At birth, levels drop to 30-100 pg/ml and the adult level of
AFP is 1-3 ng/ml [3]. These levels of soluble antigen pres-
ent during development could have broad impact on the T
cell repertoire, including deletion of high affinity T cells
and maturation of T cells after priming in vivo. The ability
to detect AFP T cells ex vivo [1, 4-7] argues against dele-
tion. We have also tested AFP T cell avidity [8] and found
that some AFP T cells are of sufficiently high avidity to rec-
ognize very low levels of peptide as well as AFP+ tumor
cells, indicating that not all T cells remaining are of low
avidity. There have been no studies investigating whether
these T cells are naive or differentiated effector or memory
cells, what effects tumor-derived AFP has on these cells and
whether vaccination efforts lead to full differentiation to
effector cells capable of tumor recognition and/or long lived
memory cells.

Many groups have identified cell surface markers associ-
ated with the function of T cells. These include markers
associated with the naive, effector or memory status
(CD45RA, CD27, CD28, CCR7); markers associated with
trafficking to central (CD62L, CCR7) or peripheral sites
(CCR5, CCR6), with activation state (HLA-DR, CD?25,
CD69) and with stages of apoptosis (CD95, Annexin-V)
[9-11]. We have investigated these markers on the surface
of AFP peptide tetramer-positive CD8 T cells. Several
studies have investigated the phenotype of melanoma anti-
gen-specific cells, especially those specific to MART-1,
which are often of higher frequency [12-14]. Phenotypic
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differentiation to activated memory cells after peptide-
based vaccines has been observed [15, 16]. Recent pheno-
typic studies of antigen-specific T cells have uncovered
potentially important associations between presence of
these markers and functional status of cells including the
finding that head and neck cancer patients have a prepon-
derance of pre-apoptotic (Annexin-V+/CD95+) [17] CD8+
CCR7- T cells [18] which rapidly turn over in the circulation.
We have also extended our earlier study of the cytokine
production of these CD8 and CD4 T cells upon recognition
of AFP peptides and protein beyond IFNy.

Here, we have characterized the cell surface phenotype
of the circulating AFP tetramer-positive CD8 T cells to
determine their expression of several markers. We wished
to determine whether HCC subjects with high circulating
levels of this oncofetal antigen have effector or memory
CD8 T cells pre-vaccination, which would be indicative of
in vivo priming. We also test whether these T cells are
activated, or predisposed to apoptosis and have investi-
gated the potential Type 1/Type 2 skewing of cytokine
production. Central to the analysis of the CD8 T cell func-
tion is the question of CD4 T cell function. For the first
time, we are testing CD4 T cells from these subjects before
and after vaccination for a functional response to AFP.
Lastly, in a subset of patients who were immunized in a
peptide-pulsed DC trial, we investigated vaccine-induced
phenotypic and functional changes. We find that there is
an expanded pool of naive and central memory AFP-
specific CD8 T cells in many of these HCC subjects which
co-express central and peripheral trafficking markers, indi-
cating only partial differentiation. Peptide-based vaccination
led to modest up-regulation of activation markers, but most
subjects showed no clear shifts to fully differentiated effector
or memory cells.

Materials and methods
Clinical trial design

Sixteen patients were enrolled and ten were fully treated in
a phase I/II, dose-escalation, single site study to evaluate
the safety and immunological effects of AFP peptide-pulsed
autologous DC in HLA-A*0201 subjects with AFP
expressing HCC which was recently reported [2]. Briefly,
increasing doses of AFP peptide-pulsed DC (1 x 10°,
5% 10° 1 x 107) were given to groups of 3—4 patients
intradermally (i.d.). Patients received three vaccinations
every other week. All patients were required to express
the HLA-A*0201 allele, have an AFP-producing HCC
and demonstrate immune competence by a positive skin
delayed hypersensitivity test to at least one recall antigen
(candida, tetanus toxoid or mumps). All subjects provided
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signed informed consent. This trial underwent review and
approval by the Institutional Review Board (IRB #00-01-
026) and the Internal Scientific Peer Review Committee at
UCLA, and the Food and Drug Administration (BB IND
#9395).

Patient characteristics

The characteristics of each patient in the present study are
shown in Table 1. A3, A4 and B10 were enrolled but not
vaccinated (and were not analyzed previously) and B2 and
B5 (2) did not have sufficient cells for the additional studies
presented here. Patients were stage III (1), IVa (6) or IVb
(4), and 9/11 were heavily pretreated, and of an average age
of 57 (range 36-69). Pretreatment serum AFP averaged
44,866 ng/ml (range 74-463,040). Risk factors for HCC

Table 1 Patient characteristics

were HCV (6), HBV (1), alcohol (1), porphyria (1) or
unknown (2). There were 10 males and 1 female. All had
liver disease, three (A1, B6 and B8) also had extra-hepatic
metastases.

Peptides and protein

The AFP-derived peptides used in the vaccines, hAFP,3;_;45
(PLFQVPEPYV), hAFP, 55 16 (FMNKFIYEI), hAFP3,5 334
(GLSPNLNRFL) and hAFPs,, 55, (GVALQTMKQ), were
synthesized at the UCLA Peptide Synthesis Facility (Dr.
Joseph Reeve, Jr., Director). Research peptides used in the
in vitro stimulations were prepared by the University of
Pittsburgh Peptide Synthesis Facility. Cord blood derived
purified AFP protein was obtained from CalBiochem
(EMD Biosciences, San Diego, CA).

Patient* DC dose® Age® Sex! Race® Risk Stage® Previous Sites of Pre-AFP)  Post-AFP* Response! OS™
factor’ treatments” disease
Al 1x10° 36 F Caucasian Unknown IVb Chemoembo, Liver, bone, 2,811 2,748 (d28) Progr 4
CDDP, lung
adriamycin,
5-FU, xeloda,
thalidomide
A2 1x10° 66 M Asian HBV IVa Chemoembo Liver 4,740 7053 (d35) Progr 20
A3 1x10° 69 M Caucasian Alcohol IVa RFA Liver 3,080 (No DC for - 2
vaccines)
A4 1x10° 62 M Asian HCV Vb None Liver 10,800 (1 vaccine) - 1
early progr
B3 5x10° 55 M Caucasian HCV IVa ChemoemboRFA Liver 102 61 (d35) NE 35
B6 5% 10° 53 M Hispanic HCV IVb XRT LiverBone 712 5980.1 (d120) Progr 10
B8 5x10° 60 M Caucasian HCV IVb Chemoembo LiverNodes 108 13 (d120) Progr
B9 1x10" 55 M Caucasian HCV IVa None Liver 3,719 3909 (V3) Progr
B10 1x107 59 M Caucasian HCV IVa RFA Liver 463,040 (no vaccines, —
early progr)
Bl1l1 1x100 60 M Caucasian Porphyria IVa Chemoembo Liver 4,340 7,080(d56) Prog 3
B12 1x107 52 M Caucasian Unknown IIT Chemoembo RFA Liver 74 2,170(d120)  Progr

 Patient designation

® Number of DC per injection
¢ Patient age

4 Patient gender

¢ Patient race

f Risk factor for HCC

¢ Stage of disease

" Previous treatments received (chemoembo, chemoembolization; CDDP, cis-platin; 5-FU, 5-flouro-uracil; RFA, radio-frequency ablation; XRT,

radiation therapy)

! Sites of HCC at enrollment

I Baseline serum AFP level on day of first vaccine, ng/ml
K Last tested serum AFP level (day listed), ng/ml

! Clinical response, Progr progression, NE no evidence of disease, — vaccine response not evaluable

™ Overall survival duration in months. At final follow up (June 2005), all patients were deceased due to disease progression
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Peripheral blood mononuclear cells (PBMC)

PBMC were obtained from a leukapheresis at baseline or
from peripheral blood obtained at later time points. PBMC
were isolated from the leukapheresis product or blood by
Ficoll-hypaque gradient separation and cryopreserved in
aliquots.

Tetramer analysis

For the flow cytometric analysis, the gating strategy is shown
in Fig. 1. Studies were performed in the UPCI Flow Cyto-
metry Facility on a DakoCytomation CyAN 9-Color High
Speed Analyzer using the Dako Summit analysis program,
with compensation performed by facility staff (Dr. A. D.
Donnenberg, Director). Unless otherwise noted, all anti-
bodies were obtained from Coulter (Beckman Coulter, San
Diego, CA) and were directly conjugated. In order to analyze
a large number of cells quickly and with high purity, PBMC
were first DNAse treated, then adherent cells were removed
and CD8+ cells were magnetic bead-purified before being
stained. To determine the phenotype of tetramer+ cells,

CD5+ and CDS8+ lymphocytes were selectively gated on.
The phenotype of the tetramer+ cells was compared with that
of the total CD8 population to identify tetramer+ cell-specific
phenotypes. Compensation controls included PBMC stained
with individual antibodies to CD8 conjugated to each flouro-
chrome used and flow beads stained with the same panel of
antibodies used to test patient cells. The range of lympho-
cytes events acquired was 19,951-236,009 (average 64,407).
The range of CD8+ events acquired was 8,927-195,198
(average 36,841). Three healthy donors were also studied
and used for comparisons with HCC patients.

Tetramers were obtained from Immunomics (Beckman
Coulter). AFPs,, would not fold properly into the A2.1 tetra-
mer, nor would an anchor-substituted version [19]. 10°
PBMC (or 3 x 10° CD8+ purified cells, Miltenyi Biotec,
Auburn, CA) were stained with each individual tetramer plus
CDS (Caltag, Burlingame, CA) and additional antibodies to
obtain phenotyping data from tetramer-stained cells. Staining
was performed at room temperature (RT) for 30 min in the
dark. The cells were then washed and analyzed immediately.
The lymphocytes were gated on by forward and side scatter,
CD8 positive cells were gated on, and the AFP peptide-
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Fig. 1 Diagram of the gating strategy used for multi-parameter flow
cytometric analysis. Patient cells were thawed, treated with DNAse,
and the adherent cells were removed. The CD8+ cells were purified
and stained with MHC tetramers and additional antibodies. For analy-
sis, lymphocytes are gated on by FSC/SSC, then CD5+ and CD8+ cells
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are selected. The additional markers were compared for % positivity
and MFI (mean fluorescence intensity) for both total CD8+ and CD8+/
tetramer+ cells. The example is for patient B10, whose AFP 5, specific
T cells are shown for central (CCR7, CD62L) and peripheral (CCRS,
CCRO) trafficking markers
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specific cells were a distinct population of CD8+/tetramer+
cells. This MHC tetramer gating strategy has been used for
sorting AFP-specific cells in other studies and results in a
highly enriched, AFP-specific, functional T cell population
(unpublished, L. Butterfield, 2005). When sufficient cells
were available, MART-1,,_;5 tetramers or negative tetramers
(Coulter/Immunomics) were used as negative controls for
comparison. When sufficient cells remained after the initial
analysis (consistently for pre-vaccine leukapheresis, rarely
for post-vaccine time points), tetramer assays were repeated.

Cytokine ELISPOT

The ELISPOT technique was used as previously described [5,
20, 21]. PBMC were thawed as above, then T cell restimula-
tion was performed overnight with 2 x 103 CD8+ cells and
1 x 10° K562/A2.1 cells pulsed with AFP peptides, no pep-
tide or control peptide (MART-1,,_35). K562/A2.1 cells with-
out CTL also served as a negative control. CD4 ELISPOT
responses were detected with AFP protein-pulsed DC, in
which autologous DC (prepared by 7 day culture of adherent
cells in 800 U/ml GM-CSF + 500 U/ml IL-4) were pulsed for
1 h at 37°C with 10 pg/ml AFP protein before plating with
CDA4+ T cells. The IFNy, IL-5, IL-2, IL-10 or TNFu antibody
(Pharmingen, San Diego, CA) coated plates (Millipore,
Bedford, MA) were incubated with restimulated T cells (in
duplicate at three dilutions) at 37°C. The colored spots, repre-
senting cytokine producing cells, were counted under a dis-
secting microscope and counts confirmed in an automated
ELISPOT counter (Zeiss or CTL technologies). Background
spots to the restimulator cells without peptide were subtracted.

Luminex

Cell free supernatants from ELISPOT assays (after 24 h
incubations) were stored at —80°C until assayed for GM-
CSF, IFNy, IL-2, IL-4, IL-5, IL-10 and TNFa by Luminex
bead array (Biosource) at the UPCI Luminex Core Facility
(Dr. Anna Lokshin, Director).

Statistical analysis

Spearman’s test of correlation was used to test for any sta-
tistically significant correlation between the percentages of
the different T cell phenotypes and ELISPOT frequency
results and serum AFP level. No significant (P < 0.05) cor-
relations were detected.

Results

From the immunological monitoring of AFP-specific CD8
T cell responses in two peptide-based vaccines trials, we

found that most subjects were successfully immunized (by
AFP-specific tetramer frequency increases and/or AFP-spe-
cific IFNy ELISPOT frequency increases) [2]. In order to
learn more about the biology of these cells and to better
understand the state of immunity in HCC patients with var-
iable levels of circulating serum AFP antigen, we focused
on AFP,;;, AFP s; and AFP;,s peptide-specific CD8+ T
cell populations and used additional antibodies to deter-
mine the expression patterns of other cell surface proteins
associated with functional status. We first studied the phe-
notype of pre-vaccine cells.

Tetramer frequencies and phenotype

There was a broad range of AFP peptide-specific CD8 T
cell frequencies determined pre-vaccination, as shown in
Table 2. Healthy donors had AFP T cells near the level of
detection (0.01-0.06% CD5+/CD8+ lymphocytes, average
0.02%), and the HCC subjects generally had higher fre-
quencies of these cells (average 0.08%). Some were not
elevated (B8), but others were quite high (B10 0.12-0.24%,
B12 0.07-0.16%). This may indicate that the subjects with
higher levels of AFP-specific T cells have been primed by
the circulating tumor-derived antigen to promote CD8 T
cell proliferation. However, the level of expansion was not
directly related to serum AFP level; lower tetramer fre-
quency patients B8 and B9 had 108 and 3,719 ng/ml serum
AFP, respectively, while higher frequency patients B10 and
B12 had 463,040 and 74 ng/ml, respectively, indicating a
lack of simple linear correlation.

We next examined the naive/effector/memory phenotype
of these cells by the criterion of CD45RA/CCR?7 expression
(proposed by Sallusto et al. [10, 11]) (Fig. 2a). These data

Table 2 Baseline AFP MHC class I tetramer frequencies

Subject AFP 137 AFP 158 AFP 325
(%) (%) (%)
Al 0.20 0.01 0.11
A2 0.07 0.05 0.09
A3 0.07 0.10 0.16
A4 0.03 0.12 0.13
B3 0.10 0.05 0.04
B6 0.04 0.00 0.04
B8 0.02 0.01 0.02
B9 0.08 0.02 0.06
B10 0.24 0.12 0.17
Bl1l1 0.05 0.08 0.04
B12 0.16 0.07 0.14
Donor AFP 0.03 0.04 0.03
Donor MART1 0.04
Donor Flu 0.55
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Fig. 2 AFP tetramer positive T cell frequencies and phenotype. The
percentage of tetramer positive cells detected pre-vaccination is shown.
a Tetramer positive cells were stained for CD45RA and CCR7 and were
divided into CD45RA+/CCR7+ (naive), CD45RA+/CCR7- (effector

show that in 4 patients (B3, B8, B11, B12) the majority
AFP-specific cells has a naive (CD45RA+/CCR7+) pheno-
type in the peripheral blood. In 5 other subjects (Al, A3,
B6, B9, B10) central memory (CM) phenotype predomi-
nates, and in A2 and A4 the phenotypes are mixed. There
was little evidence for AFP-specific effector cells in the
blood (A2 AFP,;;, B6 AFP, 55 and B8 AFP;,5 were the only
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memory), CD45RA-/CCR7+ (central memory), and CD45RA-/CCR7-
(effector) groups. b CD45RA was compared with CD27 and CD28 to
further examine differentiation. The representative HCC patients A4,
B3 and B10 are shown, as well as healthy donor controls

notable examples). The CD45RA/CCR7 expression of
these cells did not correlate with any of the patient charac-
teristics examined (Table 1). The low frequency of AFP T
cells detected in healthy donor (HD) peripheral blood was
similarly divided between naive and CM. However, due to
the few events detected, HD AFP T cells were not analyzed
further. As expected, the HD Flu-specific cells were of
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higher frequency (0.25-0.85%) and mostly effector/mem-
ory (EM) phenotype while HD MART-1 (melanocyte line-
age antigen) specific cells were slightly elevated (relative to
AFP) and largely naive.

Detailed phenotype

We next utilized additional markers to further address the
question of antigen-experienced and naive phenotype. We
tested tetramer positive cells for CD27 and CD28 costimu-
latory receptors in combination with CD45RA isoform also
used to define naive and differentiated cells [9]. Several
studies have shown that CD27 and CD28 are down-regu-
lated with antigen exposure [22, 23]. This has also been
observed in studies of human viral infection [9]. It has also
been suggested that CD28 is down-regulated first, followed
by CD27, with fully differentiated effectors having a
CD45RA+/CD27-/CD28- phenotype [24]. All patients
were tested and data are shown for A4, B3, B10 (who were
representative of the common phenotypic patterns observed
and had different levels of serum AFP) and a healthy donor
in Fig. 2b. Patient A4 had the highest levels of EM and CM
by CD45RA/CCR7 (Fig. 2a). Consistent with this state of
differentiation, the levels of CD27 and CD28 were reduced.
B3 had a high percentage of naive cells and CD27 was at a
differentially reduced level for each T cell specificity (63%,
43%, 38%+), with CD28 also reduced (11%, 17%, 15%+),
which indicates that the majority (71-83%) CD45RA+
(83-94%) CCR7+ cells had become partially differentiated.
In the subject with the highest serum AFP levels (B10) and
largely CD45RA-/CCR7+ CM cells, CD27 and CD28 were
expressed at high levels. While this CD28 might have
become re-expressed, the high CD27 indicates that even in
the case of high serum AFP antigen, there was no evidence
of complete differentiation of AFP-specific CD8 T cells. A
proportion of the tetramer+ cells (2-86%, average 36%)
remain naive and on average 40-41% continue to express
CD27 and CD28. Therefore, taken together, each tested
patient had evidence that a percentage of their AFP-specific

T cells had down-regulated CD27 and CD28, sometimes in
an epitope-specific manner, indicating that a percentage of
these cells had undergone at least partial differentiation.

Activation status

Next, we wished to examine the activation state of the
AFP-specific CD8 T cells by 3 measures: HLA-DR, which
is present on antigen-experienced cells, and two markers
transiently up-regulated, CD25 and CD69 (Fig.3). The
HCC subjects had a variable percentage of AFP-specific T
cells that expressed these activation markers, 21-28% posi-
tive on average (all 3 markers). Figure 3 again shows A4,
B3 and B10. Here, A4 and B10 are representative of most
patients, with 10-41% activation marker expression on
AFP-specific T cells. In contrast, B3 is representative of
the highest levels, having 25-72% CD25+ and 16-43%
CD69+, indicating more recent T cell activation. Interest-
ingly, B3 responded clinically to chemoembolization and
radio-frequency ablation, and then enrolled in the AFP pep-
tide-pulsed DC vaccine protocol in the early post-chemo-
embolization period, while his AFP was still in a downward
trend, which could explain this activation status, in agree-
ment with recent reports on the immune activation inherent
in some surgical and chemotherapy therapies [25]. Interest-
ingly, the healthy donor MART-1 and Flu-specific T cells
expressed activation markers only on a minority of cells, at
a lower frequency than detected on HCC patient AFP T
cells. Overall, many of the AFP T cells are partially acti-
vated, from less than 10 to >70%, indicating that many of
these cells had encountered AFP antigen and become acti-
vated.

Trafficking markers

We next examined the trafficking potential of these cells.
This was assessed with two markers for central traffick-
ing, CCR7 (required for lymph node entry) and CD62L or
L-Selectin (required for extravasation). We also tested two

Fig. 3 AFP tetramer-positive T 100%
cell activation phenotype pre-

vaccination. The expression of

90% A

HLA-DR, CD69, CD25 on 80%

70%

AFP 37_145. AFP|55 166, and

AFP3,5 33,4 tetramer positive
cells is shown. The representa-

60%
50%

tive HCC patients A4, B3 and
B10 are shown, as well as
healthy donor controls

40% A
30% A
20% A
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markers for peripheral trafficking, CCRS5 (associated with
Thl cells and cells trafficking to the liver [26]) and CCR6
(peripheral marker). We hypothesized that naive cells,
which had not yet encountered antigen, would express
only central trafficking markers CCR7 and CD62L, while
any fully differentiated CD8 T cells would have down-
regulated the central markers and up-regulated CCRS5 and/
or CCR6.

We found that most tetramer + cells co-expressed mark-
ers for both central and peripheral trafficking. The same
three patients, again representing the patterns detected, are
shown in Fig. 4. A patient with low levels of serum AFP
(B3) had the highest levels of CCR7 and CD62L central
markers on the three peptide-specific T cells (48 to >90% of
T cells) of all tested patients. A4, with both CM and EM
cells, had CCR7 on 36-64%, but had reduced CD62L to
12-28%. Peripheral markers were co-expressed, with
CCRS5 on 62-68% and CCR6 on 50-57%. Therefore, these
memory cells co-expressed these central and peripheral
markers. Because we were able to use CD62L and CCR6 in
the same staining mix, we could confirm co-expression of
these two markers on the same population of cells by back-
gating. In B3, in which 88% AFP, 5, cells were CCR6+ and
49% were CD62L+, 27% of these CCR6+ cells co-
expressed CD62L. Similarly, 51% of B3 CCR6+ AFP, s,
cells were also CD62L+ and 18% of B3 CCR6+ AFP;,;
cells were also CD62L+, again indicating co-expression.
This pattern was present on a majority of patient T cells.
This may indicate a partial state of differentiation, for which
central markers are still expressed, and peripheral markers
are also becoming expressed.

HD MART-1 and Flu cells showed the least evidence
for trafficking marker co-expression, and only 6% of the
Flu-specific CCR6+ population also expressed CD62L.

Fig. 4 AFP tetramer-positive T 100%
cell trafficking phenotype pre-
vaccination. The expression of
central trafficking markers
CCR7 and CD62L and periph-
eral trafficking markers CCRS
and CCR6 on AFP, 3, s,
AFP, 55 166, and AFP3,s 53, tetra-
mer positive cells is shown. The
representative HCC patients A4,
B3 and B10 are shown, as well
as healthy donor controls
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Apoptosis phenotype

Lastly, we examined the cells for markers for early apopto-
sis (Annexin-V) and ability to be killed by FasL-expressing
cells (FasR, CD95) (data not shown). These markers have
been observed on T cells from cancer patients [17, 18] and
may indicate cells which are destined to apoptose and are
less effective antitumor cells. We found that these HCC
patient AFP-specific T cells expressed >10% and up to 45%
of at least one of these two markers. B10 and B12
expressed higher levels of both markers, while A4 and B9
expressed some of the lowest levels. On average, 11% of
cells expressed Annexin-V and 12% expressed CD9S.
These values are not as elevated as those observed by oth-
ers [17] and are, therefore, also not a confounding factor in
our assessment of other markers and function.

Changes in phenotype with peptide-pulsed DC vaccination

In four subjects (B6, B9, B11 and B12), there were suffi-
cient peripheral blood cells available from time points dur-
ing and after vaccination to follow the same markers. This
enabled us to determine any effects of AFP peptide-pulsed
DC-based vaccination on the functional phenotype of these
T cells.

In the clinical trial report [2], we found that 6 of 10
patients had statistically significant increases in the fre-
quency of tetramer+ cells, including B9 and B11 (strongest
increases). B6 and B12 did not have increases which met
the criteria of multiple consecutive increases of greater than
twofold, but had single time point increases. There were
also six patients with statistically significant increases in
the frequency of IFNy-producing cells by ELISPOT,
including B6 and B9. Based on these findings, we expected

| | @CCR5

[OCCR7
ocbe2L

I CCR6

137 158

7
7
7]
7]
7
/
7|
7]
7]
7
“
7|
7
7]
7]
7
7]
7]
7]
7
7|
7|
7]
7]
g
7
2
7
7
i
7|
7|
7|
7
7|
7|
7]
7|
7
7|
7]
7
¢

Flu MART1
healthy donor

137 158
B10

325 325

A4

B3



Cancer Immunol Immunother (2007) 56:1931-1943

1939

B6 and B9 to be particularly important to analyze for
changes in phenotype following vaccination.

Examining the CD45RA/CCR?7 expression, B6 AFP, 4,
and AFP;,s specific cells remained primarily naive at
day + 28 and day + 112, showing only transient increases
in %EM cells (not shown). Only AFP,ss specific cells
showed an increase from 4% EM (pre-vaccine) to 29% EM
(day + 28) to 45% EM at day + 112, becoming the major-
ity. This epitope-specific differentiation was the strongest
seen for the 4 patients examined over time. B9 T cells
remained primarily naive pre-vaccine and day + 35. Over-
all, despite peptide-pulsed DC vaccination, the strongest
evidence for effector or memory differentiation was the
increase in %EM cells to a single epitope in one patient,
B6.

In Fig. 5, the changes in activation phenotype are shown
for all four patients and all time points with sufficient cells
for analysis. In general, there were fluctuations in the
expression levels of several markers, but there was a lack of
change towards a fully activated phenotype in the majority
of the cells. B6 showed transient CD69 increases for all 3
AFP T cell specificities, as well as CD25 increases for
AFP,3; and AFP;,s, with HLA-DR increases for AFP,sq
only. Surprisingly, B9 showed a noticeable increase only in
CD69 for AFP;,,5 specific T cells. The changes in HLA-DR
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Fig. 5 HCC patient changes in activation markers with vaccination.
Patients treated with AFP peptide-pulsed autologous DC were exam-
ined before, during (B11, B12) and after vaccination (all 4 patients) for

137 { 158 { 325

expression in B12 were not evident until day + 56 and
day + 112. This indicates that one limitation of this part of
the analysis is the availability of cells from later time points
(B9 had only day + 35 cells available). Together, Fig. 5
indicates that AFP-based vaccines can also lead to increased
activation marker expression. However, the increases were
modest, even in those patients with increased AFP-specific
IFN7y production.

These post vaccine cells were also tested for changes in
other markers. While there were many modest fluctuations
in the percent of tetramer+ cells expressing these markers,
the other consistent changes included up-regulation of
CCR6 in B9 AFP;; AFP s and AFP;,s and increased
CD95 expression on B12 AFP 3; AFP,5s and AFP;,5 with
Annexin-V also increased on AFP,;; and AFP;,s (data not
shown).

CDS8 T cell cytokine analysis

In a subset of patients, there were sufficient cells to assess
not only IFNy but also to investigate production of other
cytokines. Specifically, we tested patients A3, A4, B6, B9
and B10 for IL-5 by ELISPOT (to detect evidence for Th1/
Th2 skewing [27]) and B6 and B9 for IL-10 by ELISPOT
(to detect any antigen-specific suppressor function). A few
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AFP 37 145, AFP sg 166 and AFPs,s 35, tetramer positive cells are
shown. Increases >10% of baseline value are marked with an asterisk
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background spots were detected in response to K562/A2.1
antigen presenting cells and all tested patients responded to
the PHA mitogen stimulus, but no AFP peptide-specific
spots were detected (data not shown). In addition, we tested
supernatants from the ELISPOT plates for IFNy, TNF,
GM-CSF, IL-2, IL-4, IL-5 and IL-10 for a broader panel of
cytokines by the sensitive Luminex assay. We were unable
to detect any additional cytokines, other than in response to
the positive PHA stimulus (data not shown). Direct cyto-
toxicity was not tested here due to limited cells available
and our focus on cytokine production.

CDA4 T cell cytokine analysis

The AFP peptide-pulsed DC vaccine was designed to
directly activate CD8 T cells, and the short peptides
employed would not be expected to activate CD4 T cells.
However, in order to determine whether there was any pre-
existing AFP-specific CD4 T cell immunity before vaccina-
tion which might have had an impact of the ability to
expand and differentiate CD8 T cells, we tested magnetic-
bead purified CD4 T cells from pre-vaccine leukaphereses
from 9 patients for evidence of cytokine production by ELI-
SPOT. We prepared autologous DC and pulsed these
immature DC with purified AFP protein (or medium alone)
and tested for IFNy, TNFa, IL-2 (to detect memory cells),
IL-5, and IL-10. These experiments were designed to

100 1

mimic the in vivo state of tumor-derived serum AFP anti-
gen presentation via immature DC.

As shown in Fig. 6, we did not detect any significant
responses to AFP in the patient cells (DC + AFP protein
compared to DC alone). The majority of patients responded
to the mitogen PHA with secretion of IFNy, IL-2 or both
cytokines. A minority also secreted IL-5 and TNFa. B3 was
the exception, but this subject did mount an IFNy ELISPOT
response to MHC Class-I peptides. Several patients had a
non-antigen-specific cytokine response to the autologous
DC and there were also examples of cytokine release attrib-
utable to DC alone (or contaminating lymphocytes in the
unpurified DC preparations). The largest frequency of AFP-
specific CD4 T cells was observed in patient B6 (the only
patient with pre-vaccine IFNy-producing CD8 T cells),
with a modest 13/10° CD4 T cells secreting IL-2.

Because we have observed determinant spreading from
vaccine-induced CD8 T cell responses to spontaneous CD4
T cell responses to related tumor antigens in melanoma
patients [28, 29], we tested patients B6, B9, B11 and B12
for any changes in AFP-specific CD4 T cell responses over
time. These additional ELISPOT studies did not reveal any
positive responses (data not shown). Luminex cytokine
arrays were again performed on ELISPOT supernatants to
repeat (IFNy, TNFa, IL-2, IL-5, IL-10) and extend (GM-
CSF, IL-4) the cytokines tested. Again, we did not detect
any evidence for AFP-specific cytokine responses by
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Luminex (data not shown). AFP protein-pulsed DC are able
to expand AFP-specific CD4 T cells after 1-3 rounds of
in vitro stimulation in HCC patients [30] therefore, this
mode of antigen presentation is able to activate CD4 T
cells.

Lastly, we tested whether the T cell phenotype and func-
tional data correlated with the patient serum AFP levels
shown in Table 1. Due in part to the small number of sub-
jects, none of the T cell phenotypic or functional character-
istics was significantly correlated to serum AFP.

Discussion

Immunotherapy vaccination efforts are designed to provide
adequate antigen presentation and to overcome the lack of
presentation or inhibitory presentation provided by tumor.
One might predict that constant exposure to high dose sys-
temic antigen would quickly lead to exhaustion and dele-
tion of antigen-specific T cells. In order to activate effective
antitumor lymphocytes, we must first characterize the natu-
ral state of immunity to the target antigen and test the abil-
ity of lymphocytes to become activated, differentiate to
effectors and respond to tumor. In the case of AFP, humans
are exposed to high levels of this antigen during fetal devel-
opment, and the majority of HCC patients are again
exposed to high circulating levels of this antigen, in this
case, tumor-derived (and potentially having an altered gly-
cosylation pattern [31]. In addition, in two clinical trials,
we have immunized AFP+ HCC patients with AFP-derived
MHC class I-restricted peptides, presented either in adju-
vant [1] or on autologous DC [2].

In order to better understand the successful expansion of
IFNy-producing AFP-specific CD8+ T cells and a lack of
objective clinical responses, we have further investigated
the biology of the AFP-specific CD8 T cells from HCC
subjects by MHC tetramer and phenotyping, and both CD8
and CD4 T cells by ELISPOT and Luminex cytokine assay.
In some cases, we have been able to follow the function and
phenotype after vaccination with AFP peptides. We found
pools of AFP-specific CD8 T cells which are both naive
and CM phenotype and lack of complete differentiation to
effector and EM cells.

The continued presence of CCR7 on the majority of
these T cells indicates their ability to traffic to lymph nodes,
however, many of these cells co-expressed the liver-tropic
molecule CCRS, peripheral marker CCR6 and reduced
expression of the second lymph node trafficking molecule,
CDG62L. This may point to the partial state of differentiation
of these cells. Continued presence of CCR7 despite reduced
CD62L was recently observed in subjects with liver disease
[32]. This study found CCR7 ligands CCL19 and CCL21
on vessels in the liver, and suggested that the CCR7+/

CD62L- populations could be involved in both liver and
regional lymph node trafficking. This new data might indi-
cate the AFP-specific CCR7+/CD62L- cells we identified
in the peripheral blood could also traffic to the liver and
participate in localized trafficking there.

Our data are in agreement with recent data analyzing T
cell phenotype in mice immunized with either immature or
fully mature peptide-pulsed DC [33]. This group observed
that immature DC immunization led to partial activation of
peptide-specific T cells that were capable of cytokine pro-
duction (IFNy and TNF«) and a low level of proliferation,
but limited down-regulation of CD62L and CCR7, which
kept these T cells from leaving secondary lymph nodes.
Lee et al. [12] also observed dysfunctional, partially differ-
entiated tumor antigen-specific T cells in a melanoma
patient which had reduced levels of activation marker
expression and very limited function. In other investiga-
tions of pre- and post-melanoma peptide vaccination, differ-
entiation towards memory cells was observed in a minority
of patients, and effector differentiation was more limited
[16, 34].

We also investigated cytokine production by these cells
to extend our earlier studies of IFNy ELISPOTs. We spe-
cifically sought evidence for Th1-Th2 skewing and IL-10-
producing antigen-specific regulatory cells. We found no
evidence for AFP-specific production of other tested cyto-
kines by the CD8+ T cells by either ELISPOT or Luminex.
Given the presence of CM cells phenotypically, the lack of
IL-2 was unexpected. In conjunction with the lack of sig-
nificant ex vivo AFP-specific CD4 T cell activity, the data
support a scenario of CD8 T cell expansion and IFNy pro-
duction activity in conjunction with partial differentiation
of CD8 T cells, but lack of acquisition of full effector phe-
notype or memory phenotype and IL-2 production, poten-
tially due to lack of CD4 help. In a recent examination of
the impact of chronic, high-level antigen exposure in
human T cell responses (HIV [35]), it was shown that such
viral antigen-specific T cells produced IFNy exclusively.
This is supporting a potential role for chronic antigen expo-
sure in the limited cytokine response we observed. It should
be noted that some antigen presentation and DC defects
have been observed in patients with HBV and HCV in
some [36, 37] but not all studies [38].

There have been two reports indicating that there may be
AFP-specific help in a subset of HCC patients. One sug-
gests the presence of IFNy-expressing AFP-specific CD4
cells [7] and another reports circulating AFP IgG immune
complexes (which recognize denatured AFP, not native
AFP [39]) in 20% of tested HCC subjects. In our group of
patients, the finding that spontaneous CD8 cell responses to
AFP exist pre-vaccination (at a level detectable ex vivo by
MHC tetramers) indicates that there is some level of endog-
enous presentation of AFP, however, the minimal level of
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functional CD4 responses found to date by us (by ELI-
SPOT) suggests that lack of help may lead to dysfunctional
CD8 T cells. This characterization of the AFP T cells is
supported by the detailed phenotypic characterization indi-
cating lack of effector phenotype and only partial trafficking
differentiation. Such partial activation of T cells under sub-
optimal conditions [40, 41] can lead to proliferation with-
out full effector function, for example in cases of signal 1 or
signals 1 and 2 without 3 (IL-12, IFN). In our ongoing
immunotherapy efforts, our focus on immunization with
full-length antigen, to directly activate CD8 and CD4 T
cells, may allow for more potent T cell activation and full
effector and memory differentiation. In addition, use of ade-
novirus to deliver antigen can lead to a more mature DC
phenotype [42], which may also improve T cell responses.
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