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Weak T-cell antigen receptor (TCR)-ligand interactions are sufficient to activate naive CD8* T cells, but generally do not
resultin tumor eradication. How differences in TCR affinity affect the regulation of T-cell function in an immunosuppressive
tumor environment has not been investigated. We have examined the functional differences of high- vs. low-affinity CD8*
T cells and we observed that infiltration, accumulation, survival and cytotoxicity within the tumor are severely impacted
by the strength of TCR-ligand interactions. In addition, high-affinity CD8* T cells were found to exhibit lower expression of
inhibitory moleculesincluding PD-1, LAG-3 and NKG2A, thus being less susceptible to suppressive mechanisms. Interferon
v and autocrine interleukin-2 were both found to influence the level of expression of these molecules. Interestingly,
although high-affinity CD8* T cells were superior to low-affinity CD8* T cells in their ability to effect tumor eradication,
they could be further improved by the presence of tumor specific CD4* T cells. These findings illustrate the importance
of both TCR affinity and tumor-specific CD4 help in tumor immunotherapy.

Introduction

The T-cell repertoire available for immunotherapy of cancer
is constrained by central and/or peripheral tolerance mecha-
nisms.'”* The majority of T cells with high avidity for self/tumor
antigens are deleted in the thymus resulting in a T-cell repertoire
in the periphery specific for self/tumor antigens that display a
relatively low affinity.*> In addition, both peripheral tolerance
mechanisms and tumor-induced tolerance can contribute to the
weakening of T-cell responses against self/tumor antigens.®” This
raises the question whether we can utilize the natural low-affin-
ity T-cell repertoire for immunotherapy of cancer. Many vaccine
approaches have been tested to induce T-cell responses toward a
tumor protein. However, none of the clinical trials show complete
tumor eradication, and objective tumor regression is induced in a
small percentage of patients.®’

Using a mouse tumor model in which spontaneous insuli-
nomas arise expressing the influenza hemagglutinin (HA) as a
model antigen (RIP-Tag2-HA mice), previous results showed
that HA-specific low-affinity Clone 1 CD8* T cells could not
destroy transformed pancreatic islet 8 cells that express HA, even
when activated with a potent viral vaccine. However, the provi-
sion of tumor-specific CD4 help within the tumor environment
resulted in an increase in both the number and effector func-
tion of Clone 1 cells, which resulted in tumor eradication.!®!! As
an alternative to the use of the natural T-cell repertoire, tumor-
reactive T cells can now be created by genetic engineering. This
allows for the selection of the biophysical properties of the T-cell
receptor used for immunotherapy'? and for the increase of the
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functional avidity of TCR-engineered cells.” Two clinical tri-
als testing MART1-specific T cells of differing avidity showed
that superior functional avidity might help to improve objective
response rates.'*"> However, it is not clear whether high- and low-
affinity CD8* T cells have major functional differences in the
tumor environment and whether high-affinitcy CD8* T cells may
also benefit from the presence of CD4* T cells. We compared
Clone 1 cells, which express a TCR that was originally isolated
from a mouse expressing HA in the pancreas and exhibit low
affinity for HA, to Clone 4 cells, in which the TCR was derived
from a wild-type mouse and exhibit high affinity for HA.'* We
identified several factors involved in tumor rejection that are
affected by TCR affinity and studied the role of cytokines and
CD4 help on the regulation of these factors.

Results

Functional differences between Clone 1 and Clone 4 CD8* T
cells. TCR affinity has been frequently reported to be impor-
tant for the strength of antiviral and antitumor responses.””'® To
asses more specifically the effects of TCR affinity on CD8* T cell
function in the tumor environment we compared HA-specific
Clone 1 (low-affinity) and Clone 4 (high-affinity) cells in tumor-
bearing RIP-Tag2-HA mice. RIP-Tag2-HA mice received 2 x 10°
Clone 1 or Clone 4 cells and were immunized with a vaccine con-
taining cognate peptide and poly(I:C) injected s.c. in Incomplete

1011 the activation of

Freund’s adjuvant. As shown previously,
Clone 1 cells by a viral or peptide vaccine was not sufficient to

induce tumor eradication (Fig. 1A). Clone 4 cells were superior
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Figure 1. Antitumor efficacy of high and low-affinity CD8* T cells. (A and B) 8-9 week old RIP-Tag2-HA mice were immunized with cognate peptide
and polyl:Cin IFA and Clone 1 (A) or Clone 4 cells (B) (2 x 10°) were injected i.v. Glucose levels in the blood were measured at the indicated time points,
and each line represents one mouse. Data are representative of two independent experiments.

to Clone 1 cells and did induce successful tumor eradication,
although this was only short-term, as glucose levels went down
again quickly (Fig. 1B).

To determine the functional differences between Clone 1 and
Clone 4 cells in the tumor environment we examined the expres-
sion of granzyme B and perforin (cytolytic function), Ki-67 (pro-
liferative capacity) and molecules promoting apoptosis (Bim) and
survival (Bcl-2). Seven days after immunization we observed a
2-fold increase in the percentage of Clone 4 cells in the spleen
(Fig. 2A), but tumor eradication by Clone 4 cells was paralleled
by an 8-fold to 13-fold increase in the number of Clone 4 cells
within the pancreas, as compared with Clone 1 cells (Fig. 2B).
The frequency of granzyme B* Clone 4 cells in the spleen and the
pancreas was significantly enhanced compared with Clone 1 cells
(Fig. 2Cand D). Additionally, perforin expression in the pancreas
was analyzed by RT-PCR and was also significantly increased in
Clone 4 cells (Fig. 2I). With respect to proliferative capacity, we
observed a small increase in the percentage of Ki-67* Clone 4 cells
in the spleen, but both Clone 4 and Clone 1 cells showed approxi-
mately 70-80% Ki-67* cells in the pancreas (Fig. 2E and F). The
expression of the pro-apoptotic molecule Bim was significantly
reduced and expression of Bcl-2 was increased in Clone 4 cells
(Fig. 2H and J), suggesting that Clone 4 cells survive longer than
Clone 1 cells in the tumor microenvironment.

Upregulation of co-inhibitory receptor molecules on tumor
infiltrated Clone 1 cells could contribute to the observed
impaired effector function. Interestingly, while in the spleen
the expression of lymphocyte activation gene-3 (LAG-3), pro-
grammed cell death-1 (PD-1) and the inhibitory natural killer
cell receptor NKG2a molecules was either no different or even
higher on Clone 4 than Clone 1 cells, all these molecules were
more expressed by Clone 1 than by Clone 4 cells at day 7 in the
tumor environment (Fig. 3). This suggests that high-avidity T
cells may be less sensitive to tumor-induced immunosuppressor
mechanisms. Taken together, these data suggest that stronger
antitumor responses by high-avidity CD8* T cells may result
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from enhanced effector functions and lower expression of inhibi-
tory molecules in the tumor environment.

CDS8* T-cell infiltration into established tumors. Increased
accumulation of Clone 4 cells, compared with Clone 1 cells, in
the tumor environment may also be due to differences in their
capacity to infiltrate tissues. Activated T cells acquire the ability
to infiltrate non-lymphoid sites in which the antigen is localized
upon the expression of integrins and selectins.””? The stimula-
tion of Clone 1 and Clone 4 cells with cognate peptide in vitro
showed a differential expression of CD44, CD62L and CD11a at
low peptide doses (Fig. 4A). No differences were observed in the
expression levels of CD18 and CD49d (data not shown).

To test whether there is a difference in the ability of acti-
vated Clone 4 and Clone 1 cells to migrate into tissues, we used
2 different HA-expressing mouse models. First, we examined
CD8* T-cell infiltration into HA-expressing pancreatic tissues in
non-tumor bearing mice. Second, we compared the infiltration
of CD8* T cells in HA-expressing insulinomas from the RIP-
Tag2-HA mice. Whereas CD8*Thyl.1* T-cell numbers in the
spleen were not different, activated Clone 4 cells were superior in
infiltrating pancreatic tissue and tumors (Fig. 4B—E).

The role of autocrine IL-2 in the tumor environment.
Previous experiments from our laboratory showed that tumor
specific Clone 1 CD8* T cells require interleukin-2 (IL-2) from
CD4* cells at the tumor site to promote cytotoxicity and pro-
liferation, and that interferon y (IFNv) is needed to enhance
recruitment.”’ To examine whether the autocrine production of
IL-2 by Clone 4 cells was able to enhance these functions, we
analyzed Clone 4 /2~ cells 7 d after transfer and immuniza-
tion of RIP-Tag2-HA. The accumulation of Clone 4 7/27~ cells
in the pancreas was significantly reduced (Fig. 5A). Similarly,
blocking IFNy resulted in the accumulation of far fewer Clone
4 cells. Comparison of Ki-67 expressed by Clone 4 cells indi-
cated that autocrine IL-2 production by Clone 4 cells and IFNvy
had no effect on cell division (Fig. 5C). Surprisingly, IL-2 defi-
ciency did not significantly affect the expression of Bim or the
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Figure 2. High-affinity CD8* T cells are superior to low-affinity CD8* T cells in the tumor milieu. 8-9 week old RIP-Tag2-HA mice were immunized

with peptide and polyl:Cin IFA and Clone 1 or Clone 4 cells (3 x 10%) were injected i.v. (A-H) Pancreata and spleens were analyzed at day 7 by flow
cytometry to assess percentage of CD8*Thy1.1* cells, the percentage of cells exhibiting granzyme B, percentage of dividing cells and the expression
level of Bim. Data are cumulative from 2 independent experiments with 3 mice per group. (1-J) Pancreas derived CD8*Thy1.1* cells were analyzed by
gRT-PCR for perforin and Bcl-2 mRNA levels. Delta Ct values were compared using actin as the normalization control. Data are from 1 experiment with

3 independent samples per group. *p < 0.05, **p < 0.005, ***p < 0.0005.

ability of Clone 4 cells to express granzyme B in the pancreas
(Fig. 5B and D) or the spleen (data not shown), suggesting auto-
crine IL-2 is crucial for cell expansion but not for the cytotoxic
functions of Clone 4. Granzyme B expression by Clone 4 cells
was also not affected when IFNvy was blocked. However, we did
observe that blocking IFNvy results in an increase of the expres-
sion of Bim, suggesting a role for IFNy in promoting the survival
of intratumoral T cells (Fig. 5D).

We also examined whether IL-2 and IFNvy have an effect
on the expression of co-inhibitory molecules by Clone 4 cells.
As compared with wild type cells, IL-2-deficient Clone 4 cells
exhibited increased levels of NKG2a, PD-1 and LAG-3. IFNvy
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blockade affected NKG2a and PD-1, but only had a minimal
effect on the expression of Lag-3 (Fig. 5E).

Clone 4 cells benefit from CD4 help. Considering the
increased accumulation and function of high-affinity Clone 4
cells within the tumor, it was of interest to determine whether
CD4 help would further increase tumor killing. Thus, we com-
pared Clone 4 cells in the presence or absence of tumor-specific
CD4" SFE cells. RIP-Tag2-HA mice received either 3 x 104 Clone
4 cells alone or together with SFE cells and then were immunized
as in Figure 1. Accumulation of Clone 4 cells in the pancreas at
day 7 was greatly enhanced in the presence of SFE cells (Fig. 6A).
High frequencies of granzyme B* Clone 4 cells were observed also
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Figure 3. Expression of inhibitory molecules in the spleen and tumor microenvironment. 8-9 week old RIP-Tag2-HA mice were treated as described

in Figure 2. Pancreata and spleens were analyzed at day 7 by flow cytometry to assess the expression of PD-1, LAG-3 and NKG2A on CD8*Thy1.1* cells.
Histograms are representative of 3 independent experiments with 3 mice per group. Isotype control = gray line, Clone 4 = black line, Clone 1 = dashed
line. Mean MFI + SD, PD-1: Clone 4 2428.0 + 216.4, Clone 1 2784.0 + 234.7. LAG-3: Clone 4 446.5 + 98.2, Clone 1 664.0 + 135.76. NKG2A: Clone 4 724.5 +

in the absence of SFE cells, but this was greatly increased in the
presence of CD4 help (Fig. 6B). In addition, the presence of SFE
cells significantly reduced the expression of Bim by Clone 4 cells
(Fig. 6C). Most Clone 4 cells stained positive for Ki-67 in the
absence of CD4 help and this was not further increased in the
presence of SFE cells (Fig. 6D). Additional benefits of CD4 help
were observed on the expression of inhibitory receptors by Clone
4 cells in the tumor microenvironment. Thus, the presence of
SEE cells promoted a reduction in the expression of PD-1, LAG-3
and—rto a lesser extent—of NKG2A (Fig. 6E).

To examine whether SFE cells contribute to tumor eradica-
tion, we tested the antitumor efficacy of Clone 4 cells in RIP-
Tag2-HA mice that received either Clone 4 alone or both Clone
4 and SFE cells. As shown in Figure 1A, 2 x 10°> Clone 4 cells
exhibit tumor-killing abilities, but tumors quickly start grow-
ing again, reflected by the rapid decrease in blood glucose lev-
els (Fig. 7A). When tumor-bearing mice received both Clone 4
and SFE cells tumor growth was controlled significantly longer
(Fig. 7B). When we tested the antitumor effect of lower numbers
of Clone 4 cells, we observed an even stronger impact of the CD4
help. Thirty-thousand Clone 4 cells resulted in a minimal eleva-
tion of glucose levels, but in the presence of SFE cells long-term
tumor eradication was observed in 5/5 mice (Fig. 7C and D).
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Discussion

It has been previously reported that weak TCR-ligand interac-
tions are sufficient to activate naive T cells, induce proliferation
and generate effector and memory cells.? Consistent with these
results, we found that, following immunization, low-affinity
Clone 1 cells expand, demonstrate effector functions and pro-
duce cytokines.!” However, Clone 1 cells cannot effect tumor
eradication. High-avidity CD8* T cells exhibit improved antitu-
mor efficacy (this manuscript and refs. 22 and 23), but previous
studies have not eludicated the factors that are required for such
tumor eradication. Our data show that increased tumor eradi-
cation by high-avidity CD8* T cells is paralleled by increased
accumulation of CD8* T cells within the tumor microenviron-
ment. Whereas the number of Clone 4 cells in the spleen was only
doubled as compared with Clone 1 cells, far greater numbers of
Clone 4 cells were found in the pancreas. This is unlikely to be
explained by increased T cell proliferation as Clone 1 and Clone
4 cells showed little difference in the percentage of Ki-67* cells.
However, early infiltration into tissues was greatly increased in in
vitro activated Clone 4 cells as compared with low-affinity Clone
1 cells (Fig. 4). This might in part be attributed to the expression
levels of integrins and lectins such as CD62L and CDl11a.
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Figure 4. Infiltration of high- vs. low-affinity CD8* T cells. (A) Purified CD8* Clone 1 or Clone 4 cells (3 x 10°) were incubated with HA | | |~ peptide
pulsed splenocytes for 15 h. Cells were analyzed for the expression of integrins and lectins by flow cytometry. Data shown are representative of 2 inde-
pendent experiments. (B-E) Clone 1 or Clone 4 cells were activated in vitro with HA | - peptide and after 6 d cells (5 x 10°) were injected into InsHA
(B and C) or RIP-Tag2-HA mice (14 weeks old, D and E). Pancreata, tumors and spleens were isolated 40 h after injection. In (B and C), cumulative data
are shown from 5 experiments with 15 mice total. Data shown in (D and E) are representative of 2 independent experiments with 3 mice per group.

**p < 0.005, ***p < 0.0005.

Work by others shows that homing of islet-specific CD8*
T cells is abrogated in mice that lack MHC Class I expression
and that CD8* T cells directly recognize antigens expressed on
pancreatic endothelial cells,”® which perhaps also contributes to
increased infiltration by high-affinity T cells. It was further dem-
onstrated that IFNvy affects the homing of CD8* T cells into the
pancreas.”” We and others have reported that cytokines and che-
mokines produced by T cells and other immune cells in the tumor
microenvironment are important for the homing and recruitment
of immune cells to the tumor site'® and here we report that block-
ing IFNv inhibits the intracumoral accumulation of high-affinity
Clone 4 cells.

The death of T cells could also influence accumulation. In
fact, we observed lower expression of Bim and higher expression
of Bcl-2 by Clone 4 cells, consistent with improved survival rela-
tive to Clone 1. In the absence of IFNY, Clone 4 cells upregulated
Bim expression. This finding was somewhat unexpected as work
from others?*® has shown that IFNy is required for the death
phase of CD4* and CD8" lymphocytes. These differences in Bim
expression were only detectable in the tumor microenvironment
and not in the spleen.

As previously reported,?” we found that autocrine IL-2 pro-
duction by Clone 4 cells is not required for initial proliferation,
as the percentage of IL-2-deficient Clone 4 cells in the spleen
was not different from that of wild-type Clone 4 cells (data not
shown). In contrast, the accumulation in the pancreas of such
cells was greatly reduced, which perhaps may be explained by
the finding that autocrine IL-2 is critical for CD8* T cells to
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mount optimal secondary proliferative responses.’® However, we
did not observe decreased expression of Ki-67 or an effect on the
expression of the pro-apoptotic molecule Bim in IL-2-deficient
Clone 4 cells in the pancreas. Thus, further research is needed
to understand the role of autocrine IL-2 on the accumulation
of CD8* T cells in the tumor milieu. Production of IL-2 by
CD#4 helper cells was previously found to promote the induc-
tion of granzyme B via STATS5,>% but, surprisingly, our data
show that the lack of autocrine IL-2 does not significantly affect
the expression of granzyme B by Clone 4 cells in the tumor
microenvironment.

T-cell function and accumulation in the tumor milieu can be
regulated by co-inhibitory molecules. LAG-3 and PD-1 have been
shown to negatively regulate tumor infiltrating CD8* T cells.?-
In addition, increased expression of NKG2A has been described
to control CD8* T cell cytotoxicity in the tumor tissue.>® Indeed,
we found an increased expression of LAG-3, PD-1 and NKG2A
on Clone 1 cells compared with Clone 4 cells only at the tumor
site, correlating with a reduced expression of granzyme B and per-
forin by low-affinity CD8+ T cells. Furthermore, we demonstrate
that the expression of LAG-3, PD-1 and NKG2A can be regulated
by IFNYy, autocrine IL-2 and by the presence of tumor specific
CD4* T cells. This is consistent with our data showing the effects
of cytokines and CD4* T cells on CD8* T cell functions.

We have previously shown that paracrine IL-2 derived from
tumor-specific CD4* cells is crucial for the functions of low-
avidity Clone 1 cells in the pancreas.!® As discussed above, in

the absence of CD4* cells, high-affinity Clone 4 CD8* cells are
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Figure 5. Effects of autocrine IL.-2 and IFNy on function of Clone 4 cells in the tumor microenvironment. 8-9 week old RIP-Tag2-HA mice were immu-
nized with peptide, polyl:C in IFA and Clone 4 or Clone 4 IL-27~ (3 X 10*) were injected i.v.. One group receiving Clone 4 cells was also injected with IFN+y
neutralizing antibodies at days 4,5 and 6. (A-D) CD8*Thy1.1* cellscells from pancreata were analyzed at day 7 by flow cytometry to assess the number
of cells in the pancreas, the percentage of cells exhibiting granzyme B, the expression level of Bim and the percentage of dividing cells. Cumulative
data are shown from 3 experiments with 2-3 mice per group per experiment. (E) Histograms are representative of 3 independent experiments with

3 mice per group. Isotype control = grey line, Clone 4 = black line, Clone 4 IL27~ = dashed ling, Clone 4 + anti-IFNy = dotted line.

superior to Clone 1 cells in that they exhibit increased accumu-
lation, survival (reduced Bim levels and increased Bcl-2 expres-
sion) and cytolytic functions (increased levels of granzyme B
and perforin). However, the presence of tumor specific CD4+ T
cells also appears to be important for Clone 4 cells, as it further
increases their functions. This is most likely due to IL-2 provided
by CD4* cells, as shown previously for Clone 1 cells.'” Thus, even
high-affinity CD8* T cells that demonstrate good effector func-
tions can benefit from CD4 help.

Most adoptive immunotherapy protocols have focused on

the transfer of CD8* tumor-specific T cells. The use of CD4*
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T cells is limited due to a lack of well-characterized tumor anti-
gens presented by Class I MHC, as the majority of tumor cells
are Class II negative. However, several laboratories have found
ways to overcome these limitations and it has been shown that
CD4* T cells transduced with Class I-restricted TCRs can pro-
vide antigen-specific helper functions.”=* Our studies highlight
the functional advantages of high-affinity CD8* T cells and the
additional effects of CD4 help, emphasizing the importance of
including CD4 help in adoptive cell transfer immunotherapy,
even when high-affinity TCRs are expressed by tumor-specific
CD8* T cells.

Volume 1 Issue 8
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Material and Methods

Mice. B10.D2 rat insulin promoter (RIP)-Tag2-HA mice have
been previously described?’ and were used at 8 to 9 weeks of age.
B10.D2 Clone 1, Clone 4 and Clone 4 IL27"- TCR transgenic
mice which express a TCR specific for HA, ., - (IYSTVASSL)

in the context of HA-2K¢, and SFE TCR transgenic mice, which
express TCR that recognizes HA (SFERFEIFPK) in the

110-119
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context of I-Ed, were bred with the congenic markers Thyl.1 and
CD45.1, respectively. All mice were bred in our facility. All ani-
mal experiments were conducted in accordance with protocols
approved by the Institutional Animal Care and Use Committee
of the Scripps Research Institute.

Adoptive transfer, immunization and analysis of T-cell
responses. Lymph nodes were collected and purified by mag-
netic cell sorting using CD8*/CD4* T-cell enrichment sets
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Figure 7. Improvement of antitumor efficacy of high-affinity CD8* T cells by the presence of tumor-specific CD4* T cells. 8-9 week old RIP-Tag2-HA
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independent experiments. (A) compared with (B), p < 0.05; (C) compared with (D), p < 0.0005.

(BD Bioscience). Purified lymphocytes (2 x 10° or 3 x 10%)
were injected into RIP-Tag2-HA mice i.v. Recipient mice were
immunized with 10 ug HA, , ., -K¢ peptide, 50 wg SFE,
and 200 pg poly(inosinic-cytidylic acid) (polyl:C, EMD
Biosciences in incomplete Freund’s adjuvant s.c. in the right
flank. Neutralizing antibodies against IFNvy (500 wg/mouse,
Clone R4-6A2 BioXcell) were injected on day 4, 5 and 6 after
the injection of T cells. Glucose levels in the blood were mea-
sured as described before."

Lymphocytes were purified from the pancreas for in vitro analy-
sis as described previously." Prior to isolation of insulinoma’s from
14 week old RIP-Tag2-HA mice, mice were perfused with HBSS.
Tumors were isolated and lymphocytes were purified as described
above for the pancreas. Cells were stained for fluorescence-acti-
vated cell sorting (FACS) analysis in HBSS containing 1% FCS
and 2 mmol/L EDTA. Antibodies for FACS were used from eBio-
science, BD Biosciences and Alexis Biochemicals (Bimg,, ).

Quantitative PCR. Relative expression levels of Perforin and
Bcl-2 in Clone 1 and Clone 4 cells were measured by Quantitative
real-time PCR (qPCR). Clone 1 and Clone 4 cells were isolated
from the pancreas as described previously’® and subsequently
stained with PE anti-mouse CD8 and APC anti-mouse Thyl.1.
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Cell sorting was performed on a FACS Aria (BD Biosciences).
RNA was extracted in TRIzol (Invitrogen) and total RNA
was used to make cDNA with High Capacity cDNA Reverse
Transcriptase Kit (Applied Biosystems). Primer sets were
designed for perforin (Pfr-F 5-TAG CCAATT TTG CAG CTG
AG-3" and Prf-R 5-GGT TTT TGT ACC AGG CGA AA-3")
and Bcl-2 (Bcl-2-F 5-GGA GAA TGG ATA CGG CAG AA-3'
and Bcl-2-R 5-TTC CCA GAT CTG TCC TGT CA-3') using
ensemble genome browser and Primer3 input® and primers were
purchased from Valuegene Inc. (San Diego, CA). Reactions were
performed in duplicate and we used actin as the internal control.
The quantitative data analysis was completed using the SYBR
Green PCR Master Mix and a 7900HT FAST Real-time PCR
System (Applied Biosystems).

In vitro activation of CD8* T cells and in vivo tissue/tumor
infiltration. To generate effector CD8* T cells, Clone 1 and Clone
4 cells were activated in vitro as described previously."® Activated
Clone 1 and Clone 4 cells (5 x 10°) were injected into InsHA or 14
weeks old RIP-Tag2-HA mice. Pancreata and spleens were isolated
after 40 h, and the number of CD8*Thyl.1* cells was analyzed by
FACS. To examine the expression levels of integrins and lectins
after activation, 3 x 10° purified CD8* Clone 1 and Clone 4 cells
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were incubated for 15 h with 2 x 10° splenocytes pulsed with dif-

ferent concentrations of HA K9 peptide. Cells were analyzed

518-526"

by FACS for the expression of CD44, CD62L and CDl1a.

Statistical analysis. Differences between tumor growth curves
were determined by a Mann-Whitney test. Differences between
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