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Characterization of the Response of Dendritic Cells and
Regulatory T Cells to Tumor Antigens in Patients with
Renal Cell Carcinoma

Ming-Mo Hou, MD; John Wen-Cheng Chang, MD; See-Tong Pang', MD, PhD;
Yang-Jen Chiang', MD; Yung-Chi Shen, MS; Shuen-Kuei Liao*, PhD;
Jia-Juan Hsieh, MS; Kun-Yun Yeh’, MD, PhD; Nai-Jen Chang?, MD;

Cheng-Keng Chuang', MD, PhD

Background: This study characterized dendritic cells (DCs), regulatory T cells (Tregs) and
the immune responses to tumor antigens in renal cell carcinoma (RCC)
patients.

Methods: Thirty patients with RCC and five healthy donors were studied. DCs were
generated from the adherent cells among peripheral blood mononuclear cells
(PBMCs), then cultured in medium containing granulocyte-macrophage
colony-stimulating factor (GM-CSF) and IL-4 for 7 days. The phenotypes of
the DCs and Tregs were analyzed by flow cytometry. A mixed lymphocyte
reaction (MLR) was performed to assess the functioning of the DCs and
Tregs. A cytotoxic assay was performed to measure the antigen presentation
ability of the DCs from the RCC patients (RCC-DCs). These DCs were pre-
treated with TNF-o. (TNF-DCs) or tumor lysate (TuLy-DCs) on the 3™ day of
DC culture.

Results: The RCC-DCs expressed significantly less CD40 (p = 0.03) and CD80 (p =
0.007) upon TNF-a cultivation than the DCs from healthy donors. The
peripheral Tregs during stage I disease were significantly less (p = 0.032)
than during stages II-IV. The RCC-DCs were as efficient as DCs from
healthy donors (p = 0.83) when stimulating the proliferation of allogeneic T
cells; however, these RCC-DCs were less efficient when stimulating autolo-
gous T cells than allogeneic T cells (p = 0.023). Tregs inhibited autologous T
cell proliferation rather than allogeneic T cell proliferation in response to
TuLy-DCs stimulation. Prostaglandin E, did not increase the ability of imma-
ture DCs to stimulate T cell proliferation.

Conclusions: Patients with RCC have less potent anti-tumor immune responses.

(Chang Gung Med J 2010,33:25-35)
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he prognosis of renal cell carcinoma (RCC) is

generally very poor. RCC is refractory to either
chemotherapy or radiotherapy,” and the effects of
immunotherapy have been marginal.*> An alterna-
tive treatment for patients with RCC is required.
Selection of a biological therapy depends on various
findings ranging from intact immune surveillance
and tumor sensitivity to immune-based destruction.
In the development of immunity to tumors, CD8+
cytotoxic T lymphocytes (CTLs) are very impor-
tant.“” In patients with cancer, CTLs are either not
induced or only weakly induced because tumor anti-
gens cannot be presented by the antigen presenting
cells (APCs) or because the tumor-reactive T cells
are tolerated by the tumor.“**?

Dendritic cells (DCs) are the most potent APCs.
DCs are characterized by several important features:
(1) the ability to stimulate a primary T-cell response,
(2) cell motility and migration, (3) phagocytotic
activity, (4) differential expression of certain DC-
associated activation molecules, and (5) cytochemi-
cal reactions that are different from those of mono-
cytes and macrophages.’” Under the stimulation of
danger signal such as prostaglandin, lipopolysaccha-
ride, DCs will undergo maturation. The maturity of
DCs is critical to the presentation of antigen to
cytotoxic T lymphocytes (CTLs). Various DCs mark-
ers, including CD40, CD80, CD83, CD86, are highly
expressed on mature DCs.

Regulatory T cells (Tregs) have been found to
suppress immunity, mainly through the suppression
of DCs. In general, CD4 and CD25 are most com-
mon markers for Treg,"” although there are other
novel markers, such as FoxP3 and glucocorticoid-
induced TNF receptor (GITR)."*'¥ CD4*CD25* T
cells include several subgroups; however, a signifi-
cant portion of these are Tregs. There is a significant
increased frequency of Tregs in RCC patients com-
pared to normal donors."” In this study, we tested
CD4*CD25* Tregs, DCs and CTLs in patients with
RCC.

METHODS

Patients and peripheral blood

Thirty patients with RCC and five healthy
donors were studied after giving us informed con-
sent. The RCC patients were found to be at different
stages at presentation. Surgical specimens were
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processed for primary culture and the establishing of
cell lines. Peri-operative peripheral blood was
obtained for the characterization and the functional
assay of DCs. The age of the 30 RCC patients ranged
from 34 to 79 years. The median age was 59 years.
There were 11 males and 19 females and thus the
male to female ratio was 1:1.73. Of the 30 cases,
there were 20 cases (67%) of the clear cell type, 3
cases (10%) of the papillary type, 4 cases (13%) of
the chromophobe type and 3 cases (10%) of other
types. Of the 30 cases with complete staging infor-
mation, the incidence of stages I, II, III and IV was
12 (40%), 5 (16.7%), 1 (3.3%) and 12 (40%), respec-
tively. This study was approved by the Institutional
Review Board.

RCC HH244 culture and cell lysate preparation

The RCC cell line, HH224,"% a gift from Dr.
Shanka K. Nayak (Hoag Cancer Center. New Port
Beach, CA, U.S.A.) was maintained in Royal Park
Memorial Institute (RPMI) medium containing 10%
fetal bovine serum (FBS), 1% L-glutamine, 1% sodi-
um pyruvate, and 1% penicillin-streptomycin. Tumor
cell lysates were obtained by triple freezing (-80°C
for 10 min) and thawing (20°C for 10 min) the single
cell suspension of HH244 derived from light
trypsinization of the adherent cells followed by cen-
trifugation at 3000 rpm for 10 min; the supernatant
was then collected. The protein concentration of the
supernatant was quantified by the bicinchoninic acid
(BCA) assay (Sigma, St. Louis, MO, U.S.A.).

Peripheral blood mononuclear cell (PBMC)
preparation

PBMCs were prepared using Ficoll-Hypaque
(Pharmacia, Uppsala, Sweden). Sixty ml of whole
blood was drawn from each patient and donor to
obtain PBMCs. Cells were cultured in RPMI com-
plete medium (CM) containing 10% FBS to generate
DCs or cryopreserved for future use. The PBMCs
were also phenotyped using antibodies against CD3,
CD4, CDS8, and CD25. All antibodies were obtained
from Becton, Dickinson and Company (BD)
PharMingen. Labeled cells were analyzed by a
FACSCalibur flow cytometer and CellQuest software
(BD Biosciences, Mountain View, CA, U.S.A.). For
each sample, a negative control with isotype-
matched control antibody was used to determine pos-
itive and negative cell populations. The p values
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were determined by the Student’s #-test.

T cells preparation

PBMCs were prepared using Ficoll-Hypaque
and cultured in RPMI CM containing 10% FBS for
2.5 hrs. Following this, floating cells were collected
as effector T cells. The purity of the CD3 cells was
about 80% (data not shown).

DC culture

In total, 2x 10’ PBMCs were cultured in a T25
flask containing 5 ml of RPMI CM for 2 hrs. Non-
adherent cells were removed by gently swirling the
flask. Adherent cells were cultured in 5 ml of RPMI
CM containing 800 units/ml GM-CSF (Immunex,
Seattle, WA, U.S.A.) and 500 units/ml of IL-4
(Biosource, Cararillo, CA, U.S.A.) for 7 days to
obtain immature DCs (imDCs). Finally, 1x 10°
imDCs were further co-cultured with TNF-a. (50
ug/ml; TNF-DCs), PGE, (1 ug/ml, Sigma-Aldrich
Corp. St. Louis, MO, U.S.A.; PGE,-DCs), TNF-a
(50 ug/ml) plus PGE, (1 wg/ml) (TP-DCs), or 100
ug/ml of tumor lysate proteins (TuLy-DCs) for 72
hrs.

Flow cytometric analysis of DCs

The DCs were dispensed into test tubes (1 x 10°
cells/tube) and centrifuged to form a pellet.
Fluorescein isothiocyanate (FITC)- or phycoerythrin
(PE)-conjugated antibodies (1 ug/test or per manu-
facturer instructions) were added and incubated at
4°C in darkness for 30 minutes. The tested antibod-
ies included CD54, CD80, CD83, CD86, and HLA-
DR. Mouse anti-human IgG was used as an isotype-
matched control.

Isolation of Tregs from peripheral blood

Tregs were isolated using a CD4*CD25* Tregs
isolation kit (MACS; Miltenyi Biotec, CA, U.S.A.).
The CD4*CD25* Tregs were isolated in a two-step
procedure. First, non-CD4* cells were indirectly
magnetically tagged with a cocktail of biotin-conju-
gated antibodies and anti-biotin microbeads. The
tagged cells were subsequently depleted by separa-
tion over a MACS® column. The CD4*CD25* T cells
were then directly tagged with CD25 microbeads and
isolated by positive selection from the pre-enriched
CD4* T cell fraction. The magnetically tagged
CD4*CD25* T cells were retained on the column and
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eluted after removing the column from the magnetic
field. For maximum purity, the positively selected
cell fraction containing the CD4*CD25* T cells was
separated again over a second column.

Mixed lymphocyte reaction (MLR)

The MLR was performed using a standard
method. Allogeneic effector T cells were obtained
from several different donors. The data were there-
fore normalized by the control T cells alone in every
set of experiments. Briefly, the MLR were prepared
in triplicate in flat-bottom 96-well plates in CM con-
taining 10% FBS. Irradiated (30 Gy) DCs were used
as stimulators at concentrations from 2,000-60,000
cells/well, whereas the effector T cells were used at a
concentration of 2x 103 cells/well. Tregs were co-
cultured with or without DC-pulsed T cells at a con-
centration of 2x 10° cells/well to compare the inhibi-
tion of T cell proliferation. The cells were incubated
for 5 days in a humidified atmosphere of 5% CO, in
air at 37°C and pulsed with 1 uCi/well *H-thymidine
(80 mCi nmol21; NET-027Z thymidine, methyl-3H;
Dupont, NEN Research Products, Boston, MA,
U.S.A.) for 8 hrs before harvesting. Evidence of
DNA incorporation of *H-thymidine, as an index of
cell proliferation, was estimated by harvesting the
contents of each well onto filters using a Packard
Harvester (Packard Instrument Company, Meriden,
CT, U.S.A.). After adding 25 ul Microscint 20
(Packard Instrument Company) per well, the plates
were counted using a Packard TopCounteNXT.
Responses were reported as the mean counts per
minute (CPM) of triplicate estimates. To normalize
the variation in T cell proliferation, we divided the
results of the CPM of each DC-stimulated T cell pro-
liferation (DC-T) by the CPM of T cell proliferation
in each condition of the experiments. Therefore, the
results are presented as proliferation index (PI). The
PI is defined as the CPM ratio of DC-T to T.
Proliferation was compared between the DC-stimu-
lated group and the unstimulated group by a paired ¢-
test.

Activation of effector T cells

The T cells were activated by TuLy-DCs. The T
cells activated by non-pulsed DCs and unstimulated
T cells were used as controls. Two X 10° T cells were
cultured in each well of a 24-well plate with 2 ml of
complete medium containing 20 units/ml of IL-2



(R & D Systems, Inc., U.S.A.). The doses of IL-2
were kept low to maintain T cell viability in both the
control and experimental groups. Low doses were
also considered unlikely to significantly change the
proliferation in the experiment. Into each well,
2.5 x 10° DCs were added for 5 days of stimulation.
The immune responses of the effector T cells were
detected by cytolytic activity.

SICr release cytotoxicity assay

Since autologous or major histocompatibility
complex (MHC)-matched allogeneic RCC cell lines
could not be obtained, we therefore used an allogene-
ic RCC cell line (HH244) for the cytotoxicity assay.
HH244 tumor cells were used as targets and incubat-
ed with 100 uCi Na,’'CrO, (DuPont) for 2 hrs.
Effector T cells were added at an effector: target ratio
of 20:1 in triplicate wells of U-bottom plates for 4
hrs. The radioactive content in the supernatant was
measured by a y-counter. Results are reported as the
percentage of cytolytic activity.

RESULTS

The percentage of Tregs in PBMC is higher in
RCC stages II-1V patients than in normal
donors and RCC stage I patients

Thirty RCC patients were studied. From 60 ml
of whole blood obtained from each RCC patient, 6 X
107 £ 5 x 10 PBMCs and 8.3 x 10° % 4 x 105 of
DCs were harvested. There were no significant dif-
ferences in the yields of PBMCs and DCs between
the patients and healthy donors. Upon TNF-a and
tumor lysate cultivation, the TNF-DCs and TuLy-
DCs showed a typical veiled pattern.

The median percentage of Tregs in patients with
stage I cancer (n = 12), stage II cancer (n = 5), stage
III cancer (n = 1) and stage IV cancer (n = 12) were
1.9% (95% CI: 1.6~6.6%), 6.4% (95% CI:
2.0~9.5%), 12%, and 6.4% (95% CI: 3.9~9.5%),
respectively. The percentage of Tregs in all 30 RCC
patients averaged 5.8 £ 4.4% (range, 0.23-15.07%).
The percentage of Tregs in healthy donors (n = 5)
averaged 2.3 £ 1.5% (range, 0.6-4.7%) (data not
shown). There were no differences between the
group of patients individually; however, when we
compared stage I patients with stage II-IV as a
whole, stage I RCC patients had significantly (p =
0.032) fewer CD4*CD25* Tregs (Fig. 1).
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Fig. 1 A small number of CD4*CD25* Tregs were detected
in the peripheral blood of stage I patients with RCC. The per-
centage of CD4*CD25" Tregs in stage I patients was signifi-
cantly fewer (p = 0.032) than in stage II-IV patients with
RCC. The maximal data is shown as the upper bar, and the
minimal data is shown as the lower bar. Data is presented as
mean * standard deviation (95% confidence interval, rectan-
gle).

The DC phenotype is less mature in RCC
patients

The imDCs showed little or no expression of
CD40, CD80, CD83, CD54, or CD86. When co-cul-
tured with TNF-a, the TNF-DC phenotypes of the
RCC patients were as follows: CD40, 55 & 31%;
CD80, 76 £ 15%; CD83, 43 £ 18%; CD54, 95 =
3%; CD86, 93 £ 5%; and HLA-DR, 97 &= 1%. The
DC phenotypes of the healthy donors were as fol-
lows: CD40, 83 & 11%; CD80, 91 £ 2%; CD83, 60
£ 16%; CD54, 95 £ 3%; CD86, 93 = 5%; and
HLA-DR, 96 £ 4%. The RCC expression of CD40
(p = 0.03) and CD80 (p = 0.007) were thus signifi-
cantly decreased in comparison with healthy donors.
A representative case is shown in Fig. 2. The DCs
from 25 RCC patients did not express significantly
less CD8&3 (p = 0.09).

T cell proliferation by TNF-DCs and TuLy-DCs

Healthy donors did not differ significantly from
RCC patients. Allogeneic MLRs revealed the same T
cell stimulatory function in TNF-DCs from 9 RCC
patients (14438 £ 4619 CPM) and 4 healthy donors
(15143 £ 6766 CPM; p = 0.83). In 5 of 7 patients
with RCC, the TuLy-DCs were less efficient in stim-
ulating proliferation of autologous T cells than allo-
geneic T cells (p = 0.023).

In the experiments involving allogeneic MLR,
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Fig. 2 Representative histograms of HLA-DR, CD40, CD54, CD80, CD83 and CD86 in TNF-DCs obtained from a stage IT RCC

patient (bold line) and a healthy donor (thin line).

the mean PI of the TNF-DCs (21.37), TuLy-DCs
(20.24) and TP-DCs (18.41) were significantly high-
er than that of the imDCs (13.44) and PGE,-DCs
(13.45), indicating that TuLy-DCs were equally com-
petent to stimulated T cell proliferation as TNF-DCs.
Furthermore, PGE, had no synergistic or additive
effect on TNF-a. In 15 RCC patients, the TNF-DCs
had a higher median PI than the imDCs (p = 0.008)
and PGE,-DCs (p = 0.0038). The TP-DCs revealed a
higher median PI than imDCs (p = 0.026) and PGE,-
DCs (p = 0.01). The TP-DCs did not show a higher
median PI than TNF-DCs (p = 0.9237). Finally, the
PGE,-DCs did not show a higher median PI than
imDCs (p = 0.8398) alone, which indicates that there
was no additive stimulatory effect of PGE, on TNF-
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a (Fig. 3). Thus, the experimental results revealed no
enhancement of stimulatory the function of imDCs
by PGE..

Tregs inhibited autologous rather than allo-
geneic T cell proliferation

In 5 of 7 RCC patients, TNF-DCs were able to
stimulate both autologous and allogeneic T cells pro-
liferation. However, Tregs was able to inhibit autolo-
gous T cell proliferation (Fig. 4A) rather than allo-
geneic T cell proliferation in response to TuLy-DCs
stimulation (Fig. 4B). Immature DCs are thus more
potent at stimulating allogeneic rather than autolo-
gous T cells. TuLy-DCs were also more potent at
stimulating allogeneic rather than autologous T cells.
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Fig. 3 The ability to stimulate allogeneic T cell proliferation
by DCs obtained from medium under various conditions,
including the presence of prostaglandin E2 (PGE,-DCs),
TNF-a (TNF-DCs), TNF-a plus prostaglandin E2 (TP-DCs)
and tumor lysate (TuLy-DCs). The results of each condition
were compared with DCs cultured in complete medium alone
(imDCs). The ability to stimulate T cell proliferation was
assayed by the mixed lymphocyte reaction (MLR). The matu-
ration index (MI) was defined as the ratio of the ability to
stimulate allogeneic T cells proliferation by various DCs
compared to imDCs in the MLR experiments. The result
demonstrated TNF-DCs, TuLy-DCs and TP-DCs were signifi-
cantly more able to stimulate T cell proliferation than imDCs
and PGE,-DCs.

Tregs were not able to inhibit allogeneic T cell pro-
liferation by immature DC or TuLy-DC stimulation.

DCs presented antigens to generate effective
CTLs in patients with RCC

RCC-DCs were able to generate both autolo-
gous and allogeneic cytotoxic T cells that had
cytolytic effects on HH244. Seven RCC patients
were studied. The baseline level of T cell cytotoxici-
ty was low (0-20%). When T cells were stimulated
by DCs pulsed with tumor lysate of HH244 (TuLy-
DC), the T cell cytotoxicity against HH244 was
increased significantly by 2-10 fold (p < 0.001) (Fig.
5). This in vitro study demonstrated that the DCs in
these seven RCC patients were still able to generate
cytotoxic T cells.
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Fig. 4 The ability to stimulate autologous (A) and allogeneic
(B) T cell proliferation with and without regulatory T cells
(Tregs). T cell proliferation was assayed by the mixed lym-
phocyte reaction (MLR) and the results are presented as count
per minutes (CPM). Several cells were added to stimulate T
cell proliferation, including Tregs (T+Treg), immature DCs
(T+imDC), imDCs and Tregs (imDC+T+Treg), TNF-a-stim-
ulated DCs (TNF-DC+T), TNF-DCs and Tregs (TNF-
TDC+T+Treg), tumor lysate-stimulated DCs (TuLy-DC+T) as
well as TuLy-DCs and Tregs (TuLy-DC+T+Treg).
Autologous T cell proliferation was significantly decreased in
the presence of Tregs (imDC+T versus imDC+T+Treg, TNF-
DC+T versus TNF-DC+T+Treg, TuLy-DC+T versus TuLy-
DC+T+Treg). In contrast, allogeneic T cell proliferation was
increased. The results demonstrated that the Tregs of RCC
patients were able to inhibit autologous rather than allogeneic
T cell proliferation.
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Fig. 5 The cytolytic activity of T cells with and without
HH244 tumor lysate-pulsed DCs (TuLy-DC) in seven RCC
patients. Cell cytotoxicity activity was performed by the
SIChromiun release assay and the results are presented as the
percentage of cell lysis. The cytolytic activity of T cells was
significantly increased in the presence of TuLy-DCs in all
seven RCC patients. *: p < 0.05 compared to T cell alone.

DISCUSSION

RCC accounts for approximately 3% of all adult
cancers.!"” Approximately one-third of all RCC
patients have metastatic disease at the time of diag-
nosis."® Chemotherapy and radiotherapy have limit-
ed value and, although relatively promising,
immunotherapy is effective in only 20% of cases.!”
Hence, more effective treatment modalities and more
follow-up studies are clearly needed.

Tumor cells might mimic “self,” possessing
insufficient tumor-associated antigens capable of T-
lymphocyte recognition.®” The downregulation of
MHC molecules by those tumors will make the
tumor unrecognizable by the immune system, which,
together with inadequate numbers and decreased
functioning of specific T lymphocytes, may impair
the immune response.®**¥

DCs are known to become dysfunctional in
breast cancer, head and neck cancer, and hepatoma,
but exhibit their normal stimulatory function in
melanoma.®?® In the current study, DCs in RCC
patients were defective, indicating that the tumors
escaped immune surveillance by affecting the DCs.
Several reports have shown a Thl direction and
CTLs generation in response to antigen stimula-
tion.®** After several hours of pulsation with tumor
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antigens, DCs are then able to introduce immuno-
genic antigens to T cells over several days.®***” The
T cells are then primed and activated to give a spe-
cific immunological response. However, the results
herein demonstrated a Th2 shift by the TuLy-pulsed
DCs. Therefore, tumor lysates may not be the best
source for inducing a Th1 response or CTLs genera-
tion.

Initial studies of DCs within urinary system
tumors utilized immunostaining with antibodies
against the S100 antigen. The S100 marker does not
reflect the functional maturity of the DCs.®® Up to
the present, no marker specific to all cells of the DCs
lineage has been identified. Activated DCs are more
readily identifiable by their expression of CD83,
pS5, and CMRF-44; the expression of B7-1 (CD80)
and B7-2 (CD86) is essential for effectively activat-
ing T lymphocytes.®**” A recent study described
small, but significant subpopulations of DCs in
human RCC.“" Mature and functional DCs are char-
acterized by CD83 expression, which presently is the
most specific marker for mature DCs other than
CMRF-44.> Studies of in situ DCs have yielded
only descriptive evaluations rather than dynamic
results.*? Earlier studies described the correlation of
presence of DCs in primary tumors with disease pro-
gression and patient survival.*¥ The present study
includes both descriptive and functional assays of
DCs relative to tumor antigens.

To date, with RCC, various vaccines, such as
those against host tumor cells and peptides, have
yielded a 10-20% response rate. In DCs, tumor
lysates have been used to generate cytotoxic T cells.
As shown in the experimental results herein, the DCs
that are present have a less mature phenotype and
decreased T cell stimulatory function in response to
TNF-a stimulation. In addition to TNF-a, PGE, did
not further enhance stimulation of T cell prolifera-
tion by DCs. Luft et al demonstrated that PGE, regu-
lates the migratory capacity of a specific DCs
subset.*> However, PGE, has been shown to down-
regulate DCs function as a consequence of increased
IL-10 production.“® Therefore, whether or not PGE,
can be incorporated into DC vaccines for patients
with metastatic RCC remains to be investigated. Our
results indicate that PGE, has no synergistic or addi-
tive effects on TNF-a, but TuLy-DCs were equally
competent to stimulated T cell proliferation as TNF-
DCs. We suggest tumor lysate may be more potent



than PGE, as a means of stimulating the maturation
of DC. In this context, the parameters used for
assessing DC activity may be used to monitor treat-
ments, particularly DC-based immunotherapy of
RCC patients.

Although CD4*CD25* are known to be the
markers of Tregs in the mouse system, CD25 (IL-2a
receptor) has been found to be expressed on CD4*
non-regulatory T cells under certain condition
including, various autoimmune diseases, allergy,
chronic infection and established donor-specific
transplantation tolerance.“” In this study, we still
chose CD4*CD25* as the surface markers of regula-
tory T cells because all the subjects we studied did
not have any such known co-morbidity. Their
CD4*CD25* T cells were sorted from PBMCs using
the MACS magnetic bead cell sorting system. The
purity of the CD4*CD25* T cells was 85-95%, so
these cells might contain both active T cells
(CD4*CD25%m) and Tregs (CD4*CD?25high or bright)
More specific Treg markers such as FoxP3 and GITR
were not available at the time we conducted this
study. Clearly, the identification of
FoxP3*CD4*CD25* T cells may be an even better
way of characterizing the number of Tregs in RCC
patients.

Our results indicated that Tregs cells from RCC
patients were able to inhibit autologous T cell prolif-
eration rather than allogeneic T cell. Such a differ-
ence has also been reported in lung cancer patients.“¥
These results suggested that there may be MHC spe-
cific inhibition of Tregs in cancer patients.

Having established a number of defects associ-
ated with the T cell immune response to tumor anti-
gens in RCC patients, important issues for further
consideration are how to repair these defects.
Proposed approaches to these issues include activat-
ing DCs function using lentivirus containing the
GM-CSF gene and activating CD40 in antigen-
loaded DCs in order to facilitate their migration into
lymph nodes, which is where DCs are able to effi-
ciently undergo T cell priming and expansion, fol-
lowed by induction of peripheral dissemination of
CTLs from the lymph node.“*” During this process,
the CTLs retain strong anti-tumor capacity.

Comprehensive testing of every subject in this
investigation was not feasible. More than 200 ml of
whole blood would have been required from each
subject. Furthermore, the in vitro conditioning exper-
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iments may not reflect the true in vivo status. The use
of in vitro conditioning comparisons allowed us to
simulate and elucidate the in vivo condition. The
CTLs activity against the HH244 cell line is an
important finding. However, the cytotoxic activity
against HH244 cells may not be an anti-tumor
response, but rather an anti-alloantigen-specific reac-
tion. Further strategies are needed to enhance the
autologous anti-tumor response in order to strength-
en immunotherapy as a mean of treating RCC.
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