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ABSTRACT

AIM: To study the regulatory effects of Ganoderma lucidum polysaccharides (Gl-PS) on cytotoxicity and mecha-
nism of specific cytotoxic T-lymphocytes (CTL) induced by dendritic cells (DC) in vitro during the stage of antigen
presentation.  METHODS: Cultured murine bone marrow-derived DC were pulsed with P815 tumor cell lysates
and co-incubated with or without various concentrations of Gl-PS (0.8, 3.2, or 12.8 mg/L) at the same time.  P815
specific CTL were induced by spleen lymphocytes stimulated with mature DC.  Non-adherent cells and culture
supernatants were harvested on d 5 for analysis of specific cytotoxicity with lactate dehydrogenase (LDH) activity
assay, mRNA expression of IFNγ, granzyme B with RT-PCR assay, and protein expression of IFNγ, granzyme B
with ELISA or Western blot assay, respectively.  RESULTS: Three concentrations of Gl-PS promoted LDH activi-
ties released into culture supernatants (P<0.01).  It also increased mRNA expression of IFNγ in CTL (Gl-PS 12.8
mg/L vs RPMI medium 1640, P<0.05) and granzyme B in CTL (P<0.01).  Protein production of IFNγ in culture
supernatants (P<0.05) and protein expression of granzyme B in CTL (Gl-PS 12.8 mg/L vs RPMI medium 1640,
P<0.05) were also augmented by Gl-PS.  CONCLUSION: Gl-PS is shown to promote the cytotoxicity of specific
CTL induced by DC which were pulsed with P815 tumor antigen during the stage of antigen presentation, and the
mechanism of cytotoxicity is believed to be going through IFNγ and granzyme B pathways.

INTRODUCTION

Ganoderma lucidum (Gl) is effective in inhibiting
tumor growth in animal experiments[1] and used as ad-
juvant of antitumor therapy in clinic[2-3].  Combination
of Ganoderma lucidum polysaccharides (Gl-PS), one
of the main efficacious ingredients of Gl, with anti-
tumor drugs such as mitomycin or etoposide could an-

tagonize the inhibitory effects of these drugs on mixed
lymphocyte culture (MLC) [4].  The tumor inhibitory ef-
fects of Gl-PS have been deeply investigated[3, 5-9] and
believed to be through immune mechanisms, such as
cytokines secretion, induction of tumor cell apoptosis,
et al.

Dendritic cells (DC), a kind of important profes-
sional antigen-presenting cells (APC), are pivotal for
the initiation of primary immune response of both helper
and cytotoxic T-lymphocytes[10-13].  Our previous study
has demonstrated that Gl-PS could promote not only
the maturation of cultured murine bone marrow-derived
DC in vitro, but also the immune response initiation in-
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duced by DC[14].  Since DC play important roles in cy-
totoxic T-lymphocytes (CTL) induction and anti-tumor
immunity[15,16], in the present study, we established the
culture of specific CTL induced by DC which pulsed
with P815 cell lysates, investigated whether Gl-PS had
regulatory effects on specific cytotoxicity of CTL dur-
ing the stage of antigen presentation, and further ex-
plored the mechanisms of CTL cytotoxicity.

MATERIALS AND METHODS

Animal  Male or female C57BL/6j (H-2b) mice
(Grade II, Certificate No 01-3046) and BALB/c (H-2d)
mice (Grade II, Certificate No 01-3044) were purchased
from the Department of Experimental Animal, Health
Science Center, Peking University, Beijing, China.  Mice
were used at 6-8 weeks old.

Drugs  Gl-PS was isolated from boiling water ex-
tract of wood-cultured Gl, followed by ethanol
precipitation, dialysis, and protein depletion using Sevag
method.  It was a kind of polysaccharides peptide with
molecular weight of 584 900.  Gl-PS was a kind of
hazel powder and dissolved in serum free RPMI me-
dium 1640 (Gibco BRL), then filtered through a 0.22-
µm filter and stored at 4 ºC.  They were further diluted
to indicated concentrations (0.8, 3.2, or 12.8 mg/L)
prior to each assay.

Preparation of bone marrow-derived DC and
DC pulsed with P815 tumor antigen  P815 was a
kind of mastocytoma (H-2d) and was maintained in vitro
in a complete medium (RPMI medium 1640 supplied
with 10 % FCS).  Cell lysates were prepared from freshly
cultured cells[17].  P815 cells were counted and sus-
pended in serum-free RPMI medium 1640 at 1×1010

cells/L.  These cells were disrupted by four cycles of
freeze/thaw (-20 ºC/37 ºC water bath).  The lysed cells
were centrifuged at 600×g for 5 min, and the superna-
tants were collected and centrifuged at 13 000×g for
60 min.  The final supernatants were collected and ster-
ilized by passing through 0.22-µm filter and stored at -
2 ºC.  DC (derived from C57BL/6j) were cultured and
detected as described previously[14], except that on d 5,
non-adherent cells were incubated at a concentration
of 3×106 cells/L, pulsed with 1×109 cells/L P815 cell
lysates, and treated with indicated concentration of Gl-
PS at 37 ºC for 18 h.  Serum-free RPMI medium 1640
was used as control.

Induction of specific CTL[18]   P815 specific CTL
were induced by DC pulsed with P815 tumor antigen.

Mature DC was pretreated with 25 mg/L mitomycin.
Mononuclear lymphocytes were isolated from mouse
splenocytes by Ficoll-Urografin density gradient.  BALB/c
mononuclear lymphocytes (1×107 cells/well) were cul-
tured with DC (1×104 cells/well) in 24-well flat bottom
tissue culture plates (2 mL/well) and incubated at 37
ºC, 5 % CO2 for 5 d.  Non-adherent cells and culture
supernatants were harvested for assay.

Lactate dehydrogenase (LDH) activity assay
P815 cells (2×108 cells/L) were incubated with 1×109

cells/L CTL (effector cells:target cells=5:1) for 24 h.
The activities of LDH released into culture supernatants
were measured with LDH-cytotoxic test kit (Beijing
Chem).  LDH activity was determined with a standard
curve.

RNA extraction and semi quantitative RT-PCR
CTL were collected and washed once with diethyl-
pyrocarbonate (DEPC)-treated PBS, and the total RNA
were extracted with TRIzol reagent (Gibco,  BRL) ac-
cording to the manufacturer’s protocol.  RNA precipi-
tates were dissolved in DEPC-treated double distilled
water containing RNasin (R) ribonuclease inhibitor
(Promega).  The concentration of RNA was determined
spectrophotometrically (DU640, BECKMAN).  The
mRNA expressions of IFNγ, granzyme B in CTL were
performed by reverse transcription polymerase chain
reaction (RT-PCR) with access RT-PCR system
(Promega) according to the manufacturer’s protocol.
To ensure that equal amounts of starting material were
used in each RT-PCR reaction, RNA was reverse
transcripted and amplified with β-actin-specific primers.
The cycle number of PCR amplification was 28, which
was chosen to ensure that amplification of all specific
cDNA products was exponential.  Specific primer se-
quences of IFNγ[19], granzyme B[20], or β-actin×[19] were
as follows and the size of production was 376, 330, or
478 bp, respectively: IFNγ sense pr imer: 5 '-
CACGGCACAGTCATTGA-AAGCCTA-3'; IFNγ
antisense primer: 5'-TGAGGCTGGATTCCGGCAACA-
GCT-3'; Granzyme B sense primer: 5'-CCCAGGCGCA-
ATGTCAAT-3'; Granzyme B antisense primer: 5'-
CCAGGATAAGAAACTCGA-3'; β-actin sense primer:
5'-AGGGAAATCGTGGGT-GACATCAAA-3'; β-actin
antisense primer: 5'-ACTCATCGTACTCC-TGCTTGC-
TGA-3'. All of the products were electrophoresed on
2 % agarose gel and stained with ethidium bromide.
The expression intensities of two coamplified bands were
quantified with Gel Doc 2000 system and Quantity One
software (BIO-RAD), and expressed as a ratio (IFNγ
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vs β-actin, granzyme B vs β-actin).
Cytokine assay  The protein levels of mouse IFNγ

in culture supernatants of CTL were determined with a
sandwich enzyme-linked immunosorbent assay (ELISA)
kit (Jingmei Biotech) according to the manufacturer’s
protocol.  Microtiter plates were coated with specific
antibodies to capture IFNγ in cell culture supernatants.
A second layer antibody was then added.  Cytokine con-
centrations were determined with a standard curve de-
rived from known amounts of IFNγ using absorbance
reading at 450 nm on a spectrophotometer (BIO-RAD).
The minimum detection level of IFNγ was 28 ng/L.

SDS-polyacrylamide electrophoresis and West-
ern blot  The protein levels of mouse granzyme B ex-
pressed in CTL were determined by Western blot.  The
total protein of CTL was extracted with TRIzol reagent
(Gibco, BRL) according to the manufacturer’s protocol.
Protein contents were determined with Bradford
reagent.  Equal amounts of protein (30 µg) were sub-
ject to 12 % SDS-PAGE and transferred to nitrocellu-
lose membrane (Amersham UK).  The membranes were
subsequently preblocked in TBS containing 5 % nonfat
milk power and then incubated with goat polyclonal anti-
granzyme B antibody (N-19) (Santa Cruz Biotechnology,
Inc) at dilution of 1:100 followed by peroxidase-conju-
gated rabbit anti-goat IgG antibody (Jackson
ImmunoResearch Laboratories, Inc).  The antigen-an-
tibody complex was visualized with Western blotting
luminol reagent (ECL, Santa Cruz Biotechnology, Inc).
The bands were quantified with Gel Doc 2000 system
and Quantity One software (BIO-RAD).

Statistical analysis  Data were expressed as
mean±SD.  Statistical significance was determined by
one-way ANOVA followed by least-significant differ-
ence (LSD).  P<0.05 was considered significant.

RESULTS

Regulation of Gl-PS on CTL cytotoxicity  LDH
activities released into the culture supernatants of CTL
and P815 co-culture were augmented when P815 spe-
cific CTL were induced by DC treated with Gl-PS
(0.8, 3.2, or 12.8 mg/L) during the stage of P815 ly-
sates pulsing.  Significant difference was observed be-
tween each concentration of Gl-PS and RPMI medium
1640 control (P<0.01, Tab 1).

Regulation of Gl-PS on mRNA expression of
IFNγ in CTL  mRNA of IFNγ were highly expressed
in P815 specific CTL induced by DC treated with or

without Gl-PS during the stage of P815 lysates pulsing
(Fig 1).  Three concentrations of Gl-PS (0.8, 3.2, or
12.8 mg/L) increased mRNA expression ratios of IFNγ
(IFNγ vs β-actin) compared with RPMI medium 1640
control.  Significant difference was observed between
RPMI medium 1640 control and Gl-PS 12.8 mg/L
(P<0.05, Tab 2).

Regulation of Gl-PS on protein production of
IFNγ in CTL  The protein productions of IFNγ in cul-
ture supernatants of CTL were augmented when CTL
were induced by DC treated with Gl-PS (0.8, 3.2, or
12.8 mg/L) during the stage of antigen presentation.
Significant difference was observed between each
concentration of  Gl-PS and RPMI medium 1640
control (P<0.05, Tab 3).

Regulation of Gl-PS on mRNA expression of
granzyme B in CTL  mRNA of granzyme B were highly
expressed in P815 specific CTL induced by DC treated
with or without Gl-PS during the stage of P815 lysates

Fig 1.  mRNA expression of IFNγ  and β -actin in CTL in-
duced by Gl-PS-treated DC pulsed with P815 cell lysates.
M: Marker; RPMI-1640: RPMI medium 1640; Actin: β -actin;
IFN: IFNγ .

Tab 1.  LDH activity in culture supernatants of specific CTL
and P815 co-culture.  Specific CTL were induced by Gl-PS-
treated DC pulsed with P815 cell lysates.  n=3.  Mean ±SD.
cP<0.01 vs RPMI medium 1640.

       
Group

                            Concentration/       10-3×LDH

                                                       mg⋅L-1                activity/U⋅L-1

RPMI medium 1640     - 1.63±0.12
Gl-PS   0.8 2.04±0.17c

  3.2 2.61±0.06c

12.8 2.41±0.11c
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pulsing (Fig 2).  It also showed that three concentra-
tions of Gl-PS (0.8, 3.2, or 12.8 mg/L) could increase
mRNA expression ratios of granzyme B (granzyme B
vs β-actin) when it was compared with RPMI medium
1640 control.  Significant difference was observed be-

tween each concentration of Gl-PS and RPMI medium
1640 control (P<0.01, Tab 4).

Regulation of Gl-PS on protein production of
granzyme B in CTL  Protein of granzyme B was highly
expressed in P815 specific CTL induced by DC treated
with or without Gl-PS during the stage of P815 lysates
pulsing.  The expression of granzyme B of RPMI me-
dium 1640 was regarded as 100 % (Fig 3).  It also
showed that the highest concentration of Gl-PS (12.8
mg/L) could significantly increase the protein expres-
sion of granzyme B when it was compared with RPMI
medium 1640 control (P<0.05, Tab 5).

Fig 2.  mRNA expression of granzyme B and β -actin in CTL
induced by Gl-PS-treated DC  pulsed with P815 cell lysates.
M: Marker; RPMI-1640: RPMI medium 1640; Actin: β -actin;
Gr-B: Granzyme B.

Fig 3.  Protein expression of granzyme B in CTL induced by
Gl-PS-treated DC pulsed with P815 cell lysates.  RPMI-
1640: RPMI medium 1640.

Tab 5.  Production of granzyme B in CTL induced by Gl-PS-
treated DC pulsed with P815 cell lysates.  n=3.  Mean±SD.
bP<0.05 vs RPMI medium 1640.

     
   Group

         Concentration/        Intensity

                                                       mg⋅L-1                       ratio/%

RPMI medium 1640    - 100±0
Gl-PS   0.8 100±1

  3.2 105±19
12.8 125±12b

Tab 4.  mRNA expression of granzyme B in CTL induced by
Gl-PS-treated DC pulsed with P815 cell lysates.  The inten-
sity ratio was expressed as ratio of granzyme B vs β -actin.
n=3.  Mean±SD.  cP<0.01 vs RPMI medium 1640.

     
   Group

        Concentration/        Intensity

                                                       mg⋅L-1                       ratio/%

RPMI medium 1640    - 55±8
Gl-PS   0.8 98±10c

  3.2 90±16c

12.8 91±18c
Tab 3.  Production of IFNγ in culture supernatants of CTL
induced by Gl-PS-treated DC  pulsed with P815 cell lysates.
n=3.  Mean±SD.  bP<0.05, cP<0.01, vs RPMI medium 1640.

     
 Group

                          Concentration/    Content of IFNγ/

                                                    mg⋅L-1                             µg⋅L-1

RPMI medium 1640    - 2.6±0.4
Gl-PS   0.8 4.7±0.3b

  3.2 6.4±1.1c

12.8 6.2±0.4c

Tab 2.  mRNA expression of IFNγ in CTL induced by Gl-PS-
treated DC pulsed with P815 cell lysates.  The intensity
ratio was expressed as ratio of IFNγ  vs β -actin.  n=3.
Mean±SD.  aP>0.05, bP<0.05 vs RPMI medium 1640.

       
 Group

         Concentration/       Intensity

                                                        mg⋅L-1                    ratio/%

RPMI medium 1640     - 77±7
Gl-PS    0.8 86±9a

   3.2 85±8a

 12.8 88±8b
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DISCUSSION

The immunotherapies of tumor have developed
from antibodies or cytokines to generation of effector
cells, most of which were “tumor vaccine”, but they
only gained limited success[21].  The main reason was
that tumor has successfully avoided the immune re-
sponse through various mechanisms, such as limited
availability of tumor-associated antigens, tumor local
micro-milieu which could inhibit immune cells,
tolerance, et al[22,23].  Fortunately, recent insights into
the role of DC as the most important APC in initiating or
priming immune responses of both helper and cyto-
toxic lymphocytes provide the basis for more effective
immunotherapy of tumor.

The primary function of DC includes activation
and differentiation of naive T-lymphocytes[10-13].  Our
previous study showed that Gl-PS could promote the
proliferation of one-way MLC induced by DC, indicat-
ing that the immunomodulatory effects of Gl-PS maybe
have relationship to DC[14].  Another function of DC is
modulating immunity against pathogens including ma-
lignant cells[10,16,21].  The tumor inhibitory activity of Gl-
PS was via immune system[7,8], and we investigated
whether or not Gl-PS could regulate the antitumor ac-
tivity during antigen presenting stage.

T-lymphocyte response to tumor cells will require
initial antigen presentation by professional APC such as
DC.  Administration of DC pulsed with tumor antigen
can lead to not only tumor specific immune responses,
but also antitumor activity.  Immature DC has a high
capability for antigen capture and processing.  DC was
used as tumor vaccine by pulsing with tumor antigen,
and was effective in presenting tumor antigen, activat-
ing CTL to recognize and kill tumor cells[24].  This DC
vaccine has special meaning for tumor escaping from
immunity.  LDH activity assay is a kind of method to
detect the cytotoxicity.  Our study demonstrated that
Gl-PS could promote the specific cytotoxic effects of
CTL induced by DC pulsed with P815 lysates during
the stage of antigen presentation, which may be effec-
tive in eliminating tumor escaping from immunity.  The
clinical trail of DC reinfusion in tumor treatment showed
that repeat reinfusion with low doses of DC enhanced
antitumor immunity, while over-dose of DC inhibited
protective antitumor immunity.  The DC concentration
in our study was low, and treatment with Gl-PS exhib-
ited up-regulation of CTL activity, which may be use-
ful in decreasing the number of DC and reducing the
side effects of DC vaccine.  Moreover, in clinic, most

of the circulating DC and DC residing in or near malig-
nant tissues were defective in their ability to differenti-
ate into mature DC[25], one of the reasons was that they
might be defective in their capacity of taking up,
processing, and presenting tumor-associated antigens.
And the effects of Gl-PS in promoting antigen present-
ing would be helpful in restoring the function of DC in
body.  Another reason was that tumor local micro-
milieu such as secretion of IL-10 that inhibiting DC
differentiation, maturation, and migration.  Our previ-
ous study showed that Gl-PS promoted the maturation
of DC, up-regulated the co-expression of I-A/I-E and
CD11c on DC surface, mRNA expression and protein
secretion of IL-12 p40 unit[14], which could antagonize
the effects of inhibitory factors of DC.

The cytotoxicities of CTL are conducted by sev-
eral mechanisms[26-28], one is cytokines such as IFNγ,
and another is tumor cells lysis pathway through
perforin-granzyme and death signal through Fas-FasL.
In general, Fas-FasL is important in maintenance of
body stabilization, while perforin-granzyme pathway is
more important in pathologic situation.  Granzyme B is
a kind of lymphocyte serine proteases located in cyto-
plasmic granules of CTL and NK cells, which is syn-
thesized as inactive proenzymes, and stored within cy-
tolytic granules and released during degranulation.  A
new perspective suggests that granzyme B enters cells
via receptor-mediated endocytosis, after that it can
mediate apoptotic signals and induce rapid fragmenta-
tion of DNA of target cells via activation of two comple-
mentary pathways, a cytosolic pathway involving
proapoptotic caspase family, and a nuclear pathway
probably involving a cell cycle regulating protein and/or
kinase Cdc2.  It has been reported that Gl-PS increased
IFNγ production[8], and our results confirmed such
discovery.  Gl-PS could increase the mRNA transcrip-
tion and protein secretion of IFNγ by specific CTL in-
duced by DC pulsed with tumor antigen during the stage
of antigen presentation, which might be one of the
mechanisms of antitumor activity through immunity.
And we also found that Gl-PS could increase the mRNA
and protein expression of granzyme B, which may be
another cytotoxic mechanism involved in Gl-PS.  The
mRNA and protein expression of IFNγ did not corre-
spond with each other.  Neither did granzyme B.  Since
the mRNA expression is prior to protein expression,
which may be one reason of discordance.  Cytokines
secretion played key roles in the early stage of patho-
gens invasion, while apoptosis induced by CTL was
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more important in late stage[29], which may be another
reason of expression discordance.

However, our observation was obtained through
in vitro culture system, and need further investigation
of in vivo experience to observe the regulatory effects
of Gl-PS on specific CTL induced by DC during the
stage of antigen presentation.

ACKNOWLEDGMENTS  Gl-PS was kindly provided
by Prof LIN Shu-Qian of Fuzhou Institute of Green
Valley Bio-Pharm Technology.

REFERENCES

1 Lin ZB.  Pharmacological effects of Ganoderma lucidum.  In:
Lin ZB, editor.  Modern research of Ganoderma lucidum.
2nd ed.  Beijing: Beijing Medical University Press; 2001.
p 219-83.

2 Lin ZB.  Clinical applications of Ganoderma lucidum.  In:
Lin ZB, editor.  Modern research of Ganoderma lucidum.
2nd ed.  Beijing: Beijing Medical University Press; 2001.
p 302-4.

3 Lin ZB.  Pharmacological effects and clinical applications of
Ganoderma lucidum.  In: Zhou JH, Liu GZ, editors.  Recent
advances in Chinese herbal drugs — actions and uses.  Beijing:
Scientific Publishing House; 1991.  p 133-40.

4 Lei LS, Lin ZB.  Antagonistic effect of Ganoderma lucidum
polysaccharides on the immunosuppressive response induced
by cicloporin A, hydrocortisone and antitumor agents.  Chin
J Pharmacol and Toxicol 1993; 7: 183-5.

5 Lee SS, Wei YH, Chen CF, Wang SY, Chen KY.  Antitumor
effects of Ganoderma lucidum.  J Chin Med 1995; 6: 1-12.

6 Lieu CW, Lee SS, Wang SY.  The effect of ganoderma lucidum
on induction of differentiation in leukemic U937 cells.
Anticancer Res 1992; 12: 1211-6.

7 Wang SY, Hsu ML, Hsu HC, Tzeng CH, Lee SS, Shiao MS,
et al.  The anti-tumor effect of Ganoderma lucidum is medi-
ated by cytokines released from activated macrophages and
T lymphocytes.  Int J Cancer 1997; 70: 699-705.

8 Zhang QH, Lin ZB.  The antitumor activity of Ganoderma
lucidum (Curt Fr) P Karst (Ling Zhi) (Aphyllophoromyce-
tideae) polysaccharides is related to tumor necrosis factor-α
and interferon-γ.  Int J Med Mushroom 1999; 1: 207-15.

9 Hu YH, Lin ZB.  Effects of polysaccharides isolated from
mycelia of Ganoderma lucidum on HL-60 cell apoptosis.
Acta Pharm Sin 1999; 34: 268-71

10 Banchereau J, Briere F, Caux C, Davoust J, Lebecque S, L YJ,
et al.  Immunobiology of dendritic cells.  Annu Rev Immunol
2000; 18: 767-811.

11 Banchereau J, Steinman RM.  Dendritic cells and the control
of immunity.  Nature 1998; 392: 245-52.

12 Lanzavecchia A, Sallusto F.  Regulation of T cell immunity
by dendritic cells.  Cell 2001; 106: 263-6.

13 Liu YJ.  Dendritic cell subsets and lineages, and their functions
in innate and adaptive immunity.  Cell 2001; 106: 259-62.

14 Cao LZ, Lin ZB.  Regulation on maturation and function of

dendritic cells by ganoderma lucidum polysaccharides.
Immunol Letters 2002; 83: 163-9.

15 Mayordomo JI, Zorina T, Storkus WJ, Zitvogel L, Celluzzi
C, Falo LD, et al.  Bone marrow-derived dendritic cells pulsed
with synthetic tumour peptides elicit protective and thera-
peutic antitumour immunity.  Nat Med 1995; 1: 1297-302.

16 Matthias G, Sabine J, Georg V, Stephan G.  Dendritic cells
and tumor immunity.  Semin Immunol 2001; 13: 291-302.

17 Grabbe S, Bruvers S, Gallo RL, Knisely TL, Nazareno R,
Granstein RD.  Tumor antigen presentation by murine epi-
dermal cells.  J Immunol 1991; 146: 3656-61.

18 Zhang PX, Chen WF.  The method of the function study of
immune cells.  In: Ba DN, editor.  Modern immune technique
and application.  Beijing: Beijing Medical University & Pe-
king Union Medical College United Press; 1998.  p 203-18.

19 Han CW, Imamura M, Hashino S, Zhu X, Tanaka J, Imai K,
et al.  Differential effects of the immunosuppressants
cyclosporin A, FK506 and KM2210 on cytokine gene
expression.  Bone Marrow Transplantation 1995; 15: 733-9.

20 O’Connell PJ, Pacheco-Silva A, Nickerson PW, Muggia RA,
Bastos M, Kelley VR, et al.  Unmodified pancreatic islet
allograft rejection results in the preferential expression of
certain T cell activation transcripts.  J Immunol 1993; 150:
1093-104.

21 Fong L,  Eng leman EG.  Dendri tic cells in  cancer
immunotherapy.  Annu Rev Immunol 2000; 18: 767-811.

22 Enk AH, Jonuleit H, Saloga J, Knop J.  Dendritic cells as
mediators of tumor-induced tolerance in metastatic melanoma.
Int J Cancer 1997; 73: 309-16.

23 Lee PP, Yee C, Savage PA, Fong L, Brockstedt D, Weber JS,
et al.  Characterization of circulating T cells specific for tu-
mor-associated antigens in melanoma patients.  Nat Med 1999;
5: 677-85.

24 Abdel-Wahab Z, DeMatos P, Hester D, Dong XD, Seigler
HF.  Human dendritic cells, pulsed with either melanoma
tumor cell lysates or the gp100 peptide (280-288), induce
pairs of T-cell cultures with similar phenotype and lytic
activity.  Cell Immunol 1998; 186: 63-74.

25 Gabrilovich DI, Nadaf S, Corak J, Berzofsky JA, Carbone
DP.  Dendritic cells in antitumor immune responses.  II.
Dendritic cells grown from bone marrow precursors, but not
mature DC from tumor-bearing mice, are effective antigen
carriers in the therapy of established tumors.  Cell Immunol
1996; 170: 111-9.

26 Kägi D, Ledermann B, Bürki K, Zinkernagel RM, Hengartner
H.  Molecular mechanisms of lymphocyte-mediated cyto-
toxicity and their role in immunological protection and patho-
genesis in vivo.  Annu Rev Immunol 1996; 14: 207-32.

27 Podack ER.  Execution and suicide: cytotoxic lymphocytes
enforce Draconian laws through separate molecular pathways.
Curr Opin Immunol 1995; 7: 11-6.

28 Kam CM, Hudig D, Powers JC.  Granzymes (lymphocytes
serine protease): characterization with natural and synthetic
substrates and inhibitors.  Biochim Biophys Acta 2000; 1477:
307-23.

29 Trapani JA, Sutton VR, Smyth MJ.  CTL granules: evolution
of vesicles essential for combating virus infections.  Immunol
Today (Lib Ed) 1999; 20: 351-6.


