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Abstract A tumor-selective cell surface localization of heat shock protein 70 (Hsp70), the major heat-inducible member
of the Hsp70 group, correlates with an increased sensitivity to lysis mediated by human natural killer (NK) cells and,
therefore, might be of clinical relevance. With the exception of mammary carcinomas, an Hsp70 plasma membrane
expression was found on freshly isolated human biopsy material of colorectal, lung, neuronal, and pancreas carcino-
mas, liver metastases, and leukemic blasts of patients with acute myelogenous leukemia. Since normal tissues and
bone marrow of healthy human individuals do not express Hsp70 on the cell surface, Hsp70 can be considered as a
tumor-selective structure in vivo. Furthermore, we demonstrate that autologous, Hsp70-positive leukemic blasts can
be killed by NK cells stimulated with low doses of interleukin 2 plus recombinant Hsp70 protein.

INTRODUCTION

Besides their intracellular chaperoning functions, heat
shock proteins (Hsps) have been found to play key roles
in cancer immunity. Members of the Hsp70 and Hsp90
family are known to chaperone tumor-derived peptides
to major histocompatibility complex (MHC) class I mol-
ecules to elicit an anticancer immune response mediated
by T cells (Tamura et al 1997). Hsp70, the major heat-
inducible member of the Hsp70 group, has been detected
on the cell surface of tumor cells but not on normal cells
(Ferrarini et al 1992; Multhoff et al 1995a). This unusual
Hsp70 plasma membrane expression correlates with an
increased sensitivity to allogeneic natural killer (NK) cells
(Botzler et al 1996a; Botzler et al 1996b; Multhoff et al
1997). Recently, we demonstrated that the cytolytic activ-
ity against Hsp70-expressing tumor cells could be en-
hanced by an incubation of NK cells with low doses of
interleukin 2 (IL-2) plus recombinant Hsp70 (rHsp70)
protein (Multhoff et al 1999). With respect to these find-
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ings and due to the fact that normal cells fail to express
Hsp70 on the plasma membrane, we ask the following
question: “Does Hsp70 act as a tumor-selective recogni-
tion structure in vivo?”” Therefore, we determined Hsp70
membrane expression on freshly isolated primary tumor
material, liver metastases, bone marrow of leukemic pa-
tients, and normal tissues. Furthermore, the immunosti-
mulatory capacity of rHsp70-stimulated NK cells was an-
alyzed within an autologous tumor model.

RESULTS AND DISCUSSION

Previously, we and others showed an unusual plasma
membrane localization of cytoplasmic Hsps with a mo-
lecular weight of 70 and 90 kDa (Ferrarini et al 1992;
Tamura et al 1993; Multhoff et al 1995a; Piselli et al 1995;
Altmeyer et al 1996). Although Hsps are ubiquitously dis-
tributed and among the most highly conserved proteins,
they have been shown to elicit a specific, cellular antican-
cer immune response mediated by cytotoxic T cells (Ta-
mura et al 1997). The paradoxical role of Hsps in cancer
immunity can be explained by species-specific differences
in the sequence of Hsps that might act as classic foreign
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Table 1 Hsp70 membrane expression on normal tissues and human tumors

% Positively stained cells
(mean fluorescence values)

Tissues MHC class | Hsp70 Histology
Normal tissues
Brain 99 (239) 14 Normal brain
Colon 97 (328) 34 Normal colon
Lung 98 (345) 2 (3) Normal lung
Fibroblasts 98 (334) 12 Normal fibroblasts
Endothelium 99 (236) 2(2) Normal endothelium
Peripheral blood lymphocytes 98 (336) 1) Normal lymphoctyes
Colorectal cancer
Cell lines
HT29 (ATCC) 99 (247) 50 (15) Colon adenocarcinoma
WIDR (ATCC) 99 (119) 17 (54) Colon adenocarcinoma
SW480 (ATCC) 99 (107) 14 (37) Colon adenocarcinoma
CX2 (DKF2) 99 (100) 66 (45) Colon adenocarcinoma
Biopsy specimen
KK 86 (136) 41 (69) Colon adenocarcinoma
WA 15 (523) 74 (49) Colon adenocarcinoma
GE 1 (267) 78 (35) Colon adenocarcinoma
KE 12 (159) 64 (139) Colon adenocarcinoma
HH 6 (101) 27 (53) Colon adenocarcinoma
Sl 66 (869) 24 (71) Colon adenocarcinoma
LIS 71 (84) 38 (20) Rectal adenocarcinoma
RSZIR 94 (332) 12 (31) Rectal adenocarcinoma
RSPO 99 (285) 8 (4) Rectal adenocarcinoma
MR 27 (172) 5 (35) Rectal adenocarcinoma

Liver metastases of colorectal cancer
Biopsy specimen

DS 89 (88) 34 (24) Liver metastases
HN 72 (429) 43 (221) Liver metastases
RD 90 (390) 19 (58) Liver metastases
MV 31 (160) 26 (18) Liver metastases
AR 36 (33) 16 (31) Liver metastases
SV 47 (23) 13 (20) Liver metastases
EK 12 (171) 64 (107) Liver metastases
HT 28 (43) 15 (35) Liver metastases
Lung carcinomas

Cell lines
LX-1 (DKFZ) 99 (240) 92 (22) Lung carcinoma

Biopsy specimen
SCC61 99 (392) 14 (11) Lung carcinoma
SQD9 98 (32) 66 (24) Lung carcinoma
LK 50 (310) 48 (89) Lung carcinoma
KG 42 (208) 18 (52) Lung carcinoma
JB 63 (229) 15 (38) Lung carcinoma
ME 86 (389) 21 (61) Lung carcinoma
Jw 90 (62) 11 (76) Lung carcinoma

Neuronal tumors
Biopsy specimen

JAR 73 (339) 17 (78) Glioblastoma
RSRUT 92 (297) 11 (33) Glioblastoma
UZRS1 94 (332) 12 (31) Astrocytoma
RSKER 98 (227) 2 (18) Astrocytoma

Pancreas carcinoma
Biopsy specimen

SC 2 (141) 94 (57) Pancreas carcinoma
LP 95 (433) 60 (34) Pancreas carcinoma
SR 84 (128) 45 (23) Pancreas carcinoma
Mammary tumors
Cell lines
MX-1 (DKFZ2) 73 (339) 2 (4) Mammary
TDA47 95 (349) 3(2) Mammary
Biopsy specimen
AR 99 (368) 1(5) Mammary
BC 97 (347) 5 (4) Mammary

Biopsy specimens were taken from tumors and normal tissues of patients with colorectal, lung, neuronal, pancreas, mammary carcinomas,
and liver metastases. Briefly, fresh biopsy material was washed twice in antibiotica (penicillin/streptomycin) containing RPMI-1640 medium,
and single-cell suspensions were prepared by mincing the tissue and forcing it through a sterile mesh. Cells were counted, and 0.2 X 10°
viable cells were used for flow cytometric analysis. The percentage of positive stained cells was defined as the difference of the number of
cells stained with the relevant antibody (major histocompatibility complex [MHC] class |, W6/32; Hsp70, RPN1197) minus the number of cells
stained with an isotype-matched control antibody (immunoglobulin G1 and immunoglobulin G2a) on a FACScan instrument (Becton Dickinson,
Heidelberg, Germany). The data represent the results of 1 representative experiment of at least 5 independent tests.
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Fig 1. Comparison of the cytolytic activity of NK-enriched effector
cells (Vujanovic et al 1993) stimulated either with low-dose IL-2 (100
IU/mL) plus rHsp70 (10 pwg/mL; SPP-755, StressGen, Victoria, Brit-
ish Columbia, Canada) or with IL-2, against autologous, Hsp70-ex-
pressing leukemic blasts. NK cells and leukemic blasts were derived
from PBLs and bone marrow of a patient with AML (bone marrow
contains 98% Hsp70-positive cells). The cytolytic activity was mea-
sured in a standard 5:Cr assay (MacDonald et al 1974) on day 4
after stimulation. Different dilutions of the effector cells (40:1, 20:1,
10:1, 5:1) were incubated with 5'Cr-labeled (100 p.Ci of NaCr>*QO,,
NEN-Dupont, Boston, MA, USA) target cells (3 X 102 cells per well)
in duplicates at a final volume of 200 pL of RPMI-1640 medium
supplemented with 10% fetal calf serum at 37°C for 4 hours in 96-
well U-bottom plates (Greiner, Nuertingen, Germany). The radioac-
tivity of the supernatants was counted in a y-counter (Packard In-
struments). The percentage of specific lysis was determined ac-
cording to the following equation: (experimental release — sponta-
neous release)/(maximum release — spontaneous release) X 100.
Percentage of spontaneous release of primary leukemic cells was
always less than 30%.

antigens, by molecular mimicry, or by breaking periph-
eral tolerance (Srivastava 1994). On the one hand, im-
munization with Hsp-peptide preparations isolated from
tumors has been reported to protect against cancer (Ta-
mura et al 1997; Schild et al 1999). On the other hand,
membrane-expressed Hsps might bind peptides and,
therefore, elicit an immune response. Beside T cells, IL-
2-stimulated NK cells have been shown to play key roles
in cancer immunotherapy (Whiteside et al 1998; Rosen-
berg et al 1998). We were the first who demonstrated that
rHsp70-stimulated, transiently plastic adherent NK cells
are potent effector cells in the recognition of Hsp70-ex-
pressing tumor cell lines (Multhoff et al 1995b). The im-
portance of Hsp70 as a relevant target structure for NK
cells was confirmed by different assays: (1) Hsp70-spe-
cific antibodies specifically block the lysis of Hsp70-ex-
pressing tumor cells (Multhoff et al 1995b); (2) incubation
of NK cells using human rHsp70 protein not only in-
creases the cytolytic activity against Hsp70-expressing tu-
mors but also stimulates the proliferation of plastic-ad-
herent NK cells (Multhoff et al 1999); and (3) T cells ex-
hibited no differences in the lytic activity of Hsp70-ex-
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pressing and nonexpressing tumor cells (Multhoff et al
1995b).

To evaluate the clinical relevance of Hsp70 as a recog-
nition structure for autologous NK cells, the MHC class
I and Hsp70 membrane expression was determined on
viable, single-cell suspensions generated from tumor bi-
opsy material of patients with carcinomas and bone mar-
row aspirates of leukemic patients. As controls, tumor cell
lines, normal tissues, and bone marrow of healthy human
individuals were also analyzed. The percentage of posi-
tively stained cells was defined as the difference of the
number of cells stained with the relevant antibody minus
the number of cells stained with an isotype-matched con-
trol antibody. The mean fluorescence, as a marker for the
antigen density per cell, is given in parentheses. As
shown in Table 1, normal tissues, including, brain, colon,
lung, fibroblasts, and umbilical vein—derived endothelial
cells and peripheral blood lymphocytes (PBLs), express
MHC class I molecules on the cell surface but were neg-
ative for Hsp70 membrane expression. However, studies
on freshly isolated human tumor biopsy material re-
vealed that, with the exception of mammary carcinomas,
Hsp70 molecules could be detected on primary tumors,
including colon, lung, neuronal, and pancreas carcino-
mas. All tested liver metastases of patients with colorectal
cancer were also positive for Hsp70; in 5 of 8 liver me-
tastases, the MHC class I expression was down-regulated.
With respect to killer cell inhibitory receptors on NK cells
that are known to inhibit NK cell activity after interaction
with MHC class I molecules (Lanier 1998), we hypothe-
size that Hsp70-positive metastases with a decreased
MHC class I expression provide ideal targets for NK cell
therapy.

In total, 75 bone marrow aspirates of patients with
acute myelogenous leukemia (AML) and different
French-American-British Cooperative group types were
analyzed; 56 (75%) of 75 bone marrow aspirates exhibit
an Hsp70-positive phenotype. The amount and the im-
munophenotype of the blasts were determined in 15 of
75 bone marrow aspirates of patients with AML by dou-
ble and triple staining technique using the following fluo-
rescence-labeled antibodies (Becton Dickinson, Heidel-
berg, Germany) in different combinations: HLA-DR, CD?,
CD13, CD14, CD15, CD16, CD18, CD33, CD34, CD64,
and CD117. As shown in Table 2, in 11 of 15 tested bone
marrow aspirates, a correlation of the percentage of leu-
kemic blasts with the number of Hsp70 positively stained
cells was observed. Bone marrow of healthy human in-
dividuals (n = 9) or bone marrow of patients with AML
in remission (1 = 9) did not express Hsp70 on the plasma
membrane. Taken together, these findings suggest that
Hsp70 acts as a tumor-selective recognition structure in
vivo. Furthermore, one might speculate about Hsp70
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Table 2 Hsp70 membrane expression on bone marrow cells of healthy individuals and leukemic patients

% Positively stained cells (mean fluorescence values)

Bone marrow MHC class | Hsp70 % blasts Histology
Normal individuals
AA 84 (100 3 (25) Normal bone marrow
BB 97 (454) 1(13) Normal bone marrow
CC nt 4 (11) Normal bone marrow
DD 98 (210) 1(5) Normal bone marrow
EE 95 (344) 1 (10) Normal bone marrow
FF 90 (289) 2 (9) Normal bone marrow
GG 99 (320) 3(2) Normal bone marrow
HH 97 (454) 1@3) Normal bone marrow
JJ 95 (560) 1 (10) Normal bone marrow
Patients with AML in remission
SR 97 (357) 7 (91) No blasts
PJ nt 5(112) 3% blasts
OB 98 (985) 6 (268) 1% blasts
SE 84 (124) 1 (62) No blasts
PM 87 (585) 1 (149) No blasts
AF 75 (1213) 9 (231) 1% blasts
EE 56 (2155) 2 (466) No blasts
HJ 62 (4720) 8 (119) No blasts
BG 90 (1772) 1 (38) No blasts
Bone marrow
AML/FAB
MR/M2 87 (1448) 51 (37) 61 CD13, 117 blast phenotype
HW/SAML M2 66 (210) 72 (16) 60 CD33, 34, 117 blast phenotype
BJ/M3 60 (272) 61 (37) 60 CD13, 33, 34, 117 blast phenotype
MF/M4 9 (1621) 69 (54) 54 CD7, 13, 33, 34, DR blast phenotype
RS/M4 87 (1612) 40 (83) 45 CD34, 117 blast phenotype
CS/M4 81 (118) 70 (31) 70 CD13, 33, 15, 64 blast phenotype
DU/M4/M5 86 (1089) 43 (51) 50 CD13, 33, 64, 117 blast phenotype
HJ/M5 62 (635) 47 (31) 59 CD7, 13, 33, 34 blast phenotype
WA/M5 39 (2707) 62 (71) 75 CD13, 15, 33, 64 blast phenotype
EK/M5 99 (6218) 98 (368) 73 CD13, 34, 64 blast phenotype
TM/SAML/M5 94 (1935) 66 (53) 58 CD33, 34, 117, DR blast phenotype
SE/M5 30 (54) 12 (23) 51 CD15, 33, 64 blast phenotype
PB/M2 49 (60) 22 (32) 55 CD13, 33, 34, 64 blast phenotype
WW/M3 12 (150) 10 (95) 68 CD33, 117 blast phenotype
PA/M4 64 (134) 36 (21) 73 CD13, 33, 34, 117 blast phenotype

Human bone marrow aspirates and blood were taken from patients with acute myelogenous leukemic (AML) and from healthy bone marrow
donors. Following anticoagulation with heparin (Novo Nordisk Pharm GmbH, Mainz, Germany), cells were separated by Ficoll Paque (Phar-
macia, Uppsala, Sweden) density gradient centrifugation. Flow cytometric analysis of major histocompatibility complex (MHC) class | (W6/
32 monoclonal antibody and Hsp70 (RPN1197 monoclonal antibody) membrane expression was determined on freshly isolated cells as
described in Table 1. FAB, French-American-British Cooperative nomenclature for leukemia; M1-M7, MO, FAB classification stages of leu-

kemia; nt, not tested; SAML, secondary AML.

membrane expression as a prognostic marker to charac-
terize leukemic blasts.

The role of Hsp70 as a recognition structure for allo-
geneic NK cells was demonstrated for several tumor cell
lines, including the colon carcinoma sublines CX+ and
CX—, which differ profoundly with respect to their ca-
pacity to express Hsp70 on the plasma membrane but
exhibit an identical MHC and adhesion molecule expres-
sion (Multhoff et al 1995b; Multhoff et al 1997). NK cells,
stimulated with low-dose IL-2 plus rHsp70 protein (SPP-
755, StressGen, British Columbia, Canada), have the ca-
pacity to kill Hsp70-expressing, allogeneic tumor cells
significantly better compared with NK cells stimulated
with low-dose IL-2 only (Multhoff et al 1999). To exclude
an immunostimulatory effect induced by lipopolysaccha-

ride, it is important to note that rHsp70 used for the stim-
ulation of NK cells is endotoxin free as determined by the
Limulus ambeocyte lysate kit. In the present study, the
immunostimulatory capacity of rHsp70-activated NK
cells was analyzed against autologous, Hsp70-positive
leukemic blasts. Figure 1 shows the results of 1 of 6 rep-
resentative experiments. NK-enriched effector cells de-
rived from the peripheral blood of a patient with AML
stimulated with low-dose IL-2 plus rHsp70 exhibit a sig-
nificant cytolytic response against autologous, Hsp70-
positive leukemic blasts. In contrast, IL-2 stimulation
alone was insufficient to stimulate the cytotoxic response
against autologous leukemic blasts. As an internal con-
trol, the lytic activity of both NK cell populations was
tested against allogeneic CX+ and CX— tumor cells. As
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expected, the lysis of CX+ cells was enhanced if the NK
cells of the patient were stimulated with low-dose IL-2
plus rHsp70; the lysis of CX— tumor cells remained un-
affected (data not shown). In summary, we can state that
the cytotoxic response against autologous, Hsp70-ex-
pressing leukemic blasts is inducible by incubation of NK
cells with low-dose IL-2 plus rHsp70. Studies are ongoing
that investigate the feasibility and in vitro efficacy of
rHsp70-stimulated NK cells against autologous tumor
cells in a clinical phase 1 trial.
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