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cells is associated with reduced
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growth delay, and altered growth
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Abstract Human tumors frequently present heat shock protein 70 (Hsp70) on their cell membranes, whereas corre-
sponding normal tissues fail to do so. Therefore, an Hsp70 membrane-positive phenotype provided a tumor-specific
marker. Moreover, membrane-bound Hsp70 provides a target structure for the cytolytic attack mediated by natural killer
(NK) cells. Vitamin A derivatives 13-cis retinoic acid (13-RA) and all-trans retinoic acid (ATRA) and sodium-butyrate
(SBU) are known for their redifferentiating capacity. Therefore, we asked the question whether loss in tumorigenicity
might be associated with a reduced Hsp70 membrane expression. For our studies we used epithelial colon (CX+/CX-)
and thyroid (ML-1) cancer cells, with initially different Hsp70 cell surface expression pattern. After treatment up to 7 weeks
with freshly prepared 13-RA, ATRA, and SBU at nonlethal concentrations of 10 pM, 1 uM, and 0.5 mM, respectively,
growth morphology, Hsp70 levels, and sensitivity toward Hsp70-specific NK cells were compared with that of untreated
tumor cells. Significant growth delay was determined in CX+ tumor cells after 6 weeks treatment with 13-RA. Concom-
itantly, growth morphology changed from spheroid cell clusters to monolayers. Despite a weak increase in cytosolic
Hsp70, the percentage of Hsp70 membrane-positive cells dropped significantly after repeated treatments with 13-RA and
ATRA in CX+ and ML-1 but not in CX— tumor cells. Similar results were observed with SBU. Functionally, the decrease
in Hsp70 membrane-positive CX+ and ML-1 cells correlated with a reduced sensitivity to lysis mediated by NK cells. In
summary, redifferentiating agents predominantly affected Hsp70 membrane-positive tumors. The decrease in Hsp70
membrane positivity correlated with a lower sensitivity to NK lysis, growth delay, and altered growth morphology.

INTRODUCTION ing of nonnative or misfolded proteins and prevent ag-
gregation during proliferation and cellular differentiation
(Hartl and Hayer-Hartl 2002). Cell surface localization of

several HSPs including Hsp70, the major stress-inducible

Heat shock proteins (HSPs) are highly conserved mole-
cules mediating protection against lethal damage after
various stress stimuli in prokaryotic and eukaryotic cells.

Also, under physiological conditions, they support fold-
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member of the HSP70 group, has been documented for
tumor cells by selective cell surface proteomics (Shin et
al 2003) and flow cytometry (Multhoff et al 1995). In con-
trast, corresponding normal tissues were found to be
Hsp70 membrane negative, thus indicating that surface-



bound Hsp70 serves as a tumor marker. Several clinically
applied reagents including alkyl-lysophospholipids (Bot-
zler et al 1999), cytostatic drugs (Gehrmann et al 2002),
and anti-inflammatory reagents (Gehrmann et al 2004)
have been found to enhance Hsp70 membrane expres-
sion. Also UV and <-irradiation resulted in an upregu-
lated Hsp70 expression (Suzuki and Watanabe 1992; Si-
erra-Rivera et al 1993; Matsumoto et al 1995). Function-
ally, a tumor-specific Hsp70 membrane localization could
be associated with an increased sensitivity to the cytolytic
attack mediated by natural killer (NK) cells (Multhoff et
al 1997; Gastpar et al 2004), although these tumors were
found to be highly resistant to radio- and chemotherapy.

Another approach to cure cancer is based on retinoids
representing natural and synthetic derivatives of vitamin
A, regulating cell growth (Nagpal et al 1996; Zhang et al
1996), apoptosis (Massaro and Massaro 2000), and ho-
meostasis (Wan et al 2000). Apart from these effects, 13-
cis retinoic acid (13-RA) and all-trans retinoic acid (ATRA)
have been found to promote differentiation of tumors into
a more benign cell type. Clinically, retinoids are frequent-
ly used in the therapy of acute promyelocytic leukemia
(Park et al 2003) and myelodysplastic syndrome (Ku-
endgen et al 2004). Partial redifferentiation of promyelo-
cytes carrying the reciprocal translocation t(15;17), coding
for the fusion protein promyelocytic leukemia-retinoic
acid receptor alpha (PML-RARa) into mature granulo-
cytes, was demonstrated by the group of Huang (1988).
Retinoic acid reverts the PML-RARa-induced inhibition
in transcription and thus initiates granulocytic differen-
tiation (Miller et al 1992; Grignani et al 1998). The inhib-
itory effects of retinoic acid on RAR promoter also re-
sulted in growth delay in solid tumors (Altucci and Gro-
nemeyer 2001). In combination with interferon-l alpha,
13-RA exerts beneficial effects in the treatment of epithe-
lial cancers including squamous cell skin cancer and cer-
vical carcinomas (Moore et al 1994; Berg et al 2000). As
a single reagent, 13-RA was also effective in premalig-
nancies, including oral leukoplakia and xeroderma pig-
mentosum (Freemantle et al 2003), and in poorly differ-
entiated thyroid cancer. In follicular thyroid tumors, 13-
RA has been found to inhibit tumor growth and to en-
hance iodine uptake by the induction of type I
iodothyronine-5'-deiodinase and alkaline phosphatase re-
ceptors and intracellular adhesion molecule-1 (Bassi et al
1995; Schmutzler et al 1996). Furthermore, treatment of
follicular thyroid tumor cells with 13-RA resulted in loss
of tumorigenicity in athymic nude mice.

With respect to the finding that Hsp70 membrane pos-
itivity is selectively detectable on tumors but not on nor-
mal cells, we asked the question whether a retinoid-in-
duced loss in tumorigenicity might be associated with a
reduced Hsp70 membrane expression. Therefore, we an-
alyzed the differentiating capacity of sublethal concentra-
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tions of 13-RA and ATRA on Hsp70 membrane levels and
correlated them with the effects on the cytolytic capacity
of NK cells. Moreover, retinoid-induced effects were com-
pared with that of sodium-butyrate (SBU) also known to
exhibit redifferentiating capacity. For our investigations,
we used epithelial cancer cell lines that differ in their
capacity to present Hsp70 on the plasma membrane. We
demonstrated that long-term incubation with 13-RA and
ATRA predominantly affects tumor cells with initially
high Hsp70 membrane levels. Apart from a significant
growth delay, retinoids promote altered growth mor-
phology. Functionally, the retinoid- and SBU-induced de-
crease in Hsp70 membrane-positive tumor cells correlat-
ed with a reduced sensitivity to NK cell-mediated lysis.
These data confirmed previous findings showing that
membrane-bound Hsp70 acts as a tumor-selective danger
signal for NK cells.

MATERIALS AND METHODS
Cells and cell culture

The human colon carcinoma sublines CX+ and CX-—,
generated from the parental cell line CX-2 (Tumorzell-
bank, DKFZ Heidelberg, Germany) by cell sorting using
the Hsp70-specific monoclonal antibody (cmHsp70.1,
multimmune GmbH, Regensburg, Germany), were cul-
tured in Roswell Park Memorial Institute 1640 medium
(GIBCO, Eggenstein, Germany) supplemented with 10%
heat-inactivated fetal calf serum (FCS) (GIBCO), 1% an-
tibiotics (penicillin-streptomycin, GIBCO), and 2 mM L-
glutamine (GIBCO). ML-1 thyroid carcinoma cells were
cultured under identical conditions, as described above.
Exponential cell growth was maintained by regular cell
passages. An amount of 2 pM triiodothyronine (T3), a
characteristic marker of thyroid function, was constantly
produced by either untreated or 13-RA-treated ML-1
cancer cells (Schonberger et al 2000).

All adherent tumor cells were trypsinized for less than
1 minute with trypsin-ethylenediamine-tetraacetic acid
(EDTA) (GIBCO), and single cell suspensions were seed-
ed at constant cell densities of 0.5 X 10° cells in 5 mL
fresh medium in T-25 ventilated small culture flasks
(Greiner, Nuertingen, Germany).

Plating efficiency, doubling-time (20 hours), and pro-
tein content in Hsp70 high- and low-expressing CX+ and
CX— tumor sublines and ML-1 cells were comparably
low under physiological conditions at 37°C.

Treatment with 13-RA, ATRA, SBU, and «-irradiation

Exponentially growing, adherent tumor cells were treated
either with freshly prepared 13-RA and ATRA (Biomol
Research Lab Inc, PA, USA) (Gendimenico and Mezick
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1993) at indicated concentrations ranging from 0.5 up to
20 pM or with the nontoxic concentration of 0.5 mM SBU
(Sigma-Aldrich, Steinheim, Germany) for 48 hours. Alter-
natively, tumor cells were y-irradiated at 10 Gy followed
by a recovery period of 12 hours. Untreated controls were
passaged identically but in the absence of 13-RA, ATRA,
and SBU.

Viability testing

Viability was determined weekly in untreated, retinoid-
and SBU-treated CX+/CX— and ML-1 cells by trypan
blue exclusion assay on a light microscope and by 7-ami-
no-actinomycin D (7-AAD) and Annexin-V fluorescein is-
othiocyanat (FITC) staining on a FACSCalibur instrument
(Becton Dickinson, Heidelberg, Germany). In brief, the
supernatants (5 mL) of untreated and treated cells were
collected. Then adherent cells were washed in 5 mL phos-
phate-buffered saline (PBS), which was removed and
combined with the harvested cell culture supernatant.
After a 1-minute incubation period of the adherent cells
with trypsin-EDTA (500 pL) at 37°C, culture flasks were
shaken gently and inspected carefully for adherent cells
by light microscopy. Only if all cells were found to be
detached, the flasks were washed with the collected su-
pernatant and PBS fraction and centrifuged at 800 X g
for 8 minutes. After resuspension of the cell pellet in 0.5
mL PBS-10% FCS, absolute cell counts of viable and dead
cells were determined by trypan blue exclusion assay.
Cell viability and apoptosis were also determined by 7-
AAD and Annexin-V FITC staining. The percentage of
viable cells was determined on a FACSCalibur instrument
counting 10 000 events.

Sodium dodecyl sulfate—polyacrylamide gel
electrophoresis and Western blot analysis

Cell pellets of either untreated or treated cells (1.0 X 10¢)
were washed in PBS and solubilized in lysis buffer (120
mM sodium chloride, 40 mM Tris pH 8.0, 0.5% NP40).
Samples were denatured in sample buffer (25 mM Tris
hydrochloride pH 6.8, 2% sodium dodecyl sulfate, 10%
glycerol, 10% mercaptoethanol, and bromphenol blue) by
boiling for 10 minutes. Equal protein amounts (10 pg)
were administered to 10% sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis under reducing conditions
(Laemmli 1970). After electrophoresis, proteins were
transferred onto nitrocellulose membranes and blotted
following a standard protocol of Towbin et al (1979). An-
tibodies for Western blotting were used at dilutions of
1:1000, mouse anti-human Hsp70 (cmHsp70.2, multim-
mune GmbH) and mouse anti-human tubulin (DM1A,
Oncogene, Boston, MA, USA). After incubation with
horseradish peroxidase—conjugated secondary antibodies
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(DAKO, Glostrup, Denmark), also diluted 1:1000, protein
bands were observed by chemiluminescence (ECL detec-
tion-kit, Amersham Biosciences, Little Chalfont, UK). Au-
toradiographs were recorded on X-omat films (Kodak,
Stuttgart, Germany). Prestained standard protein markers
(Amersham Biosciences) were used for estimating the
molecular weights of each protein.

Flow cytometry

Tumor cells, kept either untreated or treated with reti-
noids or SBU, were trypsinized, counted, and 0.1 X 10°
cells were incubated with an FITC-conjugated Hsp70
monoclonal antibody (IgGl, cmHsp70.1, multimmune
GmbH), FITC-conjugated major histocompatibility com-
plex (MHC) class I-specific antibody (IgG2a, W6/32,
CBL139E Cymbus Biotech, Hants, UK), human leukocyte
antigen class E (HLA-E)-specific antibody (IgG1, MEM-
E/06, EXBIO, Praha, Czech Republic), and the corre-
sponding isotype-matched control antibodies (Dianova,
Hamburg, Germany) for 15 minutes at 4°C. After washing
in PBS 10% FCS (heat inactivated), 7-AAD-negative (Bec-
ton Dickinson Pharmingen, Heidelberg, Germany), viable
cells were analyzed on a FACSCalibur flow cytometer
(Becton Dickinson, Heidelberg, Germany).

Light microscopy

Adherent growing tumor cells, either untreated or treated
with 13-RA for 6 cell passages or with ATRA for 5 cell
passages, were photographed at a magnification of 100X
on a Zeiss model Axioscope 2 scanning microscope
(Zeiss, Jena, Germany) equipped with a 100X (planar).
Representative images were treated by multiplicative
shading correction using the software Axiovision (Zeiss
Vision, Jena, Germany).

51Cr-release assay

NK cell-mediated cytotoxicity was measured in a stan-
dard 4-hour *!'Cr-release assay (MacDonald et al 1974).
NK cells were separated from peripheral blood lympho-
cytes of healthy human volunteers by using a standard
CD3-CD19 depletion protocol of miltenyi (miltenyi bio-
tech, Bergisch Gladbach, Germany). CD3- and CD19-neg-
ative NK cells were stimulated with Hsp70 peptide TKD
(2 pg/mL) together with 100 IU/mL interleukin-2 for 4
days, at 37°C and after 2 washing steps used as effector
cells. As target cells, either untreated or long-term reti-
noic acid-treated or SBU-treated tumor cells with re-
duced Hsp70 membrane expression were used. In brief,
5ICr-labeled target cells were coincubated in u-bottom,
96-well plates at different effector to target cell (E:T) ra-
tios, ranging from 20:1 to 2:1 or 10:1 to 1:1, in a total
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Table 1 a) Definition of the nontoxic dose of 13-RA and ATRA for the original colon carcinoma cell line CX-2, the sublines CX+ and CX—,
and the thyroid cancer cell line ML-1. Cell viability was determined in each cell type by 7-AAD staining of 10 000 cells on a FACSCalibur
after 1 week of treatment with different concentrations of 13-RA and ATRA. The data represent mean values of 3 to 4 independent experiments

+ SD; values shown are percentage viable cells (mean values * SD)2

Treatment CX-2 CX+ CX— ML-1

Control 95 + 1.5 96 = 2.8 96 = 4.2 95 + 25
13-RA (1 pM) 94 + 4.3 95 + 2.3 96 = 3.3 96 = 3.1
13-RA (10 pM) 79 + 4.0 88 =+ 5.5 95 + 3.8 68 + 13*
13-RA (20 pM) 57 + 12* 45 + 11* 69 = 5* NT

ATRA (0.5 pM) NT 97 = 3.0 97 + 2.8 95 + 1.5
ATRA (1 pM) NT 98 + 2.6 97 = 3.7 93 = 4.0

2 13-RA, 13-cis retinoic acid; ATRA, all-trans retinoic acid; 7-AAD, 7-amino-actinomycin-D; NT, not tested.

* marks significantly different from control values (P < 0.05).

volume of 200 pL medium. After a 4-hour coincubation
period at 37°C, supernatants and cell suspensions (40 n.L
each) were harvested, transferred onto Luma Plates-96
(Perkin-Elmer, Boston, MA, USA), and counted in a gam-
ma-counter (Topcount, Packard Instruments, Meriden,
CT, USA). The percentage specific lysis was calculated as:
([experimental release — spontaneous release]/[maximal
release — spontaneous release]) X 100. Spontaneous re-
lease in all experiments was always less than 20%.

Miscellaneous

Chemicals were from Sigma (Munich, Germany), Merck
(Darmstadt, Germany), or Roth (Karlsruhe, Germany), if
not indicated otherwise.

Statistics

For statistical analysis, Student’s t-test was used. A con-
fidence level above 95% (P < 0.05) was defined as signif-
icant.

RESULTS

Direct toxic effects of retinoids on viability of different
tumor cells

Retinoids are clinically applied in cancer therapy and
chemoprevention. In this study, we focused on immuno-
logical effects induced by 13-RA and ATRA in human
epithelial cancer cells that are related to Hsp70. By cell
sorting of the parental CX-2 colon carcinoma cell line us-
ing an Hsp70-specific monoclonal antibody, stably Hsp70
high- (CX+ 82% = 5) and low-expressing (CX— 22% =*
12) tumor sublines were generated. In addition, the thy-
roid cancer cell line ML-1, expressing Hsp70 on 39% =*
9 of the cells, was analyzed. At each cell passage, CX-2,
CX+, CX—, and ML-1 were incubated with freshly pre-
pared 13-RA at different concentrations ranging from 1
to 20 pM for 1 week and with ATRA at concentrations of
0.5 and 1 uM. Up to a concentration of 10 uM of 13-RA
and a 1 week treatment, cell viability of CX-2, CX+, and

CX— colon carcinoma sublines was not significantly af-
fected; however, a retinoid concentration of 20 puM in-
duced cell death, as determined by 7-AAD staining of 10
000 cells in a flow cytometer (Table 1). Moreover, a con-
centration of 0.5 mM SBU, another agent with rediffer-
entiating capacity, was also found to be nontoxic for CX+
and CX— tumor sublines after an incubation period of 48
hours (data not shown).

ML-1 thyroid cancer cells were found to be more sen-
sitive to 13-RA, as compared with the colon carcinoma
sublines. A concentration of 10 pM 13-RA for 1 week
already was toxic; a concentration of 1 M was deter-
mined as the nontoxic concentration for ML-1 thyroid
cancer cells (Table 1). For ATRA, a concentration of 1 uM
was found to be nontoxic for all tumor cell types (Table
1). Viability assays of each cell type were repeated 3 to 4
times.

Effects of long-term retinoid treatment on growth rates
of different tumor cells

After 6 weekly repeated treatments with freshly prepared
13-RA (10 pM), absolute cell counts of CX+ tumor cells
(black bars) were found to be significantly reduced as
compared with untreated cells and CX— cells (Fig 1).
This reduction in Hsp70-positive CX+ cells after long-
term retinoid treatment is most likely due to growth de-
lay because trypan blue—positive dead cells were not de-
tectable either in the supernatant or in the adherent cell
population. Annexin V-FITC staining also revealed that
treatment of CX+/CX— tumor sublines with 10 uM 13-
RA and of ML-1 tumor cells with 1 pM 13-RA for 6
weeks did not cause significant apoptosis; in contrast, -
irradiation (10 Gy) initiated apoptosis in CX— and ML-1
tumor cells with initially low Hsp70 membrane expres-
sion (Table 2). These findings are in line with previous
data showing that CX+ cells are more resistant to ~y-ir-
radiation-induced cell death as compared with CX— cells
(Gehrmann et al 2003).

A concentration of 1 uM ATRA even after 5 repeated
treatments affected neither cell growth nor apoptosis in

Cell Stress & Chaperones (2005) 10 (2), 136-146



140 Gehrmann et al

©
o
-
X
2
c
S
[}
o
]
o
ctrl 1 2 3 4 5 6
Treatments with 13-RA (10 uM)
Fig 1. CX+ tumor cell growth was reduced by treatment with 13-

cis retinoic acid (13-RA). Adherent growing CX+ and CX— tumor
cells were incubated with freshly prepared 13-RA (10 nM) at each
individual cell passage (twice a week). After each passage, equal
cell counts (0.5 X 10¢ cells in 5 mL medium) were seeded in T-25
flasks. Absolute counts of viable cells were determined by trypan
blue staining after 1 to 6 weeks of treatment in single cell suspen-
sions of adherent and nonadherent cells after trypsinization. The
percentage of trypan blue—positive, dead tumor cells before and af-
ter treatment was always less than 5%. Growth inhibition data rep-
resented mean values of 6 independent experiments = SD; *marks
values significantly different from control (P < 0.05).

CX+ and CX— tumor cells (data not shown). Similar re-
sults were observed after a 7-week treatment of ML-1
thyroid cancer cells with 13-RA and ATRA at a concen-
tration of 1 wM each (data not shown).

Effects of a long-term retinoid treatment on growth
morphology of tumor cells

Under physiological conditions, doubling-time of CX+/
CX~— sublines and the original cell line CX-2 cells was
comparable at about 20 hours. Already 2 hours after seed-
ing of trypsinized single-cell suspensions in T-25 tissue
culture flasks, colon carcinoma cells form spheroid cell
clusters that become larger after each cell division. After
long-term treatment with 13-RA (10 uM) for 6 weeks and
with ATRA (1 uM) for 5 weeks, doubling-time increased
up to 25 hours in CX+ tumor cells with initially high

Hsp70 membrane expression levels. Doubling-time of
CX~— cells remained unaffected. Photographs were taken
from representative parts of either untreated (ctrl, upper
graph) or long-term 13-RA-treated (6 weeks, middle
graph) and ATRA-treated (5 weeks, lower graph) CX+
tumor cell cultures on day 2 after the last cell passage.
As illustrated in Figure 2, the typical 3-dimensional cell
clusters (ctrl) of CX+ colon carcinoma cells changed to
monolayer after long-term treatment with 13-RA (10 wM).
The spheroid cell morphology changed to a spindle-
shaped morphology. Treatment of CX+ cells with a con-
centration of 1 uM ATRA for 5 weeks induced similar,
but less pronounced, effects. Retinoids are documented
to initiate redifferentiation processes in tumor cells. Sim-
ilar results were observed after a 48-hour treatment of
CX+ tumor cells with a nontoxic concentration of SBU (5
mM; data not shown). The observed retinoid-induced
changes in growth morphology and behavior of CX+ tu-
mor cells might be a first hint for a process reverting loss
of contact inhibition, which is typical for malignant tu-
mors.

Effects of long-term retinoid treatment on Hsp70 levels
in different tumor cells

Under physiological conditions, cytosolic Hsp70 content
was comparably low in CX+ and CX— tumor sublines,
as determined by comparative quantitative Western blot
analysis. A mild heat shock at 41.8°C for 2 hours resulted
in a strong induction of the synthesis of Hsp70 (about 10-
fold) in both tumor sublines (Multhoff et al 1997). In this
study, we were interested in testing 13-RA on the induc-
tion of Hsp70 synthesis, the major stress-inducible mem-
ber of the HSP70 family. Even after 6 repeated treatments
with 13-RA (10 uM), the increase in cytosolic Hsp70 was
only 1.31-fold in CX+ and 1.27-fold in CX— tumor cells,
if related to tubulin (Fig 3). Next, we studied cell surface
expression of Hsp70 after long-term treatment with reti-
noids. As mentioned earlier, under physiological condi-
tions, the tumor cell lines CX+ (82% = 5), CX— (22% =
12), and ML-1 (39% = 9) differed significantly in their
capacity to present Hsp70 on their cell membranes. After
a 4- and 6-week treatment interval with 13-RA (10 pM),

Table 2 Definition of apoptotic cell death after treatment of colon carcinoma sublines CX+/CX— with 10 uM 13-RA and of thyroid cancer
cell line ML-1 with 1 wM 13-RA for 6 weeks. In addition, tumor cells were exposed to y-irradiation (1 X 10 Gy) followed by a recovery period
of 24 hours. Apoptosis was determined by Annexin V-FITC staining of 10 000 cells on a FACSCalibur. The data represent mean values of
3 independent experiments = SD; values shown are cell counts (mean values = SD)?2

Treatment CX+ CX— Treatment ML-1

Control 6.1 + 4.0 5.0 + 35 Control 3.2+0.8
13-RA (10 pM) 54+ 3.6 4.8 = 3.0 13-RA (1 pM) 20+ 1.0
10 Gy 59+ 26 105 + 2.3* 10 Gy 14 + 4*

a 13-RA, 13-cis retinoic acid.
* marks significantly different from control values (P < 0.05).
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Fig 2. Growth morphology of CX+ tumor sublines changed from
cell clusters to monolayers after treatment with 13-cis retinoic acid
(13-RA) and all-trans retinoic acid (ATRA). Under physiological con-
ditions, CX+ tumor sublines showed spheroid cell cluster growth
(magnification 100X). After treatment with 13-RA (10 uM) for 6
weeks and with ATRA (1 pM) for 5 weeks, cells changed their
growth behavior to monolayers. On a single cell level it became
obvious that the shape of CX+ tumor cells changed from spheroid
to spindle shaped. Scale bar, 200 pm.

the percentage of Hsp70 membrane-positive cells
dropped significantly in CX+ tumor cells from 82% = 5
to 54% * 3 and 32% = 6, respectively (Fig 4A). No sig-
nificant changes in the Hsp70 cell surface expression pat-
tern were found in CX— tumor cells (22% = 12, 23% =
8, and 32% = 5) after an identical treatment (Fig 4A).
Similar effects were observed if CX+ and CX— tumor
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Fig 3. 13-cis retinoic acid (13-RA) increased cytosolic heat shock
protein 70 (Hsp70) levels in CX+ and CX~— tumor sublines. Adher-
ent growing CX+ and CX— tumor cells were kept either untreated
(ctrl) or were incubated with13-RA (10 wM) at each cell passage.
After 6 weeks, cell lysates were prepared and equal protein amounts
(10 pg) were run on a 10% sodium dodecy! sulfate—polyacrylamide
gel electrophoresis and transferred to nitrocellulose membranes.
Western blots were stained with an Hsp70 and a tubulin-specific
antibody, and protein bands were analyzed by densitometry. In-
crease in cytosolic Hsp70 was related to tubulin. The data represent
mean values of 7 independent experiments = SD. One represen-
tative Western blot was shown in the upper part of the graph.

sublines were treated with a concentration of 1 uM ATRA
for 5 weeks (Fig 4B; Table 3). Again, a significant decrease
in Hsp70 membrane-positive cells was only detected in
CX+ tumor cells. With respect to ML-1 thyroid cancer
cells, a 4- and 7-week treatment interval with a concen-
tration of 1 M 13-RA was sufficient to decrease the per-
centage of Hsp70-positive cells from 39% = 9 to 26% =*
5 and 21% = 8, respectively (Fig 4C). The expression of
classical MHC I molecules, as determined with the anti-
body W6/32, in CX+ and CX— tumor sublines was al-
ways greater 95% before and after long-term treatment
with 13-RA (10 pM) and ATRA (1 pM), as summarized
in Table 3. Neither before nor after treatment with reti-
noids, HLA-E was expressed on the tumor sublines (data
not shown). However, the expression of the adhesion mol-
ecule neuronal-cellular adhesion molecule (N-CAM)
(CD56) in CX+ and CX— colon carcinoma cells dropped
significantly after long-term treatment with 13-RA (10
uM) and ATRA (1 uM) (Table 3). This finding might pro-
vide an explanation for the modulated growth morphol-
ogy from 3-dimensional cell clusters to spindle-shaped
monolayers. Two (data not shown) and 4 weeks after re-
moval of the retinoids from cell culture, the phenotype
remained unaltered (Table 3). Moreover, y-irradiation at
10 Gy did not significantly enhance Hsp70 membrane ex-
pression on retinoid pretreated CX+ cells (data not
shown).

Interestingly, SBU, a short-chain lipid with redifferen-
tiating capacity, exhibits similar effects like retinoids. As
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summarized in Table 4, Hsp70 membrane positivity
shrinked drastically after a 48-hour incubation period
with SBU (5 mM) in CX+ (73% = 10 vs 46% = 12) but
not in CX— (26% = 8.4 vs 32% = 8.8) tumor sublines.

Immunological effects of long-term retinoid treatment
on tumor cells

As previously reported, the amount of Hsp70 membrane-
positive tumor cells determined the sensitivity to lysis
mediated by NK cells (Gehrmann et al 2003). Hsp70 low-
expressing tumor sublines CX— were lysed significantly
less efficient as compared with their higher-expressing
counterparts CX+ (Multhoff et al 1997). In this study, we
addressed the question as to whether a retinoid-induced
decrease in Hsp70 membrane-positive cells corresponded
with a reduced sensitivity to lysis mediated by CD3-/
CD19-depleted NK cells that had been stimulated with
Hsp70 peptide TKD (Multhoff et al 1999). As summa-
rized in Figure 5A, the decreased amount of membrane-
bound Hsp70 in CX+ tumor cells after a 4- and 6-week
treatment interval with 13-RA (10 pM) correlated with a
reduced sensitivity to lysis mediated by NK cells that had
been stimulated with TKD, as described earlier (Multhoff
et al 1995). In contrast, the weak lysis of CX— tumor cells
by NK cells remained weak at the level of 13-RA-treated
CX+ cells after treatment with 13-RA (Fig 5B). This find-
ing is in line with the comparable percentages of Hsp70
membrane-positive cells in untreated (22% * 12), 6-week
13-RA-treated (32% = 7) CX— cells, and 6-week 13-RA-
treated CX+ (32% = 6) tumor cells (Table 3). In thyroid
ML-1 cancer cells, a reduced Hsp70 membrane expres-
sion after a 4- and 7-week treatment interval with 13-RA
(1 pM) also corresponded with a decreased sensitivity to
the cytolytic attack mediated by Hsp70-activated NK cells
(Fig 5C). Similar results were obtained after long-term (5
weeks) treatment of Hsp70 membrane-positive tumor
cells with 1 pM ATRA (data not shown).

SBU, at the nontoxic concentration of 0.5 mM, also re-
duced Hsp70 membrane expression on CX+ tumor cells
and caused a reduced lysability mediated by NK cells.
Lysis of CX— tumor sublines either untreated or SBU
treated remained unaltered low (Fig 6).

DISCUSSION

Retinoids, synthetic derivatives of vitamin A, were fre-
quently used in the therapy of premalignant and malig-

—

Fig 4. The 13-cis retinoic acid (13-RA) reduced the percentage of
Hsp70 membrane-positive cells in the CX+ and ML-1 tumor cells.
The percentage of Hsp70 positively stained cells was determined by
flow cytometry in untreated (ctrl), 13-RA-treated, all-trans retinoic
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acid (ATRA)-treated CX+/CX— and ML-1 tumor cells. CX+/CX—
tumor cells were treated with 10 uM 13-RA for 4 and 6 weeks (A)
and with 1uM ATRA for 5 weeks (B); ML-1 tumor cells were treated
with 1 uM 13-RA for 2, 4, and 7 weeks (C). Data represent mean
percentages of Hsp70-positively stained cells = SD of 6 (A,B) and
3 (C) independent experiments; *marks values significantly different
from control (P < 0.05).



Table 3 Flow cytometric analysis of cell surface markers on CX+
and CX— tumor cells after long-term treatment with +13-RA and
+ATRA and 4 weeks after removal of 13-RA (—13-RA). Exponen-
tially growing tumor cells were maintained either untreated or treated
with freshly prepared 13-RA (10 M) for 6 weeks and ATRA (1 u.M)
for 5 weeks at each cell passage. Percentage positively stained cells
minus the number of cells stained with an isotype-matched control
antibody are indicated. Data represent mean values of at least 3
independent experiments?®

Hsp70 MHC class | N-CAM
Tumor cells cmHsp70.1 W6/32 CD56
CX+
Control 82+ 5 97 £ 2 34 +4
+13-RA 32 = 6* 96 =1 15 + 2*
—13-RA 35 + 6* 95 + 3 17 + 3*
+ATRA 47 + 5* 98 = 2 16 + 5*
—ATRA NT NT NT
CX—
Control 22 =12 95 £ 3 32+2
+13-RA 327 97 £ 2 17 + 4*
—13-RA 29+0 96 + 4 19 + 2*
+ATRA 306 96 = 2 17 + 3*
—ATRA NT NT NT

2 13-RA, 13-cis retinoic acid; ATRA, all-trans retinoic acid; NT, not
tested; MHC, major histocompatibility complex.
* marks significantly different from control values (P < 0.05).

Table 4 Flow cytometric analysis of the Hsp70 and MHC class |
membrane expression on CX+ and CX— tumor cells either untreat-
ed (Control) or after a 48 hour incubation period with SBU at the
nontoxic concentration of 5 mM. Data represent mean values of at
least 3 independent experiments?

Hsp70 MHC class |
Tumor cells CmHsp70.1 W6/32
Control
CX+ 73 =10 97 £ 0.8
CX— 26 £ 8.4 97 = 2.0
SBU
CX+ 46 = 12* 96 = 2.0
CX~— 32 =88 97 £ 26

aHsp 70, heat shock protein 70; MHC, major histocompatibility
complex; SBU, sodium-butyrate.
* marks significantly different from control values (P < 0.05).

nant cells, either alone or in combination with cytostatic
drugs. Despite promising results of ATRA in the redif-
ferentiation of acute promyelocytic leukemia, intrinsic
and acquired mechanisms of resistance to retinoids limit
their therapeutic efficiency. Moreover, the exact biological
mechanisms that are affected by retinoids are not com-
pletely understood for solid tumors. Here we studied im-
munological effects of nontoxic concentrations of reti-
noids 13-RA and ATRA on Hsp70 expression in different
tumor cell types including colon and thyroid cancer cells.
Although highly conserved, Hsp70 is critical in eliciting
an efficient antitumor immune response. Hsp70 plays an
important role in antigen presentation and acts as a car-
rier for tumor-derived peptides (Srivastava 2001). For the
innate immune system, membrane-bound Hsp70 was
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found to serve as a tumor-selective recognition structure
for NK cells (Multhoff et al 1995, 1997). The Hsp70 epi-
tope exposed to the extracellular milieu of tumor cells
was identified (Multhoff et al 1999) and defined as im-
munogenic for NK cells. The immunostimulatory capac-
ity of Hsp70 is in line with observations of other labora-
tories. Recently, several HSP receptors, including CD40
on B cells (Becker et al 2002), CD14 and Toll-like receptors
on antigen presenting cells (APC) such as monocytes and
dendritic cells (Asea et al 2000), CD91 on macrophages
(Binder et al 2000), and CD94 on NK cells (Gross et al
2003), have been characterized for different cell types
with immunoregulatory capacity. Contact of APCs with
Hsp70 via Toll-like receptors resulted in the secretion of
proinflammatory cytokines stimulating the innate im-
mune system (Asea 2003). On the other hand, overex-
pression of Hsp70 has been found to protect tumor cells
from apoptosis induced by exogenous stress including
cytostatic drugs and radiation (Nylandsted et al 2004).
However, Hsp70-reactive NK cells exerted beneficial ef-
fects in a clinical phase I trial in therapy-refractory pa-
tients (Krause et al 2004).

Long-term incubation of colon carcinoma cells with a
nontoxic concentration of 13-RA only moderately in-
creased cytosolic Hsp70 levels in colon carcinoma cells.
In comparison, nonlethal heat shock, as a classical stress-
or, resulted in rapid and 10-fold higher increase in Hsp70
levels (Multhoff et al 1997).

In contrast to the cytosol, tumor cells with initially high
Hsp70 membrane expression levels showed a significant
reduction in Hsp70 membrane-positive cells after treat-
ment with nontoxic doses of 13-RA and ATRA. Concom-
itantly, doubling-time increased from 20 to 25 hours. Be-
cause nearly no Annexin V—positive cells were detectable
in retinoid-treated cell cultures, we speculated about
growth inhibition rather than induction of apoptosis in
Hsp70 membrane-positive tumor cells. Morphologically,
growth of colon cancer cells altered from 3-dimensional
cell clusters to monolayers. Loss of cell-to-cell contact
might be a first hint for a retinoid-induced redifferentia-
tion. This finding was further supported by the fact that
the expression of the neuronal adhesion molecule N-
CAM was downregulated on tumor cells after retinoid
treatment. In contrast, other cell surface markers includ-
ing classical and nonclassical MHC molecules remained
unaltered after identical treatment conditions.

Screening of a large panel of different tumor cell lines
(Multhoff et al 1995), primary tumor biopsies, metastases,
and corresponding normal tissues (unpublished obser-
vation) revealed that Hsp70 was frequently expressed on
tumors and metastases but not on the corresponding nor-
mal tissues. A comparison of primary tumors and me-
tastases revealed higher Hsp70 expression levels on me-
tastases (S. Stangl, L. Rossbacher, G. Multhoff, in prepa-
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ration) and on tumors with unfavorable prognosis (Gehr-
mann et al 2003). Because Hsp70 membrane expression
was found to be reduced by nontoxic concentrations of
13-RA and ATRA, we speculated about a retinoid-in-
duced redifferentiation process to a less aggressive tumor
stage. Moreover, SBU, another agent with redifferentiat-
ing capacity, caused similar effects.

Thyroid and colon cancer cells differ in their sensitivity
toward direct toxic effects induced by 13-RA. For colon
cancer cells a concentration of 10 wM and for thyroid can-
cer cells a concentration of 1 uM of 13-RA was found to
be nontoxic. However, in both tumor cell systems, the
nontoxic concentration of retinoids and also of SBU in-
duced a reduction in Hsp70 cell surface—positive tumor
cells correlating with a decreased sensitivity to lysis me-
diated by NK cells. Patients with poorly differentiated,
therapy-resistant thyroid cancer were frequently treated
with retinoids. A major achievement of this therapeutic
approach was the induction of an increased sensitivity
toward radioactive iodine I (Schmutzler et al 1996). As
previously reported by Gehrmann et al (2005), elevated
Hsp70 membrane expression levels correlated with pro-
tection against radiation-induced effects. The retinoid-in-
duced downregulation of Hsp70 membrane expression
might provide a rationale for the clinically observed ef-
fects induced by retinoids in thyroid cancer.

With respect to immunological functions, we could
demonstrate that tumor cells with diminished Hsp70 cell
surface levels are less sensitive toward the cytolytic attack
mediated by Hsp70-reactive NK cells. This reduction in
membrane-bound Hsp70 was of special interest because
other exogenous factors including vy-irradiation, tubulin-
interacting agents including taxol and vincristinsulfate
(Gehrmann et al 2002), alkyl-lysophospholipids (Botzler
et al 1999), and anti-inflammatory drugs (Gehrmann et
al 2004) at nonlethal doses consistently resulted in an
upregulated Hsp70 membrane expression corresponding
with an augmented sensitivity to the cytolytic attack of
NK cells.

The decreased sensitivity to NK cell-mediated lysis
could be attributed to the fact that retinoids as well as
SBU, at nontoxic concentrations, were able to induce re-
differentiation in tumors into a less malignant cell type.
This corresponds with the fact that normal cells, lacking

—

Fig 5. 13-cis retinoic acid (13-RA) reduced the sensitivity of CX+
and ML-1 tumor cells toward the lytic capacity of NK cells. CX+ (A)
and CX— (B) tumor sublines were kept either untreated or were
treated with 13-RA (10 pM) for 4 and 6 weeks; ML-1 tumor cells
were kept either untreated or were treated with 13-RA (1 wM) for 4
and 7 weeks (C). Untreated and treated tumor cells were used as
target cells in a standard 4-hour 5'Cr release assay. CD3-/CD19-
depleted natural killer (NK) cells, stimulated for 4 days with Hsp70
peptide TKD (2 g/ mL) and low dose interleukin-2 (100 IU/mL),
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were used as effector cells at different effector to target cell (E:T)
ratios ranging from 20:1 to 2:1. Purity of CD3-/CD19-negative NK
cells was greater 95%. Mean values of 3 independent experiments
+ SD were illustrated.
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Fig 6. Sodium-butyrate (SBU) reduced the sensitivity of CX+ tu-
mor cells toward the lytic capacity of natural killer (NK) cells. CX+
and CX— tumor sublines were kept either untreated or were treated
with SBU (0.5 mM for 48 hours). Untreated and treated tumor cells
were used as target cells in a standard 4-hour 5'Cr release assay.
CD3-/CD19-depleted NK cells, stimulated for 4 days with heat shock
protein 70 (Hsp70) peptide TKD (2 wg/mL) and low dose interleukin-
2 (100 IU/mL), were used as effector cells at different effector to
target cell (E:T) ratios ranging from 10:1 to 1:1. Purity of CD3-/CD19-
negative NK cells was greater 95%. Mean values of 3 independent
experiments = SD were illustrated.

Hsp70 membrane expression, did not provide targets for
Hsp70-reactive NK cells. In line with these observations
was the finding that the lower Hsp70 membrane expres-
sion levels remained low after removal of retinoids and
that y-irradiation was unable to enhance Hsp70 mem-
brane expression on retinoid-treated tumor cells.
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