
Abstract. Cancer development is associated with the high
mobility group box protein 1 (HMGB1), which modulates
the transcriptional activity in the nucleus, but it is also present
in the cytoplasm and outside the cell in certain conditions. As
the progression of lung cancer is supported by mitogenic
stimuli of stromal fibroblasts, we studied the impact of lung
fibroblasts (WI-38) on the expression and localization of
HMGB1 in lung epithelial cancer cells (H358). HMGB1 was
mainly localized in the nucleus of non-mitotic H358 cells but
highly distributed in the cytoplasm of mitotic cells. Conditioned
medium (CM) from WI-38 fibroblasts enhanced the expression
of HMGB1 at the mRNA and protein level compared to the
control CM from H358 cells. In particular, the amount of
cytoplasmic HMGB1 was elevated in response to fibroblast
CM, which was reduced by inhibiting the basic fibroblast
growth factor with blocking antibodies. Although cytoplasmic
HMGB1 can be released from the cell, we did not determine a
significant amount of extracellular HMGB1 in these conditions.
This might partially be based on the sensitivity of HMGB1 to
extracellular proteases as CM caused fast proteolysis of the
cytoplasmic HMGB1 preparations. Our data suggest that
diffusible factors of fibroblasts support the biological
function of cancer cells via HMGB1 activation.

Introduction

High mobility group box protein 1 (HMGB1) was identified
as a non-histone DNA-binding protein that functions as a
structural compound in the nucleus of somatic cells (1).
HMGB1 binds to the minor groove of linear DNA modulating
the transcriptional activity of various transcription factors
including p53, nuclear factor (NF)κB, steroid hormone
receptors and homeobox-containing proteins (2). Due to a
strong promoter, HMGB1 can be transcribed at extremely

high levels, however, a silencer element upstream of the
promoter holds HMGB1 transcription at a basal stage under
normal conditions (3). Although the expression of HMGB1 is
under strict developmental control (4,5) and essential for
animal survival (6), HMGB1 is apparent in several mature
cells (7-9) as well as in transformed cells (10,11). In cancer
cells, HMGB1 supports cell transformation, growth and
cellular resistance (11-13). For this reason, HMGB1 seems to
be a crucial factor in cancer development.

The nuclear localization of HMGB1 suggests its main
function as a co-transcriptional factor. Moreover, HMGB1 is
diffusely distributed in the cytoplasm and can be actively
released into the extracellular milieu. Monocytes and macro-
phages are primarily shown to secrete HMGB1 in response to
inflammatory stimuli (14). However, several other cell types
have been identified to store HMGB1 in the cytoplasm (15,16)
and subsequently to release HMGB1 depending on the state
of the cell (4,17-20). Extracellular HMGB1 acts either as a
cytokine-like factor in pathophysiological conditions
(reviewed in ref. 21) or as an autocrine/paracrine factor in
non-pathophysiological conditions (reviewed in ref. 22).
Active secretion of HMGB1 requires the execution of a
cellular program independent of the classical secretion path-
way via endoplasmic reticulum and Golgi apparatus as
HMGB1 lacks the classical secretion signal peptide. Detailed
mechanisms responsible for HMGB1 secretion from the
cytosol are only partially understood and seem to differ
depending on the type of cell (14,17). Besides regulated
secretion, HMGB1 can be passively released from the cell
upon necrotic cell death thereby triggering systemic
inflammation (23). Extracellular HMGB1 molecules mediate
their biological function via binding to various interaction
partners, such as plasminogen, syndecan-1 and certain cell
surface receptors (24,25). One of the HMGB1-binding
receptors is RAGE (26), which was first described as a
receptor for advanced glycation end products (AGEs) (27).
As the multiligand receptor RAGE is highly expressed in
lung epithelium, it is suggested as the pivotal surface
molecule interacting with extracellular HMGB1 in the lung
(26).

The function of epithelial cells in lung tissue can be
modified by adjacent fibroblasts of the mesenchyma.
Therefore, epithelial-mesenchymal interactions are suggested
to play a fundamental role in a number of biological processes
including lung development and repair (28,29). As a result of
these cell-cell interactions, various regulatory molecules are
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induced that can be classified as transcription factors,
signaling molecules, extracellular matrix proteins and their
specific receptors (29). In contrast to normal processes, an
abnormal activation of fibroblasts destroys the physiological
balance between both types of cells and consequently normal
tissue function (30-32). In this context, fibroblasts are highly
discussed as participating in the development and resistance
of epithelial tumors including lung carcinomas (33).

One of the regulatory molecules involved in the very
complex process of epithelial-mesenchymal cell interactions
may be HMGB1 as it contributes to a large number of
processes critical for normal as well as malignant tissues.
Therefore, we analyzed the impact of lung fibroblasts on the
expression and localization of HMGB1 in lung epithelial
cancer cells.

Materials and methods

Cell lines, culture conditions and treatment. The human lung
epithelial cell lines H358, H322 and A549 as well as the
primary embryonic lung fibroblasts WI-38 (ATCC cell bank;
Manassas, VA, USA) were studied. Moreover, we used H358
cells stably overexpressing RAGE (34). All cells were
cultured in Dulbecco's modified Eagle's medium (DMEM)
supplemented with 10% fetal calf serum (FCS), 100 units/ml
penicillin and 100 μg/ml streptomycin (Invitrogen; Karlsruhe,
Germany) at 37˚C in a 10% CO2 atmosphere. Three days after
culture, conditioned medium was taken from WI-38
fibroblasts and H358 cells that corresponded to 3.5 to 4x105

cells/ml. Moreover, conditioned medium without FCS was
generated from confluent WI-38 and H358 cells and finally
adjusted with DMEM to 4x105 cells/ml. Subconfluent H358
cells were treated for 24 h with conditioned medium from
WI-38 fibroblasts and H358 cells (control), respectively,
which was mixed with one volume of fresh DMEM/10%
FCS. For analysis of HMGB1 in the cell culture supernatant,
confluent H358 cells were treated with one volume of the
FCS-free conditioned medium in fresh DMEM. To detect the
passive release of HMGB1 by induction of necrotic cell
death, H358 cells were simultaneously incubated with 10 mM
hydrogen peroxide and a protease inhibitor mix (Sigma;
Deisenhofen, Germany) for 4 h. Mouse monoclonal antibodies
against the basic fibroblast growth factor (bFGF; 10 μg/ml
clone bFM-1; Upstate; Lake Placid, NY) were applied for
neutralizing bFGF in conditioned media.

Protein preparations. Total protein from treated cells was
prepared by use of SDS lysis buffer (10 mM Tris-HCl, 2%
SDS, protease inhibitor mix; pH 7.4). Cytoplasmic protein
was isolated after permeabilizing the cells in HEPES buffer
(20 mM HEPES, 10 mM NaCl, 120 mM KCl, 1 mM
KH2PO4, 1 mM MgCl2, 1 mM Na2EDTA; pH 7.2) containing
0.5% nonidet NP-40 and protease inhibitor mix. After 5 min
of incubation on ice, the cytoplasmic protein fraction was
cleared by centrifugation. For analysis of extracellular
HMGB1, protein was isolated from conditioned medium by
use of methanol-chloroform-H2O precipitation. Briefly, four
volumes methanol, one volume chloroform and three volumes
H2O were added to the conditioned medium and carefully
mixed. After centrifugation at 5000 x g for 15 min, the

interphase plus organic phase was mixed with 3 volumes
methanol. The precipitated protein was spun down at 5000 x g
for 15 min and finally dissolved in SDS lysis buffer. Protein
concentration was measured by the BCA protein assay
(Pierce; Rockford, IL, USA). For proteolysis of HMGB1,
cytoplasmic protein of the cells was isolated in ice-cold
incubation buffer (50 mM Tris-HCl, 150 mM NaCl, 5 mM
CaCl2, 0.05% Brij35; pH 7.5). Cells were disrupted by passages
through a 25 G1 needle, and the preparation was cleared by
centrifugation. The remaining cytoplasmic fraction was
incubated with conditioned medium (as described above) or
serum-free solution containing matrix metalloproteinases
(MMP)-2 and MMP-9 (AG771; Chemicon; Harrow, UK) for
30 min at 37˚C and thereafter stopped by denaturation at
95˚C. Increasing concentrations of Na2EDTA were added to
block MMPs.

Immunoblot analysis. Protein samples were mixed with 4X
loading buffer (500 mM Tris-HCl, 40% glycerol, 8% SDS,
80 mM DTT, 4 mM Na2EDTA, 0.1% bromophenol blue;
pH 7.4), boiled for 2 min and immediately subjected to SDS
polyacrylamide gel electrophoresis. Thereafter, proteins were
electroblotted onto nitrocellulose membranes (Schleicher &
Schüll; Dassel, Germany), blocked with 6% non-fat dry milk
in TBS-T buffer (50 mM Tris-HCl, 300 mM NaCl, 0.15%
Tween-20; pH 7.5) and incubated with the respective primary
antibodies. Rabbit polyclonal antibodies against HMGB1
(BD Pharmingen; San Diego, CA, USA) and GAPDH
(Abcam; Cambridge, UK) were applied in TBS-T buffer.
Primary antibodies were detected by horseradish peroxidase-
conjugated secondary antibodies (Dianova; Hamburg,
Germany) and subsequently visualized by the enhanced
chemiluminescence substrate solution ECLplus (Amersham;
Buckinghamshire, UK). Equal protein loading per lane of the
SDS polyacrylamide gel was controlled after staining of the
total protein in a coomassie blue staining solution (50%
methanol, 10% acetic acid, 0.005% coomassie blue). All
visualized signals were densitometrically estimated by use of
the LAS 3000 computer-based imaging system (Fuji Film;
Tokyo, Japan) equipped with AIDA 3.5 software (Raytest;
Straubenhardt, Germany).

Preparation and expression analysis of RNA. Total RNA was
extracted using RNeasy columns (Qiagen, Hilden, Germany).
The RNA concentration was calculated from the absorption
at 260 nm by use of the ND-1000 spectrophotometer
(NanoDrop; Wilmington, DE, USA) and subsequently reverse
transcribed into cDNA with random hexamer primers and
Superscript II™ reverse transcriptase (Invitrogen; Karlsruhe,
Germany). Polymerase chain reaction (PCR) was performed
with a commercial PCR mix (Promega; Mannheim, Germany)
and human hmgb1-specific primers (sense: 5' GGA GAG
ATG TGG AAT A 3'; antisense: 5' GGG AGT GAG TTG
TGT A 3'). An equal quantity of synthesized cDNA was
determined by amplification of GAPDH (sense: 5' CAT CAC
CAT CTT CCA GGA GCG 3'; antisense: 5' TGA CCT TGC
CCA CAG CCT TG 3'). PCR was performed after initial
denaturation at 95˚C for 2 min, 30 sec at 95˚C, 20 sec at
primer annealing, and 30 sec at 72˚C in a Mastercycler®

(Eppendorf; Hamburg, Germany). After PCR amplification
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and gel electrophoretic separation, the intensity of all PCR
products was evaluated using the LAS 3000 computer-based
imaging system and AIDA 3.5 software. Prior to quantitative
analyses, the cycle-to-cycle efficiency of the PCR amplifi-
cation was assessed ensuring PCR investigations in the
exponential phase of the reaction. Finally, the mRNA
expression values were calculated as the ratio per 18S rRNA.

Immunocytochemistry. Cells grown on glass coverslips were
washed with PBS, fixed in phosphate-buffered 4%
formaldehyde for 10 min at 4˚C. After membrane permea-
bilization with 0.5% Nonidet NP-40, cells were blocked with
10% goat serum albumin and stained for 1 h with the primary
rabbit HMGB1 antibody (1:100 in PBS) at room temperature.
Antibody detection was performed with the goat Alexa Fluor
anti-rabbit IgG secondary antibody (Molecular Probes
Europe; Leiden, Netherlands) and fluorescence microscopy
equipped with a Spot RT camera (Zeiss; Jena, Germany).
Moreover, RAGE was detected by immunocytochemistry in
accordance with the protocol described previously (34).
Omission of the primary antibody served as a negative

control. Nuclei were visualized by DNA staining with the
fluorochrome 4',6-diamidino-2-phenylindole dihydrochloride
(DAPI; Molecular Probes Europe). Slides were embedded in
Mowiol mounting medium (Merck; Bad Soden, Germany). 

Statistics. The significance of comparison of the mean values
was determined by the Student's t-test (SigmaStat software;
Jandel Corp., San Rafael, CA, USA). Data reported are the
means ± SEM with P≤0.05 indicating a significant difference
of mean data.

Results

HMGB1 expression and localization in human lung epithelial
cells and fibroblasts. Protein analyses of several lung
epithelial cell lines revealed HMGB1 expression in H358,
H322 and A549 cells (Fig. 1A). Subsequent immunocyto-
chemistry indicated the primary location of HMGB1 in the
nucleus of these epithelial cells. In contrast, the cytoplasmic
localization of HMGB1 was less detectable in quiescent cells
but prominent in mitotic cells (Fig. 1B). The primary lung
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Figure 1. (A) Immunoblot detection of HMGB1 in different human lung epithelial cell lines (H358, A549, H322) and lung fibroblasts (WI-38). Protein
loading is shown after coomassie blue staining of the SDS polyacrylamide gel and, additionally, after immunoblot detection of GAPDH. (B) Immuno-
fluorescence staining indicates the cellular localization of HMGB1 in A549 and H358 cells. Condensed nuclear DNA of mitotic cells (arrow) is visible after
DAPI staining.

Figure 2. (A) mRNA detection by RT-PCR indicates the level of HMGB1 in H358 cells treated with conditioned medium of fibroblasts (WI-38 CM)
compared with conditioned medium from control H358 cells (CO CM). All data are given as the mean ± SEM (n=5). (B) Representative PCR amplifications
of HMGB1 are shown for two different preparations of conditioned medium from fibroblasts (WI-38 CM#1, #2) and control conditioned medium (CO CM).
RT-PCR of GAPDH mRNA indicates equal RNA loading per lane. CM, conditioned medium.
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fibroblasts WI-38 also expressed HMGB1 protein (Fig. 1A),
which was mainly localized in the nucleus as well (data not
shown).

Impact of fibroblasts on the level of HMGB1 in lung
epithelial cells. We used the cell line H358 for further studies
on the influence of fibroblasts on epithelial HMGB1. As
summarized in Fig. 2, cultivation of H358 cells in conditioned
medium from WI-38 fibroblasts resulted in a slightly increased
mRNA expression of HMGB1. This moderate up-regulation
of HMGB1 mRNA was confirmed at the protein level by

analyzing total protein fractions (Fig. 3A). However, the
individual isolation of cytoplasmic protein fractions revealed
a stronger increase in HMGB1 located in the cytoplasm of
H358 cells (Fig. 3). Subsequent immunocytochemistry also
indicated a higher amount of cytoplasmic HMGB1 in
response to conditioned medium from WI-38 fibroblasts
compared to control conditioned medium (Fig. 4). This
observation was independent of the nucleo-cytoplasmic
distribution of HMGB1 during mitosis (compare to Fig. 1B).
The additional incubation of H358 cells with an antibody that
blocks the basic fibroblast growth factor (bFGF) impaired the

BARTLING et al:  HMBG1 IN LUNG EPITHELIAL CANCER CELLS 220

Figure 3. (A) Impact of conditioned medium from fibroblasts (WI-38 CM) on the level of total and cytoplasmic HMGB1 protein in H358 cells compared with
conditioned medium from control H358 cells (CO CM). All data are the means ± SEM (n=4). (B) Representative HMGB1 immunoblots of the cytoplasmic
protein fraction are shown for two different preparations of conditioned medium from fibroblasts (WI-38 CM#1, #2) and control conditioned medium (CO
CM). Total protein was loaded as a positive control. GAPDH detection indicates the protein loading per lane. CM, conditioned medium.

Figure 4. Immunofluorescence staining of HMGB1 in the nucleus and partially in the cytoplasm after treatment of H358 cells with two preparations (#1, #2)
of control conditioned medium (CO CM) and conditioned medium from WI-38 fibroblasts (WI-38 CM). The respective bright field images are shown to the
left. CM, conditioned medium.
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level of cytoplasmic HMGB1, which was only observed for
the conditioned medium from WI-38 fibroblasts but not the
conditioned medium from H358 controls (Fig. 5).

Extracellular HMGB1 of lung epithelial cells. As cytoplasmic
HMGB1 can be secreted, we also studied HMGB1 in cell
culture supernatants of H358 cells. Firstly, we analyzed the
basic level of HMGB1 in conditioned media from WI-38 and
H358 cells but did not find a detectable amount of free
extracellular HMGB1 (data not shown). One reason could
have been the fast degradation of HMGB1 by extracellular
proteases. To test this hypothesis, we investigated the impact
of conditioned media and matrix metalloproteinases (MMPs)
on HMGB1 degradation. Indeed, cytoplasmic HMGB1
protein was highly degraded by preparations containing
MMP-2/-9 as well as by conditioned media containing
serum, which was delayed by adding EDTA (Fig. 6A).

As the culturing of H358 cells in the presence of EDTA or
general protease inhibitors greatly affected the viability and
HMGB1 release (data not shown), we established serum-free
conditioned media from WI-38 fibroblasts and H358 cells
which had been preincubated at 37˚C for 1 h to allow the
complete degradation of potential extracellular HMGB1 (0 h;
Fig. 6B). The subsequent treatment of H358 cells with these
medium preparations resulted in a very small amount of free
extracellular HMGB1 in response to conditioned medium from
fibroblasts compared with control medium (24 h; Fig. 6B).
However, despite the excessive amount of treated H358 cells,
we identified in a minor number of experiments a detectable
level of extracellular HMGB1. In contrast, necrotic cell death
induction with hydrogen peroxide induced an apparent
release of HMGB1 (H2O2; Fig. 6B). As these data suggested
a negligible amount of secreted HMGB1 in physiological
conditions, we additionally investigated H358 cells over-
expressing the HMGB1-binding surface receptor RAGE. Co-
staining of non-nuclear HMGB1 and RAGE by immuno-
fluorescence identified only few co-localization events of
HMGB1 and RAGE in single cells but no co-localization
events in confluent cells (Fig. 6C).

Discussion

Stromal fibroblasts of the lung tissue can variably affect the
function of lung epithelial cells (29). Depending on their
cellular state, fibroblasts are suggested to stabilize the
function of the epithelium in normal conditions but alter its
function in pathophysiological conditions. In lung cancer and
other carcinomas, fibroblasts have been shown to contribute
to the initiation, progression and resistance of tumors (33,35).
Our previous research supported these results as lung fibro-
blasts caused a mitogenic stimulation of the lung epithelial
cell line H358 (34). This was not only associated with an
enhanced proliferation but also with less spontaneous cell
death (36).

By using the same experimental model, we now revealed
that fibroblast factors cause an increase in HMGB1 at the
mRNA and protein level in H358 lung carcinoma cells. As
HMGB1 is a direct c-Myc target gene involved in the Myc-
mediated neoplastic transformation and cellular proliferation
(12,37,38), our data emphasizes the potential relation
between epithelial-mesenchymal interactions and HMGB1 in
cancer development. Although the expression of HMGB1 is
not up-regulated in human lung carcinomas (39) contrasting
with other types of cancer (11,13), HMGB1 was already
detectable at a basal level in each studied lung cancer cell line.

On the basis of this and the further increase in HMGB1 in
response to fibroblasts, our data also support the potential
role of HMGB1 in mediating cellular resistance. In this
context, it has been shown that not only fibroblast growth
factors (40-43) but also HMGB1 protects somatic cells
against different death stimuli including ultraviolet radiation,
chemotherapeutics and caspase-induced apoptosis (10,11,13).
One critical downstream mechanism involved in this
HMGB1-mediated cell resistance is the activation of NFκB
and subsequent stimulation of the NFκB target gene product
c-IAP2, a potent inhibitor of the caspases -9 and -3 (13).

As mentioned above, fibroblasts already up-regulated
HMGB1 at the mRNA level indicating that gene transcription
and/or mRNA stability of HMGB1 contribute to its increased
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Figure 5. (A) Level of cytoplasmic HMGB1 protein in H358 cells in response to conditioned medium from fibroblast (WI-38 CM) or control H358 cells (CO
CM), which was simultaneously treated with a blocking anti-bFGF antibody. All data are the means ± SEM (n=6). (B) HMGB1 immunoblots of the
cytoplasmic protein fraction are shown for representative samples incubated with and without the anti-bFGF-treated conditioned medium. Protein staining of
the SDS polyacrylamide gel indicates equal protein loading per lane. CM, conditioned medium.
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protein level in H358 lung epithelial cells. Although several
transcription factors (p73a, nuclear factor-1, CCAAT-binding
transcription factor-2 and STAT transcription factors) as well
as the abundance of three mRNA transcripts have been
reported (44), it is not yet clear which are likely to regulate
the level of epithelial HMGB1 due to diffusible factors of
fibroblasts.

The primary detection of HMGB1 in the nucleus of
several lung epithelial cell lines emphasizes the major
function of HMGB1 as a chromatin compound. As HMGB1
modulates a large number of DNA-binding factors (2), an
increased level of HMGB1 might cause multiple cellular
changes. Moreover, we demonstrated that HMGB1 is localized
in the cytoplasm of the lung epithelial cells, particularly
during mitosis of the cells. Our observations are consistent
with recent publications demonstrating that HMGB1 is not
only present as a DNA-bound but also as a free form, which
dissociates from chromosomes during mitosis (45).
Correspondingly, nuclear HMGB1 is absent during DNA
replication in the regenerating liver and primary hepatoma
(16).

The nucleo-cytoplasmic distribution of HMGB1 is tightly
controlled by two nuclear localization signals, two putative
nuclear export signals (46,47) and posttranslational phos-
phorylations (48). HMGB1 can be phosphorylated by distinct
protein kinases (PK) [Ca2+-phospholipid-dependent PK (49),
PKCs α/ß/γ and creatine kinase I (50)], and the phos-
phorylation of HMGB1 directs its cellular distribution
towards the cytoplasm (48). In addition, in lung epithelial
cells, fibroblast factors caused a stronger increase in HMGB1
in the cytoplasmic compared to the total protein level.
Although fibroblast factors provoke numerous phosphoryl-
ation events in epithelial cells, such as the phosphorylation of
the protein kinases Akt and p70S6 (36), current literature has
not yet revealed a potential role of HMGB1-specific kinases
in similar experimental models. Besides it is largely unknown
whether HMGB1 executes active processes in the cytoplasm.

The relative increase of the cytoplasmic per total HMGB1
protein may, at least in part, result from the dissociation of
nuclear HMGB1 into the cytoplasm during mitosis of
the epithelial cells (16,51). Our previous study clearly
demonstrated a greater (~1.2-fold) proliferation of lung
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Figure 6. (A) Immunoblot of the cytoplasmic fraction containing HMGB1 protein which was incubated without and with MMP-2/-9 solution or cell culture
supernatant (i.e. conditioned medium; CM) in the presence of EDTA for 30 min at 37˚C. (B) Impact of two different preparations of serum-free conditioned
medium from fibroblasts (WI-38 CM #1, #2) compared with control conditioned medium (CO CM) on the extracellular level of HMGB1 after 24 h of
treatment and after additional treatment with hydrogen peroxide for 4 h to generate positive controls (H2O2; in the presence of protease inhibitor mix). The
protein precipitated from the respective cell culture supernatant corresponds to ~106 H358 cells per lane. The analogous protein amount of the conditioned
medium applied for the experiment (CO CM and WI-38 CM#1, #2) was additionally loaded as negative control showing no detectable signal of extracellular
HMGB1 at the beginning of the treatment (0 h). H358 total protein was loaded as another positive control. (C) Immunofluorescence staining of non-nuclear
HMGB1 (green), RAGE (red) and HMGB1-RAGE (yellow; overlay of the images) in RAGE overexpressing H358 cells after 24 h of treatment with
conditioned medium from WI-38 fibroblasts. H358 cells were formaldehyde-fixed without additional cell permeabilization by detergents to prevent the
excessive staining of nuclear HMGB1 (images I and II).
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epithelial cells in the presence of fibroblasts and conditioned
medium from fibroblasts, respectively, which was less
pronounced by inhibiting the basic fibroblast growth factor
(bFGF) (34). Due to this, the enhanced level of cytoplasmic
HMGB1 was diminished by simultaneous blockade of bFGF.
Nonetheless, the increased amount of the cytoplasmic
HMGB1 was higher than the increased number of proliferating
cells in conditioned media from the fibroblasts, suggesting
further mechanisms, in addition to mitosis, that influence the
nucleo-cytoplasmic distribution of HMGB1.

The cellular localization of HMGB1 is not only modulated
by posttranslational phosphorylation but also by acetylation.
The acetylation of cytoplasmic HMGB1 provokes its storage
in secretory lysosomes with subsequent HMGB1 release via
exocytosis (47). Although this kind of secretion is rather
specific for activated immune cells, HMGB1 can also be
exported from other types of mammalian cells by still
unknown mechanisms (4,17-20). For that reason, we examined
HMGB1 in the culture medium of the H358 lung epithelial
cells but found no significant amount of soluble HMGB1 in
our experimental model. In some experiments we deter-
mined an extremely small amount of extracellular HMGB1,
which results from cells upon necrotic cell death in vitro. As
HMGB1 might be locally exported to the surface of cells
without the extensive appearance of soluble HMGB1, we
additionally studied H358 cells overexpressing the HMGB1-
binding receptor RAGE (27). Although extracellular HMGB1
interacts with a variety of surface molecules (22), the over-
expression of RAGE might direct HMGB1 binding towards
this receptor. However, immunocytochemisty determined
rare co-localization events of RAGE and HMGB1 suggesting
the primary localization of non-nuclear HMGB1 in the
cytoplasm of the H358 cells in these experimental conditions.
In spite of our observation, it is possible that HMGB1 can be
exported from lung epithelial cells in response to stimuli
other than the fibroblast factors.

Another reason for the low incidence of extracellular
HMGB1 in the lung epithelial cells might be based on the fact
that HMGB1 undergoes rapid proteolysis in cell culture
medium. Similar results have been published for the culture
medium of murine erythroleukemia cells (20) and in response
to the tissue-type plasminogen activator/plasminogen system
in neuroblastoma cells (25). As epithelial lung cancer cells
and fibroblasts secrete matrix metalloproteinases (MMPs),
such as MMP-2 (52), and the HMGB1 proteolysis was delayed
by adding MMP-inhibitory EDTA, soluble HMGB1 may be
an MMP target protein. This assumption was confirmed by
another experiment demonstrating the strong degradation of
cytoplasmic HMGB1 in the presence of MMP-2/-9. The
active 10-kDa HMGB1 fragment generated by a serine
protease (20) was not detected in the culture medium of
H358 lung epithelial cells.

In summary, diffusible factors of fibroblasts enhance the
expression of HMGB1 in lung epithelial cancer cells
suggesting an important role of HMGB1 in the fibroblast-
mediated growth and resistance of lung carcinomas. As
epithelial-mesenchymal interactions do not only contribute to
tumor biology, the increased level of the multi-functional
protein HMGB1 may modify further biological processes of
lung tissue supposedly driven by stromal fibroblasts.
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