


RESULTS

Gemcitabine [nM]

0 15 25
K Torut U K
30.0%py 31,2%
1 294% .
JC-1 ] P
] ¥
gating s e
QiR
vi P —T T "'é
"S54 100 10! 10?2 |
FL2-A
B RV oV I TRV QIR
$.0% 28,4% P.0% 30,3%
] 1 ps
27,7% L. 29,8% )
N iy 7 s ==
JC-1+CCCP i .l vl o
. ’ = 3 ’ ’
gating J? 3 7
7 (™
’ ]
/
Q1-LR I Q1-LR
1.3% " & 1.0%
T rrrim e T T TTIThT T Trrrmy
0?2 103 106 2
FL2-A
Gemcitabine [nM]
0 15 25
“ 4 red 3 re 4 red
1 86.7% 1 78.0% 1 68.2%
] ] ] /
JC-1 4 e/ i i ey | . 5 il
<, [ | < | ) <, | B A
: green : green : C 2N
"'.: T T T rrrnr T T T I :‘ T mrrrrmT T LB ARRLS ::: T TTrrrrmT T LR AL
1052 106 107 1072 “105:2 106 10?1072 1052 106 107 1072
FLI-A FLI-A FLI-A
§ red 3
4 0.9% 3
< <
JC-1+CCCP 4 2 3 d 3 e |
: green :
97.3
':: T T rrrrmT T T T TIrraT "‘: T T T Irrnr T T T T IIrIr "'.; | T T TTTTr T T T
052 106 107 1072 052 106 107 1012 “105:2 106 10?7 10?2
FLI-A FLI-A FLI1-A

Figure 14. Influence of HSP27 overexpression on mitochondrial potential upon gemcitabine
treatment using FACS. FACS analyses displaying representative dot blots of dose-dependent Ay,
loss in PL5/hul8 cells treated with gemcitabine at 0, 15, 25 nM for 24 h (the third panel) and con-
trol experiments using CCCP block (the fourth panel). All experiments were repeated at least three
times.
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Figure 15. Statistical analysis of the impact of HSP27 overexpression on mitochondrial
potential upon gemcitabine treatment using FACS. Statistical analyses of three independent

experiments using the Student s t-test (**p <0.01) with error bars representing SEM.

4.10 Heat shock-inducible sensitization of pancreatic cancer cell lines towards

gemcitabine
4.10.1 Heat shock treatment

Heat-shock induces upregulation of HSP27 expression in a wide variety of cells inclu-
ding pancreatic cancer cells [122,166-169]. We therefore asked, whether heat-shock
mediated HSP27 induction would be capable of increasing gemcitabine sensitivity in
a similar manner as did engineered HSP27 overexpression in our model, which would
support potential clinical implications of our study in regard to the combination of
hyperthermia with chemotherapy for pancreatic cancer patients [170-173]. To test this
hypothesis, a panel of established pancreatic cancer cell lines (Capanl, MIA PaCa-2,
Pancl, PLS5, PL11, Su86.86) as well as short-term propagated, early-passage primary
human pancreatic cancer cell lines previously established by us (202, 311, 455, 518,
520, PPC-0039) was screened for heat-shock-inducible HSP27 upregulation along
with minimal heat-shock-induced toxicity. After identification of suitable cell lines,
optimized heat-shock conditions in regard to temperature and duration of heat shock

were defined. At conditions causing only minimal heat-induced toxicity (41.8 °C for
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30 to 120 min, depending on the respective cell line), eight of twelve lines were
HSP27-inducible (PL5, PL11, Su86.86, 202, 311, 455, 518, PPC-0039). Of these, five
lines were picked for subsequent experiments according to their favorable growth

characteristics in cell culture (PL5, PL11, Su86.86, 202, 518).

Of note, due to the optimized heat shock-conditions used in our experiments, we were
able to induce HSP27 without significant concomitant increase of HSP70 or HSP90
expression levels in most cell lines (Fig. 16), excluding HSP70 or HSP90 as a

predominant mechanism for the observed results.
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Figure 16. Mild heat shock-mediated HSP27 induction. Immunoblotting displaying the
expression levels of HSP27, HSP70, and HSP90 in the indicated established and short-term
propagated primary pancreatic cancer cell lines upon heat-shock at 41.8 °C for 0, 15, 30, 60, 90,

120, or 150 min, respectively. -ACTIN served as loading control.
_52-



RESULTS

4.10.2 Effects of gemcitabine treatment in combination with heat-shock

At the previously determined individual time points of maximal heat shock-mediated
HSP27 induction (Tbl. 1), all cell lines displayed increased sensitivity towards
gemcitabine (Fig. 17 A). These results were statistically significant for four out of the
five cell lines tested (PL5, PL11, Su86.86, 202). Similar results were obtained when
excluding the slight detrimental effects of mild heat-shock alone (i.e. when defining
the surviving fraction of cells treated with heat shock but without gemcitabine as
100%) (Fig. 17 B). Taken together, mild heat shock enhanced the sensitivity of
multiple pancreatic cancer cell lines towards gemcitabine, independent of directly

heat-induced detrimental effects.

Cell type Suitable heat shock time points
PL5 60, 90 min

PL11 60, 90 min

Su86.86 90, 120 min

202 30, 60 min

518 60, 90 min

311 30, 60 min

Table 1. Heat shock time points of maximal HSP27 induction.
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Figure 17. Mild heat shock-mediated sensitization of pancreatic cancer cell lines towards
gemcitabine. Proliferation assays comparing the sensitivity towards gemcitabine, with or without
prior heat shock at 41.8 °C for the indicated time points of maximal HSP27 induction, including
(A) or excluding (B) the detrimental effects of heat-shock alone. Error bars represent SEM of at
least three independent experiments. Asterisks mark statistical significance between two samples

using the Student s t-test (*p <0.05 **p <0.01 ***p <0.005).

4.11 Impact of HSP27-overexpression on death receptor-targeting agents

As we unexpectedly found HSP27-dependent gemcitabine sensitivity to be partly
mediated through CASPASE 8, indicating involvement of the extrinsic apoptosis
pathway (Fig. 18 A+B), we asked whether HSP27 overexpression would accordingly

directly influence the cellular sensitivity towards drugs targeting the extrinsic death
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receptor (DR)-pathway. To test this, parental PL5, empty-vector transfected PL5/EV
and two HSP27-overexpressing cell clones (PL5/hul6, PL5/hul8) were treated with
tumor necrosis factor (TNF)-related apoptosis-inducing ligand (TRAIL)
receptor-targeting agents currently tested in clinical trials, specifically the anti-death
receptor 5 (DRS) agonistic antibodies tigatuzumab and LBY135. As determined by
the IC50 ratios, two independently derived HSP27-overexpressing cell clones
(PL5/hul6, PL5/hul8) were approximately three to four-fold more sensitive towards
these drugs than parental or empty-vector transfected (PL5/EV) control cells,
supporting our hypothesis that overexpression of HSP27 not only modulated the
cellular sensitivity towards gemcitabine, but also towards agents directly targeting the

extrinsic DR pathway (Fig. SA+B).
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Figure 18. Influence of HSP27 overexpression on the cellular sensitivity towards DR-targeting
agents. Proliferation assays comparing the sensitivity of PL5, PL5/EV cells versus two
independently derived HSP27-overexpressing cell clones (PL5/hul6, PL5/hul8) towards
DR5-agonistic antibodies tigatuzumab (A), LBY135 (B), respectively at the indicated

concentrations. Evror bars represent SEM of at least three independent experiments.
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S. DISCUSSION

5.1 Summary of the present study

Previously, we have shown that HSP27 expression significantly correlated with better
patient survival in pancreatic cancer in our TMA studies, suggesting that HSP27 could
serve as a prognostic marker in this tumor type. Furthermore, exogenous
overexpression of HSP27 in HSP27 low-expressing PL5 pancreatic cancer cells
conferred increased sensitivity to gemcitabine. Vice versa, HSP27 high-expressing
AsPC-1 pancreatic cancer cells exhibited a significantly increased resistance towards
gemcitabine upon siRNA-mediated HSP27 protein depletion, additionally
substantiating our results from the PL5 overexpression model and further excluding
cell line-specific phenomena or methodological artefacts due to clonal variability

[122].

On the basis of our previous study, the present study served to depict the underlying
mechanism of HSP27-mediated gemcitabine sensitivity in pancreatic cancer cells.
Here we demonstrate that gemcitabine treatment caused an early S-phase arrest
followed by BIM-, mitochondrion- and caspase-mediated apoptosis specifically in
HSP27-overexpressing pancreatic cancer cells. Furthermore, we were able to extend
and generalize our data by showing that mild heat shock-mediated HSP27 induction
increased the gemcitabine sensitivity in a panel of pancreatic cancer cell lines in a
similar manner as did genetically engineered HSP27 overexpression. Finally, our
study unexpectedly revealed that HSP27 overexpression sensitized pancreatic cancer
cells not only towards gemcitabine, but also towards the DRS5-targeting agonistic

antibodies tigatuzumab [174] and LBY 135 [175].

5.1.1 HSP27-mediated gemcitabine-induced S-phase arrest and apoptosis

The predominant cell cycle effect observed in our experiments, i.e. the early S-phase
arrest in HSP27-overexpressing pancreatic cancer cells treated with gemcitabine, is in
concordance with the known pharmacological mechanism of action of gemcitabine:

The nucleoside analogue belongs to the chemotherapeutic group of antimetabolites,
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and, after cell entry and phosphorylation, becomes incorporated into DNA. This DNA
incorporation causes stalled replication forks during replication and consequently
leads to an S-phase checkpoint activation followed by an S-phase arrest [176]. In our
experiments, this S-phase arrest was subsequently followed by caspase-mediated
apoptosis, as illustrated by the activation of the initiator caspases CASPASE 8 and
CASPASE 9 and the executioner CASPASE 3 [177] and confirmed by the virtually
complete abrogation of these effects by a broad caspase inhibitor [161] (Fig. 19).
Thus, the observed gemcitabine-induced pro-apoptotic effects of HSP27
overexpression in pancreatic cancer cells were strictly caspase-dependent in our
experiments, whereas the anti-apoptotic properties of HSP27 in other cancers have
been reported to be mediated partly by caspase-dependent and partly by

caspase-independent mechanisms [89].

Mechanistically, HSP27-dependent gemcitabine-induced apoptosis was accompanied
by activation of BIM (Fig. 19), a pro-apoptotic protein belonging to the BH3-only
group of Bcl-2 family members [178], which has just recently been linked to
gemcitabine sensitivity in pancreatic cancer [179]. The fact that BIM is tightly
involved in mitochondrion-mediated apoptosis [163] is mechanistically substantiated
by our data on gemcitabine-induced mitochondrial membrane potential loss in
HSP27-overexpressing pancreatic cancer cells. Cytoskeleton remodeling represents
one of the major functions of HSP27 besides the regulation of apoptosis [92,93]. Thus,
it is tempting to speculate that HSP27-induced cytoskeleton dissociation of BIM and
its consecutive mitochondrial translocation - the previously described process through
which BIM exerts its pro-apoptotic effects [163,180]-constitutes the initiating event of
HSP27-dependent gemcitabine-induced apoptosis. These pro-apoptotic effects of
HSP27 overexpression probably counteract and potentially outweigh any
anti-apoptotic properties of HSP27 under certain circumstances or in certain subsets
of tumors. This supports our previously established hypothesis of an important
pro-apoptotic role of HSP27 in pancreatic cancer [122], which appears mechani-

stically clearly distinguishable from the well-established anti-apoptotic properties of
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HSP27 in a variety of other cancers [83,90].
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Figure 19. A pro-apoptotic role of HSP27 in pancreatic cancer.

5.1.2 Heat shock-enhanced gemcitabine sensitivity

Experimental studies indicate that heat-shock induces HSP27 expression in a wide
variety of cell types including pancreatic cancer [122,166-169]. Therefore, it appeared
mandatory to test whether heat-shock mediated HSP27 induction would be capable of
increasing gemcitabine sensitivity in a similar manner as did engineered HSP27
overexpression in pancreatic cancer cells. In fact, we were able to demonstrate that
mild experimental heat shock enhanced the sensitivity towards gemcitabine in the
majority of cell lines from a panel of established as well as short-term propagated pri-
mary pancreatic cancer cell lines. Importantly, individual pre-optimization of each cell
line facilitated the definition of particularly mild heat-shock conditions causing only
minimal cellular toxicity, which helped to discriminate the heat shock-induced
increase in cell death upon gemcitabine from potential directly heat-induced

detrimental effects.
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5.2 Clinical prospects about our study
5.2.1 Hyperthermia in cancer

5.2.1.1 Hyperthermia as cancer therapy

Since 1968, heating was reported to be used in cancer treatment [181]. Since then,
clinical application of hyperthermia for cancer treatment was rapidly developed. At
present, heat can be introduced through electromagnetic field technique, ultrasound,
or perfusion methods [182]. Clinical hyperthermia is divided into three separate
domains: whole body hyperthermia (WBH), regional hyperthermia (RHT), and local
hyperthermia (including superficial local and interstitial local hyperthermia) (LHT)
[182]. Various modalities of hyperthermia are applied mainly as an addition of
chemotherapy alone [183] or with radiation [182,184]. Of Interest, clinical trials have
shown benefit to add hyperthermia as an effective strategy in various tumor entities
such as soft-tissue sarcoma [185], breast cancer [186], non-small cell lung cancer

[187], pancreatic cancer [170,172,173].

Although hyperthermia has proven effective to enhance sensitivity towards certain
drugs or radiation in various cancers [183,188,189], several obstacles need to be
overcome. First, the optimum temperature and duration of hyperthermia for clinical
purposes are not sufficiently known [190]. Second, the molecular mechanism, through
which hyperthermia increases the cellular sensitivity towards chemotherapy or
radiation has not yet been sufficiently clarified [183,191-193]. Third, thermotolerance
[194] has been an obstacle for adapting hyperthermia as a standard regimen [195], and

the mechanism remains unclear.

5.2.1.2 Effects of hyperthermia in combination with gemcitabine in our

experiments

Our data showing heat shock-inducible sensitization of pancreatic cancer cell lines
towards gemcitabine, further underscore the concept of clinical trials applying

treatment protocols including regional hyperthermia in combination with gemcitabine
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for pancreatic cancer patients and provide a novel molecular mechanism for the
clinically established value of this combination [170-173], i.e. hyperthermia-mediated
HSP27 induction and consecutive increased cellular sensitivity towards gemcitabine.
Of note, while most studies concentrate on the role of other HSPs, particularly of
HSP70, as critical mediators of the molecular effects observed upon hyperthermia
[183], the effects described in our study were elicited in a HSP70- and
HSP90-independent manner, as can be derived from the optimized heat shock
conditions, allowing HSP27 induction without significant concomitant increases of

HSP70 or HSP90 expression in our experiments.

5.2.2 HSP27 as a predictive marker for gemcitabine treatment

Pancreatic cancer is a highly aggressive cancer and is clinically characterized by early
metastatic growth, extensive drug-resistance, and high rates of recurrence [5,6].
During the past ten years, numerous chemotherapeutic and molecularly targeted
agents have been evaluated alone or in combination in clinical trials. Despite
encouraging recent advances [15,16], gemcitabine - introduced more than 15 years
ago - remains the standard therapeutic basis in most clinical settings [14]. Due to the
common primary or acquired resistance of pancreatic cancer cells towards
gemcitabine [32], predictive markers for chemotherapeutic response are urgently
needed [196,197]. Various potentially predictive biomarkers have previously been
reported, including carbohydrate antigen 19-9 (CA19-9) [72,73], human equilibrative
nucleoside transporter-1 (hENTI1) [60], deoxycytidine kinase (dCK) [74],
ribonucleotide reductase subunits (RRM1 [75] and RRM2 [63], Notch3 [76], Hu
protein antigen R (HuR) [77], microRNA expression [78] or heat shock protein 27
(HSP27). Still, none of these markers has yet proven sufficiently robust to achieve
clinical implementation in the gemcitabine-based treatment of pancreatic cancer.
Particularly, the role of HSP27 as a predictive marker for gemcitabine sensitivity
remained controversial [90,122,138]. Our study now substantiates a role for HSP27 as

a predictive marker for gemcitabine sensitivity in pancreatic cancer.
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5.3 Novel finding: the pro-apoptotic role of HSP27 in pancreatic cancer

Unexpectedly, we found that gemcitabine-induced HSP27-dependent apoptosis was
mediated partly through CASPASE 8, representing the initiator caspase upon extrinsic
DR stimulation [198]. This indicated a potential cross-talk between the extrinsic and
intrinsic  apoptosis pathways. A highly similar extrinsic/intrinsic crosstalk,
functionally linking BIM- and mitochondrion-dependent intrinsic apoptotic signaling
(both observed in our experiments) to the extrinsic DR cascade, has previously been
reported in a different experimental setting [199]. Consequently we asked, whether
HSP27 overexpression influenced sensitivity not only towards gemcitabine but addi-
tionally towards drugs directly targeting the extrinsic DR pathway. In fact, we found
that HSP27-overexpressing cells displayed an increased sensitivity towards the
DR5-agonistic antibodies tigatuzumab and LBY 135, thus potentially identifying a
new predictive marker of therapeutic response towards this drug class in pancreatic
cancer. In this context, it will be important to test in future studies, whether
heat-shock-mediated HSP27 induction increased sensitivity not only towards
gemcitabine, as shown here, but similarly also towards DR-targeting drugs in
pancreatic cancer. Recent studies already support this hypothesis, reporting
hyperthermia to enhance apoptosis induced by TRAIL or the DR4-targeting

mapatumumab in colon cancer cells in vitro and in vivo [200,201].

5.4 Conclusion and future prospects

In summary, we identified and mechanistically characterized a novel link between
HSP27 expression and gemcitabine sensitivity in pancreatic cancer cells. In contrast
to the well-established anti-apoptotic roles of HSP27, our study revealed clearly
distinguishable pro-apoptotic functions of HSP27 in certain subsets of cancer cells.
This could have direct clinical implications: First, HSP27 might serve as a predictive
marker of therapeutic response towards gemcitabine or DR-targeting drugs in
stratifying pancreatic cancer patients for tailored drug administration. Second, our
data further substantiate the molecular basis for clinical trials applying combinations
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of gemcitabine and regional hyperthermia for the treatment of pancreatic cancer
[170-173]. Likewise, the combination of hyperthermia with TRAIL-receptor targeted
therapies appears to represent a promising avenue to be further developed in future

studies [200,202,203].
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6. TABLES AND FIGURES

Table 1. Heat shock time points of maximal HSP27 induction.

Figure 1. Metabolism of gemcitabine.

Figure 2. Map of pcDNA 3.1.

Figure 3. Detection of mycoplasma contamination.

Figure 4. Detection of JNK and p38 during HSP27-dependent gemcitabine-induced
apoptosis.

Figure 5. HSP27 knockdown- mediated gemcitabine sensitivity in AsPcl cells.
Figure 6. HSP27-overexpression-mediated gemcitabine sensitivity through early
S-phase arrest.

Figure 7. HSP27-overexpression-mediated gemcitabine sensitivity through
consequent apoptosis.

Figure 8. HSP27-dependent gemcitabine sensitivity through apoptosis.

Figure 9. Activation of PARP and caspases during HSP27-dependent
gemcitabine-induced apoptosis.

Figure 10. Reversal of HSP27 overexpression-mediated gemcitabine sensitivity
through caspase inhibition.

Figure 11. Modifications of apoptosis mediators in HSP27-dependent gemcitabine
sensitivity.

Figure 12. Influence of HSP27 overexpression on mitochondrial potential upon
gemcitabine treatment using fluorimetric measurements.

Figure 13. Influence of HSP27 overexpression on mitochondrial potential upon
gemcitabine treatment using fluorescence imaging.

Figure 14. Influence of HSP27 overexpression on mitochondrial potential upon
gemcitabine treatment using FACS.

Figure 15. Statistical analysis of the impact of HSP27 overexpression on
mitochondrial potential upon gemcitabine treatment using FACS.

Figure 16. Mild heat shock-mediated HSP27 induction.

Figure 17. Mild heat shock-mediated sensitization of pancreatic cancer cell lines
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towards gemcitabine.
Figure 18. Influence of HSP27 overexpression on the cellular sensitivity towards
DR-targeting agents.

Figure 19. A pro-apoptotic role of HSP27 in pancreatic cancer.
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7. ABBREVIATIONS

Tissue-microarray, TMA;

Carbohydrate antigen 19-9, CA19-9;

Epidermal growth factor receptor, EGFR;

Human epidermal growth factor receptor type 2, HER2;
Vascular endothelial growth factor, VEGF;
Deoxycytidine kinase, dCK;

Ribonucleotide reductase, RR;
Deoxyribonucleoside triphosphate, ANTP;
Cytidine deaminase, CDA;

5’-nucleotidase, 5°-NT;

Deoxycytidine monophosphate deaminase, DCTD;
Deoxycytidine triphosphate, dCTP;

Human equilibrative nucleoside transporter, hENT;
Human concentrative nucleoside transporter, hCNT;
Multidrug resistance protein, MRP;

Focal adhesion kinase, FAK;

Hu protein antigen R, HuR;

Heat shock protein, HSP;

Small HSPs, sHSPs;

Heat shock transcription factors, HSFs;
MAPK-activated protein kinase-2, MK2;

Protein kinase C, PKC;

Protein kinase D, PKD;

Apoptosis signal-regulating kinase, ASK1;
Supramolecular vesicular aggregates, SVAs;
Tissue microarray analyses, TMA;

Fetal calf/bovine serum, FCS/FBS;

Penicillin/streptomycin, P/S;
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Dulbecco's Modified Eagle Medium, DMEM,;
Roswell Park Memorial Institute medium, RPMI;
Radio Immuno Precipitation Assay, RIPA;

Phosphate Buffered Saline, PBS;

Bovine serum albumin, BSA;

Sodium dodecylsulfate, SDS;

Hydroxyethyl piperazineethanesulfonic acid, HEPES;
Ethidium Bromide, EB;

Dimethyl sulfoxide, DMSO;

Mitochondrial membrane potential, Ayy;

5,5, 6, 6’-tetrachloro-1, 1°, 3, 3’-tetraethyl-benzimidazolocarbocyanine iodide, JC-1;
Carbonyl cyanide 3-chlorophenylhydrazone, CCCP;
Tetramethylethylenediamine, TEMED;
Polyvinylidene Difluoride, PVDF;
Phenylmethanesulfonyl fluoride, PMSF;

Ethylene glycol tetraacetic acid, EGTA;
Ethylenediaminetetraacetic acid, EDTA;
Fluorescence-activated cell sorting, FACS;
Polymerase chain reaction, PCR;

Room temperature, RT;

Propidium iodide, PI;

Round per minute, RPM;

Enzyme-linked immunosorbent assay, ELISA;
Polyethylenimine, PEI;

Poly (ADP-ribose) polymerase, PARP;

Tumor necrosis factor (TNF)-related apoptosis inducing ligand, TRAIL;
The half maximal inhibitory concentration, ICs;

The maximal inhibitory concentration, ICjo;
Fas-Associated protein with Death Domain, FADD;

FLICE (FADD-like IL-1B-converting enzyme)-inhibitory protein, FLIP;
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Poly-L-lysine, PLL;
Standard error of the mean, SEM;
C-Jun N-terminal kinases, JNK;

Death receptor, DR.
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8. ZUSAMMENFASSUNG

Das Pankreaskarzinom ist eine hochaggressive maligne Erkrankung mit limitierten
therapeutischen Optionen, insbesondere im metastasierten Stadium. Gemcitabin stellt
hier den therapeutischen Standard dar, allerdings existieren bislang keine belastbaren
pradiktiven Marker, die ein Therapieansprechen vorhersagen. In Vorarbeiten konnten
wir zeigen, dafl das kleine Hitzeschockprotein 27 (HSP27) einen prognostischen und
pradiktiven Marker im Pankreaskarzinom darstellt: So =zeigte einerseits eine
Tissue-Microarray-Analyse eine Korrelation zwischen HSP27-Expression und
verbesserter Uberlebensrate bei Pankreaskarzinompatienten. Andererseits fiihrte die
stabile HSP27-Uberexpression in-vitro in Pankreaskarzinomzellen zu einer erhdhten
Chemosensitivitét spezifisch gegeniiber Gemcitabin, nicht aber gegeniiber anderen im

Pankreaskarzinom gebriduchlichen Chemotherapeutika.

Ziel dieser Arbeit war zum Einen die Etablierung eines RNA-Interferenz
Modellsystems zur Validierung der im Uberexpressionsmodell generierten Daten,
zum Anderen weiterfilhrende mechanistische Untersuchungen zur Charakterisierung
der HSP27-abhdngigen = Chemosensitivierung  gegeniiber ~ Gemcitabin  in

Pankreaskarzinomzellen.

In RNA-Interferenz Modell konnte oben genannte Hypothese untermauert werden,
indem mittels siRNA-vermittelten HSP27-Knockdowns belegt wurde, daB die
Herabregulation von HSP27 zu einer erhohten Gemcitabin-Resistenz in

Pankreaskarzinomzellen fiihrt.

Mechanistische Untersuchungen zu Zellzyklusarrest und Apoptoseinduktion wurden
in stabil HSP27-liberexpremierenden Pankreaskarzinomzellen mittels
Durchflulzytometrie, nukleédrer Farbung, Immunoblotting, Mitochondrienfarbung und
Proliferationsassays durchgefiihrt. Desweiteren wurde Hyperthermie-bedingte
HSP27-Induktion durch zelluldren Hitzeschock bei 41.8°C im Wasserbad simuliert.

Hierdurch  konnte gezeigt  werden, daf Gemcitabine in  stabil
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HSP27-iiberexprimierenden Zellen im Vergleich zu parentalen isogenen
Kontrollzellen einen S-Phase-Arrest, gefolgt von Apoptose, induziert. Letztere wurde
iiber die sub-Gl-Fraktion primédr quantifiziert und durch Aktivierung von PARP,
CASPASE 3, CASPASE 8, und CASPASE 9 charakterisiert. Die beobachteten
Effekte waren reversibel durch chemische Caspase-Inhibition. Zusétzlich konnte in
Gemcitabin-behandelten, stabil ~ HSP27-liberexprimierenden  Zellen  eine
Hochregulation von BIM, begleitet durch einen Verlust des mitochondrialen

Membranpotentials, beobachtet werden.

Interessanterweise, da  potentiell auch  klinisch  relevant, zeigten
Pankreaskarzinomlinien, in denen HSP27 mittels Hitzeschock induziert wurde,
ebenfalls eine Gemcitabin-Sensitivierung. Schliesslich konnte nachgewiesen werden,
daB HSP27-Uberexpression eine Sensitivierung nicht nur gegeniiber Gemcitabin,
sondern auch gegeniiber direkt apoptose-induzierenden Agenzien via Death Receptor
5 (DR5) bewirkt. Dies belegt, dal HSP27-abhédngige pro-apoptotische Funktionen
nicht nur {iiber den intrinsischen, sondern auch {iber den extrinsischen

Apoptosesignalweg vermitteln werden konnen.

Zusammengefasst illustriert diese Arbeit komplementdr zu vielen gut untersuchten
anti-apoptotischen Eigenschaften von HSP27 eine neue, bislang unbekannte
pro-apoptotische Rolle von HSP27 in Tumoren, speziell im Pankreaskarzinom, die
sowohl {iiber den intrinsischen als auch den extrinsischen Apoptosesignalweg
vermittelt wird. Dies legt nahe, daB HSP27 einen pridiktiven Marker fiir das
Therapieansprechen auf Gemcitabin oder direkt apoptose-induzierende Agenzien
beim Pankreaskarzinom darstellen konnte. Desweiteren definieren diese Daten eine
neue molekulare Grundlage fiir klinische Studien zur Kombination von Hyperthermie

mit Gemcitabine fiir Patienten mit dieser Erkrankung.
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