
Abstract. Background: Gemcitabine (2’-deoxy-2’-
difluorodeoxycytidine: Gemzar) (GEM) appears to be the only
effective anticancer drug for pancreatic cancer, but it has little
impact on outcome due to a high level of inherent and acquired
tumor resistance. Our previous proteomic study demonstrated
that the expression of three spots of heat-shock protein 27
(HSP27) was increased in GEM-resistant pancreatic cancer cells
and could play a role in determining the sensitivity of pancreatic
cancer to GEM. Materials and Methods and Results: In the
present study, using one-dimensional and two-dimensional
Western blotting, we elucidated that these three spots of HSP27
were phosphorylated in GEM-resistant pancreatic cancer cell
line, KLM1-R. Conclusion: Phosphorylated HSP27 may play an
important role in the resistance to GEM, and it could also be a
possible biomarker for predicting the response of pancreatic
cancer patients to treatment with GEM.

The prognosis of patients with pancreatic cancer is still very
poor because of the disease aggressiveness and lack of early
diagnosis and effective therapies (1, 2). Gemcitabine (2’-
deoxy-2’-difluorodeoxycytidine: Gemzar) (GEM) is a
deoxycytidine analogue with structural and metabolic
similarities to cytarabine. Although at the moment GEM
appears to be the only clinically effective drug for pancreatic
cancer, intrinsic or acquired resistance of pancreatic cancer
impacts the therapeutic effect of GEM (3). Our previous

studies investigated protein expression in GEM-resistant and
-sensitive human pancreatic adenocarcinoma cell lines by
proteomics. Two-dimensional gel electrophoresis (2-DE)
showed up-regulated and down-regulated protein spots in
GEM-resistant cell lines compared with GEM-sensitive cell
lines, and they were identified by liquid chromatography-
tandem mass spectrometry and Western blotting. Three
isoform spots of heat-shock protein 27 (HSP27) on 2-DE
were found to be increased in the resistant cell lines
compared with sensitive cell lines. The knock-down analysis
for HSP27 in KLM1-R cells restored sensitivity to GEM, and
increased HSP27 expression in tumor specimens was related
to higher resistance to GEM in patients with pancreatic
cancer (4, 5). Further experiments showed the treatment of
KLM1-R with interferon-γ down-regulated HSP-27 and
increased the cytotoxic effect of GEM on GEM-resistant
KLM1-R cells (6). The aim of our present study was to
clarify the three isoforms identified as HSP27 in GEM-
resistant pancreatic cancer cells.

Materials and Methods

Tumor cell lines and culture conditions. Two human pancreatic
cancer cell lines, GEM-sensitive KLM1 cells and GEM-resistant
KLM1-R cells, were provided by the Department of Surgery and
Science at the Kyushu University Graduate School of Medical
Science. KLM1-R was established by exposing KLM1 cells to GEM,
as described previously (7). The human pancreatic adenocarcinoma
cell lines, MiaPaCa-2 and BxPC-3 were purchased from the
American Type Culture Collection, and Panc-1 was kindly provided
by the Institute of Development, Aging and Cancer at Tohoku
University. Panc-1 and MiaPaCa-2 cells were grown in Dulbecco’s
modified Eagle’s medium with 4 mM L-glutamine adjusted to
contain 1.5 g/l sodium bicarbonate, 4.5 g/l glucose, and 10% fetal
bovine serum (FBS). BxPC-3, KLM1 and KLM1-R cells were grown
in RPMI-1640 medium with 2 mM L-glutamine adjusted to contain
1.5 g/l sodium bicarbonate, 4.5 g/l glucose, 10 mM HEPES, 1.0 mM
sodium pyruvate, and 10% FBS. Cells were incubated in a
humidified atmosphere containing 5% CO2 at 37˚C (5).
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Sample preparation. Cells were homogenized in lysis buffer (50 mM
Tris-HCl, pH 7.5, 165 mM sodium chloride, 10 mM sodium fluoride,
1 mM sodium vanadate, 1 mM phenylmethylsulfonyl fluoride, 10
mM EDTA, 10 μg/ml aprotinin, 10 μg/ml leupeptin, and 1% NP-40)
on ice. Suspensions were incubated for 1 h at 4˚C, centrifuged at
21,500 ×g for 30 min at 4˚C, and the supernatants were stored at
–80˚C until use (8).

Two-dimensional gel electrophoresis (2-DE). Eighty micrograms of
protein were used for each 2-DE. For the first dimension,
isoelectric focusing (IEF) was performed in an IPGphor 3 IEF unit
(GE Healthcare, Buckinghamshire, UK) on 11 cm, immobilized,
pH 3-10 linear gradient strips (BIO RAD, Hercules, CA, USA) at
50 μA/strip. Samples were mixed with 200 μl of rehydration buffer
(8 M urea, 2% CHAPS, 0.01% bromophenol blue, 1.2% Destreak
reagent (GE Healthcare) and 0.5% IPG buffer (GE Healthcare) and
loaded into the IPGphor strip holder (GE Healthcare). IEF was
performed using the following voltage program: rehydration for 10
h (no voltage), a stepwise increase from 0 to 500 V for 4 h, 500 to
1,000 V for 1 h, 1,000 to 8,000 V for 4 h, a linear increase from
8,000 V for 20 min, and a final phase of 500 V from 20,000 to
30,000 Vh. In the second dimension, SDS-PAGE was performed on
a precast polyacrylamide gel with a linear concentration gradient
of 5-20% (BIO RAD), run at 200 V(9).

Fluorescent gel staining. Agitation was carried out at all stages. After
2-DE, the gels were subjected to fixing solution with 40% ethanol
and 10% acetic acid for 2 h. The gels were stained with a fluorescent
gel staining, Flamingo™ Fluorescent Gel Stain (BIO RAD)
overnight. Stained gels were washed with Milli-Q water three times.

In-gel digestion and liquid chromatography-tandem mass
spectrometry (LC-MS/MS). The procedures of in-gel digestion and
LC-MS/MS are described at length elsewhere (4).

Western blot analysis. Fifteen micrograms of protein were used for
both 1-DE and 2-DE Western blotting, respectively. After
electrophoresis, gels were transferred electrophoretically onto PVDF
membranes (Immobilon-P; Millipore, Bedford, MA, USA) and
blocked for 1 h at room temperature with TBS containing 5%
skimmed milk. Primary antibodies were anti-HSP27 monoclonal
antibody (Santa Cruz Biotechnology, Santa Cruz, CA, USA), and
anti-phospho-HSP27 rabbit polyclonal antibody (Ser15, Ser78, Ser82)
(Cell Signaling Tech., Beverly, MA, USA). Membranes were
incubated with the primary antibody overnight at 4˚C, washed three
times with TBS containing 0.05% Tween-20 and once with TBS, and
then incubated with a horseradish peroxidase-conjugated secondary
antibody (dilution range 1:5,000; Jackson ImmunoResearch
Laboratories Inc., West Grove, PA, USA) for 1.5 h at room
temperature, and developed with a chemifluorescence reagent (ECL

Plus Western Blotting Detection Reagents; GE Healthcare). The
immunoreactive protein bands were then obtained by using the
ProEXPRESS 2D Proteomic Imaging System (PerkinElmer Inc.,
Waltham, MA, USA) (10, 11).

Results

Up-regulation of HSP27 spots in GEM-resistant KLM1-R
compared with GEM-sensitive KLM1 cell. Protein spots on
the 2-DE gels of KLM1-R and KLM1 were visualized, and
three spots of 27 kDa (spot 1, 2, and 3 in Figure 1 A, B)
were identified as heat-shock protein 27 (HSP27) (Table I).

Up-regulation of phosphorylated HSP27 in GEM-resistant
KLM1-R compared with GEM-sensitive lines. Western
blotting analysis of HSP27 and phosphorylated HSP27
(Ser15, Ser78 and Ser82) was performed in pancreatic cancer
cell lines. Total HSP27 expression tended to be higher in
GEM-resistant KLM1-R compared with the other GEM-
sensitive lines (Figure 2A). The level of phosphorylation of
serine 78 and serine 82 of HSP27 was increased (Figure 2C,
D respectively), but serine 15 of HSP27 was not
phosphorylated (Figure 2B).

2-D Western blotting showed up-regulation of phosphorylated
HSP27 spots in GEM-resistant KLM1-R cells. By 2-D Western
blotting for phosphorylated HSP27 (Ser78), three
phosphorylated HSP27 spots were observed in KLM1-R cells
(Figure 3 B), but they were very faint in KLM1 cells (Figure 3
A). Furthermore, by 2-D Western blotting for phosphorylated
HSP27 (Ser82), three phosphorylated HSP27 spots were
observed in KLM1-R cells (Figure 4 B), but they were also
very faint in KLM1 cells (Figure 4 A).

Discussion

In the present study, Western blotting analysis revealed that
phosphorylation of HSP27 was increased in a GEM-resistant
pancreatic cancer cell line. This finding suggests that not
only the total protein level of HSP27, but also the level of
phosphorylated HSP27 might contribute to GEM resistance.

HSP 27 is a molecular chaperone that is involved in the
unfolded protein response and that plays a role in facilitating
the assembly of multimeric protein complexes inside the
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Table I. Identification of proteins which are differentially expressed between KLM1and KLM1-R cells.

Spot Protein name Accession no. Theoretical Theoretical Distinct Sequence MS/MS 
no. pI Mr peptides coverage (%) search score

1 Heat-shock 27 kDa protein P04792 5.98 22782.6 7 56 107.74
2 Heat-shock 27 kDa protein P04792 5.98 22782.6 7 37 95.36
3 Heat-shock 27 kDa protein P04792 5.98 22782.6 2 16 26.38



endoplasmic reticulum, and it can prevent a wide variety of
apoptotic agents from causing cell death by interacting with
key components of the apoptotic signaling pathway (12).
Previous studies reported that HSP27 inhibited doxorubicin,
etoposide-, diethylmaleate-, cycloheximide- or radiation-
induced apoptosis of cancer cells (13-15). HSP27 protein
levels are elevated in gastric, liver, breast, prostate
carcinomas and osteosarcoma, and overexpression of this
protein correlates with a poor prognosis and response to
therapy (16-18). Our previous proteomic studies also showed
that HSP27 protein levels are elevated in GEM-resistant
pancreatic cancer cell lines and the sensitivity to GEM in
HSP27-knocked down cells was restored. Furthermore, we
clarified that increased HSP27 expression in tumor
specimens was related to higher resistibility to GEM in
patients of pancreatic cancer (4, 5).

Phosphorylation of Ser15, Ser78, or Ser82 activates HSP27
(19, 20). Our Western blotting study showed that the
phosphorylation level of Ser15 was extremely faint, but the
phosphorylation level of Ser78 and Ser82 was elevated in GEM-

resistant pancreatic cancer cells compared with GEM-sensitive
pancreatic cancer cells. Furthermore, 2-D Western blotting study
showed that at least three spots of phosphorylated HSP27 were
detected. The level of the most acidic isoform (spot 1 in Figure
3 and 4) was found to be weaker than the other two spots. It is
likely that three serine residues were phosphorylated in this
isoform. Spot 2 may be the isoform whose two serine residues
were phosphorylated, and spot 3 may be the isoform whose one
serine residue was phosphorylated.

In conclusion, phosphorylated HSP27 may be involved in
the mechanism of resistance to chemotherapy with GEM,
and could also be indicators of response to pancreatic cancer
therapy.
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Figure 1. 2-DE patterns of KLM1 and KLM1-R cells when stained with Flamingo gel stain. Three protein spots of HSP27 isoforms whose expression
levels were different between GEM-sensitive pancreatic cancer cell line KLM1 (A) and GEM-resistant pancreatic cancer cell line KLM1-R (B) are
indicated by circles. Three protein spots (spot 1-3 in Figure 1B) appeared to be stronger in KLM1-R.
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Figure 2. Western blot analysis for total HSP27 and phosphorylated
HSP27 (Ser15, Ser78 and Ser82) in KLM1-R, KLM1, MiaPaCa-2,
BxPC-3 and Panc-1 cells. A: Total HSP27 expression level was up-
regulated in KLM1-R cells compared with these in KLM1, MiaPaCa-2,
BxPC-3 and Panc-1 cells. B: Phosphorylated HSP27 (Ser15) expression
level was the same in all cell lines. C: Phosphorylated HSP27 (Ser78)
expression level was up-regulated in KLM1-R cells compared with these
in KLM1, MiaPaCa-2, BxPC-3 and Panc-1 cells. D: Phosphorylated
HSP27 (Ser82) expression level was up-regulated in KLM1-R cells
compared with these in KLM1, MiaPaCa-2, BxPC-3 and Panc-1 cells.
E: Actin expression level was the same in all cell lines. Fifteen
micrograms of protein were used.

Figure 3. 2-D Western blot analysis for phosphorylated HSP27 (Ser78)
in KLM1 (A) and KLM1-R (B) cells.

Figure 4. 2-D Western blot analysis for phosphorylated HSP27 (Ser82)
in KLM1 (A) and KLM1-R (B) cells.
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