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Abstract. Background/Aim: The lethal characteristic of
pancreatic cancer is metastasis which is recalcitrant to
currently-used chemotherapy. Our aim was to understand
metastasis at the cellular level. We previously reported that
multi-nucleate cells or spindle cells were more prominent in
pancreatic cancer metastasis than in the primary tumor. In
the present report, we investigated four representative human
pancreatic cell lines for differences in cell morphology
between the primary tumor and various metastatic organ
targets for each cell line. Materials and Methods: Human
pancreatic cancer cell lines AsPC-1, Panc-1, KP2 and KP3
were used. Pancreatic cancer cells were injected into spleen
of nude mice resulting in experimental metastasis to various
organs which were observed at the cellular level when the
organs were placed into culture. Results: AsPC-1 and KP2
pancreatic cells formed many experimental liver metastases,
in contrast to Panc-1 and KP3. Lung metastasis was only
observed for AsPC-1. In the cultures established from the
primary and metastatic tumors, multi-nucleate cells were
found to be more prominent in the metastasis of the
pancreatic cell lines with frequent metastasis, AsPC-1 and
KP2. Spindle-like cells were observed prominently in AsPC-
1 lung metastasis. Conclusion: Human pancreatic cancer cell
lines have differential metastatic characteristics with regard
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to target organs and cell-morphology changes. Multi-nucleate
and spindle cells may play an important role in pancreatic
cancer metastasis to the liver and lung, respectively.

Pancreatic cancer is among the most recalcitrant of all
malignancies (1, 2). The lethal characteristic of pancreatic
cancer is metastasis (3-6). Our laboratory pioneered the use
of green fluorescent protein (GFP) to visualize metastatic
cancer cells in vivo in live mouse models (7-11). GFP- and
red fluorescent protein (RFP)-labeled cancer and stromal
cells allowed us to pioneer color-coded imaging of the tumor
microenvironment (TME) of pancreatic cancer (12-20).

Using GFP imaging, we previously showed that multi-
nucleated pancreatic cancer cells were related to peritoneal
metastasis of pancreatic cancer in mouse models (21). We
also previously showed, using GFP imaging technology, that
spindle cells were more aggressive than round cells in a
dimorphic human pancreatic cancer cell line, in mouse
models (22). An epithelial to mesenchymal transition (EMT)
may have a role in metastasis development, whereby the
cancer cells acquire spindle-like morphology (23-30).

In the present study, using human pancreatic cancer cell
lines brightly expressing GFP, we investigated the presence
of multi-nucleate and spindle cells cultured from the
pancreatic metastasis to different organs in nude mice to
determine their role in the metastatic process.

Materials and Methods

Mice. Six-week BALB/C athymic nu/nu female nude mice (Charles
River Laboratories Inc., Yokohama, Japan), 4-6 weeks old, were
used in this study. In order to minimize any suffering of the animals,
anesthesia and analgesics were used for all surgical experiments.
Animals were anesthetized by subcutaneous injection of a 0.02 ml
solution of 20 mg/kg ketamine. The response of animals during
surgery was monitored to ensure adequate depth of anesthesia. The
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Figure 1. Fluorescence images of pancreatic cancer cell lines expressing green fluorescent protein (GFP). Images were obtained with the Olympus
FV1000 confocal microscope.

animals were observed on a daily basis and sacrificed by CO,
inhalation when they met the following humane endpoint criteria:
severe tumor burden (more than 20 mm in diameter), prostration,
significant body weight loss, difficulty breathing, rotational motion
and body temperature drop. Animals were housed in a barrier
facility on a high efficiency particulate arrestance (HEPA)-filtered
rack under standard conditions of 12-hour light/dark cycles. The
animals were fed an autoclaved laboratory rodent diet (31).

Study approval. All experiments were conducted in accordance with
the Institutional Guidelines of Gifu University and were approved
by the Animal Research Committee and the Committee on Living
Modified Organisms of Gifu University.

Cell lines and culture conditions. AsPC-1, Panc-1, KP2, and KP3
human pancreatic cancer cells, were all engineered to stably express
green fluorescent protein (GFP) using previously reported
methodology (9-11, 32-34). The cells were maintained in RPMI 1640
medium (GIBCO-BRL, Grand Island, NY, USA) supplemented with
10% heat-inactivated fetal bovine serum (FBS) and 1% penicillin
and streptomycin (GIBCO-BRL). The cells were cultured in a
humidified atmosphere containing 5% CO, at 37°C.

Pancreatic cancer experimental metastatic model. Six-week-old
nude mice were used as hosts. Pancreatic cancer cells were harvested
from culture by trypsinization and washed three times with cold
serum-free medium, then re-suspended in serum-free RPMI 1640
medium. Each cell line (2.0x10° cells) was injected in the spleen of
male mice. After six weeks, mice were sacrificed and the primary
tumor and metastatic tumors were harvested. The cells from primary
tumor and metastatic tumors were cultured for several weeks.

Imaging. The SZX7 microscope and FV1000 confocal microscope
(Olympus Corp. Tokyo, Japan) were used for imaging.

Histology. Tumors were pathologically confirmed by using hematoxylin
and eosin (H&E) staining. Fresh tumor samples were fixed in 10%
formalin and embedded in paraffin before sectioning and staining.
Tissue sections (5 pm) were deparaffinized in xylene and rehydrated in
an ethanol series. Hematoxylin and eosin (H&E) staining was
performed according to standard protocols. Histological examination
was performed under standard microscopy.
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Table 1. Summary of pancreatic cancer experimental metastasis
developed from each human pancreatic cancer cell line.

Liver metastasis Lung metastasis
Number of mice with metastasis/total number of mice

AsPC-1 3/5 (60%) 1/5 (20%)
Panc-1 1/5 (20%) 0/5 (0%)
KP2 315 (60%) 0/5 (0%)
KP3 1/5 (20%) 0/5 (0%)

Statistical analysis. The two-sided f-test was used to determine
statistical significance. Differences were considered significant
when the p-value was less than 0.05.

Results and Discussion

Establishment of pancreatic cancer experimental metastatic
models. Human pancreatic cancer cell lines, AsPC-1, Panc-1,
KP2, KP3, were engineered to express green fluorescent
protein (GFP) (Figure 1). Each GFP-expressing pancreatic
cancer cell line was injected in the spleen of five nude mice.
Six weeks later, the primary tumors in the spleen and
metastasis to various organs could be observed (Figures 2-5).

Metastatic characteristics of the pancreatic cancer cell lines.
Each model formed primary tumors in the spleen and had a
differential metastatic pattern (Table I). Three of five mice
implanted with AsPC-1 and KP2 developed liver metastasis
(Figure 2, Figure 4, respectively), whereas, only one mouse
implanted with Panc-1 and KP3 had liver metastasis (Figure
3, Figure 5, respectively). AsPc-1- and KP2-implanted mice
had approximately 30 metastases in the liver, in contrast to
Panc-1- and KP3-implanted mice which had just a few
metastases (p<0.05) (Figure 6A). Lung metastases were also
observed in AsPC-1.
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Figure 2. AsPC-1 human pancreatic cancer experimental metastasis model. (A) Bright-field and fluorescence images of liver, spleen, and lung. Yellow
arrows indicate liver metastasis. Red arrows indicate primary tumors in the spleen. Blue arrows indicate lung metastasis. Images were obtained with
the SZX7 microscope. (B) High-magnification images of metastatic cells cultured from tumors in each organ. Multi-nucleate cells were cultured from
the spleen (red arrows); liver (yellow arrows); lung metastasis contained spindle cells (blue arrows) as did the tumor in the spleen (white arrows).
Images were obtained with the Olympus FV1000 confocal microscope. (C) Hematoxylin and eosin (H&E) stained section of AsPC-1 tumors. Yellow
arrows indicate multi-nucleate cells. Red arrows indicate spindle-like cells (red arrows).
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Figure 3. Panc-1 human pancreatic cancer experimental metastasis model. (A) Bright-field and fluorescence images of liver, spleen, and lung. Red
arrows indicate primary tumors. Yellow arrow indicates liver metastasis. Images were obtained with the SZX7 microscope. (B) High-magnification
images of metastatic cells cultured from tumors in each organ. Multi-nucleate cells from the tumor in the spleen (red arrows) and from a liver metastasis
(yellow arrows). Images were obtained with the Olympus FV1000 confocal microscope. (C) Multi-nucleate cells (yellow arrows) in H&E sections.
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Figure 4. KP2 human pancreatic cancer experimental metastasis model. (A) Bright-field and fluorescence images of liver, spleen, and lung. Primary
tumor in the spleen (red arrow). Liver metastasis (yellow arrows). Images were obtained with the SZX7 microscope. (B) Representative images of

metastatic cells, cultured from the spleen and liver metastasis. Multi-nucleate cells from liver metastasis (yellow arrows). Multi-nucleate cancer
cells from the spleen (red arrows). (C) Multi-nucleate cancer cells (yellow arrows) in H&E sections.
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Figure 5. KP3 human pancreatic cancer experimental metastasis model. (A) Bright-field and fluorescence images of liver, spleen, and lung. Red
arrows indicate primary tumors. Yellow arrows indicate liver metastasis. (B) High magnification of multi-nucleate cells from liver metastasis (yellow
arrows) and tumor in the spleen (red arrows) (Bar=50 um). (C) Multi-nucleate cells (yellow arrows) in an H&E section.
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Figure 6. (A) Bar graphs show the average number of total metastasis in the liver in mouse models for each pancreatic cancer cell line. (B) Percentage
multi-nucleate cell per total cells in 5 high magnification fields in cells cultured from liver metastasis of each pancreatic cancer cells line.

Morphology of cells cultured from primary tumors and
metastases of the four human pancreatic cancer cell lines.
We previously reported multi-nucleate cells were related to
peritoneal metastasis of pancreatic cancer (21). In the present
study, we observed multi-nucleate cells for every cell line
cultured both from the primary tumor and metastatic tumors
(Figures 2-5). However, there were more multi-nucleate cells
in the liver metastases than in primary tumors, especially for
KP2 and KP3 (p<0.05) (Figure 6B).

It has been reported that multi-nucleate cells were
generated from cancer-cell fusion, and such fused cells may
have high metastatic potential (21, 41-48). Fusion may take
palce among cancer cells shed into the circulation (48, 49).
The multinucleate high-metastatic cells observed in the
present report may have resulted from cell fusion. Spindle
cells were also frequently detected in AsPC-1, but rarely in
the other cell lines. This result may suggest a relationship
between spindle-like cells and lung metastasis, since only
AsPC-1 formed lung metastasis. High-metastatic spindle
cells that behave, as stem-like cells in vivo, were also
previously discovered by us in a dimorphic pancreatic
cancer cell line (22). Spindle-like cells may have a major
functional role in the epithelial-mesenchymal transition
(EMT) (28-30).

Conclusion

Each of the four human pancreatic cancer cell lines described
in the present report have a characteristic pattern of
metastasis. Abnormal multi-nucleate cells and spindle-like
cells were more prominent in metastasis in all 4 pancreatic
cancer cell lines studied. Further experiments are required to
elucidate the role of multi-nucleate cells and spindle-like
cells in metastasis and how they are formed and whether
they are targets for anti-metastatic therapy and what is their
main biochemical change (4).
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