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Abstract. Background/Aim: The direct placement of patient
tumors in 2-D culture on plastic or glass surfaces has inhibited
the establishment of patient-derived cancer cells (PDCCs). The
aim of the present study was to develop universal and efficient
methods to prepare PDCCs. Materials and Methods: Fragments
of patient-derived xenograft (PDX) tumors established form
colon cancer liver metastasis (1 mm>) were placed on Gelfoam
and cultured in DMEM. Results: PDX tumor fragments were
cultured on Gelfoam. Cancer cells migrated from the explant
and formed distinct 3-D structures in the Gelfoam. Each of the
three PDCCs showed a distinct morphology. The cultures were
essentially all cancer cells without fibroblasts, the opposite of
what usually occurs in 2-D culture on plastic or glass. Gelfoam
cultures could be readily passaged from one Gelfoam cube to
anothers suggesting indefinite culture potential. Conclusion: A
potentially universal method to establish PDCC using PDX
tumors and 3-D Gelfoam histoculture was developed.

Each cancer patient’s tumor contains an enormous wealth of
information, that if properly extracted, can be used to design
improved treatment for the patient as well as help in
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understanding the basic biology of cancer. Cancer cell lines
have been established from patient tumors over the past 75
years with limited success (1). There are two important
reasons why most attempts to establish patient-derived
cancer cell lines (PDCCs) have failed: 1) The attempts to
culture the cancer cells have been made on plastic or glass
surfaces, highly artificial environments for cancer cells and,
2) The tumors used have not been established to grow
outside the body.

Sponge-matrix 3-D culture was developed by Leighton 70
years ago (2, 3). Sponge-matrix culture enables cancers,
including their native stroma to grow, forming 3-dimensional
in vivo-like structures, including glioma (2-4). Our laboratory
has shown that all types of cancer can grow on Gelfoam
sponge and migrate throughout the gel. We have also shown
that Gelfoam histoculture is genuine 3-D as compared to
Matrigel, which is at best 2.5-D (5).

In 1969, Rygaard showed that patient tumors could be
established in nude mice for unlimited passaging (6).

In the present report, we took advantage of the patient-
derived tumor established to grow in mice (patient-derived
xenografts, PDX), and used the established tumors for
culture on Gelfoam to make PDCC, thereby avoiding the use
of primary unestablished tumors and 2-D culture on plastic,
which selects against the growth of most cancer cells.

Materials and Methods

Animal studies. Athymic nu/nu mice (AntiCancer Inc, San Diego,
CA, USA), 4-6 weeks old, were used in this study. All mice were
kept in a barrier facility on a high efficacy particulate air (HEPA)-
filtered rack under standard conditions of 12 h light/dark cycles.
Animal studies were performed with an AntiCancer Institutional
Animal Care and Use Committee (IACUC)-protocol specially
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Figure 1. Start of 3-D Gelfoam histoculture of tumor fragments from a patient-derived xenograft (PDX) colon-cancer liver metastasis. (A) Diagram
of 3-D Gelfoam tumor histoculture. (B) Photograph of 3-D Gelfoam histocultures with fragments of a colon-cancer liver metastasis PDX.

approved for this study, in accordance with the principles and
procedures outlined in the National Institutes of Health Guide for
the Care and Use of Animals under Assurance Number A3873-1.

Patient tumors. Three different patients with liver metastasis of
colon cancer (CM1, CM2 and CM3, respectively) underwent liver
resection in the Department of Surgery, University of California,
San Diego (UCSD), USA, under IRB protocol 140046 with
patients’ informed consent (7). A small tumor sample was obtained
from each patient at the time of the surgical operation and
immediately transported to the laboratory on ice. The fresh
specimens were implanted into a subcutaneous pocket of nude mice
to establish their growth (8).

Gelfoam 3-D histoculture. Sterile Gelfoam sponges (Pharmacia &
Upjohn, Kalamazoo, MI, USA), prepared from porcine skin, were
cut into 1 cm cubes. The Gelfoam cubes were placed in six-well
tissue-culture plates. Dulbecco's modified Eagle’s medium (DMEM)
was added until the upper part of Gelfoam was reached but not
covered (Figure 1A), and the plates were incubated at 37°C in order
for the Gelfoam to absorb the medium. The tumor fragments were
placed on the top of the Gelfoam (Figure 1B).

Histological examination. Fixation, paraffin-embedding of tumor
fragments along with Gelfoam and deparaffinization and rehydration
procedures were performed as previously described (9). Hematoxylin
and eosin (H&E) staining was performed using a standard protocol.

Results

Three patient colon cancer liver metastases, CM1, CM2,
CM3 were established as patient-derived xenografts in nude
mice as previously described (8). CM1 tumor fragments (1
mm?) were placed on the Gelfoam cubes in medium (Figure
2A). At that time, numerous cancer cells grew from the
explants and formed the complex structures of an
adenocarcinoma on and within the Gelfoam (Figure 2B).
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Numerous cancer cells were growing out of the tumor
fragments of the on the Gelfoam (Figure 2C). Gelfoam
begins to dissolve after long-term culture. The dissolving
pieces of the Gelfoam were placed on fresh Gelfoam in
culture medium (Figure 3A and B) and the cancer cells
migrated to the new Gelfoam and grew extensively without
fibroblasts (Figure 3C). Thus, Gelfoam cultures can be easily
passaged and expanded. It should be noted the PDCCs can
form complex 3-D structures on the Gelfoam (Figure 3B).

Discussion

Few cancer cell lines have been established over the past 75
years due to the fact that unestablished tumors were used as
a cell source and plastic and glass was used as the surface
for the cancer cell growth, thus, precluding the development
of cell lines from the majority of cancers (1). PDX
establishment and 3-D Gelfoam histoculture have solved
these problems. We have recently developed a new technique
to greatly improve the rate of patient tumor establishment in
nude mice (8). With the high frequency of PDX
establishment, and the fact that most PDX-tumors can
produce PDCC on Gelfoam, the production of PDCCs from
most patients’ tumors has become possible. The PDCCs in
3-D Gelfoam culture can be used to test drug sensitivity
using the histoculture drug-sensitivity assay (HDRA), which
has been validated in many clinical trials to correlate with
patient response (10-12). PDCCs can also be used to study
basic cancer biology. In conclusion, the present study shows
that PDCCs can be established from PDX tumors using 3-D
Gelfoam histoculture, without fibroblasts. We expect that
PDCCs can be established following surgery or biopsy from
the majority of cancer patients. The PDCCs can be used for
the patients’ benefit and for the benefit of cancer research.
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Figure 2. Long-term 3-D Gelfoam histoculture of CM1, CM2 and CM3. (A) Histoculture of CM3 for 8 weeks. Left: macrophoto 3-D Gelfoam
histoculture. Right: Close-up photo. Black black broken line: growing tumor explant; white line: numerous cancer cells invading into the Gelfoam.
(B) Images of H & E staining of CM1. Left: x40, Black bar, 500 um. Right: x100 Black bar, 200 um. Note the complex 3-D structures formed by
the PDCC. (C) Morphologies of the PDCC of CM1, CM2 and CM3. Note the absence of fibroblasts. Magnification: x100.
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Figure 3. Passage from old to new 3-D Gelfoam histocultures. (A) Diagram of passage from old to new 3-D Gelfoam culture. (B) Immediately after
patient-derived cancer cell passage on fresh Gelfoam. (C) Four weeks after passage; numerous PDCC are growing on the new Gelfoam cube.
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