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ABSTRACT

Two cell lines, RW-2982 and RW-7213, have been established for the

first time from the mucinous variant of human colorectal carcinoma,
which is a distinctive and important subtype that has a worse prognosis
than the more common nonmucogenic large bowel carcinoma.

Methods of establishment and observations made during 7 and 3 years,
respectively, of continuous culture are described. These cell lines required
4-9 months of adaptation to tissue culture conditions before noticeable
growth occurred. Both cell lines have the following unique properties: (a)
growth in vitro as delicate branching three-dimensional tumor particles
within a wide gel of insoluble, often translucent mucus (proteoglycan);
(b) production of large quantities of carcinoembryonic antigen; (c) ability
to survive or adapt to growth in media free of serum, hormones, growth
factors, and all protein; and (</)tumorigenicity in multiple sites in nude
mice, including liver, with especially rapid growth in the peritoneal cavity
as gelatinous material that is nonadherent and noninvasive and thus
resembles pseudomyxoma peritonei. Unlike other reported colorectal cell
lines, these mucus-coated paniculate cell lines will not readily grow as
monolayers and grow much more slowly with a doubling time of 2 weeks
or more.

A serially transplantable tumor from the RW-7213 surgical specimen
has also been maintained in nude mice since August 8,1984. This tumor
retains properties of the original specimen.

Observations made on the tumor biology of mucogenic colorectal
carcinoma using these cell lines are discussed.

INTRODUCTION

There will be an estimated 145,000 new cases of colorectal
carcinoma in the United States in 1987, with 60,000 deaths
(1). There is no chemotherapeutic treatment that prolongs
survival once metastatic dissemination has taken place (2). For
these reasons it is important to study tumor and cancer cell
biology in this malignancy to understand the reasons for the
lack of effective therapy and to enable development of future
strategies for treatment. The availability of colorectal cell lines
allows laboratory studies in cell biology, growth factors, and
drug resistance. The use of the nude mouse expands these
studies to include tumor biology, metastasis models, and chem
otherapeutic index determination in vivo.

Many cell lines from human colorectal adenocarcinomas have
been established (3-7). However, until very recently (8), there
were no reports of cell lines derived from the mucus-producing
variant of colorectal carcinoma. Classification of a colorectal
tumor as mucinous (9) requires the presence of extracellular
lakes and pools of mucus with acini or strips of epithelium
which are often sparse and frequently dislodged from the pe
riphery and floating in the mucus. Furthermore, for inclusion
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in this category, this distinctive histolÃ³gica! pattern must be
seen in the infiltrating or metastatic portions of the tumor and
should comprise a minimum of 60% of the estimated tumor
volume. The mucinous subtype, which comprises 15% of colo
rectal carcinomas (9), is important because it has a worse
prognosis (9, 10) than the more common moderately differen
tiated nonmucus-producing tumor type. A distinctive form of
i.p. mucinous malignancy known as pseudomyxoma peritonei
is often derived from local spread of mucinous appendiceal
carcinoma. Again, until very recently (8), there were no reports
of human colorectal cell lines producing this distinctive ap
pearance and growth pattern upon i.p. injection into nude mice.

The establishment, characterization, and biological proper
ties of two new cell lines, RW-2982 and RW-7213, derived
from human mucinous colorectal carcinoma are discussed in
this paper.

MATERIALS AND METHODS

Surgical Specimen RW-2982. The RW-2982 cell line was cultured
from metastatic omental tumor nodules submitted to the RWGH4
pathology department on May 12, 1980. The patient was a 69-year-old
white male (blood type AB+) whose primary surgery was on June 12,
1979, for a mucin-producing, moderately well-differentiated adenocar-
cinoma of the rectosigmoid that extended through the entire thickness
of the bowel wall with mÃ©tastasesin nine of 13 pericolic lymph nodes.
Prior to surgery the serum CEA was 10.9 ng/ml. On December 4,
1979, the tumor had recurred at the anastamosis site resulting in mucus
discharge from the rectum and later infiltration of the pelvis, and partial
obstruction of the left ureter. A colostomy was performed and a hernia
containing tumor repaired on January 11,1980. Intestinal obstruction
developed so a gastrostomy and jejunostomy were performed on May
12, 1980. At that time there was massive metastatic tumor involving
the abdominal cavity with studdings on the peritoneal surface of the
omentum. There was no evidence of liver mÃ©tastases.The patient
developed phlebitis of the left leg and died suddenly on May 22, 1980,
presumably of pulmonary embolus. No autopsy was performed.

Histologically, both the primary and metastatic tumors were of the
mucus-producing subtype of colorectal carcinoma (Fig. 1).

RW-2982, Cell and Tissue Culture. RW-2982 tumor tissue was ster-
ilely minced into I mm cubes using two sharp scalpels. Cubes were
attached to the bottom of 25-cm2 plastic tissue culture flasks, 10-12

per flask, using chicken plasma clots produced by mixing freshly
reconstituted lyophilized chicken plasma and chick embryo extract.
After the clots had formed for 15 min at 37Â°C,5 ml of medium RPMI

1640, supplemented with 10% FCS, and containing Hepes Buffer (0.02
M), insulin (0.1 U/ml), penicillin (100 U/ml), streptomycin (100 Mg/
ml), and fungizone (5 Â¿tg/ml)was added. (All media and supplements
were from Grand Island Biological Co., Grand Island, NY, except
"Fungizone intravenous," a product of Squibb, Princeton, NJ that also

contains 41 mg sodium desoxycholate per SO mg amphotericin B.)
Medium was changed weekly. After establishment, line RW-2982 was
maintained in 75 cur plastic flasks and fresh medium was added weekly
by first pipeting off 80% of the old medium before replacing with 10
ml fresh medium. After more than a year in culture, insulin was
withdrawn from the medium.

Surgical Specimen RW-7213. The RW-7213 tumor was both cultured

4The abbreviations used are: RWGH, Roger Williams General Hospital; CEA,
carcinoembryonic antigen; FCS, fetal calf serum; PAS, periodic acid-Schiff.
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MUCINOUS COLORECTAL CARCINOMAS

Fig. 1. Original omental tumor metastasis from which RW-2982 was cultured.
Mucus-producing colorectal adenocarcinoma with fibroblastic stroma (H & E,
x 100).

and xenografted into nude mice on August 8, 1984, from the invasive
portion of a resected sigmoid colon containing a moderately differen
tiated mucus-producing adenocarcinoma extending through the entire
thickness of the bowel wall and forming deposits in the serosa! fat. One
of 13 lymph nodes showed metastatic tumor. The patient was a 66-
year-old white male (blood type A+). Preoperative CEA was 3.2 ng/
ml; 10 months later there was diffuse abdominal recurrence (without
liver metastasis) with obstruction requiring a laparotomy and colostomy
with mucus fistula. Treatment was with local palliative radiation ther
apy and later chemotherapy with 5-fluorouracil and a nitrosourea.
Serum CEA done at 24 months was 119 ng/ml. The patient was still
alive with tumor at 30 months.

Microscopically the tumor was moderately well differentiated with
both mucus-producing and nonmucus-producing areas.

RW-7213, Cell and Tissue Culture. RW-7213 tumor tissue was
washed in culture medium and finely minced using two scalpels. For
xenografting, 0.2 ml of the minced tissue was injected s.c. into each of
three nude mice. The remainder of the mince was placed into tissue
culture flasks in RPMI 1640 medium with 10% PCS supplemented as
above except without insulin. (In the 4 years since establishing RW-
2982, the methods had been simplified by eliminating the plasma clot
procedure.) Some flasks were maintained in medium without serum.
Cultures were observed for both monolayer colony growth and viability
of suspended tumor material.

Both the RW-2982 and RW-7213 paniculate lines were periodically
examined to rule out mycoplasma contamination by electron micros
copy. In addition these lines are occasionally passaged through the
nude mouse as an empiric method to eliminate potential mycoplasma
contamination (11). Lactate dehydrogenase isoenzyme analysis of cy-
tosol of both cell lines (done in the chemistry laboratory of RWGH
using standard methods) shows a typical human pattern of five isoen-
zymes. In contrast to all other colorectal carcinoma cell lines, no simple
freezing method has yet been found to reliably cryopreserve the RW-
2982 and RW-7213 cell lines.

Histology and Electron Microscopy of Particles and Tumors. In vitro
and i.p. grown tumor particles, and s.c., splenic, and liver tumors from
nude mice were fixed in either 10% neutral buffered formalin or
Zenker's fixative (for better nuclear detail). H & E, Alcian blue (for

acid mucopolysaccharides), and PAS (for neutral mucopolysaccharides)
stains were performed in the Histology Section at RWGH using stand
ard methods.

For electron microscopy, samples of tumor particles or 1-mm3

clumps of tumor tissue were fixed by either of the following fixatives:
(a) modified Karnovsky's fixative (2.5% glutaraldehyde, 2% paraform-

aldehyde in 0.1 M sodium cacodylate buffer, pH 7.4) or (b) 3% glutar
aldehyde in 0. l M phosphate buffer, pH 7.2-7.4. Samples were fixed at
4Â°Cfor 4-12 h. Material was then rinsed briefly in buffer, postfixed in

1% buffered osmium tetroxide, and dehydrated in graded ethanol.
Specimens were then rinsed in propylene oxide and infiltrated and

embedded in araldite resin. Representative sections were prepared using
an I KMUltratome III. Thick sections (I/O were stained with toluidine
blue or Ladd's multiple stain (Paragon stain). Thin sections (800 A)

were stained with aqueous uranyl acetate, counterstained with Rey
nolds' lead citrate, and examined in an RCA EMI Â¡-4electron micro

scope.
Serum-Free Culture. Serum-free medium adaptation of RW-2982

was begun after 1 year of culture using medium containing 10% bovine
colostrum (12) (collected on a dairy farm from a cow 1 day after
calving), supplemented with insulin (0.5 U/ml) and transferrin (5 Mg/
ml). At several-month intervals, first the colostrum, then the transferrin,
and finally the insulin was withdrawn. The serum-free-adapted subline
was designated RW-2982-NS.

Assessment of Mucus Gel Coat. Tumor particles (grown in vitro)
were blotted on tissue paper (with underlying paper towels). India ink
was pipeted onto the clumps, mixed briefly, and the clumps were further
blotted, wrapped in thin tissue paper, fixed in Zenker's fixative over

night, washed in water, and submitted to the Histology Department in
10% neutral buffered formalin. Sections were stained with H & E and
Alcian blue and examined microscopically. This method provided ex
cellent contrast between solid tumor and the thick translucent coat of
mucus (the outer boundary of which was well defined by the India ink),
allowing visual estimates to be made of the relative amounts of tumor
and extracellular mucus, and ocular micrometer measurements to be
performed.

CEA Determination. CEA was measured on tissue culture medium
that had been in contact in vitro with tumor particles of RW-2982,
RW-2982-NS, or RW-7213 for 7 or 14 days. CEA quantification was
accomplished using a commercially available solid-phase enzyme im
munoassay method (Abbott Diagnostics, Dallas, TX). Immunoperoxi-
dase stains for CEA were also performed on paraffin-embedded tumors
in the Immunopathology Laboratory at RWGH using a polyclonal anti-
CEA antiserum (DARÃ’, Santa Barbara, CA) and standard avidin-
biotin techniques.

Growth Rate of RW-2982 Particles. Quadruplicate flasks were inoc
ulated with approximately equal volumes of tumor particles. Each week
the complete contents of each flask was transfered by sterile pipet to a
sterile screw-cap 15-ml conical-graduated centrifuge tube (Kimax,
Fisher 05-538-32B, Pittsburgh, PA). Tumor particles were centrifuged
and the packed volume measured to the nearest 0.01 ml. The particles
were then returned to their original flask in fresh medium, and reincu-

bated. After five to six weekly determinations, average volume doubling
time was determined using the slopes of graphing volume versus time.

Nude Mouse Injections and Tumor Weights. Nude mice (BALB/c
background) were bred and maintained in the RWGH Cancer Center
Animal Care Facility. All cages, bedding, and water bottles were auto-
chived. In most experiments 6-12-week-old mice of either sex were
utilized. Subcutaneous injections (usually on the lower abdominal flank)
were performed using 0.15 ml of centrifuge-packed cell clumps. This
was equivalent to 0.3-ml gravity sedimented clumps. The weight of
0.15-ml clumps was approximately 0.075 g after blotting on filter paper.
Although this type of culture of colonie tumor in paniculate form
cannot be readily enzyme treated to obtain a single-cell suspension (13),
a rough estimate done on particles of RW-2982 treated with trypsin
suggests that 0.15 ml of packed clumps contains about 1.2 million cells.
Injections were with a 1-cc tuberculin syringe using a 22-gauge needle.
Intraperitoneal injections were usually 0.2-ml centrifuge-packed clumps
(1.6 x IO6 cells). Subcutaneous tumors were weighed to the nearest

0.01 g after removal from mice sacrificed by cervical dislocation. The
i.p. tumors were weighed by scraping all tumor from the peritoneal
cavity onto absorbant filter paper (Whatman no. 1, 24 cm). The filter
paper absorbed the majority of any contaminating blood (which was
seen after several grams of tumor had accumulated). The larger cell
clumps were loosely adherent to peritoneal structures but could be
removed completely with gentle traction using curved forceps. (Tumor
did not invade peritoneal organs or structures, nor was it firmly adher
ent.) The smaller free-floating clumps (having the appearance and
consistency of tapioca) were gently scraped or blotted from the perito
neal cavity using the same large piece of filter paper. The resulting
tumor material was gently scraped together with a scalpel blade, trans-
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(erred to glassine weighing paper, and weighed to the nearest 0.01 g,
then stored in fixative for histolÃ³gica!study.

Splenic Injections. Nude mice were anesthetized with 100 mg/kg
sodium amytal and the spleen was exposed after abdominal incision.
Injections with a 1-cm3 syringe were made just under the capsule. The

laparotomy incision was then closed in layers, first closing the perito
neum with suture material and the skin with stainless steel clips. The
skin closure clips were removed at 1 week. Two methods were examined
for preparing RW-2982 particles for injection into the nude mouse
spleen. For the tirsi, the particles were broken by vigorous shaking in
a screw-cap sterile glass tube followed by centrifuge sedimentation. A
volume of 0.02-ml packed particles was injected. For the second
method, particles were again broken by vigorous shaking as before but
the particles were repeatedly gravity sedimented for a short period with
removal of the smaller particles and debris by pipeting off the super
natant. Finally, centrifuge packing was performed to obtain a concen
trated pellet of particles for loading the syringe. In each case the number
of splenic primaries and liver colonies was determined at necropsy on
Day 31.

RESULTS

Establishment of Cell Line RW-2982. The attached expiants
of RW-2982 initially showed some slight monolayer outgrowth
but no progressive growth. However, after 3-4 months of
observation it was noted that the surfaces of two expiants began
to develop finger-like, fuzzy-surfaced projections. There was
continuous growth of these three-dimensional structures and
within an additional 1 or 2 months some clumps of tumor could
be shaken loose. These free-floating, branching serpentine par
ticles continued to grow and proliferate slowly in culture with
out any attachment to the flasks or monolayer formation. When
examined with a tissue culture microscope, a delicate halo of
translucent mucus surrounding and evenly following the con
tour of each delicate particle was observed. The particles grew
relatively slowly, compared to other (monolayer) colorectal cell
lines, with a doubling time of about 2 weeks. During 7 years of
continuous culture there has been a slow decline in the thickness
of the external proteoglycan gel coating, which has become
more opaque. Currently the cultured tumor particles have the
appearance shown in Fig. 2.

Histology of RW-2982 Particles. Histological examination of
RW-2982 particles showed cross-sections of a three-dimen
sional tumor coated with mucus (Fig. 3). The surrounding
mucus gel stained intensely with Alcian blue indicating acid
mucopolysaccharide content (not shown). The opaque nature
of the external mucus gel in particles cultured continuously for
several years is due to the presence of proteinaceous material

Fig. 3. Cell block of particles of early cultured RW-2982 coated with India
ink to highlight mucus coat, which contains amorphous proteinaceous debris (H
& E, x 100).

Fig. 2. Living cultured particles of RW-2982, after 5 years of continuous
culture. Mucus coat is opaque and indistinct (x 2.6).

Fig. 4. Cell block of particles of late RW-2982 coated with India ink to
highlight decreased mucus coat compared to early RW-2982 (H & E, x 100).

and cellular debris (Fig. 3), which was not prominent in very
early examinations. The decline in thickness of the mucus coat
with time has been most dramatic with one RW-2982 subline
which now consists of smaller particles due to a thinner coat of
mucus (compare Fig. 4 with Fig. 3). The tumor formed s.c. in
nude mice from injection ofthat subline of RW-2982 particles
also demonstrated less mucus production than parental RW-
2982 (not shown).

Histology of RW-2982 Nude Mouse Tumors. RW-2982 grown
s.c., i.p., and in the spleen and liver of nude mice had the typical
appearance of mucus-producing colorectal carcinoma. There

were strips of malignant columnar epithelium surrounded by
or adjacent to lakes of extracellular mucus. A typical pattern
with clumps of serpentine tumor surrounded by mucus in a s.c.
tumor is shown in Fig. 5. Goblet cells can be seen in some
strips of epithelium. This appearance is very similar to the
original patient tumor (compare Fig. 5 with Fig. 1). There was
often little or no fibroblastic stroma in the nude mouse tumor.
RW-2982 grown i.p. (not shown) appeared remarkably similar
to cell blocks of the in vitro grown tumor particles (Fig. 3),
except there was less proteinaceous debris within the mucus.

Mucus stains of nude mouse tumors showed intense Alcian
blue staining of extracellular mucus with much less PAS stain
ing (identical to the in vitro particles and original patient
tumor).

Establishment of Transplantable RW-7213. The directly xen-
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Fig. 5. Tumor in nude mouse after injection of cultured RW-2982. Mucus-
producing colonie adenocarcinoma (H & E, x 100).

Fig. 6. Transplantable RW-7213 in nude mouse (passage 6). Mucus-producing
colonie adenocarcinoma with prominent fibroblasta- strema (H & E, x 100).

ografted RW-7213 had grown well from the beginning s.c. in
nude mice, and has been maintained as a serially transplantable
tumor since August 8, 1984. New transplants are done about
every 3 months, using groups of three to four mice. Histological
sections of the transplantable RW-7213 tumor (Fig. 6) show
typical mucinous colorectal carcinoma which is somewhat bet
ter differentiated than RW-2982 with more goblet cells. An
interesting feature of the transplantable tumor is a prominent
fibroblastic stroma (Fig. 6). This fibroblastic stroma was noted
to be present in the RW-2982 and RW-7213 patient tumors,
but is not observed as a component of tumors formed by
injecting the cultured RW-2982 or RW-7213 tumor particles.

Establishment of Cell Line RW-7213. Although that portion
of original tumor cultured without serum failed to survive
beyond several months, success was achieved with the 10% PCS
cultures. Within a week after tissue culture, small monolayer
colonies of epithelial cells were noted. Over 1-2 months these
colonies enlarged slightly but did not grow progressively. In the
initial cultures of RW-7213 there was suspended, minced tumor
with mucus and cellular debris present in the supernatant. The
majority of the material was retained during weekly media
changes by pipeting off the nonsedimenting material after brief
gravity treatment. The rationale was that floating clumps of
tumor cells might slowly attach to the plastic surface and form
monolayer colonies. After a few weeks it was planned to discard
this free-floating material. However, it was noted that within

this suspended mucus and cellular debris there were some small
serpentine clumps of tumor tissue coated with a halo of mucus
reminiscent of the particles of RW-2982. Consequently the
suspended particulate material was retained and observed for
growth. By about 7 months there appeared to be slight growth
of a minority of the suspended tumor particles. Unquestionable
substantial growth was noted by 9 months. By about 12 months
from the date of original culture there was enough volume of
tumor particles to begin to test the mucus-coated tumor parti
cles, designated RW-7213, for histological appearance, ultra-
structure, and tumorigenicity. The early growing RW-7213

particles had a relatively thick coat of proteoglycan (mucus) gel
that was quite translucent (Fig. 7). Examination of these living
particles with low magnification microscopy showed sharply
outlined serpentine, branching solid tumor particles coated with
insoluble pale mucus (Fig. 8). There was some variability in the
thickness of the mucus halo among tumor particles and some
flasks of continuously passaged particles have shown a decline
in thickness, similar to the observed decline with the RW-2982

cell line.
Early Tumorigenicity Testing of Cultured RW-7213. In the

first few weeks after placing RW-7213 in culture, when mucus-

coated particles were first noted, some suspended material was
injected i.p. into nude mice, since it had been noted that RW-

2982 grew especially well in that location. However, these early

Fig. 7. Living particles of cultured RW-7213 showing translucent coat of
mucus around delicate serpentine branching epithelial tumor (x 2.8).

Fig. 8. Living cultured particles of RW-7213 after 2 years in culture, with
thick translucent coat of mucus. (Early RW-2982 had a similar appearance.)
Background culture media contains dissolved Blue Dextran (Sigma) which is too
large to diffuse into the mucus gel. The gel contains dead cells and refractile
cellular debris (x 16).
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nonproliterating clumps of RW-7213 failed to grow in the
peritoneal cavity.

These same early RW-7213 suspended particles (tested at 6
months) were tumorigenic in nude mice s.c. but grew much
more slowly than RW-7213 tested later (from about 14
months). Interestingly, the well-established RW-7213 tested
first at 14 months now grows well i.p. in nude mice, similar to
RW-2982, producing enlargement of abdominal girth due to
extensive growth in the peritoneal cavity.

Selecting for High Mucus Variants of RW-7213. A simple
method of maintaining RW-7213 particles with the thickest
possible mucus gel is to periodically select for the high mucus
variants in culture by separating them using a pipet. Our
observation was that the high mucus particles grow more slowly
and can be diluted out with time by the faster-growing particles
with less mucus.

Comparison of Transplanta ble RW-7213 and Cultured RW-
7213. Since with RW-7213, unlike RW-2982, we have main
tained both a long term transplantable tumor in mice as well as
a cell line, comparisons can be made between in vivo grown
tumor and in vitro adapted tumor. One observation was that
upon tissue culture of the transplantable RW-7213 tumor there
is again a long adaptational period before noticeable growth in
vitro. On two separate occasions it took 6 months for suspended
tumor particles of RW-7213 from the transplantable mouse
tumor to questionably begin to grow in vitro with definite
growth by 9 months. This recapitulates the time span needed
to adapt the patient RW-7213 tumor to definite in vitro growth.
The transplantable RW-7213 might be useful as a model for
studying the reasons for this long adaptation to tissue culture
conditions. The use of the serum-free media supplements as
reported by Murakami and Masui (14) were tried but did not
facilitate adaptation to in vitro growth for the RW-7213 trans
plantable tumor.

Histology of RW-7213 Particles. Cell blocks of early RW-
7213 particles showed an extracellular mucus gel occupying
several times the volume of the enclosed solid tumor clumps
(Fig. 9). Compared to late RW-2982, in particles of RW-7213
the mucus was more voluminous, more translucent, and less
proteinaceous (compare Fig. 9 with Fig. 3). Examination of the
solid tumor showed irregular serpentine tumor clumps only a
few cells thick with generally columnar cells on the surface and
containing numerous goblet cells (Figs. 10 and 11). Well-
differentiated glandular structures were only rarely seen.

Fig. 10. HistolÃ³gica)section of cultured RW-7213 particles, with surrounding
mucus (H x E, x 160).

Fig. 9. Cell block of particles of cultured RW-7213 coated with India ink to
highlight mucus coat. Note higher proportion of more translucent (pale staining)
mucus than RW-2982. Compare with Fig. 3 (H & E, x. 25).

Fig. 11. HistolÃ³gica! section of cultured RW-7213 particle, showing goblet
cells (H & E, x 400).

Histology of the RW-7213 Nude Mouse Tumors. Intrasplenic,
s.c. or i.p. injections of RW-7213 particles into nude mice
readily produced tumors. The histology was very similar to that
of RW-2982, with clumps and strips of malignant colorectal
epithelium embedded in or adjacent to a mucinous (proteogly-
can) gel (Fig. 12). Sometimes there was more extracellular
mucus than had been seen with RW-2982. Very little fibro-
blastic stroma was seen (Fig. 12). Stains for mucus showed
intense staining with Alcian blue and minimal staining with
PAS (not shown).

Electron Microscopy of Particles and Tumors. Ultrastructural
examination of RW-2982 and RW-7213 particles and s.c. tu
mors from nude mice revealed similar appearances. Typical
electron microscopic features of colonie carcinoma were seen
with microvilli (Fig. 13) with dense cores of microfilaments
extending into rootlets (Fig. 14) and abundant glycocalyceal
bodies on the surface of cells (Fig. 14) and within the mucus
gel. Well-formed goblet cells were seen within groups of colum
nar cells (Fig. 13) and junctional complexes between cells were
noted (Fig. 14). Interestingly, groups of glycocalyceal bodies
were seen within apparent secretory' vesicles in the cytoplasm

(Fig. 14). The extracellular mucus gel appeared to be a mixture
of electron lucent goblet cell contents and glycocalyceal bodies
(not shown).

Serum-Free Adaptation of RW-2982. RW-2982 was adapted
over a period of about 1 year to grow in medium free of all
serum, protein, hormones, and growth factors. The use of
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Fig. 12. Tumor in nude mouse injected with cultured RW-7213 particles.
Tumor with thin capsule has a high proportion of mucus, which is pale (non-
stained) (H & E, X 25).

Fig. 13. Electron micrograph of transplantable RW-7213 showing well-differ
entiated strip of epithelium containing well-formed mucus goblet cells. The
external surface shows colonie microvilli (x 3440).

bovine colostrum (12) as an initial serum replacement is prob
ably not necessary and is cumbersome. An alternate method
might be to gradually lower the amount of serum (15). The
doubling time of RW-2982 was estimated to be 4 weeks, serum-
free, and 2 weeks in 10% serum.

Assessment of Mucus Gel Coat. HistolÃ³gica! sections of in
vitro grown tumor particles demonstrated more mucus volume
than epithelial cell volume (Figs. 3 and 9). The s.c. tumors from
RW-2982 and RW-7213 grown in nude mice (Figs. 5 and 12)
showed a ratio of mucus to epithelium of at least 3 or 4 to 1,
with generally higher ratios for RW-7213 (Fig. 12).

Live-cultured particles of RW-7213 were examined micro
scopically and measured using an ocular micrometer. The solid
central core of cohesive cells had an average width of 0.25-0.40
mm. The average thickness of the attached mucus gel coat was
about 0.5 mm (with thinnest areas about 0.25 mm). The maxi
mum width of the entire particles was 1.2-1.65 mm. This
corresponds to the 1-2-mm size that tumors reach before they
require a blood supply (16).

Micrometer measurements of histolÃ³gica! sections of the
particles revealed a maximum width of the total particles (solid

Fig. 14. Electron micrograph of cultured RW-7213 showing colonie microvilli
with rootlets, a goblet cell with large amorphous mucus packets, junctional
complexes between cells, and small secretory vacuoles containing glycocalyceal
bodies which are also seen coating the cell surface (x 13,100).

Table 1 CEA in conditioned media from RW-2982 and RW-7213

The two cell lines were grown in RPMI 1640 medium at densities of approx
imately 1.0-2.0 ml centrifuge-packed particles per 10 ml in 75-cnr flasks.

CelllineRW-2982RW-2982RW-7213RW-7213FCSconcentration(%)010010Daysconditioned14777CEAconcentration(ng/ml)2600162052005680

tumor plus mucus) of 0.5-0.7 mm. The maximum width of the
solid tumor within the particles was 0.15-0.20 mm. Thus, with
fixation and histolÃ³gica! processing there is up to 50% shrink
age of particles.

In attempting to darken the background of living particles
for better photography, we found that trypan blue (M, 961)
diffuses into the gel within minutes. However, blue dextran (M,
2,000,000) is too large to diffuse into the gel (Fig. 8).

CEA Determinations. Table 1 shows that high levels of CEA
were found in the supernatant conditioned medium of both cell
lines grown with or without serum. The highest level (5680 ng/
ml) was found in conditioned medium from RW-7213.

Immunoperoxidase stains for CEA showed intense cyto-
plasmic staining in clumps of RW-2982 and RW-7213 cells of
tumors grown in nude mice (not shown). The mucus was
negative but the stroma around and within the tumor, and the
surrounding fibroblasts, histiocytes, and neutrophils showed
staining. This is probably due to both the heavy secretion of
CEA causing staining of the stroma (17), and the cross-reaction
to antigens in neutrophils and histiocytes (18).

We recently measured the CEA level in 7-day conditioned
medium from high density cultures of RW-7213 that had con
tinuously been in serum-free media for an entire year. These
particles contained living cells, but no evidence of particle
growth or cell division. Yet the 7-day conditioned media con
tained 8920 ng/ml CEA. This indicates that CEA is produced
continuously in cultures without apparent cell division and does
not require any serum components for synthesis.

Growth Rate of RW-2982 in Different Environments. RW-
2982 was found to grow faster and attain a larger tumor mass
after i.p. injection into nude mice as compared to s.c. injection.
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A mean tumor weight of 7.25 g was attained i.p. compared with
0.83 g s.c. at 42 days (Table 2). This corresponds to an estimated
doubling time of 3 days i.p. and 9 days s.c. In vitro, the volume
doubling time for RW-2982 particles grown in 10% serum was
estimated to be 2 weeks, with a 4-week doubling time under
serum-free conditions.

Comparison of Properties of RW-2982 and RW-7213. RW-
2982 and RW-7213 are very similar and have most properties
in common. Some differences between the two cell lines may
be a function of the different length of time each has been in
continuous culture, which is since 1980 for RW-2982 and since
1984 for RW-7213. RW-7213 particles have a thicker, more
translucent layer of mucus than RW-2982. The latter often has
wider more opaque particles (Fig. 2) with more dead cells and
cellular debris, often in a thinner layer of mucus (Fig. 3). But
RW-2982 at a comparable age had an appearance similar to
RW-7213. After injection into mice RW-7213 has a higher
proportion of extracellular mucus (Fig. 12). To date RW-7213
has not shown long term adaptation to growth in serum-free
medium. It will, however, readily survive for 2-3 months with
out serum, and high density cultures of RW-7213 particles have
survived serum-free for as long as 16 months, but without visible
proliferation. RW-7213 appears slightly better differentiated
with more well-formed goblet cells and better differentiated
strips of epithelium in vitro and in vivo. RW-7213 produces
more CEA than RW-2982. Only RW-7213 secretes a factor
which stimulates the growth of mouse stromal fibroblasts in
culture (currently under investigation).

Growth in Spleen. In mice sacrificed shortly after splenic
injection, histological sections of liver revealed clumps of mucus
and particles of RW-2982 within portal vein branches, indicat
ing immediate travel of some small particles into the liver via
the splenic vein and portal vein branches (not shown). In a pilot
study of growing RW-2982 in spleen, three of three primaries
grew, but in each case one or more small nodules also developed
in the liver at 1 month (Table 3). It was reasoned that by upward
adjustment of the injected particle size by eliminating very
small particles, fewer particles would enter the splenic vascu-
lature and the result would be fewer immediate colonies growing
in the liver. The identical experiment with particles washed to
remove very small particles resulted in 60% fewer liver colonies

Table 2 Comparative growth of RW-2982 in different sites in the nude mouse

Eight nude mice were injected s.c. on the left and right flanks and 12 mice
were injected i.p. with 0.15 and 0.30 ml of RW-2982 particles, respectively, on
Day 0. Weekly, starting at Day 21, groups of 2 s.c. and 3 i.p. mice were sacrificed
and tumor tissue was weighed.

Tumor weights(g)Day

21
Day 28
Day 35
Day 42s.c.0.18

Â±0.02Â°

0.33 Â±0.14
0.55 Â±0.25
0.83 Â±0.26i.p.0.45

Â±0.12
3.10 Â±1.02
6.46 Â±1.96
7.25 Â±2.02â€¢

Mean Â±SD.

Table 3 Effect of particle size on growth of RW-2982 in spleen and liver at I
month

Groups of nude mice were injected into the spleen with 0.02 ml packed RW-
2982 particles, with and without washing to remove the smaller particles. On
Day 31 mice were autopsied and liver and spleen examined both grossly and
histologically for presence of tumor. Percentage of liver colonization is noted.

TumorpresentTreatmentBreaking

of clumps resulting in
mixed particle size (no washing)

Removal of most small particles by
washingSpleen3/3

5/5Liver3/3(100%)2/5 (40%)

at 1 month (Table 3). RW-7213 also grew readily in the nude
mouse spleen and produced liver colonies (Fig. 15). Preliminary
studies of RW-2982 particles injected into the tail vein of nude
mice had not resulted in lung colonization.

DISCUSSION

The RW-2982 and RW-7213 cell lines, which grow in the
form of delicate three-dimensional tumor particles coated with

mucus, appear to be the first successful long term suspension
cultures of the mucinous subtype of human colorectal carci
noma, which has a large amount of extracellular and extraglan-
dular mucus. The reason other investigators have failed to
establish a gross mucus-producing cell line from colorectal
carcinoma is probably related to three unique features of this
type of tumor. First, there is the previously unrecognized obli
gate nonadherent or suspended nature of the mucus-producing
cells. Published classification systems for established colorectal
cell lines have included only monolayer lines (3, 4). It is likely
that cell culturists in the past have discarded the floating tumor
particles along with the supernatant mucus and debris when
monolayer colonies began to form in primary cultures of colo
rectal tumors. In fact, when initial cultures of the RW-7213
tumor resulted in some monolayer colony formation, superna
tant mucus and debris was about to be discarded when particles
similar to RW-2982 were noted. These particles were saved and
observed and began to proliferate only after 6 months in culture
to ultimately form the RW-7213 cell line. Second, methods
that utilize enzymes to dissociate tumor minces to produce a
single cell suspension prior to culture probably produce lethal
damage to the mucus-producing cells. A third feature making
mucinous colorectal carcinoma difficult to establish is the long
time period needed for the tumor particles to adapt to tissue
culture conditions and to begin to proliferate. The RW-2982
tumor (derived from a metastasis) had been in culture for 3
months before it was noted to be proliferating. An even longer
adaptational period of 6 months was needed for noticeable
proliferation of the RW-7213 line (derived from a primary
tumor). Slow adaptation for cells capable of producing large
amounts of mucus or CEA may be a general phenomenon since
the LS174T monolayer line required 10 months for adaptation
(7) and the SW-1116 line possibly a year in the same flask prior
to successful passaging (3).

Although difficult and time consuming to establish in culture,
the RW-lines are now very hardy and easy to grow and work
with since they do not require frequent media change, are not

Fig. IS. RW-7213 mucinous carcinoma growing in nude mouse liver 3months
after intrasplenic injection of cultured panicles (H & E, x 25).
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adversely effected by acidic culture conditions, grow to high
particle concentrations in each flask, and can be conveniently
subdivided without trypsinization. These lines should prove
useful to investigators who wish to study this subtype of colonie
cancer.

Until very recently, the only other published report of a
cultured colorectal tumor physically and histologically resem
bling RW-2982 and RW-7213 was the Z516 organotypic cul
ture (19). This tumor, grown for more than 10 years on chick
embryo mesonephros before being discarded because of myco-
plasma contamination, histologically appeared very similar to
the RW lines (Fig. 17 of Ref. 19), with large amounts of
extracellular mucus and production of detectable CEA. The
recently described NCI-H498 mucinous colonie tumor line
appears to have properties similar to the RW lines (8). Another
recent report (13) describes a new cell line (LIM 1863) from
colon carcinoma that grows as suspended organoids in culture
(like the RW lines), but with no extracellular mucus gel.

The LS174T line has some properties in common with the
RW lines, producing large amounts of CEA (7). Tumors pro
duced in nude mice also show mucus production, but within
large, well-differentiated glandular structures, without free
lakes or pools of mucus as in the RW lines (20). Moreover
LS174T is a monolayer line and does not produce much insol
uble mucus in vitro, although recently high mucin variants of
this line have been isolated and characterized (20). The mucus
produced by LS174T stains intensely with both PAS and Alcian
blue, unlike RW-2982 which principally stains with the latter
stain, indicating mostly acid mucopolysaccharides.

The GW-39 tumor is a transplantable human CEA-producing
colorectal mucinous tumor which has been maintained by Gol-
denberg in the cheek pouch of Syrian Golden hamsters (21). It
has some features similar to the tumor produced by injecting
RW-2982 and RW-7213 into nude mice. What is very interest
ing about the GW-39 tumor is that it will grow as a xenograft
without conditioning (administering steroids or other immu-
nosuppressives to the host). According to Goldenberg only two
other human tumors grow in hamsters without conditioning
and both also produce mucus (22). Apparently GW-39 has not
been adapted to grow in vitro as a cell line except for relatively
short term studies, where CEA production in vitro was reported
to be 560 ng/ml after 26 days of culture without media change
(23). The techniques used in establishing cell lines from the
transplantable RW-7213 tumor (retaining the suspended par-

ticulate material and waiting up to 9 months for adaptation)
may be useful in the future for establishment of a cell line from
the interesting GW-39 transplantable tumor.

RW-2982 has been in continuous culture since 1980 and its
organoid, suspended growth was initially regarded as a curiosity
among colorectal cell lines. However, with the additional estab
lishment of RW-7213 it is now apparent that suspended partic-
ulate growth is the obligate culture morphology for the gross-
mucus-producing variant of colorectal cancer.

An important observation made with the RW cell lines is
that the colorectal mucus secreted by this tumor type is insol
uble and in the form of a gel with the inherent unique physical
properties of gels (24). Because the mucus is a relatively trans
parent coat that stains with Alcian blue, and can be removed
by trypsin digestion, it undoubtedly represents a three-dimen
sional gel structure of mucopolysaccharide covalently linked to
protein, categorizing it as a proteoglycan as reviewed by lozzo
(25). The mucus gel completely surrounding the RW particles
is apparently freely permeable to water and low molecular
weight nutrients in solution. Colonie tumor mucus has the same

basic proteoglycan gel structure (25) as does the proteoglycan
gel making up the basement membrane of the glomerular
filtration apparatus (26). The latter gel has been extensively
studied and has been shown to have "pores" that exclude

macromolecules above a certain molecular weight size and
charge (26). The findings with trypan blue and blue dextran
treatment indicate that the porous proteoglycan mucus gel
surrounding the RW colorectal cells excludes macromolecules
above a certain (presently undetermined) molecular weight size.
The mucus gel surrounding mucinous colorectal carcinoma may
possibly function as a physical barrier to immune effector cells
such as macrophages and lymphocytes. The RW cell lines
should be useful to investigators needing a source of relatively
large quantities of colonie tumor mucus.

There are reports of the growth of human colon carcinoma
cell lines in serum-free but hormone and growth factor supple
mented culture medium (8, 14, 27). Besides providing its own
three-dimensional tumor environment, the fact that RW-2982
will survive and slowly proliferate in medium devoid of all
added protein, hormones, or growth factors suggests that the
tumor particles have the ability to produce their own growth
factors, if any are needed. It is possible that the RW-2982 cells
growing without protein are a separate more primitive popula
tion, autonomous with respect to growth factor requirements.
However, tumors formed from injecting the serum-free-adapted
cells into nude mice show no difference in growth rate and have
the same degree of histopathological and cytological differen
tiation and produce the same proportion of extracellular mucus
as the parent line. This evidence along with the long adapta-
tional period required and subsequent slow growth suggests
that the RW-2982 cells have simply adapted to the protein-free
environment. Since RW-7213 will not proliferate (but survives)
in serum-free medium, it is perhaps a less primitive or better-
differentiated cell type than RW-2982. This behavior correlates
with the origin of RW-2982 from a metastasis and RW-7213
from a primary tumor.

Both RW-2982 and RW-7213 release large amounts of CEA
into the culture medium. Both tumors stain intensely for CEA
using immunoperoxidase methods. The serum-free RW-2982
subline is a potential source of relatively pure CEA for experi
mental and analytical purposes, since there is no exogenous
protein present and the conditioned medium contains micro-
gram quantities of CEA per milliliter. There appears to be a
good correlation between mucus production and CEA produc
tion in colorectal cell lines or transplantable tumors since RW-
2982, RW-7213, GW-39 (23), Z560 (19), LS174T (7), and
NC1-H498 (8) all produce both mucus and CEA, often in large
amounts.

Like most other human colorectal cell lines RW-2982 and
RW-7213 readily produce tumors s.c. in nude mice. More
unique for these mucinous lines compared to monolayer lines
is the ability to grow rapidly in the peritoneal cavity of nude
mice, producing several grams of only loosely adherent muci
nous participate material in several weeks. The physical ap
pearance of this material closely approximates human pseudo-
myxoma peritonei in which there is also no invasion of the
intraabdominal organs (28). Consequently RW-2982 and RW-
7213 grown i.p. in nude mice may be a useful animal model for
pseudomyxoma peritonei.

In addition to. s.c. and i.p. growth of the mucinous cell lines,
both RW lines also grow readily in the spleen of nude mice and
produce liver colonies or mÃ©tastases.The importance of models
for studying liver colonization (one step in the multistep mct-
astatic process) are obvious for colorectal cancer with its high
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rate of and often exclusive metastasis to that organ. Although
there are reports of the growth of human colorectal monolayer
lines in nude mouse spleen (29) we were unable to induce HCT-
8 or SW-480 to grow in that site despite multiple attempts.5 In

this respect the RW lines are unique compared to some of the
monolayer lines.

RW-2982 and RW-7213 both grow readily in the nude mouse
liver, whereas neither of the patients from whom the tumors
were derived developed liver mÃ©tastases.A possible explanation
is that these paniculate lines have the ability to grow in the
liver if placed there directly with splenic injection via the splenic
vein, but do not have the tendency to invade veins necessary to
spontaneously reach the liver. This explanation is supported by
the noninvasive character of the RW tumors grown i.p. and the
lack of spontaneous hepatic metastasis under these latter con
ditions. An analogy can be made to pseudomyxoma peritonei,
the most differentiated of mucinous carcinomas, where organs
are not invaded and there are never any hepatic mÃ©tastases(28).

Of all the human tumor cell lines in culture those of colorectal
cells are among the hardiest or have some of the most aggressive
properties experimentally. For example, as studied previously,
colorectal cell lines will readily grow in the less severely im-
munosuppressed ATS-treated mice (30), and the GW-39 tumor
will grow in hamsters without any immunosuppression (21).
We have noted that the RW-2982 cell line will survive at room
temperature for many days (11 days was the longest time
tested). The ability of some colon cells to survive and proliferate
in the hostile environment of the spleen with its population of
immune and inflammatory cells is further evidence of the
hardiness of malignant colorectal cells.

In summary, two cell lines have been established from the
mucinous variant of human colorectal carcinoma. These lines
have a unique physical appearance and secrete large amounts
of CEA. It has been found that mucogenic colorectal carcinoma
is tumorigenic in multiple sites in the nude mouse and appears
to grow more readily and in more anatomic locations than some
of the nonmucogenic cell lines. We are currently studying
coinjected crude mucus preparations along with nonmucogenic
colon carcinoma cells to see if the presence of mucus enhances
tumorigenicity. Now that cell lines are available which can
provide a convenient source of colorectal mucus, these and
other studies can be designed to yield information about why
mucus-producing colon tumors have a worse prognosis than
the more common nonmucinous variant.
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