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ABSTRACT

A detailed morphological analysis of Walker 256 cells sensitive and
resistant to cis-diamminedichloroplatinum(II) has been performed. Two
cell populations are identified by electron microscopy of differing differ
entiation corresponding structurally to cells reported in experimentally
induced mÃ©tastases.Phenotyping of the cells using a number of monoclo
nal antibodies by immunocytochemistry and flow cytometry showed the
absence of epithelial cell markers; however, the cells stained intensely
for markers for germ and/or hematopoietic cells. Further studies utilizing
monoclonal antibodies to lymphoid, myeloid, and monocytoid cells
showed the cells to be monocytoid in origin. No evidence of cell hetero
geneity was evident from the phenotypic experiments (a biphasic pattern
was not observed). Enzyme histochemistry showed strong focal acid
phosphatase activity suggestive of cells of hematopoietic origin. Thus the
concept that these cells reflect an epithelial cell of origin is not substan
tiated by phenotyping with two methodologies.

INTRODUCTION

The Walker 256 rat tumor arose spontaneously in the region
of the mammary gland of a pregnant albino rat (1). This tumor
was transplanted and grew with the morphology of a carcino-
sarcoma exhibiting 2 to 3 cell types forming independent pat
terns. On microscopic examination, the patterns of a carcinoma
and sarcoma were evident as independent entities or could be
intermingled. The tumor may have originated as a mixed tumor
or there may have been a multipotential stem cell in the tumor
which could have given rise to all cell types (1). The cell lines
characterized in this paper are generally described to be derived
from a Walker rat carcinoma or breast carcinoma. The Walker
rat tumor (WS) is sensitive to cisplatin and chlorambucil. In
contrast, the WR cell line was derived by exposure of the WS
cells to chlorambucil. The WS cells appear to have increased
sensitivity to difunctional agents whereas the WR line has a
"normal" sensitivity to such agents (2, 3).

The lines (WS and WR) have been utilized to study their
response to numerous chemical agents. The resistant line has a
greater than 30- to 50-fold resistance to ds-DDP2 and has been

well characterized with respect to DNA repair. It was found
that platinum is removed from the DNA of both cell lines at
similar rates, suggesting no deficit in excision repair (3). DNA-
DNA interstrand and DNA-protein cross-links are formed and
removed at equal rates in both cell lines. When a plasmid DNA
pSV2gpt vector was platinated and then introduced into each
cell line, it was found that platination decreased the enzymatic
activity of the xanthine guanosine phosphoribosyltransferase
but that both cell lines were equally capable of ligation of the
DNA double strand breaks and homologous recombination of
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the plasmid fragments (3). Recent work has been reported with
a murine leukemia LI210 cell line resistant to m-DDP where
changes in [3H]-c/5-dichloro(ethylene diamine)platinum(II)
uptake (a c/s-DDP radioactive ethylenediammine derivative)
and DNA repair was observed but the degree of drug resistance
did not correlate with either parameter.

Differences have been shown between the Walker 256 resist
ant and sensitive cell lines karyotype (2, 5) and in the nuclear
matrix phosphoproteins (5) which differed in their ability to
bind cAMP (6). Enzymes of the glutathione pathway also show
differences in specific activity between the two cell lines (7, 8)
which is observed only if the cells are challenged biannually
with chlorambucil (9).

The experiments described involve characterization of the
cell of origin of the Walker 256 cell line by using monoclonal
antibodies to determine the lineage of this presumed breast
carcinoma cell line. The work also included a comparison of
the cellular DNA content, cytogenetics, and ultrastructure of
the two cell lines (2, 5).

MATERIALS AND METHODS

The WS and WR cell lines were kindly provided by J. J. Roberts at
the Institute of Cancer Research, Sutton, England. These lines were
maintained in Dulbecco modified Eagles medium with glucose (H21),
10% fetal calf serum, and penicillin/streptomycin (100 units/ml and
100 Mg/ml, respectively). The cells grew in suspension and were sub-
cultured once a week at a split ratio of 1:20.

Cytogenetic Analysis. Chromosome spreads were obtained following
treatment of growing cells with 0.1 Mg/m' of colcemid for 2 h. The
metaphases were analyzed following the air-dried metaphase technique
(10). Fifty metaphase spreads were counted for each time analyzed.
The DNA content of the population was determined following staining
with 50 Mg/ml of propidium iodide and analyzed by an Ortho cytofluo-
rograph 50H flow cytometer (11).

Electron Microscopy. Electron microscopy was performed by adding
a small volume of 50% glutaraldehyde directly to the culture flasks to
achieve a final concentration of 2.5% in the medium. The pH was
immediately adjusted to 7.2-7.4 with the addition of N NaOH. Cultures
were placed into a 37Â°Cincubator and permitted to fix for 4 h. Cells

were then centrifuged, washed with phosphate-buffered saline, and then
postfixed with 1% OsO4 in 150 HIMphosphate buffer, pH 7.4, for 1 h
at room temperature. Cells were dehydrated in a graded ethanol series
and embedded in Spurr's medium. At each step, the cells were gently

resuspended and permitted to settle by gravity during processing. Sem-
ithick sections (1 urn) were used for morphometric analysis at the light
microscope level. Ultrathin sections were cut, counterstained with lead
and uranyl ions, examined and photographed on a JEOL 100CX
transmission electron microscope. Semithick sections were examined
on an Olympus BH-2 microscope interfaced with the Jandel JAVA
video analysis system. Measurements of diameters were made directly
from sections on the microscope. Only cells which contained a nucleus
and prominent nucleolus were measured.

Immunophenotypic Analysis. Cells were either washed onto slides
treated with 0.1% poly-L-lysine or cytofuged at 500 x g. They were
fixed with acetone:ethanol (7:3) for 5 min at -20Â°C.The histochemical

methods used and the source of the antibodies are presented in Table
1.
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Table 1 Origin of the antibodies and the histochemical methods used to characterize Walker 256 cell lines

AntigenKeratin

(WSS)Keratin
(AE-1)VimentinLeukocyte

commonantigenS-100n-FetoproteinGlial

fibrillar acidicproteinMyoglobinCarcinoembryonic

antigenNeuron-specific
enolaseChromograninLactalbuminCU18Type/origin

of anti
bodyPolyclonal

(rabbit)Monoclonal
(mouse).Monoclonal

(mouse)Monoclonal
(mouse)Polyclonal
(rabbit)Polyclonal
(rabbit)Polyclonal
(rabbit)Polyclonal
(rabbit)Polyclonal
(rabbit)Polyclonal
(rabbit)Monoclonal
(mouse)Polyclonal
(rabbit)Monoclonal

(mouse)CompanyDako

(Santa Barbara.CA)CRL
(Cambridge,MA)DakoDakoLipshaw

(Detroit,MI)LipshawBiogenex

(Dublin,CA)LipshawDakoDakoBiogenexLipshawSignet

(Dedham, MA)Staining

methodLabeled

avidin/biotinPeroxidase/antiperoxidaseLabeled

avidin/biotinLabeled
avidin/biotinAvidin/biotinAvidin/biotinPeroxidase/antiperoxidaseAvidin/biotinLabeled

avidin/biotinLabeled
avidin/biotinBiotin/streptavidinAvidin/biotinPeroxidase/antiperoxidase

Immunophenotyping of the two cell lines was performed by flow
cytometry utilizing a direct immunofluorescence measurement of fluo-
rescein isothiocyanate-conjugated monoclonal antibody preparations.
Monoclonal antibodies PM81 (CD 15), Til (CD2), T3 (CD3), Bl
(CD20), B4 (CD 19), 12 (HLA-DR), MOI (CDlib), MO2 (CD 14),
MY9 (CD33), KC56 (CD45), J5 (CD 10), and isotypic controls were
obtained from Coulter, Inc. (Hialeah, FL). The PM-81 (CD 15) mono
clonal antibody was obtained from Mederex (Lebanon, NH). Cells were
harvested, washed with cold (4Â°C)PBS with 0.1 % BSA and IO6cells in

0.1 ml PBS-BSA buffer were incubated for 30 min with saturating
amounts of each monoclonal antibody at 4"C. Immediately prior to

flow cytometric analysis, samples were washed free of antibody and
resuspended in cold PBS, 0.1% BSA, and propidium iodide (Molecular
Probes, Eugene, OR) at a final concentration of 5 Mg/ml to allow for
exclusion of dead cells from analysis. Flow cytometric analysis was
performed on a Coulter EPICS 751 instrument with excitation achieved
with 400 mW of a 488 nm laser line and green fluorescence collected
through a 525 nm band pass filter. A total of 10,000 cells were collected
for each sample analyzed, gated on forward and 90 degree light scatter
and low red fluorescence. The percentage of cells positive for the specific
binding of each monoclonal antibody was determined by the compari
son of fluorescence intensity to that of the isotypic control antibody.

RESULTS

Cytogenetic analysis of WR and WS cells exhibited chro
mosome number distributions similar to those previously de
scribed (2, 5). The WR cells had a chromosome number distri
bution between 44 and 69 with a median number of 55 and the
WS cell line had a range between 50 and 66 with a mean of 60.
Some of the metaphase spreads contained chromosomal frag
ments. The chromosomal patterns of these lines have therefore
remained stable over many generations of cell culture.

The analysis of DNA content with flow cytometry demon
strated that the G, peak of the cell cycle for both lines (WR
and WS) were shifted 10-15 channels to the right when com
pared to mouse spleen lymphocytes. This suggests that the WR
and WS lines possessed a triploid to near tetraploid amounts
of DNA. The distribution of cells in the cell cycle showed 75-
80% of the cells in the G, phase of the cell cycle with the
remainder in the S and G2 + M phases of the cell cycle.

The origin of the Walker carcinosarcoma 256 has been de
scribed to have mixed morphology, suggesting multiple cell
types contributing to the tumor or possibly the presence of a
multipotential stem cell from which different cell types origi
nate (1). Morphologically the cells could be classified into two
distinct types (Fig. 1). The first type (I) has a large, round to
slightly oval nucleus, generally centered within the cell. The
nucleus to cytoplasm ratio was high. The nuclear surface was
relatively smooth, with occasional slight indentations. The nu-
cleolus was prominent and the chromatin very finely dispersed

Fig. 1. Electron micrographs of the WS cells (A) and the WR (B) cells in
culture. Type I cells are marked with an arrow and type II are unmarked; bar, 5

with small marginated clumps of heterochromatin. The cyto
plasm was filled with free polysomes, numerous round or oval
mitochondria, and a paucity of other membranous organdÃes.
The plasma membrane had abundant microvilli of irregular
length, with an occasional large fold. The second cell type (II)
was also round; however, the nucleus was located eccentrically.
The nucleus had an elongated oval shape, often with a single
deep fold. The morphology of the chromatin was identical to
that of the type I cell. In the type II cells, the cytoplasm in the
hemisphere where the nucleus was closest to the surface mem
brane had few or no membranous organelles and was filled with
abundant free polysomes. The plasma membrane in this region
has numerous microvilli and an occasional fold. A large number
of profiles of rough endoplasmic reticulum are present. A Golgi
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Fig. 2. Electron micrograph of a portion of a type II
cell. The cytoplasm in the right side of the cell illustrated
is morphologically undifferentiated and is representative
of the entire cytoplasm seen in type I cells. In contrast,
the cytoplasm of type II cells is more differentiated and is
seen in the central left side of this cell. Note the increased
numbers of profiles of rough endoplasmic reticulum, mi-
tochondrial vacuoles, and the abundant cytoplasmic fila
ments in this region; bar, 2 /un.

apparatus is evident, and mitochondria and large vacuoles are cells, thus the cell of origin of the Walker 256 cells appears
abundant. The cytoplasm between these organdÃes is filled with
thin filaments. Fig. 2 clearly illustrates these cytoplasmic fea
tures. The plasma membrane in this region of the cell is almost
smooth. The percentage of the cells of each morphological type
were not significantly different in WS versus WR cultures (e.g.,
41% of type I cells in the WS cultures as compared to 44% in
the WR cultures).

An initial characterization of the Walker 256 cells using
mono- and polyclonal antibodies commonly used in pathology
laboratories to characterize human and animal tumors (see
Table 2) showed minimal staining with the epithelial cell mark
ers: cytokeratin, carcinoembryonic antigen, and lactalbumin. A
marker specific for breast epithelium CUI8 was also absent.
The markers for muscle, myoglobin, and myosin and those for
neurogenic tissue, neuron specific enolase, and chromogranin
were also present at low to undetectable concentrations. Glial
fibrillar acidic protein also showed low staining intensity. C219,
monoclonal antibody for the conserved region of the P-glyco-
protein showed weak cytoplasmic staining of both lines, but
whether this is significant must await DNA and RNA studies,
presently under way. Germ cell tumor markers such as a-
fetoprotein and S100 also showed appreciable staining with a
greater concentration of the former found in the sensitive cells.
The hematological marker, leukocyte common antigen stained
intensely in all cells as did the intermediate filament protein
vimentin. Vimentin stained both cell lines intensely but when
fluorescein isothiocyanate-labeled vimentin was used with cy-
tofuged material, marked differences in the arrangement of this
intermediate filament was also apparent (Fig. 3). Tubulin was
present but at a much lower concentration and minimal differ
ences were observed between the cell lines. Thus the Walker
256 cell line appears to be derived from a very primitive stem
cell, hematopoietic in origin. Minor differences were detected
in the expression of intracellular proteins between the sensitive
and resistant cell lines, although the organization of the inter
mediate filaments appeared markedly different.

The cells were then analyzed by using a flow cytometer with
a panel of monoclonal antibodies commonly used to character
ize hematopoietic cells (Table 3). It was observed that the cells
did not express either T- or B-cell lymphocyte markers and that
most myeloid markers were absent. However, the monocytic
antigen MOI was present as was the antigen directed to J5 (a
monoclonal antibody derived from an antigen present on com
mon acute lymphocytic leukemia cells). This primitive lympho-
cytic marker cross-reacts with both lymphoid and monocytoid
cells and MOI cross-reacts with both monocytoid and myeloid

most likely to be monocytoid.
The differences in the expression of the MOI antigen is

probably not significant. Leukocyte common antigen (CD45),
an antibody to myeloid and lymphoid cells, whose cytoplasmic
staining was intense in both cell lines (Table 2) is expressed
minimally on the surface of the cells. Flow cytometric analysis
of membrane P-glycoprotein expression using the C219 anti
body showed very weak staining of the membranes of both cell
lines.

Analysis by enzyme histochemistry routinely used in the
histological laboratory to differentiate myeloid, monocytoid,
and lymphoid cells showed strong focal positivity for acid
phosphatase, an enzyme expressed in lymphoid cells. Minimal
staining for nonspecific esterase, myeloperoxidase, and chlo-
roacetate esterase was observed, additional data suggesting a
primitive hematopoietic cell of origin.

DISCUSSION

These studies demonstrate that the chromosome number of
the Walker 256 cell lines WR and WS show small differences
similar to those reported in the past (2, 5) and have triploid to
near tetraploid DNA content. These lines have been previously
utilized to study the effects of agents such as cisplatin and
chlorambucil on DNA, growth, and toxicity (2, 5). Morpholog
ically the cells are similar; however, both cultures contain two
morphologically distinct cell types. These cell types have similar

Table 2 Walker 256 rat cells reacted with mono- and polyclonal antibodies to
membrane and intracellular proteins

The avidin-biotin technique was used with the antibodies to low MW keratin,
vimentin, leukocyte common antigen, carcinoembryonic antigen, a-fetoprotein,
neuron specific enolase, S-100, myoglobin, and WSS keratin. The latter five
antibodies were polyclonal in origin. Chromogranin was assayed with a monoclo
nal antibody but using the biotin-streptavidin system. The intensity of the stain
was graded on a 0 to +4 scale by three independent investigators.

AntibodyCytokeratinCarcinoembryonicLactalbuminCU18MyoglobinNeuron-specific

enolaseChromograninGlial

fibrillar acidicproteino-fetoproteinS100Leukocyte

commonantigenVimentinC219WS000/+1000+1+1+2+2+3+4+

1WR000/+1000(+D+1+

K+2)+
1+2+4+4+2
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Fig. 3. Photomicrographs of cytofuged Walker 256 cell lines stained with
mouse monoclonal antibody to vimentin (Amersham-Searle) and then stained
with fluorescein isothiocyanate-anti-IgG directed against mouse IgG. There are
marked differences in the arrangement of the intermediate filaments between the
WS (A) and WR (A) cell lines, x 1000.

Table 3 Analysis of Walker 256 cells with monoclonal antibodies to
hematopoietic cells

The cells were washed with cold (4'C) PBS with 0.1% BSA and 10' cells in
PBS-BSA were incubated for 3 min with a saturating amount of fluorescein
isothiocyanate-conjugated monoclonal antibody on ice. Immediately prior to flow
cytometry analysis the cells Â»erewashed, resuspended in PBS, and propidium
iodide were added.

AntibodyPM81

(CD15)Til
(CD2)T3
(CD3)Bl
(CD20)B4(CD19)MO2(CD14)KC56

(CD45)12
(HLA-DR)MY9
(CD33)MOI
(CDllb)J5(CD10)WS

(%)<5<5<5<5<5<5<5<5<57965WR(%)<5<5<5<5<5<5<5<5<58747

shapes and average diameters. The differences between the cell
types lie in nuclear shape and nuclear displacement and in the
degree of cytoplasmic differentiation. While the nuclear shapes
differ, the chromatin has a similar distribution in both types:
mostly euchromatic, with small clumps of marginated hetero-
chromatin. The morphology of the type I cells in both WS and
WR cultures most closely resembles the ultrastructural descrip
tions of Walker 256 cells found in early studies (12-15). How
ever, reexamination of the experimental metatastases of Walker
256 cells (16-18) show cells in the mÃ©tastaseswhich resemble

the type II cells described here. Thus, it appears that both types
of cells are observed in experimental tumors produced by i.v.
injection of these cells into rats. Ultrastructural studies have
been reported to show differences between the nuclear matrix
of WS and WR cells (5) but this was at a higher resolution and
with cells which had been challenged biannually with chloram-
bucil. These cells do however maintain their cisplatin sensitivity
without constant challenge with this drug (2, 3).

Immunophenotypic analysis suggests a primitive germ or
hematopoietic cell of origin which on further investigation
appeared to reflect a monocytoid cell of origin. A concept
substantiated by the growth properties of these cells which grow
as nonadherent clumps of cells reminiscent of a lymphoid/
leukemia cell culture rather than the sheets observed with
epithelial cell lines. The extreme sensitivity of the WS cell line
to cisplatin (2) is also suggestive of a hematopoietic/germ cell
tumor rather than an epithelial cell/carcinoma. The morpho
logically different cells expressed the same protein markers and
no evident heterogeneity of the cell population of either cell
line was apparent from the immunocytochemical experiments.
Therefore we would conclude that the cell type in the Walker
rat WS and WR cell lines are hematopoietic in origin with the
absence of cells with epithelial cell markers. Whether under
other conditions the tumor cells will express or select cells of
epithelial origin remains to be determined. This study is im
portant not only in redefining these cells which have been used
to study drug resistance and metastatic spread but in suggesting
that other cell lines which have been defined in the past by
simple morphological studies to be derived from a carcinoma,
sarcoma, or lymphoma, etc., may have to be reexamined by the
more sophisticated techniques now available.

The changes observed in the arrangement of vimentin is
presently under investigation. The rate of synthesis and amount
of vimentin per cell appears to be unaltered but cisplatin treat
ment does affect the arrangement of the intermediate filaments
(19). However, the precise mechanism by which this occurs is
unclear at present and is under investigation.
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