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Cables, a cyclin-dependent kinase (cdk) interacting
protein, has recently been identified andmapped to
human chromosome 18q11. Cables appears to be
primarily involved in cell cycle regulation and cell
proliferation. Overexpression of Cables in Hela and
other cell lines inhibits cell proliferation and tumor
formation. We hypothesize that loss of Cables ex-
pression is associated with ovarian cancer. To test
our hypothesis, we examined Cables expression in
the four most common subtypes of ovarian carci-
nomas: serous, endometrioid, mucinous, and clear
cell. In addition, mucinous and serous borderline
tumors were also included. Loss of Cables expres-
sion was observed at high frequency in ovarian se-
rous (11 of 14 cases, 79%) and endometrioid (5 of 10
cases, 50%) carcinomas. In contrast, strong Cables
staining was detected in all clear cell carcinomas (10
cases) and mucinous tumors (5 carcinomas and 5
borderline tumors). The majority of serous border-
line tumors (11 of 14 cases, 79%) showed positive
Cables staining, with the rest showing focal loss of
Cables expression. Furthermore, RT-PCR revealed
the lack of CablesmRNA in a human ovarian cancer
xenograft. No correlation was noted between loss of
Cables and histologic grade, tumor stage, and sur-
vival. In conclusion, our results indicate that loss of
Cables is common in ovarian serous and endo-
metrioid carcinomas and imply that Cables may be
involved in the pathogenesis of these two types of
ovarian carcinomas.
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Molecular analysis of allelic loss or loss of heterozy-
gosity (LOH) has been widely used to delineate the
chromosomal locations of putative tumor suppres-
sor genes involved in tumorigenesis (1). Studies on
ovarian cancer have demonstrated LOH at numer-
ous chromosomal locations including 3p, 5q, 6, 7p,
8, 9q, 11p, 13q, 17, 18q, 21q, and 22q (2–5). Loss or
deletion of chromosome 18q is one of the common
chromosomal abnormalities in ovarian cancer, and
has been reported to occur in 25 to 40% of ovarian
carcinomas (2–3). Cables was initially identified
and characterized as a link between Cdk5 and c-Abl
to promote neurite outgrowth (6). Subsequent
studies mapped the Cables gene to chromosome
18q11–12 and demonstrated that Cables may serve
as a putative mediator of the cell cycle and a po-
tential tumor suppressor (7, 8). Therefore, deletion
in chromosome 18q in ovarian cancer could lead to
loss of Cables expression.
Cables acts as a link connecting proteins, most

notably the cyclin-dependent kinases (cdks) and
non-receptor tyrosine kinases, such as c-Abl or
Wee1. The cdks comprise a family of serine/threo-
nine protein kinases that regulate cell cycle pro-
gression. Alteration of cdk functions can lead to
cancer development. Some of the cdk-interacting
proteins, such as p16 and p21, act as tumor sup-
pressor genes or direct downstream targets of tu-
mor suppressor genes (9, 10). Loss of these proteins
is frequent in primary human cancers. Cables in-
hibits cdk2 activity by enhancing Wee1-mediated
inhibitory tyrosine phosphorylation (8) and there-
fore may lead to slowed cell cycle progression.
Moreover, overexpression of Cables in cell lines
inhibits cell proliferation and prevents tumor for-
mation in nude mice (Zukerberg, unpublished
data). Furthermore, the Cables knockout mouse de-
velops early carcinoma of the endometrium at 3
months of age (Zukerberg, unpublished observa-
tions). These results support the hypothesis that
Cables may be involved in regulation of cell prolif-
eration, and loss of Cables may cause uncontrolled
cell proliferation and promote tumorigenesis.
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MATERIAL AND METHODS

Immunohistochemistry
GST-Cables fusion proteins were expressed in

Escherichia coli and purified with GSH coupled
beads. A specific antibody was raised against a GST-
tagged human Cables in rabbits and purified by
affinity column. Formalin-fixed, paraffin-embedded
sections of normal and tumor tissue, which had IRB
approval, were stained with affinity purified poly-
clonal anti-Cables antisera, at a 1:200 dilution, us-
ing a microwave-enhanced avidin-biotin staining
method (11). Negative control sections were immu-
nostained under the same conditions, substituting
preabsorbed antisera and preimmune rabbit anti-
sera for primary antibodies. The specificity of the
affinity-purified antisera was demonstrated by lack
of staining with preabsorbed and preimmune anti-
sera, and strong staining of COS7 cells transfected
with Cables with little to no staining of nontrans-
fected cells, which contained few Cables by West-
ern blot (8).

The nuclear expression of Cables was assessed by
immunohistochemical staining on formalin-fixed,
paraffin-embedded tissue sections of 28 serous tu-
mors (14 carcinomas, and 14 borderline tumors), 10
mucinous tumors (5 carcinomas and 5 borderline
tumors), 10 endometrioid carcinomas, and 10 clear
cell carcinomas. Complete loss of Cables was de-
fined as negative nuclear staining of all the tumor
cells, with positive nuclear staining of associated
normal ovarian tissue including fibroblasts and in-
flammatory cells. Partial loss of Cables was defined
as both negative and unequivocal positive stained
tumor cells in the same tissue section, despite even
staining of background normal tissue. All cases
were evaluated by three pathologists (QD, LZ, EO).

In addition, immunohistochemical stains for p53
and MIB1 were performed in the 14 serous carci-
nomas using the avidin-biotin peroxidase tech-
nique. Paraffin-embedded sections were deparaf-
finized and heated in a pressure cooker at 120° C for
5 minutes for antigen retrieval. The sections were
subsequently incubated for 5 minutes in 3% hydro-
gen peroxide to quench endogenous peroxidase ac-
tivity. The sections were then incubated with the
primary antibodies (1:15 dilution for anti-p53 and
1:40 for anti-MIB1), followed by secondary antibod-
ies and avidin-biotin staining. The intensity of p53
staining was graded as negative, weakly positive,
positive, and strongly positive.

cDNA Expression
The Cables mRNA of human tumor xenografts

was studied using a panel of 7 normalized, first-
strand cDNA preparations from human tumor
xenografts (Human Tumor MTC Panel, Clontech),

according to the manufacturer’s directions. Cables
PCR primers were 5'-GCAGGAGGACTGTGGCCTTG
AGGAG-3', 5'-CTGTGTGCTGGGGCATGTGTG -CTG
T-3' and 3'-GGCCCTTGGCTGTCCTCGGGGCCAGT
G-5', which amplified the very COOH-terminal 350
bp and 250 bp of the open reading frame. G3PDH
PCR primers (included in the manufacturer’s kit)
were used as a cDNA normalization control.

RESULTS

Cables Expression in Normal Ovarian Tissue
Normal ovarian surface epithelium (Fig. 1A),

ovarian stromal cells (Fig. 1B), and adherent fallo-
pian tube epithelium (Fig. 1C) showed strong nu-
clear staining. In addition, inflammatory cells in-
cluding lymphocytes and plasma cells, when
present, were positive for Cables staining as well.

Cables Expression in Ovarian Cancers
Strong Cables nuclear staining was observed in

all mucinous borderline tumors and carcinomas
(Fig. 2A) and clear cell carcinomas (Fig. 2B). In
contrast, 11 of 14 serous carcinomas (79%) showed
complete (9 cases; Fig. 3A) or partial (2 cases) loss of
Cables nuclear staining. The remaining 3 tumors
showed positive Cables nuclear staining (Fig. 3B).
Among the 14 borderline serous tumors, 11 showed
positive Cables staining, and the other 3 showed
partial loss of Cables. Five of 10 endometrioid car-
cinomas (50%) showed complete (3 cases, Fig. 4A)
or partial (2 cases) loss of Cables staining, whereas
the other 5 showed positive nuclear Cables expres-
sion (Fig. 4B). The benign surface epithelium and
background stromal cells as well as inflammatory
cells adjacent to tumor cells, when present, showed
positive nuclear staining.
All 14 serous carcinomas showed strong positive

p53 staining, as well as relatively high percentage of
MIB1-positive cells (20–80%). There was no statis-
tically significant difference in the number or in-
tensity of p53 and MIB1 staining between Cables-
positive and -negative serous carcinomas.

Clinical and Pathological Findings
As serous and endometrioid ovarian carcinomas

showed variable nuclear expression of Cables, we
tried to further evaluate any possible correlation
among Cables-positive and -negative tumors and
clinicopathologic features associated with these tu-
mors (see Tables 1 and 2). No correlation was noted
between loss of nuclear Cables staining and histo-
logic grade, clinical stage, or outcome among the
serous or endometrioid carcinomas.
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Cables cDNA Expression
First-strand cDNA from seven human tumor

xenografts (Clontech), including lung, colon, breast,
pancreas, and ovary tumors were screened with
Cables-specific primers from the very COOH-
terminal portion of human Cables. Four tumors
showed approximately equal levels of Cables cDNA,
whereas three tumors (colon, lung, and ovary)
showed markedly decreased Cables cDNA (Fig. 5).
G3PDH cDNA levels were the same in all of the
tumors. These results support loss of Cables at the
mRNA level in ovarian cancer.

DISCUSSION

Chromosomal 18q loss is a common event in
ovarian cancer. Most of the research has been fo-
cused on the distal portion of 18q, where previously
characterized putative tumor suppressor genes
DCC, SMAD4, and SMAD2 are located. However, a
significant number of ovarian cancers show loss of
alleles in both the proximal and distal portions (3,
4). Furthermore, there are carcinomas that show
loss of alleles in only the proximal region of 18q,
which does not include DCC, SMAD4, and SMAD2

FIGURE 1. Strong nuclear Cables staining in ovarian surface epithelium (A), ovarian stromal cells (B), and fallopian tube epithelium (C).

FIGURE 2. Strong nuclear Cables reactivity in ovarian mucinous carcinoma (A) and clear cell carcinoma (B).
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(3). Supporting this data is the fact that DCC is now
known to be a netrin receptor, and mutations or
losses occur in only a very small number of human
tumors (12). Similarly, although SMAD4 is impor-
tant in pancreatic cancer, few mutations or cases
with biallelic inactivation have been found outside
the pancreas. These studies imply that there might
be other potential tumor suppressor genes in the
proximal region of 18q that may be involved in

ovarian tumorigenesis. As the genetic locus of Ca-
bles is 18q11–12 and its primary function appears
to be regulating cell proliferation, Cables could be a
candidate tumor suppressor gene in the proximal
region of 18q. This idea is supported by our studies
on colorectal adenocarcinoma and head and neck
squamous cell carcinoma (8), which revealed that
loss of Cables correlated with LOH on 18q11–12.
To study the potential role of Cables in ovarian

cancer, we examined the expression of Cables in
the four most common types of ovarian epithelial
carcinomas, as well as in mucinous and serous

FIGURE 3. Expression of Cables in ovarian serous carcinoma. Negative (A) and positive (B) nuclear Cables staining in different cases.

FIGURE 4. Negative (A) and positive (B) nuclear expression of Cables in ovarian endometrioid carcinoma.

TABLE 1. Correlation of Cables Expression with

Clinicopathologic Findings of Ovarian Serous Carcinoma

Age
(years)

Histologic
Grade

Stage Follow-Up
Cables
Staining

62 3/3 T3cN0M0 DOD �/�
71 3/3 T3cN1M0 DOD �
42 3/3 T3cN0M0 AWD �
32 3/3 T3cN1M1 DOD �
78 3/3 T3cN1M0 DOD �
74 3/3 T3cN1M0 DOD �
59 3/3 T3cN0M0 DOD �
49 3/3 T3cN0M1 DOD �
36 3/3 T3cN1M0 DOD �
48 3/3 T3cN0M0 DOD �
74 3/3 T3bN1M0 AWD �
51 3/3 T3cN0M1 DOD �
60 3/3 T3N0M1 DOD �
40 3/3 T3cN1M1 DOD �/�

AWD: alive with disease; DOD: died of disease; �/�: partial loss of
staining.

TABLE 2. Correlation of Cables Expression with

Clinicopathologic Findings of Ovarian Endometrioid

Adenocarcinoma

Age
(years)

Histologic
Grade

Stage Follow-Up
Cables
Staining

81 2/3 T1aN0M0 AW �/�
68 2/3 T1cN0M0 AW �
60 2/3 T1cN0M0 AW �
82 3/3 T3bN0M0 DOD �/�
41 3/3 T1bN1M0 DOD �
57 1/3 T1bN0M0 AW �
41 2/3 T1bN0M0 AW �
80 3/3 T1cN0M0 AW �
69 2/3 T1cN0M0 DOD �
54 2/3 T1aN0M0 AW �

AW: alive well; DOD: died of disease; �/�: partial loss of staining.
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borderline tumors. Loss of Cables was evident in a
high percentage of ovarian serous and endometri-
oid carcinomas. Furthermore, loss of Cables was
also observed at the mRNA level by RT-PCR analy-
sis in a human ovary tumor xenograft. In contrast to
serous and endometrioid carcinomas, all clear cell
carcinomas, mucinous borderline tumors and car-
cinomas, and the majority of the serous borderline
tumors showed strong Cables nuclear staining.
These results indicate that Cables may be involved
in the development of ovarian serous and endo-
metrioid carcinomas and suggest that the tumori-
genesis of clear cell and mucinous tumors may be
mediated through mechanisms that are different
from serous and endometrioid carcinomas. More-
over, our findings support the hypothesis that se-
rous borderline tumor is a separate entity and does
not appear to be a required previous step for the
development of serous carcinoma (13–15).

Loss of Cables expression has also been observed
in other cancers, including colorectal adenocarci-
noma, head and neck squamous cell carcinoma,
lung squamous cell carcinoma, esophageal squa-
mous cell cancer, endometrial endometrioid carci-
noma, and bladder transitional cell carcinoma. RT-
PCR analysis confirmed loss of Cables mRNA in
ovarian, colon, and lung cancers, which correlates
with results of previous studies (8). In contrast to
these carcinomas, loss of Cables is uncommon in

pancreatic and breast cancers. Although loss of 18q
occurs in �90% of pancreatic adenocarcinoma (16),
loss of Cables occurs only in 12.5% of pancreatic
cancer (Zukerberg, unpublished observations).
Therefore, loss of Cables expression is not always
associated with LOH on 18q.
Loss of Cables in ovarian cancer could lead to

uncontrolled cell proliferation through different
mechanisms. Cables interacts with many proteins
involved in cell proliferation, including cdk2 and
p53. Cables enhances a cdk2-inhibitory phosphor-
ylation by the Wee1 protein kinase (8), which de-
creases cdk2 activity. Therefore loss of Cables may
disregulate cdk2 function and enhance tumor for-
mation. In addition, it is well characterized that
almost all tumors develop resistance to growth in-
hibitory signals, and genes involved in this resis-
tance almost always relate to the retinoblastoma
gene product, pRB. Mutations in pRB, viral infec-
tions, and alteration of genes that normally regulate
pRB are common mechanisms of pRB inactivation
(17). Because pRB is regulated by cdks, loss of Ca-
bles, which leads to disregulated cdk2 activity,
would also cause pRB inactivation.
Finally, p53 mutation is a common event in ovar-

ian serous carcinomas (18, 19). Cables interacts
with p53 and may enhance p53-induced apoptosis
(20). To test whether there was a correlation be-
tween p53 mutations and Cables loss, we studied
p53 expression in serous carcinomas. All serous
carcinomas in our series were positive for p53 re-
gardless of Cables expression. These results imply
that loss of Cables might be a late event in tumor-
igenesis. Further studies will be helpful to deter-
mine more specifically the role of Cables in the
timeline of ovarian tumor development. No signif-
icant difference in MIB1-positive cells was detected
between Cables-positive and -negative serous car-
cinomas in our series. No correlation of Cables
expression versus tumor grade, stage, or survival
was seen. However, the number of cases in this
study, as well as the fact that most carcinomas were
high grade, makes it difficult to draw definitive con-
clusions about the possible correlation.
In summary, our data provide evidence that loss

of Cables is associated with ovarian serous and
endometrioid carcinomas and suggest that Cables
may be involved in the pathogenesis of these two
types of carcinomas. Mutational analysis of the Ca-
bles gene in ovarian cancer and evaluation of the
ovary in Cables knockout mice are currently under-
way to further characterize the role of Cables in
ovarian development and tumorigenesis.
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