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Abstract: Background: Triple-negative breast cancer (TNBC) is associated with characteristically poor prognosis. Tumor
invasion and metastasis lead to high mortality of patients with breast cancer. The identification of biomarkers that allow early
detection of metastasis is essential for therapeutic success in the treatment of breast cancer. This study aimed to asses the
immune-histochemical expression of Rock-1 and claudin-4 in triple negative breast cancer and comparing them with classic
prognostic parameters as age, grade, lymph node state, distant metastasis and stage to evaluate their prognostic significance in
triple negative breast cancer. Material and methods: Forty cases of triple negative breast cancer were examined
immunohistochemically using antibodies against claudin 4 and ROCK 1. Results: There was a difference in the expression of
claudin 4 and Rock 1 among different clinicopathological parameters. A statistically significant relationship was found
between high claudin 4 expression and higher age at time of diagnosis, advanced tumor stage, presence of distant metastasis
and increased number of nodal involvement (p=0.041, 0.006, 0.001 and < 0.001 respectively). A highly statistically significant
relationship was detected between high Rock 1 expression and increased number of nodal involvement (p <0.001). Also the
expression of Rock 1 was different according to different age groups, tumor grades, tumor stages and presence or absence of
distant metastasis but this difference was statistically insignificant (p=0.388, 0.602, 0.699 and 0. 944 respectively). Conclusion:
our data suggest that claudin 4 and ROCK 1 are biomarkers of poor prognosis of patients with triple negative breast cancer.
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1. Introduction
Breast cancer is one of the most common malignant
tumors in women, more than 1,300,000 cases and 450,000
deaths each year worldwide [1].
Breast cancer rates are increasing in Egypt, due to aging of
the population, increased age at the time of first pregnancy,
decrease in number of children and in breast feeding, and a
move toward high-calorie Western diets [2].
Management of breast cancer depends on clinical and
pathologic features of the tumor, including patient age, tumor
size, histologic type and grade, lymph node stage, and
lympho-vascular invasion [3].
Molecular markers such as estrogen receptor (ER),
progesterone receptor (PR), and human epidermal growth

factor receptor 2 (HER2) have been proven to provide
therapeutic, predictive, and prognostic value [4].
Triple-negative breast cancer (TNBC) is defined by the
loss of expression of receptor ER, PR, and Her2neu
expressions and associated with biological aggressive-eness
and poor prognosis. It represents approximately 10% to 17%
of all breast carcinomas [5].
It is of particular interest to clinicians and research-hers
due to their characteristically poor prognosis and resistance
to existing molecularly-targeted treatment modalities, such as
endocrine therapy (e.g., tamoxifen and aromatase inhibitors)
for hormone receptor-positive disease or trastuzumab for
human epidermal growth factor receptor-2 (HER2)-positive
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disease, leaving cyto-toxic chemotherapy as the principal
systemic treatment [6].
The metastases from TNBC tend to be more aggressive
with common visceral, hepatic, central nervous system, and
lung involvement [7]. The identification of biomarkers that
allow early detection of metastasis is essential for therapeutic
success in the treatment of breast cancer [8].
The Rho-associated serine-threonine protein kinase-1
(ROCK-1) is a major kinase effector protein of Rho GTP ase
signaling, correlated to the processes of invasion,
angiogenesis and tumor aggressiveness [9].
ROCK becomes activated when it selectively binds to the
active GTP-bound form of Rho. The action of this
Rho/ROCK signalling pathway has been shown to be
associated with tumour progression by regulation of actin
cytoskeletal reorganization and the formation of focal
adhesion [10, 11].
ROCKs also have an important role in cell migration by
enhancing cell contractility and are required for tail retraction
of cancer cells [12].
Abnormal highly expression of Rock 1 gene is detected in
a variety of tumor, such as prostate and breast cancer also it
plays a role in tumor cell invasion and metastasis [13-15].
Claudins are major integral membrane proteins of tight
junction proteins and include 23 family members have been
identified in humans [1].
Altered expression of several claudin proteins, in particular
claudin-4 has been detected in various cancers as ovarian
carcinoma and bladder cancer [16-18].

2. Materials and Methods
A total of 40 cases of formalin-fixed, paraffin-embedded
specimens of triple-negative primary invasive breast
carcinoma were included in this study. The cases were
obtained retrospectively, from the files of the Pathology.
Department, Faculty of Medicine, and Zagazig University
during the period from December 2010 to May 2014. All
cases underwent modified radical mastectomies. None of the
cases had received chemo-therapy or radiotherapy prior to
surgery.
All clinical data including age, size, grade, nodal status
and distant metastasis were obtained from patient's files. Also
receptor status(ER, PR, and Her 2) were obtained from their
pathology reports.
I- Histopathologic examination
Tumor specimens were fixed in 10% buffered formalin and
embedded in paraffin. Consecutive 4 mm sections were
prepared and stained with hematoxylin and eosin for
histopathological examination.
All the slides were re-evaluated according to WHO
classifications of breast and female genital system tumors
[19]. Grading was done based on Nottingham system.
Staging was performed according to the International Union
against Cancer TNM Classification [20].
II-Immunohistochemical staining:
Formalin fixed paraffin-embedded specimens were serially
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cut into Sections of 3–5 mm thickness sections for IHC),
mounted on positively charged slides, deparaffinized in
xylene, and rehydrated in a descending grades of alcohol.
Sections were boiled in citrate buffer (pH 6.0) for 20 min and
then washed in PBS (pH 7.3). For antigen retrieval, slides
were immersed in ready to use Dako target retrieval solution
(ph 6.0), then boiled in this solution in a microwave for 20
minutes. Thereafter, blocking of endogenous peroxidase
activity with 3% hydrogen peroxide for 10 min at room
temperature was carried out. The slides were then incubated
at 2-8 C with primary antibodies: claudin 4, Rabbit
Polyclonal antibody at a dilution of 1:50 (Thermo Fisher
Scientific Lab Vision Corporation, Fremont, CA 94538,
USA); ROCK 1 Rabbit monoclonal antibody at a dilution of
1:50 (Thermo Fisher Scientific Lab Vision Corporation,
Fremont, CA 94538, USA). Incubation with a secondary
antibody and product visualization were performed (DakoCytomation) with diaminobenzidine substrate (Research
Genetics, Huntsville, Alabama, USA) as the chromogen. The
slides were finally counterstained with Mayer’s hematoxylin
(BioGenex Laboratories, San Ramon, California, USA) and
washed once each with distilled water and PBS. Human
tonsil specimens and human colon tissue were used as
positive controls for claudin 4 and ROCK 1 antibodies,
respectively. Negative controls, obtained by substitution of
primary antibodies with blocking buffer, were included
within each slide batch.
Assessment of Immunohistochemical staining results:
1- Evaluation of claudin 4 immunostaining:
Claudin 4 was cytoplasmic in distribution. Immunoreactivity was assessed in at least 5 high-power fields at ×400
magnification and based on combined score of the intensity
(0, no stain; 1, weak; 2, moderate; and 3, strong) and the
percentage of stained tumor cells (0, <5%; 1, 5%-25%; 2,
26%-50%; and 3, ˃51%). The 2 scores were multiplied to
give an overall score of 0 to 9, of which 0 was considered
negative; 1 to 2 was considered weak; 3 to 6, moderate; and
9, strong staining. Negative and weak expression was
considered as low claudin expression, whereas moderate and
strong as high claudin expression [21].
So a cut-off inferior or equal to 2 was considered as
negative [22-23].
2- Evaluation of ROCK 1 immunostaining:
ROCK 1 was expressed in the cytoplasm. “Positive
expression” was defined as > 10% positively stained cells
under 200 × microscopic field; ≤ 10% was defined as
“negative expression [24].
Statistical Analysis
Categorical variables were expressed as a number
(percentage). Percent of categorical variables were compared
using the Pearson’s Chi-square (χ2) test. Receiver Operating
Characteristic (ROC) curves were obtained to calculate the
optimized cutoff point for Claudin 4 and ROCK 1 scores to
reach the best compromise in the prediction of poor
prognosis. The cutoff point with maximum sensitivity and
specificity (validity) is used as the recommended cutoff point
and also Area under Curve (AUC) was calculated. All tests
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were two sided, p-value <0.05 was considered significant.
All statistics were performed using SPSS 22.0 for windows
(SPSS Inc., Chicago, IL, USA).
The staining results were evaluated in a double-blinded
manner by two independent pathologists.

3. Results
I-Patients’ characteristics
AQ10 The study included forty patients with their age
ranged from 43 to 73 years. Most patients (82.5%) were ˃ 50
years. Most carcinomas were grade II (45%) or grade III
(42.5), with most cases (87.5%) associated with positive
nodal involvement. The clinicopathological data are shown in
Table 1 Figure (2, 5).
II- Expression of claudin 4 in TNBC cases and its
association with clinicopathological parameters:
High levels of claudin 4 cytoplasmic expression were
detected in 62.5% of TNBC cases and the remaining cases
(37.5%) showed low levels of claudin 4 expression. There
was a difference in the expression of claudin 4 among
different clinicopathological parameters. A statistically
significant relationship was found between high claudin 4
expression and higher age at time of diagnosis, advanced
tumor stage, presence of distant metastasis and increased

number of nodal involvement ( p=0.041, 0.006, 0.001 and <
0.001 respectively) (Table 2) Figure (4, 5).
III- Expression of Rock 1 in TNBC cases and its
Association with clinicopathological parameters:
High expression of Rock 1 was detected in 57.5% of
TNBC cases and low expression was detected in 42.5%.
There was a difference in the expression of Rock 1 among
different clinicopathological parameters. A highly
statistically significant relationship was detected between
high Rock 1 expression and increased number of nodal
involvement (p<0.001) Also the expression of Rock 1 was
different according to different age groups, tumor grades,
tumor stages and presence or absence of distant metastasis
but this difference was statistically insignificant (p=0.388,
0.602, 0.699 and 0. 944 respectively) (Table 3) Figure (3, 5).
IV: Diagnostic performance of Claudin 4 and ROCK 1
scores as a predictor for poor prognosis of triple negative
breast cancer patients:
The sensitivity of claudin 4 and ROCK 1 in predicting the
prognosis was 80% and 65.7% respectively. While the
sensitivity of claudin 4 and ROCK 1 together was 82.8%.
The specificity was 100% for both claudin 4 and ROCK 1
when done either separately or in combination (Table 4)
Figure (3, 4, and 5). Claudin 4 x ROCK 1

Table 1. Clinicopathological features of studied cases (N=40).
No.
Age (years)
≤ 50 year
> 50 year
Tumor grade
GI
GII
GIII
Tumor stage (T)
T1 (<2 cm)
T2 (2-5 cm)
T3 (> 5cm)

5
18
17

(%)
Lymph node (N)
17.5%
82.5%
N2
12.5%
45%
42.5%

5
20
15

12.5%
50%
37.5%

7
33

No.

(%)

No
N1
15
N3

5
7
37.5%
13

12.5%
17.5%

Distant Metastasis (M)
M0
M1

28
12

70%
30%

32.5%

Categorical variables were expressed as a number (percentage).
Table 2. Relationship between proportion of tumor cells expressing Claudin 4 and different clinicopathological parameters of patients (N=40).

Age (years)
≤ 50 year
> 50 year
Tumor grade
GI
GII
GIII
Tumor stage (T)
T1 (<2 cm)
T2 (2-5 cm)
T3 (> 5cm)
Lymph node (N)
No

Total

Claudin expression
Low expression (≤2) (n=15)
No.
%

High expression (>2) (n=25)
No.
%

7
33

5
10

71.4%
30.3%

2
23

5
18
17

5
10
0

100%
55.6%
0%

5
20
15

5
7
3

5

5

χ2

p-value

28.6%
69.7%

4.167

0.041

0
8
17

0%
44.4%
100%

21.037

<0.001

100%
35%
20%

0
13
12

0%
65%
80%

10.347

0.006

100%

0

0%

23.827

<0.001
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7
15
13

Claudin expression
Low expression (≤2) (n=15)
No.
%
6
85.7%
4
26.7%
0
0%

High expression (>2) (n=25)
No.
%
1
14.3%
11
73.3%
13
100%

28
12

15
0

13
12

Total
N1
N2
N3
Distant Metastasis (M)
M0
M1

98

53.6%
0%

46.4%
100%

χ2

p-value

10.286

0.001

Qualitative data are presented as number (%); χ2 Chi-square test; p<0.05 is significant.
Table 3. Relationship between proportion of tumor cells expressing ROCK 1 and different clinicopathological parameters of patients (N=40).
ROCK 1 expression
Total

Low expression (≤10%) (n=17)

High expression (>10%) (n=23)

No.

%

No.

%

χ2

p-value

0.744

0.388

1.016

0.602

0.716

0.699

19.075

<0.001

0.005

0.944

Age (years)
≤ 50 year

7

4

57.1%

3

42.9%

> 50 year

33

13

39.4%

20

60.6%

GI

5

3

60%

2

40%

GII

18

8

44.4%

10

55.6%

GIII

17

6

35.3%

11

64.7%

T1 (<2 cm)

5

3

60%

2

40%

T2 (2-5 cm)

20

8

40%

12

60%

T3 (> 5cm)

15

6

40%

9

60%

No

5

5

100%

0

0%

N1

7

6

85.7%

1

14.3%

N2

15

5

33.3%

10

66.7%

N3

13

1

7.7%

12

92.3%

M0

28

12

42.9%

16

57.1%

M1

12

5

41.7%

7

58.3%

Tumor grade

Tumor stage (T)

Lymph node (N)

Distant Metastasis (M)

Qualitative data are presented as number (%); χ2 Chi-square test; p<0.05 is significant.
Table 4. Diagnostic performance of Claudin 4 and ROCK 1 scores as a predictor for poor prognosis of triple negative breast cancer patients; ROC curve
Analysis.
IHC

Cut-off
values

Claudin 4

> 1.5

ROCK 1

>9

Claudin 4 +
ROCK 1
Claudin 4 x
ROCK 1

> 10
> 11.2

SN%
(95% CI)
80%
(63.1 – 91.6%)
65.7%
(47.8 – 80.9%)
82.8%
(66.4 – 93.4%)
88.6%
(73.3 – 96.8%)

SP%
(95% CI)
100%
(47.8 – 100%)
100%
(47.8 – 100%)
100%
(47.8 – 100%)
100%)
(47.8 – 100%)

‡p < 0.001; § p < 0.001; * p < 0.001; • p < 0.001.
ROC curve: Receiver Operating Characteristic curve;
SN: Sensitivity;
SP: Specificity;
PPV: Positive Predictive Value;
NPV: Negative Predictive Value;
AUC: Area under Curve; 95%
CI: 95%
Confidence Interval; p < 0.05 is significant. Figure (1)

PPV%
(95% CI)
100%
(87.7 – 100%)
100%
(85.2 – 100%)
100%
(88.1 – 100%)
100%
(88.1 – 100%)

NPV%
(95% CI)
41.7%
(14.2 – 73.6%)
29.4%
(10.3 – 56%)
45.5%
(15.6 – 78%)
55.6%
(21.2 – 86.3%)

Accuracy
(95% CI)
82.5%
(68.2 – 96.8%)
70%
(52.7 – 87.3%)
85%
(71.5 – 98.4%)
90%
(78.7 – 100%)

AUC
(95% CI)
0.934‡
(0.809 – 0.988)
0.820§
(0.666 – 0.923)
0.903*
(0.767 – 0.974)
0.949•
(0.829 – 0.993)
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Figure 1. Receiver Operating Characteristic (ROC) curves of Claudin 4 and
ROCK 1 scores as a predictor for poor prognosis of triple negative breast
cancer patients.

Figure 2. (Hematoxylin & eosin; x400) (a) Carcinoma in situ showing large
proliferating pleomorphic malignant cells (b) Grade I infiltrating duct
carcinoma, not otherwise specified showing solid trabeculae of malignant
cells with little pleomorphism and low mitotic activity (c) Grade II
infiltrating duct carcinoma showing large pleomorphic malignant cells (d)
Grade III infiltrating duct carcinoma showing highly pleomorphic malignant
cells with frequent mitosis.

Figure 3. (Rock 1; x400) (a) Carcinoma in situ showing high levels of Rock 1 cytoplasmic expression (b)Grade I infiltrating duct carcinoma showing low
levels of Rock 1 cytoplasmic expression (c)Grade II infiltrating duct carcinoma showing high levels of Rock 1 cytoplasmic expression. (d)Grade III infiltrating
duct carcinoma showing high levels of Rock 1 cytoplasmic expression.
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Figure 4. (Claudin 4; x400)(a) Carcinoma in situ showing high levels of Claudin cytoplasmin expression (b) Grade I infiltrating duct carcinoma showing low
levels of Claudin 4 cytoplasmic expression (c) Grade II infiltrating duct carcinoma showing high levels of Claudin 4 cytoplasmic expression (d) Grade III
infiltrating duct carcinoma showing high levels of Claudin 4 cytoplasmic expression.

Figure 5. Lymph node showing metastasis from infiltrating duct carcinoma of the breast (a) (hematoxylin &eosin x400) (b) (Rock 1; x400) showing high levels
of Rock 1 cytoplasmic expression (c) (Claudin 4; x400) showing high levels of Claudin 4 cytoplasmic.

4. Discussion
Breast cancer is the most common cancer among women
[25]. Tumor invasion and metastasis affect more than 90% of
patients with breast cancer and are the main factors that
contribute to high mortality [26]. These processes occur due
to the weak cytoskeletal structure allowing the low anchorage
of neoplastic cells [27].
Tight junctions consist of transmembrane proteins, such as
claudins (CLDNs), occludin, and many peripheral membrane
proteins; CLDNs play crucial roles in the formation and
maintenance of the tight junctions [28]. They are connected
with the actin cytoskeleton and participate in intracellular
signaling [29]. In this context, down regulation or up
regulation of CLDNs might have a role in cancer
development [30]. Alterations of CLDNs have been noted in
several tumors such as colorectal, ovarian and breast cancer
[31, 32].
The up-regulation of claudin-4 has also been associated
with tumorigenesis, and their expression is up-regulated in
several malignancies, including breast, gastric, pancreatic,
prostate and uterine cancers [33].
In the current study, High levels of claudin 4 cytoplasmic
expression were detected in 62.5% of TNBC cases and this
expression was significantly associated higher age at time of
diagnosis, higher tumor grade, advanced tumor stage,,
increased number of nodal involvement and presence of
distant metastasis (p <0.05)
Our results are consistent with those of Mona and Marwa
study who found that 66.1% of TNBCs express high levels of

claudin 4; and this expression was significantly associated
with large tumor size, high histologic grade, nodal
involvement, and distant metastasis. Furthermore, they found
that increased cytoplasmic localization of overexpressed
claudin 4 was observed in the studied TNBC positive cases.
This may be attributed to that claudin 4 is not functioning
correctly in which the tight junctions were disorganized, and
paracellular Permeability was increased [34].
Similarly Blanchard and Kulka [33, 35] studied claudin 4
expressions in TNBC tumors and found association between
the expression of claudin 4 and high-grade TNBC tumors.
These findings go with other previous studies that found
association of the expression of claudin 4 with high-grade
breast cancer [36, 37]. Also Lanigan described the
association of increased expression of claudin 4 with high
tumor grade, ER-negative tumors, and poor prognosis [38].
Our results were different from those reported by Garbar
and Kolokytha [39-40] who found that claudin 4 could be a
biomarker of favorable prognosis in TNBC and negative
claudin 4 TNBC show a poor breast cancer-specific survival
curves.
Rho-associated coiled-coil containing protein kinase
(ROCK) belongs to a family of serine/threonine kinases and
is one of the best characterized downstream effectors of Rho
GTP ases [41]. Via ROCK activation, Rho GTP ases have
been implicated in multiple cellular processes including
motility, morphogenesis, polarity, cell division, and cell
adhesion [42]. In humans, there are two known ROCK
isoforms-ROCK 1 and ROCK 2. ROCK over-expression has
been implicated in the progression of many tumor types,
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including bladder carcinoma, hepatocellular carcinoma, and
breast carcinoma [43, 44, 45] the increased expression of
ROCK-1 is related to the presence of tumor metastasis and its
inhibition is a novel approach for treating breast cancer [46].
In the current study, High levels of Rock 1 were detected
in 57.5% of TNBC cases. There was a difference in the
expression of Rock 1 among different clinico-pathological
parameters. A highly statistically significant relationship was
detected between high Rock 1 expression and increased
number of nodal involvement (p <0.001). Also the
expression of Rock 1 was different according to different age
groups, tumor grades, tumor stages and presence or absence
of distant metastasis but this difference was statistically
insignificant.
Our results are consistent with Bottinoa who found higher
expression of ROCK 1 in women with lymph node
involvement compared to those without lymph node
involvement (p = 0.007). Also they found variation in the
expression of ROCK-1 between different clinical tumor
stages, but without a statistically significant difference (p >
0.05). In addition, they found strong labeling areas of ROCK1 protein in the group of women who had metastases but
without a statistically significant difference [47].
Similarly Liu assessed the expression of ROCK 1 in
human breast cancer specimens and cell lines and found high
expression of ROCK-1 in metastatic human mammary
tumors (from patients with nodal metastasis) compared with
non-metastatic tumors (node-negative). Also they reported
that ROCK 1 was markedly elevated in the tumorigenic and
metastatic cell lines, compared with the tumorigenic but nonmetastatic cell lines. These observations suggest that
overexpression of ROCK 1 may contribute to the metastatic
features of breast cancer cells. They also claimed that the
inhibition of ROCK-1 can suppress the growth, migration
and metastasis of these cells [46].
The same result was shown in a study by Patel, in which
they studied the effect of RKI-1447 in Human breast and
lung cancer cell lines and found that RKI-1447 was highly
selective at inhibiting ROCK-mediated cytoskeleton reorganization, migration, invasion and anchorage-independent
tumor growth of breast cancer cells. Also, RKI-1447
inhibited tumor growth and caused tumor regression in
animal models with little side effects [48].
Lane reported that high levels of ROCK I is correlated
significantly with shorter overall survival; mean survival
103.20 months (74.37-132.03 months 95% CI) vs. 139.87
months (130.31-149.43 months 95% CI) for those with low
levels of ROCK I; p=0.0304. They further tested the effects
of a ROCK inhibitor (Y27632) on the cells and found a
significant decrease in invasiveness when compared with
those untreated cells (78.6±6.42 vs. 131.6±20.8 p<0.005).
From their findings they suggested that ROCK I is a potential
therapeutic target in human breast cancer, with the possible
use of ROCK inhibitors acting as antimetastatic
chemotherapeutic agents [49].
A study by Croft also reported increased expression of
ROCK-1 in human cancers with invasive and metastatic

phenotypes and suggested that ROCK inhibitors would be
useful antimetastatic and antiangiogenic chemotherapeutic
agents in tumors associated with elevated ROCK I expression
[50].

5. Conclusion
Claudin 4 and ROCK 1 can be considered as a potential
marker for unfavorable prognosis of patients with triple
negative breast cancer and can predict clinical outcome of
triple negative breast cancer patients. Also they can be
targeted for future therapy. However claudin 4 is more
sensitive than ROCK 1 in predicting the prognosis. It is
better to do them together because of higher sensitivity.

Abbreviations
TNBC: Triple-negative breast cancer; ER: estrogen
receptor; PR: progesterone receptor; HER 2: human
epidermal growth factor receptor 2; CLDNs: Claudins;
ROCK: Rho-associated coiled-coil containing protein kinase.
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