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Abstract. The T-box 3 (TBX3) transcription factor has been
shown to serve multiple roles in normal development. Recent
findings have revealed that TBX3 is overexpressed in different
types of carcinomas, including breast, cervical, ovarian,
melanoma, pancreatic, lung, liver, bladder, head and neck.
Therefore, the present study investigated the significance of
TBX3 as a diagnostic marker of breast cancer. To achieve
this aim, breast cancer samples and their adjacent normal
tissues were collected from 51 breast cancer patients from
the European Gaza hospital during 2015-2016. Sections from
each sample were immune-stained by anti-TBX3 and suitable
secondary and tertiary antibodies. TBX3 levels were evaluated
in cancerous and normal samples. Clinicopathological data for
each patient were documented. The correlation between TBX3
levels and the clinicopathological parameters were statistically
tested. The results revealed that TBX3 is significantly
overexpressed in breast cancer tissues when compared with
normal tissues. Furthermore, TBX3 was mainly a cytoplasmic
protein in normal and breast cancer tissues. Notably,
TBX3 levels exhibited a sensitivity of 78.4%, specificity of
79.6%, accuracy of 79% and area under the curve of 0.791
(0.700-0.882) at a cut-off value=9 as breast cancer marker.
However, no significant associations were observed between
TBX3 levels and other breast cancer markers including
oestrogen receptor, progesterone receptor, human epidermal
growth factor receptor 2, cancer antigen 15-3 and breast
cancer stages. Altogether, these results suggested that TBX3
overexpression may be a potential biomarker for breast cancer.
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Introduction

Breast cancer is the most common malignancy worldwide
and it is estimated that one out of eight women will develop
breast cancer in their life time (1,2). Unfortunately, in spite of
the enormous efforts invested to treat breast cancer there has
been limited success because many patients still diagnosed too
late and several types of breast tumours develop resistance to
the current chemotherapies (3.4). There is therefore a need to
develop more effective diagnostic and therapeutic approaches
to treat this devastating disease. One important strategy to
fight breast cancer is to identify more effective diagnostic
targets for this disease.

The T-box family of transcription factors are important
developmental regulators and have been shown to contribute
to several human syndromes (5,6). In addition to their key
role in development, extensive investigations suggested that
overexpression of some T-box factors, including TBX?2 and
TBX3 may drive cancer (6-12). Both transcription factors are
upregulated in a number of cancers including melanoma (13,14)
and breast cancer (15,16) where it was shown to be required
for tumour formation and cell migration (6,17-19). Importantly,
knocking down TBX2 and TBX3 was shown to reverse key
features of the melanoma and breast cancer phenotype
suggesting that it might be a useful target in the development
of novel anti-cancer drugs to treat these cancers (12,20).
Previous study suggested TBX3 as a potential biomarker for
early stages of breast cancer (21). The same study showed
that malignant cells of primary breast cancer tissue express
higher TBX3 levels than normal breast epithelial cells in
both nucleus and cytoplasm. The elevated cytoplasmic
TBX3 protein level suggests that TBX3 might leak into the
cytoplasm and subsequently enter the blood stream from the
tumor tissue. This was further supported by another interested
study which showed that TBX3 can be used as component
of multiparameter monitoring of ovarian and breast cancer
at the early stages (22). All together these data highlighted
the importance of TBX3 as a potential biomarker for breast
cancer. In this regard, the current study aimed to test whether
TBX3 is overexpressed in different stages of breast cancer
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tissues and to test its significance as a diagnostic biomarker
to identify tumor cells from normal cells in breast tissue. Our
study demonstrated that TBX3 is overexpressed in different
stages of breast cancer tissues and it might be reliable marker
to distinguish between breast cancer cells and normal cells in
the same tissue. This is significant to facilitate and to improve
breast cancer diagnosis.

Materials and methods

Breast cancer samples. This study has a retrospective design
and the protocol was approved by the Helsinki Committee
of the Palestinian Health Research Council under approval
number (PHRC/HC/93/16). All pathologically verified breast
cancer cases admitted to the European Gaza Hospital and
subjected to mastectomy during 2016 (n=51) were included
in this study. For each patient, two paraffin-embedded
tissue blocks containing cancer and non-cancer tissues were
included. Important to note that after the histopathological
examinations, 7 samples of the non-cancer tissues were found
to be invaded by cancer cells and they were excluded from the
non-cancer tissues. Therefore, the total number of samples in
this study was 51 cancer tissues and 44 non-cancer tissues of
the same patients and no samples of healthy volunteers were
included.

None of the patients received neo-adjuvant chemotherapy.
The clinical and pathological features of the population-based
breast cancer tissue samples are shown in Table I.

Immunohistochemistry. Tissues embedded in a paraffin
blocks were cut into 4 um thick sections. The sections were
deparaffinized with a xylene substitute and rehydrated using
decreasing concentrations of ethyl alcohol. For retrieval,
hydration and washing triology (Cell Marque™; Merck KGaA,
Darmstadt, Germany) was used and for blocking hydrogen
peroxide was used. The sections were incubated with a
1:150 dilution of rabbit anti-human TBX3 (ab89220, Abcam,
Cambridge, UK). Primary antibody detected by HRP HiDef
2-Step Polymer Detection™ kit (954D, Cell Marque™). For
all reactions, the DAB chromogen kit (957D, Cell Marque™)
was used. Finally all sections were counterstained with
haematoxylin, dehydrated and mounted. Negative controls
were treated identically, except of the primary antibody. The
slides were examined using an iScan Coreo Digital Microscope
(Version 3.3, Ventana Medical Systems, Inc., Tucson, AZ,
USA) (21). Notably, due the heterogeneity of the tumour tissues
it's not possible to separately extract proteins from cancer cells
and normal cells. Therefore immunohistochemistry was used
to evaluate TBX3 level in both types of cells and not western
blot analysis.

Scoring method for TBX3 level. The immunostained slides
were scored for TBX3 level by two independent pathologists,
both of them are not involved in any step of immunohisto-
chemistry protocol preparations and without any information
of clinical patient's reports. The tissue slides were scored using
Leake et al (23) scoring system with some modifications. Briefly,
20 normal cells (in the normal sections) or 20 tumor cells (in the
tumor sections) were randomly chosen and scored. Both nuclear
and cytoplasmic staining were considered. Two scoring systems
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were used: i) Staining intensity based system; and ii) proportion
of stained cells based system. For proportion staining score,
both nuclear and cytoplasmic proportion were respectively clas-
sified into six grades (0-5). The sum of these two scores O to
8 was given to describe the nuclear and cytoplasmic staining
separately (23,24). By combining these two cytoplasmic and
nuclear scores, the total tbx3 level score was 0 to 16. Suggested
scoring system is summarized in Table II.

Our modifications include combining the cytoplasmic and
nuclear grades to measurer the total TBX3 level in the cells.
The TBX3 level scores obtained ranged from 0 to 16, and
divided into five groups: (0-1) Negative staining, (2-6) weak
positive staining, (7-11) moderate positive staining and (12-16)
strong positive staining. Applied scoring system is summa-
rized in (Table II).

Statistical analysis. TBX3 expression in normal and breast
cancer tissue was analyzed using standard statistical methods.
All statistical analyses were performed using SPSS software
package version 22.0 (IBM Corp., Armonk, NY, USA).
Percentages and frequencies were used to represent most
personal information variables. Then the mean, standard
deviation, Median, Range, Maximum and Minimum were
calculated for variables; t-test was used to compare between
TBX3 expression in tumor and normal tissues.

Correlations were performed by Spearman's rank correla-
tions test to determine the relation between TBX3 level and
clinicopathological features including: Age, tumor size, lymph
node size, lymph node metastasis and common breast cancer
biomarkers including: CA15-3, ER, PR and HER?2. This test is
based on the study of the relationship between two variables.

Mann-Whitney U-test (MW) was used to study the rela-
tionships between TBX3 expression and clinicopathological
features including: IDC and ILC breast cancer types, and also
non-metastatic and metastatic breast cancer. For example, this
analysis was used to compare between the total TBX3 level in
invasive lobular carcinoma (ILC) and in invasive ductal breast
cancer (IDC). Also to compare between total TBX3 level of
MO and M1 for tumor metastasis. Kruskal-Wallis H-test (KW)
was applied for statically comparison between three study
groups or more. This assay was used to study the relationships
between TBX3 expression and clinicopathological features
include breast cancer stages (I, I, III and IV) and histological
grades (1,2 and 3). P<0.05 was considered to indicate a statisti-
cally significant difference.

Diagnostic accuracy of TBX3 levels were detected by
receiver operating characteristic curve (ROC). Cut-off value
and area under a ROC curve (AUC) were used to determine
the significance of nuclear, cytoplasmic and total TBX3 levels
as tumor marker. The values of the maximum sum of sensi-
tivity and specificity were considered as the optimal cut off
values. In addition, sensitivity, specificity, accuracy, positive
predictive value (PPV) and negative predictive value (NPV)
were calculated.

Results
TBX3 is overexpressed in different stages breast cancer tissues.

Previous studies showed that TBX3 is overexpressed in a subset of
breast cancer cell lines (25) and primary breast cancer tissues (21).
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Table I. Clinical and pathological characteristics of patients.

Characteristic No. of patients, n (%)
Total 51 (100)
Age (year)
<50 17 (33.3)
>50 34 (66.7)
Tumour size (cm)
< 4(7.8)
2-5 23 (45.1)
>5 23 (45.1)
Unknown 1(2)
Lymph node metastasis
0 19 (37.3)
1-3 13 (25.5)
4-9 8 (15.7)
=10 11 (21.6)
Cancer metastasis
MO 41 (80)
M1 9 (18)
Unknown 1(2)
Histological type
IDC 38 (74.5)
ILC 12 (23.5)
DCIS 1(2.0)
ER scoring
0 10 (19.6)
1 9(17.6)
2 7(13.7)
3 5(9.8)
Unknown 20 (39.2)
PR scoring
0 10 (19.6)
1 10 (19.6)
2 4(7.8)
3 7 (13.7)
Unknown 20 (39.2)
HER2 scoring
0 15(294)
1 2 (4.0)
2 359
3 11 (21.6)
Unknown 20 (39.2)
CA15-3 antigen (U/ml)
<30 12 (23.5)
>30 4(7.8)
Unknown 35 (68.6)

ER, oestrogen receptor; HER2, human epidermal growth factor receptor
type 2; PR, progesterone receptor; CA15-3, Carcinoma Antigen 15-3.
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Table II. Scoring system for nuclear staining, cytoplasmic
staining and total score.

A, Scores for nuclear staining

Proportion score Intensity score

0=No staining
1=<1% staining

0=No staining

1=Weak staining

2=1-10% staining 2=Moderate staining
3=11-33% staining 3=Strong staining

4=34-66% staining -

5=67-100% staining -

Rules Adding the two scores together
gives a nuclear score of (0-8).

B, Scores for cytoplasmic staining

Proportion score Intensity score

0=No staining
1=<1% staining

0=No staining

1=Weak staining

2=1-10% staining 2=Moderate staining
3=11-33% staining 3=Strong staining

4=34-66% staining -

5=67-100% staining -

Rules Adding the two scores together
gives a cytoplasmic score (0-8).

C, Total score

Total score Staining levels

0-1 Negative staining
2-6 Weak positive staining
7-11 Moderate positive staining

12-16
Rules

Strong positive staining
Adding the nuclear score (0-8)
and cytoplasmic score (0-8)

together gives the total protein
level of cell (0-16).

In the current study, we tested whether TBX3 is overexpressed in
different stages and types of breast cancer tissues. TBX3 protein
level could be evaluated in breast cancer tissues by different
techniques such as immunohistochemistry and western blot
analysis. However, tumor tissues usually include mixtures of both
normal and malignant cells, and therefore, only a subpopulation
of tumor cells represent the nature of cancer cells. To overcome
this problem, we performed immunohistochemistry analysis to
evaluate TBX3 protein level in breast cancer cells included in the
tumor tissues in comparison to normal cells out of the tumor tissues.
Tumor and normal sections were stained and scored as described
in the materials and methods section (21,23,26). Results showed
that TBX3 protein is overexpressed in tumour tissues compared
with normal tissues among breast cancer patients (Fig. 1). The
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Table III. Expression level of TBX3 in normal and tumour tissues.

TBX3 expression (n)

Total no. Negative (%) Weak (%) Moderate (%) Strong (%) P-value
Normal 44 2 (4.54) 11 (25) 26 (59.1) 5(11.36) <0.001
Tumour 44 0 (0) 2 (4.54) 21 (47.73) 21 (47.73) <0.001

A total number of 44 cancer tissue samples versus 44 non cancer tissues were used in this test. This number was used as the other 7 samples
did not have non-cancerous tissues due to the large size of the tumor. TBX3, T-box 3.

Figure 1. TBX3 levels in normal and cancerous tissues from the human breast. Normal human breast epithelial tissues had low TBX3 Levels at (A) magnifica-
tion, x10 and (B) x40. Breast cancer tissues at (C) magnification, x10 and (D) at x40 exhibited high levels of TBX3. TBX3, T-box 3.

A ST

Figure 2. Cytoplasmic and nuclear TBX3 protein in normal and cancerous
breast tissues. (A) Representative photograph of normal human breast tissues
expressing low TBX3 protein levels, mainly in the cytoplasm and nucleus
(magnification, x40). (B) Representative photograph of breast cancer tis-
sues exhibited higher levels of cytoplasmic and nuclear TBX3 protein when
compared with normal tissues (magnification, x40). The tumour and normal
breast cells exhibited TBX3 overexpression in the cytoplasm when compared
with the nucleus. TBX3, T-box 3.

mean of TBX3 level in tumour tissues is 10.9+2.5 and in normal
tissues is 6.7+3.8 (P<0.001). Importantly, 21 patients (47.73%)
showed strong positive TBX3 staining in tumour tissue and only
5 (11.36%) of normal tissues showed similar levels of TBX3.
While only two tumour samples (4.54%) showed weak TBX3
level, 11 samples (25%) of normal tissues showed weak TBX3
level. Moreover, no tumour tissues showed completely negative
TBX3 level but 2 (4.54%) normal tissues showed negative TBX3
stain. The expression level of TBX3 in normal and tumour tissue
are summarized in Table ITI. Importantly, our results revealed that
TBX3 is mainly cytoplasmic in both normal and breast cancer
tissues (Fig. 2). According to our scoring system, the mean of
cytoplasmic TBX3 level in normal cells is 5.3+1.6 compared
with 2.6+2 in the nucleus and this difference is significant with
P<0.001 (Table IV). Similarly, the mean of cytoplasmic TBX3
level in tumour cells is 6.7+1.4 compared with 4.2+2.2 in the
nucleus and this difference is also significant (P<0.001). These
results show that TBX3 is significantly overexpressed in breast
cancer cells.

TBX3 is a promising diagnostic marker for breast cancer. To
explore the significance of TBX3 as a diagnostic marker of breast
cancer, we analysed the obtained data using the ROC curve and
AUC. Youden's index was used to determine the cut-off value
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Table I'V. Cytoplasmic and nuclear Tbx3 levels in normal and tumour tissues.
Tbx3 proteins Normal cells (n=44) Tumour cells (n=51) t P-value
Cytoplasmic level, Mean + SD (Min-Max) 5.3+1.6 (0-8) 6.7+1.4 (3-8) 4.851 <0.001
Nuclear level, Mean + SD (Min-Max) 2.6x2 (0-6) 4.2+2.2 (0-8) 3.731 <0.001

SD, standard deviation; Tbx3, T-box 3.

Table V. Youden index cut-off values, sensitivity, specificity, PPV, NPV and AUC of TBX3 biomarker for breast cancer diagnoses.

Tumor Normal
Cut-off tissues Tissues Sensitivity Specificity Accuracy PPV NPV AUC

Biomarker point  (n=51) (n=44) (%) (%) (%) (%) (%) (95% CI) P-value
Cytoplasmic <6 15 38 70.6 86.4 779 857 T71.7 0.789 <0.001
TBX3 (0-8) >6 36 6 (0.695-0.882)

Nuclear <4 28 39 451 88.6 65.3 82.1 582 0.701 0.001
TBX3 (0-8) >4 23 5 (0.597-0.805)

Total TBX3 <9 11 34 78.4 79.6 790 800 780 0.791 <0.001
level (0-16) >9 40 10 (0.700-0.882)

PPV, positive predictive value; NPV, negative predictive value; AUC, area under the curve; 95% CI, 95% confidence interval; TBX3, T-box 3.

Table VI. Correlations between TBX3 level and clinicopatho-
logical parameters among study population.

Correlation with TBX3 level
in tumor cells

Parameters R P-value
Age (years) -0.130 0.364
Tumour size (cm) -0.038 0.791
LN metastasis (%) 0.160 0.263
LN size (cm) -0.072 0.638
ER -0.004 0.982
PR 0.016 0.930
HER2 0.092 0.622
CA15-3 -0.115 0.670

ER, estrogen-receptor; PR, progesterone receptor; HER2, human
epidermal growth factor 2; CA15-3, cancer antigen 15-3; LN, lymph
node; R, Spearman's rank correlation coefficient (Nonparametric).

for TBX3 level in tumour tissues compared to normal tissues.
These methods were used by several studies to show the
diagnostic value of tumour makers including carcinoembryonic
antigen (CEA), cancer antigen 19-9 (CA19-9), cancer antigen
125 (CA125), CA15-3 and tissue polypeptide-specific antigen
(TPS) in metastatic breast cancer (27-30).

The results showed that TBX3 protein is statistically
significant diagnostic marker for breast cancer (P<0.001). The

cut-off value for TBX3 level was 9 of a total score 16. The
AUC was 0.791 (P<0.001), sensitivity and specificity were
78.4 and 79.6% respectively. PPV was 80%, NPV was 78%,
and accuracy of TBX3 as diagnostic breast cancer marker
was 79%. The cut-off value for cytoplasmic TBX3 was 6 of
a total score 8. The AUC was 0.798 (P<0.001), sensitivity was
70.6%, specificity was 86.4%, PPV was 85.7, NPV was 71.7,
and accuracy was 77.9%. In addition to the cytoplasmic TBX3,
the cut-off value of nuclear TBX3 was 4 of a total score 8, the
AUC was 0.701 (P=0.001), sensitivity was 45.1%, specificity
was 88.6%, PPV was 82.1, NPV was 58.2, and accuracy was
65.3% (Table V and Fig. 3). Furthermore, cytoplasmic TBX3
has higher accuracy than nuclear TBX3 whereas nuclear TBX3
has higher specificity than cytoplasmic TBX3. However, in
comparison to the cytoplasmic and nuclear TBX3, total
TBX3 level showed the best diagnosability for breast cancer
with the highest sensitivity of 78.4%, highest AUC of 0.791
(0.700-0.882) at cut-off value=9. Which means that TBX3
staining assay has the ability to distinguish between normal
and tumour tissues. Together, these findings suggest total
TBX3 level as a potential diagnostic marker for breast cancer.

Associations between clinicopathological parameters and
TBX3 expression.Ourresults indicate that there are no significant
correlations between TBX3 protein level and clinicopathological
parameters in breast cancer at confidence level 0.05. These
clinicopathological parameters include age, anatomic stage,
cancer type, histopathological grade, tumour size, lymph node
size,lymph node metastasis and tumour metastasis. Similarly,no
significant correlation between TBX3 level and ER, PR, HER2
and CA15-3 levels as tested by Spearman rank correlation,
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Table VII. Differences of TBX3 levels among tumour stages in breast cancer patients.

Total TBX3 (0-16)

Statistical analysis

Variable Total n Median IQR (25th-75th) MW/KW P-value
Type of tumour 203.017 0.567
ILC 12 7.5 0-13
IDC 38 7 0-12
Tumour metastasis 178.525 0.882
MO 41 11 10-13
Ml 9 11 9-13
Histopathological grade 0.215 0.898
Grade 1 3 9 0-11
Grade 2 31 7 0-12
Grade 3 2 6 0-12
Stage of cancer 7.011 0.072
| 2 14 14-14
11 19 10 8-12
I 20 12 10-13
v 9 11 9-13

MW was performed for analysing the type of tumour and tumour metastasis; KW was performed for histopathological grade and stage of
cancer. ILC, invasive lobular carcinoma; IDC, invasive ductal breast cancer; M0, no metastasis; M1, metastasis; MW, Mann-Whitney (U) test;

KW, Kruskal-Wallis (H) test; IQR, interquartile range.

1.0 ’._?;‘,—

08 i e

== Cytoplasmic TBX3 (AUC= 0.789, P<0.001)

~: Nuclear TBX3 (AUC= 0.701, P=0.001)

~~Total TBX3 (AUC= 0.791, P<0.001)
Reference Line

) ) 1 1
0.0 0.2 04 06 08 1.0

1 - Specificity

Figure 3. Receiver operating characteristic curves for TBX3 breast cancer
diagnoses biomarkers. TBX3, T-box 3; AUC, area under the curve.

KW(H) test and Mann-Whitney (U) test (Tables VI and VII).
Therefore, these findings suggest TBX3 overexpression
as biomarker for human breast cancer regardless of age,
stage, grade, metastasis, non-metastasis, and breast cancer type.

Discussion
TBX3 is a member of T-box transcription factors family that

plays critical roles in development and oncogenic process (31).
Many evidence point out a functional linkage between T-box

genes, cellular differentiation/proliferation, and tumorigenesis,
especially breast cancers (32). Also, it has been involved in
a widespread range of carcinomas like, ovarian, cervical,
pancreatic, bladder, liver and melanoma.

The present study is a cross-sectional and hospital-based
study included 51 breast cancer patient samples. Tissues were
collected by mastectomy from breast cancer patients and
embedded in paraffin blocks. Usually, in breast cancer samples
there are cancer cells and normal cells and generally the normal
cells are located in the edge of the sample, therefore the level of
TBX3 was estimated by immunohistochemistry analysis in both
normal and cancer cells. Histologically normal tissue adjacent
to the tumour (NAT) is commonly used as a control in cancer
studies. However, little is known about the transcriptomic profile
of NAT, how it is influenced by the tumour, and how the profile
compares with non-tumour-bearing tissues (33). Still, the study
of tumour biology, irrespective of approach, requires controls.
Using normal adjacent tissue as this control has many advantages,
such as the relative ease of access and the control for variability
between individuals and anatomic sites. Our results showed that
TBX3 is significantly overexpressed in breast cancer tissues. This
is in agreement with several previous in vitro and in vivo studies.
For example, an early study tested several breast cancer cell lines
showed that TBX3 is overexpressed in many breast cancer cell
lines, where it plays a role in inhibition of the senescence (25).
A study by Yarosh er al (21) suggested that TBX3 might be
overexpressed in patients breast cancer tissues. This study was
carried out in the United States and showed that TBX3 is signifi-
cantly overexpressed in 42 breast cancer tissues in comparison
to normal tissues. Importantly, Yarosh ef al tested breast cancer
samples of early stages but the current study included all stages
of breast cancer patients. Additionally, while the previous study



showed that TBX3 is mainly cytoplasmic in breast cancer cells
only, we showed that TBX3 is mainly cytoplasmic protein in
both normal and breast cancer tissues. Significantly, the current
study provides more statistical analysis to show the importance
of TBX3 as a marker of breast cancer cells. Another recent study
found that TBX3 protein has different levels and localizations
in the different stages of cell cycle (1). The study showed that
TBX3 levels increases during G1 and peaks in S-phase. While
the protein is both nuclear and cytoplasmic in G1 and G2, it is
predominantly nuclear in S-phase cells. These results provide
evidence that TBX3 levels and localization is regulated during
the cell cycle and that it may have a more important role in
S-phase. Other studies showed that TBX3 stabilization and
subcellular localization depend on its phosphorylation at specific
sites (14). All together, these studies and our current findings
show that TBX3 is overexpressed in breast cancer tissues where
it could be used as diagnostic or prognostic marker. Furthermore,
it provides evidence that TBX3 localizes differently depending
on its role and the cell cycle phase (34-36). However, due to
the small number of our patients, the results of ROC analysis
need validation using an independent breast cancer cohort.
Furthermore, in our study, we didn't compare between TBX3
levels in cancer patients vs. healthy subjects but we showed that
TBX3 might be suitable to distinguish between tumor cells and
normal cells in breast cancer patients. Finally, the current study
as well as different previous studies (21,23,26) didn't use specific
markers for specific organelles and alternatively pathologists
depend on the morphological features of the organelles to iden-
tify them, which might be considered as another a limitation of
this technique.
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