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Abstract: Tuftelin 1 (TUFT1), which plays an important role in the initial stages of ectodermal enamel mineralization,
is widely expressed in various embryonic and adult tissues, and in some tumor cells. The aim of the study was to
investigate the clinical and prognostic implications of TUFT1 in breast cancer. We assessed TUFT1 expression levels
in 180 cases of invasive breast cancer by immunohistochemical methods. The positive expression levels of TUFT1
protein in invasive breast were significantly higher than adjacent normal tissues (P = 0.000) and TUFT1 mRNA expression levels were higher in MCF-7, T-47D, and MDA-MB-231 breast cancer cell lines than in the MCF-10A breast
cell line (P < 0.05). The positive expression of TUFT1 protein was related to tumor size, histological type, and lymph
node metastasis (P = 0.007, P = 0.027, and P = 0.000, respectively). Univariate and multivariate analyses revealed
that positive TUFT1 expression was significantly associated with HER-2 and RelA expression (P < 0.05). Diseasefree survival (DFS) analysis and survival analysis showed that TUFT1-positive tumors also exhibited a significantly
higher postoperative recurrence, distant metastasis rate and poor survival compared with TUFT1-negative tumors
(P = 0.000, P = 0.012, respectively, log-rank test). In addition, TUFT1 expression was increased in a dose-dependent
manner when RelA was inhibited by JSH-23. In summary, TUFT1 might be a potential new biomarker for breast
cancer.
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Introduction
Tuftelin (TUFT1) was originally identified and
characterized in developing and mature extracellular enamel, the unique and highly mineralized epithelial tissue that covers vertebrate
teeth [1]. It has now also been shown to be
expressed in the morula; embryonic stem cells;
various normal soft tissues such as the brain
(specifically neurons), kidneys, adrenal gland,
liver, and testis; and several tumor cells.
Therefore, TUFT1 may be involved in the function of mesenchymal stem cells, as well as the
differentiation of neural cells mediated by
nerve growth factor [2, 3]. Furthermore, one
study found that 1% O2 in human HepG2 and
MCF-7 cell lines allowed TUFT1 mRNA to adapt
to hypoxia, and this adaptation to a hypoxic
environment is necessary for tumorigenesis
[4]. This suggests that TUFT1 may not only play
a role in tooth development and mineralization,
but is also likely to have a wider range of func-

tions in the body that can promote the development of certain diseases, and even the occurrence and development of tumors. The
expression and biological function of TUFT1 in
tumors remains understudied. From the Cancer
Genome Atlas database, we previously analyzed differentially expressed genes (cancer
and adjacent tissues) using large clinical samples of breast cancer and found that TUFT1
expression was significantly increased in breast
cancer tissues. However, whether TUFT1 plays
a role in breast cancer is unclear. Therefore, in
current study, we further investigated the
expression of TUFT1 by immunohistochemical
methods and predicted an unfavorable prognosis in breast cancer.
Materials and methods
Human specimens and cell lines
We evaluated 180 patients with histologically
confirmed invasive breast cancer that under-
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Figure 1. TUFT1 expression in TCGA Breast. Total
samples: 106 pairs; Samples unchanged: 33 pairs;
Samples up: 72 pairs; Samples down: 1 pairs (P =
7.77E-55). The horizontal axis represents cancer and
adjacent normal tissues, the vertical axis represents
the raw data of expression levels of each sample.
Each sample is a broken line, the trend of broken line
shows out the changes of the gene in all samples.

went radical operations in the Surgical Oncology
Department at the First Affiliated Hospital of
the China Medical University between January
2010 and September 2011. The inclusion criteria were as follows: (i) curative operations were
performed; (ii) resected specimens were pathologically examined; (iii) more than 10 lymph
nodes were pathologically examined postoperatively, and (iv) a complete medical record was
available. The study protocol was approved by
the Ethics Committee of China Medical
University.
Human breast cancer cell line MCF-7, T-47D,
MDA-MB-231 and Human breast cell line MCF10A, were obtained from Chinese Academy of
Sciences (China), American Type Culture Collection (USA), American Type Culture Collection
(USA), Chinese Academy of Sciences (China),
respectively. Three cancer cells were cultured
in RPMI-1640 with 10% fetal calf serum (FCS),
MCF-10A was cultured in DMEM/F12 (Invitrogen) with 5% horse serum, and incubated in
a 37°C in an atmosphere containing 5% CO2.
Immunohistochemistry
A polyclonal rabbit antihuman TUFT1 antibody
(dilution 1:100) was obtained from RayBiotech.
Monoclonal mouse antihuman estrogen receptor (ER) antibody (dilution 1:100), monoclonal
mouse antihuman RelA antibody (dilution
1:100), and monoclonal mouse anti-HER2/neu
antibody (dilution 1:100) were purchased from
ABCAM. All cases of breast cancer tissues were
de-waxed with xylene, gradually hydrated with
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gradient alcohol, and then washed with phosphate buffer saline (PBS). The sections were
incubated overnight at 4°C with the primary
antibody after incubating with 3% H2O2 for 10
min at room temperature. Following washings
with PBS, the secondary antibody (poly peroxidase-anti-mouse/rabbit immunoglobulin; Maixin Biotech Co. Ltd.) was then applied to the
sections for 30 min at 37°C. The immunoreactive products were visualized by catalysis of
3,3-diaminobenzidine following extensive washings. Sections were then counterstained in
Gill’s hematoxylin and dehydrated in ascending
grades of ethanol before clearing in xylene and
mounting under a coverslip. A negative control
was prepared by substituting the primary antibody over PBS.
Expression of TUFT1, ER, PR and RelA was classified semi-quantitatively according to the following criteria: 0, if < 1% of the cells were
stained; 1+, if < 10% of the cells were stained;
2+, if 10-50% of the cells were stained; and 3+,
if > 50% of the cells were stained. We considered grades 1+, 2+, and 3+ as positive.
Expression of HER-2 was scored according to
the standardized criteria established by Wolff
et al. [5]; in this study, only a score of 3+
(defined as uniform intense membrane staining
of 30% of invasive tumor cells) was considered
positive. Fluorescence in situ hybridization was
conducted after primary immunohistochemistry testing yielded an immunostaining score of
2+ [6]. Two independent pathologists, both
blinded to the patients’ clinical status, made
these judgments.
RNA extraction and quantitative real-time PCR
Total RNA of three breast cancer cell lines and
one breast cell line was extracted with Trizol
(Invitrogen), which was followed by reverse transcription, according to the manufacturer’s
instructions (Invitrogen). Quantitative real-time
PCR was used to determine TUFT1 expression
levels using the following primers: TUFT1, forward: TCA GAC TGT GTG GCT TTT GAG, reverse:
GTC AGC ATT GTT GCT CCG AAG; GAPDH, used
as a control, forward: TGA CTT CAA CAG CGA
CAC CCA, reverse: CAC CCT GTT GCT GTA GCC
AAA.
The relationship between TUFT1 and RelA
confirmed by western blot
JSH-23 (RelA inhibitor, purchased from MedChemexpress LLC) was added into MDA-MBInt J Clin Exp Pathol 2017;10(6):6544-6551
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Figure 2. Strong, medium and negative expressions of TUFT1 are shown in (A-C), respectively. Blue arrow represents
TUFT1 staining in the cytomembrane, red arrow represents TUFT1 staining in the cytoplasm. The expression of ER,
HER2 and RelA in serial sections is presented in (D-F), respectively.

231 cells with the dose of 0 umol, 1 umol, 5
umol when the cell planking density reached
about 60% [7]. Then samples incubated for 24
h were collected when the cell density reached
about 80%. Cells were collected following the
trypsin digestion, washed with PBS, and lysed
with radioimmunoprecipitation assay (RIPA)
lysis buffer with phenylmethane sulfonyl fluoride (PMSF). Total protein levels were determined by using BCA Protein Assay Kit (Pierce).
The same amount of protein was taken from
each sample, the same volume of 2× loading
buffer was added, and the sample was cooked
in boiling water for 10 min. Proteins were separated on 10% SDS-PAGE, and transferred to
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polyvinylidene fluoride (PVDF) membranes
(Amersham), which were blocked with Trisbuffered saline with Tween 20 (TBST) solution
containing 5% skimmed milk for 1 h, and the
membranes were incubated with primary antibodies overnight. PVDF membranes were incubated with the secondary antibodies for 2 h,
and the results were visualized using the ECL
Plus Western Blotting kit (Amersham).
Statistical analysis
All data were analyzed with SPSS statistics
software (version 17.0). Relationships between
tumor markers and other parameters, results
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Table 1. The relationship between TUFT1 expression and the clinicopathological factors (n = 180)
Varible
Tissue
Cancer tissue
Adjacent tissue
Age
≥ 40
< 40
Tumor size
T1
T2
T3, 4
Histological grades
I
II
III
Lymph node metastasis
Negative
Positive

n
180
60
153
27
65
98
17
42
92
46
86
94

TUFT1- TUFT1+ P varible
0.000
64
116
50
10
0.132
58
95
6
21
0.007
30
35
33
66
1
16
0.027
20
23
35
57
9
36
0.000
42
44
22
72

Table 2. Correlations between TUFT1 expression
and immunohistochemical markers
Varible
ER
+
PR
+
HER2
+
RelA
+

n

TUFT1-

TUFT1+

77
103

22
42

55
61

81
99

26
38

55
61

145
35

57
7

88
28

P varible
0.091

0.381

0.032

0.001
73
107

15
49

58
58

ER, estrogen receptor; HER2, human epidermal growth factor
receptor 2; PR, progesterone receptor.

Table 3. Multivariate analysis of the factors related to TUFT1 expression
Characteristic
ER
PR
HER2
RelA

B

Exp (B)

-0.124
0.775
1.903
-0.704

0.884
2.171
6.709
0.495

CI, confidence interval.
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95% CI for
P varible
Exp (B)
0.351-2.222 0.792
0.863-5.462 0.099
2.533-17.765 0.000
0.280-0.873 0.015

from qPCR and western blot were studied using
a chi-squared test, Fisher’s extract test, or
independent t-test. Spearman’s correlation and
logistic regression analyses were used to determine the correlation among ER, PR, HER-2,
RelA, and TUFT1 protein expression. Diseasespecific survival was analyzed using the Kaplan-Meier method. The log-rank test was
used to analyze survival differences. A P value
of less than 0.05 was considered statistically
significant.
Results
Patient characteristics
We analyzed TUFT1 expression in large datasets from The Cancer Genome Atlas (TCGA)
databases. The TCGA RNA Seq data showed
that TUFT1 was significantly upregulated in
over 67.92% of breast cancer tissues (n = 106)
compared with adjacent normal breast tissues
(P = 7.77E-55) (Figure 1).
TUFT1 staining occurred mainly in the cytoplasm and cytomembrane of the breast cancers, and the cytoplasmic staining was stronger
than that observed in the membrane. Strong,
medium, and negative expression of TUFT1
was shown in Figure 2A-C, respectively. ER and
PR staining occurred in the nucleus of the
breast cancers, while HER2 staining was located in the breast cancer membrane. RelA staining was located mainly in the cytoplasm and
cytomembrane. Positive expression of ER,
HER2 and RelA in serial sections was presented in Figure 2D-F.
The mean age of the 180 patients studied was
50.21 years (range 26-77 years). Immunohistochemistry revealed a TUFT1 positive rate of
64.4% (116/180) in breast cancers, which was
significantly higher than 16.7% (10/60) in adjacent normal breast tissues (P = 0.000). Moreover, the positive expression of TUFT1 protein
was associated with tumor size, histological
grade, and lymph node metastasis of breast
cancer (P = 0.007, P = 0.027, and P = 0.000,
respectively, Table 1).
TUFT1 expression and immunohistochemical
markers
Univariate analysis showed that the TUFT1positive expression rate was significantly high-
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Figure 3. A. TUFT1 was Associated with Breast Cancer-specific Survival (P = 0.012, log-rank test); B. TUFT1 was Associated with Breast Cancer-specific Disease-free survival (P = 0.000, log-rank test).

Figure 4. Levels of TUFT1 mRNA were analyzed by
Real time-PCR in three breast cancer cell lines and
the breast cell line. Data of TUFT1/NAPDH shown are
the mean ± S.D. (*t test P < 0.05, n = 3).

received chemotherapy and radiotherapy as
well as endocrine therapy, 58 (32.2%) patients
received chemotherapy and endocrine therapy,
41 (22.8%) patients received chemotherapy
alone, and the remaining four (2.2%) patients
received endocrine therapy alone. Survival
analysis revealed that the positive expression
of TUFT1 was associated with breast cancerspecific survival in 180 cases (P = 0.012, logrank test, Figure 3A). Furthermore, TUFT1 status was significantly associated with breast
cancer disease-free survival (P = 0.000, logrank test, Figure 3B).
TUFT1 expression in four breast cancer cell
lines

er in HER2+ and RelA- cases than in HER2- and
RelA+ cases (P = 0.032 and P = 0.001, respectively) (Table 2). However, there was no significant difference in TUFT1 expression in ER or PR
cases (P = 0.091 and P = 0.381, respectively)
(Table 2). We performed a logistic analysis on
the above factors in order to exclude the effects
of confounding factors. Multivariate analysis
showed that ER and PR were not associated
with TUFT1 expression (P = 0.792 and P =
0.099, respectively), but HER2 was positive
associated with TUFT1 expression (Exp (B) =
6.709, P = 0.000), and RelA was negatively
associated with TUFT1 expression (Exp (B) =
0.495, P = 0.015, respectively) (Table 3).

RelA inhibition can influence TUFT1 expression

Prognostic analysis

Discussion

Overall, five (2.8%) patients received no further
treatment after surgery, 45 (25%) patients

This study investigated the clinical and prognostic implications of TUFT1 in breast cancer
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TUFT1 mRNA expression levels were higher in
three breast cancer cell lines, including MCF-7,
T-47D, and MDA-MB-231, than in the MCF-10A
breast cell line by real-time PCR (P < 0.05,
Figure 4).

TUFT1 expression was evaluated by western
blot and we demonstrated that TUFT1 expression was increased in a dose-dependent manner when RelA was inhibited by JSH-23 (P <
0.05, Figure 5) and this revealed that RelA was
a negative regulator of TUFT1.
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results, TUFT1 protein levels
were elevated in breast cancer tissues compared with
adjacent normal tissues, and
its mRNA levels were higher
in MCF-7, T-47D, and MDAMB-231 breast cancer cell
lines, than in the MCF-10A
breast cell line. In addition, we
found that the positive TUFT1
expression was 16.7% in adjaFigure 5. JSH-23 was added into MDA-MB-231 cells with the dose of 0 umol,
cent normal breast tissues,
1 umol, 5 umol when the cell planking density reached about 60%. Then
this revealed that TUFT1
samples incubated for 24 h were collected when the cell density reached
about 80% and confirmed by western blot. Data of TUFT1/NAPDH shown
could also express in normal
are the mean ± S.D. (*t test P = 0.016 as 1 uM group compared to 0 uM
breast tissues. However, our
group, *t test P = 0.012 as 5 uM group compared to 1 uM group, n = 3,
results showed that the posirespectively).
tive staining intensity of adjacent normal breast tissues
was mostly low (+), and the positive staining
using immunohistochemical methods. Breast
intensity of the tumor tissues was mostly medicancer is a clinically heterogeneous disease.
um or strong (++ or +++). These results indicate
Histological type, grade, tumor size, lymphthat TUFT1 could be a candidate marker assistnode involvement, and ER and HER2 receptor
ing breast cancer diagnosis. Here we showed
status influence the prognosis and probability
that TUFT1 overexpression was positively corof response to systemic therapies, but do not
related with tumor size, histological grade, and
fully capture the varied clinical course of breast
lymph node metastasis. Disease-free survival
cancer [8-10]. Endocrine therapy and trastuanalysis showed that TUFT1-positive tumors
zumab adjuvant treatment have benefited
also exhibited a significantly higher postoperapatients with ER+ and/or PR+ cancers and
tive recurrence and distant metastasis rate
HER2-overexpression [11, 12]. Therefore, the
compared with TUFT1-negative tumors, and
status of these proteins has prognostic ramifisurvival analysis revealed that TUFT1 was assocations in breast cancer. Consequently, much
ciated with breast cancer-specific survival.
effort is focused on understanding the clinical
These results indicate that TUFT1 may be
significance of known markers, finding relationinvolved in the progression process of breast
ships between them, and discovering new
cancer and serve as a poor prognostic factor
ones. These efforts are aimed at optimizing the
in breast cancer. Univariate and multivariate
utilization of the available therapies and develanalyses revealed that TUFT1 expression was
oping novel therapies based on improved canpositively correlated with HER2 expression.
cer models.
This suggests that TUFT1 might play an imporTUFT1 is an acidic protein, first discovered,
tant function in HER2 signaling pathway memapped, and cloned from a cDNA library of
diated breast carcinoma development and
ameloblasts. In addition to TUFT1 expression in
metastasis.
the developing and mineralizing enamel, partial
Activation of the NF-κB signaling pathway has
TUFT1 cDNA sequences have also been detectbeen reported in breast cancer and other
ed in many normal soft tissues [1-3]. Moreover,
tumors [14]. The NF-κB family comprises five
Saarikoski et al. reported the induction of
types of Rel-domain proteins, RelA/p65, c-rel,
TUFT1 in cancer cells during hypoxia [4]. At
RelB, p50/NF-κB1, and p52/NF-κB2. The NF-κB
present, few studies have investigated the role
signaling pathway includes cancerous and
of TUFT1 in cancer. Bin Zhou [13] showed that
tumor suppressor activity. For its anti-cancer
TUFT1 is overexpressed in pancreas cancer
activity, NF-κB has been shown to mediate
(PC) tissues compared with adjacent normal
apoptosis in a variety of cell types [15]. The
pancreas tissues, and TUFT1 expression is sigactivation of the NF-κB pathway is significantly
nificantly associated with lymph node metastaassociated with p53-mediated apoptosis [16]
sis and advanced PC stage. According to our
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and individual expression of RelA can induce
apoptosis in some types of cells [17]. Although
the mechanism of pro-apoptosis of RelA is not
fully clear in cancer, several studies have stated the pro-apoptosis function of RelA in some
contexts. RelA could induce cytoplasmic
nucleophosmin-mediated apoptosis by facilitating the mitochondrial accumulation of BAX
[18] or by activating RelA-IRF1-CDK4 signaling
axis to induce apoptosis [19]. Only one study
showed that RelA might regulate promotion of
TUFT1 to influence its function in H9c2 cells,
but the mechanism was unclear [20]. Our univariate and multivariate analyses findings
showed a significant negative correlation
between TUFT1 and RelA expression, and western blot confirmed that TUFT1 expression was
increased in a dose-dependent manner when
RelA was inhibited by JSH-23 and this revealed
that RelA was a negative regulator of TUFT1.
However, the in-depth mechanism of interaction between TUFT1 and RelA remains unclear.
These results may reveal a new transduction
mechanism mediated by the NF-κB signaling
pathway in breast cancer.
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