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Abstract
Background: The inhibitor of growth (ING) family is discovered as the type II tumor suppressors, which
regulates the proliferation, apoptosis, differentiation, angiogenesis, metastasis, and invasion of tumor
cells through multiple pathways.ING3, a new member of ING family, has been reported to be
downregulatedin several types of tumors. However, few studies on ING3 in breast cancer have been
reported. In this study, we investigated the expression of ING3 and determined its prognostic value in
breast cancer.

Methods: The immunohistochemistry was performed to evaluate the expression of ING3 in tissue
microarrays (TMA) including breast cancer tissues (n=211) andnormal breast tissues (n=50).

Results: In normal breast tissues, ING3 protein was detected in both the cytoplasm and nucleus. In breast
cancer tissues, ING3 protein was principally detected in the cytoplasm. Compared with benign breast
tumor tissues, the expression of ING3 in nucleus was remarkably reduced in breast cancer tissues. The
downregulated ING3 in nucleus was signi�cantly correlated with clinicopathological characteristics
including histological grade, lymph node metastasis, and the status of ER and PR. In HER2 positive-type
and triple-negative breast cancer (TNBC) patients, it had the lower rate of nuclear ING3 with high
expression than that in luminal-type. Moreover, Kaplan-Meier curves demonstrated that the reduced
expression of ING3 in nucleus was correlated with a poorer 5-DFS and 5-OS of breast cancer patients.
Importantly, multivariate Cox regression analysis suggested that the reduced expression of ING3 in
nucleus was an independent prognostic factor in breast cancer.

Conclusions: Our study comprehensively described the expression of ING3 in breast cancer for the �rst
time and proved that it was an independent prognostic predictor of breast cancer, as well as a new idea
for study of breast cancer.

Background
Breast cancer, ranking second in cancer-related death among women worldwide, is the most common
malignant tumor in women, which pose a serious threat to women's physical and mental health [1]. The
treatment of breast cancer is constantly improving, including surgery, chemotherapy, molecular targeted
therapy and radiotherapy. As one of the effective treatments for breast cancer, molecular targeted therapy
has gradually become a research hotspot for malignant tumors all over the world. It is well known that
the occurrence and development of tumors are closely related to the abnormal changes of oncogenes
and tumor suppressor genes. Activating oncogenes and inactivating tumor suppressor genes lead to
gene mutations and epigenetic alterations, which is the essence of tumorigenesis[2]. At present, most
molecular targeted therapy is the inhibitor of oncogenes, that is, the synergist of tumor suppressor
genes[3]. In the process of tumorigenesis, a variety of tumor suppressor genes mutate frequently, even
though more targeted drugs are used in clinic, but most of them are achieved by suppressing
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overexpressed oncogenes. However, the treatment and recovery of lost tumor suppressor genes is still a
key link[4].

Compared with most other tumors, the loss of tumor suppressor gene function plays a key role in the
development of breast cancer[5]. P53 is a tumor suppressor gene that has been widely studied at present.
The inhibitor of growth (ING) family is the type II tumor suppressors, including ING1, ING2, ING3, ING4
and ING5, which participates in different stages of biological processes such as growth, proliferation,
DNA repair, invasion, migration and apoptosis of tumor cells through a variety of mechanisms[6]. ING3, a
new member, is an important cofactor of p53, and it has become a research hotspot because of its
structural differences from other family genes. ING3 is considered to be a tumor suppressor gene
because of its biological functions such as inhibiting cell growth, regulating cell cycle arrest and inducing
apoptosis in a p53-dependent manner[7]. ING3 is usually expressed in normal human tissues, and its
downregulation or deletion has been proved to be involved in the occurrence and development of a
variety of tumors. Gundu et al found that the level of ING3 mRNA decreased in half of the primary head
and neck squamous cell carcinoma, and the expression of ING3 decreased signi�cantly in advanced and
poorly differentiated tumors[8, 9]. This suggests that the expression of ING3 is closely related to the
staging and differentiation of the tumor. Yang H Y et al reported that the low expression of ING3 protein is
associated with tumor invasion of hepatocellular carcinoma[10]. In addition, Wang et al found that
nuclear ING3 expression decreased while cytoplasmic ING3 expression increased in melanoma, and
nuclear ING3 expression was negatively correlated with tumor size, depth of invasion, dedifferentiation,
clinicopathological stage and poor prognosis[11]. This suggests that the expression of ING3 in the
nucleus can be used as a basis for evaluating and predicting the prognosis of patients with primary
melanoma.

Although there is no related report of ING3 in breast cancer at this stage, ING4 and ING5, as members of
the ING family, participate in the occurrence of breast cancer. Studies has shown that compared with
benign epithelium, the nuclear expression of ING4 is decreased, and the cytoplasmic expression of ING4
is positively correlated with the expression of HER-2 in breast cancer, which suggests that ING4 plays a
role in the pathogenesis of breast cancer[12]. The expression of ING4 was negatively correlated with
histological grade of breast cancer. At the same time, the expression of ING4 is negatively correlated with
the histological grade of breast cancer[13], and overexpressed ING4 can inhibit the formation of
microvessel in tumor tissue to inhibit the occurrence and development of breast cancer and improve the
disease-free survival rate[14]. Some researchers have con�rmed that the expression of ING5 in
paracancerous tissues of breast cancer is signi�cantly higher than that in cancerous tissues. And the
expression of ING5 in primary tumor was higher than that in distant metastatic tumor[15]. In addition, the
overexpression of ING5 leads to decreased glucose metabolism, fat accumulation, autophagy and
apoptosis in breast cancer cells[16]. These �nds suggested that the ING family might be closely related to
breast cancer. While, the members of the ING family are highly homologous, whether the expression of
ING3 relates to the prognosis of breast cancer is still elusive.
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To investigate the role of ING3 in the development and prognosis of breast cancer, Tissue microarray
(TMA) technology and immunohistochemistry were performed to evaluate ING3 expression in breast
cancer. Furthermore, the correlation between the nuclear ING3 expression and clinicopathologic variables,
the patient of 5-year disease-free survival (5-DFS) and 5-year overall survival (5-OS) were analyzed in
breast cancer.

Methods

Tissue samples
Formalin-�xed, para�n-embedded tissues from breast cancer tissues (n = 211) and normal breast tissues
(n = 50) were used for immunohistochemistry (IHC) analysis in this study. All specimens were obtained
from the 2002 to 2008 archives of the Department of Pathology, Renmin Hospital of Wuhan University.
The most representative tumor areas were carefully selected to make tissue microarray (TMAs). All
clinicopathologic data were obtained from medical archives. Follow-up data were retrospectively
obtained from all of the patients. All Patients were followed up for 5 years. The follow-up data of the
postoperative outcomes were obtained from the �rst date of diagnosis to the date of
metastasis/recurrence or death or last follow-up time. The use of human breast cancer was approved by
the Ethics Committee of Renmin Hospital of Wuhan University.

Immunohistochemical staining
To analyze the expression of ING3 in breast cancer, TMA slides were used for immunohistochemistry
(IHC) analysis by the Envision method in this study. ING3 antibody (1:1000, Proteintech, 10905-1-AP),
Secondary antibody (DakoCytomation K0672), AEC/peroxidase (PO) (Maixin Biotechnology, AEC-0037).
Two independent pathologists evaluated the expression of ING3 in nucleus and cytoplasmic by a double-
blind manner. According to the staining intensities, the expression of ING3 in nucleus and cytoplasmic
were categorized into four grades as follows: 0 (absence of staining), 1 (weak staining), 2 (moderate
staining), and 3 (strong staining). The percentage of ING3-positive cells in benign breast tumor with
nucleus and cytoplasmic and in breast cancer with nucleus were categorized into four grades as follows:
0 (0%), 1 (1–33%), 2 (34–66%), and 3 (67–100%). According to the intensity and percentage scores, the
�nal ING3 nuclear or cytoplasmic staining score was de�ned as follows: 0 to 3 as low expression, and 4
to 6 as high expression.

Statistical analysis
The SPSS 17.0 software was used to analyze data in this study. The χ2 test was applied to evaluate the
differences of nuclear ING3 expression between breast cancer tissues and benign breast tumor tissues.
The Spearman’s rank correlation analysis was used to evaluate the correlation between the nuclear ING3
expression and the clinicopathologic variables, including age, histological grade, lymph node metastasis,
TNM stage, the status of ER, PR and HER-2, The Kaplan-Meier method and log-rank test were applied to
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evaluate the correlations between nuclear ING3 staining and patient 5-DFS and 5-OS. Cox regression
model was applied for multivariate analysis. P < 0.05 is considered signi�cant.

Results

The characteristics of the tissue samples
All tissue samples, breast cancer tissues (n = 211) and normal breast tissues (n = 50), were collected from
the Department of Pathology, Renmin Hospital of Wuhan University. None of the breast cancer patients
had received treatment, including chemotherapy, radiotherapy or adjuvant treatment, prior to surgery. The
age of all breast cancer patients at the time of diagnosis ranged from 29 to 78 years old (median,
48.1 years). The main clinicopathologic variables in this study were shown in Table 1.
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Table 1
The nuclear ING3 expression and clinicopathological parameters in breast cancer

Clinicopathological

parameters

Total Cases

(n)

ING3 Staining in Nucleus χ2 P

Low expression High expression

Age (years)          

≤ 50 128 66 62 0.519 0.471

50 83 47 36    

Histological grade          

1 36 13 23 14.794 0.001*

2 123 61 62    

3 52 39 13    

Lymph node metastasis      

Without 95 43 52 4.776 0.029*

With 116 70 46    

TNM stage          

13 5 8 3.281 0.194

135 69 66    

63 39 24    

Metastasis or recurrence in �ve years      

Without 132 63 69 4.813 0.028*

With 79 50 29    

Survival in �ve years        

Without 43 29 14 4.187 0.041*

With 168 84 84    

Her-2          

Negative 160 80 80 3.362 0.067

Positive 51 33 18    

ER          

Negative 120 77 43 12.598 < 0.001*

Signifcant P-values are shown in italic type, *P < 0.05.
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Clinicopathological

parameters

Total Cases

(n)

ING3 Staining in Nucleus χ2 P

Low expression High expression

Positive 91 36 55    

PR          

Negative 117 70 47 4.157 0.041*

Positive 94 43 51    

Signifcant P-values are shown in italic type, *P < 0.05.

Nuclear ING3 expression in breast cancer tissues is lower
than that in normal breast tissues
To investigate the expression of ING3 in breast cancer, we performed the immunohistochemistry staining
on TMA slides. In benign breast tumor tissues, ING3 was located both in the cytoplasm and nucleus
(Fig. 1A). While, in breast cancer tissues, ING3 was principally located in the cytoplasm, and was rarely
expressed both in the cytoplasm and nucleus (Fig. 1B-D). The ration of the nuclear ING3 high expression
was 46.4% (98/211) in breast cancer tissues, was 10% in benign breast tumor tissues. The χ2 test
showed that the expression of nuclear ING3 in breast cancer tissues was signi�cantly lower than that in
normal breast tissues (P < 0.001) (Fig. 1E).

The correlation between the nuclear ING3 expression and
the clinicopathologic characters in breast cancer
The χ2 test was performed to investigate the correlation between the nuclear ING3 expression and the
clinicopathologic characters. As shown in Fig. 2, in breast cancer tissues, the expression of nuclear ING3
in pathological grade  group (13/52) was lower than that in pathological grade - group (85/159) (χ2 = 
12.759, P < 0.001) (Fig. 2A-B), which suggested that the nuclear ING3 expression was negatively
correlated with the histological grade (P < 0.001) (Fig. 2C).

Then, we used the same method to study the correlation between the nuclear ING3 expression and the
status of ER, PR and HER2 in breast cancer tissues. The representative images of nuclear ING3
expression in different status of ER, PR and HER2 were shown in Fig. 3A. The expression of nuclear ING3
was positively related to the status of ER and PR, that is the patients with ER or PR positive has a higher
expression of nuclear ING3 (Fig. 3B-C). By comparison, the expression of nuclear ING3 revealed no
marked difference between HER2 positive and negative patients (P = 0.067) (Fig. 3D). In addition, we also
found that the expression of nuclear ING3 was correlated with lymph node metastasis (P = 0.029), but not
with TNM stage and age (P = 0.194 and P = 0.471).
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The difference expression of nuclear ING3 in molecular
subtypes of breast cancer
According to the expression of ER, PR and HER2, breast cancer can be divided into luminal-type (ER+,
PR+, HER2-), HER2 positive-type (ER-, PR-, HER2+) and triple negative breast cancer (TNBC) (ER-, PR-,
HER2-)[17]. The representative images of nuclear ING3 expression in different molecular subtypes of
breast cancer were shown in Fig. 4A. The expression of nuclear ING3 in luminal-type patients was
signi�cantly higher than that in HER2 positive-type and TNBC patients (Fig. 4B-C). At the same time, the
nuclear ING3 expression showed no marked difference between HER2 positive-type and TNBC patients
(Fig. 4D). Thus, these results indicated that the low expression of ING3 in nucleus is correlated with more
aggressive behavior of breast cancer, and ING3 may be one of the prognostic factors of breast cancer.

High expression of the nuclear ING3 is associated with a
good prognosis of breast cancer
To investigate whether the decreased nuclear ING3 staining serve as a prognostic biomarker in breast
cancer, we followed all of the 211 patients and used the Kaplan-Meier method and log-rank test to
analyze the follow-up data. The rate of 5-year disease-free survival (5-DFS) was70.4% (69/98) in patients
with high expression of nuclear ING3, while the 5-DFS rate was 55.8% (63/113) in those with low
expression of nuclear ING3. The rate of 5-year overall survival (5-OS) was 85.7% (84/98) and 74.3%
(84/113) in patients with high and low expression of nuclear ING3, respectively. Moreover, the K-M
survival curves indicated that the nuclear ING3 expression was positively correlated with 5-DFS (P = 
0.016) and 5-OS (P = 0.026) (Fig. 5A-B). Collectively, these results indicated that the high expression of
nuclear ING3 might be a good prognostic biomarker of breast cancer.

The above results indicated that there were differences in the expression of nuclear ING3 in different
molecular subtypes of breast cancer. Next, we explored whether the expression of nuclear ING3 affects
the prognosis of different molecular subtypes of breast cancer. As displayed in Fig. 6, the K-M survival
curves indicated that the nuclear ING3 expression was positively correlated with 5-DFS (P = 0.036) and 5-
OS (P = 0.018) in luminal-type patients (Fig. 6A-B), but it could not well evaluate the prognosis of HER2
positive-type (P = 0.229) and TNBC (P = 0.973) patients (Fig. 6C-D). In addition, we also found that
nuclear ING3 could predict the prognosis of breast cancer patients in lymph node metastasis (LN+) group
(Fig. 6E-F) (P = 0.043 and P = 0.019), but not in lymph node negative (LN-) group (Fig. 6G-H) (P = 0.221
and P = 0.499). These results suggested that nuclear ING3 played an important role in the prognosis of
breast cancer.

To further verify the prognostic signi�cance of nuclear ING3 in breast cancer, multivariate Cox regression
analysis was performed. Related clinicopathologic variables were showed in Table 2–3. The histological
grade, lymph node metastasis, TNM stage and the status of HER2 had signi�cant in�uences on 5-DFS
and 5-OS. The status of ER and PR had no impact on 5-DFS and 5-OS. Meanwhile, the patients with high
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expression of nuclear ING3 had longer 5-DFS than those with low expression of nuclear ING3 (P = 0.027;
HR = 1.771; 95% CI = 1.066–2.994), but no similar conclusion was reached in 5-OS (P = 0.129). These
results indicated that the nuclear ING3 was an independent predictor for 5-DFS in breast cancer.

Table 2
Multivariate Cox regression analysis of prognostic variables including classical prognostic

factors and nuclear ING3 for 5-year DFS in 211 cases of breast cancer patients
Prognostic characteristics B HR 95% CI P

Lower Upper

Histological grade (1 + 2 vs 3) -1.280 0.278 0.171 0.453 < 0.001*

Lymph node metastasis (0 vs ≥ 1) -1.044 0.352 0.181 0.683 0.002*

TNM stage ( +  vs ) -0.582 0.559 0.319 0.980 0.042*

HER2 (negative vs positive) -0.735 0.480 0.290 0.793 0.004*

ER (negative vs positive) 0.349 1.417 0.783 2.563 0.249

PR (negative vs positive) -0.006 0.994 0.580 1.703 0.981

ING3 protein expression (low vs high) 0.572 1.771 1.066 2.944 0.027*

Signifcant P-values are shown in italic type, *P < 0.05.

Table 3
Multivariate Cox regression analysis of prognostic variables including classical prognostic

factors and nuclear ING3 for 5-year OS in 211 cases of breast cancer patients
Prognostic characteristics B HR 95% CI P

Lower Upper

Histological grade (1 + 2 vs 3) -1.565 0.209 0.106 0.411 < 0.001*

Lymph node metastasis (0 vs ≥ 1) -1.082 0.339 0.119 0.966 0.043*

TNM stage ( +  vs ) -0.780 0.458 0.213 0.988 0.047*

HER2 (negative vs positive) -1.009 0.364 0.191 0.695 0.002*

ER (negative vs positive) 0.762 2.144 0.922 4.985 0.077

PR (negative vs positive) -0.167 0.846 0.422 1.699 0.639

ING3 protein expression (low vs high) 0.577 1.781 0.845 3.751 0.129

Signifcant P-values are shown in italic type, *P < 0.05.

Discussion
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ING3 is widely expressed in normal human tissues, such as heart, skeletal muscle, thymus, spleen, kidney,
liver, pancreas, colon, ovary, testis, prostate, peripheral blood leukocytes, etc[18]. In normal human tissues,
ING3 is principally distributed in the cytoplasm, but it is occasionally observed in both the cytoplasm and
nucleus, including tongue, esophagus, lung, skin, bladder, cervix and breast cells[19]. In our study, ING3
was distributed both in the cytoplasm and nucleus in benign breast tumor tissues, which was consistent
with the report. Meanwhile, we also observed that, ING3 was mainly expressed in the cytoplasm in breast
cancer tissues, and the expression of ING3 in the nucleus was signi�cantly decreased. Similarly, the
expression of ING3 decreased in many tumors, including human cutaneous melanoma[11], human head
and neck cancers[9] and human primary hepatocellular carcinoma[10]. Although the nuclear ING3
expression was signi�cantly reduced in breast cancer tissues compared with benign breast tumor tissues,
it is not clear how the nuclear ING3 is reduced. Studies has shown that there might be a translocation of
ING3 from nucleus to cytoplasm in melanoma[11]. However, in our study, we did not notice that the
signi�cantly decrease of nuclear ING3 was accompanied by a remarkably increase in the expression of
cytoplasmic ING3. One possible explanation for this discrepancy was that the nuclear to cytoplasm
translocation of ING3 may be a partial reason for signi�cantly reduce of nuclear ING3 in breast cancer
tissues. The nuclear localization of ING3 protein was determined by the nuclear localization sequence
(NLS) of ING3 gene[20]. At the same time, Chen G et al found that the decreased expression of ING3 in
melanoma was degraded by ubiquitin-proteasome signal pathway[21]. Therefore, the mechanism of the
decreased expression of nuclear ING3 in breast cancer needs to be further studied.

In our study, we found that there was a correlation between the downregulation of ING3 in nucleus and
clinicopathologic characters in breast cancer. The nuclear ING3 was negatively related with histological
grade, which suggests that the decreased expression of ING3 in the nucleus was involved in the
differentiation and played a continued role in the advancement and development of breast cancer. As the
homologs of ING3, the degree of inhibition of ING4 protein expression was related to clinical stage, and
the expression of ING4 in patients with lymph node metastasis was lower than that in patients without
lymph node metastasis, indicating that ING4 participated in the occurrence and development of colon
cancer[22]. In breast cancer patients with the larger the tumor, the higher the stage, and the lower the
expression of ING4 were more prone to lymph node metastasis[14]. On the other hand, the nuclear ING3
was also negatively correlated with lymph node metastasis, which suggested that nuclear ING3 was
related to the migration and metastasis of breast cancer. In agreement with our �ndings, Lu M et al
suggested that overexpression of ING3 might inhibit the migration and metastasis of hepatocellular
carcinoma cells[23].

In addition, the nuclear ING3 was positively correlated with ER and PR status, which were closely related
to endocrine therapy of breast cancer. Previous study had shown that low expression of ING4 reduced the
e�cacy of tamoxifen in breast cancer, by inhibiting ER activity in hormone-dependent breast cancer[24].
As the homologous of ING4, ING3 might also be related to endocrine therapy of breast cancer. In this
study, it had shownthat there were no relationship between expression of ING3 in nucleus and age, TNM
stage and HER-2 status. Interestingly, the deletion of ING4 gene was associated with HER-2 status in
breast cancer[25]. Meanwhile, the rate of high expression nuclear ING3 in breast cancer with luminal-type
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was higher than that with HER2-enriched and TNBC, which suggested that nuclear ING3 might play a role
in distinguishing different subtypes of breast cancer.

All the above �nding ssuggested that nuclear ING3 might play a key role, at least in part, in predicting the
prognosis of breast cancer. Prognostic molecular biomarkers are valuable for evaluating the survival
status of patients and assisting tumor control. It had been well demonstrated that ING3 might be a
positive independent factor in melanoma, human primary hepatocellular carcinoma and head and neck
cancer [8, 10, 11]. Similarly, our survival analysis also showed that in luminal-type breast cancer and
lymph node metastasis group, the lower nuclear ING3 expression, the poorer 5-DFS and 5-OS. Moreover,
the independent prognostic biomarker of nuclear ING3 in breast cancer patients was revealed based on
the multivariate Cox regression analysis.

Conclusions
In conclusion, our study showed that the expression of nuclear ING3 was signi�cantly decreased in breast
cancer, which was closely related to the clinicopathological parameters and might be used as an
independent prognostic factor to evaluate the 5-DFS breast cancer patients. This study implemented a
comprehensive analysis of the expression of ING3 in breast tissue for the �rst time, which provided a new
idea and direction for better comprehensive understanding of breast cancer.

Abbreviations
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inhibitor of growth; TMA:tissue microarrays; TNBC:triple negative breast cancer; 5-DFS:5-year disease-free
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Figures

Figure 1

The expression and distribution of ING3 in representative tissue specimens. A. The expression of ING3 in
benign breast tumor tissues. B. Negative nuclear ING3 staining in breast cancer tissues. C. Moderate
nuclear ING3 staining in benign breast tumor tissues. D. Strong nuclear ING3 staining in breast cancer
tissues. (A-D) Magni�cation, ×200. E. The summary of nuclear ING3 staining in breast cancer tissues and
benign breast tumor tissues. The intensity of nuclear ING3 expression in breast cancer tissues and
normal breast tissues are indicated as follows: Low expression (light gray) and High expression (black).
The expression of nuclear ING3 are signi�cantly decreased in breast cancer tissues (P<0.001).
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Figure 2

Analyses of nuclear ING3 expression in breast cancer with low-grade and high-grade. A-B. The
representative of nuclear ING3 staining in low-grade and high-grade breast cancer. (A-B) Magni�cation,
×400 C.The χ2 test and Spearman’s rank result of nuclear ING3 staining in breast cancer with low-grade
and high-grade (P<0.001).

Figure 3

Analyses of nuclear ING3 expression in breast cancer with status of ER, PR and HER2. A. The
representative images of nuclear ING3 staining in different status of ER, PR and HER2. (A) Magni�cation,
×400. B-D.The χ2 test and Spearman’s rank result of nuclear ING3 staining in breast cancer with in
different status of ER, PR and HER2.
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Figure 4

Analyses of nuclear ING3 expression in breast cancer with different molecular subtypes. A. The
representative images of nuclear ING3 staining in different molecular subtypes. (A) Magni�cation, ×400
B-D.The χ2 test and Spearman’s rank result of nuclear ING3 staining in breast cancer with in different
molecular subtypes.
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Figure 5

K-M survival curves for the correlation of the nuclear ING3 expression in breast cancer patients. A.
Patients with low expression of nuclear ING3 staining had a signi�cantly worse 5-DFS than those with
high expression of ING3 staining in 211 cases of breast cancer. B. A similar conclusion for 5-OS.

Figure 6

K-M survival curves for the correlation of the nuclear ING3 expression in breast cancer patients. A.
Patients with low expression of nuclear ING3 staining had a signi�cantly worse 5-DFS than those with
high expression of ING3 staining in luminal-type patients. B. A similar conclusion for 5-OS in luminal-type
patients. C-D. K-M survival analysis of the nuclear ING3 expression was not statistically signi�cant for 5-
DFS in HER2 positive-type and TNBC patients. E-H. K-M survival curves for the correlation between the
nuclear ING3 expression and 5-DFS and 5-OS in breast cancer patients with or without lymph node
metastasis. LN-, lymph node metastasis negative; LN+, lymph node metastasis positive.


