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Immunohistochemical profile of ING3 protein
in normal and cancerous tissues
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Abstract. The inhibitor of growth family, member 3
(ING3) protein may be capable of blocking the cell cycle
via activating p53-transactivated promoters of p21 and
Bcl2-associated X protein, and may induce apoptosis via a
Fas/caspase-8-dependent signaling pathway. In the present
study, immunohistochemistry was performed in order to
characterize the expression profile of ING3 protein in tissue
microarrays containing mouse and human normal tissue, human
hepatocellular (n=62), renal clear cell (n=62), pancreatic (n=62),
esophageal squamous cell (n=45), cervical squamous cell (n=31),
breast (n=144), gastric (n=196), colorectal (n=96), ovarian
(n=208), endometrial (n=96) and lung carcinoma (n=192).
In mouse tissue, ING3 protein was positively detected in the
cytoplasm of cardiomyocytes, kidney and skeletal muscle cells,
and was additionally detected in the cytoplasm and nucleus of
bronchial and alveolar epithelium, gastric and intestinal gland,
and mammary gland cells. In human tissues, ING3 protein was
principally distributed in the cytoplasm, but was observed in the
cytoplasm and nucleus of tongue, esophagus, stomach, intestine,
lung, skin, appendix, bladder, cervix and breast cells. ING3
immunoreactivity was strongly detected in the stomach, skin
and cervical tissues, whereas a weak signal was detected in the
cerebellum, brain stem, thymus, liver, skeletal muscle, testis and
prostate. In total, ING3-positive specimens were identified in
424 of 1,194 tested cancer entities (35.5%). In a number of cases,
ING3 expression was observed to be restricted to the cytoplasm
and nucleus, excluding the cytoplasmic distribution identified in
breast and hepatocellular carcinoma. Among these cases, ING3
was more frequently expressed in breast and gynecological types
of cancer, including ovarian (59.2%), endometrial (47.9%), breast
(38.9%) and cervical (35.5%) cancer. ING3-positive cases were
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more rare in renal clear cell (17.7%), hepatocellular (16.1%) and
esophageal carcinoma (17.8%). It is suggested that ING3 may be
involved in the repair and regeneration of organs or tissues, and
may be closely associated with gynecological carcinogenesis.

Introduction

The inhibitor of growth (ING) family consists of five members
with various isoforms due to alternative splicing. Their
encoded proteins comprise a highly conserved plant home-
odomain (PHD), a Cys,-His-Cys; form of zinc finger that
interacts directly with histone H3, and a nuclear localization
sequence (NLS). ING proteins act as receptors and transducers
of stress-activated phosphoinositides, inhibit angiogenesis,
promote cellular senescence or are involved in various
biological processes, including DNA repair, apoptosis, cell
cycle checkpoints, histone methylation and acetylation, and
regulation of transcription by protein-protein or protein-DNA
interaction. They appear to be inactivated in malignancies and
therefore are classified as class II tumor suppressor genes (1,2).

The human ING3 gene is located at chromosome 7q31.3,
is composed of 12 exons and produces three proteins (Fig. 1),
among which p47ING3 controls p53-mediated transcription,
blocks cell cycle control and induces apoptosis (3). As a signifi-
cant chromatin acetylation regulator, ING3 is primarily involved
in the formation of nucleosome NuA4 histone acetyltransferase
multi-subunit complex and is essential for the histone acetyltrans-
ferase activity of Tip60 (2.4). ING3 overexpression decreases
the S-phase population of cells and their colony-forming ability,
and induces apoptosis in RKO human colon carcinoma cells in
a p53-mediated manner (5). An additional study has indicated
that ING3 activates p53-transactivated promoters of p21 and
Bcl2-associated X protein (5). In addition, ING3 has been
demonstrated to be capable of enhancing ultraviolet-induced
apoptosis of melanoma cells via a Fas/caspase-8-dependent
signaling pathway, independently of functional p53 (6). Further-
more, it was identified that ING3 underwent degradation via its
interaction with subunits of E3 ligase Skpl-Cullin-F-box (SCF)
protein complex in the ubiquitin-proteasome signaling pathway,
which provided an alternative explanation for ING3 downregu-
lation (7). ING3 may also be capable of regulating asymmetric
cell division via the mammalian target of rapamycin signaling
pathway during mouse oocyte maturation (8).
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Figure 1. Schematic diagram of human and mouse inhibitor of growth family, member 3 proteins. LZL, leucine zipper-like; NCR, novel conserved region;

NLS, nuclear localization signal, PHD, plant homeodomain.

Figure 2. Expression level and subcellular distribution of inhibitor of growth family, member 3 protein in normal mouse tissues: (A) Stomach, (B) intestine,
(C) kidney, (D) lung and trachea, (E) breast, (F) fat, (G) cardiac muscle and (H) striated muscle. Magnification, x200.

ING3 mRNA is ubiquitously expressed in normal human
tissues, including the testes, skeletal muscle, spleen, heart
and oral mucosa (5). Nuclear ING3 expression is markedly
reduced in malignant melanoma compared with dysplastic
nevi, and is significantly associated with a poorer prognosis
for melanoma as an independent factor (9). Gunduz et al (10)
demonstrated that loss of heterozygosity (LOH) resulted in
reduced ING3 expression in human head and neck squamous
cell carcinomas (HNSCC). A previous survival analysis
revealed that ING3 downregulation may be considered as an

independent prognostic factor for poor overall survival time
in HNSCC (11). In addition, Borkosky et al (12) identified that
SSLOH of the ING3 locus was high in solid type tumors of
ameloblastoma. mRNA and protein concentrations of ING3
have been observed to be downregulated in the majority of
hepatocellular carcinoma (HCC) cases in comparison with
matched non-tumor hepatic tissues, and reduced expression
of INGS3 protein is correlated with more aggressive charac-
teristics and adverse prognosis in this tumor type (13,14).
Consistently, ectopic ING3 overexpression in HCC cells was
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Table I. Immunohistochemical examination of inhibitor of
growth family, member 3 protein in mouse normal tissues.
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Table II. Immunostaining of ING3 protein in normal human
tissues.

Tissue type Cell type
Brain Sporadic

Heart Cardiomyocyte

Lung Bronchial and alveolar epithelium
Kidney Nephric tubule
Stomach Glandular

Intestine Glandular

Spleen Sporadic

Skin Sporadic

Muscle Striated muscle cell
Fat Lipocyte

Liver Sporadic

Breast Glandular epithelium

Sporadic refers to the expression of inhibitor of growth family,
member 3 protein in different cell types.

observed to suppress colony formation, cell proliferation and
migration (13,14). These results suggest that reduced ING3
expression may be associated with tumorigenesis and the
subsequent development of malignancies. Thus, the present
study analyzed the expression profile of ING3 protein in
normal mouse and human tissues, and in human cancer
tissues.

Materials and methods

Samples. A total of three male and three female
C57BL/6 mice (8 weeks old; 30-40 g) were maintained
under specific pathogen-free conditions in a temperature-
controlled room with a 12-h light/dark illumination cycle.
Standard rodent food and water were supplied ad libitum.
Housing and all procedures were performed according to
guidelines on animal welfare approved by the Committee for
Animal Experiments of Liaoning Medical University. The
mice were sacrificed under sodium pentobarbital anesthesia,
and tissue samples were dissected from the brain, heart,
liver, spleen, lung, kidney, breast, stomach and intestine.
All tissues were fixed in 10% neutral formalin, embedded
in paraffin and cut into 4-um sections. The tissue arrays of
human normal tissues (cerebrum, cerebellum, brain stem,
aorta, tongue, thyroid, esophagus, stomach, intestine, liver,
pancreas, lung, trachea, appendix, smooth muscle, skeletal
muscle, heart, testis, bladder and prostate) and cancer tissues
(62 hepatocellular carcinoma, 62 renal clear cell carcinoma,
62 pancreatic carcinoma, 45 esophageal squamous cell
carcinoma and 31 cervical squamous cell carcinoma cases)
were purchased from Shanghai Outdo Biotech Co., Ltd
(Shanghai, China). Human cervix, endometrium, ovary and
breast tissues were sampled from surgical patients at The
First Affiliated Hospital of Liaoning Medical University
(Jinzhou, China). In addition, breast (n=144), gastric (n=196),
colorectal (n=96), ovarian (n=208), endometrial (n=96)

ING3 expression

Tissue type Nucleus Cytoplasm

Cerebrum -
Cerebellum -
Brain stem -
Thymus -
Hear muscle -
Aorta -
Tongue
Thyroid -
Esophagus
Stomach
Intestine
Liver -
Pancreas -
Lung
Trachea -
Skin
Appendix
Smooth muscle -
Skeletal muscle -
Heart -
Testis -
Bladder
Prostate -
Cervix

+

+ + +

+

+ +

Endometrium
Ovary -
Breast

+
SR T T S S S S S S I I I I I I I I A

+

ING3, inhibitor of growth family, member 3.

and lung carcinoma (n=192) samples were collected from
patients at the same hospital. Dissected mouse tissues and
collected human normal and cancer tissues, were subjected
to tissue microarray using a tissue microarrayer (AZUMAYA
KIN-1; Azumaya Corporation, Tokyo, Japan). None of the
cancer patients had undergone chemotherapy, radiotherapy
or adjuvant treatment prior to surgery. The patients or their
relatives provided written consent for the use of tumor tissues
for clinical research, and the research protocol was approved
by the Ethical and Animal Experimentation Committees of
Liaoning Medical University (Jinzhou, China).

Immunohistochemistry. Consecutive sections were dewaxed
using xylene, rehydrated in a graded series of alcohol to water,
and subjected to antigen retrieval by irradiation in target
retrieval solution (Dako North America, Inc., Carpinteria,
CA, USA) in a microwave oven for 15 min (Oriental Rotor
Ltd., Co., Tokyo, Japan). Sections were subsequently blocked
with 5% bovine serum albumin (A8020; Beijing Solarbio
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Table III. ING3 expression in various types of cancer detected by immunohistochemistry.

ING3 expression

Carcinoma type Total cases, n Positive cases, n Positive rate, % Nucleus Cytoplasm
Hepatocellular 62 11 17.7 - +
Renal clear cell 62 10 16.1 + +
Pancreatic 62 23 37.1 + +
Esophageal 45 8 17.8 + +
Cervical 31 11 355 + +
Breast 144 56 38.9 - +
Gastric 196 57 29.1 + +
Colorectal 96 28 29.2 + +
Ovarian 208 124 59.6 + +
Endometrial 96 46 479 + +
Lung 192 50 26.0 + +

ING3, inhibitor of growth family, member 3.

Science & Technology Co., Ltd., Beijing, China) for 20 min
to prevent non-specific antibody binding. The sections were
incubated with rabbit polyclonal IgG anti-ING3 (#sc-366026;
Santa Cruz Biotechnology, Inc., Dallas, TX, USA; dilution,
1:50) for 15 min, followed by incubation with the secondary
anti-rabbit polyclonal Ig antibody conjugated to horseradish
peroxidase (HRP) (#P0399; HRP; Dako North America, Inc.;
ready-to-use) for 60 min. Following each treatment, the slides
were washed using Tris-buffered saline and Tween 20 (TBST;
3 x 1-min washes). The HRP was colored with 3,3'-diami-
nobenzidine. Sections were counterstained using Mayer's
hematoxylin, dehydrated, cleared and mounted. TBST was
utilized as a negative control in place of primary antibody.

Immunohistochemical evaluation. As indicated in Figs. 2-4,
ING3 immunopositivity was localized to the cytoplasm
and/or nucleus. Initially, a strong expression field was selected
under low magnification and all cells were randomly counted
in five different representative fields of each section, which
were assessed blindly by two independent pathologists. Any
inconsistent data was discussed by the pathologists until a
final agreement was reached. The percentages of counted
cells (calculated as the mean percent of positively stained
cells out of the total cells counted) were scored as follows:
0-10%, negative (-), 11-100%, positive (+).

Results

ING3 is detectable in a wide range of cell types in mice. As
indicated in Fig. 2, ING3 protein was positively detected in the
cytoplasm of cardiomyocyte, kidney and skeletal muscle cells.
A cytoplasmic and nuclear distribution of ING3 protein was
observed in bronchial and alveolar epithelium, gastric, intes-
tinal and mammary gland cells. ING3 protein was expressed in
the brain, spleen, skin and liver in a sporadic manner (Table I).

ING3 expression is primarily localized to the cytoplasm
in normal human tissues. In human tissues, ING3 protein

was principally distributed in the cytoplasm; however, it
was observed in both the cytoplasm and nucleus of tongue,
esophagus, stomach, intestine, lung, skin, appendix, bladder,
cervix and breast cells (Table II; Fig. 3). According to the
density, ING3 immunoreactivity was strongly detected in
stomach, skin and cervical cells, and was weakly detected in
cerebellum, brain stem, thymus, liver, skeletal muscle, testis
and prostate cells (data not shown).

ING3 is most frequently expressed in gynecological
types of cancer. In total, ING3-positivity was identified in
424 of 1,194 tested cancer entities (35.5%), with a homoge-
neous expression pattern (Fig. 4; Table III). In the majority
of cases, ING3 expression was observed to be distributed
in the cytoplasm and nucleus, with the exception of the
cytoplasmic distribution in breast and hepatocellular carci-
noma. Among the cancer entities studied, ING3 was most
frequently expressed in cases involving female cancer types,
including ovarian (59.2%; 124/208), endometrial (47.9%;
46/96), breast (38.9%; 56/144) and cervical cancers (35.5%;
11/31). ING3-positive cases were more rare in renal clear cell
(17.7%; 11/62), hepatocellular (16.1%; 10/62) and esophageal
carcinomas (17.8%; 8/45).

Discussion

ING3 protein contains an NLS and a PHD finger motif at
the C-terminus (15). Previously, Wang et al (9) demonstrated
that nuclear-to-cytoplasmic translocation of ING3 protein
led to reduced nuclear expression in cutaneous melanoma.
The degradation of ING3 by the cytoplasmic SCF (S-phase
kinase-associated protein 2)-mediated ubiquitin-proteasome
system provided additional evidence for its cytosolic localiza-
tion (7). An additional two studies observed a cytoplasmic
expression pattern of ING3 in hepatocytes and HCC (13,14). In
the present study, the expression level and cellular localization
of ING3 protein was characterized in normal mouse and human
tissue, and human cancer tissue. A positive ING3 signal was
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Figure 3. Expression level and subcellular distribution of inhibitor of growth family, member 3 protein in normal human tissues: (A) Stomach, (B) intestine,
(C) endometrium, (D) breast, (E) bronchus, (F) lung and (G) cervix. Magnification, x200.

Figure 4. Inhibitor of growth family, member 3 expression in human cancer detected by immunohistochemistry: (A) Gastric, (B) colorectal, (C) esophageal,
(D) endometrial, (E) renal, (F) pancreatic, (G) breast, (H) cervical, (I) ovarian and (J) lung carcinoma. Magnification, x200.

observed in the cytoplasm of normal mouse and human tissue, nucleocytoplasmic translocation. ING1 phosphorylation by
and in human cancer tissue, and was occasionally observed  14-3-3 family (17) or Src (18) proteins leads to its cytoplasmic
in both the cytoplasm and nucleus. Cenzig et al (16) reported  relocalization for apoptotic induction. Therefore, it was
that the mutation or deletion of the ING5 NLS resulted in its  speculated that chemical modification of ING3 may lead to its
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restoration in the cytoplasm, which will require clarification in
future studies.

Amino acid sequence alignment has demonstrated a
high similarity between human p47ING3 and mouse ING3,
revealing that they share 95% identity (1). Consistently, the
present study identified no notable differences in the patterns
of ING3 expression between mouse and human samples.
In human tissue, ING3 protein was strongly detected in
stomach, skin and cervical cells, and was weakly detected in
brain, thymus, liver, skeletal muscle, testis and prostate cells,
suggesting a functional involvement of ING3 in distinct cell
types and in the specific functional state of cells. Therefore, in
future studies, we aim to conditionally ablate the ING3 gene
using a cell-specific promoter and establish an animal model of
ING3-negative tumors. In the relevant literature, ectopic ING3
expression resulted in increased apoptosis via the Fas-mediated
signaling pathway (6) and suppression of proliferation (5).
Therefore, ING3 overexpression in the stomach, skin and
cervix may be associated with regeneration and repair, regard-
less of whether glandular or squamous epithelium; this is
supported by the observed weaker expression in organs with
low levels of repair and renewal, including the brain, thymus,
skeletal muscle and testis. Notably, ING2, another member of
the ING family, has been reported to be involved in muscle
differentiation via regulating myogenin transcription (19). As a
member of the ING family, ING3 protein is enriched in heart,
skeletal and smooth muscle cells, which is hypothesized to be
associated with the differentiation of muscles.

ING3 is a candidate tumor suppressor gene, and its
expression is frequently downregulated in tumors (9,14,15).
The present study focused on the most commonly occurring
epithelial cancers and demonstrated that female types of
cancer, including breast, ovarian and endometrial, exhibited
higher levels of ING3 expression, indicating that ING3 protein
may be involved in estrogen production or may be regulated
by estrogen. It was notable that gastric and colorectal cancers
demonstrated similar levels and patterns of expression of
ING3, which may be due to the similar carcinogenesis and
pathological behaviors of these types of cancer. By contrast,
renal clear cell carcinoma demonstrated the lowest levels of
ING3 expression, with a positive rate of <20%. This knowl-
edge may significantly facilitate the identification of cancer
patients that may potentially benefit from an ING3-targeting
gene therapy. According to the relevant literature, ING3
protein is involved in the modulation of p53-mediated tran-
scription, cell cycle control and apoptosis (1,2). In RKO human
colon carcinoma cells, ING3 overexpression reduced colony
formation, potentially by reducing the number of cells in
S phase (5). In combination with these findings, the profiling
of ING3 expression may assist with clarification of the role of
INGS3 expression in disruption of proliferation and apoptosis in
various types of epithelial cancer.

In summary, the present study clarified the differential
expression and/or subcellular location of ING3 in various
tissues, cell types and single cells in normal mouse and human
tissues, and human cancer tissue, suggesting differential func-
tional involvement. Based on the results of the present study,
it is hypothesized that ING3 may be involved in the repair and
regeneration of organs or tissues, and may have a significant
role in gynecological carcinogenesis.
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