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Reduced expression and prognostic implication of
inhibitor of growth 4 in human osteosarcoma
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Abstract. Osteosarcoma is the most prevalent type of
primary malignant bone tumor. Inhibitor of growth 4 (ING4)
has been demonstrated to function as a tumor suppressor
through multiple pathways, and is its expression is understood
to be suppressed or reduced in various malignancies. The
present study aimed to investigate the expression of ING4
and to determine its prognostic value in osteosarcoma tissue.
Formalin-fixed, paraffin-embedded tissue microarrays were
analyzed, and contained 41 osteosarcoma specimens and
11 normal bone tissue specimens with duplicate cores. ING4
expression was evaluated by immunohistochemical staining.
The association between ING4 expression in the osteosar-
coma and normal bone tissues was analyzed, in addition to
the association between ING4 expression and Enneking clas-
sification of the osteosarcoma tissues. A significant statistical
difference was observed in the ING4 immunohistochemical
staining score between the osteosarcoma and normal bone
tissues (P<0.001). Furthermore, a significant negative correla-
tion was detected between the ING4 immunohistochemical
staining scores and the Enneking classification results of
the 41 osteosarcoma tissues (P=0.002). Low expression of
ING4 was observed in the osteosarcoma specimens, and
this reduced expression of ING4 was negatively correlated
with Enneking classification. Thus, the results of the present
study indicate that ING4 may serve as a promising prognostic
marker in osteosarcoma.
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Introduction

Osteosarcoma, the most common primary bone malignancy,
accounts for ~20% of all bone tumors and ~5% of all pediatric
tumors (1). Osteosarcoma has an overwhelming tendency for
invasion and early metastasis (2). Although treatment with
surgery and neoadjuvant chemotherapy appears to cure 60-70%
of cases (3), the 5-year survival rate for patients with recur-
rent and metastatic osteosarcoma is only 20% (4,5). Research
investigating the mechanism of osteosarcoma development
has primarily focused on chromosomal abnormalities, genetic
alterations of tumor suppressor genes, activation of oncogenes
and dysregulation of major signaling pathways. However, the
molecular events that lead to the development of osteosarcoma
are not yet fully understood.

Inhibitor of growth 4 (ING4) functions as a tumor
suppressor, thus serving an inhibitory role during the genera-
tion and development of various types of tumor, including
thyroid (6), gastric (7), lung (8) and breast cancer (9). ING4
physically interacts with and phosphorylates p65, a subunit of
nuclear factor-kB (NF-kB), therefore suppressing the activity
of NF-«kB (10). The inhibition of NF-kB negatively regulates
various target genes, including matrix metalloproteinase
(MMP)-2, MMP-9, interleukin (IL)-6, IL-8, cyclooxygenase-2
and colony stimulating factor-3. The downregulation of these
cytokines inhibits angiogenesis and tumor cell growth (11-15).
In RKO colorectal cancer cells, ING4 expression was able to
decrease the cell population in the S-phase of the cell cycle
in a pS3-dependent manner, as well as upregulate p21 expres-
sion (16). In addition, ING4 may induce G,/M cell cycle arrest,
and enhance chemosensitivity to etoposide and doxorubicin
in HepG2 hepatocellular carcinoma cells (17). In general,
there are two regulatory mechanisms of the cell cycle: p21 and
Bcl-2-associated X protein (Bax). ING4 upregulates p21 and
Bax in a p53-independent manner. The upregulation of p21
enhances its binding to cyclin B1, while the compound of
cyclin Bl/cyclin-dependent kinase 1 is crucial for progression
in the cell cycle (18). Conversely, in the pS3-defective SaoS-2
cell line, ING4 cannot upregulate p21 or Bax, and is therefore
suspected to regulate the cell cycle by directly interacting with
p300 or p65 (19). Furthermore, ING4 is able to upregulate
Bax while downregulating B cell lymphoma-2 (Bcl-2), thus,
decreasing the ratio of Bcl-2/Bax, resulting in cytochrome ¢
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release from the mitochondrion and activation of caspase-3.
Activated caspase-3 disrupts the function of poly(ADP-ribose)
polymerase and, as a result, DNA cannot be repaired. There-
fore, ING4 may also induce apoptosis through activation of
the mitochondrial apoptotic pathway in a p53-independent
manner (20-22). Evidence suggests that ING4 may suppress
the expression of the target gene, hypoxia-inducible factor-1a.,
by interacting with its plant homeodomain finger motif under
hypoxic conditions (23-25). In addition, ING4 serves a role
in the suppression of loss of contact inhibition elicited by
the overexpression of the proto-oncogene Myc or MYCN;
however, ING4 cannot suppress the transcriptional activity
of the proto-oncogene (26). Furthermore, ING4 is able to
interact with liprin a-1, a novel ING4-associated protein, to
prevent invasion and metastasis (27).

ING4 expression is decreased in a number of tumor
tissues and the degree of low expression corresponds with
tumor grade (11,18,20,28-31). Allelic loss and mutation
of ING4 have also been observed in various cancer cell
lines (26,32,33), thus suggesting that ING4 is a promising
tumor suppressor. Despite this, there are currently no
previously published studies that have investigated ING4
expression in osteosarcoma tissues. Therefore, the exact
role of ING4 in the tumorigenesis and progression of osteo-
sarcoma has yet to be established. In the present study, the
expression of ING4 was analyzed in osteosarcoma tissue,
and associations between the expression of the ING4 protein
and several clinical characteristics were evaluated.

Materials and methods

Materials. The present study was approved by the
Ethics Commitee of The First Affiliated Hospital of
Harbin Medical University (Harbin, China; approval no.,
HYDEC-D-2016-051) and was conducted according to the
Declaration of Helsinki Principles (34). Written informed
consent was obtained from the patients or their families for
the publication of this study. The tissue microarrays (TMAs)
used for this study were purchased from Ailina Xi'an
Biological Technology Co., Ltd. (Xi'an, China). The OS804
osteosarcoma tissue microarray, containing 40 cases of
osteosarcoma, and the BO244b tissue microarray, containing
1 case of osteosarcoma and 11 cases of normal bone tissue
(in the absence of any other bony disease), were obtained
during trauma surgery and each contained duplicate cores.
All primary osteosarcoma biopsy specimens were obtained
at the time of diagnosis, prior to any chemotherapy treatment,
and were assessed according to the Enneking classifica-
tion for malignant bone tumors (35,36). The tissues were
formalin-fixed (Sigma-Aldrich, St. Louis, MO, USA) and
paraffin-embedded (Sigma-Aldrich), and cut into 5-pm thick
sections with 1.5-mm individual cores. The array sections
were mounted on positively-charged, super plus glass slides
(Sigma-Aldrich). The primary antibody, mouse anti-human
ING4 polyclonal antibody (3 yg/ml; catalog no.,ab90551), was
purchased from Abcam (Cambridge, UK). The EliVision™
Plus kit (catalog no., KIT-9902) and 3,3'-diaminobenzidine
(DAB; catalog no., DAB-0031/1031), which was used as
substrate chromogen, were purchased from Fuzhou Maixin
Biotech Co., Ltd. (Fuzhou, China).
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Immunohistochemistry. Normal bone tissues (n=11) were
selected as the positive control and the primary anti-
body was replaced with phosphate-buffered saline (PBS;
Sigma-Aldrich) to function as the negative control. The
expression of ING4 protein was analyzed by immunohis-
tochemistry. Sections were baked for 30 min at 60°C, and
were subsequently deparaffinized by washing with xylene
(Sigma-Aldrich) and rehydrated in a graded alcohol series.
Antigen retrieval was performed using 1X antigen retrieval
solution (catalog no., 03690; Sigma-Aldrich) for 2 min in a
pressure cooker at boiling point, as observed by steaming.
The sections were cooled to room temperature, washed three
times in PBS for 5 min, incubated for 10 min in 3% hydrogen
peroxide (Sigma-Aldrich) at room temperature and washed
again three times in PBS for 5 min. Subsequently, the sections
were incubated at 4°C overnight with the primary antibody,
diluted to 1:100 in antibody diluent (Sigma-Aldrich) solu-
tion. The slides were washed three times in 0.01% Tween-20
(Sigma-Aldrich) PBS for 5 min, incubated for 20 min with
polymer enhancer (Sigma-Aldrich) at room temperature,
washed again three times with 0.1% Tween-20 PBS for 5 min
and incubated for 30 min at room temperature with polymer-
ized horseradish peroxidase anti-mouse immunoglobulin G
(catalog no., ZB-2305; dilution, 1:500; ZSGB-Bio, Beijing,
China). The tissues were subsequently incubated in peroxi-
dase substrate DAB solution until the desired stain intensity
had developed and rinsed in tap water. Finally, the slides
were counterstained with Hematoxylin QS (catalog no.,
H-3404; Vector Laboratories, Inc., Burlingame, CA, USA),
and cleared and mounted with permanent mounting medium
(Vector Laboratories, Inc.).

Evaluation and scoring of the TMAs. A semiquantitative
scoring systemwasusedtoevaluatetheimmunohistochemistry
results of ING4 protein localized to the nucleus. Immuno-
reactivity was assessed by the percentage of positive cells
and the strength of staining. The percentage of positive cells
was scored as follows: 1, <11%; 2, 11-50%; 3, 51-75%; and
4, >75%. The strength of staining was scored as follows: No
staining, 0; light brown, 1; brown, 2; and dark brown, 3. The
final score was determined by multiplying the proportion of
positive cells score with the strength of staining score. Final
scores were classified as follows: <3, (-); 3-5, (+); 6-9, (++);
and >9, (+++) (21). A final score of (-) and (+) represented
low expression, whilst (++) and (+++) represented high
expression. All cases, including 41 osteosarcoma cases and
11 normal bone cases, were evaluated by three independent,
blinded observers simultaneously, and a consensus score
was established for each core. All sections were observed
under an optical microscope (TCS NT; Leica Microsystems,
Wetzlar, Germany).

Clinical outcome measures of the osteosarcoma specimens.
The Enneking classification system for malignant bone tumors
is based on considerations of grade and metastasis (35,36).
The stages of osteosarcoma are divided into I, IT and III
based upon the compartmentalization of the lesion. Stage 1
comprises of low grade lesions without metastases; stage 11
comprises of high grade lesions without metastases; and
stage III comprises low or high grade lesions with metastases.
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Figure 1. Immunohistochemical expression of ING4 protein in representative osteosarcoma tissues. (A) Immunohistochemical staining score of (-) obtained
from a 27-year-old male with osteosarcoma located in the distal femur. (B) Negative control of A. (C) Immunohistochemical staining score of (+) obtained from
a 19-year-old male with osteosarcoma located in the proximal tibia. (D) Negative control of C. (E) Immunohistochemical staining score of (++) obtained from
a 15-year-old female with osteosarcoma located in the distal femur. (F) Negative control of E. (G) Immunohistochemical staining score of (+++) obtained from
a 13-year-old male with osteosarcoma located in the distal femur. (H) Negative control of G. Magnification, x200. 3,3'-diaminobenzidine and hematoxylin QS
staining.

Figure 2. Immunohistochemical expression of ING4 protein in representative normal bone tissues. (A) Immunohistochemical staining score of (++) obtained
from the normal bone of a 66-year-old female with a femur fracture. (B) Negative control of A. (C) Immunohistochemical staining score of (+++) obtained
from the normal bone of a 35-year-old male with a tibia fracture. (D) Negative control of C. Magnification, x200. 3,3'-diaminobenzidine and hematoxylin QS

staining.

Stages I and II are further subdivided as intracompartmental (A)
or extracompartmental (B). Thus, all the specimens used in the
present study were grouped as 1A, IB, ITA, IIB or III.

Statistical analysis. The Mann-Whitney U test was used to
analyze the diversity in the expression of ING4 between the
osteosarcoma and bone tissue specimens. In addition, all
clinicopathological variables were analyzed in association
with the ING4 immunohistochemical score using univariate
logistic regression analysis modeling. For statistical analysis
of the ordinal data, gender was categorized as male or female;
age at diagnosis as <30 or =30 years; anatomical site as distal
femur, proximal tibia or other; histological type as osteoblastic
or other; and Enneking classification as IA, IB, ITA, IIB or III.
Data was presented as the mean + standard error of the mean.
SPSS version 19.0 software (SPSS, Inc., Chicago, IL, USA) was
used to perform the statistical analyses, and P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

The mean age of the 41 patients with osteosarcoma (28 men and
13 women) was 31 years (range, 11-64 years). The anatomical

sites of the primary tumor were the distal femur (n=27),
proximal tibia (n=6), humerus (n=3), scapula (n=2), rib (n=2)
and fibula (n=1). The histological type of the 41 specimens
included osteoblastic (n=26), chondroblastic (n=7), fibroblastic
(n=4), periosteal (n=3) and telangiectatic (n=1). Metastatic
lesions were identified in only 1 patient. Patient survival infor-
mation was not obtained. The mean age of the 11 control cases,
including 9 men and 2 women, was 59 years at the time when
normal bone tissue was obtained (range, 41-75 years). The
trauma sites of the normal bone tissues consisted of the femur
(n=5), the femoral head (n=3), tibia (n=2) and humerus (n=1).
Each duplicated core of the 41 osteosarcoma specimens
and 11 normal bone tissues had the same immunohistochem-
ical staining score. Representative immunohistochemical
staining results for the osteosarcoma tissues are presented
in Fig. 1. A final score of (-) was observed in 7 (17.1%) osteo-
sarcoma specimens (Fig. 1A), a score of (+) in 19 (46.3%)
specimens (Fig. 1C), a score of (++) in 11 (26.8%) speci-
mens (Fig. 1E) and a score of (+++) in 4 (9.8%) specimens
(Fig. 1G). Negative controls were used for all osteosarcoma
specimens (Fig. 1B, D, F and H). Representative immuno-
histochemical staining results for the normal bone tissues
are presented in Fig. 2. A score of (++) was observed in
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Table I. Comparison of ING4 expression between osteosarcoma and normal bone tissue specimens.

Immunohistochemical score

Group - + ++ +++ Mean rank U-value P-value
Osteosarcoma 7 19 11 4 21.90
Normal bone 0 0 2 43.64
Total 7 19 13 13 37.00 <0.001

A significant statistical difference was observed for the immunohistochemical staining score of ING4 between these osteosarcoma and normal

bone tissue specimens. ING4, inhibitor of growth 4.

Table II. Correlation between clinicopathological variables and immunohistochemical staining score of ING4 in the osteosar-

coma tissue specimens.

Immunohistochemical score

Characteristic Low (n=26) High (n=15) P-value
Gender 0.389
Male 19 9
Female 7 6
Age at diagnosis, years 0.923
<30 10 6
>30 16 9
Anatomical site 0.671
Distal femur 16 11
Proximal tibia 5 1
Other 5 3
Histological type 0.743
Osteoblastic 16 10
Other 10 5
Enneking classification 0.002
IA 0 2
1B 0 3
ITA 3 6
1IB 22 4
1II 1 0

A significant negative correlation was identified between the immunohistochemical staining scores and Enneking classification results of the

41 osteosarcoma specimens. ING4, inhibitor of growth 4.

2 (18.2%) normal bone specimens (Fig. 2A) and a score
of (+++) in 9 (81.8%) specimens (Fig. 2C). Negative controls
were used for all normal bone specimens (Fig. 2B and D).
Immunohistochemical staining scores of (-) and (+) were not
observed in the normal bone specimens. A significant differ-
ence was observed between ING4 immunohistochemical
staining scores in the osteosarcoma and normal bone tissues
(P<0.001) (Table I).

According to the Enneking classification system for
malignant bone tumors (35,36), 2 osteosarcoma specimens
with a score of (+++) were classified as IA; 3 osteosarcoma
specimens, including a score of (++) in 2 and (+++) in 1, were

classified as IB; 9 osteosarcoma specimens, including a score
of (+) in 3 and (++) in 6, were classified as ITA; 26 osteo-
sarcoma specimens, including a score of (-) in 6, (+) in 16,
(++) in 3 and (+++) in 1, were classified as IIB; and only
1 osteosarcoma specimen with a score of (-) was classified
as III. No statistical significance was observed between
gender, age at diagnosis, anatomical site or histological type
and immunohistochemical staining of ING4. However, a
significant negative correlation was identified between the
immunohistochemical staining scores and Enneking classi-
fication results of the 41 osteosarcoma specimens (P=0.002)
(Table IT).
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Discussion

Previous studies have demonstrated that ING4 expression
is suppressed or reduced in a number of malignancies,
and the degree of expression is associated with the tumor
grade (11,18,20,28-31). To the best of our knowledge, no
study has investigated the level of expression of ING4 in
human osteosarcoma tissue as compared with normal bone
tissue, or the prognostic value of ING4 expression in patients
diagnosed with osteosarcoma.

Similar to the results of previous studies regarding other
malignant tumors (11,18,20,28-31), the results of the present
study demonstrated that the osteosarcoma tissues had signifi-
cantly decreased expression of ING4 when compared with
the normal bone tissues (P<0.001). The majority of the osteo-
sarcoma specimens had a score of (-) or (+), whilst no normal
bone specimens had a score of (-) or (+). However, the mean
age of the 11 patients from whom the normal bone specimens
were obtained (59 years old) was markedly higher than that
of the 41 patients with osteosarcoma (31 years old). This may
be because the 11 normal bone tissues were obtained from
patients who underwent surgery following trauma. Data as to
whether the patients had implicit or asymptomatic osteopo-
rosis, which are highly prevalent in older individuals, could
not obtained. However, to the best of our knowledge, there
are currently no available studies that demonstrate a correla-
tion between ING4 expression level in bone and potential
osteoporosis. Consequently, the results of the present study
are considered to be reliable and objective.

In the present study, no significance was observed
between gender, age at diagnosis, anatomical site or histo-
logical type and immunohistochemical staining of ING4.
Instead, it was noted that the degree of reduction in ING4
expression correlated with the progression from low to high
grades of osteosarcoma, according to the Enneking classifi-
cation system for malignant bone tumors (P=0.002). ING4,
a novel tumor suppressor of the ING family, has potential
tumor-suppressing effects that are exerted through various
signaling pathways, including tumorigenesis, cell cycle regu-
lation, angiogenesis, cell apoptosis, DNA repair, migration
and transcriptional regulation (10-27,37-43). These functions
of ING4, which acts as an oncogene suppressor in numerous
tumor types, have been identified repeatedly in vitro and
in vivo (10-27,37-43). To the best of our knowledge, the
present study is the first to investigate the immunoreactivity
of ING4 in osteosarcoma tissue. Considering that Enneking
classification system has prognostic implications for tumor
invasion and metastasis, the findings of the current study
indicate that ING4 may also serve a suppressive role in the
tumorigenesis, invasion and soft tissue extension of osteo-
sarcoma. A limited number of studies have investigated the
tumor suppressor effect of ING4 in osteosarcoma. It was
previously reported that adenovirus (Ad)-mediated ING4
gene transfer significantly induced growth inhibition and
apoptosis in MG-63 human osteosarcoma cells, and intratu-
moral injections of Ad-ING4 in athymic nude mice bearing
osteosarcoma tumors significantly inhibited osteosarcoma
xenograft tumor growth (44). A different study indicated
that ING4 could suppress osteosarcoma progression through
mitochondrial and NF-kB signaling pathways (45). However,
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further research is required to determine the exact tumor
suppressive mechanism of ING4 in osteosarcoma.

One limitation of the present study was that the overall
survival data of the 41 patients could not be obtained. However,
the Enneking grade of the osteosarcoma specimens at the time
of diagnosis was obtained during TMA analysis. A significant
negative correlation was observed between the ING4 immuno-
histochemical staining scores and Enneking grade. Therefore,
this suggests that ING4 may be also negatively correlated with
survival of patients with osteosarcoma.

In conclusion, the results of the present study indicate that
ING4 expression may be a promising prognostic marker for
patients with osteosarcoma. The significant negative correla-
tion observed between ING4 expression and Enneking grade
may provide insight into the mechanism of tumor progression
in osteosarcoma, and additionally provide a potential target
for novel therapeutic strategies, with the aim of improving the
length and quality of life in patients with osteosarcoma.
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