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Low ING4 protein expression detected by paraffin-section
immunohistochemistry is associated with poor prognosis
in untreated patients with gastrointestinal stromal tumors
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Abstract

Background Inhibitor of growth 4 (ING4) has deserved

attention as a tumor suppressor gene in many malignant

tumors. In our study, we investigated ING4 immunoex-

pression in gastrointestinal stromal tumors (GISTs) and its

prognostic value.

Method The expression of ING4 and Ki67 was investi-

gated in 41 samples of various risk gastrointestinal stromal

tumors by immunohistochemical technique. The associa-

tions of ING4 expression and clinicopathological parame-

ters, and prognosis of the patients, were analyzed by

multivariate Cox regression analysis.

Results ING4 expression showed a decreased trend from

lower-risk to high-risk gastrointestinal stromal tumors, and

an opposite trend for Ki67 expression. In lower-risk tumors,

it was found the expression level of ING4 was 78.95 % ±

27.90 % and that of Ki67 was 4.42 % ± 3.75 %. However,

in high-risk tumors, the expression level of ING4 was

9.23 % ± 7.66 % and that of Ki67 was 18.50 % ±

9.09 %. There was a strongly negative correlation between

the expression levels of ING4 and Ki67. A significant

difference was observed in the expression of ING4 between

invasion and non-invasion (p \ 0.001). The expression

of ING4 was markedly correlated with tumor size

(p \ 0.001), mitotic index (p \ 0.001), tumor necrosis

(p = 0.021), invasion (p \ 0.001), recurrence and metas-

tasis (p = 0.021), and mortality (p \ 0.001).

Conclusion The low expression level of ING4 protein

was correlated with high-risk GISTs. ING4 might be

involved in the progression of GISTs and inhibit its inva-

sion. ING4 might be one of the prognostic indicators in

GISTs.

Keywords ING4 � Gastrointestinal stromal tumors �
Invasion � Prognosis

Introduction

Gastrointestinal stromal tumors (GISTs) originate from the

interstitial cells of Caja within the gastrointestinal tract.

They are the most common type of gastrointestinal mes-

enchymal neoplasms, accounting for 0.1–0.3 % in gastro-

intestinal tract malignant tumors and 5 % in soft tissue

sarcomas [1]. The incidence of GISTs is estimated to be

1–2 per 100,000 persons every year [1, 2]. GISTs occur in

all ages of the population, mostly between 55 and 65 years,

with a median age of 60 years old, and occur in both sexes

equally [3–6]. GISTs occur mainly in the stomach

(50–60 %) and small intestine (30–40 %), and also occur
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in the colorectum (5–10 %) and esophagus (0–5 %), with

rare cases in mesentery, omentum, and retroperitoneum [1,

7]. Up to now, the prognosis of GISTs has relied clinically

on tumor size, mitosis, and location, but exceptions exist.

Therefore, additional prognostic indicators are still needed.

The ING (inhibitor of growth) family is a group of

important tumor suppressor genes that are necessary to p53

transcriptional activity [8]. The family members including

ING1, ING2, ING3, ING4, and ING5 widely participate in

regulating genetic transcription, cell proliferation, apopto-

sis, cell senescence, contact inhibition, DNA repair, and

angiogenic inhibition [8–15]. ING4, as one of the new ING

family members, was discovered in 2003 [8]. It is located

in chromatin 12p13.31, including 8 exons and 7 introns.

The full-length cDNA is 1,380 bp, encoding 248 amino

acids. ING4 is a nuclear protein expressed in normal

human tissues, but its expression is markedly reduced in

human gliomas [16], head and neck squamous cell carci-

nomas, malignant melanomas, and lung cancers [17–19],

with levels inversely correlated with the tumor grades and

risks [18, 20]. As a new member of the tumor suppressor

genes, ING4 was thought to play important roles in

malignant tumors. It was implicated in a variety of pro-

cesses, such as the regulation of transcription, cell prolif-

eration, apoptosis, cell senescence, contact inhibition,

DNA repair, inhibition of tumor invasion, and metastasis

[19, 21, 22].

ING4 is prone to deletion mutations and downregulation

in human malignancies: its downregulation was found in

various human cancer cell lines. The ING4 gene is fre-

quently altered: in human breast cancers, the ING4 locus is

frequently deleted [23]. Also, in head and neck squamous

cell carcinomas, loss of heterozygosity in the ING4 gene is

frequent [17]. Extrinsic expression of ING4 in a breast

cancer cell line inhibits growth of the cells in soft agar [23].

It was considered to be associated with carcinogenesis and

degree of malignancies [16, 17, 24]. The foregoing findings

suggest that downregulation or absence of ING4 expression

affects the prognosis of malignant tumors. This study was

designed to investigate ING4 protein expression in GISTs

by immunohistochemistry and its relationship with clini-

copathological parameters and prognosis of GISTs.

Materials and methods

Patients and tumor specimens collection

Forty-one samples of formalin-fixed and paraffin-embed-

ded tissues from 41 patients diagnosed as having gastro-

intestinal stromal tumors were collected from the

Department of Pathology, the Third Affiliated Hospital of

Harbin Medical University, between January 2005 and

June 2007. The patients included 20 men and 21 women

whose age ranged from 16 to 77 years, with the mean age

52.52 ± 13.21 years. These samples were prepared by

hematoxylin and eosin (H&E) staining and then were

diagnosed by two pathological experts. Fletcher’s criteria

were adopted to predict the activity of the tumor tissues

[25, 26]. Tumors were graded according to their sizes and

karyokinetic states: very low risk, \2 cm and \5 mitoses/

50 high-power fields (HPF); low risk, 2–5 cm and

\5 mitoses/50 HPF; intermediate risk, 5–10 cm and

\5 mitoses/50 HPF; high risk, [5 cm and [5 mitoses/50

HPF, [10 cm and any mitotic index, any size and

[10 mitoses/50 HPF. All samples were divided into two

groups: the lower-risk group (including very low, low-, and

intermediate-risk GISTs) and the high-risk group (includ-

ing high-risk GISTs). As shown in Table 1, the lower-risk

group included 19 samples and the high-risk group inclu-

ded 22 samples. The clinicopathological features of all

patients, including age, sex, size, necrosis, degree of risk,

invasion, recurrence and/or metastasis, follow-up, and

survival or death were recorded (Table 2).

Immunohistochemistry

Immunohistochemical staining was performed according to

the manufacturer’s protocol of the SABC (goat-IgG)-POT

kit and P-V6000 kit. Briefly, 4-lm sections were depa-

raffinized with xylene, rehydrated through a graded alcohol

series, and rinsed in phosphate-buffered saline (PBS).

Antigen retrieval was performed by pacing the slides in

boiling citric acid buffer at pH 6.0 for 5 min. The sections

were sequentially managed in 3 % H2O2 in methanol for

15 min at room temperature to quench endogenous per-

oxidase activity and then were incubated overnight at 4 �C

with the primary antibodies of ING4 (1:400, goat poly-

clonal; abcam, USA) and Ki67, CD117, CD34, S100, Dog-

1, desmin, vimentin (mouse monoclonal; Zhongshanjin-bio

Co.). To the ING4 sections, biotin-labeled goat secondary

antibody was added by drops, followed by further incu-

bation with streptavidin–horseradish peroxidase. To the

other sections, the biotin-labeled secondary antibodies only

were added at room temperature for 30 min. Intervening

Table 1 Patients classified according to National Institutes of Health

(NIH) Consensus Criteria for gastrointestinal stromal tumor (GIST)

risk stratification

Groups Degree of risk Cases Percentage

Lower-risk group Very low risk 3 46.3

Low risk 12

Intermediate risk 4

High-risk group High risk 22 53.7

Total 41
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PBS washing was necessary between each two steps.

Immunoreaction was visualized with diluted DAB, and

the sections were counterstained with hematoxylin and

mounted.

Evaluation of immunohistochemical staining

The immunohistochemical staining for ING4 was mainly

located in the nucleus and/or cytoplasm. Positive staining

Table 2 Clinicopathological features of 41 patients with GISTs

Case

number

Age

(years)

Sex Size

(cm)

Mitoses (number

per 50 HPF)

Necrosis Degree

of risk

Invasion Recurrence and/

or metastasis

Follow-up

(months)

Death ING4

%

Ki67

%

1 62 M 6 65 No H Yes No 1 Yes 1 17

2 77 M 4 21 Yes H Yes No 12 Yes 7 15

3 67 F 10 15 Yes H Yes Yes 82 No 20 11

4 39 F 7 4 No I No Yes 52 No 70 15

5 51 F 10 23 No H Yes Yes 48 Yes 15 18

6 49 F 2 0 No L No No 60 No 95 1

7 63 F 8 15 No H Yes Yes 36 Yes 3 8

8 70 M 6 35 No H Yes Yes 6 Yes 3 18

9 73 F 12 40 Yes H No Yes 30 Yes 7 8

10 16 M 7 28 No H Yes Yes 9 Yes \1 12

11 53 F 7 6 Yes H Yes No 60 No 12 8

12 56 F 8.5 1 Yes I No No 70 No 5 3

13 50 M 8 5 Yes I No No 61 No 60 1

14 36 F 16 45 No H Yes No 6 Yes 15 20

15 47 M 3 0 No L No No 65 No 90 5

16 57 F 1 1 No VL No No 62 No 92 3

17 55 F 4 3 No L No No 66 No 95 5

18 48 M 3 2 No L No Yes 66 No 90 1

19 77 M 4 4 No L No No 72 No 87 3

20 30 F 3 55 Yes H No No 36 No 3 26

21 33 M 10 28 No H Yes Yes 31 Yes 3 20

22 62 F 16 45 Yes H Yes Yes 32 No 7 12

23 33 F 5 35 Yes H No No 6 Yes 13 40

24 60 F 4 16 No H Yes Yes 20 Yes 35 10

25 57 M 4 2 No L No No 61 No 94 4

26 50 F 1.5 4 No VL No No 60 No 95 5

27 57 M 16 12 No H No No 10 No 13 22

28 60 F 16 7 No H Yes No 60 No 10 14

29 60 F 26 45 No H Yes Yes 28 Yes 7 20

30 40 F 4 12 No H No No 18 Yes 10 36

31 47 M 1.5 0 No VL No No 68 No 92 2

32 38 M 2.2 4 No L No No 68 No 85 3

33 43 M 6.5 8 Yes H No No 67 No 8 13

34 39 M 4 8 Yes I No No 17 Yes 3 13

35 71 M 3.5 4 No L No No 65 No 97 6

36 68 F 4 2 No L No No 65 No 85 6

37 58 M 14 40 No H No No 64 No 5 25

38 46 M 2.5 4 No L No No 64 No 90 2

39 51 M 6 75 Yes H No Yes 13 Yes 5 35

40 60 M 3 4 Yes L No No 61 No 85 4

41 50 F 2 0 No L No No 60 No 90 2

H high-risk GISTs, I intermediate-risk GISTs, L low-risk GISTs, VL very low risk GISTs, ING4 inhibitor of growth 4
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presented brown-yellow particles, and no staining was

negative. A semiquantitative evaluation system was adop-

ted to evaluate the staining effects. Five random high-

power fields or 500 tumor cells were selected to count

positively stained cells. The staining intensity was classi-

fied by the following criteria: 0 (no staining), 1 (light

yellow/weak staining), 2 (yellow-brown/moderate stain-

ing), or 3 (brown/strong staining). The proportion of pos-

itively stained tumor cells was scored as follows: 0 (no

positive tumor cells), 1 (positive tumor cells \10 %), 2

(positive tumor cells 10–50 %), 3 (positive tumor cells

51–75 %), or 4 (positive tumor cells [75 %). Staining

index was calculated as the staining intensity score 9 the

proportion score. A staining index score of six was used to

distinguish low and high expression of ING4.

The immunohistochemical staining for Ki67 is mainly

located in the nuclei of proliferative tumor cells. The per-

centage of positively stained nuclei was calculated by

counting 10 randomly selected microscopic fields under

high-power magnification. Finally, the samples were divi-

ded into two groups: a Ki67-negative group (\10 %) and a

Ki67-positive group (C10 %).

The immunohistochemical staining for CD117, CD34,

Dog-1, SMA, S100, vimentin, and desmin was mainly

localized in the cytoplasm, usually with diffuse distribu-

tion: these were used in the diagnosis of GISTs.

All the immunohistochemical staining sections was

assessed and scored independently by two investigators. To

ensure experimental accuracy, one of the investigators is a

histopathology expert.

Statistical analysis

All data were analyzed by statistics software (SPSS 19.0

for Windows; SPSS). The chi-square and Mann–Whitney

tests were used to compare the levels of ING4 expression

in different risk GISTs and various clinicopathological

parameters. The correlations between two independent

variables were analyzed by calculating the Spearman’s

correlation coefficients. Survival analysis was performed

by the Kaplan–Meier method and log-rank test. The

prognostic relevance was evaluated by Cox regression

analysis. All measurement data were defined by

mean ± SD. Paired comparison was demonstrated by

t test. p \ 0.05 was considered as significant.

Results

Diagnosis and clinicopathological features of GISTs

Forty-one patients with GISTs, 20 men and 21 women,

were diagnosed by H&E stain and a panel of

immunohistochemical staining for CD117, CD34, Dog-1,

SMA, S-100, desmin, and vimentin (Fig. 1). The clinico-

pathological features of all patients with GISTs are listed in

Table 2. The patients were followed up for 1 to 77 months,

with median follow-up 53 months. Fifteen of 41 patients

died during this period, a mortality rate of 36.6 %; tumor

necrosis was found in 31.7 % of samples (13/41); mitotic

index per 50 high-power fields was 17.63 ± 19.85; inva-

sion rate was 34.1 % (14/41); recurrence and metastasis

rate was 31.7 % (13/41); mean tumor size was 6.83 ±

5.34; and 22 of 41 GISTs (53.7 %) were high-risk tumors.

The differences of lower- and high-risk groups are dis-

played in Table 3.

Low expression of ING4 and high expression of Ki67

by IHC was associated with the high-risk group of GISTs

In the high-risk group, 100 % (22/22) samples showed

decreased expression of ING4, and the expression level was

9.23 ± 7.66. In the lower-risk group, however, 89.5 % (17/

19) samples displayed high ING4 expression, and the

expression level was 78.95 ± 27.90. As shown in Tables 3,

4, and 5, and Fig. 2, the lower-risk group presented with a

higher expression of ING4 compared with the high-risk

group. There was a decreased tendency in the expression of

ING4 from lower-risk to high-risk GISTs. However, an

opposite tendency was observed in the expression of Ki67

(Tables 3, 5; Fig. 3). We further evaluated the correlation

of ING4 and Ki67 (Table 6). In the low ING4 expression

group, Ki67 expression was high (20/24), with an expres-

sion level of 17.63 ± 9.29. However, in the high ING4

expression group, the Ki67 expression was low (16/17),

with an expression level of 4.00 ± 3.30. There was a strong

negative correlation in the expression level of ING4 and

Ki67 (v2 = 23.892, p \ 0.001).

Low expression of ING4 was associated with the high-risk

group of GISTs by univariate analysis

In an effort to predict GIST behavior, we performed a

univariate analysis of ING4 expression. Several factors

were related to clinical outcome including age, gender,

tumor location, tumor size, cytotype, mitotic index, tumor

necrosis, invasion, mortality, recurrence, and metastasis

(Table 7). Low expression of ING4 expression was corre-

lated with tumor location (small intestine, mesentery,

omentum, and retroperitoneum) (p = 0.008), tumor

size (C5 cm; p \ 0.001), mitotic index (C5/50 HPF;

p \ 0.001), tumor necrosis (p = 0.021), invasion

(p \ 0.001), recurrence or metastasis (p = 0.021); and

mortality (p \ 0.001) of GISTs. Its expression was not

correlated with age (p = 0.105), gender (p = 0.279), and

cytotype (p = 0.066). Spearman correlation analysis was
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applied to further confirm the dependability between ING4

expression, Ki67 expression, and the clinicopathological

characteristics. The results of this analysis are as follow:

tumor location, 0.388 (p = 0.012); tumor size, -0.623

(p \ 0.001); mitotic index, -0.852 (p \ 0.001); tumor

necrosis, -0.361 (p = 0.021); invasion, -0.606 (p \
0.001); recurrence and/or metastasis, -0.361 (p = 0.021);

Fig. 1 Hematoxylin and eosin (H&E) and immunohistochemical

technique used to diagnose gastrointestinal stromal tumors (GISTs). a,

b H&E stain. In our samples, immunostains for CD117 (c, d), Dog-1

(e, f), and vimentin (g, h) were all positive. Immunostain for CD34

was 78 % positive (i, j). Immunostains for S100 (k, l), smooth muscle

actin (SMA) (m, n), and desmin (o, p) were all negative. a, c, e, g, i, k,

m, o 9100; b, d, f, h, j, l, n, p 9400

Table 3 Differences between the lower-risk and high-risk groups

Variable Lower-risk
group

High-risk
group

p value

Mean age (years) 52.84 ± 10.61 52.27 ± 15.35 0.893

Female patient 42.2 % 59.1 % 0.278

Tumor size 3.59 ± 2.14 9.64 ± 5.17 \0.001*

Tumor necrosis 21.1 % 40.9 % 0.173

Spindle-like cells 89.5 % 63.6 % 0.075

Mitotic 2.74 ± 2.13 30.50 ± 12.29 \0.001*

Recurrence and/or
metastasis

10.5 % 50 % 0.007

Mortality 5.3 % 63.6 % \0.001*

ING4 expression 78.95 ± 27.90 9.23 ± 7.66 \0.001*

Ki67 expression 4.42 ± 3.75 18.50 ± 9.09 \0.001*

* Statistical significance (p \ 0.05)

Table 4 Expression of ING4 in lower-risk group and high-risk group

of GISTs

Expression

level

Lower-risk group

(case)

High-risk group

(case)

p

- 0 1

? 2 21

?? 17 0 \0.001

‘‘-’’, staining index is 0; ‘‘?’’, staining index is 1–4, indicating low

expression of ING4; ??, staining index is 6–12, indicating high

expression of ING4There was a significant difference in the expres-

sion of ING4 between the two groups (Mann–Whitney U = 21.0,

p \ 0.001)
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mortality, -0.639 (p \ 0.001); and expression of Ki67,

-0.763 (p \ 0.001).

Low expression of ING4 was strongly associated with poor

survival time of patients with GISTs

Kaplan–Meier analysis and log-rank test were used to

evaluate the effects of ING4 expression on recurrence,

metastasis, and mortality of GISTs. The log-rank test

revealed a significant difference in survival time between

the low and high ING4 expression groups (v2 = 17.161,

p \ 0.001). High expression of ING4 was correlated with

longer survival time of patients (p \ 0.001), with a corre-

lation coefficient of 0.601. In fact, the 5-year cumulative

survival rate was 100 % in the high ING4 expression group

but only 37.5 % in the low ING4 expression group (Fig. 4).

To determine whether ING4 could be a prognostic factor

of GISTs, we did further multivariate survival analysis,

using Cox regression in different risk groups (p = 0.004),

invasion (p = 0.002), recurrence and/or metastasis

(p = 0.014), and ING4 expression (p = 0.014) separately.

Our findings indicated that ING4 could serve as a prog-

nostic factor of GISTs.

Discussion

ING4, a member of the ING family, was first identified by

Shiseki et al. [8]. In 2004, ING4 was defined as an

important inhibitor of tumor growth [16]. It can induce

tumor cell apoptosis by enhancing p53 transcription, which

in turn can shorten the S phase of RKO colon cancer cells

and enhance the G2/M-phase arrest of HepG2 liver cancer

cells [23, 27, 28]. Moreover, it can inhibit the growth of

glioma and associated angiogenesis by interacting with the

P65 (RelA) subunit of NF-jB to inhibit its transcription

Table 5 Expression of ING4 and Ki67 in lower-risk and high-risk groups of GISTs

Groups ING4 expression v2 p Ki67 expression v2 p

None or low High Negative Positive

Lower-risk group 2 17 17 2

High-risk group 22 0 33.627 \0.001* 3 19 23.468 \0.001*

* Statistical significance (p \ 0.05)

Fig. 2 Expression level of ING4 by immunohistochemical technique

in various risk GISTs: lower-risk group (a 9100; b 9400); high-risk

group (c 9100; d 9400). ING4 showed significantly low expression

in high-risk GISTs compared with lower-risk GISTs, with a

statistically significant difference (p \ 0.001). Expression of ING4

was mostly lost in high-risk GISTs, but the normal fiber and blood

vessels around the tumor cells had high expression (e 9100; f 9400)
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and further downregulate the downstream genes of NF-jB,

such as IL-8 and Cox-2 [16]. ING4 also can enhance the

sensitivity of liver cancer cells to chemical agents that can

damage DNA [28, 29], restore the contact inhibition among

tumor cells [30], and inhibit hypoxia-inducible factor (HIF)

activation by combining with HIF-a1, which specifically

inhibits angiogenesis and tumor growth [29]. ING4 is

involved in tumor cell apoptosis by activation of the

mitochondrial-induced apoptotic pathway [23, 31] and

regulation of Wnt-1/b-catenin signaling [18, 32]. Many

studies showed that the expression of ING4 was obviously

decreased or the ING4 gene was deleted in many human

malignant tumors [23, 32]. Kim et al. [23] examined ING4

transcripts for mutations that might affect the gene product

by cloning the coding sequence of ING4 transcripts with

reverse transcriptase-polymerase chain reaction (RT-PCR)

and sequencing at least two independent clones from each

cell line. They found that mutations in ING4 transcripts

were prevalent: seven of nine cancer cell lines contained

mutant transcripts. Several cell lines contained a mutation

that deletes parts of a nuclear localization signal (KGKK).

Other cell lines contained single-nucleotide deletions that

result in the C-terminal truncation of the ING4 proteins.

Such truncations have a dominant-negative effect, which

has the potential to create a null state in even those cells

that are heterozygous for the wild-type ING4 gene. In

addition, their analysis of comparative genomic hybrid-

ization (CGH) data revealed that 10–20 % of primary

breast tumors have chromosome deletions in 12p13, and

the deletions appear to affect only one copy of the gene; no

genomic mutations were, however, found in the remaining

allele of ING4. Reduction in the ING4 transcript level

caused by a single copy deletion may contribute to

Fig. 3 Expression level of Ki67 by immunohistochemical technique

in various risk GISTs: high-risk group (a 9100; b 9400); lower-risk

group (c 9100; d 9400). Ki67 showed significantly high expression

in high-risk GISTs compared with lower-risk GISTs, with a

statistically significant difference (p \ 0.001)

Table 6 Ki67 expression in low- and high ING4 expression groups

Groups Ki67 expression v2 p

Low High

Low ING4

expression

group

4 20 (17.63 ± 9.29)

High ING4

expression

group

16 (4.00 ± 3.30) 1 23.892 \0.001*

* Statistical significance (p \ 0.05)
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tumorigenesis, or ING4 transcripts from the remaining

allele may contain inactivating alterations such as the

KGKK deletion mutation. Gunduz et al. [17] demonstrated

a frequently deleted region that is more telomeric to

polymorphic marker D12S89 in head and neck squamous

cell carcinoma (HNSCC). The highest loss of heterozy-

gosity (LOH) (56 %) was found at the marker D12S825,

which is very near ING4. Moreover, flanking markers

D12S77 and D12S372 also showed a very high LOH ratio.

This frequently deleted region was bounded by the markers

D12S372 and D12S77, and the central marker D12S825 is

just about 700 bp away from ING4. This region is heavily

populated with many genes. Because ING4 is localized in

this region and other members of ING4 were previously

shown to be TSGs (tumor suppressor genes), they found it

to be a strongly targeted candidate in their samples. In

addition, mutation analysis was performed at mRNA level

using cDNAs prepared from tumor samples, and therefore

mutant mRNAs may not be stable and could be easily

degraded. Furthermore, decreased expression of ING4 was

detected in 76 % of tumor samples as compared with their

normal counterparts with quantitative real-time PCR; most

of those samples with low ING4 expression displayed

extremely low mRNA expression. Last, high expression of

ING4 was correlated with well-differentiated tumors

whereas low expression of ING4 was seen with poorly

differentiated tumors [18]. Cai et al. [32] used the immu-

nohistochemical technique with specific antibodies against

ING4 to examine the level of ING4 in melanomas and

benign melanocytic nevi, finding that the expression of

ING4 was significantly reduced in the melanoma cells

compared with benign melanocytic nevi and normal skin

tissues. However, in the literature, there have been no

Table 7 Relationship between ING4 expression and clinicopatho-

logical features of GISTs

Features Expression

of ING4

p v2

Low High

Age (years)

B50 8 10

[50 16 7 0.105 2.625

Gender

Male 10 10

Female 14 7 0.279 1.172

Tumor location

Stomach 8 13

Small intestine 9 1

Colorectum 2 3

Mesenterium, omentum, and

retroperitoneum

5 0 0.008* 11.943

Tumor size

\5 cm 6 15

C5 cm 18 2 \0.001* 15.926

Cytotype

Spindle-like cell 16 15

Epithelioid cells 8 1

Mixed 0 1 0.066 5.440

Mitotic index

\5/50 high-power field (HPF) 2 16

C5/50 HPF 22 1 \0.001* 29.734

Tumor necrosis

Present 11 2

Not identified 13 15 0.021* 5.334

Invasion

Present 14 0

Not identified 10 17 \0.001* 15.059

Recurrence and/or metastasis

Present 11 2

Not identified 13 15 0.021* 5.334

Mortality

Yes 15 0

No 9 17 \0.001* 16.775

Data showed that ING4 expression was correlated with tumor location

(p = 0.008), tumor size (p \ 0.001), mitotic index (p \ 0.001), tumor

necrosis (p = 0.021), invasion (p \ 0.001), recurrence and/or metastasis

(p = 0.021), and mortality (p \ 0.001)

* Statistical significance (p \ 0.05)

Fig. 4 Relationship between ING4 expression and survival time in

patients with GISTs: 5-year cumulative survival rate in the high ING4

expression group, 100%; 5-year survival rate in the low ING4

expression group, 37.5 %. Cum Survival, cumulative survival
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publications regarding ING4 expression status in GISTs. In

our study, the results were similar to the previous studies in

other tumor types: the high-risk GISTs (100 %, 22/22)

showed markedly decreased ING4 protein with an

expression level of 9.23 ± 7.66, and the lower-risk GISTs

(89.5 %, 17/19) displayed high ING4 protein with an

expression level of 78.95 ± 27.90. There was a significant

difference in ING4 expression level between lower-risk

and high-risk GISTs (p \ 0.001). The expression level of

ING4 was positively correlated with the tumor cell dif-

ferentiation of GISTs. The reduced expression or loss of

function through tumor suppressor gene alterations is an

important mechanism in the progression of malignant

tumors. Our results suggest ING4 downregulation to be

involved in the tumor progression of GISTs. However, the

molecular mechanisms of ING4 downregulation in GISTs

are not clear. Possibilities of ING4 gene alterations or

epigenetic regulations include mutations, deletions, and

LOH. Therefore, further mechanistic studies are required to

uncover the causes of ING4 protein downregulation in

GISTs.

To further confirm the associations of ING4 expression

and the tumor progression of GISTs, we examined Ki67

expression in these samples. The expression level of Ki67

was 4.42 ± 3.75 in lower-risk GISTs and 18.50 ± 9.09 in

high-risk GISTs. A significant difference was found

between lower-risk and high-risk GISTs (p \ 0.001).

Spearman correlation analysis, applied to further confirm

the interdependability between the expression of ING4 and

Ki67 with the correlation value of -0.763 (p \ 0.001),

indicated the expression of ING4 was negatively correlated

with the expression of Ki67. Ki67, an important prolifer-

ation-associated protein, has already been demonstrated to

show high expression in many malignant tumors. Also, it is

correlated with tumor progression, metastasis, and prog-

nosis. Our results indicate that both ING4 and Ki67 are

correlated with GIST tumor progression, metastasis, and

prognosis.

The major cause of death in patients with malignancies

is invasion or metastasis. NF-jB has been shown to facil-

itate angiogenesis and metastasis of malignant tumors.

Some studies indicated that ING4 physically interacts with

the p65 (RelA) subunit of nuclear factor NF-jB, and ING4

regulates tumor angiogenesis through transcriptional

repression of NF-jB-responsive genes [16] and, therefore,

suppresses angiogenesis and metastasis. ING4 could also

suppress tumor cell movement by interacting with liprin a1

protein, which is a cytoplasmic protein necessary for focal

adhesion formation and axon guidance [21], and inhibit

tumor cell infiltration and metastasis [19, 22]. The effect of

ING4 protein expression on invasion and metastasis of

GISTs has not been clearly addressed yet. We did a further

analysis of the correlation between ING4 expression and

survival factors of patients with GISTs. We found that

ING4 scores were significantly higher in the non-invasion

group than in the invasion group (median values, 9.93 and

57.93; p \ 0.001) and in the no-recurrence-or-metastasis

group than in the recurrence and/or metastasis group

(median values, 18.15 and 52.39; p \ 0.001). These results

indicated that the expression of ING4 had significant cor-

relation with the survival factors of GISTs (such as inva-

sion, recurrence, and metastasis). We speculate that ING4

might interact with NF-jB and/or liprin a1 to inhibit tumor

cell invasion and recurrence and metastasis of GISTs. This

point needs further investigation.

The examination of CD117/c-KIT by immunohisto-

chemistry has become a prognostic criterion for GISTs now,

but it is not an ideal prognostic indicator. DeMatteo et al.

[33] reported that only tumor size was used as a predictive

indicator of GIST prognosis in their research. Other prog-

nostic indicators for GISTs reported in the literature include

the number of mitotic figures per 50 HPF in addition to

tumor size and Ki67 proliferation index [4, 34]. Similar

results were found in our research, that both tumor size and

mitotic figures per 50 HPF related to the prognosis of

GISTs. Moreover, the multivariate survival analysis

revealed the 5-year survival in the high expression group of

ING4 is 100 % and in the low expression group is 38 %,

with a significant difference in the two groups (p \ 0.001).

The results suggested the expression level of ING4 was

negatively correlated with prognosis of GISTs. Low

expression of ING4 correlated with poor prognosis of

GISTs. In addition, a recent study has identified CD26

associated with the increased risk of postoperative recur-

rence warrants diagnostic application, but only CD26 is

associated with the outcome of the gastric GISTs [35]. In

our results, tumor location has statistical significance in

different ING4 expression groups. Many previous studies

concluded that small intestinal GISTs have a worse out-

come than gastric GISTs. Therefore, we did further analysis

to determine whether the tumor location has an effect on the

outcome of the patients in our study. Our results indicate

that tumor location does not have an effect on the survival

of the patients in our research (Cox regression; p value =

0.070). It is implied that ING4 might be as an indicator of

GIST prognosis no matter where the tumor arose.

In conclusion, our study indicates that ING4 most likely

plays an important role in inhibiting the tumor progression

of GISTs. ING4 is, therefore, a good candidate both as a

clinically relevant indicator of disease progression and as a

prognostic biomarker for survival of patients with GISTs.
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