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Abstract: Inositol polyphosphate phosphatase-like 1 (INPPL1), also known as SH2-containing inositol 5’-phospha-
tase 2 (SHIP2), has been suggested to act downstream of the PI3K/AKT pathway and play an important function in 
tumor development and progression. However, the associations between SHIP2 expression and the clinical features 
to determine its clinicopathologic significance in hepatocellular carcinoma (HCC) have not been investigated. In the 
present study, one-step quantitative PCR reverse transcription-polymerase chain reaction (qPCR) and immunohis-
tochemistry (IHC) analysis with HCC tissue microarrays (TMA) were employed to evaluate the expression of SHIP2 in 
HCC. The results showed that SHIP2 expression in the mRNA and protein levels was significantly higher in HCC tis-
sue than in corresponding non-cancerous tissue (p = 0.0014 and p < 0.001, respectively). The expression of SHIP2 
protein in HCC was related to tumor differentiation, α-fetoprotein level, liver cirrhosis, and five-year survival rate (all 
p < 0.05). Kaplan-Meier method and log-rank test indicated that high expression of SHIP2 (p = 0.017) and tumor 
differentiation (p = 0.036) showed significant correlations with poor prognosis of HCC patients. The data indicate 
that SHIP2 expression is correlated with significant characteristics of HCC, and it may be useful as an unfavorable 
prognostic factor in HCC.
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Introduction

Hepatocellular carcinoma (HCC) is one of the 
most common malignancies all over the world. 
The incidence of HCC has been increasing in 
eastern Asia during the past several decades 
[1, 2]. In China, the number of HCC patients 
accounts for more than half of HCC cases 
worldwide, and the incidence of HCC in Qidong 
of Jiangsu Province in China is one of the high-
est globally [2, 3]. HCC is a complex malignant 
tumor, and its development and progression is 
influenced by various factors. Two important 
risk factors for developing HCC are cirrhosis 
and hepatitis B virus infection [4]. Currently, 
surgery is the most common treatment for HCC. 

However, the recurrence rate is high and sur-
gery affects long-term recovery and survival in 
HCC patients after curative resection [5, 6]. For 
advanced HCC patients, several novel molecu-
lar targeted therapies can be applied but with 
limited therapeutic effects [7-9]. Therefore, 
studies should focus on biomarker develop-
ment to distinguish patients with poor progno-
sis or at high risk of early recurrence and to 
serve as basis for molecular targeted therapy 
for HCC.

Inositol polyphosphate phosphatase-like 1 
(INPPL1), also known as SH2-containing inositol 
5’-phosphatase 2 (SHIP2), has been sugges- 
ted to act downstream of phosphoinositide-3’ 
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kinase (PI3K), which is a significant component 
of intracellular signaling mechanisms [10]. 
PI3K phosphorylates phosphatidylinositol 4,5- 
bisphosphate to generate phosphatidylinositol 
3,4,5-triphospate (PIP3). PIP3 then activates 
several cellular enzymes, including the protein 
kinase Akt to regulate cell growth, reproduction 
and survival [11]. SHIP2 is able to dephosphor-
ylate PIP3 at the 5’ position to generate a differ-
ent lipid molecule phosphatidylinositol 3,4- 
bisphosphate [12]. Irregular expression of 
SHIP2 may disrupt the normal PI3K/AKT path-
way, which has an important function in control-
ling cell proliferation and death, as well as 
tumor development and progression [13]. 
Therefore, a potential role for SHIP2 in cancer 
seems highly plausible, given the oncogenic 
effect of the PI3K/Akt pathway and the charac-
teristic of SHIP2 [14]. A recent study and our 
most recent research have both reported that 
SHIP2 exhibits oncogenic properties and ele-
vated expression of SHIP2 is correlated with 
poor survival in breast cancer and non-small 
cell lung cancer (NSCLC) [15, 16]. However, the 
associations between SHIP2 expression and 
the corresponding clinical features for deter-
mining the clinicopathologic significance of 
SHIP2 in HCC have not been investigated.

In the present study, SHIP2 mRNA and protein 
expressions were investigated in a number of 
HCC samples with tumor-adjacent normal tis-
sues. Moreover, the association between SH- 
IP2 expression and clinicopathologic data in a 

selected group of patients with HCC was ana-
lyzed. Finally, the prognostic significance of SH- 
IP2 protein expression in HCC was evaluated.

Materials and methods

Patients and tissue samples

A total of 111 formalin-fixed, paraffin-embed-
ded HCC tissues and 100 matched tumor-adja-
cent normal tissues were obtained from the 
First Affiliated Hospital of Nanjing Medical 
University between 2002 and 2007. Before sur-
gical therapy, none of the patients had received 
neoadjuvant chemotherapy, radiation therapy 
or immunotherapy. Related important clinical 
information (including gender, age, tumor size, 
serum level of α-fetoprotein (AFP), and other) 
was collected from each patient’s medical 
records, which included a five-year follow-up 
period after surgery. Clinical staging was per-
formed according to the 2002 American Joint 
Committee on Cancer/International Union 
Against Cancer TNM staging system [17]. The 
average age of the group was 51.92 years 
(range 26-75 years). A panel of 20 fresh HCC 
tissues and corresponding adjacent non-can-
cerous tissues, obtained from the tissue bank 
of The First People’s Hospital of Kunshan 
Affiliated with Jiangsu University (Suzhou, 
China) were also enrolled in this study. Written 
informed consent was accomplished from the 
patients for publication of this study and any 
accompanying images. Study protocol was 
approved by the Ethics Committee of local 
hospital.

One-step quantitative real-time reverse tran-
scription-polymerase chain reaction (qPCR)

Total RNA was extracted from a subset of the 
frozen tissues mentioned above using the Trizol 
reagent (Invitrogen, Carlsbad, CA) according to 
the manufacturer’s guidelines. One-step qPCR 
analysis was performed with a SensiMixTM 
One-Step Kit (Quantace, London, UK) using a 
Real Time PCR system (Bio-Rad IQ5, Hercules, 
CA, USA) according to the standard protocol. 
The primers for SHIP2 were as follows: forward 
primer 5’-TCG TCA CCA GCG ACC ATT C-3’ and 
reverse primer 5’-AGC CCT TTC TTG GAG ATG 
AAC TG-3’. The glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH) mRNA level was used 
to standardize the measurements of the target 
gene and the primers for GAPDH were as fol-

Figure 1. Expression of SHIP2 mRNA in hepatocel-
lular carcinoma (HCC) and tumor adjacent tissues. 
One-step quantitative real-time polymerase chain 
reaction (qPCR) was employed to evaluate SHIP2 
mRNA expression levels in HCC (cancer) compared 
with tumor adjacent tissue (non-cancerous). Expres-
sion of SHIP2 mRNA in HCC tissues (4.27 ± 1.3275) 
was higher than in matched tumor adjacent non-can-
cerous tissues (1.77 ± 0.4344) (p < 0.001), when 
normalized to the GAPDH internal control.
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lows: forward primer 5’-TGC ACC ACC AAC TGC 
TTA GC-3’ and reverse primer 3’-GGC ATG GAC 
TGT GGT CAT GAG-5’. Amplification conditions 
consisted of 30 minutes at 42°C for reverse 
transcription and 2 minutes at 94°C for Taq 
activation, followed by 35 cycles of 95°C for 20 
seconds, 56°C for 20 seconds, and elongation 
at 72°C for 30 seconds. Each measurement 
was performed in triplicate.

SHIP2-positive cells was also scored according 
to the following four categories: 1 represents 
0% to 10%, 2 represents 11% to 50%, 3 repre-
sents 51% to 80%, and 4 represents 81% to 
100%. Sum of the intensity and the percentage 
scores led to the final IHS: samples with a sum 
score below 3 (IHS ≤ 3) were considered as low 
SHIP2 expression while those with a sum score 
above 4 (IHS ≥ 4) as high SHIP2 expression.

Table 1. Correlation of high SHIP2 expression with clinico-
pathological characteristics in HCC

Groups No.
SHIP2

χ2 p value
+ %

Gender
    Male 90 48 53.33 0.7480 0.387
    Female 21 9 42.86
Age (years)
    < 40 16 10 62.50 2.3760 0.305
    40-60 68 31 45.59
    > 60 27 16 59.26
Tumor diameter (cm)
    ≥ 5 74 41 55.41 1.4605 0.227
    < 5 37 16 43.24
Tumor differentiation
    Well 14 2 14.29 22.9127 0.001*

    Moderate 37 12 32.43
    Poor 60 43 71.67
α-fetoprotein (μg/L)
    < 13.2 20 7 35.00 8.1488 0.017*

    13.2-1210 72 35 48.61
    > 1210 19 15 78.95
Liver cirrhosis
    Yes 91 51 56.04 4.4518 0.035*

    No 20 6 30.00
Hepatitis B virus infection
    Yes 93 51 54.84 2.7919 0.095
    No 18 6 33.33
Portal vein invasion
    Yes 75 41 54.67 1.0174 0.313
    No 36 16 44.44
Lymph node metastasis
    Yes 33 20 60.61 1.6101 0.204
    No 78 37 47.44
TNM stage
    Stage I, II 64 31 48.44 0.5137 0.474
    Stage III, IV 47 26 55.32
Five years’ survival
    Yes 77 46 59.74 7.0815 0.008*

    No 34 11 32.35
*p < 0.05.

Tissue microarrays (TMA) con-
struction and immunohistochem-
istry (IHC)

TMA was produced by Alenabio 
Biotech (Xi’an, China). Core tissue 
biopsies (2 mm in diameter) were 
collected from individual paraffin-
embedded HCC and arranged in 
the recipient paraffin blocks. The 
TMA was cut into 4 μm sections 
and placed on SuperfrostTM cha- 
rged glass microscope slides. IHC 
analysis was performed as previ-
ously described [18]. TMA sections 
(4 μm) were deparaffinized in 100% 
xylene and re-hydrated in graded 
ethanol solutions. Tissue sections 
were incubated with a primary anti-
SHIP2 antibody (Santa Cruz 
Biotechnology, Santa Cruz, CA, 
USA) in TBS containing 1% bovine 
serum albumin for 1 hour. After 
washing, sections were then 
washed with TBS and incubated 
with horseradish peroxidase-conju-
gated anti-goat antibody (Dako 
Cytomation, Carpentaria, CA). For 
the negative control reactions, 
phosphate-buffered saline was 
used in place of the primary anti-
SHIP2 antibody. Four fields in each 
slide were randomly chosen, and 
the percentage of positive staining 
was evaluated using immunohisto-
chemistry score (IHS). Results of 
IHC were analyzed according to a 
previously described method [19, 
20]. Specifically, the IHS was deter-
mined by evaluating of both stain-
ing density and intensity. The stain-
ing intensity was scored as follows: 
0 (negative), 1 (weakly positive), 2 
(moderately positive), and 3 (stro- 
ngly positive). The percentage of 
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Statistical analysis

Statistical analyses were carried out by using 
STATA Version 12.0 (Stata Corporation, College 
Station, TX). The expression of SHIP2 mRNA in 
fresh frozen HCC tissues and in the correspond-
ing non-cancerous tissues normalized to 
GAPDH was analyzed with the Wilcoxon non-
parametric signed-rank test. The relationship 
between SHIP2 expression and clinicopatho-
logical factors was analyzed by chi-square test. 
Survival rate was estimated by Kaplan-Meier 
method. Univariate and multivariate analysis 
was carried out using Cox’s proportional haz-
ards regression models. For all tests, the sig-
nificance level for statistical analysis was set at 
p < 0.05.

Results

Evaluation of SHIP2 mRNA expression by 
qPCR

Total RNA was extracted from the HCC tissues 
and subjected to one-step qPCR to determine 
the expression of SHIP2 mRNA. The mRNA 
expression of samples from the matched tumor 
adjacent tissues was used for comparing the 
expression of the mRNA with that of non-can-
cerous tissue. When normalized to GAPDH, the 

means of SHIP2 mRNA expression in HCC and 
the corresponding non-cancerous tissue were 
4.27 ± 1.3275 and 1.77 ± 0.4344 respectively 
(p < 0.001). SHIP2 expression averaged 2.41-
fold higher in HCC samples than in non-cancer-
ous tissues (Figure 1).

Association between SHIP2 expression with 
clinicopathological variables

The relationship between high SHIP2 expres-
sion with clinicopathological variables of 111 
HCC patients was shown in Table 1. High SHIP2 
expression was significantly related to tumor 
differentiation (p = 0.001), α-fetoprotein level 
(p = 0.017), liver cirrhosis (p = 0.035), and five-
year survival rate (p = 0.008). In contrast, no 
significant association was discovered between 
SHIP2 expression and other clinical parame-
ters, such as gender, age, tumor diameter, hep-
atitis B virus infection, portal vein invasion, 
lymph node metastasis and TNM stage (Table 
1).

Expression of SHIP2 in HCC by IHC

IHC analysis was performed to confirm the ele-
vated expression of SHIP2 in HCC. Elevated 
SHIP2 expression was detected in 57 (51.55%) 
out of 111 HCC tissues and in 21 (21.00%) out 

Figure 2. Representative figures of SHIP2 protein expression in hepatocellular carcinoma (HCC) and adjacent non-
cancerous tissues. A1 and A2: Strong immunohistochemical (IHC) staining of SHIP2 in poorly differentiated HCC 
tissue sample. B1 and B2: Strong IHC staining of SHIP2 in well differentiated HCC tissue sample. C1 and C2: Weak 
IHC staining of SHIP2 in HCC tissue sample. D1 and D2: Negative IHC staining of SHIP2 in tumor adjacent non-
cancerous tissue sample. Original magnification × 40 in A1, B1, C1 and D1; × 400 in A2, B2, C2 and D2.
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of 100 matched tumor-adjacent non-cancer-
ous tissues. The results showed statistical sig-
nificance (p < 0.01) and were consistent with 
the SHIP2 mRNA levels in the HCC samples. 
Positive staining was mainly localized in the 
cytoplasmic membrane and cytoplasm of HCC 
cells. Typical IHC staining patterns for SHIP2 in 
HCC are shown in Figure 2.

Survival analysis

As expected, the overexpression of SHIP2 pro-
tein showed a significant correlation with the 
decreased five-year survival rate of 111 HCC 
patients (p = 0.001). In addition, certain HCC 
clinical prognostic factors, such as differentia-
tion (p = 0.005), lymph node metastasis (p = 
0.040), and advanced TNM stage classification 
(p = 0.014), also showed a statistically signifi-
cant correlation with the decreased five-year 
survival rate based on Cox regression univari-
ate analysis (Table 2). All of the above signifi-
cant factors were enrolled in a multivariate 
analysis. The results indicated that high SHIP2 
expression (p = 0.017) and tumor differentia-

tion (p = 0.036) are two independent prognos-
tic factors for HCC (Table 2). Kaplan-Meier sur-
vival curves indicated that HCC patients with 
high SHIP2 expression and poor tumor differen-
tiation had a significantly shorter survival time 
(Figure 3).

Discussion

A growing number of novel treatment strategies 
have been developed for HCC, including molec-
ular targeted therapy [21], gene therapy [22], 
and immunotherapy [23]. However, satisfactory 
therapeutic outcomes have not been achieved, 
and the survival rate of HCC is still low [24]. 
Considering that several studies have suggest-
ed substantial molecular markers for HCC [4, 
6], further identification of new prognostic 
markers remains important for the prevention 
and treatment of HCC.

Among the signaling pathways known to control 
cell proliferation and apoptosis, aberrant regu-
lation of the PI3K/AKT/mTOR pathway plays an 
important role in tumor development and pro-

Table 2. Univariate and multivariate analysis of prognostic factors in HCC for five-year survival
Univariate analysis Multivariate analysis

HR p >|z| 95% CI HR p >|z| 95% CI
SHIP2 expression
    High versus Low 2.169 0.001* 1.358-3.465 1.822 0.017* 1.113-2.981
Gender
    Male versus Female 1.176 0.574 0.668-2.071
Age (years)
    < 40 and 40-60 versus > 60 0.956 0.870 0.555-1.645
Tumour diameter (cm)
    ≥ 5 versus < 5 1.221 0.416 0.756-1.974
Tumor differentiation
    Well-Moderate versus poor 1.956 0.005* 1.223-3.129 1.696 0.036* 1.034-2.783
α-fetoprotein (μg/L)
    < 13.2 versus 13.2-1210 and > 1210 0.704 0.325 0.349-1.418
Liver cirrhosis
    Yes versus No 1.665 0.135 0.853-3.249
Hepatitis B virus infection
    Yes versus No 1.027 0.929 0.565-1.871
Portal vein invasion
    Yes versus No 1.440 0.158 0.868-2.389
Lymph node metastasis
    Yes versus No 1.629 0.040* 1.023-2.592 0.987 0.976 0.426-2.289
TNM stage
    Stage I, II versus Stage III, IV 0.561 0.014* 0.353-0.890 0.552 0.167 0.238-1.281
*p < 0.05.
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gression [25]. SHIP2 and phosphatase and ten-
sin homologue on chromosome 10 (PTEN) are 
two significant lipid phosphatases involved in 
the downstream action of the PI3K/Akt path-
way [10]. Although the exact function of SHIP2 
remains unclear, several studies have suggest-
ed that SHIP2 displays important function in 
signaling pathways, specifically in growth factor 
and integrin signaling, as well as in receptor 
endocytosis [26, 27]. A recent study reported 
that SHIP2 silencing in breast cancer cells 
reduces cell proliferation in vitro and cancer 
growth in vivo and inhibits tumor metastases 
[28]. In summary, the above findings suggest 
that SHIP2 exerts an oncogenic effect in human 
cancer.

In the present study, the mRNA and protein lev-
els of SHIP2 in HCC and tumor-adjacent non-
cancerous tissues were evaluated using qPCR 
and IHC. Both analyses showed that SHIP2 was 
highly expressed in HCC compared with the  
corresponding non-cancerous tissues. The 
obtained data were consistent with the previ-
ous report, which showed overexpression of 
SHIP2 in breast cancer cells compared with 
non-tumor cells [15]. Moreover, high expres-
sion of SHIP2 in HCC was found to be correlat-
ed with certain clinical pathologic character- 
istics, including tumor differentiation, α- 
fetoprotein level, liver cirrhosis, and five-year 
survival rate.

Univariate analysis indicated that in addition to 
SHIP2 expression, tumor differentiation, lymph 

node metastasis, and TNM stage were also cor-
related with the life span of HCC patients. 
Multivariate analysis further demonstrated that 
high expression of SHIP2 could be considered 
as an independent factor for poor prognosis of 
HCC patients, as well as tumor differentiation. 
The obtained data agree with results from our 
latest research, which showed that SHIP2 could 
be identified as a harmful prognostic factor for 
NSCLC [16].

Interestingly, a recent study which collected 20 
HCC tissue samples reported decreased SHIP2 
expression levels in HCC tissues compared 
with non-cancerous tissues which are contra-
dictory to the results of the present study. No 
solid evidence was discovered to demonstrate 
the association between SHIP2 expression and 
HCC prognosis [29]. The conflicting results may 
be due to the small sample sizes, differences in 
the pathological samples, and the experimen-
tal methods or evaluation system.

In summary, to the best of our knowledge, the 
present study is the first to report the differen-
tial expression of SHIP2 in HCC and the possi-
ble use of SHIP2 as a novel prognostic marker 
in HCC. The present findings demonstrate high 
expression of SHIP2 in HCC tissue, which is 
associated with a poor prognosis in HCC 
patients. Further studies are needed to confirm 
the prognostic and therapeutic value of SHIP2 
for HCC and to elucidate the mechanisms of 
action of SHIP2 in HCC.

Figure 3. Survival analysis of 111 hepatocellular carcinoma (HCC) patients by Kaplan-Meier method. A: Overall sur-
vival rate in patients with high SHIP2 expression (dashed line) was significantly lower than that in patients with no or 
low SHIP2 expression (solid line). B: Overall survival rate in patients with poor differentiation of tumor (dashed line) 
was significantly lower than that in patients with well-moderate differentiation of tumor (solid line).
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