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ABSTRACT
The identification of prognostic markers for hepatocellular carcinoma (HCC) 

is needed for clinical practice. Tripartite motif-containing 35 (TRIM35) is a tumor 
suppressor of HCC. TRIM35 inhibits phosphorylation of pyruvate kinase isoform 
M2 (PKM2), which is involved in aerobic glycolysis of cancer cells. We found that 
expression of PKM2 was significantly increased in HCC tissues. This overexpression 
of PKM2 was correlated with a high TNM stage and level of vascular invasion. Patients 
with HCC who were positive for PKM2 expression and negative for TRIM35 expression 
had shorter overall survival and time to recurrence than patients who were negative 
for PKM2 and positive for TRIM35. Furthermore, PKM2/TRIM35 combination was an 
independent and significant risk factor for recurrence and survival. In conclusion, 
PKM2 (+) and TRIM35 (-) contribute to the aggressiveness and poor prognosis of 
HCC. PKM2/TRIM35 expression could be a biomarker for the prognosis of HCC and 
target for cancer therapy.

INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most 
common malignant tumors worldwide and is the third 
leading cause of cancer-related deaths. Further, HCC 
incidence and mortality are especially high in China [1, 
2]. To date, hepatic resection and liver transplantation 
have remained the most effective treatment with 
curative potential. However, the 5-year survival rate 
is only about 60% in well-selected patients [3]. One of 
the reasons for the poor prognosis of HCC is the high 

rate of recurrence due to intrahepatic metastasis or the 
multicentric development of each neoplastic clone, which 
can be attributed to the lack of reliable markers for tumor 
recurrence and metastasis [4].

A review of the evidence has supported the general 
hypothesis that cancer is primarily a disease of energy 
metabolism [5]. With recent advances in research on 
tumorigenesis, the importance of a unique metabolic 
phenotype in tumors is gradually becoming understood. 
Considerable attention has been paid to the roles of 
aerobic glycolysis (Warburg effect) in cancer cells [6, 7]. 
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Pyruvate kinase (PK) catalyzes a crucial step in glycolysis. 
PKM2 (but not the PKM1 isoform) promotes this pathway 
in cancer cells [8], thus facilitating the switch from 
oxidative phosphorylation to aerobic glycolysis [9, 10]. 
In recent years, PKM2 up-regulation has been observed 
in numerous cancers, including lung [11], gastric [12], 
cervical [13], colorectal cancers [14], and hepatocellular 
carcinoma [15]. However, no study has previously been 
performed to assess i) whether there are any correlations 
among the protein level of PKM2, clinicopathological 
parameters, and the survival rate of HCC and ii) to 
examine if PKM2 can be used as a potential biomarker 
and target for HCC therapy.

In a previous study, we identified tripartite motif-
containing 35 (TRIM35) as a novel tumor suppressor 
of hepatic carcinogenesis [16]. TRIM35 inhibits the 
Warburg effect and suppresses the tumorigenicity 
of HCC cells through the blockade of PKM2 Y105 
phosphorylation [17]. In the current study, we investigated 
the expression levels of PKM2 and TRIM35 in HCC and 
paracancerous tissues, as well as their relationships with 
clinicopathological parameters and prognosis. The aim of 
this study was first, to identify the influences of PKM2 and 

TRIM35 expression on tumor aggressiveness in patients 
with HCC, and second, to validate these risk factors in 
patients with early recurrence.

RESULTS

Baseline characteristics and clinical outcomes of 
the patients in this study

We obtained snap-frozen or formalin-fixed paraffin-
embedded (FFPE) HCC tissues and adjacent non-tumor 
liver tissues from 688 patients with HCC who had 
undergone curative resection between 2000 and 2013. 
PKM2 and TRIM35 mRNA levels were determined in 
cohort 1 using a quantitative RT-PCR assay because 
only RNA samples were available. In cohorts 2, 3 and 
4, PKM2 and TRIM35 levels were determined using 
immunohistochemistry tissue microarrays. For the 
primary group, archived tissue samples for the tissue 
microarray construction were obtained from patients who 
received curative resection of HCC between January and 
December 2007. The median follow-up period was 60.0 

Figure 1: PKM2 is significantly increased in HCC. (A) The expression levels of PKM2 were measured by quantitative real-time 
PCR in 129 tumor and adjacent non-tumor liver tissues (left). The expression levels of PKM2 in the TCGA are also presented (right). Data 
are depicted as log2 of the RPKM (read per kilo bases per million reads). (B) Protein levels of PKM2 and TRIM35 in 14 representative 
HCC tissues (T) and adjacent  non-tumor liver tissues (N) were analyzed by western blotting. (C) Two representative cases of PKM2 and 
TRIM35 expression are shown for HCC tissues and adjacent non-tumor liver tissues. Original magnification, ×400.
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months (range, 3.0-74.0; SD, 25.3) and the postoperative 
cumulative survival and recurrence rates (in parentheses) 
at 1, 3, and 5 years were 84.2% (72.7%), 68% (62.4%), 
and 66.4% (53.5%), respectively. For the validation group, 
FFPE tissues of HCC nodules were collected from patients 
between January and December 2000. The median follow-
up period was 29.0 months (range, 1.0-141.0; SD, 43.1) 
and the postoperative cumulative survival and recurrence 
rates (in parentheses) at 1, 3, and 5 years were 62% (55%), 
45% (41%), and 22% (18%), respectively. Patients did not 
have signs of distant metastasis, nor had they received 
anticancer therapy before surgery. Cohort 4 included 
118 patients with HCC who had first undergone radical 
resection of HCC, had a relapse a few years later, and then 
underwent a second resection of HCC.

Most of the HCC patients in the four cohorts were 
men (85.5%), were carriers of hepatitis B virus (HBV) 
(82.6%), had liver cirrhosis (72.8%), had an elevated 
serum alpha-fetoprotein (AFP) level (61.7%), and had 
a single tumor nodule at the time of resection (83.7%) 
(Supplementary Table 1). Clinical variables were similar 
in the four patient cohorts, with the exception of hepatitis 
history, liver cirrhosis, tumor size, tumor number, and 
vascular invasion. As compared with the patients in the 
other cohorts, fewer patients were HBV carriers in cohort 
1; fewer patients in cohort 1 and more patients in cohorts 
2 and 3 had liver cirrhosis; and more patients in cohort 4 
had small tumors. Moreover, most of the patients in cohort 
3 had vascular invasion.

Table 1:Relationship of PKM2 expression level with the clinicopathological features in HCC

Characteristics
Primary group Validation group

Negative Positive P Negative Positive P 
Age, years

  ≤ 51 71 50 0.004 30 69 0.483
> 51 88 27 37 69

Gender
  Female 18 12 0.406 10 23 0.750
  Male 141 65 57 115

Hepatitis history
  No 1 2 0.249 17 30 0.599
  Yes 158 75 50 106

α-Fetoprotein (ng/ml)
  ≤ 20 70 23 0.046 28 47 0.281
> 20 89 54 39 91

Liver cirrhosis
  No 17 11 0.520 7 14 0.947
  Yes 142 66 60 124

Tumor size (cm)
  ≤ 5 82 28 0.037 26 54 0.964
> 5 77 49 41 84

Tumor number
  Single 129 65 0.590 47 115 0.030

  Multiple 30 12 20 23
Vascular invasion

  No 116 36 <0.0001 33 33 <0.001
  Yes 43 41 34 105

Tumor differentiation
  I-II 124 39 <0.0001 15 19 0.120

  III-IV 35 38 52 119
TNM stage

  I 100 29 0.001 27 29 <0.001

  II 35 23 25 95
  III 24 25 15 14

Statistical analyses were done by the Chi-square (χ2) test.
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PKM2 is significantly increased in HCC

In the previous study, we applied gene expression 
profiling to 49 HCCs and matched adjacent non-tumor 
liver tissues [16]. Our results showed that PKM2 was 
significantly increased in HCC tissues (Supplementary 
Figure 1). In the present study, we confirmed that PKM2 
expression was significantly increased in the HCC tissues 
of the patients in cohort 1 and in The Cancer Genome 
Atlas (TCGA) database, as detected by quantitative real-
time PCR or a microarray for its mRNA level (Figure 
1A). Furthermore, we used immunoblotting to examine 
the expressions of PKM2 and TRIM35 in 14 paired 
tumorous liver tissues and adjacent non-tumorous liver 
tissues from cohort 1. The results showed that tumorous 
liver tissues exhibited increased PKM2 expression and the 
loss of or substantial decreases in TRIM35 expression, as 
compared with the non-tumorous liver tissues (Figure 1B). 
We also performed a tissue array to analyze the protein 
levels of TRIM35 and PKM2 using immunohistochemical 
staining in 236 HCC tissues, as compared with the levels 

in matched adjacent non-tumor liver tissues. The results 
showed that TRIM35 and PKM2 were primarily localized 
to the cytoplasm (Figure 1C). Positive PKM2 expression 
was found in 77 of the 236 (32.6%) primary HCC samples 
and none of the adjacent non-tumor tissues (P < 0.001), 
whereas positive TRIM35 expression was found in 159 
of the 236 (67.4%) primary HCC samples and all of the 
adjacent non-tumor tissues (P < 0.001), indicating that 
increased PKM2 expression and decreased TRIM35 
expression are frequent events in HCC.

Positive expression of PKM2 and negative 
expression of TRIM35 significantly correlates 
with cancer progression and poor prognosis in 
HCC patients

As the HCCs had shown increased PKM2 expression 
and decreased TRIM35 expression, we performed further 
analyses to determine the clinicopathological significance 
of PKM2 and TRIM35 in HCC. The expression level of 

Figure 2: Positive expression of PKM2 and negative expression of TRIM35 significantly correlates with poor prognosis 
in HCC patients. (A, B) Kaplan-Meier analysis of the correlation between PKM2 expression and the recurrence-free or overall survival 
of 236 patients with HCC. Log-rank tests were used to determine statistical significance. (C, D) Kaplan-Meier analysis of the correlation 
between TRIM35 expression and the recurrence-free or overall survival. Log-rank tests were used to determine statistical significance.
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TRIM35 was negatively correlated with the tumor size, 
histological grade, and AFP concentration (data not 
shown). These findings are consistent with our previous 
observations [16]. Importantly, we also found that 
PKM2 overexpression was correlated with serum AFP 
concentration, tumor size, microvascular invasion, poor 
differentiation, and higher TNM stage (Table 1).

In addition, we evaluated the clinical relevance 
of PKM2 and TRIM35 expression to prognosis in the 
primary cohort. At the time of last follow-up, 135 and 
121 of the 236 patients had tumor recurrence and had 
died, respectively. Kaplan–Meier analysis showed that 

the median overall survival (OS) time was 40.3 (95% 
CI: 33.3–47.4) months for patients with HCC who were 
positive for PKM2 and 60.8 (95% CI: 56.9–64.6) months 
for patients with HCC who were negative for PKM2 (P 
< 0.0001, log rank test, Figure 2A). The median time to 
recurrence (TTR) was 34.8 (95% CI: 27.5–42.0) months 
for patients with HCC who were positive for PKM2 and 
52.9 (95% CI: 48.4–57.5) months for patients with HCC 
who were negative for PKM2 (P < 0.0001, log-rank test, 
Figure 2B). Furthermore, we found that patients with 
negative TRIM35 expression had shorter OS (47.0 versus 
57.7 months, P = 0.017, log-rank test, Figure 2C) and TTR 
(40.0 versus 50.7 moths, P = 0.025, log-rank test, Figure 
2D).

Combined influence of PKM2 and TRIM35 
dimorphisms on risk of HCC death and 
recurrence

After identifying the risks associated with PKM2 
and TRIM35 expression, we classified the 236 HCC 
patients in the primary cohort into 4 groups according 
to the expression levels of PKM2 and TRIM35: group I 
patients were only positive for TRIM35, group II patients 
were negative for both markers, group III patients were 
positive for both markers, and group IV were only positive 
for PKM2. Using the Kaplan–Meier method, patients with 
the PKM2 (+)/TRIM35 (-) expression had the shortest 
TTR (median months: 31.4, 95% CI: 21.5–41.4) and 
OS (median months: 36.2, 95% CI: 26.7–45.8), whereas 
patients with the PKM2 (-)/TRIM35 (+) expression pattern 
had the longest TTR (median months: 54.3, 95% CI: 49.2–
59.5) and OS (median months: 61.6, 95% CI: 57.3–65.8) 
(Figure 3).

In an attempt to investigate the value of PKM2/
TRIM35 expression for HCC prediction, the validation 
cohort was used to demonstrate the influence of PKM2/
TRIM35 expression on patient prognosis and outcome. 
In the validation cohort, positive PKM2 expression was 
found in 138 of 205 (67.3%) primary HCC samples, 
whereas positive TRIM35 expression was found in 
149 of 205 (72.7%) primary HCC samples. PKM2 
overexpression was correlated with tumor number, 
microvascular invasion and higher TNM stage (Table 1). 
Furthermore, patients with HCC who were positive for 
PKM2 expression and negative for TRIM35 expression 
had shorter OS and TTR than patients with HCC who were 
negative for PKM2 expression and positive for TRIM35 
expression (Supplementary Figure 2). In addition, as in the 
primary cohort, PKM2 combined with TRIM35 expression 
(Supplementary Figure 3) was found to be significantly 
associated with both OS and TTR in the validation cohort.Figure 3: Combined influence of PKM2 and TRIM35 

dimorphisms on risk of HCC death and recurrence. The 
associations of PKM2/TRIM35 co-expression with recurrence 
and overall survival in patients with HCC. **P < 0.001; ***P 
< 0.0001.
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Multivariate analyses and HCC risk prediction 
model

To test whether the expression levels of PKM2 and 
TRIM35 were independent of other predictive variables, 
we applied univariate and multivariate analyses using a 
Cox multivariate proportional hazard regression model 
with PKM2/TRIM35 expression and clinicopathologic 
factors (such as age, gender, tumor size, vascular invasion, 
and stage) as covariates. Univariate analysis showed that 

vascular invasion, TNM stage, the expressions of PKM2 
and TRIM35, and the PKM2/TRIM35 combination were 
the factors that were consistently significant for both OS 
and TTR in the primary and validation cohorts (Table 2 
and Supplementary Table 2). Serum AFP concentration 
and tumor size were significant factors for the primary 
cohort, but not for the validation cohort. Tumor 
multiplicity was found to be predictive of OS and TTR in 
the validation cohort, but not in the primary cohort.

In addition, a multivariate statistical analysis 
revealed that HCC patients with the signature of TRIM35 
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(-)/PKM2 (+) expression harbored a 2.25-fold higher risk 
of cancer recurrence (95% CI: 1.37–3.71, P < 0.001) and 
a 2.1-fold higher risk of death (95% CI: 1.19–3.71, P < 
0.001) in the primary cohort (Table 3). Thus, this pattern 
had an increased prognostic value compared with TRIM35 
or PKM2 alone. Importantly, we validated these identified 
risk factors in cohort 3. Cox proportional hazards 
regression analysis confirmed that TRIM35 (-)/PKM2 (+) 
expression was a significant risk factor for OS and TTR 
in the validation cohort (for OS: hazard rate [HR] = 2.67, 
95% CI, 1.63–4.35, P < 0.001; for TTR: HR = 2.33, 95% 
CI, 1.43–3.80, P = 0.001) (Table 3). These results indicate 
that the signature of TRIM35/PKM2 expression is an 
independent and significant factor for reduced TTR and 
OS.

To enhance the diagnostic value of PKM2/TRIM35 
expression for early recurrence of HCC, we further 
performed a receiver-operating characteristic (ROC) 
curve analysis using the IHC data from cohort 4 to 
determine the efficacy of PKM2 and TRIM35 expression 
in discriminating early recurrence (less than 3 years) in 
patients with HCC. As shown in Supplementary Figure 
4, the area under the curve (AUC) was 0.640 for PKM2 
and 0.600 for TRIM35. Although the AUC for PKM2 
was significantly different from random assignment 
(AUC = 0.5), the AUC was less than 0.7, which indicated 
that PKM2 expression level had low efficacy. However, 
AUC was 0.704 for the PKM2/TRIM35 combination, 
suggesting that the AUC for the combined marker was 
higher than that for the individual marker.

DISCUSSION

Although there have been tremendous clinical 
achievements in treatment for HCC during the past few 
decades, the prognosis of patients with HCC is still 
unsatisfactory. Improving the survival rate of patients 
with HCC requires that clinicians engage in active 
treatment of recurrence and explore biological and 
clinicopathological characteristics that reflect tumor 
behavior, such as progressive or metastatic capability 
[18, 19]. As initially described decades ago, patients 
with cancer show altered glucose metabolism-related 
enzyme activity, and the Warburg effect is a key metabolic 
hallmark of cancer [6]. PKM2 is important for glycolysis 
in cancers, and has been demonstrated to play a central 
role in metabolic reprogramming [8, 20, 21]. Recently, 
using mass spectrometry, Katharina B et al demonstrate 
that there is no evidence for exchange of PKM1 to PKM2 
expression during cancer formation [22]. Further study 
shows that PKM2 isoform switch in cancers is tissue-
specific and only occurred in glioblastoma [23]. In 
addition to functioning as a glycolytic enzyme, PKM2 
has also been shown to translocate to the nucleus under 
certain circumstances. The characterized functions of 
PKM2 as a transcriptional coactivator and protein kinase 

endow it with the ability to regulate gene expression [24-
28]. In our previous study, we demonstrated that PKM2 
has a proliferative advantage and increases the Warburg 
effect in HCC [17]. In the current study, we found that the 
expression level of PKM2 was significantly higher in HCC 
than that in the adjacent benign tissues, suggesting that 
PKM2 may play an important role in HCC.

Immunohistological staining of different solid 
tumors with anti-PKM2 antibodies revealed strong and 
homogeneous PKM2 staining in metastases [29, 30]. 
In accordance with the immunohistological results, 
the amount of PKM2 was found to increase in patients’ 
EDTA-plasma. Several studies reported that PKM2 had 
high sensitivities in auxiliary diagnosis of melanoma 
[31], lung cancer [32], cervical cancer [33], gastric and 
colorectal cancer [12, 14]. These findings indicate the 
importance of PKM2 in the early detection of cancer, 
evaluation of anti-cancer effects and prognosis. The 
present study showed that overexpression of PKM2 
was correlated with a high TNM stage and level of 
vascular invasion in primary and validation cohorts. 
Both the negative expression of TRIM35 and the positive 
expression of PKM2 were associated with poor prognosis 
and aggressive tumor behavior in cases of HCC. Although 
each gene has a significant effect by itself, the combined 
alterations in their expressions may compound the impact 
on the prognosis of HCC.

In recent years, the development of molecular 
biology has led to the successful exploration and 
identification of biomarkers. To date, a large number of 
biomarkers have been proposed for HCC progression 
and aggressiveness. Regulation of both coding genes and 
noncoding RNAs in HCC has been suggested to have 
considerable potential for predicting the diagnosis and 
prognosis of patients with HCC [34-36]. In this study, we 
identified PKM2/TRIM35 protein markers for predicting 
TTR based on protein expression data that was obtained 
immunohistochemically from samples taken from 236 
patients with HCC. Further, we successfully validated the 
discriminative ability of the PKM2/TRIM35 combination 
for predicting both TTR and OS in an independent 
validation set of 205 patients with HCC. Moreover, our 
analysis of the PKM2/TRIM35 combination as a predictor 
for early recurrence showed that the sensitivity and 
specificity were substantially improved. We propose that, 
by combining our results with the findings of previous 
reports, the simultaneous analysis of multiple genes can 
further improve the accuracy of our predictions. However, 
there are also some limitations to this study. As it was 
a retrospective study, we were obliged to rely on the 
completeness of the medical records for our analysis. 
Further studies with prospectively randomized populations 
are warranted to confirm these promising results.

In conclusion, in the present study, we demonstrated 
that PKM2 expression was high and TRIM35 expression 
was low in tumor samples from patients with in HCC. It 
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is clear from the present study that the positive expression 
of PKM2 and the negative expression of TRIM35 reflect 
the aggressiveness and poor prognosis of HCC, making 
their assessment potentially useful in clinical practice. 
In addition, a multivariate analysis revealed that PKM2/
TRIM35 expression was an independent and significant 
risk factor for recurrence and survival, suggesting that 
this combination has prognostic value. In the era of 
personalized medicine, the identification of patients 
who are at a high risk of early recurrence may provide 
clinicians with opportunities for early interventions and 
improve the outcomes of HCC. The findings of the current 
study may help to determine optimal treatment strategies.

METHODS

Patients and specimens

This study involved four independent cohorts of 
patients with HCC: cohort 1, which included 129 patients 
with HCC from Qi Dong Liver Cancer Institute (Jiangsu, 
PR China); cohort 2 (primary group), which included 236 
patients with HCC from Zhongshan Hospital (Shanghai, 
PR China); and cohort 3 (validation group) and cohort 
4, which included 205 and 118 HCC patients from 
Eastern Hepatobiliary Surgery Hospital (Shanghai, PR 
China). With the exception of patients from cohort 1, the 
patients had undergone curative resection of their HCCs, 
which were prepared on tissue microarray slides. The 
follow-up procedures and postoperative treatments were 
based on a uniform guideline and have been described 
previously [37]. Tumor differentiation was graded using 
the Edmondson grading system. Clinical staging was 
performed according to the 6th edition of the AJCC/UICC 
TNM classification system. Time to recurrence and overall 
survival were calculated from the date of surgery to the 
date of the first recurrence and death, respectively. Data 
were censored at the last follow-up for patients without 
relapse or upon death. Institutional review board approval 
was obtained and each patient provided written informed 
consent.

Antibodies

anti-PKM2 was purchased from Cell Signaling 
Technology (Danvers, MA, USA). Anti-TRIM35 was 
obtained from Santa Cruz Biotechnology (Texas, CA, 
USA), and anti-GAPDH was obtained from KangChen 
Bio-tech (Shanghai, PR China).

Quantitative real-time PCR analysis

Total RNA was extracted from tissues or cells 
with TRIzol reagent (Invitrogen) according to the 
manufacturer’s instructions. Reverse-transcription PCRs 
(RT-PCRs) were carried out with the Prime-Script RT 
Reagent Kit (TaKaRa, Dalian, China). Expression levels 
of the genes were determined by quantitative real-time 
PCRs and normalized against an endogenous control 
β-actin using SYBR Premix Ex Taq (TaKaRa). Data were 
analyzed using a ΔΔCt approach and expressed as the 
target gene/β-actin ratio [2-ΔCt(target gene-β-actin)].

Western blot analysis

Cells were harvested by scraping into an SDS 
sample buffer containing a cocktail of protease inhibitors 
(Pierce, Rockford, IL, USA). Similar amounts of proteins 
were loaded into the gel, separated by SDS-PAGE 
gel electrophoresis, and transferred to a nitrocellulose 
membrane (Bio-Rad, Hercules, CA, USA). The membrane 
was blocked with TBST (0.05% Tween 20 in TBS) 
containing 5% skim milk and then incubated overnight 
with the indicated antibodies at 4°C. The membrane was 
washed three times in TBST and then incubated with an 
HRP-conjugated secondary antibody (Pierce) (1:2000) for 
2 hours at room temperature. The immunocomplexes were 
detected using enhanced chemiluminescence (Pierce).

Tissue Microarray and Immunohistochemistry

The tissue microarray was constructed as described 
previously [38]. Core samples were obtained from 
representative regions of each tumor based on hematoxylin 
and eosin staining. Duplicate 1-mm cores were taken 
from different areas of the same tissue block for each 
case (intratumoral tissue and peritumoral tissue). Serial 
sections (4μm thick) were placed on slides coated with 
3-aminopropyltriethoxysilane. The immunohistochemistry 
analysis was carried out as described previously [39]. The 
primary mAbs used were mouse anti-human TRIM35 
(1:15) and rabbit anti-human PKM2 (1:800). The TRIM35 
and PKM2 immunostaining intensities were scored semi-
quantitatively as follows: 0 for negative and 1 for positive. 
All samples were anonymously and independently scored 
by two investigators. In case of disagreement, the slides 
were reexamined, and a consensus was reached by the 
observers.

Statistical Analysis

The experiments were repeated at least three times. 
The significance level of PKM2 mRNA expression in 
HCC patients was determined by nonparametric Mann-
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Whitney U tests.. The chi-squared (χ2) test was used to 
evaluate the association between the PKM2 expression and 
clinicopathological parameters. The cumulative recurrence 
and survival rates were determined using the Kaplan-
Meier method (log-rank test). The Cox multivariate 
proportional hazards regression model was used to 
determine the independent factors that influence survival 
and recurrence based on the investigated variables. ROC 
curve analysis was used to determine the efficacy of 
PKM2 and TRIM35 expression in discriminating early 
recurrence (less than 3 years) from HCC patients. A P 
value < 0.05 was considered significant. All statistical 
analyses were performed using the IBM SPSS Statistics 
V19 package (Armonk, NY, USA).
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