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ABSTRACT

Clear-cell renal-cell carcinoma (ccRCC) is the most common pathological subtype
of renal cell carcinoma (RCC), accounting for about 80% of RCC. In order to find
potential prognostic biomarkers in ccRCC, we presented a four-gene signature to
evaluate the prognosis of ccRCC. SurvExpress and immunohistochemical (IHC)
staining of tissue microarrays were used to analyze the association between the
four genes and the prognosis of ccRCC. Data from TCGA dataset revealed a prognostic
prompt function of the four genes (PTEN, PIK3C2A, ITPA and BCL3). Further discovery
suggested that the four-gene signature predicted survival better than any of the four
genes alone. Moreover, IHC staining demonstrated a consistent result with TCGA,
indicating that the signature was an independent prognostic factor of survival in
ccRCC. Univariate and multivariate Cox proportional hazard regression analysis were
conducted to verify the association of clinicopathological variables and the four genes’
expression levels with survival. The results further testified that the risk (four-gene
signature) was an independent prognostic factors of both Overall Survival (OS) and
Disease-free Survival (DFS) (P<0.05). In conclusion, the four-gene signature was
correlated with the survival of ccRCC, and therefore, may help to provide significant
clinical implications for predicting the prognosis of patients.

less than 6% to 10% of the patients appear in the clinical
practice with the typical triad (i.e., hematuria, back pain,
and abdominal mass) [4]. Moreover, tumor invasion and
metastasis is the leading cause of death in RCC patients,

BACKGROUND

Renal cell carcinoma (RCCs) is derived from the
renal tubule epithelium, and is one of the most common

malignant tumors in the urinary system. Approximately
90% of renal tumors that are diagnosed in adults are
RCCs, and the most common pathological subtype is
ccRCC, which accounts for about 80% of RCCs [1, 2].
In recent years, the incidence and mortality of renal cell
carcinoma have been increasing worldwide [3]. Currently,

and nearly 25% of patients have metastasis when they
come to treatment [5]. The most common site of metastasis
is the lung, followed by the liver, bone, and brain, as well
as the contralateral kidney.

Although great progress has been made in
molecular biology research on the pathogenesis of RCCs,
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nephrectomy remains to be the main therapy. Researchers
have found that only early stage ccRCC (T1-2) can be
treated with surgery and may have a good long-term
prognosis [6]. For metastatic and late-stage ccRCC (T3-
4), the curative effect of chemoradiotherapy and surgery
are poor [7, 8]. Problematically, molecular-targeted
therapies, such as axitinib, sorafenib and temsirolimus,
have an efficiency of only 10% to 40%[9]. Similarly,
immunotherapy also has a low efficacy. Regardless of
the therapeutic strategy, the long-term outcome is poor
for most ccRCC patients. Therefore, investigation on
the molecular mechanism of c¢ccRCC is necessary to
better understand the behavior of the disease, predict
the prognosis, inform rational treatment programs, and
provide novel therapeutic targets.

Many genes have been reported to be involved in the
tumorigenesis and progression of the tumor, and have been
found to be correlated with patient prognosis and survival.
For example, phosphatase and tensin homologue deletion
on chromosome 10 (PTEN) is one of the most frequently
mutated human tumor suppressor genes [10]. PTEN is
located on human chromosome 10¢23.3, and encodes
a protein containing 403 amino acids. It functions as a
dual protein and lipid phosphatase and has been reported
to inhibit cell growth and survival, suggesting a critical
tumor suppressor effect [10, 11]. In recent years, many
studies have shown that PTEN often has an abnormal
frequency of deletions, genetic mutations or methylation
in a variety of cancers, such as prostate cancer and renal
cell carcinoma [11-14]. In addition, PTEN has been found
to be closely related to the tumor metastasis and invasion.
Loss of PTEN can also result in abnormal activation
of the Phosphatidyl Inositol 3-kinase/Protein Kinase
B (PI3K/Akt) pathway, which regulates proliferation,
apoptosis, survival, translation, differentiation and cellular
metabolism [15].

The PI3K/Akt pathway can also become activated
by the upregulation of kinases in the pathway, such as
phosphatidylinositol-4-phosphate ~ 3-kinase catalytic
subunit type 2 alpha (PIK3C2A), which belongs to the
class II PI3Ks and plays an essential role in angiogenesis
[16, 17]. In fact, upregulation of PIK3C2A has been
reported in several cancers [18], such as breast cancer,
cervical cancer, lung cancer, stomach cancer, colon cancer,
liver cancer and oral squamous cell carcinoma [19].

Inosine triphosphate pyrophosphohydrolase (ITPA)
is an enzyme that is involved in the 6-Mercaptopurine
metabolic pathway and is responsible for converting
inosine triphosphate (ITP) back to inosine monophosphate
(IMP), thereby preventing the accumulation of the toxic
metabolite ITP. In recent years, ITPA has been reported
to be one of the five mixed-lineage leukemia associated
genes and its upregulation may lead to amplification
of the Mixed Lineage Leukemia (MLL) gene region of
11923 [20]. ITPA expression is also associated with event-
free survival and relapse rates in children with acute

lymphoblastic leukemia that are undergoing maintenance
therapy [21]. Further evidences show that the absence of
functional ITPA activity can result in elevated mutagenesis
and accumulation of non-canonical nucleotides, which
may cause DNA damage and cancer, indicating a
significant role of ITPA in preventing base analog-induced
apoptosis, DNA damage and mutagenesis in human
cells [22]. Conversely, overexpression of ITPA has been
reported in various cancer cell lines, such as colon, lung,
liver, pancreatic, and brain [23]. In addition, the expression
level of ITPA is higher in stage III melanoma patients with
poor prognosis, compared with patients having a good
prognosis [24].

B-cell lymphoma 3 (BCL3) is a proto-oncogene that
belongs to the Ik-B family. It has been pointed out to be
upregulated in hematological malignancies, as well as in
a wide range of solid tumors [25, 26], including breast
cancer, ovarian cancer, colorectal cancer and non-small-
cell lung cancer, and it is also associated with the survival
and relapse frequency [27-29]. Furthermore, BCL3 has
been reported to exhibit anti-apoptotic effect in cancer
[30, 31], which plays a proto-oncogene role.

However, no study had been reported to clarify the
relationship between the four genes (PTEN, PIK3C2A,
IPTA and BCL3) together and diseases. Of course, some
reports had revealed links between paired comparisons of
the four genes. For example, PI3K/PTEN expression was
frequently deregulated in many malignancies contributing
to the upregulation of PI3K/Akt/mTOR pathway. The
activation of PI3K/PTEN/Akt/mTOR pathway was
implicated in both the pathogenesis of malignancies and
the resistance to anticancer therapies [32]. BCL-3 was
reported to increase in human colorectal cancers and can
promote cell survival under tumor microenvironment. It
may protect colorectal adenoma/carcinoma cells from
apoptosis though activation of AKT pathway, which was
mediated by PI3K/mTOR pathways [33].

However, analyses on the association between the
four genes’ expression and survival in ccRCC patients
remain limited. In this study, SurvExpress analysis, tissue
microarrays and IHC techniques were used to detect
the expression of PTEN, PIK3C2A, ITPA and BCL3 in
ccRCC, and to explore their relationship with survival.
Our findings may provide valid indicators for clarifying
the pathogenic mechanism of ccRCC and predicting the
prognosis.

RESULTS

Survival analysis with SurvExpress

We analyzed PTEN, PIK3C2A, ITPA and BCL3
expression in TCGA dataset (KIRC) from SurvExpress.
The patients from TCGA (n = 468) were classified into
predicted low and high risk groups according to the
Prognostic Index (PI). The results demonstrated that low
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Figure 1: Survival analysis with SurvExpress (n=468). A, B. Low expression of PTEN and PIK3C2A were correlated with high
risk, poor prognosis and shorter OS time. C, D. High expression of ITPA and BCL3 indicated high risk, poor prognosis and shorter OS
time. Kaplan-Meier survival curves were also constructed to reveal the relationship between predicted risk of ccRCC patients and the OS
time. The results showed that patients with high risk had a significantly shorter OS time than those with low risk (A-D). Green and red lines
indicated low- and high-risk groups, respectively. P <0.05 was considered to be statistically significant. Cens: Censored; Event: Death;
Prog. Idx.: Prognosis Index.
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expression of PTEN and PIK3C2A were significantly
correlated with high risk, poor prognosis and shorter OS
time (Figure 1A, 1B), while high expression of ITPA and
BCL3 indicated high risk, poor prognosis and shorter
OS time (Figure 1C, 1D). Moreover, survival differences
between predicted low and high risk groups were evaluated
with Kaplan-Meier survival curves. Our results showed
that patients with high risk had a significantly shorter OS
time than those with low risk (Figure 1). Green and red
lines indicated low- and high-risk groups, respectively. P
<0.05 was considered to be statistically significant

Expression of PTEN, PIK3C2A, ITPA and BCL3
in ccRCC and their relationship with survival

To verify the relation between PTEN, PIK3C2A,
ITPA and BCL3 expression with regard to survival and
risk, we first performed IHC analysis on tissue microarrays.
The expression levels of the four proteins were all divided
into two groups (negative and positive expression groups)
based on the staining score. A total score of 0—4 points was
defined as negative expression, whereas 5—6 points were
considered as positive expression. Our study showed that
the positive expression rate of PTEN, PIK3C2A, ITPA and
BCL3 in 174 cases of ccRCC were 48.9% (Figure 2A),
63.8% (Figure 2B), 34.5% (Figure 2C) and 23.6% (Figure
2D), respectively. Furthermore, Kaplan-Meier survival
curves were constructed to analyze the relationship
between PTEN, PIK3C2A, ITPA and BCL3 expression
and OS as well as DFS. A consistent result with that from
the TCGA dataset was shown. Our results demonstrated
that negative expression of PTEN and PIK3C2A were
correlated with shorter OS and DFS time and worse
prognosis (Figure 2A, 2B), while positive expression of
ITPA and BCL3 were correlated with shorter OS and DFS
time and worse prognosis (Figure 2C, 2D).

The four-gene signature predicted survival
in ccRCC

Using this four-gene signature, we analyzed its
ability to predict survival using TCGA with SurvExpress.
In our four-gene signature, the PI of the 468 patients was
from -0.1001 to 4.1239, with the optimal cut-off value
of 2.43. PI that less than 2.43 was divided into low risk
group (n = 249), while PI that higher than 2.43 was High
Risk group (n =219). The analysis demonstrated that high
risk was correlated with low expression of PTEN and
PIK3C2A, high expression of ITPA and BCL3, shorter
survival time and worse prognosis, while low risk was
correlated with high expression of PTEN and PIK3C2A,
low expression of ITPA and BCL3, longed survival time
and better prognosis (Figure 3A). Moreover, we detected
the gene expression level of PTEN, PIK3C2A, ITPA
and BCL3 in high risk and low risk group. Our results
displayed that the gene expression of PTEN and PIK3C2A

were lower in high risk group than that in low risk group,
while the gene expression of ITPA and BCL3 were higher
in high risk group than that in low risk group, and all
had significant difference in the four-gene signature (P
=4.37e-27, P =1.00e-51, P = 3.83e-51 and P = 1.17e-
69, respectively) (Figure 3B). Moreover, Kaplan-Meier
survival curves showed that patients with predicted high
risk (n = 219) had significantly shorter OS time than those
with low risk (n = 249) (P <0.05) (Figure 3C). To estimate
the accuracy of the four-gene signature on predicting
survival, we performed receiver operating characteristic
(ROC) analysis to compare the sensitivity and specificity
of the survival prediction between our models. TCGA
dataset revealed that the area under receiver operating
characteristic (AUC) curve of the four-gene signature was
0.701 (time = 60 months) (P<0.05) (Figure 3D).

In addition, the 174 patients of ccRCC were also
divided into two groups (low risk group and high risk
group) based on IHC of the four proteins. Patients that
coincided with at least three of PTEN (+), PIK3C2A (+),
ITPA (-) and BCL3 (-) were characterized as low risk
group, while the remaining was considered as high risk
group. Consistent with the above results, Kaplan-Meier
survival curves also indicated shorter OS and DFS time for
the high-risk group (n =74) than in the low-risk group (n
=100) (P <0.05) (Figure 4A, 4C). ROC analysis was also
performed to compare the sensitivity and specificity of the
models. Our data showed an AUC of 0.719 in OS model
and 0.658 in DFS model (P<0.05) (Figure 4B, 4D). The
specificity and sensitivity of the four-gene signature were
0.697 and 0.741 respectively in Overall survival analysis,
while they were 0.614 and 0.702 respectively in Disease-
free survival analysis.

Correlation between clinicopathological features
and the expression of PTEN, PIK3C2A, ITPA
and BCL3 in ccRCC

Table 1 lists the relationship between
clinicopathological features and the expression of PTEN,
PIK3C2A, ITPA and BCL3 as well as Risk in the 174
cases of ccRCC patients. Our study revealed that the
expression of BCL3 (P = 0.028) and Risk (four-gene
signature) of the patients (P = 0.040) were significantly
correlated with the clinical grade of the tumors. Moreover,
the classification of Risk based on the four-gene signature
(P = 0.006) was significantly related with the size of
the tumors. Furthermore, our data suggested that the
expression of BCL3 and ITPA may be associated with
PTEN expression (P =0.012, P = 0.002, respectively).

Survival prediction effect of Risk at different
grade in cancer patients

In order to verify whether risk can be used to predict
the survival of cancer patients with different grades, we
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Figure 2: Expression of PTEN, PIK3C2A, ITPA and BCL3 in ¢cRCC and their relationship with OS and DFS. IHC
analysis on tissue microarrays and Kaplan-Meier survival curves were constructed to verify the relationship between PTEN A., PIK3C2A
B., ITPA C. and BCL3 D. expression with regard to OS and DFS. (A, B) Negative expression of PTEN and PIK3C2A were correlated with
shorter OS and DFS time and worse prognosis. (C, D) Positive expression of ITPA and BCL3 were correlated with shorter OS and DFS
time and worse prognosis. Green and blue lines indicated positive and negative expression groups, respectively. P <0.05 was considered
to be statistically significant.
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performed subgroup analysis of the differentiation grade and DFS time in patients of grade 1-3, and had statistical

according to Survexpress and IHC results. Fuhrman significance (p<0.05) (Figure 6).

Grade was used for the evaluation of tumor grade.

Subgroup analysis according to Survexpress revealed that Selection of independent prognostic factors for
high risk was all related with short OS time in ccRCC predicting survival in ccRCC

patients of grade 2-4, and showed statistical significance

between high risk and low risk group (p<0.05) (Figure 5). To identify independent factors associated with
Similarly, Subgroup analysis according to IHC results also survival in c¢cRCC, a univariate Cox proportional
demonstrated that high risk was associated with short OS hazard regression analysis was conducted to clarify the
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was performed to compare the sensitivity and specificity of the survival prediction between our models. P <0.05 was considered to be
statistically significant. Cens: Censored; Event: Death; Prog. Idx.: Prognosis Index; Sur.(M): Survival status (Month).
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association of clinicopathological variables and the four
genes’ expression levels with OS (Table 2) and DFS (Table
3) in ccRCC. Table 2 revealed that tumor size, grade and
clinical stage, the expression levels of the four genes,
and risk (four-gene signature) were all correlated with
OS. Among the above factors, only PTEN and PIK3C2A
were shown to be protective factors in patients, while
other indicators that had statistical significance were all
risk factors (P <0.05). Then, the above-mentioned factors
were brought into further multivariate Cox proportional
hazard regression analysis. As Risk was evaluated based
on the expression level of PTEN, BCL3, ITPA and
PIK3C2A, in our opinion, analyzing the Risk and each
gene in one multivariate analysis may lead to interference
of the results; so two separate multivariate analyses were
performed. One multivariate analysis suggested that the
expression levels of PTEN, ITPA, PIK3C2A and BCL3
were all independent predictors of OS (P <0.05). Another
multivariate Cox proportional hazard regression analysis
showed that tumor grade and risk were independent
prognostic factors (P <0.05) (Table 2). Table 3 revealed
that tumor size, grade and clinical stage, the expression
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levels of the four genes, and risk were also correlated
with DFS. Similarly, the above-mentioned factors were
further brought into two separate multivariate analyses.
One multivariate analysis suggested that the expression
levels of PTEN, ITPA and PIK3C2A, but not BCL3,
were independent predictors of DFS (P <0.05). Another
multivariate Cox proportional hazard regression analysis
showed that only risk (four-gene signature) was an
independent prognostic factor (P <0.05) (Table 3).

DISCUSSION

Although great progress has been made in
pathogenesis and therapeutic strategy of RCCs, the long-
term outcome is poor for most ccRCC patients [34, 35].
Therefore, it is requisite to investigate on the molecular
mechanism of ccRCC in order to better understand the
disease, predict the prognosis, formulate rational treatment
programs, and provide novel therapeutic targets [36].
Wau et al. identified a 4-microRNA (miR-10b, miR-139-
S5p, miR-130b and miR-199b-5p) signature and it was
validated to be associated with ccRCC metastasis and
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Figure 4: Prediction of the prognosis of ccRCC patients by the four-gene signature on tissue microarrays. A, C. Kaplan-
Meier survival curves indicated shorter DFS and overall OS time for the high-risk group (n =74) than in the low-risk group (n =100)
(P <0.05). B, D. ROC analysis was performed to compare the sensitivity and specificity of the models. P <0.05 was considered to be

statistically significant.
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Table 1: Correlation between clinicopathological features and the four proteins expression in ccRCC (n =174)

PTEN P BCL3 P ITPA P PIK3C2A P Risk P
Negative Positive Negative Positive Negative Positive Negative Positive Low High
Gender
Male 51 44 0.463 73 22 0.890 62 33 0.938 39 56 0.145 51 44 0.268
Female 38 41 60 19 52 27 24 55 49 30
Age
<55 30 30 0.826 47 13 0.669 43 17 0.216 24 36 0450 36 24 0.625
>55 59 55 86 28 71 43 39 75 64 50
Grade
1,2 66 63 0995 104 25 0.028* 88 41 0.205 44 8 0329 80 49 0.040*
34 23 22 29 16 26 19 19 26 20 25
Size
<7 65 64 0.734 102 27 0.166 83 46 0.581 19 40  0.754 82 47 0.006*
>7 24 21 31 14 31 14 11 20 18 27
Stage
LII 77 74 0916 116 35 0.759 98 53 0.661 26 58 0.073 91 60 0.56
LIV 12 11 17 6 16 7 4 2 9 14
PTEN
Negative 61 28 0.012* 68 21 0.002* 31 58 0.699
Positive 72 13 46 39 31 53
BCL3
Negative 88 45 0.746 46 87 0423
Positive 26 15 17 24
ITPA
Negative 40 74 0.672
Positive 23 37

Grade: Furhman Grade; P value was obtained from the Chi-square test. ¥*P < (.05 was considered to be statistically significant.

prognosis [37]. Another tumor-specific miRNA signature
consisting of 22 miRNAs was also demonstrated as
an independent prognostic factor, serving as a novel
biomarker for prognostic promopt and treatment outcome
prediction in ccRCC [38]. Moreover, Wang et al. revealed
that combined chemokine (C-Cmotif) ligand 2 (CCL2)
and its receptor CCR2 expression may exert its role as an
independent prognostic factor for non-metastatic ccRCC
patients after surgical treatment [39].

In the present study, we have identified a four-gene
signature (PTEN, ITPA, PIK3C2A and BCL3) that was
able to predict ccRCC prognosis for the first time. Each of
the four genes we identified had been previously reported
to be associated with other types of cancer, as well as
survival. However, little was known on the expression and
function of these four genes in ccRCC. Moreover, as the

efficacy of a single index was limited, multi-biomarker-
based model may provide more powerful effect for the
prognosis prediction of patients.

In our study, we first analyzed the association of
PTEN, PIK3C2A, ITPA, and BCL3 expression with the
prognosis of ccRCC patients in TCGA dataset (KIRC)
from SurvExpress. The data demonstrated that low
expression of PTEN and PIK3C2A were significantly
correlated with high risk, poor prognosis and a shorter OS
time, while high expression of ITPA and BCL3 indicated
high risk, poor prognosis and a shorter OS time (P <0.05).
Moreover, Kaplan-Meier survival curves showed that
patients with high risk had significantly shorter OS time
than those with low risk (P <0.05).

To wverify the relationship between PTEN,
PIK3C2A, ITPA and BCL3 expression with regard to
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Figure 5: Subgroup analysis of the differentiation grade according to Survexpress. A. Data from TCGA showed statistical
significance in prognosis (OS) of grade 2 ccRCC patients between the low risk and high risk group, p<0.05. B. Subgroup analysis according
to Survexpress revealed that high risk was related with short OS time in ccRCC patients of grade 3, p<0.05. C. Subgroup analysis according
to Survexpress revealed that high risk was related with short OS time in ccRCC patients of grade 4, p<0.05.
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OS and DFS, IHC analysis on tissue microarrays and
Kaplan-Meier survival curves were performed. The results
demonstrated that negative expression of PTEN and
PIK3C2A were correlated with shorter OS and DFS time
and worse prognosis, while positive expression of ITPA
and BCL3 were related with shorter OS and DFS time and
worse prognosis (P <0.05). These were consistent with
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the results from TCGA dataset, which also suggesting a
prognostic prompt function of the four genes in ccRCC.
Furthermore, we analyzed the association of the
four-gene signature with survival time according to both
SurvExpress and THC results. Our discovery suggested
that the four-gene signature predicted survival better in
ccRCC, indicating that the four-gene signature may be an
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Figure 6: Subgroup analysis of the differentiation grade according to IHC results. A, B. Subgroup analysis according to
IHC results demonstrated that high risk was associated with short OS and DFS time in patients of grade 1, p<0.05. C, D. Our survival
data revealed statistical significance in prognosis (OS) of grade 2 ccRCC patients between the Risk (low risk and high risk), p<0.05. E, F.
Our survival data revealed statistical significance in prognosis (OS) of grade 3 ccRCC patients between the Risk (low risk and high risk),

p<0.05.
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independent predictor of prognosis in ccRCC. Univariate
and multivariate Cox proportional hazard regression
analysis were then conducted to verify the association
of clinicopathological variables and the four genes’
expression levels with survival. Our results further testified
that the risk (four-gene signature) was an independent
prognostic factor of both OS and DFS (P<0.05).

However, some limitations were existed in our
study. For example, only TCGA (KIRC) data set was
selected for this research, resulting in limited samples for
the four-gene signature model of prognosis. As a result,
further verifying studies of our model in independent
larger cohorts were required in the future.

In conclusion, our results suggested that the four-
gene signature was related to the survival and was an
independent predictor of prognosis in ccRCC. This
may help to provide significant clinical implications for
the prognosis prediction. However, the mechanisms of
these genes impacting on the survival remain unknown.
Therefore, further studies are needed to verify our findings
and elucidate the molecular mechanisms so as to provide
a deeper understanding of its function in predicting the
prognosis of ccRCC.

MATERIALS AND METHODS

Datasets

In our analysis, SurvExpress was used to provide
survival analysis and risk assessment. SurvExpress (http://
bioinformatica.mty.itesm.mx/SurvExpress), which is
a comprehensive gene expression database and online
biomarker validation tool based on several datasets, can

Select Dataset Select Dataset
Zhao,Boer, Zhao, TCGA.
Heaton,Wuttig, ) Sample >100
TCGA,Poustka, (n=2)

Fergelot. (n=7)

Survival analysis Survival analysis
GENES PTEN
Correlation with (s PIK3C2A
Survival (p <0.001 ITPA
(n=1762) BCL3 (n=4)

provide risk assessment and survival analysis in cancer
datasets using a biomarker gene list as an input [40]. In
databases provided by SurvExpress, TCGA (KIRC) and
ZHAO database contain much larger samples (n> 100),
and can provide more reliable results of survival analysis.
However, RCC, but not ccRCC, is the study object of
ZHAO, which does not match with our research. As a
result, TCGA (KIRC) database was chose. Using this
bioinformatic tool, we analyzed the expression differences
of PTEN, PIK3C2A, ITPA, as well as BCL3, and their
correlation with the survival of ccRCC patients in TCGA
dataset (KIRC), and then analyzed the survival prognostic
significance of the four-gene signature for ccRCC. PI,
namely risk score, was often used for risk grouping [41,
42]. SurvExpress can perform risk grouping through
two methods. The first method was default, which was
to divide the ordered PI by the groups of risk so that the
sample numbers of each group was equal. The second
method was conducted through an optimization algorithm
using the ordered PI. For example, log-rank test was
accomplished using the arranged PI values for two risk
groups. Then, the algorithm selected the dividing point,
where P was at the minimum value. This process was
extended to multi-groups tautologically to optimize a risk
group till no change existed. The procedure flow chart of
SurvExpress was as shown in Figure 7.

Patients

In total, 174 cases of ccRCC tissues that were
histopathologically diagnosed were collected from
the Institute of Pathology of Tongji Hospital, Tongji
Medical College of Huazhong University of Science

Select Dataset Survival analysis
TCGA. GENES

(n=1)

Survival analysis|
Four-gene
signature

Cut-off (PT) =2.43

Survival analysis

Subset analysis

—

Figure 7: The procedure flow chart of SurvExpress. Schematic overview of the procedure used in our study to construct the four-

gene signature based on TCGA dataset.
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Table 2: Univariate and multivariate Cox proportional hazard regression analyses of the association of
clinicopathological characteristics and the four genes’ expression levels with OS

Univariate Multivariate Multivariate

Characteristics

HR(95%CTI) P HR(95%CTI) P HR(95%CI) P
Gender(Female vs Male) 1.071(0.660-1.737)  0.781 - - - -
Age (<55 years vs >55 years)  1.187(0.707-1.993)  0.516 - - - -
Grade (1,2 vs 3, 4) 2.473(1.513-4.042) <0.001* 1.625(0.924-2.856) 0.092 1.734(1.006-2.988) 0.047*
Size (<7cm vs >7cm) 2.321(1.420-3.794) 0.001* 1.695(0.954-3.013) 0.072 1.427(0.815-2.498) 0.213
Stage (I, I vs 111, V) 2.102(1.145-3.858) 0.017* 1.331(0.665-2.663) 0.419 1.127(0.572-2.220) 0.730

PTEN (Negative vs Postive)  0.402(0.239-0.676) 0.001* 0.310(0.177-0.543) <0.001* - -
BCL3 (Negative vs Postive)  2.434(1.471-4.027) 0.001* 1.741(1.024-2.959) 0.040% - -
ITPA (Negative vs Postive) 1.833(1.129-2.978)  0.014* 2.553(1.497-4.356) 0.001* - -
PIK3C2A (Negative vs Postive) 0.390(0.240-0.635) <0.001* 0.434(0.264-0.714) 0.001* - -
Risk (Low Risk vs High Risk)  4.294(2.534-7.278) <0.001* - - 3.673(2.137-6.312) <0.001*

Grade: Furhman Grade; HR, hazard ratio; CI, Confidence Interval; P Values were obtained from the Chi-square test.
* P <0.05 was considered to be statistically significant.

Table 3: Univariate and multivariate Cox proportional hazard regression analyses of the association of
clinicopathological characteristics and the four genes’ expression levels with DFS

Characteristics Univariate Multivariate Multivariate
HR(95%CTI) P HR(95%CI) P HR(95%CTI) P
Gender(Female vs Male) 0.961(0.600-1.541) 0.870 - - - -
Age (<55 years vs >55 years)  0.937(0.577-1.522) 0.792 - - - -
Grade (1,2 vs 3, 4) 2.195(1.354-3.558) 0.001* 1.471(0.844-2.562) 0.173 1.522(0.888-2.609)  0.127
Size (<7cm vs >7cm) 2.147(1.326-3.477) 0.002* 1.527(0.864-2.697) 0.145 1.353(0.777-2.357)  0.285
Stage (I, 11 vs 11, V) 2.395(1.367-4.197) 0.002* 1.631(0.847-3.142) 0.143 1.484(0.780-2.825)  0.229
PTEN (Negative vs Postive) 0.515(0.318-0.835) 0.007* 0.420(0.249-0.708) 0.001* - -
BCL3 (Negative vs Postive) 2.193(1.328-3.620) 0.002* 1.671(0.984-2.838) 0.057 - -
ITPA (Negative vs Postive) 1.686(1.050-2.709) 0.031* 2.161(1.295-3.604) 0.003* - -
PIK3C2A (Negative vs Postive) 0.471(0.294-0.754) 0.002* 0.512(0.317-0.828) 0.006* - -
Risk (Low Risk vs High Risk) 3.111(1.916-5.050) <0.001* - - 2.693(1.637-4.432) <0.001*

Grade: Furhman Grade; HR, hazard ratio; CI, Confidence Interval; P Values were obtained from the Chi-square test.
* P <0.05 was considered to be statistically significant.

and Technology from 2006 to 2009. Patients who had each patient provided written informed consent before
previously received chemotherapy and/or radiotherapy randomization. Our research was a retrospective study
were excluded. The sex, age, tumor size and histological with follow-up of patients on OS and DFS. OS was
grade and clinical stage of the patients were collected. referred to the time from the first surgery to remove the
Then each clinical characteristic was grouped for tumor to death, regardless of any reason. DFS was referred
subsequent analysis as follows: age (<55 years, >55 to the time from the first surgery removing the tumor to
years); tumor size (<7cm, >7cm); Furhman grade (1, 2 vs. disease recurrence / metastasis. SPSS software was used
3, 4) and clinical stage (I, II vs. I1I, IV) [43]. All tissues for all survival analysis. The adjusted hazard ratio (HR) as
were collected under the highest ethical standards, and well as 95% confidence intervals (95% CI) was calculated
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by Cox proportional hazards model. In univariate analysis,
variables that had p value less than 0.05 were used for
multivariate analysis. Moreover, we also calculated the
sensitivity and specificity of the gene signature.

Tissue microarrays and IHC staining

Paraffin-embedded tissue microarrays were cut
into 4-um sections. After deparaffinization and hydration,
the sections were pressure-cooked with antigen retrieval
solution (10 mmol/L of sodium citrate buffer; pH 6.0) for
1.5 min. Then, 3% H,O, was used to block endogenous
peroxidase activity for 10 min. Subsequently, the sections
were first incubated with protein blocker for 1 h at 37°C,
and then incubated with anti-PTEN antibody (Ready-
to-use, ZSGB-BIO, ZA-0251, China), anti-PIK3C2A
antibody (1:50, Proteintech, 22028-1-AP, China), anti-
ITPA antibody (1:50, Proteintech, 16134-1-AP, China)
and anti-BCL3 antibody (1:50, Proteintech, 23959-1-AP,
China) at 4°C overnight. After washing with PBS, the
sections were incubated with anti-mouse IgG-HRP (1:500,
Santa Cruz, CA, USA) for 1 h at 37°C, and stained using
the Liquid DAB Substrate Kit (Invitrogen, Carlsbad,
CA, USA). Finally, the sections were incubated with 3,
3’-diaminobenzidine (Sigma, St Louis, MO, USA) and
redyed with hematoxylin. All indicators were repeated
twice.

Evaluation of IHC

The THC staining results were evaluated by two
independent pathologists. Different criteria were used
for proteins expressed in the cytoplasm and nuclei. For
cytoplasmic proteins (PTEN, ITPA, PIK3C2A), the
pathologists performed a semi-quantitative analysis
according to the staining intensity and percentage of
positive cells microscopically. We used the IHC integral
criteria that had been used in many other studies [44, 45].
Staining intensity was scored as follow: “—” as 0 point;
“+” as | point; “++” as 2 points; “+++” as 3 points. The
percentage of positive cells (tumor cell counts > 200
cells) was graded as follows: less than 25% as 0 point;
25%—-50% as 1 point; 51%—75% as 2 points; 75%—100%
as 3 points. The staining score was counted by adding the
intensity score and the percentage score. A total score of
0—4 points was defined as negative expression, whereas
5-6 points were considered as positive expression. As
nuclear proteins (BCL3), we referred to a separate IHC
integral criterion regardless of intensity, because the
protein had been reported to be located predominantly
within the nucleus [46]. Each sample was composed of
more than 200 tumor cells and the ratio of positive cells
that were over 20% was considered to be BCL3 positive,
while the rest were negative. Patients were divided into
two groups based on the expression of PTEN, PIK3C2A,
ITPA and BCL3. The low risk group coincided with at

least three of PTEN (+), PIK3C2A (+), ITPA (-) and
BCL3 (-), while the remaining was considered as high risk
group. Detailed information was shown as Supplementary
Table S1.

Statistical analysis

The Chi-square test was used to compare between
the two groups. To obtain and compare the survival curves,
Kaplan-Meier method and log-rank test were performed
[47]. The univariate and multivariate Cox proportional
hazard regression analyses were conducted to evaluate
independent prognostic factors associated with survival.
All data were analyzed using SPSS 18.0 software, with the
level of statistical significance at P < 0.05.
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