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Background: To clarify the involvement of HIVEP3 and SOX9 coexpression in prostate 

cancer (PCa).

Methods: A small interfering RNA was used to knockdown SOX9 expression in a PCa cell line 

and to analyze the effects of SOX9 inhibition on the expression of HIVEP3 in vitro. Then, HIVEP3 

and SOX9 expression patterns in the human PCa tissues were detected using quantitative reverse 

transcription polymerase chain reaction (qRT-PCR) analysis and immunohistochemistry.

Results: We found that the downregulation of SOX9 could inhibit the expression of HIVEP3 in 

the PCa cells in vitro. In addition, both HIVEP3 and SOX9 messenger RNA expression levels in 

the PCa tissues were significantly higher than those in the noncancerous prostate tissues (P=0.006 

and P,0.001, respectively). Moreover, the immunohistochemical staining scores of HIVEP3 

in the PCa tissues with PSA failure were significantly higher than those without (P=0.042); the 

increased SOX9 protein expression was more frequently found in the PCa tissues with a high 

Gleason score (P=0.045) and a high clinical stage (P=0.012). The tumors showing the HIVEP3-

high/SOX9-high expression more frequently had PSA failure (P=0.024). When the patients 

with an HIVEP3 overexpression combined with the SOX9 overexpression, this group had a 

worse biochemical recurrence-free survival (P,0.001). Furthermore, the multivariate analysis 

showed that the HIVEP3/SOX9 coexpression was an independent predictor of an unfavorable 

biochemical recurrence-free survival.

Conclusion: Our data offer the convincing evidence for the first time that a combined analysis 

of HIVEP3 and SOX9 may help to predict the tumor progression and prognosis of PCa patients. 

In particular, the overexpression of HIVEP3 in PCa might partly explain the poor prognosis of 

patients with an upregulation of SOX9.

Keywords: prostate cancer, HIVEP3, SOX9, clinicopathological feature, biochemical 

 recurrence-free survival

Introduction
Prostate cancer (PCa) is one of the most prevalent malignancies in men and the second 

most frequent cause of male cancer-related death.1 It is a clinically heterogeneous-

multifocal disease, and the incidence is continuously rising. Carcinogenesis and the 

mechanisms influencing the progression and prognosis of PCa is a multistep process, 

involving both genetic insults to epithelial cells and changes in the epithelial–stromal 

interactions.2 The advent of prostate-specific antigen (PSA) screening has led to the 

earlier detection of clinically localized PCa.3 However, to date, there are no reliable 

predictors of PCa behavior and aggressiveness. In spite of current therapeutic methods, 

many patients develop metastases. Androgen suppression therapies (AST) have already 

been considered as the mainstay of systemic treatment for advanced PCa, especially for 
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metastatic disease.4 Most patients respond to AST and their 

clinical symptoms could be relieved, although they eventu-

ally experience disease relapse and develop more aggressive 

tumors, commonly termed “hormone-refractory prostate 

cancer” or “castration-resistant prostate cancer”.5 The clini-

cal benefits of AST for various PCa patients are different. 

Even among patients with metastatic PCa, for which AST is 

the established standard of care, the length of clinical remis-

sion induced by AST can range from months to more than 

10 years.6 Since the carcinogenesis of PCa is initiated when 

androgen signaling induces epithelial proliferation, invasion, 

and bud formation, it is of great significance to clarify the 

precise androgen-initiated programs of early prostate growth 

to identify more sensitive and more specific PCa markers, 

which can provide valuable information for the diagnosis 

and treatment of the disease.

The human immunodeficiency virus type I enhancer 

binding protein 3 (HIVEP3), also known as KBP-1, KBP1, 

KRC, SHN3, Schnurri-3, ZAS3, and ZNF40C, is a member 

of the HIVEP family, which contains multiple zinc finger 

and acid-rich (ZAS) domains and serine/threonine-rich 

regions.7 HIVEP3 acts as a transcription factor and is able 

to regulate nuclear factor kappa B-mediated transcription by 

binding the kappa B motif in target genes.8 Recent studies 

have demonstrated that this protein plays a role in various 

processes, including the immunoglobulin (Ig) gene rearrange-

ment, cell survival, tumor necrosis factor (TNF) signaling in 

macrophages, IL-2 gene expression in helper T lymphocytes, 

osteoblastic bone formation, and tumor formation.9–12 

For example, mice with a germline deletion of HIVEP3 

displayed a massive increase in bone mass, revealing an 

unexpected role for this protein in the skeletal system;10 in 

cervical cancer HeLa cells, HIVEP3 deficiency has resulted 

in anchorage-independent growth and promoted cell cycle 

progression without an intervening cytokinesis, culminating 

in the formation of multinucleated giant cells.11 However, 

the involvement of this protein in PCa carcinogenesis is 

still unclear.

SOX9, a member of the SOX (SRY [sex-determining 

region Y] box) gene superfamily, is a developmental tran-

scription factor which plays an important role in the regula-

tion of sex determination, cartilage development, intestinal 

differentiation, and adult progenitor cell pool maintenance.13 

Schaeffer et al14 have reported that SOX9 may be one of 

the earliest molecules expressed in the primordial prostate, 

predating even the expression of NKX3.1, a transcription 

factor and classical marker of prostate lineage, suggesting 

the implication of SOX9 in prostate development. Similarly, 

Huang et al15 also determined that SOX9 may be required 

for prostate development and prostate cancer initiation. 

 Accumulating studies showed the emerging role of SOX9 

in cancer. Wang et al16,17 reported the important functions 

of SOX9 in both the development and maintenance of the 

normal prostate and indicated that these functions contribute 

to the PCa tumor growth and invasion. Our previous study 

reported that the SOX9 upregulation was significantly associ-

ated with aggressive tumor progression and poor prognosis 

in PCa, suggesting a key role of SOX9 in the carcinogenesis 

of PCa.18

To date, there has been no investigation of the relation-

ship between HIVEP3 and SOX9, and the clinicopathologic 

relevance of combined HIVEP3 and SOX9 expression in 

PCa tissues. In the present study, we first used the small 

interfering RNA (siRNA) to knockdown SOX9 expression in 

a PCa cell line and to analyze the effects of SOX9 inhibition 

on the expression of HIVEP3 in vitro. Then, we evaluated 

the potential  association of the coexpression of HIVEP3 

and SOX9 in PCa tissues with clinicopathologic findings 

and postresectional survival by an immunohistochemical 

analysis. Our results suggest that the combined HIVEP3 and 

SOX9 expression can be used as an independent marker for 

the prognosis in patients with PCa.

Materials and methods
Patients and tissue samples
The study was approved by the Research Ethics Commit-

tee of the Central Hospital of Panyu District, Guangzhou 

Medical University, and Southern Medical University, 

Guangzhou, Guangdong, People’s Republic of China. 

Informed consent was obtained from all patients. All 

specimens were handled and made anonymous according to 

the ethical and legal standards.

The Guangzhou First People’s Hospital provided 26 fresh 

PCa tissues (approximately 52–86 years old, mean ± standard 

deviation [SD] =70.41±1.09 years, tumor-nodes-metastasis 

[TNM] staging from I to III) and paired 26 adjacent benign 

tissues of prostate for quantitative reverse transcription poly-

merase chain reaction (qRT-PCR) analysis.

For semiquantitative immunohistochemistry, a tissue 

microarray was provided by the Massachusetts General 

 Hospital in Boston, MA, USA. Also, 98 PCa tissues (from 

patients aged approximately 37–83 years old, mean ± 

SD =57.83±0.746 years, TNM staging from I to III) and 

26 paired adjacent benign tissues were included. All the 

tissues were obtained immediately during the operation 

of the transurethral resection prostate and suprapubic 
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prostatectomy. None of the patients recruited in this study 

had chemotherapy or radiotherapy before the surgery. The 

pathological diagnosis was performed preoperatively and 

confirmed postoperatively. All patients were reviewed, and 

all specimens were reexamined in March 2010. The TNM 

grade and the Gleason score were examined by the same 

group of two senior pathologists who were experienced 

in PCa diagnosis. Detailed information on the clinical 

features of all patients in this study is shown in Table 1. 

The patients were given a follow-up exam, ranging from 

3–12 years. For the analysis of survival and follow-up, 

the date of the prostatectomy was used to represent the 

beginning of the follow-up period. The primary analysis 

endpoint was biochemical recurrence-free survival. Others 

analysis endpoints were overall survival and metastasis-free 

survival. Patients who received adjuvant or neoadjuvant 

hormonal or radiation treatment prior to cancer recurrence 

were excluded.

cell culture
The lymph node carcinoma of the prostate (LNCaP), the 

human prostate carcinoma cell line, was purchased from the 

American Type Culture Collection (Manassas, VA, USA) and 

was cultured in Roswell Park Memorial Institute (RPMI) 

1640 medium (#SH30027.01, HyClone™, Thermo Fisher 

Scientific, Waltham, MA, USA) supplemented with 10% 

fetal bovine serum (#10438-026, Gibco® = product line of 

Life Technologies, Carlsbad, CA, USA), 2 mM L-glutamine, 

and antibiotics. All cell lines were maintained at 37°C in a 

humidified chamber supplemented with 5% CO
2
.

rna interference and cell transfection
The LNCaP cells were seeded into 6-well plates and 

incubated overnight, and then they were transfected using 

 Lipofectamine® 2000 (Life Technologies, Carlsbad, CA, 

USA), according to the manufacturer’s instructions. The 

siRNA against SOX9 (siSOX9) and the control siRNA were 

synthesized by the Shanghai Invitrogen Biotechnology Co, 

Ltd, Shanghai, People’s Republic of China. For every 105 

cells, 0.5 µg SOX9 siRNA or control siRNA was diluted 

and mixed with 3 µL transfection reagent. After mixing 

and incubating for 30 minutes, the transfection mixture was 

added to the cells. After 6 hours, the medium was changed to 

growth medium. The LNCaP cells were used for functional 

assay 24 hours after transfection.

qrT-Pcr
The quantitative RT-PCR was used to examine the expression 

status of HIVEP3 and SOX9 messenger RNA (mRNA) in 

the LNCaP cells with and without the siSOX9 transfection 

(LNCaP-S and LNCaP-NC cells), in 26 PCa tissues, and in 

the paired 26 adjacent benign tissues.

The cDNA (complementary DNA) templates for qRT-PCR 

were synthesized from RNA samples. The primers 5′-AGC 

GAA CGC ACA TCA AGA C-3′ and 5′-GCT GTA GTG TGG 

GAG GTT GAA-3′ were used to amplify 110 base pair (bp) 

transcripts of SOX9. The primers 5′-TTTTGGCAGGATTC-

GAGGCA-3′ and 5′-GAAGGCACCACTTCCGATGA-3′ were 

used to amplify the 201-bp transcripts of HIVEP3. The primers 

5′-GGT GGC TTT TAG GAT GGC AAG-3′ and 5′-ACT GGA 

ACG GTG AAG GTG ACA G-3′ were used to amplify the 

161-bp transcripts of β-actin. Gene expression was determined 

using the SYBR Green® Realtime PCR Master Mix (#QPK-

201, Toyobo Co, Ltd, Osaka, Japan) and 10 µg of template. 

qRT-PCR was performed on a MyiQ.2 Two-Color Real-Time 

PCR Detection System (Bio-Rad Laboratories, Hercules, CA, 

USA), using the following amplification conditions: 5 minutes 

at 95°C, followed by 40 cycles of 10 seconds at 95°C; 40 cycles 

of 20 seconds at 60°C; and 40 cycles of 20 seconds at 72°C. All 

assays were carried out in triplicate. The cycle threshold values 

were determined using the IQ5™  Optical System Software 

version 2 (Bio-Rad). Gene expression in each sample was nor-

malized with the housekeeping gene (β-actin)  expression. The 

relative quantification of target gene expression was evaluated 

using the comparative cycle threshold method.

immunohistochemistry analysis
The specimens were fixed in 10% neutral buffered forma-

lin (MP Biomedicals, Solon, OH, USA) and subsequently 

Table 1 clinical features of all patients

Sample type and clinical  
features

Experiment type (cases)

qRT-PCR IHC

Prostate cancer 26 98
Mean age (years)
  ,60 20 62

  $60 6 36
serum Psa levels (ng/ml)
  ,4 5 16

  $4 21 82
gleason score
  ,8 24 87

  $8 2 11
clinical stage
  ,T2a 17 59

  $T2a 9 39
Metastasis 0 5
adjacent benign prostate tissue 26 26

Abbreviations: qrT-Pcr, quantitative reverse transcription polymerase chain 
reaction; IHC, immunohistochemistry; PSA, prostate-specific antigen.
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embedded in paraffin. The paraffin-embedded tissues were cut 

at 3 µm and then deparaffinized with xylene and rehydrated 

for further hematoxylin and eosin or peroxidase–diamin-

obenzidine immunohistochemistry staining, employing the 

EnVision™ System (Dako, Carpinteria, CA, USA). Briefly, 

following a brief proteolytic digestion and a peroxidase 

blocking of tissue slides, the slides were incubated overnight 

with the primary antibodies against respective target proteins 

(SOX9 antibody, [SC0093, Santa Cruz Biotechnology, Inc, 

Dallas, TX, USA]; HIVEP3 antibody, [PAB21918, Abnova, 

Taipei, Taiwan]) at a dilution of 1:100 at 4°C. After washing, 

the peroxidase-labeled polymer and substrate-chromogen 

were then employed to visualize the staining of the inter-

ested proteins. In each immunohistochemistry run, negative 

controls were carried out by omitting the primary antibody; 

whereas, the overexpression of respective target proteins con-

firmed by Western blotting were used as positive controls.

Following a hematoxylin counterstaining, immunostain-

ing was scored by two independent experienced pathologists, 

who were blinded to the clinicopathological data and clinical 

outcomes of the patients. The scores of the two patholo-

gists were compared, and any discrepant scores were scored 

through reexamining the staining by both pathologists to 

achieve a consensus score. The number of positive-staining 

cells in ten representative microscopic fields was counted, 

and the percentage of positive cells was calculated. Given 

the homogenicity of the staining of the target proteins, the 

tumor specimens were scored in a semiquantitative  manner. 

The percentage scoring of immunoreactive tumor cells was as 

follows: 0 (0%); 1 (1%–10%); 2 (11%–50%); and 3 (.50%). 

The staining intensity was visually scored and stratified as 

follows: 0 (negative); 1 (weak); 2 (moderate); and 3 (strong). 

A final immunoreactivity score (IRS) was obtained for each case 

by multiplying the percentage and the intensity score. Protein 

expression levels were further analyzed by classifying IRS 

values as low and as high, based on a median of IRS value.

statistical analysis
The software programs SPSS version 13.0 for Windows 

(IBM Corporation, Armonk, NY, USA) and SAS 9.1 (SAS 

Institute, Cary, NC, USA) were used for statistical analysis. 

Continuous variables were expressed as X s± . Statistical 

analyses were performed with Fisher’s exact test for any 

2×2 tables, the Pearson’s chi-square test for non-2×2 tables, 

the Kaplan–Meier method for the question of survival, the 

Chiquest trend test for ordinal data, and the Cox regression 

analysis for the multivariate analysis. The Spearman correla-

tion was calculated between the expression levels of HIVEP3 

and SOX9 in PCa tissues. Differences were considered 

statistically significant when P,0.05.

Results
Downregulation of sOX9 expression  
by sirna interference inhibits hiVeP3  
expression in Pca cells
To clarify the relationship between HIVEP3 and SOX9, 

the siRNA interference technique was used to knockdown 

SOX9 expression in PCa cell line LNCaP. The qRT-PCR 

assay showed that the expression level of SOX9 mRNA was 

obviously downregulated in LNCaP-S cells compared with 

LNCaP-NC cells (P,0.001, Figure 1). In addition, the expres-

sion level of HIVEP3 in LNCaP-S cells with the inhibition 

of SOX9 by SOX9 siRNA was significantly lower than that 

treated by control siRNA (LNCaP-S versus LNCaP-NC, 

P,0.001, Figure 1), suggesting that the HIVEP3 expression in 

the PCa cells was closely related to the SOX9 expression.

hiVeP3 and sOX9 mrna  
and protein expression in Pca  
and adjacent benign prostate tissues
We examined the HIVEP3 and SOX9 mRNA expression in 

26 PCa tissues relative to their pair-matched adjacent benign 

prostate tissues using qRT-PCR and found that both HIVEP3 

and SOX9 mRNA expression in PCa tissues was significantly 

higher than that in adjacent benign prostate tissues (P=0.006 

and P,0.001, respectively, Figure 2).

Then, the expression and localization of HIVEP3 and 

SOX9 proteins in 98 PCa and 26 adjacent benign  prostate 

tissues were examined using immunohistochemical analysis. 

The immunohistochemical staining of HIVEP3 in PCa tis-

sues was localized in cell membranes and cytoplasm, while 

the SOX9 protein was localized in the nucleus of the tumor 

cells in the PCa tissues (Figure 3A and B). Consistent with 
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Figure 1 Downregulation of sOX9 expression by sirna interference inhibits 
hiVeP3 expression in Pca cells.
Notes: (A) electrophoresis of qrT-Pcr production. (B) relative expression of 
hiVeP3 and sOX9 in Pca cells.
Abbreviations: Pca, prostate cancer; qrT-Pcr, quantitative reverse transcription 
polymerase chain reaction; sirna, small interfering rna; sisOX9, sirna for sOX9; 
sinc, normal control sirna.
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the data of the qRT-PCR assay, both the expression levels of 

HIVEP3 (IRS, PCa =4.05±0.41 versus benign =3.49±0.38, 

P=0.006) and SOX9 (IRS, PCa =7.16±0.041, versus 

benign =5.96±0.461, P,0.001) in the PCa tissues were 

significantly higher than those in the adjacent benign prostate 

tissues (Figure 3C). Of the 98 PCa patients investigated, 

49 cases (50.0%) were regarded as the HIVEP3-high 

expression group, and 49 cases (50.0%) were regarded as 

the SOX9-high expression group, based on the median value 

of the IRS. The  Spearman rank correlation analysis showed 

that the expression level of the HIVEP3 protein in the PCa 

 tissues had a significantly positive correlation with that of 

SOX9 protein (Spearman correlation coefficient [rs] =0.51, 

P,0.001, Table 2).

association of hiVeP3 and sOX9 protein 
expression with the clinicopathological  
characteristics of Pca
The association of HIVEP3 and SOX9 protein expres-

sion with the clinicopathological features of PCa patients 
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Figure 2 hiVeP3 and sOX9 mrna expression in Pca and adjacent benign prostate 
tissues.
Notes: (A) electrophoresis of qrT-Pcr production. (B) relative expression of 
hiVeP3 and sOX9 in tissue.
Abbreviations: mrna, messenger rna; qrT-Pcr, quantitative reverse transcription 
polymerase chain reaction; Pca, prostate cancer.
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Figure 3 immunohistochemical staining for hiVeP3 and sOX9 proteins in Pca and adjacent benign prostate tissues.
Notes: (A) hiVeP3 strongly positive staining was found in the cytoplasm and nucleus of the Pca cell; (B) hiVeP3 weakly positive staining in the Pca was found in the 
cytoplasm and the nucleus of adjacent benign prostate gland cell; (C) sOX9 strongly positive staining was found in the cytoplasm and the nucleus of the Pca cell; (D) sOX9 
moderately positive staining in the Pca was found in the cytoplasm and the nucleus of the adjacent benign prostate gland cell; (E) negative immunostaining of negative 
controls with the primary antibody omitted in the Pca tissues; (F) immunoreactivity scores (irs) of sOX9 and hiVeP3 in Pca and adjacent benign prostate tissues. inset areas 
in A–E is 400X magnification. The arrows in A–D show positive staining cells. **P,0.001 in comparison between Pca and adjacent benign prostate tissues.
Abbreviations: Pca, prostate cancer; irs, immunoreactivity scores.
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is shown in Table 3. The immunohistochemical staining 

scores of HIVEP3 in the PCa tissues with PSA failure 

were significantly higher than those without (P=0.042); the 

increased SOX9 protein expression was frequently found in 

the PCa tissues with a higher Gleason score (P=0.045) and 

a higher clinical stage (P=0.012). Moreover, we evaluated 

the association of the combined expression of HIVEP3 and 

SOX9, with the clinicopathological characteristics of PCa. 

Results as shown in Table 4 indicated that tumors showing 

HIVEP3-high/SOX9-high expression more frequently had 

PSA failure (P=0.024).

Prognostic implications of hiVeP3 and 
sOX9 protein expression in Pca
The association of the expression levels of HIVEP3 and 

SOX9 proteins with the biochemical recurrence-free survival, 

overall survival, and metastasis-free survival of PCa patients 

was analyzed using the Kaplan–Meier method (Figure 4). 

The data indicated that there were no significant differences 

in the biochemical recurrence-free survival, overall survival, 

and metastasis-free survival between the high expression 

group and the low expression group of HIVEP3 protein (all 

P.0.05 Figure 4A–C).

In addition, the results by pairwise comparisons showed 

that there was a significant difference in the biochemical 

recurrence-free survival rates between patients with the high 

SOX9 expression and the low SOX9 expression (P=0.003, 

Figure 4D), but not in the overall survival and the metastasis-

free survival (both P.0.05, Figure 4E and F). Interestingly, 

patients with HIVEP3-high/SOX9-high expression were 

likely to be with significantly shorter biochemical recurrence-

free survival (P,0.001) than other groups (Figure 4G), but 

not in the overall survival and metastasis-free survival (both 

P.0.05, Figure 4H and I).

To further evaluate the prognosis value of HIVEP3 and/or 

SOX9 for biochemical recurrence-free survival of the PCa 

patients, a multivariate analysis was performed. Results, as 

shown in Table 5, suggested that: SOX9 (hazard ratio [HR] 

0.276, 95% confidence interval [CI], 0.084 to approximately 

0.906, P=0.034); HIVEP3/SOX9 (HR 1.86, 95% CI, 1.01 

to approximately 3.62, P=0.008); Gleason score (HR 2.64, 

95% CI, 1.61–4.32, P,0.001); and preoperative PSA (HR 

1.02, 95% CI, 1.00–1.04, P=0.02) were also independent 

predictors for the biochemical recurrence-free survival of 

PCa patients.

Discussion
Since PCa is the most frequently occurring cancer in men and 

advanced metastatic PCa is currently incurable, it is of great 

significance to identify novel molecular markers that could 

improve the tumor classification and prognostic stratification 

of PCa. The four main findings of the present study are: 1) in 

an in vitro system, the downregulation of SOX9 by specific 

siRNA could significantly inhibit the expression of HIVEP3 in 

the PCa cell line; 2) the overexpression of SOX9 and HIVEP3 

mRNA and proteins in the PCa tissues was further confirmed 

by qRT-PCR and immunohistochemistry analysis; 3) the 

expression levels of SOX9 and HIVEP3 in the PCa tissues 

were related to the severity of the tumor malignancy; and 4) the 

upregulation of SOX9 alone and the combined expression of 

HIVEP3/SOX9 were both independent predictors of shorter 

biochemical recurrence-free survival of patients with PCa.

Interestingly, the prognostic significance of the HIVEP3/

SOX9 coexpression was more conspicuous than the SOX9 

Table 2 correlation between hiVeP3 and sOX9 expression in 
prostate cancer samples

HIVEP3 expression SOX9 expression rs P-value

High (49) Low (49)

high (49) 37 12 0.51 ,0.001
low (49) 12 37

Abbreviation: rs, Spearman correlation coefficient.

Table 3 association of hiVeP3 and sOX9 protein expression 
with the conventional clinicopathological characteristics in 98 
patients with prostate cancer

Clinical  
features

Case  
number

HIVEP3 SOX9

X
–
±s P-value X

–
±s P-value

age (years)

  ,60 62 3.63±0.77 0.952 7.32±0.98 0.528

  $60 36 3.64±0.83 7.19±1.00
serum Psa levels (ng/ml)

  ,4 16 3.82±0.92 0.318 7.52±1.08 0.293

  $4 82 3.60±0.76 7.24±0.96
gleason score

  ,8 86 3.66±0.79 0.189 7.13±0.67 0.045

  $8 12 3.33±0.72 8.26±0.82
clinical stage

  ,T2a 59 3.53±0.77 0.110 6.64±0.71 0.012

  $T2a 39 3.79±0.80 7.98±0.88
Metastasis

  no 93 3.64±0.79 0.494 7.29±0.97 0.573

  Yes 5 3.39±0.86 6.91±1.38
Psa failure

  no 80 3.41±0.41 0.042 7.08±0.97 0.001

  Yes 18 5.51±0.38 8.31±0.79

Note: Bold P-values are statistically significant.
Abbreviation: PSA, prostate-specific antigen.
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expression alone (P,0.001 versus P,0.003, respectively). 

These results suggest that the expression of HIVEP3 in the 

PCa cells may be closely related with that of SOX9. The two 

proteins may play important roles in the pathogenesis and 

aggressiveness of PCa, and the HIVEP3/SOX9 coexpres-

sion especially may be associated with the poor prognosis 

in PCa.

The four main functions of the SOX gene family are:19–22 

1) SOX genes regulate specification and differentiation of 

many cell types, such as neurogenesis, neural crest devel-

opment, chondrogenesis, male sex gonad or respiratory 

epithelium development, melanocyte differentiation, and 

the differentiation of Paneth cells in the gut; 2) SOX genes 

within the same subgroup often share functional roles; 

3) SOX genes within the same subgroup can counteract the 

function of genes in another subgroup; and 4) the same SOX 

gene can mediate different stages of development in one 

cell type and/or developmental processes in more than one 

cell type. Based on the phylogenetic analysis of their high 

mobility group domains, the SOX genes can be separated 

into the subgroups A–J, A–H which are represented in mice 

and humans.23 Because they are expressed in many tissues, 

it is not  surprising that the SOX genes are implicated in 

the  etiology of many diseases and certain cancers. SOX9, 

together with SOX8 and SOX10, belongs to the SOX sub-

group E.24,25 It is a downstream effector of SRY, which – in 

turn – is dependent on the activity of androgens and the 

androgen receptor. There have been several studies on the 

involvement of SOX9 in PCa. In 2004, Drivdahl et al26 found 

that the elevated expression of SOX9 in the PCa cell lines 

resulted in a decreased rate of cellular proliferation, cell cycle 

arrest in G0/G1, and an increased sensitivity to  apoptosis. 

In 2007 and 2008, Wang et al27,28 also demonstrated that 

SOX9 was expressed in the PCa cells and was increased in 

relapsed hormone refractory PCa. In 2010, Thomsen et al29 

identified SOX9 as part of a developmental pathway that is 

reactivated in prostate neoplasia where it promotes tumor cell 

 proliferation. In 2012, Huang et al30 further confirmed that 

SOX9 may be required for prostate development and prostate 

cancer initiation. In line with the previous studies of our and 

other research groups, we here found that the upregulation of 

SOX9 was significantly associated with aggressive progres-

sion and poor prognosis of PCa patients.

HIVEP3 belongs to the HIVEP gene family, which 

encodes unusually large proteins containing four to five 

zinc fingers.7 Each HIVEP protein contains two DNA-

binding ZAS domains that are separated widely apart in the 

primary amino acid sequence. A ZAS domain is a composite 

Table 4 association of combined expression of hiVeP3 and sOX9 protein with the conventional clinicopathological characteristics 
in 98 patients with prostate cancer

Clinical features Case number HIVEP3 and SOX9 expression (n) P-value

HIVEP3(−)  
SOX9(−)

HIVEP3(+)  
SOX9(+)

HIVEP3(+)  
SOX9(−)/ 
HIVEP3(−)  
SOX9(+)

age (years)
  ,60 60 23 20 17 0.490

  $60 38 15 16 7
serum Psa levels (ng/ml)
  ,4 12 5 4 3 0.938

  $4 86 32 33 21
gleason score
  ,8 87 35 31 21 0.329

  $8 11 2 6 3
clinical stage
  ,T2a 59 19 28 12 0.051

  $T2a 39 18 9 12
Metastasis
  no 93 35 34 24 0.370

  Yes 5 2 3 0
Psa failure
  no 80 35 26 19 0.024
  Yes 18 2 11 5

Note: Bold P-values are statistically significant.
Abbreviation: PSA, prostate-specific antigen.
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 structure containing two consecutive zinc fingers, followed 

by an acidic domain and a serine/threonine-rich region.8 

Similar with SOX9, HIVEP3 also is a transcription factor 

and plays a role in and in the cell cycle. Allen et al31 have 

observed that anomalies and neoplasia growth in animals 

and cells deficient in HIVEP3, and other studies also found 

that the allelic loss, occurring at the chromosomal region of 

the human HIVEP3 counterpart in various tumors, suggested 

the tumor-suppressive function of HIVEP3. In contrast, our 

study showed that the HIVEP3 mRNA and protein were 

highly expressed in the PCa tissues and that both are associ-

ated with PSA failure status, indicating that the HIVEP3 may 

act as an oncogene in PCa. More interestingly, we found that 

the expression of HIVEP3 was significantly associated with 

that of SOX9. In vitro cell experiment, the loss of SOX9 

also could inhibit the expression of HIVEP3, implying the 

relationship between them.

An accurate prediction of the probability of disease 

recurrence is essential for the proper therapy selection 

of PCa tissues. Thus, we investigated the prognostic sig-

nificances of HIVEP3 and SOX9 in the present study. Our 

results revealed that the expression of SOX9 and/or HIVEP3 

in PCa correlated with biochemical recurrence-free sur-

vival.  However, the HIVEP3 overexpression alone was not 

associated with a prognosis in PCa patients, which is worthy 

of further validation using different cohorts.

In conclusion, our data offer the convincing evidence 

for the first time that the combined analysis of HIVEP3 
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Figure 4 Kaplan–Meier survival curves of the biochemical recurrence-free survival and overall survival.
Notes: represents the Kaplan–Meier survival curves of the biochemical recurrence-free survival and overall survival for hiVeP3 (A–C, respectively), sOX9 (D–F, 
respectively), combined hiVeP3 and sOX9 (G–I, respectively) expression in Pca.
Abbreviation: Pca, prostate cancer.
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and SOX9 may help to predict the tumor progression and 

prognosis of PCa patients. In particular, the overexpression 

of HIVEP3 in PCa might partly explain the poor prognosis 

of patients with an upregulation of SOX9. The exact roles of 

the two proteins in accelerating the development of PCa and 

promoting tumor progression need further clarification.
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