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Potential Prognostic Role for SPOP, DAXX, RARRESI1, and LAMP?2 as an Autophagy Related Genes in
Prostate Cancer

Leila Jamali', Afshin Moradi*® , Maziar Ganji', Mohsen Ayati’, Behrang Kazeminezhad®’, Zahra Fazeli Attar',
Hamid Ghaedi', Seyyed Mohammad Hossein Ghaderian®'*, Morteza Fallah-Karkan”®, Arash Ranjbar ’

Purpose: Autophagy plays a critical role in PCa development. DAXX has a potent pro-survival effect by enhanc-
ing cell growth in PCa via suppression of autophagy. Here, we depicted a network governed by DAXX and SPOP
by which the autophagy pathway is suppressed through the ubiquitination and modulation of key cellular signaling
pathways mediators including LAMP2 and RARRESI.

Materials and Methods: Through network-based bioinformatics approaches, the expression levels of DAXX,
RARRESI, LAMP2, and SPOP genes was assessed in 50 PCa tissues and 50 normal adjacent from the same sam-
ple as well as 50 benign prostatic hyperplasia (BPH) tissues by quantitative RT-PCR. The normal adjacent tissues
were taken from regions more than Smm away from the bulk of those tumor tissues with clearly distinct margins.
RNA extraction, cDNA synthesis and Real-time Quantitative RT-PCR were done for assessment of gene expres-
sion. To evaluate the primary gene network centered on autophagy pathway, according to the Query-dependent
weighting algorithm, these two networks were integrated with Cytoscape 3.4 software.

Results: We found that in PCa tissues the DAXX expression level was significantly increased (P < 0.001) and the
expressions of SPOP, RARRESI, and LAMP2 were significantly down-regulated, when compared to both control
groups including normal adjacent and BPH tissues. Moreover, significant correlations were observed between ex-
pression levels of all four genes. Additionally, ROC curve analysis revealed that LAMP2 had the most sensitivity
and specificity.

Conclusion: These findings suggest that the contribution of SPOP, DAXX, RARRESI, and LAMP2 together
could be a putative regulatory element acting as a prognostic signature and therapeutic target in PCa.
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INTRODUCTION

Prostate cancer (PCa) is the most common malig-
nancy in men“®. Currently, clinicopathological

features including Gleason score (GS), staging, and

prostate-specific antigen (PSA) are conventional prog-
nostic markers®” and utilized for clinical decision mak-

ing the damaged proteins accumulation. Despite various
attempts, role of auto(phagy and its precise function in
PCa, remains unclear!'”.

Various studies have indicated the crucial roles of
speckle-type POZ protein (SPOP) and death-domain
associated protein (DAXX) in cell apoptosis, prolifer-
ation and that their dysregulated expression may con-

ing. Nonetheless, they are insufficiently accurate to dis-
criminate the indolent tumors from aggressive ones due
to heterogeneous genetic background of PCa®'”, which
emphasizes the inevitable necessity of identifying novel
molecular biomarkers and high-risk individuals"'".

Autophagy is a survival-promoting pathway that plays
the key role of eliminating damaged cellular compart-
ments and aggregated proteins in lysosomes®. Auto-
phagy also can serve as a tumor suppressor via prevent-

tribute to autophagy pathways in tumorigenesis'®'"”.
Extensive genomic documents have considered SPOP
as a tumor suppressive role via degradation of onco-
genic substrates in malignant prostate cells"®. DAXX,
as a transcriptional repressor, in co-operation with
other transcription elements participates in regulating
DAPK1/3 tumor suppressor protein kinases'”, which
are associated with autophagy®**".

As another element relevant to autophagy, retinoic acid
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Table 1. The sequences of primers used in this study.

Gene Primer sequences Primer length Product length

B2M F: AGATGAGTATGCCTGCCGTG 20 105
R: GCGGCATCTTCAAACCTCCA 20

RARRESI F: CTAGTGTGAGGCAGTGGAAAAC 22 110
R: GACCAAGTGAATGCGACAGG 20

LAMP2 F: ATGGCTCCGTTTTCAGCATTG 21 106
R: GCTCCAGACACTGAAACAGTC 21

SPOP F: TACCCTCTTCTGCGAGGTGA 20 129
R: CGGGAATTCTCCCACAGTCC 20

DAXX F: GACTATAGGCCAGGCGTTGA 20 144
R: CTCGCCCTCCTCACTTTTGT 20

receptor responder 1 (RARRESI) is a new retinoic
inducible gene. Expression of RARRESI is known to
activate the autophagy pathways. Furthermore, dysreg-
ulation in RARRES1 was indicated to associate with
malignant transformations and tumor progression .
Retinoic acid receptors (RARs) signaling controls the
activation of lysosome-associated membrane glyco-
protein 2 (LAMP2)®. LAMP2 encodes a single-span
lysosomal membrane protein that is involved in the lys-
osomal stability. Nonetheless, apart from preserving the
structural integrity of lysosomal membranes, a critical
role has been proposed for LAMP?2 in lysosomal func-
tion and autophagy in the context of cancer®.

In this study, first we aimed to construct a network for
candidate genes participating in autophagy pathway
based on literatures to clarify the role of these candidate
genes in relation with diverse interactions in cellular
networks. We hypothesized these interactions may po-
tentially affect the individual behavioral of each target
gene in a context-dependent manner.

Altogether, here we aim to develop network enrichment

for SPOP, DAXX, RARRESI, and LAMP2 genes and
to examine their expression levels in PCa tissues in
comparison to normal adjacent and BPH tissues.

MATERIALS AND METHODS

Patients and tissue samples

After institutional ethical committee approval (ethics
code:IR.SBMU.MSP.REC.1396.286), this case-control
study was conducted on a series of 189 paraffin-em-
bedded prostate tissue samples. The exclusion criteria
included the blocks with poor histopathological quality,
patients who had history of chemoradiotherapy before
surgery, presence of other malignancies in patients, and
samples with technical problems in tissue processing.
Subjects aged from 55 to 79 years in PCa and 59 to
79 years in Benign Prostatic Hyperplasia (BPH) were
included in study. Finally leaving a total of 150 sam-
ples for the final analysis. Our collection included 50
PCa and 50 normal adjacent tissues from the same sam-
ple in addition to 50 BPH tissues. Considering the fact

Table 2. The association of four candidate genes with clinicopathological characteristics gathered from PCa patients.

DAXX RARRES1 MP2 spop
imi i L La La L
clinicopathological Features Mea Media 10R 10R Media QR QR Mea Media QR QR Mea Media QR QR
N SD value N Mean SD value N SD value N SD value
n n 25 75 n 25 75 n n 25 75 n n 25 75
28 -1.2675 4.458 3736 25 -3.1850 5.142 -.9699 28 5.2275 6.685 1.978 21 -4.0925 6.293 2.689
<60 9 2.04 6 9 3.06 6 9 -4.33 5 3 9 -4.49 9 8
9 0 2 6
o . o - . .- .y 0.180
5 34 | 19525 | 3280 | -7380 | 4050 | 3 23 | 40200 | 5014 | 3258 | sep | 3 21 | 34775 | 4321 | 2726 | 357 | 3 24 | 45075 | 5477 | 3357
Age 60-70 -2.01 7 414 1 5 -3.52 7 3 -4.27 3 7
4 o 4 5 4 4 4 4
2.1 -4.6050 7.275 2.030 16 -3.4800 5.918 1.725 29 -1.4800 6.246 .9703 13 -2.1150 -.4071 -3.98
>70 6 4.65 5 5 6 3.82 8 2 6 2.64 3 6 2.09
1 9 1 6
N 22 | 116 | <199 | 102 1 17 | 330 | 525 | 318 N 24 | 343 | 476 | -1.50 B 17 | 389 | 593 | 246
Low-grade -1.08 -4.20 -3.63 -4.21
3 4 3 9 3 1 3 7
Intermediate 1 23 -3.73 -4.27 -1.75 0111 1 31 -3.13 -5.00 -1.24 0.401 1 2.4 -3.41 -4.61 1.12 0.601 1 23 -291 -6.08 -2.12 0.788
as 378 307 3.04 363
-grade 6 7 b 6 o 6 2 L 6 9
2 50 | 192 | 41 | <11 2 18 469 | 573 | 281 2 23 | 401 623 | -1.76 B 27 | 398 | 697 | 169
High-grade 205 429 -390 426
0 4 0 6 0 2 0 0
N 24 | 271 | 420 | 128 1 17 | 339 | 500 | 276 1 24 | 343 | 476 | 176 1 o1 | 291 | 93 | 212
pT2a -2.60 -3.90 -3.39 -3.96
6 9 6 4 6 0 6 2
48 156 175 | 14 33 348 | -685 52 7 2.11 353 | -1.36 1s | 246 | 370 | 212
pT2b 8 92 8 3.40 8 247 8 311
9 3 8 2
17 | 17 | 296 | -a7 16 | 391 538 | -2.64 11 | 575 | 642 | 479 50 | G094 | 779 | a7
pT2c 4 1.72 4 -4.01 4 -5.60 4 -5.75
5 7 0.630 0 0.078 6 0.342
Stage 6o | 328 | 788 | 102 | 0829 45 44 | 366 | 278 31 | 450 | 112 47 276 | 613 | 61
pT3a 4 | 328 4 m 4| a3 | 27 4 | 276
8 5 7
1 57 | 309 | 592 | <11 1 10 | 832 | 500 | 281 1 23 | 324 | 506 | -148 B 23 370 | 647 | -169
pT3b 298 4.80 344 373
3 6 3 7 3 3 3 3
191 262 | 153 0820 | 190 | B9 | 542 | 243 25 | 647 | 720 | 406 17 | ses | 735 | as
pT3c 4 2.08 91 4 -5.63 4 -5.93
L3 3 7 8
B 20 | 211 | 417 | -4 1 17 | 430 | 00 | 313 B 20 | 322 | -353 | -150 B 22 | 318 | -608 | -2.12
negative 229 424 2.90 3.98
Perineurial 9 2 0952 | 9 9 0435 | 9 2 0129 | o 3 0623
invasion 3 38 -1.83 5.10 1.06 3 25 -3.43 -5.73 -2.29 3 2.4 -4.39 6.23 1.89 3 25 -3.93 -6.47 211 ¢
positive -2.35 -3.67 -4.01 -4.11
0 9 3 5 3 7 0 3
22 | 162 | 420 | a2 14 | 366 | ae0 | 313 25 | 76 | -495 | -136 21 370 | -580 | -1.41
negative 7 2.04 7 3.96 7 2.69 7 -3.63
8 0.807 7 0.940 6 0.279 7 0.410
PIN
A 34 | 195 | 439 | 15 . 24 | 395 | 556 | -2.50 . 23 353 | -541 | 191 4 24 | 379 | 661 | 212 N
positive 238 389 374 414
2 3 2 5 2 0 2 2
. 53 | 211 | 4t | s 4 23 | 366 | 532 | 231 4 22 | 353 | 540 | -17a 4 24 | 398 | 647 | 212
Circumferenti free -2.63 -3.70 3.67 4.19
N 0 5 0.212 0 0 0.247 0 8 0.457 0 0 0.471
al Margins & 24 | 183 | 231 | -5 . b2 | 420 | 624 | 337 27 | 274 | 488 | 112 22 | 308 | 451 | 190 B
Capsule involved 9 -97 9 -4.76 9 -3.12 9 -3.49
8 5 2 4

a: Kruskal-Wallis Test, b: ANOVA

Test.

. ¢: Independent sample T test, d: Mann-Whitney U. Note: Normality was checked using Shapiro-Wilk
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Table 3. The correlations between expression levels of candidate genes in PCa tissues.

Correlations DAXX RARRES1 LAMP2 SPOP
DAXX Correlation Coefficient (r) 1.000 0.320 0.338 0.220

Sig. (2-tailed) . 0.003 ** 0.001 ** 0.029 *
RARRESI1 Correlation Coefficient (r) 1.000 0.373 0.351

Sig. (2-tailed) >0.0001 ** 0.001 **
LAMP2 Correlation Coefficient (r) 1.000 0.535

Sig. (2-tailed) >0.0001 **
SPOP Correlation Coefficient (r)

Sig. (2-tailed)

1.000

* Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).

that although normal adjacent tissue is normal based on
pathological feature, it is abnormal pertaining to molec-
ular changes and there is a potential of tumor progres-
sion to adjacent tissue cells over time, so we utilized
BPH as secondary external controls. The adjacent nor-
mal tissues were taken from regions more than 5 mm
away from the bulk of those tumor tissues with clearly
distinct margins. One-mm tissue cores were obtained
from all samples after processing and were transferred
to the RNase-free microtubes for RNA extraction. All
samples were diagnosed by an expert pathologist to de-
termine and confirm the differentiation status of adeno-
carcinoma tissue and dysplasia degree of the adenoma
tissues. Evaluation of tumor differentiation was based
on the architectural and glandular differentiation as well
as tumor nuclear features. Tumor grade was figured out
based on GS system according to the 2014 International
Society of Urological Pathology (ISUP) Consensus on
Gleason Scoring of Prostatic Carcinoma®. Other pa-
rameters such as PT category, prostatic intraepithelial
neoplasia (PIN), perineural invasion, and serum PSA
levels were included too.

All these samples were gathered from February 2014 to
October 2016 from Mehr and Shohada-e-Tajrish Hos-
pitals, Tehran, Iran. The study protocol was approved
by the Institutional Review Board of Shahid Beheshti
University of Medical Sciences.

Bioinformatic analysis

We designed a network for candidate genes, gathered
from literature review, and their cellular interactions
with other genes in various signaling pathways were
created. The gene Regulatory network drawing was ac-
complished by STRING 1.1 software with confidence
cutoff value of 0.1 for the interactions. As the next step,
another gene network was plotted with GeneMANIA
prediction server by applying unregularized algorithm.
To evaluate the primary gene network centered on au-
tophagy pathway, according to the Query-dependent
weighting algorithm, these two networks were integrat-
ed with Cytoscape 3.4 software, validated Regulatory

Interactions Network Analysis software®?®. We ap-
plied the Reactome FI 5.2 package to analyze and en-
rich the gene network and interactions.

RNA extraction and cDNA synthesis

Total RNA extraction was carried out from all samples
using Formalin-fixed, paraffin-embedded (FFPE) RNA
Purification Kit (Cat. 25300; NORGENE, Canada)
according to the manufacture’s protocol. The stand-
ard de-crosslinking and column purification as well as
DNase I treatment were performed to remove proteins
and other cellular components in addition to genomic
DNA prior to cDNA synthesis. The RNA quality and
quantity were measured using agarose gel electropho-
resis and Nanodrop 2000 (Thermo Fisher Scientific,
Wilmington, DE, USA), respectively. Samples with
sufficient yield (>100 ng) and A260/A280 ratio be-
tween 1.8-2 were used for single-strand cDNA synthe-
sis. Briefly, 500 ng of total RNA from each sample was
subjected to reverse transcription for target gene. cDNA
was synthesized utilizing Prime Script II reverse tran-
scriptase (TaKaRa, Japan) by the following method: at
37 °C for 15 minutes (reverse transcription) followed
by 85 °C 5 second (inactivation of reverse transcriptase
with heat treatment).

Real-time Quantitative RT-PCR (qRT-PCR)

The cDNA was diluted 1:10 in nuclease-free water. Re-
al-time PCR was performed in duplicate in a LightCy-
cler96 instrument (Roche Diagnostics). SYBR Premix
Ex Taq II (TaKaRa, Japan) was used for detection of
gene expressions. The SYBR qRT-PCR was: 30 sec in-
cubation at 95 °C followed by 40, two step cycles of
amplifications consists of 95 °C for 15 sec and 60°C
for one min. The formation of PCR products was con-
firmed through melting curves. Primer sequences were
designed by Allele ID software version 7.0 for Win-
dows (Premier Biosoft International, Palo Alto, CA,
USA). Exon-exon junction method and NCBI Primer
Blast were applied (Table 1).

Table 1. The sequences of primers used in this study.
Each run had a negative control (without cDNA tem-

Table 4. The correlations between gene expression levels and clinicopathological characteristics

Gene Age PSA Stage
R P-value R P-value P-value R P-value
DAXX -0.18 0.22 0.033 0.84 -0.14 0.36 -0.026 0.86
RARRESI1 -0.07 0.61 0.17 0.3 -0.08 0.57 -0.12 0.42
LAMP2 0.22 0.14 -0.31 0.05 -0.07 0.61 -0.14 0.37
SPOP 0.25 0.09 -0.23 0.14 -0.01 0.92 -0.13 0.38
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Figure 1. Four network clustering modules based on bioinformatics analysis, shown with different colors.

plate) to check any possible contamination. The relative
quantification of expression changes was calculated
after normalization to Beta 2Microglobuline (B2M) ex-
pression according to previous study (29). Data were
evaluated using the comparative cycle threshold (CT).

Statistical analysis

Relative quantification of mRNA expression was eval-
uated using the comparative cycle threshold (CT) meth-
od. The expression of samples was normalized to the
expression of B2M and fold change was calculated, us-
ing the 2—AACt method.

All statistical analyses were conducted on SPSS sta-
tistical software version 20 (SPSS Inc., Chicago IL,
USA). P values < 0.05 were considered statistically sig-
nificant. Mean normalized gene expression + SD was
calculated from independent experiments. For com-

Figure 2. Receiver operating characteristic (ROC) curve showing
the area under the curves for discriminating between malignant,
BPH tissues by DAXX, RARRES1, LAMP2, and SPOP genes.

parisons between PCa and normal adjacent tissues the
normality of the response variables was checked using
Shapiro-Wilk statistical test. If normality is accepted,
the t test is used; otherwise the Mann-Whitney test or
Wilcoxon was utilized for independent non-parametric
and dependent variables, respectively. Furthermore, to
investigate the correlations, given the normality test of
the data the Pearson correlation coefficient for paramet-
ric values and Spearman's rank for nonparametric data
utilized. Also, to evaluate statistically significant differ-
ences between two or more groups of an independent
variable one-way ANOVA and Kruskal-Wallis test was
used respectively, for parametric and nonparametric
data.

In addition, authors represented the receiver operating
characteristic (ROC) curve to determine the sensitivity
and specificity of gene expression levels as diagnostic
markers for PCa. ROC was calculated to determine the
potential of genes to discriminate between malignant
and non-malignant samples.

Ethics
The ethical committee of Shohada-e-Tajrish Hospital
approved this study and permitted us to review patients’
medical data. The personal data of the subjects were not
disclosed and the principles of patient secrecy were ob-
served.

RESULTS

Clinicopathological characteristics

The mean age and PSA level were 65.49 + 6.28 years
and 10.34 = 11.10 ng/mL in cancerous sample. The sub-
jects with BPH also had the mean age of 66.35 + 4.55
with 4.34 £+ 1.09 ng/mL PSA level. Table 2 illustrates
the associations between gene expression levels and
clinicopathological characteristics, no significant asso-
ciation was found.

Table 2. The association of four candidate genes with
clinicopathological characteristics gathered from PCa
patients.

Bioinformatic network analysis

The results from network enrichment of STRING and
GeneMANIA softwares in terms of statistical signifi-
cance (False Discovery Rate < 0.25) revealed the inter-
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Table 5. The results obtained from ROC curve analysis of four candidate genes.

Gene Cut-off point AUC 95% Confidence Interval % Sensitivity % Specificity P-value
DAXX -6.302 0.837 [0.751-0.924] 86 60.5 <0.0001
RARRESI -2.557 0.659 [0.542-0.776] 72 53.5 0.011

LAMP2 -3.065 0.884 [0.815-0.953] 90.7 62.8 <0.0001
SPOP -2.437 0.809 [0.715-0.904] 86 60.5 <0.0001

action of candidate genes with other genes in relation to
biological and molecular pathways. During functional
categorization analysis, four main modules were identi-
fied in gene network, each with up to 11 genes (Figure
1). First module included “Co-regulation of androgen
receptor (AR) activity” [P = 1.27E-05] and “Pathways
in cancer” [P = 3.20E-03] (comprising SPOP, AR,
GLI3, RNF4, PDX1, GLI2, SHE, TMF1, SNUREF,
ATRX, CUL3 genes). The module of “Class I PI3K sig-
naling” [P = 4.33E-04] and “Apoptosis” [P = 6.53E-03]
(including DAXX, MAP3KS5, HIPK1, UBE21, ETSI,
SLC2A4, KDM1A, HSPB1, RASSF1, KIF5B genes)
was also demonstrated in this network. Moreover, the
modules of “Lysosome” [P = 5.92E-03] and “Phago-
some” [P = 3.87E-03] (including RARRES1, LAMP2,
IMPDH1, LXN) as well as “Retinoic acid receptors-me-
diated signaling” [P = 1.18E-07] and “RNA polymer-
ase II transcription” [P = 1.40E-08] (comprising genes
such as of ESR1, PPARG, NR3C1, KLK3, NCOA2,
NCOAT1, RXRA, PPARA, RARA) were implicated in
this network. The genes in the modules were mainly lo-
cated in the nucleus, cytoplasm, and lysosome.
Figure 1. The network clustering modules found in this
study. Four modules, shown with different colors, are
displayed based on bioinformatics analysis.

Relative expression levels of SPOP, DAXX, RAR-
RES1, and LAMP2

By the 2—AACt method a statistically significant de-
crease in SPOP mRNA expression level of malignant
prostate tissues was observed in both normal adja-
cent and BPH tissues (both at P < 0.001). As well as,
DAXX expression level in PCa tissues was significant-
ly up-regulated in comparison with both controls (both
at P <0.001). The expression of RARRESI1 gene was
significantly down-regulated in PCa group in compar-
ison to groups of normal adjacent and BPH samples (P
<0.001, P <0.011, respectively). Finally expression of
LAMP2 in PCa samples showed a total significant de-
creased level compared with normal adjacent and BPH
groups (both at P < 0.001).

Correlation analysis

The assessment of correlations between expression
levels of our four candidate genes in PCa tissues was
accomplished (Table 3). In this regards, there were
significant correlations between DAXX and expression
levels of RARRESI (r = 0.320, P = 0.003), LAMP2 (r
=0.001, P =0.338), and SPOP (r = 0.220, P = 0.029).
The expression of RARRES!1 demonstrated significant
correlations with LAMP2 (r = 0.373, P < 0.0001) and
SPOP (r=0.351, P=0.001). In addition, the correlation
of LAMP2 and SPOP (r = 0.535, P < 0.0001) statisti-
cally significant.

Table 3. The correlations between expression levels of
candidate genes in PCa tissues.

The analysis of correlations between gene expression
levels and clinicopathological characteristics such as
age, PSA, GS, and Stage of disease in PCa tissues was
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carried out. LAMP2 expression was significantly corre-
lated with PSA (r=-0.31, P=0.05). However, the other
correlation related to four candidate genes did not reach
a significance level (Table 4).

Table 4. The correlations between gene expression lev-
els and clinicopathological characteristics

ROC curve analysis

The predictive value of gene expressions for discrim-
inating between malignant and non-malignant tissues
was investigated by constructing an ROC curve (Fig-
ure 2). Critical cut-off values of significantly different
RARRESI1, LAMP2, SPOP, and DAXX levels were
determined. The area under the curve (AUC), sensitiv-
ity, and specificity for RARRES1 were 0.659, 72.1%,
and 53.5%, respectively. AUC for LAMP2 expression
showed the most predictive power, 0.884 (with sen-
sitivity of 90.7% and specificity of 62.8%). As well,
the AUC for expression levels of SPOP (sensitivity of
86.0% and specificity of 60.5%) and DAXX (sensitiv-
ity of 86.0% and specificity of 60.5%) as predictors of
malignancy in prostate tissue was 0.809 and 0.837, re-
spectively (Table 5).

Figure 2. Receiver operating characteristic (ROC)
curve showing the area under the curves (AUC) for
discriminating between malignant and non-malignant
prostate tissues by DAXX, RARRES1, LAMP2, and
SPOP genes.

DISCUSSION

Gene-module level analysis has emerged as a novel
design principle in biological systems. This type of
evaluations aims to explain biological network design
and system behavior in development of diseases, via
highlighting the modules of genes instead of individ-
ual genes®™?V. In the current study, first we enriched
the candidate genes and directed biological pathways,
by bioinformatics approaches, and their gene network
as well as interactions with other genes was designed.
Then, expression analysis of SPOP, DAXX, RAR-
RESI, and LAMP2 was assessed by qRT-PCR in 50
PCa tissues, compared with 50 BPH and 50 normal ad-
jacent prostatic tissues.

Puto et al. described DAXX as a transcription factor
that serves its suppressive role by recruiting DNA me-
thyl transferases and histone deacetylases in PCa cell
lines"?. Here, by developing a network we depicted
that DAXX mediates its key role in cellular process by
interactions with SPOP and other factors in pathways
related to lysosome, RARs-mediated signaling, PI3K
signaling, and AR activity. SPOP encodes an E3 ubiq-
uitin ligase component acting through degradation of
several regulators of cell proliferation and apoptosis
including DAXX in a cancer context®”. Our findings
confirms these concepts by showing the inverse rela-
tionship between expression levels of DAXX (up-reg-
ulated) and SPOP (down-regulated) and further points
to their connection and vital roles as autophagy-related
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genes in PCa. These results are consistent with those of
Ju et al. speculating that SPOP selectively suppresses
the PCa through stability regulation of cyclin E1 in PCa
cell lines. Substantially, expression of cyclin E1 rescues
the tumor formation, proliferation, and migration of
PCa cells®?. The results from exome sequencing of 112
PCa and normal tissue pairs revealed that SPOP gene
had the most frequently recurrent mutations influencing
its expression level®”. Noticeably, Dysregulated levels
of SPOP may accordingly serve as a specific hallmark
in early detection of PCa carcinogenesis®”, which can
bring us to precise understanding of molecular mecha-
nism and its clinical applications for targeted PCa thera-
pies®®. Evidence also suggests that strong expression of
DAXX correlates with high GS and elevated cell pro-
liferation index, exhibiting its potential prognosticator
role in PCa outcomes®”.

By considering the network enrichment and correlation
outcomes, our study represents for the first the inter-
actions of RARRES1 and LAMP2 between themselves
and in network of SPOP and DAXX genes, altogether
emphasizing a network developed from different mod-
ules (Figure 1). Literature introduces RARRESI as a
putative tumor suppressor gene that negatively regu-
lates the cell proliferation, while less is known about
responsible mechanisms®®. Particularly, it has been
emphasized that RARRESI is involved in autophagy
induction”. Our network enrichment and qRT-PCR
findings supported this hypothesis by revealing the sig-
nificant reduction of RARRESI in tumor samples rel-
ative to both controls including adjacent and BPH tis-
sues. Based on the obtained gene network, this reduced
level might be indirectly related to the increased levels
of DAXX, offering their inverse relationship in PCa in
our study.

We found a total reduction in LAMP2 expression lev-
el in tumor tissues. Evidence exist that this decreased
level can trigger lysosomal membrane permeabilization
and subsequently sensitize cells to the lysosomal path-
way of cell death®. Noteworthy, we found that ino-
sine monophosphate dehydrogenase 1 (IMPDH1), as a
mediator, interacts with LAMP2 in autophagy module
of our network. This suggests that DAXX may be able
to down-regulate the LAMP2 expression through IMP-
DHI in the depicted gene network. On the other hand,
DAXX can adjust the expression of autophagy-related
genes such as RARRES1 and LAMP2 by interactions
with AR and retinoic acid receptor alpha (RARA) (Fig-
ure 1).

Importantly, the ROC curve analysis showed the good
predictive value (AUC above 0.8) for DAXX, SPOP,
and LAMP?2 gene expressions in discrimination of ma-
lignant and non-malignant tissues in PCa, among which
LAMP2 had the most sensitivity and specificity. Again,
the integrated picture of ROC curve for all four candi-
date genes, in addition to the significant correlations ob-
served between their expression levels, potentially sug-
gests the putative clinical application of this network.
In this kind of study, which different molecular tech-
niques can yield different results, it is recommended to
study greater sample size with the same methods to in-
crease the accuracy of the results.

As the next step forward, we suggest the study of a
more extended gene network from each module to en-
rich our knowledge of reciprocal interactions between
these genes. In line, investigation of their expression al-

terations in protein level, as well as considering a larger
sample size of PCa and BPH tissues, could be of great
value for future.

CONCLUSIONS
In conclusion, given the importance of autophagy in

PCa tumorigenesis, these findings not only indicate the
complicated cellular networks and context-dependent
manner of autophagy induction, also suggest that the
contribution of SPOP, DAXX, RARRES]1, and LAMP2
together could be a putative regulatory element acting
as a prognostic signature and therapeutic target in PCa.
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