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Abstract: Prostate cancer is a multifactorial disease and the second most common

cancer diagnosed in men worldwide. The six transmembrane epithelial antigen of
prostate (STEAP) proteins seem to be involved in prostate tumorigenesis. The
STEAP proteins are differentially expressed in prostate cancer cells, and survival
analysis reveal that prostate cancer patients with high levels of STEAP1 have poor
survival outcomes. In contrast, high expression of STEAP4 offers a better progno-
sis. This chapter provides an overview of the role of STEAP proteins in prostate
cancer. The structure, biological functions, and the potential prognostic signifi-
cance of each of the four members of the STEAP family in prostate cancer are
discussed.
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INTRODUCTION

Prostate cancer is the second most diagnosed cancer and the sixth leading cause
of cancer-related death in men in the Western world. Each year, 1.6 million men
are diagnosed with this neoplasia, and 366,000 men die of prostate cancer (1). In
2040, 2.3 million new cases and 740, 000 prostate cancer-related deaths are esti-
mated to occur worldwide due to the growth and aging of population (1).
Endogenous (age, family history, ethnicity, hormones, and oxidative stress) and
exogenous (dietary factors, physical inactivity, obesity, environmental factors,
occupation, smoking) risk factors contribute to the risk of developing prostate
cancer. However, older age, black race, and a family history of the disease are the
best-established risk factors for prostate cancer (2).

The main biomarker used in clinical practice for prostate cancer screening is
the serum level of prostate-specific antigen (PSA). However, several factors may
affect PSA levels resulting in a considerable number of false-positives (3). The low
specificity of PSA in the diagnosis of prostate cancer is a clinical problem. There is
an urgent need to identify new biomarkers for early detection of the disease, and
to improve patients’ stratification and better define targeted therapies and clinical
management of prostate cancer.

The human six-transmembrane epithelial antigen of prostate (STEAP) family of
proteins comprises four members, namely STEAP1 to STEAP4, which are involved
in numerous biological processes including the control of cell proliferation and
apoptosis (4), oxidative stress (5) and molecular trafficking in exocytic and endo-
cytic pathways (6). Cumulative evidence has pointed out STEAP family members
as putative biomarkers, as well as therapeutic targets, in several types of human
cancers, particularly in prostate cancer (7-11). However, the clinical significance of
the expression of STEAP proteins for prostate cancer development is still scarce,
and further analysis is required to ascertain their usefulness as prognostic biomark-
ers. This chapter first provides an overview of the structure and biological functions
of STEAP proteins, followed by a discussion on their role in prostate cancer. Their
putative role in tumorigenesis and prognosis of prostate cancer, based on datasets
retrieved from the cBioPortal (12) and CANCERTOOL (13) public databases are
presented.

STRUCTURE AND ROLE OF STEAP PROTEINS

All STEAPs have a characteristic six-transmembrane helix with intracellular N-
and C-terminal domains, with a homologous architecture to ion-channels and/or
transporter proteins (6, 8, 14, 15). The C-terminal domain is similar to the trans-
membrane domain (TMD) of the yeast ferric reductase (FRE) family of b-type
cytochrome metalloreductases, whereas the N-terminal is comparable to the
archaeal and bacterial Fy,;:NADPH-oxidoreductase (FNO)-binding proteins and
to human NADPH-oxidoreductase domains (OxRD) (6, 8, 14, 15). The FNO-like
domain reinforces the importance of STEAPs in the uptake and reduction of
molecular oxygen and chelation of metal ions Fe?* and Cu?*, and the involvement
of these proteins in transmembrane-electron transport through the intracellular
binding of NAD and FMN nucleotides to a conserved single heme-binding



STEAP Proteins in Prostate Cancer

STEAP1 STEAP2

Cu> ¢ Cu* Cu e Cu~
Fe Fe?

A v
g Small Molecules
Na Nutrients
Acute involvement in metal homeostasis and transferrin cycle Acute i in metal is and in cycle
Acts in cellular communications and cell adhesion processes Acts as cell-surface ferrirudectase and controls molecular trafficking
Enhances cancer cell invasion and proliferation Enhances cancer cell invasion and proliferation
Ci to tumor and Regulates in endo- and exocytic pathways
Regulates proinflammatory cytokines-related pathways Partially arrests cell cycle progression in G0-G1 phase

Cu® o  Cu*

P .
Cu L Cu Fe s > Fe™

Proinflammatory Small Molecules

Cytokines Nutrients
Acute involvement in metal homeostasis and transferrin cycle Acute i in metal i in cycle
Promotes apoplosis and inhibits metastatic progression Controls molecular trafficking in endo- and exocytic pathways
Partially delays cell cycle progression in G2-M phase Modulates the activity of STEAP3-/STEAP3-interacting proteins
cell ism in i P cancer cell i ion and tumor i
Controls adipose tissue differentiation and development Plays a protective role in chronic metabolic and inflamatory diseases

Figure 1. Schematic structure of STEAP family members. Representation of STEAP1, STEAP2,
STEAP3 and STEAP4 proteins and their main cellular and biological functions.

histidine residue and a flavin-binding site (6, 14, 15). Also, STEAPs share a YXX®
consensus sequence responsible for targeting transmembrane proteins to lyso-
somes and endosomes, and the Rossmannfold (GxGxxG/A motif) that binds
NAD and FMN coenzymes (6). Besides maintaining cellular metal homeostasis,
STEAPs are implicated in several biological processes, such as oxidative stress
response, inflammation, metabolism, invasion, proliferation, growth, and apoptosis
(Figure 1) (8).

STEAP1

The STEAPI gene is located on chromosome 7q21.13 close to STEAP1B, STEAPZ,
and STEAP4, in a region that contains a cluster of genes predicted to encode trans-
membrane proteins. It encodes an mRNA of 1.3 kb that is translated into a mature
protein of 339 amino acids (UniProt ID: QOUHES, 39.851 kDa). The STEAP1
protein is composed of six-transmembrane domains with cytosolic C- and
N-terminals connected by three extra- and two intracellular loops preferentially
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located at tight and gap junctions (16). Unlike other STEAPs, STEAP1 lacks the
N-terminal NADPH-oxidoreductase, the FNO-like domain, and the Rossmann
fold (8, 14). Nevertheless, STEAP1 partially co-localizes with transferrin (Tf),
transferrin receptor (TfR), and lysosomes or endosomes, suggesting an involve-
ment in metal homeostasis (6, 17). A recent study indicated that dithionite-
reduced purified STEAP1 is capable of reducing metal-ion complexes and
molecular oxygen through a conserved heme-binding site (18). Furthermore, the
amino acid sequence, the transmembrane topology, and cellular membrane local-
ization of STEAPI indicate that it may act as an ion channel or transporter, modu-
lating the concentration of small molecules, ions and nutrients, and also releasing
soluble cytokines and chemokines (19). These features pointed out the role of
STEAP1 in cellular communication and in cell adhesion processes (19, 20).
However, the recent cryogenic electron microscopy (cryo-EM) structure of
STEAP1 transmembrane domain bound to an antigen-binding fragment of an
antibody (mAb 120.545) revealed a trimeric arrangement quite distinct from typi-
cal ion channels or transporters (21). The proposed unit indicated that STEAP1 is
a functional reductase in heterodimers complexes with other STEAP paralogs with
a domain-swapped architecture with the intracellular OxRD positioned beneath
the TMD of the adjacent promoter (21, 22). This arrangement supports a model
in which the heme-binding site recruit and orient intracellular electron-donating
substrates bound to an adjacent STEAP2—4 subunit, enabling transmembrane
electron transport and the reduction of extracellular metal-ion complexes (18, 21).
These structural features highlight the usefulness of STEAP] as a promising thera-
peutic target and biomarker for cancer and encouraged the development of strate-
gies targeting STEAP1. In vitro and in vivo studies revealed mobilized dendritic
cells and immunogenic STEAP1-derived peptides suitable for recognition by cyto-
toxic T lymphocytes for further development of anti-cancer vaccines (23).
Humanized variant of anti-STEAP1 monoclonal antibody (mAb 120.545) is cur-
rently used in prostate cancer clinical trials as an antibody-drug conjugate
(DSTP3086S) (24), and as a radiolabeled antibody (89Zr-DFO-MSTP2109A) for
PET imaging (24, 25). In addition, several studies exploring the role of STEAP1 in
cancer cells showed that its overexpression inhibits apoptosis, enhances cell pro-
liferation and invasion, and induces epithelial to mesenchymal transition, ulti-
mately contributing to tumor progression and aggressiveness (4, 5, 26-30).

STEAP2

The STEAP2 gene is located on chromosome 7q21.13, close to STEAPI and
STEAP4, and encodes an mRNA of 2.2 kb, which generates a protein with 490
amino acids (UniProt ID: Q8NFT2, 52.052 kDa). The protein shuttles between
the plasma membrane and Golgi complex in prostate epithelial cells (31). Its asso-
ciation with the trans-Golgi network and early endosomes suggests the involve-
ment of STEAP2 in endo- and exocytic pathways, acting as a regulator of
processing, secreting and sorting mechanisms of prostate-specific proteins, or as a
receptor for endo- or exogenous ligands (31, 32). Moreover, as STEAP2 co-
localizes with Tf and TfR, the protein contributes to iron and copper reduction,
and plays a role in the endosomal Tf cycle of erythroid cells, then controlling the
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molecular trafficking and availability of metals (6, 17). STEAP2 regulates several
genes involved in cell cycle progression. Downregulation of STEAP2 results in a
partial cell cycle arrest in the GO/G1 phase, suppression of prostate cancer cell
proliferation, invasiveness, and metastatic potential (33). In contrast, STEAP2
overexpression increases the migration and invasion abilities of prostate cancer
cells, and is associated with advanced cancer stage and histologic grading (34, 35).
Although STEAP?2 presents proliferative features and acts as a pro-survival factor,
more studies exploring the molecular and signaling pathways underlying prostate
cancer are required.

STEAP3

The STEAP3 gene is located on chromosome 2q14.2 and encodes an mRNA of
4.3 kb, generating a protein with 488 amino acids (UniProt ID: Q658P3, 54.601
kDa). The predicted structure of STEAP3 indicates six-transmembrane domains
at C-terminal region, a cytosolic OxRD at the N-terminal counterpart and two
conserved histidine residues (36). The crystal structure of cytoplasmic OxRD
showed similarity with integral membrane cytochromes (37). The STEAP3 has
unique structural and biochemical properties, revealing an FNO-like domain
with a dimer interface and substrate binding sites, to direct electron transfer
from the cytosol to a single b-type heme moiety predicted to be fixed within the
TMD (14, 37). Furthermore, the N-terminal OxRD was found to dimerize, sug-
gesting that STEAP3 is active as a homo- and/or heterodimer, and is found in
cellular membranes to permit intercellular electron flow (14, 37). STEAP3 is
mainly located in the plasma and endosomal membranes, and as a component
of trans-Golgi network and endosomal-vesicular compartments (38). Also,
STEAP3 is essential for the assembly of exosomes and vesicular proteins traffick-
ing (39), and extracellular matrix organization (40). Moreover, the partial co-
localization with Tf, TfR and divalent metal transporter 1 (DMT1), along with
STEAPS3 structural arrangement, suggest an important biological role of this pro-
tein in ferric compounds metabolism and erythroid transferrin cycle (14,41).
These functions were confirmed through the analysis of STEAP3 crystal struc-
ture, which postulated that the protein might function within a large complex
with DMT1 and Tf:TfR, ensuring the reduction and uptake of iron and copper
at the cell surface (37). Several studies pointed out that STEAP3 is the major
ferric reductase and deeply involved in regulating metal homeostasis in develop-
ing erythrocytes, macrophages, hepatocytes and endosomes (41). Therefore,
tight regulation of intracellular iron is crucial to control cancer cell proliferation
and apoptosis, and inhibiting the metastatic process (42). Furthermore, STEAP3
may be considered a tumor suppressor gene, acting as an intrinsic apoptosis fac-
tor. Studies showed that this protein suppresses the growth of human prostate
cancer cells and could directly induce apoptosis through a caspase-3 dependent
pathway (43, 44). On the other hand, the increased expression of STEAP3 is
related to the progression of prostate cancer in late stages of disease, ultimately
contributing to metastization (45). Altogether, available data highlight the
importance of STEAP3 as a potential tumor suppressor protein, a feature that
contrasts with other STEAPs.
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STEAP4

The STEAP4 gene is located on chromosome 7q21.12 and encodes an mRNA of
4.5 kb, and a protein composed of 459 amino acids (UniProt ID: Q687X5, 51.981
kDa). STEAP4 is located at the plasma membrane, near the nuclear region, where
it co-localizes with the Golgi complex, the trans-Golgi network and early endo-
somes (46). As with STEAP2 and STEAP3, the STEAP4 protein is involved in
molecular trafficking either in endo- or exocytic pathways, and might be critical
to cellular and systemic metal homeostasis (6, 17). The STEAP4 protein is also
found dispersed in the cytoplasm within vesicular-tubular structures or reticular
shapes associated with the estrogen receptor (ER), wherein it acquires its active
conformation (46). Initially, it was predicted that STEAP4 was an integral six-
transmembrane metalloreductase composed of cytoplasmic N-terminal OxRD
and a C-terminal TMD with six-membrane spanning a-helices enveloping a single
heme-binding site (14). However, the recently solved cryo-EM structure of human
STEAP4 demonstrated an aligned inter-subunit trimeric NADPH-FAD-heme
domain-swapped assembly containing both OxRD and six-helical TMD (15, 22).
This arrangement facilitates the transport of intracellular electrons from NADPH
through membrane-embedded FAD that flips to anchor itself in the inner-mem-
brane region of the adjacent STEAP subunit, and heme co-factors to chelated
metal-ion complexes at the extracellular membrane side (14, 15, 22). Altogether,
these biochemical and structural studies suggest that STEAP4 is a functional pro-
tein by establishing homo- or heterodimers with other STEAPs paralogs, which
indicate that increased expression of STEAP4 could modulate the activity of
STEAP3, and STEAP3-interacting proteins, such as NIX, MYT1, NIP3L, FAK-1,
S100B, RHBDL4/RHBDDI1 (14, 37, 47). Moreover, these interactions suggest a link
to metal homeostasis, apoptosis, differentiation, and cell cycle progression (47).
The STEAP4 protein is involved in cellular responses to nutritional and inflamma-
tory signals, particularly as glucose homeostasis regulator in adipocytes, besides
being widely associated with cardiac malfunctions, hepatic and mitochondrial
metabolic dysfunctions, skeletal system-related disorders, and also as a suppres-
sor of pro-inflammatory cytokines (47). In addition to its role in cellular or
systemic homeostasis, STEAP4 is associated with tumorigenesis. Considering its
metal reductase activity, an overexpression of STEAP4 increases oxidative stress,
contributing to increased mutational rates, proliferation and progression of pros-
tate cancer cells (48). The effects of STEAP4 on prostate cancer growth and
survival are due to the modulation and regulation of the expression and activity of
focal adhesion kinase (FAK) and activating transcription factor (ATF4) through
increased intracellular reactive oxygen species, which depend on the OxRD of
STEAP4 (48, 49). It was recently demonstrated that ATF4-target genes promote
prostate cancer cell survival and are upregulated in late stages of the disease (50).
These considerations indicate a protective role of STEAP4 in inflammatory stress
in chronic metabolic and inflammatory diseases. Besides, they pointed out an
active role of STEAP4 in cancer cell proliferation and tumor progression, high-
lighting the importance of understanding its putative function in disease-related
environment.
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STEAP IN PROSTATE CANCER

STEAP family members have been implicated in several human cancers,
including prostate cancer. In non-neoplastic prostate, the expression of
STEAP1 mRNA and protein are higher when compared to the other three
family members (8). With the development of prostate cancer, the overall
expression of STEAPs is dysregulated or reversed. STEAP1 expression is
highly increased in prostate cancer in comparison with non-malignant tissues
(Table 1) (16, 27, 28). Also, STEAPI staining intensity correlated with tumor
grading, suggesting that it is associated with malignant transformation and
tumor aggressiveness (27, 28). The aggressiveness and prognosis of prostate
cancer is traditionally determined by Gleason score, and a recent study by
Burnell et al. showed that STEAP1 staining intensity in non-malignant tissue
was weak, increasing slightly in Gleason 6 prostate cancer samples, and
strongly from Gleason 7 onwards (7). Nowadays, public databases are widely
used to corroborate basic research. The Prostate Adenocarcinoma dataset (51)
from cBio Cancer Genomics Portal (https://cbioportal.org [accessed on
December 2020]), was analyzed for STEAPs mRNA expression with a z-score
threshold of £1.8. Of the 150 patients queried, STEAP1 was overexpressed
in 17%, and underexpressed in 0.8% of patients. Bioinformatics analysis
using the CANCERTOOL software (http://genomics.cicbiogune.es/ [accessed
on December 2020]), which uses transcriptomics databases for the most
prevalent types of cancers, demonstrated that increased expression of STEAP1
correlates with the onset of prostate cancer and development of metastatic
disease (Figure 2).

TABLE 1 Relative expression levels of STEAP family
members in human prostate cancer compared
with non-malignant tissue

Expression pattern Reference

STEAP1 mRNA Increased (16,27,28)
Protein

STEAP2 mRNA Increased (31,32)
Protein

STEAP3 mRNA Decreased (45)
Protein

STEAP4 mRNA Increased (46)

Protein
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Figure 2. STEAPs expression with the progression of human prostate cancer using CANCERTOOL
software. Violin plots show the expression of STEAPs in non-tumoral tissue (N), primary
tumours (PT) and metastatic prostate cancer (M) specimens for Taylor dataset (51). This
dataset has a cohort of 179 patients and is the only one with statistical significance for all
STEAPs. However, the same results are verified in other dataset: for STEAP1, Grasso dataset
(52); for STEAP2, Grasso (52), Tomlins (53) and Varambally (54) datasets; for STEAP4, Grasso
(52) and Lapointe (55) dataset. Mean gene expression between the three groups was
compared with an ANOVA test.

Regarding STEAP2, its expression levels were significantly higher in prostate
carcinoma (Table 1). Several other studies have demonstrated the overexpression
of STEAP2 in prostate cancer (31, 34, 35). Burnell et al. showed that STEAP2
overexpression is positively correlated with the Gleason score (7). From the cBio-
Portal, the Prostate Adenocarcinoma dataset (51) showed that STEAP2 overex-
pression occurred in 16% of cases, while underexpressed in 1.6% of the cases.
CANCERTOOL analysis also indicated a significantly higher expression of STEAP2
considering the Taylor dataset (Figure 2).

In contrast to other STEAPs, Porkka et al. described that STEAP3 expres-
sion decreases with the onset of prostate malignancy, suggesting that this gene
may acts as a prostate tumor suppressor (Table 1) (46). Public datasets are in
agreement with this study. Analysis of the Prostate Adenocarcinoma dataset
(51) showed a downregulation of STEAP3 in 18% of samples, whereas only
4% showed an overexpression. Also, CANCERTOOL software revealed a sig-
nificantly diminished expression of STEAP3 in primary tumors and metastatic
prostate cancer (Figure 2). However, Burnell et al. showed that there was no
correlation between STEAP3 staining intensity and Gleason score (7). On the
other hand, CANCERTOOL analysis indicated downregulation of STEAP3,
and the low levels of STEAP3 are statistically correlated with high Gleason
score.

STEAP4 subcellular localization is similar to that of STEAP2, and its expres-
sion also increases during prostate cancer development compared with non-
malignant prostate tissue (Table 1) (46). Analysis of the Prostate Adenocarcinoma
dataset (51) retrieved from cBioPortal showed an increased expression of STEAP4
in 37.3% of samples, and a decreased expression in 4.7% the of the samples.
Using the CANCERTOOL software, it was demonstrated that the increased
STEAP4 expression correlated with prostate malignancy and the development of
metastatic prostate cancer (Figure 2). Similar to STEAP3, no correlation between
STEAP4 overexpression and Gleason score was observed (7), however,
CANCERTOOL analysis showed that overexpression of STEAP4 is positively asso-
ciated with Gleason grade.
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PROGNOSTIC VALUE OF STEAP PROTEINS IN PROSTATE
CARCINOMA

STEAP family members are relatively new proteins and their potential as prog-
nostic biomarkers have been demonstrated in breast cancer (56), glioblastoma
(57, 58), Ewing tumors (30), skin disorders (59) and prostate cancer (7).
A recent study that explored the use of STEAP proteins as possible prognostic
indicators in prostate cancer showed that only STEAP4 was overexpressed, and
significantly associated with relapse (7). To date, there are no studies evaluating
the combined expression of different STEAP proteins. Thus, our intention in
this chapter is to explore the association of STEAPs with prognosis of prostate
cancer. A possible linear association between two variables, in this case, two
genes, is analyzed by correlation coefficient (60), where -1 and 1 indicate a
negative and positive perfect linear relationship, respectively. Using primary
prostate tumor tissue dataset from online MERAV database (Metabolic gEne
Rapid Visualizer, http://merav.wi.mit.edu/ [accessed on December 2020]) a
strong positive correlation was found between STEAP1 and STEAP2 expression
(Table 2). This observation is in accordance with data of Grunewald et al., who
noted that STEAP1 and STEAP2 seem to be significantly co-overexpressed
across 59 cancer cell line entities (9), which suggests that STEAP2 is a likely
candidate for heterodimerization with STEAP1. However, it is unknown if the
combined expression of these two genes correlates with the overall survival of
prostate cancer patients.

Using the same dataset retrieved from the cBioPortal (51), it was found that
only STEAP] overexpression is associated with the overall survival of prostate
cancer patients (Figure 3A and Table 3). High expression of STEAP1 is associated
with a shorter survival time, indicating a poor outcome. Concerning STEAP2,
STEAP3 and STEAP4, no significant relationship was found between higher or
low expression levels and the survival of prostate cancer patients (Table 3). These
findings contradict the study of Burnell et al. (7) that reported a statistically sig-
nificant difference between STEAP4 overexpression and overall survival, indicat-
ing that patients with higher STEAP4 levels were more likely to relapse earlier
than those with medium or low expression levels (7). The source of the data, the
number of patients per group, and the stratification of STEAPs expression may
have caused the differences observed.

TABLE 2 Gene correlation between of the STEAP family
members

STEAP1 STEAP2 STEAP3 STEAP4
STEAP1 1 0.9 -0.09 0.43
STEAP2 0.9 1 -0.13 0.43
STEAP3 -0.09 -0.13 1 -0.03

STEAP4 0.43 0.43 -0.03 1
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Figure 3. Expression of STEAP proteins and overall survival in prostate cancer patients. The
Prostate Adenocarcinoma dataset (51), retrieved from cBioPoral, was stratified into groups
with unaltered or overexpression of STEAPs, and different combinations were analyzed for
overall survival. A. STEAP1 overexpression (n = 20) versus unaltered expression (n = 58)

(p < 0.024). B. STEAP1 overexpression (n =20) versus STEAP4 overexpression (n =52) (p < 0.017).
C. STEAP3 overexpression (n =5) versus STEAP4 overexpression (n =52) (p < 0.042). D. STEAP1
overexpression plus STEAP2 overexpression (n = 8) versus unaltered expression (n = 58)

(p <0.907). E. STEAP1 overexpression plus STEAP4 overexpression (n = 11) versus STEAP1
overexpression (n = 20) (p < 0.063). Survival curves plotting fractional survival as a function of
time was obtained using GraphPad Prisma 8.0.1.

As shown in Table 3 and considering all the possible associations between dif-
ferent STEAP proteins, patients with STEAP1 overexpression displayed signifi-
cantly lower overall survival compared with patients with overexpression of
STEAP4 (Figure 3B). Furthermore, patients with STEAP3 overexpression pre-
sented poor survival outcome when compared with patients overexpressing
STEAP4 (Figure 3C). These two associations with statistical significance suggest
that the overexpression of STEAP4 can be a predictor for patients with prostate
cancer since they presented a better survival rate when compared with those over-
expressing STEAP1 and/or STEAP3. Additionally, a strong trend for better sur-
vival was observed in prostate cancer patients that presented both high expression
of STEAP1 and STEAP4 compared with the ones that only overexpress STEAP1
(Figure 3E). The overexpression of both STEAP1 and STEAP2 could mean a
potential good prediction for prostate cancer patients (Figure 3D), since the com-
bined expression of high levels of STEAP1 and high levels of STEAP2 presented a
better survival rate when compared with samples overexpressing STEAP1 only
(Figure 3A). Despite the study limitations, such as the low number of patients in
some experimental groups, these findings provide a comprehensive analysis of the
STEAP expression in prostate cancer and their application for predicting progno-
sis of prostate cancer.
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TABLE 3

Expression of STEAP family members correlated
with overall survival of prostate cancer patients

Unaltered expression (n = 58) p<0.024
STEAP2 overexpression (n = 21) p<0.108
STEAP1 overexpression (n = 20) versus
STEAP3 underexpression (n =24)  p<0.228
STEAP4 overexpression (n = 52) p<0.017
Unaltered expression (n = 58) p<0.907
STEAP] overexpression + .
STEAP2 overexpression (n = 8) versus STEAP1 overexpression (n = 20) p<0.262
STEAP2 overexpression (n = 21) p<0.938
Unaltered expression (n = 58) p<0.789
STEAPI overexpression + .
STEAP3 underexpression (n = 6) versus S18P ] ererepression (= 20) PRUZ
STEAP3 underexpression (n = 24)  p < 0.687
Unaltered expression (n = 58) p < 0.640
STEAP] overexpression + .
STEAP4 overexpression (n = 11) versus STEAP1 overexpression (n = 20) p<0.063
STEAP4 overexpression (n = 52) p<0.639
Unaltered expression (n = 58) p<0.962
STEAP2 overexpression (n = 21) versus STEAP3 underexpression (n = 24)  p < 0.549
STEAP4 overexpression (n = 52) p<0.784
Unaltered expression (n = 58) p<0215
STEAP2 overexpression + .
TEAP2 =21 .
STEAP3 underexpression (n = 7) versus S overexpression (n ) p<0.307
STEAP3 underexpression (n =24)  p<0.166
Unaltered expression (n = 58) p<0.826
STEAP2 overexpression + .
STEAP4 overexpression (n = 13) versus S8 orerpression (0 =21) S BLA;
STEAP4 overexpression (n = 52) p<0.638
Unaltered expression (n = 58) p < 0.696
underexpression (n = 24) versus
STEAP4 overexpression (n = 52) p<0.451
Unaltered expression (n = 58) p<0.118
STEAP3
STEAP1 overexpression (n = 20) p<0.795
overexpression (n = 5) versus ;
STEAP2 overexpression (n = 21) p < 0.090
STEAP4 overexpression (n = 52) p < 0.042
Unaltered expression (n = 58) p<0.566
STEAP3 underexpression + .
0% s o (o o 160) st STEAP3 underexpression (n =24)  p<0.811
STEAP4 overexpression (n = 52) p<0.399
overexpression (n = 52) versus  Unaltered expression (n = 58) p<0.753
Unaltered expression (n = 58) p<0.278
STEAP1 overexpression (n = 20) p<0.829
STEAP4
underexpression (n = 5) versus ~ STEAP2 overexpression (n = 21) p<0.330
STEAP3 overexpression (n = 5) p<0.821
STEAP3 underexpression (n =24)  p<0.399

Data was extracted from Prostate Adenocarcinoma (MSKCC, 2010) (51) of cBioPortal and statistically analyzed using
the GraphPad Prisma 8.0.1 software. Statistically significant differences considered for p-values < 0.05 are highlighted in
bold.
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CONCLUSION

Analyzing available scientific literature and multiple public databases show that
STEAP1, STEAP2, and STEAP4 are overexpressed in prostate tumors. In contrast,
STEAP3 is underexpressed. The differential expressions of these proteins appear
to be of prognostic value. Overexpression of STEAP1 overexpression is associated
with poor clinical outcomes, whereas STEAP4 offers better overall survival and
progression-free survival. However, further investigations in large scale clinical
cohorts are needed to definitively confirm the prognostic value of the STEAPs
proteins, and the therapeutic potential of targeting STEAPs for prostate cancer.
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