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Abstract 

Six transmembrane protein of prostate 2 (STAMP2) is a protein that has been extensively studied 
due to its association with prostate cancer. Currently, STAMP2 is well known for its critical role in 
metabolism and modulating inflammatory signals. Even so, the molecular mechanism of STAMP2 
activity and its downstream effectors are still largely unknown. Here, we review the current 
knowledge of STAMP2, and suggest possible explanations for some of its less well-understood 
features. A few studies suggest that STAMP2 may interact with mitochondria. Considering 
STAMP2 functions as a potential component of mitochondrial biology may yield valuable insight 
into this protein. 

Key words: STAMP2, mitochondria, metalloreductase, metabolism, inflammation, insulin re-
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Nomenclature
The STAMP protein family has been studied 

using multiple different approaches. Due to its many 
unique features, the protein family is designated by 
several nomenclature systems. The protein family was 
initially named STEAP (six transmembrane epithelial 
antigen of the prostate) based on its potential use as 
prostate cancer marker (1). Other studies of pros-
tate-specific antigens generated the designation 
STAMP (six transmembrane protein of prostate) (2). 
Hence, both the STAMP and STEAP designations are 
used regularly: STAMP1, STAMP2 and STAMP3 cor-
respond to STEAP2, STEAP4 and STEAP3, respec-
tively. 

Independent studies of adipose conversion re-
lated to tumor necrosis factor α (TNF-α) in rats (Rattus 
norvegicus) confirmed the involvement of a six trans-
membrane cell surface protein, which was named 
TIARP (tumor necrosis factor α-induced adi-
pose-related protein) (3). High homology between 
TIARP and its STEAP counterparts in humans (Homo 
sapiens) later led to it being renamed STEAP 4. 

There are a few differences between TIARP, 

STEAP4, and STAMP2. For example, unlike TIARP, 
STEAP4 does not appear to regulate preadipocyte 
differentiation in vitro (4), and it is important to study 
these species-specific differences. The STAMP2, 
STEAP4, and TIARP naming conventions are used 
interchangeably.  

Discovery of the STAMP2 protein 
Prostate cancer is one of the most common types 

of cancer among men in the western world. Andro-
gens and the androgen receptor are extremely im-
portant in prostate carcinogenesis. However, the spe-
cific molecular mechanisms of prostate carcinogenesis 
are not fully understood, and identifying a pros-
tate-specific antigen has proved to be a significant 
challenge (5). 

In their search for androgen receptor-regulated 
genes, Korkmaz et al. (2) discovered a highly pros-
tate-specific gene that they named STAMP1. BLAST 
analysis later identified at least 2 proteins with similar 
sequences, which were subsequently cloned, studied, 
and named STAMP2 and STAMP3 (6). 
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STAMP2 expression 
STAMP2 protein expression appears to be re-

stricted to several tissues. Human STAMP2 is ex-
pressed in the lung, placenta, heart and prostate. It 
can also be detected at lower levels in the liver, testes, 
skeletal muscle, small intestine, and pancreas. Several 
studies suggest that STAMP2 is highly expressed in 
the adipose tissue and joints of patients with rheu-
matoid arthritis (RA) (6-8). 

As mentioned earlier, TIARP, the mouse homo-
log of STAMP2, was first identified due to its dra-
matically increased expression in adipocytes in re-
sponse to TNF-α (3). Stamp2 expression is also highly 
up-regulated in the murine cell line 3T3-L1 during 
differentiation of preadipocytes into adipocytes (9). 
STAMP2 mRNA is expressed at high levels in both 
white adipose tissue (WAT) and brown adipose tissue 
(BAT). STAMP2 mRNA levels in human WAT are 
strongly associated with enlarged fat cells and insulin 
resistance but do not play a protective role against 
insulin resistance (10). 

STAMP2 structure and function 
STAMP2 is located on chromosome 7q21 and 

contains 5 exons and 4 introns. The genomic sequence 
is relatively small (approximately 26 kb) because in-
tron 1 is extremely large (22,516 bp). The gene is 
transcribed into a single 4.0 kb mRNA with a 
5’-untranslated region (UTR) of approximately 1.7 kb 
(6). The protein is comprised of 495 amino acids and 
contains 6 transmembrane regions near the 

C-terminal domain. The N-terminal domain contains 
3 conserved motifs: a dinucleotide binding domain, 
an NADP oxidoreductase motif and a motif similar to 
pyrroline 5-carboxylate reductase (Figure 1) (6).  

The metalloreductase activity of STAMP family 
proteins was first identified in STAMP3 (STEAP3). 
Positional cloning of the iron deficient mouse mutant 
nm1054 identified STAMP3 (STEAP3) as the respon-
sible gene. BLAST analysis shows that STAMP3 
shares homology with F420H2: NADP+ oxidoreductase 
(FNO) and the FRE family of yeast metalloreductases. 
Overexpression of STAMP3 also stimulates erythroid 
ferrireductase activity. STAMP3 acts not only as re-
ductase but also stimulates iron and copper uptake. 
Taken together, these features suggest that STAMP3 is 
an endosomal ferrireductase (11). 

A later study showed that STEAP, STAMP1, and 
STAMP2 have similar functions. In situ hybridization 
of mouse embryo sections shows a tissue expression 
pattern relevant to metal homeostasis. In addition, 
these proteins co-localize with transferrin and trans-
ferrin receptor, which are vital components of the 
transferrin (Tf) cycle. Furthermore, transient expres-
sion of the STAMP proteins in HEK-293T cells re-
vealed that they have ferririductase and cupric re-
ductase activity (12). 

The crystal structure of the murine Stamp2 oxi-
doreductase domain was solved recently. The struc-
ture suggests that STAMP2 utilizes an interdomain 
flavin-binding site to shuttle electrons between the 
NADPH-utilizing oxidoreductase domain and the 
transmemebrane heme group (13).  

 
Figure 1. A schematic representation of STAMP2 protein structure and molecular functions. STAMP2 is a six transmembrane protein. The 
N-terminal domain contains three conserved motifs: a dinucleotide-binding motif, an oxidoreductase motif and a pyrroline 5-carboxylate reductase-like 
motif. In accordance with these structural features, STAMP2 has three molecular functions: metal ion binding, oxidoreductase activity and phosphoglu-
conate dehydrogenase activity. 
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The STAMP2 Km value is stable, even in the 
presence of various mutations. It is possible that the 
three dimensional structure, and not a single con-
served residue, is important for the protein’s activity. 
This is consistent with the Epidemiological Study of 
Insulin Resistance Syndrome (DESIR) results for 
STAMP2, which showed that 9 single nucleotide 
polymorphisms (SNPs) had little, if any, significant 
correlation with metabolic syndrome (14).  

STAMP2 localization 
Quantitative time-lapse and immunofluores-

cence confocal microscopy using STAMP2 labeled 
with an N-terminal green fluorescent protein (GFP) 
tag showed that STAMP2 localizes predominantly to 
the plasma membrane. Notably, STAMP2 was also 
detected in cytoplasmic vesicles associated with the 
Golgi apparatus. Therefore, STAMP2 appears to lo-
calize to the Golgi complex, the trans-Golgi network, 
and the plasma membrane (3). 

Another group assessed STAMP2 localization by 
transiently transfecting COS-1 cells with 
pEGFP-C1-STAMP2. Their results showed that 
GFP-STAMP2 overlap significantly with beta-COP 
(coat protein marker), giantin (mid-Golgi marker), 
and TGN-46 (TGN marker), three well-characterized 
Golgi markers. 

Time-lapse confocal microscopy shows rapid 
trafficking of GFP-STAMP2 in the cytosol in vesicu-
lotubular structures (VTS). Some of the VTSs move in 
curvilinear paths, and others move in straight paths 
(6). GFP-STAMP2 also co-localizes significantly with 
EEA1, an early endosome-associated protein (15). 
STAMP2 exhibits a fairly stable Km value under acidic 
conditions, which suggests that the protein could be 
active in intracellular organelles (13). Taken together, 
these data suggest that STAMP2 is associated with the 
secretory pathway, early endosomes, and the endo-
cytic pathway. While its exact role in molecular traf-
ficking is unknown, STAMP2 may reach the endo-
plasmic reticulum in an unfolded state and then ac-
quire its active conformation. Alternatively, STAMP2 
may have a significant role in trafficking (6). 

Stamp2 co-localizes with caveolin-1 in 3T3-L1 
adipocytes. Association with caveolin-1, and possibly 
with the caveolar signaling complex, may explain 
some of the TNF-α-mediated effects of STAMP2 (16). 

STAMP2, Inflammation and Metabolism 
STAMP2 expression increased dramatically in 

dose-dependent manner when differentiating adipo-
cytes were exposed to TNF-α (3). In addition, 

STAMP2 mRNA expression was stimulated by inter-
leukin (IL)-6 in a dose-dependent and time-dependent 
fashion (17).  

Wellen et al. identified STAMP2 through tran-
scriptional profiling while searching for proteins that 
counter-regulate inflammatory signals in adipose 
tissue. They showed that Stamp2 expression in 3T3-L1 
adipocytes was induced not only by TNF-α but also 
by nutritional signals such as high serum and fatty 
acids. Similar results were shown in in vivo models: 
Stamp2 expression was elevated in fed mice com-
pared to fasting mice. This response was lost in ob/ob 
mice, as well as in mice rendered obese through a 
high-fat diet.  

Loss-of-function experiments provided further 
insight. Loss of STAMP2 function both in vitro and in 
vivo resulted in elevated inflammatory markers, di-
minished insulin sensitivity, and dysfunctional glu-
cose uptake. Stamp2 knockout mice also exhibited an 
increased number of macrophages (18). Based on 
these observations, many studies suggest that 
STAMP2 integrates inflammatory and nutritional 
signals with metabolism (Figure 2) (19, 20). STAMP2 
may counter-regulate insulin resistance by regulating 
macrophage polarization in visceral adipose tissue 
(VAT) and BAT (21). 

STAMP2 expression is high in human adipose 
tissue as well. Adipokines such as TNF-α, IL-6, and 
leptin regulate STAMP2 expression.  

However, some points remain unclear. For ex-
ample, unlike TIARP, STAMP2 does not appear to 
influence human adipocyte differentiation (4). More 
importantly, there are conflicting data regarding 
STAMP2 expression in subcutaneous and visceral 
adipose tissues (7, 10, 22). More research is needed to 
resolve these discrepancies. 

The anti-inflammatory activity of STAMP2 has 
been shown in other tissues as well, most notably the 
liver. The transcription factor STAT3 is well known 
for negatively regulating hepatic gluconeogenic gene 
expression, thus playing a protective role in hepatic 
insulin signaling (23). Hepatic STAMP2 appears to be 
a bona fide STAT3 target (24). This suggests that 
STAMP2 exerts a protective role in maintaining he-
patic insulin signaling in the presence of inflamma-
tion and obesity signals. STAMP2 was also found to 
control macrophage inflammation by controlling 
NADPH homeostasis (25). 

The importance of STAMP2 in inflammation and 
metabolism appears to be conserved, although the 
regulatory mechanism differs by species and tissue. 
Future research should address these differences. 
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Figure 2. STAMP2 links inflammation and metabolism. STAMP2 integrates nutrient, hormone and inflammatory signals with metabolic pathways. 
FFA/feeding stimuli and inflammatory signals (cytokines)/adipokines (TNF-α, IL-6, IL-8, leptin) modulate the expression of the transmembrane protein 
STAMP2. IL-6 and leptin (repressors) and TNF-α and IL-1β (inducers) regulate STAMP2 metabolic activity, similar to the insulin signaling pathway. STAMP2 
up-regulates insulin sensitivity by increasing tyrosine phosphorylation of both the insulin receptor (IR) and Akt kinase, translocation of the glucose 
transporter GLUT4 to the plasma membrane, and glucose uptake. Hepatitis B virus X protein (HBx) causes metabolic disorders including insulin resistance 
and abnormal lipid accumulation in the liver. STAMP2 antagonizes HBx-mediated hepatocyte dysfunction by decreasing HBx protein stability. 

 

STAMP2 and prostate cancer 
Ironically, it is still unknown how STAMP2 is 

associated with prostate cancer. There is no evidence 
of STAMP2 induction by TNF-α in human prostate 
cancer cells nor do androgens stimulate Stamp2 in 
cultured murine adipocytes (26). 

Several studies have shed light on this associa-
tion of STAMP2 with prostate cancer. STAMP2 over-
expression in the PC-3 cell line resulted in an increase 
in cell number and size. STAMP2 overexpression in 
COS7 and DU145 cells increased cell growth (6). This 
is consistent with the fact that STEAP mRNA in gen-
eral seems to be overexpressed in solid tumors but 
undetectable in in non-malignant tumors (27).  

STAMP2 is tightly regulated by androgens in the 
AR-positive prostate cancer cell line LNCaP, but not 
in androgen receptor-negative cell lines such as PC3, 
Du145, CAHPV10, PZ-HPV7, and YPEN-1 (6, 26, 28). 
This differential expression pattern may contribute to 
the malignancy of prostate cancer. CpG islands were 
detected next to the STAMP2 promoter region in 
LNCaP and DU145 cells, but were only methylated in 
the DU145 cell line. STAMP2 expression was restored 
in DU145 cells when the methylation was reversed 
(29). Further research is needed to elucidate the bio-
logical significance of this epigenetic trait.  

STAMP2 has opposite effects on proliferation in 
anchorage-dependent and anchorage-independent 
cell lines. One study indicated that this difference is 
due to differential phosphorylation of focal adhesion 
kinase (FAK). STAMP2 overexpression correlates 
with reduced FAK phosphorylation in anchor-
age-independent cells. Inadequate FAK phosphoryla-

tion may then lead to reduced cell growth (29). 
It is reasonable to expect that the 

growth-inducing and anti-apoptotic roles of STAMP2 
are required for carcinogenesis (30). This would ex-
plain why STAMP2 is overexpressed in androgen 
receptor-positive prostate cancer. As the cancer pro-
gresses, it may gain additional mutations, which 
themselves are sufficient to produce malignancy, even 
without STAMP2. This multiple-hit model could ex-
plain why androgen receptor-negative cell lines do 
not express STAMP2. On the other hand, it is al-
so possible that increased STAMP2 expression is due 
to various nutritional conditions caused by prostate 
cancer pathology. More research is required to fully 
understand this issue. Currently, the most fitting 
clinical application for STAMP2 is as a biomarker for 
prostate cancer malignancy (26, 28).  

STAMP2 and Mitochondria  
The inhibitory role of STAMP2 towards inflam-

mation and metabolism has been widely investigated, 
but the underlying mechanism is not fully under-
stood. Because the most prominent function of 
STAMP2 is its metalloreductase activity, it is likely 
that this activity is responsible for inhibiting inflam-
mation and metabolic activity. 

Metalloreductase is involved in numerous bio-
logical processes: (i) reducing metals for cellular up-
take; (ii) modulating oxidative stress; and (iii) regu-
lating co-enzyme (in this case, for NADPH) in metab-
olism regulation. Several studies suggest STAMP2 
performs all of these functions (25, 31, 32). Interest-
ingly, many STAMP2 features are related to mito-
chondria. Mitochondria are the major consumer of 
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cellular iron, as they utilize heme and iron-sulfur 
clusters. Iron is also an important element in the elec-
tron transport chain (33) (i.e., metal reduction). The 
electron transport chain forms reactive oxygen species 
(ROS) (i.e., modulating oxidative stress). NADPH is a 
major component of the electron transport chain (i.e., 
metabolism regulation). Moreover, the localization of 
STAMP2 in the ER, an organelle that engages in dy-
namic with mitochondria, may imply an intimate 
functional connection (34). 

Although the mechanisms are not fully under-
stood, many STAMP2-related pathologies are relevant 
to biological dysfunctions associated with mitochon-
dria. Oxidative stress and inflammatory signals in 
mitochondria are thought to induce metabolic syn-
drome and insulin resistance (35, 36). Mitochondria 
are also thought to be a major prognosis factor for 
prostate cancer, as prognosis is related to PSA levels, 
androgen dependency, and growth in the bone mar-
row stromal environment (37-39). The hepatitis B vi-
rus X protein (HBx) is known to cause metabolic dis-
orders and apoptosis by localizing to and targeting 
mitochondria (40-42). STAMP2 antagonizes 
HBx-mediated hepatocyte dysfunction. In addition, a 
physical interaction between HBx and STAMP2 has 
been confirmed by co-immunoprecipitation assays 
and fluorescence microscopy (43). Thus, we can cau-
tiously presume that STAMP2 engages in cross-talk 
with the mitochondrial functional network. 

STAMP2 may interact with mitochondria 
through several pathways, such as ROS level attenua-
tion, signal transduction, and apoptosis. Zhou et al. 
demonstrated that STAMP2 plays a critical role in in 
vitro osteoclastogenesis by regulating cellular iron and 
ROS levels, thus affecting mitochondrial biogenesis 
(32). Treating mature adipocytes with a monoclonal 
antibody against STAMP2 resulted in attenuated 
phosphorylation of IRS-1, P13K, and Akt, which are 
known upstream components of mitochondrial sig-
naling pathways (44). Additionally, treating cells with 
a monoclonal antibody against STAMP2 promotes the 
appearance of apoptotic cellular morphology and 
mitochondrial damage, possibly mediated by caspa-
se-3 and caspase-8 (30). Future studies of the 
STAMP2-mitochondrial network will shed light on 
poorly-understood features of STAMP2 function.  

Concluding remarks 
STAMP2 is a novel protein whose function is not 

well understood. As discussed above, human 
STAMP2 mRNA expression is significantly 
up-regulated in prostate tumors compared to normal 
glands, and STAMP2 overexpression can induce cell 
proliferation. This suggests that STAMP2 could be 
used as a prostate cancer marker. The STAMP2 pro-

tein has metalloreductase activity, which may be im-
portant for STAMP2 function. STAMP2 gene expres-
sion is also highly correlated with insulin resistance 
and inflammation, which could help support the hy-
pothesis that inflammation in metabolic tissues con-
tributes to the development of insulin resistance. De-
spite its importance, the molecular mechanisms of 
STAMP2 function are not well understood. The 
structural and functional features of STAMP2 
strongly suggest that it plays a key role in mitochon-
drial biology. Further research is needed to under-
stand the biological significance of STAMP2. 
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