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    Chapter 22   
 Selenoprotein P and Selenium Distribution 
in Mammals                     

     Ulrich     Schweizer     ,     Lutz     Schomburg     , and     Josef     Köhrle    

    Abstract     Selenoprotein P (Sepp) is a remarkable selenoprotein. Among all mam-
malian selenoproteins, it is the only one containing more than one selenocysteine, 
and ten in humans. Sepp is a plasma protein mainly originating in the liver, but it is 
also expressed in other organs, notably the brain, placenta, and the lactating mamma. 
The main function of Sepp is transport of selenium (Se) to target tissues. Hepatocytes 
thus convert nutritional selenocompounds into Sepp for transport and distribution, 
and the mother’s milk contains Sepp as an essential gift to the offspring. The fact 
that about 25 % of all selenoprotein mRNAs in hepatocytes code for Sepp alone 
highlights its central position in the body’s Se homeostasis. Selenium status of an 
individual is thus refl ected by the serum concentration of Sepp. Endocytic receptors 
of the lipoprotein receptor-related protein (Lrp) family participate in targeting cell-
specifi c Sepp uptake and retention. A Sepp-cycle exists in brain, testes, and kidney 
and appears to preserve tissue Se during times of poor nutritional supply, explaining 
the long known hierarchical differences in tissue- specifi c Se retention in defi ciency. 
Individual genotype differences may modulate these processes exerting an infl uence 
on the relative expression levels of selenoproteins, response to Se intake, and indi-
vidual risk for Se-dependent diseases.  
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22.1       Introduction 

 Sepp was initially discovered as a plasma protein incorporating   75 Se   in metabolically 
labeled rats [ 1 ]. In the same report, the authors demonstrated uptake of   75 Se-Sepp   
into extrahepatic organs and suggested a transport function for this protein. Later 
studies showed that Sepp contains up to 50 % of plasma Se in individuals with 
normal Se status [ 2 ]. When the cDNA for  Sepp  was cloned, it became apparent that 
it contains ten selenocysteine (Sec) codons within the open reading frame in both 
rodents and humans, and two separate   Sec - i nsertion  s equence (SECIS)      elements in 
the 3′-untranslated regions of the transcripts [ 3 ]. This fi nding was important as it 
demonstrated that several UGA/Sec codons can share the same  SECIS   element in 
mammals, while in bacteria the SECIS elements are located immediately 3′ of the 
respective UGA codon [ 4 ]. Sepp carries one Sec within an N-terminal domain with 
a predicted similarity to thioredoxin and peroxidases, and a C-terminal Sec-rich 
domain with no known structure (Fig.  22.1 ). While peroxidase activity of the 
N-terminal part of Sepp has been demonstrated repeatedly, its physiological role 
remains unclear [ 5 ,  6 ].

22.2        Selenoprotein P (Sepp) Is a  Plasma Selenium Transport 
Protein      

 Our current model of Sepp function is summarized as follows: Sepp is a plasma Se 
transport protein mainly secreted by liver and is taken up in target tissues by 
interaction with endocytic receptors. These key fi ndings support our model: dietary 
Se intake determines plasma Sepp and plasma Se concentrations [ 7 ]. The unusual 
Sec-rich C-terminus of Sepp is partially conserved among species and its main 
property appears to be its content of many Sec residues [ 8 ]. Metabolic labeling 
studies indicated that dietary Se is rapidly taken up by the liver and incorporated 
into circulating Sepp which, slowly declining, gives rise to increasing kidney- 
derived plasma  glutathione peroxidase (Gpx)   concentrations [ 9 ]. Interestingly, Sepp 
constitutes the essential Se-containing component in serum-based cell culture media 
supporting growth and survival of primary neuronal cells [ 10 ,  11 ]. Transgenic mice 
with genetically disrupted Sepp biosynthesis ( Sepp -knockout,  Sepp  −/− ) develop a 
number of Se-dependent phenotypes including growth defect, male infertility and 
neuronal abnormalities [ 12 ,  13 ] that can be rescued by liver-specifi c expression of 
human  SEPP1   [ 14 ]. The  identifi cation   of specifi c Sepp binding and uptake by 
members of the lipoprotein receptor-related protein (Lrp) family confi rms transport 
by Sepp as a regulated and targeted process of Se supply to specifi c target tissues 
[ 15 – 17 ]. This concept has been integrated with the mechanisms of hierarchical Se 
retention and excretion [ 18 ].  
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22.3     Lipoprotein Receptor-Related  Proteins   as Endocytic 
Receptors Involved in Sepp Uptake 

 Lrps are endocytic receptors for lipoproteins, hormone- and vitamin-binding 
proteins, and morphogens [ 19 – 21 ]. These receptors  usually   are capable of binding 
many cargo proteins.  Lrp2   (megalin or glycoprotein- 330  ) is expressed along many 
epithelia, e.g., kidney proximal tubule cells, and binds vitamin D3/vitamin D 
binding globulin, progesterone/clara cell secretory protein, vitamin A/retinol 
binding protein, androgens and estrogens/sex-hormone binding globulin, thyroid 
hormones/transthyretin, vitamin B12/transcobalamin, and folate/soluble folate 
receptor [ 20 ,  22 ]. The physiological importance of Lrp2-mediated (re-)uptake and 

  Fig. 22.1    Structural features of the two domains of selenoprotein P (Sepp). The N-terminal 
domain, predicted to adopt a thioredoxin (Trx)-fold, contains a Sec-X-X-Cys motif, showing weak 
peroxidase activity. The Sec-rich C-terminal domain is without homology to any known protein 
and likely serves a Se transport function. A classical N-terminal signal sequence (SP) directs Sepp 
biosynthesis into the ER lumen. The secreted protein carries three N-glycosylation sites (Asn) and 
one O-linked (Thr) glycosylation site. A heparin-binding-domain (HBD) has been identifi ed along 
with two His-rich domains, which potentially mediate association to the extracellular matrix. Sepp 
isoforms may result from differential glycosylation, proteolytic cleavage or premature transla-
tional termination       
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internalization of hydrophobic ligands along with their high molecular weight 
carrier proteins is evident from their loss in a number of animal models and in 
patients with inherited defi ciency in megalin/LRP2 [ 21 ,  23 ,  24 ]. The additional 
importance of Lrp2 for Se homeostasis by specifi c binding and re-uptake of Sepp 
came initially as a surprise to the fi eld of Se biology [ 15 ,  25 ], but appears highly 
plausible as a logical addition to the list of functions for this internalizing system 
controlling the uptake of essential circulating serum factors such as nutrients, 
vitamins and hormones. Lrp-2 binds the N-terminus of Sepp and prevents the 
urinary loss of Se as found in  megalin  −/−  mice [ 6 ,  25 ]. 

 Lrp8 (Apolipoprotein E receptor 2, ApoER2) is highly homologous to the  low 
density lipoprotein receptor (LDL-R)      and the  very low density lipoprotein-receptor 
(VLDL-R)  . Lipoprotein receptors can participate in signal transduction, e.g., Lrp8 
is one of the cell-surface receptors involved in the reelin signaling pathway. Reelin 
is a large neuronal signaling molecule guiding neuronal cell migration during 
central nervous system development [ 26 ] and interacts with both Lrp8 and VLDL- R     . 
Genetic inactivation of both receptors leads to neuronal migration defi cits, tremor, 
and ataxia [ 27 ]. Mutations targeting the signaling function of Lrp8 do not affect Se 
metabolism [ 28 ]. However, inactivation of  Apoer2  leads to a similar neurological 
phenotype as observed in  Sepp  −/−  mice when fed a low Se  diet      [ 17 ,  29 ]. This 
phenotypic similarity is explained by the interaction of Lrp8/Apoer2 with Sepp 
[ 16 ]. Accordingly, brain Se levels are strongly reduced in  Apoer2  −/−  mice [ 17 ]. Lrp8 
binds Sepp only if part of the Se-rich C-terminus is present [ 30 ]. Taken together, 
Sepp in combination with Lrp2 and Lrp8, respectively, constitute a Se-uptake and 
-delivery system essential for preferentially supplying Se to target organs and 
avoiding Sepp loss through the   kidney  .  

22.4     Mouse Models of Modifi ed Sepp, Lrp2 or  Lrp8 
Expression   

22.4.1     Classical Gene Targeting 

 Genetic inactivation of  Sepp  profoundly disturbs Se metabolism in mice [ 12 ,  13 ]. 
As expected for the inactivation of the plasma Se transport protein, circulating Se 
concentrations were decreased in  Sepp  −/−  mice. Moreover, Se content in brain and 
testes, organs normally preferentially supplied with Se, were strongly reduced. 
Male  Sepp  −/−  mice were infertile and the appearance of sperm from  Sepp  −/−  mice 
resembled sperm from  Apoer2  −/−  mice [ 14 ,  31 ,  32 ]. A more detailed description of 
the role of Se in male fertility can be found in Chaps.   17     and   18    . 

  Sepp  −/−  mice developed a  neurological phenotype   which was strictly dependent 
on Se content in their diet [ 29 ,  33 ]. The role of Se in brain is reviewed in Chap.   36    . 
Sepp not only has a role in Se distribution, but can serve as a local Se storage device. 
It is not only expressed in the liver, but also in other organs, e.g., the brain. Provided 
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that Sepp is prevented from leaving the source organ (i.e., brain), it can be safely 
deposited outside of cells and taken up again, thus maintaining a stable Se level in 
the brain compartment during times of low nutritional Se supply. We called this 
mechanism a “Sepp-cycle” (Fig.  22.2 ) [ 18 ,  34 ].

    Hepatic Sepp biosynthesis   plays an important role in regulating whole body Se 
status [ 35 ].  Sepp  −/−  mice show increased loss of Se via the urine. In the absence of 
Sepp biosynthesis, increased hepatic Se becomes available for the production of 
small selenocompounds which are excreted via the urine, e.g., trimethylselenonium 
and selenosugars [ 18 ,  36 ]. Sepp also serves as the main source of Se in mouse and 
human milk [ 29 ,  37 ]. More recently it has been shown that glutathione peroxidase 
3 (Gpx3) is also present in mouse milk. However, only Sepp contributed to Se 
transfer to offspring [ 38 ]. 

  Lrp2  −/−  mice usually die perinatally [ 39 ], but  megalin -defi cient mice carrying a 
nonsense mutation on a different genetic background survive into adulthood [ 40 ]. 
We have used these mice as a model system for the analysis of the physiological 
functions of Lrp2 in adult mice, as discussed later, with respect to renal Sepp 
metabolism [ 25 ]. These results have recently been independently supported [ 6 ]. 

 In contrast,  Lrp8  −/−  mice are born at the expected Mendelian ratio and appear 
grossly normal. Reduced male fertility of these mice was associated with a reduced 
expression of the selenoenzyme Gpx4 in the initial segments of the  epididymis   [ 32 ]. 
Gpx4 is an important structural component of sperm [ 41 ]. Therefore, male infertility 
of  Lrp8  −/−  mice appears secondary to decreased selenoprotein expression in sperm 
which in turn depends on Sepp-mediated Se supply [ 42 ]. Se defi ciency also develops 
in the brains of  Lrp8  −/−  mice and these could be rescued with increased dietary Se 
intake [ 17 ]. Selenite appears to be highly bioavailable to the brain, a fi nding which 
is of limited physiological importance as selenite is not a usual component of our 
diet, but needs to be considered in view of the supplementation of animal diets with 
sodium selenite or in rare diseases where normal Se transport is impaired.  

22.4.2      Isoforms   of Sepp 

 The structure of Sepp containing two clearly defi ned domains implies two separate 
functions for the protein, i.e., a peroxidase activity associated with the fi rst Sec 
residue within the N-terminal thioredoxin-like domain and a Se supply function 
assigned to the C-terminus which harbors the remaining nine Sec residues [ 43 ]. 
Biochemical experiments have demonstrated that purifi ed Sepp elicits phospholipid 
hydroperoxide peroxidase activity with glutathione [ 5 ], but thioredoxin was 
identifi ed as a superior cofactor in vitro [ 44 ]. More recently, it was reported that the 
N-terminal domain of Sepp contains considerable peroxidase activity when coupled 
to thioredoxin reductase 1 [ 6 ]. In order to delineate the signifi cance of the two 
domains in a physiological model, transgenic mice with a shortened Sepp isoform 
lacking the C-terminal Sec-rich domain were generated and compared to wild type 
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  Fig. 22.2    Summary of Se transport processes described in vivo. Dietary Se is primarily taken up 
along the absorptive epithelium of the small bowel by transporters specifi c for inorganic divalent 
anions (e.g., the sodium-dependent sulfate transporter, NaSi-1) or transporters for amino acids and 
small peptides. Via portal circulation, different selenocompounds reach the liver where the 
selenium atom is converted into Sec on tRNA [Ser]Sec  and subsequently translationally inserted into 
selenoproteins. Gpx1 has been proposed as a hepatic storage form for excess Se, which may also 
be converted into selenosugars or selenonium  ions   and excreted. The liver is central to Se 
metabolism as the major source of plasma Sepp, which transports Se to privileged target tissues, 
e.g., brain, testis, and kidney. Brain Se supply is complicated, since several cellular membranes 
must be crossed to fi nally reach the neurons. Megalin may be involved in Sepp uptake along the 
choroid plexus and ependymal epithelium, while  ApoER2   is expressed by neurons. Astrocytes 
synthesize Sepp in vitro and may thus contribute to neuronal Se supply. Neurons express Sepp and 
may store excess Se outside the cell in the form of Sepp. Brain retains its privileged Se status 
during dietary restriction via reversible Sepp expression, extracellular deposition and re-uptake. 
We have termed neuronal Sepp synthesis and ApoER2-mediated Sepp re-uptake in brain as “Sepp- 
cycle”. Testis function likewise depends on ApoER2-mediated Sepp uptake. Inactivation of either 
protein leads to decreased Gpx4 expression in maturing spermatozoa and infertility. Megalin 
expressed along the  kidney tubular epithelium   is involved in re-uptake of Sepp from the primary 
glomerular fi ltrate. Accordingly, inactivation of megalin leads to urinary loss of Sepp. Megalin- 
positive cells express the highest levels of Gpx1, Gpx3, and Sepp within the kidney, and inactivation 
of megalin decreases expression of all three proteins. Plasma Gpx3 originates from the kidney 
epithelium, but most  Gpx  3 is deposited locally within the kidney. Another “Sepp-cycle” can thus 
be proposed involving glomerular fi ltration, re-uptake, and renal re-synthesis of Sepp. Kidney 
insuffi ciency in patients is associated with low Se status. Tissues expressing selenoproteins, but not 
expressing ApoER2 and  megalin   likely operate by a still elusive Se uptake mechanism, which 
might rely on the poorly characterized selenocompounds from the gastrointestinal tract       
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and classical  Sepp  −/−  mice [ 45 ]. Testis and brain Se concentrations were only slightly 
higher than in  Sepp  −/−  mice. These fi ndings corroborate that the C-terminus of Sepp 
is important for Se supply to the hierarchically preferred target tissues, which 
express ApoER2/ Lrp8     , the receptor for the Sepp C-terminus (Fig.  22.2 ). Apparently, 
evolution added a C-terminal extension to Sepp, whose only function is to make Se 
transport more effi cient and targeted towards  Lrp2 and Lrp8   expressing specifi c 
tissues. The peroxidase activity of the N-terminus of Sepp may be needed to limit 
tissue damage during infection with  Trypanosomes   [ 46 ].  

22.4.3     Sepp in the  Liver      

 Se organifi cation, Se distribution, and Se metabolism/excretion are organized by the 
liver. Experimental studies have shown that liver is the organ converting dietary Se 
into circulating Sepp for supply of other tissues [ 9 ,  47 ]. Accordingly, liver disease 
leads to reduced serum Se and Sepp concentrations in patients [ 48 ]. Because Sepp 
is expressed in most tissues [ 49 ], cell type-specifi c gene targeting was used to 
delineate the role of hepatic Sepp expression for Se metabolism. Mice carrying a 
conditional allele of tRNA [Ser]Sec  ( Trsp   fl  / fl   ) were crossed with a cell-specifi c Albumin- 
Cre strain abrogating selenoprotein biosynthesis specifi cally in hepatocytes [ 50 ]. 
The mice were viable and showed almost complete loss of hepatic  Trsp  at 3 weeks 
of age. As expected, circulating Se and Sepp concentrations were strongly decreased 
[ 50 ,  51 ]. In these mice, kidney Se and kidney-derived Gpx3 concentrations were 
also strongly reduced [ 51 ]. Testis and brain Se levels and brain selenoprotein 
expression were also lower in liver-specifi c  Trsp -knockout mice indicating that 
liver-derived circulating Sepp is indeed the Se transfer protein bringing Se to Sepp- 
dependent tissues [ 51 ]. These studies were later independently supported by another 
group, who conditionally inactivated  Sepp  in hepatocytes [ 52 ]. Kidney and brain Se 
levels were decreased in liver-specifi c  Sepp  −/−  mice and after feeding these mice for 
a prolonged time with a Se-defi cient diet, the mice developed a neurological 
phenotype. The dependence of testis on circulating Sepp was further demonstrated 
by the morphological abnormalities of sperm from liver-specifi c  Sepp  −/−  mice which 
were also described in classical  Sepp  −/−  mice [ 52 ]. In addition, urinary Se excretion 
was increased, most likely because excess hepatic Se (not incorporated into Sepp 
and secreted into plasma) became available for hepatic selenosugar biosynthesis 
and  excretion     . 

 What role does hepatic Sepp play in the absence of  Sepp  expression in the rest of 
the body? This question was addressed in a complementary mouse model, in which 
hepatocyte-specifi c expression of a human   SEPP1    transgene was studied in a  Sepp  −/−  
background [ 14 ]. Compared to  Sepp  −/−  mice, those with liver-specifi c expression of 
 SEPP1  had increased Se concentrations in most tissues, were less sensitive to Se 
restriction in terms of neurological dysfunction, and had restored male fertility [ 14 ]. 
Nevertheless, without locally expressed Sepp, the brain remained more sensitive to 

22 Selenoprotein P and Selenium Distribution in Mammals



268

dietary Se restriction despite hepatically-derived circulating SEPP1. These 
observations support the concept of a local “Sepp-cycle” in brain and possibly other 
organs (Fig.  22.2 ).  

22.4.4     Sepp in the  Brain      

 The brain depends on Se supply via circulating Sepp [ 13 ,  14 ,  33 ,  52 ]. SEPP is locally 
expressed in the human brain [ 53 ,  54 ].  Lrp8   is expressed on neurons and along the 
blood-brain-barrier and is of importance for Se uptake by neurons [ 17 ], although 
Lrp8 may not represent the only Sepp receptor in the brain (see Chap.   36     for a 
detailed discussion). Megalin contributes to Se uptake along the  blood-brain- barrier   
[ 6 ,  25 ]. The model of a Sepp-cycle in brain has recently obtained additional support 
when it was shown that lower Se levels in the brain were tolerated as long as both 
Sepp and ApoER2 were expressed in the brain [ 55 ] (Fig.  22.2 ). The roles of various 
selenoproteins in brain development, function, and degeneration are treated in Chap. 
  36    . Interestingly, a recent mouse study highlighted a potential competition between 
Sepp-mediated Se supply to testes versus to brain, where one tissue may profi t from 
the other tissues in cases where uptake is tissue-specifi cally  impaired   [ 56 ].  

22.4.5     Sepp in the  Kidney   

 The importance of Sepp for kidney Se status and metabolism has not been addressed 
by tissue-specifi c knockout studies of  Lrp2 ,  Trsp  or  Sepp . Inactivation of 
selenoprotein expression (conditional targeting of  Trsp ) in kidney (using a  Pax8 - 
 Cre , which is expressed in the developing kidney and thyroid) was lethal [ 57 ], 
possibly because loss of Gpx4 leads to ferroptosis in kidney tubules [ 58 ]. Instead, 
the physiological role of Sepp for kidney Se can be deduced from a number of 
fi ndings in the aforementioned Sepp-specifi c mouse models. Kidney Se 
concentrations were strongly decreased in  Sepp  −/−  mice. This fi nding implies that 
either hepatically-derived circulating Sepp transports Se to the kidneys or that renal 
Sepp biosynthesis itself is crucially important for controlling local tissue Se content 
[ 12 ,  13 ]. In order to solve this conundrum, hepatic or renal Sepp biosynthesis were 
specifi cally disrupted. Hepatocyte-specifi c inactivation of  Trsp  abrogated 
biosynthesis of all selenoproteins in hepatocytes and strongly reduced Sepp levels 
in plasma [ 51 ]. Kidney Se concentrations were decreased in this model and in 
hepatocyte-specifi c  Sepp -defi cient mice [ 52 ]. Reduced renal selenoprotein 
expression in  Sepp  −/−  mice was rescued by hepatic expression of the human   SEPP1    
transgene [ 14 ]. 

 Lrp2 is abundantly expressed in the kidneys [ 59 ]. Lrp2/megalin has been 
implicated as a renal Sepp receptor [ 15 ], but  Lrp2  −/−  mice analyzed in this pioneering 
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study did not survive birth, and thus a role of Lrp2 in renal Sepp uptake could not 
be directly demonstrated. We have taken advantage of a different  Lrp2  mutant 
mouse strain in which a signifi cant fraction of  megalin -defi cient mice survive into 
adulthood. These mice carry a missense mutation in the extracellular domain of 
Lrp2 developing a less severe phenotype as compared to classical  Lrp2  −/−  mice [ 40 ]. 
When Se metabolism was analyzed in these  Lrp2 -mutant mice, Se status was low, 
 Gpx   activities were decreased in kidney and serum, and Sepp concentrations were 
reduced in serum [ 25 ]. Movement coordination deteriorated in  Lrp2 -mutant mice 
when challenged by feeding a low Se diet. Interestingly, full-length Sepp was 
detected in the urine of these mice indicating, on the one hand, that Sepp is partially 
fi ltrated by the glomeruli into the primary urine and, on the other hand, that renal 
Lrp2/megalin recognizes, binds and removes Sepp from the primary urinary fi ltrate 
and prevents Sepp loss in wild type mice [ 25 ]. Based on this study,  megalin  −/−  mice 
were extensively backcrossed on a genetic background which allows them to survive 
into adulthood and several of our initial observations have been supported by a more 
recent  study   [ 6 ]. Se metabolism in kidney is summarized in Fig.  22.2 .   

22.5     Regulation of Sepp Expression 

 Sepp gene expression has been studied in several cell types and experimental mod-
els.  Proinfl ammatory cytokines   such as interleukin-1α, TNFα, and interferon-γ sup-
press gene expression in cell lines involving activation of nitric oxide synthase-2 
[ 60 ,  61 ], and TGFβ represses Sepp transcription by a SMAD-binding element in the 
proximal human promoter [ 62 ]. Similarly, interleukin-6 suppresses the Sepp pro-
motor and down regulates Sepp biosynthesis in hepatocytes in culture [ 63 ]. Besides 
these cytokines, hypoxic conditions also negatively affect Sepp biosynthesis [ 64 ], 
which may collectively explain the particularly strong down-regulation of Sepp bio-
synthesis and Sepp serum concentrations in severe diseases like sepsis [ 65 ]. 

 Recently, positive regulation of Sepp expression was also reported after activa-
tion of the forkhead box transcription factor, FoxO1a, and this effect was enhanced 
by overexpression of peroxisomal proliferator activated receptor-γ coactivator 1α 
(PGC- 1α        ) [ 66 ]. These observations link Sepp expression to the glucose levels 
regulating hormones insulin and the adrenal glucocorticoids. In cultured hepatocytes, 
high glucose supported Sepp biosynthesis [ 67 ]. Accordingly, Sepp is proposed to 
serve as an insulin-antagonistic hepatokine, and higher Sepp concentrations were 
reported in diabetic subjects [ 68 ]. This study, unfortunately, has not addressed the 
established role of Sepp as a Se transport protein, and thus failed to consider Sepp- 
dependent stimulation of selenoprotein expression in insulin targeted tissues. The 
expression of selenoproteins in Sepp-target cells would have been important, since 
enhanced expression of Gpx1 is known to cause insulin resistance in mice [ 69 ]. 
Collectively, the role, if any, of Sepp in diabetes is a matter of current debate and 
research, and prospective clinical studies on its potential impact are missing.  
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22.6     Comparison of Experimental Concepts 
with Clinical Data 

 A systematic comparison of potential biomarkers of Se status in humans has been 
compiled and published [ 70 ]. In comparison to plasma or red blood cell Se 
concentrations or  Gpx   activities in serum, plasma or blood, SEPP concentration 
turned out as the more reliable and versatile biomarker of Se status [ 71 – 73 ]. 
However, due to its apparently saturated expression upon high Se intake, SEPP 
reliably refl ects Se status in poorly or moderately supplied subjects only. In well 
supplied populations as found in the United States, SEPP concentrations do not 
correlate to Se intake or total serum Se concentrations, as maximal levels are already 
achieved in the majority of subjects [ 74 ]. 

 Recent population-based studies on the associations between various cancer 
forms and SNPs of genes encoding for selenoproteins and enzymes involved in 
metabolism of ROS provided some evidence that   SEPP1    variants (Ala234Thr, 
rs3877899; G > A in 3′UTR, rs7579) affect Se availability to target tissues such as 
prostate or colon thereby modulating cancer risk in the context of other gene-gene 
(e.g., SOD2), gene-nutrient or lifestyle interactions [ 75 – 78 ]. Its direct contribution 
to colorectal cancer risk in moderately supplied subjects has just been determined in 
the European prospective investigation of cancer and nutrition cohort ( EPIC        ), where 
higher SEPP concentrations were inversely associated with colorectal cancer risk, 
especially in women [ 79 ]. Decreased expression of  SEPP  mRNA and SEPP protein 
has been reported for several  preneoplastic and cancerous lesions  , e.g., of the 
respiratory and the GI tracts (gastric, colorectal and hepatic cancers) as well as for 
the prostate [ 80 – 83 ]. This down-regulation may limit Se loss from tumor cells 
causing an apparent Se accumulation in tumors. Accordingly, the fi rst clinical study 
(SECAR) has tried to selectively poison tumors by high dose selenite treatment of 
cancer patients [ 84 ], and determined a maximally tolerated dose of around 10 mg 
Se/square meter body surface. It will be most interesting to monitor SEPP 
concentrations under such high dose supplementation attempts, and assess how far 
Se accumulation by tumor cells qualifi es as a novel cancer treatment strategy. 

 Unfortunately, SEPP status has not been monitored in several other relevant and 
large cancer, cardiovascular or metabolic trials (e.g., SELECT, NPC, SU.VI.MAX, 
SETCAP, etc.) analyzing potential protective or therapeutic effects of 
supplementation with selenocompounds alone or in combination with other 
 antioxidative compounds   such as vitamin E [ 85 – 87 ]. The recent availability of 
several specifi c antibodies recognizing human SEPP helped to clarify the picture of 
systemic SEPP distribution vs. local production indicated by cellular expression of 
 SEPP  transcripts. These studies confi rmed previous hints that SEPP reaches various 
tissues and cells via circulation, but also provided evidence for local SEPP 
production and secretion, e.g., within the cerebrospinal fl uid (CSF) and in brain 
ependymal cells [ 53 ,  54 ]. SEPP expression and immunostaining showed specifi c 
spatial and temporal patterns during brain development and pathological alterations 
in brains from patients suffering from neurodegenerative diseases such as 
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Alzheimer’s [ 88 ,  89 ]. Together, these observations suggest a strategic location of 
SEPP in brain potentially protecting cell types of high activity and functional 
relevance from Se defi ciency, thereby ensuring regular development, differentiation 
and expression of Se-dependent  antioxidative defense systems  . 

 Impaired renal function and chronic hemodialysis markedly impact serum SEPP 
and Se homeostasis in patients with consequences on their thyroid hormone status 
[ 90 ]. Patients on chronic hemodialysis and apheresis develop Se defi ciency and 
frequently receive Se supplements [ 91 ]. Currently, it is not clear, whether they lose 
SEPP or its (shorter) isoforms during the fi ltration process or whether their damaged 
renal tissue expresses insuffi cient Lrp2/megalin for adequate reabsorption of 
fi ltrated SEPP. Since a low Se status is a negative prognostic factor for long-term 
survival of chronically ill patients, it appears mandatory to control the trace element 
status of hemodialysis patients in order to avoid severe Se defi ciency [ 92 ]. 

 Besides cancer, chronic and degenerative diseases, the Se status and SEPP are 
implicated in male fertility, which is reviewed in detail in Chap.   18    . An inherited 
defect causing impaired SEPP biosynthesis and low circulating SEPP concentrations 
has recently been described in humans. Individuals with certain mutations in 
 SECISBP2  display very low or undetectable levels of SEPP [ 93 ]. Interestingly, 
some of these subjects are reported with mental retardation and abnormal gait [ 94 ] 
or delayed neurological and motor skill milestones [ 95 ]. However, apparent SEPP- 
defi ciency in patients carrying   SECISBP2  mutations   does not lead to a phenotype as 
severe as in  Sepp  −/−  mice, indicating that brain Se metabolism is not completely 
impaired in these individuals which is in line with some detectable, albeit 
considerably lower levels of circulating SEPP. In contrast, severe neurological 
symptoms involving brain atrophy and epilepsy were reported in patients carrying a 
mutation in another rate-limiting factor of selenoprotein biosynthesis, i.e., the Sec 
synthase gene,  SEPSECS  [ 96 ]. However, Se and SEPP status in the CSF have not 
been determined in  SEPSECS -defi cient patients, but are likely reduced.  

22.7     Concluding Remarks 

 The hepatically-derived SEPP constitutes the Se transport form in blood circulation. 
Preferential supply to certain tissues like brain, testes, bone or muscles is achieved 
via SEPP recognition and specifi c uptake mediated by Sepp-receptors from the Lrp 
family, namely Lrp2 and Lrp8. This interaction not only ensures the hierarchical 
supply, but also an effi cient retention of Se in prioritized tissues. Moreover, renal 
Lrp2 is essential for avoiding Se decline through Sepp loss via the urine. 
Pharmacological intervention of these endocytic receptor/Sepp interactions might 
become a therapeutic option in certain forms of male infertility, neurodegenerative 
disorders or in patients exposed to excess oxidative stress, e.g., during various forms 
of chemotherapy, systemic infl ammation, bacterial or viral infections. However, no 
endogenous or synthetic modulators of Sepp/Sepp receptor interaction have been 
described so far. 
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 One of the important experimental tasks in the future will thus be the molecular 
characterization of the different Sepp isoforms, their physiological functions, 
regulation and interaction with the different Sepp-receptors. Of particular interest is 
also the relation between Sepp-dependent delivery of Se to the kidneys in comparison 
to local recycling, biosynthesis and secretion of renal-derived Gpx3, which 
constitutes the second selenoprotein signifi cantly contributing to circulating blood 
Se content. Our current knowledge is limited with regard to expression and 
regulation of Sepp during development, Se compartmentalization and supply to 
tissues and cells not depending on Sepp and devoid of the Lrp receptors. Nevertheless, 
with the identifi cation of Sepp as the major transport, distribution and storage 
protein for Se, and the characterization of receptor-mediated tissue-specifi c uptake 
processes, a number of previous enigmatic fi ndings are now explained by a plausible 
molecular pathway. SEPP’s role as a functional biomarker reliably refl ecting Se 
intake and Se status has become widely accepted. Now, both more experimental and 
clinical efforts are needed to apply this knowledge and the increasing number of 
available technologies for SEPP quantifi cation to better understand its role in 
disease prevention and health support.     
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