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with a broad spectrum of activity under sweat-like condi-
tions  [1–3] . Owing to their persistence and abundance, 
dermcidin-derived peptides contribute to the first line of 
skin defense by building a constant barrier that overlies 
the epithelium. Especially at body sites most likely to 
come into contact with pathogenic microorganisms, such 
as the face and hands, a large amount of antimicrobially 
active dermcidin peptides was detected in sweat  [4] . 
Dermcidin is the most abundant AMP found in this body 
fluid. Other AMPs, such as LL-37 and proteolytic deriva-
tives of LL-37, were detected in human eccrine sweat, 
however at concentrations about 20 times too low to exert 
antimicrobial activity  [4, 5] . Just recently, another AMP, 
the iron-binding glycoprotein lactoferrin, was found in 
human eccrine sweat but at low concentrations as well  [6] .

  Evolution of Eccrine Sweat Glands 

 During evolution, sweat glands developed only in 
mammals. Sweating is the most effective evaporative heat 
loss mechanism in humans, and humans have the highest 
number of eccrine sweat glands among mammals  [7, 8] . 
Apocrine sweat glands are directly connected to the hair 
structure and are found in humans in the pubic and anal 
regions and in the axilla. Humans have the lowest den-
sity of apocrine glands among all primate species. Their 
secretion is associated with the release of smell and is not 
used for thermoregulation. Apocrine glands most likely 
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 Abstract 

 Eccrine sweat glands, which are distributed over the whole 
bodies of primates and humans, have long been regarded 
mainly to have a function in thermoregulation. However, the 
discovery of dermcidin-derived antimicrobial peptides in ec-
crine sweat demonstrated that sweat actively participates
in the constitutive innate immune defense of human skin 
against infection. In the meantime, a number of studies 
proved the importance of dermcidin in skin host defense. 
Several reports also state that peptides processed from the 
dermcidin precursor protein exhibit a range of other biolog-
ical functions in neuronal and cancer cells. This review sum-
marizes the evidence gathered until now concerning the ex-
pression of dermcidin and the functional relevance of derm-
cidin-derived peptides. 

 

Copyright © 2012 S. Karger AG, Basel 

 Introduction 

 Ten years ago our group discovered dermcidin, a gene 
expressed in human eccrine sweat glands. Its precursor 
protein is secreted into sweat, where it is proteolytically 
processed to give rise to antimicrobial peptides (AMPs) 
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function as territorial marking or are part of an alarm 
reaction, whereas eccrine sweat glands have a heat con-
trol function  [9, 10] .

  Other mammals, such as horses and cattle, have most-
ly apocrine sweat glands. Rodents have few eccrine sweat 
glands at their footpads; however, they do not use them 
for thermoregulation. Primates have both apocrine and 
eccrine sweat glands, and use eccrine sweat to control 
body temperature  [11] . Whereas prosimians and mon-
keys have eccrine sweat glands mainly on the hands, feet 
and tail, in great apes – our direct ancestors – they are 
distributed over the whole body  [7] . Therefore, it seems 
that the disappearance of hairs from the face and body 
during evolution has been accompanied by the spread of 
eccrine glands and a decrease in the number of apocrine 
glands. However, although the loss of body hairs is linked 
to the loss of apocrine glands, the spread of eccrine sweat 
glands over the body is not directly connected to hair loss 
as seen in great apes.

  Organization of the Dermcidin Gene and Protein 

 The human dermcidin gene is located on chromosome 
12q13.1 at location 53.324,699–53.328,544. The region 
spans approximately 3.7 kb in the genome  [3]  (http://
www.germonline.org/Homo_sapiens/geneview?gene= 
ENSG00000161634). The gene consists of 5 exons and 4 
introns and codes for a 458-bp mature  DCD  RNA with 
an open reading frame of 330 bp ( fig. 1 a)    [3] . Prediction 
analyses by FGENES or Genescan as well as expression 

analyses confirm the existence of only one dermcidin 
transcript with no splice variants  [3, 12–16] . However, one 
group found two alternative dermcidin splice variants 
with additional intronic sequences, which were found to 
be present in human term placenta  [17] .

  Mature dermcidin RNA codes for a precursor protein 
with 110 amino acid residues and a molecular weight of 
11.2 kDa ( fig. 1 b). The first 19 amino acids encode a signal 
peptide, indicating that dermcidin is a secreted protein 
with a molecular weight of 9.5 kDa and an isolelectric 
point of 5.8. The secreted precursor protein can be sub-
divided in a prodomain and an AMP domain ( fig. 1 c) .  
One potential serine phosphorylation site can be found at 
amino acid position 64. There is no typical N-glycosyl-
ation site (Asn-X-Ser/Thr) in the dermcidin amino acid 
sequence, but there is one atypical N-glycosylation site at 
amino acid position 32. Net-O-Glyc modeling did not re-
veal any Ser/Thr sites meeting the threshold for O-glyco-
sylation  [3, 15, 18, 19] .

  Homologous Dermcidin Genes in Humans and Other 

Species 

 Dermcidin has no significant homology to other 
known human genes or proteins. It has recently been sug-
gested that the dermcidin gene is generated by gene du-
plication of the lacritin gene, which is located on chromo-
some 12, adjacent to the dermcidin gene  [20] . Lacritin is 
specifically expressed in the lacrimal gland and is secret-
ed into tears, where it might act as an eye-specific growth 
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  Fig. 1.   a  Genomic organization of the hu-
man dermcidin gene.  b  Protein sequence 
of the dermcidin precursor protein as well 
as its division into functional domains ( c ). 
The precursor protein consists of a 19-ami-
no-acid signal peptide (underlined), a 
43-amino-acid prodomain and a 48-ami-
no-acid AMP domain (in italics in the se-
quence). 



Dermcidin in Cell Survival and
Host Defense

J Innate Immun 2012;4:349–360 351

factor  [21, 22] . There are striking similarities between lac-
ritin and dermcidin in that the two genes have a similar 
exonic structure and are both expressed in a secretory 
gland. However, the sequence similarity is very weak and 
is mainly restricted to the signal peptide sequence rather 
than the functional regions, suggesting that dermcidin is 
not a paralog gene of lacritin  [20, 21] .

  Do dermcidin-homologous genes exist in other spe-
cies? The complete genome sequence and predicted pro-
teins of a number of species, including microbes, arthro-
pods and vertebrates, are available in different databases, 
e.g. http://genome.cse.ucsc.edu. The sequence informa-
tion together with new database features now enables us 
to find unambiguously orthologous genes in other spe-
cies and to delineate evolution of genes. The dermcidin 
gene evolved late since homologous genes are only found 
in primates. Significant homology at the protein level is 
found in great apes, such as chimpanzees  (Pan troglo-
dytes),  gorillas  (Gorilla gorilla)  and orangutans  (Pongo 
abelii),  in Old World monkeys, such as macaques  (Ma-
caca mulatta)  and baboons  (Papio hamadryas),  as well as 
in the New World monkey  Callithrix jacchus  ( fig. 2 a). The 
sequence similiarity at protein level is amazingly high 
and reaches 100% in the great apes and is lowest in the 
New World monkey. There are no homologous genes in 
other less related primates such as in tarsiers, mouse le-
murs and bushbabies (http://genome.cse.ucsc.edu). Fur-
thermore, other vertebrates, such as wallabies, cats, dogs, 
horses or rodents, do not have dermcidin homologous 

genes  [23] . Based on these facts, it is very astonishing that 
several publications claim that dermcidin is expressed in 
mice  [19, 24–32] , rats  [33]  and the tammar wallaby  [34] . 
In summary, since dermcidin homologous genes are only 
found in primates, one can conclude that dermcidin is an 
orphan gene. Interestingly, it seems that the evolution of 
thermoregulatory sweating in humans and primates cor-
relates with the gain of the dermcidin gene and dermci-
din gene expression.

  Processing of the Dermcidin Precursor Protein 

 The dermcidin precursor protein has a high suscepti-
bility for proteolytic processing  [3, 4, 35] . After cleavage 
of the 19-amino-acid  N -terminal signal peptide and se-
cretion into sweat, the 91-amino-acid dermcidin pre-
cursor protein can undergo further proteolytic process-
ing. In eccrine sweat, 14 proteolytically processed derm-
cidin-derived peptides are found, 1 peptide derived from 
the prodomain named YDP-42 and 13 peptides derived 
from the AMP domain ( fig. 2 b). The temporal order of 
postsecretory processing of the peptides derived from the 
AMP domain in sweat has been elucidated as well as the 
proteases involved  [4, 36, 37] . It starts with the 48-amino-
acid peptide DCD-1L, from which the C-terminal leucine 
is rapidly split off by a 1,10-phenanthroline-sensitive car-
boxypeptidase. It is still an open question which protease 
cleaves the dermcidin precursor protein at the QRSSL an-

                                                      10                     20                     30                      40 
Homo sapiens  MRFMTLLFLT ALAGALVCAY DPEAASAPGS GNPCHEASAA  
Pan troglodytes  MRFMTLLFLT ALAGALVCAY DPEAASAPGS GNPCHEASAA 
Gorilla gorilla   MRFMTLLFLT ALAGALVCAY DPEAASAPGS GNPCHEASAA 
Pongo abelii  MRFMTLLFLT ALAGALVCAY DPEAASAPGS GNPCHEASAA  
Macaca mulatta MRFMSLLFLA ALAGALVCAY DPEAASAPGS GNPSHEASAA  
Papio hamadryas MRFMSLLFLA ALAGALVCAY DPEAASAPGS GNPSHEASAA  
Callithrix jacchus MRFMTLLFLT ALAGALVCAY DAEAASASGS GNPSREASAA  

                                                        50                     60                     70                     80
Homo sapiens  QKENAGEDPG LARQAPKPRK QRSSLLEKGL DGAKKAVGGL  
Pan troglodytes  QKENAGEDPG LARQAPKPRK QRSSLLEKGL DGAKKAVGGL 
Gorilla gorilla   QKENAGEDPX LARQAPKPRK QRSSLLEKGL DGAKKAVGGL 
Pongo abelii   QKEDAGEDPG LARQAPKPRK QRSSLLEKGL DGAKKALGGL  
Macaca mulatta RKENAGEDPG LARQAPKPRK QRASLLEKGL EGAKNTLGGL 
Papio hamadryas RKENAGEDPG LARQAPKPRK QRASLLEKGL EGAKNTLGGL  
Callithrix jacchus QEENAGEDPR LARQAPKPRK QRSSLLEKGL DG--------------L

                                                         90                  100                     110 
Homo sapiens   GKLGKDAVED LESVGKGAVH DVKDVLDSVL 
Pan troglodytes GKLGKDAVED LESVGKGAVH DVKDVLDSVL
Gorilla gorilla   GKLGKDAVED LESVGKGAVH XVKDVLDSVL
Pongo abelii   GNLGKDAVED LESVGKGAVH DVKDILDSVL
Macaca mulatta  GNLGKDAVED LESVGKGAVH DVKDVLDSVL 
Papio hamadryas  GNLGKDAVED LESVGKGAVH DVKDVLDSVL 
Callithrix jacchus  ENLGKEAVDN LENTGKETIH   DAKDVLDSALQ

Prodomain
YDP-42 YDPEAASAPGSGNPCHEASAAQKENAGEDPGLARQAPKPRKQ 
Y-P30  YDPEAASAPGSGNPCHEASAAQKENAGEDP
PIF  YDPEAASAPGSGNPCHEASA

AMP domain 

DCD-1L  SSLLEKGLDGAKKAVGGLGKLGKDAVEDLESVGKGAVHDVKDVLDSVL 
DCD-1 SSLLEKGLDGAKKAVGGLGKLGKDAVEDLESVGKGAVHDVKDVLDSV 
SSL-46 SSLLEKGLDGAKKAVGGLGKLGKDAVEDLESVGKGAVHDVKDVLDS 
SSL-45 SSLLEKGLDGAKKAVGGLGKLGKDAVEDLESVGKGAVHDVKDVLD 
SSL-29 SSLLEKGLDGAKKAVGGLGKLGKDAVEDL 
SSL-25 SSLLEKGLDGAKKAVGGLGKLGKDA 
LEK-45      LEKGLDGAKKAVGGLGKLGKDAVEDLESVGKGAVHDVKDVLDSVL 
LEK-44      LEKGLDGAKKAVGGLGKLGKDAVEDLESVGKGAVHDVKDVLDSV 
LEK-43      LEKGLDGAKKAVGGLGKLGKDAVEDLESVGKGAVHDVKDVLDS
LEK-42      LEKGLDGAKKAVGGLGKLGKDAVEDLESVGKGAVHDVKDVLD 
LEK-41      LEKGLDGAKKAVGGLGKLGKDAVEDLESVGKGAVHDVKDVL 
LEK-26      LEKGLDGAKKAVGGLGKLGKDAVEDL 
LEK-24      LEKGLDGAKKAVGGLGKLGKDAVE 

  Fig. 2.   a  Alignment of the protein sequences of human dermcidin with homologous dermcidin protein sequenc-
es of different primates. Differences are shown in red.  b  Processed peptides identified from the different do-
mains of the dermcidin precursor protein. Antimicrobially active peptides are marked in red. 

a b
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gle to generate DCD-1L. Further processing of DCD-1 by 
endoproteases, carboxypeptidases and cathepsin D gen-
erates shortened dermcidin-derived peptides lacking ei-
ther the first 3 amino acids SSL and/or C-terminal amino 
acids  [36] . The peptides are named according to their 
length and the identity of the first 3 amino acids in the 
peptide, i.e. LEK-45 or SSL-25 ( fig.  2 b). Processing of 
DCD-1L is individually different, but generates a few 
dominant peptides, with most individuals having 7–9 C-
terminal dermcidin-derived peptides in their sweat  [4] . 
The processed peptides are very stable in sweat and can 
survive up to 11 weeks at room temperature  [4, 38] . This 
is in contradiction with a publication which suggests that 
an in vitro-generated recombinant dermcidin precursor 
protein itself has a proteolytic activity  [17] . However, the 
observed trypsin-like proteolytic activity might be de-
rived from the copurified recombinant enterokinases 
needed for the cleavage of the  N -terminal tag.

  Further dermcidin products have been mentioned to 
be processed by neuronal cells or tumor cells. A peptide 
comprising the first 30 amino acids of the dermcidin pre-
cursor protein was named Y-P30 or diffusible survival 
evasion peptide (DSEP)  [31]  ( fig.  2 b). Another peptide 
mentioned to be processed by tumor cells is the proteol-
ysis-inducing factor (PIF), also named cachexia-associat-
ed protein (HCAP) ( fig. 2 b). PIF is a 20-amino-acid pro-
tein derived from the  N -terminal end of the dermcidin 
protein and is thus a shortened version of the Y-P30 pep-
tide  [19] .

  Expression Profile of Dermcidin in Humans 

 Eccrine Sweat Glands 
 Several groups reported that dermcidin has a very re-

stricted expression pattern and is not expressed at RNA 
level in several human adult and fetal tissues except in 
skin  [3, 19, 39] . In human skin, dermcidin is expressed in 
the dark mucous cells of the secretory coil of eccrine 
sweat glands and is found in the Golgi complex and the 
secretory granules typical for a secreted protein  [3, 4] . 
Many other groups confirmed this finding and dermci-
din is indisputably a very abundant protein in human ec-
crine sweat  [19, 38, 40–42] . Dermcidin is secreted into 
sweat at a constant rate and the precursor peptide is rap-
idly processed to smaller peptides  [4] . Most likely because 
of the extreme stability of dermcidin in sweat  [38]  and the 
stickiness of the protein, it can still be isolated from fo-
rensic samples and from clothes such as undershirts and 
socks  [42] . The amount of dermcidin-derived peptides in 

eccrine sweat varies from one individual to another, de-
pends on the body site and is especially large on the face, 
palms and arms  [4] . The total mean concentration of 
dermcidin-derived peptides in sweat derived from the 
forehead is approximately 70  � g/ml  [43] . The concentra-
tion of DCD-1 in sweat taken from the face, neck or chest 
ranges between 1 and 20  � g/ml with an average of 10  � g/
ml  [3, 37] .

  Dermcidin cannot be isolated from apocrine sweat 
and is not expressed in apocrine sweat glands  [3, 38] . Fur-
thermore, in contrast to the inducible  � -defensins, derm-
cidin expression is not induced under inflammatory con-
ditions in keratinocytes  [38, 41, 44] . Nor is dermcidin 
present in other body fluids, such as nasal secretions, 
tears, saliva, semen, milk and urine  [4, 38, 42, 45] . How-
ever, one recent study using a sensitive proteomic ap-
proach found dermcidin in basal tears  [46] . Another 
study detected dermcidin in samples of cervicovaginal 
fluid by a proteomic approach  [47] . However, dermcidin 
seems not to be an abundant protein in these body fluids.

  Neuronal Cells and Placenta 
 Using a dot blot hybridization array, dermcidin RNA 

expression was detected by Porter et al.  [39]  in the pons 
and at a lower level in the paracentral gyrus in the brain. 
Other groups isolated the dermcidin-derived peptide 
Y-P30 from the medium of oxidatively stressed cell lines 
of nervous system origin as the human retinoblastoma 
cell line Y79 and the mouse hippocampal cell line HN33.1 
 [30, 31] . One group found dermcidin RNA splice prod-
ucts in human term placental tissue  [17] . Nevertheless, it 
remains to be clarified whether dermcidin is expressed at 
the protein level in parts of human brain or placenta.

  Peripheral Blood Leukocytes 
 Analysis of peripheral blood leukocytes from healthy 

individuals did not provide evidence that dermcidin is 
expressed in these cells  [3, 38, 39, 42] . Later, Landgraf et 
al.  [33]  showed using RT-PCR that dermcidin RNA is ex-
pressed in the peripheral blood leukocytes of pregnant 
women up to week 29 of pregnancy. However, in the same 
study, the authors describe a rat dermcidin homologue 
which is 100% homologous to the human gene at protein 
level  [33] , indicating that contamination with human ma-
terial is likely to have taken place in the expression analy-
ses of cells of human and rat origin.

  In another study, a 105-amino-acid, low-abundance 
protein homologous to an aggregate of several short 
dermcidin-derived peptides was isolated from the plasma 
of patients with acute myocardial infarction  [48] . The cell 
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types secreting these peptides into the plasma have not 
been identified in this study. Interestingly, using pro-
teomic approaches, dermcidin peptide fragments were 
found in low abundance in human neutrophils  [49] . This 
report suggests that dermcidin might be stored in the 
neutrophil granules and the protein released if the neu-
trophils are stimulated – similar to the release of defen-
sins.

  Cancer Cells 
 Minami et al.  [40, 41]  performed immunohistochemi-

cal studies on 197 cutaneous tumors with a monoclonal 
antibody to dermcidin. They found no expression in epi-
thelial, follicular, melanocytic, neural, mesenchymal or 
sweat gland neoplasms except in 13 out of 26 mixed tu-
mors of sweat gland neoplasms which could possibly dif-
ferentiate into eccrine secretory glands.

  However, there are several reports stating that derm-
cidin is expressed in a subset of cancer cells or cell lines. 
The first report came from Tisdale’s group in 1996, de-
scribing a cancer cachectic factor expressed in the murine 
adenocarcinoma cell line MAC16  [25] . The group devel-
oped a monoclonal antibody against that factor and iden-
tified the product as the dermcidin-derived peptide PIF. 
Many studies followed, describing the presence of PIF in 
mouse and human cancer cell lines, such as the human 
melanoma cell line G361, and in the urine of cachectic 
cancer patients  [25, 50, 51] . Further studies by this group 
provided evidence that PIF is present in weight-losing 
cancer patients with a variety of malignancies, including 
cancer of the pancreas, breast, ovary and lung  [12, 14, 24, 
28, 29, 51, 52] . However, neither the expression nor the 
functional studies could be reproduced by other groups 
 [15, 16, 19, 53–55] . One reason might be that most PIF ex-
pression studies are based on detection with the mono-
clonal antibody developed by Tisdale’s group. In 2007, 
Wieland et al.  [15]  showed that this antibody binds un-
specifically to albumin and immunoglobulin light chains 
and does not detect PIF. This result as well as the fact that 
(a) PIF has no typical glycosylation site and (b) mice do 
not have a dermcidin homologue raises some concerns 
about the studies performed with this monoclonal anti-
body.

  Other studies reported that dermcidin is expressed in 
a subset of breast carcinomas. Porter et al.  [39]  found that 
dermcidin RNA is expressed in approximately 10% of in-
vasive breast carcinomas, mostly due to a focal copy num-
ber gain of its locus at 12q13.1. There was intratumoral 
heterogeneity with only a subset of cells in the tumor ex-
pressing dermcidin at high levels. Interestingly, its ex-

pression was associated with advanced clinical stage and 
poor prognosis. In two other reports, dermcidin RNA ex-
pression was seen in 3 breast tumors  [16]  and in approxi-
mately 20% of estrogen receptor-positive invasive ductal 
carcinomas  [56] .

  Dermcidin expression was also found in other tumor 
types, such as hepatocellular carcinoma tumor tissue or 
cell lines  [57] , gastroesophageal tumors  [12] , pancreatic 
cancer cell lines  [13]  and in a myelogenous leukemic cell 
line  [58] . Our own studies indicate that one can induce a 
low level of RNA, but not protein expression, in oxida-
tively stressed melanoma cells  [44] . Interestingly, the hu-
man acute monocytic leukemia cell line THP-1 was found 
to express the dermcidin precursor protein after HIV in-
fection  [59] . Further studies should clarify whether derm-
cidin protein expression is found in subsets of cancer cells 
and in virus-infected leukocytes.

  Functional Role of Dermcidin-Derived Peptides 

 Peptides processed from the dermcidin precursor pro-
tein exhibit a range of biological functions ( table 1 ). Be-
sides the well-described function of peptides derived 
from the AMP domain in host defense, dermcidin-de-
rived peptides derived from the prodomain have been re-
ported to exert a survival-promoting effect on neuronal 
cells and tumor cells (Y-P30), and to be a factor that in-
duces muscle proteolysis, causing cancer cachexia (PIF). 
Furthermore, dermcidin itself has been reported to be a 
putative oncogene in cancer cells  [19] .

  Survival-Promoting Effect of Y-P30 
 Y-P30 is an acid-stable, proteolysis-resistant factor 

present in medium conditioned by both nervous system 
cell lines and embryonic cortical neurons. Y-P30 was de-
fined as a ‘survival-promoting peptide’ since gene expres-
sion was induced in these cells after oxidative stress and 
the processed peptide promotes survival of the retino-
blastoma cells. Y-P30 binds IgG and demonstrates phos-
phatase activity, properties that are described to be im-
portant for its biological effects  [30, 31, 60] . A survival-
promoting effect of Y-P30 was also described for the 
hepatocellular carcinoma cell line HuH7  [18, 61]  and the 
prostate cancer cell line PC-3M  [62] .

  Administration of the Y-P30 peptide to rats showed 
that it is neuroprotective after optic nerve damage, but it 
does not stimulate axon outgrowth  [63] . Y-P30 has no in-
fluence on proliferation and differentiation of neural pro-
genitors, neurons and astrocytes  [32] , but promotes neu-
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rite outgrowth from thalamic and cerebellar neurons 
 [64] . Landgraf et al.  [64]  identified pleiotropin and syn-
decan-2/3 as Y-P30 receptors. Another Y-P30 target on 
cell membranes, calreticulin, a ubiquitous calcium-bind-
ing protein that is critical for integrin function, was iden-
tified as well  [60] .

   A region in the Y-P30 sequence (GNPCH) was re-
cently found to bind to the heat shock protein HSP70
in an ATP-dependent manner  [58] . Stocki et al.  [58]  have
shown that a region of the Y-P30 peptide which partial-
ly overlaps the HSP70 binding site (CHEASAAQK)
binds to HLA-A * 03  [58] . This interaction stabilizes Y-P30 
and protects the peptide from further degradation; these 
two important functions shed some light on how Y-P30 
fulfills its prosurvival action. Indeed, substitution of
glutamine for asparagine at position 32 (GNPCH to 
GQPCH), which is localized at the HSP70 recognition 
site, abrogates the prosurvival action of Y-P30  [18] . An-
other actor, Nck1, was also recently found  [57] . It was 
shown that Nck1 binds to a phosphotyrosine residue at 
position 20 in the Y-P30 sequence. In conclusion, Y-P30 
has been described by several groups to have a prosur-
vival action on stressed neuronal cells and the mecha-
nism has been partially elucidated. The physiological rel-
evance of these findings with respect to the in vivo pres-
ence of this peptide in the brain remains to be clarified.

  Cancer Cachexia Induced by PIF 
 Todorov et al.  [25]  consider PIF as a mediator of can-

cer-associated weight loss. PIF induces skeletal muscle 
proteolysis in vitro and in vivo by depressing protein syn-

thesis and by increasing protein degradation  [51, 65–69] . 
The peptide core of this 4-kDa peptide is sulfated and 
glycosylated, thus contributing to an estimated size of 24 
kDa  [68] . The glycosylation of PIF is essential for its pro-
teolytic activity as neither the peptide core alone nor the 
deglycosylated native PIF has any effect on weight loss in 
mice  [19, 25] . Further studies provided evidence that PIF 
is present in the urine of weight-losing cancer patients 
with a variety of malignancies, including cancer of the 
pancreas, breast, ovary and lung  [12, 14, 24, 28, 29, 51, 52] . 
However, PIF represents only 5  !  10 –4 % of the total uri-
nary proteins  [51] . When PIF is administered to animals, 
it induces weight loss, activation of the ubiquitin-protea-
some system in skeletal muscles and activation of NF- � B 
 [51, 65, 68, 70] . However, Jatoi et al.  [55]  could not find 
any correlation between the presence of PIF and weight 
loss or between its presence and anorexia in metastatic 
gastric/esophageal cancer patients. Nor was there evi-
dence that the presence of PIF in urine is able to pre -
dict tumor response or survival in these patients or in 
pa tients with pancreatic tumors  [54] . In another study, it 
was shown that PIF stimulates the production of IL-6
and IL-8 and the acute-phase protein C-reactive protein 
(CRP) in hepatocytes via induction of NF- � B and Stat3 
 [67] . In endothelial cell types, PIF also seems to induce 
the shedding of syndecans from the cell surface. Synde-
cans are involved in wound repair, cancer metastasis and 
embryonic development  [67] .

  It was recently suggested that a PIF receptor, which is 
a DING-type protein, is present on mouse skeletal muscle 
cells. Mirza et al.  [29]  found that an  N -terminal peptide of 

Table 1. O verview about the evidence obtained until now concerning the expression of dermcidin in humans and the functional role 
of processed peptides

Expression Stimuli Functional peptide(s) Activity References

Eccrine
sweat glands

none, constitutive 
expression

DCD-1L, DCD-1, SSL-25, 
SSL-23

antimicrobial,
skin defense,
inflammation

3, 4, 37, 38, 41–44,
72–78, 80, 81, 85

Subtypes of 
neuronal cells

oxidative stress Y-P30 survival-promoting,
promigratory

30–32, 39, 57, 58, 60,
63, 64

Subtypes of
cancer cells

none, oxidative 
stress

PIF, Y-P30, others? skeletal muscle degradation,
cachexia, survival-promoting,
pro-migratory

12–16, 24, 25, 28, 29, 
39–41, 50–59, 65–71

PBLs, neutrophils viral infection, PMA ND ND 33, 48, 49

Term placenta none Y-P30, others? ND 17

PBL = Peripheral blood lymphocyte; ND = not determined.
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the PIF receptor attenuated muscle atrophy. However, al-
though PIF attenuated protein degradation in vitro, in 
vivo studies showed that PIF does not significantly atten-
uate weight loss in mice. In contrast, another study showed 
that injection of dermcidin into mice by adenoviral gene 
transfer led to decreased body weight and increased body 
fat mobilization by activation of adipocyte lipolysis. These 
effects are most likely mediated by PIF  [71] .

  In conclusion, PIF seems to induce muscle proteolysis 
and contribute to cachexia observed in some cancer pa-
tients, although these results have been questioned by
other groups. However, the identity of the product iden-
tified as PIF has still to be proven as PIF expression is 
found in mice and the only available antibody to detect 
PIF detects IgG and albumin rather than PIF  [15] .

  Oncogene in Cancer Cells 
 It was reported that dermcidin is expressed in approx-

imately 10% of invasive breast carcinomas, mostly due to 
a focal copy number gain of its locus at 12q13.1 and that 
its expression is associated with advanced clinical stage 
and poor prognosis in breast cancer  [39] . Dermcidin ex-
pression in tumor cells promotes cell growth and sur-
vival and reduces serum dependency. It was suggested 
that high- and low-affinity receptors for dermcidin are 
present on the cell surface of breast carcinomas and me-
diate the effect.

  Motoyama et al.  [17]  suggested that 5  � g of recombi-
nant mature dermcidin increases invasion of a choriocar-
cinoma cell line in vitro; this effect can be inhibited by 
phenanthroline, an inhibitor of metalloproteinases. Fur-

thermore, it was shown that overexpression of dermcidin 
in a hepatocarcinoma cell line promoted migration by ac-
tivation of  � -GTPases  [57] . Likewise, Dash-Wagh et al. 
 [32]  found that Y-P30 enhanced migration of T24 human 
bladder carcinoma cells and rat primary cortical astro-
cytes. In summary, most studies studying the effects of 
dermcidin expression in cancer cells postulate that ecto-
pic dermcidin expression results in enhanced prolifera-
tion, survival and migration of cancer cells. However, it 
remains to be tested whether dermcidin is expressed in 
these cells at protein level and further processed and 
whether the observed functional effects can be ascribed 
to a specific proteolytic product of the dermcidin precur-
sor protein.

  Skin Host Defense 
 Several groups confirmed that peptides derived from 

the AMP domain of the dermcidin precursor protein 
have a broad-spectrum activity against several types of 
microbes, but have no hemolytic activity  [3, 72–76] . The 
most abundant DCD peptides in sweat that are antimi-
crobially active are the anionic DCD-1L and DCD-1 and 
the cationic SSL-25 and SSL-23 ( fig.  2 b). Interestingly, 
these peptides have a diverse and overlapping spectrum 
of activity that is independent of the net peptide charge 
 [72, 77]  ( table 2 ). These peptides show antimicrobial ac-
tivity against pathogenic microorganisms such as  Staph-
ylococcus aureus ,  Escherichia coli, Enterococcus faecalis 
 and  Candida albicans  under in vitro conditions resem-
bling human sweat. Further investigations by our group 
and others revealed an extended antimicrobial spectrum 
including  Staphylococcus epidermidis, Pseudomonas
aeruginosa, Pseudomonas putida,  methicillin-resistant
 S. aureus, Listeria monocytogenes  and  Salmonella ty-
phimurium   [73, 75, 76] . Interestingly,   several workers 
were able to express recombinant dermcidin in bacteria 
and purify antimicrobially active DCD-1 or DCD-1L  [73, 
75, 78] . These peptides, however, have mostly lower ac-
tivities than synthesized peptides, probably due to the 
presence of additional amino acids in the peptide se-
quence due to the cleavage of a tag. Investigations into the 
mechanism of antimicrobial activity indicated that, irre-
spective of their net charge, DCD peptides interact with 
bacterial membrane phospholipids and kill Gram-nega-
tive bacteria without forming large pores in bacterial 
membranes  [72, 77] . Remarkably and untypically for an 
AMP, the antimicrobial activity of DCD-1L is main-
tained over a broad pH range and at high salt concentra-
tions that resemble the conditions in human sweat  [3, 73, 
76] . This remarkable activity as well as the fact that DCD-

Table 2. S pectrum of antimicrobial activity of dermcidin-derived 
peptides

Microorganism DCD-1/DCD-1L
IC90, �g/ml

SSL-25
IC90, �g/ml

References

S. aureus (MSSA) 9–45 9–48 72–75, 77, 81
S. aureus (MRSA) 8 35 77
S. epidermidis 10–50 6 76, 77
E. coli 45–84 10 73, 75, 77 
P. aeruginosa 95–200 15–200 77, 81
C. albicans 10–477 ND 3, 73, 75
S. typhimurium 68 ND 75
L. monocytogenes 108 ND 75
P. sputida 0.5 (IC50) ND 73

I nhibitory concentrations that kill 90% of the indicated mi-
croorganisms (IC90). MSSA = Methicillin-sensitive S. aureus; 
MRSA = methicillin-resistant S. aureus; ND = not determined.



 Schittek J Innate Immun 2012;4:349–360356

1L is anionic in contrast to most other AMPs suggested 
that the functional mechanism of DCD-1L might be dif-
ferent from most other AMPs.

  DCD-1L is amphipathic in that the charged residues 
cluster on one side of the helix, while the hydrophobic 
residues cluster on the other side ( fig. 3 a). DCD-1L easily 
self-associates to form higher-order oligomers and has an 

anomalous electrophoretic mobility in the presence of 
SDS molecules  [35, 77] . Solution-NMR analyses in 50% 
TFE indicate that the DCD-1L topology consists of four 
 � -helices and is highly flexible, especially the N-terminus 
of DCD-1L (amino acid position 1–23)  [79]  ( fig. 3 b) .  This 
could facilitate DCD-1L binding to bacterial membrane 
phospholipids  [74] . Indeed, we recently showed that 

Hydrophilic site

Hydrophobic site

a

b

Eccrine sweat gland

Pathogens

Sweat

Skin commensals

Epidermal layers

Human skinc

  Fig. 3.   a  Helical wheel plot of DCD-1L. 
Prediction of the secondary structure by 
the Chou-Fasman algorithm of DCD-1L 
based on the amino acid sequence. There 
are three potential  � -helical regions (a.a. 
1–14, a.a. 26–32, a.a. 36–45). The helical 
wheel plot (http://heliquest.ipmc.cnrs.fr/
cgi-bin/ComputParams.py) indicates a 
partitioning into a hydrophilic and a hy-
drophobic face, as typical for amphiphilic 
peptides.  b  NMR secondary structure of 
DCD-1L in 50% TFE is shown (taken from 
http://www.rcsb.org/pdb/explore.do? 
structureId=2ksg; see also Jung et al.  [79] ). 
 c  Schematic view of human skin with the 
different epidermal layers and an eccrine 
sweat gland secreting sweat (brown dots at 
the skin surface). Commensal bacteria 
such as  S. epidermidis  (shown in green) 
can survive on skin. Pathogens such as  S. 
aureus  (shown in blue) are killed by the ac-
tion of different antimicrobially active 
substances secreted by skin-derived cells. 
This protects human skin from invading 
pathogens.  
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DCD-1L interacts preferentially with negatively charged 
bacterial phospholipids with a helix axis that is aligned 
flat on a lipid bilayer surface  [80] . Upon interaction with 
lipid bilayers, DCD-1L forms oligomeric complexes that 
are stabilized by Zn 2+  and forms ion channels in the bac-
terial membrane. Therefore, we propose that Zn 2 -in-
duced self-assembly of DCD-1L upon interaction with 
bacterial lipid bilayers is a prerequisite for ion channel 
formation and bacterial killing ( fig. 3 c, d)  [80] . DCD-1L 
seems to be ideally adapted to the acidic and salty condi-
tions in human sweat to fulfill its role in host defense. 
Furthermore, dermcidin might have evolved mecha-
nisms to evade proteolytic degradation by bacterial pro-
teases in a hostile environment like sweat, replete with 
host-derived proteases. We demonstrated that bacterial 
proteases from  S. aureus  and  P. aeruginosa  showed lim-
ited proteolytic activity against dermcidin-derived pep-
tides under physiological conditions  [81] , which was, 
however, questioned by another group  [82] . One protec-
tion mechanism might be the ability of DCD-1L to oligo-
merize, and thus decrease protease sensitivity.

  Continually secreted sweat-derived dermcidin con-
tributes to the constitutive innate defense of human skin 
by modulating surface colonization rather than respond-

ing to injury and inflammation as observed with the in-
ducible peptides HBD-2 and -3 or human cathelicidin LL-
37. Dermcidin may thus help to prevent local and sys-
temic invasion of pathogens. The question still remains 
how skin commensals as  S. epidermidis  resist the innate 
host defense. It has been shown that polysaccharide inter-
cellular adhesin (PIA), which is mainly expressed by bac-
teria growing in a biofilm, protects  S. epidermidis  against 
DCD-1L under sweat-like conditions, i.e. low pH and 
high salt concentrations  [76] . Furthermore, it has been 
elegantly demonstrated that  S. epidermidis  senses AMPs 
by a three-component sensor/regulator system which up-
regulates resistance mechanisms to cationic AMPs in or-
der to coordinate a targeted defensive response  [83] . In-
terestingly, DCD-1L does not activate this AMP-sensing 
system due to its negative net charge  [84] . Further studies 
should clarify why  S. epidermidis  can survive on human 
skin, although dermcidin-derived peptides are constant-
ly present ( fig. 3 c).

  The clinical relevance of dermcidin was shown by a 
study which indicates that patients with atopic dermatitis 
have a reduced amount of dermcidin-derived AMPs in 
their sweat, which correlate with an impaired innate de-
fense of human skin in vivo    [43] . These data suggest that 
the reduced presence of dermcidin-derived peptides in 
patients with atopic dermatitis contributes to the high 
susceptibility of these patients to skin infections and al-
tered skin colonization.

  Finally, Niyonsaba et al.  [85]  reported that dermcidin-
derived peptides exert other functions too in host de-
fense. They showed that DCD-1 and DCD-1L activate 
normal human keratinocytes by inducing the proinflam-
matory cytokines TNF- � , IL-8 (CXCL8), interferon-in-
ducible protein 10 (CXCL10) and macrophage inflamma-
tory protein-3 �  (CCL20). Cytokine induction and che-
mokine production are controlled by G-protein and 
MAPK pathways and result in activation of the NF- � B 
signaling pathway, and p38 and ERK. This interesting 
study indicates that dermcidin participates in the regula-
tion of skin innate immunity not only by direct bacterial 
killing, but also by regulation of skin inflammation.

  Conclusion 

 The purpose of this review was to shed light on the 
evidence and viewpoints obtained until now concerning 
the expression and functional relevance of dermcidin and 
the peptides derived from it. A number of controversial 
issues about dermcidin expression and function have 

Bacterial membrane

DCD-1L

d

 Fig. 3.  The framed section is shown in  d  indicating the proposed 
action of DCD-1L on the bacterial membrane. DCD-1L is first 
monomeric in human sweat (1). As soon as DCD-1L binds to bac-
terial membrane phospholipids, it oligomerizes (2, 3) and forms 
ion channels in the bacterial membrane (4), resulting in bacterial 
death.
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