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     no one ever knew before. But in poetry, it’s the  
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ABSTRACT 
 
 
Secretoglobins is a newly described polypeptide family that has gained a lot of interest in human 
cancer and inflammation research. Although the first secretoglobin polypeptide was discovered 
more than 30 years ago, their physiological function is still not known. The aim of this thesis was 
to study the expression of secretoglobins in normal and neoplastic human cells and tissues, and 
to clarify their possible involvement in human cancer. 
 
We established sensitive and specific quantitative real-time RT-PCR assays for uteroglobin, 
lipophilins A, B, C, mammaglobin, HIN-1, and UGRP1, and developed specific antibodies for 
lipophilin B and mammaglobin. By using quantitative real-time RT-PCR, immunohistochemistry, 
Western blotting, and in situ hybridization, we studied secretoglobin expression in normal and 
neoplastic cells and tissues.  
 
In normal tissues, real-time RT-PCR analysis showed high expression of mammaglobin in skin. 
The mammaglobin expression in skin tissue was further confirmed by in situ hybridization and 
immunohistochemistry, and the expression was shown to be localized to the coiled gland cells of 
the eccrine sweat glands and the apocrine sweat glands. In addition, we showed by using Western 
blotting, that mammaglobin was secreted into perspiration from the eccrine sweat glands. In 
pituitary gland, immunohistochemical analysis showed that lipophilin B was expressed by 
approximately half of the cells in the anterior pituitary. By using quantitative real-time RT-PCR it 
was shown that both lipophilins B and C mRNA were expressed in the pituitary gland, therefore 
we suggested that lipophilins B and C form heterodimers in human pituitary.    
 
In neoplastic tissues, real-time RT-PCR analysis showed dysregulated secretoglobin expression in 
lung tumors, with down-regulation of uteroglobin and frequent up-regulation of lipophilins A, B, 
C, and mammaglobin. Immunohistochemical analyses showed down-regulation of mammaglobin 
in cylindromas versus non-neoplastic eccrine sweat glands and of lipophilin B in pituitary 
adenomas versus non-neoplastic anterior pituitary. The majority of investigated cell lines showed 
low, or most often, lack of secretoglobin expression. Nevertheless, it has been shown that 
mammaglobin is over-expressed in human breast carcinomas. However, ectopic over-expression 
of mammaglobin and/or lipophilin B had no appreciable effect on cell proliferation rates of 
Hs578T breast carcinoma cells in vitro. This does not exclude the possibility that secretoglobins 
could confer some advantage to tumor cells in vivo, but, it indicates that the reported over-
expression of mammaglobin is an epiphenomenon not causally involved in breast carcinogenesis.  
 
In summary, our major findings were that mammaglobin was expressed and secreted by the 
sweat glands of the skin and lipophilin B was expressed by the anterior pituitary gland; and, that 
expression of mammaglobin and lipophilin B were down-regulated in tumors derived from the 
same tissues, i.e, in cylindromas and pituitary adenomas, respectively. Furthermore, ectopic over-
expression of mammaglobin and lipophilin B in breast carcinoma cells had no appreciable effect 
on cell proliferation rates in vitro. 
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ABBREVIATIONS 
 
ABP androgen-binding protein 
EMBP  estramustine-binding protein 
GAPDH glyceraldehyde-3-phosphate dehydrogenase  
HIN-1  high in normal 1 
IL interleukin 
Lpn  lipophilin  
MGB mammaglobin 
PCR   polymerase chain reaction 
PCB polychlorinated biphenyl 
PLA2 phospholipase A2 
RNA  ribonucleic acid 
rRNA ribosomal RNA 
RT-PCR  reverse-transcriptase polymerase chain reaction 
SCCA squamous cell carcinoma antigen  
T/EBP thyroid-specific enhancer-binding protein 
UGN uteroglobin 
UGRP1 uteroglobin-related protein 1 
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INTRODUCTION 
 

ESTRAMUSTINE, EMBP, AND THE PRESENT STUDY 
 
Estramustine phosphate is a combination of estrogen and nornitrogen mustard 
which is used in the treatment of advanced prostatic carcinoma (1). Initially, 
estramustine phosphate was developed for the treatment of breast carcinomas. The 
idea was to use estrogen as a carrier for targeting nitrogen mustard to breast cancer 
cells by binding to the estrogen receptor. However, studies of the distribution of 
intravenously injected estramustine phosphate in rats showed that it mainly 
accumulated in rat ventral prostate. The protein responsible for the accumulation 
of estramustine phosphate in the rat prostate was named estramustine binding 
protein (EMBP) (2). EMBP was discovered independently by several researchers in 
different contexts, and is therefore also known as prostatein (3), prostatic binding 
protein (4), and prostate α protein (5). 
 
EMBP consists of three different polypeptides, C1, C2, and C3, forming a tetramer. 
The tetramer consists of two disulphide linked subunits, each composed of two 
polypeptides, C1-C3 and C2-C3, respectively (6). Recently, the polypeptides 
forming the mature rat EMBP protein were found to be homologous to each other 
and to belong to a polypeptide family now named the secretoglobin family (7). 
 
EMBP-like proteins have been described by immunohistochemical and 
biochemical techniques in various human organs and tumors (8-16), however, the 
molecular identities of these EMBP-like proteins were not determined. We, thus, 
sought to clarify the relationship between the EMBP-like proteins and the newly 
described human secretoglobin family. Although we were not able to establish any 
such relationship, we did some novel discoveries regarding the expression of 
human secretoglobins, which form the basis of this thesis.  
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THE SECRETOGLOBIN FAMILY 
 

The secretoglobin family and its name 
 
In year 2000 the secretoglobin family was defined (7). The secretoglobins are 
assigned to this family on the basis of structural similarities. The suffix –globin has 
a structural meaning, in the term globin-fold, which is a bundle of eight α-helices 
arranged so that the helices form a pocket for binding of the heme group. 
Secretoglobins with unknown structure are assigned to this family based on their 
amino acid sequence and predicted structure. 
 
 

Secretoglobin genes 
 
The overall gene structure is similar for secretoglobins, with three exons separated 
by two introns, and the size of the genes differs mostly in the variable introns (17). 
Sequence conservation is predominantly seen in codons encoding hydrophobic 
amino acids (18). 
 
Secretoglobin genes have till recently, at least, seemed to be restricted to mammals 
which indicates that secretoglobins evolved and radiated relatively recently in 
evolution. A phylogentic tree of the mammalian secretoglobins is shown in Fig.1. 
Recently, however, two uncharacterized Drosophila proteins (Drosophila genes 
CG13068 and CG13674) were identified and shown to have limited (~ 30%) amino 
acid identity with human high in normal 1 (HIN-1) and uteroglobin related protein 
1 (UGRP1) secretoglobins (19). The evolutionary origin of the secretoglobins is, 
thus, still controversial.  
 
 

Secretoglobin protein structures 
 
The mature secretoglobin proteins are homo- or hetero-dimers, formed by 
secretoglobin polypeptides. Secretoglobin subfamily 1A polypeptides, 
uteroglobin/clara-cell proteins, form homodimers (Fig. 1) (20). They contain two 
conserved cysteine residues, each close to the two polypeptide termini, and one 
central lysine (20). Secretoglobin polypeptides of subfamilies 1B, C, D, and 2A 
polypeptides form heterodimers (Fig. 1); e.g, lipophilin A with lipophilin C in tears 
(21), and lipophilin B with mammaglobin in breast tissue (22, 23). These 
secretoglobins contain a third conserved cysteine that could be responsible for 
dimerization of the heterodimers. 
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Fig. 1  A phylogenetic tree for mammalian secretoglobins. Oc, Oryctolagus cuniculus 
(domestic rabbit); Lc, Lepus capensis (brown hare); Ma, Mesocricetus auratus (golden 
hamster); Rn, Rattus norvegicus (brown rat); Mm, Mus musculus (house mouse); Mf, Macaca 
fuscata (snow monkey); Hs, Homo sapiens (human); Ss, Sus scrofa (eurasian wild pig); Fc, 
Felis catus (domestic cat). The proteins most closely related to rabbit uteroglobin and with 
only two cysteines in the mature polypeptide are all called uteroglobins (UGB). LGP, lacrimal 
gland protein; ABP, androgen binding protein; C1B,  Fel dI chain 1B; C1A, Fel dI chain 1A ; 
Ryd5 HGS, (24); C2, Fel dI chain 2; Lpn, lipophilin; YGB, lymphoglobin; FHG22, female 
harderian gland clone 22; EMBP, estramustine binding protein; HGB, heteroglobin; LGB, 
lacryglobin; MGB, mammaglobin; HIN-1, high in normal 1; UGRP1, uteroglobin related 
protein 1. Image adapted from: 
 
 http://www.gene.ucl.ac.uk/nomenclature/genefamily/scgb_tree.pdf   (March 7, 2005) 
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Secretoglobins have also been shown to form tetramers. Biochemical 
characterization of the rat EMBP protein complex revealed that it is composed of 
two disulfide-linked subunits forming a tetramer (6). There is also evidence for a 
heterotetrameric mammaglobin-lipophilin B complex in human breast tissue (22). 
The secretoglobin polypeptide subfamily 3A member UGRP1, form homodimers 
(25).  
 
Crystal structures available for rabbit, human, and rat uteroglobin (reviewed in (18)) 
show that the three-dimensional fold is conserved, despite sequence differences. 
The uteroglobin monomer is composed of four α-helices, forming a boomerang 
shaped structure. The two monomers are held together by two disulfide bonds in 
an antiparallel way, forming an internal hydrophobic cavity, C1 (Fig. 2) (20). This 
cavity can accommodate small hydrophobic ligands such as progesterone (26) and 
retinol (27).  
 
 

 
 
Fig. 2 Solvent-accessible molecular surface representation of the crystal structure of the 
rabbit uteroglobin dimer (20). The outer molecular surface is represented by the pale color, 
whereas the cavities are represented by cyan. The cavity labeled as C1 is the largest one 
formed by the two identical monomers. Two other (symmetric) smaller cavities, C2 and C3, 
are formed by helix-1, helix-2, and helix-3. For the sake of clarity, the front surface of the 
protein is clipped. Image used by permission of Birkhäuser Publishing Inc., Basel, 
Switzerland. 
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Secretoglobin expression 
 
Secretoglobins have been described in human, cat (28, 29), hamster (30-32), hare, 
pika (33), monkey (34), mouse (35-37), pig (38, 39), rabbit (40-42), and rat (43-45). 
Species of Lagomorpha (hares, pikas and rabbits) express secretoglobins in the 
uteri (33, 41, 42), and several species express secretoglobins in their lung tissue (31, 
33, 34, 37). Some secretoglobins are immediately after secretion deposited at the 
exterior of the animal. Examples include secretoglobins expressed in lachrymal 
glands (36, 46, 47) and cat pelt (29). Other secretoglobins find their way to the 
animal’s exterior as a result of licking and grooming, as those expressed in salivary 
and harderian glands (28, 30, 32, 35, 46). 
 
There are several studies showing differential secretoglobin expression in glands of 
female and male animals (36, 47-53). For example, one of the major cat allergens in 
humans, the secretoglobin Fel d 1, is shed more from male than female cats (29, 
49). In contrast to Fel d 1 expression in cat, the expression of hamster 
secretoglobin heteroglobin A, is higher in female than in male submaxillary and 
harderian glands, in fact, no heteroglobin A was detected in male harderian glands 
(30, 32). Gender-based differential expression of secretoglobins is explained by 
hormone regulated gene expression. In male cats, Fel d 1 levels decrease in 
castrated animals (51), and estrogen stimulates heteroglobin A expression in 
hamster harderian gland (50). 
 
Human secretoglobins have mainly been detected in glands and their secretions 
(19, 21, 54-58), reproductive organs (19, 52, 56-61), lymphoid tissues (56, 58, 62), 
lung tissues (25, 55, 56), and breast tissue (22, 55-57, 63). In addition, 
secretoglobins have been detected in cerebrospinal fluid (64), colon (54), heart, 
kidney and skeletal muscle (19, 58). The expression in respective organs seems 
mainly to be restricted to epithelial cells.  
 
 

Secretoglobin functions 
 
Today, there is no common biological function established for the secretoglobins. 
For several of the members, there is no demonstrated function at all. The most 
studied secretoglobin, uteroglobin, has been ascribed many biological functions 
(reviewed in (20) and (65)). It is particularly two functions of uteroglobin and other 
secretoglobins that have been most exhaustively studied. These are secretoglobin 
ligand binding and anti-inflammatory properties. In addition, secretoglobins have 
been suggested to have a function in pheromonal communication and in tumor 
biology.  
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Steroid binding  
 
One of the first functions ascribed to uteroglobin was its ability to bind 
progesterone (26). This function has, however, been questioned as there is no 
evidence that progesterone is associated with the native protein. Uteroglobin has 
also been shown to bind retinol (27) and polychlorinated biphenyl (PCB) (66). It is 
unlikely that uteroglobin’s native function is to bind PCB, since it is not a natural 
substance, however, the ability of uteroglobin to bind retinol and PCB indicates 
that binding of small hydrophobic molecules might be an important natural 
function for the protein. Recently, a steroid binding protein expressed in pigs, 
pheromaxein, was shown to belong to the secretoglobin family (38). Pheromaxein 
binds and transports 16-androstenes in saliva (53, 67). It has been suggested that 
pheromaxein concentrates the steroids from the blood stream and transports them 
into saliva (38). Steroid binding has also been shown for mouse salivary androgen-
binding protein (ABP) (68). The ABP protein is a heterodimer, composed of an 
alpha polypeptide dimerized with either a beta or gamma polypeptide (69). ABP 
binds testosterone and progesterone but not estradiol (68). Binding of different 
ligands is explained by different heterodimers with different binding affinity for the 
ligands. Karn et al. state that the evolution of different dimers of ABP, with 
changed binding affinity, strongly suggests that ligand binding is an important 
aspect of ABP function (35). 
 
 
Fibronectin binding  
 
Uteroglobin also binds with high affinity to fibronectin (70). Furthermore, an 
uteroglobin deficient mouse strain developed glomerular disease (70) and IgA 
nephropathy (71), due to fibronectin multimerization and deposition of IgA-
fibronectin complexes in the kidneys. Uteroglobin was, in the same studies, 
reported to inhibit the formation of these complexes. In contrast, another 
uteroglobin deficient mouse strain showed normal kidney function and lack of 
fibronectin deposition (72). Furthermore, uteroglobin has been shown not to be 
involved in human fibronectin glomerulopathy (73), or IgA nephropathy (74). It, 
thus, seems clear that uteroglobin can bind to fibronectin and thereby inhibit 
fibronectin multimerization and IgA-fibronectin complex formation, however, the 
involvement of uteroglobin in human glomerulopathy and IgA nephropathy 
remains controversial 
 
 
Anti-inflammatory properties 
 
Many secretoglobins are secreted into body fluids, which are in contact with the 
external environment, for example saliva, tears, and bronchial fluid. This expression 
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pattern suggests a role for secretoglobin polypeptides in the defence against various 
pathogens and in inflammation. 
 
There are two secretoglobins for which there are experimental evidence that they 
play a role in inflammation, uteroglobin and UGRP1. Both proteins are 
constitutively expressed in the lung tissue. Uteroglobin and UGRP1 are both 
expressed by the the Clara cells, which are non-ciliated secretory epithelial cells 
lining the bronchioles (25, 75, 76). In addition to the Clara cells, UGRP1 is also 
expressed by the epithelial cells in trachea (25). Both genes have interesting gene 
localizations with respect to inflammation. The uteroglobin gene is localized at 
chromosome 11q12.2-13.1, in the proximity of other genes involved in 
inflammatory airway diseases (77, 78). The UGRP1 gene is localized at 
chromosome 5q31-32 (25), a region where many asthma susceptibility genes, and 
genes involved in inflammation are located (79).  
 
It has been shown in uteroglobin deficient mice that uteroglobin limits lung 
inflammation in vivo (80). Lack of uteroglobin was associated with increased 
expression of inflammatory cytokines such as interleukin-4 (IL-4) and IL-13. These 
cytokines stimulate the expression of both SCCA-1 and SCCA-2 (81), of which 
over-expression in the lungs are associated with human bronchial asthma. SCCA-2 
gene expression is markedly higher in the lungs of uteroglobin deficient mice 
compared to wild type mice, and recombinant uteroglobin treatment suppresses 
SCCA-2 expression (81). On the other hand, in other studies, uteroglobin deficient 
mice did not exhibit any unchecked inflammatory activity (82) or any dys-regulated 
inflammatory response (83). The only phenotype found in the uteroglobin deficient 
mice of these two studies, was the lack of secretory granules of the Clara cells (82). 
A suggested biochemical function of uteroglobin in inflammation, is as an inhibitor 
of phospholipase A2 (PLA2) (84-87). It is believed that amino acid residues 39-47 
of uteroglobin, which are well conserved in all species studied so far, are important 
for inhibition of PLA2. This region shows sequence similarity to the PLA2 inhibitor 
lipocortin I (88, 89). Miele et al. used synthetic peptides corresponding to this 
region, and showed that these peptides had potent PLA2 inhibitory activity in vitro 
and anti-inflammatory effects in vivo (89). However, there are studies questioning 
the suggested role for uteroglobin as an inhibitor of PLA2 (90-92). In fact, both van 
Binsbergen et al. (90) and Singh et al. (92) failed to reproduce the results by Miele 
et al. (89).  
 
Studies of Ugrp-1 mRNA expression in mouse lung have shown that its expression 
is reduced after antigen-induced inflammation (25, 93). The expression of Ugrp-1 
returned to normal level after treatment with the anti-inflammatory corticosteroid 
dexamethasone (25). IL-10 is a cytokine which primary function appears to be to 
limit and control inflammatory responses. IL-10 is suggested to induce UGRP1 
gene expression through a T/EBP/NKX2.1-dependent pathway (94). Other 
cytokines involved in regulating UGRP1 expression are IL-5 and IL-9, which are 
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thought to decrease the UGRP1 expression (93, 95). The molecular function of 
UGRP1 is not known, however, it has been shown to bind to a macrophage 
scavenger receptor (MARCO) (96). This receptor is expressed by alveolar 
macrophages in the lung and the liver (96). It is suggested that UGRP1-MARCO 
ligand-receptor pair is involved in the clearance of pathogens in the lung (96). 
 
 
Pheromonal properties 
 
Both mouse ABP (97) and cat Fel d 1 (28) have been shown to be applied by the 
animals to their pelts, probably during grooming. This, together with the ligand 
binding function shown for several secretoglobins, is compatible with a function as 
pheromone carrier. Several investigators have suggested that secretoglobins could 
be involved in pheromonal communication (30, 36, 38, 53, 91, 97, 98). The best 
evidence for a secretoglobin acting as a pheromone comes from studies in pigs. 
Biochemical studies have shown that the submaxillary glands of pigs contain the 
secretoglobin pheromaxein, which is capable of binding 16-androstene odorous 
steroids (53). When male pigs are aroused by the presence of female pigs or alien 
boars, their submaxillary glands secrete large quantities of saliva. This allows the 
odour of 5α-androstenone and 3α-androstenol to be transmitted to the sow or the 
alien boar respectively. The response in the female is to take up the mating stance.  
 
In a recent review about androgens acting as pheromones in humans, it was stated 
that it is likely that also humans communicate chemosensorily (99). In humans, 5α-
androstenone can be detected in saliva and axillary secretions, and 3α-androstenol 
in urine and blood (reviewed in (100)). There are significant sex-related differences 
in expression, with men secreting more of both steroids than women. Three 
studies, two of them using double blind trial conditions, have shown that female 
axillary sweat extracts can synchronize the menstrual cycle (reviewed in (100)). 
Axillary sweat extracts were put on the upper lips of the subjects. Women with 
variable cycles became regular, and recipients were synchronized to menstrual dates 
of the donors. Whether secretoglobins play a role in sweat induced synchronization 
of menstrual cycles has not been investigated, but from the findings in pigs it could 
be speculated that 5α-androstenone is carried by a secretoglobin, and have a 
pheromonal function also in humans.  
 
It has been suggested that the mouse secretoglobin ABP alpha is involved in sexual 
isolation of Mus musculus (house mouse) (97). The gene for the ABP alpha 
polypeptide is polymorphic between the subspecies of Mus musculus, but each 
subspecies is monomorphic for its own allele. This is a unique kind of 
polymorphism, where each subspecies has its own allele, rather than merely having 
different allelic frequencies. It has been shown that female mice prefer to mate with 
a male that has her own ABP type (97, 101). It has also been shown that female 
mice can detect and determine the ABP type of a male when in contact with his 
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territory in his absence, a finding which suggests that mouse salivary ABP act as a 
pheromone (97).  
 
 

Secretoglobins and cancer 
 
There are contrasting results in the literature about expression of secretoglobins in 
tumors. Some tumors have been reported to over-express secretoglobins, while 
other tumors have been reported to have reduced, or completely lost their 
secretoglobin expression. Most human secretoglobin genes are localized at 
chromosome 11q12.2-13.1. Mukherjee et al. state in a review (20) that 
abnormalities in this region of chromosome 11 have been correlated with human 
cancers (102-106). Introduction of chromosome 11 into HeLa cells and Wilms' 
tumor cell line completely suppresses the tumorigenic phenotype of these cells 
(102, 107), indicataing the presence of tumor-suppressor gene(s) on this 
chromosome. 
 
 
Uteroglobin 
 
In man, uteroglobin expression is lost during prostate cancer progression (108, 109) 
and in the majority of lung carcinomas (76, 110). In addition, uteroglobin was lost 
during tumor progression in a transgenic Clara cell mouse tumor model (111). 
Furthermore, addition of recombinant uteroglobin, or ectopic over-expression of 
the uteroglobin gene, reverse the transformed phenotype of cancer cells (112-115), 
indicating that uteroglobin might function as a tumor suppressor. Uteroglobin 
expression in tumor cells seems to antagonize the malignant phenotype at multiple 
levels, including through decreased expression of matrix metalloproteinases 
(MMPs), altered cell adhesive properties, and reduced anchorage-independent cell 
proliferation (reviewed in (116)). These functions of uteroglobin seems to require 
the action of an uteroglobin receptor on the tumor cells (117, 118), however, to our 
knowledge the molecular identity of this receptor has not been clarified.  
 
 
HIN-1 
 
Another secretoglobin that is down-regulated in tumors is HIN-10. HIN-1 is not 
expressed in the majority of tumors investigated, and the promoter region is often 
hypermethylated. Examples of tumors that has down-regulated HIN-1 expression 
are breast (56), nasopharyngeal (119) , lung (120), prostate, pancreatic (121), 
retinoblastoma, and Wilm´s tumors and lymphomas (122). Hypermethylation of 
the HIN-1 promoter has also been observed in normal tissue adjacent to tumors 
(121), and in pre-invasive breast tumors, such as ductal carcinoma in situ (DCIS) 
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and lobular carcinoma in situ (LCIC) (56). This suggests that HIN-1 down-
regulation may be involved in the initiation of tumorigenesis in these tumor types.  
 
There are data in the literature suggesting that secretoglobins are needed to 
maintain a terminally differentiated epithelial phenotype. The expression of HIN-1 
in adult mice is restricted to terminally differentiated epithelial cells of trachea, 
bronchi, and the bronchioli. During embryonic development, HIN-1 mRNA levels 
correlate with the terminal differentiation of these cells (19). This is consistent with 
a function for HIN-1 in the acquisition or maintenance of terminally differentiated 
epithelial phenotype. Furthermore, Krop et al., saw a dramatic induction of HIN-1 
during pregnancy and suggested a possible role for HIN-1 in lobulogenesis and/or 
terminal differentiation, which occur only during pregnancy (56). It has also been 
observed that in lung adenocarcinomas, the expression of HIN-1 is correlated with 
the differentiation status of the cells (121). In vitro studies investigating whether lack 
of HIN-1 expression correlates with lack of differentiation have been made. 
Normal bronchial epithelial cells were grown in the absence of retinoic acid 
resulting in loss of mucinous differentiation, acquisition of squamous 
characteristics, and loss of HIN-1 expression (121).   
 
 
Mammaglobin 
 
Mammaglobin was identified in a screen for cDNAs differentially expressed 
between primary breast tumors and normal breast tissue (123). In contrast to 
uteroglobin and HIN-1, mammaglobin has been found to be over-expressed in 
tumors (63, 123-125). In situ hybridization studies of breast tumors showed that 
mammaglobin mRNA was over-expressed in the tumor cells compared to the 
normal adjacent cells (124). The over-expression of mammaglobin in tumor cells is 
transcriptionally regulated (126), and two known transcription factors, AP-1 and 
PEA3, have been shown to be involved in regulation of mammaglobin gene 
expression (127). PEA3 is over-expressed in many breast tumors and is involved in 
the activation of genes over-expressed in breast cancer tumors such as vimentin 
and HER2 (128, 129). There are several studies showing that mammaglobin 
expression in breast tumors is associated with a less aggressive tumor phenotype, 
and with the expression of progesterone and estrogen receptors (130-132). There 
have been many studies using mammaglobin to detect metastatic breast tumor cells 
in blood, lymph nodes, bone marrow (reviewed in (133)), and lungs (134). Theses 
studies show promising results for the use of mammaglobin as a molecular marker 
for breast cancer cells. The breast tissue restricted expression of mammaglobin has 
also generated ideas about mammaglobin-based strategies for treatment of breast 
cancer, for example by targeting breast tumors with toxin-conjugated 
mammaglobin antibodies, mammaglobin-targeted immune theraphy, and gene 
theraphy vectors with the mammaglobin promoter driving Bax expression, 
resulting in apoptosis of breast tumor cells (135). 
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Lipophilin C 
 
Lipophilin C, also named mammaglobin B and mammaglobin-2, for its sequence 
homology to mammaglobin, has been shown to be over-expressed in tumor tissues. 
Lipophilin C is over-expressed in one-fifth of colon cancers (54), and in primary 
and metastatic ovarian cancers (136).  
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AIMS 
 
 

The specific aims of the present study were: 
 

 To establish quantitative and specific real-time RT-PCR assays for 
uteroglobin, lipophilins A, B, C, mammaglobin, HIN-1, and UGRP-1 
secretoglobins  

 
 To evaluate the expression of uteroglobin, lipophilins A, B, C, and 

mammaglobin in lung and lung cancer tissue 
 

 To study the extra-mammary expression of mammaglobin, including in skin 
tissue and sweat gland-derived tumors 

 
 To study lipophilin B expression in pituitary gland and pituitary adenomas 

 
 To study mammaglobin and lipophilin B expression in breast tumors, and 

the effect of their over-expression on breast cancer cell proliferation.  
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METHODOLOGICAL CONSIDERATIONS 

RNA ANALYSES 
 
RNA preparation from cells and tissues (Papers I, II, III, and IV) 
 
All RNA preparations were DNAse treated before spectrophotometric calculations 
of the RNA concentration and the use in Northern blotting or real-time RT-PCR. 
To check for DNA contamination, reverse transcriptase was omitted from the real-
time RT-PCR reaction. 
 
 
In vitro transcribed RNA (Papers I, II, III, and IV) 
 
The secretoglobin cDNAs were cloned into the pET32a (+) vector. This vector 
contains the T7 RNA polymerase promoter, which makes it possible to use these 
vectors for RNA in vitro transcription. In vitro transcribed RNA was made by using 
the MEGAscript T7 kit (Ambion). To remove the cDNA used in the reaction, the 
reaction mixture was DNAse treated before measurement of the RNA 
concentration, and the use in Northern blotting, real-time RT-PCR, or in situ 
hybridization. 
 
 
Quantitative real-time RT-PCR (Papers I, II, III, and IV) 
 
Quantitation by real-time RT-PCR is based on the detection of a fluorescence 
increase as a specific PCR product is produced with each cycle of amplification. 
Real-time RT-PCR is a very sensitive method. In paper I we showed that our 
quantitative real-time RT-PCR assays were 103-106 times more sensitive than the 
corresponding Northern blot protocols. We used the iCycler iQ system from Bio-
Rad for the quantitative real-time PCR analyses (Bio-Rad, Hercules, CA).  
 
 
TaqMan probes and fluorescence 
 
We used so called TaqMan probes in our quantitative real-time RT-PCR assays, to 
ascertain the detection of specific PCR products. TaqMan probes are designed to 
anneal to an internal region of the PCR product, and they contain a fluorescent 
reporter dye adjacent to a quenching dye. When the TaqMan probe is illuminated at 
appropriate wavelengths, the fluorescent reporter is excited, however, the 
fluorescence is quenched by the quencher as long as the probe is intact. This 
quenching is due to fluorescence resonance energy transfer (FRET), where the 
fluorescence energy from the fluorophore is transferred to the quencher. However, 
when the Taq DNA polymerase with its 5´exonuclease activity cleaves the probe, 
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the reporter dye is released from the quencher and can start to fluoresce. Detection 
of PCR product accumulation is monitored by the increase in fluorescence due to 
probe cleavage. Importantly, cleavage of the probe can only occur if the probe is 
hybridized to the target, which allows only specific amplification to be detected.  
 
 
Threshold cycle and quantitation 
 
The threshold cycle (Ct) is an arbitrary defined PCR-cycle at which the increase in 
fluorescence becomes detectable. If the initial amount of RNA is high, the increase 
in fluorescence is detected early in the RT-PCR process, and the Ct value will be 
low. The threshold is placed above the baseline, and within the exponential phase 
of fluorescence increase, to get accurate quantification and good run-to-run 
reproducibility.  
 
 
Reference genes 
 
Internal reference genes are often used to normalize data to facilitate comparisons 
between samples. Commonly used reference genes for real-time RT-PCR data 
include the house keeping genes glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH), β-actin, and 18S rRNA (137). The GAPDH enzyme participates in the 
glycolysis, β-actin is a major component of the cell cytoskeleton, and 18S ribosomal 
RNA (rRNA) is a part of the small ribosomal subunit that is required for protein 
synthesis. We have chosen to normalize our quantitative RT-PCR data to the 18S 
rRNA, because we found that 18S rRNA levels varied less than GAPDH and β-
actin levels between different tissues and organs (138). 
 
 

PROTEIN ANALYSES  
 
Generation of recombinant secretoglobin proteins (Paper III) 
 
We used the pET system from Novagen for E. coli expression of recombinant 
proteins. Respective secretoglobin cDNA was cloned into pET-32a (+) vectors 
(Fig. 3). Expression of genes cloned into this vector is driven by T7 RNA 
polymerase. Therefore, for protein production, E. coli strain AD494 (DE3), 
containing an inducible T7 RNA polymerase gene, was transformed with respective 
vector construct. Addition of isopropyl-β-D-thiogalactopyranoside (IPTG) to the 
growing cultures induced T7 RNA polymerase, which in turn transcribed the target 
DNA of respective plasmid.  
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Fig. 3 The pET-32a (+) vector encodes fusion proteins with N-terminal thioredoxin-tag (Trx-
tag ), His-tag (His-tag), and a S-tag fusion domains. The N-terminal fusion domains can be 
cleaved off with thrombin (Trx-tag and His-tag) or enterokinase (all three tags); multiple 
cloning site (MCS) used for cloning of human secretoglobins. 
 
 
We used Ni-columns to affinity purify our recombinant fusion proteins. The His-
tag domain binds to divalent cations, in our case Ni2+ ions immobilized on metal 
chelation resin. After His-tag binding, unbound proteins were washed away, and 
the target protein was eluted with imidazole. Finally, the fusion proteins were 
thrombin-cleaved followed by depletion of free Trx- His- tag tails and non-cleaved 
products on Ni-columns.  
 
 
Generation of specific lipophilin B and mammaglobin antibodies (Papers II, III 
and IV) 
 
An antiserum against recombinant, Trx- His- tag tail-depleted lipophilin B, was 
raised in a rabbit. The lipophilin B antiserum was affinity-purified on a HiTrap-
column coupled with lipophilin B recombinant protein. Before addition to the 
column, the antiserum was diluted, and sterile filtered. The antiserum was passed 
through the column with a constant flow of 0.33 ml/min. After binding of 
antibodies, the column was washed. Thereafter the antibodies were eluted, first at 
pH 2.5, then at pH 11.5. The eluted antibodies were collected in fractions in 
eppendorf tubes containing Tris buffer pH 8.0, to neutralize the pH. The 
absorbance at 280 nm was used to calculate the concentration of the purified 
antibodies, assuming that 1 mg/ml of rabbit IgG corresponded to the absorbance 
1.4. Following affinity-purification, the lipophilin B antiserum was immuno-
adsorbed to deplete it from antibodies cross-reacting with lipophilins A and C. The 
serum was passed through HiTrap-columns coupled with recombinant fusion 
proteins of lipophilins A and C, respectively.  
 
Mammaglobin antiserum was raised in a rabbit, against a synthetic peptide 
corresponding to the 16 amino acids of the COOH terminus of mammaglobin. 
The antiserum was thereafter affinity-purified using the same peptide. 
 
 
 
 
 

Trx-tag His-tag 

Thrombin 

S-tag 

Enterokinase 

MCS 
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Immunohistochemistry (Papers II and III)  
 
Preservation of tissues with formalin fixation can result in the masking of antigens 
and make it difficult to detect them by immunohistochemistry. In our 
immunohistochemical studies we used microwave heating to unmask 
mammaglobin and lipophilin B antigens, and thereby make them available for 
immuno-detection. 
 
We used rabbit polyclonal antibodies in our immunohistochemical studies. The 
mammaglobin antibodies were affinity-purified, and the lipophilin B antibodies 
were both affinity-purified and immuno-adsorbed. Therefore, we used affinity-
purified rabbit anti-IgY antibodies (Jackson Immuno Research Laboratories Inc.) as 
negative control antibodies. 
 
 
Western blotting (Papers III and IV) 

We separated the secretoglobin polypeptides on pre-cast 4-12% bis-Tris Nu-PAGE 
gels from Invitrogen AB. These gels allow proteins to be separated at lower pH 
during electrophoreses, compared to traditional SDS-PAGE systems. According to 
the manufacturer, this generates sharper band resolution due to better protein 
stability. The separated proteins were transferred to pre-cut polyvinylidene 
difluoride membranes from Invitrogen AB. This generated good run-to-run 
reproducibility, and allowed us to easily compare different Western blots. 
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RESULTS AND DISCUSSION 
 
In the following section, figures and tables are referred to by their numbers as 
given in the original paper, followed by the roman numerals for the corresponding 
paper.  
 

EXPRESSION OF SECRETOGLOBINS IN NORMAL TISSUES 

Secretoglobin expression in normal tissues analyzed by real-time RT-PCR 
 
We developed quantitative real-time RT-PCR assays for human secretoglobins. In 
paper I we analyzed the sensitivity and the specificity of the different assays for 
uteroglobin, lipophilins A, B, C, and mammaglobin. The detection limits were 
shown to be below 240 mRNA copies for the lipophilins and below 6000 copies 
for mammaglobin (Table 2, paper I).  We compared the sensitivity of our real-time 
RT-PCR assays with Northern blotting and found that the real-time RT-PCR 
assays were 103-106 times more sensitive than Northern blotting. Since many 
secretoglobins are homologous, it was important to show that the quantitative real-
time RT-PCR assays were specific. The ratios between specific and non-specific 
signals were, thus, higher than 5x105 for all the analyzed secretoglobin cDNA 
combinations (Table 3, paper I). 
 
We analyzed 24 different normal human tissues for their expression of uteroglobin, 
lipophilins A, B, C, and mammaglobin mRNA (Table 1). The genes showed partly 
overlapping but distinct expression patterns, with the highest expressions in glands, 
the reproductive organs, and lung. In later studies (papers II and III, discussed 
below), we found expression of mammaglobin in skin and of lipophilin B and C in 
pituitary gland. Blood and liver appeared devoid of the analyzed secretoglobin 
transcripts.  
 
The reason for our observed lack of uteroglobin expression in uterus is not clear, 
but since uteroglobin expression is differentially expressed during the menstrual 
cycle (139), it is possible that the RNA used by us was not optimal in this regard. 
Furthermore, the uterine expression appears to be concentrated to the 
endometrium, while the RNA we used was derived from the whole uterus. 
Interestingly, our uterine samples, nevertheless, revealed high expression of 
lipophilins B and C, and mammaglobin.  
 
In general, lipophilin A showed a relatively restricted tissue distribution and low 
expression levels, while lipophilins B and C showed higher expression levels and, 
partly overlapping but distinct, expression profiles. 
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As has been shown in earlier studies, mammaglobin mRNA was expressed in the 
mammary gland. For mammaglobin, we found in addition to expression in the 
mammary gland, relatively high expression also in uterus, cervix, salivary gland, and 
later (paper II), in skin.  
 

Table 1  Normalized expression levels of lipophilin A (LpnA), lipophilin B (LpnB), 
lipophilin C (LpnC), mammaglobin (MGB), and uteroglobin (UGN) in normal human tissues. 
Expression of respective gene was quantitated by real-time RT-PCR and the obtained 
secretoglobin values were divided by respective 18S rRNA values (x10-8). The RNA was 
obtained from commercial suppliers. 

 UGN LpnA LpnB LpnC MGB 

Adrenal gland 0 0 170 0 50 
Bladder 0 0 1 3 0 
Blood 0 0 0 0 0 
Brain 0 0 11 1 0 
Cervix 0 6 1,690 3,530 2,340 
Colon  0 0 3 170 50 
Heart 0 0 70 0 0 
Kidney 0 0 173 40 0 
Liver 0 0 0 0 0 
Lung 34,200 0 60 280 0 
Mammary gland 0 0 1,650 80 191,910 
Ovary 710 5 2,100 12,800 650 
Pancreas 0 0 10 250 2 
Placenta 0 0 0 3 9 
Prostate 110 0 150 50 480 
Salivary gland 0 20 60 680 3330 
Skeletal muscle 0 4 150 0 30 
Small intestine 0 0 30 30 0 
Spleen 0 0 0 0 5 
Stomach 0 0 0 310 0 
Testis 0 8 790 1,550 1,270 
Trachea 13,090 5 5 210 530 
Uterus 0 3 11,600 12,100 77,610 

 

Expression of mammaglobin in sweat glands 
 
In paper II, we found prominent mammaglobin expression in the eccrine sweat 
glands. Before this study, mammaglobin had been claimed to be breast tissue 
specific, and confined to the mammary glands (63, 140).  
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Quantitative real-time RT-PCR analysis showed, surprisingly, that mammaglobin 
mRNA expression was higher in skin than in breast tissue (Table I, paper II).  
To investigate the cellular distribution of mammaglobin mRNA, we developed an 
in situ hybridization technique for detection of mammaglobin mRNA in frozen 
cryostat sections. The in situ hybridization demonstrated that cells in the eccrine 
sweat glands expressed mammaglobin mRNA (Fig. 1, paper II), suggesting that 
they were producing mammaglobin polypeptides.  
 
To study the mammaglobin protein expression we performed immunohisto-
chemical analysis of paraffin-embedded skin sections. Immunohistochemical 
analysis of skin showed a strong cytoplasmic immunostaining of cells in the eccrine 
sweat glands (Fig 2a, paper II). It was primarily the coiled gland cells that stained 
for mammaglobin, whereas the ductal cells appeared negative. Interestingly, 
mammaglobin staining was seen in the lumen of some ducts, indicating that 
mammaglobin was secreted into the perspiration. In addition to the data presented 
in paper II, we analyzed perspiration secreted from the eccrine sweat glands. 
Western blot analysis of perspiration with anti-mammaglobin antibodies showed a 
broad band with its peak intensity at 21 kDa (Fig. 4), which is in accordance with 
the apparent molecular weight previously reported for secreted mammaglobin(141). 
The lower molecular weight apparent for mammaglobin in a cell lysate from the 
breast cancer cell line MDA-MB-415, is in accordance with previous reports (141) 
and could be due to under-glycosylation of the mammaglobin polypeptide in these 
cells. 
 

 
 
Fig. 4  Western blot analysis showing mammaglobin expression in the breast cancer cell 
line MDA-MB-415 and in perspiration from male eccrine sweat glands. Perspiration was 
collected from the forehead of a 30 year old male volunteer after that he had performed 
15 minutes of intense exercise. 20 µg of total protein from MDA-MB-415 cells, and 1 µl 
of perspiration were separated on a 4-12% bis-Tris Nu-PAGE gel under reducing conditions. 
Immunoblotting was performed with anti-mammaglobin antibodies. 
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Immunohistochemical analysis also showed mammaglobin immunoreactivity in an 
apocrine sweat gland (Fig. 2B, paper II). We were, however, unable to get samples 
of apocrine sweat glands that were suitable for in situ hybridization analysis, so we 
could not confirm expression of mammaglobin mRNA in these glands. We found 
it, nevertheless, likely that the apocrine sweat glands also were actively producing 
mammaglobin polypeptides because of the observed immunostaining, and the fact 
that the previously described mammaglobin producing site, the mammary gland, 
represents a modified apocrine sweat gland.        
 
 

Expression of lipophilin B in the pituitary 
 
In an immunohistochemical survey of a human tissue micro array we found 
prominent lipophilin B immunoreactivity in the human pituitary (Fig. 2A,  
paper III). Lipophilin B in the pituitary was further confirmed by 
immunohistochemical analysis of another human pituitary (Fig. 2B and C, 
paper III) and by real-time RT-PCR (Table 2, paper III).  
 
The human pituitary gland consists of the anterior and the posterior lobe, also 
known as the adenohypophysis and the neurohypophysis. The lipophilin B 
immunoreactivity was localized to the secretory cells in the anterior lobe. The 
anterior lobe is composed of the large pars distalis, pars tuberalis surrounding the 
neural stalk, and pars intermedia localized in the border between the anterior and 
the posterior lobes (Fig. 5). The function of the anterior lobe is to produce and 
release hormones including growth hormone, prolactin, thyroid-stimulating 
hormone, follicle-stimulating hormone, luteinizing hormone, adrenocorticotropic 
hormone, and melanocyte-stimulating hormone. We found that approximately half 
of the cells in the anterior pituitary showed lipophilin B immunoreactvity, but the 
specific cellular identity of the lipophilin B immuno-positive cells was not further 
investigated.  

 
 

 
 

Fig. 5  Schematic drawing of the pituitary gland 
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Secretoglobin expression in the pituitary was also analyzed by quantitative real-time 
RT- PCR, showing lipophilin B mRNA expression (Table 2, paper III). Of the 
other secretoglobins analyzed, it was only lipophilin C mRNA that was expressed 
in significant amount (Table 2, paper III). From these data we suggested that 
lipophilin B and lipophilin C form secretoglobin heterodimers in human pituitary. 
 
 

Is the function of human secretoglobins to carry steroid hormones? 
 
Is it possible that secretoglobins have a function as carrier for steroid hormones in 
humans as has been shown in boars? Cholesterol is the raw material for synthesis 
of all steroid hormones and they all share the structure of four fused non-aromatic 
rings (Fig. 6). 
 
 

 
 
 
Fig. 6  Structure of cholesterol 
 
 
Steroid hormones are lipid soluble molecules, they, thus, need carrier proteins for 
their transport in blood and cytoplasm. In blood, albumin is the most abundant 
protein and the major carrier of steroids. In addition to albumin, sex hormone 
binding globulin (SHGB), corticosteroid binding globulin (CBG), and tyroxine 
binding globulin (TBG) function as steroid carriers.  
 
As discussed in the introduction, there are reports in the literature supporting the 
idea that secretoglobins have a steroid carrying function (20, 66). In line with this, 
we found the highest expression of secretoglobins in tissues and organs rich in 
hormones, such as reproductive organs (Table I), and in the pituitary gland (paper 
III). One could envision that, similar to pheromaxein in boars’ salivary glands, the 
function of lipophilin B in the pituitary gland is to concentrate and transport 
steroids. Moreover, regarding the expression of mammaglobin in apocrine sweat 
glands (Fig 2b, paper II), it is known that 16-androstenes occur in the human axilla 
where the apocrine sweat glands are located (100). Like in boars, the source for 16-
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androstenes in men is believed to be the testis, and it can be speculated that 
mammaglobin have a function similar to pheromaxein, as a carrier for 16-
androstene steroids. Thus, the expression pattern of secretoglobins described by us 
and others in normal tissues, is compatible with a steroid carrying function. 
However, biochemical evidence for physiological steroid binding and transporting 
functions of human secretoglobins is still lacking and awaits experimental 
confirmation. 
 
 

EXPRESSION OF SECRETOGLOBINS IN NEOPLASTIC CELLS AND 
TISSUES 
 

Expression of secretoglobins in tumors 
 
We have studied secretoglobin expression in four different tumor types, including 
lung tumors (paper I), sweat gland tumors (paper II), pituitary adenomas (paper 
III), and breast tumors (paper IV). In general the secretoglobin expression was 
found to be lower in the tumor tissues than in the corresponding non-neoplastic 
tissue.  
 
In paper I we confirmed earlier studies by Broers et al. (110), showing a lower 
uteroglobin expression in lung carcinomas than in normal lung tissue (Table 4, 
paper I). In prostate cancer, down-regulation of uteroglobin expression is 
associated with advancing grade (109). In our study we could, however, not 
establish any such correlation in lung cancer (data not shown), possibly because of 
the relatively low numbers of respective lung tumor type that was analyzed.  
 
We also found neo- or over-expression of lipophilins A, B, C, and mammaglobin in 
the investigated lung tumors. However, these expression levels appeared rather low 
and it has been shown that low transcription of a tissue-specific gene can occur in 
any tissue, a phenomenon called illegitimate transcription (142). Thus, we cannot 
exclude that the expression of lipophilins and mammaglobin in lung carcinomas 
may be so called illegitimate transcripts, and thus have no biological function.  
 
In paper II we showed by immunohistochemistry that mammaglobin appeared to 
be lost in cylindromas, a benign sweat gland tumor (Fig. 2, paper II). The lack of 
mammaglobin expression in cylindromas could implicate a tumor suppressive 
function for mammaglobin. The apparent down-regulation could reflect either that 
the tumors originated from ductal or other epithelial mammaglobin non-expressing 
cells, or that the tumors originated from mammaglobin expressing coiled gland 
cells, which thus down-regulated their mammaglobin expression during 
tumorigenesis. In either case, it can in analogy with uteroglobin down-regulation in 
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prostate cancer and HIN-1 down-regulation in breast cancer, be speculated that 
secreted mammaglobin might function as a tumor suppressor in sweat glands.  
 
In paper III immunohistochemical analysis of pituitary adenomas showed that eight 
out of nine pituitary adenomas had less lipophilin B immunoreactivity than the 
normal pituitary (Table 1, paper III). It was only one of the tumors that showed 
intense immunostaining for lipophilin B within all of the investigated cells. In two 
of the tumors, a few cells showed intense immunostaining for lipophilin B, and 
interestingly, these cells appeared to be normal cells within the tumor tissue (Sjödin 
et al., un-published observations).  
 
In paper IV we studied mammaglobin expression in breast tumors and matched 
non-neoplastic breast tissue from the same patient. It has been shown in earlier 
studies that mammaglobin is over-expressed in breast tumors (63, 123-125), and 
that its expression is associated with less aggressive tumors which express 
progesterone and estrogen receptors (130-132). In our study, all of the breast 
cancer tumors expressed estrogen receptors, and most of the breast cancer tumors 
progesterone receptors. The mammaglobin expression was, nevertheless, lower in 
all the analyzed breast cancer tumor samples compared to the mean level of 
expression in the non-neoplastic samples. If this observed lack of mammaglobin 
over-expression in estrogen positive breast cancer tumors was due to insufficient 
sample number size or other reasons, we do not know. 
 

Expression of secretoglobins in cell lines 
 
Concordant with lowered, or lost expression of secretoglobins in tumor tissues, 
almost all of our investigated cell lines have shown low, or most often lack, of 
secretoglobin expression. For example, all of the investigated lung tumor cell lines 
lacked uteroglobin expression (Table 4, paper I), and the pituitary adenoma cell line 
HP75 did not express significant levels of any of the secretoglobin transcripts 
(Table 2, paper II). It is only mammaglobin in a breast cancer cell line that we have 
found to be expressed at a level comparable to the levels in corresponding non-
neoplastic tissue. This is potentially important, since the cell lines represent pure 
cancer cell populations; however, it has to be kept in mind that these cell lines may 
have undergone additional genetic and phenotypic changes following their passages 
in vitro.  
 
 

Lack of effects of secretoglobin over-expression on cell proliferation rates 
 
We also investigated whether over-expression of mammaglobin and lipophilin B 
had any effect on breast cancer cell proliferation (paper IV). It was shown that 
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ectopic over-expression of mammaglobin and/or lipophilin B had no appreciable 
effects on breast cancer cell proliferation rates in vitro. However, this does not 
exclude the possibility that secretoglobins could confer some advantage to tumor 
cells in vivo.  
 
 

Are secretoglobins tumor suppressors? 
 
The findings of loss of expression of several secretoglobins in tumors by us and 
others, have generated speculations about secretoglobins being tumor suppressors. 
Tumor suppressor genes are genes that are able to suppress the neoplastic 
phenotype. This has been shown for uteroglobin (112-115). However, to meet the 
strict definition of a tumor suppressor, the gene also has to be mutated or subject 
to loss of heterozygosity in tumors, and this has not been shown for uteroglobin, 
or any other secretoglobin.  
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FUTURE PERSPECTIVES 
 
Although the first secretoglobin was discovered more than 30 years ago, the 
function of human secretoglobins still remains an enigma. Our findings of down-
regulation of mammaglobin in sweat gland tumors and lipophilin B in pituitary 
tumors, justifies further studies on the possible role of secretoglobins as tumor 
suppressors. In addition, the high concentration of mammaglobin in human 
perspiration opens up the possibility to isolate large amounts of the mammaglobin 
secretoglobin for biochemical studies. It will, thus, be possible to investigate 
whether a ligand is bound to the mammaglobin protein secreted in perspiration, 
and to address the question whether mammaglobin is a carrier of human 
pheromones. 
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CONCLUSIONS 
 
 

 The quantitative real-time RT-PCR assays for uteroglobin, lipophilins A, B, 
C, and mammaglobin were sensitive and specific 

 
 Lung tumors showed dysregulated secretoglobin expression, with down-

regulation of uteroglobin and frequent up-regulation of lipophilins A, B, C, 
and mammaglobin. 

 
 Mammaglobin was expressed by the cells in the secretory part of the eccrine 

sweat glands and shown to be secreted into the perspiration. Mammaglobin 
was by immunohistochemistry also found to be expressed in the secretory 
part of apocrine sweat glands 

 
 Mammaglobin expression was lost in cylindromas, a sweat gland derived 

tumor.  
 

 Lipophilin B was expressed by approximately half of the cells in the anterior 
pituitary. Since lipophilin C mRNA was also detected, we suggested that 
lipophilins B and C form secretoglobin heterodimers in the pituitary gland. 

 
 Lipophilin B expression was lower in pituitary adenomas than in non-

neoplastic pituitary tissue. 
 

 Ectopic over-expression of mammaglobin and lipophilin B in breast 
carcinoma cells had no appreciable effect on cell proliferation rates in vitro.
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