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Abstract: Functions and structures of epithelial cells vary, depending upon their locations in organs/tissues. Pathophysi-
ological responses of epithelia are associated with challenges, severities, durations and diseases. Epithelial proteomics has 
been used to understand the role of these cells in the pathogenesis of several diseases, and has the potential to identify 
novel biomarkers for disease prognosis, diagnosis and therapies. Epithelial brush border membranes (BBMs) are involved 
in digestion, absorption, metabolism, and transport of nutrients and drugs, clearance of and defense against toxins, and ini-
tiation of intracellular signaling and maintenance of cellular structural integrity. The present article review proteomic re-
search on epithelial brush borders to understand the potential links among the function and disease associations of epithe-
lial BBM proteomics. We found that the amount and functional ratio of epithelial cell BBM proteomic profiles obviously 
vary among species, cell locations, organ functions, research groups, and methodologies utilized. Many of these proteins 
may be identified and their functions elucidated, probably providing potential new markers for epithelial-associated dis-
eases and potential therapeutic targets. There is still a great need for proteomic studies for analysis and comparisons of 
BBM protein profiles associated with normal physiological and pathophysiological states, organ function and dysfunction, 
and clinical health and disease. 
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INTRODUCTION 

 Polarized epithelial cells in multiple organs confront the 
environment with a highly and structurally specialized apical 
cell membrane, referred to microvilli or brush border mem-
branes (BBMs), which differ in composition and function 
from epithelial surfaces that face the internal milieu. Many 
cells throughout the body have developed “microvillous” 
appendages for various tasks, including sensing fluid flow 
(through renal distal tubules), absorption, chemosensing, or 
repair of ciliated cells after injury. Brush cells, also termed 
tuft, caveolated, multivesicular, and fibrillovesicular cells, 
are defined as part of the epithelial layer in the gastrointesti-
nal and respiratory tracts [1]. The focus of this article is on a 
broad (airway, gastrointestinal, renal, retinal and others) of 
epithelial cells with microvilli and BBM. BBMs are respon-
sible for digestion, absorption, metabolism, and transport of 
nutrients and drugs, for clearance of and defense against tox-
ins, and for initiation of intracellular signaling and mainte-
nance of cellular structural integrity. BBMs vary between 
organs and between cells in the same organ/tissue. For ex-
ample, airway ciliated and non-ciliated columnar cells are 
covered with microvilli, with fine electron-dense filaments 
identifiable in the cytoplasm running parallel to the long axis 
[2]. Microvilli on non-ciliated cells are thicker than those of 
the ciliated cells.  
 Epithelial protein profiles have been associated with in-
tracellular locations and protein functions. Increased num-
bers of airway brush cells have been described in a human  
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infant with desquamative interstitial pneumonitis and in air-
ways of individuals with immotile cilia syndrome [3,4]. 
 Epithelial proteomics has been found to have a strong 
link with clinical questions, e.g., disease severity, biomarkers 
for disease diagnosis, and drug targets [5]. Epithelial pro-
teomics has the potential to make a major contribution to our 
understanding of the pathogenesis of organ dysfunction 
when combined with clinical measures, tissue imaging and 
profiling, and organ dysfunction score systems [6]. Epithelial 
proteomic profiles have been investigated in multiple patho-
physiological conditions, including cancer, inflammation, 
stress, infection, and others [7-10]. BBMs are considered the 
first line of defense of epithelial cells against inhaled exter-
nal elements, and it is known that interaction with such stim-
uli can trigger intracellular signals. It would be useful to 
have a number of biology-, pharmacology- and disease-
specific markers for the BBM for better understanding of 
cellular function and metabolism, drug efficacy and toxicity 
validation, and pathogenesis of and new therapies for dis-
eases. The present article reviews protein profiles and func-
tional ratios of BBM, compares the similarities and differ-
ences of BBM proteomics among cells, discusses the poten-
tial biological significance of some identified BBM proteins, 
and explores the association with and involvement of BBMs 
in the pathogenesis of disease.  

PROTEIN FUNCTIONAL RATIO 

 Protein profiles of human BBMs and their physiological 
and pathophysiological significances are still unclear. The 
native membrane proteome of BBM was analyzed in sepa-
rated protein complexes from purified mouse intestinal 
BBMs by the blue native PAGE (BN-PAGE) technique [11]. 
About 55 proteins were identified from 23 distinct protein 
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complexes in intestinal epithelial BBMs, including mem-
brane transporters (21%), signal transduction (16%) and cy-
toskeletal (15%) proteins. Protein profiles of syncytiotro-
phoblast BBMs in the placenta of human embryos mainly 
include signal transduction (34%), cell growth and/or main-
tenance (30%), and membrane transporters (16%) [12]. 
About 45 surface proteins were identified in human mam-
mary epithelial cells (strain 184 A1L5) using lysine specific 
in situ labeling of the proteins via sulfosuccinimidyl-6- (bi-
otinamido) hexanoate [13]. According to protein transmem-
brane and signal sequence properties, 9% of the proteins 
contained both transmembrane domains and signal se-
quences, 56% of the proteins only a transmembrane domain, 
3% of the proteins only a signal sequence, and 33% of the 
proteins at the surface of the epithelium of the mammalian 
oviduct were “others” [14]. The majority of proteins of the 
BBMs of rat renal proximal tubule epithelial cells were 
found to be related to metabolism (20%) and signal transduc-
tion (10%) [15]. Proteomic profiles of mouse jejunal BBM 

showed a relation to signal transcription (25%), metabolism 
(21%), cytoskeleton (16%) and membrane transport (11%) 
[7]. 
 The comparison of the ratio of protein profiles associated 
with function (Table 1) between these cells indicates that 
BBMs contribute to cell signaling and absorp-
tion/secretion/metabolism, In intestinal cells, BBMs are 
more involved in structural functions, while proteins associ-
ated with cell/tissue development and lipid rafts characterize 
BBMs of syncytiotrophoblast, and BBMs of renal cells con-
tain mostly proteins associated with metabolism. The amount 
and functional ratio of epithelial cell BBM proteomic pro-
files obviously vary among species, cell locations, organ 
functions, research groups, and methodologies used. For 
example, the number of identified proteins separated from 
sodium dodecyl sulfate-polyacrylamide gel electrophoresis is 
almost double that from cation-exchange high-performance 
liquid chromatography [15]. The number of proteins identi-

Fig. (1). The influencing process of epithelial brush border membrane (BBM) proteomic analysis. A: The mucosal tissue is harvested from 
the body (e.g. nasal mucosa); epithelial structure and function vary among locations and organs. B and C: mucosal histology provides evi-
dence of mucosal (B) and epithelial (C) similarity and variation prior to the isolation of epithelial BBMs, in order to ensure that the result are 
comparable. D-F: The epithelial ultrastructure from both (F) transmission (D) and scanning (E) electronic microscopy demonstrates varia-
tions between epithelial cells from the same location. Epithelial cells have three domains: apical, lateral and basal. Of these, the apical do-
main (BBM) is a free surface always directed toward the exterior or lumen of the enclosed body cavity, having surface modifications de-
pending upon specific function. G: Epithelial BBM is isolated from the cells, probably including microvilli, stereocilia and cilia. It should be 
noted that potential variation exists between BBMs, even though they appear similar microscopically. I: BBM proteomic analysis can be 
performed by different methodologies, which describe the different amounts and sizes of protein profiles. J: one of the important steps is to 
link these identified proteins with biological functions. Although a number of studies on epithelial BBM proteomics have shown similarities 
and variations in these functional distributions between epithelia, there is a great need to translate such information to clinical sciences and 
understand more about how this information relates to disease pathogenesis.  
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fied using the multidimensional protein identification tech-
nology (MudPIT) is approximately 7 times higher than that 
identified by 2D gel electophoresis in the same samples [14]. 
Table 2 lists these identified protein profiles from epithelial 
BBMs, showing variations and similarities of proteomic pro-
files between different epithelia.  
 The percentage of BBM-related proteins in epithelial 
cells varies between about 10-25% of the total membrane-
associated proteins [16,17] depending upon the technology 
used for preparation and separation of BBM proteins, the 
epithelial origin, modifications of cellular genes, and treat-
ment used on the cells. For example, it was found that about 
15% of the cell surface proteins could be biotinylated with 
sulfo-NHS-S-S-biotin, 8% could be glycosylated with lectin-
affinity, and 77% made up the remaining protein populations 
in human mammary epithelial cell BBMs transfected with a 
recombinant EGF gene [17]. It would be more important to 
standardize the methodology of BBM isolation, protein sepa-
ration, and proteomic analysis in the future in order to make 
valid comparisons of the proteomics of epithelial BBMs, 

which can make understanding of the role(s) of BBMs in 
disease pathogenesis even more significant. 

BIOLOGICAL SIGNIFICANCE 

 BBM protein profiles can vary with different challenges 
and environments. For example, syndecan-4, a transmem-
brane heparin sulfate proteoglycan, and hepatoma-derived 
growth factor (HDGF), a nuclear protein, are increased in 
BBMs when epithelial cells are exposed to the phorbol ester, 
4b-phorbol 12-myristate 13-acetate [17]. This indicates that 
epithelial BBMs shed and become active in signal transduc-
tion, since syndecan-4 is involved in both constitutive and 
regulated mechanisms [18] and HDGF as an extracellular 
heparin-binding growth factor can bind to a membrane pro-
tein(s) stimulating growth-regulatory signal transduction 
[19]. It was suggested that HDGF could act as a bioactive 
cell surface protein that may be actively processed by regu-
lated proteolysis.  
 HDGF is a nuclear targeted protein containing a canoni-
cal bipartite nuclear localization sequence. It has been con-

Table 1. Functional Distribution of the Proteins Identified in Brush Border Membrane Preparations of Intestinal, Renal, Retinal,
Jeunal and Syncytiotrophoblast Epithelia 

BBM Proteomics Intestinal epithelium 
[11]

Renal proximal tubule 
epithelium [13]  

Retinal pigment 
epithelium [40] 

Jejunal epithelia [7] Syncytiotrophoblast 
[12] 

Carbohydrate digestion 7     

Carriers  6    

Cell adhesion 4     

Cell growthand/or main-
taenance 

    30 

Channels  2    

Chaperones 7     

cytoskeleton 15  15 16  

Degradative proteins    4  

Digestive enzymes    5  

Endosome trafficking  5  6  

Extracellular matrix   24   

Metabolisms 5 21 28 21 18 

Membrane transporters 21 6 8 10 16 

Peptidases 7 4    

Receptors  3    

Signal transduction 16 10  25 34 

Stress-related proteins    3  

Structural 5 11    

Tight junction    2  

Translation  1    

Other 13 31 32 5  
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Table 2. Proteomic Profiles of Intestinal, Syncytiotrophoblast, Retinal Pigment, Marramary Epithelail Brush Border Membrane 

Intestinal epithelial BBMs [11] Syncytiotrophoblast BBMs [12] Retinal pigment epithelial BBMs 
[40] 

Marramay epithelial BBMs [13] 

Actins Actins Actins,  ADP, ATP carrier protein, 

Actinin Actinin Annexins  ATP carrier protein T2 K. 

Aminopeptidases Alkaline phosphatase,  Basigin  Basigin R. 

Annexins Annexins Carbonic anhydrase  Calpactin I light chain R. 

Anterior gradient protein 2 homolog 
precursor 

Alpha-fetoprotein precursor Chloride intracellular channel 6  CD166 antigen K. 

ATP-binding cassette subfamily G 
member 3 

Band 3 anion transport protein   CD59 glycoprotein R. 

Cadherin  Basigin precursor  Cytokeratin   CD9 antigen K. 

Calreticulin  Brain acid soluble protein 1  Decorin  Class I histocompatibility antigen 
A2 R. 

Calreticulin 6  Calgizzarin Dermcidin Collagen  

Carboxylesterases  calmodulin  EBP50  Desmogleins 

CD9 calnexin precursor  Ezrin  E-cadherin K. 

Cell division control protein 42 
homolog 

calpain  Fibromodulin  Ephrins 

Chloride intracellular channel pro-
tein 5 

chloride intracellular channel pro-
tein 5* 

Fructose-bisphosphate aldolase A Epithelial membrane protein-2 K. 

Cyclophilin A  chlatrin heavy chain 1 Glut-1  Fibronectin leucine rich 

Destrin 9  Chorionic somatomammotropin 
hormone precursor  

GST P  GA733–1 

Endopeptidase-2  Ciliary dynein heavy chain 9 Glyceraldehyde 3-phosphate dehy-
drogenase 

Glypican-1  

Ezrins  Cysteine-rich protein 2  Glycogen phosphorylase Human tissue factor R. 

Galectins Estradiol 17-beta-dehydrogenase 1 Interphotoreceptor retinoid-binding 
protein (IRBP)  

Integrins  

Gastrotropin 8  Ezrin-radixin-moesin binding 
phosphoprotein  

L-lactate dehydrogenase A chain  Kunitz-type protease inhibitor 

Guanine nucleotide binding protein 
G protein 

gamma-12 subunit G Lumican Lutheran blood group glycoprotein 

Guanine nucleotide-binding protein 
beta subunit 2 

Glyceraldehyde-3-phosphate dehy-
drogenase  

Malate dehydrogenase  Matrix metalloproteinase-14 

Heat shock protein 70  Heat shock protein 27 Membrane-associated adenylate 
kinase  

MEMD protein K. 

KHK MOUSE Ketohexokinase  Guanine nucleotide-binding protein 
G(I)/G(S)/G(O) 

Moesin  MHC class I antigen HLA-A   
chain R. 

KSA preproantigen  Hemoglobins  Monocarboxylate transporter 1  P50895 

Lactase-glycosylceramidase  Integrin alpha-5 precursor  Monoglyceride lipase  Poliovirus receptor R. 

Laminin receptor Keratins,  Na,K-transporting ATPase  Transferrin receptor protein 1 K. 

Maltase-glucoamylase  Myosin light polypeptide 6  Neuroglycan C  Transmembrane protein 

Membrane-associated progesterone 
binding component 

myristoylated alanine-rich C-kinase 
substrate  

Neuronal membrane glycoprotein 
M6-a  

1 Transmembrane protein 
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(Table 2). Contd….. 

Intestinal epithelial BBMs [11] Syncytiotrophoblast BBMs [12] Retinal pigment epithelial BBMs 
[40] 

Marramay epithelial BBMs [13] 

Microsomal triglyceride transfer 
protein 

PDZ and LIM domain protein 2  Peroxiredoxins  4F2 Cell-surface antigen heavy 
chain R. 

Na/K ATPases Protein kinase C and casein kinase 
substrate in neurons protein 3 

Phosphoglycerate kinase  5’-Nucleotidase K. 

N-acetylated-alpha-linked acidic 
dipeptidase 

Protein-glutamine gamma-
glutamyltransferase  

Profilin I   

PEPT1 Radixin  Pyruvate kinases,   

Plastin-1 (I-plastin) (intestine-
specific plastin) 

Ras-GTPase-activating-like proteins  Retinol-binding protein,   

Profillin 26  Ras-related proteins  Retinol dehydrogenase,   

Progesterone binding protein  S-100P protein  Sodium/potassium-transporting 
ATPase  

Protein disulfide-isomerases Serum albumin precursor  Spectrin   

ribosomal protein S24  Short transient receptor potential 
channel 4  

Tubulin   

Serum albumin  Sodium/potassium-transporting 
ATPases  

Undulin 1   

Sodium-dependent neutral amino 
acid transporter 

Solute carrier family 2, facilitated 
glucose transporter, member 1 

Vitronectin receptor   

Sodium-glucose cotransporter  Spectrin alpha chain,    

Sodium-hydrogen exchanger regu-
latory factor 

Transferrin receptor protein 1    

Sucrase-isomaltase transgelin-2    

Trafficking protein particle complex 
protein 2 

Tubulins   

Ubiquitin precursor  Villin 2   

Valosin-containing protein     

sidered a novel biomarker or prognostic factor in multiple 
diseases, such as gastrointestinal stromal tumors [20], pan-
creatic cancer [21], vascular injury [22], and hepatocellular 
carcinoma [23], and is correlated with tumor recurrence in 
esophageal carcinoma [24]. These experimental and clinical 
studies demonstrated that expression of HDGF is signifi-
cantly increased in disease and correlates with the incidence 
and recurrence of cancers These studies did not clarify the 
source of HDGF, which normally is found in low concentra-
tions in multiple cells (e.g. epithelial cells, endothelial cells 
and smooth muscle cells). Although it is difficult to envision 
that HDGF is released from epithelial BBMs, most cancers 
originate from epithelial cells, and thus HDGF has been sug-
gested as a potential target for anti-cancer drug design and 
development [25].  
 Lipid rafts are a type of heterogeneous functional micro-
domain of the plasma membrane enriched in glycosphin-
golipids/cholesterol and specific proteins [26]. Lipid rafts are 
believed to play a role in major mechanisms of membrane 
trafficking, transport of glycosyl phosphatidylinositol-ancho-
red proteins and glycosphingolipids to the cell surface, nutri-
ent absorption, regulated secretion, and transport from en-
dosomes to the Golgi apparatus and internalization via both

caveolae and clathrin-coated pits. Proteomic analyses have 
been used to characterize protein profiles of epithelial BBMs 
for lipid raft markers [27,28], and characterization of lipid 
raft markers showed the presence of N-aminopeptidase, alka-
line phosphatase, dipeptidyl aminopeptidase, annexin II, 
galectin-4, GP2, annexin IV, XIIIb, Gaq, Ga11, glutamate 
receptor, and GPCR 7 [27], indicating that some digestive 
enzymes, trafficking and signaling proteins may be function-
ally distributed in the intestine lipid rafts. Lipid rafts have 
been considered to associated with a number of diseases, e.g. 
severe congenital myopathy, colitis, cholera, autoimmune 
diseases (systemic lupus erythematosus and rheumatoid ar-
thritis), virus infection, cancer, insulin resistance, inflamma-
tion, cardiovascular disease, hypertension, systemic lupus 
erythematosus, and others [29-33]. However, it remains un-
clear how these lipid raft markers might link directly with 
the pathogenesis of disease, whether they can be disease-
specific biomarkers to predict and monitor the development, 
severity and prognosis of the disease, or what role they may 
play in the molecular mechanisms of the disease process. It 
is also important to clarify whether these lipid raft markers 
are truly lipid raft-specific proteins.  
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 When compared proteomic profiles between plasma 
membranes from proliferating cells and apical membranes 
from differentiated cells, 76 proteins were found to be sig-
nificantly increased in the membranes of differentiated cells 
and 61 were increased in proliferating cells [34]. The major-
ity of the proteins increased in the apical membranes were 
metabolic enzymes, proteins involved in the maintenance of 
cellular structure, transmembrane transporters, and proteins 
regulating vesicular transport, while the majority in the 
plasma membrane were involved in gene expression, protein 
synthesis, and folding [34]. It was suggested that many of 
these proteins may have specific functions and may provide 
potential new markers of intestinal cells or of colorectal can-
cer. The potential links between significantly increased pro-
teins from differentiated cells, protein biology, and associ-
ated consequences are listed in Table 3.

SIGNIFICANCE IN DISEASES 

 Functional identification and disease-associated evalua-
tion of protein profiles found from proteomic studies are 
varied. There is still a great need for proteomic studies for 
analysis and comparisons of BBM protein profiles between 
cell physiological and pathophysiological situations, organ 
function and dysfunction, and clinical health and disease. 
Although there is much current research describing proteo-
mic profiles of BBM harvested from various epithelia, it is 
possible to explore a potential link with biology. For exam-
ple, Table 3 lists a number of identified and significantly 
changed proteins identified from BBMs of differentiated 
cells as compared with those from proliferating cells [35], 
some of which are involved in the pathogenesis of disease, 
while the function of others are still unclear. These changed 
proteins become even more important and significant when 

Table 3. The Potential Links Between Significantly Increased Proteins from Differentiated Cells, Protein Biology, and Associated
Consequences; Examples are from Identified Proteins in a Published Study [35] 

Changed  
proteins 

Diff 

Folds+ 

Phenotypes 

Family 

Biological  

Significance  

Consequences or involvements 

annexins 4-8 a family of Ca2+- and phos-
pholipid-binding proteins 

metabolism of arachidonic acid, suppression 
of cytokine-induced activation of the enzyme 

and nitric oxide synthase 

anti-inflammatory signaling, cell 
apoptosis 

villins -3 major brush border membrane 
components 

Cell polarization and in the connection of 
apical membranes with the cytoskeleton 

Carcinoma, cell metaplasia 

MUC13  cell surface glycoproteins an apical marker of both columnar and goblet 
cells 

Carcinoma, inflammation 

galectin-3 4-8 the family of carbohydrate-
binding proteins 

biogenesis, cellular adhesion and growth 
regulation 

Carcinoma, adenomas, thyroid nod-
ules, meningitis 

Sushi domain-
containing protein 

2
(SDCP2) 

5 Sushi domains, adhesion-
associated domain, Willebrand 
factor type D domain (VWD), 

somatomedin Blike domain 

Action with complement 
and adhesion proteins, protein 

multimerization, protein–protein interactions, 
a candidate marker for intestine differentia-

tion 

Unknown 

DPP IV -3 hydrolases differentiation markers Cancers, skin diseases,sclerosis, 
inflammation, leukemia 

sucrase–
isomaltase 

-8 hydrolases differentiation markers Cell metaplasia, cancers, diabetes. 
diarrhea, hypercalcemia 

Aminopeptidase 
N

 hydrolases final digestion of peptides Skin diseases,sclerosis, inflamma-
tion, leukemia, cancer 

GSTs 3-7 GST isoforms, Members of the 
related family of conjugating 

enzymes 

Promotion of urinary excretion,  Cancer  

Monoamine-
sulfating phenol 
sulfotransferase 

>6 sulfotransferase family 1A catalyzes the sulfate conjugation of phenolic 
monoamines 

Stress 

NADPH-
dependent 

carbonyl reduc-
tase 1 

-10 prostaglandin E2 reductase catalyzes the reduction of a wide variety of 
carbonyl compounds, 

Uncertain  

Catechol-O-
methyltransferase 

5-7  catalyzes the O-methylation, dopamine 
metabolism and catecholamine inactivation 

Schizophrenia and bipolar disorder, 
panic disorder, acute coronary 

events, cancer  

Flavin reductase 3–12 A family of l-2-hydroxy acid-
oxidizing enzymes. 

catalyzes the 
electron transfer from reduced pyridine 

nucleotides to flavins 

Stress  



22     Journal of Epithelial Biology and Pharmacology, 2008, Volume 1 Wang and Adler 

protein-associated pathophysiology is explored. Annexin 1 
has been suggested to have anti-inflammatory effects, and 
may act by influencing the metabolism of arachidonic acid, 
targeting cytosolic PLA2, inhibiting nitric oxide synthase 
and neutrophil and monocyte migration, and/or promoting 
inflammatory cell apoptosis [36]. Galectin-3, a family of 
carbohydrate-binding proteins with high affinity for galacto-
side, is involved in cell growth and differentiation, cell adhe-
sion, tumor progression, apoptosis and metastasis. Galectin-3 
was found to be highly expressed in functioning corticotroph 
adenomas of the pituitary gland, and is used in pathological 
diagnosis to separate functioning from silent corticotroph 
adenomas of the pituitary [37]. Dipeptidyl peptidase-IV 
(DPP-IV) has a unique proteolytic activity, cleaving N-
terminal X-Pro dipeptides which may be involved in forma-
tion of cancers (e.g. the expression and possible function of 
DPP-IV enzymatic activity bearing molecules in human 
brain tumors has been addressed) [38]. Inhibitors of DPP-IV 
and aminopeptidase N were found to affect proliferation, 
differentiation and cytokine production in epithelia, to sup-
press T cell-stimulated proliferation, and to induce an anti-
inflammatory cytokine profile, while inhibition of DP IV-
like activity only reduced the TGF-beta1 mediated stimula-
tory effects [39]. This indicates that similarities and varia-
tions between these proteins should be paid special attention 
if selecting a novel approach for treatments or therapies. For 
example, deficiency of sucrase isomaltase in patients could 
result in the development of intestinal metaplasia, cancers, 
diabetes, diarrhea, hypercalcemia and, in infants, chronic 
protracted diarrhea [34].  
 In conclusion, the amount and functional ratio of epithe-
lial cell BBM proteomic profiles vary among species, cell 
location and type, organ function, investigators and methods 
used. It has been suggested that many of these proteins may 
have novel identifiable functions, and may provide potential 
new markers for epithelial-associated diseases. There is still 
a great need for proteomic studies to analyze and compare 
BBM protein profiles between cell physiological and patho-
physiological situations, organ function and dysfunction, and 
clinical health and disease. 
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