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Abstract 

N-glycan oligosaccharides are thought to play multiple, important roles in a 

variety of biological events. However, N-glycan profiles in the stratum 

corneum of human skin have not yet been studied in detail. To clarify the 

N-glycan profiles in the stratum corneum of normal and ichthyotic 

epidermis, N-glycan profiles were studied by high-performance liquid 

chromatography (HPLC) using normal human epidermal samples and 

scales from hyperkeratotic skin of ichthyosis patients. Chromatograms of 

patient scale samples showed unique alterations in three peaks eluted at 

15.8, 18.8 and 26.9 min. The N-glycan profiles were significantly altered in 

ichthyotic hyperkeratotic skin compared with normal non-hyperkeratotic 

controls. These findings indicate reduction of 

N-acetylglucosaminyltransferase II and fucosyltransferase 8 activities. 

Alteration of N-glycan structures in hyperkeratotic skin suggests biological 

role for N-glycans in keratinization. 

 

Keywords: high-performance liquid chromatography, hyperkeratosis, 

neutral oligosaccharide, N-glycan, oligosaccharide. 
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Oligosaccharides are known to play important roles in a variety of 

biological events including cell-cell interactions and undergo 

modifications during cell differentiation [6]. N-glycan oligosaccharides, 

which bind to asparagine, are a frequent post-translational modification of 

proteins. N-glycan oligosaccharides exhibit diversity created by sugar 

linkages and components including: mannose, galactose, 

N-acetylglucosamine, N-acetylneuraminic acid. N-glycan oligosaccharides 

modify specific protein properties, especially glycoprotein localization, 

secretion and degradation rates of proteins. Alterations in N-glycan 

composition have been reported in many human diseases [6, 12]. 

Oligosaccharide analyses using oligosaccharide-specific lectins and 

antibodies have suggested the biological importance of oligosaccharides in 

the epidermis [3, 5, 7, 19-21, 25, 28]. However, oligosaccharide-specific 

lectins and antibodies recognize only two or three sugar residues at most 

and little information has been obtained from studies with lectins or 

antibodies concerning the entire range of glycan structures or the N-glycan 

and O-glycan composition on glycoproteins and glycolipids. The cellular 

biosynthesis of N-glycan is highly regulated and glycan structures 

significantly affect protein properties [6, 15]. Alteration of N-glycan 

profiles in diseases have been reported in many human disorders, and 

these have been used for disease diagnosis and for elucidation of disease 

pathomechanisms [4, 8]. Focusing on glycoproteins N-glycans, it was 

demonstrated that the mouse epidermis had abundant high-mannose 

oligosaccharides [24]. In addition, the oligosaccharides binding proteins 

were also determined [24]. However, there are no reports of studies on 

N-glycans in human epidermis. In the present study, we studied N-glycan 

profiles in normal human epidermis and the stratum corneum of ichthyotic, 
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hyperkeratotic skin. N-glycans were specifically released by N-glycosidase 

F and were labeled by pyridylamination with a fluorescence tag. 

Oligosaccharide profiles were analyzed using high-performance liquid 

chromatography (HPLC) [10, 22]. 

 

Skin samples of normal, non-hyperkeratotic epidermis were collected 

from control non-palmoplantar skin of three patients with benign skin 

tumors at resection operations. Skin scale samples were collected from 

hyperkeratotic skin on the legs of five ichthyosis patients, three non-bullous 

congenital ichthyosiform erythroderma patients and two lamellar ichthyosis 

patients. The medical ethical committee at Hokkaido University approved 

all described studies. All the participants or parents of the participants gave 

their written informed consent. 

 

Skin scales were collected by gently scraping patients’ legs with a dull 

scalpel and stored at -70 ºC. Normal epidermal samples were obtained at 

resection operations of benign subcutaneous tumors after obtaining fully 

informed consent from the patients. Both samples from ichthyosis patients 

and normal healthy controls were stored at -70 ºC.  

 

Normal skin samples were heated to 60 ºC for 1 min in phosphate 

buffered saline (PBS) and then cooled on ice. The epidermis was stripped 

off with a scalpel and was used for further analysis. The epidermis of 

normal skin samples was washed 3 times in PBS. Both scales and the 

separated epidermis were denatured at 90 ºC for 10 min in 100 mM 

NH4HCO3 and then finely shredded with scissors.  
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To degrease the samples, each sample was put into a mixture of 

chloroform and methanol 2:1 (v/v) 600 μl, mixed well, and centrifuged at 

3500 rpm, 4 ºC for 10min. Then, the lower layer was removed. This 

procedure was repeated twice to remove lipids. Organic solvents in the 

upper layer were vaporized with nitrogen flow at 80 ºC and the aqueous 

solution dried in a centrifugal evaporator. 

 

For trypsin and chymotrypsin digestion, dried samples were suspended 

in 5 mg per 100 μl of 45 mM Tris-HCl buffer pH 8 containing 10 mM 

CaCl2, and 0.1 mg trypsin and 0.1 mg chymotrypsin (Sigma-Aldrich Japan, 

Tokyo, Japan) were added in a 1.5 ml microcentrifuge tube (Eppendorf 

type). The pH of the solutions was confirmed to be between 7 and 8 by pH 

test paper. Toluene was added to the surface of the sample solution and kept 

at 37 ºC overnight in an incubator. 

 

For N-glycosidase F digestion, trypsin and chymotrypsin were 

deactivated by heating sample tubes at 90 ºC for 10 min in a heat block. 

N-glycosidase F (Roche Diagnostics, Tokyo, Japan) was added, 10 units for 

each 5 mg sample. The pH of the sample solutions was again confirmed 

and toluene was added. The samples were kept at 37 ºC overnight. 

 

0.1 mg of pronase (Calbiochem, San Diego, U.S.A.) was added to each 

5 mg of the sample for pronase digestion. pH of the sample solutions was 

checked again and toluene was added. The samples were incubated at 37 ºC 

overnight. After incubation, pronase was deactivated at 90 ºC for 10 min. 

 

The oligosaccharide fraction was purified by gel-filtration on Bio-gel 
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P-4 (Bio-Rad Laboratories, Hercules, California, U.S.A.) column (1.0 x 38 

cm) using water as an eluate, and lyophilized completely. Carbohydrates 

were reductively aminated with 2-aminopyridine and sodium 

cyanoborohydride [10, 29]. Pyridylaminated (PA) oligosaccharides were 

separated from excess reagents by another gel-filtration column step using 

Sephadex G-15 (GE Healthcare Bioscience Corp., Piscataway, NJ, U.S.A.) 

and 10 mM NH4HCO3 and lyophilized again. 

 

Each PA-oligosaccharide was dissolved in 100 μl of 0.01 N HCl and 

pH was adjusted to 2 with 0.1 N HCl checking by test paper. 

PA-oligosaccharide solutions were heated at 90 ºC for 60 min to remove 

sialic acids and neutralized with 100 μl of 1 M NH4HCO3. 

 

Each PA-oligosaccharide solution was purified by HPLC on an 

amide-silica column (TSKgel Amide-80 4.6 x 250 mm, Tosoh Corporation, 

Tokyo, Japan) using two solvents, A and B at a flow rate of 1.0 ml/min at 

40 ºC. Solvent A comprised 65 % (v/v) of acetonitrile and 35 % of 0.5 M 

acetic acid-triethylamine buffer pH 7.3 and solvent B was 35 % and 65 %, 

respectively. The column was equilibrated only with solvent A and 7 min 

after injection of each sample, the flow was changed to solvent B only. The 

N-glycan fraction that eluted between 8 to 12 min was collected and 

centrifugally evaporated.  

 

Each oligosaccharide mixture was dissolved in water and analyzed by 

HPLC using the previously described procedure [22]. PA-oligosaccharide 

mixture was applied on an ODS column (HRC-ODS 6 x 150 mm, 

Shimadzu Corporation, Kyoto, Japan). The column was equilibrated with 
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0.1 % (v/v) 1-butanol in 10 mM sodium-phosphate buffer pH 3.8 and 

concentration of 1-butanol was linearly increased to 0.25 % in 60 min. 

Flow rate was 1.0 ml/min and column was controlled at 55 ºC. PA-glycans 

were detected by fluorescence, excitation at 320 nm and emission at 400 

nm. 

 

N-glycan profiles from the patients and normal control epidermis are 

shown in Fig. 1 as chromatograms on an ODS column. N-glycan eluted 

after 5.0 min and few contamination peaks were detected in this region. 

High-mannose type N-glycans eluted from 5 min to 10 min and 

complex-type and hybrid-type N-glycans appeared at 10 min or later in this 

analysis. Three peaks, a, b and c eluted at 15.8, 18.8 and 26.9 min 

respectively and these profiles were significantly altered in ichthyotic skin. 

The rates of these peaks are shown in Figure 2. The peak c was 

significantly decreased and the peak b was increased in the ichthyotic skin 

compared with normal controls. Peak a was also larger in the patients, but 

the statistical change in this level was not significant. Using two 

dimensional mapping [22], these peaks a, b and c were suggested to 

correspond to major serum N-glycans, 

Galβ1,4GlcNAcβ1,2Manα1,3(Galβ1,4GlcNAcβ1,2Manα1,6)Manβ1,4Glc

NAcβ1,4GlcNAc, 

Galβ1,4GlcNAcβ1,2Manα1,3(Manα1,6)Manβ1,4GlcNAcβ1,4(Fucα1,6)Gl

cNAc and 

Galβ1,4GlcNAcβ1,2Manα1,3(Galβ1,4GlcNAcβ1,2Manα1,6)Manβ1,4Glc

NAcβ1,4(Fucα1,6)GlcNAc respectively [17, 22]. 

 

Changes in N-glycan oligosaccharides have mainly been reported in 
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carcinomas in the course of progression or during metastatic change [13, 14, 

23]. In the epidermis, glycoconjugate profile changes were studied by lectin 

histochemistry in a variety of skin diseases [1, 2, 9]. In several autoimmune 

skin diseases, autoantibody targets have been shown to be N-linked 

oligosaccharides [18]. However, to our knowledge, this is the first study 

that reported N-linked oligosaccharide profiles in normal and 

hyperkeratotic epidermis. 

 

Glycosylation is the major posttranslational modification of many 

proteins. N-glycan precursor, Glc3Man9GlcNAc2, is introduced to 

asparagine residues of Asn-X-Ser/Thr sequence while polypeptide synthesis 

occurs in the endoplasmic reticulum. Glc residues are removed while 

protein holding occurs. High-mannose type N-glycans work as a tag in the 

transfer of a protein folded correctly to Golgi apparatus or misfolded one to 

degradation system [11]. In the Golgi apparatus, several enzymes modify 

N-glycan oligosaccharides from the high-mannose type into a more 

complex type by trimming and repetitive addition of sugar residues [15]. 

Biosynthesis of N-glycans is highly conserved and these oligosaccharide 

residues on proteins have important roles in promoting protein regulation, 

folding, quality control, sorting, and transport [6].  

 

The N-glycan alterations seen in ichthyotic skin failed to suggest novel 

oligosaccharide structures, although the rates of known oligosaccharide 

structures were changed. Peak a is the most common N-glycan in human 

serum. Peak b is formed due to insufficient activity of 

N-acetylglucosaminyltransferase II (GnT-II) and peak c is produced from 

peak a N-glycan by fucosyltransferase 8 (Fut8) activity [6]. GnT-II 
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knock-out mice were reported to die from serious defects of multiple organs 

in early postnatal development, mainly from abnormalities in the 

gastrointestinal tracts, hematopoietic systems and bones, although skin 

involvements were not apparent [27]. Fut8 null mice were also lethal in 

early postnatal days mainly from emphysema-like changes in the lung [26]. 

The Fut8 null mice were known to overexpress matrix metaloproteinases 

and to show function loss of TGF-β receptor. TGF-β mediates a variety of 

signaling pathways [16] and dysfunction of TGF-β receptor may be 

associated with skin symptoms of ichthyosis in the present study. On the 

other hand, there is a possibility that disturbed differentiation of epidermal 

keratinocytes resulted in the altered N-glycan profiles in the ichthyotic 

lesions. In any case, the relationship between N-glycan alteration and 

hyperkeratosis is an interesting finding that may help to clarify the 

pathomechanism(s) of hyperkeratosis. 

 

Epidermal proteins which comprise high levels of mannose type 

oligosaccharides were analyzed in mouse [24]. These high-mannose type 

oligosaccharides are located in lysosomes, lamellar granules and cell-cell 

connection desmosome sites. Desmocollins and desmogleins are also 

assigned as carriers of high-mannose type oligosaccharides, and it was 

suggested that high-mannose type oligosaccharides control desquamation 

[24]. However, in the present samples of hyperkeratotic skin, the profile of 

the high-mannose type oligosaccharides was not changed. These results 

indicated that N-glycans bound to cell surface proteins were more seriously 

affected than those in the cytoplasm and desmosomes. Further studies into 

N-glycan structures and the respective proteins carrying the N-glycans in 

hyperkeratotic skin will provide further clues to determine the exact 
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mechanisms leading to hyperkeratosis in human skin. 
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Figure Legends 

Figure 1. Chromatograms of N-glycans from the epidermis.  

Fluorescence tagged glycans released from the epidermis of patients and 

normal controls on an ODS column using HPLC. Peaks a, b and c are 

corresponding to N-glycans, 

Galβ1,4GlcNAcβ1,2Manα1,3(Galβ1,4GlcNAcβ1,2Manα1,6)Manβ1,4Glc

NAcβ1,4GlcNAc, 

Galβ1,4GlcNAcβ1,2Manα1,3(Manα1,6)Manβ1,4GlcNAcβ1,4(Fucα1,6)G

lcNAc and 

Galβ1,4GlcNAcβ1,2Manα1,3(Galβ1,4GlcNAcβ1,2Manα1,6)Manβ1,4Glc

NAcβ1,4(Fucα1,6)GlcNAc, respectively. 

 

Figure 2. Rates of molecular compartments, a, b and c.  

Compartments a and b were increased and compartment c decreased in the 

hyperkeratotic diseased skin from patients. Colors of bar show following: 

slashed, a; white, b; black c. 
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