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Abstract Human sweat gland epithelial cells

(SGECs) have been isolated and grown in vitro,

However, slow proliferation makes the culture of these

cells extremely difficult. The present study was carried

out to explore the modified culture medium for SGECs

in vitro. Full-thickness skin samples were minced

(1 mm3) and digested overnight with type II collage-

nase. The gland coils were removed under an

inverted phase-contrast microscope. An adherent cul-

ture method was used to isolate and culture SGECs.

Staining with hematoxylin and eosin was performed,

followed by observation of the morphologic features of

these cells. Immunofluorescence staining with anti-

bodies to cytokeratins CK7, CK18, and CK19 and

carcinoembryonic antigen (CEA) was performed to

verify the presence of SGECs. Growth curves by MTT

were created for cells grown in serum-free keratinocyte

medium and in modified keratinocyte medium con-

taining 2.5% fetal bovine serum (FBS). One week after

culturing, the cells grew well and were polygonal or

irregular in shape by inverted phase contrast micros-

copy. Cell fusion, with a characteristic paving-

stone arrangement, reached 100% after approximately

3 weeks in culture. Immunofluorescence staining

indicated expression of CK7, CK18, CK19, and

CEA. Compared with SGECs grown in serum-free

keratinocyte medium, the proliferation of SGECs

grown in modified culture medium with low concen-

tration of FBS at days 6, 9, and 12 was significantly

accelerated (p \ 0.05). This study suggests that kerat-

inocyte medium supplemented with 2.5% FBS is

effective and suitable for the culture of SGECs.
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Introduction

The sweat gland, one of the most important append-

ages in the skin, is involved in secretion, excretion,

and thermoregulation. Reconstruction of sweat glands

has been an obstacle in skin tissue engineering. The

isolation and culture of sweat gland epithelial cells

(SGECs) can provide powerful tools for studying the

structure and function of sweat glands at the cellular

level. The isolation and culture of SGECs is very time

consuming (Hongpaisan et al. 1996; Lei et al. 2008),
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and methods should be improved. In the present

study, mechanical isolation, enzymatic digestion, and

an adherent culture method were used to isolate and

culture human SGECs. In addition, the traditional

culture medium was modified, culture efficiency was

assessed, and the presence of SGECs was verified.

Results of this study provide an experimental basis

for skin tissue engineering of the sweat gland.

Materials and methods

Reagents and samples

Full-thickness skin samples were obtained from the

axillary region of patients undergoing plastic Surgery

in the First Hospital Affiliated to General Hospital of

PLA. Informed consent was obtained from all patients

before skin biopsy. Type II collagenase (Gibco BRL,

USA), serum-free keratinocyte media (FSKM;

Gibco), epidermal growth factor (EGF; Gibco), bovine

pituitary extract (Gibco), and an inverted microscope

and photo acquisition system (Leica, DMI6000,

German) were used in the present study. Primary

antibodies to cytokeratins CK7, CK18, CK19 and

carcinoembryonic antigen (CEA), and secondary

antibodies conjugated to phycoerythrin (PE) or fluo-

rescein isothiocyanate (FITC) were purchased from

Abcam (Cambridge, UK).

Isolation and culture of sweat gland epithelial

cells

For tissue culture, FSKM was supplemented with

5 lg/L EGF and 50 mg/L bovine pituitary extract.

Full-thickness intact skin samples (0.3 cm 9 2 cm)

were rinsed with D-Hank buffer, and subcutaneous

fat was removed. The skin was minced (1 mm3) with

sharp scissors in a culture plate (60 mm in diameter).

The pieces were then incubated with type II colla-

genase (3 mL) at 37 �C in a humidified atmosphere

of 5% CO2 and 95% air. On the following day, the

gland coils were removed under an inverted phase-

contrast microscope and incubated in 0.6 mL culture

medium at 37 �C in a humidified atmosphere of 5%

CO2 and 95% air. When the sweat gland tissues

adhered to the bottom, an additional 2 mL of culture

medium was added, and the medium was changed

every 2–3 days.

Purification of sweat gland epithelial cells

Under an inverted phase-contrast microscope, regions

containing SGECs were distinguishable from fibro-

blasts and marked on each plate. In primary culture,

fibroblasts were usually mixed with SGECs, which

may grow either in groups or scattered. As SGECs

and fibroblasts have different tolerances to trypsin,

fibroblasts were detached from the flask wall first

while the SGECs remained attached when digested

with trypsin at appropriate time. Fibroblasts were

then washed away and SGECs were left in the flask.

The purification of SGEC was performed as follow-

ing: the medium was removed, and the cells were

rinsed with D-Hank buffer twice, followed by

digestion with trypsin (2 mL) at 37 �C in a humid-

ified atmosphere of 5% CO2 and 95% air for 2 min.

When the fibroblasts contracted, and no changes were

observed in SGECs, digestion was terminated by the

addition of 2 mL of culture medium containing 10%

FBS. Fibroblasts were detached with a transferpettor

and removed by washing twice with D-Hank buffer,

followed by the addition of culture medium. The

above procedure was repeated as necessary.

Cell passaging and creation of growth curve

Primary SGECs were harvested conventionally by

digestion and suspended in FSKM. The harvested

SGECs were divided randomly into two groups. One

was grown in FSKM, and the other was grown in

FSKM supplemented with 2.5% fetal bovine serum

(FBS, Gibco) (Low FBS). Cells were seeded onto

12-well culture plates at a density of 1 9 104 cells/cm2

and incubated at 37 �C in a humidified atmosphere of

5% CO2 and 95% air. The medium was changed

every 3 days. The number of SGECs in 3 wells was

counted on days 3, 6, 9, 12, 15, and 18, and the

average was used to create the growth curve.

Hematoxylin-and-eosin and immunofluorescence

staining

Cells were fixed in ice-cold acetone, and hematox-

ylin-and-eosin (HE) and immunofluorescence stain-

ing were performed. The cells were incubated with

primary antibodies (to CK7, CK18, CK19, and to

CEA) at 37 �C for 30 min, followed by washing with

phosphate-buffered saline. The cells were then
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incubated with secondary antibodies and nuclei were

stained with 40,6-diamidino-2-phenylindole (DAPI),

followed by observation under an inverted fluores-

cence microscope. Meanwhile, the cells were stained

with secondary antibody only as negative control.

Human neuroblastoma cells (SY5Y) and isolated

fibroblasts were stained with CK7, CK18, CK19 and

CEA as negative control. Normal human skin tissue

was stained using CK7, CK18, CK19 and CEA as

positive control.

Statistical analysis

Statistical analysis was performed with SPSS 10.0

statistics software (SPSS Inc. Chicago, IL, USA).

Data are presented as mean ± SD and Student t test

was used for statistical analysis. A value of p \ 0.05

was considered statistically significant.

Results

Isolation and culture of sweat gland epithelial

cells

After digestion with type II collagenase, a fraction of

characteristically curve-shaped gland coils was freed

(Fig. 1a). The time required for SGECs to become

adherent varied from 1 to 7 days, with a majority of

cells adhering to the plate at 48 h. Sweat gland

epithelial cells were found to detach from gland coils

and were polygonal in shape. The cells continued to

divide for up to 2 weeks and formed a circular

monolayer surrounding the tissues. A minority of the

cells continued to divide and formed multiple layers

with a paving-stone arrangement (Fig. 1b). Micros-

copy indicated that the regions with SGECs were

thickened. The cells began to senesce approximately

after 3 weeks, with the development of vacuoles

accompanied by the cessation of cell division.

Purification and cell proliferation

No fibroblasts were observed in the passaged SGEC

cultures. Over time, the cell volume increased, accom-

panied by the formation of irregular cell shapes and

pseudopodia (Fig. 2a). The growth curve was plotted

based on the number of cells at the indicated time

points (Fig. 2b). Statistical analysis indicated that cell

numbers in the low FBS group at days 6, 9, and 12 were

significantly greater than those for cells grown in

FSKM at the corresponding time points (p \ 0.05).

Staining with hematoxylin and eosin

A state of 100% cell confluence was observed in the

FBS group after 15 days in culture. Staining with HE

indicated that the confluent cell monolayer developed

into multiple cell layers with a characteristic paving-

stone arrangement. Nuclei were round, and the cell

shape was polygonal or oval. A minority of cells

showed an irregular shape (Fig. 3).

Immunocytochemical identification of sweat

gland epithelial cells

Staining for the sweat gland in human skin tissue

with CK7, CK18, CK19 and CEA antibodies was

positive (Fig. 4). Immunofluorescence staining indi-

cated that these isolated cells were positive for CK7

Fig. 1 Cultured primary sweat gland epithelial cells under an

inverted phase-contrast microscope. a the culture on the first

day, The eccrine sweat glands had a clear aspect, and formed

an irregular ball in the single-curve tube shape (9200), bar =

50 lm. b The culture on the 12th day, The shape was polygon-
like and they grew like cobblestone (9200), bar = 100 lm
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(Fig. 5a), CK18 (Fig. 5b), CK19 (Fig. 5c), and CEA

(Fig. 5d). Staining of these cells with secondary

antibodies only (Fig. 5e, f), and staining for human

neuroblastoma cells (Supplemental Fig. 1) and fibro-

blasts (Supplemental Fig. 2, a: cultured fibroblast at

third passage, b: CK7 staining for fibroblast, c: CK18

staining for fibroblast, d: CEA staining for fibroblast,

e: CK19 staining for fibroblast. Scale bar, 100 lm)

were used as negative controls, and the staining

results were all negative. These results indicated that

the isolated cells were indeed SGECs.

Discussion

Loss and dysfunction of sweat glands are frequently

observed clinically. In patients with massive burns,

the sweat glands are destroyed or the secretory duct is

obstructed by scar tissue, which leads to abnormal

sweat secretion (Schon et al. 1999), resulting in a

poor quality of life and causing distress to patients.

The only way to restore sweat secretion is to replace

the damaged sweat glands. Therefore, it is important

to isolate and culture SGECs and to explore the

biological characteristics of these cells.

With the traditional method, few SGECs are

harvested (Mork et al. 1995). In the present study,

the traditional method was modified and improved.

Collagenase was used for digestion, and a transfer-

pettor was used to detach SGECs from tissues.

Digestion with collagenase for a limited duration

digests collagen in the extracellular matrix, allowing

for dissociation of sweat glands from skin tissues, and

no adverse effects on the proliferation of sweat glands

were observed. Detaching the cells with a transfer-

pettor minimized cell damage while removing other

cells. The appropriate amount of medium was

indispensible for the adherence and growth of

SGECs. Humidity and nutrition were not adequate

in too low a volume of medium, and the cells

remained in suspension in the presence of too much

medium. In the present study, only 0.6 mL of

medium was added before adherence, and the sweat

gland tissue was supplemented with 2 mL of medium

after adherence, which resulted in survival of approx-

imately 70% of the sweat gland tissue.

With the traditional method, harvested SGECs are

frequently contaminated by fibroblasts, which show

high levels of differentiation and division. The

presence of fibroblasts affects the growth of SGECs

if they are not removed. It has been hypothesized that

fibroblasts cannot survive in serum-free culture

medium. Therefore, serum-free medium has been

Fig. 2 Morphological characteristics and growth state of first

passage sweat gland epithelial cells. a the P1 cell culture on the

third day, the cell volume increased, and formed irregular cell

shapes and pseudopodia (9200), bar = 50 lm. b The growth

curve of the human eccrine sweat gland epithelial cells with

two different media (star indicating p \ 0.05)

Fig. 3 Morphological characteristic of cultured primary sweat

gland epithelial cells on 15th day (9200), bar = 50 lm. HE

staining
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used to remove fibroblasts, which is time consuming.

In addition, serum-free medium exerts adverse effects

on the growth of SGECs, leading to decreased

proliferation. In the present study, based on the

hypothesis that fibroblasts are more sensitive to

trypsin than are SGECs, we removed fibroblasts with

trypsin after a 2-min digestion, with the result that a

majority of SGECs survived. In addition, no harmful

effects on SGEC proliferation were noted.

Our present results indicated that by 6 days of

culture, the proliferation of primary SGECs was

markedly increased, becoming maximal at 15 days.

No evident proliferation was noted at 18 days. These

findings are consistent with a previous report (Lei

et al. 2008). Currently, no specific culture medium

has been developed for sweat gland cells. Dulbecco

modified Eagle medium has been used to culture

SGECs (Reddy et al. 1992), but this medium is not

optimal. In the present study, FSKM supplemented

with 2.5% FBS was used as the culture medium, and

the results indicated that this medium accelerated the

proliferation of SGECs. Morphologic and immuno-

histochemical analyses and observation of growth

characteristics were performed to qualitatively inves-

tigate cultured SGECs. Epithelial cells are character-

istically oval, irregular, or polygonal in shape, and the

nucleus is round. When the cells fuse, a paving-stone

arrangement occurs. Cytokeratin is the main struc-

tural protein in epithelial cells and is also a marker of

differentiation; it is also specific for epithelial cells.

The CK18 is specifically expressed in secretory cells

(Schon et al. 1999), and CK19 is expressed in sweat

gland cells and sebaceous gland cells. In addition,

CEA is expressed within the ducts and secretory coils

of eccrine sweat glands (Hammarstrom 1999). Our

present results are consistent with previous studies

with respect to sweat gland markers (Fu et al. 2005).

The strong staining for CK7 in the present study is

also consistent with previous reports (Beer et al.

2006). In this study, both negative and positive

Fig. 4 Immunofluorescence staining of normal human skin tissue (9200), bar = 50 lm. The sweat glands in human skin tissue were

positive for CK7, CK18, CK19 and CEA. The nucleus was stained blue with DAPI. (a CK7, b CK18, c CK19, d CEA)
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control experiments were carried out and results are

shown in Fig. 4 and 5 and Supplemental Fig. 1 and 2.

Our finding that CK7, CK18, and CK19, and

particularly CEA, were expressed in the cultured

cells indicate that these isolated cells are indeed

SGECs and not other types of epithelial cells.

The culture of SGECs is potentially important in

biological and clinical fields, and provides a basis for

further studies to explore the pathogenesis and

pathophysiology of sweat gland-related diseases

(Saga 2002). This method is also important with

respect to tissue engineering of skin. Our present

results confirm the effectiveness of culture medium

supplemented with a low concentration of FBS in the

culture of SGECs. Interestingly, mesenchymal stem

cells (MSCs) derived from umbilical cord have been

found to differentiate into several cell types (Secco

et al. 2008). Theoretically, with a cell coculture

Fig. 5 Immunofluorescence staining of passaged sweat gland

epithelial cells on the second day (9200), bar = 50 lm (a, b,

c, d), 100 lm (e, f). Cultured cells were positive for CK7,

CK18, CK19, CEA, and strongly marked the cytoplasm with a

green or red color (a–d), staining with the only secondary

antibody (e, f) as negative control without primary antibody.

The nucleus was stained blue with DAPI. (a CK7, b CK18,

c CK19, d CEA, e IgG-FITC, f IgG-PE)
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method (Corti et al. 2005), MSCs may be made to

differentiate into SGECs. We hope to investigate this

potential in future studies.

Conclusion

Our experimental results showed that human sweat

gland epithelial cells (SGECs) have been successfully

isolated from normal skin sample and abundantly

cultured in the modified culture medium. The present

study demonstrated that the keratinocyte medium

(KM) supplemented with 2.5% FBS was effective

and suitable for the culture of SGECs, and it will

provide an experimental basis for skin tissue engi-

neering of the sweat gland.
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