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Abstract Animal-derivative free reagents are pre-

ferred in skin cell culture for clinical applications. The

aim of this study was to compare the performance and

effects between animal-derived trypsin and recombi-

nant trypsin for skin cells culture and expansion. Full

thickness human skin was digested in 0.6 % collage-

nase for 6 h to liberate the fibroblasts, followed by

treatment with either animal-derived trypsin; Trypsin

EDTA (TE) or recombinant trypsin; TrypLE Select

(TS) to liberate the keratinocytes. Both keratinocytes

and fibroblasts were then culture-expanded until

passage 2. Trypsinization for both cell types during

culture-expansion was performed using either TE or

TS. Total cells yield was determined using a haem-

ocytometer. Expression of collagen type I, collagen

type III (Col-III), cytokeratin 10, and cytokeratin 14

genes were quantified via RT-PCR and further

confirmed with immunocytochemical staining. The

results of our study showed that the total cell yield for

both keratinocytes and fibroblasts treated with TE or

TS were comparable. RT-PCR showed that expression

of skin-specific genes except Col-III was higher in the

TS treated group compared to that in the TE group.

Expression of proteins specific to the two cell types

were confirmed by immunocytochemical staining

in both TE and TS groups. In conclusion, the perfor-

mance of the recombinant trypsin is comparable with

the well-established animal-derived trypsin for human

skin cell culture expansion in terms of cell yield and

expression of specific cellular markers.
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Introduction

Skin is the largest organ in human and plays a vital role

as a barrier against environment and pathogens insults

(Muhd Fakhruddin et al. 2004). Current treatment for

skin loss due to burns, chronic ulcers and pressure

ulcers requires transfer of healthy skin to the wounded

sites (Huang et al. 2008). This technique is referred as

split skin graft (SSG). In general, SSG may not be

effective on areas where injuries extend deep into the

dermis and severe scarring may occur owing to the
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lack of a functional dermis (Berthiaume et al. 2011).

Furthermore, shaving the skin in SSG can lead to a

lesion equivalent to a profound second-degree burn

or even a third-degree burn (Auger et al. 2004). In

another treatment involving skin transfer from differ-

ent individual, complications such as incompatibility,

immuno-rejection and unpleasant aesthetic results are

risks for the patient (Huang et al. 2008).

Tissue engineering is a relatively new field in

medicine. It uses living cells, biocompatible materials,

suitable biochemical (e.g., growth factors) and phys-

ical stimulation to create a living substitute (Berthia-

ume et al. 2011). In the case of tissue-engineered skin,

it can offer benefits such as: (a) Protection—by

establishing a mechanical barrier to microorganisms

and vapor loss; (b) Procrastination—by providing

some wound cover following early wound debride-

ment until permanent wound closure by skin grafts;

(c) Promotion—by delivering to the wound bed

dermal matrix components, cytokines and growth

factors which promote and enhance wound healing;

and (d) Provision—of new structures, such as dermal

collagen or cultured cells that incorporated into the

wound and persist during wound healing and/or

thereafter (Peter 2005). Although none of the existing

tissue engineering products can fully replace damaged

skin (MacNeil 2007; Metcalfe and Ferguson 2007),

they have been used to treat extensive acute wounds as

well as chronic non-healing wounds such as diabetic

ulcers and venous ulcers.

In order to construct a tissue engineered bilayer

skin, in vitro manipulation of keratinocytes and

fibroblasts is crucial. The steps consist of cell isolation

from skin biopsy, cell expansion in monolayer culture,

skin substitute construction and implantation to the

wound site (Mazlyzam et al. 2007). Unfortunately,

conventional trypsinization procedure used trypsin

enzyme extracted from porcine or bovine tissue to

harvest the skin cells. This can increase the risk of

zoonosic disease transmission to the patients. For

example, transmission of porcine endogenous retro-

viruses (PERV) can happen during the exposition of

the cultured cells to the trypsin solution. Although the

time of exposure during trypsinization is rather short

(10–30 min) but the trypsin can modify the surface of

the cells and therefore increase the chances for the

virus to adhere and enter into the cells. Thus, it is

essential to isolate and expand the skin cells under

conditions following good manufacturing practice

(GMP) recommendation that use animal derivative

free materials (Haack-Sorensen et al. 2008). Therefore

the use of recombinant trypsin; TrypLE Select (TS)

is strongly recommended in order to produce skin

substitutes that are meant for clinical applications.

This is also to eliminate the possibility of introducing

zoonotic viruses into the patients. TS, an alternative

source of trypsin is a recombinant enzyme derived

from microbial fermentation. TS can be used to

dissociate various mammalian cell types from the

plastic culture vessels both in serum-free and serum

supplemented media.

The aim of this study was to compare the effects

between animal-derived trypsin; Trypsin EDTA (TE)

and recombinant trypsin; TS on the human keratino-

cytes and fibroblasts expansion for future clinical

application. The performance of the animal-derived

trypsin; TE and clinical grade recombinant trypsin;

TS was compared based on the total cell yield, gene

expression level and protein expression of cultured

fibroblasts and keratinocytes.

Materials and methods

This study was approved by the Universiti Kebangsaan

Malaysia Research Ethics Committee (UKMREC) with

approval code: FF-069-2003. This research project is

compliant to the International Conference of Harmoni-

zation (ICH)—Good Clinical Practice Guidelines.

Cells Isolation from skin: skin process flow chart

Full thickness skin samples were obtained from six

consented donors (n = 6) undergoing abdominoplasty

(n = 4) or face-lift (n = 2). The skin was processed to

remove the fat, hair and debris with a scalpel and then

cut into two pieces with size of 1 9 3 cm2. One piece of

each patient’s skin was processed with Method A and

the other piece with Method B as stated below. The skins

were swabbed with 70 % isopropyl alcohol and rinsed

with Dulbecco’s Phosphate Buffered Saline without

Calcium or Magnesium (DPBS; GIBCO, USA) supple-

mented with 1 % Gentamycin (GIBCO) and 1 %

antibiotics-antimycotic (GIBCO). The skins were then

minced into smaller pieces (1 9 2 mm2) and digested

with 0.6 % collagenase Type I (Worthington, USA)

supplemented with 1 % Gentamycin (GIBCO) and 1 %
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antibiotics-antimycotic (GIBCO) in a 50 ml tube for 6 h

at 37 �C in an incubator-shaker.

Keratinocytes isolation

After the dermis of the skin has completely digested

with collagenase type I (Worthington, USA), the

tube was centrifuged at 2,370 rcf for 5 min and the

remaining epidermis layers were either subjected to

Method A or Method B for keratinocytes isolation.

Method A: animal-derived trypsin; trypsin EDTA(TE)

The sample was added with 10 ml of 0.05 % animal-

derived trypsin with 0.02 % EDTA (TE; Mediatech

Cellgro, USA) and incubated in an incubator shaker for

10 min at 37 �C for keratinocytes dissociation from

epidermis. Then, 10 ml of soybean trypsin inhibitor

(GIBCO) was added to stop the trypsin activity. The cell

suspension was then centrifuged at 2,370 rcf for 5 min

and the cell pellet was washed with DPBS. The cell pellet

was then resuspended in 6 ml of co-culture medium

[1:1 ratio of defined keratinocyte serum free medium

(DKSFM) (GIBCO) ? F12: DMEM (GIBCO) ? 10 %

fetal bovine serum (FBS) (Mediatech Cellgro)] and

culture into 3 wells of a six-well culture plate (Nunc).

The cultures were kept in 37 �C incubator with 5 % CO2

and medium was changed every 2–3 days.

Method B: recombinant trypsin; TrypLE Select (TS)

The sample was added with 10 ml of TS (GIBCO) and

incubated in an incubator shaker for 20 min at 37 �C for

keratinocytes dissociation from epidermis. The cell

suspension was centrifuged at 2,370 rcf for 5 min and

the cell pellet was washed with DPBS. The cell pellet

was then resuspended in 6 ml of co-culture medium [1:1

ratio of DKSFM ? F12: DMEM ? 10 % FBS] and

culture into 3 wells of a six-well culture plate (Nunc).

The cultures were kept in 37 �C incubator with 5 % CO2

and medium was changed every 2–3 days.

Differential trypsinization to remove fibroblasts

from co-culture

When the co-culture reached confluence, differential

trypsinization was performed with TE or TS to remove

the fibroblasts from the co-culture. The co-culture was

added with 2 ml of TE or TS in each well and

incubated at 37 �C for a maximum of 5 min. The

detached fibroblasts were collected and centrifuged at

2,370 rcf for 5 min. The fibroblasts were then cultured

in T75 flask with F12: DMEM (1:1 ratio) ? 10 %

FBS. Medium was changed every 3–4 days. The

remaining keratinocytes in the six-well culture plate

were cultured in DKSFM with medium change every

2–3 days. For subsequent expansion, the keratinocytes

and fibroblasts were trypsinized with TE or TS when

reached 70–80 % confluency (refer Skin Cells Culture

Flow Chart below). Total cell yield and viability were

determined with Trypan Blue dye using heamocytom-

eter. The keratinocytes and fibroblasts were sub-

cultured until passage 2 (P2) with a seeding density of

1.0 9 105 cells per well (keratinocytes) or T75 flask

(fibroblasts) in the respective culture media.

Skin cells culture flow chart

Quantitative gene expression analysis

by real-time PCR

Total RNA extraction

Total RNA from keratinocytes and fibroblasts at P2

was extracted using TRI reagent (Molecular Research

Center, Cincinnati, OH) with protocol recommended

by the manufacturer. Polyacryl Carrier (Molecular

Research Center) was added in each extraction to

precipitate the total RNA. The total RNA pellet was

then washed with 75 % ethanol and dried before

reconstitution with RNAse and DNAse free distilled

water (Invitrogen, Carlsbad, CA). The total RNA was

then stored at -80 �C immediately after extraction.

Gene expression analysis by two-step RT-PCR

Gene expression level of collagen type I (Col-I),

collagen type III (Col-III) for fibroblasts and cytoker-

atin 10 (CK10) and cytokeratin 14 (CK14) for

keratinocytes was determined with two-step RT-PCR

technique. The expression of GAPDH (housekeeping

gene) was used for data normalization. All primers

were designed with Primer 3 software and blasted with

GenBank database sequences in order to determine the
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primers specificity. The efficiency and specificity of

each primer set was confirmed with standard curve (Ct

value versus serial dilution of total RNA) and melting

profile evaluation. Primer sequences used in this study

are shown in Table 1. Two-step RT-PCR reaction was

performed with 100 ng of total RNA, 400 nM of each

primer and iScript RT-PCR kit with SYBR Green

(Bio-Rad) according to the manufacturer’s instruction.

Reactions were run using Bio-Rad iCycler with

reaction profile of cDNA synthesis for 30 min at

50 �C (step 1); pre-denaturation for 2 min at 94 �C;

PCR amplification for 38 cycles with 30 s at 94 �C,

30 s at 60 �C and 30 s at 72 �C (step 2). This series of

cycles was followed by a melt curve analysis to check

for reaction specificity. Expression level of each

targeted gene was normalized to GAPDH and was

then calculated for statistical analysis.

Immunocytochemical staining

Fibroblasts and keratinocytes cultures were fixed in 4 %

paraformaldehyde (Sigma-Aldrich) for 1 h, permeabi-

lized with 0.1 % Triton X-100 solution (Sigma-Aldrich)

for 5 min and blocked with 10 % goat serum (Sigma-

Aldrich). The cells were incubated with primary

antibodies [mouse anti-Collagen type I monoclonal

Full thickness human skin sample
(From 6 consented donors, n=6)

Method A (1 piece of 1 x 3 cm2)

Co-Culture of keratinocytes with fibroblasts in 
F12:DMEM +10%FBS :DKFSM (Passage 0)

Digest with 0.6% Collagenase Type 1 at 37ºC for 6 hours to 
liberate the fibroblasts in the dermis

Method B (1 piece of 1 x 3 cm2)

Differential trypsinization using TE to separate fibroblasts 
from keratinocytes in the co-culture

Co-Culture of keratinocytes with fibroblasts in 
F12:DMEM +10%FBS :DKFSM (Passage 0)

Continue culture keratinocytes
in DKFSM (Passage 0)

Culture fibroblasts in F12: 
DMEM+ 10% FBS

(Passage 1)

Analysis: Cell Count
Gene expression- qRT- PCR

Immunocytochemical analysis (ICC)

Cut into 2 pieces with size of 1 x 3 cm2

Treatment with Animal-Derived Trypsin; Trypsin EDTA 
(TE) to liberate the keratinocytes in the epidermis

Treatment with Recombinant Trypsin; TrypLE Select
(TS) to liberate the keratinocytes in the epidermis

Differential trypsinization using TS to separate 
fibroblasts from keratinocytes in the co-culture

Continue culture keratinocytes
in DKFSM (Passage 0)

Culture fibroblasts in F12: 
DMEM + 10% FBS

(Passage 1)

Trypsinization with TS and subculture until 
Passage 2 

Trypsinization with TE and subculture until 
Passage 2 

Digest with 0.6% Collagenase Type 1 at 37ºC for 6 hours to 
liberate the fibroblasts in the dermis
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antibody (Abcam), rabbit anti-Col-III polyclonal anti-

body (Abcam), mouse anti-CK10 monoclonal antibody

(Milipore) and mouse anti-CK14 monoclonal antibody

(Milipore)] overnight at 4 �C. Then, the cells were

incubated with Alexa Fluor 594 goat anti-mouse IgG

(Invitrogen) or Alexa Fluor 594 goat anti-rabbit IgG

(Invitrogen) for 1 h at 37 �C and counterstained with

DAPI (Dako) for 15 min. The immunocytochemical

staining result was evaluated and documented using a

Nikon fluorescence microscope (Nikon, Tokyo). The

number of stained cell was quantified by manual

counting under microscopic view.

Human native skin was used as positive control for

the immunostaining. The skin sample was fixed and

embedded with paraffin. The tissues were sectioned,

deparaffinized, rehydrate and heated at 98 �C for

30 min to retrieve the antigen. The tissue sections

were washed with TBS for 5 min and blocked with

10 % goat serum (Sigma-Aldrich). The tissue sections

were then stained with primary antibodies following

the same protocol used for the cells.

Statistical analysis

The quantitative results were shown as mean ± stan-

dard deviation (SD). The results were analyzed using

Student’s t test and the differences between groups

were considered significant if p value is\0.05.

Results

Cell yield of cultured keratinocytes and fibroblasts

The number of cultured keratinocytes increased rap-

idly from 4 9 105 cells at primary passage (P0) to

1 9 106 at P2 in group using animal-derived trypsin

(TE) as the trypsinization agent. While the group using

recombinant trypsin (TS); the number of keratinocytes

increased from 4.5 9 105 cells at P0 to 6 9 105 cells

at P2 (Fig. 1a). There was no significant difference on

the number of keratinocytes harvested at P0 and

passage 1 (P1) (P0: p = 0.546; P1: p = 0.951)

between group using TE compared to TS. However,

the total number of keratinocytes obtained from group

using TE was significantly higher than group using TS

at P2 (p = 0.008). The total number of fibroblasts

harvested in TS group increased from 4 9 105 cells at

P0 to 1 9 106 cells at P1 and P2 (Fig. 1b). The total

number of fibroblasts obtained in TE group was

similar and there was no significant differences

between both groups (P0: p = 0.762; P1: p = 0.217;

P2: p = 0.148).

Quantitative gene expression analysis

Cultured keratinocytes and fibroblasts in both TE and

TS groups expressed all the specific genes tested.

Cultured keratinocytes in the TS group showed higher

gene expression level in CK10 (TS: 0.196 ± 0.085;

TE: 0.143 ± 0.065) and CK14 (TS: 0.321 ± 0.10;

TE: 0.160 ± 0.076) compared to the TE group, but no

significant differences was acquired. The cultured

fibroblasts in TS group expressed higher level of Col-I

gene compared to TE group (TS:1.449 ± 0.183;

TE:1.227 ± 0.067) but lower Col-III gene expression

when compared to TE group (TS: 0.015 ± 0.001; TE:

0.024 ± 0.012). However, there was no significant

difference in these genes expression level between TS

and TE groups (Fig. 2).

Table 1 Primer sequences

of genes involved in the

real-time PCR analysis

Genes Accession number Primer 50–30 PCR product

(bp)

GAPDH BC 020308 F: 50-tcc ctg agc tga acg gga ag-30 217

R: 50-gga gga gtg ggt gtc gct gt-30

Collagen type I NM 000088 F: 50-agg gct cca acg aga tcg aga tcc g-30 222

R: 50-tac agg aag cag aca ggg cca acg-30

Collagen type III NM 000090 F: 50-gtt gac cct aac caa gga tgc a-30 203

R: 50-gga agt tca gga ttg ccg tag-30

Keratin 10 NM 000421 F: 50-gag caa gga act gac tac ag-30 249

R: 50-ctc ggt ttc agc tcg aat ct-30

Keratin 14 BC 002690 F: 50-aga acc gca agg atg ccg ag-30 150

R: 50-act gca gct caa tct cca gg-30
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Immunocytochemical staining results

Keratinocytes and fibroblasts from both TE group and

TS group expressed all the specific antigens of interest.

All antibodies staining were specific on human native

skin as shown in Fig. 3. Our results showed that

keratinocytes stained positive for CK10 and CK14 in

both TE and TS groups (Fig. 3a) with a higher

percentage of keratinocytes stained positive in TS group

compared to TE group (CK10–TS: 66.88 % ± 6.7 %

versus TE: 59.55 % ± 5.9 %; CK14–TS: 94.27 % ±

1.71 % vs. TE: 90.79 % ± 4.2 %; Fig. 4). The fibro-

blasts were stained positive for Col-I and Col-III in both

TE and TS groups (Fig. 3b) with a higher percentage

of fibroblasts stained positive in TS group compared to

TE group (Col-I–TS: 88.34 % ± 4.4 % vs. TE:

70.72 % ± 11.6 %; Col-III–TS: 73.3 % ± 8.5 % vs.

TE: 68.68 % ± 8.6 %; Fig. 4). However, no significant

differences was recorded for all the antibodies staining

between TE and TS groups (CK10, p = 0.064; CK14,

p = 0.509; Col-I, p = 0.103; Col-III, p = 0.651).

Discussion

The manipulation of skin cells for clinical application

requires standardized protocols to ensure the product

is safe and effective for human use (Roseti et al. 2008).

Study performed by Ellerström et al. (2006) demon-

strated that animal components are not necessary

needed for the establishment and culture of human

cells (Ellerström et al. 2006). In fact, GMP guideline

recommends the use of clinical-grade reagents that are

free of animal origin components, which can be a

source of zoonosis diseases transmission (Guide to

Good Manufacturing Practice for medicinal product

2004) (Roseti et al. 2008).

Research grade trypsin is a porcine or bovine

pancreas-derived enzyme that is commonly used for

the dissociation of cells from the culture plates for

passaging. Animal-derived trypsin (TE) can cause

cellular damage, thus exposure to cells should be kept

to a minimum duration. In contrast, TS is produced

from recombinant technology that is free from any

animal protein contamination. It is a product com-

monly used to trypsinize a wide range of adherent

mammalian cells; including CHO, HEK 293, A529,

Fig. 1 Total cell yield for keratinocytes (a) and fibroblasts (b) obtained in various passages in group using animal-derived trypsin (TE)

compared to group using recombinant trypsin (TS) as trypsinization agent (n = 6)

Fig. 2 Specific gene expression in cultured fibroblasts (Col-I

and Col-III) and keratinocytes (CK10 and CK14) for group

using animal-derived trypsin (TE) compared to group using

recombinant trypsin (TS) as trypsinization agent (n = 6)
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primary human keratinocytes and embryonic stem

cells cultured in serum supplemented or serum-free

media. TS was also claimed to be gentler and cause

minimum cell damage.

The total cell yield of keratinocytes in TS group

was higher at P0 and P1 compared to that in TE group.

This could be due to lesser damages on cells when

using TS in trypsinization. However, the total number

of keratinocytes harvested at P2 in TE group was

significantly higher compared to TS group. This was

mainly because TE dissociated cells more effectively

than TS in higher confluency cultures such as that

found in P2. There were substantial number of

keratinocytes remained in the culture dish after

trypsinization with TS at P2. As the reaction is milder

than TE, we suggest that the duration for trypsiniza-

tion using TS can be extended to another few more

minutes in order to dissociate more keratinocytes from

cultures which are highly confluence.

For fibroblast culture, the cell number harvested

was higher at passage 1 and 2 for the TS group as

compared to that in the TE group. This could be

because TS is gentler on the cells, and since fibroblasts

is easier to detach compared to keratinocytes, TS is

able to maintain high cell viability and cell yield

during fibroblasts trypsinization. The enzyme purity of

TS may be beneficial for supporting the clonal survival

and growth of skin cells (Ellerström et al. 2006).

Therefore, TrypLE Select is a more suitable material

for manufacturing human skin for clinical use.

Fig. 3 Immunocytochemical staining of cultured keratinocytes

(a) and fibroblasts (b) between groups using animal-derived

trypsin (TE) versus recombinant trypsin (TS) as trypsinization

agent. The positively-stained cells are stained red (arrow).

Human native skin was stained as the positive control

Fig. 4 The percentage of cells stained positive with antibodies

Col-I, Col-III (fibroblasts) and CK10, CK14 antibodies (kerat-

inocytes) in group using animal-derived trypsin (TE) compared

to group using recombinant trypsin (TS) as trypsinization agent.

No significant differences was recorded for all antibodies

between the groups (n = 6)
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Collagen Type I and III are the dominant collagen

types found in normal skin and they are usually

maintained in a fixed proportion (Cheng et al. 2011).

Col-I is the major structural component in the

extracellular matrix of the skin (Chen et al. 1999).

Col-III provides the tensile strength to the skin and

acts as a major collagen in the early phase of wound

healing. Col-III provites vital support in the remodel-

ing of the newly formed skin (Mazlyzam et al. 2008).

The expression levels of Col-I for fibroblasts in TS

group were comparable with the levels in TE group.

Both groups showed relatively low Collagen Type III

expression when compared with the levels expressed

by human skin fibroblasts cultured in collagen gel

reported by Ravanti et al. (1999).

Cytokeratin (CK) is one of the three types of

intermediate filaments in the cytoskeleton of mam-

malian epithelial cells. At least 20 different keratin

genes were located either on chromosome 12 or 17.

Each of these genes encodes specific keratin subunit

that is classified either as low or high molecular-

weight CKs and as acidic or basic forms, based on

their isoelectric points (Reis-Filho et al. 2003). Both

CK10 and CK14 are expressed at different ratios in

putative stem cells, transit amplifying cells and

differentiating cells in adult human skin (Larouche

et al. 2005); (Legg et al. 2003). CK14 is consistently

expressed in basal cells of the multilayered epithelia

(Bocker et al. 2002). The basal cell layer is a single

layer of epidermal stem cells that proliferate, divide

and move up to the upper layers as they mature

(Shimizu 2006). The expression of cytokeratins

changes when keratinocytes is terminally differenti-

ating as they move up from the basal layer to the top.

Keratinocytes at the basal layer of the skin express two

major keratins; a 58-kd protein (keratin 5) and a 50-kd

protein (keratin 14) while suprabasal layer cells

express four other keratins; proteins of molecular

weight 68 kd (keratin 1), 65.5 kd (keratin 2), 56.5 kd

(keratin 10) and 56 kd (keratin 11) (Van Erp PE et al.

Van Erp et al. 1989).Our results showed that cultured

keratinocytes expressed higher levels of CK14 gene

compared to CK10 in both groups. These results

indicated that the characteristic of the cultured kerat-

inocytes resembled the basal layer cells rather than

supra basal layer cells.

Immunocytochemical staining images showed that

cultured keratinocytes in both groups stained positive

with CK10 and CK14 antibodies. The intensity of

CK14 staining was higher compared to CK10, dem-

onstrating that the cultured keratinocytes have more

basal cell feature. The cultured fibroblasts in both

trypsin groups were stained positive for Col-I and

Col-III. This result showed that the cultured fibro-

blasts maintained the important phenotype for dermis

formation.

Our research generated important data to demon-

strate the comparable results obtained from clinical

grade recombinant trypsin (TS) compared to conven-

tional research grade animal-derived trypsin (TE).

However, the functionality of the trypsinized skin cells

in a three dimensional skin construct and in wound

healing has not been validated. Therefore, we propose

that a preclinical study should be conducted to

determine the ability of TS treated skin cells to form

tissue-engineered skin and to heal skin wounds in an

animal model. In the actual clinical application,

autologous or donor’s serum should be used to replace

foetal bovine serum (FBS) for skin cell culture. We

have proven in our earlier study that human serum is

equal if not superior to FBS in maintaining cell

proliferation and specific genes expression (Mazlyzam

et al. 2007). However, if FBS is to be used, the FBS

should be screened for viral zoonoses such as Bovine

Spongiform Encephalytis (BSE) and certified for

human use, and should come from countries where

BSE has never occurred.

Conclusions

Our results showed the performance of recombinant

trypsin (TS) is comparable with the well-established

animal-derived trypsin (TE) for human skin cells

culture. The recombinant trypsin support similar cell

proliferation capability, and produce similar results in

total cell yield, functional gene and protein expression

levels when used for trypsinization of cultured kerat-

inocytes and fibroblasts. In view of the safety assur-

ance required by cGMP regulation; recombinant

trypsin (TS) should be used for human skin cells

culture when the intended use of the cells is for clinical

applications.
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