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Abstract: The majority of human embryonic stem cell lines depend on a feeder 
cell layer for continuous growth in vitro, so that they can remain in an 
undifferentiated state. Limited knowledge is available concerning the molecular 
mechanisms that underlie the capacity of feeder cells to support both the 
proliferation and pluripotency of these cells. Importantly, feeder cells generally 
lose their capacity to support human embryonic stem cell proliferation in vitro 
following long-term culture. In this study, we performed large-scale gene 
expression profiles of human foreskin fibroblasts during early, intermediate and 
late passages using a custom DNA microarray platform (NeuroStem 2.0 Chip). 
The microarray data was validated using RT-PCR and virtual SAGE analysis. 
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Our comparative gene expression study identified a limited number of molecular 
targets potentially involved in the ability of human neonatal foreskin fibroblasts 
to serve as feeder cells for human embryonic stem cell cultures. Among these, 
the C-KIT, leptin and pigment epithelium-derived factor (PEDF) genes were the 
most interesting candidates. 
 
Key words: Human embryonic stem cells, Feeder cells, DNA microarray 
 
INTRODUCTION 
 
Embryonic stem cells (ESC) were first derived from the inner cell mass of the 
murine blastocyst in 1981 [1]. Such cell lines were also later produced using 
human embryos [2]. Today, human ESC (hESC) are used for basic research to 
provide invaluable insight into the mechanisms underlying cell proliferation, 
differentiation, aging and regeneration. Current scientific efforts aim to move 
hESC-based technology from experimental research into the clinic. Most hESC 
lines are maintained on a feeder layer of separate origin. Mouse embryonic 
fibroblast (MEF) feeder cells were traditionally used to support the derivation 
and expansion of hESC lines. However, due to the risks, which include 
transmission zoonosis, a more clinical approach is required, so that the hESC are 
not exposed to xenogenic factors. Thus, feeder-free approaches have been 
developed. These include the supplementation of a high concentration of 
exogenous fibroblast growth factor 2 (FGF2); the addition of transforming 
growth factor β (TGFβ) and  noggin proteins; the use of a matrix (such as 
Matrigel); or a combination of these approaches. Using defined media  
(e.g. mTeSR1 and mTeSR2 [3]) is also now widespread and allows for the 
effective expansion of hESC in feeder-free conditions. Despite these advances, 
the culturing of hESC on feeder cells of human origin, i.e. human fibroblast cells 
(hFC) [4], is still used for in vitro culturing and the expansion of some hESC 
lines (though feeder layers of mouse origin are used even more extensively). 
hFC have a number of advantages over mouse embryonic fibroblasts (MEF), 
both with regards to safety and convenience. Numerous hFC cell types have 
been used, but human neonatal foreskin fibroblasts (hFF) appear to be the most 
commonly used human feeder cell type worldwide.  
The mechanisms underlying hESC-supporting feeder cell properties are 
currently not known in detail, but are suggested to be related to i) the secretion 
of factors into the culture media and/or ii) the expression of certain molecules 
over the cell surface membrane of hFC. Interestingly, fibroblasts (including 
MEF and hFF) can only support hESC proliferation in vitro during their early 
cell passages; spontaneous differentiation and cell death become evident in 
hESC plated on late passage hFC [5, 6]. Therefore, we hypothesized that 
comparing large-scale gene expression profiles of hFF during early, intermediate 
and late passages (i.e. the passages able and unable to support hESC 
proliferation in vitro) using a custom microarray platform [7] could identify 
factors underlying the ability of hFF to support the self-renewal of hESC. Once 
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identified, those factors could provide essential insight into the general biology 
of ESC and contribute to the establishment of more well-defined ‘feeder-free’ 
protocols for culture of hESC.  
 
MATERIALS AND METHODS 
 
Human neonatal foreskin fibroblast cells (hFF) were obtained from a commercial 
source (ATCC; cell line CCD-1112Sk) and expanded in hFF medium (IMDM, 
Invitrogen, USA) supplemented with 10% heat-inactivated FCS (Invitrogen) and 
0.5% Penicillin/Streptomycin (Invitrogen) under regular culture conditions.  
Human embryonic stem cells (hESC; SA002 line, Cellartis AB, Göteborg, 
Sweden) were co-cultured with mitotically inactivated (40 Gy) hFF in the 
presence of 4 ng/ml human recombinant FGF2 (Biosource International, USA) 
to assess the latter cells’ ability to support hESC proliferation in vitro in an 
undifferentiated stage.  
Cells were harvested for RNA isolation from hFF at sub-confluency during 
passages 6-15, 20, 25, 30 and 34, then purified following the RNeasy Kit 
protocol (Qiagen, USA), with DNase I treatment (Qiagen). RNA integrity was 
tested using both an ND-1000 spectrophotometer (NanoDrop, USA) and RNA 
Nano LabChip/2100 Bioanalyzer system (Agilent Technologies, USA). Total 
RNA for Sample I and Sample II was prepared by pooling equal quantities of 
individual total RNA samples from cells during passages 6-11 and 12-15, 
respectively. The fluorescent label incorporation was performed using a Low 
RNA Input Fluorescent Linear Amplification Kit (Agilent Technologies, USA). 
Human Universal Reference RNA (Stratagene, USA) and dye-swap replicate 
amplification were used. The properties of the ‘NeuroStem’ custom microarray 
platform are described extensively in [7]. Briefly, the NeuroStem 2.0 Chip 
platform accounts for a total of 11532 individual oligonucleotides  
(69-71 nucleotides long), including 1312 oligonucleotides that match genes 
related to the growth and differentiation of stem cells, further supplemented with 
a large number of controls (in particular, for data normalization). All of the 
unique genes were spotted in quadruplicate over the same slide. Arrays were 
produced by the SweGene DNA Microarray Resource Centre, Department of 
Oncology at Lund University (Sweden) using a MicroGrid II 600R arrayer 
(Harvard BioRobotics, USA). For a detailed protocol of the platform 
manufacturing, application and analyses, see the Supplementary Materials and 
Methods at http://dx.doi.org/10.2478/s11658-010-0039-8. The microarray data 
validation included RT-PCR, SAGE cross-library analysis and ELISA (see the 
Supplementary Materials and Methods). 
 
RESULTS 
  
In concordance with the results of previous research [4, 5], we observed that  
a high rate of proliferation and a low grade of spontaneous differentiation in 
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hESC cultures could not be achieved with hFF older than passages 11-12. The 
hFF derived from later passages were unable to support hESC proliferation  
in vitro, and the rate of spontaneous differentiation increased gradually, finally 
approaching 100%, co-inciding with massive cell death (Suppl. Figs 1 and 2). 
Using laboratory records, we retrospectively analyzed the growth rates of hFF 
routinely used to support hESC in our laboratory (raw data from > 200 passages). 
We observed that the hFF appear morphologically unaltered (i.e. do not appear 
hypertrophic) and display an equal growth rate from passage 4 to 25. Morphological 
changes become evident in hFF only by passage 25 (Suppl. Figs 3 & 4). We 
therefore hypothesized that it is between passages 12 and 25 that hFF may 
undergo molecular changes which lead to the loss of their ability to support hESC 
proliferation.  
To identify the molecular expression changes in aging fibroblasts, hFF were 
cultured for up to 35 passages, and RNA samples were purified and tested for 
integrity. The following hFF samples were selected for the microarray study 
using a custom oligonucleotide microarray platform (NeuroStem 2.0 Chip): 

I. Passages 6-11 (i.e. hFF that are able to support hESC proliferation);  
II. Passages 12-20 (i.e. hFF that are unable to support hESC proliferation, 

but are morphologically unaltered and have same growth rate as those in 
Passages 6-11); 

III. Passage 25 (i.e. hFF that are morphologically altered but have the same 
growth rate as those in Passages 6-20);  and 

IV. Passage 30 (i.e. hFF that are severely morphologically altered, and have 
a lower growth rate than those in Passages 6-25). 

Using a conservative set of criteria, we were able to identify a group of 232 gene 
targets (2.01% of the total number of genes screened) with an expression in 
Sample I that is significantly different to that in Samples II-IV. In the latter 
Samples, a significant group of genes were related to the cell cycle, most likely 
responsible for the replicative aging process occurring in the hFF, although not 
reflected in the growth rate at this stage. Six genes encoding secreted molecules 
and one gene controlling secretion were identified among the gene targets (Tab. 1), 
including pigment epithelium-derived factor (PEDF; serpin peptidase inhibitor, 
clade F member 1; α2 antiplasmin; also used to be known as EPC1) and leptin 
(LEP; Fig. 1). Moreover, there were 43 additional gene products with 
expressions different in Sample I vs. Samples II-IV that were related to the cell 
surface membrane (Suppl. Tab. 1, Fig. 2), including C-KIT (also known as 
CD117 and mast/stem cell growth factor receptor (SCFR)). 
In a subsequent analysis, we matched the target list to the GEO (Gene 
Expression Omnibus) database (NCBI), in which 3 entries related to feeder cells 
are available to the scientific community. The Serial Analysis of Gene 
Expression (SAGE) libraries of primary (passage 0) human foreskin cells 
(GSM1) and those of passages 15-18 (GSM14916), and the MEFs of passage 3 
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Tab. 1. Secreted factor-encoding genes with a different expression level in hFF after 
passage 11. 
 

No. Gene index 
Sample Cy3 vs. reference Cy5 Sample Cy5 vs. reference Cy3 
I II III IV I II III IV 

1. VTN -0.743 0.151 0.433 -0.979 -0.028 0.900 0.675 -0.103 
2. PRSS23 0.737 0.349 0.496 1.214 0.506 0.172 0.613 1.145 
3. WNT2 0.745 0.368 0.373 1.119 0.460 0.093 0.090 1.006 
4. TNFRSF1A 1.063 0.657 0.543 0.861 0.886 0.513 0.340 0.907 
5. PEDF 0.125 -0.606 -1.095 -1.324 0.476 -0.486 -0.687 -1.132 
6. LEP 1.515 0.441 ND ND 1.492 0.786 -0.667 ND 
* HOXD4 -1.389 -0.328 0.156 -0.978 -1.472 -0.301 0.075 -0.981 

 

I – human feeder cells from passages 6-11; II – from passages 12-20; III – from passage 25; IV – 
from passage 30. Values, mean Log 2 Ratio. Only samples with an expression that was different in 
the > 0.25 Log2 Ratio range at stage I/II and a consistent pattern of expression are shown. Bold 
highlights entries with a > 0.25 Log2 Ratio range at stage I/II in both Sample Cy3 vs. Reference 
Cy5 and Sample Cy5 vs. Reference Cy3 datasets. The entries are sorted based on the average 
value of the Log2 Ratio change of both datasets at stage I/II. ND, not detected. *Hoxd4 is not  
a secreted factor but is believed to affect the secretion process.  
 

 
 

Fig. 1. Secreted factor-encoding genes with a different expression level in hFF after 
passage 11 (experimental groups, abscissa) plotted as a function of the Log2 Ratio 
(ordinate): bell-shape (A), u-shape (B) and down-regulation (C) patterns. Left panel: 
Sample Cy3 vs. Reference Cy5. Right panel: Sample Cy5 vs. Reference Cy3. I, passages 
6-11; II, passages 12-20; III, passage 25; IV, passage 30. The dashed line in (C) indicates 
that gene expression of leptin (LEP) was below the detection limit. All of the samples 
shown have their expression altered to the > 0.25 range at stage I/II.  
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Fig. 2. Cell surface membrane-related genes with a different expression level in hFF after 
passage 11 (experimental groups, abscissa) plotted as a function of the Log2 Ratio 
(ordinate): bell-shape (A), u-shape (B), down-regulation (C) and up-regulation (D) 
patterns. Left panel: Sample Cy3 vs. Reference Cy5. Right panel: Sample Cy5 vs. 
Reference Cy3. I, passages 6-11; II, passages 12-20; III, passage 25; IV, passage 30. The 
dashed line in (C) indicates that the gene expression of GML was below the detection limit. 
All of the samples shown have their expression altered to the > 0.5 range at stage I/II for 
(A, C) and > 0.25 for (B, D). 
 
(GSM7759; [8]) were downloaded, and the SAGE tags for the corresponding 
gene targets were identified using SAGE Map software (NIH). Targets identified 
using the NeuroStem Chip were matched to those libraries. Importantly, a large 
proportion of gene targets identified using microarray technology (including 
secreted, secretion-related and cell surface membrane-related ones) were also 
identified in the SAGE libraries: 142 redundant tags for Homo sapiens, matching 
42 unique genes, and 137 redundant tags for Mus musculus, matching 45 unique 
genes, were identified for 50 target genes tested. Of those tags, 42 (matching  
33 unique genes) were expressed in the human GSM1 and GSM14916 SAGE 
libraries, and 29 (matching 24 unique genes) were expressed in the mouse 
GSM7759 SAGE library. Suppl. Tab. 2 lists 37 unique genes encoding secreted, 
secretion-related and cell surface membrane-related products identified in one of 
the three SAGE libraries analyzed.  
The normalized abundance of the individual tags was also compared between 
human feeder cell-derived SAGE libraries approximately corresponding to 
Sample I and Sample II of our experiment. The resulting trends were compared 
to that derived from microarray analysis (Suppl. Fig. 5). Despite the principally 
different manners in which the data was generated, in a number of cases, we 
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were able to observe high levels of similarity between the expression patterns 
observed in our microarray experiments (Tab. 1, Suppl. Tab. 1) and in human 
SAGE feeder cell-derived libraries.  
To further validate the gene expression changes observed in the microarray 
experiments, we performed RT-PCR analysis. Herein, the expression of  
a number of selected target genes was investigated in a wide range of hFF-
derived samples (passages 6-15, 20, 25, 30, 34; thus exceeding the assay of raw 
samples assessed in the microarray experiments). In particular, in concordance 
with microarray data, RT-PCR demonstrated that the expression of C-KIT and 
LEP rapidly dropped with hFF passage number. A wider range of hFF samples 
allowed us to identify with higher precision that the expression of C-KIT and 
LEP decreased after passage 9 and nearly completely disappeared after passage 
25 (Suppl. Fig. 6). Furthermore, using ELISA, we confirmed that the levels of 
secreted PEDF declined over increasing passage number. The linear regression 
curve obtained for the PEDF antigen had an R2 value of 0.943. The normalized 
PEDF values were 16 ng/ml, 12.16 ng/ml and 11.52 ng/ml for passage numbers 
9, 16, and 21, respectively.  
 
DISCUSSION 
 
It is generally recognized that feeder cells (including MEF and hFF) are only 
able to support the proliferation of hESC in an undifferentiated condition for  
a limited number of passages, from 11-12 to 15 for hFF [3, 4] and from 3-4 to 6-7 for 
MEF [9]. However, little is known about the basic mechanisms underlying the 
hESC-supportive features of either type of feeder cell. In this study, we aimed to 
identify genes that may encode molecules supportive for the proliferation and 
pluripotency of hESC. Using a custom microarray platform, we identified  
a limited number of gene targets (232) with expressions that were significantly 
different between hFF passages termed early (passage numbers ≤ 11) and late 
(passage numbers > 11). We obtained support for our microarray-generated data 
using RT-PCR studies and virtual SAGE, based upon the analysis of expression 
of selected genes in an array of publicly available SAGE libraries. Notably, a degree 
of overlap between the available human libraries and across species (including 
those for secretion- and cell surface membrane-related genes) supports the 
notion that the mechanisms underlying the ability of human and murine feeder 
cells to support hESC proliferation might be identical. 
As expected, a significant number of the gene targets identified in our study 
were related to the cell cycle, in concordance with the aging process in hFF. 
Similarly, a limited number of identified gene targets (50 genes) were related 
either to cell secretion (i.e. encoding secreted molecules or controlling 
secretion), or to the cell surface membrane (Tab. 1 and Suppl. Tab. 1). Several 
studies suggest that the hESC-supportive features of fibroblasts are primarily (or even 
entirely) based on secreted factors [10, 11]. Therefore, we investigated the group 
of genes encoding the secreted proteins. Among the latter, we identified 
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vitronectin (VTN), serine protease 23 (PRSS23), wingless-type MMTV integration 
site family member 2 (WNT2), tumor necrosis factor receptor superfamily member 
1A (TNFRSF1A), pigment epithelium-derived factor (PEDF) and leptin (LEP). 
Additionally, the homeobox D4 (HOXD4) gene, believed to affect the secretion 
process, was also identified. Importantly, only two of those genes, PEDF and 
LEP, were consistently down-regulated throughout replicative senescence (Fig. 1).  
It is now recognized that leptin inhibits apoptosis and enhances cell proliferation 
via specific activation of certain signalling pathways. Leptin and the leptin 
receptor are expressed in fibroblasts, and it has been observed that leptin 
receptors are expressed in various stem cell types, including human 
mesenchymal stem cells (hMSC), haematopoietic stem and progenitor cells 
(hHSC, hHPC), and hESC [7]. Similarly, PEDF function has been linked to the 
maintenance of stem cell populations, namely that of neural stem cells (NSCs) 
[12]. PEDF is also considered to be involved in the maintenance of adult 
‘niches’ of NSCs and to promote their proliferation via the activation of 
signalling pathways, while a blockade of endogenous PEDF decreases the 
proliferation [12]. Most interestingly, a few independent studies have linked 
alterations of PEDF expression in human fibroblast and fibroblast-like cells 
undergoing replicative senescence [13-15], which illustrates that senescent cells 
may not be able to produce PEDF transcripts. Previous studies have identified 
PEDF in a mouse and human fibroblast cell-conditioned medium, suggesting 
that this protein could also be a potential regulator of hESC. Finally, in a more 
recent study, it was firmly established that PEDF supports the self-renewal of 
pluripotent hESC, promoting long-term growth of pluripotent hESC in vitro 
without further bFGF or TGFβ/Activin/Nodal ligand supplementation [16].   
To fulfill their role in supporting stem cells, the secreted factors PEDF and leptin 
could utilize partial synergistic mechanisms, since both are recognized activators 
of the mitogen-activated protein kinase (MAPK) signalling cascade. This 
cascade potentially involves yet another factor identified in our study, namely  
C-KIT. This factor represents the sole entry in the cell surface membrane-related 
molecule group, which is linked not only to germ cell precursors and stem cell 
subtypes, but also to the MAPK signalling pathway and to leptin itself [17, 18]. 
We hypothesize that the PEDF, leptin and C-KIT-mediated systems may play 
important roles in controlling the hESC-supportive features of hFF, while other 
molecular mechanisms may also be involved. Among these is the well-
documented FGF2 pathway, while others remain to be identified. We strongly 
believe that performing a similar analysis with various types of fibroblast cells 
(including MEF and human fibroblasts of various biological origin) and follow-
up functional analyses of the identified molecular targets (as applied to the assay 
of hESC cell lines), could help to identify these. Using available feeder-free cell 
expansion systems (including mTeSR1 and mTeSR2 media) could be most 
useful in this context. This would be indeed most useful for the further 
development of feeder-free/xeno-free methods of hESC expansion.  



CELLULAR & MOLECULAR BIOLOGY LETTERS 
 

87 
 

Acknowledgements. Sergey V. Anisimov’s work is supported by the MCB 
Program, Russian Academy of Sciences and NordForsk (Grant No. 080250). 
Nicolaj S. Christophersen is sponsored by a grant from Lundbeckfonden (#R7-A686). 
Ana S. Correia is supported by Fundação para a Ciência e Tecnologia (ref 
SFRH/BD/11804/2003). 
 
REFERENCES 
 
1. Evans, M.J. and Kaufman, M.H. Establishment in culture of pluripotential 

cells from mouse embryos. Nature 292 (1981) 154-156. 
2. Thomson, J.A., Itskovitz-Eldor, J., Shapiro, S.S., Waknitz, M.A., Swiergiel, 

J.J., Marshall, V.S. and Jones, J.M. Embryonic stem cell lines derived from 
human blastocysts. Science 282 (1998) 1145-1147. 

3. Ludwig T.E., Levenstein M.E., Jones J.M., Berggren W.T., Mitchen E.R., 
Frane J.L., Crandall L.J., Daigh C.A., Conard K.R., Piekarczyk M.S., Llanas 
R.A. and Thomson J.A.  Derivation of human embryonic stem cells in 
defined conditions.  Nat. Biotechnol. 24 (2006) 185-187. 

4. Richards, M., Fong, C.Y., Chan, W.K., Wong, P.C. and Bongso, A. Human 
feeders support prolonged undifferentiated growth of human inner cell 
masses and embryonic stem cells. Nat. Biotechnol. 20 (2002) 933-936. 

5. Unger, C., Felldin, U., Nordenskjöld, A., Dilber, M.S. and Hovatta, O. 
Derivation of human skin fibroblast lines for feeder cells of human 
embryonic stem cells. Curr. Protoc. Stem Cell Biol. (2008) Chapter 1: Unit 
1C.7. 

6. Panula, S. and Reijo Pera, R.A. Preparation of human foreskin fibroblasts 
for human embryonic stem cell culture. Cold Spring Harb. Protoc. (2008) 
doi:10.1101/pdb.prot5043. 

7. Anisimov, S.V., Christophersen, N.S., Correia, A.S., Li J.Y. and Brundin, P. 
"NeuroStem Chip": a novel highly specialized tool to study neural 
differentiation pathways in human stem cells. BMC Genomics 8 (2007) 46. 

8. Wiese, C., Rolletschek, A., Kania, G., Navarrete-Santos, A., Anisimov, 
S.V., Steinfarz, B., Tarasov, K.V., Brugh, S.A., Zahanich, I., 
Rüschenschmidt, C., Beck, H., Blyszczuk, P., Czyz, J., Heubach, J.F., 
Ravens, U., Horstmann, O., St-Onge, L., Braun, T., Brüstle, O., Boheler 
K.R. and Wobus, A.M. Signals from embryonic fibroblasts induce adult 
intestinal epithelial cells to form nestin-positive cells with proliferation and 
multilineage differentiation capacity in vitro. Stem Cells 24 (2006) 2085-2097. 

9. McElroy, S.L. and Reijo Pera, R.A. Preparation of mouse embryonic 
fibroblast feeder cells for human embryonic stem cell culture. Cold Spring 
Harb. Protoc. (2008) doi:10.1101/pdb.prot5041. 

10. Chin, A.C., Fong, W.J., Goh, L.T., Philp, R., Oh, S.K. and Choo, A.B. 
Identification of proteins from feeder conditioned medium that support 
human embryonic stem cells. J. Biotechnol. 130 (2007) 320-328. 



Vol. 16. No. 1. 2011         CELL. MOL. BIOL. LETT.         
 

88

11. Montes, R., Ligero, G., Sanchez, L., Catalina, P., de la Cueva, T., Nieto, A., 
Melen, G.J., Rubio, R., García-Castro, J., Bueno, C., Menendez, P. Feeder-
free maintenance of hESCs in mesenchymal stem cell-conditioned media: 
distinct requirements for TGF-beta and IGF-II. Cell Res. 19 (2009) 698-709. 

12. Ramirez-Castillejo, C., Sanchez-Sanchez, F., Andreu-Agullo, C., Ferron, 
S.R., Aroca-Aguilar, J.D., Sanchez, P., Mira, H., Escribano, J. and Farinas, I. 
Pigment epithelium-derived factor is a niche signal for neural stem cell 
renewal. Nat. Neurosci. 9 (2006) 331-339. 

13. Coljee, V.W., Rotenberg, M.O., Tresini, M., Francis, M.K., Cristofalo, V.J. 
and Sell, C. Regulation of EPC-1/PEDF in normal human fibroblasts is 
posttranscriptional. J. Cell. Biochem. 79 (2000) 442-452.  

14. Kojima, T., Nakahama, K., Yamamoto, K., Uematsu, H. and Morita, I. Age- 
and cell cycle-dependent changes in EPC-1/PEDF promoter activity in 
human diploid fibroblast-like (HDF) cells. Mol. Cell. Biochem. 293 (2006) 
63-69. 

15. Pignolo, R.J., Rotenberg, M.O. and Cristofalo, V.J. Analysis of EPC-1 
growth state-dependent expression, specificity, and conservation of related 
sequences. J. Cell. Physiol. 162 (1995) 110-118. 

16. Gonzalez, R., Jennings, L.L., Knuth, M., Orth, A.P., Klock, H.E., Ou, W., 
Feuerhelm, J., Hull, M.V., Koesema, E., Wang, Y., Zhang, J., Wu, C., Cho, 
C.Y., Su, A.I., Batalov, S., Chen, H., Johnson, K., Laffitte, B., Nguyen, 
D.G., Snyder, E.Y., Schultz, P.G., Harris, J.L., Lesley, S.A. Screening the 
mammalian extracellular proteome for regulators of embryonic human stem 
cell pluripotency. Proc. Natl. Acad. Sci. USA 107 (2010) 3552-3557.  

17. Attoub, S., Rivat, C., Rodrigues, S., Van Bocxlaer, S., Bedin, M., Bruyneel, 
E., Louvet, C., Kornprobst, M., Andre, T., Mareel, M., Mester, J. and 
Gespach, C. The c-kit tyrosine kinase inhibitor STI571 for colorectal cancer 
therapy. Cancer Res. 62 (2002) 4879-4883.  

18. Ronnstrand, L. Signal transduction via the stem cell factor receptor/c-Kit. 
Cell. Mol. Life Sci. 61 (2004) 2535-2548. 

  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
    /POL ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


