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Summary
Background:  Human  bone  marrow-derived  mesenchymal  stem  cells  (BM-MSCs)  are  a  promis-
ing cell  source  for  regenerative  medical  applications  because  they  can  be  easily  isolated  and
expanded  ex  vivo.  However,  due  to  the  lack  of  specific  cell  surface  markers,  it  is  difficult  to
identify whether  ex  vivo  isolated  BM-MSC  populations  are  free  of  stromal  fibroblasts.  Bright-field
microscopical  analyses  are  insufficient  to  determine  fibroblastic  contaminations  since  these  two
cell types  have  similar  cell  morphologies.
Materials  and  methods:  We  employed  and  compared  traditional  flow  cytometric  (FACS)  anal-
ysis, in  vitro  differentiation  assays,  and  Raman  spectroscopy  to  distinguish  between  human
BM-MSCs and  fibroblasts.
Results:  We  found  that  FACS  analysis,  utilizing  previously  described  fibroblast-identifying  anti-
bodies, was  inadequate  in  separating  stromal  fibroblasts  from  BM-MSCs  as  over  75%  of  the
BM-MSCs shared  these  antigens.  In  vitro  differentiation  assays  revealed  that,  in  contrast  to
fibroblasts,  BM-MSCs  could  be  successfully  differentiated  into  adipocytes,  osteoblasts  and  chon-
drocytes. Using  this  method  it  was  possible  to  discriminate  between  the  two  cell  types.  However,
the need  for  prolonged  in  vitro  culture  periods  of  up  to  4  weeks  is  a  major  disadvantage  of  this
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test  method.  Raman  spectroscopy,  a  non-contact  technique  measuring  the  wavelength  and
intensity  of  inelastic  scattered  light  from  molecules  by  employing  high-power  near-infrared
lasers, distinguished  ultra-fast  between  BM-MSCs  and  fibroblasts  (integration  time  of  100  s/cell).
Conclusion:  Based  on  the  results,  we  conclude  that  Raman  spectroscopy  is  a  suitable  tool  for
the rapid  detection  of  fibroblastic  contaminations  in  BM-MSC  cultures.
© 2011  Published  by  Elsevier  GmbH.

Introduction

Bone  marrow-derived  mesenchymal  stem  cells  (BM-MSCs)
are  ideal  candidates  for  use  in  regenerative  medicine  and
tissue  engineering  applications  because  of  their  ability  to
commit  to  multiple  cell  lineages  such  as  bone  and  cartilage.
This  potential  is  an  important  feature  when  aiming  to  treat
bone  and  cartilage  defects  [1].  BM-MSCs  are  plastic  adherent
cells  that  can  easily  be  isolated  from  the  bone  marrow  and
expanded  ex  vivo; however,  due  to  the  lack  of  specific  cell
surface  markers,  it  is  difficult  to  identify  whether  ex  vivo
isolated  BM-MSC  populations  are  free  of  stromal  fibroblasts.
Bright-field  microscopical  analyses  are  insufficient  to  deter-
mine  fibroblastic  contaminations  since  these  two  cell  types
have  similar  cell  morphologies  [2].

Raman  spectroscopy  is  a  non-invasive  technique  that
measures  the  wavelength  and  intensity  of  inelastically
scattered  light  from  molecules  by  employing  high  power
near-infrared  lasers,  thereby  offering  the  possibility  to  ana-
lyze  living  cells  in  situ  or  in  vivo  [3—5]. Raman  spectroscopy
enables  a  label-free  characterization  and  distinction  of  cells
based  on  their  phenotype-specific  biochemical  fingerprint
[6].  In  this  study,  we  aimed  to  determine  the  applicability
of  Raman  spectroscopy  for  the  non-invasive  identification
and  spectral  separation  of  human  fibroblasts  and  BM-MSCs.

Materials and methods

Human  tissues

This  study  was  carried  out  in  accordance  with  the  rules  for
investigation  of  human  subjects,  as  defined  in  the  Declara-
tion  of  Helsinki,  and  was  approved  by  the  local  research
ethics  committee  (IRB#190/2005V).  After  informed  writ-
ten  consent  was  given,  juvenile  foreskin  samples  and  the
femoral  heads  of  patients  undergoing  total  hip  arthroplasty
were  obtained  from  the  Robert  Bosch  Hospital  Stuttgart,
Germany  and  further  processed  as  described  below.

Cell  isolation  and  culture

Fibroblasts  were  isolated  from  juvenile  foreskins  as
previously  described  [7]  and  maintained  in  fibroblast
culture  medium  (FCM)  (Dulbecco’s  modified  Eagle’s  medium
(DMEM);  Invitrogen,  Karlsruhe,  Germany)  containing  10%
fetal  calf  serum  (FCS)  and  1%  gentamycin  (both  Invitro-
gen,  Karlsruhe,  Germany).  BM-MSCs  were  isolated  from
the  harvested  trabecular  bone  plugs  and  transferred  into
centrifugation  tubes  containing  stem  cell  culture  medium
(SCM)  (DMEM/Ham’s  F-12;  PAA  Laboratories  GmbH,  Pasching,
Austria)  supplemented  with  10%  FCS,  1%  gentamycin

and  50  !g/ml  l-ascorbic  acid  2-phosphate  (Sigma—Aldrich,
Munich,  Germany).  The  marrow  cells  were  released  by  wash-
ing  bone  plugs  five  times  with  culture  medium.  Cell  number
and  viability  of  the  collected  cells  were  determined  and  cells
were  plated  at  a  density  of  3  × 106 cells/cm2 into  cell  culture
flasks.  All  cells  were  cultured  at  37 ◦C  in  a  humidified  atmo-
sphere  with  5%  CO2.  When  cells  reached  80%  confluence,
they  were  detached  and  passaged.  The  culture  medium  was
changed  every  3—4  days.

Cell  differentiation  assays

BM-MSCs  and  fibroblasts  were  analyzed  for  their  capacity
to  differentiate  towards  the  adipogenic,  osteogenic  and
chondrogenic  lineages.  Differentiation  into  the  adipogenic
lineage  was  induced  by  exposure  of  the  cells  to  medium
that  consisted  of  DMEM  high  glucose  (Invitrogen,  Karlsruhe,
Germany),  10%  FCS,  1%  gentamycin,  1  !g/ml  insulin,  500  !M
IBMX,  1  !M  dexamethasone,  and  100  !M  indomethacin  (all
Sigma—Aldrich,  Munich,  Germany).  Osteogenic  differenti-
ation  was  induced  by  maintaining  confluent  monolayer
cultures  for  up  to  28  days  using  medium  that  consisted
of  DMEM  high  glucose,  10%  FCS,  1%  gentamycin,  50  !g/ml
l-ascorbic  acid  2-phosphate,  10  mM  glycerol  2-phosphate
(Sigma—Aldrich,  Munich,  Germany)  and  100  nM  dexametha-
sone.  Cells  maintained  in  SCM  and  FCM  served  as  negative
controls.  The  medium  was  changed  three  times  a  week.

Chondrogenesis  was  induced  using  a  high-density  pellet
cell  culture  system  (2.5  × 105 cells/pellet)  and  the  medium
consisted  of  DMEM  high  glucose,  1%  gentamycin,  50  !g/ml
l-ascorbic  acid  2-phosphate,  40  !g/ml  proline,  100  !g/ml
sodium  pyruvate  (Sigma—Aldrich,  Munich,  Germany),  100  nM
dexamethasone,  1%  ITS  (Sigma—Aldrich,  Munich,  Germany)
and  100  ng/ml  TGF-"3 (R&D  Systems,  Wiesbaden,  Germany).
Pellets  maintained  in  chondrogenic  differentiation  medium
without  addition  of  TGF-"3 served  as  negative  controls.
Medium  changes  were  performed  twice  a  week.

Fluorescence-activated  cell  sorter  (FACS)  analysis

FACS  analysis  was  performed  to  characterize  the  cell  phe-
notypes  of  the  isolated  human  BM-MSCs  and  fibroblasts.
Cells  were  washed  and  directly  labeled  using  the  cell
surface  markers  CD90  (clone  5E10;  BD  Biosciences,  Heidel-
berg,  Germany)  and  fibroblast  surface  protein  (FSP)  (clone
1B10;  Abcam,  Cambridge,  MA,  USA).  For  labeling  prolyl
4-hydroxylase  (P4Hbeta)  (clone  5B5;  Abcam,  Cambridge,
MA,  USA),  cells  were  fixed  and  permeabilized  using  BD
Perm/Wash  buffer  (BD  Biosciences,  Heidelberg,  Germany)
as  described  before  [8].  Nonspecific  isotype-matched  IgGs
(BD  Biosciences,  Heidelberg,  Germany)  served  as  controls.
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Figure  1  Schema  of  the  Raman  spectroscope  system.

All  analyses  were  performed  using  a  BD  FACSCalibur  flow
cytometer  (BD  Biosciences,  Heidelberg,  Germany).  All  FACS
files  were  exported  and  analyzed  using  FlowJo  8.3.3  soft-
ware  (Tree  Star  Inc.,  Ashland,  OR,  USA).

Routine  histological  stains

Oil  Red  O  staining  was  used  to  assess  adipogenic  differ-
entiation  via  intracellular  lipid  accumulation  [9].  Alizarin
red  S  staining  was  employed  to  detect  Ca2HPO4 depo-
sitions,  a  classical  marker  to  visualize  mineralization
of  the  extracellular  matrix  during  osteogenic  differen-
tiation  [10]. Chondrogenic  differentiation  was  evaluated
by  Alcian  blue  staining,  which  identifies  the  proteogly-
can/glycosaminoglycan  production  [11].

Raman  spectroscopy

A  custom-built  Raman  spectrometer  was  combined  with  a
commercially  available  fluorescence  microscope  (Olympus,
Tokyo,  Japan)  and  equipped  with  a  785  nm  diode  laser  (Top-
tica  Photonics  AG,  Munich,  Germany)  (Fig.  1).  The  output
laser  beam  with  a  power  of  85  mW  was  coupled  via  several
mirrors  into  the  microscope  and  was  focused  onto  the  sam-
ples  by  a  60× water  immersion  objective  (NA  1.2;  Olympus,
Tokyo,  Japan).  The  detection  of  the  Stokes-shifted  Raman
light  was  realized  by  a  commercially  available  spectrograph
(Kaiser  Optical  Systems  Inc.,  Ann  Arbor,  USA),  which  was
equipped  with  a  holographic  grating  and  a  charge-coupled
device  (CCD)  camera  (Andor  iDus,  Belfast,  Ireland).  The

cooled  CCD  camera  was  optimized  for  its  application  in  the
near  infrared,  which  was  then  used  for  data  acquisition.

For  Raman  spectroscopy  measurements,  cells  were
trypsinized,  centrifuged  and  resuspended  in  medium  (FCM
or  SCM).  The  cell  suspension  was  placed  into  a  glass  bot-
tom  dish,  which  served  as  measuring  vessel.  Approximately
25—30  cells  were  measured  per  experiment.  The  integration
time  for  the  Raman  measurement  in  a  single  location  of  a
cell  accounted  for  100  s.  During  Raman  measurements,  cells
were  kept  in  the  appropriate  culture  medium  to  prevent  cell
collapse.

Data  processing  and  principal  component  analysis
(PCA)

Data  acquisition  was  performed  employing  the  software
package  Andor  Solis  provided  by  the  camera  manufacturer.
In  order  to  eliminate  the  background  information  of  the
medium  and  the  glass  bottom  dish,  reference  spectra  were
taken  and  subtracted  from  spectra  obtained  from  the  sam-
ples.  Data  processing  including  background  subtraction  and
baseline  correction,  which  were  carried  out  with  Opus® (ver-
sion  4.2;  Bruker  Optik  GmbH,  Ettlingen,  Germany).  Further
processing  steps,  such  as  smoothing  and  normalization,  as
well  as  the  principal  component  analysis  (PCA),  were  per-
formed  using  the  Unscrambler® (version  9.7;  Camo  Software
AS,  Oslo,  Norway).  PCA  is  one  of  the  most  common  multivari-
ate  techniques  used  for  the  analysis  of  spectral  data  allowing
for  the  classification  of  spectra  based  on  their  similarity.
This  technique  generates  principal  components  that  contain
spectral  features  corresponding  to  the  molecules  respon-
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Figure  2  Bright-field  micrographs  of  human  BM-MSCs  (A)  and  fibroblasts  (B).  Scale  bar  equals  200  !m.

sible  for  statistical  variations  between  spectra.  Thereby,
it  describes  major  trends  in  a  data  set  by  finding  com-
binations  of  variables  [12]. Briefly,  each  Raman  spectrum
consists  of  many  data  points;  however,  only  a  few  of  them
contain  useful  information  for  cell  analysis.  During  multi-
variate  analysis  of  data  sets,  the  transformation  of  these
data  to  a  new  dimensional  space  is  described  in  terms  of
scores  and  loadings.  Each  score  corresponds  to  one  Raman
spectrum  whereby  the  loading  values  provide  information
of  the  relative  importance  of  each  of  the  original  Raman
channels.

Statistical  analysis

Data  are  displayed  as  mean  ±  standard  deviation.  Statistical
significance  was  assessed  by  Fisher’s  ANOVA.  p-Values  less
than  0.05  were  defined  as  statistically  significant.

Results and discussion

When  aiming  towards  a  potential  clinical  application  of  stem
cells,  it  is  necessary  to  be  able  to  use  a  defined  cell  popu-
lation.  The  discrimination  of  stem  cells  from  fibroblasts  or
other  contaminating  cells  is  therefore  a  crucial  step  towards
stem  cell-based  therapies.  In  this  study,  we  focused  on  the
differentiation  of  human  BM-MSCs  and  fibroblasts  by  Raman
spectroscopy,  allowing  a  marker-free  and  rapid  cell  charac-
terization.

Bright-field  microscopic  analyses  of  human  BM-MSCs  and
fibroblasts  displayed  very  similar  morphologies,  showing
bipolar  to  spindle-shaped  cells  (Fig.  2A  and  B);  therefore,
it  would  be  impossible  to  discriminate  fibroblasts  from  BM-
MSCs  by  morphological  assessment.

Flow  cytometric  analysis  was  used  to  distinguish
between  human  BM-MSCs  and  fibroblasts  utilizing  previously
described  cell  surface  markers  [13,14]  (Fig.  3).  However,

Figure  3  FACS  analysis  of  BM-MSCs  (grey)  and  fibroblasts  (black)  labeled  with  antibodies  against  CD90,  P4Hbeta  and  FSP  reveals
no significant  differences  between  the  two  cell  types.
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Figure  4  In  vitro  differentiation  assays  of  human  BM-MSCs  (A—C)  and  fibroblasts  (D—F),  which  served  as  negative  controls.
Intracytoplasmic  lipid-rich  droplets  were  visualized  using  Oil  Red  O  stain  (A  versus  D  (=control)).  Extracellular  calcium  mineralization
was shown  using  Alizarin  red  S  stain  (B  versus  E  (=control)).  The  presence  of  glycosaminoglycans  was  detected  with  Alcian  blue
staining (C  versus  F  (=control)).  Scale  bar  equals  200  !m.

we  identified  that  99.6  ±  0.2%  of  the  human  BM-MSCs  and
also  99.7  ±  0.2%  of  the  fibroblasts  expressed  the  mesenchy-
mal  stem  cell  antigen  CD90.  Moreover,  96.1  ±  1.6%  of  the
fibroblasts  and  90.9  ±  9%  of  the  BM-MSCs  expressed  P4Hbeta,
a  heterodimeric  enzyme  that  is  crucial  in  the  biosynthesis
of  collagen,  which  has  been  described  to  label  collagen-
synthesizing  skin  fibroblasts  [15]. In  addition,  there  was
also  no  significant  difference  detectable  between  the  FSP
expression  in  fibroblasts  and  BM-MSCs  (88.6  ±  5.8%  versus
85.1  ±  6.6%;  p  >  0.05).  In  conclusion,  our  results  clearly
showed  that  there  were  no  significant  differences  in  the
expression  of  the  three  markers  between  the  two  cell  phe-
notypes.  Cell  surface  antigens  that  are  selectively  expressed
on  either  fibroblasts  or  BM-MSCs  have  been  poorly  described
[16].  To  date  it  is  extremely  challenging  to  utilize  flow
cytometry  for  identifying  defined  cell  populations  within
bone  marrow  aspirates  for  clinical  use.

The  classical  approach  to  determine  the  differentiation
potential  of  human  BM-MSCs  is  to  perform  differentiation
assays.  Here  we  exposed  both  human  BM-MSCs  and  fibro-
blasts  to  three  defined  in  vitro  cell  culture  conditions  for
the  differentiation  into  the  (I)  adipogenic,  (II)  osteogenic
and  (III)  chondrogenic  lineages  (Fig.  4).  The  potential  of
BM-MSCs  to  successfully  differentiate  into  adipocytes  was
identified  using  Oil  Red  O  stain  (Fig.  4A).  Human  BM-MSCs
that  were  exposed  to  osteogenic  cell  culture  conditions
showed  a  typical  bone  matrix  production,  confirmed  by  posi-
tive  calcium  staining  using  Alizarin  red  S  (Fig.  4B).  The
chondrogenic  differentiation  potential  of  human  BM-MSCs
was  visualized  employing  Alcian  blue  staining,  which  iden-
tifies  the  production  of  proteoglycans/glycosaminoglycans
(Fig.  4C).  As  expected,  no  differentiation  potential  was
seen  in  the  control  fibroblast  cultures  (Fig.  4D—F).  Although
in  vitro  differentiation  assays  reveal  a  stem/progenitor  cell
identity  and  help  distinguish  this  cell  from  differentiated

fibroblasts  that  lack  the  potential  to  give  rise  to  cells  from
various  mesenchymal  lineages,  they  are  not  suitable  for  clin-
ical  applications  as  the  in  vitro  culture  period  of  up  to  28
days  is  too  long.  Furthermore,  since  the  successful  ex  vivo
expansion  of  undifferentiated  adult  BM-MSCs  is  currently
only  limited  possible  due  to  risks  such  as  the  possibility  of
genetic  and  epigenetic  instabilities  over  multiple  passages
[17],  the  cell  numbers  required  to  perform  these  assays  are
difficult  to  obtain.

Raman  spectroscopy  has  been  used  for  the  investigation
of  living  cells  and  tissues  [18,19]. It  is  a  non-invasive
method,  which  does  not  require  any  sample  process-
ing  [20]. As  shown  before,  Raman  spectroscopy  was
successfully  employed  to  monitor  biochemical  changes
occurring  in  human  BM-MSCs  when  differentiating  towards
the  osteogenic  lineage  [21]. Here  we  tested  if  Raman
spectroscopy  can  be  employed  as  a  non-invasive  tool  to
distinguish  between  living  human  BM-MSCs  and  fibroblasts
(Fig.  5).  For  our  analyses,  we  focused  on  the  spectral  finger-
print  range  from  600  cm−1 to  1800  cm−1.  In  order  to  identify
the  most  significant  spectral  differences,  we  analyzed  the
mean  Raman  spectra,  the  mean  difference  spectra  and  load-
ing  values  as  displayed  in  Fig.  5A.  Accordingly,  we  identified
major  differences  in  the  baseline  of  the  Raman  spectra  of
fibroblasts  when  compared  to  BM-MSCs.  This  phenomenon
can  be  attributed  to  the  fact  that  baselines  of  different  cell
phenotypes  are  variable  due  to  their  specific  endogenous
autofluorescence  patterns.  It  has  been  shown  that  cells
with  a  high  proliferative  capacity,  such  as  stem  cells,  have
a  higher  mitochondrial  activity  and  therefore  a  higher  auto-
fluorescence  [22,23]. A  positive  correlation  between  the
background  of  Raman  spectra  and  the  metabolic  activity
of  cells  was  also  described  previously  [24]. Taking  this  into
account,  we  conclude  that  the  differences  in  the  baselines
of  Raman  spectra  are  due  to  the  phenotypic  differences  of
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Figure  5  (A)  Mean  Raman  spectra  obtained  from  human  BM-MSCs  (red;  n  =  122)  and  fibroblasts  (blue;  n  =  109)  displayed  in  the
fingerprint range  from  600  cm−1 to  1800  cm−1.  All  data  are  detected  as  relative  intensities  in  arbitrary  units  (a.u.).  The  difference
spectrum (black  line)  is  obtained  by  subtracting  the  spectrum  of  human  BM-MSCs  from  the  spectrum  of  fibroblasts.  Loading  values
(grey line)  are  plotted  for  the  first  principal  component  (PC1),  defined  by  the  PCA  plot.  (B)  The  PCA  dot  plot  shows  two  clearly
distinguishable  cell  populations  depicted  as  red  (=BM-MSCs)  and  blue  (=fibroblasts)  clusters.

the  cells  and  can  therefore  be  used  to  discriminate  between
human  BM-MSCs  and  fibroblasts.  Multivariate  analysis  of
the  Raman  spectral  data  set  further  showed  two  distinct
score  clusters,  each  containing  one  cell  type  (Fig.  5B).
The  discrimination  of  human  BM-MSCs  and  fibroblasts  in
the  score  plot  occurred  along  the  principal  component  1
(PC1)  axis,  which  explained  64%  of  the  total  variance.  The
principal  component  2  (PC2)  accounted  for  12%  of  the  total
variance  between  the  Raman  spectra  obtained  from  the
two  cell  types.

Conclusion

For  clinical  BM-MSC-based  therapeutic  applications,  it  is
crucial  to  ensure  that  the  used  cell  population  is  free  of
contaminating  fibroblasts  or  other  undefined  cell  types.
Therefore,  it  is  necessary  to  clearly  identify  and  charac-
terize  ex  vivo  isolated  as  well  as  in  vitro  expanded  cells.
However,  the  discrimination  of  fibroblasts  and  BM-MSCs  is  a
difficult  task  as  these  cell  types  have  similar  morphologies
and  identical  cell  surface  markers.  One  possible  method  to
distinguish  cell  types  is  the  assessment  of  their  in  vitro  dif-
ferentiation  potential  as  BM-MSCs,  in  contrast  to  fibroblasts,
have  the  ability  to  differentiate  into  adipocytes,  osteo-
cytes  and  chondrocytes.  Nevertheless,  the  need  for  high
cell  numbers  and  prolonged  in  vitro  culture  periods  of  up
to  4  weeks  make  these  differentiation  assays  not  applicable
for  routine  clinical  therapies.  In  this  study,  we  have  shown
that  Raman  spectroscopy  is  a  fast  and  non-contact  tech-
nique  that  allows  the  in  situ  discrimination  between  human
BM-MSCs  and  fibroblasts  employing  multivariate  analysis  of
the  obtained  Raman  spectra.  Therefore,  we  conclude  that
Raman  spectroscopy  is  a  suitable  tool  for  the  rapid  detection
of  fibroblastic  contaminations  in  BM-MSC  cultures.

Acknowledgements

The  authors  are  grateful  for  the  financial  support  by
the  Fraunhofer-Gesellschaft  Internal  Programs  (Grant  No.
Attract  692263  (to  K.S.-L.)).

Zusammenfassung

Kontaktfreie  Diskriminierung  aus  dem  Knochenmark
gewonnener  mesenchymaler  Stammzellen  und  Fibro-
blasten  unter  Verwendung  der  Raman-Spektroskopie

Hintergrund: Aus  dem  Knochenmark  gewonnene  mesenchy-
male  Stammzellen  (BM-MSCs)  sind  eine  vielversprechende
Zellquelle  für  Anwendungen  innerhalb  der  regenerativen
Medizin.  Es  ist  jedoch  schwierig  zu  bestimmen,  ob  isolierte
BM-MSC-Populationen  frei  von  Fibroblasten  oder  anderen,
die  Stammzellen  kontaminierenden  Zellen  sind.  Ziel  der
vorliegenden  Studie  war  es  festzustellen,  ob  sich  die
Raman-Spektroskopie  zur  nicht-invasiven,  kontaktfreien
Unterscheidung  humaner  BM-MSCs  und  Fibroblasten  eignet.
Material  und  Methoden:  Es  wurden  verschiedene  Verfah-
ren  (Durchflusszytometrie,  In-vitro-Differenzierungsassays,
Raman-Spektroskopie)  hinsichtlich  der  Differenzierbarkeit
humaner  BM-MSCs  und  Fibroblasten  untersucht  und  ver-
glichen.
Ergebnisse:  Unsere  Daten  zeigen,  dass  Hellfeld-mikros-
kopische  Analysen  allein  nicht  ausreichen,  um  Fremd-
zellkontaminationen  zu  bestimmen,  da  BM-MSCs
und  Fibroblasten  sehr  ähnliche  Zellmorphologien  auf-
weisen.  Auch  die  traditionelle  durchflusszytometrische
(FACS)-Analyse  unter  Verwendung  zuvor  beschriebener
zell-populationsspezifischer  Antikörper  ermöglichte  keine
Diskriminierung  zwischen  stromalen  Fibroblasten  und
BM-MSCs.  In-vitro-Differenzierungsassays  zeigten,  dass
BM-MSCs,  im  Gegensatz  zu  Fibroblasten,  erfolgreich
in  Adipozyten,  Osteoblasten  und  Chondrozyten  dif-
ferenzierten.  Allerdings  stellt  die  Notwendigkeit  einer  lang-
wierigen  In-vitro-Kultur  von  bis  zu  4  Wochen  einen  großen
Nachteil  dieser  Testmethode  dar.  Die  Raman-Spektroskopie
ermöglichte  hingegen  die  schnelle  Differenzierung  zwischen
BM-MSCs  und  Fibroblasten.
Schlussfolgerung:  Die  Raman-Spektroskopie  ist  eine
vielversprechende  Analysemethode  für  die  schnelle
Detektion  von  Kontaminationen  von  BM-MSC-Kulturen  mit
Fibroblasten.
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