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The recent article of Collingwood and Dobson [1] is

ments at a sub cellular level, because it is possible to

an important article that emphasizes the importance of attain resolutions of 50-100 nm with the €source

the characterization and mapping of iron compounds
in the iron-rich brain regions with the aim contributing
to our understanding of the role of pathological accu-
mulations of iron in the regions of the brain affected

and 150-200 nm with the Osource [2]. NanoSIMS
microscopy has been already used with success for the
visualization of the morphological and chemical al-
terations taking place in well-characterized regions in

by neurodegenerative disease. Nonetheless, below, | pathological brain, in particular in the study of iron

discuss ion and electron microprobe techniques for de-
tecting and quantifying iron, not specifically cited by
the authors, that allow the mapping of total iron (SIMS
and XEDS) at the cellular and sub cellular level and
the characterization and mapping of iron compounds
(EELS) at ultra structural level.

SIMS (Secondary lon Mass Spectroscopy) imag-
ing technique, allows direct identification of chemi-
cal elements with high sensitivity and specificity and,

as a consequence, elemental distribution can be visu-

alized (chemical mapping) by SIMS imaging. The
physical basis of the method is the following: under

distribution in Alzheimer disease tissue [3,4]. Multi-
elemental analysis (nitrogen, phosphorus, sulphur and
iron) were performed on semi-thin or ultra-thin sections
of Transmission Electron Microscopy (TEM) prepara-
tions brain tissue. The possibility of using light mi-
croscopy, TEM, and SIMS on the same semi-thin and
ultra-thin sections allows correlation between structural
and analytical observations at sub-cellular and ultra-
structural level. It has been shown that the iron-rich re-
gion mapped by nanoSIMS in the hippocampus of AD
patients are ferritin and/or hemosiderin rich regions.
XEDS (X-Ray Energy dispersive Spectroscopy) and

the bombardment of the samples by primary ions, the EELS (Electron Energy Loss Spectroscopy) are elec-
monoatomic or polyatomic species that composed the tron probe nanoanalysis techniques that, associated
analyzing object are sputtered. One part of these emit- with transmission electron microscopes (Convention-

ted species is ionized and the SIMS instrument, with

alTEM, ScanningTEM or ConventionalTEM working

the help of a mass spectrometer, sort and maps the in scanning mode, so-called AnalyticalTEM, ATEM),

ejected ions by their m/e ratio. The latest generation of
SIMS instruments, the NanoSIMS-5Y instrument,
operating in scanning mode, is equipped with a paral-
lel detection system that allows the simultaneous ac-
quisition of five elements which insures a perfect co-
localization between simultaneously recorded images.
This instrument is particularly useful to identify ele-

provide compositional maps of ultra-thin sections with
nanometric resolution (1-10 nm): XEDS by detecting
the element specific X-ray emission under excitation
of incident electrons: EELS by detecting element spe-
cific energy loss of incident electrons. EELS provides
theoretically higher detection sensitivity than EDS due
to the larger number of primary events collected in the
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absence of fluorescence yield and with a larger collec-
tion angle. XEDS and EELS can be performed simul-
taneously by the same instrument [5]. With EELS it
is possible to detect single atoms of calcium and iron
in biological structures [6]. Elemental maps of iron
in ferritin have been obtained by EELS since 1982 [7]
because it is an ideal standard ATEM test specimen [6,
8]. EELS has been used for the analysis of iron and
iron/ferritin in several human pathologies (see [9-12]
for example). Recently, EELS has been combined with
electron tomography to study the 3D distribution of
elements in biological samples [13], particularly iron
in degenerating neurons in mice with abnormal regula-
tion of iron metabolism [14]. ATEM, with high energy
resolution EELS spectra, allows the characterization
of iron compounds by EXAFS and ELNES techniques
(equivalent to XAFS and XANES derived synchrotron
techniques) [15-20].

Aswe have indicated, in arecent article [4],due to the
difficulty in correlating the synchrotron derived tech-
nigues with cell and tissue structure, it might be inter-
esting to perform parallel studies, on the same samples,
with microfocus XRF and multi-element nanoSIMS
imaging; both being techniques suitable for total iron
mapping at the cellular and sub-cellular level over arel-

atively large area. The study of large areas is necessary

for statistical analysis and for comparison of normal
and pathological tissues.

After obtaining information on the iron-rich regions
and their morphology in normal and pathological brain,
the XFS and XANES techniques, at micron and submi-
cron level, and the EELS techniques, at nanometric lev-
el, can be applied to investigate the mineral iron com-
pound in magnetic crystals and in pathological ferritin
and hemosiderin.

Finally, | would like to remind Collingwood and
Dobson that the hypothesis of a dysfunction of the
pathological ferritinin PSP and AD, textually described
“The formation of magnetite, in which ferric and fer-
rous ions are both present, would indicate that the en-
zymatic oxidation of iron inside ferritin was faulty”
was already stated in our work [21]. Having knowl-
edge of our results, Dobson suggested that the mag-
netite/maghemite crystals found in the brain [22—-25]
may originate from a ferritin precursor (cited as per-
sonal communication on page 819 of our work [21]).
See also the comments of Dobson to our article [21]
published in [26].

C. Quintana / Comment on “ Mapping and Characterization of Iron Compounds in Alzheimer’s Tissue’

References
[1] J. Collingwood and J. Dobson, Mapping and characterization
of iron compounds in Alzheimer’s tissu@Al zheimers Dis 10
(2006), 215-222.
J.L. Guerquin-Kern, T.D. Wu, C. Quintana, A. Croisy,
Progress in analytical imaging of the cell by dynamic sec-
ondary ion mass spectrometry (SIMS microscoBjpchimi-
ca Biophysica Acta, General Subjects 1724 (2005), 228—238.
C. Quintana, S. Bellefgih, J.Y. Laval, J.L. Guerquin-Kern, T.D.
Wu, J. Avila, I. Ferrer, R. Arranz and C. Fadi, Study of the
localization of iron, ferritin and hemosiderin in Alzheimer’s
disease hippocampus by analytical microscopy at the subcel-
lular level,J Sruct Biol 153 (2006), 42-54.
C. Quintana, T.D. WU, B. Delatour, M. Dhenain, J.L.
Guerquin-Kern and A. Croisy, Morphological and chemical
studies of pathological human and mice brain at the sub cel-
lular level: correlation between light, electron and nanoSIMS
microscopiesMicrosc Research Techn 70 (2007), 281-295.
J.Feng, A.V. Somlyo and A.P. Somlyo, A system for acquiring
simultaneous electron energy-loss and x-ray spectrum-images,
J Microsc 215 (2004), 92—-99.
R.D. Leapman, Detecting single atoms of calcium and iron
in biological structures by electron energy-loss spectrum-
imaging,J Micros 210 (2003), 5-15.
H. Shuman and A.P. Somlyo, Energy-filtered transmission
electron microscopy of ferritinProc Natl Acad Sc USA 79
(1982), 106-107.
C. Quintana, J.P. Lechaire, N. Bonnet, C. Risco and J.L. Car-
rascosa, Elemental maps from EFTEM images using two dif-
ferent background subtraction modelsicrosc Research and
Techn 53 (2001), 147-156.
A.L. Beckers, E.S. Gelsema, W.C. De Bruijn, M.I. Cleton-
Soeteman and H.G. Van Eijk, Quantitative electron spectro-
scopic imaging in bio-medicine: evaluation and applicatibn,
Microsc 183 (1996), 78-88.
A.L. Beckers, W.C. de Bruijn, M.l. Cleton-Soeteman, H.G.
van Eijk and E.S. Gelsema, New developments and applica-
tions in quantitative electron spectroscopic imaging of iron in
human liver biopsiedylicron 28 (1997), 349-359.
F. Hoffer and M.A. Pabst, Characterization of deposits in hu-
man lung tissues by a combination of different methods of
analytical electron microscopllicron 29 (1998), 7-15.
C. Bordat, A. Constans, O Bouet, I. Blanc, C.L. Trubert, R.
Girot and G. Cournot, Iron distribution in thalassemic bone by
EELS and electron spectroscopic imagi@alcif Tissue Int
53(1993), 29-37.
R.D. Leapman, E. Kocsis, G. Zhang, T.L. Talbot and P. La-
querriere, Three-dimensional distribution of elements in bio-
logical samples by energy-filtered electron tomogragbiy,
tramicroscopy 100 (2004), 115-125.
P. Zhang, W. Land, S. Lee, J. Juliani, J. Lefman, S.R. Smith,
D. Germain, M. Kessel, R.D. Leapman, T.A. Rouault and S.
Subramaniam, Electron tomography of degenerating neurons
in mice with abnormal regulation of iron metabolisdftruct
Biol 150 (2005), 144-153.
C. Colliex, T. Manubi and C. Ortiz, EELS near-edge fine
structure in the iron-oxygen systerihys Rev B 44 (1991),
11402-11411.
L.A. Garvie and P.R. Buseck, Ratios of ferrous to ferric iron
from nanometer-sized areas in minerdigture 396 (1998),
667-670.
P.A. Van Aken and B. Liebscher, Quantification of fer-
rous/ferric ratios in minerals: new evaluation schemas of Fe

(2]

(3]

(4]

(5]

(6]

(7]

(8]

El

(20]

[11]

[12]

(23]

[14]

(18]

[16]

[17]



(18]

[29]

[20]

[21]

C. Quintana / Comment on “ Mapping and Characterization of Iron Compounds in Alzheimer’s Tissue”

L2,3-edge electron energy-loss speckhys Chem Minerals
29 (2002), 188-200.

A. Gloter, M. Zbinden, F. Guyot, F. Gailland C. Colliex, TEM- [22]
EELS study of natural ferrihydrite from geological-biological
interactions in hydrothermal systemSarth and Planetary

Letters 222 (2004), 947-957. [23]

C. Mitterbauer, G. Kothleitner, W. Grogger, H. Zandbergen,

B. Freitag, P. Tiemeijer and F. Hofer, Electron energy-loss
near-edge structures of 3d transition metal oxides recorded at [24]
high-energy resolutiort)Itramicroscopy 96 (2003), 469-480.

L. Caw, T. Al, D. Loomer, S. Cogswell and L. Weaver, [25]
STEM/EELS method for mapping iron valence in oxide min-
erals,Micron 37 (2006), 301-309.

C. Quintana, M. Lancin, C. Marhic, M. P’erez, J. Avila, J.L.  [26]

Carrascosa, Preliminary high resolution TEM and electron en-
ergy loss spectroscopy studies of ferritin cores extracted from
brain in patients with neurodegenerative PSP and Alzheimer

467

diseasesCell & Molec Biol (Noisy-le-grand) 46 (2000), 807—
820.

J.L. Kirschvink, A. Kobayashi-Kirschvink and B.J. Woodford,
Magnetite biomineralization in the human brafProc Natn
Acad Sci USA 89 (1992), 7683-8687.

J. Dobson and P. Grassi, Magnetic properties of human hip-
pocampal tissue: Evaluation of artefact and contamination
sourcesBrain Res Bull 39 (1996), 255-259.

P.P. Schultheiss-Grassi and J. Dobson, Magnetic analysis of
human brain tissuddiometals 12 (1999), 67-72.

P.P. Schultheiss-Grassi, R. Wessiken and J. Dobson, TEM
observation of biogenic magnetite extracted from the human
hippocampusBiochim Biophys Acta 1426 (1999), 212-216.

J. Dobson, On the structural form of iron in ferritin cores as-
sociated with progressive supranuclear palsy and Alzheimer's
diseaseCell & MolecBiol (Noisy-le-grand) 47 (2001), OL49—
OL50.



