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isotope) in a dark background (e.g., dark field and in situ hybridization). The HSI

AnatomY! HIStOIOQ_y and mode is based on the same principle used by the human brain to distinguishes
Color Thresholding colors. It consists of a three dimensional space wherein discrimination of colors
Cesar D. Fermin, Ph.D. Tulane Medical School is performed without the need of filter selection. This is important because filters

only select for hue and not for saturation. Pixels that are impossible to separate
For over 5 years, here in Pathology at Tulane, | have used color thresh- with a monochrome system (as those encountered in dark field imaging), are ef-
olding (CT) rather than monochrome thresholding (MT) for objective quantita- fortlessly separated with color thresholding in real time. W

tion of histological, immunohistologicals. fluorescent and thick TEM sections’. ;
; gt G Acknowfedgement: This work was supported by NASA, NIH, and Tulane Pathol-
hnical ts distinguishing CT from MT ecently d bed in de-
Technical aspects distinguishing OT from MY Were recenty descrived In Ce- o artmental funds. Special thanks to R.F. Gay, Ph.D, and S. DeGraw for

tall®, and this technical note represents an abbreviation of the last paper, which , 3 : : 3 77
| recommend for those beginning to use video imaging technology. The sys- 1€ir support, and to D.S. Martin for superb immunohistochemical staining

tem | use is the V150 (1) from ONCOR. Despite the advantages of today 1. Culling C. Handbook of histopathological and histochemical techniques. (3er ed.) Lon-
computers, data outcome, e.g., unbiased, still depends on good experimental don: Butterworth & Co., 1974.

design, strict control and repeatability. When the stain of interest is histo- 2. Fermin C., Degraw S., Color Thresholding in video imaging. J. Anatomy. 1985, 158:
chemically derived, my laboratory follows standard procedures found in the In Press

: i 5 : ; 1 3. FerminC., Lee D., Marlin D., Post-embedding TEM signal fo noise ratio of S-100. Hear
Handbook of Histopathological and Histochemical Techniques'. When the Res. 1994 73 195200

staints immgnuhistophemically der?\.fed. £ Iabora.t oy checes eons reactjvity 4. Fermin C., Mariin D., Expression of S100b in sensory and secretory cells of the verte-
of every antibody with known positive and negative control tissues besides ... inner ear. Cel Mol Biol. 1895, 41 213-225.

using irelevant antibodies or omitting the primary antibedy. In aqdition, Pré- 5 Femin C.D., Gerber M.A., Torre-Bueno J., Colour thresholding & Objective quantifica-
absorbing the antibody is done whenever its substrate is available” . tion in bicimaging. J. Microscopy. 1992, 167: 85-96.

Repeatitive quantification: The main objective of using image analysis 6.  Luna L.G. Manual of Histologic Staining Methods of the Armed Forces Institute of
should be to repeat measures, reduce errors and avoid bias. It is rather easy Pathology. (Third ed ) New York: McGraw-Hill Baok Company, 1968:
to generate large amounts of meaningless data. Two types of quantifications 7. PlymaleD. TangN.D, Fermin C., ngig D., Marin D., Garry R, Qomparison of DNA
can be done with CT: 1) Relative concentration of immunoreaction, by deter- fragmentation and color thresholding for objective quantitation of apoptefic cells. Scann Mis-
mining the saturation (% transmission) of pixels representing the stain of inter- = - 1906, Revsion . T :

; i Z Ui Polak J., McGee J.O.D. In Situ Hybridization. Principles and practice. (First ed.) Lon-
est, and 2) color ratio of positive vs. negative structures, by determining the ;. osford Science Publications, 1990: 1-148.
surface area of immunostained cells (positive pixels) over the counterstain of g Pojak J., Priestley J. Electron Microscopic Immunocylochemistry. Principles and
background color. CT takes into account both the saturation of the color and Practice New York: Oxford University Press, 1992,
the density it represents. Most importantly, filtration is not needed to separate 10.  Shocbridge M.P K., A new principle in polychrome staining. A system of automated
colors. This is very impartant because in a black and white image, a dark blue staining, complementary to hematoxylin and eosin, and usable as a research fool. Stain
hue (e.g.. hematoxylin) can have the same density as the brown o red hue of Technol. 1983, 58 245-258
an immunoreaction®. Slides are viewed directly — e
on a microscope. The reaction product color and
intensity are set by numerical thresholds, pixels
within such values are turned on and the % ftrans-
mission is determined’. Numerical values are ex-
ported to a spread sheet and statistical analysis
done’,

In situ hybridization and dark field: With
specific nucleic acid probes, in situ hybridization
is straightforward®. It is similar to immunohisto-
chemical procedures’, but usually requires modifi-
cations of dilution, temperature, incubation time,
stringency and blocking procedures, etc.** Sepa-
ration of adjacent pixels of related hues from
these preparations is difficult with MT, in which
256 possible levels of separalions are reduced to
128 possible comparative steps. CT is based on
millions of differences, permiting wider separation
spread between pixels.

Data Analysis: Color thresholding allows
fine tuning to hue variations of reaction products’
color (e.g., brown diaminobenzidine, red phos-
phatase, blue hematoxylin counterstain, etc.).
The mean values of measurement are plotted and
the resulls presented in graphic form with stan-
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dard error mean or standard deviations?® Figure 1. True color image of & glomerulus polychrome-stained (Shoobridge, 1983) with lotal separation of hues
5 3 representing each color A mesangial cell (*) 1s clearly separated from other siructures based on hues not their densilies,
The system separates pnma:_y and sgc- The sensitivity of CT is shown here by clear separation of yellow color around re-stained lymphocyles (arrows), and the
ondary colors based on Hues-Saturation-Intensity yeljow-stained red blood cells (arrowhead) are not grouped with other structures of similar density.
(HS!), allowing a theoretical 16 million color possi- Figure 2. Pixels representing red blood cells (arrowhead) are turned on selectively, including those near the red-stained
bilities (Figures 1-2). Differences between adja- lymphcytes (amows). Note however, that the mesangial cell (*) is not chosen.
cent pixels are not always easy to separate with Figure 3 A monochrome representation of the same area al 24 bil resolution showing that different colors usually have
monochrome systems because they often cannot similar densities and are grouped (thresholded) so that yellow-stained red blood cells {arrowhead) and parls of the mesangial
separate hues (Figures 3 - 4) of similar intensities apd epithelial cells (arrow) are difficulf o discern.
(e.g., a dark brown and dark blue). This s particu- Figure 4 When the same CT values used in figure 2 are use In a monochrome mode, pixels representing the hues (now
A : i . densities) of the mesangial (*) and epithelial cells are grouped with the red blood cells (arrowhead). Excluding pixels from
farly important when tﬁ-"mg to count parllcles (gcld' un-intended struciures makes quantification more accurate, and objective, with the HSI than with monochrome threshalding.
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I POSTDOCTORAL ASSOCIATE POSITION |
| at the I

| Massachusetts Institute of Technology |
I Center for Materials Science & Engineering (CMSE) 0

CMBE, an NSF Materials Research Science and Engineering
Center, invites applicatons from recent Ph.Ds in Materials Sci-
ence or related subject, with a strong background in analytical

I electron microscopy of materials. An in-depth knowledge of par-
allel detecton electron energy-loss spectroscopy (PEELS) is de-

I sirable. Knowledge of high resolution TEM and/or FESEM will I
also be advantageous. The successiul candidate should not

I only display a high degree of instrumental competence, but also I
should possess a strong ability to interact with users of the clec-

I won microscope facility in the field of research, training, and

l applications. Fluency in written and spoken English is essen- I
tial.

In addition to assisting with the overall operation of the facility,
the successful candidate will be expected to be a kev member of

I the interdisciplinary research group studying intercrystalline I
oxide interfaces. This research will involve the development of
PEELS analytical capability on the VG HB603 STEM situated at
MIT to aid in the analysis of grain boundaries. The successful

I candidate will be expected to develop a research program using
this instrumentation concwrrent witli the research direction be-

l ing pursued by other members of this group. I
The initial appointment will be for one year commencing in I
June, which may be extended for a second year, depending

I upon performance. Salary is dependent upon background and I
experience.

I Please send or e-mail a cover letter and two copies of your cur- I
riculum vitae to:

I Dr. Neil Rowlands I
I MIT- CMSE I
77 Massachusetts Ave, Room 13-3090
Cambridge, MA 02139-4307
I growl@mit.edu l

I MIT IS AN AFFIRMATIVE ACTION/EQUAL OPPORTUNITY I
EMPLOYER AND ENCOURAGES APPLICATIONS FROM
I WOMEN AND MINORITY GROUP MEMBERS I

L_-_-—-_----_‘

| NORAN/Tracor Northern EDS Repair |

I Factory and field trained personnel with over 35 years total I
experience, located in the the Midwest, Southeast and on
the West Coast, specializing in TN2000 and TN5500 repair,
detector upgrades, data storage, imaging hardware and
peripheral output devices - and used equipment resale.

Choose from a full maintenance or parts only contract, or
on-demand service - at rates normally a fraction of others.

For further information, contact Doug Connors at:

i "I INI _Analyzer Service

I 7897 Highway 19 Tel.: (608)798-2005
Dane, Wl 53529 Fax: (608)798-1675

Circle Reader Inquiry #14 A7

a High Quaiity,
Desktop Cold

Sputter/Etch

Guaranteed
Next Day
Shipment.

Or(ler Denton’s standard Desk I System by noon
today and gel guaranteed shipment tomorrow

or Denton pays the freight.

The Desk Il produces uniform, conductive, fine
grain Au/AuPd coatings in under three minutes

and is the highest quality desktop system available.

The Desk Il features:

B Automatic or manual operation

M Easy to read digital vacuum and current gauges
W Optional carbon evaporation accessory

For more information, look no further than
Denton... where both Quality and Delivery
invite comparison.

1259 North Church St.

DENTON Moorestown, NJ 08057 USA
Tel: (609) 439-9100

‘;ACUU—M Fj.\\l :(»0:]] 439-91 ?l

INC. e e

Next day shipment must be requested at time of order.

Decades of Experience In EM Specimen Prep Equipment

Circle Reader Inquiry #15
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