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TECHNICAL ADVANCE

Crystal violet treatment of formalin fixed paraffin embedded tissue slides greatly reduces the endogenous autofluorescence, and
allows immunofluorescence (IF) staining with FITC or Alexad488 conjugated antibodies. Using cold CCD camera to capture the
fluorescence images makes this staining method very sensitive. Here we show that combination of IF with the simultaneous recording
of crystal violet induced red and Hoechst 33258 induced blue fluorescence permits the localization of the IF signal over a cyto-
plasmic: nuclear red:blue stain that visualizes the microscopic anatomy of the underlying tissue. To make the visual interpretation
of the IF staining easier for microscopists, who are used to DAB staining over weak hematoxilin-eosin background, we created
a simple color conversion procedure that turns the captured three-color fluorescence RGB (red, green, blue) images over a black

background into four color CMYK (cyan, magenta, yellow, key color (black)) images.
Key Words: immunofluorescence microscopy, paraffin sections, digital imaging.

Immunostaining of formalin fixed and paraffin em-
bedded sections is routinely carried out using enzyme
conjugated secondary antibodies such as alkaline
phosphatase or horse radish peroxidase (HPR). These
enzymes produce insoluble chromogenic products
from soluble colorless substrates that are deposited at
the site of antigen:antibody complex. A frequently used
substrate of HPR is diaminobenzidinetetrahydrochlo-
ride (DAB) that in combination with different metal ions
such as silver or nickel produces dark brown or black
deposits. The underlying tissue structures are regularly
visualized by a weak hematoxylin or hematoxylin-eosin
(HE) counterstaining. The resultantimages can only be
captured using color cameras. Due to the mixture of
colors and the nonlinear nature of the dye deposition
it is rather difficult to quantify the amount of antigen
using this technique. Fluorescent dye conjugated
secondary antibodies can overcome this problem by
allowing monochromatic capturing of images over
the dark background using highly sensitive cold CCD
cameras. The signal amplification through double layer
immunostaining with fluorochrome conjugated se-
condary antibodies and the image acquisition through
black and white cameras allow a highly linear quantita-
tion of the antigen. The greatest hinder for using im-
munofluorescence staining on formalin fixed paraffin
embedded sections is the relatively high greenish
autofluorescence that interferes with the most fre-
quently used dyes such as Fluorescein isothiocyanate
(FITC). The strength of autofluorescence among
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other factors is dependent on the tissue type, quality
of fixative, time of fixation, thickness of the sections
and the wavelength of excitation light [1]. The extent
of interference between the specific immunostaining
and background fluorescence can be controlled by
several different means. One of the simplest methods
is to use carefully selected high affinity antibodies in
combination with good quality secondary antibodies to
detect relatively abundant antigens and carry out the
imaging in narrow focal planes using laser scanning
confocal microscopy [2]. Alternative ways to decrease
the signal to noise ration are: signal amplification by
tyramid deposition [3, 4], using fluorescent dyes that
has red emission [5], digital subtraction of separately
measured background fluorescence [6] or use of
spectral imaging in combination with linear unmixing.
Alternatively the slides can be treated with different
quenching agents, such as sodium borohydride fol-
lowed glycine treatment [6], Sudan black ammonia
[7] or Crystal violet [8-12]. This latter even allows
quantitation of relatively weak signals such as prolife-
rating cell nuclear antigen (PCNA) [13] or quantitative
detection of apoptosis on highly autofluorescent liver
sections [14].

In the present paper we tried to exploit the feature
of the Crystal violet staining that creates a strong red
fluorescence of all cellular structures when illuminated
at 560 nm. Here we show that using this dye it is pos-
sible to visualize the underlying tissue architecture.
When combined with DNA staining dyes such as
Hoechst 33258 or DAPI this method can reveal very
detailed cellular morphology. To demonstrate the
feasibility oft the combination ofimmunofluorescence
staining with Crystal violet: DAPI counterstaining
we have carried out IF detection of p53 in the nuclei
of neoplastic endometrium. 5 um thick slides were
deparaffinized in xylol and rehydrated in descending
ethanol series. The epitopes were recovered by boiling
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the slides in 100 mM citrate buffer in microwave oven
for 5 min. We used DO7 anti-p53 mouse monoclonal
antibodies in combination with FITC conjugated rab-
bit anti-mouse secondary antibody (both from DAKO,
Carlstrup, Denmark). The antibodies were diluted in the
following blocking buffer: 0.2% Tween 20, 5% glycerol,
and 3% BSAin PBS. Following the immunostaining the
slides were treated with 0.5% Crystal violet in 0.9%
NaCl (freshly diluted from 10% stock in methanol) for
10 min. After washing 3 times in 0.9% NaCl the slides
wererinsed in PBS and mounted with 80% glycerol and
2.5% DABCO (pH 8.5). The images were visualized in
a Leitz fluorescence microscope and were captured
with a Hamamatsu C4880 CCD camera. We found
that using RGB color-coding the green immunofluo-
rescence signal can be conveniently overlayed on the
red and blue cellular background. The drawback of
this method is that the resultant images are on black
background and do not resemble the color experience
of conventional immunostaining. Here we show that
a simple image conversion procedure can turn the
original RGB image into a white background image that
resembles a hematoxylin-eosin staining combined with
black immunostaining deposits. The procedure thatis
summarized in Fig. 1 is the following:

1. Anemptyimage with white backgroundis created
in CMYK mode in identical size to the RGB image.

2. The content of the red (R) channel is copied to
the magenta (M) channel of the CMYK image.

3. The content of the green (G) channel is copied
to the CMYK black (K) channel.

4. The content of the blue (B) channel is copied to
the CMYK cyan (C) channel.

5. All channels of the CMYK image are selected
and inverted.

6. The content of the yellow (Y) channel is de-
leted.

The advantage of the above described three color
staining method is that fluorescent images that were
captured by monohrome CCD cameras over a black
background can be visualized in away that is similar to
the DAB enhanced immunostaining of routine immuno-
histology. The individual components (red cytoplasmic,
blue nuclear and black immunostaining) of the resul-
tantimage are kept as separate information and can be
freely toggled, both in the RGB, or in the CMYK mode,
by switching on and off the corresponding channels
as illustrated on Fig. 2. Importantly, the signal intensi-
ties of individual cells in the separate channels can be
digitally quantitated with a 12 bit broad dynamic range.
The described method also permits visualization of
double immunostaining results obtained using e.g.
FITC and Texas Red signals on sodium borohydride
treated slides. In this case the crystal violet pattern in
the red channel is replaced with the specific second
(red) immunostaining. The resultant image shows the
two specific antigens in black and red, respectively,
over a blue nuclear background similarly to HRP and
alkaline phosphatase double staining.
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Fig. 1. Digital conversion of immunofluorescent RGB image
into a “DAB combined with hematoxylin:eosin” like image. The
example for RGB image is a section of a human displastic en-
dometrium stained for p53 using FITC conjugated secondary
antibody (green) with the fluorescence of the green autofluo-
rescence quencher crystal violet (red) and nuclear staining with
Hoechst 33258 (blue). The content of the red, green, and blue
channels of the RGB image are copied into an identical size CMYK
image, into the magenta, black and cyan channels respectively.
The content of the CMYK channels are inverted and the yellow
channel is deleted

Immunostaining HE like background
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Fig. 2. The digitally created “DAB/HE” like image allows the
separate presentation of the specific immunostaining (black)
and the underlying histology (red/blue) as well as the combina-
tion of the two

Thus, we have developed an imaging method that
allows vitalic in silico visualization of imunofluores-
cence signal on paraffin embedded slides in a manner
similar to the conventional immunoperoxidase stain-
ing. The signal is quantifiable over a 4096 gray scale
level. Moreover it can be freely toggled over an HE like
nuclear:cytoplasmic background.
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MMMYHO®JTYOPECLEHTHOE OKPALLUBAHUE
NAPA®UHOBbLIX CPE30B: CO3AAHUE OKPALLUBAHUA
DAB B BUOE BUPTYAJIbHbIX LLUDPOBbIX UBOEPAXEHUA
C UCNOJIbBOBAHUEM LUBETHOIO CMYC-NEPEXOOA

Oxkpacka KpuCTAJLINYECKHM (D10J1eTOBbIM NapaGuHOBBIX CPe30B, NOIYYEHHbIX U3 TKAHU, (PUKCHPOBAHHO¥ B (hopMaIiHe, 3HAYMTETLHO
YMEHbIIAET siBJIeHHs ayTo(TyopeciieHIn 1 o0ecneynBaeT uMmMyHod.ryopecienTHyio (D) okpacKy aHTHTeIaMU, KOHBIOTHPOBAHHbBI-
mu ¢ FITC wim Alexa-488. Micnoabzoanne CCD-kamep 1uist peructpamiu ¢uryopeciieHTHbIX M300PazKeHHUid 1eJIaeT 3TOT MeTO1 04eHb
gyscTBUTEIbHbIM. Hamma nens — paspadorats Meroa Tpancgopmamu RGB (red, green, blue) — diyopecueHTHbIX H300paXKeHHUii B
CMYC (cyan, magenta, yellow, key color (black) ) uzoopaxkenus. [Toka3zano, yro komounamus 1P ¢ onHoBpeMeHHOIi perucTpaimeii
KPACHOIi 1 roJty0oii duryopeciieHIu, HHIYLHUPOBAHHOI COOTBETCTBEHHO KpucTaimueckum uosierosbiv u Hoechst 33258, no3sounsier
onpenensaTh NdD-curaan Kak IMToia3MaTHiHo-sIepPHOE KPACHO-TO.Ty00€e OKPAIMBAHNE, KOTOPOE BU3YAIM3UpyeT MOP(oIornyecKue
ocodeHHocTH npuwieraomeii Tkanu. Jlns ynpomenusi uarepnperamyn MP-okpacku naTosioraMu, NpUBBIKIIMMYA K OKPALIMBAHUIO
JAB Ha ()oHe reMaTOKCHJIMH-I03MHA, HAMH ObLIA CO3/1aHA TEXHOJIOTHS MPOCTOTO IBETOBOIO MEPEX0/1a, KOTOPbIii MPEeBpaLIaET 3a-
perucTpupoBaHHbie TpexueTHbie RGB-dutyopecuenTHbie n300pazkenns Ha yepHoM hoHe B yeTbipexuseTHbie CMYC-u3o0pazkenust
Ha 0eJiom (oHe, MCTOIB3YsI IPOrPaMMBbl PAOOTHI C U300PAIKEHUAMH.

Katouesnie caosa: ummyHoduiyopecuieHTHasi MUKPOCKONHS, napaguHoBbIe cpe3bl, HH(PoBbIe H300pakKeHUs.
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