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(q-dots) in Paraffin-Embedded Tissues
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A double immunohistochemical technique for the simultaneous detection of T- and B cells in paraffin-
embedded mice tissues have been developed. This procedure is based on using fluorescent nano-
crystals (q-dots). The benefit of using q-dots evolves from their unique fluorescence characteristics
advantages: such as broad excitation spectrum, narrow emission band and high photo-bleaching
threshold compare to organic fluorophores. T cells antigens (CD3) were stained using antibody-
coated q-dots with max emission at 655 nm (GαRb-QD655). B cells antigens (CD45R/B220) were
stained using streptavidin-coated q-dots with max emission at 585 nm (SA-QD585). The simultaneous
detection of T- and B cells was demonstrated in paraffin-embedded lymph node using standard
fluorescence microscope.

KEY WORDS: Fluorescence; nano-crystals; quantum-dots; tissues; T cells; B cells.

INTRODUCTION

The ratio between T and B cells and their loca-
tion are varying within the stage and the type of the
disease [1]. For example, changes in lymphocytes sub-
populations revealed in tissue sections by confocal mi-
croscopy in patients with sequamous carcinoma [2].
Rearrangements of lymphocytes is required for proper
generation of immune response, hence it is with great
significant to simultaneously detect T- and B lympho-
cytes in lymphoid tissues. Indeed, such method has been
developed using immunogold-silver staining and avidin–
biotin–peroxidase complex [3]. This technique had been
developed for the staining of frozen sections where proper
adjustment of antigens retrieval is less required. More-
over, techniques that are based on enzymatic reaction are
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prone to non-specific reaction as a result of endogenous
enzymes activity and limited by the range of fluorophores
exist. Immuno-fluorescent labeling of antigen in tissue
sections is a widely used methodology. In principle, these
methods include the application of specific antibody fol-
lowing incubation with secondary fluorescent dye conju-
gate. In most of the cases, the fluorescent dyes are organic
molecules such as fluorescein, cyanin dyes, AlexaFluor
dyes and more. However, these types of organic dyes are
variably limited by relatively rapid and irreversible photo-
bleaching during high intensity illumination. Moreover,
conventional fluorescent dyes posses a narrow excitation
and broad emission spectra with a relatively small stocks
shift, which means that the optimal excitation wavelength
is close to the emission peak [4–6]. The last characteris-
tic necessitates a stringent requirement of optical filters
for the measurements of fluorescence signals especially
when double labeling is required. Unlike organic dyes flu-
orescent nano-crystal (q-dots) have high photo-bleaching
threshold and high quantum yield. Moreover, q-dots have
narrow and symmetric emission band that is indepen-
dent of the excitation wavelength, making it possible to
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excite all colors of q-dots simultaneously with a single
excitation light source [7,8]. The q-dots have been mod-
ified in several methods [9–12] in order to attach them
to biological molecules and in the same time to main-
tain their spectroscopical characteristics in aqua solution.
Surface modification of the q-dots has enabled to utilize
the new technology in biological methods [12] such as
fluorescence imaging in vivo [13–15], immunostaining
[10,16,17] and more. Here we report a double labeling
and simultaneous T and B cells detection, using fluores-
cence microscope and a single filter. This was applicable
in paraffin-embedded tissues by the finding of antigen re-
trieval condition that appropriates to both antigens and the
use of q-dots.

MATERIALS AND METHODS

Materials

The q-dots conjugates: IgG goat anti-rabbit-coated
q-dots with max emission at 655 nm (GαRb-QD655) and
streptavidin-coated q-dots with max emission at 585 nm
(SA-QD585) were purchased from Quantum Dot Corpo-
ration. Rat anti-human CD3 (MCA1477) was purchased
from Serotec, rat anti-mouse CD45R/B220 biotin (1665-
08) was purchased from SouthernBiotech, rabbit anti-rat
IgG (R9255) and goat anti-rabbit-FITC (GαRb-FITC)
were purchased from Sigma and Cy2-conjugated goat
anti-rat IgG (GαRt-Cy2) from Jackson immunoresearch
(#112-225-167),

Sample Preparation

Spleen and axillary’s lymph node from adult BALB/c
mice were fixed in 10% formaldehyde. Tissues were de-
hydrated, embedded in paraffin and sectioned to a size
of 5 µm. Following deparaffinization and rehydration the
paraffin-embedded sections were placed in 1mM EDTA
in Phosphate buffer saline (PBS) for 20 min at 95–98◦C
and allowed to cool in the same buffer for another 20 min.
This treatment was necessary to reveal the CD3 antigen
on T cells. The sections were washed in distilled water
and placed in bath containing PBS.

Staining of Specimens

All incubation steps were performed at 37◦C for 1 hr
in humid chamber unless indicated otherwise. All dilu-
tion steps (antibodies and q-dots) were performed in PBS
containing 1% BSA. Sections were washed gently be-
tween each incubation step using PBS containing 0.05%
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Fig. 1. Schematic representation of B- and T cells staining.

Tween 20. Sections were labeled first with rat anti-CD3
for 1 hr following over night incubation at 4◦C. The
sections incubated with secondary antibody rabbit anti-
rat IgG (1:500), washed and incubated for 30 min with
GαRb-QD655 (1:500) (Fig. 1). For the staining of B cells
(Fig. 1), the specimens were incubated with rat anti-mouse
CD45R/B220 biotin (1:100), washed and incubated with
SA-QD585 (1:1000) for 15 min. The specimens were
washed and mounted with glycerol gelatin (Sigma).

Imaging

Immunofluorescence samples were examined with
an epifluorescence Zeiss-Axioskop microscope equipped
with filter #09 with excitation band path of 450–490 and
emission of long path of 520. Multiple ×40 or ×25 fields
were captured from each tissue section. Images were cap-
tured using Digital camera Nikon coolpix 995.

RESULTS

Photostability of q-dots Compared With FITC

One of the main advantages of q-dots over organic
fluorescence dyes is photostability. In order to demon-
strate this, cells from axillaries lymph node fixed to a glass
slide and the T cells were stained using anti-CD3 antibody
followed by detection of GαRb-QD655 or GαRb-FITC.
Continuous illumination resulted in rapid loss of signal
in the slide incubated with FITC. After 2 min of illumi-
nation it was difficult to detect any FITC fluorescence
signal (Fig. 2A). In contrast, there was no loss of intensity
in slide treated with GαRb-QD655 even after 10 min of
continuous illumination (Fig. 2B).

Simultaneous Detection of T and B Cells
in Paraffin-Fixed Tissues

In order to simultaneously detect fluorescnescent-
labeled T and B cells on a standard epifluorescence mi-
croscope, that is uses a single optical filter for exicitation
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Fig. 2. Photostability of q-dots compared to FITC. Cells from axillaries lymph node were fixed with cold acetone
to a glass slide. The slide was incubated with rat anti-CD3, following incubation with rabbit anti-rat. Than the slide
was incubated either with GαRb-QD655 (A) or GαRb-FITC (B). Slides were exposed to continuous illumination
and images were captured at 0, 30, 60, 90, and 600 s. Objective magnification of 40×.

(450 nm < λEX < 490 nm) and single long-path filter
(λEM > 520 nm) for the emission, we have utilized the
unique spectroscopical characteristics of q-dots, the broad
1excitation spectrum and the narrow emission band. First
T and B cells stained separately in paraffin-embedded
lymph node and spleen sections using anti-CD3 or
CD45R/B220, respectively. Figures 3A–3C demonstrate
the staining of T cells and B cells using GαRb-QD655,
SA-QD585 and GαRt-Cy2. When the cells were incu-
bated with SA-QD585 alone or GαRb-QD655, no de-
tectable signal was observed (Fig. 3E), indicating that
these conjugates have a very low nonspecific binding in
this system. For the staining of B cells no pretreatment
was needed. In contrast, in the case of CD3 antigen a
pretreatment of antigen retrieval was required otherwise
no staining of T cells was observed. In order to detect T
and B cells simultaneously in paraffin-embedded tissue
a compatible pretreatment procedure for the detection of
both antigens was required. We have found that a com-
bination of proteolytic pretreatment using Protease type
XXIV and heat treatment is the most useful procedure for
the detection of T cells CD3 antigen but it diminished the
CD45R/B220 epitope in a way that the antibody can no
longer detect it. Heat treatment alone did not harm the im-
munological reactivity of CD45R/B220 epitope however
for efficient staining of CD3 antigen an extended incuba-
tion period (over night) was required. We adopted the heat
treatment procedure for the simultaneous detection of B

and T cells in paraffin-embedded tissues. Figure 3D repre-
sents staining of B- and T cells in the lymph node observed
under epifluorescence microscope using single filter of
excitation band path of 450 nm > λ > 490 nm and emis-
sion of long path of λ > 520 nm. T cells were stained with
rat anti-human CD3 antibody, following by rabbit anti-rat
and GαRb-QD655 (appear in red). B cells were stained
using rat anti-mouse CD45R/B220 biotin conjugate and
SA-QD585 (appear in orange).

DISCUSSION

In this paper, we have used the unique spectroscop-
ical properties of q-dots (photostability, broad excitation
band, narrow emission) to observe simultaneously T- and
B cells in paraffin-embedded tissues on basic epifluores-
cence microscope. Recently, the application of q-dots to
IHC of paraffin-embedded tissues was reported [18,19].
In the first study, Her2 was detected on sections of mouse
mammary tumor tissue with q-dots [19], and in the second
[18] a combination of tyramide and q-dots had used to
provide a sensitive and stable fluorescence signal. These
studies used only single antibody for detection hence no
adjustment of antigens retrieval was needed. Clearly, the
visualization of two q-dots colors simultaneously without
switching the filter cube together with the very photo-
stable emission makes the q-dots very convenient and
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Fig. 3. Simultaneous detection of T- and B cells in paraffin-fixed tissues. Paraffin-embedded sections of lymph node (A, B, D, and E) and spleen
(C) underwent antigen retrieval before immunostaining procedures. (A) B cells stained using rat anti-mouse CD45R/B220 biotin and SA-QD585. (B)
T cells stained using rat anti-human CD3, rabbit anti-rat IgG and GαRb-QD655. (C) T cells stained using rat anti-human CD3 and GαRt-Cy2. (D)
Simultaneous staining of B and T cells was stained as described in A and B. Negative control (E) was stained with SA-QD585 and GαRb-QD655
without the use of primary antibodies.

simple to use. The large range of q-dots dyes and their
characteristics allowed analyzing numerous antigens si-
multaneously. This is especially important in complicated
samples when large parameters need to be analyzed.
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