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Abstract: We present a novel integrated device for preparing metaphase chromosomes
spread slides (FISHprep). The quality of cytogenetic analysis from patient samples greatly
relies on the efficiency of sample pre-treatment and/or slide preparation. In cytogenetic
slide preparation, cell cultures are routinely used to process samples (for culture, arrest and
fixation of cells) and/or to expand limited amount of samples (in case of prenatal
diagnostics). Arguably, this expansion and other sample pretreatments form the longest
part of the entire diagnostic protocols spanning over 3—4 days. We present here a novel
device with an integrated expansion chamber to culture, arrest and fix metaphase cells
followed by a subsequent splashing protocol leading to ample metaphase chromosome
spreads on a glass slide for metaphase FISH analysis. The device provides an easy,
disposable, low cost, integrated solution with minimal handling for metaphase FISH slide
preparation.
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1. Introduction

Fluorescence /n-Situ Hybridization (FISH) is an indispensable molecular cytogenetic technique for
diagnosis of both inherited and acquired chromosomal abnormalities at a much higher resolution than
conventional karyotyping [1-10]. Novel FISH based techniques are commonly used in diagnosis of
various diseases [4,8,11-18]. Recently, interphase FISH has gained much popularity, and as a result
metaphase FISH has received lesser attention, which has significantly derailed the progress made in
progressing metaphase FISH analysis technologies [19-21]. Interphase FISH offers numerous
advantages compared to metaphase FISH, such as better resolution (down to 1-15 kB) [22-25], wide
range of commercial probes [26-30], shorter analysis time (for prenatal studies, dysmorphology,
tumor-specific markers) [5,22,31-36] and finally advantages of commercial imaging systems reducing
data analysis time [37]. However, interphase FISH has limitations with respect to identification of
unknown chromosome abnormalities and rearrangements like translocations. This is because
interphase FISH relies on the availability of probes, which limits its applications only for the
identification of known translocations [38-40]. As a result, metaphase FISH, still continues to be
widely used for diagnosis of chromosomal aberrations in case of unknown translocations [41].

Most of these FISH-based techniques have very similar sample preparation protocols and despite
such widespread use of FISH analysis, the sample preparation continues to be a manual, cumbersome
and lengthy process leading to significant delays in the diagnosis as well as subsequent treatment of
patients. Slide quality is one of the most important factors affecting the efficiency of FISH probe
hybridization, and also the intensity and clarity of the FISH signals. Also, it is widely known that in all
conventional metaphase preparations there are a large number of nuclei present suitable for interphase
FISH studies [7]. Hence an automated system for FISH sample preparation can prove beneficial in
multiple venues [6]. Considering the need for culturing various other cell types for FISH sample
preparation (lymphocytes, amniocytes, chorionic villi and solid tumors), it would be highly beneficial
to integrate the culturing protocol in such a system. This is particularly true in case of prenatal diagnosis,
where the starting sample volume is not large enough to run all the necessary diagnosis tests.

Carefully evaluating the sample preparation protocol, it becomes evident that the most time
consuming step is the expansion or culture of the lymphocytes (or other cell types like amniocytes,
solid tumors, etc.) often taking from 72 h up to two weeks. Due to our interest, we only focus on
metaphase FISH analysis and will not detail the steps of immobilization and preparation of interphase
cells. However, every metaphase preparation includes cells in the interphase phase as well. For more
information kindly refer to novel techniques for interphase FISH and related protocol for cells
immobilization [19-21].

Molecular Cytogeneticists are extremely aware of the importance of preparing good metaphase
chromosome spreads for getting a reliable FISH analysis [42-44]. The conventional short term protocol
for preparing metaphase chromosome spreads from lymphocytes includes a 72 h cell expansion (with
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mitogenic stimulation) step, followed by arrest of cells in metaphase and later fixation in Carnoy’s
fixative (1:3 vol:vol—acetic acid and methanol). Once fixed, the cells are splashed on a glass slide
with a thin film of water on it, in order to form the chromosome spreads. While it sounds trivial and
continues to be a very common protocol in cytogenetic labs, there are numerous variants of slightly
modified protocols prevailing among the community with differences in time of culture, fixation,
volume of stimulant, mitotic arrest and a vast number of different methods to prepare the chromosome
spreads on the slides [42-44].

While many devices for controlled spreading of chromosomes exist, none of these devices have
included integrated cell expansion and fixation chamber into the spreading device [44-46]. As a result,
these steps (expansion, arrest and fixation) still need to be performed in traditional culture flasks. Also,
the size of these existing spreading devices tend to be much larger compared to the proposed FISHprep
device. This has led to reduced applicability or usage of these chromosome spreader or dropper tools,
as they can be readily replaced by a pipette in the hands of a skilled technician. We have recently
presented an integrated device to perform Metaphase FISH on a chip and included a splashing protocol
for preparation of these metaphase spreads [38]. But we feel that lack of a complete sample
pre-processing device (i.e., Culture, Arrest and Fixation of cells) coupled with a mechanism to prepare
chromosome slides has been the missing link for designing a fully automated sample-to-FISH analysis
device. Hence, we have developed FISHprep—a novel splashing device integrated with a microfluidic
cell culture chamber capable of cell expansion, arrest, fixation and finally splashing of fixed cells on a
glass slide to provide metaphase chromosomes spreads for further FISH analysis. This device provides
an easy to handle, low cost, disposable, integrated solution for the entire metaphase FISH slide
preparation protocol.

2. Experimental Section
2.1. Materials and Chemicals

Polycarbonate (PC) sheets procured from Nordplast (Denmark) were used to fabricate the FISHprep
device. Glass slides (SuperFrost), syringes, 3 port valves, paper clips, silicone tubings, Teflon tubings
and a 5 pm pore sized PC membrane (Whatman 7060-4713) were ordered from VWR Denmark.
Chemical reagents such as Phosphate Buffered Saline (PBS), phytohemagglutinin (PHA), Roswell
Park Memorial Institute (RPMI) medium, Fetal bovine serum (FBS) were ordered from
Sigma-Aldrich. Carboxyfluorescein succinimidyl ester (CFSE) stain used for viability studies was
ordered from Invitrogen Germany. DAPI (4’,6-diamidino-2-phenylindole) (Invitrogen) was used as a
counter stain for coloring the chromosomes. Experiments were conducted using blood samples from
unknown donors received from the Blood Bank of the Rigshospitalet in Denmark.

2.2. Apparatus

A micromilling machine (Folken Industries, Glendale, AZ, USA) was used for milling the
FISHprep devices parts and a UV light source (DYMAX EC5000) was used for treating the surfaces
before bonding them under pressure in a bonding press (P/O/Weber, Remshalden, Germany). Finally, a
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Zeiss Axio Observer Z1 Fluorescent microscope was used for analysis of the spreads and a flow
cytometer (Accuri c6) was used for analysis of cell proliferation.

2.3. Fabrication
A schematic of the FISHprep device is shown in Figure 1.

Figure 1. Exploded view of the FISHprep device top and bottom part. A polycarbonate
membrane is sandwiched between the two parts to form the barrier between the culture
chamber and perfusion meander.

Culture chamber

with cell inlet/outlet %
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perfusion inlet/outlet

The device is fabricated by micromilling in Polycarbonate Sheets. The bottom part contains a
meander channel (I mm wide, 300 um deep) for perfusion and a slot for sliding in glass slides
(56 x 26.2 mm). The top part contains a cell culture chamber (250 um deep) with a cell inlet channel
and a cell outlet channel connected to the splashing chamber’s fixed cells inlet. It also includes another
channel to act as an inlet for splashing water on the glass slide. A polycarbonate membrane (5 pm pore
size) is sandwiched between the perfusion channel and the cell culture chamber during the bonding
process of the two parts. The two parts are bonded together using UV activated bonding [47]. First the
two parts are wiped clean with IPA followed by rigorous wash with a detergent soap and water.
Subsequently the two parts are thoroughly air dried and exposed to UV for 45 s. Before putting the two
parts together a PC membrane and interconnection plugs (Silicon tubing: Outer Diameter (OD) 3 mm,
Inner Diameter (ID) 1 mm) are placed on the lower part. A Silicon tubing U-plug is placed at the cell
outlet of the culture chamber and connected to the fixed cells inlet of the splashing chamber. Finally,
the top part is placed on the lower part and put in a P/O/Weber bonding press at 130 °C for 30 min.

2.4. Paper Clip Valve: Leakage Test

In order to connect the culture chamber and splashing device, we have devised a simple and easy
paper clip based valving strategy. This strategy was adopted in order to utilize tools commonly available
in the cell labs and also to keep the protocol simple. A 3 mm OD silicone tubing is bonded from the cells
outlet to the cells inlet of the splashing device (Figure 2). The tubing forms an external U-section out of
the device providing enough room for putting on a paper clip to stop the flow. The paper clip valve was
tested at increasing flow rates to identify the maximum permissible flow rate before leakage occurs and
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to validate the applicability of these valves for the cell culture protocol. The flow rate was increased
gradually using a syringe pump and the flow rate at which the device leaked was recorded.

Figure 2. (a) Bonded FISHprep device (b) FISHprep device depicting paper clip based
valving procedure.

2.5. Culturing Protocol

The device is cleaned and primed by flushing 10% ethanol solution for 5 min and later washed with
PBS for 10 min to remove any traces of ethanol from the culture chamber. This priming and
sterilization helps to remove any trapped air in the culture and perfusion chamber. Before cells are
seeded in the culture chamber, the device is perfused with RPMI 1640 + 10% FBS for 1 h at the flow
rate of 37.5 uL/h (the device is kept at 37 °C in a CO; incubator). A 500 puL buffy coat with a cell
count of 2 x 10° cells/mL was seeded into the culture chamber through the cell inlet by opening only
the perfusion outlet connected to the waste collector. This protocol for seeding ensures that all the cells
get trapped onto the membrane while the suspension media is filtered out from the perfusion outlet.
Finally, the cells inlet is closed and a perfusion of fresh media is started through the perfusion inlet at
75 uL/h with RPMI 1640 + 10% FBS containing 10 pL/mL PHA. After 72 h of mitogenic stimulation,
the perfusion is stopped and after wait time of 5 min, (which ensures that the flow has completely
stopped) the paper clip valve is opened and the spreading protocol is initiated. Cells seeded in a well
plate served as a control for the expansion experiments.

2.6. CFSE Staining Protocol

In order to confirm the expansion of lymphocytes on the culture chamber, the cells were stained
with CellTrace™ CFSE fluorescence stain (Invitrogen, Germany), at a concentration of 0.7 pM in
phosphate buffer saline (PBS) and incubated at 37 °C for 15 min. The cells were later re-pelleted and
resuspended in pre-warmed cell culture medium and incubated for 30 min. The cells were then
centrifuged and resuspended in pre-warmed fresh medium and subjected to culturing in the FISHprep
culture chamber. The CFSE stained cells were stimulated with PHA and cultured for 72 h. Finally, the
cells were collected through the cell outlet. In order to collect the cells after culture to analyze their
expansion, the U-plug was sliced via a scalpel and disconnected from the splashing chamber. Later, the
cells were extracted from the cell outlet by flushing culture media from the cell inlet. To conclude on
the expansion, the collected cells were analyzed for fluorescence intensity using a flow cytometer.
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2.7. Spreading Protocol

In these experiments, the aim was to perform the FISH sample pretreatment. Therefore, after the
culture protocol we replaced the media with 75 mM KCL solution at 0.4 chamber volume/min
(150 pL/h) for 25 min. This hypotonic treatment induced swelling of the cells. Finally, in order to fix
the cells, the chamber is perfused with freshly prepared fixative (acetic acid:methanol-3:1) at 0.4
chamber volume/min (150 pL/h) for 30 min. Between each change of perfusion, by use of 3 port
stopcock, it was ensured that the bubbles were removed before starting the perfusion. For control,
simultaneous cultures were conducted in culture flasks followed by the traditional FISH slide
preparation protocol [7].

On completion of the sample preparation protocol, the paper clip valve was opened, which connected
the spreading chamber to the cells culture chamber outlet. This allows the flushing of fixed cells from the
culture chamber on the glass slide. A glass slide treated with corona for 1 min is inserted into the
splashing chamber slide slot. The corona treatment helps to activate the surface and improves the wetting
behavior of the slide leading to better spreads [48]. Finally, in order to create metaphase spreads on the
slide, a drop of cold water is dropped on to the glass slide via the separate inlet for water. This is quickly
followed by a drop of fixed cells suspension from the cell chamber by opening the paper-clip valve. The
slide is allowed to dry for 2 min before removing it from the FISHprep device. This is currently done
manually by use of syringe pumps, which opens the possibility of automation in future. The process is
repeated onto three to four slides in order to have ample slides to have quantified FISH analysis (it is a
routine process in standard FISH analysis to prepare at least three slides). For the control cultures, the
traditional metaphase FISH sample preparation protocol is followed and later, the chromosome spreads
are prepared using the dropping technique by an experienced technician [7].

2.7. Analysis

The slides with chromosome spreads are stained with DAPI and sealed with a coverslip. Later they
are analyzed using an AxioVision Z1 Observer microscope to analyze the metaphase spreads and thereby
validate the applicability of the FISHprep device for metaphase FISH sample preparation. As a final step,
the slides prepared with FISHprep device were analyzed using the traditional metaphase FISH protocol [7].
A centromeric probe targeting X-chromosome (Kreatech, NL) was used for the FISH analysis.

3. Results and Discussion
3.1. Fabrication

The fabricated FISHprep device is shown in Figure 2. The interconnections to the syringe pumps
are made by inserting a Teflon tubing (OD 1.2 mm) in the silicon plugs (ID 1 mm) bonded between the
PC sheets. At every interconnection before the syringe, a 3 way valve is attached to the Teflon tubing
to allow for easy changing of reagents (sterilizing compounds, media, fixative, efc.) and removal of
bubbles for bubble-free operation device operation.
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3.2. Paper Clip Valve: Leakage Test

The paper clip based valving technique was tested for isolation between the culture chamber and the
splashing chamber until the cells had been fixed in the culture chamber for 72 h. The FISHprep
devices were tested for increasing flow rates starting from 150 pL/h up to 750 pL/h. The flow rate of
150 puL/h represents the maximum perfusion rate for the fixation protocol used for sample preparation
in the culture and fixation chamber (Figure 3(a)). The first signs of leakage in the device were visible
only after 500 pL/min flow rate due to lateral flow in the PC membrane at the bonding interface
(Figure 3(b)). Even at such high flow rates, there was no flow through the paper clip valve; the leakage
only occurred through the short bonding edge in the FISHprep device. Also, it was noticed that the
device was still functioning well without any leakage, when the flow rate was again reduced to
150 uL/h (Figure 3(b)).

Figure 3. (a) Paper clip valve of the external U-section: Isolation of flow from culture
chamber to splashing chamber (b) Flow through culture chamber on to the splashing
chamber on opening of the paper clip valve (Leakage in the device at 500 uL/min flow rate).
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3.3. Expansion and Spreading Protocol

Figure 4(a) shows the seeded lymphocytes on top of the membrane in the culture chamber. The
pores in the PC membrane can be seen in the background. After 72 h of mitogenic stimulation with
PHA, we could see a significant increase in the size of the cell cytoplasm (Figure 4(b)).

3.4. CFSE Proliferation Assay

The cells collected from the FISHprep culture chamber were analyzed in a flow cytometer by using
CFSE staining of the cells. CFSE stain is retained within the cells throughout development and mitosis.
On proliferation, the label is inherited by daughter cells but with a lower florescence intensity which
can be monitored on a flow cytometer. Figure 5 shows results of fluorescence analysis of 20 pL of
FISHprep culture samples. The cells show signature peaks of proliferation as depicted by the decrease
in fluorescence intensity. In contrast, the negative cultures of lymphocytes (without PHA) on the
FISHprep device, hardly show any growth which confirms that the FISHprep device does not induce
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any activation or expansion of the lymphocytes due to microfluidic handling. As our interests were
related to procuring ample FISH spreads to conduct a FISH analysis, we didn’t culture the cells for
longer time or quantify the culture dynamics in the FISHprep culture chamber. It might be of interest
at a later point to culture cells for longer durations for characterization and comparison of the growth
pattern of cells on the FISHprep device with traditional cultures. There is a possibility that cells in
FISHprep culture device might follow a different expansion cycle compared to the culture flask [49].

Figure 4. FISHprep culture (a) Cells on Day 0 (b): Cells on Day 3 (Background shows
pores in the PC membrane). (Inset—Enlarged cytoplasm on Day 3).
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Figure 5. CFSE proliferation assay results. Count of cells vs. the fluorescence intensity of
CFSE stained cells analyzed by fluorescence cytometer. (Control experiments relate to
negative control of cultures on FISHprep device without PHA stimulation).
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3.5. Analysis of the Spreads

The spreads obtained from the integrated device and the control flask cultures were stained with
DAPI and analyzed using an Axio Observer Z1 microscope. Figure 6(a,b) presents the spreads
achieved from the FISHprep device and control flask samples respectively. The mitotic index in both
the slides was found to be above 75%. The spreads on the FISHprep device were comparable to the
spreads received with control samples.
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Figure 6. (a) (Top) Chromosome spreads prepared using the FISHprep device;
(b) (Bottom) Chromosome spreads achieved using the manual dropping technique. Offset
pictures present high magnification images.

Finally, Figure 7 shows the results of the traditional metaphase FISH protocol applied to the
samples prepared using the FISHprep device. The FISH signals acquired for the X-chromosomes in the
spreads validate the compatibility of this proposed sample preparation technique for cytogenetic
analysis. Hence, we concluded the promising applicability of FISHprep device for metaphase FISH
sample preparation.
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Figure 7. FISH analysis on the FISHprep samples (The FISH signals indicate the presence
of two X-chromosomes in the chromosome spreads and cells).

4. Conclusions

A novel, simple, minimal handling, integrated device (FISHprep) was presented for processing
samples and preparing slides for FISH analysis. The presented device provides a simple, low cost,
disposable alternative to traditional sample preparation technique including culture, arrest, fixation and
subsequent preparation of glass slides with metaphase chromosome spreads. The inclusion of a
membrane based culture chamber into the FISHprep device opens possibilities for expanding the
applicability of the device to other cell types like amniocytes or chorionic villus, where controlled long
term expansion of cells is of great interest due to small amounts of available sample volume. In the
near future, we aim to integrate the Metaphase FISH on chip protocol into the FISHprep protocol to
create a chromosome total analysis system.
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