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Abstract:  

Background: Fluorescence in situ hybridization (FISH) can be performed on metaphase- 

and/or interphase cells. Metaphase cells can exclusively be obtained and studied after time-

consuming cell culture. Therefore, this technique is suitable only for cells derived from 

peripheral blood, bone marrow or fibroblasts, the latter including skin, tumour or “prenatal 

tissues”, such as the amnion or chorion. On the other hand, interphase cells can be gained 

from many different cells and even without cell culture. 

Methods: Here, we report an approach by which interphase cells can be easily obtained 

from the skin surface, simply and without causing any pain or injury to the patient. This 

straightforward procedure involves adding a few microliters of fluid to the patient’s skin (e.g. 

the forearm) and subsequently, using the edge of a slide to collect skin cells together with 

the fluid by carefully scratching along the wetted skin region. The collected fluid is 

distributed across the slide surface and air-dried. 

Results: Applying this simple cell collection approach, several hundred skin cells are obtained. 

The result can be evaluated by phase contrast microscopy and regions with the highest 

density of cells can be selected for interphase-FISH. Here, we provide proof-of-principle of 
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this technique. Also, the cells obtained using the described method can be used for DNA-

based molecular genetic tests. 

Conclusions: A new and straightforward method for acquisition of interphase cells is 

presented. It can be used to complement the available approaches for the analysis of 

different tissues in cases of questionable low-level mosaics detected in peripheral blood 

testing. 
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1. Introduction 

Mosaicism can be observed in all humans, particularly among females since they represent a 

mosaic of cells in which either the maternal or paternal X-chromosome is inactivated [1]. It has 

also been shown that the copy number variants present in different cell populations increases 

with the age of the individual [2]. Furthermore, functional mosaics due to mono-allelic gene 

expression seem to be the rule rather than the exception [3]. In addition to this type of 

physiological mosaicism, this phenomenon is also observed in relation to human pathology, 

especially at the chromosomal level. Examples are cases of (partial) trisomy, such as Down 

syndrome, Klinefelter syndrome, Triple-X syndrome, or cases with small supernumerary marker 

chromosomes [4, 5], as well as cases with monosomy X or mosaicism in microdeletion syndromes 

[6, 7], including tissue-specific mosaicism [8-11]. 

Although mosaic patterns may vary between different tissue types in a single patient [12], 

cytogenetic analysis is routinely performed on only one tissue and in most cases, from peripheral 

blood, while analysis of fibroblasts is rare. Examples can be found easily in the literature, where 

only few or even no aberrant cells were detected in lymphocytes, despite detection of a high 

percentage of such cells in skin fibroblasts.  

Although a few methods for the acquisition of fibroblasts for subsequent cell culture are 

available, these involve invasive and painful procedures [13, 14]. Therefore, we have developed a 

straightforward, non-invasive and pain-free protocol for obtaining cells from a patient’s skin that 

can be used for targeted interphase fluorescence in situ hybridization (FISH) and even for DNA-

based tests. Thus, suspected small cell mosaics detectable by molecular cytogenetics can be 

verified in a second tissue by using this approach. 

2. Materials and Methods 

2.1 Cell Acquisition 

In this study, we investigated three subjects; two healthy males and one healthy female. Cells 

obtained from all three probands were analyzed by FISH and molecular genetics as described in 

2.2 and 2.3. Each experiment was repeated twice. When a male was tested, the probe was 

acquired by a female and vice versa. 
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For obtaining cells, approximately 200 of µl clean water were placed on a region of skin that 

was largely free of hair; the underside of the forearm is ideal and should be stretched out and 

presented horizontally by the proband. After adding the fluid, the long edge of a slide was used to 

abrade skin cells superficially. The cells and fluid were collected by carefully moving the sharp 

edge of the slide along the skin as shown in Figure 1A. It is recommended that this should be 

performed first on the experimenter’s own skin to get a feeling for the movements before 

applying the technique to the subject. Subsequently, the slide was brought into a horizontal 

position and the drop of fluid was spread with a second clean slide by the same method as that 

used for a blood smear. The slide was then dried in the horizontal position at room temperature 

and used directly for FISH. At this stage, it would also be possible to send the slide to the 

laboratory performing this analysis. 

2.2 Fluorescence in Situ Hybridization (FISH) 

FISH was performed according to standard procedures [15]. In this study, three commercially 

available probes (Abbott/Vysis, Wiesbaden, Germany) were applied in a three color-FISH-

experiment; i.e. probes for chromosomes X (DXZ1 on Xp11.1~q11.1, green), Y (DYZ3 on Yq12, red) 

and 10 (D10Z1 on 10p11.1~q11.1, blue). 

2.3 Y-chromosome Specific PCR Polymerase Chain Reaction 

For proof-of-principle and to confirm the absence of probe contamination by the person 

collecting the fluid as described in 2.1, the following test was also performed. The fluid with cells 

collected on the slide (see 2.1.) was not spread and air-dried on the slide surface, but instead, was 

collected with a micropipette and used for polymerase chain reaction (PCR) analysis. 

The collected fluid was concentrated to approximately 1 µl using a centrifugal evaporator, and 

the DNA from the sample was amplified by degenerate-oligonucleotide-primed PCR (DOP-PCR) 

[16]. Subsequently, 1 µl of the DOP-PCR product was used in a Y-chromosome specific PCR-

reaction according to a previously described method [17].Three of the authors of this paper (TL, 

ABHA; NK) acted as volunteer participants in this study. 

3. Results 

The approach reported here is suitable for collection of minimal numbers of skin cells without 

causing any pain or damage to the skin. Several hundred cells and their DNA can be obtained for 

single cell analysis by FISH (Figure. 1B). The results were confirmed by DOP-PCR amplification (data 

not shown) since the amount of DNA obtained from such a few cells are too small for subsequent 

direct PCR-based analysis. After this step, it is possible to perform a standard PCR amplifying short 

DNA fragments, such as the 170-kb fragment derived from the Y-chromosome amplified in this 

study (Figure. 1C). 
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Figure 1 (A) Schematic diagram of the procedure used for skin abrasion using the long 

edge of a slide without causing damage; the black arrowheads indicate the direction 

that the slide should be moved carefully along the skin surface. (B) FISH result from 

male 1 using three color FISH with centromeric probes for chromosomes X (DXZ1) and 

10 (D10Z1) and a probe for Yq12 (DYZ3). (C) Results of Y-chromosome specific PCR-

reaction in male 1 (M1), male 2 (M2) and female 1 (F1). Clearly visible Y-chromosome 

material was detectable only in the two male probands; first lane: 150-bp ladder. 

4. Discussion 

Interphase-FISH is an important tool used in human cytogenetic diagnostics. This technique 

plays a major role in follow-up studies of hematological malignancies, in pathology or in prenatal 

diagnostics [14, 18]. Research based interphase-FISH is also widely used [14, 18-21]. 

Some examples of cases in which different tissues are necessary for clarifying clinical 

diagnostics are listed as follows: 

- Minimal or no clinical signs, but with a high rate of cells with an additional chromosome 

copy in peripheral blood [4, 14, 22]; 

- Major symptoms but with no, or only a few, cells with an additional chromosome in 

peripheral blood [13]; 

- No major symptoms but with diagnosed infertility together with low-level mosaicism of a 

numerical gonosomal aberration [6]. 

The new approach described here may be helpful in all these situations. 

5. Conclusions 

The protocol described here (previously mentioned only briefly by Liehr [15] provides an 

additional approach to the study of cell types other than peripheral blood in patients with a 

suspected or confirmed mosaic karyotype. To date, protocols for this purpose were available only 

for analysis of buccal smears, hair root cells or urine [15]. Thus, the protocol described here is an 

important additional tool that can be implemented to study different tissues in patients with 

molecular cytogenetically detectable conditions. 
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