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The influence of calyculin A on lymphocytes in vitro
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Kazimierz KAMIÑSKI
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Abstract. Human lymphocytes were cultured in vitro and treated with calyculin A.
The aim of this work was to estimate the influence of calyculin A on chromosome mor-
phology and banding patterns. It was also interesting whether calyculin A treatment
is useful in cytogenetic analysis of human karyotype. We proved that calyculin A in-
duces chromosome condensation in lymphocytes and raises the mitotic index signifi-
cantly. Moreover, calyculin A does not influence the banding patterns. Therefore it is
concluded that calyculin A can be clinically useful for human karyotyping.
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It is necessery to obtain a number of metaphase plates in order to prepare
a karyotype, this is obtained by 72-hour in vitro lymphocyte culture. Calyculin A
is a specific inhibitor of protein phosphatases type 1 and type 2A
(serine/threonine). Inactivation of these phosphatases during in vitro cell culture
causes premature chromosome condensation (PCC) in all phases of the cell cycle
(G1, S, G2, M) (COHEN at al. 1990, GOTOH et al. 1995, DURANTE et al. 1998).
It was observed that treatment with calyculin A produces a higher mitotic index
in comparison to conventional colcemid blocking. Some authors have already
shown that morphology and shape of prematurely condensed chromosomes in
the G2 phase obtained from in vitro cell culture treated with calyculin A is similar
to mitotic chromosomes. The G1 phase presents 46 chromosomes composed of
only one chromatid (DNA replication takes place in the next phase – S). Chromo-
somes in G1 and S phases cannot be used for analysis (GOTOH et al. 1995). PCC
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is reported to be induced also in G0-PBL (peripheral blood lymphocytes) by fu-
sion to mitotic cells and okadaic acid treatment, but the method is technically dif-
ficult, laborious and the condensation index is very low. Okadaic acid treatment
leads to lower frequencies of G1-, S- and G2-PCC than calyculin A treatment
(GOTOH et al. 1995, 1999).

Calyculin A might be very helpful in raising the mitotic index in the in vitro

cultures in which obtaining a proper number of chromosome spreads for analysis
is hardly possible. Extremely low mitotic indexes are common in the elderly, after
accidental exposure to high radiation doses or partial body-radiation therapy, as
a consequence of immunological diseases and microgravity conditions
(DURANTE et al. 1998) or in cancer tissues. COCO-MARTIN and BEGG (1997)
were analysing radiation-induced chromosome aberrations in drug-induced pre-
mature chromosome condensations of tumour cell lines with different
radiosensitivities.

There have been several studies in radiation biology using the technique of
drug-induced PCC (GOTOH, ASAKAWA 1996, ALSBEIH, RAAPHORST 1998). Pre-
mature chromosome condensation has been widely used in radiation biology be-
cause it can induce condensation of interphase chromosomes even in highly
damaged cells after �-irrradiation (KANDA et al. 1999, JOHNSON et al. 1999).
When cells are irradiated, most of them are arrested in the G2 phase and do not en-
ter mitosis; thus it is difficult or even impossible to obtain enough mitotic chromo-
somes for analysis using a conventional colcemid block (GOTOH, ASAKAWA

1996). There are few publications using calyculin A as a tool for karyotyping
(SUZUKI et al. 2001).

The aim of this work was to determine whether the use of calyculin A causes
chromosome number variation. It was especially interesting whether calyculin A
treatment influences chromosome banding patterns. Its potential use in clinical
karyotyping made the project absorbing.

Separated peripheral blood lymphocytes (PBL) were suspended in RPMI 1640
medium supplemented with 10% foetal calf serum (FCS), 1% gentamycin and 1%
L-glutamine. The lymphocytes were stimulated by LF (BIOMED Kraków).
They were treated with calyculin A (50 nM) for 30 min. The cells were fixed ac-
cording to the standard cytogenetic procedure (GOSDEN et al. 1994). Premature
chromosome condensation by calyculin A was compared with a conventional mi-
totic block by colcemid treatment.

For evaluation of the phase and mitotic index, one thousand cells were ana-
lysed. Each phase was classified according to GOTOH et al. (1995) and DURANTE

et al. (1998).
Chromosomes were stained with different methods to show their morphology

and banding pattern.
The project was approved by the Research Ethic Committee of the Silesian

Medical Academy.

414 A. Kowalska et al.



Chromosome condensation in different cell cycle stages was observed after

calyculin A treatment. Figure 1a shows the G1 phase represented by spreads dis-

playing 46 chromosomes, each consisting of one chromatid. These are not ade-

quate for karyotyping as they do not display satisfactory banding patterns.

In the S phase, the spreads had a pulverized apearance, such that chromosomes are

also not possible to analyse (Figure 1b). When lymphocytes were treated with

calyculin A, also clearly condensed chromosomes, after PCC were observed.
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Figure 1. a – G1 phase represented by plate displaying 46 chromosomes composed of one

chromatid. Stained with Giemsa solution; b – S phase, nucleus-like pulverized form. Stained

with Giemsa solution; c – Prematurely condensed chromosomes morphologically similar to

mitotic chromosomes classified as G2/M. Stained with Giemsa solution; d – G-banding of

chromosomes classified as G2/M. Stained with trypsin-Giemsa method; e – G2/M

chromosomes after triple fluorescent staining (CDD); f – G2/M chromosomes after Ag-NOR

staining (1 cm = 12.5 µm)



These chromosomes morphologically similar to chromosomes in conventional
cultures, represent the G2/M class and are useful for cytogenetic analysis (Figure
1c).

The mitotic index of conventional, colcemid-treated lymphocyte culture was
significantly lower in comparison with the G2/M index of calyculin-treated cul-
tures (Table 1). The mitotic index of calyculin-treated cultures was termed
the G2/M index, because this category consists of both mitotic chromosomes
and G2 chromosomes. A cell fraction in calyculin-blocked cultures that did not re-
spond to calyculin A treatment. These cells cannot be unequivocally classified as
interphase cells. These cells could be either in the G0 phase or in interphase.
That is why the interphase index cannot be calculated in these cultures. G2 and M
phases are also indistinguishable in calyculin-blocked cultures and the exact per-
centage of the G2 phase cannot be assessed.

Fluorescent, reverse R-banding patterns, DA-DAPI C-banding patterns
and G-banding patterns of chromosomes obtained from in vitro lymphocyte cul-
ture treated with calyculin A were the same as those of chromosomes obtained
from a conventional, colcemid blocked culture. However the resolution of band-
ing patterns was low. G-banding of prematurely condensed chromosomes is
shown in Figure 1d. Chromomycin/Distamycin/DAPI (CDD) staining is pre-
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Table 1. The phase and mitotic index of analysed cultures

Culture treatment

Phase index (%)

G1 S G2/M
index

M
(mitotic
index)

I
Cells that
did not re-
spond to
calyculin

block

Colcemid block
0.1 mg/mL 60 min

– – – 6.51 93.49 –

Colcemid block
0.1 mg/mL 60 min

– – – 2.12 97.88 –

Colcemid block
0.1 mg/mL 60 min

– – – 1.58 98.42 –

Colcemid block
0.1 mg/mL 60 min

– – – 6.68 93.32 –

Calyculin block
50 nM 30 min

16.66 32.44 28.05 – ? 22.85

Calyculin block
50 nM 30 min

15.37 35.95 21.53 – ? 27.15

Calyculin block
50 nM 30 min

3.12 41.10 17.00 – ? 38.78

Calyculin block
50 nM 30 min

3.48 45.94 13.94 – ? 36.64

Calyculin block
50 nM 30 min

6.76 37.63 27.94 – ? 27.67

? = not determined



sented in Figure 1e. Nucleolus organizers (NORs) were stained by use of the silver
staining technique (Figure 1f).

Induction of chromosome condensation in lymphocytes by calyculin A is
a powerful cytogenetic tool. Despite the fact that cells in the G1 and S phases can-
not be used for analysis, this method provides a higher number of chromosome
plates (G2 and M) for karyotype analysis than a conventional procedure with
colcemid block (M only) (Table 1). The index of analysable chromosomes was in-
creased thanks to G2 plates. It raises this index in poorly growing cultures to a sat-
isfactory level. Here it was found that the mitotic index increased about
4-10 times, while DURANTE et al. (1998) observed a 4.5-6-fold increase in young
individuals and up to 700-fold in 65-year-old ones. In addition, cells in different
phases of the cell cycle can be obtained on the same slides, which can be useful for
interphase investigations (Figures 1a,1b and 1c).

Calyculin A treatment does not produce an increase in the frequency of chro-
mosomal aberrations, as compared with a conventional analysis (DURANTE et al.
1998). Absence of numerical or structural aberrations was also observed
in the current study: 50 spreads were counted per sample and they show a correct
number of chromosomes, 10 spreads were analysed and no structural aberrations
were found.

Moreover, calyculin A does not influence basic banding patterns, so that chro-
mosomes could be conventionally analysed. Unfortunately, the banding resolu-
tion is low and some prematurely condensed chromosomes were of poor quality.
These results lead to the conclusion that chromosomes condensed by calyculin A
could be analysed in the same way as chromosomes obtained from conventional in

vitro lymphocyte culture.
PCC enables both interphase and mitotic investigations. The great simplicity

of the calyculin A treatment method indicates its potential usefulness in clinical
applications. Calyculin A treatment might be successfully used in karyotyping
the elderly patients, patients after radiation therapy and chemotherapy, in those
who suffer from immunological diseases, and in the study of persons irradiated
accidentally. It might be useful in shortening the time of culture and obtaining
more satisfactory index rather than by use of conventional methods. As calyculin
A does not influence the chromosome banding and does not cause aberrations, it
might be useful to shorten amniotic fluid cultures. It might also be useful
in trophoblast cultures where the mitotic index is low and band resolution is poor.
Perhaps PCC will enable cytogenetic analysis of many tumours.
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