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Abstract In two androgen-dependent (FGC and P70)
and two androgen-independent (LNO and R) sublines
of the prostate cancer model LNCaP numerical and
structural aberrations of chromosome 8 were
investigated in detail. The techniques used were whole
chromosome paint (WCP) and ¯uorescence in situ
hybridization (FISH) with three cosmid probes mapping
to di�erent parts of the p-arm (D8S7 (8p23.3), LPL
(8p22) and PLAT (8p11.1)). By WCP all four cell lines
showed four copies of chromosome 8 in most cells.
However, FISH demonstrated that in all sublines dele-
tions in the 8p region were present. The majority of both
FGC and P70 had two copies of cosmids D8S7 and
LPL. The cosmid PLAT showed a broader distribution
(1±4 copies), especially in P70. Compared with FGC and
P70, both LNO and R showed a larger number of copies
(3 or 4) of all three cosmid loci. It is discussed that this
di�erence is probably the result of nondisjunction as a
reaction to loss of other sequences on 8p, possibly the
tumor suppressor gene (TSG) mapping to 8p21. The fact
that both sublines LNO and R are androgen-indepen-
dent raises the possibility of a link between TSG loss on
8p and androgen independence.
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Introduction

Recently we demonstrated that in patients with prostate
carcinoma (PC), abnormalities of the number of copies
of chromosome 8 in the tumor are correlated with an
advanced tumor stage [9]. In a previous cytogenetic
study of sublines of the prostatic carcinoma cell line
LNCaP [8], we observed that the two androgen-inde-
pendent sublines R and LNO both had breakpoints
in chromosome 8p, which resulted in various marker
chromosomes. In that study such breakpoints and
markers were not observed in the other, androgen-
dependent, sublines. Since it is well known that advanced
tumors are often nonresponsive to hormonal therapy, it
was concluded that these rearrangements would possibly
have a relation with progression to androgen indepen-
dence in these cell lines. Recently the interest in the 8p
region has greatly increased, thanks to the postulated
location in that region of one or more tumor suppressor
genes (TSGs), which may be also important in PC pro-
gression [1, 2, 12, 16]. The present study adds new in-
formation to the cytogenetic data of the LNCaP PC
model. A high passage of the parental FGC line [11] has
been characterized separately and additional informa-
tion about the chromosome 8 rearrangements in the
other four sublines is reported. These results were ob-
tained by the molecular cytogenetic techniques whole
chromosome paint (WCP) and ¯uorescence in situ hy-
bridization (FISH) with cosmid probes. The di�erent
rearrangements found in the sublines are discussed in
relation to their biological behavior.

Materials and methods

PC cell lines, culture and androgen responsiveness

All PC cell lines used in this study, i.e., FGC at passage 20 (FGC),
FGC at passage 70 (P70), LNO and LNCaP-r (R), were sublines
established from the original LNCaP cell line (Fig. 1) [6, 11, 15].
FGC and LNO were kindly provided by Dr J. Horoszewicz

Urol Res (1999) 27:3±8 Ó Springer-Verlag 1999

J. C. Romijn (&)
Experimental Urology, Josaphine nafkens Institute,
Room Be362, Erasmus University,
PO Box 1738, NL-3000 DR Rotterdam,
The Netherlands

J. J. KoÈ nig á W. Teubel á G. J. van Steenbrugge á J. C. Romijn
Department of Urology,
Erasmus University Rotterdam (EUR),
The Netherlands

A. Hagemeijer
Centre for Human Heredity, University of Leuven, Belgium



(Roswell Park Memorial Institute, Bu�alo, USA). It is important
to note here that the cell line we call FGC is identical to the cell line
LNCaP-FGC that is available through the ATCC. The R line [5]
was a gift from Dr M. Hasenson (Kardinska Institute, Sweden).
The P70 subline is a higher passage culture which originated from
FGC after prolonged (1 year) in vitro culture, replating once
weekly [11]. FGC, P70 and R were routinely cultured in RPMI
medium, supplemented with 10% fetal calf serum (FCS), glutamin
and antibiotics. For the culture of LNO, regular FCS was replaced
by 5% steroid-depleted FCS. FGC is androgen-dependent, which
means that the cells will not grow in androgen-depleted medium
[15]. FGC cells respond with dose-dependent stimulation of pro-
liferation to the addition of androgens. P70 has lost the complete
dependence of androgens and thus also grows in their absence, but
it still responds to the addition of androgens with increased pro-
liferation [11], i.e., these cells are androgen-independent, but sen-
sitive. LNO and R are both androgen-independent and insensitive:
both grow well on steroid-depleted serum and will not grow faster
when androgens are added [5, 15]. However, these two sublines
are di�erent with respect to their lineage from the parent cell line
(see Fig. 1) and with respect to their karyotype [8].

Karyotypes

The karyotypes of FGC, LNO and R have been described in detail
previously [8]. For the present study the karyotype of these cell
lines was checked by R-banding of metaphases as described pre-
viously. P70 arose later and was characterized in the same manner.
All four cell lines were near tetraploid with median chromosome
numbers of, respectively, 86 (FGC), 80 (LNO), 87 (R), and 91
(P70). All showed the original LNCaP marker chromosomes, in-
volving chromosomes 1, 2, 3, 4, 6, 10, 13, 15, and 16, as well as each
of their subline speci®c additional marker chromosomes. P70
showed only one speci®c marker, namely the same 1p+ marker as
its parent cell line FGC (in all karyotyped cells).

FISH procedure

The cosmid probes for three unique chromosome 8p loci (D8S7,
11E1/8p23.3, LPL, 114C11/8p22 and PLAT, 105H8/8p11.1) were
kindly provided by Dr S. Wood (Vancouver, Canada) [18]. The
order of the cosmids from telomere to centromere is: D8S7-LPL-
PLAT. The chromosome 8 centromere probe was D8Z2 [3]. The
chromosome 8 paint was from Cambio (UK). Hybridization and
detection of cosmids and paint were performed essentially as de-
scribed previously for chromosome-speci®c DNA probes [9], with
some modi®cations. For cosmid hybridization 100 ng biotinylated
cosmid DNA and 10 lg Cot-1 DNA (Gibco BRL) per slide were

added to the hybridization mixture in 50% formamide. This mix-
ture was denatured at 72 °C for 4 min, followed by preannealing at
37 °C for 2 h. Hybridization to metaphases on slides occurred
during overnight incubation at 37 °C in a moist chamber. For the
chromosome 8 paint 200 ng biotinylated chromosome 8 DNA and
15 lg Cot-1 DNA were used per slide. The same protocol as for
cosmid DNA was followed. In both cases detection was by FITC-
avidin. For double-color FISH analysis with both the centromere
probe and either D8S7 or LPL, the cosmid was digoxygenated
(Boehringer). Detection was by Texas Red-anti-dig. Combination
of the centromere probe with PLAT was not possible, due to the
near-centromeric localization of PLAT. DNA was counterstained
with propidium iodide. For identi®cation of chromosomes DAPI
(4¢,6-diamidino-2-phenylindol) stain (0.8 lg/ml) was also applied
to the same slides.

FISH e�ciency, use of WCP and de®nition of deletion

Between 50 and 100 metaphases of each cell line were scored per
hybridization experiment. Hybridization e�ciency for the three
cosmid probes was evaluated using normal lymphocytes and was
about 80% for all three, as described by Matsuyama et al. [13]. We
used WCP instead of the centromere probe to determine the ploidy
of chromosome 8 for the following reasons. (1) Both techniques
gave comparable results; as an example: in LNO the ploidy dis-
tribution of 8 by WCP vs by centromere probe was 4% vs 6% for
two copies, 17% vs 18% for three copies, 74% vs 72% for four
copies and 5% vs 4% for more than four copies). (2) By employing
WCP, the ploidy as well as structural rearrangements could be
evaluated in the same experiment. (3) Because we evaluated
metaphases, and with WCP a bigger target is colored, detection
was easier. The partially tetraploid (63% of the cells) human B
lymphoblastoid cell line JY [14], that has no aberrations in chro-
mosome 8 (checked by karyotype analysis) was used as a control
for hybridization of the cosmids to tetraploid cells. In all tetraploid
metaphases of JY three or four signals were detected for D8S7. The
percentage of cells with three signals was 22 � 3.6%. The cut-o�
level of deletion was set to 30% (mean + 2 ´ SD). This cut-o� was
also applied to LPL and PLAT, because these behaved similarly.
So in cosmid experiments with four signals in less than 70% of the
tumor metaphases, at least one copy of the probe was considered
deleted. Because no metaphases with less than three signals were
seen in the control cell line, in tumor metaphases with zero, one or
two signals, respectively, all, three or two copies were considered
deleted.

Results

Aberrations of chromosome 8 by paint analysis

FGC

Paint analysis of metaphases of FGC demonstrated that
the main population of cells showed four copies of
chromosome 8 (82%). Ten percent of the cells had more
than four, 8% three, and a minor population two copies
of chromosome 8 (Table 1). Marker chromosomes with
microscopically visible 8p and 8q aberrations were
mainly detected in cells with, in total, four copies of
chromosome 8 (Table 2). These were mostly resulting
from translocations of other material to 8p or 8q
(Fig. 2A), concurrent with partial deletion of 8p or 8q
DNA. Also several independent chromosome fragments
entirely consisting of chromosome 8 DNA were detected
(3.2%).

Fig. 1 Schematic presentation of the lineage of sublines from LNCaP
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Table 1 Results of whole chromosome paint (WCP) and cosmid hybridization studies; percentages of metaphases with a positive
hybridization signal

No. of
Copies

FGC P70 LNO R

WCP D8S7 LPL PLAT WCP D8S7 LPL PLAT WCP D8S7 LPL PLAT WCP D8S7 LPL PLAT

1 0 23 12 28 0 7 19 4 0 3 7 7 0 0 8 0
2 2 68 69 39 3 47 52 26 4 42 36 21 2 39 20 22
3 8 8 20 33 7 37 27 52 17 52 46 36 24 32 28 27
4 82 3 0 0 84 9 2 17 74 3 11 25 59 19 44 40

>4 10 0 0 0 6 0 0 0 5 0 0 12 15 0 0 11

Table 2 Percentages of chromosome 8 aberrations as detected by
WCP

FGC P70 LNO R

p-arm 8.0 4.4 4.0 9.9
q-arm 6.4 1.5 1.0 7.1
Unidenti®ed 3.2 4.4 0.0 0.8
All 17.6 10.3 5.0 17.8

Fig. 2A±D Detection of chromosome paint DNA on all metaphases
shown was by FITC avidin, propidium iodide counterstain. Veri®ca-
tion of chromosomes was done with DAPI stain (see lower right-hand
corner part). Magni®cation: ´312.5. Chromosome 8 paints on
metaphases of: (A) FGC. Partial metaphase, showing three normal
chromosomes 8 and one marker (arrow), resulting from translocation
of material of another chromosome to 8p. (B) P70. Three normal
chromosomes 8 and a large marker chromosome (arrow), probably
an i(8q). (C) LNO. Three normal chromosomes 8 and a marker
chromosome with the whole p-arm deleted (arrow). (D) R. Two
normal chromosomes 8 and a large marker chromosome, entirely
consisting of chromosome 8 material (arrow) are shown
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P70

Paint analysis of P70 showed the close relationship to
FGC in the nearly equal distribution of chromosome 8
copies (Table 1). However, 8p- and q-arm aberrations
occurred less frequently in P70 than in FGC (Table 2).
The most prominent aberration was an A-sized marker,
consisting only of chromosome 8 DNA (in 4.4% of the
cells). With DAPI stain, this marker showed a banding
pattern that could ®t an i(8q) (Fig. 2B). In P70 meta-
phases the highest percentage of unidenti®ed chromo-
some 8 material was found (4.4%). Both independent
chromosome fragments, like in FGC, and translocated
material to other chromosomes were seen.

LNO

Paint analysis of LNO showed 74% of the cells with four
copies of chromosome 8, 17% cells with three copies,
and some cells with two or more than four copies (Ta-
ble 1). Occasionally q-arm deletions were seen restricted
to cells with three copies of 8. However, the majority of
aberrations found were p-arm deletions of di�erent sizes
in cells with four copies of 8 (Table 2 and Fig. 2C). The
8p- marker that was described earlier (del(8)(p21-pter))
was still present, but its frequency had declined to 6%.
Unidenti®ed fragments were not detected.

R

In R substantial proportions of three (24%) and more
than four (15%) copies of 8 were detected by WCP
(Table 1). P-or q-arm abnormalities occurred in cells
with three, four, as well as more than four copies of
chromosome 8 (Table 2). However, the 8p+ marker
that was described previously (8qter-8p23::8q13-8qter))
occurred far less frequently (3.3%). Probably this
marker was further modi®ed, resulting in other chro-
mosome 8 markers as demonstrated in Figure 2D.
Independent fragments consisting of chromosome 8
material were seen only occasionally (0.8%). FGC and
R showed the highest overall percentage of metaphases
with chromosome 8 aberrations (17.6% and 17.8%
respectively).

Aberrations of 8p detected with cosmids in relation
to the number of copies of chromosome 8

In all four cell lines investigated and for all three cos-
mids, the percentages of cells with four copies of cosmids
were invariably below the cut-o� value of 70% that
marks loss of one copy. Consequently the frequency
distributions presented in Table 1 can be regarded also
as distribution patterns for loss of cosmid sequences.
PLAT was present on 100% of the 8p) marker chro-
mosomes, found in any subline. Paint analysis of FGC

showed predominantly four copies of 8, but by cosmid
analysis mainly two copies of D8S7 and LPL were
detected. However, populations with one or three copies
of these two cosmids were also seen with moderate
frequency. PLAT showed fewer cells with two copies,
but more cells with one and three copies. D8S7 showed
four copies in some cells, but LPL and PLAT did not. In
P70, as in FGC, with WCP most cells had shown four
copies of chromosome 8. In concordance with FGC, P70
mainly showed two copies for both D8S7 and LPL.
However, the populations of cells with three copies of
both these cosmids had increased in P70. PLAT showed
mainly three copies, and a signi®cant population with
four copies, although still more than a quarter of the
cells maintained two copies. Also in contrast to the re-
sults for FGC was the observation that in P70, LPL
showed more cells with one copy than D8S7 and PLAT.
Double-color FISH analysis with D8Z2 for the centro-
mere and the cosmids D8S7 or LPL (PLAT could not be
evaluated in this way due to its position near the cen-
tromere) demonstrated that in cells with three copies of
8, D8S7 and LPL were present in only two copies. This
indicated that in these cells one of the aberrant chro-
mosomes was lost (not shown). Although paint analysis
of LNO showed largely the same distribution as FGC,
the cosmid analysis showed di�erent results. Two as well
as three copies of D8S7 and LPL were most frequent in
this subline. Moreover, PLAT demonstrated a com-
pletely di�erent distribution, showing a clear shift to
more copies. Double-color FISH analysis showed that in
cells with three copies of 8, like in P70, one of the ab-
errant chromosomes was lost. In R, of which 15% of the
cells had more than four copies of chromosome 8, only
PLAT was present in more than four copies. However,
in relation to the other sublines, all three cosmids dem-
onstrated a clear shift towards more copies, whereby
LPL and PLAT both showed a majority of cells with
four copies. Double-color FISH analysis showed the
same result as for P70 and LNO.

Discussion

Painting analysis showed that in all four LNCaP sub-
lines the majority of the cells had four, apparently nor-
mal, copies of chromosome 8. FGC and P70 showed
only minor populations with aberrations from tetra-
ploidy, never exceeding 10% of the cells. However,
LNO, and especially R, both androgen-independent and
both descended from the parental cell line at an early
stage of in vitro culture, displayed larger cell populations
with three (LNO, R) or even more than four copies (R).
The ®ndings described here demonstrate that tumor cell
lines growing in vitro are dynamic entities, just like tu-
mors growing in vivo. Inherent chromosomal instability
allows the cells to constantly generate new chromosomal
aberrations. These will either quickly be lost again or be
retained, dependent on the bene®t the cell gains from
them, while reacting on genetic or environmental pres-
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sure. The presence of the 8p aberrations found previ-
ously in LNO and R [8] were con®rmed by WCP in the
present study. Also new, not previously described
aberrations of chromosome 8, involving both 8p and 8q
sequences, were discovered in these cell lines. Such
aberrations were also demonstrated for the ®rst time by
WCP in the sublines FGC and P70.

The most surprising ®nding of the present study was
that, despite the apparent presence of four normal copies
of chromosome 8 in most cells of the investigated cell
lines, only few cells seemed to have retained all 8p
sequences on all chromosomes. The deletion patterns
found re¯ect the lineage of the di�erent sublines as de-
picted in Fig. 1. Molecular genetic analysis in the 8p22-
8cen region showed the close relationship between FGC
and P70 through their identical microsatellite repeat
patterns (pers. comm. W. Dinjens, Department of Pa-
thology, EUR). It is conceivable that in the original
diploid cell line (LNCaP in Fig. 1) [4, 6] only one
chromosome 8 had one or more deletions and that these
mapped only distal to 8p22. Combined with the results
of the FISH analysis of FGC and P70 for PLAT that
maps proximal, and D8S7 and LPL that both map distal
to 8p22, it can be assumed that after tetraploidization
several new structural aberrations were generated in the
normal as well as in the pre-existing aberrant chromo-
somes. These events ®nally resulted in the deletion pat-
terns observed for both the low passage cells (FGC) and
the high passage cells (P70).

The deletion patterns observed for the sublines LNO
and R can only be explained by the occurrence of several
nondisjunction events in addition to the tetraploidizat-
ion and chromosome breakage, as described above for
FGC and P70. Interestingly, analysis of CA repeats on
8p proximal to band p22 in both LNO and R showed
di�erences in several markers when compared to FGC
(pers. comm. W. Dinjens). However, these data are
preliminary and they need to be recon®rmed before
de®nite conclusions can be drawn. If the deletions found
by cosmid analysis were continuous between the regions
investigated, two chromosomes with microscopically
visible 8p deletions were expected in most cells of FGC,
P70 and LNO, and one in R. However, by paint analysis
maximally 10% of the metaphases with such aberrations
could be identi®ed. A more likely explanation for these
®ndings would be that the deletions were mostly dis-
continuous and relatively small, i.e., spanning less than
one band. Using comparative genome hybridization,
large deletions on 8p, sometimes spanning most of the
p-arm, have been detected in a number of PC specimens
[2, 7, 17]. However, with LOH mapping interspersion of
deleted and retained regions on chromosome 8 has also
been observed [12, 16], so it is conceivable that this is the
case in the LNCaP sublines investigated.

Matsyama et al. [13] found that in poorly di�er-
entiated clinical PC both D8S7 and LPL were lost.
This is in accordance with our results, since the
LNCaP cell line was derived from a poorly di�erenti-
ated lymph node metastasis [6]. However, in more

di�erentiated clinical tumors, it was found that D8S7
was mostly retained [13]. This result is suggestive of
two TSGs that might be inactivated at di�erent stages
in the progression of PC. In other studies allelic loss
on 8p generally was associated with higher tumor
grade, and the deletion patterns found were suggestive
of one or two TSG [2, 12, 16]. Discordant results in
two separate LOH studies, one narrowing down the
locus for a putative TSG to 17cM in the 8p21 region
[16], and the other reporting on a patient with a
homozygous deletion in the 8p22 region [1], can be
brought together by the concept of two TSGs on 8p,
as was also suggested for colorectal cancer [19]. Fol-
lowing this concept, it is conceivable that in FGC and
P70 only the 8p22 TSG was inactivated, and in LNO
and R both TSGs. We postulate that the shift towards
more copies of certain 8p sequences in LNO and also
in R is probably the result of nondisjunction as a
reaction to partial loss of other sequences on 8p [2],
possibly the TSG mapping to 8p21. (This mechanism
may even be typical for more advanced tumors [10].)

As LNO is a very early descendant from the parental
cell line, its di�erences from FGC and P70 could have
been already present before in vitro culture. However, in
the case of R, which originated from FGC long after its
establishment as an in vitro cell line [5], the signi®cant
chromosomal rearrangements must have taken place
during in vitro culture. The present results once more
emphasize the many ways in which tumor models can be
employed. Moreover, if other variant cell lines of FGC
can be generated by culture without androgens and if
they show similar rearrangements, the link between the
androgen-independent and insensitive status and the
phenomenon of loss of sequences on 8p in the LNCaP
human prostate tumor cell line can be made more ®rmly.
Then, to con®rm the signi®cance of this ®nding, patient
tissues at various clinical stages should be investigated
for these same rearrangements.
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