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The human ovarian cancer cell line CABA 1:
A peculiar genetic evolution
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Abstract. The objective of this study was to study the human
ovarian cancer cell line CABA I by means of short tandem
repeats (STR) profiling and cytogenetic analysis in order to
prevent future misidentification or cross-contamination and
verify its stability during in vitro cultivation. To this end, cells at
passages 18 and 38 were analyzed using cytogenetic techniques
in order to verify possible chromosomal aberrations and the
karyotypic evolution of this cell line; GTG-banding and FISH
were also performed. For STR analysis, DNA was extracted
using the automated extractor MagNA pure and analyzed by
means of PowerPlex 16 HS. STR profiles were analyzed by
GeneMapper 3.2.1 software. Whereas comparative cytogenetic
analysis of CABA I cells at passage 18 and 38 has demonstrated
considerable genetic instability, we found that STR profiles were
essentially unaltered in both analyzed passages, suggesting that
the STR profile is reliable and could be used for the regular
authentication of CABA I over time. It should be emphasized,
however, that of the 16 loci generally used in human STR
profiles, only 3 were properly detectable in CABA 1. The data
highlight that the CABA I cell line demonstrates an anomalous
STR profile that does not fully adjust the criteria currently used
for the identification of human cells; in spite of this, it remains
stable during the in vitro maintainance. Moreover, the genetic
instability of the CABA I cell line overlaps with those observed
in vivo in tumor cells, making it a suitable candidate to analyze,
in vitro, the peculiar genetic evolution of ovarian cancer cells.

Introduction

Ovarian cancer, which comprises a heterogeneous group of
neoplasms, is the most lethal gynecological malignancy (1).
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It is characterized by poor prognosis, with an overall 5-year
survival rate of approximately 50% that, however, rises to 90%
if the cancer is diagnosed while still confined to the ovary (an
event that, unfortunately, occurs in 20% of patients) (2).

Ovarian cancer diagnosis, indeed, is often delayed since
this pathology lacks specific symptoms (non-specific symp-
toms include frequent urination, bloating, abdominal fullness
and early satiety) which, instead, appear only during advanced
stages and are related to the presence of large tumors or extensive
ascites (3). Tools for ovarian cancer diagnosis include computer
tomography-positron emission tomography (CT-PET),
fluorodeoxyglucose-PET (FDG-PET), magnetic resonance,
transvaginal and transabdominal sonography, as well as serum
marker CA-125 measurement (2). An early diagnosis provides
patients with a greater chance of being properly cured using
the available therapies (such as surgery or chemotherapy with
a combination of platinum and taxane); the more a tumoral
mass is reduced by surgery, the more often chemotherapy is
effective (4).

Many studies regarding different pathologies, as well as
cancer diseases, rely on in vitro cell line research; specifically,
ovarian cancer studies may use several human cell lines such
as OVCAR3 (5), SK-OV-3 (6), A2780 (7), IGROVI (8) or
OAW42 (9). CABA 1 is an ovarian cancer cell line of epithelial
origin, which was established from ascitic fluid obtained from
a patient with papillary adenocarcinoma of the ovary prior to
drug treatment. CABA I cell growth is anchorage dependent and
very rapid (the doubling time is approximately 18 h); prelimi-
nary cytogenetic analysis indicated a modal chromosome
number of 57-58, with 44 clonal structural aberrations and only
few chromosomes appearing morphologically normal (10).

It has previously been demonstrated that growth and
phenotypic characteristics are maintained both in early and late
passages, suggesting that the CABA I cell line provides a suit-
able in vitro model system in order to investigate the cellular
and molecular events involved in ovarian carcinogenesis (10).
Thus, since then, many studies have concentrated on CABA 1
behavior in cancer progression, with particular interest being
shown in relation to the release of extracellular vesicles (11-18).

For some years, the short tandem repeats (STR) profiling
has been the international reference standard for the
identification of cell lines (19-22), and thus in the present study
we proceeded to subject CABA I to this analysis to prevent
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future misidentification or cross-contaminations during
in vitro cultivation. Furthermore, the cell line was analyzed by
classical and molecular cytogenetic techniques: we chose two
different passages, the 18th and 38th, to identify chromosomal
aberrations and the karyotypic evolution of this cell line.

Materials and methods

CABA I cells. The 18th and 38th passages of CABA I cells were
grown as monolayers in RPMI-1640 with 5% fetal calf serum,
2 mM glutamine and penicillin 100 U/ml (all materials are from
Euroclone, Devon, UK). Cells at passages 18 and 38 were tested
for mycoplasma infection and the result was negative. Cells
passed from 18th to 38th passages in approximately 15 weeks.

Cytogenetic analyses. Standard cytogenetic techniques (23)
were used on CABA I cells at the 18th and 38th passages in
order to identify chromosomal aberrations and the karyotypic
evolution of this cell line.

In addition, every metaphase was analyzed by sequential
GTG-banding and fluorescence in situ hybridization (FISH)
with whole chromosome painting probes specific for each
chromosome. Briefly, metaphases stained with giemsa solution
after partial trypsin digestion (GTG-banding) were observed
under a light field microscope (Leica Aristoplan microscope;
Leica, Wetzlar, Germany), captured with PSI MacKtype soft-
ware and finally destained three times in methanol. The slides
were then washed in 2X SSC solution, heated at 70°C in SSC/
formamide solution to denature target chromosome DNA, and
hybridized with FISH probes specific to a whole chromosome.
Observation under a fluorescence microscope allowed us to
capture again the same GTG-banded metaphases previously
observed and analyze the hybridization on markers chromo-
somes of the CABA I cell line.

DNA extraction. The DNA contained in CABA 1 cells, at the
18th and 38th passages, was extracted from approximately
5x10° cells using an automatic extractor MagNA Pure Compact
system (Roche Diagnostics, Basel, Switzerland). The procedure
involves several steps, consisting of preparatory cell disruption
and protein digestion caused by the addition of lysis buffer and
proteinase K, the formation of nucleic acid-bead complexes
caused by nucleic acid binding to the surface of magnetic glass
particles and subsequent magnetic separation; after washing to
remove cell debris, nucleic acid is eluted at high temperatures
with simultaneous removal of the magnetic glass particles.
Thus, 44.4 and 136 ng/ul were obtained from CABA I 18th and
38th passages, respectively.

STR analysis. An amplification PCR kit PowerPlex® 16 HS
(Promega, Fitchburg, WI, USA) is a multiplex STR test that
co-amplifies in a single polymerase chain reaction (PCR)
16 loci: D18S51, D21S11, THO1, D3S1358, FGA, TPOX,
D8S1179, vWA, CSF1PO, D16S539, D7S820, D13S317,
D5S818, Amelogenin, Penta E and Penta D. Table I includes
specific information for each locus. The kit also contains an
allelic ladder, which is a mix of more common alleles for
each analyzed locus: the genotype is assigned by means of
comparing dimensions of unknown samples and the aforemen-
tioned allelic ladder. The kit requires only 0.5-1 ng of DNA for
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Table 1. Summary information of GenePrint® PowerPlex
16 System-loci.

Repeat Size
Chromosomal sequence range

STR locus location 5'-3' (bases)

Penta E 15q AAAGA 379-474
D18S51 18q21.3 AGAA 290-366
D21S11 21ql1-21q21 TCTA 203-259
THO1 11p15.5 AATG 156-195
D3S1358 3p TCTA 115-147
FGA 4q28 TTTC 322-444
TPOX 2p23-2pter AATG 262-290
D8S1179 8q TCTA 203-247
VWA 12p12-pter TCTA 123-171
Amelogenin Xp22.1-22.3 Not 106, 112

and Y applicable

Penta D 21q AAAGA 376-441

CSF1PO 5q33.3-34 AGAT 321-357
D16S539 16q24-qter GATA 264-304
D7S820 7q11.21-22 GATA 215-247
D13S317 13q22-g31 TATC 169-201
D5S818 5q23.3-32 AGAT 119-155

STR, short tandem repeats. The Geneprint PowerPlex 16 System user
manual is available at http://www.cstl.nist.gov/strbase/images/power-
plex16.pdf.

a single test. The obtained DNA fragments are automatically
analyzed by a triple fluorescence system.

In order to perform PCR, according to the manufacturer's
instructions, DNA was diluted to a final concentration of
0.5 ng/ul. PCR tubes were prepared, mixing all components
suggested in adequate volumes: DNA template (0.5-1 ng),
PowerPlex HS Master Mix, PowerPlex 16 HS Primer Pair Mix
and water (amplification grade). Each amplification, aside from
samples, also contains positive and negative controls (provided
in kit). Amplification was performed, as suggested, using the
thermal cycler GeneAmp PCR system 9700 (Thermo Fisher
Scientific, Waltham, MA, USA) and the following cycles: 96°C
for 2 min, then ramp 100% to 94°C for 30 sec - ramp 29% to
60°C for 30 sec - ramp 23% to 70°C for 45 seconds for a total
of 10 cycles, then ramp 100% to 90°C for 30 sec - ramp 29% to
60°C for 30 sec - ramp 23% to 70°C for 45 seconds for a total
of 22 cycles, then 60°C for 30 min and finally a 4°C soak.

One microliter of amplified DNA was combined with 10 ul
mix solution (9.5 ul formamide and 0.5 u1 IL600 Standard,
Promega). Simultaneously, in the appropriate well, 1 ul allelic
ladder was distributed. Samples were heat denatured at 95°C
for 3 min, quickly refrigerated on ice for at least 3 min,
transferred onto a plate and placed in the ABI 3130 sequencer
(Applied Biosystems Life Technologies, Foster City, CA, USA)
with POP7 polymer (a separation matrix for performing DNA
sequencing and fragment analysis) in a 36-cm capillary tube.
ABI 3130 was set for an electrophoresis run and, subsequently,
STR profiles were analyzed by Software GeneMapper 3.2.1.
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Figure 1. Karyotype of CABA I cells at the 18th passage.

Results

Cytogenetic analysis. After cytogenetic analysis of the
18th passage, we noted a highly complex karyotype with a
modal number of 57-58 chromosomes, 44 clonal markers and
a chromosomal instability which was represented by frequent

sporadic aberrations (Fig. 1). We also noted that eight of the
clonal markers are present in duplicate. The description of
the structural aberrations is reported in Table II. Certain
chromosomal regions, such as 7pl11-13, 15q11-15 and 17p11-13
seemed to be over represented, while others, i.e., 6q25-27, 9p
and 15q24-qter were lost.
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Table II. Description and frequency of chromosomal markers.

Marker Description %

Ml der(9)t(1;9)(p13.3;p21.2)del(9)(q21.2) 100
M2 del(1)(q11) 100
M3 der(4)t(1;4)(q12;p12)inv(4)(p12q21) 100
M4 der(Nt(1;7)(q21;7) 100
M5 der(1)t(1;9)(p22;q13)del(1)(q11) 100
M6 der(Nt(2;7;2)(q21;7;7) (x2) 100
M7 der(2)t(2;8)(q14.2;q13) 100
MS8 der(3)t(3;7)(q25;?7)inv(3)(p21g25) 100
M9 del(3)(p14) 100
MI10 der(3) ? (x2) 100
MIl1 der(14)t(4;14)(q13.2;p11) 100
MI12 del(4)(q12) 100
M13 inv(5)(p15q13)del(5)(q13) 100
Ml14 del(5)(q15) 100
M15 der(15)t(5;15)(p13;p12)del(15)(q13) 100
M16 der(Nt(5;7)(q15;7) (x2) 100
M17 del(6)(q25.1)del(6)(p21.1)inv(6)(q25.1q11) 100
Mi18 der(7)t(7;16)(p22;p11) inv(7)(ql1p22) 100

inv(7)(q11g32)
M19 inv(7)(p22q21) 100
M20 del(7)(p15)del(7)(q11.2) 100
M21 dup(8)(g21qter) 57
M22 del(8)(q11q22) 100
M23 der(19)t(9;2;19)(q13;7;q11 o p11) 100
M24 inv(10)(q21.2q23.2) (x2) 100
M25 inv(11)(p11.2q13.3) (x2) 100
M26 inv(13)(p12q21.2)inv(13)(q12q21.2) 100
M27 inv(13)(p12q21.2)inv(13)(q12q21.2)del(13)(q14) 100
M28 del(15)(q24)inv(15)(q11.2q24) (x2) 100
M29 del(15)(q15) 100
M30 der(16)t(X;16)(?;p13) 100
M31 der(Nt(?;17)(7;921) 30
M32 i(17p) 30
M33 der(20)t(20;21)(p13.1;q11) 100
inv(20)(p13.1q13.1)inv(21)(q11q22.3) (x2)

M34  inv(18)(pl11.3g21.3) inv(18)(ql1.2q21.3) (x2) 100
M35 der(7)t(7;22)(q11;q11)del(7)(p15) 100
M36 der(Nt(6;22;?7)(q15;q11.2;?7) del(6)(q25.1) 100
M37 del(16)(q21) 100
M38 del(2)(q21) 100
M39 del(6)(p22.2)del(6)(q13) 100
M40 del(6)(q13) 100
M41 del(7)(p15)del(7)(q11) 100
M42 der(X) 100
M43 der(X)t(X;12)(q27;q12) 40
M44 t(M31;?) 70

Eight of the clonal markers are present in duplicate (presented in
bold).

Studying the cells at the 38th passage provided some
interesting evolutionary changes in the complex karyotype
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Figure 2. Karyotype of CABA I cells at the 38th passage: the figure depicts
the markers modified in the 38th passage.

regarding both the structure and frequency of previous identi-
fied markers, as shown in Table III: namely, markers M3, one
copy of M34 and M39 have undergone further rearrangements,
M43 and M44 (a rearrangement of M31) have modified their
frequency (increasing up to 100%), while M31, M32 and M41
are definitely lost, leading to a modal number of 55 (Fig. 2). The
chromosomal regions lost or gained in 18th and 38th passages
are depicted in Fig. 3.

STR profiles. Fig. 4 depicts the complete STR profile for
CABA I cells at 18th (Fig. 4A) and 38th (Fig. 4B) passages.
Fig. 5 depicts a typical human male and female STR
profile (Fig. SA and B, respectively), including all the peaks
the kit was able to identify. A comparison of Figs. 4 and 5
highlights the fact that only 3 alleles are properly detected
in both CABA I samples. Amelogenin marker is present,
confirming that CABA T are cells from a female, as well
as D7-10 and FGA-28.2 STR alleles. The kit also identified
alleles belonging to PENTA E and CS1PO loci; even though
they were not placed exactly in the used allelic ladder (and thus
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Table III. Cytogenetic changes between the 18th and 38th passage in the CABA I cell line.

Frequency at

Marker Description of marker 18th passage 38th passage
Modal no. - 57 55
M3 der(d)t(1;4)(q12;p12)inv(4)(p12q21) 100% 5%
M3 mod invdup(1)(q12q32)der(4)t(1;4)(q12;p12)inv(4)(p12g21) 0% 95%
M21 dup(8)(g21qter) 57% 40%
8 normal 43% 60%
M31 der(Nt(7;17)(7;921) 30% 0%
M31 mod. (M44) der(Nt(7;17;7(7;921;7) 70% 100%
M32 i(17p) 30% 0%
M34 (1 copy) inv(18)(p11.3g21.3) inv(18)(q11.2q21.3) 100% 0%
M34 mod. der(M39)t(M34;M39) 0% 100%
M39 del(6)(p22.2)del(6) (q13) 100% 0%
M41 del(7)(p15)del(7)(ql1) 100% 0%
M43 der(X)t(X;12)(q27;q12) 40% 100%

Table IV. STR changes between the18th and 38th passages in
the CABA I cell line.

PowerPlex 16 HS 18th passage 38th passage

D3 16 -

Penta E OL (between OL (between

alleles 6 and 7) alleles 6 and 7)

CS1PO OL (between OL (between
alleles 13 and 14) alleles 13 and 14)

Amelogenin X X

D7 10 10

FGA 28.2 28.2

STR, short tandem repeat.

were not tagged by software as off ladder) they maintained a
steady position (detailed in Fig. 6). A summary of the obtained
results is reported in Table IV.

Discussion

The use of cell lines is a pivotal tool in biological research;
to prevent drawbacks such as invalidated results and wasting
years of work, it is fundamental to avoid the use of misidenti-
fied or cross-contaminated cell lines (24,25). The identification
of cell lines has been performed, over the years, using several
strategies, ranging from isoenzyme analysis (it is possible to
identify cell lines by analyzing isoenzyme electrophoresis
profiles and comparing migration patterns with specific and
known controls) (26,27), immunophenotypic and immunocy-
tochemical analysis (identification of certain markers could
help in the characterization of the histological origin of cell
lines) (28,29), human leukocyte antigen (HLA) typing (27),
cytogenetic analysis (30) to DNA fingerprinting (cells are
identified by their specific DNA profile) (31,32).
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Figure 3. Chromosomal regions lost or gained in the 18th and 38th passages:
red denotes gains in 18th and 38th passages, blue denotes losses in 18th and
38th passages, pink denotes gains in 18th passage, yellow denotes losses in
38th passage, and black denotes gains in 38th passage.

DNA profiling techniques take advantage of specific
genetic differences between individuals in DNA variable
loci (32) and are based on DNA amplification by PCR; these
techniques take into account both directed amplification of
minisatellite-region DNA (DAMD) and the variable number
of tandem repeats (VNTR), which are highly specific to each
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Figure 4. CABA I STR profile: short tandem repeat (STR) profile of CABA I cells at 18th (A) and 38th (B) passages.

individual (33). The high level of progress of technology in this
field led, eventually, to the development of STR analysis (19,25).

STRs, also known as SSRs (simple sequence repeats) or
microsatellites, are short sequences of non-coding DNA of
2-7 base pairs, which are repeated as di-, tri- or tetra-nucleotide
tracts (34); they account for approximately 3% of total DNA
and are thought to play a role in the chromosome structure.
They are used as molecular markers of specific loci of the
genome; indeed, the microsatellites are located on different

chromosomes and are highly polymorphic, can be easily
amplified by PCR, and their analysis allows us to define a DNA
profile with which we can typify an individual (as it is specific
for each individual) (35). This is possible since microsatellite
loci differ in each person in terms of the number of repetitions
in sequence homologues between individuals.

If compared to other DNA techniques, such as VNTR,
they are characterized by higher sensitivity and, being highly
polymorphic, they have great powers of discrimination (32).
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Figure 5. Typical human short tandem repeats (STR) profiles: typical male (A) and female (B) human STR profiles.

STR analysis is easily multiplexed, and thus several loci
can be analyzed at the same time; over the years, several
combinations of STR have been analyzed and the number
of loci examined has gradually increased (32); usually, the
gender identification-marker Amelogenin is also added to
other specific STR to assess whether the sample originated
in a male or female (25). Considering such STR features, it
is not surprising that they have become essential in several
fields ranging from the characterization of disease genes,
population genetics studies, human identification and pater-

nity testing (35). Even in research, the STR profiling of cells
is highly recommended, most of all for cell identification (25);
indeed, STR profiling has quickly become the international
reference standard to identify cell lines and is currently the
most widely used method (19-22,36).

However, that said, it is interesting to point out that, in the
same cell lines, continuous passage in the culture causes a
genetic drift and, particularly in cancer cells, genetic alterations
(such as loss of heterozygosis, allelic deletions or instability)
induce changes in STR profiles (21,37,38); alterations of DNA
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Figure 6. Details of CABA I alleles: CABA I cells at 18th passage, details of (A) Penta E and (B) CSF1PO alleles. CABA I cells at 38th passage, details of

(C) Penta E and (D) CSF1PO alleles.

fingerprinting profiles have been already reported for some
established hematopoietic cancer cell lines, during long-term
culture; alterations were so drastic that DNA fingerprinting
profiles of cultured cell lines and parental cells also differed
considerably (23).

In the present study, we reported on the genetic character-
ization of the CABA I cell line, an ovarian cancer cell line of
epithelial origin which was established in the 1997 from ascitic
fluid obtained from a patient with papillary adenocarcinoma
of the ovaries prior to drug treatment (10). Just after isolation,
CABA I cells (at the 18th passage) were first roughly analyzed

by means of classical cytogenetic techniques (GTG-banding)
alone (10). Subsequently, in the present study, a more in-depth
genetic characterization was performed, involving studying
the STR profile and molecular cytogenetic data from the 18th
passage. Moreover, in order to verify the in vitro long term
culture effects on the genetic features of the CABA I cell line,
these examinations were repeated on cells at the 38th passage.
It was not possible to recover the donor's original tissue, and
initial passage stocks of CABA I cells are no longer avail-
able for comparison, and thus we compared 38th with an
18th passage, which is the most precocious we have. This
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passage is the same as that used for original analyses, which
were undertaken as soon as the cell line was established years
ago (10).

In the present study, STR profiles were analyzed by
means of the PowerPlex 16 HS kit. The amplification PCR kit
PowerPlex 16 HS is a multiplex STR test that co-amplifies in a
single PCR all the 13 loci (D18S51, D21S11, THO1, D3S1358,
FGA, TPOX, D8S1179, vWA, CSF1PO, D16S539, D7S820,
D13S317 and D5S818) required from the Combined DNA Index
System (CODIS) for individual identification in the USA (39),
the gender-specific marker Amelogenin, and two additional
low-stutter and highly discriminating pentanucleotide STR
loci, Penta E and Penta D. It is evident from the comparison
with a normal STR profile (as shown in Fig. 5) that the CABA 1
cell line STR profile is not complete, showing only the loci D7,
FGA and Amelogenin (this latter confirming that it is female
DNA). One possible explanation is that the primers find only
three unchanged attack sites (allowing for amplification of
only the three corresponding loci) while other primers no
longer recognize the complementary sequences due to the
DNA changes, as highlighted by our cytogenetic analysis.

Even if the CABA I cell line exhibits an anomalous STR
profile that does not fully adjust the criteria currently used for
the identification of human cells, nevertheless chromosome
analysis confirmed the human origin of this cell line since we
noted the presence of certain normal chromosome, such as 8§,
12, 14, 19 and X.

The obtained data suggest that the particular karyotypic
complexity of the CABA I cell line, as shown by the results
from chromosomal analysis at the 18th passage, are due to
development following a progression scheme akin to that
described in a case of primary ovarian cancer (40): i) genomic
instability with the onset of few chromosomal structural
aberrations; ii) polyploidization; and iii) massive structural
changes and loss of individual chromosomes. According to
this scheme, markers M6, M10, M16, M24, M25, M33 and
M34 (present in duplicate) as well as nullisomy on 6q25-27
are likely to have arisen early in tumor progression.

The comparative cytogenetic analysis of the two different
passages in CABA I cell line undertaken in the present study
has demonstrated some features of evolutive behavior in
neoplastic cells, corroborating our hypothesis on the develop-
mental outline in neoplastic cells, which is essentially similar
in the cell line and primary tumors. In fact, the occurrence
of non-reciprocal translocations between some markers (M3,
M31, M34 and M39) increases the complexity of this karyo-
type, and appears to be a way of reducing ‘step-by-step’ the
number of double markers and the total number of chromo-
somes, and masks the initial ‘phase’ of polyploidization.

In addition, the cytogenetic balance of the 18th as well as
the 38th passage outlines that certain regions, as previously
reported (41), are preferentially lost (i.e., 6qter), whereas
others, such as 12q, are over-represented. In particular, the
over-representation of 12q, previously described as an ovarian
cancer marker, in CABA I demonstrates a progressive achieve-
ment (M43), thus representing a secondary change in the
evolution of this type of tumor.

Previous imbalance of 15q11-15 and 7p11-13 regions also
seems to be confirmed, while 17p gains are sensibly reduced
to a loss of M32.
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Finally, even if CABA I exhibited a noteworthy chro-
mosomal instability, we have observed after 20 passages
a substantially consistent pool of cytogenetic aberrations,
demonstrating that recognized chromosomal aberrations are
quite stable and probably present in vivo, too.

All these findings suggest that cytogenetic studies on cell
lines are as reliable as those on primary tumors and, thus,
represent a useful means of identifying the chromosome regions
potentially responsible for tumor progression and evolution.

In conclusion, our data suggest that CABA I exhibits
in vitro cellular behavior which overlaps with that observed in
primary tumors where genome instability promotes the onset
of chromosomal rearrangements that, conferring a prolif-
erative advantage, characterize certain developmental stages
and progression of the tumor itself. Such features make the
CABA I cell line a suitable candidate to analyze, in vitro, the
genetic evolution of ovarian cancer cells in vivo.

In addition, it is possible that karyotypic complexity
resulting from many in vivo accumulated aberrations also
significantly altered the STR pattern, so that of the 16 loci
generally used in human STR profiles only 3 were properly
detectable in CABA 1 cells; nonetheless, this molecular
situation remains stable within 20 passages and represents
another characteristic of the CABA cell line which is useful
for checking its identity. A possible explanation for the anoma-
lous STR profile, if compared to normal cells, can be found in
the failure of remaining STR loci to amplify; the latter may
be due to mutations and karyotypic rearrangements accumu-
lated during in vitro culture, which implies that primers can
no longer properly hybridize, not allowing, consequently, the
amplification of corresponding fragments.

Moreover, it is evident that, even if it is widely used to
identify and characterize cell lines, the STR profile alone is
not sufficient as a marker for particular cell lines.
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