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UM-EC-1, A NEW ENDOMETRIAL CANCER CELL LINE

Fig. S. Karyotype from the primary culture
of endometrial carcinoma UM-EC-I. The con
sensus karyotype is detailed in the text and
Table 1. In this cell there is monosomy 4, 13,
and 19. There is a pericentric inversion of
chromosome 1, deletion of chromosome 9q,
deletion of 18q, and isochromosome or Kob
ertsonian fusion 22q. There is an extra chro
mosome 8 with about half of 12q attached to
its short arm, resulting in duplication of most
of 8 and of the 12q segment. The ring chro
mosome, observed in about half of cells, ap
pears to be a ring 4 (see Fig. 6 and text).
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Table 2 Karyotypes of 13fully analyzed cells from a UM-EC-I expiant culture at passage 2

The most commonly observed finding for each chromosome was taken as the consensus karyotype. Cells 4 and 10 on this table express the consensus karyotype.
Cell number 12 contained the consensus karyotype plus the ring (4?) marker. Except for mosaicism for presence or absence of the ring chromosome, all of the
differences among cells were considered artifactual. Whereas most cells had two 8s plus the derived 8, two cells, 2 and 13, had only one normal 8 plus the derived 8.
Cell 6 had two normal 8s and two derived 8s. Cell 1 had trisomy 5 and trisomy 16. One cell each had a t( 1;7) involving the usually normal 1 chromosome (cell 3),
nuIlisoii)> 4 (cell 5), duplication 7pl5â€”Â»p22(cell 7), monosomy 6 (cell 11), monosomy 9 (cell 8), trisomy 11 (cell 9), and monosomy 12 (cell II). The consensus
karyotype is given in column two. How each individual cell (#1-13) differed from the consensus is shown in the right side of the table.

Cell/count

Chromosome Consensus karyotype 1/45 2/42 3/44 4/43 5/42 6/44 7/44 8/43 9/44 10/43 11/41 12/44 13/42

1234S67891011121314IS16171819202122XMarkersinv(l)(p32q42)aÂ«ok*'ok-4

nullok
+5ok
-6ok

Â«aÂ«b+der(8)t(8;12)(p23.1;q22)
-8 *c-8del(9)(qll)

Mokok

+11ok
-12-13,

-13,+t(13;13)(pl3;13)okokok

+16okdel(18)(qll.2q21.3)-19okok-22,

-22, +t(22;22)(pl l;pl1)okâ€¢e

Â«e Â«e Â»e Â«e

t(l;7)(p36.3;pl5)
monosomy 9

â€¢b ?dup(7)(pl5p22)
*e +tÂ¡nyring chromosome

*c +der(8)
*f ok = 2 normal chromosomes

sage 17 lacked the t( 13; 13) and had either one or two copies of UM-EC-1 cells have dicentric chromosomes we evaluated
chromosome 13 in the diploid cells. Since no cells were found
in the primary culture with two normal 13s, the t(13;13) may
represent a true isochromosome rather than a translocation
between homologous 13s.

Nuclear Projections and Dicentric Chromosomes 13 and 22.
Interphase nuclear projections (blebs) have been reported to
occur in cell lines carrying a dicentric chromosome (26). Since

whether such projections were present. Nuclear projections
were observed in interphase cells from all passages of UM-EC-
1 cells examined. Seven of 100 interphase cells scored in UM-
EC-1 collagenase-derived cultures (passages 2-4) had nuclear
projections Fig. 7 whereas nuclear projections were never ob
served in control cells from a normal male fibroblast cell line
(500 cells scored). This is evidence for functional activity of
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UM-EC-1, A NEW ENDOMETRIAL CANCER CELL LINE

To determine whether the t(13;13) or t(22;22) are isochro-
mosomes we examined the patient's normal lymphocytes for
Q-band variance on the chromosome 13 and 22 paracentro-
meric region. Both of the normal lymphocyte 22cs were pale to
medium in fluorescence and for this reason were noninforma
tive. However, the normal lymphocyte 13cs differed in fluores
cent intensity. One was pale to medium and the other was
medium to intense in fluorescence. Both of the 13c bands in
the t(13;13) of the UM-EC-1 cultures exhibited pale to medium
fluorescent staining as did the 13c band of the solitary chro
mosome in UM-EC-1 cells with monosomy 13. This result
suggests that the t(13;13) represents an isochromosome rather
than a Robertsonian translocation. The foregoing observations
are consistent with monosomy as the original karyotypic event
affecting chromosome 13. Subsequent events then may have
led to isochromosome formation or (in all except the passage
17 expiant culture) nondisjunction leading to a cell population
with two copies of the single homologue. The possible origin
of the isochromosome 13 is depicted diagrammatical ly in Fig.
8 and described in the legend.

*

Fig. 6. Partial karyotypes from endometrial carcinoma UM-EC-1. A, pairs of
chromosome 1 from three cells illustrate a pericentric inversion (right) with
breakpoints at Ip32 and Iq42. B, der(8) from two cells is shown in the center
between pairs 8 and 12 from the same cells to illustrate the origin of the der(8)
from a t(8; 12) (p23.1 ;q22). The number 12 pair is shown upside down to compare
banding patterns with the derived chromosome. C, two 9 pairs show that most of
9q is deleted from one homologue. D, isochromosome 13 or Robertson Â¡unfusion
13;13 from a G-banded cell (/e/O illustrates the large amount of short arm material
remaining. There are two C-band positive blocks on this chromosome (next two
examples), and the two examples at right illustrate that much of the material
between the centromeres is Ag-NOR positive. Â£,two 18 pairs show the deletion
of 18q. This could be either deletion 18q 12.3 â€”>qter or an interstitial deletion of
ISql 1.2 â€”>q21.3. f. isochromosome 22 or Robertsonian fusion 22:22 is shown
in two G-banded examples. G, three G-banded examples of the tiny ring are
shown on the left. At the right examples of chromosome 4, the ring, and
chromosome 19 are shown after C-banding to compare the size of the centramene
heterochromatin.

both centromeres on either t(13;13), t(22;22), or both.
Since the two centromeres on chromosome t(13;13) were

separated by a wide gap it was possible to determine the number
of primary constrictions on this chromosome. In the primary
culture the t(13;13) had 2 primary constrictions in 6 of 13 cells.
Likewise, in the passaged cultures the t(13;13) had 2 primary
constrictions in about one-half of the cells.

DISCUSSION

UM-EC-1 has characteristics typical of malignant endome
trial cells, including aneuploidy, continuous growth in tissue
culture, and the capacity to produce in athymic mice poorly
differentiated tumors histologically similar to the original tu
mor. In vitro the tumor cells tend to pile up or grow in 3
dimensions. UM-EC-1 cells grow to a density of more than one
million cells/cm3, which is the highest density we have observed

with human tumor cells. The cells are also poorly adherent in
culture, especially at high cell density. This is consistent with
the loose histological appearance of the cells in tissue sections.

The karyotype of UM-EC-1 is well defined and was remark
ably stable over many passages. It is also consistent with reports
in the literature that in general describe a limited range of
chromosome abnormalities in endometrial carcinomas. Trent
and Davis (13) reported "D group" abnormalities in two of

three adenocarcinomas, including a t(13;15) and a t(l;15).
Working with cytogenetic preparations directly from tumor
tissue, Slot (12) found that 17 of 20 well-differentiated endo
metrial carcinomas were hypodiploid and that 7 of 9 poorly
differentiated carcinomas were polyploid. In other studies of
short-term cultures or direct preparations of endometrial car
cinomas several types of chromosomal abnormalities were
found including duplication or triplication of the long arm of
chromosome 1 (27); chromosome 8, 12, and X abnormalities
(28); duplication of Iq and deletion of 1Ip (29); trisomy 10 and
+ lq (30). In several cases polyploid cells were also observed.
Using flow cytometry Iverson (31) found that 14 of 52 endo
metrial carcinomas had more than one identifiable cell popu-

Table 3 Summary of distribution of chromosome 13 and the marker ring in UM-EC-1 cultures

Chromosome 13distributionCultureExplant-derived

Collagenase-derived

TotalPassagePrimary

2-4
17
2

12
43No.

of
cells19

SO
SO50

SO4

50
269-1317

6
30
20
10
2

85Diploidiso

133721

30
26

1142

13s111

12-13,

-1325

62

15Tetraploid2

iso13s82617

324

13s415Ring
marker
r(?4)1027

N/C"

27
N/C
N/C

" N/C-not counted.
* Three cells with other 13 rearrangements were also observed.
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UM-EC-1, A NEW ENDOMETRIAL CANCER CELL LINE

Fig. 7. Photomicrograph of interphase nuclei prepared by in situ fixation of
UM-EC-1 cells grown on glass slides and stained with 5% Giemsa stain (Fisher).
Nuclear blebs may be due to dicentric bridging during the previous mitotic
anaphase.

lation (i.e., the tumors were clearly aneuploid). Aneuploidy
correlated with a poor prognosis and was more frequently found
in poorly differentiated tumors than those that were well differ
entiated. As reviewed by Richardson et al. most established
endometrial carcinoma cell lines have been near diploid with
few or no obvious marker chromosomes (2). However, only
four have been characterized cytogenetically with chromosomal
banding techniques. Cell line SCRC-1 (14), derived from a well-
differentiated carcinoma, had an apparently normal karyotype,
with about 20% tetraploid cells. Cell line RL95-2 (15), from a
moderately differentiated carcinoma, had trisomy 8 with about
25% polyploidy in early passage and 8% in later passage levels.
Cell line AC-258 (16), from a poorly differentiated carcinoma,
had a relatively stable karyotype over passages ranging from 1
to 102 although the counts ranged from 58 to 80 chromosomes.
The line contained trisomy of several autosomes plus 8-17
marker chromosomes, including t( 1;9), t(8;?), t( 11;16), t( 15; 17),
rob t(13;21) and t(3;?). Cell line KLE (2), from a poorly differ
entiated carcinoma, had 51-66 chromosomes with a multitude
of chromosome gains and losses including monosomy 10, 15,
19, and 22, trisomy or tetrasomy 4, 6, 8, 12, 16, 20, 21, and X,
and there were several markers including Iq deletions, 1(2;?).
t(13;?), and t(14;?).

Thus there is heterogeneity in the karyotypes identified in
endometrial cancer but a recurring theme is that of near diploid
chromosome content and some consistent chromosome varia-

Fig. 8. Possible origin for the chromosome 13 variation observed in UM-EC-
1. Left, depiction of the 13s in the patient's normal somatic cells. The 13 on the
left, with a region pi shown in white, represents the homologue with a Q-band
pale centromeric region. The 13 on the right, with region pi hatch-marked,
represents the homologue with a medium-fluorescent centromere region by Q-
banding. The first mutation involving chromosome 13 may have been loss of one
13 by nondisjunction resulting in monosomy 13 (renter). Subsequently, the
remaining 13 apparently underwent isochromosome formation (evident in most
passages of most cell lines) or nondisjunction to provide two copies of the medium-
fluorescent 13 (evident in explant-derived passage 17).

tions. UM-EC-1 was near diploid with relatively few chromo
somal changes, all of which could be defined with confidence.
Chromosome 1 rearrangements are frequent in endometrial
carcinomas (13, 27, 29, 30). This is consistent with our finding
of a pericentric inversion of chromosome 1 with breakpoints at
Ip32 and Iq42, although in UM-EC-1 the rearrangement ap
pears to be balanced. That a \-myc homologue has been iden
tified in lung cancer at the Ip32 locus is a finding that may in
the future be found to have significance if there is an alteration
in expression or structure of the myc protein in this cell line.

UM-EC-1 also contains a consistent rearrangement involving
chromosomes 8 and 12. In the simplest analysis, this re
arrangement results in duplication chromosome 8p23.1 â€”*qter
and duplication chromosome 12q22 â€”Â»qter. This might be
significant if increased expression of oncogenes such as c-myc
and c-mos on the long arm of chromosome 8 (32, 33) or the
cellular homologue of \-int-l on chromosome 12 or the insulin-
like growth factor (locus at 12q22 â€”Â»q24) can be demonstrated
in UM-EC-1. Trisomy 8 was consistent among all three poorly
differentiated endometrial carcinoma cell lines that have been
karyotyped with banding: RL95-2 (14), KLE (2), and UM-EC-
1. The other alterations found in UM-EC-1 were monosomy 4
and 19 and deletions 9ql 1 â€”*qter and 18q. Loss of 19 was also
described in KLE cells (2).

In this investigation we studied the expression of cell surface
antigens whose chromosome loci have been mapped. Expres
sion of blood group A and H antigens could not be demon
strated in UM-EC-1 cells. Loss of mature blood group antigen
expression is common in squamous carcinomas (34). However,
failure to express the precursor is rare. The mechanism which
controls blood group expression is not known, nor is the
mechanism by which tumor cells fail to express blood group.
However, one possibility we have considered is that a defect
involving deletion of chromosome 9q like that observed in UM-
EC-1 cells could result in the loss of expression of the ABH
genes which have been mapped to 9q34.
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Jones et al. (21) demonstrated that the E7 antigen was
associated with a locus on the short arm of chromosome 11.
Expression of the E7 antigen was strong in UM-EC-1 which is
consistent with the presence of two apparently normal copies
of chromosome 11. Human class I HLA antigens were ex
pressed at levels comparable to other cell types. This is also
consistent with intact chromosomes 6 (HLA heavy chain) and
15 (/3-2-microglobulin).

The translocations involving chromosomes 13 and 22 could
represent either simple Robertsonian fusions between the hom
ologues or could represent the isochromosomes (genetically
identical arms) with loss of the homologue via nondisjunction.
The distinction between these two possibilities is important
because a nondisjunction-isochromosome mechanism would
result in homozygosity of all of the alÃeleson the chromosome
and would permit expression of recessive genes or mutations.
For example, the Rb-1 alÃeleon chromosome 13 that has been
described in retinoblastoma (35, 36) appears to function as a
recessive oncogene. The monosomy 13 observed in the primary
culture of UM-EC-1 is circumstantial evidence that a primary
nondisjunctional event occurred which in some cells was fol
lowed by isochromosome formation. Q-banding of the 13s in
the patient's normal cells and homogeneous Q-banding of the

dicentric t(13;13) indicate that the t(13;13) is more likely an
isochromosome than a Robertsonian fusion. (Q-banding analy
sis of chromosome 22 was not informative.) Isochromosome
formation might have a selective advantage over monosomy
because doubling the dose of "housekeeping" genes on these

chromosomes would return the cell to normal balance with
respect to these genes. Dutrillaux and Couturier (37) hypothe
sized that such chromosome changes in endometrial adenocar-
cinoma may confer advantage to cells which have extra copies
of segments that carry housekeeping genes. The isochromo-
some 13 tends to predominate in most of the later passages
with the exception of the subline represented by explant P17.
This may indicate that growth advantage is associated with the
isochromosome. We are presently isolating clones from UM-
EC-1 to compare the monosomic cells with those containing
the t(13;13). Molecular genetic analysis now underway may
provide evidence of heterozygosity or homozygosity of loci on
22, confirm homozygosity on chromosome 13, and identify
submicroscopic deletions on 13 or 22.

All of the UM-EC-1 cultures were similar in having about
15% near tetraploid cells. Tetraploidy was not the result of
colcemid-induced endoreduplication (C-mitosis), since these
cells were observed in metaphase preparations not treated with
colcemid (7 of 50 cells scored from expiant passages 2-4).
There may be a stable subpopulation of tetraploid cells, but it
is perhaps more likely that they arise from abnormal mitoses
of the near diploid cells since in each subline the proportion of
chromosome 13 variations was similar in both the near tetra
ploid and the near diploid cell populations (Table 3).

UM-EC-1 is a highly tumorigenic cell line with well-defined

phenotypic and cytogenetic markers. Several chromosome ab
normalities have been found which are highly stable and con
sistent in the majority of cells from multiple passages. Further
more, several of the chromosome breakpoints have occurred
near or at the location of known oncogenes. These observations
suggest that these are not random changes but rather may
represent the karyotypic events that initially led to the trans
formed behavior of these cells. Changes involving chromosomes
1, 8, 12, 14, and 19 that are similar to those found in UM-EC-
1 have been reported by several other authors (2, 13, 15, 16,

27, 28, 30) and may prove to be consistent markers of endo
metrial carcinoma.
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