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Abstract

The reciprocal translocation t(9;16)(q22;p13) was identified in three
short-term cultured basal cell carcinomas (BCCs). The t(9;16) was the sole
anomaly in one clone in two tumors and was accompanied by a second
change that also affected the long arm of chromosome 9 in the third. In
addition, other cytogenetically unrelated abnormal clones were also found
in all three BCCs. The identification of t(9;16)(q22;p13) as a primary
chromosomal abnormality in a subset of BCCs (we found it in 3 of 22
tumors) is especially intriguing against the background that the PTCH

gene, which when mutated in the germ line presumably gives rise to the
autosomal dominant basal cell nevus or Gorlin's syndrome, maps to
chromosome band 9q22. None ofthe genes rearranged in the BCC-specific
t(9;16)(q22;p13) translocation have been identified, but we hypothesize

that the translocation represents the cytogenetic corollary of a tumon
genic recombination ofPTCH with an as yet unknown gene in l6pl3. If so,
this would be the first time that a tumor suppressor gene causally involved
in a hereditary cancer is shown to be frequently rearranged through a
specific translocation in sporadic carcinomas of the same type.

Introduction

Although BCC3 of the skin is the most common malignant tumor in
humans (1), karyotypic information on these neoplasms is restricted to
only 17 cases with clonal chromosome aberrations (2â€”8).The previ
ously examined tumors were all found to have variable karyotypic
changes, so no insights were gained as to the putative genetic events
presumed to be specific for BCC tumorigenesis. Because it is ques
tionable whether the cells analyzed from the BCCs in many of the
early studies really belonged to the tumor parenchyma (Refs. 9 and
10; standard serum-containing media facilitating the growth of stro
mal cells were usually used for cell culturing), the absence of non
random findings cannot be taken as conclusive evidence that no
specific chromosome-level changes exist.

We have begun to use chemically defined growth media with no or
minimal addition of serum to be able to culture epithelial neoplastic
cells from head and neck and skin tumors more reproducibly (10).

Here we report the finding of the same reciprocal translocation,
t(9;16)(q22;p13), in three BCCs.

Materials and Methods

All three tumors were histologically and/or cytologically verified BCCs
taken from sun-exposed areas of patients without any known familial predis
position to cancer (Table 1). The cases were selected for presentation in this
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report on the basis of the finding of a t(9;16) in each of them (see below); they
are part of a series of 22 BCCs with clonal chromosome aberrations studied by
us during the same period and with the same technique.4

The tumor samples were minced with scissors and enzymatically disaggre
gated in collagenase II, either in 280 units/mI for 2-3 h or 100 units/ml
overnight. The resulting suspension of small cell clumps was washed twice in
RPM! 1640 and plated out in vitrogen-coatedcultureflasks in keratinocyte
serum-free media (04lâ€”l7005M; Life Technologies, Inc.) supplemented with
2â€”5%FCS and antibiotics (100 lU/mi penicillin, 0.2 mg/ml streptomycin, and

2.5 @g/mlamphotericin B). The cultural morphology was observed by inverted

microscopy. In all flasks from all three tumors, small uniform epithelial-like

cells with dark nuclei were seen. In addition to this cell population, morpho
logically different larger epithelial cells were seen in one of the flasks from
case 2 and in both flasks from case 3. Also, fibroblast-like cells were seen,
especially in case I and in one of the two flasks from case 2.

The cultures were harvested after 5â€”10days, using conventional techniques.
G bandingwas obtainedwithWright'sstain.The descriptionof thekaryotypes
followed the recommendations of the International System for Human Cyto
genetic Nomenclature (1995) ( I 1).

Results

The karyotypes of the three BCCs are listed in Table 1. No less than
13 cytogenetically unrelated clones were detected in case 2. The
translocation t(9;16)(q22;p13) was accompanied by an apparently
balanced t(3;9) in the clone of interest in the present context (Fig. 1);
the chromosome 9 breakpoint in this second translocation was in ql3,
i.e. clearly proximal to the q22 breakpoint of the 9;l6 translocation.
Case 1 had 12 cytogenetically unrelated clones. The defining feature
of one of them was a balanced t(9; 16) identical to the one seen in case
2 (Fig. 2). Case 3 had 10 cytogenetically unrelated clones, 1 of which
displayed a t(9;l6)(q22;p13) translocation as the only change (Fig. 2).

Discussion

When dividing cells are processed for chromosome banding anal
ysis, they lose the phenotypic characteristics according to which they
are normally classified. We nevertheless believe that the small uni
form cells with dark nuclei were the ones carrying the t(9;16), not
least because they were present in the cultures from all three cases.
Experience has taught us that these cells, which based on morpholog
ical appearance are the ones most likely to belong to the BCC
parenchyma, are extremely difficult to maintain in vitro; often they
divide slowly, begin to detach from the growth surface early on, and
may indeed be lost from the culture after about a week. This may
explain why the clones with t(9;l6) were so small in all cases.

In addition to the cells carrying a 9;16 translocation, many other
unrelated clones with variable structural and/or numerical changes
were also detected in all three BCCs, but never with the same gain or
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Table 1 Cytogeneticfindings in the three BCCs

Case no. Lab no. Age (yrs)/sex Karyotype

1 2750-95 82/M 1;q24)[2l/46,XY,
t(l;l5Xp36;q22),t(10;l3)(q26;q22)[21/46,XY,t(1;20)(q21;pl 1),t(3;l8)(p2l;pl l)[2J/46,XY,t(4;l9)(q23;ql3)[2J/46,XY,t(8;l7)(p21 ;q25)

[2]/46,XY,t(9;l4XplO;plo)[21/46,XY,t(9;l6)(q22;pl3)[2]/46,XY,t(9;20)(pl l;q13)[2J/46,XY[65]
2 275 1-95 671M 47,XY,+9[6J/48,XY,+9,+20[40J/46,XY,t(3;l5)(ql3;q24)[6]/46,XY,t(l ;7)(p22;q36)[4]/46,XY,inv(16)(ql 1q24)[41/46.XY,t(3;9)(q26;q13),

t(9; l6)(q22;pl 3)[3]/46,XY,t(4;11)(q35;q23)[3J/46,Y,t(X;19)(pl 1;ql 1),t(1;l5)(q43;q2l )[2J/46,X,t(Y;7)(ql 1;p15)[21/46,XY,t(2;3)(p25;p21)
[2]/46,XY,t(3;5)(q29;q3l)[2]/46,XY,t(4;13)(q25;q22)[21/46,XY,t(5;l7)(pl0;qIO)[2J/46,XY,t(1l;l2)(pl l;q24)[2]

3 67-96 59/M 47,XY,+ l8[6]/45,X,â€”Y[4]/47,XY,+Y[4]/46,XY,del(6)(q21)[41/46,XY,t(9;16)(q22;pl3)[4j/46,XY,t(3;l8Xpl4;pl l)[41/46,XY,t(6;8)(p23;q22),
t(15;15)(ql3;q22)[3]/46,XY,t(12;20)(q13;ql3),t(l5;16)(ql l;p13)[3]/46,XY,t(l;l4;lO)(p36;q22;q22)[2J/46,XY,der(3)t(3;8)(ql3;q24),der(4)t(4;8)
(q31;p23),der(8)t(3;8)(q13;q24)t(4;8)(q31;p23)[2]/46,XY[3]

loss of a whole chromosome or the same structural rearrangement in
more than one clone. The finding of multiple, cytogenetically unre
lated clones may be interpreted in different ways. Although it is possible
that all chromosomally abnormal cells belong to the neoplastic paren
chyma and that a submicroscopic mutation is shared by all clones in each
tumor (in which case the observed cytogenetic diversity would merely
reflect divergent clonal evolution), we find this attempt at explanation
contrived. It is in our opinion more likely that at least some of the clones,

in particular in cases 1 and 2, which demonstrated a predominantly
flbroblastic cultural growth pattern, represent changes incurred by stro
mal cells. This is especially so because certifiably nonneoplastic skin and
upper aerodigestive tract mucosa have been demonstrated to contain cells
with clonal chromosome abnormalities (9). Finally, we are open to the
possibility that whereas some of the clones are noninformative about the
genetic events taking place in the BCC parenchyma, others may be
evidence of polyclonal tumorigenesis in the skin. Some of the clones,
especially those defined by numerical chromosome aberrations and de
tected in flasks containing mostly epitheial cells (examples include +9
and +20 in case 2 and +18 in case 3), are likely to belong to this

category. These whole chromosome gains indeed occur nonrandomly in
epitheial cultures from BCCs, increasing the likelihood that they are of
pathogenetic importance.4

The t(9;16)(q22;p13) translocation detected in the present three
BCCs is the first recurrent chromosomal anomaly associated with this
tumor type. A similar 9;16 translocation has never been seen as a
clonal change in tumor cells (12). Also, the fact that the t(9; 16)
translocation was present as the sole anomaly in two of three clones
with this change (it was one of two aberrations in the third case) is
concordant with the interpretation that this is a tumongenetically
important primary abnormality in a subset of BCCs.

Although the t(9;16)(q22;pl3) translocation itself has not been seen
previously, both chromosomal bands 9q22 and l6pl3 are known to be
involved in other cancer-specffic chromosomal abnormalities. A t(8;
l6)(pll;pl3) occurs nonrandomly in acute monocytic leukemia with
erythrophagocytosis, and inv(16)(pl3q22) is a common aberration in
acute myelomonocytic leukemia with eosinophilia (13). The breakpoints
in l6pl3 in these two situations are now known to be different; in the
inv(16) the smooth muscle heavy chain locus MYHJI is involved (14),
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Fig. I. Representative karyogram from the BCC of case 2 showing the karyotype 46,XY,t(3;9)(q26;q 13),t(9; l6)(q22;pl 3). Arrowheads, breakpoints.
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Fig. 2. Partial karyotypes illustrating the identical translocation t(9;l6Xq22;p13) in the
BCCsof cases 1,2, and3.Arrowheads,breakpoints.

whereas the target gene in the t(8;16) seems to be CBP (15). Chromo
some band 9q22 is systematically rearranged in extraskeletal myxoid
chondrosarcomas, which almost invariably carry a t(9;22)(q22;q12) (13).
The gene affected in 9q22, TEC or CHN, is recombined with the EWS
gene in 22q12 as a result of the translocation (16, 17).

Although several of the genes mentioned above may be reasonable
candidates for a target role in the t(9;16)(q22;p13) translocation,
research on hereditary BCC has identified another gene that a priori
would seem to be a much hotter suspect. Linkage analyses in families
with the autosomal dominant basal cell nevus (Gorlin's) syndrome
have shown that this disease cosegregates with markers mapping to
9q22â€”31(18â€”21).The gene itself, PTCH, is the human homologue of
the Drosophila developmental gene patched and is believed to have a
tumor suppressor function (22, 23). It is located at 9q22.3, spans
approximately 34 kb, consists of 23 exons, and encodes a transmem
brane glycoprotein that presumably acts via the signaling pathway of
the cell to repress transcription. Preliminary data indicate that both
familial and sporadic BCCs may show losses and inactivating muta
tions at the PTCH locus (22â€”24).If the target in 9q22 of the t(9;16)
really turns out to be PTCH, this would represent the first example of
a systematic rearrangement in sporadic tumors through a reciprocal,
apparently balanced translocation affecting a suppressor gene that
plays a pathogenetic role in hereditary tumors of the same type.

Regardless of what future molecular-level research may discover
about the genes involved in the t(9;l6)(q22;p13) translocation, how
ever, the fact remains that it is a clear-cut case of a simple translo
cation specifically associated with a malignant epitheial tumor. Other
examples of a similar nature include t(X;1)(pl 1;q2l) and t(3;5)(p13;
q22) in papillary renal cell carcinoma, t(ll;19)(q21;p13) in mucoepi
dermoid carcinoma of the salivary gland, and t(6;9)(q23;p2l) in
adenoid cystic carcinoma of the salivary gland and respiratory tract
(13). Therefore, it is now evident that carcinomas, like benign and
malignant neoplasms of the blood-forming and mesenchymal tissues
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but contrary to widely held beliefs, also may be characterized by
tumor-specific simple reciprocal balanced translocations.
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