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Chapter 7 

ABSTRACT 

Background. The genetic background of sporadic distal bile duct carcinoma (DBDC) is 
poorly characterized. The aim of this study was to identificate genes that are involved in 
the tumorigenesis of DBDC and its progression. 
Method. Genetic aberrations were determined by comparative genomic hybridization 
(CGH) in seven xenografts of DBDCs and one fresh frozen DBDC. In addition, 13 
primary DBDC were analyzed using cytogenetics. 
Results. When the results of both methods were combined, the gains were most prevalent 
on chromosome regions (in decreasing order) 8q and 20q (6 tumors each), 12p, 17q and 
Xp (5 tumors each), 2q, 6p, 7p, l lq, 13q, and 19q (4 tumors each). The most frequently 
lost regions were 18q (8 tumors), 6q and 10p (7 tumors each), 8p, 12q and 17p (6 tumors 
each), 7q, 12p, and 22q (4 tumors each). 
Conclusion. This study represents the first analysis of DBDC by CGH and cytogenetics, 
and illustrates the large genetic variability of DBDC and the large amount of changes per 
tumor. Gain of chromosome 8q and 20q and loss of 18q were the most common 
amplifications and deletions respectively and are likely involved in the pathogenesis of 
DBDC. 

INTRODUCTION 

Malignant neoplasms that arise from the distal bile duct are located between the superior 
border of the pancreas and the ampulla' .The lack of early symptoms, the aggressive 
nature and the limited treatment modalities of distal bile duct carcinomas (DBDCs) 
contribute to a high mortality rate. Most patients are not candidates for surgery, leaving 
palliative treatment as the only feasible option. Progress in understanding the genetic 
alterations that could be important in the tumorigenesis and progression of DBDCs has 
been constrained by the limited availability of this rare malignancy. Genetic abnormalities 
identified thus far in biliary tract carcinoma have involved codon 12 of the K-ras 
oncogene2 as well as tumor suppressor genes p53, pl6Illk4/CDKN2, pl5lnk4B/MTS2, and 
DPC43A. However, the molecular genetic approaches used in these studies are restricted 
to the analysis of only one locus and could not assess unknown genetic changes in the 
entire genome. A global overview of genomic changes can be obtained using cytogenetic 
analysis of banded metaphases or by comparative genomic hybridization(CGH)5 7. 

We sought to identify regions of the genome which are altered in DBDC and which 
therefore may contain as yet unidentified genes that could be important for DBDC 
tumorigenesis and progression. We report our analysis of 13 primary neoplasms using 
cytogenetics and of 8 primary tumors using CGH. 
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MATERIALS AND METHODS 

Comparative Genomic Hybridization 
Genomic DNA was isolated from seven xenografts of distal common bile duct 
carcinomas. In addition, DNA was extracted from one fresh frozen bile duct case using 
a standard salt extraction technique. Tumor cellularity for this sample was verified by 
H&E stain. Control DNA was isolated from normal tonsil tissue. Approximately 1 pg of 
DNA from each tumor sample and the control were direct labelled by nick translation 
with DNA Polymerase I/DNase I (Gibco BRL). Tumor samples were labelled with 
Spectrum Green dUTP (Vysis) and the reference DNA with Spectrum Red dUTP (Vysis). 
The reaction was optimized to obtain a product between 600 and 2000 base pairs in 
length. The labelled tumor and reference DNA were combined with Cot-1 DNA (Gibco 
BRL), precipitated, and the resulting pellet resuspended in a 50% formamide, 10% 
dextran sulfate hybridization solution. The resulting probe was denatured in 70% 
formamide at 75°C for 10 minutes and allowed to reanneal for 30 minutes at 37 C. 

Normal male metaphase spreads were prepared from methotrexate synchronized 
lymphocytes of a healthy donor. The slides were aged at room temperature, pretreated in 
2X SSC, and dehydrated in an ethanol series prior to denaturation at 70"C in 70% 
formamide solution. The slides were run through a second series of cold ethanols before 
15 pi of the probe preparation was applied. Coverslips were sealed and the probe 
hybridized in a 37"C humidified chamber for 72 hours. Post-wash was done in 2X SSC 
and a counterstain of DAPI/antifade was applied. 

Gray level digital images of the DAPI, Spectrum Red and Spectrum Green were 
captured with a Zeiss Axioscope epifluorescence microscope and Diagnostic Instrument's 
camera. Whenever possible, a minimum of 15 cells were captured and analyzed for each 
case. The analysis was completed using CytoVision and dedicated CGH software from 
Applied Imaging Corporation, measuring the green to red ratio along the entire length of 
each chromosome. An area of the chromosome was interpreted as a gain of copy number 
when the profile reached a ratio of 1.25. Gain was considered high level when reaching 
a ratio of 1.5. Loss of copy number was recordered when the profile was at a ratio of 
0.75. 

Cytogenetic Analysis 
Thirteen fresh primary adenocarcinomas of the common bile duct were obtained from 
surgical pancreaticoduodenal resections performed at The Johns Hopkins Hospital. The 
tissue was minced in complete RPMI 1640 (16% FBS, 33 U/ml penicillin, 33 pg/ml 
streptomycin, 2 mM L-glutamine) with the addition of gentamicin (4 pg/ml) and 
fungizone (2.5 pg/ml). For further enzymatic disaggregation, 100-400 U/ml collagenase 
type II (Worthington) was added and the tumor was incubated at 37 'C with 5% CO 2for 
several hours, overnight, or occasionally over a weekend. After centrifugation, the cells 
were resuspended in complete RPMI 1640 with gentamicin and distributed equally to 25 
mm2 standard tissue culture flasks (Nunc). In addition, cultures were set up in media 
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specifically formulated for optimal epithelial cell growth8. The flasks were returned to the 
incubator and monitored daily for growth by an inverted phase microscope. Cell growth 
and mitotic index were used to determine harvest time. Cells were treated with Colcemid 
(Gibco BRL) at 0.01-0.1 ug/ml for 1 to 18 hours, exposed to prewarmed cancer 
hypotonic solution (0.04 M KCl, 0.02 M Hepes, 0.5 mM EGT A) for 20 minutes at 37 G, 
and fixed in three changes of 3:1 methanol:acetic acid. Slides were made and G banded 
using standard methods. A minimum of 20 metaphases were analyzed whenever possible. 
Chromosome abnormalities were classified according to ISCN nomenclature9. Karyotype 
of tumors 92-094 and 93-103 were reported previously as pancreatic adenocarcinoma due 
to the difficulty of assigning organ of origin810 

RESULTS 

The clinical information and method of analysis used for the 13 patients are summarized 
in Table 1. 

Table 1. Clinical characteristics 

Case Age/Sex Grade* Size (cm) 

(cyto#/cgh#)  

PD 3.5 

MD 3.4 

PD 1.6 

MD 0.5 

MD 1.5 

MD 2.0 

PD 2.0 

PD 1.9 

MD 1.5 

MD 2.0 

MD 3.0 

MD >3.0 

MD 1.2 

MD 2.5 
* MD = moderately differentited; PD = poorly differentiated 
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92-094/Px 11 83/M 

93-103/Px53 66/F 

93-220/ Px87 55/M 

94-023/ Px96 77/F 

93-091/PxlOO 60/F 

94-087/Pxl 21 51/F 

na/ Px258 52/M 

93-076/ 93-076 64/F 

93-205 73/F 

94-057 68/M 

94-073 45/F 

94-183 76/F 

94-211 47/F 

94-225 35/F 
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All the tumors were restricted to the intrapancreatic portion of the common bile duct. 
Seven tumors, Pxl 1, Px53, Px87, Px96, Px 100, Pxl21 and 93076, could be analyzed by 
both methods, i.e. CGH of the xenograft (or fresh tumor, in case 93076) and karyotype 
analysis of the original primary tumor at resection. 

CGH 
All seven DBDCs that were analyzed by CGH in this study exhibited DNA copy number 
changes in multiple chromosomes. Seventy-four abnormalities were seen. An overview 
of the genetic aberrations that were detected by CGH are summarized in Table 2 and 
Figure 1. Gains were more frequent than losses (2.2:1). Two tumors showed no copy 
number deletions by CGH. The average number of DNA aberrations per tumor was 10.6. 
With the exception of chromosomes 4 and 21, all chromosomes were involved in 
imbalances. The most frequently detected chromosomal imbalance was amplification of 
8q (6 cases), with the commonly gained region of 8q24. This was a gain of the whole arm 
in 4 tumors (a high level gain in 3) and high copy gain of 8q21.2-24.3 and of q21-qter in 
each of 2 others. Gains occurring in at least 2 tumors included 2q (3 cases), 3q (2 cases), 
6p (3 cases), llq(3cases), 12p(4cases), 13q21-31(4 cases), 15q(2cases), 17ql 1.2-21 
(3 cases), 19q (4 cases), 20q (3 cases) and 22ql3 (3 cases). The most common loss was 
18q21-23 (4 cases); recurrent losses were detected at 3p (2 cases) and 8p (3 cases). 

Table 2. Summary of CGH results. 

Case Regions of Gain Regions of Loss 

Pxll 19q. 22q lp36.1-pter, 5ql3-q34,9p21-pter. 
9pl2-q32, 18q21-qter 

Px53 Iq31-q42, 8q, 12p, 17q21-q22, Ip34.1-p36.1,6, 10q23-qter, 15q22-q25, 
19q 19pl3.2-pter, 22ql3-qter 

Px87 2q24-qter, 12p, 13ql4-q31, 19q, 18ql2-qter 

Xq26-qter 

Px 96 2, 3q, 6, 8q, 12pter-ql4, 13q, 19q, 20 

PxlOO 6p21.3-qter, 8q21.1-qter, 11, 13q, 8pter-q21.1. 16ql3-qter. 18ql 1.2-qter 
14qll.2-q24, L5q, 17q, 18pll.2-qll.2 

Pxl21 2q21-qter, 5pl4-pter, 6pl0-p21.3, 8q, 3p, 6ql6-qter, 7q31-qter, 8p, 18ql2-qter 
10,11, 12, 13q, 15q, 16, 17q, 20 

Px258 3q25-qter, 8q24.1-qter, 18p, 
20ql3.1-qter, 22ql3-qter 

93-076 Iq21-q25,8q, llq23-qter, 3p, 6q, 8p 
17qll.2-q21,20, 22ql3-qter 
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Figure 1. Ideogram summarizing CGH results. Loss is shown to the left and gain to the right of each 
chromosome. Thick lines indicate high level loss or gain. Breakpoints are estimated. 
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Figure 2. Ideogram summarizing cytogenetic results. Loss is shown to the left and gain to the right of each 
chromosome. Dots indicate breakpoints resulting from balanced translocations or inversions. 
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Table 3. Summary of Cytogenetic Analysis. 

Case Karyotype 
(cyto#/cgh#) 

92-094*/ Px 11 45,X,-Y,t( 1 ;7)(p32;p 14),-5,t(9; 19)(q 12;p 12),+3mar[cp4] 

93-103*/Px53 42-45,XX,del(l)(p3?5),+del(l)(q42),-2,del(2)(pll),del(4)(pll), 
der(5)t(5;5)(pl4;q?14),i(?5p),-6,del(6)(ql?3),inv(7)(p22q32), 
del(8)(p22),del(9)(q21),-I0,der(ll)t(ll;12)(pl4;ql3),-12,-13, 
dup(14)(q32q31),-15,-17,add(17)(q24),add(19)(pl3.3),add(21)(pll), 
?del(21)(q22),-22,+dms[cpl 1] 

93-220/ Px87 60-68,XY,-X,-4,+5,+7,der(8;9)(ql0;ql0),-10,-10,-12,-15,del(16)(q?22), 
-17,add(18)(q21)x2,+ 19,+20,der(19)t(19;21)(pl3.1;q21)x2,-22, 
+1 ~3mar,[cp9]/46,XY[22] 

94-023/ Px96 47,XX,+7[6]/46,XX[241 

93-091 / Px 100 73-85 ,X,add(5)(p 11 )x2,add( 11 )(p 11.2)x2,+r,+mar 1 x3,+mar2x2, 
+mar3x3,+mar4x2,+mar5x3,inc[cp3] 

94-087/ Pxl 21 39-46,XX,+X,-3,der(6; 15)(pl0;ql0),-7,-9,-10,-12,der(l 3; 17)(ql 0;q 10), 
-14,add(14)(pll.l),-17,-18,-21,+r,+marl,+mar2[cp5] 

93-076/93-076 37-53,XX,add(3)(pll),add(4)(q?31.1),del(6)(ql3),del(6)(ql2), 
+add(6)(q?13),-7,i(8)(ql0),-9,add(14)(q31),-17,-18,+20,-21,-22, 
add(22)(ql?3),+mar,l~3dmin[cp9]/75-89<4n>,idemx2[cp5]/46,XX[9] 

93-205 46,XX[13] 

94-057 42-44,der(X;7)(ql0;pl0),-Y,del(l)(p34.1),add(4)(pl5.2),-6,-9, 
del(9)(p22),-10,add( 10)(q24),add(12)(q21 ),add( 13)(q22),add( 13)(q31 ), 
-14,+ 15,-18,-18,+ l~5mar[cp6] 

94-073 81 -88,XX,-X,-X,-4,-4,-5,-5,del(6)(q21)x2,del(7)(q32), 
+del(7)(pll.2pl5)x2,-8,-9,add(10)(pl3)x2,-ll,add(ll)(pl0)x2, 
del(12)(pll.l)x2,der(12)t(12;13)(ql5;ql4)x2,-13,-13,add(13)(pl0)x2, 
add(14)(pl0)x3,-15,-16,-16,i(17)(ql0)x2,-18,-18,add(19)(ql3.4),+20, 
-21 ,-22,+marlx2,+mar2x2[cp9]/46,XX[8] 

94-183 45-55,XX,-X,+2,+add(3)(qll.2),+4,+add(5)(q35),del(6)(q21), 
+del(7)(pl3pl5),+add(8)(pl0),+der(9;22)(ql0;ql0)x2,add(10)(pll.l), 
+ H,+add(15)(pll.l),+ 16,i(21)(qlO)[cp9] 

94-211 33-39,X,der(X; 13)(q 10;q 10),add(3)(p 10),-6,del(l 0)(p 11,2p 13),-12, 
dup( 12)(q 11 q 13)-14,-15,-17,-18,-19,-20,+mar[cp7]/46,XX[32] 

94-225 45,XX,-16[3]/46,XX[291 
*Karyotypes written here as previously published in 1st and 2nd pane papers. 
Note: Cytogenetic data was not available for one CGH sample, Px258. 
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Karyotype analysis 
One hundred sixty-six numerical and structural alterations were seen in 13 tumors, with 
an average of 12.7 per tumor. Only normal metaphases were seen in one of the tumors. 
Results are summarized in Table 3 and Figure 2. Structural abnormalities were common, 
including the presence of at least 22 "marker" (unidentifiable) chromosomes. Genomic 
losses were more frequent than gains. The most common areas of loss were the following: 
6q (9 different abnormal or missing chromosomes in 6 tumors), 10p (7 abnormalities in 
7 tumors), 12q (6 abnormalities in 6 tumors), 17p (7 abnormalities in 6 tumors), 12p (6 
abnormalities in 5 tumors), 18q (6 abnormalities in 6 tumors), 22q (5 abnormalities in 4 
tumors), Xp (5 abnormalities in 5 tumors). Genomic loss occurred through either whole 
chromosome loss or partial deletions. The most frequent gains were those of chromosome 
20 (3 tumors), 7p and 7q (4 tumors each). 

• » 

>? 
1 

/ ' / 

ft I! li I il » n 

Figure 3A. Karyotype and CGH analysis of case 93-076. (A) Karyotype of this cell includes the 
isochromosome(8q), add(14)(ql 1), -17, -18, +20, -22, and marker chromosome seen in multiple cells and 
reported in the composite karyotype (Table 2). Inset shows add(3p) and del(6q) from another cell, also 
part of the composite karyotype. 
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c h r o m o s o m e s 
c e l l a v e r a g e 
s l i d e a v e r a g e 
0.5 0,75 1 1.35 1.S 

13 n = 2 2 1 4 n=19 15 n = 2 3 16 n=20 17 n = 2 4 18 n = 2 2 

Bifku m 
19 n-22 20 n-26 21 n-2S 22 n-2S S' n-13 

Case: CGH98-025 Slide: 1 Cell: 1 Patient: 93076 

Figure 3B. CGH analysis shows loss of 3p, 6q, 8p and gain of i 

Summary of Genomic regions most frequently gained or lost 
Combining the results of either method of analysis, 9 chromosomal arms were observed 
to be gained in whole or in part and 11 chromosomal arms were lost in whole or in part 
in at least four tumors each. The most frequently lost chromosomal regions were, in 
decreasing order: 18q (8 tumors), 6q and 10p (7 tumors each), 8p, 12q and 17p (6 tumors 
each), 7q, 12p, and 22q (4 tumors each). The most frequently gained regions were 8q and 
20q (6 tumors each), 12p, 17q, and Xp (5 tumors each), 2q, 6p, 7p, 1 lq, 13q, and 19q (4 
tumors each). 

We were able to compare results obtained by CGH and karyotype analysis in seven 
tumors. An example of such a case is seen in Figure 3. Overrepresentation of 8q and 
simultaneous deletion of 8p observed by CGH could be seen on the karyotype to arise 
from the formation of an isochromosome 8q; loss of 3p material is indicated by the 
addition of unidentified material at 3pl 1 ; loss of 6q was visible as two different derivative 
chromosomes showing 6q deletions. Other examples of concordance include tumor 94-
087/PX121, where the chromosome der(6)(15)(pl0;ql0) provides cytogenetic evidence 
of the CGH finding of gain of 6p and 15q with loss of 6q; and tumor 93- 103/Px53, where 
the chromosome del(l)(p35) concurs with CGH evidence of lp34-36 loss. Identification 
of loss or gain of whole chromosomes was less consistent between the two methods. 
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DISCUSSION 

Our goal was to localize genetic changes in DBDC, especially previously unrecognized 
chromosomal loci. CGH was used in conjunction with karyotype analysis to detect 
chromosomal imbalance in DBDCs because aberrations may be missed when only one 
of the two techniques is used. 

The copy number increase affecting chromosome 8q was one of the most common 
chromosomal gain in this small set of DBDCs and suggests that overrepresentation of 8q 
may be important for DBDC pathogenesis. Amplifications of 8q are frequently seen in 
many different kinds of tumors""'3 and has been suggested to be associated with 
subsequent tumor progression in breast carcinoma5 H and ovarian tumors". A known 
oncogene, c-MYC, has been mapped to 8q2416 but it is not known whether this gene or 
other as yet unidentified genes in this region contribute to the tumorigenesis and 
progression of DBDC . 

Gains of 20 q were also observed in 6 tumors. Breast cancer14, pancreatic cancer"117 

and different gastrointestinal tumors " '3 have been reported to harbor gains in 20q. Gain 
of 20ql3 has been associated with candidate gene MYB12l&, which plays an essential role 
during cell cycle progression",19. E2F (at 20ql 1.2) codes for a protein which binds the 
RB protein and is therefore important in DNA replication2". Gain of 12p was also 
common, seen in 5 tumors. The proto-oncogene KRAS211 is located at 12pl2.3. This 
oncogene is the most commonly mutated oncogene in pancreatic carcinoma22 and in 
DBDC2 and is likely to be an early event in the development of these tumors. 

Amplification of 17q was observed in 5 tumors. The gene ERBB216, is located at 
17q21.2. This oncogene is amplified in breast carcinoma14 and gastric carcinoma16 and 
correlates also with decreased survival in ovarian cancers' '. Overrepresentation of Xp was 
also seen in 5 tumors; the oncogenes ELK1 (Xpl 1.2) and ARAF1 (Xpl 1.2-pl 1.4) might 
be candidate genes in these regions. Four tumors each had overrepresentation of 13q and 
19q respectively. Several interesting genes are located in these regions. On chromosome 
13, RB and FKHR are located. RB is a gene critical in the formation of retinoblastoma 
and sarcomas. FKHR is a member of the forkhead domain family, which encodes 
transcription factor's including a conserved DNA-binding motif; when fused with FAX3 
in alveolar rhabdomyoscarcoma, a potent transcriptional activator is formed21. The AKT2 
gene, at 19ql3.1-ql3.2, is an interesting candidate gene for importance in DBDC. This 
gene has been shown to be amplified and overexpressed in approximately 13% of ovarian 
cancer24 and 10% of pancreatic cancers2'. Expression of antisense AKT2 RNA in 
pancreatic cancer cells led to significant reduction of tumor formation in nude mice, 
suggesting an important contribution of AKT2 to the malignant phenotype2"1. So far, it is 
unclear if these amplified genes play a role in the carcinogenesis of DBDC. 

Distinct overrepresentation of 2q, 6p, 9q31-34, 7p, 1 lq were found in this study and 
have been reported before in other solid tumors12'13,26"28. These amplified regions, even 
when detected infrequently, could harbor, as yet unknown, oncogenes that might play a 
role in the tumorigenesis of DBDC. 
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In addition to amplified or overrepresented sites, several chromosomal regions containing 
previously known or suspected tumor suppressor gene loci in pancreatic cancer were 
found to be lost from the DBDC neoplasms which we studied. We were able to detect 
loss of chromosome region 18q in 8 of the 13 cases analyzed. This observation could 
correlate with inactivation of the candidate tumor suppressor gene DPC429, at 18q21.1, 
which may only be operative in particular gastrointestinal organs. Homozygous deletion 
of DPC4 was found in 53% of pancreatic carcinomas10 and in 4 out of 5 (80%) common 
bile duct tumors3. Loss of another important candidate tumor suppressor gene from this 
region, DCC at 18q21.3, is often found in colorectal cancer11, breast cancer7, and 
pancreatic cancer52. Loss of the long arm of chromosome 6 was seen in 7 tumors. We 
have observed loss of portions of 6q in adenocarcinoma of the pancreas*|:. There is 
reason to suspect that 6q harbors more than one tumor suppressor gene's. 

We found more genomic areas to be overrepresented than deleted using CGH. 
Deletions of chromosomal regions are more difficult to detect by CGH than are gains of 
genetic material33 and may have led to an underestimation of allelic losses in this study. 
Reasons for this limitation in CGH deletion detection have been suggested. One has been 
the resolution limits of the CGH technique5 and the size of the involved region, which has 
to exceed 5-10 Mb to be detected. Dilution of the tumor cell population by inflammatory 
or other non neoplastic cells, which is common in DBDCs, could mask genomic changes 
which are not present in the majority of cells analyzed. Our use of xenografts should have 
minimized this problem, however. 

In conclusion, this study illustrates the tremendous genetic variability of DBDC and 
the large amount of changes per tumor, supporting the idea that accumulation of changes 
is important for tumor progression, just as it occurs in the colon31 and the pancreas30. 
Most of the genetic aberrations found in this study have previously not been described 
in DBDC. It should be noted, however, that the amplifications newly described for 
DBDC match amplifications found in other solid tumors, mainly by CGH. Gain of 
chromosome 8q and 20q and loss of 18q were the most common amplifications and 
deletions respectively and are likely to play a pivotal part in tumorigenesis of DBDC. The 
relevance of the new identified regions of gains and losses found in this study have to be 
determined by future studies, focussing on the identification of these genes. Although 
CGH and karyotype analysis are complementary techniques, it is likely that the actual 
prevalence of these chromosome aberrations may even be higher. 
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