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Abstract Purpose: To assess the status of EGFR, HER-Z,
and CCNDI at the gene and protein levels in esophageal
squamous cell carcinoma. Methods: Dual-color FISH
assays were performed using DNA probes for EGFR/
CEP 7, HER-2/CEP 17, and CCNDI1/CEP 11. The
respective proteins, furthermore, was assessed in THC
assays and correlated with patient and tumor character-
istics. Results: From 55 ESCCs, 8 (15%) tumors showed
gene amplification and 20 (36%) had gene overrepresen-
tation (balanced gene and chromosome 7 polysomy) for
EGFR. High-level protein expression was frequent
(49%), positively correlated with gene copy numbers
(kappa=0.4), and associated with well-differentiated
histology (p=0.02). For HER-2, gene amplification was
detected in a single tumor (2%) and protein overexpres-
sion was rare (9%). CCNDI gene was amplified in 23
(42%) tumors; likewise, CCNDI protein overexpression
was common (58%) and prevailed in gene overrepresen-
tation or amplification. Only 1 patient showed gene
amplification for both EGFR and CCND1. Survival was
not associated with EGFR or CCNDI gene/protein
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status, whereas negative patients for HER-2 protein had a
better survival than positive patients (p=0.04).
Conelusions: Frequent overexpression and gene amplifi-
cation of EGFR and CCND1 make these molecules and
their pathways potential therapeutic targets for ESCC.In
addition, EGFR and CCNDI appeared to be indepen-
dently altered suggesting alternative mechanisms for
pathway activation. Therapeutic agents targeting these
molecules are urged to be tested in clinical trials and
comprehensive biological analyses should be included to
properly interpret the outcome.

Keywords Cyclin D1 - Epidermal growth factor
receptor - Esophageal carcinoma - Fluorescence
in situ hybridization - HER-2/neu

Introduction

Esophageal squamous cell carcinoma (ESCC) renders
among the most common debilitating malignancies
worldwide (Parkin et al. 1997). The outcome of treat-
ment for ESCC has not reached a satisfactory basis due
to the incurable disease status at presentation in most
patients. The genomic changes involved in the initiation
and the progression of esophageal cancer are not very
well understood. Classical and molecular cytogenetic
techniques have identified multiple genomic regions with
losses and gains in copy numbers, clearly supporting the
role of major oncogenes and tumor suppressor genes in
the tumorigenesis (Schrump and Nguyen 2001)).

The progress in cancer therapy has advanced exten-
sively in the past decade. Amid the cutting edge modali-
ties, molecular-targeted therapy has been a leader. The
principle of this modality is to select molecules or path-
ways essential to the development and/or progression of
cancer cells and target them with specifically developed
inhibitory agents. Unlike conventional treatment by
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chemotherapy or radiation, this approach holds a
promising clinical efficacy with reduced toxicity to normal
cells. Genetic studies using CGH, a powerful molecular
cytogenetics technique to survey chromosomal gains and
losses in entire genomes, have been performed in over 180
esophageal cancer specimens (Shinomiya et al. 1999; Tada
etal. 2000; Stocksetal. 2001; Varisetal. 2001). Amongthe
chromosomal regions commonly identified as showing
gain in copy number are 7pl2, 17q12, and 11q13, which
harbor the genes EGFR, HER-2, and CCNDI, respec-
tively. The significance of these three genes in ESCC
tumorigenesis has been confirmed using various molecu-
lar techniques. By Southern blot analyses, gene amplifi-
cation of the three targets was detected in a significant
fraction of tumors (Adelaide et al. 1995; Suzuki et al.
1997). In addition, proteins encoded by these critical genes
have also been examined in ESCC by THC assays and
demonstrated protein expression (Adelaide et al. 1995;
Wang 1999); therefore, these genes and the pathways in
which they are involved are potential candidates for
targeted therapy in ESCC.

Development and progression of ESCC, as of other
malignancies, requires a number of key molecules and
pathways to function in an orchestrated pattern. Inves-
tigations on the status of molecules that play a major
role in ESCC tumorigenesis and on how they correlate
to each other in the same tumor are necessary to
rationalize cancer-targeted therapy. To the best of our
knowledge, the simultaneous evaluation of EGFR,
HER-2, and CCNDI gene and protein status in ESCC
has not been reported before. Additionally, examination
of these three genes all together by FISH assay, which is
a well-recognized technique to determine the number of
copies of the gene in single cells and correlate it with
tissue architecture, has not been done. This study was
conducted to verify the molecular profiles of these genes
in ESCC, individually and in association.

Materials and methods
Specimen selection and processing

Fifty-five consecutive patients with ESCC who underwent
esophagectomy from the years 1997 to 2000 at the Prince
of Sengkla University Hospital in Songkla, Thailand, and
whose tumor blocks were determined to be well preserved,
were included in this study. Clinicopathological staging
and histological grading of tumors fellowed the current
American Joint Committee on Cancer (AJCC) system and
the World Health Organization (WHO) classification,
respectively. Informed consent was obtained from all
patients through standard protocol of the institution and
the research project was reviewed and approved by the
institutional review board. Selected formalin-fixed,
paraftin embedded blocks with > 80% of tumor cells were
sectioned at 5 um thickness. Serial sections were stained
with H&E, and processed for IHC and dual-color FISH
assays addressing EGFR, HER-2, and CCND1.

Dual-color fluorescence in situ hybridization assays

Tissue sections were incubated at 65°C for 4 h, depa-
raffinized in xylene washes (three times for 10 min), and
dehydrated in 100% ethanol. After incubation in 2xSSC
(pH 7.0) at 75°C for 23 min, sections were digested with
proteinase K (0.25 mg/ml in 2xSSC, pH 7.0) at 45°C for
23 min, rinsed in 2xSSC (pH 7.0) at room temperature
for 5min, and dehydrated in an ethanol series. The
following DNA probe sets, all from Vysis Inc. (Downers
Grove, IIL), were used: (a) LSI EGFR (S0O)/ CEP 7
(SG); (b) PathVysion LSI HER-2 (SO)/CEP 17 (SG);
and (c) LSI CCND1 (SO)/CEP 11 (5G). Each probe set
was applied to the selected area on a designated slide.
The hybridization areas were covered with glass cover-
slip and sealed with rubber cement. Co-denaturation of
chromosomal and probe DNAs was performed at 80°C
for 10 min and hybridization was allowed to occur in a
humidified chamber at 37°C for 22 h. Post-hybridization
included washes in 1.5 M urea/0.1xSSC (pH 7.0) at 45°C
for 30 min and in 2x8SC for 2 min at room temperature.
Chromatin counterstaining was achieved with DAPI
(0.15 mg/ml in Vectashield Mounting Medium).

Microscopic analyses were performed in epifiuores-
cence microscope equipped with the Quips XL genetic
workstation (Applied Imaging, Santa Clara, Calif.).
Fluorescence signals were scored using single band filters
for DAPI, FITC, and Texas red, a double-band pass
filter (FITC and Texas red) and a triple-band pass filter
(DAPI, FITC, and Texas Red, Chroma Technology,
Brattleboro, Ver.). Histological areas previously selected
in the H&E-stained sections were identified in the
fluorescence in situ hybridization (FISH)-treated slides.
Two hundred non-overlapping interphase nuclei per site
were scored for both target gene and control probe
signals, following strict scoring guidelines and constant
adjustment of microscope focus since signals located at
different focal planes. Representative images of each
specimen were acquired with a cooled CCD camera
(SenSys, Photometrics, Tucson, Ariz.) in monochro-
matic layers, which were subsequently merged using the
SmartCapture software (Vysis, Downers Grove, T11.).

The following criteria were defined for analysis: For
each FISH probe tested, the status of the chromosome
used as control was classified as disomy, trisomy, or
polysomy when, respectively, on average 2, 3, or more
copies were scored per nucleus. FISH patterns were
considered balanced when the ratio gene/chromosome
copy number per cell was from 0.9-1.2 and unbalanced
gene loss was accepted when gene/chromosome ratio
was <0.9. Gene amplification was assessed by multiple,
clustered copies of the gene in any chromosomal status;
it was classified as at low level when gene/chromosome
ratio was between 1.3 and 2 and at high level when gene/
chromosome ratio was > 2. Clusters of signals ranging
in number from 3-4 were categorized as small, from
5-9 as medium size, and greater than 9 as large-size
clusters. Balanced polysomy was recognized as gene
overrepresentation.



Immunohistochemistry assays

To account for the EGFR protein expressions, immu-
nohistochemistry (IHC) assays were performed using
the EGEFR Mouse Monoclonal Antibody (Zymed,
South San Francisco, Calif.) in conditions specified by
the manufacturer. Briefly, the tissue sections were
deparaffinized in xylene, rehydrated in graded alcohol,
and washed in Wash-Buffer solution (Dako). To im-
prove the quality of tissue adhesion, the shdes were
treated with Poly-L-lysine solution. A positive control
using the cell line A431 (human squamous carcinoma,
skin), as well as a negative reagent control using the
mouse non-specific negative reagent (Dako) was in-
cluded in each staining run as a reference. The slides
were loaded onto an autostainer (Dako) and the fol-
lowing incubations were applied sequentially: 10-min
peroxide blocking agent (3%), 10-min Power Block, 10-
min proteinase K, 60-min primary EGFR antibody
(1:20) or negative control reagent, 30-min ENV -+
(Mouse), and 7-min DAB+ substrate-chromogen
solution. Buffer rinses were performed following each
step except for the DAB+ which required a water
rinse. After completion of the auto-staining process,
slides were removed from the machine and counter-
stained with hematoxylin, then rinsed gently in reagent
quality water, dehydrated in graded alcohol, cleared in
xylene, and coverslipped.

The levels of HER-2 and CCNDI protein expression
were evaluated using rabbit anti-human c-erbB-2
oncoprotein (Dako) and mouse anti-human cyclin D]
DCS-6 (Dako) as primary antibodies, respectively.
Experiments followed protocols specified by the manu-
facturer, similar to the description mentioned above.
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Control specimens were the cell line Calu3 (lung
adenocarcinoma) that overexpressed HER-2, and a
primary breast carcinoma known to OVEIEXPICSS
CCND1. The added-on step was the epitope retrieval
process using Target Retrieval Solution (1:10; Dako) at
105°C (Biocare pressure cooker) for 20 min before
loading the slides onto the autostainer. ENV -+ (rabbit
and mouse, for HER-2 and CCNDI, respectively) were
used as the secondary antibodies and no Power Block
was applied.

Analyses of IHC-stained slides were performed
using 20x magnification objective in light microscopy.
A semi-quantitative criteria was used for EGFR inter-
pretation (Hirsch et al.2003). In detail, the percentage
of positive tumor cells per slide (0-100%) was multi-
plied by the dominant intensity patiern of staining
(1 =negative or trace; 2=weak; 3=moderate; 4=in-
tense); therefore, the overall score ranged from 0-400.
Specimens with overall scores =200, 201-300, and
301-400 were respectively classified as negative/low,
with intermediate, and with high levels of expression.
For HER-2, Dako’s guidelines for analysis were used.
The staining patterns were assessed in four scores:
score 0 represents no staining or weak membrane
staining in < 10% of tumor cells: score 1+ is a faint or
barcly perceptible partially membrane staining in
>10% of tumor cells; score 2+ is a weak to moderate
complete membrane staining in > 10% of tumor cells;
and score 3+ is a strong complete membrane staining
in >10% of tumor cells. Only scores 2+ and 3+ were
considered to represent protein overexpression. For
CCNDI, a four-ticred scale following previous pub-
lications was applied (Anonymous 2001; Mathew et al.
2001). Score 0 is a negative result with no staining or

Table 1 Clinicopathological stratification of 55 ESCC patients. RT radiation therapy, postoperatively

Characteristics Patients Gene/chrom status (low/high)" Protein expression (low/high)®
N % EGFR HER-2 CCNDI EGFR HER-2 CCNDI
Age (years) <63 2% 48 9/17 17/9 12/14 10/16 25/1 12/14
>63 % 52 1 19/9 12/16 18/10 24/4 10/18
Gender M 0 7 19721 2515 17/23 19/21 3674 15/25
F 15 27 8/7 12/3 718 9/6 14/1 8/7
Stage 2 (A+B) 8 3 8/10 10/ 6/12 8/10 16/2 6/12
3+4 37 07 19/18 27/10 18/19 20/17 34/3 17/20
Grade Well 1 s 1318 20/11 12/19 11/20° 31/0 (1/20
Moderate 13 24 7/6 10/3 8/5 94 10/3 6/7
Poor 2 4 1/1 1/1 2/0 210 2/0 2/0
RT Yes 19 34 10/9 13/6 8/11 12/7 1772 8/11
No 36 65 17/19 24/12 16,20 16/20 33/3 15/21
Survival Alive 13 24 6/7 716 4/9 518 13/0 706
Dead 9 71 20/19 28/11 20/19 21/18 34/5 15/24

*p=0.02, Mantel-Haenszcl lincar-by-lingar association chi-sq

Low level of protein expression=IHC negative for HER-2 and

{est. No statistical significance was demonstrated between the low
and the high gene/chromosome status or protein expression for
other stratifications

4 ow FISH pattern=balanced disomy + balanced trisomy; high
FISH = balanced polysemy -+ gene amplification

CCNDI, and score 0-300 for EGFR; high level of expres-
sion=THC positive for HER-2 and CCND1, and score >300 for
EGFR
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<10% of cells with nuclear staining; score | represents  Statistical analysis
a positive-low tumor with 10-20% stained cells; score
2 is a positive—intermediate tumor with 20-40% stained
cells; and score 3 is a positive-high tumor with >40%
stained cells. Scores [-3 represented CCNDI protein
overexpression (Mathew et al. 2001).

Demographic data available for each patient were age,
gender, pathological stage, tumor grade, treatment, and
survival outcome. Statistical analyses were carried
out with SAS software (SAS Institute, Cary, N.C.).

Table 2 Patient characteristics and gene (FISH)/protein (IHC) status. RT radiation therapy, BD balanced disomy, BT balanced trisomy,
BP balanced polysomy, GA gene amplification

Patient Gender Age  Pathological Grade RT Survival FISH IHC FISH THC [HC FISH IHC IHC
no. {vears) stage {months) Qualitative score  Qualitative score  Qualitative
results results results
EGFR EGFR HER-2 HER-2 HER-2 ~ CCNDI CCNDI1 CCNDI

| M 55 2A Well No 36 BP  High BT 0 Neg GA 3 High

2 M 61 2A Well No 18 BP  High BP 1+ Neg BT 0 Neg

3 F 71 3 Well No Alive  BP  High BT 0 Neg BP 0 Neg

4 F 74 3 Mod No 59 BD  Neg/low BP ] Neg BT 0 Neg

3 M 54 2A Well No Alive  BP  High BP 0 Neg BP 0 Neg

6 M 45 3 Well No 6 BT  High BT 0 Neg BT 2 Intermediate
7 M 67 2A Mod  Yes?2 BP  High BT 2+ pos BT 1 Low

8 M 67 3 Ni No 4 BP  Intermediate BP ] Neg GA 2 Intermediate
9 F 61 4 Well No 26 GA  High BT 0 Neg BT 1 Low

10 M 72 4 Well No 3 BT  High BT 0 Neg BD 1 Low

11 M 72 2B Mod No 3 BP  Iigh BP 2+ pos GA 2 Intermediate
12 M 3 2A Well YesNo data GA  Intermediate BT 0 Neg BP 1 Low

13 F 60 3 Ni  No & BD  Neg/low BD 0 Neg BT 0 Neg

14 F 36 3 Well No 5 GA  High BT 0 Neg GA 3 High
IS M 73 2B Ni Yes Alive BT Neg/low BT 0 Neg GA 0 Neg

16 M 55 2B Mod No 37 BD  Intermediate BD 0 Neg BT 0 Neg

1¥ M 74 3 Ni No 31 BT  Neg/low BT o pos GA 3 High
18 M 59 2A Ni  No S BP  High BP 0 Neg GA 1 Low

19 M e 4 Ni No 10 BT  Intermediate BT 0 Neg BT 0 Neg

20 F 48 3 Well  Yes 11 GA  High BT 0 Neg BD 0 Neg

21 M 64 3 Well Yes 6 GA  Intermediate BD 0 Neg BD 1 Low

22 F 70 3 Mod  Yes 20 BT  Neg/low BT 0 Neg GA 3 High
23 F 64 3 Ni Yes 6 BD  Intermediate BT 2+  pos GA | Low

24 P 63 3 Mod No 0 BP  Neg/low BT 0 Neg GA 2 Intermediate
25 M 50 3 Mod Yes 5 BT  Neg/low BT 0 Neg BT 0 Neg

26 M 55 3 Well YesAlive BP  Intermediate BP 0 Neg BT 0 Neg

27 F 52 3 Mod Yes No data BT Intermediate BT 0 Neg BP 0 Neg

28 M 52 3 Mod No 2 BP  Neg/low BP 0 Neg BT 0 Neg

29 M 75 2A Well No 3 BD  Intermediate BP 0 Neg GA 3 High
30 M 3 3 Poorly Yes 10 BP  Intermediate BP 0 Neg BT 0 Neg

31 M 62 3 Well  Yes 11 BT  Neg/low BT 0 Neg GA 3 High
32 M 74 2A Well No 1 BD  Neg/low BD 0 Neg BT 0 Neg

33 M 606 2A Mod No Alive  GA  High BD 0 Neg BD 1 Low

34 F 71 3 Well  Yes Alive BT Negflow BT 0 Neg BT 0 Neg

35 M 74 2A Well No 0 BT  Intermediate BD 0 Neg GA 1 Low

36 M 63 2A Mod No Alive BT  Intermediate BT 0 Neg GA 1 Low

37 M 59 2A Well  Yes No data BP High BP I+  Neg GA 3 High
38 M 44 3 Well No Alive BP  High BP ] Neg GA 1 Low

39 M 63 3 Well No 19 BP  Intermediate BT Neg GA 3 High
40 F 73 3 Well Yes Alive BT Intermediate BT 0 Neg BP 1 Low

41 M 76 3 Well  Yes6 BT  High BT 0 Neg BT 0 Neg

42 M 46 3 Ni Yes 11 BP  High BP 0 Neg BP 3 High
43 M 60 3 Well No Alive BT  High BT 0 Neg GA 0 Neg

44 F 65 4 Well No Alive GA  High BP0 Neg BT 0 Neg

45 M 58 3 Well No 8 BP  High BT 0 Neg GA I Low
46 M 61 3 Well No 6 BP  High BP 0 Neg BP 1 Low
47 M 69 2A Well No 19 BD  High GA 0 Neg GA 1 Low

43 M 69 3 Well Yes Alive  BD  High BP 0 Neg GA 3 High

49 F 64 2A poorly No 5 BT  Intermediate BT 0 Neg BT 0 Neg

50 M 56 3 Well No | BP  Intermediate BT 0 Neg BT 1 Low

51 M 57 3 Mod No 3 GA  High BT 2+  pos BT 1 Low

52 F 75 2A Well Yes Alive  BP  High BP0 Neg GA 3 High

53 M ND 3 Well No 12 BD  High BD 0 Neg BP 0 Neg

54 M 57 3 Mod No 9 BT  Intermediate BT 0 Neg BT 0 Neg

55 M 54 3 Ni  No 4 BD  High BT 0 Neg GA 0 Neg




Chi-square, Fisher’s exact, or Mantel-Haenszel linear-
by-linear association chi-square tests were used to
compare the gene and protein results across levels of
patient/tumor characteristics. Kappa statistics were
conducted to examine the agreement between gene and
protein levels for the three molecular targets. Kappa
>0.8 indicated excellent agreement, 0.8> kappa 20.4
indicated moderate agreement (Stokes et al. 2000). The
Kaplan-Meier estimate and log-rank or trend fests were
used to examine the survival experience on prognostic
factors and targets status.

Results
Patient characteristics

Patient and tumor characteristics are summarized in
Table 1. The median age was 63 years (range 43—
76 years) and the male:female ratio was 2.7:1. The
majority of patients (67%) had stage-3 or stage-4 dis-
ecases and most tumors (56%) showed well-differentiated

Fig. 1 Gene (red signal) and chromosome (green signal) detected by
fluorescence in situ hybridization (FISH) in esophageal squamous
cell carcinoma (ESCC; probes as described in the text). A Balanced
trisomy and B gene amplification for EGFR. C Balanced disomy
and D gene amplification for HER-2. E balanced polysomy and
F gene amplification for CCND1
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histological grade. All patients underwent esophagecto-
my and 19 of them also reccived radiation therapy
postoperatively. The median follow-up time was
10.5 months (range 0-61 months). Thirty-nine patients
had died, while 13 patients were alive at the time when
the study was conducted. Survival data from 3 patients
were not available for analysis.

Gene copy number and prolein expression

Gene and protein status as well as characteristics for
individual patients are shown in Table 2. The number of
copies of gene and chromosome per cell were obtained
from the FISH assays. According to the criteria de-
scribed above, the tumors were found to fall into four
FISH categories: balanced disomy (BD); balanced tri-
somy (BT); balanced polysomy (BP); and gene amplifi-
cation (GA). Unbalanced gene loss was not observed in
the 55 tumors and low level of amplification was only
detected for HER-2. The four FISH patterns are illus-
trated in Fig. 1 and the distribution of specimens among
these categories for each of the investigated DNA targets
are shown in Table 3. Distribution of specimens
according to the semiquantitative analysis is presented in
Table 4 and negative and overexpressed specimens are
illustrated in Fig. 2. The EGFR gene was amplified at
high levels in 8 patients (15%) and overrepresented in 20
patients (36%). In tumors with gene amplification, 5
(63%) exhibited medium-sized cluster pattern, whereas
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Table 3 Gene and chromosome status by FISH for EGFR, HER-
2, and CCND1 in ESC

FISH pattern EGFR HER-2 CCNDI

N % N % N %

Balanced disomy 10 18 7 13 4 7
Balanced trisonty 17 31 30 54 20 36
Balanced polysomy 20 36 17 31 8 15
Gene amplification 8 15 1 2 23 42
Total 55 100 55 100 55 100

Table 4 Protein expression by IHC for EGFR, HER-2, and

CCNDI in ESCC

HC pattern EGFR" HER-2* CCNDI®

N % N % N %

0 (+)* or 0-200° 1 20 48 87 23 4
1(+) 2 417 31
2 (+) or 201-300° 17 31 5 9 4 7
3(+)* or 301-400° 27 49 0 0 20
Total 5 100 55 loo 35100

the remaining showed large-sized clusters with greater
than nine signals (Fig. IB). EGFR protein was
expressed for a high level in 49% of patients. For
HER-2, a single patient (2%) showed low level of gene

Fig. 2 Protein expression detected by IHC in ESCC: for EGFR in
A negative/low (x40) and B high (x100); for HER-2 in C negative
(x40) and D 2+ overexpressed (x100); and for CCNDI in
E negative (x40) and F high (x100) levels of expression

amplification with a medium-sized cluster (Fig. 1D) and
17 patients (31%) had gene overrepresentation; how-
ever, the protein was weakly overexpressed (score 2+ ) in
only 5 patients (9%). The CCNDI locus was amplified
in 23 tumors (42%), and was overrepresented i 8 tu-
mors (15%). Tumors with CCNDI1 gene amplification
showed heterogencous cluster patterns: 8 (35%) small
sized; 6 (26%) medium sized; and 9 (39%) large-sized
clusters (Fig. 1F). Overexpression of CCNDI1 protein
was found in 32 tumors (58%), with 10-20, 20-40, or
>40% of expressing cells in 31, 7, and 20% of patients,
respectively.

The distribution of specimens according to the com-
bination of gene status and protein expression of the
three molecular targets is shown in Table 5. The protein
expression was dichotomized in low level (THC negative
for HER-2 and CCNDI: score < 300 for EGFR) and
high level of expression (IHC positive for HER-2 and
CCNDI: score >300 EGFR). For EGFR and CCNDI,
high levels of protein expression prevailed in tumors
with gene  overrepresentation  or amplification
(kappa = 0.4). Interestingly, a fraction of specimens with
gene amplification was found low-level expressed for
EGFR (2 tumors) and CCNDI (3 tumors) proteins. For
HER-2, no association was detected between gene and
protein levels. The rare specimen with weak HER-2
protein overexpression (score 2+) had gene overrepre-
sentation but not clustered amplification and the single
specimen with gene amplification has not overexpressed
the protein. A similar analysis was performed dichoto-
mizing the results for gene and protein expression, as
shown in Fig. 3. Additionally, the gene copy numbers
were dichotomized as low (FISH patterns BD +BT) and
high (FISH patterns BP +GA) copy numbers per cell.




Table 5 Gene status by FISH and protein expression by IHC

IHC/FISH EGFR HER-2 CCNDI

Low High Negative Positive Negative Positive

N % N % N %o N % N % N %
Balanced disomy 6 21 4 15 7 14 0 0 1 4 3 9
Balanced trisomy 13 46 4 15 26 52 4 80 15 65 5 16
Balanced polysomy 7 25 13 48 16 22 1 20 4 17 4 13
Gene amplification 2 7 6 22 | ) 0 0 B 13 20 63
Total 28 99 27 100 50 100 5 100 23 99 32 101

Low level of protein expression = THC negative for HER-2 and CCNDI, and score 0-300 for EGFR
High level of expression = IHC positive for HER-2 and CCNDI, and score > 300 for EGFR

%

70-{

6

EGFR
BEHER-2
O Cyclin D1

50 4
40 4
30 4

Low FISH/High IHC

Low FISH/Low IHC High FISHILow IHC  High FISHHigh HC

Fig. 3 Comparison of dichotomized gene patterns and protein
expression levels for EGFR, HER-2, and CCNDI in ESCC. The
gene copy numbers were dichotomized as low (FISH patterns
BD+BT) and high (FISH patterns BP+GA) copy numbers per
cell. The protein expression was dichotomized in low level (IHC
negative for HER-2 and CCNDI; score < 300 for EGFR) and
high level of expression (THC positive for HER-2 and CCNDI;
score > 300 for EGFR)

For HER-2, low levels of gene and protein predomi-
nated, whereas for EGFR and CCNDI., gene overrep-
resentation and amplification predominated and
associated with protein overexpression.

A comparison among the three molecular targets
EGFR, HER-2, and CCNDI in each tumor, revealed
interesting results. The tumor with HER-2 amplification
(patient no. 47) also was amplified for CCNDI: how-
ever, among the 8 tumors amplified for EGFR and the
23 tumors amplified for CCNDI, a single tumor (patient
no. 14) was found amplified for both genes. Regarding
the protein expression, three tumors (patient nos. T Ll
and 51) overexpressed all three proteins (Table 2). No
association, either at gene or protein levels, was detected
between EGFR and HER-2, EGFR and CCNDI, or
HER-2 and CCNDI in each specimen (kappa <0.4).

Prognostic indicators and survival

EGFR protein overexpression was observed in a higher
incidence in tumors with well-differentiated grade
(p=0.02). Other than this, no association of EGFR,
HER-2, or CCNDI at the gene or the protein level was
identificd with any of the patient characteristics,

including age, gender, survival status, pathological
stage, and tumor grade (data given in Table 1). Nong of
these factors, as well as the radiation treatment, was
shown to be a significant predictor of survival differ-
ences, which precluded their use as prognostic indicators
for ESCC. There was no difference in survival experience
regarding different levels of EGFR or CCNDI gene or
protein expression, individually or combined; however,
patients with negative HER-2 protein were found to
have a better survival than those with positive protein
(p=0.04).

Discussion

The critical role of targeted therapies against molecules
involved in the development and progression of neo-
plasias has been increasingly appreciated. Monoclonal
antibodies and tyrosine kinase inhibitors against EGFR
and HER-2, and other molecular strategies against their
downstream targets including CCND1 are among the
leading tested agents (Slichenmyer and Fry 2001);
however, some issues et to be properly addressed before
largely applying potential targeted agents into cancer
treatment are the lack of method of choice to evaluate
target expression, the disparity of results of targets as
prognostic factors, and the unclear association between
levels of expression and response to targeted therapy
(Arteaga 2002). In this study, three molecules were
evaluated at protein and gene levels. The number of
copies per cell of each gene of interest was evaluated by
FISH and correlated with a semi-quantitative protein
score determined in IHC assays, using specific antibod-
ies. To the best of our knowledge, a combined evalua-
tion of EGFR, HER-2, and CCNDI gene and protein
status has not been reported before for ESCC.

Gain in copy numbers of these genes as well as
overexpression of the corresponding proteins appear to
play an important role in ESCC. For the EGFR locus,
gene overrepresentation, as identified by balanced
polysomy of the EGFR gene and chromosome 7, was
the prevalent pattern (36%) and gene amplification was
found in 15% of patients. These findings agree with
previous reports in which EGFR amplification detected
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by various techniques ranged from 12 to 21% (Kitagawa
et al. 1996; Mathew et al. 2001). EGFR protein was
commonly expressed for a high level (49%) in this series
and this incidence rate falls within the wide range of 19—
83% of ESCC overexpressing patients reported previ-
ously (Wang et al. 1999; Torzewski et al. 1997). The
evaluation of protein and gene levels in the same speci-
mens has shown that high levels of EGFR protein
expression prevailed in tumors with gene overrepresen-
tation or amplification supporting the hypothesis that
gain in copy number is a critical mechanism for protein
overexpression: however, other mechanisms, such as
mutations, heterodimerization with HER-2 (cross-talk
with HER-2), increased co-expression of ligands, and
alterations in molecules that control receptor signaling
output (Arteaga 2002) may also account for overex-
pression. Conversely, changes in HER-2 were less sig-
nificant in ESCC. Most tumors (67%) had low number
of copies of the gene, gene amplification was found in a
single tumor, and protein overexpression was rare (9%).
These findings are in the lower range of previous pub-
lications that described HER-2 amplification in 7-9%
and protein overexpression in 0-31% of ESCC (Shiga
et al. 1993; Tkeda et al. 1996; Ross and McKenna 2001).
Unlike EGFR. HER-2 has shown no association bhe-
tween the gene and protein levels (kappa=—0.1). The
small numbers of patients who overexpressed HER-2
protein (Stocks et al. 2001) and whe had HER-2 gene
amplification (Parkin et al. 1997) most likely explained
this result.

In this ESCC serics, CCND1 was the gene more
frequently amplified (42%) and overrepresented (15%).
CCNDI amplification detected by various techniques
including FISH and differential polymerase chain reac-
tion assays was in the range of 22-65% (Sheyn et al
1997; Gramlich et al. 1994). It was also the more hel-
erogeneous patterns for gene amplification with diverse
sizes of clusters observed. CCNDI1 protein was fre-
quently overexpressed (58%), again within the range of
frequencies previously described (28-75%) for ESCC
patients (Sheyn et al. 1997; Matsumoto et al. 2000).
Interestingly, although there was a significant associa-
tion between gene gain in copy number and protein
overexpression, a fraction of tumors with CCNDI gene
amplification or overrepresentation did not overexpress
the protein indicating that alternative mechanisms
controlled protein overexpression.

None of the three targets was found to be associated
to each other, either at the gene or protein levels. By
far, the CCND1 gene was more frequently amplified
and the single tumor with HER-2 amplification was
also amplified for CCNDI; however, a single tumor
shared amplification for both EGFR and CCNDI.
Similarly, at the protein level, EGFR, HER-2, and
CCNDI were concomitantly overexpressed in only
three tumors. The amplification and overexpression of
EGFR and CCNDI in distinct tumors suggests alter-
native mechanisms for activation of tumorigenesis
pathways.

In our study, we found no evidence favoring gene or
protein levels as a better basis for selection of patients
who may benefit from targeted therapy. No correlation
between EGFR, HER-2, or CCNDI at the gene or
protein levels and pathological stage, tumor grade, or
radiation treatment was detected. The exception was
EGFR, for which the protein level was associated with
tumor grade, with higher expression in well-differenti-
ated tumors. No correlation with survival was found for
any molecular characteristic, except HER-2 protein. The
significance of the HER ferb-B family members as prog-
nostic factors for survival in solid tumors is still under
debate, and whether they have a synergystic effect is yet
to be addressed (Arteaga 2002). While some studies have
shown a correlation between high EGFR or HER-2
expression and poor survival outcome in several cancer
types, including esophageal cancer (Arteaga 2002;
Nicholson 2001), no impact has also been reported for
these tumors (Hirsch et al. 2003; Nicholson et al. 2001;
Shimada et al. 1999; Hirsch et al. 2002). CCNDI
amplification or expression, on the other hand, was
associated with poorer survival outcome in ESCC pa-
tients in most series (Stokes et al.20002000; Torzewski
et al, 1997). The only significant association with survival
in this series was found for patients who overexpressed
HER-2 protein and had a poorer survival. The small
number ol patients in this category (Stocks et al. 2001),
however, precludes any clinical conclusion. Constraints
in our series for survival analysis could be the small pa-
tient population size, the overall poor clinical outcome in
these patients, or the insufficiency of effective therapy to
render them better responses and improved survival.

Role of these molecules as predictive indicators to
therapy has not been extensively addressed. A recent
study demonstrated that overexpression of EGFR and
CCNDI in ESCC patients treated with chemoradio-
therapy correlated with the primary complete response
rates in 63 and 50% of patients, respectively (Gotoh
et al. 2002). A number of molecular therapeutic agents
have been investigated with the ultimate objective of
improving survival outcome for patients with various
types of solid malignancies. For patients with ESCC
whose prognosis is yet to be improved, incorporation of
this treatment modality to conventional therapy is a
potentially promising strategy. The high levels of EGFR
and CCNDI1 proteins consistently reported m ESCC
support the inclusion of the molecular pathways
involving these two proteins as therapeutical targets.
The higher EGFR expression in well-differentiated
tumors might indicate that patients with low-grade
tumors will be better responders to EGFR inhibitors.

Conclusion

In conclusion, ESCC are heterogeneous tumors regard-
ing to the profiles of the three molecular markers EGFR,
HER-2, and CCNDI1; however, EGFR and CCNDI
pathways seem to be potential candidates for therapeutic



targets for ESCC due to their frequent expression.
Clinical trials using molecular targeted agents in ESCC
arc urged and should include comprehensive biological
analyses of gene and protein to identify optimal
approach for selection of better responders and to
properly interpret the results.
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