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Overexpression of HER-2/neu was described in pancreatic intraepithelial neoplasia (PanIN) and in invasive ductal
adenocarcinoma of pancreas in a variable proportion of cases. The effects of HER-2/neu overexpression on mitogenic
signalling and cell cycle progression were studied in breast luminal epithelial cells and mitogen activated protein kinase-
dependent induction of p21 VAFVCIPL a5 found to be necessary for G1 phase progression. Overexpression of p21VAFI/CIPL
was described as an early event in the development of PanIN by Biankin et al. (2001) and this finding was supported by our
previous study that, moreover, did not confirm the possible role of activating K-ras mutations in the induction of p21"WAF!
CIP1 gverexpression.

Relationship between p2 expression and HER-2/neu status in PanIN lesions and ductal adenocarcinoma of
the pancreas was investigated in our study. Expression levels of p21WAF"CIP1 and HER-2/neu were examined imunohis-
tochemically and the amplification of HER-2/neu gene was evaluated by fluorescence in situ hybridisation in HER-2/neu
overexpressing adenocarcinomas. Fourty nine pancreatic resection specimens from patients with invasive adenocarcinoma
were included into the study. A large spectrum of PanIN lesions adjacent to the structures of infiltrating adenocarcinoma
was also examined. The possible role of HER-2/neu in an induction of p21 WAFVCIPL gyerexpression was not confirmed and
p21WAFVCIPL yerexpression seems to be HER-2/neu independent in pancreatic ductal adenocarcinoma according to our
results. Increasing levels of HER-2/neu expression were demonstrated in pancreatic intraepithelial neoplasia and in
18.75% of pancreatic adenocarcinoma. The only 2 from 9 HER-2/neu overexpressing adenocarcinomas showed the
amplification of HER-2/neu gene. Based on these results, the overexpression of HER-2/neu in pancreatic adenocarcinoma
seems to be a result of increased transcription rather than gene amplification. Therefore HER-2/neu represents a good

1WAF1/CIP1

target for therapy of pancreatic adenocarcinoma only in isolated cases.

Key words: adenocarcinoma, pancreas, HER-2/neu, p21, immunohistochemistry, FISH

Pancreatic ductal adenocarcinoma belongs to the most
aggressive human malignancies. The lethality of the pan-
cratic cancer almost equals its incidence and the overall 5-
year survival rate is less than 5% [7,13,21]. The oncogenesis
of pancreatic ductal adenocarcinoma is a multistep process
characterized by the progression from ductal and ductular
epithelium through the spectrum of the PanIN (pancreatic
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intraepithelial neoplasia) lesions to the invasive ductal ade-
nocarcinoma [19, 20]. Recent studies repeatedly demon-
strated this process as a result of genetic changes
sequence resulting in activations of different oncogenes.
Activation of K-ras oncogene usually caused by codon 12
point mutations was demonstrated in up to 60-100% cases
of pancreatic adenocarcinoma [1, 25, 29, 41] and was also
revealed in PanIN lesions [25, 26]. 50-75% pancreatic ade-
nocarcinomas were reported to carry the mutations in tu-
mor suppressor gene p53 [5, 12, 21]. Loss of the function of
the CDKN2A (MST1) tumor suppressor gene, which en-
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codes p16™ 42 occurs in up to 85-98% of pancreatic ade-
nocarcinoma [28, 38]. Another tumor suppressor gene
Smad4 is inactivated in approximately 50% of pancreatic
cancers, compared to <10% in other tumor types [15, 39].
C-erbB-2 protooncogene, often referred as HER-2/neu,
mapped to chromosome 17q21 encodes a 185 kDa trans-
membrane glycoprotein, designed as p1857ER? [2, 4]. Di-
merisation with other members of HER family is
responsible for the formation of active receptors being able
to bind a growth factor heregulin or to be active in signal
transduction even in the absence of cognate ligands [32, 33].
HER-2/neu overexpression was found to be a poor prog-
nostic factor in breast carcinoma [36] and was also demon-
strated in pancreatic intraepithelial neoplasms and
adenocarcinomas. However, its prognostic significance re-
mains unclear and the percentage of immunohistochemi-
cally detected HER-2/neu overexpression in adenocarci-
nomas is very variable, from 16 to 82% among the studies
[3,9,22,24,29, 30, 37, 43]. The only study of SAFRAN et al
[37] evaluated the HER-2/neu status using fluorescence in
situ hybridization in pancreatic adenocarcinoma. Gene am-
plification of HER-2/neu was detected in 3 of 11 patients
with HER-2/neu overexpression revealed by immunohisto-
chemistry [37]. Overexpression of p21WAFVCIPL wag re-
cently described as an early event in the development of
pancreatic intraepithelial neoplasia [6]. Expression of
p21 WAFVCIPL geems to be p53 independent in a significant
number of high grade PanIN lesions and adenocarcinomas
and increased significantly with each subsequent PanIN le-
sion to pancreatic carcinoma along the progression model
[6, 11]. The possible role of activating codon 12 K-ras muta-
tion in the induction of p21WVAFVCIPl expression has not
been confirmed yet [17] and the role of HER-2/neu in re-
lationship to the p21WAFVCIPL expression is discussed in the
study of BIANKIN et al [6] that also revealed Smad4/DPC4
independent expression of p21WAFVCIPl[G]  Effects of
HER-2/neu overexpression on mitogenic signalling and cell
cycle progression were studied in breast luminal epithelial
cells and mitogen activated protein kinase (MAPK)-depen-
dent induction of p21WAFVCIPL expression was found to be
necessary for G1 phase progression [42].

Relationship between p21VAFVCIPL and HER-2/neu ex-
pressions in PanIN lesions and ductal adenocarcinoma of
the pancreas was investigated in our study. In addition, the
amplification of HER-2/neu in pancreatic adenocarcinomas
was evaluated using fluorescence in situ hybridization
(FISH).

Material and methods

Fourty nine pancreatic resection specimens from patients
who had undergone pancreaticoduodenectomy at the Fa-
culty Hospital Brno, Masaryk Memorial Cancer Institute

and Surgical Hospital Delta between 2000-2003 with the
diagnosis of invasive ductal adenocarcinoma were included
into the study and non-tumorous tissues adjacent to the
structures of invasive carcinoma with the spectrum of
PanIN lesions were also examined. Resection specimens
were fixed in 10% neutral-buffered formalin for 24 hours.
Slides stained by hematoxylin-ecosin (HE) were examined
to identify the samples containing the structures of invasive
carcinoma and/or the spectrum of PanIN lesions in the tis-
sue adjacent to invasive component. Immunohistochemis-
try (IH) and fluorescence in situ hybridization (FISH) were
performed on 4 um thick sections of formalin fixed paraffin
embedded tissue applied to positively charged slides. For
immunohistochemistry, sections were deparaffinized in xy-
lene and rehydrated through a series of alcohol. For
p21 WAFVCIPL TH  the antigen retrieval was performed in
the microwave (Milestone) by heating in citrate buffer at
pH 6.0 for 4 minutes at 120 "C. The water bath containing
EDTA buffer at pH 8.0 preheated to 93-95 °C was used for
antigen retrieval in HER-2/neu IH. Endogenous peroxi-
dase activity was quenched in 3% hydrogen peroxide in
methanol. Tissue sections were incubated with mouse
monoclonal antibodies to either p21VAFVCIPL (clone SX
118, DAKO, dilution 1:50) or HER-2/neu (1:1 mixture of
two monoclonal antibodies: NCL-c-erbB-2-316 in dilution
1:500 directed against internal domain of HER-2/neu and
NCL-c-erbB-2-356 in dilution 1:1000 directed against exter-
nal domain of HER-2/neu). Streptavidin-biotin peroxidase
detection system was used in accordance with manufac-
turer’s instructions (Vectastain Elite Kit, Vector Labora-
tories) and than visualized using 3,3’-diaminobenzidine as
a substrate (Sigma). Slides were counterstained with hema-
toxylin. Tissue sections with a known HER-2/neu status
were used as positive and negative controls. Slides were
evaluated by two obserevers independently and the discre-
pancies were solved by consensus.

In p21 WAFVCPL immunohistochemistry the lesions were
scored as a percentage of nuclei positive in the lesion and
the average score of the particular lesion was counted per
case. More than 5% nuclei positive were scored as 1+, more
than 15% as2+. Less than 5% nuclei positive were scored as 0.

In HER-2/neu immunohistochemistry, “0“ negative
cases have shown no membrane staining at all or membrane
staining in less than 10% of the cells. “1+“ negative cases
have shown a barely perceptible membrane staining de-
tected in more than 10% of the cells. The cells are stained
only in part of their membrane. A weak to moderate im-
munostaining of the entire membrane observed in more
than 10% of the cells was interpreted as 2+ weak positivity.
3+ strongly positive cases have shown a strong immunos-
taining of the entire membrane in more than 10% of the
cells. Cytoplasmic labelling alone was scored as negative.

The HER-2/neu amplification was evaluated on 4 um
thick formalin fixed paraffin-embedded invasive cancer tis-
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sue sections mounted on positively charged slides using
Benchmark automate working with HER-2/neu probe
(Ventana). Assays were strictly performed according to
Benchmark user guide. Nuclear DNA was counterstained
by 0.1 ug/ml DAPI in Antifade (Oncor). Scoring of ampli-
fication was performed by counting the number of all FITC
signals present in 20 randomly selected, intact, non-over-
lapping cancer nuclei in two distinct areas within the same
tissue section (i.e., a total of 40 nuclei per case). Fluores-
cence microscope eqquipped with DAPI and FITC filters
and 100x immerse objective and LUCIAR software were
used for image analysis and scoring. Tumors with the mean
number of signals per nucleus <4 were interpreted as non-
amplified, whereas cases exhibiting >4 as a mean were clas-
sified as amplified.

Statistical analysis was performed using the analysis of
contingency tables (Pearson’s chi-square) in SYSTAT sta-
tistical package (SPSS Inc., USA).

Results

Normal ducts were examined in 40 cases (39 in p21 W A"

CIP1 1H), PanIN1a lesions in 39 cases (36 in p21WAFVCIP1
IH), PanIN1b lesions in 36 cases (34 in p21WAFVCIPL TH),
PanIN2 lesions in 39 cases (33 in in p21VAFVCIPL [H), Pa-
nIN3 lesions in 45 cases (37 in p21 VAFV™P1 1H) and inva-
sive ductal adenocarcinomas in 48 cases (49 in p21WVAFY
CIP1y Not every resection specimen contained the full spec-
trum of Pan IN lesions and some of them were also lost by
serial sectioning due to repeated immunohistochemical
staining in some cases. Among the infiltrating adenocarci-
nomas, 27 were moderately differentiated, 9 well differen-
tiated, 11 were poorly differentiated and 2 contained foci of
both moderately and poorly differentiated carcinoma.

The results of immunohistochemically evaluated HER-2/
neu expression are summarized in Table 1. Statistically sig-
nificant correlation was revealed (p=0.002) between the
level of HER-2/neu expression and the severity of a ductal
lesion. Immunostaining for HER-2/neu was observed in
normal ducts of 2 cases, in PanIN1a lesions of 6 cases and
in PanIN1b lesions of 7 cases on 1+ level, which is repro-
duced as no overexpression according to conventional cri-
teria. Only one PanIN1b lesion expressed HER-2/neu on 2+
level. Overexpression of HER-2/neu (2+ or 3+ immunos-
taining) was observed in PanIN2 lesions of 4 cases, in Pa-
nIN3 lesions of 9 cases and in 9 ductal adenocarcinomas (8
of them were moderately and one of them poorly differen-
tiated). Overexpression of HER-2/neu was detected in
18.75% adenocarcinomas (Fig. 1). Among the infiltrating
carcinomas, only one case expressed HER-2/neu on 3+ le-
vel. The three 2+ positive adenocarcinomas overexpressed
HER-2/neu only focally. To determine the correlation be-
tween the overexpression and amplification of HER-2/neu,

Table 1. Expression of HER-2/neu in normal ducts, PanIN lesions and ade-
nocarcinomas

0 1+ 2+ 3+
Normal ducts 38(95%) 2(5%) 0(0%) 0(0%)
PanINla 33(85%) 6(15%) 0(0%) 0(0%)
PanIN1b 28(78%) 7(19%) 1(3%) 0(0%)
PanIN2 27(69%) 8(21%) 4(10%)  0(0%)
PanIN3 25(56%) 11(24%) 8(18%) 1(2%)
Carcinoma 25(52%) 14(29%) 8(17%)  1(2%)
p=0.002
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Figure 1. Overexpression of HER-2/neu in invasive adenocarcinoma: mod-
erate membrane staining on 2+ level.

Figure 2. Amplification of HER-2/neu gene in an invasive adenocarcinoma
with immunohistochemically detected HER-2/neu overexpression.

these 9 cases with HER-2/neu overexpression revealed by
immunohistochemistry were examined using fluorescence
in situ hybridization. A high amplification of HER-2/neu
was detected in only 1 adenocarcinoma (Fig. 2) with the
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Table 2. Expression of p21WVAF/C™"1 iy normal ducts, PanIN lesions and
adenocarcinomas

0 1+ 2+

Normal ducts 37(95%) 2(5%) 0(0%)
PanINla 29(81%) 7(19%) 0(0%)
PanIN1b 21(62%) 12(35%) 13%)
PanIN2 3(9%) 20(61%) 10(30%)
PanIN3 2(6%) 9(24%) 26(70%)
Carcinoma 2(4%) 12(25%) 35(71%)
p<0.000

Table 3. Relationship of HER-2/neu expression to p21WAF/C™*1 expression
independently of the type of lesion

p21/HER-2 0 1+ 2+ 3+
0 77(46% ) 13(32%) 3(19%) 0(0%)
1+ 37(22%) 16(40% ) 7(44%) 0(0%)
2+ 53(32%) 11(28%) 6(37%) 2(100%)
p=0.030

Table 4. Relationship of HER-2/neu expression to p21WAF/C™*1 expression
in adenocarcinomas

p21/Her-2 0 1+ 2+ 3+

0 0(0%) 1(7%) 1(12%) 0(0%)
1+ 3(12%) 5(36%) 3(38%) 0(0%)
2+ 22(88%) 8(57%) 4(50%) 1(100%)
p=0.244

mean gene copy number 10.8 per nucleus. This positive case
expressed HER-2/neu in PanIN3 lesion and in the struc-
tures of invasive carcinoma on 3+ level. Clonally heteroge-
nous amplification of HER-2/neu was revealed in one more
case with imunohistochemically detected focal HER-2/neu
overexpression. An area with a borderline amplification
was identified within this tumor section. The mean gene
copy number in this part of tumor was 5.3; the overall gene
copy number in this case was 3.4 per nucleus.

Results of immunohistochemically evaluated p2
CIP1 expression are summarized in Table 2. The proportion
of p21WAF” CIPl expression in normal ducts, PanINT1a, 1b, 2,
3 lesions and carcinomas increased progressively with the
severity of the lesion along the progression model with
staining not exceeding 1+ in normal ducts and staining 2+
in the most cases of PanIN3 lesions and carcinomas.

Total analysis of the relationship between HER-2/neu
and p21WAFVCIPL expressions in all types of ductal lesions
(summarized in Tab. 3) revealed statistically significant cor-
relation (p=0.030). There was no statistically significant cor-

1WAF1/

relation (p=0.244) between HER-2/neu and p21WVAFY/CIF!
expressions in adenocarcinomas (summarized in Tab. 4).

Discussion

p21WAFVCIPL (CDKN1A), originally identified together
with p27%™*! and p57¥'"? as general inhibitors of Cdks, pre-
vents Rb phosphorylation by inhibiting activation of cdk2/
cyclin E complexes that is required for Rb phosphorylation.
In this point of view, it is difficult to interpret the growing
expression of p21VAFVCIPL aecording to the severity of the
ductal lesion found in the study of BIANKIN et al [6] and in
our study as well. But it was found that p21"VAFYCIP! does
not necessarily inhibit the activity of cdk/cyclin complexes
since p21WAFVCIPL i present in both active and inactive
forms of cdk/cyclin complexes [44]. They function as cdk
inhibitors when complexed with cdk2/cyclinE and as activa-
tors when complexed with cdk4/cyclin D1. The only study
dealing with immunohistochemically detected expression
of cyclin D1 in PanIN lesions failed to show the expression
of cyclin D1 in low grade ductal lesions and the functional
role, if any, of p21"VAFVCIP! gyerexpression in the develop-
ment of pancreatic intraepithelial neoplasia remains un-
clear [6]. The levels of cyclin E expression in PanIN
lesions have not been studied yet. Additionally, p21WAFY
CIP1 was described as an assembly factor for cdk4/cyclin D1
complexes which is in low concentration required for the
cdk4/cyclin D1 enzymatic activity necessary for Rb phos-
phorylation [8, 23, 40] and also acts as a down stream med-
iator of many mitogenic stimuli including the above
mentioned HER-2/neu protein [27, 42]. HER-2/neu is able
to signal through ras protein and activation of Ras/Raf/
MEK/ERK pathway was found to be associated with in-
creasing p21WAFVCIPL expression, activation of cdk4/cyclin
D1 complexes and proliferation in hemopoietic cells [8]. But
p21 WAFVCIPL expression seems to be HER-2/neu indepen-
dent in pancreatic ductal adenocarcinoma according to our
results. We have revealed a statistically significant correla-
tion between p21VAFVCIPL and HER-2/neu expressions
only when analysing all ductal lesions independently of
their type. We suppose that this relationship represents sta-
tistically secondary correlation due to strongly significant
dependency of p21WAFVCIPL and HER-2/neu expressions
on the type of lesions. We conclude that the possible role
of HER-2/neu in an induction of p21VAF/“Plexpression
was not confirmed in our study.

Recently published reports [22, 30, 37] demonstrated
HER-2/neu overexpression in a smaller proportion of pan-
creatic ductal adenocarcinoma when compared to studies
previously published [3, 9, 10]. The lower rate of overex-
pression in recent studies is comparable with the HER-2/
neu overexpression in breast carcinomas [31]. The largest
study of KOKA et al [22] demonstrated the HER-2/neu over-
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expression in 48 out of 308 pancreatic ductal adenocarcino-
ma specimens (16% ) and suggested that HER-2/neu may
not be an appropriate target for therapy of pancreatic ade-
nocarcinoma. This study also revealed no statistically sig-
nificant difference in survival between HER-2/neu positive
and negative groups and described significant variability in
the levels of HER-2/neu expression across tumor sections in
individual cases, which can potentially lead to a misclassifi-
cation, especially in probatory excisions from unresectable
tumors [22]. Multivariate analysis did not reveal statistical
difference in survival between the uniformely and variably
expressing tumors [22]. Our study included only pancreatic
resection specimens and revealed variable HER-2/neu
overexpression across tumor sections in 3 of 9 tumors with
immunohistochemically detected overexpression. In our
study, the overall percentage of HER-2/neu positive carci-
nomas (18.75% ) was in agreement with the largest study of
KOKA et al [22]. All these positive carcinomas were exam-
ined using FISH and amplification of HER-2/neu gene was
detected in only 2 from 9 HER-2/neu overexpressing carci-
nomas. Tumor cells in the first amplified case showed 3+
HER-2/neu expression and the same level of expression was
detected in PanIN3 lesion adjacent to the invasive tumor
structures. The other case showed the HER-2/neu amplifi-
cation only clonally. The only study of SAFRAN et al [37]
counted the HER-2/neu gene copy number in pancreatic
adenocarcinomas using FISH and revealed the amplifica-
tion in a small proportion of carcinomas with immunohis-
tochemically detected overexpression (3 of 11; 27%). This
study also revealed a lower incidence of HER-2/neu over-
expression in pancreatic adenocarcinomas, which is in
agreement with recently published data [22, 30, 37]. The
discrepancy between the proportion of HER-2/neu overex-
pressing cases in different studies could be explained meth-
odologically. The type of antibody (monoclonal and
polyclonal), the way of antigen retrieval and especially strict
evaluating of only membrane immunostaining play the im-
portant role in separation of immunohistochemically posi-
tive and negative carcinomas. Our study used monoclonal
antibodies directed against both internal and external do-
main of HER-2/neu protein using methodology showing
statistically significant correlation with FISH in breast car-
cinomas; overexpressing breast carcinomas show amplifica-
tion of HER-2/neu in almost all cases using this
methodological appproach [18]. Results of our immunohis-
tochemical and FISH analysis of pancreatic adenocarcino-
ma suggest that the overexpression of HER-2/neu in
invasive pancreatic cancer is the result of increased tran-
scription rather than gene amplification. Similarly, in non-
small cell and small cell lung carcinoma the rate of HER-2/
neu overexpression revealed by IH ranges between 15—
25%, while FISH detects gene amplification in less than
5% of pathological samples [35]. Mild amplification of
HER-2/neu was also revealed in a subset of gastrinomas

and higher levels of HER-2/neu mRNA were associated
with aggressiveness of these tumors. Therefore, the evalua-
tion of HER-2/neu status could identify a patient subset
with gastrinomas who might benefit from transtuzumab
treatment [14]. The recently published study of POTTI et
al [34] which evaluated the HER-2/neu status only immu-
nohistochemically concluded that HER-2/neu is not signifi-
cantly overexpressed in both pancreatic carcinoma and
hepatocellular carcinoma. According to their results, there
appears to be no role for the use of trastuzumab treatment
[34]. However, they suggest further studies in pancreatic
adenocarcinoma [34].

Our study represents the only second report demonstrat-
ing the amplification of HER-2/neu in pancreatic ductal
adenocarcinoma in a small proportion of HER-2/neu over-
expressing carcinomas [37]. In agreement with the recent
literature, we conclude that HER-2/neu gene amplification
seems to be a rare event in the development of pancreatic
cancer according to our results and HER-2/neu appears to
represent a good target for therapy of pancreatic adenocar-
cinoma only in isolated cases. We suggest a confirmation of
HER-2/neu status using FISH, especially in HER-2/neu
overexpressing adenocarcinomas.

References

[1] ALMOGUERA C, SHIBATA D, FORRESTER K, MARTIN J, ARN-
HEIMN,PERUCHO M. Most human carcinoma of the exocrine
pancreas contain mutant c-K-ras gene. Cell 1988; 53: 549-54.

2] AKIYAMA T, SUDO C, OGAWARA H, TOYOSHIMA A, YAMA-
MOTO T. The product of the c-erbB-2 gene: a 185-kilodalton
glycoprotein with tyrosine kinase activity. Science 1986; 232:
1644-1646.

[3] APPLE SK, HECHT JR, LEWIN DN, JAHROMI SA, GRODY WW,
NIERBERG RK. Immunohistochemical evaluation of K-ras,
p53 and HER-2/neu expression in hyperplastic, dysplastic
and carcinomatous lesions of the pancreas: evidence for
multistep carcinogenesis. Hum Pathol 1999; 30: 123-129.

[4] BARGMANNCI,HUNGMC, WEINBERG RA. The neu oncogene
encodes an epidermal growth factor receptor-related pro-
tein. Nature 1986; 319: 226-230.

[5] BARTON CM, STADDON SL, HUGHES CM, HALL PA, O’SULLI-
VAN C et al. Abnormalities of the p53 tumour suppressor
gene in human pancreatic cancer. Br J Cancer 1991; 64:
1076-1082.

[6] BIANKIN AV, KENCH JG, MOREY AL, LEE CS, BIANKIN SA et
al. Overexpression of p21WAFVCIPL s an early event in the
development of pancreaticintraepithelial neoplasia. Cancer
Research 2001; 61: 8830-8837.

[7] BRAMHALL SR, ALLUM WH, JONES AG, ALLWOOD A, CUM-
MINS C, NEOPTOLEMOS JP. Treatment and survival in 13,560
patients with pancreatic cancer, an incidence of the disease,
in the West Midlands: An epidemiological study. Br J Surg
1995; 82: 11-115.

[8] CHANG F,MCCUBREY JA. p21 (Cipl) induced by Raf is asso-
ciated with increased Cdk4 activity in hemopoietic cells.



82

HERMANOVA, LUKAS, NENUTIL, BRAZDIL et al.

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

Oncogene 2001; 20: 4354—4364.

DAY JD, DIGIUSEPPE JA, YEO C, LAI-GOLDMAN M, ANDER-
SON SM et al. Immunohistochemical evaluation of HER-2/
neu expression in pancreatic adenocarcinoma and pancrea-
ticintraepithelial neoplasms. Hum Pathol 1996;27: 119-124.
DERGHAM ST, DUGAN MC, ARLAUKAS P, WEI D, VIATKEVI-
CIUS VK et al. Relationship of family cancer history to the
expression of p53, p21WAF-1, HER-2/neu, and K-ras mu-
tation in pancreatic adenocarcinoma. Int J Pancreat 1997;
21:225-234.

DIGIUSSEPPE JA, REDSTON MS, YEO CJ, KERN SE, HRUBAN
RH. p53-independent expression of the cyclin-dependent ki-
nase inhibitor p21 in pancreatic carcinoma. Am J Surg
Pathol 1995; 147: 884-888.

DIGIUSEPPE JA, YEO CJ, HRUBAN RH. Molecular biology and
the diagnosis and treatment of adenocarcinoma of the pan-
creas. Advances in Anatomic pathology 1996; 3: 139-155.
FERNANDEZE, LA CECCHIA C,PORTAM,NEGRIE, LUCCHINI
F, LEVIF. Trends in pancreatic cancer mortality in Europe,
1955-1989. Int J Cancer 1994; 57: 786-792.

GOEBEL SU,IWAMOTOM, RAFFELD M, GIBRILF,HOU W et al.
Her-2/neu expression and gene amplification in gastrino-
mas: correlations with tumor biology, growth and agressive-
ness. Cancer Res 2002; 62: 3702-3710.

HAHN SA, SCHUTTE M, HOQUE AT, MOSKALUK CA, DA
COSTA LT et al. DPC4, a candidate tumor suppressor gene
at human chromosome 18q211.1. Science 1996;271: 350-
353.

HARADA N, GANSAUGE S, GANSAUGE F, GAUSE H, SHI-
MOYAMA S et al. Nuclear accumulation of p53 correlates
significantly with clinical features and inversely with the ex-
pression of the cyclin-dependent kinase inhibitor p21"VAFY
CTP1 in pancreatic cancer. Brit J Cancer 1997; 76: 299-305.
HERMANOVA M, LUKAS Z, KROUPOVA I, KLEIBL Z, NO-
VOTNY J et al. Relationship between mutation and the ex-
pression of p21WAFVCPL and p53 in chronic pancreatitis and
pancreatic adenocarcinoma. Neoplasma 2003; 50: 319-325.
HERMANOVA M, NENUTIL R, KROUPOVA I, BRAZDIL J, LU-
KASOVA E, KOZUBEK S. Amplification and overexpression
of HER-2/neu in invasive breast carcinomas: Comparative
analysis of immunohistochemical methods and fluorescence
in situ hybridisation. Klinicka Onkologie 2001; 14: 157-162.
HRUBAN RH, ADSAY NV, ALBORES-SAAVEDRA J, COMPTON
C, GARETT ES et al. Pancreatic intraepithelial neoplasia:
anew nomenclature and classification system for pancreatic
duct lesions. Am J Surg Path 2001; 25: 579-586.

HRUBAN RH, WILENZ RE, KERN SE. Genetic progression in
the pancreatic ducts. Am J Pathol 2000; 156: 1821-1825.
HRUBAN RH, YEO CJ, KERN SE. Pancreatic cancer. In: Vogel-
stein B, Kinzler KW, editors. The genetic basis of human
cancer. New York: McGraw-Hill, 1996: 603-613.

KOKA V,POTTI A, KOCH M, FRAIMAN G, MEHDI S, LEVITT R.
Role of immunohistochemical identification of Her-2/neu
and detection of variability in overexpression in pancreatic
carcinoma. Anticancer Res 2002; 22: 1593-1597.

LABAER J, GARETT MD, STAVENSON LF, SLINGERLAND JM,
SANDHU Cet al. New functional activities for the p21 family
of CDK inhibitors. Genes Dev 1997; 11: 847-862.

LEI S, APPERT HE, NAKATA B, DOMENICO DR, KIM K, HO-

[25]

[26]

(27]

28]

[29]

30]

31]

32]

33]

34]

35]

(36]

(37]

(38]

39]

[40]

WARD JM. Overexpression of HER2/neu oncogene in pan-
creatic cancer correlates with shortened survival. Int J
Pancreatol 1995; 17: 15-21.

LEMOINE NR, JAIN S, HUGHES CM, STADDON SL, MAILLET B
et al. Ki-ras oncogene activation in preinvasive pancreatic
cancer. Gastroenterology 1992; 102: 230-236.

LUTTGES J, DIETRICHS A, MENKE MA, VOGEL I, KREMER B,
KLOPPEL G. Ductal lesions in patients with chronic pancrea-
titis show K-ras mutations in a frequency similar to that in
the normal pancreas and lack nuclear immunoreactivity for
p53. Cancer 2000; 88: 2495-2504.

MALANEY S, DALY R. The Ras signaling pathway in mam-
mary tumorigenesis and metastasis. ] Mammary Gland Biol
Neoplasia 2001; 6: 101-103.

MOSKALUK CA, HRUBAN RH, KERN SE. p16 and K-ras gene
mutations in the intraductal precursors of human pancreatic
adenocarcinoma. Cancer Research 1997; 57: 2140-2143.
NOVOTNY J, KLEIBL Z, VEDRALOVA J, KOLAROVA M, PET-
RUZELKAL et al. c-erbB-B2 expression and K-ras mutations
in pancreatic cancer. Correlation with clinical course and
pathological characteristics. Klinicka Onkologie 2000; 13:
167-170.

NOVOTNY J, PETRUZELKA L, VEDRALOVA J, KLEIBL Z, MA-
TOUS B, JUDAS L. Prognostic significance of c-erbB-2 gene
expression in pancreatic cancer patients. Neoplasma 2001;
48:188-191.

PEREZ EA. HER-2 as a prognostic, predictive and therapeu-
tic target in breast cancer. Canc Control 1999; 6: 233-239.
PINKAS-KRAMARSKI R, SHELLY M, GUARINO BC, WANG LM,
LYASSL etal. ErbB tyrosine kinases and the two neuregulin
families constitute a ligand-receptor network. Mol Cell Biol
1998; 18: 6090-6101.

PINKAS-KRAMARSKI R, SOUSSAN L, WATERMAN H, LEVKO-
WITZ G, ALROY 1 et al. Diversification of neu differentiation
factor and epidermal growth factor signaling by combina-
torial receptor interactions. EMBO J 1996; 15: 2452-2467.
POTTI A, GANTI AK, TENDULKAR K, CHITAJALLU S, SHOLES
K et al. HER-2/neu and CD 117 (c-kit) overexpression in
hepatocellular and pancreatic carcinoma. Anticancer Res
2003; 23: 2671-2674.

POTTI A, WILLARDSEN J, FORSEEN C, GANTI AK, KOCHM et
al. Role of Her-2/neu overexpression and clinical features at
presentation on the outcome of patients with extensive stage
of small cell lung carcinoma. Lung Cancer (in press).

ROSS JS, FLETCHER JA. The Her-2/neu oncogene in breast
cancer: prognostic factor, predictive factor, and target for
therapy. Stem Cells 1998; 16: 413-428.

SAFRANH, STEINHOFFM, MANGRAY S,RATHORE R,KING TC
et al. Overexpression of the HER-2/neu oncogene in pan-
creatic adenocarcinoma. Am J Clin Oncol 2001; 24: 496-499.
SCHUTTE M, HRUBAN RH, GERADTS J, MAYNARD R, HIL-
GERS W et al. Abrogation of the Rb/p16 tumor-suppressive
pathway in virtually all pancreatic carcinomas. Cancer Res
1997; 57: 3126-3130.

SCHUTTE M, HRUBAN RH, HEDRICK L, CHO KR, NADASDY
GM et al. DPC4 gene in various tumor types. Cancer Res
1996; 56: 2527-2530.

SHERR SJ. Cancer cell cycles. Science (Wash. DC) 1996; 274:
1672-1677.



AMPLIFICATION OF HER-2/neu IN INVASIVE DUCTAL CARCINOMA

83

[41]

[42]

TADA M, OMATA M, OHTO M. Clinical implication of ras gene
mutation for diagnosis of pancreatic adenocarcinoma. Gas-
troenterology 1991; 100: 233-238.

TIMMS JF, WHITE SL, O'HARE MJ, WATERFIELD MD. Effects
of ErbB-2 progression on mitogenic signalling and cell cycle
progression in human breast luminal epithelial cells. Onco-
gene 2002; 21: 6573-6586.

[43]

[44]

WILLIAMS TM, WINER DB, GREENE MI, MAGUIRE CH Jr. Ex-
pression of c-erb-B2 in human pancreatic adenocarcinomas.
Pathobiology 1991; 59: 46-52.

ZHANG H, HANNON GJ, BEACH D. p21-containing kinases
exists in both active and inactive states. Genes Dev 1994;
8: 1750-1758.



