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Abstract

Aims: Despite surgical resection, pancreatic cancer carries a poor prognosis. In search for new
molecular therapeutic targets, we investigated the expression of the HER-family and gene
amplification of HER-2 in pancreatic adenocarcinomas of different stages.

Methods: Tissue of 45 resected patients was analysed for all HER-family 1-4 expression by
immunohistochemistry and HER-2 gene amplification was assessed by multiplex ligation-dependent
probe amplification and chromogenic in situ hybridization. The type of surgery, location, stage and
grade of the tumour, as well as involvement of the resection margins were correlated with HER-
expressions and univariate and multivariate survival analysis performed.

Results: Normal pancreatic tissue lacked HER1-2 expression, but did show HER3-4 expression. In
cancers, no membranous overexpression of HER-1 and HER-2 was seen nor gene amplification of
HER-2 found. HER-3, HER-4 is physiologically expressed in the normal pancreas and loss of
cytoplasmic HER-3 and HER-4 expression was seen in 33/45 (73%) and 8/45 (18%) of pancreatic
cancers. Cytoplasmic HER-3 expression decreased from early to late stage (p=0.05). HER-4
expression was not associated with survival, stage or tumor grade. There were no statistically
significant differences in HER1-4 expression between the papilla of Vater (n=13) and non-papilla
cancers (n=32). Multivariate survival analysis showed only stage to be of independent prognostic
value (p=0.015).

Conclusions: HER-1 and HER-2 are not overexpressed in pancreatic cancers. HER-3 and HER-4 are
expressed in the normal pancreas but expression is lost in pancreatic cancer. HER-targeted therapy

in pancreatic cancer is not supported by HER-expression of the tumour.

Keywords: HER-1, HER-2, HER-3, HER-4, EGFR, pancreatic cancer, immunohistochemistry, gene
amplification, therapy.



Introduction

Ductal adenocarcinoma of the pancreas has the poorest long-term survival of all known types of
cancer with a median survival of 3-10 months and a 5-year survival rate ranging from 0.4% to 4%.[1-
3] The incidence of pancreatic cancer is increasing in the Western world, and at present it is one of
the top five of cancer related death causes with approximately 19.000 deaths each year.[2] Due to
late presentation, tumors are often locally advanced and/or have metastasized at time of diagnosis.
Therefore, only 10% of the patients is eligible for surgical resection. [1;3] The only possible curative
therapy is a pancreaticoduodenectomy, which improves chances of survival. However, even after
surgical resection the 5-year survival rate is only 7-34%.[3]

Extensive studies have been done to identify new targets for adjuvant therapy of pancreatic cancer.
[2;4] To date, systemic chemotherapy has however been ineffective, except for gemcitabine, which
has a modest effect on survival and tumor related symptoms.[4]

Novel agents specifically directed against molecular targets such as growth factor receptors have
yielded promising results in several forms of cancer. [5] Such growth factors influence processes like
tumor growth, apoptosis and metastasis formation. [6;7] and their overexpression therefore confers a
worse prognosis. [6]

The transmembrane growth factor receptors HER-1 (also known as the epidermal growth factor
receptor (EGFR) or c-erbB-1), HER-2/neu (also known as c-erbB-2), HER-3 (c-erbB-3) and HER-4 (c-
erbB-4) contain an extracellular ligand binding domain, a transmembrane region and an intracellular
with intrinsic protein-tyrosine kinase activity. [8]

In pancreatic cancer HER-1 overexpression has been described in 30% to 68% of tumours [9;10] and
has been reported to be correlated with advanced stage. [11]

HER-2 overexpression and gene amplification is usually correlated with advanced stage, presence of
metastases and a poor prognosis, but for overexpression in the absence of gene amplification this is
less clear.[12;13] Percentages of pancreatic cancer cases with HER-2 overexpression in the
literature vary between 0 and 82%. [3;6;7] The number of pancreatic cancer studies that found a
significantly poorer survival rate in patients with HER-2 overexpression equals that of those that did
not find such significant difference. [6;7;14;15]

HER-3 was found to be overexpressed in cancers in various organs including breast, lung and
stomach with unclear prognostic significance. [8] A few pancreatic cancer studies found
overexpression of HER-3 [16-19] which was associated with advanced tumor stage and shortened
survival. [16]

HER-4 is predominantly expressed in normal skeletal muscle, heart, pituitary, brain and cerebellum,
as well as in several breast cancer cell lines. [20] Little is known about HER-4 expression in
pancreatic cancer. Overexpression of HER-4 in cancer cells has been described in pancreatic tumor
samples in a few studies and like HER-3, the prognostic significance remains unclear. [19;21]

The aim of this study was therefore to investigate expression of the complete HER-family in
pancreatic cancer in order find new molecular targets for adjuvant therapy to improve survival after

surgical resection of pancreatic cancer.



Patients and methods

Patients and tissue samples

All consecutive patients who underwent surgery in the University Medical Center in Utrecht, the
Netherlands, for primary tumors of the pancreas in the period January 2000 until August 2006 were
included. The following clinicopathological data were recorded: age, sex, type of surgery, localization,
stage according to the TNM classification, differentiation grade of the tumor, radicality of the resection
and survival.

Freshly removed tissue samples were fixed in neutral buffered formaldehyde and paraffin-embedded
for morphological assessment, immunohistochemistry and multiplex ligation-dependent probe
amplification (MLPA). Use of anonymous or coded left over material for scientific purposes is part of

the standard treatment contract with patients in our hospital.

Immunohistochemistry

The tissue block with the highest tumor percentage based on the H&E sections was selected by the
pathologist for further analysis. Serial sections (4 um) were placed onto silanated glass slides. Table 1
shows the different antibodies and methods used. Appropriate positive and negative controls were
used throughout. Negative controls were obtained by omission of the primary antibodies.

Briefly, all slides were deparaffinized, rehydrated and treated with antigen retrieval buffer for 20
minutes. Next, the slides were incubated with peroxidase-blocking buffer to stop endogenous
peroxidase activity and subsequently with the primary monoclonal antibodies. For HER-1 this was
done in a BondMax autostainer (Vision Biosystems), after which slides were incubated with post-
primary for 8 minutes and then for 8 minutes with the polymer. For HER-2, visualization of the
peroxidase label was accomplished by incubation with visualization reagens (DAKO) for 30 minutes.
For HER-3 and HER-4, signal was visualized using the DAKO-EnVision Kit. Staining was developed
with di-amino-benzidin. Finally, the slides were counterstained with hematoxylin.

The slides were scored by two observers blinded to the clinicopathological data. HER-1
overexpression was defined as presence of complete membrane staining of tumor cells. HER-2
membrane staining was scored according to the DAKO scoring system. For HER-3 and HER-4,
cytoplasmic staining was semiquantitatively scored as negative or 1+, 2+ or 3+. Strong expression

was defined as 2+ or 3+ expression.

HER-2 gene amplification

HER-2 gene amplification was assessed in all cases by multiplex ligation-dependent probe
amplification as described before and the MLPA technique has been described elsewhere. [22] The
MLPA test for HER-2 amplification was obtained from MRC-Holland (Amsterdam, The Netherlands).
The P004 probe mix contains three sets of hemi-probes that recognize different sequences of the
human HER-2 gene. Briefly, 50-500 ng of target DNA per 5 pl of 10 mM pH 8 Tris 0.1 mM EDTA was
denaturated for 5 minutes at 98 °C after which 3 pl of the probe mix was added. The mixture was

heated at 95 °C for 1 minute and incubated at 60 °C overnight. Ligation was performed with the



temperature stable Ligase-65 enzyme (MRC-Holland) for 15 minutes at 54 °C. Next, the ligase was
heat inactivated in the thermocycler for 5 minutes at 98 °C. Ten microliters of the ligation mixture was
premixed with 30 pl of PCR buffer and put in a PCR machine at 60 °C. Subsequently, a 10 yl mix was
added that contained deoxynucleoside triphosphate, Tag polymerase, and one unlabeled and one
carbofluorescein labeled PCR primer complementary to the universal primer sequences. PCR was
carried out for 33 cycles (30 seconds at 95 °C, 30 seconds at 60 °C, and 1 minute at 72 °C). The
fragments were analyzed with the 3130x| Genetic Analyser. Fragment analysis was performed using
Genescan software. DNA of a known amplified breast cancer was used as a control sample and
analyzed simultaneously with pancreatic cancer in each run.

To objectify interpretation of the fragment analysis, the relative quantity of the amplified probes in
each sample was determined using an Excel template. For this purpose, the relative peak areas for
each probe were calculated as fractions of the sum of peak areas in a given sample. Subsequently,
the fraction of each peak was divided by the average peak fraction of the corresponding probe in
control samples. Finally, the values were normalized using the values obtained for the autosomal
control probes that served as a reference for the copy number of 2.0. Cases that showed a copy
number greater than 2 for at least two of the probes on the HER-2 locus were considered amplified.
Chromogenic in situ hybridization (CISH) for copy number analysis of the HER-2 gene was performed
according to the manufacturer’s instructions with the Zymed kit when no definitive conclusion could be
reached on HER-2 amplification status with MLPA and on cases with low cellularity. Briefly, 4 pm
paraffin slides were deparaffinized and rehydrated. All slides were cooked in Heat Pretreatment and
incubated with Enzyme Pretreatment. Next, they were dehydrated and after that 15 yl HER-2 probe
was added. The probe was denaturated for 6 minutes at 95 °C, whereafter the slides were incubated
overnight at 37 °C. For 5 minutes the slides were placed in SSC buffer and then endogenous
peroxidase was blocked with 4% hydrogen peroxide for 15 minutes. Slides were washed with PBS
Tween (0.05%) and incubated with CAS-block (10 minutes). Next, the slides were incubated with
mouse-anti-DIG for 30 minutes. After washing with PBS Tween, they were incubated with HRP-anti-
mouse for another 30 minutes, washed and DAB was added (30 minutes). Then, the slides were
counterstained with Mayer’s hematoxylin, dehydrated and coverslipped in Histomount. Scoring was

done according to the manufacturer’s instructions.

Statistical analysis
The chi-square test was used to compare frequency distributions. Multivariate survival analysis was
done using the Cox regression method. P-values below 0.05 were considered significant. Statistical

analysis was carried out using SPSS software.



Results

Patients and tissue samples

The clinicopathological data of all patients is displayed in table 2. Pancreatic cancer tissues were
obtained from 45 patients, 26 males and 19 females. Median age was 62 years (range 33-76).
Twenty-six patients were diagnosed with a pancreatic head tumor, 6 with a body and/or tail tumor,
and 13 were papilla of Vater cancers. A pancreaticoduodenectomy was performed in 38 cases, a
distal and/or body resection in 4 cases and an incision biopsy only in 3 cases. Of the surgically
removed tumors, margins were free in 24 cases, microscopically involved in 17 cases and
macroscopically involved in 1 case. There were 2 stage |, 39 stage Il, 1 stage Ill and 0 stage IV
tumors. In three cases with biopsy only, definitive staging could not be determined. Tumor grading
showed 13 well-differentiated, 15 moderately differentiated and 17 poorly differentiated tumors. None
of the patients received chemotherapeutic treatment prior to or after surgery. Median survival was
13.5 months (range 4 days - 77 months).

Immunohistochemistry

Table 3 summarizes the expression and amplification status of HER-1, HER-2, HER-3 and HER-4,
figure 1 visualizes our findings. No cell membrane reactivity of HER-1 was observed. Four cases
showed HER-2 1+ membrane staining, but no overexpression was found.

HER-3 showed mainly cytoplasmic and occasionally membrane staining. Expression was strong in
normal pancreatic tissue, mainly in islets and ducts. HER-3 cytoplasmic staining was negative in 12
cases (27%), 1+ in 21 (46%), 2+ in 8 (18%) and 3+ in 4 (9%) tumors. Strong expression of HER-3
was thus seen in 12 (27%) tumors. Membranous HER-3 staining was only visible in 3 (7%) tumors (all
non-papilla cases), all these tumors showed also at least 2+ cytoplasmic staining.

HER-4 showed mainly cytoplasmic and occasionally membrane staining. Expression was strong in
normal pancreatic tissue, and was seen in islets as well as exocrine tissue. HER-4 staining was
absent in 4 tumors (9%), 1+ in 4 (9%), 2+ in 21 (47%) and 3+ in 16 (35%) tumors. Reduced
expression of HER-4 (0/1+) was thus seen in 8 (18%) of the tumors. Membranous HER-4 staining
was seen in 4 (9%) tumors (all non-papilla cases), all of these tumors showed also at least 2+
cytoplasmic staining. Two out of the 3 cases that had membranous HER-3 staining, also had

membranous HER-4 staining.



HER-2 multiplex ligation-dependent probe amplification (MLPA)/CISH
Tissue samples of 40 patients contained enough tumor to perform MLPA. In these samples no HER-2
gene amplification was found. In the five remaining tissues with a small percentage of tumor, CISH did

not show gene amplification.

Clinicopathologic correlations of HER-3/HER-4 expression

Cytoplasmic expression of HER-3 decreased significantly (p=0.01) from early (stage IA, IB and lIA) to
late stage (IIB and Ill). There were no statistically significant differences between cytoplasmic
expression of HER-3 or HER-4 and other clinicopathologic features.

In univariate survival analysis, only (early vs late) stage (p=0.05) and radicality (p=0.0041) were
significant, and none of the other clinicopathologic features had prognostic value. In multivariate
survival analysis including stage, grade, localisation and HER-3/4 expression, only stage had

independent prognostic value (p=0.015) and no other features were selected.



Discussion

In this study we investigated the expression of the HER-family (HER 1-4) and gene amplification of
HER-2 in pancreatic adenocarcinomas, mostly derived from pancreaticoduodenectomy procedures.
HER-1 and HER-2 showed no overexpression. HER-3 and HER-4 on the other hand showed a

relative loss of their usual high expression in normal pancreas (28% and 79% respectively).

Expression of HER-1

For HER-1 this result is in contrast with the majority of published series which show overexpression of
HER-1 in 30-68% of pancreatic adenocarcinomas.[11;17] However, Prenzel et al. also found down
regulation in mMRNA expression of HER-1 in malignant pancreatic tissue compared to normal tissue
using quantitative RT-PCR. [23] Expression regulation of HER-1 is however complicated. Mutation
and amplification of HER-1 in cancer is relatively rare, [24;25] a repeat in the first intron has an
expression regulating function [24] and different commercially available antibodies may yield quite
different expression patterns and clinical value[25] . We believe that this data gives strong evidence
for the absence of overexpression in resection specimens of pancreatic cancer patients.

Erlotinib (Tarceva®) is a monoclonal antibody directed against HER-1 that has recently been
approved as an adjuvant treatment in metastatic pancreatic cancers in combination with gemcitabine.
A fase Il study with Erlotinib showed a 22% longer survival, a 1-year survival of 23% versus 19%, and
30% progression free survival with the combination versus gemcitabine alone. [26] Indeed, in that
study, the EGFR status was not associated with response or disease stability. In view of our present
results, determination of overexpression in order to determine patients qualifying for Erlotinib might

not be clinically relevant.

Expression of HER-2

Studies on HER-2 have, like HER-1, yielded conflicting results. According to our results, Potti et al.
[27] did not detect overexpression of HER-2 in 33 pancreatic cancer patients. Day et al. described
decreasing HER-2 expression from 100% in carcinoma in situ to 0% in poorly differentiated invasive
carcinoma.[28] In other studies, HER-2 expression up to 82 % was described. [6;7;29;30] The
differences between these conflicting studies [11;15;17;28;30-32] may therefore be due to
differentiation grade, but may also in part be explained by the definition of HER-2 overexpression. We
followed the generally accepted DAKO score regarding only 3+ membrane staining as
overexpression, whilst in older studies the cut-off for overexpression was often 1+ [30] and/or
cytoplasmic staining was also considered as overexpression[11;15;31-34] . In addition, Saxby et al.[7]
found in a summary of literature that twelve different antibodies were used in seventeen different
immunohistochemical studies with variable outcome regarding the number of positive samples.

The absence of HER-2 overexpression in the present study is corroborated by the lack of gene
amplification by MLPA/CISH. This is in line with Yamanaka et al. [11] who also found no gene

amplification in 76 pancreatic tumors using southern blot analysis, and the low frequency of



amplification in the studies of Safran et al. [6] and Saxby et al. [7] . Overall, gene amplification and
true protein overexpression of HER-2 seem to be rare in pancreatic cancers.

Trastuzumab (Herceptin®) is a recombinant humanized IgG monoclonal antibody directed against the
HER-2 oncoprotein. There are three supposed mechanisms of the antitumor effect: antibody-
dependent cell-mediated cytotoxity, direct growth inhibition induced by suppressing signal
transduction through HER-2 binding and antiangiogenic effects.[35] Trastuzumab is mainly used for
treatment of patients with breast cancers that overexpress HER-2. [36] A recent preclinical study
evaluated HER-2 expression and the effect of trastuzumab in pancreatic cell lines and a mouse
model. [37] They concluded that tumor growth was inhibited in 3+ HER-2 overexpression tumors and
there was a prolonged survival in this group when using trastuzumab. [37] These effects were
increased by combined therapy with gemcitabine. [37] In addition, one clinical study has been
performed to investigate the effect of the addition of trastuzumab to gemcitabine as possible adjuvant
treatment in pancreatic cancer. [38] This fase Il clinical study found a median survival of 7 months in
metastatic pancreatic cancer with therapy of gemcitabine and Herceptin compared to 4.4 months
without this treatment (not significant). [38] Only four of the patients in that clinical study had 3+ HER-

2 expression.

Expression of HER-3

We found cytoplasmic overexpression of HER-3 in 27% of the tumors. Concordantly, Friess et al.
found a significant increase of expression of HER-3 in pancreatic cancer compared to control tissue.
[17] In a previous study they showed that strong HER-3 expression was seen in 47% of pancreatic
cancer (n=58) and was associated with an advanced tumor stage and a shorter survival.[16] In the
present study, we found a significantly decreased cytoplasmic expression of HER-3 with advanced
stage of pancreatic cancer, which is a novel result. Concordantly, a very low expression of HER-3 has
also been reported in advanced stage ovarian carcinoma.[39] Loss of HER-3 overexpression might

be correlated with progression of pancreatic tumor stage.

Expression of HER-4

In the present study, strong cytoplasmic overexpression of HER-4 was seen in 82% of the cancer
samples. Membranous staining was seen in only 9% of the samples (all non-papilla cases). There
were no correlations with survival, stage or grade, although the low numbers of patients do not allow
firm conclusions with respect to survival differences. The existing literature on HER-4 expression and
its prognostic significance in pancreatic cancer is limited and the results are conflicting. [19;21] One
study reported that mMRNA expression of HER-4 was exclusively found in non-metastatic tumors and
expression decreased when the stage was more advanced, [21] whilst another report concluded that
HER-4 expression decreased in non-metastatic stages of pancreatic cancer. [19] In both studies,
survival was not correlated with HER-4 expression.[19;21] Altogether, it seems that like HER-3, HER-
4 is physiologically expressed in the normal pancreas and the expression decreases or even

disappears in some cancers.



Future perspectives
Based on the outcome of the present study it seems that HER-targeted therapy for patients with
pancreatic cancer is not supported by HER-expression of the tumor. Alternatively, mutations or
amplifications of HER1 (EGFR) may be studied as these may provide a rationale for EGFR targeting
therapy. Since for HER2 there is a close correlation between gene amplification and protein
expression, and HER3 and HER4 are frequently physiologically expressed in the normal pancreas,
few options remain to search for a rationale to target HER2/3/4.
For colorectal cancer further evidence for the lack of usefulness of epidermal growth factor receptor
detection by immunohistochemistry was given by others. [40] It has been suggested that
pharmacokinetic or pharmacodynamic mechanisms influence tumor delivery of EGFR-therapy. By the
use of fluorescent labelled cetuximab as well as PET imaging its in vivo binding was studied in a
mouse model. [41;42] Again, in these studies the mismatch of drug delivery and expression of EGFR
was confirmed. These authors conclude that pharmacokinetic or pharmacodynamic mechanisms may
explain why receptor expression levels alone are not sufficient to predict patient response. In addition,
as we know from a meta-analysis of colorectal cancer as well as lung cancer, K-ras mutation
downstream of the EGFR receptor is a negative predictor of respons to EGFR therapy. [43] To further
elucidate the mechanisms, translational studies in prospective trial patients might provide further
insight.

In conclusion
Pancreatic cancer has a poor prognosis and new adjuvant therapies are needed. In this study of
tissue obtained following pancreaticoduodenectomy no overexpression of HER-1 or HER-2 was
found. HER-3 and HER-4 are strongly expressed in the normal pancreas but the expression gets lost
in some cancers. Cytoplasmic HER-3 expression even decreased from early to late stage (p=0.05).
Therefore, clinical use of HER-targeted therapy in pancreatic cancer is not supported by HER-
expression of the tumour, and cost-labouring determination of these receptors to select patients
suitable for targeted therapy by use of the HER-family might not be indicated.
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Table 1. Summary of antibodies and methods used in the current study

Antigen
HER-1

HER-2

HER-3

HER-4

Antibody

NCI-L-EGF-r
(Novocastra)
HercepTest
(DAKO)

MAb-MS-725-P
(Neomarkers)
MAb-MS-637-P
(Neomarkers)

Dilution
1:400

Ready to
use

1:40

1:40

Incubation
15 at RT

30" at RT

Overnight 4 °C

Overnight 4 °C

Antigen
retrieval
20’ at 100 °C

40’ at 100 °C

None

None

Positive
control

Oral cavity
epithelium
HER-2
amplified breast
cancer

Striated muscle

Striated muscle
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Table 2. Clinicopathological data of 45 patients with pancreatic cancer.

N

Sex

male 26

female 19
Localization

head 26

body/tail 6

papilla of Vater 13
Type of surgery

38

Pancreaticoduodenectomy 4

Distal/total 3
pancreatectomy

Incision biopsy
Margins*

Free 21

Microscopically involved 17

Macroscopically involved 1

Stage **

I (T1-2,NO,MO) 3

I (T3,NO,MO) 8

i (T1-3, N1,M0) 30

IVa (T4, NO-1,M0) 1

IVb (T4, NO-1, M1) -

Grade

well-differentiated 13

moderately differentiated 15

poorly differentiated 17

*

Margins of 3 cases with biopsy only and 3 other cases could not be determined.
** Stage was classified according to TNM-classification of the UICC, 5™ edition 1997.
The stage of the three cases with biopsies only could not be determined.



Table 3. HER-2 family expression and amplification in 45 cases of pancreatic cancer

N %
HER-1
overexpression 45 100
Absent 0 0
Present
HER-2
overexpression 45 100
Absent 0 0
Present
HER-2 amplification*
Absent 45 100
Present 0 0
HER-3 expression
negative 12 27
1+ 21 47
2+ 8 17
3+ 4 9
HER-4
overexpression
negative
1+ 21 47
2+ 16 35
3+

* 5 by CISH, 40 by MLPA



Figure 1. Immunohistochemistry examples of pancreatic adenocarcinoma. A HER-1 shows no
expression; B 1+ expression of HER-2; C and D strong expression of HER-3 and HER-4 in normal
pancreatic tissue, but no expression in pancreatic adenocarcinoma, respectively.
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Figure 1. Immunohistochemistry examples of pancreatic adenocarcinoma. A HER-1 shows no expression; B 1+ expression of HER-2; C
and D strong expression of HER-3 and HER-4 in normal pancreatic tissue, respectively, but no expression in pancreatic adenocarcinoma.
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