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Abstract
Purpose High expression levels of EGFR mRNA are
reported to be associated with a higher response probability
in epidermal growth factor receptor (EGFR) targeted drugs.
Our aim was to determine how EGFR gene expression lev-
els in primary colorectal cancer (CRC) were related to
those in liver metastases.
Methods 31 pairs of primary CRC and corresponding
liver metastases were analyzed. Gene expression level was
measured using real-time RT-PCR.
Results No signiWcant diVerence was observed between
median mRNA expression levels of EGFR in primary can-
cer and those in corresponding liver metastases (P = 0.99).
When matched tissue sets were compared on an individual
basis, there was a signiWcant correlation for EGFR mRNA
expression between primary cancer and corresponding liver
metastases (rs = 0.78, P < 0.0001).
Conclusions A good prediction of EGFR mRNA levels in
liver metastases can be obtained by measuring those in the
primary CRC.
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Introduction

Epidermal growth factor receptor (EGFR) is known to be
involved in signaling pathways aVecting cellular growth,
diVerentiation, and proliferation [1]. In order to block the
activation of this receptor, EGFR-targeted therapies have
been developed. GeWtinib and Erlotinib are small-molecule
EGFR tyrosine-kinase inhibitors which compete with ATP
for binding sites in the intracellular catalytic domain of the
EGFR tyrosine-kinase and prevent EGFR autophosphoryla-
tion and downstream signaling. Cetuximab and Pani-
tumumab are anti-EGFR monoclonal antibodies, representing
promising results for metastatic colorectal cancer (CRC)
[2–4].

Biomarkers for predicting the eYcacy of these EGFR-
targeted drugs have been investigated. Recent data show
that the level of EGFR expression as measured immunohis-
tochemically (IHC) did not predict clinical beneWts when
patients were treated with an EGFR-targeted drug [5, 6].
On the other hand, it is reported that the CRC patients with
lower EGFR mRNA levels had a longer overall survival
when treated with Cetuximab [7]. Another report indicated
that EGFR mRNA expression was higher in responders to
geWtinib than in non-responders in patients with non-small
cell lung cancer [8]. Regarding epiregulin and amphiregu-
lin, which are both EGFR ligands, high mRNA expression
levels of those genes are reported to be related to longer
progression-free survival in patients with CRC treated with
Cetuximab [9]. These recent data demonstrate that mRNA
expression is a potentially useful biomarkers for predicting
the eYcacy of anti-EGFR drugs.
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Colorectal cancer (CRC) is the fourth most common
malignancy and the second leading cause of cancer death in
the United States [10]. For most patients with CRC, liver
metastases are the main cause of death. As controlling liver
metastases are considered essential in the treatment of
CRC, it is reasonable to expect that measurement of the
EGFR mRNA expression level in liver metastases would
provide the best prediction of therapy beneWt. However, in
many—if not most—cases, only biopsies of the patient’s
primary tumor are readily available for analysis. Therefore,
it is important to know the relationship between the levels
of response determinants in the primary tumor and the cor-
responding liver metastases in order to determine whether
or not analysis of tissue biopsies of the primary tumor is
useful for tumor response prediction.

In this study, we investigated the relationship between
EGFR mRNA expressions in primary CRC and corre-
sponding liver metastatic tumors, using laser-capture
microdissection and real-time RT-PCR. We also performed
IHC staining of EGFR using the same samples, and
determined whether they were compatible with mRNA
expression levels.

Materials and methods

Patients and samples

Thirty-one pairs of primary colorectal cancer and corre-
sponding liver metastases were analyzed in this study (18
males and 13 females; median age, 66 (range, 45–85). These
patients had undergone surgical resection of primary colo-
rectal adenocarcinoma and liver metastasis between 1988
and 1999 at the Department of Gastroenterology, Tokyo
Women’s Medical University, Tokyo, Japan. All of the
patients were Japanese, and all gave their written informed
consent according to the institutional regulations. The char-
acteristics of the 31 patients are shown in Table 1. Seven-
teen patients had solitary liver metastases and 14 had
multiple (two or more) metastases. The metastases in six-
teen patients were synchronous, and in 15, metachronous.
Of the patients with metachronous liver metastases, four had
received 5-FU based chemotherapy as adjuvant therapy after
the primary resection. Resections of the liver metastases in
these patients were performed at least 2 months after com-
pletion of the adjuvant chemotherapy. Adjacent normal
colorectal mucosa and adjacent normal liver tissue were also
evaluated as a control in each patient. The EGFR mRNA
expression and protein expression were evaluated in these
31 patients using real-time RT-PCR and IHC staining.

This study has been approved by the institutional ethics
committee and has been performed in accordance with the
Declaration of Helsinki.

Microdissection

Formalin-Wxed, paraYn-embedded tumor specimens, and
adjacent normal tissues were cut into serial sections with a
thickness of 10 �m. For pathological diagnosis, one slide
was stained with H&E and evaluated by a pathologist.
Other sections were stained with nuclear fast red (NFR,
American MasterTech ScientiWc Inc., Lodi, CA) to enable
clear examination of the histology. Laser-capture microdis-
section (P.A.L.M. Microlaser Technologies AG, Munich,
Germany) was performed in all the tumor samples to ensure
that only tumor cells were dissected [11]. Adjacent normal
colorectal mucosa and liver tumor tissues were dissected
from the slide using a scalpel.

RNA isolation and cDNA synthesis

RNA isolation from formalin-Wxed paraYn-embedded
specimens was done as previously described [12]. In brief,
tissue samples were heated at 92ºC for 30 min in 4 M dithio-
threitol (DTT)-GITC/sarc (4 M guanidinium isothiocyanate,

Table 1 Demographic and clinical parameters of patients with
metastatic CRC

Characteristics Frequency %

Age

Mean (range) 66 (45–85)

Gender

Male 18 58

Female 13 42

Anatomical Site

Right colon 5 16

Transverse colon 3 10

Left colon 13 42

Rectum 10 32

Histology

Well diVerentiated 16 52

Moderately diVerentiated 13 42

Mucinous 2 6

Dukes grade

A 1 3

B 10 32

C 20 65

Number of liver metastases

Solitary 17 55

Multiple 14 45

Liver synchronicity

Synchronous 16 52

Metachronous 15 48
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50 mM Tris-HCl, pH 7.5, 25 mM EDTA) (Invitrogen;
#15577-018). To the tissue suspensions were added 50 �l
of 2 M sodium acetate, pH 4.0, followed by 600 �l of
freshly prepared phenol/chloroform/isoamyl alcohol
(250:50:1). The suspensions were centrifuged at
13,000 rpm for 8 min in a chilled (8°C) centrifuge. The
upper aqueous phase was removed and combined with gly-
cogen (10 �l) and 300–400 �l of isopropanol. The tubes
were placed at ¡20ºC for 30–45 min to precipitate the
RNA. After centrifugation at 13,000 rpm for 7 min in a
chilled (8°C) centrifuge, the supernatant was carefully
poured oV and the pellet was re-suspended in 50 �l of
5 mM Tris.

After RNA isolation, cDNA was prepared from each
sample as described previously [13].

Reverse transcription-PCR

Quantitation of EGFR and an internal reference gene
(�-actin) was done using a Xuorescence-based real-time
detection method (ABI PRISM 7900 Sequence Detection
System (Taqman); Applied Biosystems, Foster City, CA) as
described previously [14, 15]. The sequences of the primers
and probe used were: for EGFR, Forward 5�- TGCGTCT
CTTGCCGGAAT -3�, Reverse 5�- GGCTCACCCTCCAGA
AGCTT -3�, Probe 3�- (FAM) ACGCATTCCCTGCCTCG
GCTG (TAMRA)-3�; and for �-actin, Forward 5�- TGAG
CGCGGCTACAGCTT-3�, Reverse 5�-TCCTTAATGTC
ACGCACGATTT-3�, Probe 5�-(FAM) ACCACC
ACGGCCGAGCGG(TAMRA)-3�. The PCR reaction mix-
ture consisted of each primer at a concentration of
1,200 nM; 200 nM probe; 0.4 U of AmpliTaq Gold Poly-
merase; dATP, dCTP, dGTP, and dTTP, each at 200 nM;
3.5 mM MgCl2; and 1£ Taqman BuVer A containing a ref-
erence dye; to a Wnal volume of 20 �l (all reagents from PE
Applied Biosystems, Foster City, CA, USA). Cycling con-
ditions were 50°C for 2 min, 95°C for 10 min, followed by
46 cycles at 95°C for 15 s and 60°C for 1 min. Gene
expression values (relative mRNA levels) are expressed as
ratios (diVerences between the Ct values) between the
genes of interest and an internal reference gene (�-actin)
that provides a normalization factor for the amount of RNA
isolated from a specimen.

Immunohistochemistry

IHC staining for EGFR was done using the EGFR phar-
mDx kit (DakoCytomation, Carpinteria, CA), according to
the manufacturer’s instructions. EGFR expression was deW-
ned as any membrane staining above background level.
Both the primary and metastatic neoplasms were consid-
ered positive when >1% of the tumor cells had membra-
nous staining. Cytoplasmic staining without associated
membrane staining was reported as negative.

Statistical analysis

The comparisons between median mRNA levels of the pri-
mary CRC and the corresponding liver metastases, and
between these median mRNA levels and those of the corre-
sponding adjacent normal tissues were assessed using the
Wilcoxon signed-rank test. The correlation between the
mRNA levels of primary cancers and of liver metastases
was assessed using Spearman’s rank correlation. Statistical
signiWcance was recognized at P-values less than 0.05. All
values were two-sided.

Results

Median gene expression levels of primary tumor and liver 
metastases

Median EGFR gene expression levels in primary CRC, cor-
responding liver metastases, corresponding adjacent normal
colon, and liver tissue are shown in Table 2. There were no
signiWcant diVerences in median EGFR mRNA levels
between primary CRC and liver metastases (median value:
1.35 vs. 1.24, P = 0.99). The median value of EGFR
mRNA from normal liver tissue is signiWcantly higher than
that from normal colon mucosa (median value: 5.06 vs.
1.39, P < 0.0001). EGFR mRNA levels in primary CRC did
not signiWcantly diVer from that in adjacent normal colon
mucosa (1.35 vs. 1.39: P = 0.37). On the other hand, EGFR
mRNA levels in liver metastases were signiWcantly lower
than those in normal adjacent liver tissue (1.24 vs. 5.06:
P < 0.0001).

Table 2 Median EGFR gene expression levels in primary CRC, corresponding liver metastases, corresponding adjacent normal colon and liver
tissues

Primary site Metastatic liver site

Cancer Normal Cancer Normal

EGFR 1.35 (0.21–4.56) 1.39 (0.01–4.19) 1.24 (0.02–4.59) 5.06 (1.64–9.54)

P = 0.37 P < 0.0001
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Correlation between primary CRC and liver metastases 
mRNA level

When matched tissue sets were compared on an individual
basis, there was a strong signiWcant correlation for EGFR
mRNA expression between primary CRC and correspond-
ing liver metastases (rs = 0.59, P = 0.0012) (Fig. 1). The
correlation coeYcient of EGFR expression between pri-
mary tumor and liver metastases was rs = 0.65, P = 0.017 in
the synchronous metastasis group and rs = 0.54, P = 0.046
in the metachronous metastasis group.

IHC analysis

Of the 31 primary lesions, 7 (22.6%) were evaluated as
EGFR-positive. Of the 31 liver metastatic lesions, 7
(22.6%) were EGFR-positive (Table 3).

Four of the seven primary positive patients showed
EGFR-positive reactions in their liver metastases (57.1%).
Twenty-one patients were negative in both the primary and
the metastatic tumors. Overall, the EGFR status in the pri-
mary tumor matched that in paired liver metastases in 25
out of 31 patients (80.6%).

Correlation between mRNA expression 
and IHC expression

The median mRNA levels in primary CRC in the patients
with positive IHC expression did not diVer statistically
from those in the patients with negative IHC expression
(1.44 vs. 1.23: P = 0.18). However, in liver metastases, the
patients with positive IHC expression showed signiWcantly
higher mRNA levels than those with negative IHC expres-
sion (2.17 vs. 1.07: P = 0.013) (Fig. 2).

Fig. 1 Correlation of EGFR mRNA levels between primary colorectal
tumor and liver metastases. SigniWcant correlation was seen between
primary tumor and liver metastases (rs = 0.59, P = 0.0012). Gene
expression values are expressed as ratios between the EGFR and an
internal reference gene (�-actin)

Fig. 2 Comparison between mRNA expression and protein expres-
sion in primary CRC and liver metastases. In primary CRC, no diVer-
ence of mRNA levels was observed between positive and negative
protein expression on immunohistochemical evaluation (1.44 vs. 1.23:
P = 0.18). However, in liver metastases, the patients with positive pro-
tein expression showed signiWcantly higher mRNA levels than those

with negative expression (2.17 vs. 1.07: P = 0.013). Boxes indicate the
Wrst and third quartiles (median inside); and bars represent the range of
values falling within 1.5 times the interquartile range. Gene expression
values are expressed as ratios between VEGF and an internal reference
gene (�-actin)

Table 3 EGFR immunohistochemical status in primary colorectal
cancer and corresponding liver metastases

Liver metastases

Primary CRC Positive Negative

Positive 4 3

Negative 3 21
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Discussion

Since, there have been few reports demonstrating mRNA
expression of EGFR, there is as yet no consensus on the
importance of measuring mRNA as a biomarker. Recently,
the signiWcance of K-ras status in CRC patients as a bio-
marker for Cetuximab and Panitumumab, which are mono-
clonal antibodies against EGFR, has frequently been
reported, and showed a marked diVerence of eYcacy
between the patients with K-ras wild-type and those with
the mutated type [16–20]. The frequency of K-ras mutation
in CRC patients was reported to be 20–50% [21–23], but
not in the rest of the patients, who have a wild-type K-ras
and who show sensitivity to EGFR antibody. Thus, there is
a slight possibility that using other biomarkers along with
the K-ras status would provide more beneWt to the patients
treated with Cetuximab or Panitumumab. One of the other
candidates for biomarkers is the EGFR mRNA expression
level. Vallbohmer et al. reported that CRC patients with a
lower EGFR mRNA amount had a longer overall survival
than patients with a higher mRNA amount when treated
with Cetuximab [7]. Dziadziuszko et al. demonstrated that
EGFR mRNA expression was higher in responders to geW-
tinib, a small-molecule inhibitor of EGFR, than in non-
responders in non-small-cell lung cancer patients [8].

In this study, there is a strong correlation in EGFR
mRNA levels between primary CRC and corresponding
liver metastases. This correlation was marked in synchro-
nous metastases (P = 0.017), but was preserved even in
metachronous metastases (P = 0.046). We have reported
similar data in VEGF mRNA expression [24]. However,
mRNA expression is not always the same in a primary
lesion and its metastases. We previously measured four
diVerent gene expressions related to 5-FU metabolism, and
showed only a weak correlation in one gene and no correla-
tion in the other three [12]. In a clinical setting, cases of
liver metastases that have recurred during the follow-up
periods after surgery for primary CRC are often encoun-
tered. If mRNA expression from a primary tumor previ-
ously operated on could help in determining whether an
anti-EGFR drug should be used against liver metastases, it
would be beneWt of patients. Therefore, RNA extraction
from paraYn-embedded samples is useful because it does
not require special techniques of sample preservation.

Our data showed that the EGFR mRNA expression in
cancer tissue of primary site was relatively lower than in
adjacent normal mucosa, although EGFR is considered to
be over-expressed in colorectal cancer. Maurer et al. mea-
sured EGFR expression in both IHC and northern blot anal-
ysis, reported that no diVerence in EGFR immunostaining
was evident between normal colon and cancer, and on
mRNA level, it was decreased in cancer [25]. Piazzi et al.
measured EGFR mRNA by real-time PCR, reported that

mean EGFR mRNA content was signiWcantly higher in
normal mucosa than in neoplastic tissue [26]. They also
measured activated EGFR by ELISA, showed that activated
EGFR was higher in neoplastic tissue than in normal
mucosa, and concluded that the EGFR content is frequently
lower but more activated in cancer tissue than in paired nor-
mal mucosa. These reports support our data of low EGFR
mRNA expression in cancer tissue.

To the best of our knowledge, there was no report com-
pared EGFR mRNA expression between primary tumor
and corresponding metastatic tumor. The comparison of
EGFR immunohistochemistry between primary tumor and
metastases were reported several times [27–30]. However,
in most of those manuscripts, the expression in primary
tumor did not match with that in metastases. Scartozzi et al.
evaluated EGFR immunohistochemistry from primary
tumors and related metastatic sites in 99 CRC patients,
reported that EGFR status in primary CRC was not concor-
dant with that in related metastatic sites, concluded that the
detection of the EGFR in primary colorectal cancer could
be inadequate for planning therapy with EGFR-targeted
monoclonal antibodies [28]. One possible explanation for
elucidating the discrepancy between our mRNA data and
these IHC data is that the lack of objectiveness in immuno-
histochemistry. For example, even though the same anti-
body and the same experimental kit were used, the
frequency of EGFR-positive expressions in CRC by IHC
varied from 12.3 [31], 53 [28], to 84% [29]. Our data
showed EGFR-positive staining in 22.6% of cases, when
the same Dako PharmDx kit was used. This discrepancy is
probably due to the laboratory conditions, sample condi-
tions, and the personal opinion of each pathologist. In this
study, we found a certain correlation between IHC results
and mRNA expression levels in liver metastases, but the
relationship did not reach statistical signiWcance in the pri-
mary tumors. This failure to reach statistical signiWcance is
estimated to be due to underpowered sample size, but pos-
sibly it may also be due to the instability of IHC. Spindler
et al. evaluated the mRNA expression, protein expression
by IHC, and the gene copy number using the same samples,
and reported a poor correlation between them [32]. Real-
time RT-PCR is able to quantify mRNA expression objec-
tively, and if laser-capture microdissection is used, it
should enable us to show the precise mRNA expression
data from the tumor tissues alone [33]. Our report is of
importance because it not only represents the Wrst publica-
tion of data comparing EGFR mRNA expression between
primary and metastatic tumors but also shows a strong cor-
relation between them.

In summary, we found that, in this set of tumor speci-
mens, there is a positive correlation between EGFR mRNA
expression in liver metastases and that in primary tumors,
indicating that regulation of this gene is not altered
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appreciably during the metastatic process. Further clinical
trials are warranted to conWrm both this correlation and the
signiWcance of EGFR mRNA as a predictive marker for
EGFR-targeted drugs.

Acknowledgment We thank Mr. Chris W. P. Reynolds of the Inter-
national Medical Communications Center of Tokyo Medical Univer-
sity for his careful review of this manuscript.

References

1. Carpenter G, Cohen S (1990) Epidermal growth factor. J Biol
Chem 265:7709–7712

2. Saltz LB, Meropol NJ, Loehrer PJ Sr, Needle MN, Kopit J, Mayer
RJ (2004) Phase II trial of cetuximab in patients with refractory
colorectal cancer that expresses the epidermal growth factor recep-
tor. J Clin Oncol 22:1201–1208

3. Cunningham D, Humblet Y, Siena S, Khayat D, Bleiberg H,
Santoro A, Bets D, Mueser M, Harstrick A, Verslype C, Chau I,
Van Cutsem E (2004) Cetuximab monotherapy and cetuximab
plus irinotecan in irinotecan-refractory metastatic colorectal
cancer. N Engl J Med 351:337–345

4. Van Cutsem E, Peeters M, Siena S, Humblet Y, Hendlisz A, Neyns
B, Canon JL, Van Laethem JL, Maurel J, Richardson G, Wolf M,
Amado RG (2007) Open-label phase III trial of panitumumab plus
best supportive care compared with best supportive care alone in
patients with chemotherapy-refractory metastatic colorectal
cancer. J Clin Oncol 25:1658–1664

5. Adams R, Maughan T (2007) Predicting response to epidermal
growth factor receptor-targeted therapy in colorectal cancer.
Expert Rev Anticancer Ther 7:503–518

6. Chung KY, Shia J, Kemeny NE, Shah M, Schwartz GK, Tse A,
Hamilton A, Pan D, Schrag D, Schwartz L, Klimstra DS, Fridman
D, Kelsen DP, Saltz LB (2005) Cetuximab shows activity in colo-
rectal cancer patients with tumors that do not express the epider-
mal growth factor receptor by immunohistochemistry. J Clin
Oncol 23:1803–1810

7. Vallbohmer D, Zhang W, Gordon M, Yang DY, Yun J, Press OA,
Rhodes KE, Sherrod AE, Iqbal S, Danenberg KD, Groshen S,
Lenz HJ (2005) Molecular determinants of cetuximab eYcacy.
J Clin Oncol 23:3536–3544

8. Dziadziuszko R, Witta SE, Cappuzzo F, Park S, Tanaka K,
Danenberg PV, Baron AE, Crino L, Franklin WA, Bunn PA Jr,
Varella-Garcia M, Danenberg KD, Hirsch FR (2006) Epidermal
growth factor receptor messenger RNA expression, gene dosage,
and geWtinib sensitivity in non-small cell lung cancer. Clin Cancer
Res 12:3078–3084

9. Khambata-Ford S, Garrett CR, Meropol NJ, Basik M, Harbison
CT, Wu S, Wong TW, Huang X, Takimoto CH, Godwin AK, Tan
BR, Krishnamurthi SS, Burris HA 3rd, Poplin EA, Hidalgo M,
Baselga J, Clark EA, Mauro DJ (2007) Expression of epiregulin
and amphiregulin and K-ras mutation status predict disease control
in metastatic colorectal cancer patients treated with cetuximab.
J Clin Oncol 25:3230–3237

10. Jemal A, Tiwari RC, Murray T, Ghafoor A, Samuels A, Ward E,
Feuer EJ, Thun MJ (2004) Cancer statistics, 2004. CA Cancer
J Clin 54:8–29

11. Bonner RF, Emmert-Buck M, Cole K, Pohida T, Chuaqui R,
Goldstein S, Liotta LA (1997) Laser capture microdissection:
molecular analysis of tissue. Science 278:1481–1483

12. Kuramochi H, Hayashi K, Uchida K, Miyakura S, Shimizu D,
Vallbohmer D, Park S, Danenberg KD, Takasaki K, Danenberg
PV (2006) 5-Xuorouracil-related gene expression levels in primary

colorectal cancer and corresponding liver metastasis. Int J Cancer
119:522–526

13. Lord RV, Salonga D, Danenberg KD, Peters JH, DeMeester TR,
Park JM, Johansson J, Skinner KA, Chandrasoma P, DeMeester
SR, Bremner CG, Tsai PI, Danenberg PV (2000) Telomerase
reverse transcriptase expression is increased early in the Barrett’s
metaplasia, dysplasia, adenocarcinoma sequence. J Gastrointest
Surg 4:135–142

14. Gibson UE, Heid CA, Williams PM (1996) A novel method for
real time quantitative RT-PCR. Genome Res 6:995–1001

15. Heid CA, Stevens J, Livak KJ, Williams PM (1996) Real time
quantitative PCR. Genome Res 6:986–994

16. Lievre A, Bachet JB, Le Corre D, Boige V, Landi B, Emile JF,
Cote JF, Tomasic G, Penna C, Ducreux M, Rougier P, Penault-
Llorca F, Laurent-Puig P (2006) KRAS mutation status is
predictive of response to cetuximab therapy in colorectal cancer.
Cancer Res 66:3992–3995

17. Di Fiore F, Blanchard F, Charbonnier F, Le Pessot F, Lamy A,
Galais MP, Bastit L, Killian A, Sesboue R, Tuech JJ,
Queuniet AM, Paillot B, Sabourin JC, Michot F, Michel P,
Frebourg T (2007) Clinical relevance of KRAS mutation detection
in metastatic colorectal cancer treated by cetuximab plus chemo-
therapy. Br J Cancer 96:1166–1169

18. Amado RG, Wolf M, Peeters M, Van Cutsem E, Siena S, Freeman
DJ, Juan T, Sikorski R, Suggs S, Radinsky R, Patterson SD, Chang
DD (2008) Wild-type KRAS is required for panitumumab eYcacy
in patients with metastatic colorectal cancer. J Clin Oncol
26:1626–1634

19. De Roock W, Piessevaux H, De Schutter J, Janssens M,
De Hertogh G, Personeni N, Biesmans B, Van Laethem JL,
Peeters M, Humblet Y, Van Cutsem E, Tejpar S (2008) KRAS
wild-type state predicts survival and is associated to early
radiological response in metastatic colorectal cancer treated with
cetuximab. Ann Oncol 19:508–515

20. Lievre A, Bachet JB, Boige V, Cayre A, Le Corre D, Buc E, Ychou
M, Bouche O, Landi B, Louvet C, Andre T, Bibeau F, Diebold
MD, Rougier P, Ducreux M, Tomasic G, Emile JF, Penault-Llorca
F, Laurent-Puig P (2008) KRAS mutations as an independent
prognostic factor in patients with advanced colorectal cancer
treated with cetuximab. J Clin Oncol 26:374–379

21. Bos JL, Fearon ER, Hamilton SR, Verlaan-de Vries M, van Boom
JH, van der Eb AJ, Vogelstein B (1987) Prevalence of ras gene
mutations in human colorectal cancers. Nature 327:293–297

22. Boughdady IS, Kinsella AR, Haboubi NY, SchoWeld PF (1992)
K-ras gene mutations in adenomas and carcinomas of the colon.
Surg Oncol 1:275–282

23. Finkelstein SD, Sayegh R, Christensen S, Swalsky PA (1993)
Genotypic classiWcation of colorectal adenocarcinoma. Biologic
behavior correlates with K-ras-2 mutation type. Cancer 71:3827–
3838

24. Kuramochi H, Hayashi K, Uchida K, Miyakura S, Shimizu D,
Vallbohmer D, Park S, Danenberg KD, Takasaki K, Danenberg
PV (2006) Vascular endothelial growth factor messenger RNA
expression level is preserved in liver metastases compared with
corresponding primary colorectal cancer. Clin Cancer Res 12:29–
33

25. Maurer CA, Friess H, Kretschmann B, Zimmermann A, StauVer
A, Baer HU, Korc M, Buchler MW (1998) Increased expression of
erbB3 in colorectal cancer is associated with concomitant increase
in the level of erbB2. Hum Pathol 29:771–777

26. Piazzi G, Paterini P, Ceccarelli C, Pantaleo MA, Biasco G (2006)
Molecular determination of epidermal growth factor receptor in
normal and neoplastic colorectal mucosa. Br J Cancer 95:1525–
1528

27. McKay JA, Murray LJ, Curran S, Ross VG, Clark C, Murray GI,
Cassidy J, McLeod HL (2002) Evaluation of the epidermal growth
123



Cancer Chemother Pharmacol (2010) 65:825–831 831
factor receptor (EGFR) in colorectal tumours and lymph node
metastases. Eur J Cancer 38:2258–2264

28. Scartozzi M, Bearzi I, Berardi R, Mandolesi A, Fabris G, Cascinu
S (2004) Epidermal growth factor receptor (EGFR) status in pri-
mary colorectal tumors does not correlate with EGFR expression
in related metastatic sites: implications for treatment with EGFR-
targeted monoclonal antibodies. J Clin Oncol 22:4772–4778

29. Bibeau F, Boissiere-Michot F, Sabourin JC, Gourgou-Bourgade S,
Radal M, Penault-Llorca F, Rochaix P, Arnould L, Bralet MP,
Azria D, Ychou M (2006) Assessment of epidermal growth factor
receptor (EGFR) expression in primary colorectal carcinomas and
their related metastases on tissue sections and tissue microarray.
Virchows Arch 449:281–287

30. Bralet MP, Paule B, Falissard B, Adam R, Guettier C (2007)
Immunohistochemical variability of epidermal growth factor

receptor (EGFR) in liver metastases from colonic carcinomas.
Histopathology 50:210–216

31. Yamada M, Ichikawa Y, Yamagishi S, Momiyama N, Ota M, Fujii
S, Tanaka K, Togo S, Ohki S, Shimada H (2008) Amphiregulin is
a promising prognostic marker for liver metastases of colorectal
cancer. Clin Cancer Res 14:2351–2356

32. Spindler KL, Lindebjerg J, Nielsen JN, Olsen DA, Bisgard C,
Brandslund I, Jakobsen A (2006) Epidermal growth factor recep-
tor analyses in colorectal cancer: a comparison of methods. Int
J Oncol 29:1159–1165

33. Makino H, Uetake H, Danenberg K, Danenberg PV, Sugihara K
(2008) EYcacy of laser capture microdissection plus RT-PCR
technique in analyzing gene expression levels in human gastric
cancer and colon cancer. BMC Cancer 8:210
123


	Epidermal growth factor receptor (EGFR) mRNA levels and protein expression levels in primary colorectal cancer and corresponding liver metastases
	Introduction
	Materials and methods
	Patients and samples
	Microdissection
	RNA isolation and cDNA synthesis
	Reverse transcription-PCR
	Immunohistochemistry
	Statistical analysis

	Results
	Median gene expression levels of primary tumor and liver metastases
	Correlation between primary CRC and liver metastases mRNA level
	IHC analysis
	Correlation between mRNA expression and IHC expression

	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


