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Abstract: Immunostaining for epidermal growth factor receptor (EGFR) is important in the contemporary therapeu-
tic strategy of colorectal carcinomas. We tried to increase detection sensitivity, and compared the high-sensitivity
EGFR immunostaining with a worldwide standard, EGFR PharmDx™ (Dako). In order to pursue high-sensitivity EGFR
detection, deparaffinized sections were pressure-cooked in 1 mM EDTA solution, pH 8.0. Two mouse monoclonal
antibodies against EGFR, clone EGFR2.5 and DAK-H1-WT, and six kinds of secondary detection reagents, includ-
ing biotin-free catalyzed signal amplification (CSA Il), Simple Stain MAX-PO, PolyVue, Novolink, EnVision™ FLEX+,
and MACH3, were evaluated to compare the results with those with EGFR PharmDx™, employing a combination of
2-18-C9 as the primary monoclonal antibody and EnVision™ as the secondary reagent. Furthermore, we replaced
EnVision™ in the EGFR PharmDx™ kit with CSAIl. EGFR detection sensitivity was higher with DAK-H1-WT than with
EGFR2.5, and among the secondary reagents, the strongest signals were observed with Novolink. All 30 colorectal
carcinomas showed distinct expression of EGFR with our high-sensitivity EGFR immunostaining, while only 16 (53%)
gave focal positivity with EGFR PharmDx™. When EnVision™ in EGFR PharmDx™ was replaced by CSA Il, strong sig-
nals were seen in all cases, and the expression pattern was comparable with our sequence. Non-neoplastic crypt
epithelial cells often showed weakly signal with the standard EGFR PharmDx™, but consistently revealed strong
membrane staining in the two high-sensitivity sequences. EGFR PharmDx™ frequently gave false negativity. Impor-
tantly, EGFR was consistently and sensitively detected when the secondary polymer in the EGFR PharmDx™ kit was
simply replaced by CSA II.
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Introduction against advanced colorectal carcinoma [6-9].
Cetuximab is a chimeric type anti-human EGFR
monoclonal antibody with high affinity to EGFR,
and it exerts anti-tumor effects by inhibiting the
intracellular signal pathway. It is known that
EGFR immunostaining is affected by fixation
condition [10]. False negativity may result from
overfixation and/or poor detection sensitivity.
Criticisms have been raised by many patholo-
gists, doubting why focal and weak membrane
reactivity should be judged as positive in case
of EGFR PharmDx™ immunostaining. The judg-

Epidermal growth factor receptor (EGFR), a 170
kD transmembrane protein, categorized in the
tyrosine kinase family, regulates cell functions,
including cell division and apoptosis [1, 2].
Reportedly, EGFR is expressed in approximate-
ly 60% to 80% of colorectal carcinomas [3, 4],
and molecular targeted therapy is given to
EGFR-positive cases [5].

EGFR PharmDx™, a Food and Drug
Administration (FDA)-approved diagnostic Kit

for localizing EGFR in formalin-fixed, paraffin-
embedded sections available from Dako Co., is
widely utilized for determining the eligibility of
anti-EGFR molecular target therapy Cetuximab

ing situation is in sharp contrast to human epi-
dermal growth factor receptor type 2 (HER2)
expression in breast cancer, where weak but
diffuse reactivity is judged as negative [11].
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In the present study, we evaluated two anti-
EGFR monoclonal antibodies and various sec-
ondary detection reagents, and established
high sensitivity EGFR immunostaining for
colorectal cancer. Subsequently, we compared
the results with those with EGFR PharmDx™
under both the standard and modified condi-
tions. In the modified PharmDx™ method, the
secondary polymer reagent (EnVision™) was
replaced by the biotin-free catalyzed signal
amplification system (CSAII) available also from
Dako.

Materials and methods
High-sensitivity EGFR immunostaining

Samples: We analyzed a total of five advanced
colorectal adenocarcinomas surgically removed
in Fujita Health University Hospital, Toyoake,
Japan. The tissues were routinely fixed in 10%
formalin and embedded in paraffin wax. One
block sampled from the normal/tumor junction
was used for analysis in each case.

Immunohistochemistry: Sections were depar-
affinized with xylene, and rehydrated in graded
ethanol. Endogenous peroxidase activity was
quenched with 0.3% hydrogen peroxide in
methanol for 30 minutes at room temperature.
Hydrated heat-assisted epitope retrieval was
applied using a pressure pan cooker (Delicio
6L, T-FAL, Clithy, France) for 10 minutes.
Preliminary study chose 1 mM ethylenediamine
tetraacetic acid (EDTA) solution, pH 8.0, for the
optimal soaking solution for heating. After pres-
sure pan cooking, the sections were left for 30
minutes at room temperature for cooling. Anti-
EGFR monoclonal antibodies, clone EGFR 2.5
(diluted at 1:100, NovoCastra, Newcastle, UK)
and clone DAK-H1-WT (diluted at 1:100, Dako,
Glostrup, Denmark), were incubated for 30 min-
utes at room temperature. After rinsing in 50
mM Tris-HCI-buffered saline (TBS), pH 7.6, the
sections were reacted with six different kinds
of secondary detection reagents, principally
according to manufacturer's instructions.
These included 1) tyramide amplification-
assisted biotin-free catalyzed signal amplifica-
tion (CSA Il, Dako), and five different immuno-
peroxidase polymer reagents, such as Histofine
Simple Stain MAX-PO (SSMAX, Nichirei
Bioscience, Tokyo, Japan), PolyVue (Japan
Tanner, Osaka, Japan), Novolink (Novocastra),
EnVision FLEX+ (Dako) and MACH3 (Biocare
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Medical, Concord, CA, USA). Reaction products
were visualized in 50 mM Tris-HCI buffer, pH
7.6, containing 20 mg/dl diaminobenzidine tet-
rahydrochloride and 0.006% hydrogen peroxi-
dase. The nuclei were lightly counterstained
with Mayer’s hematoxylin.

Comparison with EGFR PharmDx™

Samples: A total of 30 advanced colorectal
adenocarcinomas surgically removed in Fujita
Health University Hospital in the period from
2001 to 2009 were routinely fixed in 10% for-
malin and embedded in paraffin wax. Again,
samples at the tumor/normal junction were
evaluated. The patients’ age ranged from 36
years to 78, with the average of 59.9. The male
to female ratio was 14:16. No preoperative
treatment was given in any case.

EGFR PharmDx™ immunohistochemistry: The
immunohistochemical procedure for EGFR
PharmDx™ followed the manufacturer’s instruc-
tion. Briefly, sections were deparaffinized, rehy-
drated, and treated with proteinase K for 5 min-
utes at room temperature. After peroxidase
inactivation, the primary antibody, clone 2-18-
C9, was incubated for 30 minutes at room tem-
perature. After rinsing in TBS, the sections were
incubated with secondary polymer reagent
(EnVision™) for 30 minutes at room tempera-
ture. Diaminobenzidine coloration and nuclear
counterstaining followed. In order to improve
the detection sensitivity of EGFR PharmDx™,
the secondary reagent was simply replaced by
CSA Il available from the same company, Dako.
We compared the findings obtained with the
standard EGFR PharmDx™ with those with the
modified EGFR PharmDx™ and the above-men-
tioned high sensitivity EGFR immunostaining.

EGFR immunoreactivity interpretation

EGFR expression on the plasma membranes
was evaluated according to the intensity of
staining: O, no reactivity, 1+, weak reactivity,
2+, moderate reactivity, 3+, strong reactivity.
The judgment was independently confirmed by
three authors (KS, WT and YT).

Ethical issue
The present study was approved by the institu-

tional ethical review board for clinical and epi-
demiological investigations at Fujita Health
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Table 1. EGFR immunostaining in various combinations
Monoclonal antibody to EGFR Intensity Score ~ CSA Il SSMAX  PolyVue Novolink EnVision™ FLEX+ MACH3

0 0(0%) 4(80%) 1(20%) 0O (0%) 0 (0%) 1 (20%)
CGFR 25 1+ 2(40%) 1(20%) 2(40%) O (0%) 2 (40%) 0 (0%)
' 2+ 3(60%) O0(0%) 2(40%) 3 (60%) 2 (40%) 3 (60%)

3+ 0(0%) 0(0%) 0(0%) 2 (40%) 1 (20%) 1 (20%)

0 0(0%) 2(40%) 0(0%) 0 (0%) 0 (0%) 0 (0%)

DAKHLWT 1+ 1(20%) 2(40%) 0(0%) 0 (0%) 1 (20%) 1 (20%)
2+ 3(60%) 1(20%) 5(100%) O (0%) 3 (60%) 2 (40%)

3+ 1(20%) 0(0%) 0(0%) 5(100%) 1(20%) 2 (40%)

0: negative, 1+: weak intensity, 2+: moderate intensity, 3+: strong intensity.
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Figure 1. Comparative study employing six different secondary reagents for detecting EGFR immunoreactivity with
a mouse monoclonal antibody, clone: DAK-H1-WT in a representative case of advanced colon cancer. A. CSA Il, B.
SSMAX, C. PolyVue, D. Novolink, E. EnVision™ FLEX+ and F. MACH3. CSAIl and Novolink give the strongest reactivity,
but with cytoplasmic diffusion with CSAll. Membrane reactivity is sharply accentuated with Novolink.

University, Toyoake. The approved number is
11-091. Written informed consent was
obtained from each patient.

of the secondary reagents. The clone EGFR2.5
gave negativity in 4 of 5 (80%) lesions with
SSMAX and 1 of 5 (20%) with PolyVue or
MACH3. The clone DAK-H1-WT antibody showed
Results negativity only in 2 of 5 (40%) with SSMAX.
Meanwhile, the clone EGFR2.5 demonstrated
3+ immunoreactivity in 2 of 5 (40%) lesions
with Novolink and 1 of 5 (20%) with EnVision™
FLEX+ or MACH3. The clone DAK-H1-WT result-
ed in 3+ immunoreactivity in 5 of 5 (100%) with
Novolink, 2 of 5 (40%) with MACH3 and 1 of 5
(20%) with CSAIl or EnVision™ FLEX+. The area

High-sensitivity EGFR immunostaining

The immunostained results for EGFR using two
monoclonal antibodies and six secondary
detection reagents are summarized in Table 1.
Representative staining patterns are illustrated
in Figure 1. EGFR immunoreactivity was consis-

tently localized on the plasma membranes.

The clone DAK-H1-WT consistently gave stron-
ger immunoreactivity than the clone EGFR2.5
in any experiment employing six different kinds
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of positively stained cancer tissue paralleled
with the staining intensity. The strongest and
consistent signals were obtained in the combi-
nation of DAK-H1-WT and Novolink. CSAIl tend-
ed to show cytoplasmic diffusion of the reac-
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Table 2. Comparison among the standard and modified EGFR PharmDx™ and higy-sensitivity immunos-
taining for EGFR using DAK-H1-WT and Novolink

Intensity Standard EGFR PharmDx™ Modified EGFR PharmDx™ High-sensitivity immunostaining
score Non-neoplastic Colorectal Non-neoplastic Colorectal Non-neoplastic Colorectal
crypt epithelial cells cancer cells crypt epithelial cells cancer cells crypt epithelial cells cancer cells
0 3 (10%) 14 (47%) 0(0) 0(0) 0(0) 0(0)
1+ 23 (77%) 6 (20%) 0(0) 0(0) 0(0) 0(0)
2+ 3 (10%) 6 (20%) 2 (7T%) 2 (7%) 2 (7%) 2 (7T%)
3+ 1 (3%) 4 (13%) 28 (93%) 28 (93%) 28 (93%) 28 (93%)

0: negative, 1+: weak intensity, 2+: moderate intensity, 3+: strong intensity.

Figure 2. Comparative study of two colon cancer cases using the standard and modified EGFR PharmDx™ and
high-sensitivity EGFR immunostaining with DAK-H1-WT and Novolink. (A, D, G) standard EGFR PharmDx™, (B, E,
H) modified EGFR PharmDx™ using CSAIll as the secondary reagent, (C, F, I) high-sensitivity EGFR immunostaining
with DAK-H1-WT and Novolink. (A, B, C) non-neoplastic crypt epithelial cells, (D, E, F, G, H, I) advanced colorectal
carcinomas. The top panels (A-C) and middle panels (D-F) were sampled from the same case. In the normal region
shown in the top panels (A-C), 1+ signals are obtained with the standard EGFR pharmDx™, and 3+ reactivities are
appreciated many of non-neoplastic crypt epithelial cells in the modified EGFR PharmDx™ and high-sensitivity EGFR
immunostaining. In the lesion indicated in the middle panels (D-F), no positivity is seen with the standard EGFR
PharmDx™, while the modified EGFR PharmDx™ and high-sensitivity EGFR immunostaining result in strong reactiv-
ity in a large number of cancer cells. In the lesion demonstrated in the bottom panels (G-I), 3+ signals are obtained
with the standard EGFR PharmDx™, and diffuse and very strong membrane plus cytoplasmic reactivities are seen
with the modified EGFR PharmDx™ and high-sensitivity sequence. Stromal deposition of the reaction product is
seen in case of the modified PharmDx™.

tion product. With our high-sensitivity method, expressed EGFR on the basolateral plasma
non-neoplastic crypt epithelial cells strongly membranes.
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Comparing the standard EGFR PharmDx™ with
the modified EGFR PharmDx™ and the high-
sensitivity EGFR immunostaining

Results are summarized in Table 2 and Figure
2. Positivity with the standard EGFR PharmDx™
was observed in 16 of 30 (53%) lesions evalu-
ated. Only in four (13%), 3+ positivity was
observed. Non-neoplastic crypt epithelial cells
were often weakly signaled in 23 of 30 (77%)
with the standard EGFR PharmDx™. In contrast,
the modified EGFR PharmDx™ employing CSA
Il, as well as our high-sensitivity EGFR immu-
nostaining with DAK-H1-WT and Novolink, dem-
onstrated positive signals in all of the 30
lesions, with 3+ reactivity seen in 28. The
expression patterns were comparable with
both of the latter methods in non-neoplastic
crypt epithelial cells and colon cancer cells. In
four cancerous lesions with 3+ reactivity with
the standard EGFR PharmDx™ , both of the lat-
ter demonstrated very strong reactivity with
cytoplasmic diffusion of the reaction product,
and the modified EGFR PharmDx™ gave rela-
tively high background staining.

Discussion

Improvement of EGFR immunostaining has
been reported using a variety of EGFR antibod-
ies and secondary detection reagents [3,
12-186]. In the present study, by comparing six
different secondary detection reagents, we
showed that the one-step polymer reagent,
SSMAX, was inferior to the two-step polymer
reagents, and that Novolink yielded the stron-
gest reactivity. CSA Il tended to show signal dif-
fusion into the cytoplasm. Rocha et al. also rec-
ommended Novolink in estrogen receptor
immunostaining for breast cancer [12].
However, Skaland et al. demonstrated
EnVision™ FLEX+ being the most suitable for
immunolocalization among five polymer
reagents, including Novolink [13].

With EGFR PharmDx™, EGFR immunoreactivity
was reportedly detected in 75% of stage IV
colorectal adenocarcinomas [3]. In the present
study, EGFR expression demonstrated by the
standard EGFR PharmDx™ was observed in a
bit more than half (16/30 = 53%) of the
advanced colorectal cancer, and non-neoplas-
tic crypt epithelial cells often showed weakly
expression. In contrast, the modified EGFR
PharmDx™, with the secondary reagent being
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simply replaced by CSAIl, showed positive sig-
nals in all 30 cancer lesions, and the results
were comparable with those obtained with the
high-sensitivity EGFR immunostaining with
DAK-H1-WT and Novolink. Most of them (28/30
= 93%) yielded 3+ reactivity. It should be of
note that non-neoplastic crypt epithelial cells
consistently showed strong membrane reactiv-
ity with both our high-sensitivity EGFR immu-
nostaining and the modified EGFR PharmDx™.
Consistent expression of EGFR on the plasma
membrane of normal crypt epithelial cells has
been described [14].

Burkley et al. reported that a monoclonal anti-
body, clone 31G7, slightly improved detection
sensitivity when compared with EGFR
PharmDx™ [15], while Bhargava et al. described
that EGFR PharmDx™ and immunostaining with
the same clone 31G7 gave the comparable
results [16]. In non-small lung cancer, more
than 80% of the lesions exhibited EGFR expres-
sion with both EGFR PharmDx™ and the immu-
nostaining with 31G7 [17]. Derecskei et al. rec-
ommended the modification of EGFR PharmDx™
using microwave pretreatment [18]. It has been
reported that fixatives affected the EGFR
PharmDx™ reactivity of colorectal cancer [10].
Formalin overfixation may thus lead to false
negativity.

We should discuss the fact that immunohisto-
chemical evaluation of EGFR expression in
colon cancer was proven not to be biologically
meaningful. Frequent EGFR immunoreactivity
in colon cancer was pointed out by Shia et al.
[19], who also documented that EGFR gene
amplification was observed only in 12% of pri-
mary colon cancer tissues. In early clinical tri-
als, the response rates to anti-EGFR monoclo-
nal antibody Cetuximab were 10-20% [20, 21],
and thereafter, it has been reported that activa-
tion of downstream effectors, especially KRAS
[22] and BRAF [23] oncogene mutations, con-
fers the resistance to anti-EGFR therapy. We
thus reconfirmed herein that the immunohisto-
chemical detection of EGFR in colon cancer
was not clinically validated.

In conclusion, the sensitivity of the FDA-
approved EGFR PharmDx ™ was too low, often
resulting in false negativity. Pathologists by a
microscope often whisper a claim that the judg-
ing criteria are not reasonable since positive
judgment is requested even when only weak
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and focal immunoreactivity is observed.
Importantly, simple replacement of the second-
ary reagent in the kit with CSAIl gave the very
sensitive detection for EGFR immunoreactivity,
and the results were comparable with those
obtained with the high-sensitivity sequence
with DAK-H1-WT, the different primary mono-
clonal, and Novolink as the secondary polymer
reagent. The fact that with the improved meth-
ods, all 30 lesions of colorectal cancer showed
clear positivity of EGFR should be re-evaluated
in view of the therapeutic response in respec-
tive cancer patients. Our improved immunohis-
tochemical sequences are readily applicable to
daily diagnostic pathology services, in order to
solve this point, we believe.
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