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Abstract: HER2/neu is an efficient target for cancer therapy. However, reports about its overexpression rate in
colorectal carcinomas showed wide variability. This study aims to investigate HER2/neu expression in colorectal
carcinomas using these two rabbit monoclonal HER2/neu antibodies, and to clarify the relationship between protein overexpression and gene amplification of HER2/neu and their clinicopathologic importance. Tissue microarray
was performed from sections of 106 cases colorectal carcinomas. Their clinical data, including gender, age, stage,
recurrence, lymph node metastasis, and follow-ups were collected. Immunohistochemistry for rabbit monoclonal
antibody SP3 and 4B5 were performed, Fluorescent in situ hybridization was applied to detect the amplification of
HER2/neu gene. The HER2/neu overexpression of (2+ and 3+) in our results were seen in 7.5% (8/106) for 4B5
and 3.8% (4/106) for SP3 respectively, the HER2/neu amplification was in 2.8% (3/106). All cases of overexpression for SP3 were included by those for 4B5. Both antibodies stained 3 cases of HER2/neu 3+, and FISH confirmed
HER2/neu amplification did occurred in these cases. In our study, 4B5 was more sensitive to detect HER2/neu of
colorectal carcinoma than SP3. 2.8% patients with colorectal patients might benefit from anti-HER2/neu therapy.
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Introduction
Colorectal carcinoma is a leading cause of cancer-related deaths worldwide. Although chemotherapy has shown to be an efficient management, ongoing improvement is needed,
especially for advanced stage. Targeted cancer
therapy provide a promising way to tailor cancer treatment with more selective for cancer
cells than normal cells. Monoclonal antibodies
target against vascular endothelial growth factor receptor (such as bevacizumab) [1] and epidermal growth factor receptor (such as cetuximab) [2] have been introduced for colorectal
carcinoma therapy.
The human epidermal growth factor receptor
2/neu ( HER2/neu) gene is located on chromosomal region 17q12. It encodes a transmembrane glycoprotein which belongs to the EGF/
erbB growth factor receptor family [3]. HER2/

neu protein has been shown to be overexpressed in breast cancer and gastric cancer
and an effective target for adjuvant therapy. Its
monoclonal antibody, Trastuzumab, has been
used as routine drug to treat HER2/neu positive
breast and gastric cancer. There have been several studies evaluating HER2/neu expression in
colorectal carcinomas by immunohistochemical staining. The results of them were conflict
with expression rate range from zero to 84%
[4-11], as well as the relationship between prognosis and HER2/neu overexpression.
Recently developed rabbit monoclonal HER2/
neu antibodies have higher affinity and specificity [12, 13]. The 4B5 antibody is directed
against the extracellular domain of the HER2receptor, and the SP3 antibody is directed
against intracellular domain [14]. This study
aims to investigate HER2/neu expression in
colorectal carcinomas using these two rabbit
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Table 1. Clinical and pathological features of
colorectal carcinomas
Clinical/pathological features
Gender
Female
Male
Age
<40
40-70
>70
Tumor grade
G1
G2
G3
Tumor stage
pT1
pT2
pT3
Nodal status
pN0
pN1
pN2
Tumor type
Tubular carcinoma
Mucinous carcinoma
Total number

n
61
45
4
75
27
22
64
20
26
35
61
51
31
44
99
7
106

monoclonal HER2/neu antibodies, and to clarify the relationship between protein overexpression and gene amplification of HER2/neu and
their clinicopathologic importance.
Materials and methods
Patients and tissue samples
We examined 106 cases colorectal carcinomas
obtained from 2003 to 2007 from the surgical
pathological database of the First Afﬁliated
Hospital of Wenzhou Medical University. The
patients were composed of 39 men and 52
women with a median age of 60.09 (34-81
years). In all cases colectomy was performed
and their clinical data, including gender, age,
stage, recurrence, lymph node metastasis, and
follow-ups were collected (Table 1, Figure 3).
None of the patient received irradiation or chemotherapy prior to surgery. Tumor grades were
deﬁned according to the criteria of 2010 WHO.
The pathological TNM status was assessed
according to the criteria of the sixth edition of
the TNM classiﬁcation of the International
Union Against Cancer [15]. Patients who died of
other than colorectal cancer were excluded
from the study. The study was approved by the
Ethical Committee of Wenzhou Medical
University.
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All surgical specimens were fixed in neutralbuffered formalin (10%) in 20 min after surgical
removal of the tissue. After overnight fixation,
tissues were sampled for processing to make
paraffin embedded blocks.
Tissue microarray (TMA)
TMA was constructed from formalin-ﬁxed and
parafﬁn embedded blocks. One tissue section
was chosen for each case on which three random representative locations of cancer foci
and one location of normal mucosa were
marked. Having matched the marked foci with
the tissue parafﬁn block, 4 cores of tissue per
case were embedded into the recipient parafﬁn
blocks using a tissue arrayer (Boyikang
Company, Beijing). Sections were then cut for
immunostaining.
Immunohistochemistry (IHC) fluorescent in situ
hybridization (FISH)
The rabbit Monoclonal antibody SP3 for HER2/
neu (Labvision, Fremnot, CA, USA) was stained
according to manufacturer recommendation. In
brief, the 4 µm-thick sections were performed
(10 mmol/L citrate buffer, pH 6.0) in presser
cooker for heat-induced antigen retrieval after
dewaxed and rehydrated through xylene and
ethanol. Endogenous peroxidase activity was
blocked with 3% hydrogen peroxide for 10 minutes. Primary antibody (dilution 1:100) was
incubated for 40 minutes at room temperature,
and was detected by EnVision Plus System
(DAKO) for 30 minutes at room temperature.
The reaction product was detected with 3,
3-diaminobenzidine chromogen. For negative
controls, the tissue sections were incubated
with phosphate-buffered saline in the absence
of primary antibody. Counter staining was carried out with hematoxylin.
Another rabbit Monoclonal antibody 4B5 for
HER2/neu was immunostained on the
Benchmark XT automated stainer (Ventana
medical systems, Tucson, AZ, United States).
Antigen retrieval was a standard automated
process at 37°C for 16 minutes on the stainer.
The antibody was used as received from
Ventana prediluted at a stated final concentration of 6 ìg/mL of specific antibody.
On all slides for the two antibodies, three breast
cancer samples with an immunoscore of 0, 1+
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Figure 1. Immunohistochemical staining for HER-2 in colorectal carcinomas. HER-2/neu staining scored 3+ of 4B5
(A) was stronger than that of SP3 (B) in the same case (× 100); (C) An example of HER-2/neu staining scored as 1+
(× 200), membranous reactivity occurred in part of the cell membrane (arrowed); (D) Cytoplasmic HER-2/neu positive in a colorectal carcinoma (× 200).

Figure 2. FISH analysis shows amplification of HER-2
/neu (clusters of red signals) in colorectal carcinoma. Green signals represent centromere 17.

and 3+ according to ASCO/CAP guideline [16]
were used as control.
The IHC positive cases and 10 negative cases
were chosen to preform FISH. FISH was per4456

formed using the Pathvysion HER-2 DNA probe
kit (Abbott Laboratiories, Abbott Park, IL, USA).
The procedure FISH was performed using procedures provided by manufacture. In brief,
4mm sections were dewaxed and rehydrated
through xylene and ethanol, and heated in pretreatment reagent at 80°C for 10 min. After
treatment in 0.2% pepsin/0.01 N HCl for 30
min at 37°C, the slides were incubated in a
ThermoBrite hybridizer (Abbott Molecular,
Wiesbaden, Germany) at 75°C for 5 minutes
and 37°C for 18 hours. After hybridization,
slides were rinsed in 2 × SSC/0.3 NP-40 at
72°C for 2 minutes, and counterstained with
4,6-diamidino-2-phenylindole (DAPI).
Evaluation of IHC and FISH staining results
Both the immunostaining of membrane and
cytoplasm were scored. The membrane staining was evaluated on a score of 0 to 3 using the
score system suggested by Hoffman et al [17].
Int J Clin Exp Pathol 2014;7(7):4454-4460

HER2/neu expression in colorectal carcinomas

Figure 3. Kaplan-Meier plot for: (A) Disease-specific survival and pT-stage in 103 colorectal carcinoma; (B) Diseasespecific survival and HER-2/neu amplification in colorectal carcinoma.

Scoring of membrane was as follows: 0, no
reactivity or FISH analysis shows homogenous
(A) and heterogenous (B) amplification of HER-2
(clusters of red signals) in CRC. Green signals
represent centromere 17. in less than 10% of
cells; 1+, faint/barely perceptible membranous
reactivity in 10% of cells or higher or reactivity
in only part of the cell membrane; 2+, weak to
moderate complete or basolateral membranous reactivity in 10% of tumor cells or higher;
3+, strong complete or basolateral membranous reactivity in 10% of tumor cells or higher.
Scoring of cytoplasm was graded as negative,
weak (score as 1) and strong (score as 2).
FISH was scored according to ASCO/CAP guideline [16]. FISH results are reported as the average HER2/neu count to average CEP (chromosome enumeration probe) 17. The average
number of HER2 signals per nucleus and the
average number of CEP17 chromosome probes
per nucleus were counted in 20 non-overlapping cells. A HER2/CEP17 ratio of more than
2.2 was reported as amplified and a ratio of
less than 1.8 as not amplified. An additional 20
cells were counted if the ratio was in the equivocal range (1.8-2.2).
Statistical analysis
HER-2 protein were correlated with clinicopathological parameters and 5-year cancer-related
survival using Pearson’s χ2 testing. Patients
were followed up for a median of 48.5 months
(Range=10-81 months). The Kaplan-Meier
4457

method was used to obtain the survival curve.
For all tests, P<0.05 was considered to be statistically significant.
Results
IHC of HER2/neu expression
Immunostaining results and clinicopathologic
data of related cases are listed in Table 1. In
cases with immunoscores of 1+ and 2+ (both of
immunoreactivity of SP3 and 4B5), most cancer cells showed week lateral or basolateral
(U-shaped) membranous staining. All 3 cases
with immunoscores of 3+ showed intensive
complete membranous staining. The staining
intensity of 4B5 was stronger than that of SP3
(Figure 1). In 5 cases scored 2+ for 4B5 staining, only 1 scored 1+ and 1 scored 2+ for SP3
staining. There was no notable background
staining noted for both antibodies.
In positive cases for 4B5 antibody, 89% (16/18)
showed cytoplasmic staining coexist with membranous staining, and all of the positive cells
showed weak immunoreactivity (Figure 1). Of 7
SP3 cytoplasmic positive cases, 2 cases
showed strong staining.
There were 3 signet ring cell carcinomas and 4
mucinous adenocarcinomas in our series of
cases. None of them overexpressed 4B5 and
SP3 in either membrane or cytoplasm. Three
cases of surrounding normal glands showed
4B5 weak membranous staining (1+).
Int J Clin Exp Pathol 2014;7(7):4454-4460
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Table 2. HER2/neu positive cases and related clinical information
Case No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

Gender
M
F
F
F
F
F
M
F
M
M
F
M
F
F
F
F
F
F
F
M
M

Age
60
59
55
60
80
57
76
56
74
74
51
49
59
58
56
57
36
34
59
67
55

Grade
2
1
2
1
2
1
2
2
1
2
2
2
3
1
1
2
1
1
1
1
1

pT
2
2
2
2
2
1
2
1
1
2
2
1
2
2
1
2
2
2
3
3
3

pN
1
1
1
1
1
1
1
1
1
2
1
2
1
2
2
2
2
1
1
2
0

HER2/neu FISH versus immunoscore
FISH was undertaken for all TMA slides, and all
HER2/neu 2+ and 3+ staining sections were
analyzed. All 3 cases of HER2/neu 3+ also
exhibited HER2/neu amplification (Figure 2).
For the cases scored 2+, only 1 case with 4B5
immunoreactivity was amplified. None of the 2
cases of strong cytoplasmic staining showed
amplification.
Clinicopathological correlation
We defined HER2/neu 2+ and 3+ as overexpression, and there was no correlation between
HER2/neu membranous and cytoplasmic overexpression and gender, age, tumor size, TNM
stage (p>0.05). There was no correlation
between HER2/neu (for 4B5 staining) overexpression and overall survival (p=0.33, Figure
3).
Discussion
After HER2/neu has been shown to be an effective target for adjuvant therapy for breast cancer and gastric cancer, many studies have been
evaluated HER2/neu state in other tumor
4458

Stage
IIA
IIA
IIIA
IIIB
IIA
I
IIA
I
I
IIIB
IIA
IIIA
IIIB
IIIB
IIIA
IIIC
IIIB
IIA
IIIB
IIIC
IIA

4B5
SP3
membrane cytoplasm membrane cytoplasm
3
1
3
1
3
1
3
2
3
1
3
1
2
1
1
0
2
1
0
0
2
1
0
0
2
1
0
0
2
1
2
0
1
1
0
0
1
0
0
0
1
1
0
0
1
1
0
2
1
1
0
0
1
0
0
0
1
1
0
0
1
1
0
0
1
1
0
0
1
1
0
0
0
0
1
1
0
0
1
1
0
0
0
1

types. Of them, the studies of detection of
HER2/neu in colorectal cancer by IHC reported
expression varying in a great degree. It is well
known that many factors can affect the positive
rates of IHC. Alongside of different tissue fixation, paraffin blocks and section storage, antigen retrieval, one of major factors is the variety
in antibodies.
Rabbit monoclonal antibodies were developed
from c-myc/v-abl transgenic rabbits [12]. This
model can produce rabbit plasmacytoma cell
lines and allow the establishment of rabbit-rabbit hybridomas which is necessary to develop
monoclonal antibodies [13, 18]. Compared to
mouse monoclonal antibodies, Rabbit monoclonal antibodies have higher sensitivity and
more consistency [13]. Up till now, most of
immunohistochemical HER2/neu studies about
colorectal carcinomas were based on mouse
polyclonal or monoclonal antibodies [19]. We
tested two commercially available HER2/neu
rabbit monoclonal antibodies to explore their
reaction against colorectal carcinomas.
The HER2/neu overexpression of (2+ and 3+) in
our results were seen in 7.5% (8/106) for 4B5
and 3.8% (4/106) for SP3 respectively, the
Int J Clin Exp Pathol 2014;7(7):4454-4460
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HER2/neu amplification was in 2.8% (3/106).
All cases of overexpression for SP3 were included by those for 4B5. Both antibodies stained 3
cases of HER2/neu 3+, and FISH confirmed
HER2/neu amplification did occurred in these
cases. FISH also showed an amplification of
case of HER2/neu 2+ for 4B5 (case 4 in Table
2) which was HER2/neu 1+ for SP3. For the
same section, the staining intensity of 4B5 was
stronger than that of SP3. These results suggested that, in our study, 4B5 was more sensitive to detect HER2/neu of colorectal carcinoma than SP3.
Nunes et al. [20] compared overexpression of
SP3 and 2 rabbit polyclonal antibodies
(HercepTest, A0485), 3 mouse monoclonal
antibodies (NCL-CB11, CM-CB11 and 4D5) in
breast carcinomas, found SP3 was more sensitive, but less specific than others. Our study
showed that, with more sensitivity and strong
staining intensity, 4B5 could be used to detect
HER2/neu overexpression with less false negative, but with more cost for subsequent FISH
test.
There were no evidence supporting overexpression of HER2/neu related to tumor grading, pT,
pN or survival. Some studies showed
Cytoplasmic HER2/neu staining was associated with survival, but we did not observe that in
our results.
Although studies for anti-HER2/neu therapy in
colorectal carcinoma are rare, based on the
successful treatment of gastric cancer, we view
a small group patients (2.8% in our data) with
colorectal carcinoma will have a favorable
response to anti-HER2/neu therapy.
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