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Table 1 Clinicopathological characteristics of nasopharyngeal

carcinoma patients in this study

Characteristics

No. of patients

Age
Mean
Median
Range
Gender
Male
Female
WHO classification
Type 2a
Type 2b
AJCC staging
Stage |
Stage Il
Stage Ill
Stage IV
T stage
T
T2
T3
T4
Regional lymph node metastasis
No
Yes (N1, N2, N3)
Systemic metastasis
No
Yes (M1)
Recurrence
No
Yes
N/A
Total

48.67
48
14-79

57
25

43
39

13
27
39

10
24
25
23

15
67

71

35
42
5

82

Years
Years
Years
%
69.5
30.5
%
52.4
47.6
%
3.7
15.9
329
47.6
%
12.2
293
30.5
28.0
%
18.3
81.7
%
93.9
6.1

%
42.7
51.2
6.1
100.00

AJCC, American Joint Committee on Cancer.

Figure 1 ERBB protein expression in
nasopharyngeal carcinoma. Shown are
representative photomicrographs at

magnification x400 of normal

nasopharynx and cancerous

nasopharyngeal tissues that were

subjected to immunostaining of ERBB1
(A and B), ERBB2 (D and E), ERBB3

(G and H) and ERBB4 (J and K).
Human liver tissues were used as
positive controls (C, F, I and L).

study. All specimens were taken at the time of diagnosis for
NPC before the therapeutic treatment. The detailed patient
characteristics are outlined in table 1. Clinical stages and histo-
logical grades were evaluated according to the International
Union against Cancer/American Joint Committee on Cancer
(UICC/AJCC) staging system and the WHO classification,
respectively. The patients were given radiation to primary
tumour at 18-20 Gy daily, five times/week, with a total dose
~70 Gy. Three cycles of chemotherapy (cisplatin 100 mg/m?)
were given concurrently during weeks 1, 4, 7, 10, 13 and 16 of
radiotherapy. Subsequent to the completion of concurrent che-
moradiotherapy, the patients received the chemotherapy consist-
ing of cisplatin (80 mg/m?) at day 1 and S5-fluorouracil
(1000 mg/m?/day) during days 1-5 every 4 weeks for three
cycles. All patients were followed up every 3—6 months for at
least 5 years.

Immunohistochemistry

The paraffin-embedded specimens were cut into 4 mm sections
and incubated at 65°C for 1 h. All sections were deparaffinised
in xylene, were rehydrated in a series of reducing concentrations
of ethanol and were submerged into Tris-EDTA buffer pH 9.0
with three 5 min cycles of microwave. The sections were then
incubated in 3% H,O, for 30 min to quench endogenous per-
oxidase activity and were treated with 5% normal goat serum
(Cell Signaling Technology, Massachusetts, USA) in Tris buffer
saline (TBS) for 1h to reduce non-specific binding. Rabbit
anti-ERBB1, ERBB2, ERBB3 or ERBB4 monoclonal antibodies
(1:50; Cell Signaling Technology) was incubated with the sec-
tions for 12 h at 4°C in a humidified chamber. The antibody
was replaced by normal goat serum for negative controls. The
samples were washed with TBS and were subjected to
SignalStain Boost THC Detection Reagent (Cell Signaling
Technology) for 1 h. The immunoreactions were visualised with
3-amino-9-ethylcarbazole peroxidase substrate kit (Vector
Laboratory, California, USA) with haematoxylin counterstaining.
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Ten normal nasopharyngeal tissues and human liver tissues were
included as positive controls. The immunoreactivities were clas-
sified as a continuum from undetected level (0%) to diffuse and
homogenous, strong staining (100%). The levels of ERBB pro-
teins are based on the intensity of staining compared with
internal controls within the same sample. The positive staining
is defined when the reactivity is greater in the tumour cells than
in the control cells and the staining is observed in more than
10% of tumour cells.

Statistical analysis

A comparison between the clinicopathological profiles and survival
was evaluated using x> test. Univariate analyses were performed to
determine the prognostic factors associated with 5-year survival.
Univariate and multivariable Cox regression analyses were also per-
formed using all variables. Survival curves were constructed using
the Kaplan—-Meier plots. Two-tailed p values of <0.05 were consid-
ered statistically significant. All statistical analyses were performed
using SPSS V18.0 software (IBM, New York, USA).

Table 2 Univariate and multivariate analyses of prognostic variables associated with patient survival

5-year survival

Survival (months)

Univariate Multivariate

Prognostic variables  No. of patients (%)  No. of patients % p Value  HR (95% CI) p Value  HR (95% CI) p Value

Age (years) 0.128 1.516 (0.849 to 2.705) 0.159 1.829 (0.792 to 4.226)  0.158
<50 47 (57.3) 24 51.1
>50 35 (42.7) 12 343

Sex 0.329 0.717 (0.371 to 1.386) 0.323 0.770 (0.350 to 0.695) 0.515
Male 57 (69.5) 23 40.4
Female 25 (30.5) 13 52.0

WHO classification 0.344 1.258 (0.705 to 2.245) 0.437 0.279 (0.112 to 0.695)  0.006*
Type 2a 43 (52.4) 21 4838
Type 2b 39 (47.6) 15 385

AJCC stage 0.132 1.368 (0.949 to 1.970) 0.093 2.473 (1.171 t0 5.222) 0.018*
Stage | 3(3.7) 2 66.7
Stage Il 13 (15.9) 8 61.5
Stage IIl 27 (32.9) 1" 40.7
Stage IV 39 (47.6) 15 385

T stage 0.631 1.122 (0.848 to 1.486) 0.420 0.484 (0.260 to 0.903) 0.022*
T 10 (12.2) 6 60.0
T2 24 (29.3) 1" 45.8
T3 25 (30.5) 9 36.0
T4 23 (28.0) 10 435

Regional lymph node metastasis 0.029* 1.386 (1.013 to 1.897) 0.042* 0.451 (0.253 to 0.802) 0.007*
NO 15 (18.3) 9 60.0
N1 11 (13.4) 7 63.6
N2 38 (46.3) 15 39.5
N3 18 (22.0) 5 27.8

Systemic metastasis 0.042* 5.613 (2.095 to 15.033) 0.001* N/A N/A
No 77 (93.9) 36 46.8
Yes 5(6.1) 0 0.0

Recurrence 0.001* 3.013 (1.534 t0 5.92) 0.001* 0.491 (0.214 to 1.126) 0.093
No 35 (42.7) 23 65.7
Yes 42 (51.2) 12— 28.6
N/A 5 (6.1)

ERBB1 N/A N/A N/A N/A N/A
Negative 82 (100) 36 43.9
Positive 0 (0) - -

ERBB2 N/A N/A N/A N/A N/A
Negative 82 (100) 36 43.9
Positive 0 (0) - -

ERBB3 0.045* 5.040 (0.694 to 36.592) 0.110 0.209 (0.061 to 0.718) 0.013*
Negative 6 (7.3) 5 83.3
Positive 76 (92.7) 31 40.8

ERBB4 0.376 N/A N/A N/A N/A
Negative 81 (98.8) 36 44.4
Positive 1(1.2) 0 0

*p<0.05.

AJCC, American Joint Committee on Cancer.
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RESULTS

ERBB expression in normal and cancerous

nasopharyngeal tissues

ERBB1, ERBB2, ERBB3 and ERBB4 protein expressions in 82
NPC tissues were examined simultaneously by immunohisto-
chemistry. Representatives of immunoreactivities are shown in
figure 1. The results revealed that ERBB1, ERBB2 and ERBB3
were strongly expressed in the cytoplasm and at the membrane of
normal nasopharyngeal epithelia (figure 1A, D, G), while ERBB4
was not expressed (figure 1J). ERBB1 and ERBB2 expression
intensity was reduced in NPC as compared with normal epithe-
lium (figure 1B, E), while the absence of ERBB4 was also
observed, similar to the normal counterparts (figure 1K). ERBB3
immunostaining was found in 76/82 (92.7%) cases (figure 1H).

Prognostic relevance of ERBB3

We further evaluated the relationship between clinicopathologi-
cal parameters and patient outcome. The results are shown in
table 2. The univariate analysis revealed that regional lymph
node metastasis (p=0.029), systemic metastasis (p=0.042) and
recurrence (p=0.001) were correlated with S-year survival.
These parameters were also related to survival time with the
p values of 0.042, 0.001 and 0.001, respectively. Interestingly,
while ERBB1, ERBB2 and ERBB4 were absent in NPC, ERBB3
positivity was significantly linked to poor S-year survival rate
(p=0.045). The cumulative survival curve according to the
ERBB3 expression is shown in figure 2. Patients with NPC with
ERBB3 positivity had significantly shorter survival time with a
mean survival of 57.3%+42 years compared with those without
ERBB3 expression with a mean survival of 106.7+42 years. No
statistically significant association between ERBB3 expression
and other clinicopathological parameters was observed (table 3).
Furthermore, a multivariate Cox regression analysis revealed
that ERBB3 is independent (p=0.013) among other established
prognostic risk factors including WHO grade (p=0.006), AJCC
stage (p=0.018), T stage (p=0.022) and regional lymph node
metastasis (p=0.007).

DISCUSSION
ERBB receptors trigger cascades of signal transduction in
normal cells. Aberrant ERBB expression leading to dysregulation
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Figure 2 Kaplan—Meier survival plot of patients with nasopharyngeal

carcinoma according to the ERBB3 expression, which showed a
significant correlation with survival.

of downstream signalling events evidently results in enhanced
uncontrolled proliferation of tumour cells.* Hence, they have
emerged as useful biomarkers and therapeutic targets in several
types of cancer. The role of ERBBs in NPC is still inconclusive
as there is conflicting evidence on the ERBB1 and ERBB2'*"?
and no data are available for ERBB3 and ERBB4. To our knowl-
edge, this is the first report on the simultaneous expression of
all ERBB members in NPC. Immunohistochemical investigations
of the normal nasopharynx showed immunoreactivity for
ERBB1, ERBB2 and ERBB3, but not ERBB4. Although previous
reports on ERBB1 and ERBB2 expression at the gene and
protein levels have shown diverging results, the present immu-
nohistochemical data are highly in agreement with some

Table 3 Correlation between clinicopathological features and
ERBB3 expression

No. of patients (%)

Characteristics ERBB3 negative ERBB3 positive p Values
No. of patients 6/82 (7.3) 76/82 (92.7)
Age (years) 0.633
<50 416 (66.7) 43/76 (56.6)
>50 2/6 (33.3) 33/76 (43.4)
Sex 0.876
Male 4/6 (66.7) 53/76 (69.7)
Female 2/6 (33.3) 23/76 (30.3)

WHO classification 0.471

Type 2a 4/6 (66.7) 39/76 (51.3)
Type 2b 2/6 (33.3) 37/76 (48.7)
AJCC stage 0.221
Stage | 0/6 (0.0) 3/76 (3.9)
Stage Il 2/6 (33.3) 11/76 (14.5)
Stage Il 3/6 (50.0) 24/76 (31.6)
Stage IV 1/6 (16.7) 38/76 (50.0)
T stage 0.298
m 1/6 (16.7) 9/76 (11.8)
T2 3/6 (50.0) 21/76 (27.6)
T3 1/6 (16.7) 24/76 (31.6)
T4 1/6 (16.7) 22/76 (28.9)
Regional lymph node metastasis 0.164
NO 2/6 (33.3) 13/76 (17.1)
N1 1/6 (16.7) 10/76 (13.2)
N2 3/6 (50.0) 35/76 (46.1)
N3 0/6 (0.0) 18/76 (23.7)
Systemic metastasis 0.519
No 6/6 (100.0) 71/76 (93.4)
Yes 0/6 (0.0) 5/76 (6.6)
Recurrence 0.502
No 3/6 (50.0) 32/76 (42.1)
Yes 2/6 (33.3) 40/76 (53.6)
N/A 1/6 (16.7) 4/76 (5.3)
ERBB1
Negative 6/6 (100.0) 76/76 (100.0) N/A
Positive = = =
ERBB2
Negative 6/6 (100.0) 76/76 (100.0) N/A
Positive = = =
ERBB4 0.779
Negative 6/6 (100.0) 75/76 (98.7)
Positive - 1176 (1.3)
*p<0.05.

AJCC, American Joint Committee on Cancer.
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studies.’ '® ¥ The discrepancies may arise from different
experimental settings, including antibodies, fixatives, storage
time of the samples and criteria for immunopositivity.”°
However, normal nasopharyngeal samples have not been
included in most studies, rendering it more difficult to make
comparison between normal and cancer tissues.

The mechanism of ERBB downregulation in NPC has not
been elucidated. Although several mutations in ERBB are com-
monly found in many types of cancer,”™ the studies in NPC
have only focused on the tyrosine kinase activating domain and
revealed the lack of ERBBI somatic mutations.”! 2> However,
the truncated mutations in ERBBI, resulting in a constitutively
active receptor that is insensitive to ERBB1-targeting therapy,
have been reported in up to 40% of squamous cell carcinoma of
the head and neck cases,> we cannot therefore exclude the pos-
sibility that these types of mutations may cause the inability of
the corresponding truncated proteins to interact with antibodies
containing specific epitopes to the proteins. Recently, it has been
shown that the ERBB1 expression was progressively lost
through the cancer development.”* The possible explanation
arises from the evidence of the ERBB2 transcriptional suppres-
sion by binding of the EBV latency protein EBNA1, to its pro-
moter.”> 2® As EBV infection is found to be closely associated
with the NPC pathogenesis, it is therefore likely that the down-
regulation of ERBB may be as a result of EBV-mediated
transformation.

Interestingly, the expression of ERBB3 was correlated with
S-year survival and survival time of patients with NPC. No asso-
ciation between ERBB3 expression and other clinicopathologic
parameters was observed. ERBB3 expression has been correlated
with poor prognosis in a wide range of cancers, including
mammary,”’ % ovarian,*>>” prostate,”® ** colorectal,**™* pan-
creatic,”” ***® head and neck,*”' and lung cancers.’>*°
Although ERBB3 is generally considered as kinase inactive’”—>°
and needs other ERBB isoforms to activate via trans-
phosphorylation,®® several studies demonstrated that ERBB3 can
be activated without apparent involvement of other ERBBs in
cancer.®! © Some kinases including c-Src have been identified to
bind and phosphorylate ERBB3 under certain conditions.®” The
ERBB3 activation is reduced in the presence of c-Src-specific inhi-
bitors.®® ®* Inhibition of other kinases such as cyclin-dependent
kinase 5 (CdkS), which has been shown to be coimmunoprecipi-
tated with ERBB3, could also lead to the reduction of ERBB3
phosphorylation in response to NRG ligand.®* Other
ERBB3-coimmunoprecipitated proteins include protein tyrosine
kinase 6 (PTK6), which has been associated with poor prognosis
of NPC,%® ¢7 and also cause an increase in tyrosine phosphoryl-
ation of ERBB3.%” Interestingly, ERBB3 intracellular domain
exhibits the ability to bind ATP and retain trans-phosphorylation
of its intracellular regions despite its kinase activity being
1000-fold less active than ERBB1.°® Therefore, activation of
ERBB3 might be dysregulated in NPC, regardless of other
ERBBs, influencing the NPC pathogenesis and development.

It is evident that aberrant ERBB signalling changes cellular beha-
viours and induces malignant progression in several types of
cancer. In NPC, conflicting data on the ERBB expression have
been observed. This represents the first study that explores the
expression of all ERBB members in NPC as well as normal naso-
pharynx. The results revealed the marked reduction of ERBB1
and ERBB2 in NPC compared with normal cells, while ERBB4
was not found in both normal and cancerous tissues. ERBB3 is dif-
ferentially expressed in NPC and its expression stratified a subset
of NPC patients with poor prognosis and was identified as an
independent predictor of overall survival. Because the ERBB

signalling mediates the activity of a multitude of intracellular sig-
nalling molecules that intersect with multiple pathways to regulate
cellular processes including cell proliferation, differentiation,
migration and apoptosis, it might therefore be possible that the
changing of ERBB expression in NPC would affect the cells at
certain stages during the NPC development.

Take home messages

» ERBB protein function is required for several cellular
processes including proliferation, cell migration, metabolism
and survival under normal physiological conditions.
Abnormal ERBB expression and protein activities have been
associated with several types of cancer.

» Employing immunohistochemistry, we found the marked
reduction in the ERBB1 and ERBB2 expression in cancerous
nasopharyx compared with their normal counterparts, while
ERBB4 was absent in both normal and cancer cases.
Differential expression of ERBB3 was observed in
nasopharyngeal carcinoma tissues, and its expression was
linked to patient outcome.

» We showed that ERBB3 expression serves as a prognostic
factor, independent of other clinicopathological factors.
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