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OBJECTIVES: Amplification of the proto-oncogene

c-erbB-2 (HER-2/neu) has been shown to be a prognostic

marker in many kinds of cancer including oral squamous

cell carcinoma (OSCC). In order to obtain further infor-

mation on the c-erbB-2 gene product p185, it is necessary

to quantify expression levels. In this study we used an

enzyme-linked immunosorbent assay (ELISA) for the

extracellular domain of p185 to determine whether a

soluble oncoprotein fragment can be detected in the

serum of OSCC patients.

METHOD: Sera from 84 OSCC patients, 51 breast cancer

patients (as positive controls), and 15 healthy controls

were assayed in an ELISA. To study c-erbB-2 over-

expression in OSCC, and breast cancer tissue samples we

used an immunohistochemical technique.

RESULTS: The mean serum value (ng/ml, mean/SD) for

the normal controls was 8.46/1.29. We chose the 95%

level of normal controls as a cut-off to distinguish indi-

viduals with elevated levels. The breast cancer patients’

and OSCC patients’ serum values were 13.83/6.82

and 13.1/4.56, respectively. Significant differences

(P < 0.0001) were observed between normal control and

OSCC, normal control and the breast cancer group.

Immunohistochemically detectable p185 (intermediate

to high) was noted in 30 of 61 OSCC, and 24 of 51 breast

cancer patients. There was a trend of association of ser-

um oncoprotein fragment levels with tumor stages, but

not with tumor sizes, nodal stages, metastases, and oral

habits including betel quid chewing, alcohol drinking and

smoking in the OSCC group.

CONCLUSION: The results of the present study raise the

possibility that soluble c-erbB-2 protein levels in serum is

a useful parameter for monitoring the disease status as

well as the effect of therapy on patients with OSCC.
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Introduction

The c-erbB-2 oncogene (HER-2/neu) was identified from
chemical carcinogen ethyl-nitroso urea-induced neuro-
blastomas of the rat (1). The human homology of the rat
neu gene is a cellular gene that presents on band q-21 of
chromosome 17 and encodes a 185-kd trans membrane
glycoprotein (p185) with tyrosine kinase activity and is
closely related to, but distinct from human epidermal
growth factor receptor (EGFR) (2). Amplification of the
c-erbB-2 gene and the overexpression of the c-erbB-2
encoded protein p185 are associated with a poor
prognosis in breast (3–10), ovarian (11, 12), and
endometrial (13) cancers, non-small cell lung adenocar-
cinoma (14), and differentiated gastric adenocarcinoma
(15). Over expression of c-erbB-2 oncoprotein analyzed
by immunohistochemistry is significantly correlated
with shorter survival of oral squamous cell carcinoma
(OSCC) (16, 17). The western blotting results revealed
that a relatively high level of c-erbB-2 was found in oral
cancer cell lines examined as compared with other head
and neck SCC (17). Similary, the human breast carci-
noma cell, which expressed c-erbB-2 has been proposed
to release extracellular domain of the protein (p105) into
the medium (18–20).

Several studies have reported increased levels of
soluble c-erbB-2 oncoprotein (p185) in the sera of
certain subsets of breast cancer patients (11, 21–24). In
this investigation, we report the presence of elevated
levels of c-erbB-2 oncoprotein (p185) detected by
enzyme-linked immunosorbent assay (ELISA) in the
sera of patients with breast cancer, and OSCC.

Patients and methods
Subjects
The protocol was approved by the institutional review
board and informed consent was obtained before
venipuncture.

Oral squamous cell carcinoma

Serum c-erbB-2 levels were measured in 84 OSCC
patients (Table 1) admitted to the Department of Oral
Maxillofacial Surgery, University Hospital, Kaohsiung
Medical University, Taiwan. These patients (83 male
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and one female, ages ranged from 20 to 77 years, with a
mean of 49.67 ± 11.35 years) with recently diagnosed
but untreated cancer at the time of drawing blood were
selected for inclusion in this study.

Breast cancer patients

Fifty-one breast cancer patients (ages ranged from 27
to 80 years with a mean of 49.29 ± 12.15 years)
admitted to the Department of Surgery, University
Hospital, Kaohsiung Medical University, Taiwan were
included in this investigation. All serum samples were
taken after the histological diagnosis, but before initial
surgery.

Control group

Reference values were based on the sera of 15 healthy
subjects (10 male and five female, ages ranged from 25 to
59 years with a mean of 43.67 ± 11.3 years) who
attended our clinic for routine physical examination.

Methods
Determination of serum c-erbB-2 p185 oncoprotein fragment

The amount of c-erbB-2 oncoprotein fragment was
quantitated by ELISA using the human neu oncoprotein
ELISA kit (QIA10 c-erbB-2 1c-neu; Rapid Format

ELISA, Oncogene Research Products, Boston, MA,
USA). The procedure according to the instructions of
the manufacturer was followed. All measurements are
means of duplicate determinations.

Immunohistochemistry

Sections were cut at 5 l and processed for immuno-
histochemistry based on the labeled streptavidin-biotin
peroxidase method (Dako LSAB�2 System; Dako,
Carpinteria, CA, USA). Deparaffinized sections were
microwaved in 0.01 mol/l citrate buffer, pH 6.0 (750 W)
twice for 5 min with an interval of 1 min between cycles
to check on the fluid level in the jars. After microwave
irradiation the sections were allowed to cool down to
room temperature (about 30 min).

Endogenous peroxidase activity was quenched by
first incubating the specimens for 5 min with 3%
hydrogen peroxide. Subsequentially the specimens were
incubated with an appropriately characterized (1:200
with Dako Ab diluent) monoclonal antibody (Dako)
against c-erbB-2 (also known as HER-2/neu) for 1 h,
followed by sequential incubations with biotinylated
link antibody and peroxidase-labeled streptavidin
(20-min each) (Dako LSAB�2 System). Staining was
completed after a 5-min incubation with a freshly
prepared 3,3¢-diaminobenzidine (DAB; Dako) sub-
strate-chromogen solution. Slides were then counter-
stained with hematoxylin and coverslipped with an
aqueous mounting medium.

Each set of experiments included positive and negat-
ive controls. The positive control for the c-erbB-2
visualization was an infiltrating ductal carcinoma of
breast. The negative control was omission of the
primary antibody substituted with diluent buffer.

Statistical analysis

The chi-square test for trend (treating concentrations as
ordinal variables) was used to analyze the significance of
the number of elevated serum c-erbB-2 levels in the
OSCC, and breast cancer groups compared with the
control group. Single item analysis (AVOVA/t-tests)
and regression analysis were used to identify any
correlation between c-erbB-2 serum levels with different
clinical characteristics (tumor stage, size, nodal stage
and metastasis), and personal habits (alcohol drinking,
betel quid chewing, smoking). All statistical tests were
conducted by the Statistical Analysis System� (SAS
Institute, Cary, NC, USA), and a P-value of 0.05 or less
was adopted as statistically significant.

Results
Serum concentration of the c-erbB-2 oncoprotein (p185)
in the control group
The mean serum value for the normal controls (n ¼ 15)
was 8.46 ng/ml with a standard deviation of 1.29 ng/ml
(Table 2).

Oral squamous cell carcinoma patients
There were 61 of 84 patients’ tissue samples of sufficient
size and integrity to allow for immunohistochemical

Table 1 Clinical characteristics of 84 oral squamous cell carcinoma

Clinical parameters Number of patient

Age in years
20–29 3
30–39 15
40–49 22
50–59 28
60–69 12
70–79 4

Primary tumor site
Buccal mucosa 32
Tongue 21
Lip 8
Gingiva 7
Hard palate 3
Retromolar area 3
Bone of maxilla 3
Floor of mouth 2
Other 5

Stage
I 6
II 7
III 48
IV 23

Tumor size
T1 18
T2 39
T3 12
T4 15

Nodal stage
N0 10
N1 58
N2 15
N3 1

Metastasis
M0 20
M1 4
Mx (undiagnosed) 60
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study. Thirty of these 61 cases were found to be
intermediate to high immunohistochemically positive
(49.2%) for the c-erbB-2-encoded protein p185 (Fig. 1).
The OSCC patients’ mean serum value of c-erbB-2
(p185) was 13.83 ng/ml with a standard deviation of
6.82 ng/ml (Table 2).

Breast cancer patients
The mean serum c-erbB-2 (p185) level of these 51
patients was 13.10 ng/ml with a standard deviation of
4.56 ng/ml (Table 2). Twenty-four of these 51 cases were
found to be immunohistochemically positive for the
c-erbB-2-encoded protein p185 (data not shown).

Statistical analysis
We chose 95% of normal controls’ serum c-erbB-2
protein level as the cut-off to distinguish individuals with
elevated (overexpressed) levels (Figs 2 and 3). The
number of OSCC (59 of 84, 70.2%), and breast cancer
(34 of 51, 66.7%) patients with an elevated serum
c-erbB-2 protein level was significantly greater than that
of the control group (P < 0.005).

The mean serum levels of c-erbB-2 protein in the
patients’ alcohol status, betel quid chewing status,
smoking status, and different clinical characteristics
(stage, size, nodal stage and metastasis) of OSCC are
computed in Table 3. The ANOVA/t-test revealed that
none of the differences among different categories were

Table 2 Serum c-erbB-2 levels

Concentration
(C; ng/ml)

OSCC
(n ¼ 84)

Breast cancer
(n ¼ 56)

Control
(n ¼ 15)

C £ 8 13 (15.5) 3 (5.4) 5 (33.3)
8 < C £ 10 8 (9.5) 8 (14.3) 7 (46.7)
10 < C £ 12 18 (21.4) 16 (28.6) 3 (20.0)
12 < C £ 14 14 (16.7) 9 (16.1) 0
14 < C £ 16 6 (7.1) 10 (17.9) 0
16 < C £ 18 9 (10.7) 2 (3.6) 0
C > 18 16 (19.1) 8 (14.3) 0

The figures in the brackets are percentages of test samples and controls
with the given concentration of serumc-erbB-2. Themean serumc-erbB-
2 levels (ng/ml, mean ± SD) were 13.83 ± 6.82, 13.1 ± 4.56 and
8.46 ± 1.29 for OSCC, breast cancer and control group, respectively.

Figure 1 Representative immunohistochemical staining for the expression of HER-2/neu (c-erbB-2 neu) in oral SCC (a: no expression, ·20;
b: low expression, ·10; c: intermediate expression, ·10; d: high expression, ·40).
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shown to be statistically significant. A regression model
was also used to compare these differences among the
above variables. The adjusted means and 95% confid-
ence intervals are shown in Table 3. Although the
significant levels among these variables after adjusting
each other were still higher than the level of 0.05, a
borderline significant level of 0.0677 was found in
stages. It was shown that the mean serum levels
increased as the stages increased.

Discussion

In previous studies of several groups, immunohisto-
chemically detected p185 was found to be a prognostic
factor for survival time in ovarian cancer (24), OSCC
(16, 17), and breast cancer (6, 25, 26). However,
Khademi et al. (27) reported high percentage (76%)
strong immunoreactivity of c-erbB-2 but no correla-
tion with histological grading and nodal involvement
in head and neck tumors. Nagler et al. (28) reported
no correlation between c-erbB-2 staining (18% posit-
ive but significant with P < 0.0001) and any clinical
parameters or survival in tongue SCC. The detection
of a p185 oncoprotein in sera of ovarian cancer
patients (24), and breast cancer patients (11, 22–24)
have been reported, and might be useful as a
diagnostic tool for patients with c-erbB-2-positive
tumors. The present study reported an elevated serum
level of a c-erbB-2 encoded p185 oncoprotein in
patients with OSCC, and breast cancer. In OSCC, not

Figure 2 Percentile of serum level of breast cancer patients shows
66.7% (34 of 51) patients with an elevated (>95% cutoff value of
normal control) serum c-erbB-2 protein level.

Figure 3 Percentile of serum level of oral squamous cell carcinoma
patients shows 70.2% (59 of 84) patients with an elevated (>95% cut-
off value of normal control) serum c-erbB-2 protein level.

Table 3 Association between serum c-erbB-2 levels and oral habits and clinical characteristics of 84 OSCC patients

Item Category Sample size

Single item analysis Regression analysis

Meana SD P-valueb Adjusted mean
95% CI c

(lower, upper) P-valued

AC Yes 60 14.36 7.37 0.7696 11.07 6.04, 16.11 0.8779
No 19 13.83 4.72 11.38 6.35, 16.41

BQ Yes 70 14.61 7.11 0.1781 13.46 8.65, 18.27 0.1427
No 9 11.35 2.26 8.99 2.85, 15.13

CS Yes 68 14.21 7.00 0.9407 10.38 5.60, 15.15 0.5435
No 11 14.38 5.71 12.08 6.13, 18.03

S I and II 8 12.87 7.18 0.7548 6.75 0.97, 14.47 0.0677
III 45 14.11 6.40 10.62 4.32, 16.92
IV 26 14.88 7.54 16.31 10.87, 21.75

T T1 18 15.82 8.57 0.5450 14.10 8.96, 19.25 0.1621
T2 35 13.93 5.45 11.96 7.18, 16.74
T3 12 14.89 9.01 12.20 6.02, 18.38
T4 14 12.40 5.26 6.64 )0.19, 13.47

N N0 14 15.35 9.17 0.7988 13.98 7.47, 20.49 0.3331
N1 50 14.03 6.47 11.11 5.34, 16.89
N2 or N3 15 13.89 5.65 8.58 2.62, 14.55

M 0 26 14.76 5.51 0.7481 12.37 8.16, 16.59 0.8478
I 2 11.14 3.54 9.24 1.62, 20.09
X 51 14.09 7.50 12.07 8.79, 15.35

Total 79 14.24 6.80

aSerum c-erbB-2 concentration (ng/ml).
bANOVA/t-test.
c95% confidence interval.
dRegression after adjusted by other items.
Oral habits: AC, alcohol consumption; BQ, betel quid chewing; CS, cigarette smoking.
Clinical characteristics: S, stage; T, tumor size; N, nodal stage; M, metastasis.
0, no metastasis; I, positive metastasis; X, undiagnosed.
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all cases with elevated serum levels of c-erbB-2 had
overexpressed c-erbB-2 p185 detected by immunohisto-
chemical method. In this content, Slamon et al. indica-
ted that fixation of the tumor decreases the sensitivity
of the immunohistochemical detection of p185 as
compared with fresh frozen specimens (5). However, a
histopathologically diagnosed area might not represent
the total picture of the distribution of soluble p185.
Therefore, the lack of immunohistochemical staining
may underestimate the levels of expression in OSCC.
This could be one reason why serum levels are elevated
in cases with weak or negative immunohistochemistry.
Tsuji et al. (29) reported that 63.3% (38 of 60) of
OSCC patients’ sera showed elevated levels of squa-
mous cell carcinoma-related antigen (SCC-Ag), but
some patients in advanced stages showed a sub cutoff
value in spite of them having large tumors, i.e. the size
of the tumor does not correlate with serum SCC-Ag
levels. The intensity of SCC-positive cells (by immuno-
histological stain) within an OSCC (29), or other TA-4
(30) and CEA (31) in tumors of other organs also
showed no relationship to the serum SCC-Ag levels.
Our current study also showed that c-erbB-2 has a
similar phenomenon with the SCC-Ag. This might
suggest that serum c-erbB-2 as well as serum SCC-Ag
levels were not solely attributable to the antigen content
of the tumor.

The case-control studies of oral cancer in Taiwan
indicate a significant association between tobacco-free
betel quid chewing and oral cancer (32–34). In 1995,
Ko’s study found that betel quid chewing was the
strongest etiology of oral cancer, and showed an
interaction with smoking and drinking in Taiwan
(34). Although the present study showed that the
mean age of our OSCC patients of betel quid
chewers was significantly younger than non-chewers
(48.5 years vs. 59.9 years, P ¼ 0.004), the serum levels
of c-erbB-2 oncoprotein correlated with neither the
patients’ betel quid chewing, drinking or smoking
habit nor the tumor size, nodal stage or metastasis.
However, there was a borderline significant correla-
tion of the serum levels of the c-erbB-2 with the
tumor stages.

There is a great need for more definitive serum
markers for use in the detection, management, and
response to treatment in OSCC. As other studies in the
biological role of c-erbB-2 and the results of this study
which showed 70.2% OSCC patients with elevated
(>95% cutoff value of normal control) serum levels of
c-erbB-2, it is suggested that the full and exact signifi-
cance of serum c-erbB-2 levels deserve continued study
in evaluating therapeutic effects and in monitoring the
disease status of OSCC.

References

1. Schechter AL, Stern DF, Vaidyanathan L, et al. The neu
oncogene: an erb-B-related gene encoding a 185,000-M
tumor antigen. Nature 1984; 312: 513–6.

2. Maguire HC, Greene MI. The neu (c-erbB-2) oncogene.
Semin Oncol 1989; 16: 148–55.

3. King CR, Kraus MH, Aaronson SA. Amplification of a
novel v-erbB-related gene in a human mammary carci-
noma. Science 1985; 229: 974–6.

4. Kraus MH, Popescu NC, Amsbaugh SC, King CR.
Overexpression of the EGF receptor-related proto-onco-
gene erbB-2 in human mammary tumor cell lines by
different molecular mechanisms. EMBO J 1987; 6: 605–10.

5. Slamon DJ, Godolphin W, Jones LA, et al. Studies of the
HER-2/neu proto-oncogene in human breast and ovarian
cancer. Science 1989; 244: 702–12.

6. Tandon AK, Clark GM, Charmness GC, Ullrich A,
McGuire WL. Her-2/neu oncogene protein and prognosis
in breast cancer. J Clin Oncol 1989; 7: 1120–8.

7. Ro JS, El-Naggar A, Ro JY, Grignon DJ, Von Eschenbach
AC, Ayala AG. C-erbB-2 amplification in node-negative
human breast cancer. Cancer Res 1989; 49: 6941–4.

8. Clark GM, McGuire WL. Follow-up study of Her-2/neu
amplification in primary breast cancer. Cancer Res 1991;
51: 944–8.

9. Iglehart JD, Kraus MH, Langton BL, Huper G, Kerns BJ,
Marks JR. Increased erbB-2 gene copies and expression in
multiple stages of breast cancer. Cancer Res 1990; 50:
6701–7.

10. Fontaine J, Tesseraux M, Klein V, Bastext G, Blin N.
Gene amplification and expression of the neu (c-erbB-2)
sequence in human mammary carcinoma. Oncology 1988;
45: 360–3.

11. Mori S, Mori Y, Mukaiyama T, Yamada Y, Sonobe Y,
Matsushita H, et al. In vitro and in vivo release of soluble
erbB-2 protein from human carcinoma cells. Jpn Cancer
Res 1990; 81: 489–94.

12. Berchuck A, Kamel A, Whitaker R, et al. Overexpression
of Her-2/neu is associated with poor survival in advanced
epithelial ovarian cancer. Cancer Res 1990; 50: 4087–91.

13. Hetzel DJ, Wilson TO, Keeney GL, Roche PC, Cha SS,
Podratz KC. Her-2/neu expression: a major prognostic
factor in endometrial cancer. Gynecol Oncol 1992; 47: 179–
85.

14. Weiner DB, Nordberg J, Robinson R, et al. Expression
of the neu gene-encoded protein (p185 neu) in human
non-small cell carcinoma of the lung. Cancer Res 1990; 50:
421–5.

15. Yoshida K, Tsuda T, Matsumura T, et al. Amplification
of epidermal growth factor receptor (EGFR) gene and
oncogenes in human gastric carcinomas. Virchows Arch B
Cell Pathol Incl Mol Pathol 1989; 57: 285–90.

16. Xia W, Lau YK, Zhang HZ, et al. Strong correlation
between c-erbB-2 overexpression and overall survival of
patients with oral squamous cell carcinoma. Clin Cancer
Res 1997; 33: 3–9.

17. Xia W, Lau YK, Zhang HZ, et al. Combination of EGFR,
Her-2/neu, and Her-3 is a stronger predictor for the
outcome of oral squamous cell carcinoma than any
individual family members. Clin Cancer Res 1999; 5:
4164–74.

18. Alper O, Yamaguchi K, Hitomi J, et al. The presence of
c-erbB-2 gene product related protein in culture medium
conditioned by breast cancer cell line SK-BR-3. Cell
Growth and Diff 1990; 1: 591–9.

19. Lin YJ, Clinton GM. A soluble protein related to the
HER-2 proto-oncogene product is released from human
breast carcinoma cells. Oncogene 1991; 6: 639–43.

20. Zabrecky JR, Lam T, McKenzie SJ, et al. The extra-
cellular domain of p185/neu is released from the surface of
human breast carcinoma cells, SK-BR-3. J Biol Chem
1991; 266: 1716–20.

Serum levels of c-erbB-2 in OSCC

Chen et al.

593

J Oral Pathol Med



21. Carney WP, Hamer PJ, Petit D, et al. Detection and
quantitation of the human neu oncoprotein. J Tumor
Marker Oncol 1991; 6: 53–72.

22. Leitzel K, Teramoto Y, Sampson E, Mauceri J, Langton
BC, Demers L, et al. Elevated soluble c-erbB-2 antigen
levels in the serum and effusions of a proportion of breast
cancer patients. J Clin Oncol 1992; 10: 1436–43.

23. Kynast B, Binder L, Max D, et al. Determination of a
fragment of the c-erbB-2 translational product p185 in
serum of breast cancer patients. J Cancer Res Clin Oncol
1993; 119: 249–52.

24. Meden H, Max D, Fattahi-Meibodi A, et al. Elevated
serum levels of a c-erbB-2 oncogene product in ovarian
cancer patients and in pregnancy. J Cancer Res Clin Oncol
1994; 120: 378–81.

25. Varley JM, Swallow JE, Brammer WJ, Whittaker JL,
Walker R. Alterations to either c-erbB-2 (neu) or c-myc
proto-oncogenes in breast carcinomas correlated with
poor short-term prognosis. Oncogene 1987; 1: 423–30.

26. Salmon DJ, Clark GM, Wong SG, et al. Human breast
cancer: Correlation of relapse and survival with amplifi-
cation of the HER-2/neu oncogene. Science 1987; 235:
177–82.

27. Khademi B, Shirazi FM, Vasei M, et al. The expression of
p53, c-erbB-1 and c-erbB-2 molecules and their correlation
with prognostic markers in patients with head and neck
tumors. Cancer Lett 2002; 223–30.

28. Nagler RM, Kerner H, Laufer D, Ben-Eliezer S, Minkov
I, Ben-Itzhak O. Saquamous cell carcinoma of the tongue:
the prevalence and prognostic roles of p53, Bcl-2, c-erbB-2

and apoptotic rate as related to clinical and pathological
characteristics in a retrospective study. Cancer Lett 2002;
137–50.

29. Tsuji T, Saski K, Shinozaki F. An expression of squamous
cell carcinoma-related antigen in oral cancers. Int J Oral
Maxillofac Surg 1989; 18: 241–3.

30. Morioka H. Tumor-antigen (TA-4) of squamous cell
carcinoma-its tissue distribution and its relationship to
serum T-4 concentrations. Asia-Oceania J Obstet Gynecol
1980; 6: 91–7.

31. Godlenberg DM, Sharkey RM, Primus FJ. Carcino-
embryonic antigen in histopathology. Immunoperoxidase
staining of conventional tissue sections. J Natl Cancer Inst
1976; 57: 11–22.

32. Chang KM. Betel nut chewing and mouth cancer in
Taiwan. J Formosa Med Assoc 1964; 63: 437–8.

33. Lu CT, Yen YY, Ho CS, et al. A case-control study of oral
cancer in Changhua County, Taiwan. J Oral Pahol Med
1996; 25: 245–8.

34. Ko YC, Hung YL, Lee CH, Chen MJ, Lin LM, Tsai CC.
Betel quid chewing, cigarette smoking and alcohol con-
sumption related to oral cancer in Taiwan. J Oral Pathol
Med 1995; 24: 450–3.

Acknowledgment

This study was supported by grant NSC 90-2314-B-037-057 from the

National Science Council, Taiwan, ROC.

Serum levels of c-erbB-2 in OSCC

Chen et al.

594

J Oral Pathol Med




