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Purpose: c-MYC has been noted in many tumor types, but its functional significance and

clinical utility in oral squamous cell carcinoma (OSCC) are not well known. Here we studied

the expression of c-MYC in correlation to clinical outcome in patients with oral squamous

cell carcinoma.

Methods: The current study, using immunohistochemical staining, first examined c-MYC

expression in OSCC patients and further correlated its expression with clinicopathological

parameters.

Results: c-MYC was expressed in the majority of OSCC patients (n=133). The c-MYC

expression is associated with histological grade (P=0.0205) of patients with oral squamous

cell carcinoma. Multivariate Cox regression analysis revealed that TN stage (P<0.001),

American Joint Committee on Cancer(AJCC) stage (P<0.0001), and tumor differentiation

(P=0.0025) were independent factors for overall survival in patients with OSCC except for

c-MYC expression (P>0.05). Multiplicative-scale interaction between T stage (III/IV) and

low c-MYC expression on mortality risk was identified (P=0.0233). Kaplan–Meier survival

analysis demonstrated that oral cancer patients (T III/IV stage) with high c-MYC expression

had better survival than those with low and medium c-MYC expression (P=0.0270).

Conclusion: Our data indicate that c-MYC is a potential biomarker that can be used as

a therapeutic target for treating OSCC patients with T stage (III/IV).
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Introduction
According to WHO, cancer is the second leading cause of mortality worldwide and

will soon overcome cardiovascular diseases as the leading cause of death.1 Among

the most frequent forms of cancer worldwide, oral squamous cell carcinoma

(OSCC) is the most common oral malignancy, and accounts around 2–4% of all

cancer cases. In India, it is one of the most common malignancies and has around

50% mortality rate.2

Despite improved therapeutic modalities, clinical and pathological parameters are

still insufficient for prognostic characterization of OSSC, and thus the survival of the

patients has remained unchanged over the last few decades.3 Therefore, it is important

to evaluate the biological prognostic markers that might help in determining the

biological diversity of the disease and guide adequate therapeutic procedures. It is

proposed that oncogene product has several functions in the prognosis of cancer; these

functions are related to cell growth factor, signal transmitter system, growth factor

receptor and regulatory factor in the nucleus. Among several oncogenes, myc gene
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plays an important role not only in the proliferation of the

cells but also in control of cell differentiation. Myc is in the

family of proto-oncogenes and regulatory genes that code for

transcription factor and consists of several members, viz,

L-myc, N-myc, and c-myc. C-myc or myc gene was the

first to be discovered in this family and is persistently

expressed in many different types of cancer, including head

and neck squamous cell carcinoma (HNSCC). A number of

studies of the molecular mechanisms underlying oncogenesis

have shown the emergence of c-Myc expression as a key

event, and it is frequently overexpressed in oral cancers as

a consequence of gene amplification.4 C-myc overexpression

is responsible for poor tumor prognosis5–8 as well as the self-

renewal of tumor stem cells.9–12 It not only induces cell

proliferation but also apoptosis. For inducing apoptosis it

requires p53; however, on phosphorylation of pR6, c-MYC

is increased and leads to cell proliferation. The influence of

c-MYC in the carcinogenic process has been previously

described in many tumors. A study on the progression of pre-

neoplastic lesions indicates that the c-myc oncoprotein

expression was reported in several stages, including benign

keratoses. c-myc expression in OSCC. Eversole and Sapp

noted c-MYC expression in both pre-cancerous (keratoses)

and early-stage lesions in patients from North America.13

Sakai et al andWaitzberg et al reported the c-MYC positivity

in stromal and neoplastic cells of tumors, with nuclear cyto-

plasmatic or double staining in squamous cell carcinomas.14

Perez-Sayans et al showed higher c-MYC expression in both

nuclear and cytoplasmic neoplastic cells.15 Therefore, there

is a broad spectrum of c-MYC activation in various head and

neck cancers from different parts of the world. Current

advances in the understanding of the role of

c-MYC expression will allow diagnosis that will be more

accurate and prognostic approaches which may lead to novel

methods of treatment and prevention. In the present study, we

used immunohistochemical (IHC) staining to investigate the

expression pattern of c-MYC in OSCCs, as well as to study

the prognostic role of c-MYC in oral cancer.

Materials and methods
Participants and clinical tissues
Tissue samples of patients (from January 2000 to

December 2008) with oral squamous cell carcinoma were

obtained from the Department of Pathology at Changhua

Christian Hospital, Taiwan, of which 133 OSCC speci-

mens were used for immunohistochemistry staining.

Staging was classified according to the sixth edition of

the TNM staging system of AJCC (American Joint

Committee on Cancer). The main treatment was tumor

removal and radical neck dissection, including post-

operation irradiation as well as selective patients treated

with 5-FU and cisplatin chemotherapy. This study was

approved by the Ethics Committees of Changhua

Christian Hospital (Changhua, Taiwan), and we adhered

to the guidelines approved by CCH IRB (no. 170143).

This study was performed in compliance with the

Declaration of Helsinki. Patient information has been

decoded, and patient identifiable data were removed. IRB

gave approval to use formalin-fixed, paraffin-embedded

(FFPE) decoding tissue microarray samples without

informed consent.

Tissue microarray and

immunohistochemical staining
IHC staining for c-MYC (EP121; Bio SB, Santa Barbara,

CA, USA) was performed on microarray tissue slides

consisting of specimens from 133 OSCC patients. Tissue

sections were deparaffinized and rehydrated using routine

techniques. Endogenous peroxidase activity was blocked

with 3% H2O2 in methanol, hydrated with gradient alcohol

and phosphate-buffered saline solution, and incubated in

10 mmol/L citrate buffer (pH 6.0). The sections were

incubated with c-MYC antibody in room temperature for

20 min. After washing three times with PBS, the sections

were incubated with appropriate peroxidase-labeled sec-

ondary antibodies for 30 min at room temperature. The

sections were washed three times with PBS and then

labeled by diaminobenzidine and counterstained with

Mayer’s hematoxylin, dehydrated and mounted. Fixation

status, tissue preservation, and IHC technical procedures

are followed as per the standard operating procedure in our

College of American Pathologists (CAP) accreditation lab.

Two experienced pathologists (Kun-Tu Yeh and Chang

Wei-Hsiang) independently assessed the results of IHC

staining, and a final agreement was obtained for each

score at a discussion microscope. We used normal oral

buccal mucosa to be an internal control. The staining

intensities were scored −, 1+, and 2+ for negative, low,

and high signals, respectively.

Statistical analysis
Categorical variables are presented as sample number and

percentages. Multivariate logistic regression models were

used to evaluate the association between clinicopathologic
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factors and c-MYC expression. The effects of clinico-

pathologic factor and c-MYC expression on mortality

density among OSCC patients were examined using multi-

variate Cox’s proportional hazards model with adjustment

for age and gender. HRs and CIs were subsequently cal-

culated. Survival outcomes were summarized by the

Kaplan–Meier method. P-values were obtained from log-

rank tests for the homogeneity of Kaplan–Meier curves

between high and low c-MYC expressions in different

T stage (III/IV). All analyses were performed using SAS

9.4 Software.

Results
Clinicopathologic characteristics and

c-MYC expression in OSCC patients
The patients’ characteristics, including their sex, age,

tumor stage, lymph node status, AJCC cancer stage, his-

tological grade, and clinical therapy are listed in Table 1.

We evaluated both cytoplasmic and nuclear c-MYC

expressions using a semiquantitative scoring system. As

shown in Figure 1, c-MYC was found in the cytoplasm

and in the nucleus of tumor cells, whereas in most of the

cases c-MYC intensity was stronger in the cytoplasm than

in the nucleus.

Correlation of c-MYC expression with

clinical parameters of oral squamous cell

carcinoma
Based on the expression level, we further divided the

samples into high (n=75) and low (below the median,

n=58) c-MYC expression. Clinicopathological features

were then evaluated between these two groups Table 2.

A positive correlation was observed among c-MYC

expression and T stage (P=0.05) and histological grade

(P=0.02). No significant correlation between c-MYC

Table 1 Demographic and characteristics among oral cancer

patients

Factors No %

Gender

Female 8 6

Male 125 94

Age, year

≤49 36 29.3

50–59 47 35.3

60–69 33 24.8

≥70 14 10.6

T (tumor size)

I 38 28.6

II 45 33.8

III 10 7.5

IV 40 30.1

N (lymph node)

N0 98 73.7

N1 14 10.5

N2 21 15.8

N3 0 0

M (metastasis)

No 133 100

Yes 0 0

AJCC cancer stage

I 34 19.8

II 34 20.9

III 14 11.6

IV 51 47.8

Histological grade

Well 21 15.7

Moderate 111 81.3

Poor 1 3

Clinical therapy

Surgery 58 43.6

Radiotherapy 64 48.1

Chemotherapy 11 8.2

Chemoradiotherapy 15 11.2

Abbreviation: AJCC, American Joint Committee on Cancer

1+

-

100 x 400 x

2+

Tumor part

Non tumor part

Figure 1 Expression levels of c-MYC proteins in OSCC clinical specimens.

Evaluation for immunohistochemical staining of c-MYC expression. Shown is

a representative example of each grade.
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expression and other clinicopathologic parameters was

found in our study.

Clinicopathologic factor and c-MYC

expression on mortality density
The effects of clinicopathologic factors and c-MYC

expression on mortality in the OSCC patient cohort are

shown in Table 3. Adjusted for the effects of age and

gender, TN stage, AJCC tumor stage, and moderate/poor

tumor differentiation were observed to be associated with

a higher mortality risk (aHR =1.9, 2.9, 2.5, 2.9 and 3.7,

respectively). The independent mortality risk for patients

with high c-MYC expression was non-significant as com-

pared to low c-MYC expression (P>0.05).

Because c-MYC expression was associated with

T stage and AJCC tumor stage, we further evaluated

the joint effect of c-MYC expression and the two patho-

logical factors on mortality density. Kaplan–Meier

survival analysis (Figure 2A) demonstrated that T (III/

IV) stage oral cancer patients with low c-MYC expres-

sion showed poor survival rate than those with high

c-MYC expression (P=0.0270) and a 2.9 fold higher

hazard risk (95% CI, 1.4–6.2) than patients with high

c-MYC expression. We further evaluated the combined

effect of c-MYC expression and AJCC tumor stage on

mortality density. A higher mortality risk was observed

to be related to low c-MYC expression and AJCC tumor

stage (aHR =6.2, 95% CI, 1.5–7.8; P=0.0017).

Surprisingly, Kaplan–Meier analysis did not show any

statistical significance of c-MYC (Figure 2B).

Discussion
c-MYC expression is a good or poor prognostic marker

depending on cancer type, including prostate cancer,16

breast cancer,17 and CRC, including18 OSCC tissues.19 In

order to explore the role of c-MYC in OSCC, c-MYC

protein expression was tested by IHC staining and

Table 2 Correlation of c-MYC expression with clinical parameters of oral squamous cell carcinoma

Factors c-MYC aaOR (95% CI) P-value

Low High

No. No.

(n = 58) (n=75)

Tumor size (SD) 3.16 (1.60) 2.81 (1.68)

T classification

I/II 31 52 1

III/IV 27 23 0.49 (0.24–1.03) 0.05

N (lymph node)

N0/N1 48 64 1

N2/N3 10 11 0.77 (0.30–1.99) 0.5

M (metastasis)

No 57 75 1

Yes 1 0 ND

AJCC cancer stage

Early stage (I/II) 25 43 1

Advance stage (III/IV) 33 32 0.53 (0.26–1.07) 0.07

Histological grade

Well 4 17 1

Moderate/poor 54 58 0.25 (0.08–0.81) 0.02

Death

No 23 36 1

Yes 35 39 0.55 (0.27–1.15) 0.11

Note: aAdjusted odds ratio (aOR) was controlled for gender and age.

Abbreviation: AJCC, American Joint Committee on Cancer
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c-MYC expression was found in both cytoplasm and

nucleus, while c-MYC intensity was stronger in the cyto-

plasm than in the nucleus. This result is consistent with

previous research.15

Cytoplasmic c-MYC expression might indicate a worse

prognosis as compared to the typical nuclear pattern;20,21

thus, we stratified OSCC patients based on cytoplasmic

c-MYC expression, and further evaluated its relationship

with other clinicopathologic characteristics. We found that

c-MYC expression was strongly associated with T stage

(P=0.05) and histological grade (P=0.02). No significant

correlation between c-MYC expression and other clinico-

pathologic parameters was found in our study. In color-

ectal cancer (CRC), tongue squamous cell carcinoma

(TSCC) and in hepatocellular carcinoma (HCC), high

c-MYC expression correlates with poor prognosis.22–24

Bockelman et al found that negative cytoplasmic c-Myc

immunoreactivity showed prognostic value in colorectal

cancer, while nuclear c-Myc protein expression showed

none.21 Multivariate analysis using the Cox proportional

Table 3 The effect of clinicopathologic factor and UNC13C expression on mortality density and adjusted hazard ratio (aHR) among

OSCC patients

Factors No. of
patients

Follow-up No. of
death

Mortality
densitya

aHRb (95% CI) Interaction

(person-
year)

P-value

Overall mortality from primary malignancy to death

T classification

I/II 83 554.9 22 4.0 1

III/IV 50 242 26 10.7 1.9 (1.4–2.8) 0.0002

N classification

N0/N1 112 736.4 33 4.5 1

N2/N3 21 60.5 15 24.8 2.9 (2.0–4.1) <0.0001

AJCC tumor stage

I/II 68 483.1 16 3.3 1

III/IV 65 313.7 32 10.2 2.5 (1.7–3.7) <0.0001

Tumor differentiation

Well 21 160.1 0 0.0 1

Moderate/poor 112 636.7 48 7.5 2.9 (1.4–5.6) 0.0025

c-MYC expression

High 75 455.7 23 5.0 1

Low 58 341.2 25 7.3 1.4 (0.82–2.53) 0.21

Combined effect

T stage/c-MYCc

I/II/High 52 352.5 12 3.4 1 0.0233

I/II/Low 31 202.4 10 4.9 1.4 (0.6–3.3)

III/IV/High 23 138.8 15 10.8 2.6 (1.1–5.8)

III/IV/Low 27 103.2 11 10.7 2.9 (1.4–6.2)

AJCC tumor stage/

c-MYCd

I/II/High 43 313.6 8 2.6 1 0.0017

I/II/Low 25 169.45 8 4.7 1.8 0.7–4.7

III/IV/High 32 171.7 15 8.7 3.4 1.4–7.7

III/IV/Low 33 142 17 12.0 6.2 1.5–7.8

Note: aMortaility density was displayed as per 100 people-years. baHR was adjusted for gender and age. cSignificant multiplicative-scale interaction between T stage and low

expression on mortality risk was identified (P for interaction, 0.0233). dSignificant multiplicative-scale interaction between AJCC stage and low expression on mortality risk

was identified (P for interaction, 0.0017).

Abbreviation: AJCC, American Joint Committee on Cancer
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hazards model indicated that T, N stage, AJCC tumor stage

and tumor differentiation, not cytoplasmic c-MYC expres-

sion, were independent prognostic factors for survival in

OSCC patients. This result limitation is due to the sample

size, the bias in sample scoring21 and the antibody used.

Moreover, up to 50% of the tissue specimens were lost in

the IHC staining.21 Another important factor for this con-

tradictory result may be due to the types of oral cancer

tissues used in c-MYC analysis. For example, Trivedi et al

found c-MYC as the most significant independent prog-

nostic factor in tongue SCC (TSCC), but not in buccal

SCC (BSCC).22

Previous studies found that c-MYC was more highly

expressed in T3/T4 tumors than in T1/T2 tumors and was

also correlated with tumor stage and lymphatic

permeation.15,25 Based on our univariate analysis we further

analyzed the combined effect of clinicopathologic factors;

T (III/IV) and AJCC (III/IV) stage and c-MYC expression

on mortality risk. A positive correlation was observed

between c-MYC expression, T3/T4 and AJCC stage. In

our survival analysis, c-MYC expression is associated

with poorer OS in T3/T4 stage OSCC patients, whereas

OSCC patients with AJCC (III/IV) stage did not have

a statistical difference.

In conclusion, low c-MYC expression is observed in

oral cancer and more likely to worsen survival in T3/T4

stage oral cancer patients. Thus, c-MYC may be

a potential biomarker for diagnosing and treating advance

T staged OSCC patients.

Disclosure
The authors have declared that no competing interests
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