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Abstract

The c-myc protein is known to regulate the cell cycle, and its down-
regulation can lead to cell death by apoptosis. The role of c-myc
protein as an independent prognostic determinant in cervical cancer is
controversial. In the present study, a cohort of 220 Brazilian women
(mean age 53.4 years) with FIGO stage I, I and I1I (21, 28 and 51%,
respectively) cervical squamous cell carcinomas was analyzed for
c-myc protein expression using immunohistochemistry. The disease-
free survival and relapse-rate were analyzed using univariate (Kaplan-
Meier) survival analysis for 116 women who completed the standard
FIGO treatment and were followed up for 5 years. Positive c-myc
staining was detected in 40% of carcinomas, 29% being grade 1, 9%
grade 2, and 2% grade 3. The distribution of positive c-myc according
to FIGO stage was 19% (17 women) in stage I, 33% (29) in stage II,
and 48% (43) in stage III of disease. During the 60-month follow-up,
disease-free survival in univariate (Kaplan-Meier) survival analysis
(116 women) was lower for women with c-myc-positive tumors, i.e.,
60.5, 47.5 and 36.6% at 12, 36, and 60 months, respectively (not
significant). The present data suggest that immunohistochemical dem-
onstration of c-myc does not possess any prognostic value independ-
ent of FIGO stage, and as such is unlikely to be a useful prognostic
marker in cervical squamous cell carcinoma.
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Introduction

Growth factors and products of some
oncogenes are active in cell cycle regulation
(1). The c-myc oncogene was one of the first
to be characterized, initially discovered in
Burkitt lymphoma (2). The c-myc gene is
located in chromosome 8q24, has 3 exons,

encodes a 62-kDa nuclear protein which is a
transcriptional factor and has a short half-life
of a few minutes (3). In mammalian fibro-
blasts, myc acts as an upstream regulator of
cyclin-dependent kinases and functionally
antagonizes the action of at least one cyclin-
dependent kinase inhibitor, p27. Reduction
of c-myc expression and its inappropriate
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expression can lead to cell apoptosis (4).

Human papillomaviruses (HPV) are con-
sidered to be the single most important etio-
logical factors of cervical squamous cell car-
cinoma (SCC), and, interestingly, high-risk
HPYV 16 sequences have been demonstrated
to be integrated into the 8q24.1 band in these
lesions. This suggests that HPV integration
in the fragile sites of c-myc might be one of
the potential mechanisms of HPV-induced
oncogenesis (5). However, this is unlikely to
be the main mechanism in cervical carcino-
genesis, because the presence of HPV could
allow the accumulation of mutations in the
c-myc gene while compromising the guard-
ian function of p53 by complexing with the
HPYV E6 oncoprotein (6).

The role of c-myc protein as a prognostic
marker in cervical cancer is far from clear.
There are studies linking c-myc expression
to an unfavorable prognosis (7,8), whereas
other studies have failed to demonstrate such
an association (9,10). It is well known that
major differences in the incidence rates of
cervical cancer exist among different geo-
graphic areas, partly explained by the differ-
entlevels of implementation of the Pap smear-
based screening programs. So far, most of
these prognostic studies on c-myc have been
completed in developed countries, where
the more effective preventive measures de-
tect the less aggressive tumors, selecting out
the most aggressive forms (11).

To circumvent this type of selection bias,
the present study was carried out on Brazil-
ian women who had not routinely undergone
screening programs to further evaluate c-myc
expression as a prognostic marker in cervi-
cal cancer.

Material and Methods
Study design, sampling and clinical data
The study was conducted on a cohort of

220 women diagnosed and treated for cervi-
cal carcinoma (FIGO stages Ib-IIl) at two
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clinics between 1992 and 1994, and subse-
quently followed up for 5 years. The patients
were admitted to a) Maternity Hospital
Leonor Mendes de Barros, Health State Sec-
retariat, S3o Paulo, SP, Brazil, or b) to the
Women’s Health Care Center, the State Uni-
versity of Campinas (Unicamp), Campinas,
SP, Brazil. The mean age of the patients was
53.4 years (SD + 12.9 years), and the range
was 25 to 89 years. The primary treatment of
the patients was based strictly on the FIGO
stage of the disease, with several optional
modes: radical surgery, radical surgery plus
radiotherapy, external radiotherapy alone,
external radiotherapy plus brachytherapy, and
external radiotherapy plus chemotherapy.
The treatment was considered to fulfil FIGO
standards when completed within 120 days.
FIGO stage was available for all patients,
and the pertinent clinical data were collected
from the patient records. Follow-up was per-
formed by repeated physical examinations
and complementary tests according to the
routine follow-up protocols of cervical can-
cer patients at the two clinics.

The Ethics Board Committees approved
the research plan and written informed con-
sent was obtained from all patients.

Histology

Colposcopic diagnostic biopsies or op-
erative specimens from all women were avail-
able for study. The samples were fixed in
10% neutral formalin, embedded in paraffin,
and processed for 4-um thick HE-stained
sections according to routine procedures.
The histological diagnosis of SCC was con-
firmed in all cases.

Immunohistochemistry of c-myc protein

c-Myc protein expression was demon-
strated in paraffin-embedded sections using
conventional immunohistochemical tech-
niques. Briefly, 4-um sections of the tumor
were deparaffinized, hydrated and endoge-
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nous peroxidase was blocked with H,O,.
Antigen retrieval was achieved by boiling
the slides in 0.1 mM citrate buffer, pH 6.0, in
a steamer. After cooling, the sections were
incubated with the monoclonal antibodies
(Santa Cruz Biotechnology MX 9E10, dilu-
tion 1:80, Santa Cruz, CA, USA), overnight,
at 4°C. The reaction was detected with the
streptavidin-biotin-peroxidase complex and
stained with diaminobenzidine. Counterstain-
ing was performed with Meyer’s hematoxy-
lin. Positive and negative controls consisted
of simultaneously processed sections of car-
cinomas previously shown to be immunore-
active for c-myc. The intensity of immuno-
staining was scored as follows: grade 1, <20%;
grade 2, 20-60%, and grade 3, >60% of cells
staining positive (see Figure 1). For statistical
analysis, c-myc staining was scored as either
negative or positive (c-myc+ or c-myc-).

Statistical analysis

The predictive value of c-myc for disease-
free survival was estimated by univariate
(Kaplan-Meier) survival analysis for 116
women who completed the standard FIGO
treatment, and the survival curves for c-myc-
positive and -negative tumors were compared
by the Wilcoxon test, adjusted by FIGO stage.
To run the multivariate (Cox model) survival
analysis, the assumption of proportional haz-
ards for c-myc strata (negative and positive)
was first tested by log-minus-log plots. Be-
cause it was found to be violated, the Cox
regression model was not considered appro-
priate for data analysis. Instead, a test based on
Wilcoxon statistics pooled over strata was
used to estimate the association of c-myc with
disease-free survival by FIGO stage, as de-
scribed by Kalbfleisch and Prentice (12). Inall
analyses, probability values less than 0.05 were
regarded as significant.

Results

Table 1 shows the distribution of the

carcinomas according to FIGO stage and
age. The mean age of the patients in the three
stages of disease was 53 years (SD + 12.9
years) and ranged from 25 to 89 years. Of the
220SCC, 21% were FIGO stage [, 28% stage
11, and 51% stage I11.

Positive immunostaining for c-myc pro-
tein was detected in 89 (40%) cases, 29%
being grade 1, 9% grade 2, and 2% grade 3.
The distribution of positive c-myc according
to FIGO stage was 19% (17 women) in stage
I, 33% (29) in stage 11, and 48% (43) in stage
III of disease.

Of the 220 women, only 116 completed
the standard FIGO treatment within 120 days:
13.5% (30 women) were submitted to sur-
gery alone, 8% (18) to surgery plus radio-
therapy, 1.5% (3) to concomitant chemo-
therapy and radiotherapy, 16.5% (36) to ex-
ternal radiotherapy, and 13% (29) to radio-
therapy plus brachytherapy. Twenty-one per-
cent (46 women) completed treatment within
a non-standard period of 150 to 365 days,
and 26.5% (58 women) did not complete
treatment because they interrupted it or died

Table 1. Distribution of the patients with cervical
squamous cell carcinoma according to FIGO stage
and age.

FIGO stage N (%) Age (years)
Mean + SD Range
| 47 (21) 46 + 115 28-74
Il 61 (28) 51 + 11.1 32-73
1} 112 (51) 57 + 12.8 25-89
Total 220 53 + 12.9 25-89
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Figure 1. Positive immunohis-
tochemistry staining for c-myc
demonstrating nuclear reactiv-

ity. Magnification 400X.
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of the disease during therapy. These patients
were not considered in the survival analyses.

The effect of c-myc on disease-free sur-
vival was analyzed by univariate (Kaplan-
Meier) survival analysis, including those 116
women who completed the standard FIGO
treatment, and the survival curves for posi-
tive and negative c-myc protein were com-
pared by the Wilcoxon test, adjusted by FIGO
stage. During a period of 60 months, the
disease-free survival was lower for women
with c-myc-positive tumors, i.e., 60.5, 47.5
and 36.6% at 12, 36 and 60 months of fol-
low-up, respectively, but the difference was
not statistically significant (Table 2). Multi-
variate (Cox) analysis was not appropriate
because the assumption of proportional haz-
ards was violated.

Discussion

Data on the prognostic significance of
c-myc in cervical cancer are highly contro-
versial, both confirmatory studies and those
failing to show such an association being
available. Accordingly, in a series of 93
women with stage Ib-1Ib SCC, Northern blot
and Slot blot hybridization techniques
showed c-myc expression in 33% of the
tumors (7). The frequency of c-myc increased
in parallel to the tumor size, and multivariate
analysis showed three factors associated with
risk of relapse: tumor size, nodal status and
c-myc protein. Furthermore, the women with
c-myc had a 6.1 times higher risk of distant
metastases at 3 years of follow-up (7). Simi-

Table 2. Disease-free survival (DFS) of cervical carcinoma patients stratified by FIGO

stage and c-myc expression.

c-myc Total Relapse DFS (%) P

N N 12 months 36 months 60 months
Negative 67 30 67.3 54.1 46.9 0.67* 0.71**
Positive 49 26 60.5 47.5 36.6

*Univariate Wilcoxon test.

**\Wilcoxon test, adjusted by clinical stage.
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lar results were reported in another study in
which immunohistochemical staining dis-
closed c-myc protein in 33% of the 48 pa-
tients (8). There was a higher risk of relapse,
and the 5-year survival rate was significantly
lower for these c-myc-positive women.

In contrast, there are studies that failed to
show any prognostic association between
c-myc protein and cervical cancer following
treatment. Thus, in a series of 55 women
with stage IlI-IV SCC, the frequency of
c-myc expression was 45.1% and there was
no association between c-myc protein, re-
currence, metastases or survival at 3 years of
follow-up (9). Another study included 66
women with stage Ib-1la disease, and failed
to establish any prognostic value for c-myc
protein (10). Similar results were reported
for 70 mainly stage II-III cervical cancer
patients (13) and for 69 women with cervical
SCC (14). The value of these two studies is
limited by their small sample size, preclud-
ing meaningful statistical analysis.

The association of c-myc protein with
cancer progression and a worse prognosis is
incompletely understood, but could be ex-
plained in part by its role in cell cycle regu-
lation. In mammalian cells, c-myc acts as an
upstream regulator of cyclin-dependent ki-
nases and functionally antagonizes the ac-
tion of at least one cyclin-dependent kinase
inhibitor, p27. Reduction of c-myc expres-
sion or its inappropriate expression can lead
to cell death by apoptosis (4). Also, the
transcription and processing of rRNA, and
translation of ribosomal proteins seem to be
regulated by c-myc (15).

Whatever the final role of c-myc in cervi-
cal carcinogenesis proves to be, it seems
clear by now that there is no direct relation-
ship between the detectable protein and the
mutated gene. It could be anticipated that
whenever the c-myc gene is mutated, the
respective (altered) protein could be detected.
That this is not the case was shown in a study
in which c-myc protein was detectable in 57
cervical carcinomas and alterations in the
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exon 1 of the c-myc gene were analyzed in
40 of these cases. Interestingly, correlation
between the detectable c-myc protein and
mutations of the c-myc gene was observed in
only 7.5% of these patients (16).

Despite the potential role of the c-myc
gene and its protein as biological markers in
human malignancies, the current data on
cervical cancer are far from conclusive. This
is due to multiple and not mutually exclusive
reasons, e.g., the selection bias of the patient
material. The present study was carried out
on Brazilian women who had not been rou-
tinely screened for cervical cancer because
of many cultural and social problems limit-
ing their access to the Papanicolaou smear
(17). Thus, the invasive disease developed
without any diagnostic (or therapeutic) in-
terventions until the time of diagnosis. Con-
sequently, 51% of these women were diag-
nosed as stage I1I disease with bulky tumors
and severe clinical complications. Survival
analyses could be performed for 116/220
women only, i.e., for those who had com-
pleted the standard FIGO treatment within
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