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p53, cellular proliferation, and apoptosis-
related factors in thymic neuroendocrine

tumors
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Thymic neuroendocrine tumors are biologically aggressive neoplasms with extensive local invasion and high
mortality. Although various markers of cellular proliferation and apoptosis have correlated with degrees of
tumor differentiation in pulmonary neuroendocrine neoplasms, they have not been systematically studied in
thymic neuroendocrine tumors. We immunostained 21 cases of thymic neuroendocrine tumors for p53, MIB-1,
and the apoptosis-related markers Bcl-2, Bcl-x, and Bax. By histological classification the cases were low-grade
(nine cases), intermediate-grade (eight cases), and high-grade (four cases) thymic neuroendocrine tumors. p53
was expressed in five cases: 1/9 low grade, 3/8 intermediate grade, and 2/4 high grade. The mean cellular
proliferation (MIB-1) was 7.1% (range 2-12%) in low-grade thymic neuroendocrine tumors, 6.1% (range 2-15%)
in intermediate-grade thymic neuroendocrine tumors, and 34.2% (range 2-80%) in high-grade thymic
neuroendocrine tumors. Bcl-2 was expressed in 16 cases: 7/9 low grade, 5/8 intermediate grade, and 4/4 high
grade. Bcl-x was expressed in 16 cases: 7/9 low grade, 6/8 intermediate grade, and 3/4 high grade. Bax was
expressed in 13 cases: 5/9 low grade, 4/8 intermediate grade, and 4/4 high grade. The presence of mutant p53 in
the tumor was associated with a statistically significant decreased mean survival (P<0.05). In contrast, either
by positive or negative staining or by the score technique (staining intensity x percentage of cells staining), the
presence of Bcl-x was associated with an increased mean survival (P<0.05). Finally, a Bcl-x: Bax ratio >1 was
also associated with an increased mean survival, as compared to a Bcl-x: Bax ratio >1 (P<0.05). Our study
shows that p53 expression and certain apoptosis markers correlate with survival. The expression of these
markers may account for differences in biological behavior.
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In contrast to those in the lung, thymic neuroendo-
crine tumors are rare aggressive tumors that fre-
quently present at an advanced stage, invade lung or
other mediastinal structures, and often metastasize
to distant sites.” On occasion, thymic neuroendo-
crine tumors secrete adrenocorticotrophic hormone
leading to Cushing’s syndrome.* Rarely, these
tumors can be associated with multiple endocrine
neoplasia syndromes.®

Although the term ‘thymic carcinoid tumor’ has
been used in the past, this designation may not be
applicable for all thymic neuroendocrine tumors,
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since there is considerable morphological diver-
sity.®"® Recently, Moran and Suster® have proposed a
three-tiered classification of low-, intermediate-,
and high-grade neuroendocrine carcinomas of the
thymus. However, there is conflicting data as to
whether the degree of tumor differentiation corre-
lates with survival.*> Thus, histology alone cannot
predict the potential aggressive behavior of thymic
neuroendocrine tumors.

Within the past decade, many studies have
investigated the role of cellular proliferation and
apoptosis in tumor cell biology.'®* Altered or
enhanced cellular proliferation is seen in various
tumors and is influenced by a myriad of factors.
Apoptosis requires a complex coordinated pathway
involving various cell signaling and proteins
through a cascade of events leading to cell death.
The role of cellular proliferation and apoptosis-
related markers has not been systematically ex-
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plored in thymic neuroendocrine tumors. In this
study, we examined various thymic neuroendocrine
tumors for p53, MIB-1 (cellular proliferation), and
Bcl-2, Bcl-x (antiapoptosis markers) and Bax (proa-
poptosis marker) to possibly explain differences in
tumor cell biology.

Materials and methods

We retrieved 21 thymic neuroendocrine tumors from
the pathology files at Emory University Hospital
(Atlanta, GA, USA) (eight cases) and Royal Bromp-
ton Hospital (London, England) (13 cases). For
inclusion into the study, each case demonstrated
the morphological features of a thymic neuroendo-
crine tumor and showed expression of one or two
neuroendocrine markers (ie chromogranin and sy-
naptophysin).”® The cases were classified into
low-, intermediate-, and high-grade neuroendocrine
tumors in accordance with the histopathological
criteria set forth by Moran and Suster.” Additional
clinical and pathological data for most of the cases
previously have been reported in publications from
both institutions.>'*** Clinical follow-up was ob-
tained in each case; duration of survival and
outcome were recorded. The cases were staged
according to the criteria proposed by Masaoka et
al:*® Stage 1: macroscopically completely encapsu-
lated and microscopically no capsular invasion;
Stage 2a: macroscopic invasion into surrounding
fatty tissue mediastinal pleura or both; Stage 2b:
microscopic invasion into capsule; Stage 3: macro-
scopic invasion into a neighboring organ (pericar-
dium, great vessel, lung, etc); Stage 4a: pleural and/
or pericardial dissemination; Stage 4b: lymphogen-
ous and/or hematogenous metastasis. A lung pri-
mary tumor was excluded in all patients.

In each case, either an adequate paraffin block or
unstained tissue sections were available. Immuno-
histochemistry for p53, Ki-67 (MIB-1), and apopto-
sis-related markers (Bcl-2, Bcl-x, and Bax) was
performed using a steam heat antigen retrieval
method with an avidin-biotin enzyme complex
kit (LSAB2, DAKO Corp., Carpinteria, CA, USA)
using an automated Dako-stainer (DAKQO) (Table 1).
Negative controls had primary antibody replaced by
buffer. Polyclonal antibodies served as isotype-
specific controls for each other.

Formalin-fixed, paraffin-embedded tissue sec-
tions (5um) with thymic neuroendocrine tumors

Table 1 Antibody sources

were deparaffinized and rehydrated, then steamed
in citrate buffer (pH 6) for 20min, and cooled for
10min before immunostaining. All sections were
exposed to 3% hydrogen peroxide for 5min,
primary antibody for 25 min, biotinylated secondary
linking antibody for 25min, streptavidin enzyme
complex for 25 min, diaminobenzidine as chromo-
gen for 5min, and hematoxylin as counterstain for
1min. These incubations were performed at room
temperature. Between incubations, sections were
washed with Tris-buffered saline. Coverslipping was
performed using the Tissue-Tech SCA (Sakura
Finetek USA, Inc.) automated coverslipper.

p53 nuclear and Bcl-2, Bcl-x, and Bax nuclear and
cytoplasmic immunoreactivity were semiquanti-
tively graded according to the intensity of staining
(0-3 +) and percentage of cells staining, in a blinded
fashion, by one of us (CC). The staining results were
considered to be positive when at least 10% of
tumor cells demonstrated immunoreactivity with a
specific antibody. In addition to the analysis of strict
positive or negative staining, a score was calculated
by multiplying the staining intensity by the staining
percentage.'® Cellular proliferation related to MIB-1
staining was assessed by manually counting the
number of MIB-1 nuclear-positive cells in a 1000
cell count, converted to a percentage of total cells.

Statistical analyses

Of the 21 cases studied, 18 had complete follow-up
data amenable to both survival and correlational
analyses. The data were analyzed using SAS version
8.2 on a Windows NT platform. Both categorical and
survival analyses were performed on the data, and
statistical significance was set at a P-value of less
than 0.05. Survival times were recorded from the date
of diagnosis to the termination of follow-up. Patients
who were alive or alive with disease were considered
as ‘censored’, while death was considered an ‘event’.

The association of positive or negative p53 and
Bcl-2, Bcl-x, and Bax staining was correlated with
tumor stage and histological grade using Fisher’s
exact test due to the small sample size and
subsequent small cell sizes. The effect of the various
factors on survival was assessed using the Kaplan—
Meier method, with the log-rank test employed to
test significance due to its bias towards the detection
of differences between later survival times. MIB-1
staining was used as a marker of cellular prolifera-

Antibody Clone Type Dilution Source

Positive control

p53 DO-7 Monoclonal 1:20

Novacastra, NewCastle upon Tyne, Great Britian

Colonic adenocarcinoma

Ki67 MIB-1 Monoclonal 1:50 Immunotech, Hileah, FL Tonsil
Bcl-2 Oncl2+ Monoclonal 1:80 Dako, Carpinteria, CA Tonsil
Bcl-x — Polyclonal 1:1500 PharMingen, San Diego, CA Tonsil
Bax — Polyclonal 1:1500 PharMingen, San Diego, CA Tonsil
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tion, and the relationship of MIB-1 with survival
was assessed both with the actual MIB-1 score (0—
100%) and with a single cutpoint of 10%. Also, the
inter-relationships of the various factors with each
other were assessed using Fisher’s exact test.

A score, calculated by multiplying the staining
intensity by the staining percentage, was also used
for categorical and survival analyses.'® This analysis
was used to facilitate a methodological comparison
with similar published works. This score was also
used to determine the Bcl-2:Bax and Bcl-x:Bax
ratios; a ratio >1 was treated as a positive score.

Results

The clinical, pathological, and immunohistochem-
ical features are summarized in Table 2. The
majority of patients presented at an advanced
clinical stage (Stage 3 (four patients) and Stage 4
(10 patients)), whereas the remainder were early
stage (Stage 1 (two patients) and Stage 2 (two
patients)), or unknown (three patients). At the
conclusion of the study, three patients had no
evidence of disease, four patients were alive with
disease, 11 patients had died with disease, and three
patients were of an unknown status. The duration of
follow-up ranged from 1 to 80 months, with an
overall median survival of 58 months.

The cases were classified as low-grade (nine
cases), intermediate-grade (eight cases), and high-
grade (four cases) thymic neuroendocrine tumors
(Figure 1). p53 immunoreactivity was more fre-
quently present in intermediate (3/8) and high-grade
thymic neuroendocrine tumors (3/4), but was un-
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common in low-grade thymic neuroendocrine tu-
mors (2/9) (Figure 2). The intensity of nuclear
staining was moderate to strong in most cases.
Moreover, the majority of high-grade thymic neu-
roendocrine tumors exhibited frequent nuclear
staining and higher scores, as opposed to scattered
immunopositive cells and lower scores in low- and
intermediate-grade thymic neuroendocrine tumors.

High MIB-1 staining tended to occur more
frequently in tumors of high histological grade,
although many tumors showed evidence of en-
hanced cellular proliferation (Figure 3). The mean
proliferation rates of the low- and intermediate-
grade thymic neuroendocrine tumors were compar-
able—7.1% (range 2—-12%) vs 6.1% (range 2—-15%),
respectively—whereas high-grade thymic neuroen-
docrine tumors had a high proliferation rate of
34.2% (range 2—80%).

grade (right) neuroendocrine tumors of the thymus, hematoxylin,
and eosin, x 80.

Table 2 Clinical, histopathological, and immunochistochemical findings in neuroendocrine tumors of the thymus

Patient Stage Follow-up Survival Histological p53 BCL-2 BCL-X BAX MIB-1 %
(months) grade
1 3 ANED 58 Low 3+ 10% 3+ 60% 2+ 90% 1+ 50% 10
2 4 AWD 48 Low 24+ 10% 0 2+ 60% 0 <2
3 2 DWD 1 Low 0 3+ 90% 2+ 90% 3+ 90% 10
4 4 DWD 22 Low 0 3+ 90% 0 0 5
5 2 DWD 78 Low 0 1+ 20% 1+ 90% 0 5
6 1 ANED 80 Low 0 3+ 90% 2+ 90% 2+ 90% 12
7 N/A N/A N/A Low 0 2+ 40% 0 0 5
8 N/A N/A N/A Low 0 0 3+ 90% 2+ 70% 5
9 3 ANED 74 Low 0 3+ 30% 3+ 90% 3+ 90% 10
10 3 DWD 45 Intermediate 0 0 0 0 <2
11 4 DWD 59 Intermediate 3+ 10% 0 2+ 100% 0 2
12 4 DWD 33 Intermediate 3+ 15% 3+ 90% 2+ 90% 3+ 90% 2
13 4 AWD 50 Intermediate 3+ 10% 0 3+ 90% 2+ 5% 5
14 N/A N/A N/A Intermediate 0 2+ 50% 1+ 90% 0 5
15 3 DWD 58 Intermediate 0 3+ 90% 0 2+ 40% 10
16 4 AWD 60 Intermediate 0 0 3+ 90% 3+ 90% 15
17 1 AWD 60 Intermediate 0 2+ 80% 2+ 90% 3+ 90% 8
18 4 DWD 47 High 3+ 30% 3+ 95% 3+ 80% 1+ 10% 5
19 4 DWD 52 High 1+ 10% 2+ 90% 2+ 90% 2+ 90% 2
20 4 DWD 26 High 3+ 50% 2+ 70% 0 2+ 90% 80
21 4 DWD 4 High 0 2+ 10% 3+ 80% 3+ 90% 50

ANED, alive with no evidence of disease; AWD, alive with disease; DWD, died with disease; N/A, not available.
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Figure 2 p53 immunostaining in low-grade (left), intermediate-
grade (middle), and high-grade (right) thymic neuroendocrine
tumors, x 80.
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Figure 3 MIB-1 immunostaining in low-grade (left), intermediate-
grade (middle), and high-grade (right) thymic neuroendocrine
tumors, x 80.

There was variable but frequent expression of
apoptosis markers in thymic neuroendocrine tu-
mors: Bcl-2 in 16 cases (7/9 low grade, 4/8
intermediate grade, and 4/4 high grade), Bcl-x in
16 cases (7/9 low grade, 6/8 intermediate grade,
and 3/4 high grade), and Bax in 13 cases (5/9 low
grade, 4/8 intermediate grade, and 4/4 high grade)
(Figure 4). The markers exhibited finely granular
cytoplasmic and occasionally nuclear or perinuclear
immunoreactivity. Within a specific histological
group, however, there was considerable variation
in the staining intensity, frequency of immunoposi-
tive cells, and scores (Table 2).

The survival analyses yielded four significant
associations. First, the presence of p53 in the tumor
was associated with a statistically significant de-
creased mean survival (35 vs 56 months) (P<0.05).
Second, a statistically significant increased mean
survival (58 vs 38 months) was seen with the
presence of Bcl-x in the tumor. (P<0.05) if scores
were used in lieu of the 10% positive cutoff, Bcl-x
was again found to have a statistically significant
increased mean survival (58 vs 38 months)
(P<0.05). Finally, the Bcl-x:Bax ratio score >1
was found to have a statistically significant in-
creased mean survival (52 vs 43 months) (P<0.05).
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Figure 4 Apoptosis markers in thymic neuroendocrine tumors:
hematoxylin and eosin (a), Bax (b), Bcl-2 (c), Bel-x (d), x 80.

For the categorical analyses, none of the indivi-
dual factors were found to have a statistically
significant association with either the grade or stage
of the tumor. This lack of association persisted even
with the use of scores applied to the staining
patterns in the data. There were no statistically
significant inter-relationships between individual
factors. The correlation of MIB-1 with histology,
stage, or survival was also not significant.

Discussion

There is considerable evidence to suggest that
mutant p53 expression, increased cellular prolifera-
tion, and altered apoptosis are critical mechanisms
that relate to differences in tumor biology and
behavior. In thymomas, several studies have shown
minimal mutant p53 expression, low proliferation
rates, and variable expression of pro- and antiapop-
tosis markers."””"?* Thymic carcinomas, in contrast,
generally have shown increased mutant p53 expres-
sion, higher proliferation rates, and a tendency to
express Bcl-2.7%"97?% Although many of the previous
studies have focused on non-neuroendocrine thy-
mic neoplasms, there has been very little attention
regarding these factors in thymic neuroendocrine
tumors, and there has not been a systematic study of
these markers with standardized immunohisto-
chemical scoring and rigorous statistical analysis
for a large series of cases (Table 3).*2%2° This
prompted us to focus on some of these factors,
namely, p53 expression, cellular proliferation, the
antiapoptosis markers Bcl-2 and Bcl-x, and the
proapoptosis marker Bax.

Mutations of the p53 tumor suppressor gene are
among the most common genetic alterations in
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Table 3 p53 and cellular proliferation in neuroendocrine tumors of the thymus

Year  Author Pathological designation Immunochemistry ~ Results ~ Other comments

1996  de Montpreville et a*®*  Thymic neuroendocrine carcinoma p53 4/14 Strong staining in 1 cases
Weakly stain in 3 cases

1999  Klemm et al*’ Pigmented carcinoid tumors p53 0/2

2000  Moran et al*® Thymic neuroendocrine carcinomas  p53 2/11 Focal positive staining

with combined features
2001  Goto et al*® Thymic carcinoid Ki-67 8/12 0.1-6.1% labeling index
2003  Tifffet et al™ Thymic neuroendocrine tumors Ki-67 12/12 1-52% labeling index
p53 12/12  1-100%

multistep carcinogenesis.®® In thymic tumors, p53
mutation occurs early and is associated with
advanced tumor stage and biological aggressive-
ness,'®19212331-33 I pulmonary neuroendocrine
neoplasms, p53 mutations tend to occur in more
aggressive histological subtypes: it is seldom seen in
low-grade tumors, such as in typical carcinoid
tumor, but is more frequently evident in atypical
carcinoid tumor, large-cell neuroendocrine and
small-cell carcinomas.?*** Our study showed infre-
quent p53 immunoreactivity in thymic neuroendo-
crine tumors; however, it was more common in
intermediate- and high-grade than in low-grade
thymic neuroendocrine tumors. This suggests that
p53 gene mutations and overexpression could play a
role in the pathogenesis of high-grade thymic
neuroendocrine tumors, as has been shown in
pulmonary neuroendocrine neoplasms.

Tumor cell growth is related to the balance
between cellular proliferation and cellular loss. By
using MIB-1 antibody, we found a relatively high
rate of cellular proliferation in many cases irrespec-
tive of histological grade. There was a considerable
range of MIB-1 staining: the mean cellular prolifera-
tion rates for low- and intermediate-grade tumors
were comparable, but substantially lower than in
high-grade tumors. Similarly, in the literature,
thymic carcinomas and high-grade pulmonary neu-
roendocrine neoplasms tended to have a high rate of
cellular proliferation, whereas thymomas and
bronchopulmonary carcinoids had lower rates of
cellular proliferation.'”-?%23:3%3741.43-48 Thjg finding
is in keeping with the observation in other thymic
neoplasms that proliferative activity is linked with
overexpression of p53 protein, particularly in more
aggressive histologic grade tumors.?*** However, we
found that low-grade thymic neuroendocrine tu-
mors, which morphologically resembled typical
carcinoid tumors, did not have the low labeling
indices that we had previously reported in their
low-grade pulmonary counterparts.*® The high pro-
liferation rate that frequently occurs in thymic
neuroendocrine tumors could be a key factor in
explaining its aggressive biological behavior.

Apoptosis is a complex, tightly regulated process
that is frequently altered in neoplasia.'* The balance
of pro- and antiapoptosis Bcl-2 family members is
critical in determining if a cell undergoes apoptosis.

In thymic neuroendocrine tumors, we found a
frequent but variable presence of the apoptosis
markers. Overall, there was more frequent expres-
sion of the antiapoptosis markers Bcl-2 and Bcl-x,
whereas the proapoptosis marker Bax was somewhat
less frequently expressed. With respect to histologi-
cal grade in thymic neuroendocrine tumors, we
found a trend in staining that was contradictory to
what has been seen in the lung, namely, that low—
intermediate-grade pulmonary neuroendocrine neo-
plasms (carcinoid and atypical carcinoid tumors)
tended to express Bax, whereas high-grade pulmon-
ary neuroendocrine neoplasms (large-cell neuroen-
docrine and small-cell carcinomas) tended to
express Bcl-2.13840-49.50 Maoreover, in the literature
there are conflicting data regarding the expression of
these apoptosis markers in non-neuroendocrine
thymic neoplasms.>*** Thus, the relationship of a
specific apoptosis marker with histological subtype
of thymic neuroendocrine tumors is often variable
and inconsistent, and may not be reflective of
biological behavior.

Another goal of this study was to determine if p53
expression, increased cellular proliferation, or al-
tered apoptosis could be predictive factors of
survival. In an attempt to correlate these markers
with prognosis, we found that the presence of p53 in
tumor cells was associated with a statistically
significant decreased mean survival time (35 vs 56
months) (P<0.05). This finding is not novel for
thymic neoplasia, but is in keeping with the results
from several other studies of non-neuroendocrine
thymic neoplasms that have shown a strong correla-
tion between p53 protein expression and survi-
val.’®** However, in pulmonary neuroendocrine
neoplasms there are conflicting data relating p53
expression with survival.?®:3:36.38,39.42,43

With respect to apoptosis, we found a somewhat
surprising finding: that the presence of an anti-
apoptosis marker was associated with a survival
advantage. This held true in three separate statistical
analyses: by the presence or absence of Bcl-x, by the
use of scores in lieu of dichotomous staining, or by
Bcl-x:Bax ratio scores >1. In contrast to our
findings, some prognostic factor studies of non-
neuroendocrine thymic and pulmonary neuroendo-
crine neoplasms have shown decreased survival
with the expression of another antiapoptosis marker,
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Bcl-2.162443 However, there have been a few studies
demonstrating that the presence of Bcl-2 in pul-
monary neuroendocrine or non-neuroendocrine
neoplasms was associated with better survival or
that the absence of Bcl-2 was associated with
aggressive behavior and poor prognosis.®>*~>*

This disparity cannot be readily settled by
locoregional differences, and it may be somewhat
naive to compare thymic neuroendocrine tumors to
other intrathoracic tumors. Rather, this could be
explained by the small sample size in our study, as
the removal of the two cases with less than 30
months survival time would shift the results into
statistical nonsignificance. Other potential factors
that could account for this finding include variation
in histopathological classification or methodological
differences inherent in immunohistochemistry (ie
antibody selection, staining intensity, frequency,
and scoring). It is quite conceivable that there are
other factors in the apoptosis pathway up- or
downstream of the Bcl-2 family that are operative.
More importantly, neoplastic growth in thymic
neuroendocrine tumors is not only related to the
degree of necrosis and apoptosis, but to the degree of
cellular proliferation. Our data seem to indicate that
the enhanced cellular proliferation in thymic neu-
roendocrine tumors may play a stronger role than
the expression of a particular apoptosis marker
detected at a particular static point in time.

This study reaffirms that there are complex
interactions between p53 and pro- and antiapoptosis
markers that influence cellular proliferation and
tumor progression in thymic neuroendocrine tu-
mors. Overexpression of p53 tends to occur in
intermediate- and high-grade tumors, but is seldom
seen in low-grade tumors. There is enhanced
cellular proliferation in thymic neuroendocrine
tumors, despite the seemingly low-grade appearance
of some tumors. The variable expression of specific
pro- or antiapoptosis markers in thymic neuroendo-
crine tumors does not correlate well with histologi-
cal grade. Our study shows that p53 expression and
certain apoptosis markers correlate with survival
and that the expression of these markers may
account for differences in biological behavior.
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