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Survivin Expression in Cardiac Myxoma
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Background: Cardiac myxoma, the most common primary tumor of the heart, has variable

Methods:

Results:

Conclusion:

clinical presentations and an immunohistochemical profile. Survivin, an anti-
apoptosis protein, may play an important role in the causes of cardiac myxo-
ma. This investigation will report the expression pattern of survivin in car-
diac myxomas.

This study included 40 patients with cardiac myxoma, who were treated with
surgical excision of the lesion. Detailed clinical parameters were reported
and the expression of survivin was studied by immunohistochemical stain-
ing.

The patient population was comprised of 24 (60%) women and 16 (40%)
men. The mean age of the patients was 42 years, with an age range of 30 to
63 years. All study cases were sporadic myxomas rather than familial myxo-
ma. Patients were asymptomatic (20%), or had dyspnea (40%), stroke (15%),
chest pain (12%), and fever (12%) on presentation. All lesions were located
in the left atrium. The location of the myxoma and clinical events did not dif-
fer in terms of pathological changes, such as vascular proliferation, inflam-
mation, cellularity, hyaline, calcification and thrombosis. Cardiac myxoma
was characterized by a survivin dependent pathway with 100% immunohis-
tochemical staining in the cytoplasm and the distribution in scoring system
of survivin expression were 1 case (2.5%) in score 1; 12 cases (30%) in score
2; 12 cases (30%) in score 3 and 15 (37.5%) in score 4.

Cardiac myxomas demonstrate strong expression of survivin in the cyto-
plasm. This implies survivin may play an important role in the apoptosis
pathway in cardiac myxomas.

(Chang Gung Med J 2011,34:360-6)
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Survivin has been identified as a new member of
the inhibitor of apoptosis protein (IAP) family,
and is characterized by a unique structure that dis-
criminates it from all other members of the IAP fam-
ily.® It contains only a single baculovirus IAP repeat
and lacks a carboxy terminal RING finger domain.”

It is expressed in the G2/M phase of the cell cycle in
a cycle-regulated manner and directly binds to and
inhibits both caspase-3 and caspase-7 activity lead-
ing to arrest of apoptosis.®’ In clinical implications,
survivin expression is not detectable in differentiated
normal adult cells of any organ but it is highly
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expressed in a wide range of cancer tissues including
breast,” colorectal,*” gastric,® and prostate cancer,”
and melanoma,"” as well as hematopoietic malignan-
cies.®"” Owing to the potent caspase-inhibitor, its
expression in cancer cells implicates it in resistance
to different apoptotic stimuli including chemothera-
py-"? Therefore, survivin plays an essential dual role
in cell division and as an inhibitor of apoptosis.?

Apoptosis is well known to associate with the
prognosis of heart disease, including ischemic heart
disease, cardiomyopathy'® and even myxoma,">'”
which is the most common neoplasm of heart leading
to or severe complications."®?" Although one study
speculated emobolic events might relate to
apoptosis,"® it did not exactly correlate with clinical
or pathologic changes in our previous study."”
Further, because of the potential clinical benefits of
survivin-directed therapeutics, extensive efforts have
been devoted to understand how survivin becomes so
sharply differentially expressed in tumors, such as
cardiac myxomas, compared to most normal tissues.
Therefore, it is important to elucidate the expression
patterns of survivin and apoptosis in cardiac myxo-
mas.

METHODS

Samples of cardiac myxoma were obtained from
patients who had surgical excision at the Chang
Gung Memorial Hospital, Taiwan. All patients pro-
vided informed consent for the study procedures,
which were reviewed and approved by the
Institutional Review Board of Chang Gung
Memorial Hospital (96-0610B). The study con-
formed to the tenets of the Declaration of Helsinki.
Detailed clinical parameters were also obtained at
this time. Information on age, sex, presenting symp-
toms, echocardiographic characteristics, and surgical
procedures were obtained from patient medical
records. Follow-up data were gathered from clinical
records and from standardized telephone interviews.
The tumor size and morphologic features for each
patient were retrieved from surgical pathology
reports. All sections were stained with hematoxylin-
eosin and examined for vascular proliferation,
inflammation, cellularity, hyaline, calcification,
thrombosis, fibrosis, and Gamna-Gandy bodies. The
clinical and pathologic features of the cardiac myxo-
mas were assessed statistically to identify morpho-
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logical features related to embolism, atrial fibrilla-
tion, and patient age at diagnosis. Echocardiographic
features also were compared using the same patho-
logic findings.

Immunohistochemical stain for Survivin

The survivin (1:50; H-277; Santa Cruz
Biotechnology, Inc., Santa Cruz, CA, U.S.A.) assay
was used per manufacturer protocol. Sections stained
with phosphate-buffered saline substituted for the
primary antibody were used for negative controls;
breast cancer sections were used for positive con-
trols.

The proportion of cells per 100 cardiac myxoma
cells showing terminal deoxynucleotidyl transferase
dUTP nick end labeling (TUNEL) and survivin posi-
tivity were scored as follows: (A) 0, < 5% positive
cells; (B) 1, 5-25%; (C) 2, 25-50%; (D) 3, 50-75%;
(E) 4, > 75%. Sections with < 5% positively staining
cells were defined as survivin-negative; all others
were defined as survivin-positive. Statistical analysis
Continuous variables were described as means =+
SD or median (interquartile range). Categorical vari-
ables were presented as number or percentages.
Continuous variables were compared by Student ¢
test (two-tailed) for parametric data. Categorical
variables between the proportion groups were com-
pared using the chi-square test. Statistical anaysis
was performed using SPSS 15 statistical software for
Windows (SPSS Inc, Chicago, IL, U.S.A.). All p val-
ues were two-sided, and the level of statistical signif-
icance was set at 0.05.

RESULTS

Clinical findings

The patient population was comprised of 24
(60%) women and 16 (40%) men, with a mean age
of 42 years, ranging in age from 30 to 63 years. All
patients had sporadic myxomas rather than familial
myxoma.>*2" Patients were asymptomatic (20%), or
had dyspnea (40%), stroke (15%), chest pain (12%),
and fever (12%) on initial presentation. All cardiac
myxoma tumors were confined to the left atrium.
Tumors ranged in weight from 5 to 54 g (mean 30.2
g). No patients experienced atrial fibrillation prior to
or during the study. All chest radiographs displayed
nonspecific changes. All patients were mildly ane-
mic, with an average hemoglobin of 10.4 mg/dl.



Most patients experienced mild mitral valve and tri-
cuspid valve regurgitation. No perioperative mortali-
ty or embolization occurred. All patients were sur-
viving at the time of this writing. The mean time
from patient treatment to the time of this writing was
nine months, with a range of 1 to 3 years. None of
the patients enrolled in the study had metastases or
recurrence of disease. Preoperative diagnosis was
made by use of transthoracic echocardiography.

Pathologic findings

Microscopic examination revealed high levels
of vascular proliferation (85%), hyaline formation
(80%), congestive areas (80%), inflammation (50%),
and multiple giant cells (40%) in the patients.
Hemorrhagic foci (10%) and calcification (10%)
were noted occasionally. There were no cases of car-
diac lithomyxoma in this study.

Expression of survivin in cardiac myxomas

All immunochemical studies of survivin were
positive in both the cytoplasm and cell menbrane
(Fig. 1, arrowhead). Survivin was expressed in 100%
of the cytoplasm and 2.5% of the nuclei. The distrib-
ution in scoring system of survivin expression in the
cytoplasm were 1 case (2.5%) in score 1; 12 cases
(30%) in score 2 (one of which was combined with
score 2 survivin expression in nuclei), 12 cases
(30%) in score 3, and 15 cases (37.5%) in score 4. In
the subgroup analysis for clinical presentations and
pathological findings in different scoring group,
there were no significant differences can be found
(Tables 1 and 2).

DISCUSSION

Myxoma is the most common neoplasm among
cardiac tumors. In this study, the clinical presenta-
tions as well as pathologic features, such as vascular
proliferation, hyaline formation, congestive areas,
inflammation, hemorrhagic foci, calcification, and
percentage of giant cells, were similar to previous
studies.">'*22 Although the characteristics of a myxo-
ma, such as the well differentiated cell components,
very slow progression in size and rare metastasis, are
similar to those of a benign tumor, it sometimes
deemed malignant because of embolic events and
recurrence, especially in familial myxoma."®
Therefore, research has been directed towards identi-
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Fig. 1 Representative pictures showing typical survivin
staining in cardiac myxoma (black arrowhead. X400 in origi-
nal magnification). (A) score of 0, < 5% positive cells; (B) 1,
5-25%; (C) 2, 25-50%; (D) 3, 50-75%; (E) 4, >75%.
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Table 1. Clinical Presentations with Different Levels of Expression of Survivin

Expression of survivin Score 1 Score 2 Score 3 Score 4
Numbers 1 12 12 15
Clinical presentations Asymptomatic 0 3 1 4
Dyspnea 1 5 5 5
Stroke 0 2 3 1
Chest pain 0 1 2 3
fever 0 1 2 3

Table 2. Pathologic Changes with Different Levels of Expression of Survivin

Expression of survivin Score 1 Score 2 Score 3 Score 4
Numbers 1 12 12 15
Pathologic findings Vascular proliferation 0 12 11 11
Hyaline formation 1 10 9 12
Congestive areas 0 11 11 10
Inflammation 1 4 7 8
Multiple giant cells 0 6 5 5
Hemorrhagic foci 1 1 2 0
Calcification 1 1 1 1

fying specific histopathological changes,"®* bio-
markers,”* and gene expression®?” in myxomas to
correlate to such clinical presentations, but in vain.
In recent years, researh has been directed to studying
apoptosis in cardiac myxomas.">'” To the best of our
knowledge, there is no study on the expression of
survivin in myxoma.

In this study, survivin was expressed in the cyto-
plasm of all myxomas, but in only 2.5% of the
nuclei. The cytoplasmic survivin expression corre-
sponds with previous studies of survivin expression
in other malignant cells,” and can be explained by
the anti-apoptosis effect of survivin, as it inhibits
both caspase-3 and caspase-7 activity. In the conclu-
sion of this study and highly expressing of apoptosis
in myxoma reported in previous study." The high
activity of survivin in apoptosis process in myxoma
would be reasonable speculated. Therefore, the high
survivin expression in cardiac myxoma might pro-
vide directions for further research of the pathophysi-
ology of cardiac myxomas. First, it may provide a
hints to investigate the mechanism of the apoptosis
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process in myxomas, because survivin expression is
well correlated with apoptosis expression in this
tumor. Second, surgical removal would not be the
only choice in myxoma, and anti-survivin target ther-
apy could be used. Many studies have indicated that
survivin plays an important role in tumorigensis and
virus infection-induced carcinogenesis"? and it has
been well correlated with chemotherapy/ radiothera-
py resistance in some cancers.'>'” Therefore, it is
possible that it may be a further target therapy for
cancer in the future under the theory of increasing
the rate of apoptosis and then suppressing tumori-
gensis by suppressing the function of survivin.
Further study could determine whether anti-survivin
agents can attenuate the survival of myxoma cell
lines. Third, survivin has been correlated with recur-
rence in selected cancers,"*'” and might be a possi-
bility in the recurrence of myxoma. Although there is
a low incidence of recurrence in sporadic myxoma,
the recurrence rate in familial and complex myxoma
is as high as 12~22%." In addition, although recur-
rence was mostly related to incomplete resection,



intraoperatiove displacement of tumor material, and
embolization in previous study, the role of immuno-
histologic changes and gene expression have never
been investigated."” Therefore, correlation between
survivin expression and recurrence should be further
investigated.

This investigation has several limitations. First,
this study was retrospective and enrolled a relatively
small sample, which makes statistical correlation
among clinical presentations, pathological changes
and survivin expression difficult. In addition, recur-
rence appeared in the first 1~4 year after excision in
previous studies.’”?" The observation period in this
study was too short for enough clinical events to cor-
relate with survivin expression. Second, the study
was a qualitative analysis and correlations between
the degree of survivin expression and pathologic
changes and clinical presentations could not be
made. More cases should be included in future stud-
ies.

Conclusions

The results of this study demonstrate that sur-
vivin has a novel pathological pattern in cardiac
myxomas. These findings have potential significance
for understanding the tumor-suppressive activity and
apoptotic process in cardiac myxoma in further
study. Investigatation of embolism and recurrence in
myxoma and other types of therapeutic and diagnos-
tic management should be done in the future.
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