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the overexpression of anti-apoptotic Bcl-2
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Defective apoptotic program due to the overexpression of the anti-apoptotic Bcl-2 protein of the
outer mitochondrial membrane may be a cause of the poor response of malignant pheochromocytoma to 131I-MIBG therapy. We report a case of malignant pheochromocytoma which showed early
intense uptake and immediate rapid washout of 99mTc-tetrofosmin characterizing the overexpression
of anti-apoptotic Bcl-2 and which was refractory to 131I-MIBG therapy.
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INTRODUCTION
99mTc-labeled

lipophilic cations such as 99mTc-methoxyisobutylisonitrile (MIBI) and 99mTc-tetrofosmin enter
viable tumor cells via passive diffusion in response to
plasma membrane and mitochondrial membrane potentials and accumulate primarily within mitochondria. Recent study indicates that breast carcinomas which fail to
accumulate 99mTc-MIBI have an altered apoptotic program due to the overexpression of the anti-apoptotic
protein Bcl-2.1
The overexpression of anti-apoptotic Bcl-2 correlates
with resistance to chemotherapy and radiation therapy.2,3
Non-invasive detection of the overexpression of antiapoptotic Bcl-2 may provide rational criteria for therapeutic strategy.
We report a case of malignant pheochromocytoma
which showed early intense uptake and immediate rapid
washout of 99m Tc-tetrofosmin characterizing the
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overexpression of anti-apoptotic Bcl-2 and which was
refractory to 131I-metaiodobenzylguanidine (MIBG)
therapy.
CASE REPORT
A 72-year-old woman was diagnosed with a pheochromocytoma (8 cm in diameter) localized in the left adrenal
by ultrasound, CT/MRI and 131I-MIBG scintigraphy. After
surgery, catecholamine metabolite levels and 131I-MIBG
scintigraphy normalized. The disease was in remission for
approximately 7 years.
She then complained of back pain, palpitation and
paroxysmal hypertension. Catecholamine metabolite
levels were raised above normal levels. Bone scintigraphy showed increased activity in the spinous process of
thoracic vertebrae (T5–7) and MRI demonstrated a hypervascular tumor (3 cm in diameter) in the region corresponding to the spinous process of T5–7 with slight
compression of epidural sacs at the level of T6 (Fig. 1).
123I-MIBG scintigraphy suggested metastatic lesions in
thoracic vertebrae (T5–7) indicating maximal lesion,
right ribs and right pelvis (Fig. 2). The diagnosis of metastatic malignant pheochromocytoma was proved by means
of needle biopsy of the back tumor (Fig. 3). Four month
later, she received the first dosage of 200 mCi (7400 MBq)
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Fig. 1 Sagittal enhanced T1 weighted image shows hypervascular
tumor (3 cm in diameter) in the region corresponding to the
spinous process of T5–7 with slight compression of epidural
sacs at level of T6.

Fig. 2 123I-MIBG scintigraphy suggests metastatic lesions in
thoracic vertebra (T5–7) indicating maximal lesion, right rib and
right pelvis.

131I-MIBG.

apy was performed. The results showed intense expression of apoptosis antagonist Bcl-2 (Fig. 7), no expression
of apoptosis agonist Bax, no expression of DNA fragments in Tunel staining for evaluation of apoptosis, no
expression of P-glycoprotein, proliferation rate of 10% in
Mib-1 staining and spotty expression of P53.
Two years after the first 131I-MIBG therapy, she received the second dosage of 200 mCi (7400 MBq) 131IMIBG. Three days later, she developed miserable spinal
paraparesis and has been in hospital.

One-and-a-half years after the first 131I-MIBG therapy,
catecholamine metabolite levels remained elevated and
she complained of increasing back pain, palpitation and
paroxysmal hypertension. MRI showed increased size (6
cm in diameter) of the back tumor and stenosis of the
spinal canal but no involvement of the spinal cord. 123IMIBG scintigraphy showed more extensive accumulation in the back tumor and appearance of multiple lesions
in cranial bone, bilateral ribs and pelvis and a lesion in the
left femur (Fig. 4).
Dynamic imaging with 99mTc-tetrofosmin demonstrated
intense uptake in the back tumor in the early images after
bolus injection and then immediate rapid washout from
the tumor, with tumor accumulation disappearing within
7 min after injection (Fig. 5).
Time activity curve of tumor showed a relatively gentle
down slope compared with very rapid clearance of blood
pool activity of subclavicular vein, and continuous down
slope different from the activity curve of the heart which
showed slow down beginning at 1 min after injection and
then plateau (Fig. 6). Tumor activity curve returned at the
background level in the spine at 7 min after injection.
Immunohistochemical staining of biopsy specimens of
the back tumor obtained prior to the first 131I-MIBG ther-
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Fig. 3 Hematoxylin-eosin staining of biopsy specimens of the
back tumor shows the characteristic small nests (“zellballen”)
pattern of proliferating tumor cells with granular cytoplasm and
sporadic giant cells and hyperplasia of capillaries.
Fig. 4 123I-MIBG scintigraphy shows more extensive accumulation in the back tumor and appearance of multiple lesions in
cranial bone, bilateral ribs and pelvis and a lesion in the left
femur.
Fig. 5 Dynamic images (posterior view) with 99mTc-tetrofosmin
demonstrate intense uptake in the back tumor in the early images
after bolus injection and then immediate rapid washout from
tumor, with tumor accumulation disappearing within 7 min after
injection.
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Fig. 3

Fig. 4

Fig. 6 Time activity curve of tumor shows a relatively gentle down slope
compared with very rapid clearance of blood pool activity of subclavicular
vein, and continuous down slope different from the activity curve of the
heart which shows slow down beginning at 1 min after injection and then
a plateau.

Fig. 7 Immunohistochemical staining of biopsy specimens of the back
tumor obtained prior to the first 131I-MIBG therapy shows intense
expression of apoptosis antagonist Bcl-2.

Fig. 5
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DISCUSSION
Overexpression of the anti-apoptotic Bcl-2 inhibits mitochondrial permeability as a shelter and prevents the
trafficking of 99mTc-labeled lipophylic cations across
mitochondrial membrane, and early accumulation within
mitochondria is reduced despite the stabilization of mitochondrial membrane potentials.1
On the other hand, the early uptake of lipophilic cations
at the early stage of cell apoptosis is also reduced by loss
of influx in cells since electrical gradient failure occurs
due to modification of the plasma membrane and mitochondrial membrane potentials.4,5
Also in the presence of multidrug resistance membrane
protein (P-glycoprotein or MRP1), the early uptake of
lipophilic cations may be reduced, although P-glycoprotein or MRP1-mediated washout of lipophilic cations is
particularly evident at delayed time points after injection.6,7
Therefore, it seems difficult to detect the overexpression
of the anti-apoptotic Bcl-2 from only static image at early
time points.
From the results of dynamic imaging with 99mTctetrofosmin and immunohistochemical staining in the
present case, it is suggested that passive influx of 99mTctetrofosmin in tumor cells is driven by an intact electrical
gradient from outside the cell to mitochondria even in the
overexpression of the anti-apoptotic Bcl-2, and early
intense uptake of 99mTc-tetrofosmin in tumor indicates
enhanced passive diffusion by large electrical gradient
and increased blood flow in hypervascular tumor.
Immediately rapid washout of 99mTc-tetrofosmin from
tumor demonstrates that the overexpression of the antiapoptotic Bcl-2 prevents diffusion and retention of 99mTctetrofosmin in mitochondria and leads to rapid passive
efflux from the cytosolic compartment of the cell.
Thus, early intense uptake and immediate rapid washout in dynamic imaging with 99mTc-tetrofosmin may be a
characteristic pattern for the overexpression of antiapoptotic Bcl-2 in tumor.
A comprehensive review of 116 reported patients with
131I-MIBG treatment of malignant pheochromocytoma
indicated that the tumor response rate was 30% and only
five patients had a complete tumor response.8
Since malignant pheochromocytoma shows statistically significant higher frequency of Bcl-2 protein expres-
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sion than benign pheochromocytoma,9 defective apoptotic
program due to the overexpression of the anti-apoptotic
Bcl-2 may be the cause of the poor response of malignant
pheochromocytoma to 131I-MIBG therapy.
Our case report suggests that dynamic imaging of
malignant pheochromocytoma with 99mTc-labeled lipophilic cations detects the overexpression of the antiapoptotic Bcl-2 and predicts a poor response to 131IMIBG therapy.
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