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Gland size was considered to be the magor factor to influence locaization of
parathyroid adenomas by technetium-99m methoxyisobutylisonitrile (**"Tc MIBI)
parathyroid imaging. In addition, P-glycoprotein (P-gp) expression in parathyroid
adenomas has been considered to be an another possible factor to influence
localization of parathyroid adenomas because false-negative studies have been
reported with large tumors and true-positives reported with very small tumors in
previous studies. Therefore, the purpose of this study was to retrospectively to
evaluate the relationship between ®™Tc MIBI parathyroid imaging results and Pgp or
multidrug resistance related protein (MRP) expression in parathyroid adenomas.
Before surgery, 47 patients with larger parathyroid adenomas (larger than 1.5 gm)
underwent early and delay parathyroid imaging, 10 minutes and 2 hours after
intravenous injection of ®™c MIBI. Immunohistochemical analyses (IHA) were
performed, using multiple nonconsecutive sections of the operative specimens, to
detect Pgp or MRP expression. According to the results of IHA, the 34 parathyroid
adenomas were separated into four groups: (1) 3 adenomas with both positive Pgp and
positive MRP expression, (2) 1 adenomas with positive Pgp but negative MRP
expression, (3) 4 adenomas with negative Pgp but positive MRP expression, and (4)
39 adenomas with both negative Pgp and negative MRP expression. All of 39
adenomas in the group 4 could be detected by *™c MIBI parathyroid imaging.
All of 8 adenomas in the groups 1 to 3 could not be detected by *™Tc MIBI
parathyroid imaging (p < 0.05). Not only the size of parathyroid adenomas, but also
significant Pgp or MRP expression limited the sensitivity of *™Tc MIBI parathyroid
imaging to localize parathyroid adenomas before operation.

Keywords
Technetium-99m methoxyisobutylisonitrile; Parathyroid adenoma; P-glycoprotein;
Multidrug resistance related protein



Introduction

The accurate preoperative localization of parathyroid adenomas is important prior
to surgery. Techniques used include high-resolution ultrasound, computerized
tomography (CT), magnetic resonance imaging (MRI); however, all methods have
some limitations [1-3]. A maor advance occurred when the nuclear medicine
technique with technetium-99m methoxyisobutylisonitrile (*™Tc MIBI) parathyroid
scan for parathyroid localization [4]. “™Tc MIBI parathyroid imaging has been
suggested that routine preoperative localization before operation for
hyperparathyroidism may improve long-term cure rate, decrease morbidity, and
reduce the cost and the duration of the operation [5].

%mTc MIBI is a lipophilic cationic complex and which was originally introduced
for myocardial perfusion imaging [6]. **™Tc MIBI nonspecificaly localizes in
mitochondria and the cytoplasm. It is retained by membrane potentials across the
membrane of the cell and mitochondria [7]. *™Tc MIBI localizes in thyroid and
parathyroid glands, but it washes out of the thyroid faster than the parathyroid, thus
providing a greater parathyroid-to-thyroid uptake ratio with time and thus *™Tc MIBI
appears useful for localization of abnormal and hyperfunctioning parathyroid with
either subtraction procedure or indeed as a sole agent [8,9]. Malloul et a. found
tracer accumulation in oxyphil cells might partially explain the preferentia *™Tc
MIBI retention in parathyroid lesions [10]. However, the exact mechanisms of
visualization of abnormal and hyperfunctioning parathyroid tissue is not yet clear.

Previous studies [11,12] have reported a correlation between tumor size and
detectability of parathyroid adenomas by *™Tc MIBI parathyroid imaging.
However, false-negative results have been reported in large tumors and some very
small tumors have been detected.  From areview of the literature regarding Pgp or
MRP expression in cancer cell lines and animal models, Pgp or MRP expression
prevent accumulation of some lipophilic cationic radiopharmaceuticals such as *™Tc
MIBI [13-15]. Thus, a possible factor to influence detection of parathyroid
adenomas by *™Tc MIBI parathyroid imaging is not only the size of parathyroid
adenomas but also significant Pgp expression in adenomas [16]. Therefore, the am
of this study was to compare ®"Tc MIBI parathyroid imaging results and
immunohistochemical analyses of Pgp and MRP expressions in larger parathyroid
adenoma.

Methods and materials
Patients. Forty-seven patients (31 females, 16 males, ages. 32 - 67 years) with
parathyroid adenoma (larger than 1.5 gm) received operations were enrolled in this



retrospective study.  Before operations, early and delay (10min and 2hr) *™Tc
MIBI parathyroid imaging including neck and chest images, was performed for all of
the 47 patients. All of the 47 parathyroid adenomas were obtained for
immunohistochemical analysis (IHA) within 2 weeks of the *™Tc MIBI parathyroid

imaging.

Technetium-99m Methoxyisobutylisonitrile Parathyroid Imaging. There was a
delay of 30 minutes from the time of oral intake of 500mg perchlorate to the start of
imaging procedure to prevent abnormal uptake of free ®™Tc pertechnetate. A
commercial MIBI preparation (max. 5.56 Gb (150mCi) in approximately 1 to 3ml)
was obtained from Dupont Company (Cardiolite). The labeling and quality control
procedures were carried out according to the manufacturer’s instructions.  Labeling
efficiencies were consistently higher than 95 percent. In order to detect possible
ectopic parathyroid adenoma in the chest, we used a largefield-of-view gamma
camera with a low-energy, high-resolution collimator instead of a pinhole device
routinely. Early and delay parathyroid imaging was performed 10 minutes and 2
hours after intravenous injection of 740 MBq (20 mCi) *™Tc MIBI on a gamma
camera using a 140-keV photo-peak with a 20% window; counts of 500k per view
were acquired. The field of the view included the entire neck and chest with the
supine position and the neck extended. All of the *™Tc MIBI parathyroid images
were retrospectively and visually interpreted agreement by at least two of three
nuclear medicine physicians without knowledge of the results of surgery and
histopathological diagnosisin each patient. Both early and delay analog *™Tc MIBI
parathyroid images of a given patient were placed side by side for comparison. A
positive ®™Tc MIBI parathyroid imaging finding with the presence of a parathyroid
adenoma was defined as afocal area of increased uptake of *™Tc MIBI in the thyroid
bed or mediastinum which either progressively increased over time or showed fixed
uptake [9].

Immunohistochemical Analyses. All IHC analyses were done at the sametime. In
this study, 3 to 5 sections of various parts of the tumors were cut by pathologic
specialists. Formalin-fixed paraffin sections (5-mm) of surgical specimens of the
parathyroid adenoma were deparaffinized in an oven a 50

hydrated with varying concentrations of ethanol-water dilutions. For MRP
immunohistochemical staining, antigen retrieval was performed by treatment in citrate
buffer in a 700 W microwave oven for 5 minutes. Endogenous peroxidase was
blocked by 3% hydrogen peroxide for 15 minutes, followed by 5 minutes in
phosphate buffer saline (PBS) buffer. The sections were incubated overnight in



moist chamber at 40 with primary antibody MRP QCRL-1 (10i g/ml, Signet
Laboratories, Inc., Dedham, MA, USA) a 1:100 concentration. For Pgp
immunohistochemical staining, endogenous peroxidase was blocked by 3% hydrogen
peroxide for 15 minutes. Antigen retrieval was performed by treatment with enzyme
digestionin 0.1% trypsin in PBS for 5 minutes at room temperature and inhibited with
10% skim milk in PBS for 5 minutes. The sections were incubated for 2 hoursin a
moist chamber at 37 -1 (50i g/ml, Boehringer Mannheim
Biochemica, Germany) at 1:50 concentration. After three 5 minites washes in PBS
buffer, detection of the primary antibody was performed with a link antibody
according to the manufacturer’s instructions (DAKO LSAB® 2 System, Peroxidase,
Dako Corporation, Carpinteria, CA, USA) [17-19]. All specimen evauations were
performed on a Nikon microscope (AFX-DX) using an ocular magnification of ~ 20
with an eyepiece grid. Positive cells were quantified by evaluating four randomly
selected high-power fields (minimum 800 tumor cells). The normal kidney was used

as a genera positive control [20]. Pgp or MRP expressions was interpreted by an
experienced pathologist blinded to clinical outcome as follows. negative = less than
10%, and positive = equal to or more than 10% stained tumor cells.

Statistical Analyses. The incidence differences of positive Pgp or MRP expression
between positive and negative *™Tc MIBI parathyroid imaging findings among the 4
groups were assessed by Fisher’ exact or Chi-Square tests. If the p value was < 0.05,
the difference was considered significant.

Results

The correlation of parathyroid imaging findings and IHC results are shown in Table 1.
The gland size of the parathyroid adenomas relates to Tc-99m MIBI parathyroid
imaging findings and immunohistochemical analysis results are shown in Table 2.
%™Tc MIBI parathyroid imaging could not detect all of the 3 parathyroid adenomas in
the group 1 (3 adenomas with both positive Pgp and positive MRP), group 2 (1
adenoma with positive Pgp but negative MRP expression), and group 3 (4 adenomas
with negative Pgp but positive MRP expression). However, ™ Tc MIBI parathyroid
imaging could detect all of the 39 parathyroid adenomas in the group 4 with both
negative Pgp and negative MRP expression. The difference was significant (p value
<0.05).

Discussion
The retention of ®™Tc MIBI in cells depends on expression of Pgp or MRP, which



function as an ATP-dependent efflux pump [14,15]. Previous studies [21-23]
demonstrated the relationship between *™Tc MIBI tumor uptake with Pgp or MRP
expression, and implied a potentia for ®™Tc MIBI scintigraphy to be used as a
non-invasive imaging tool for Pgp or MRP expression assessment. Therefore, in our
study, we compared *™Tc MIBI parathyroid imaging results with Pgp or MRP
expression by IHA in larger parathyroid adenoma.

“Tc MIBI parathyroid imaging also noted that false-negative results
have been reported in large adenomas [11,12]. In our study, all of 47
parathyroid adenomas were larger than 1.5gm. In addition, precedent
literature [16] supported our findings that Pgp expression correlated
with *"Tc MIBI parathyroid imaging results. *"Tc MIBI parathyroid imaging
could not detect all of the 8 parathyroid adenomas with either positive
Pgp or positive MRP (groups 1 to 3), but it could detect all of the 39
parathyroid adenomas in the group 4 with both negative Pgp and negative
MRP expression. Therefore, Pgp or MRP expression in parathyroid adenomas
has been postulated to be the other important factor to influence the
results of *Tc MIBI parathyroid imaging.

Our study found that there is significant reverse relationship between the results of
%™Tc MIBI parathyroid imaging and Pgp or MRP expression. We concluded that
Pgp or MRP expression play a important role in the false-negative results of *™Tc
MIBI parathyroid imaging to localize parathyroid adenoma in addition to tumor size.
However, further studies are indicated to confirm the possible methods of decreased
fase-negative *™Tc MIBI parathyroid imaging results through the use of
competitions of inhibitors of the Pgp or MRP pump.
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Table 1. Correlation of Tc-99m MIBI parathyroid imaging findings and
immunohistochemical analysis results in parathyroid adenomas

Immunohistochemica Analysis Results

Tc-99m MIBI Group 1 Group 2 Group 3 Group 4
Parathyroid Imaging Total Pgp(+)/MRP(+ Pgp(+)/MRP(- Pgp(-)/MRP(+ Pgp(-)/MRP(-
Findings ) ) ) )
Negative 8 3 1 4 0

Positive 39 0 0 0 39




Table 2. The gland size of the parathyroid adenomas relates to Tc-99m MIBI
parathyroid imaging findings and immunohistochemical analysis results

Gland Size of Parathyroid Adenoams (gm)

Tc-99m MBI Group 1 Group 2 Group 3 Group 4
Parathyroid Imaging  Total  Pgp(+)/MRP(+) Pgp(+)/MRP(-) Pgp(-)/MRP(+) Pgp(-)/MRP(-)
Findings
Negative 3.15+1.30 1.50, 2.80, 5.30 2.50 1.80, 3.20,3.60, No Case
4.50

Positive 3.40+1.37 No Case No Case No Case 1.50-6.00
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